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I As we have mentioned in other documents, these reports have to 

be read carefully in conjunction with the Final Building Report by the Con- 
sultants whose services will be retained for the final design for the cons- 
truction of the building. 

I It was indeed a pleasure to perform this most  challenging stu- 
dy on your behalf and we may assure you of our sustained  interest in this 
project. 

Montreal, September  7, 1973 

UNITED NATIONS  INDUSTRIAL DEVELOPMENT ORGANIZATION 
Lerchenfelder strasse, 1 
Vienna, AUSTRIA. 

Att.s    Hr.  D.C.  Newton, Chief, Technical Equipment 
Procurement and Contracting Office. 

Subject:     SPAIN:    Electrical Industry Test Experimentation Centre 
UNIDO Contract No.   72/17 - Project No.   SF SPA-012 

Gentlemen: 

Please find herewith the Second Equipment Report which covers 
the specifications of all other items of equipment for the  laboratories 
that have not been included in the First Equipment Report  dealing with 
equipment of long delivery. 

This Report is presented  in two volumes:    one  covering the 
High Voltage Laboratory, the other  the High Power Laboratory.    A list of 
basic instrumentation has also been added with suggested  suppliers and 
approximate value. 

JPL/cl ,   /Jean*Paul Lalonde,  Engineer. 

Copies:    Unido - Vienna (6) 
Project Manager in Madrid (2) 
Spanish Government (10) 



TECHNICAL SPECIFICATIONS 

HIGH VOLTAGE LABORATORY 

78 MVA 100 kV test transformer 

3 WAR 3 phase  200 Hz reactor bank 

3.5 MV Voltage dividers 

Artificial rain apparatus 

Six single phaae current transformers 

Six single phaae potential transformers 

Three 1.33 MVA single phase voltage regulators 

Two ?50 kVA single phase voltage regulators 

TWo high voltage construction kits 

1.33 MVA, 200 Hz rotating aachlnes 

350 kVA, 50 Hz,  60 Hz, rotating aachlnes 

350 kVA, 275 kV,  single phase test  t rana former 

Transformer hushing test tank 

Impulse current shunta 

Oil treatment équipaient 

Transport and general purposes équipaient 

Instrumentation 

HV 14 

HV 15 

HV 16 

HV 17 

HV 18 

HV 19 

HV 20 

HV 21 

HV 22 

HV 23 

HV 24 

HV 25 

HV 26 

HV 27 

HV 28 

HV 29 

HV 30 

W0Ht     HV 14, HV 15, HV 16, replace 

HV 10, HV 11, HV   3 in the first equipment report, 
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A.- OWECT 

2.- GENERAL DESCRIPTION 

t.- CHARACTERISTICS AND DESIGN FEATURES 

•».- SPARE PARTS AND TOOLS 

5.- TECHNICAL DATA 

6.- TEST SPECIFICATIONS 

QUESTIONNAIRE ON TECHNICAL DATA 

APPENDIX 1 

APPENDIX 2 

APPENDIX 9 
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i.- scow 

This specification sets out requirements for the supply 

of a thro« phase 5.0/20.0/20-100 kV - 6/72/78 MVA coupling 

transformier capable of operating at 50, 60 and 200 Hs. 

2.- GEHERAL DESCRIPTION 

The coupling transformer will connect different sources 

to transformers on which heat runs, open-circuit, short-circuit 

or Induced overvoltage withstand tests are perforated. 

Inductive or capacitive compensation will be used to 

liait the load on the source in use. The load nay, however, 

haw« any power factor fro« tero leading to tero lagging. A 

vide range of output voltages will be required and It Is proposed 

to achieve this by using tapped windings delta and wye connected 

on the H.V. winding. 

The coupling transformer will be operated outdoors and 

installed on a concrete base. 

Details of the sources to be uaed with the coupling transformer 

are glvon below: 

.../2 
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(1) 3 «ingle phase regulating transformers in three phaae 

delta or parallel • ingle phaae connections with a total 

capacity of 4 MVA, 0 to 5 kV, 50 Ha. 

(2) 1 three phaae generator» used at tinta single phaae in 

parallel with 3 MVAr reactor bank for compensation on a 

capacitive load. 

The generator is a 1 MVA 0 to S kV,  3 ph.,  200 HE unit. 

The various iapedences will be in the order oft 

xdi    60X 

x'dt 15X 

x"di 10X 

(3) When 60 Ms Is necessary it will be derived fro« an 

alternator that has not been yet specified totally. 

It is expected that the three phase capacity of this 

alternator will bt approximately 15 MVA at 5 kV. 

(A)    A 40 MVAr capacitor bank will bs connected to the 

tertiary winding at the beginning with a possible 

expansion to 72 MVAr in the future. 

These capacitors will be used for compensation on an 

Inductive load. 

.../3 



HV IH 

- 3 - 

3.-    CHARACTERISTICS AMD PESICH FEATURES 

The trailifor»«r shall have three windings and shall 

be oil-lsnersed and foread air-cooled.    The following characteristics 

•re dee1red.    Soae deperturee fro« these say be acceptable but 

reasons «Hist be given in reply   to the questionnaire on technical 

data In the fon of the Tender. 

3.1    Rated Data 

The following apply to three-phase operation at 50 Hi. 

Rated frequencyt    50 Ms 

Prieary winding voltage: Delta-connected 5.0 kV 11M- 

line. 

Primary winding rating: 6 MVA 

Secondary winding voltage: Delta connected 20-57.7 kV 

line - line with 19 equal steps of voltages. Star 

connected 34.6-100 kV line - line with 19 equal steps 

of voltages. 

Secondary winding rating: Mot less than 78 MVA at any 

voltage above 28 kV for delta, or 48.5 kV for star 

connection and not less than 70 MVA at any voltage in the 

•pecifled range. 

Tertiary winding voltage: 20.0 kV delta connected. 

Tertiary winding rating: 72 MVA. 

.../4 
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Til« following apply to three-phaeo operation «t 200 H«. 

Frequency: 200 Hi 

Primary winding voltage: Ai for 50 HE 

Primary winding rating: Aa for 50 HE. 

Secondary winding voltage: Aa for 50 HE 

Sacondary winding rating: Not lee« 6 MVA 

Tertiary winding voltage: Ae for 50 HE 

Tertiary winding rating: Not leaa than 6 MVA 

Sinai« phaaa operation 

The transformer will aleo be ueed to feed «ingle phase 

load« and will be connected aa the following: 

a) 3 phase supply on the primary winding and the «ingle 

phase load connected to two of the terminal« on 

the secondary winding or/and on the tertiary winding. 

At both frequencies 50 and 200 HE the ratings of all 

winding« should be at least equal to or better than 

571 of the three phaae rating. 

b) The transformer bushings will have to be located in 

auch a way aa to easily reconnect it for operation aa 

a single phaae transformer using two phases in parallel. 

The following diagram illustrate« this point. 

.../S 
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UM trattefoner «hall be capable of operating 

coatlmiottaly with It« priaary winding energised at 

1.03 tlaea rated voltage. 

IH« tranafonaar ehall be capable of operating 

at 1301 of rated lead at 50 and 200 Ms for at least three 
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The Tenderer shell state the thirty minute 

rating applicable to the transformer at 50 Hi and 200 lis 

single-phase and three-phase. 

The Tenderer shall state the cooling Interval 

necessary between successive periods of operation under 

each short-time rated condition. 

3*3   Winding connections and insulation 

The windings shall be so insulated that on« 

terminal may be grounded at any time. 

The transformer ahall be able to withatand 

twitching surges on the primary and overvoltages due to 

flashover or puncture of the insulation under test.    The 

transformer's windings shall be protected by suitable surgs 

divsrtsrs (of a reseallng type) to be provided by the 

Tenderer.    The windings shall have the following insulation 

levels. 

WINDING System Highest 
Voltage 

Power Frequency 
Test Voltage 

Impulse Teat 
Voltage 

Primary 5.0 kV 19 kV 75 kV 

Secondary 100     kV 185 kV 450 kV 

"Secondary 58     kV 120 kV 300 kV 

Tertiary 20     kV 50 kV 150 kV 

.../7 
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*   If the transformer ia so built that the same end of the 

secondary «rinding la alwaya at the neutral connection,  then 

thia end can have a lower level of inaulation aa shown above. 

3.4 Impedances 

The ahort-circuit impedances between aecondary 

and tertiary windings ahall not,  for any connection or any 

output voltage, exceed 10X on the three-phaae 78 MVA rating. 

It ia recognlted that thia requirement say prêtent 

Manufacturing difficulties.    Should the Tenderer find it 

neceaaary to exceed the specified impedance limit, a clear 

statement to this effect shall be made.    Full details of the 

proposed impedances shall be given and the reasons for depar- 

ture from the specification ahall be stated. 

3.5 Short-circuit capacity 

The tranaformer ahall be built to withstand any 

short-circuit which may occur in service.    In particular, 

when energised at ita primary winding at rated voltage from 

a source having negligible impedance, the tranaformer shall 

be capable of wlthatanding for three seconds a symmetrical 

short-circuit applied at either its secondary or tertiary 

terminals with the windings and tappings arranged to maximize 

the short-circuit current. 
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A typical load then could be full capacitiva 

load on the tartiary and full inductiva load on tita 

aacondary. 

3.6   Marnonlc contant of the output volt««« 

Tha harnonic contant of the aacondary voltai« 

anali be aa email aa practicable.    The relative harnonic 

content D la given by: 

°',oo[.ç.v-' Y'A % 

«here V    la the re» value of the n„.   harmonic and V.  la n tn 1 

the IM value of the fundamental voltata. 

In no caae for either alnale-phaae or three-phaee 

operation aliali the value of D exceed II. 

1.7   Partial di achara« « 

Tho traneforanr will be uaed aa a power aupply 

dwrlnt low-lavel partial dlecheree »eaaurement« and anali 

be virtually free fron intarmai and external partial dlachartaa 

.../f 
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up to 1.2 tIMI* rateé voltage.    The peraiiaelble magnitude 

of partial diechargee nay b« subject to dlacuaalons with 

the Purchaeer but valuoa not exceeding a few pC arc daalred. 

the anelala aolac ganaratad by the tranafora»r 

and ita audiliariea ahall ba aa par NENA Publication TR-1- 

lt?l, tabla 0-1. 

J.i   Taratura ilea 

The Unita of paralaaible temperature riae ahall 

ba thoee aat out In Saction 6 of I EC Publication 76/1967 

Poyar Tranaf oreara. 

1.10 

(Mat ceellaf aa defined in IK Publication 76/1967 

ahall ba employed. Operation of the fana ahall be controlled 

aataaatically by the thermal protection of the tranaforner. 

.../10 
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3.11 Terminala 

The following shall be supplied: 

a) Prlaary windingt Six bushings with appropriât« 

links to operata thraa phase delta or single phase 

as per ite« 3.1 (b). 

b) Secondary winding! Six bushings with appropriate 

off-load aotor operated switch to operate star or 

delta and appropriate links to coaply with single 

phase operation as per itesi 3.1 (b). 

c) Tertiary windingi Six bushings with spproprlate 

links to operate three phase delta or single phase 

aa per ite« 3.1 (b). 

Teralnal boxea for the connection of auxiliary 

aupplies wiring for control indication and protection shall 

be provided. These shall pernit the connection of a nuaber 

of flexible aultlpair cablea to the transformer auxiliaries 

and shall be mounted within 1.5 aeter of base level. All 

live aetalwork buahlngs etc. located leas than 3 Meters 

above base level shall be encloaed. The dealred relative 

positions of buahlngs sre shown in Fig. 1 below. 

,../ll 
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lach secondary winding bushing mist be 

provided with a foil tapping for use in voltage 

1.- Primary winding 

2.- Secondary winding 

3.- Tertiary winding 

3.12 adjuefont and aelsctlon of winding connection« 

Where necessary for voltage adjustment, tap 

chanting shall be effectsd by renotely controlled, motor- 

operated, off-circuit-tapping awltches.    The control 

eqalpewnt to be mounted on a nodular control desk M shown 

In Appendix 1 attached. 

.../Il 
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The ••lection delta or star on the secondary 

winding vili also b« reaotely controlled at the control 

desk but will also have a local manual operating mechanism 

on the transformer. 

3.13 Protection 

11M protection of the transformer shall comprise 

the following. The appropriate equipment shall be offered 

by the Tenderer. 

•) 2yH£H£í5S„££2lSSlí2£ 

This protection must be effective for any connection 

of the transformer. For this reason each winding of 

the transformer shall be equipped with suitable c.T.'s. 

Suitable overcurrent relay« operating at 50 Ht/200 Ht 

•hall be supplied. The overcurrent relays will operate 

the trip-circuit of the main breaker. 

•> §f!.£2lH 

Protection of the transformer by a gas relay equipped 

for oil surge and having two floats for gas accumulation 

and for low oil lavai la ala« required.    The gaa relay 

•hall have a check-cock for gas sampling and for testing 

purposes. 

...A3 
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O   üü£Hl.tfS¿!S£¿SS 

An oll therooneter •• well as a thermal image thermo»«ter 

•kail be provided. The oil thermometer could be provided 

with only one contact with adjustable setting used for 

the operation of an acoustical and/or a visual alara. 

Hie lange thermometer snist be equlped with two contacts 

with adjustable aettlngs, one supplying an alarm signal 

and the second the trip-circuit of the main breaker. 

A signal indicating the position of the tap-changer 

and/or the disconnect switches by which the connection 

of the windings of the transformer are changed, shall be 

provided.    This signal will be used to indicate the 

current statua of the winding-connection. 

*)   iifSlISSËiSf.Sl.IflrSbfMfl.Sfa.HSSSSSSîiSS.Sïi^bf! 

SÍÍ!L£&S.5SÍ!L?£îfèî£ * 

suitable Inter lockings shall be provided,  to prevent the 

operation of the tap-changer er the reconnection switches 

with the transfomer energised.   Also, it shall not be 

possible to operate the stein breaker unless the tapping 

and winding connection switches have completed their 

operation. ,../H 
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All controla, interlocks or protection cablet as vail 

aa power cablea ahall be terminated on a panel, fixed 

to the transformr.    The panel shall have auitable 

te raine t ioni where multicolored cables could be plugged in, 

f)   5£2f£ 

The trans former shall be equipped with a dryer of the 

silica-gel type or equivalent. 

See section 3.3. 

h)   Bguipmsnt 

All remote control and indication equipments have to 

be supplied end mounted on a control panel aa shown 

on Appendix 1. 

3*14    Climatic conditions 

The transformer will be operated outdoors.   The 

following conditions may be anticipated i 

Temperature: - 5°C to • 37°C 

Humidity      t 101 to 100% 

Wind i Average velocities 30 m/s with gusts of 35 m/s. 

.../15 
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3.15 Aesthetics, colour« 

Importance to attached to cht aaathatica of 

th« design. Conventional brown glased porcelain is 

preferred for bushings and the colour of other parts 

will be deteralned after the order has been placed. 

3.lo Safety of personnel 

The transformer shall be designed with norael 

regard for the safety of persons working in its vicinity. 

3.17 Auxiliary supplies 

The following will be svailablei 

a) 230/380 V y connected 50 Hi. 

b) 125 V DC (battery) for circuit-breaker tripping 

signals, etc. 

3. It Transformr oil 

The transformer shall be supplied together with 

its first filling of oil. The oil shall comply with 

specifications laid out in Appendix 3 or be «itcible with It, 



HV IH 

-  16 - 

Suitabi« valva« to permit filling and subsequent 

filtering of th« oil «hall be fitted to th« transformer. 

Cock« to parait th« taking of oil «aaplas at three 

l«v«l« within th« tranaforner tank «hall be fitted. 

4.- »PARE PAKTS AMD TOOLS 

4.1 Th« Tenderer shall furnish a liât of recoaaiended «pare 

part« with «aparate pricea for each ite«. The price 

of «vare parta «hail NOT be included in the total price 

quoted. 

4.2 Tool» 

I All special tool« required for the operation and maintenance 

of the transformer and it« auxiliaries shall be supplied 

by the Tenderer and their price atated separately and 

included in th« total price quoted. 

I 
I 
I 
I 
I 
I 
I 

3.- TEÇMNICAL DATA 

Th« following art r«quir«d. 

.../17 
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5.1 Distensioni and Weight 

The Tenderer shall supply outline drawings 

indicating the overall dimensions of the transformer 

and its base frane together vlth the following weights s 

a) Weight of core ft core claapa. 

b) Weight of windings. 

c) Weight of oil. 

3.2 Flu» density 

The naxiauB flux denalty for each operating 

connection aet out in 3.0 shell be atated by the Tenderer. 

3.3 Unrootlilng currant 

The Magnetising current correponding to each 

of the following operating conditiona at 100% and 110% 

of rated voltage shall be atated in the Tender. 

a) Three-phase operation, 50 Hi. 

b) Three-phase operation, 200 Hi. 

c) Single-phase operation* 30 HE. 

d) fingle-phase operation, 200 Hs. 

...At 
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3.4 No-load loaaaa and full-load loaaaa 

Tha valuta of no-load loaaaa at 100% and 1101 

of ratad voltage and tha values of load-loases at noalnal 

currant ahall ba stated and guaranteed by the Tenderer for 

each of the following conditlona: 

a) Three-phaae operation at 50 Hi. 

b) Three-phaae operation at 200 Hi. 

c) Single-phase operation at 50 Hi. 

d) Single-phase operation at 200 Ha. 

• .- TOT SPECIFICATIONS 

6.1 Standards 

Except where otherwlae specified herein, th« 

tranaforswr and Ita auxiliarles shall «Haply with tha 

reco—awdatlona of IEC Publication 76/1967. 

Unleaa otherwlae stated by the Purchaaer,  tha 

Tenderer ahall coaaUy with th« atanéarda dafinad la thla 

docuewnt. 

i.2   noutlne testa 

All sf tha routine teets aet ant la IK nabli eat la« 

•0, ahall be ae*>lled to tha traue forswr. 

.../It 
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***  Tiff Ifftff 

ItM following typ« teats shall be applied: 

Temperature ria« teata at rattd load under condition« 

•f tafalng and winding arrangeant leading to maximum 

camper loaaea. 

Temperature ria« teata at rated load under conditiona 

of tapping and winding arrangeant to nut x i mum total 

loaaea. 

baalM voltage withstand teata Including chopped 

wee« impmlees on each winding of phaae at the lévela set 

eut la section 3. 

Partial discharge measurements shall be carried 

Mt M the transfora*r at 1001 and 12OX rated voltage. 

A method which permits determination of the charges and 

rammtition ratea of Individual discharges shall be used: 

ame HC Publication 270, 1968. 

A Rolae level meaaurement ahall be made with 

the tremeformer operating at rated voltage together with 

•II ef It« audi lar lea. This meaaurement ahall be made 

Im accerdamce with NO* Itandard TRI, 196t. 
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The haraonic content of the output voltage 

of th« tranefonaar «hall be aeaeured with a wave 

analyaer.    All harmonica up to at laaat th« 23rd ahall 

•a aeaaured and th« reaulte included in the teat report. 

.../Il 
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TECHNICAL DATA CONCERNING THE PROPOSED EQUIPMENT AND FORMING A 

PART Of OUR TEMPER. 

A three-phase 5.0/20.0/20 - 100 kV, 6/72/71 MVA coupling traniforair 

capable of operating at 50 and 200 Hi. 

1.- GEMERAI DESCRIPTION 

Description 

•»closed 

Drawings 

enclosed 

2.- RATED DATA 

*•* Thros-phaeo operation at 50 Hi 

a) Prlaary winding 

Rated phase to phaee voltage 

Rating 

Type of connection 

_kV 

MVA 

.../22 
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•)    ta—aeary wiaeing 

A«ta«* 11— te lin« volta««. 

—«. aaé warn. 

•tar kV tolta kV 

ir ef it«pa_       

I)       Voltai« akev« 21 kV delta or 40.3 kV atar 

tt)      VelUfa fcetw—n condition (I) and 20 kV 

«•Ita or 34.« kV atar. 

e)    TartUry «taita« 

iste« pae— te alia— volta«« 

»•**• ...  k? 

*•*   Ito—-aaa— a—ratto« at 200 circi— 

a)    »ri—ry «inala« 

•atee1 li— te lina —ltaaa 

Rattaf 

type of eeeaectle— 

à? 

.../ti 
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a)   tooonaary ¥in«int 

tataa lino to liM voltaf« » 

•MI.  ana' «In. 

•tar kV Dolta kV 

If Of  I Ups  

Voltata alfftraaca aatvoon two conaacutiv« itapa of 

vol tag« 

•fr  kV Dalta kV 
iatlat 

•tar WA    Dalia MVA 

e)   Tort lory vlaiiag 

Boto* lina to Una voi tao«, 

8oUa__ 
rating 

tolta 

kV 

t.S   liaila oaaaa aaaratloa SO ani 200 Hi 

a)   Priaary «rlatlas 

tatloa waaa coaaactaa ao por aarasraaii 1,1 (a) of e«* 

aoociricatiea, 

MOHO  «VA 

aa oor oaratrtaa 1.1 (a) 

*t Ha MVA tot ta NVA 
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b)    Secondary winding 

Rating when connected ae par paragraph 3.1 (a) of 

tha »pacification 

50 H* MVA 200 H«       MVA 

•a par paragraph 3.1 (b) 

50 Hi    MVA 200 Ha MVA 

c)    Tartiary winding 

Rating when connected ae par paragraph 3.1 (a) of 

the »pacification 

50 Ha MVA 200 Ha  MVA 

aa par paragraph 3.1 (b) 

SO Ha MVA 200 Ha MVA 

S.-   WTflT 

3.1 Percentage of rated output under the following condition» 

PrlBMiry winding energised at 1.05 tinea rated voltage. 

Curve 

encloaed 

3.2 Penalaeible ehort-tiae rating 

Beecrlptlon 

encloaed 

.../25 
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3.3   Short-circuit capacity 
(Critical arrangaavnt to ba apadflad) 

Daacriptlon 

ancloaad 

4.- IMTiPAIICI 

4.1 Maximal iapadanca batvaan paira of vlndlnga baaed on 

tha thraa-phaaa rating. 

71 MVA  

Arrangaaant for »axlaua iapadanca (ra. connactiona and 

tapping on tha aacondary). 

Daacriptlon 

ancloaad 

3.- mOTEaiON 

3.1 Short-circuit protactlon for winding of tha aacondary 

Daacriptlon 

Encloaad 

S¡2 Typaa of aurga dlvartara and faaturaa 

Daacriptlon 

ancloaad 

.../26 
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5.3 Typ«f ef roloya mod for ovtreurrwit protection 

Description 

«aclotod 

5.4 Typ« of §•• rolay 

Description 

«ncloead 

5.5 Typo of detector «ad Indicator uoed for thermal protection. 

Description 

enclosed 

§.-    IHtUUTION CLASS OF WlHDIltCS 

Descrlptloa 

«•dosed   

7.-    WWCMULg TIWlMáTUM MU 

Description 

•adosad   

.../If 
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•.- m mnw of a 

Description 

encloea«* 

§•-    MtlDTI COKTIOL OF TAP ränlffiil 

«)   Typ« of control 

Description 

a)   Equípenme proviene1 to prevent op«rating of top changer 

«ten tranaf ornar It itt^liN. 

Date rlpt Ion 

e)   Typ« of Indication 

Description 

to peaItIon of tap-changer 

a)   Daacrlptlon of propoooal 

ancaajnajpy wlnalnai^^^^ 

tartlary »Indina. 

laneIfy awtnoa «eoi I« winding nwanajnejant. 
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•)   Interlocking procedure to prtvtnt operation of tho 

••lector whan traasfonwr 1« cnorgiud. 

DMcrlption 

•nclosod 

ti.- mu 

Description 

eeclosad 

11 •"   AUXILIAKY SUPPLIES REQUIRED 

Ms 

HE 

il.-    AirilTUDE OF PAKTIAL DISCHARGE AT 1.2 TIMES RATED VOLTAGE 

1*.-   lÉUIi OF "D" (fg.  It— 3.6 of the Specification). 

•'•"   "iff *tilBi 

.../29 
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i«.- OUTDOOR OPERATION: 

a) General description 

•ncloMd  

b) Ixtrea» ataospherlc conditions for outdoor operation 

c) Ixtreae ataospherlc conditions for outsid« storage 

4) remissible wind velocity 

_•/• 

•)   Permissible gust velocity 

n/s 

17.-    SAFETY MEASURES FPU PROTECTION OF PERSONHEL 

Description 

enclosed       

.../30 
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li.-   TEOaiCAL DATA (He. Itww 5.1 at 5.» Inclusiv of Specification) 

Description 

encloeed  

lt.-   TESTS 

•)   T—aratura rlaa ttiti 

i)     Critical condition« of connections «id secondary 

tapping for taata loading to aaxinua coppar losaos. 

Description 

anclosad  

11)    Critical conditions of connection» and secondary 

tapping for tests leading to MXISMSI total losses. 

Description 

enclosed 

b)   Types of tests proposed for B»asure«ents of harmonic contant 

at the eecondary. 

.../31 
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20 •- utî AITO Msoirrio« or ACCESSORIES 

Description 

il*-   LI8T OF PHOPOSED «PA» POTI AMP PERTINENT DETAILS 

Description 

•ncloMd 

tl.-   tPtCIAL HMimitAllCt TOOLS «QUIRED 

Description 

•ncloMd 
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APfEHDIX 3 

ACEISTE REPSOL TENSION  (Mémo) 

(Information concerning insulating oil) 

SPECIFICATIONS 

HV li» 

TEST 

Density at 15°C 

Inflamability V/A, °C 

Engler Viscosity at 50°C 

S^V Viecocity at 210<>F 

C^S Viscosity at 210°F 

Colour 

Freesing 

Nautralization degree 

Saponification degree 

Ash, % 

Dielectric Rigidity, kV 

Corrosive Sulphur 

Deposit:    72 hours 

:  168 hours 

Interfacial strain 

Contents in DBPC, % 

Tangent I 

(1) guide value 

(2) to be determinated optionally 

HETHOD 

ASTM-D-1298 

ASTM-D-92 

Engler 

ASTM-D-^6 

ASTM-D-445 

ASTM-D-1500 

ASTM-D-97 

ASTM-D-97* 

ASTH-D-94 

ASTM-D-482 

ASTM-D-877 

ASTM-D-1275 

ASTM-D-121U 

ASTM-D-1971 

ASTW-D-1473 

VALUES 

0.855 - 0.865 

165 minimum 

1.3 - 1.9 

36.0 - 38.0 

2.92 - 3.52 

1.5 maximum 

-26 maximum 

0.05 maximum 

to be fixed later 

0.005 maximum 

35 minimum 

1 maximum 

0.075 maximum 

0.150 maximum (1) 

45 minimum (2) 

0.4 - 0.6 

0.0004 minimum 
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i**   OtJBCT 

t.- oarnuL Bootirrioi 

I.-   CHARACTERISTICS 

*.-    STANDARD WECIFICATIONf    AND TESTS 

•••    INfORNATION REQUIRED VXTN TEH KM 

«IESTXCNNAI1E ON TECHNICAL taf A 

AfPENtXX 1 
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!.. 

tklt aaaclflcatloa eovart tha Spanish Govarnaant'i 

NftttVMMti for tk« conatruction and supply of • 3 HVAr, 

taraa pfcaoe, 200 Hi rnactor bank.    Tha unit aliali coaaist of 

taraa a Infi« phaa« imita ttausad la eli« aas» (auk. 

t- aaaiAL DUCIIPTIQ« 

fna raactera will ba yaad to coapantata for capacitiva 

laadin« storing high-frasjnaacy lnducad voltata taata on povar 

trsasforaari.    The raactora will b« uaed aa a thraa-phaaa or 

M • alngla phaa« bank and will ba housed outdoors.     In via« 

•f tha ir propOMd mm a ah© rt-tint rating 1» acceptable.    OMAN 

esali«*  (««a IK Publication 7%, 1W7),   la da si rad. 

UM folle« In« caaractarlatlca ara da il rad.    fon» 

davlatlona aay ba panait tad bat raaaona ahotild ba atacad! la 

tba raply to taa «.aaatIoanalr« on tachnical data. 

.../2 



HV 15 

- 2 - 

J1 jiff* f>tf 

Nominal rated frequency* 200 Hi 

toted voltai«       : 5 kV a ingle phaaa 

5 kV, threa-phaaa, daIta connactad. 

Rat log of bank       i 3 MVAr aingle or thraa-phaaa. 

3.2 Winding and «gratin« rana« 

It is daalrad that aach phaaa of tha raactor bank 

will hava two 0.5 MVAr, 5 kV windinga to ba connactad In 

parallel by man« of axtarlor link». 

Tha raactore shall ba capabla of oparatlng at 

rateé voltage and at noalnal frequency nlnui five per cent. 

The reactora aha11 be capable of operating at 

rated frequency and at rated voltage plue five per cent. 

ì,J Iti« of ratina and loaea« 

The Tenderer «hall eubait two offera, one baaed 

on a erne-hour rating and one baaed on a continuoua rating. 

,../3 
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A copy of tha questionnaire on technical data 

•hall becoapleted for «ach deeign of farad. 

Tha Tenderer ahall atatc tha cooling ti a« 

necessary between successive parloda of oparation undar 

ahort tiaa ratad conditions. 

Tha Tandarar ahall state tha following! 

Maxiaua copper losaas at ratad frequency. 

Maxiaua iron loaaaa at ratad frequency. 

Maxiaua total loaaaa at rated frequency. 

The following loaaaa ahall be guaranteed t 

Maxiaua total loaaaa at ratad frequency. 

Total loaaaa at ratad frequency under conditiona of 

aaxlaua copper loaaaa. 

Total loaaaa at ratad frequency undar conditiona of 

aaxlaua iron loaaaa. 

3«*   Protection and —tarine 

An overcurrent protection coneisting of one built- 

in currant transformar on one of tha two vindlnga of each 

phase and tul table protection relaya ahall be included 

in the tender. 

.../A 
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The tank will be n«! peaje1 with • gaa relay (luchóla) 

having provlalon for operation on oil mirtea m*i gee 

accuBHilation. 

A thenaal lena* protection la alao require«. 

5,5   WiBilai lnaulation «nd ttfinal« 

The winding» ahall be inaula ted in accordance with 

IIC Publication 76, 1967. 

linen the reactora nay be operateé aa a atar connectée 

three phaee bank at 1.66 kV linn to Una      the following 

inaulatlon lavala have bean choaeni 

Lew frequency taat level    :    26 kV 

Iaculi« voltata teat levali    #5 kV. 

In addition it ia requlree* that any terminal af any 

winding la capable of operating at 5.0 kV with rea pect ta 

earth. 

lach phaee of the reactor bank ahall nava fear 

Buehlngi ana* parallel connect lona anali be aaée by aaaaa 

of hand-ope ratea link awitchaa. 

.../3 
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AaosssiUllty of connections, alspllclty of onorati«« 

eai Mf« enclosure or positioning of lin« t« m inai« trs 

eons léa rei ««eeatlal. 

All «social tools, link« or sccessorlee aseéei to chant« 

tes wlneUnf connection« »Mil b« inclues«' In tho basic »rie«. 

Tfcs astno« of cool In« snsll be no turai oll sei tir 

clrceletlon (Type ONU). 

Ita le ss tas rsactora kave swnttnently ••al««' tanks, th«y 

anali be suppliai with va Ivo« suitably placo«* to facilitata 

oli eaapllng ani filtration. 

The reector« tank stesili so atti tabi« for Installation on 

• conerete beee. 

ffc» colonr of tas tanks ani sstalwork »Hall bo ast«r»lno4 

by tee »ercnaeer at s lstor eat«. 

If sanerei oil Insolation is te be «appliei the ell 

•tall eonply with spoclflcations layai sown in eseenilit 1 

or bs s*eaé%le vltb it, 

.../• 
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S.7     Afc—Mhagle  COlUltiOM 

TIM ranga of aafclont temperaturas expected is 

- 5 to • 37°C. 

UM range of asjhleat relative hualdltlas expected 

is 10 to iOOf. 

UM MKIMM ««pactad triad valocity it 30 n/aec. 

*•-  ITMIÜff fTTTniiHTTT T TTT 

All taata will »a perfora»* at tha Manufacturara 

*•*   ^tamUté aaaciflcatiooa 

Unless otherwise apaclfiad tha raactora aliali coaply 

with tKa relevant provisions of IW Publication 76, 1967. 

6.1   T—f 

TIM Tanaarar anali liât tha taata to ba appliad to 

UM raactora. Tha Purchaser «ay raquira that tha liât 

ha) modified or extended and «ay at hla own expenee rapaat 

oartaln of tha taata »afora final accaptanca. 

.../7 
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The reactor bank shall be virtually frea of 

lntarnal and axtarnal partial discharges up to 1.2 tinea 

rated voltage (6.0 kV) line to neutral. The permissible 

Magnitude of partial diacharges nay be subject to discussioni 

values not exceeding a few pC are dealred. 

Partial discharge test shall be nade by a nethod 

peraitting the sices and repetition rates of individual 

dischargee to be determined, see IEC Publication 270; 1968. 

A temperature rise test shall be applied to at least 

one unit of the bank. 

Impulse voltage tests shall be applied to the three 

units in accordance with IEC Publication 76, 1967. 

Measurements of MVAr and losses shall be made at 

rated frequency and at sufficient voltage to demonstrate 

compliance with the requirements of this specification and 

to show that the losses do not exceed their guaranteed 

! values. 

.../• 
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5-    »fPBimOII MQPIiBP WITH TPTOKM 

Tha Tandarar «hall atíbale drawings »howing cha 

»ropooad winding arrangaaant, tha ova rail dlaanslons of tha 

«Mita and tha layout of buahlnga and winding connactlona. 

. ../f 
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QUOTIOHHAIRE OH TECHNICAL PATA WHICH SHALL BE COMPLETED BY THE 

TIHDtm AMP WHICH SHALL FORM PART OF THE TENDER. 

1.- GENERAL 

General description of the reactors including •*«« of 

reconnections, cooling and arrangeaente for Metering and 

protection (Refer to drawings). 

Description 

attached 

2.- BATEP DATA WEIGHTS AND DIMENSIONS 

Mated frequency He 

Rated voltage kV line to neutral. 

Rovinai rating of bank 

kVA 

Weight of each reactor unit 

H  

Weight of core 

H  

.../io 
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Wolfht of vioJiaoj 

H  

Wolght of tMk Mí owofclnoo 

H  

VolfM of oll 

H  

Ovoroll iUwMtoM of ooch mit (iofor te «rowUgo) 

•tot* vfcotaor or not to« éooIM of MM roectoro lo 

o« cootloMotü oporotloa. 

Rosta»* totol looooo «t roto* fteqaaacy 

•oltaoo mmá wlailo« cnwmctlo— (tofor to «rovina«) 

kf 

looooo at ratai fraojuanc« 

.../It 
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feltri mê viaila« caaaactioaa (llafar to irawlnaa) 

W .,          

lraa 1MM« at ratai frafuancy 

•aitata Mi «taita« caaaactlaaa (lafar to iravlnta) 

at ,„    

firn iaaatty at rateé fra«, y« ne y 

t   .   ... 

tettata aai vtaétat caaaactlaaa (lafar to ¿rawing«) 

at _- 

fatal laaaM at ratai fraaaaacy uaiar condition« eaaalat 

aaalaaa caaaar »aaaaa 

fatal laaaaa at ratai frafaaacy aaiar coailtioaa caaalag 

.../It 
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«.- ypggjçnoit AW tf mim 

Muafrsr of current transforaars 

Ratlos Mie r«tin§« 

Gamut transformar coaaactlona (Rsfsr to drawings). 

1.- 

Gasllng Méi«M_ 

Gaoling tysa 

Gaoling surf «ess s.g.t Plain tank, cooling tubas 

la a caassrvator fletas! f 

aac lacstloa •( valvas (nafsr to sr sviata) 

.../IS 
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• .-   TIITÌ 

litt th« propoaa4 aceaataftea t«ata M4 t««t levala 

applica»!« to th« raactora 

Baacription 

attacha«1 

•aacriea th« taaaaratur« ria« taat applicatola if «bort 

tia» rat*4 units ara off ana*. 

•ascription 

attacha*  

fraaoaa«' tMt aetko« ané sccaptaac« t«st lavai for partial 

alachara«« 

inscription 

attachas*  
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mm flPSOl TEHflOW (Hé»o> 

(Information concerning insulating oil) 

SPECIFICATIONS 

HV IS 

TEST 

Danaity at 15°C 

Inflamability V/A, °C 

Englar Viscosity at 50°C 

S1S1V Viacocity at 210or 

Cx8 Viacosity at 210°F 

Colour 

Frees in g 

Nautraliaation degre« 

Saponification degree 

Ash, % 

Dielectric Rigidity, kV 

Corrosive Sulphur 

Oapoait: 72 hours 

i 168 hours 

Intarfacial strain 

Contents in DBPC, % 

Tangent I 

HETHQP 

ASTM-D-1298 

ASTM-D-92 

Engier 

ASTN-D-446 

ASTM-D-445 

ASTM-D-1500 

ASTM-D-97 

ASTM-D-974 

ASTM-D-94 

ASTM-D-482 

ASTM-l 077 

ASTH-D-1275 

ASTM-D-1214 

ASTM-D-1971 

ASTH-D-1473 

0.855 - 0.865 

165 minimum 

1.3 - 1.9 

36.0 - 38.0 

2.92 - 3.52 

1.5 maximum 

-26 maximum 

0.05 maximum 

to be fixed later 

0.005 maximum 

35 minimum 

1 maximum 

0.075 maximum 

0.150 maximum (1) 

45 minimum (2) 

0.4 - 0.6 

0.0004 minimus» 

(1) guide value 

(2) to be determinated optionally 
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i.-   OftlECT 

t.-  GO« AAL DESCRIPTION 

S.-    CHARACTERISTICS AND 0681011 FEATURES 

•».-    8PAJŒ PARTS 

t.-   TEST SPECinCATIOMS 

QUESTIONNAIRE ON TECHNICAL DATA 

AERO-CASTERS 
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i.- ¿ma 

Uli« »pacification covart the Spaniah 

Ooverment's requirement! for tha supply of two gontral 

I Voltaga Olvidara aaeh consistin| of on« high voltage arm 

and thraa low voltata aras for 3.5 MV standard impulsa 

i voltages, 2.1 HV switching impulse«, and 1.2 KV RMS 

alternating voltagaa. 
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t.    gpHERAL DESCRIPTION 

Tvo general Volt «g« Olvidara fer 3.3 MV impulse 1.2/50 us,  2.1 HV 

•witching impulse, 250/2500 Pi,1.2 MV ras alternating voltaga.    Tha high 

valtaga an« will also bt uaed M blocking elaaants for tho measurement of 

partial discharges but tha Purchaaar takaa tha rasponslblllty for tha 

arrangaaent nacassary for this typa of measurement.   Tha high voltaga ara of 

•na of tha dividers will ba suspended fro«  tha ceiling of a laboratory building 

having an intanai haight of about 25 a. and tha grounded end of tha divider 

will ba turnad upwards.    Tha high voltaga and (facing dovtwarde) of tha 

sllvidar will ba connacted to a taat object located under tha dividar.    Tha 

alga voltage am of tha other dividar will ba aounted vertically on tha floor 

la tha conventional nanner on a «obile baae fitted with air cuahiona. 

Tha building walla and calling will conaist of interconnected 

•«calile platas and a copper grid will ba aabeddad in tha floor.    Thue a 

vary low iapadance will ba found batvsen the low voltaga end of tha dividerà 

and tha aarth terminal of tha teat object placad on tha floor. 

3.    CHARACTERISTICS AND DESIGN FEATURES 

Tha following characte ria tics should ba aimed at.    Certain davlatlons 

could ba accepted but the masons ahould ba mentioned in tha meponea to tha 

questionnaire on technical data, in tha fom of the tender. 

Î.1 Tha high voltage arm 

J»l«l   Nominal data of each high voltaga am 

Total series capacitance:  250 to 1000 pF. 

Total raslatanca In aarlaa with tha capaci tora » 500 ta 1500 ohms, 

(Saa nota 1). 
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iw^a— i.I/M IMI   s.i nv. 

tttad «witching lépele« voltage i ISO IM (UM to crea t)/2,300 ut, 

l.t m, 

tetad alternating voltage: l»* •** r.a.s. SO Ita. 

U 

The lew volta«« arm are Inclue««' in the eff«r, th« Manufacturar 

I« free to ehooe« th« resistance valu«« i« orésr to ••t th« beet rsipenss 

anarscfrUtlc«. 

Occasionally, th« dividere nay b« placad outdoor« where thay 

aheuld «perete throughout th« full rang« oí voltagaa under any 

weather condition«.    Th« hlgheet operating taaparatur« may ha 

• M9C and tha lowest «««rating temperature aay be - 5°C. 

t.l.t   lubdlvlslon In twit« 

Ina high vol tag« ara ahould conalat of 4 to 10 unita.    Thata 

«lit« ahould aa far aa possible ha equal and «ach unit ahould ba provided 

with it« relevant part of tha capacitance and aariea reala tanca. 

l.i.l   Corona,   screens, conductora 

Th« t«nd«r should, in additional prices, includa  tha price of 

electrode« for the high voltage anda of the dividere permitting 

«arena-free operation at least at tha levels for «witching lnpulse 

and alternating voltage given in clauae 3.1.1. 

The elactrodaa should permit a reasonably a lap la connection to 

a test object located under the divider. 
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It ahould ba noted that tha roqulraaents on operation at 

1.3  MV    Inpulea volta«« «ay aeceaaitata larger corona electrodes 

tftaa should have boon necessary taking only «witching inpula« and 

alternating voltagaa into account in «pit« of th« fact that no 

fanal raatrictiona ara glvan with rafaranca to axtarnal partial diachargaa 

far thla typ« of vol tag«.   Oth«r corona electrodes, for ina tanca at tha 

connection« betwaen tha diffarant unita» ahould ba provided on tha 

tenderer*a dlaeration and ba ine lud «d in tha basic prie«. 

*****   Inf m«l Inductanc« 

Sia intarnal inductance of tha aarlaa rasiatanca and 

eaaacitanca of tha high voltaga am ahould ba kept as low aa practicable. 

1.1.!   Precision, stability 

The data glvan on total aerina capacitance ahould ba kept 

within IX for normal roo« temperature. 

The variation with temperatura within -5°C and 4 60°C and with 

volUg« level ahould if possible be kept within 3Z but see clause 3.2.5. 

Par the aariea resistane«, the corresponding value is 10Z. 

If tha conditions on temperatura and voltage stability cannot 

ba mat, this ahould ba clearly indicated in the form of tha tandar. 

1.1.•   Malati t 

The overall height of the dividers ahould bo kept a« low 

m practicable. 
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3*1*7 Inf nal insulation 

No reetrlctlons are placed on the external intuía ting natarlal. 

3.1.3 Weight 

Iha «Might of tha high voltaga divider including ita electrodes 

«sdì connactierna ahould not axcaad 4000 kg. 

3.1.!   Mechanical atrangth. wind 

Iha Mchanlcal atrangth of tha dlvldar elements ahould ba 

sufficient to pamit tha daalrad operation hanging fron tha calling 

•r fraa-atandlng on tha floor.    Iha affact of wind during outdoor 

«taxation ahould ba taken into account.   Maximum wind valocitiaa 

of 30 «/a nay b« axparlancad. 

3.1.10   Temperature range, weather 

Ih« voltaga dlvidar ahould not ba permanently damaged by 

exposure to aunlight or by temperatures fro« - 5°C to • 60°C. 

3.1.11   Intaraal diecharges 

Iha requirements concerning corona in clauaa 3.1.3 apply 

alao to internal partial dlachargaa.    Tha pamlaalble magnitude 

of auch diachargaa »ay ba aubject to diicuaaion but values exceeding 

eoa» tana of pC will not ba accepted.    In addition, it ia required 

that internal partial diachargaa cauaed by the application of 

3.5 MV impulse voltages ahould not be harmful to tha dlvidar and 

that external corona ahould not upaet the measurement of auch 

voltagee. 
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9.1.11   IM« 

HV 16 

UM tmdtrtr should Include a prie« for • nobile but for 

the tot-standing divider.   The basa should be provided with air 

cushion» which »ay ba eelected fron tha ranga «anufac turad by 

Aaro Co.    Data concerning thasa cushions ara Included with thla 

specification»    Tha Purchaser reserves tha right to reject thla 

•art of tha tender. 

*•*   **>• lw voltata arai 

3.1.1   Cenerai 

lach low voltage am should consist of at least thraa unita 

which should ba easily disconnected fro* aach other and tha divider, 

unita arai 

unit at tha low voltage end of tha high voltage am. 

-   one or «ort adapting units of ths cabla and at the control roo«. 

Different adaptor units «ay ba choaan for any of tha throa 

typee of voltages to ba Measured.    Due to tha dlfficultiee of 

access however, It la preferred that only ona unit should ba usad 

at the divider end of tha cable. 

One coaxial cabla of 50 ohns aurga incedane« which ahall ba 

Installed permanently between the ceiling and the control room. 

This cable shall be 60 «. in length and ahall be in accordance with 

military specification Ho. RG 218/U.    Thla cable ahall be connected 

In aarlea at each and with a 4 «. length of 50 ohns cable Mil. 

epec. No. RG 213/U.    Thla cable (RG 213/U) will be connected 
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directly to eh« low vol tag« am in th« coiling and th« adaptor 

unita in th« control roo«. Th« low voltage am and th« divider 

«nits should ba fitted with Amphenol aocketa type No. UG-496/U. 

A similar arrangeaient will be used for the free-standing divider 

on the floor. 

3.2.2 Condition of offering. 

Ih« tenderer ahould give eeparate price« for the low 

voltage irai. Th« Purchaser reeerves th« right to r«J«ct this 

part of the tender and to use low voltage arm of hla own design. 

le siso reserves the right to order s number of «quel low 

voltage arms to be used for instence together with spare units 

to for« dividers for lower voltages. The matching of thes« low 

voltage anas to the high voltage units will then be th« responsibility 

of the Purchaser. 

*•*•' Cheracf ristlc« of the low vol tag« ara» 

Ih« characteriatlcs of the low voltage arma ahould preferably 

be such as to give a reasonably flat response in the whole range of 

voltage« from standerd impulses 1.2/50 »a to 50 Hs voltages when used 

togethsr with the high voltage arms. 

No requirements sre given for the messur«m«nt of very rapid 

variables such ss standard impulses chopped on the front. Th« unit 

step response should be determined according to IEC 60, 1962 and 

neither T. nor T ahould exceed 50 nS. If different edaptor units 

are used for the different types of voltages, they ahould «ach be 

designed such ss to permit a reaeonably flet responos within s 

reasonable range of time parameter«. 
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1.1.4   ^ivioor ratio 

UM ritto botvo«« too voltolo MNM OOOO S.S Wf élvléor md 

tfcot oeroot tli« output toraáool of tho oéaptor M rao low voltogo 

•ni •botili b« vor lo» lo in otooo, covoriag too roogo of 

10,000(1, 5000il, JOOOtl, Itftil ,  500:1¡  the step firot «ootieooé vili 

ottly oo ooo4 for otooMoré ama owl toh log iopuU«. 

Ilio loooéooco lovol of too oéoptoro ot too coo lo oo4 io too 

omtrol roo« «oy oo choooo by too tooéoror toklog ioto oocovot 

tfcot tho oéaptor «oy oo eooaoctoé to oo oocillegroptt oaé o eroot 

voltaotor in porollol, both of vhlefe «oy oovo o high loooéooco. 

*•*•»   FfcUloft. itooillty 

UM oooáool ttviéor ratto« oooolé IM hoot with io li   ot 

VM tooéoror «oy cooooo o oolotio« «boro oocoooory toooorotoro 

of ractioo lo «oéo oy too oéoptor «ott locotoé ot too loo voltogo 

•ai of too high voltago or«. 

I.l.f   Wi too tond volto «o of tao low voltaao ata 

UM oloaooU of ooch loo voltogo or« ohooU bo éoolgaoé «och 

taat aa 1.2/50 lopaloo of S.O kV, awl proforobly, 7.) kV, aaalioé to 

aay of too tooptor toraioolo oooali «ot eoooo ooy fl ooo ovar or 

4.    jfA^c *mi 

UM tooéoror ofeaalé foratoli • Ilot of rornaaooéoé' oporo «orto 

with o ooooroto orle« for oof« ito«.    Hito Ilot ¿Woalé ot looot 

laclvoo oo« mit of rao high voltogo ora (ooo cloooo 3.1.1). 



MV 16 

I.I     

«aiee* ett»r«iee aaeeifiee, UM luti eaaale «a têwttmé o«t 

guatili te IK PwUlcatlee M, IMI, «ai rakllcatloa 270, Itti. 

JBUBL-TW iWiXfJffJ S.PÌE8BMUUL 

«M MwtrMtvnr« eaoal« provife fetalis of etopeeei ttiti 

Mi teet lavale e« taa eivlfer eMfMMti.    These proposait will be 

ae»>aet to 41 sceesloa.    UM pareases r ntarvti eli« right to portly 

toots. 

•»eelal la»erte*«e vili be atta««««' to tho iivifer eeaaoaaatst' 

•lilty   to vlthetaarf, with miwn>U aarglae, voltage a*4 

fro« lateraal partial «lecftterge ap to «axiom« operating 

»î 

•iilty to vitas teai atraoaaa occarrieg la practica fer Inf 

fi Mai ai re at tea toot object; 

«•riatto« of lapooaaco with refereace to volt ago lavai, feratlo« 

g«i teaperatere aai alaa Ita lo«g tarai stability. 

••*   Hill TI ÌT fe—ltt etvliar 

«te «aawfactoror aay fee lés vfcethar the taata a« tho coo* let* 

uvifera eaaali «a carrleo a«t at aia plaat, or aftar aractio« at tho 

PaliinMsr's alto.    UM teats at tho «aaufacturcr's sita aay eo carri«« 

•at NI rofecoa aMÉir of elvléer «»ita at correeeeaálagly reduces 

«äst lavala la «aie* eaoo tao teste will be cooplstoe at fall voltaga 

aitar ara«tla« at tat Paceheeer'a aita.    Whatever will »a tho caaa, 

eaffteleat taata Bacati «a carriol a«t aftar • roet loa te aaawra 
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aatiefactory operation.    A detailed program ahaving tha M^MMC« 

•f tha tMU at tha naaufecturer'a tit« ahawid te lubaltted te tha 

parehaeer at lint on« muck oaf ore tha beginning of the taet. 

»•*•* Mittf iff it i «tth M# wli 

AMI high volta«« ara af each divider •houle' »a eabjected ta 

UM fallawlat *ïf «f taata end taet lavala where tho lavata ettonld 

ea eerrected ta atendard ataoapheric condition« according to IK 

PnJbUeatloa §0, 1M2 tnropeaa practica. 

tanta with atanéari iaawleea ani ewitching lapalaaa ahoald 

na eerried oat at nata pòlaritlee. 

-   iapaleee 1.2/30 ya of 3.5 HV + SX ara applied and interpreted 

aceordlnt to elanaa i.3.1.1 ef IK Publication «0, ltn2.    Ina taat 

ia repeated with an external rod gap (connected between tha high 

valtaga and of tha dividar and tha grounded grid in tha floor) 

adjaatod to chop tha inpulaea aftar I - 5 ita. 

• taawleaa 250/2500 va of 2.1 MV + SI ara «opliad and lntarpratad 

aiaálarly to lapvlaee 1.2/50 IMI (250 na rafara to tha tin» ta 

araat/• 

• altarnatlng valtaga af 1.2 Mf ran • SI ia applied daring ana anmate. 

Ih) flaahevar eheald eccar. 
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1.1.1 

«M o«rtl«l Uaofcarga ItMl of aach digli voltata aro of tHe 

la chacao* «wring t««t with alternating voltai« »» t0 l-2 ** 

rocofiilaad matho*  (aaa IEC Publication 270,  It«) can b« accaptad 

tHo4 ehoviog tha ditcharga ••«itltttée of Individual pulaae la 

Uta a*êjnlt«4a of avlaoa npMtai SO tiaaa par aoee«4 or 

10 »C,   No liait« «r« givo« fer occaatonal 

•Ht  A M 

1.1.1 JHtJHOL actarlatlca of —ah «lvléar 

If tna toorfor iacloaa* tKo low volta«« «m of tha dlvléor ta* 

•f tha tornear la accepta«*,  th. ra a pona o charactarlatlca of oaek 

ahovld b« choebad according to IK Publication M, 1*42,  for ta« 

•f voltaaa typoa ef lntaraat. 
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9UWT10HHAIRE ON TECHNICAL DATA WHICH TNt TENDERER MIAU COMPLETE AHB 

•lai tw "m m r FI Trnr  
Urn high voltata im of Î.3 HV elettori for atanoar« iaoulooo. 

fvo low voltato am of olvlaor«. 

irai oooerlntion of anon olvloor  attaenai. 

I.    flfcirttffflf"" 

fatal oorioo capacitan* of 

fatal real« tanca In aarlao »itn tno capacito«' 

1.2/5* oc 

•vitelline i«P«lM 250/2500 w«. 

•m  

•atai êleornotlnf voltato. 

NV r.n.« *  

•«•nor of wilto of tno kin« voltano «f». 

m a  ....  

total torlo« cantaitanao of oaon ont t. 

P»  

total molatane* In aerie« with tno canoe i tor« of 



HV 16 
- il - 

••fié* i^HtüM •€ ti» unit aaa«cltanca. 

«i  

•wrUt l»4uctanca «f fch« «trina capacitane« 

•erne** mmi MMMttri u tli« taat o*jact. 

 attacha, 

taalalon af Inyaianca «al«««. 

 • • attacti«4. 

•tfttiUty af Iwnaáana« *«it»a wit* rafafaax« ta ««Ita«« Imlt 

• 

Ir4*t4" attach. 

*M«i ttalfftt »f  éivMc*   fucinai« KIMM, 

»Maialala «ini— tanyatatota. 

*  

IwmiMiM« 

%  

atotaiiti anatri***«* •€ tJw Um vnlta§a «r», avÉtr of aéantora, 

Mèi« »ava UHMM, p«raitta4 ranga af iiwtrtmt impanca. 

••••tintian..  aitaci. 

Mviaar rat la«, aratltlai ai «Ivlaar ratiaa. 
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•lability of ineadance, valuti with raíarane« fco voltage lavai and 

tea» »rature, mthod of teayarature corractloa If any. 

•aecrlptlon  attached. 

•aaaanaa characttrla tics of tha dividerà with the proposed low 

voltage area for various typai of voltage.    Aaount of ovarahoot in 

«mit atap raspón»«, 

•eacription  attached. 

ttaalllty of tha low voltage «rae with reference to tha eaa* factors 

ascription     attached. 

I.    Liât and Petali« Kaaardlna the Propos«d Spare P«rt« 

•eacription      attached. 

4.    Taats 

Freao»ad taata and teat lavais for tha unit of the divider high 

weltaga am. 

Beacrlptlon     attached. 

ftweeeed testa and taat lavais on each complete divider, 

»eacription     attached. 

Praeosod partial diaeharga test nathod. 

»tveaeod acc«pt«nc« discharge aagnltude«. 

•ascription      attached. 

laamlae voltage withstand taata af tha law voltage am. 

taacrlptlon     attached. 



*H#M W     **IW«, il aW« 

MOO Conen Avenue Sovttl 
ate«*. WeiHmfie« ttlOt 

00*1 K> 3 »DIO 

HV 16 

Aero Casters art modular tranifar 
platforms used for moving loads 
effortlassly. 

Atro-Cattere art available to 
match any load requirement 
When used in combinations of 
3 or more they provide a stable 
base for easy, omnidirectional 
movement of virtualiy limitless 
loads on a low pressure film of 
air. Systems from-500 pounds to 
hundreds of tons are now in suc- 
cessful operation. 

AERO-CASTER LOAD MODULE PERFORMANCE AND SPECIFICATIONS 

K12 
Kit 
«1 
K27 

KM 

HATEO ««SS, AT AIR 
LOAD CASTER PLOW 
lltSÍ              tnñi ICFMI WT. (IB.) 

2.000           28 IIS f 
3,500           28 8-20 • 
7,000           28 8-90 It 

12,000           28 140 40 
20.000          28 8-60 80 
40,000          26 1040 140 

DIA. THICK. 

12 1 
If 1 
21 2 
27 1 
» m 
48 W 

UfT 
m. 
2/4 
m 
i 
tu 
s 
s 

AIR 
WUT 

KNPT 
KNFT 
HNfT 
HNPT 
»NfT 
**JPT 

Canter landing 
pad supports load 
Wien cattar ia deflated. 

Air Inlet (Female) 

Reinforced fabric 

•attorn View Tfctekness 
I       ^— Top Plate / Plaoc level 

MATERIALS: 

Tap Platee - Aluminum 
Aera Castta - Nylon Rein» 

farcad Neoprene 

Uta Aero Casters to move your 
metsfve loads with great sevmft 
Of time, effort, manpower, end 
expensa. Costly crane or other 
Nft etjuipment is not necessary 
«men Aero Casters ellow ana 
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PLACEMENT OF CASTERS... 

For btlt performance the Aero-Caster assemblies should be 
mounted under loads in a way that divides the total weight 
approximately equally. For stability, three or more casters 
arranged in a triangle, or square pattern, is recommended. 
Center of gravity of load should be as close as possible to 
geometric center of the caster pattern. If an eccentric load 
is unavoidable, more air pressure may be applied through 
a «imple regulator to the heavy tide to compensate. 

FLOOR SURFACE ... 

The volume of air required to float Aero Casters is deter- 
mined by the floor surface. A very smooth floor, vinyl tile, 
—alad concrete, metal decking, etc., requires least air. Air 
flow and friction force will increase in proportion to in- 
crease in surface roughncsr. Cracks and steps in floor sur- 
face should be bridged with common plastic tape. Plastic 
sheet or light gage sheet metal overlays can be used to 
cover rough or dirty surfaces. The substantial benefits and 
savings afforded by Aero Casters will warrant the upgrading 
•f a poor floor surface by resurfacing with fillers or 
terrain grinding. For unusual environments, picata con- 

ACCESSORIES 

OPERATION... 

The load carrying capacity of the Aero Caster is directly 
related to the air pressure available at the caster. In effect, 
the Model K21 Caster is an open ended piston with a lift 
area of 280 square inches. At 1 psig, 280 pounds can be 
lifted, at 10 psig, the same caster will lift 2,800 pounds. As 
the main valve is opened, compressed air is introduced into 
the caster through the air inlet fitting. Air is evenly dis- 
tributed within the assembly and allowed to escape in a 
continuous flow through orifices in the flexible Aero Caster. 
The Aero Caster inflates, raising the assembly. A thin film 
of air flows between the periphery of the Aero Caster and 
the floor surface to "float" the load. To avoid dragging 
the Aero-Caster and possible damage, be certain toad is at 
fuN stop before cutting air supply. 

MOVING FORCE 

IS 

Air supply source, control, and distributing devices are 
available separately from Aero Go. Sources of air supply 
can be plant air, portable piston type compressor accumu- 
lator, low pressure centrigugal blower or air bottle, depend- 
ing on load and floor surface conditions. Aero Casters are 
Self pressure regulating systems that may be operated with- 
out separate line regulators. A slow opening How control 
valve is recommended to avoid sudden pressure surge and 
to meter volume of air for most economical performance. 
In some applications, a quick opening relief valve may be 
desired to provide rapid lowering of load Screw jacks, 
clamps or other devices to attach load are available mounted 
upon Aero-Caster module. Aero-Go, Inc., will recommend 
and provide complete accessories for specific applications 
upon request. 

NOTE: 
Aero-Go produces complete systems to resolve critical 
material handling problems or can supply you with custom 
designs to incorporate into your product for lifelong 
mobility. 

As progress in air film technology is dynamic, products and 
spécifications may be changed without notice. 

NOW TO ORDER 
Other Aero-Caster sites, standard transport pallets to fit 
under your entire load, and units with self contained air 
•auree are available. CaN your Aero Go representativa. 

Typical coefficient of friction between inflated Aero Caster 
•nd a Smooth, level surface is 0.OOI or less. For example, a 
1,000 pound load can be moved with a push of under 
1 pounds. On inclined or undulating surfaces, free floating 
•esters win drift to the lower level. 

AIR SUffLV ... 

Aero-Castors are designed to operate from clean compressed 
air. Air should be supplied to casters through piping or 
hoses of nearly equal length and diameter to alture uni- 
form operation. 3/4" 10 hose or larger (available from 
Acre Gol is normally required. Swtafler hot* may be weed 
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i.- oncer 

t.-   QÊHZML DC8CMPTI0H 

t.-   CMAMCtERISTXCS AMO DCStOM FUTÜM» 

QtSfTIOlMâl IC OH TtOWieaL ftATâ 
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fhia «pacification covert eh« Spanish Govarnmant'a 

reaulrcnont« for on« apparatus for the production of artificial 

rain to b« ua«d during high voltage tasta. 

t.-    OeWERAL DESCRIPTION 

WMJ »#«t taat apparatus will be used for taata on high 

voltata e«ulp««nt for •ysta« vol tag« up to and Including 750 

kV 

Th« fol loving Hat la Indicativa of th« different typ« s 

of objects which will b« ta«tedi- 

laeulatore 

Instrument Tratte fore» rs 

Circuit areafc«re 

Meeonnectln« »witch«« 

UM wat t«at apparat«* will normlly bo locat«d «Ion« 

tfca aléa of a high voltage teat hall and th« wat«r will be 

prajacted Inward« tornirei th« cantre.   The precipitation aas) 

éraplet aia« efcall b« unit««» U the cantra of th« taat hall. 

.../I 
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It» hall dimension« are 21 m. x 44 ». x 25 «. H.    The 

precipitation rates, droplet •1M« and angle incidane« mmt 

all b« r«produc««bl«. 

*•"    CMaMGTERISTICg AMD DESIGN FEATURES 

Tit« following ch«r«ct«rl«tlc« should b« alwd at. 

Certain deviations arc acceptable but tha reaaons «hmtld ba 

given in tha response to tha questionnaire on technical data 

in tha forai of tha Tandar. 

,tl"   *"»*»"» projacfd area of fat object 

The wet teet apparati» should be eatable of 

•praying « MXISM* projected area of 11 *.  le«« x 

12 a, high. 

*•*-   Heefittloa rate« 

Me wet teat apparate» ekeeM b« deeisned te 

give the following preclpltetloe ratee (fer both the 

vertical end the horlsoatal ceejpeaeete oe the teet «eje««. 

3 nln/ntn. 

l.M n*n/aU. 

.../I 
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fha aanvfacturer My achieve the different 

precipitation rata« by avitching in different numera 

of nonlaa or by any othar mat hod.    However, wh i chavar 

nethod ia    usad should parait changing in tha shortaat 

poaalbl« tina. 

UM precipitation rata should fall within tha 

remirad value at m angle of 43° ovar tha full height of 

12 a. 

*•>-   Ptataaca to teat object 

Ina distance fra« the aotslee ta tha taat object 

«rail be 7 a. 

!.•- wmy 

UM vet taat aaearatve vili be diaplaced lndesrs 

end outdoors an • conventional concrete flaar enploylng an 

air c «anion aye tea. 

Uta air canaio«* ta be «aed en the baee nvat be 

fra« the at andará ranae aaaaliad by AtfXM» Inc. 

tata relativa te theee air caahlene ara eapelled at the 

and af tfcla eeeelfleetle«,    fa arder ta prevent oecl Hat lone 

.../e 
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«•rim triifft, «ir taafca «t«al ko a laaat tat*« 

tlasa tha vaiava of ttM air eaaaloaa a*at bo 

1« aarallal with aacfc air eaabloa. 

UM baaa aHouU bo aaattajao! »e that eh« «Ir 

earn »a aaally attaefeaa: or raaavao wit Kent Ufttaf 

Tlia aaaae* of traaaaertatloii will not 

0.1 a/o.    All raaaoaabia  proeaatlaaa will bo takaa to oravant 

oceaaloaal ateaa or bvaao áartaa traaoaort, »at  tita wat taat 

apparat« 0*0*14 aat »a iaaaaid if •acá a «toe or »«a» «How 14 

occur. 

*•*-   M>—fa arrfjr 

THa apparata* abavi*1 aa a*ot|*a*> »e that ih* aoialaa 

ara arra***** la arrayo aadi «aaroalaatoly la. M  2 a.    tao aaaaVar 

of aoailao for Meh array !• tho taoaaaaability of th« 

aaaafactaror.    Bach array •Houle' bo taaaaaaéaatly control 1*4, 

arafarablv by aaaao ef va Ivo« taatalla*1 oa tho baao.    Ibi« la 

ta parait tho too ti*« of ablacta ttavtaa. vlaaly «tfforiaf 

profacta*1 araas. 

Tao aoMlaa abavi*1 bo aaéa ta §lv* a eaa>f Inai apra« 

atollar la tfeaao avverta««' far lb*ra»o.a* aractiaa la IK 

cloa a«,  IMI. 
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»••» 

Hw Malawi aa*>ta of tit« apaarataa «Ho«lé aot 

lau «MM In «••ration.    Eauaiaal« lag* «r« »«rait tod 

fa* tati«—i ataalllty «arla« transportation,    ili« oaoaratiM 

fjav *• BW«* *• •*• «Mill alia« la oooratloa »at  ta« «ala volant 

vili U earrto4 »v tho floor. 

>.N 

•trottava §• al law 

afeaali a« ptaaliaé laaiéa Hai 

or aoislo adjaataamt. 

•taatrlc 

a aaa» «riva« »y aa 

•oallaalo aaaaly la Mi V.  1 «    Ma«. 

I.t- 

•11 

ftttlaa», 

a«ttafatta«? 

•ai eoa* rot a 

•f aa oaaloaaat 

fa« tao 

• • •/• 
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s.i*» 

UM a«aaly of MM MCMsary éaaiftafwlUiaj 

tacl«Uaa atai** «Mit tai •tor««« taafca I« 

MM fpomaak titty of MM pwrctMiar. 

S.1I- 

MMt atavia* «MM for 

MM ataetattattaa tmm at elffataat aatafcta frtM 0 u U •. 

1MM aaaaaraaaata «til *a catrtaá owe balata tlM aaaltcatto« 

•f MM last valtaaa.    **• aaaaatlaa «aaata!«« will aa 

aatiat MM aetaal aia> volt««» tut.    UM — «urti 

of MMJMMíM) MM toriaaatal «Ml vattteal 

ta of MM artificial tata. 

.../f 
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m if 

t.-   mwrtl 4Mcr&»tl«i of tM «•* twit •ppirtw 

1.- •f WMtlmi array« 

1.- 

l.fS 

1 

I 

•f MIIIM ff«ri 

»Art« 

è.*     1^|W •€  «•Ml« Mi •f MM»I« 

*.- 

•.«     »i** 

f.« ïhém 

t.-   ftrtviMj 

9.«   t«M»ty «•!!«§§ f«r V. 
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•ny   tot*   rtqutftmtnt 
In «omtMnatiof* of 

moft ttwy previo* t tlâow 

•I vktuttty Hmittt« 
•n a to« pfNMirt fMm of 
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•det performance the Aero Cattar ettemblret «houid be 
toed« m a way that drv«te« the total weight 

ieitotety eejuetly   Fat »lability, three or more cattrrs 
in • trienal«, or «quart pattern   u recommenderl 

•f gravity of load thouM ha at rlose a« prmibte to 
* center of the cattar pattern   If an accanine load 

mora air pretturc may ha applied throufh 
to pie neovy «ade to 

PLOOM eaUftPéefit 

11« of air required to float Aero Cattar« t« datar 
fee Ine floor turtace   A very ernooth floor, vinyl ttla, 
eajnetete, ma lai dece, me,, afe . reojueTet loeat air Air 

•ne) friction force a/re) increate m proportion to m 
i In «urtata roMfhnet«   Cretto« ami slept m floor »ut 

ha bridgea with common plait* tape Ptetttc 
pee «heat mate! overtays run be used to 

fOufh or drrtv «orlac«  The substantial benefit« and 
after diu by AeroCaetert mill «Marrani the uñateóme. 

•r   turtece  by  returferma with  ftHer* or 

fea) teed eerryma capacity of tna Aero Cattar n dweeth/ 
eajeejaj «e »ne ait a»rtture avertable at the ratter In effort, 
•Je) Mpdjet K?1 Cattar « an sajan tnámt pwton with a Irti 
trot af NO «ajuere «nena« At 1 ptio.. 2t6 pound» ran be 
IM, et IO aaajj. Ina «ama ratter VMM tilt ?,000 pound« A« 
tfja) main verve it apenad, eemp»et*iKl err t» introduced mte 
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I.-    SCOPE 

This specification covers the Spanish Government's 

requirements for th« supply of tvo sets of three tingi« 

phM« prscision potential tranaformsr for measurements 

at 50, 60 and 200 Hi. 

2.-    GENERAL DESCRIPTION 

These trsnsformers will be used for maasursrnants of voltage 

levais during routine and type tests   performed on transformers 

and other electrical équipaient*.    They will be connected to 

volt*»t«rs and wattnetcrs. 

They need to be aa coapact as parmit the insulation lévela 

required. 

3.-    CHARACTERISTICS AND DESIGN FEATURES 

NOTE:   To cover the required range of voltage, it la required 

to have tvo separate sets of three units.    Should the 

Tenderer find that the rangea ahould be different than 

those described below, It ahould be stated clearly in the 

questionnaire. 

.../2 



HV 19 

3.1    GROUP 1 

-  2 - 

Quantityt 3 

UM » These transforaera will be connected 

between two phases or between phase 

and neutral on a three phase supply. 

They will be used Indoors. 

Insulation class: 

1) Nomlnel vol teg*:    165/yTkV 

ii) Hi 450 kV 

111) Low frequency 185 kV 
test voltage 

D*   §S£2S¿SH.XíDí!!SI_i!iiu!5£á22-!2YS! 

1) 2.5 kV, 50 Ht for 1 minute 

Primary voltages:    165/ VT   88/ V^T   44/ VT   kV. 

NOTE:    The transform» shall be able to operate continuously 

at 1.2 tines rated voltage. 

Secondary voltage  : 110/ VT" 

Frequencies:    50, 60 and 200 Ht. 

Temperature rise:    55°C 

Precision:    For the range of 40 to 120X of noelnal voltage and 

for a Burden of 5 VA with p.f. 0.8 to 1.0. 

a)   50 and 60 Ht 

Maxlmu» ratio error:  ± 0.1X 

Maxlmm phase displacement : ± 1 «in. 

.../3 
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b)    200 Hi 

Maximum ratio trror: í 1.0 K 

Maxima* phase displacement - not spaci fiad 

Protection:    Suitable apark gape shall be installed 

on the secondary terminala. 

3.2   Group 2 

These thraa transformers shall base the same characteriatics 

as those of Group 1 except for the following: 

Insulation claas: 

a) HV winding in its highest voltage connection, 

i)    Nominal voltage: 22/ \/T" "V 

li)  BIL : 95 kV 

Hi) Low frequency teat voltage:  38 kV 

b) Secondary winding insulation level. 

1)    2.5 kV, SO HE for 1 minute. 

Primary voltages: 22/VT,    11/VT", 5.5/VT"   kV 

NOTE: The transformers shall bs sble to operate continuously 

at 1.2 times rated voltage. 

Protection:    Same as group 1. 

.../• 
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i.s  nnui ditchT-t 

Ihe transformer will be uaed during low level partial 

discharge Muurttinti.    Consequently thay must b« free 

fro« internal and external discharges at 1.2 tiswa noninal 

voltage. 

4.-    TESTS 

All routine   ad type tests as outlined in IK Publication 1W-1H» 

•hall be perforand. 

.../f 
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QUEITIONNAIRE 

Technical and generel data on two eete of thraa aiagla phaee 

precision potential traniforverà. 

1.-    GEWERAL DESCRIPTION 

Daacrlption 

Eucloaod 

2.-    RATED DATA 

limitation claaa 

Croup 1 Group 2 

a)    HV_Windin| 

1)     Nominal voltage ^ kV_ Ry 

Ü)    HL  kV kV 

111) Low frequency 
teat voltate       kV kV 

*)   §SSS?4il3L!!¿5ÉÍ3i 

i)      Insulation level kV kV 

Prluary voltaajee 

.../• 
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Highe«t continuous 
operating voltage XUn   _____ ¡tun 

——————••—a»——aaaaa—. , , 

Frequencies  HE             Hz 

Temperatur« ri«« °ç       °c 

Fr«cl«lon (Group 1) 

Description 

Enclosed 

Precision (Group 2) 

Deecrlptlon 

Enclosed 

Protection (Group 1) 

Beecrlptlon 

•ncloeed 

Protection (Group 2) 

Deecrlptlon 

*•  ******* mamm 

AeaUltud« of tettiti ¿lecheree, at 1.2 Un 

—      m 

J 
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1. OBJECT 

This  «pacification  covata   tha  Spaniah  Governments* 

requirement!   for   tha   aupply  of  three   (3)   aingle  phase 

voltaga   regulators  aach  rated  at 

1.33  NVA 50    Hi 

22 kV / 0-5 kV RMS 

and tha necessary control equipment for regulation. 

2. GENERAL   DESCRIPTION 

The   three voltage   regulators  shall be   identical  single- 

phase   units,  each  of  which  is  designed   for  continuous 

operation  at   1.33  MVA,   50  Hi,   22  kV primary  voltaga, 

aecondary voltaga   continuously variable  over  the   range 

0-5  kV. 

The  regulativ     should be  virtually without  steps. 

Tha  regulators will mainly be  uaed  for  heat  run  teats 

of  large  single  phase   and  three  phase   transformers,  with 

an  intermediate multi-tap   coupling  transformer. 

The   regulators will  be   supplied   from  a   3-phase 

22  kV  line-to-line  delta  connected  transformer. 

The  regulators  shall  be  designed  so  that   the  outputs 

may be   connected  in  either  atar  or  delta when used   for 

3-phase   operation.     In  addition,   the  regulators  shall ba 

designed  for single   operation  and  for  parallel operation 

with  2   and  3 unita   in  parallel. 
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For any three-phase and parallal connection of two and 

thra« unita, tha output voltaga of tha regulator! ahall 

ba matched within iX or batter over the entire voltage range. 

When 2 or 3 regulatora are connected in parallel, they 

ahall ba capable of delivering 2.66 or 4 MVA respectively, 

at full voltage, without exceeding the specified temperature 

riae.  If load sharing reactors are required in order 

to limit circulating currents, the price shall be quoted 

separately and not included in the basic price of the 

regulators. 

3.  CHARACTERISTICS AND DESIGN FEATURES 

The following characteristics should be aimed at. 

Certain deviationa could be acceptable but the reasons 

shall be stated in the response to the questionnaire 

on technical data in the form of the tender. 

3.1 CHARACTERISTICS OF EACH REGULATOR 

Rated primary voltage: 22 kV 

Rated frequency! 50 Hs 

Rated aecondary voltage: 0-5 kV 

Rated continuous power at maximum rated 

aecondary voltaga and frequency: 1.33 MVA 
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Short-circuit impedance corresponding to maximum 

rated aacondary voltata and frequency (aaa noto)i 

7% approx. 

Mota«  ZecX m  U/Uo 100X 

vhare Ut chanta in aacondary voltate fro« ita rated 

value at rated current without chante in 

the regulator letting. 

Ut rated maximum secondary voltage, 
o 

3.2 Overload characteristics 

No specifications are given for the overload characteristics 

of the regulators but those inherent for 10 minutes 

operation and for 1 hour operation ahall be clearly 

stated in the fora of the tender. 

3« 3 Relative harmonic content 

The relative harmonic content ahall be no greater 

than 0.02 when determined at no load over the upper 

t5X of the voltage range assuming that the regulators 

are supplied at rated voltage and frequency from a 

tero Impedance source. 

The manufacturer ehall eatlmate the magnltudea of the 

third, fifth and aeventh harmonic relative to the 

fundamental at 0.25, 0.5, 0.7S and 1.0 times rated 

voltage. 
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Th* fflttlv* h«»«o«>ic contant 1* defined at 
MEtr 
*  _JL_  wh«r« UR  is the r.a.s. valu« of the ntn 

oréar harmonie and U la tha r.a.s. value of the total 

voltage. 

3.4 Location 

Tha regulator! will be altuatad outdoor« and the 

tablent teaperatura range will be -5°C to 4 37°c. 

Î,S  Ta«perature-rl«e Halt« 

The temperature rise Halts should be chosen In 

accordance with IEC recoaaendatlons (Publication 76/1967), 

when the units are loaded with rated current and voltage, 

for continuous duty, with ONAN cooling. 

!•• Partial discharges 

The voltage regulators shall be virtually free fro« 

Internal and external partial discharges up to a voltage 

101 higher than the rated voltage.  The permissible 

aagnltude of partial discharges nay be subject to 

I discussion but values exceeding aoae tens of pC 

will not be accepted. 

*• ' Wltttetand capability to short-circuits and overvoltages 

| Baa to the special operation, the regulators nay be 

subjected to short-circuits, via a low lapedanre. 



HV 20 

-  5 - 

Thus, the regulators shall be designed to withstand short- 

circuits at the secondary terminals when being supplied via a 

very strong network.    The withstand short-circuit duration has 

to be specified. 

The special operating conditions nay also cause overvoltages 

to occur at the secondary terminals.    The magnitudes of these 

overvoltages are difficult to foresee.    Thus, the regulators 

shall be protected on the secondary side by lightning arresters 

or by other auto-extinguished devices capable of operating 

during switching overvoltages without damage. 

The Insulation level of the secondary windings shall conform 

to the requirements of the IEC Publication 76/1967. 

The overvoltage protecting device will conform to the inaulation 

level of the windings. 

The primary winding will be connected to a network subject to 

normal frequency of occurrence of overvoltages of various kinds. 

The insulation of these windings thus shall be designed for an 

exposed location according to IEC Publication 76/1967.    Protection 

equivalent to a station type lightning arrester of 10 kA or better 

•hall also be provided. 
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3.«     Regulation 

The   regulation  shall be  virtually without  stepa 

and   from aero  up  to nominal  voltage. 

The   regulator   ahall be Motor  driven with provision 

for   Teaote   control.     An  auxiliary  supply  230 V,   50  Hi, 

single  phase   or  400 V,   line   50 Hz   3  phase will be 

available  for   this  purpose.     The   tine   taken   to  raise 

the  voltage   from  its  lower   limit   to  rated value   shall 

not exceed 30 seconds for operation at maximum 

speed.     A slower  speed,   half  of   the   above  or  less   is 

alao   required.     The  foregoing  shall  not be   taken   to 

exclude   the  offer of  a  d.c.   driving  motor capable 

of   a wide  range   of  operating  speeds.   Note, however,  that 

in  such  a  case,   a suitable   d.c.   supply  must  be  provided 

by   the manufacturer. 

In  addition   to   the basic  offer,   the   tender shall   also 

include  sn  automatic  regulating  system whereby  the   output 

voltage   can be   set,   independently   for   each  regulator 

at   a  desired   level  and held  within   1%   or  less  of 

the   act  value,   independent   of  load  variation  or 

fluctuations  of  primary  voltage.     The   price   of  the 

aystem,   Including  its  controls  designed  for  a control 

panel   (see  clause  3.9)   should be   included  in  the 

additional  prices  list but  not  in   the  basic price. 
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3.9 Control» 

The control equipment in the basic offer should be such as 

to penait the regulators to be controlled individually or 

together (See clauae 3.7). One additional control desk should 

be provided. 

The control equipment shall be installed in control panels, 

drawer type. Instruments must be installed in the control 

panels for the measurement of output voltage, output current, 

and output power factor. The control desks should conform to the 

dimensions shown on drawing No. 1004 included in thia specification. 

Dimensions are in millimeters. 

3.10 Internal insulation 

If normal transformer oil is used aa internal insulation, it shall 

conform to the apeclfications shown in Table 1. 

3.11 Mechanical detail» 

Particular attention ahall be paid to the avoidance of jamming of 

the moving parts at either end of the voltage range and adequate 

mean» »hall be provided for manual adjustment of the "zero" position 

of each regulator prior to mechanically coupling (if required)the 

unit» for three »ham« or parallel operation. Any slipping clutch 

or fragile coupling »hall be installed so as to be readily accessible 

for adjustment or maintenance. Detail» of such components shsll be 

included in drawing» accompanying the tender. Where fixed or movable 

brushes are used in a regulator, full details of their composition and 

mounMnf «íII.TII bo  supplied. 
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In such cases, designi where the brushes are supported 

between symmetrically disposed driving points will be 

preferred. 

5.12 Oil tightness of the tank 

Special importance is attached to the oil tightness 

of the tank, the bushings snd other connections. 

3.13 Painting 

The tank, frame, radiators and all metallic accessories 

should be psinted.  The surfscee should, after having 

been thoroughly cleaned, be properly coated with a 

suitable primer.  The actual colours will be specified 

after the order is placed. 

3.14 Earthed screen 

It   should be   considered  as  an  advantage   if    each 

regulator were  provided with  an  earthed  screen between 

tt.V.   and  L.V.   winding. 

3.15 U.V.   and L.V.   Terminals 

The  U.V.   es well   as   the  L.V.   terminals   should be 

provided  for  ceble   connections. 

3.11     Instrument transformers 

Each regulator shall be provided with Instrument transformers for 

the measurement of voltage, current, and the operation of protection 

relays. 
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4. SPARE  PARTS 

The  tenderer  shall próvida   a coaplata   list   of 

recoaaended  spara  parts with  a  aaparata prica  for 

aach ltta. 

5. ERECTION 

Tha regulators will ba erected aithar  by  tha 

aanufacturer  or  by  tha  purchaser  at  the   letter's 

cholea.     Tha   tandarsr shall   state whether  ha   conaldera 

it necessary   to   supervise   the  erection  of   the 

regulators  by   tha  purchaser.     Tha price  of   the 

required supervision  shall  be  atated.     Furtheraore, 

•  separate   price  shall be   given  for the   coaplete 

erection of  the   regulators  by  tha asnufacturar. 

••      TESTS 

6.1 Standards 

Unless otherwise  specified  and when applicable, 

the   tests  should be  ned«  according to  IEC   (Publications 

76/1967,  137/1962  and 270/1968). 

6.2 Power  frequency 

The  tests specified at power  frequsney auet  bs «ade 

•t  50 Hi. 
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6.3    Typ«  of  tests 

The  regulator!,   Including  the   controla,  shall be   taatad 

•t  th«   manufacturer'«  expense  before   «hipping.     The 

purchaser  reserve«   the   right   to  repeat  the   test«   after 

delivery  at   his  expense   to a  sufficient  extent   to  assure 

satisfactory  performance.     The   type   of  tests   and 

test-levels   should be  proposed by   the  manufacturer 

and vili be   subject  to  discussion.     They  should   at   least 

include   the   following: 

-    measurement  of  no load and  load   losses, short-circuit 

voltage , 

-  temp« (at least on one regulator), 

- over magnetisation  test, 

- tests with  impulse voltsge,  at  levels  in accordance 

with  IEC Publication   76/1967,   Table  VIII,   Series   II, 

- check  of  the  partial  discharge   level  (any   recognised 

method,   see  IEC  Publication   270/1968,   is   acceptable 

but   a method  ahowing  the  magnitude  of  individual 

pulses  ie  preferred.) 

- check  of   the  harmonic  content. 

check of the control and regulating circuitry when 

the regulators are used singly or in parallel. 
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QUESTIONNAIRE ON TECHNICAL DATA WHICH THE TENDERER 

SHALL COMPLETE AND WHICH FORM A PART OF THE TENDER 

HV 20 

Three  single-phase   regulators «ach   for   1.33 MVA,   22  kV/O- 

S  kV,  30  Ht(   continuous   regulation. 

1. GENERAL 

Contrai  description  of   tho  regulatore   including  tholr 

control,   regulating  «né  protection  equipment 

Doscrlptlon  attached     

2. CHARACTERISTICS 

2.1 Rated primary voltag«  ^y 

2.2 Ratod frequency  , , .....Hi 

2.3 Rated secondary voltage Ky 

2.4 Rated power at rated secondary voltage 

and frequency ,  gy¿ 

2.3  Ihort-circuit impedance at aaxiau« rated secondary 

voltage and frequency  ((j 

2.» Variations of the short-circuit iapedance at 

rated frequency, throughout the range of output 

voltages. 

Description attached   

2.7  Secondary Inherent overload power, for 10 minutes 

operation, repeated once per hour for fear hours 

 Ufa 
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1.1 Secondary inherent overload power for on« hour 

«»«ration prtcede« an« followed by • four hour 

period of   r«it    MVA 

l.t    Overload  characteristic«  for othor condition« 

of load, 

»ascription attached    ,  

1.10 Relative  harmonic content  

t.ll     Insulation   claa«  and withstand voltagee,  for «ach 

winding • 

Description attached     

1.11 temperature  ria«  at  continuous nominal   load, 

copper,  hot  spot °C 

top  oil    °C 

1.11     Flu«  densities,   at nominai  voltage  and  frequency 

Description  attached  

1.14 1« load lo«««s  at nominal voltage  and   frequency 

 kW 

1.15 Coprir leaaa« at  ««mimai currant, 

 ktf 

l.U    I tray  lead  less«« at nominal vol teg«  amé current 

 ....kW 
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2.17    Withstand  capacity  to short-circuit and 

ovarvoltages;   proposed  protection   against 

such  stressas. 

Description  attached , 

2.11    Lowest   regulating liait,  X of  nominal voltage, 

2.If    Shortest   tine  for automatic regulation fro« lowest 

regulating  liait  to  full  voltage, 

> • • i 

2.20    Longest   tiae  for autoaatic regulation froa lowest 

regulating  liait to  full voltage, 

2.21 Type and  accuracy of regulation;   possibility of 

regulating parallel, star and  delta connected units, 

possibility   snd accuracy  of  automatically aaintalned 

voltage   levels. 

Description  attached   

2.22 Control  equlpaent. 

Description attached  

2.23 Possibilities of raaote control froa several 

control rooas. 

Description attached , ,...,., 
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2.24    Type and «Munt of trtMMl t—Utluft fluid 

Description  attached    

2.25    Weight  and dimension  of  aach  regulator, 

loa 

2.26 Intarnal or external installation and lnaulatlng 

liquid provided. 

 Type 

2.27 Earthed  aereen between priaary  and  aecondary 

winding, 

y     no  

2.28 Ovarvoitage protection, 

Primary   

Secondary   

2.29 Load sharing reactora. 

Deacriptlon attached . 

J.   TE8TS 

3.1  Proposed testa and test lavala for the regulators 

Deacriptlon attached , 

3.2  Proposed testa regarding the charactariatlca and 

performance of the control and regulating systems. 

Deacriptlon attached  
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é.     »PAU PAUS 

Lite of  racoMcnáad ipara parts 

Daacription  attached   
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(Information concerning insulating oil) 

SPECIFICATIONS 

HV 20 

TEST 

Density at 15°C 

InflamabiHty V/A, °C 

Engler Viscos ity at 50°C 

S^V Viscocity at 210©F 

CjS Viacosity at 210°F 

Colour 

Freezing 

Neutralisation degree 

Saponification degree 

Ash, % 

Dielectric Rigidity, kV 

Corrosive Sulphur 

Deposit: 72 hours 

: 168 hours 

Interfacial strain 

Contents in DBPC, % 

Tangent I 

(1) guide value 

(2) to be determinated optionally 

METHOD 

ASTM-D-1298 

ASTM-D-92 

Engler 

ASTH-D-11+6 

ASTH-D-W5 

ASTM-D-1500 

ASTM-D-97 

ASTM-D-97* 

ASTM-D-9* 

ASTM-D-112 

ÉSTM-D-I77 

ASTM-D-1275 

ASTM-D-121H 

ASTM-D-1971 

AST*-D-1*7 3 

VALUES 

0.I5S -  0.165 

16 S minimum 

1.3 - 1.9 

36.0 - 38.0 

2.92 • 3.52 

1.5 maximum 

•26 maximum 

0.05 maximum 

to be fined later 

0.005 maximum 

35 minimum 

0.075 maximum 

0.150 maximum (1) 

«5 minimum (2) 

0.* - 0.6 

0.000* minimum 
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1.-    OBJECT 

This specification covers the Spanish Government's 

requirements for the supply of two  (2) single phase voltage 

regulators each rated at 

350 kVA 50 Hz 

22 kV/0 - 5 kV RMS 

2.-    GENERAL DESCRIPTION 

The two voltage regulators shall be identical single- 

phase units, each of which is designed for continuous operation 

at  350 kVA, 50 Hz,  22 kV primary voltage, secondary voltage 

continuously variable over the range 0 - 5 kV. 

The regulation should be virtually without steps.    The 

regulators will mainly be required to energise high voltage test 

transformers which are used for general dielectric testing in a 

High Voltage Laboratory. 

The regulators will be supplied from a 3 - phase, 22 kV 

line-to-line delta connected transformer. 

3»-    CHARACTERISTICS AND DESIGN FEATURES 

I The following characteristics should be aimed at.    Certain 

deviations could be acceptable but the reasons shall be stated in 

• .../2 
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raspóme to the questionnaire on technical data in the form 

of the tender. 

3.1   Characteristic of each regulator 

Rated primary voltage : 22 kV 

Rated frequency . 50 HE 

Rated secondary voltage : o-5 kV 

Rated continuous power at maximum rated 

secondary voltage and frequency : 350 kVA 

Short-circuit impedance corresponding to maximum rated 

secondary voltage and frequency (se« note):  71 approx. 

Note:    Zsc* • U/Uo 100% 

where U: change in secondary voltage  from its rated 

value at  rated current without change in the 

regulator setting. 

I Uo! r*te<* iMxlmum secondary voltage. 

I 
I 

3«2    Overload characteristics I 
I 

Ho specifications are given for the overload characteristics 

J of the regulators but those Inherent  for 10 minutes operation 

and for 1 hour operation shall be clearly stated in the form 

I of the tender. 

I 
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3.3    Relative harmonic contint 

Th« relative harmonic content shall be no greater than 

0.02 when determined at no load over the upper 85% of 

th« voltage range assuming that the regulators are supplied 

at rated voltage and frequency from a zero impedance. 

The Manufacturer ahall estimate the magnitudes of the 

third,  fifth and seventh harmonic relative to the fundamental 

at 0.25, 0.5, 0.75 and 1.0 times rated voltage. 

Th« relative harmonic content is defined as /^J 
where U   is the nu value of the n     order harmonic and 

n 

U is the rms value of the total voltage. 

3.4 Location 

The regulators will be situated outdoors and the ambient 

temperature range will be - 5 C to + 37 C. 

3.5 Temperature-rise limits 

The temperature rlae limits should be chosen in accordance 

with IEC recommendations (Publication 76/1967), when the 

imita are loaded with rated current and voltage, for continuous 

duty, with 0NAN cooling. 

.../4 
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3.6   Partial dischargee 

The voltage regulators  shall be virtually free from internal 

and external partial discharges up to a voltage 20% higher 

than the rated voltage.     The permissible magnitude of partial 

discharges may be subject to discussion but values exceeding 

some tens of pC will not be accepted. 

3*7   Withstand capability to short-circuits and overvoltages 

Due  to the special operation,  the regulators may be subjected 

to short-circuits, via a low impedance. 

Thus, the regulators shall be designed to withstand short- 

circuits at the secondary terminals when being supplied via 

a very strong network.     The withstand short-circuit duration 

has to be specified. 

The special operating conditions may also cause    overvoltages 

to occur at the secondary terminals.     The magnitudes of these 

overvoltages are difficult to foresee.    Thus,  the  regulators 

shall be protected on the secondary side by lightning arresters 

I or by other auto-extinguishing devices capable of operating 

during switching overvoltages without damage. 

.,.15 
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The overvoltage protecting device will conform to the 

insulation level of the windings. 

The primary winding will be connected to a network subject 

to normal frequency of   occurrence of overvoltages of various 

kinds.    The insulation of these windings  thus shall be designed 

for an exposed location according  to IEC Publication 76/1967. 

Protection equivalent to a station type  lightning arrester of 

10 kA or better shall also be provided. 

The regulation shall be virtually without steps and from zero 

up to nominal voltage. 

I The regulator shall be motor driven with provision for remote 

control.    An auxiliary supply 230 V, 50 Hz, single phase or 

400 V, line 50 Hz 3 phase will be available for this purpose. 

The time taken to raise the voltage from its lower limit to 

rated value shall not exceed 30 seconds for operation at maximum 

I speed.    A slower speed, half of the above or less is also required. 

The foregoing shall not be taken to exclude the offer of a d.c. 

driving motor capable of a wide range of operating speeds.    Note, 

however, that in such case, a suitable d.c. supply must be 

provided by the manufacturer. 

.../6 
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3.9 Control» 

Four identical control desks shall be provided. 

The control equipment shall be installed in control 

panels, drawer type.  Instruments must be installed in 

the control panels for the measurement of output voltage, 

output current, and output power factor. The control desks 

should conform to the dimensions shown on drawing No. 1004 

included in this specification. Dimensions are in millimeters, 

3.10 Internal Insulation 

If normal transformer oil is used as internal insulation,  it 

shall conform to  the specifications shown in Table   I. 

3.11 Mechanical details 

| Particular attention shall be paid to the avoidance of jamming 

of the moving parts at either end of the voltage range and 

adequate means shall be provided for manual adjustment of  the 

"«ero" position of each  regulator.    Any slipping clutch or 

fragile coupling shall be installed so as to be readily 

I accessible  for adjustment or maintenance.    Details  of such 

components shall be included in drawings accompanying the 

tender.       Where fixed or movable brushes are used  in a regulator, 

full details of their composition and mounting shall be supplied. 

.../7 
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tn such CUH, designs where the brushes arc supported between 

ayawatrlcally disposed driving point« will be preferred. 

1.12 Oil tightness of the tank 

Spécial laportanca is attached to the oil tightness of the 

tank, the bushings and other connections. 

3.U    Painting 

The tank, frame, radiators and all metallic accessories should 

b« painted. The surface should, after having been theroughly 

cleaned, be properly coated with a suitable primer. The actual 

colours will be specified after the order is placed. 

3.14 Earthed aereen 

It should be considered as an advantage if each regulator were 

provided with an earthed screen between H.V. and L.V. windings. 

3.13 H.V. and L.V. Terminals 

Th« H.V. as well as the L.V. terad nals should b« provided 

for cable connection«. 

I.It Instrument transformera 

Each regulator ahall be provided with instrument transformers 

I for th« neaeurement of voltage, current, and for the operation 

of protective relaya. 

.../8 I 
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*.-    SPARE PARTS 

Ih« tenderer «hall provide a complete list of recommended spare 

parts with a separate price for each item. 

5.-    ERECTION 

The regulators will be erected either by the manufacturer or by 

the purchaser at the letter's choice.    The tenderer shall state 

whether he considers it necessary to supervise the erection of 

the regulators by the purchaser.    The price of the required 

supervision shall be stated.    Furthermore,  a separate price shall 

b« given for the complete erection of the regulators by the 

manufacturer. 

••"    TESTS 

6.1   Standards 

Unless otherwise specified and when applicable the tests 

should be made according to I EC (Publications  76/1967, 

137/1962 and 270/1968). 

.../9 
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6.2   Power frequency 

The teats specified at power frequency must be made at 50 H*. 

*«3   Type of tests 

The regulatora, including the controla, ahall be tested at the 

manufacturer's expense before shipping.    The purchaser reserves 

the right to repeat the testa after delivery at his expense to a 

sufficient extent to assure satisfactory performance.    The type of 

tests and tent-levels should be proposed by the manufacturer 

and will be subject to discussion.    They should at least include 

the following: 

- measurement of no load and load losses,  short-circuit voltage; 

- temperature rise tests  (at least on one regulator); 

- tests with impulse voltage, at levels in accordance with 

IEC Publication 76/1967,  Table VIII, Series  II; 

- check of the partial diacharge level (any recognized method, 

see IEC Publication 270/1968, is acceptable but a method 

showing the magnitude of individual pulses is preferred); 

- check of the harmonic content; 

- check of the control and regulating circuitry. 

. ../10 
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QUESTIONNAIRE ON TECHNICAL DATA WHICH THE TENDERER SHALL COMPLETE 

AND WHICH FORM A PART OF THE TENDER.  

Two single-phase regulators each for 350 kVA,  22 kV/0 - 5 kV, 50 Hi, 

continuous regulation. 

1.-    GENERAL 

General description of the regulators including their control, 

regulating and protection equipment 

Description attached ,,.. 

2.-    CHARACTERISTICS 

2.1 Rated primary voltage kV 

2.2 Rated frequency .....Hs 

2.3 Rated secondary voltage • kV 

2.4 Rated power at rated secondary voltage and 

frequency MVA 

2.5 Short-circuit impedance at maximum rated secondary voltage 

and frequency ,,.. X 

2.6 Variations of the short-circuit impedance at rated frequency, 

throughout the range of output voltages 

Description attached  

. . . 'ii 
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2.9 Secondary inherent overload power, for 10 minutes 

operation, repeated once per hour for four hours 

 MVA 

2.8 Secondary inherent overload power for one hour operation 

preceded and followed by a four hour period of rest 

 MVA 

2.9 Overload characteristics for other conditions of load 

Description attached  

2.10 Relative harmonic content  

2.11 Insulation class and withstand voltages, for each winding 

Description attached  

2.12 Temperature rise at continuous nominal load, 

copper, hot spot °C 

top oil °C 

2.13 Flux densities, at nominal voltage and frequency 

Description attached  

2.14 No load losses at nominal voltage and frequency 

 kW 

2.15 Copper losses at nominal current 

 kW 

2.16 Stray load losses at nominal voltage and current 

 kW 

.../12 
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2.1?   Withetond capacity to short-circuit end ova rvolt âge« j 

propoaad protection «gainst auch atreaaea 

Daacrlptlon at tachad  

2. H    Shortest ti «a for raffilato» fron lovéet regulating 

liait to full volta«« 

a 

2.20   Longaat tina for regulation fro« love at regulating 

Holt to full voltai« 

>• 

2.21 Typ« and accuracy of ragulatIon 

Daacrlptlon at tachad ,  

2.22 Control equlpanuit 

Daacrlptlon attacha«*  

2.23 Poealbllltlee of roast« control fron aounral control a 

Daacrlptlon attacha«  

| 2.2*   Typ« and anount of interne* Inania ting fluid 

Daacrlptlon at tachad  

I 
I 



I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 

I 

HV 21 

-  II . 

tttS   Molgnt «Ml 41M<Mlo« of onen regulator 

 lb« 

I.M   Internal or oittornol installation and insulating liquid 

provided .............t.....,,,,.  Typo 

l.t?   KartHnd «croon kfltwn prient? «né secondary winding 

t.M   Overvoltag« protection 

Priawry  

*.- 

_ Ï.1     »tope end toot« ««4 toot Involo for the regulator« 

• Bene rlpt ion attached  

I 
1.1     »topinod toots regarding tho characteristic« ond performance 

| of the control one regelating oyotee* 

Inocrlptlo« attached  

••- 

I Uot of >•••—idjg opere pnrto 

toooription «ttnonod -.... 

I 
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TABLE I 

ACEISTE REPSOL TENSION  (Mémo) 

(Information concerning insulating oil) 

SPECIFICATIONS 

HV 21 

TEST METHOD 

Density at 15°C ASTM-D-1298 

Inflamability V/A, °C ASTM-D-92 

Engler Viscosity at 50°C Engler 

S.SjV Viscocity at 210°F ASTM-D-<4«46 

C.S Vi»cosity at 210°F ASTM-D-4Ì45 

Colour ASTM-D-1500 

Freezing ASTM-D-97 

Neutralization degree ASTM-D-974 

Saponification degree ASTM-D-94 

Ash,  % ASTM-D-U82 

Dielectric Rigidity, kV ASTM-D-877 

Corrosive Sulphur ASTM-D-1275 

Deposit:    72 hours ASTM-D-1214 

:  168 hours - 

Interfacial strain ASTM-D-1971 

Contents in DBPC. % ASTM-D-1H73 

Tangent I 

(1) guide value 

(2) to be determinated optionally 

VALUES 

0.855  - 0.865 

165 minimum 

1.3  -  1.9 

36.0  - 38.0 

2.92  - 3.52 

1.5  maximum 

-26 maximum 

0.05 maximum 

to be fixed later 

0.005 maximum 

35 minimum 

1 maximum 

0.075 maximum 

0.150 maximum (1) 

45 minimum (2) 

0.U  -  0.6 

O.OOOU minimum 
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TWO (2) HIQH VOLTAGE CONSTRUCTS KITS 

REQUIREMENT i    2 unit« of 100 kV 

PROPOSED EQUIPMENT!    High Voltai« Construction Kit 

Circuit for slagla-phaaa. 

-    AC Voltag« Tasting BqulpMnt 

Maxlstu* pousr: 5 kVA 

Maxian* voltag«: 100 kV ras 

Magra« 

•31 

.../2 
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DC   Voltaga Taatlng Equlpaant. 

Maximm currant: 5 «A 

Maxiaum vol tag« i 100 kV 

Dlagraa 

HV 22 

«n; ics RH 

Iapulaa Voltag« Ta«ting Equlpoant 

Maxiau« powart 50 Va 

Haxlmm voltata: 130 kV 

Diagram 

tt| 
US        6J 

.../3 
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Description Kit Elements 

- SHF 0.5/5: Remote Control Gear Desk 

Power Supply: 220 V, 50 Hs 

Throughput : 5 kVA 

Regulating transformer hand-operated: 

220/0... 230 V 

5 kVA, 50 and 60 Hs. 

Desk to control AC, DC and Impulse 

voltages during tests. 

Number required i 2 

TOE 100/10  Testing Transformer 

HV 22 

Primary 

Connection 

Secondary Output 
(kVA) 

Short-Circuit 
Voltage 

Z 
Input 
Terminals 

Voltage 
ÍV) 

Output 
Terminal 

Voltage 
(kV)rms 

u - V 220 U - V 100 5 5 

u - V 220 "b" v. U - V 50 2.5 10 

The given output refers to continuous duty for double output, 60 minutes short-time 
duty refers. 

Number required: 2 .../• 
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- Gl U.V. Selenltm Rectifier 

Invera« peak vol tag« i 140 kV 

Rated Current : 5 mA 

Protective Reale tor : 500 kfi 

Rectification in inpulse and DC voltage generation. 

Muaoer required! 4 

- CI Insulse Capacitor 

DC and iapulee vol ta gee: 140 kV 

Capacitane« » 6000 pF 

Inpulae capacitor in impulse voltage generation, 

and filter capacitor in DC voltage generation. 

NweVer required: 2 

- CI Load Capacitor 

DC and iapulee vol taget 140 kV 

Capacítanos t 1200 pF 

Load capacitor and H.V. capacitor in Inpulae 

voltage measurement. 

Munfeer required: 2 

- M Protective Reals tor 

DC and Inpulae voltage: 140 kV 

Realstance        t 10 W 

Dissipation        : 60 Watts 

Currant limiting resistor, or for reducing ths sequence 

of Inpulae. 
Viiml-mr  rornt 1 rod ;    ") ...1% 
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IL   Charging Raalator 

OC and iaaulaa voltagaat  140 kV 

Rasis tance : so kft 

Curront Uni ting raalator for DC voltaga 

ganaration. 

r raquirad: 2 

-   RD    Damping Raalator 

Impulse voltaga ¡  140 kV 

Resistanca at tapuis« waves: 

775fi 1.2/5 

455fi 1.2/10 

375ß 1.2/50 

3éOí3 1.2/200 

Raalator for determining tha rlaa tina of tha 

impulse voltaga. 

»umber required: 2 nati of 4 raalatora. 

-   RE    Discharging Raalator 

Impulse voltaga : 140 kV 

Résistance at impulse wavaa: 

2900 1.2/5 

1025ß 1.2/10 

élOOn 1.2/50 

255000 1.2/200 

Raalator for data raining tha tin» to half-valúa or tha 

wave tall of an impulse voltaga. 

I Number required: 2    aata of 4 raalatora. . ,./6 
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- CM   Measuring Capacitor 

AC vgl tage t 100 kV m 

Capacitane« : 100 pF 

U.V.  capacitor of tha paak vol tag« aaaauring 

equipawnt. 

.Neater raqui rad: 2 

- «M   Meaaurlng Real«tor 

DC voltage í 140 kV 

Raa la tance : 140 Hi 

Rated current : 1 «A 

H.V.  reali tor for DC voltage aeaaurement. 

theater raqui red: 2 

- El   Grounding Switch 

AC voltage t 100 kV raw 

DC voltage : 140 kV 

Grounda when power supply It awltched off. 

Switch for discharging tha capacitors at DC and lapulee 

voyage.    (Will be connected through latchea in parallel 

with the capacitor). 

Number required: 2 

- KP   Ignition Spark Gap 

DC Voltage : 140 kV 

Sphere diameter i 100 M 

Max. gap aettlng t    fttha» 

.../7 
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With gap setting indicator. 

Davica to act tha paak lapuls« voltag«, 

Nuabar raquirad i 2 

- J8 Support Inaulator 

AC voltag« i 100 kV 

DC voltaga » 140 kV 

Inaulation construction elaaant. 

Nuabar raqui radi 6 

- AKT Drlv« for Sphara Gap 

With insulating shaft. 

With capacitor wo tor : 220 V A.C. 

50 and 60 Hs 

Davie« to sat tha «pacing of tha ignition spark gap 

kF (oparation via insulating shaft«; driva is «ttachad 

to apacar bar D). 

Nuabar raquirad: 2 

- V   Connecting Rod 

Aluadnlua tuba. 

Conducting construction alaaant. 

Nuabar raquirad t 2 

.../I 
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- K   Connecting Cup 

AltMdnluM cast 

Conducting nod« point to sit on a vertical construction 

eleaent and suited to clip in four construction eleswnts 

horitontally, and on« vertically. 

Muster required: 12 

- F (s)    Floor Pedestal 

Aluainiua caat. 

Mode point to clip in spacer bars horlsontslly, and 

for Mounting ons construction «lament vertically. 

Number required: 12. 

I 
I 
I 
I 
I 
1 -   D   Spacer Bar 

Aluminium tube. 

| Rod to provide electrical and swchsnicsl connection 

. between pedeatals. 

' Number required: 14 

I 
-   SM 615   Peak Voltaster 

J Measuring ranges: 100-50-20 U//F    (kV) 

or: 200-100-50 U/vT   (kV) 
i 

Ins trustent to Measure the AC voltage peak (connected 

to capacitor CM or CP 120) 

Number required: 2 
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-    SIM 615      lapida« VoltMtar 

Maaauring rangaa: 150-75-37.3   G      (kV) 

on 300-150-75      G      (kV) 

Inatruawnt to Muun tht iapulaa vol tag« paak 

ftuÉbar raquirad: 2 

-    CT 0.5      L.V. Dividan 

Maaaurlng rang«»: 300 kV 

150 kV 

75 kV 

37.5 kV 

L.V. Capacitor for tha capacitor voltaga divldar 

(plug la Modula in tha HF output ta rainal of Min 

load capacitor). 

Haftbar raquirad: 6 

-    EAU 150   Cabla Adaptar 

Charactariatic    lapadaaca: 150 NQ 

Iapadanca t« rainât Ion for coaxial cabla. 

Haftbar raqui rad: 2 

.../M 
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I -   ON TOO      B.C. Voltaatar 

UM bui It-1« MMurlftf r«n* owl tenia« aliava tHo 

« MMtlNMRt  Of   37. S   -   73   -   ISO   kV With   OM   MMwrlMf 

j relator or 75 - ISO - 300 kV with two aaaoitrlaf roaietaw. 

In addition to thia, it la poaalalo to «iroctly mmw*m 

J DC voltato« of Mp to ISO V In Mitch poaitioa HDH. 

Hi« voltaatar peaaaaaaa « polarity rovaraal avitcn atwJ 

•uilt-in ovarvoltat« protection.    Tna a»aa«rint arra>r 

«w«tita to < 1 LSI. 

iMtmnmt to oaaawre tHo DC voltata. 

(Co«nocto4 to KM later Ml), 

roojulraa's  2 

VK ISO     Coaxial Casi« 

»•rpo lapi<aaci i ISO Q 

Coaxial ca»U ta r man ut i.», «tvtétr to 

iMtrWBMIt. 

roo til rodi 2 

toaa«rl*c apart Gap 

AC voltato i  i« fcf too* 

•C «vitata i  130 •¥ 

Uamlao voltati i 130 kV 

Ta a« Umâ me «*•* aparata« UM f M ma 

.../Il 
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ItMttRY OF COHPOHIMTI 

TIW DESCRIPTION                          NO. REQUIRED 
FOR TUO UNITS 
OF 100 kV. 

M» 0,5/5 Control Desk, standard 2 

no 100/10 Testing Transformar, 

olllnsulatsd,  100 kV 

2 

Of Selenium Rectifier 4 

OS Impulse Capacitor 2 

Cl Load Capacitor 2 

M Protective Resistor 2 

IL Charging Resistor 2 

m Damping Resistor • 

M Discharging Resistor • 

CM Measuring Capacitor 2 

m Measuring Resistor 2 

m Grounding Switch 2 

m Sphere Gap 2 

M Support Insulator i 

ART Brive for Sphere Gap 2 

? Connecting Rod 2 

K Connecting Cup 12 

F (•) Floor Pedestal 12 

§ Spacer Bar 1« 

ni tis Peak Voltaster 2 

un tis Impulse Voltmeter 2 

CT 0,5 L.V. Divider • 

UN ISO Ca*Is Adapter 2 

ON WO DC Voltmeter 2 

Vt ISO Coaxial Cavie 2 

NT Msaatfrlmf Gap 1 

IJ/01/73 

tm 
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i.-   OtJICT 

This •pacification «ovara tha Spanish Government's 

raa.ulre»ents for tha supply, installation and testing of two 

rotating »achinas including all nacaaaary regulating and control 

equipment.    These »achinas will ba used to taat large power 

transformers. 

*•-    GPIEHAL DESCRIPTION 

lha »achinas shall serva to supply singla and three-phaae 

locala at varioua vol ta gai. hut ahall have tha following nominal 

ratings : 

Machina No. lì      -    lynch roño uà autor, 500 kW, 3 $, 5 kV, 50 He. 

Machina Ho.  2t      -    lynchronoue alternator 5 kV, 3 f, 1.33 MVA 

continuous at nominal frequency of 200 HE. 

Machlaae Nos. 1 and 2 shall ba placad on a common basaplata and 

dlractly couplad together. 

*•*  ICOfl or •g *** 

Ina nach Inas ahall ba coa* la ta in every respect and shall 

ha tasted, iaaaactad and set np in parfact ope rating condì t lona. 

.../! 
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It shall includi thi following: 

- Ih« starting and excitation systems for the synchronous motors. 

- The excitation and automatic voltage regulation systems for 

the alternator. 

- The 1  |/3  4, winding connections system for machine No.  2 

- The measurement and control systems. 

- The electrical thermal and mechanical protective systems. 

- The cooling and lubrication systems. 

- All anchors, supports, bearings and the bed plates couplings. 

The Purchaser will supply the following: 

- Building and foundations. 

- Auxiliary power supply at 5 kV,  3 $. 

- Load breakers for the generators. 

«.-    REFERENCE STANDARDS 

The design, manufacture  , installation, identification, 

Inspection and testing of equipment covered by this specification 

shall comply with the relevant standards issued by the International 

Electro technical Comlsslon or with equivalent standards. 

.../3 
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5.-    CHARACTERISTICS AND DESIGN FEATURES 

5.1   Machine Mo. 1 

Three-phase Synchronous motor. 

Nominal  frequency 

Continuous rated power at 

noainal  f frequency and at 

power factor of 0.9 lagging 

Rated voltage 

Noainal speed 

Excitation 

t 50 Hi 

Starting 

: 500 kW 

i 5 kV 

i Such aa to giva 200 Ha 

output for machine No.   2. 

t The tenderer shall submit 

different prices for the 

following alternatives : 

- Direct-coupled rotating 

axclter with complete 

control system. 

- Complete static excitation 

system with control. 

t All necessary facilities ahall 

be Included.   A design aim shall 

be to limit the atarting current 

to 4 times the full load current. 

...M 
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The Tenderer shall submit as a 

separate item details and costs 

of additional equipment necessary 

to use machine No. 1 to bring 

••chine No. 2 to synchronous speed. 

5.2 Machin« Mo. 2 

Three-phase Synchronous alternator. 

Nominal frequency : 200 He 

Continuous rated powerat 

nominal frequency and for all 

lagging power factors      : 1.33 MVA 

Voltagea t 0 - 5 kV, Yt 4 terminali. 

MOTE: The windings shall be 

so insulated that any 

terminal may be grounded. 

Unsaturated subtransient 

reactance s 20% 

3 +, Y open circuit voltage distribution factor D 

In single phase D * 4,0 Z 

- 3.5* 

(D is defined as 

D - 100 

f n-2    ' 
th 

where UR is the RMS value of the n  harmonic phase to ground 

voltage and l^ is the 1MB value of the fundamental phase to 

ground voltage). 

,../3 
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Hie generator shall be «quipped with connected datier 

windings auch aa to ask« th« ratio. 
•i     it 

x q/x d « 1. 

Valuta for xq , X(| ,  (aaturatad), xQ and R2 ahall b« atatad in 

tha Tandar Fora. 

Tha alternator amatura terminal« will periodically be ahort- 

circuited during no real operation.    Th« machine ahall be capable 

of withstanding repeated ahort-circuits as a normal operating 

condition and the tenderer ahall include an adequate protection 

ayatern. 

3.3   Power Conn« et ion« 

Terminala on the leada shall be provided for 

connection to standard power cables. Facilities for the inter- 

connections which shall be «imple to make, as well as  the cubicle 

located at the generator, shall be supplied by the contractor. 

*•*   Partial Placherà« Uvei 

Th« partial dlacharge level of the set ahould be aa 

low aa possible.    Special attention should be given to the 

insulation atructurea and «lip-ring« of th« alternatore in order 

to limit the conducted interference of theae machin«« to a 

minimum. 

.../6 
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Ih« tenderer ahould, in the tender for» give 

his es tine te of the radio interference voltage on the terminals 

due to partial discharge and Matured according to NEMA Standards 

Mo. 107, 1964. 

3.3   Control and Regulatina Systems 

The excitation and regulating system of ths alternator 

shall parait continuous variation of the voltage from practically 

aero up to nominal vol tag« plus 5%. 

The voltage ahould be kept automatically within ± 0.5X 

of tha preaet value.    The regulating time for any condition of load 

shall be stated in the tender form. 

The possibili ties of flashovers at  the test objects 

require that the voltage can be automatically decreased rapidly 

to aero after such a flashover, and also that the alternator cam 

withstand the overvoltagea which may be caused by auch flashovers. 

5.6   Protection 

The machines shell as fsr as  practicable,   be 

self-protected against any damage caused by the operation during 

laboratory conditions.    The risk of transient overvoltsges during 

failure of the test object end the risk of overs peed and overvoltage 

during load rejection should be especially noted. 

.../? 
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Ih« reactance between «ach machine and its test 

object will normally ba 5% to 15X on tha base of th« machinai 

nominal MVA and frequency. 

Tha tandarar shall atate in tha form of tha tandar 

what special precautions must ba taken by the Purchsssr to 

pravant damage to the set of mach Ines due to failure of tha teat 

objects. 

5.7    Switchmaar and Control Panels 

All naceaaary svitchgear, as wall aa control .measuring, 

indicating and protective equipment shall be supplied by the 

manufacturer.    The equipment shall be housed in switch gear and 

control cubicles.    It shall be possible to conveniently start-up, 

load, vary the voltage,unload and shur down the machine set 

automatically from the cubicles. 

All relevant electrical operating parameters for tha 

equipment ahall be displayed on instruments to be approved by 

the purchaaer. 

Control of the voltage will alao be effected from 

six (6) different additional control rooms located in the laboratory. 

The tender ahall include aa a aeparate item, the necessary equipment 

to permit thia control and aix desks.    The control desks shall 

comply with the dimensions shown on drawing No.  1004 Included in 

this specification. 
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Provision shall bt made in the control cub lelas, 

furnlahtd by ths Manufacturer for connection to th« remota 

control desks. 

All secondary and control circuits shall be provided 

with approved pressure type terminal    lugs  and shall be terminated 

on approved type terminal blocks with removable marking strips. 

Sufficient terminal blocks shall be provided for all circuits plus 

25% spares. 

Fist pad,  clamp type suitable  for connection to either 

copper or aluminium conductors shall be furnished for primary 

connections and for all primary equipment. 

The voltage for the control, metering and relaying 

equipment will be 380 V (3 4) and 220 V (1  *). 

• .-    gmCIENCY 

Ihe efficiency of the equipment ia not specified. 

Ine equipment offered ahall have losses which,   to the satisfaction 

of the purchaser, are not excessive and do not inhibit satisfactory 

performance in any respect. 

.../i 
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7.-    INSTALLATION 

Ih« tenderer ehall Include ir his tender on« or ••varal 

drawing« shoving tha axtamal dimensions and the walght of aach unit. 

Tha machin« badplatea ahall ba   daiignad for a normal 

flat concrata floor.    No damage to tha concrete floor «hall raault fro« 

tha oparation of tha aati.    Neceaaary attachments to be embedded in the 

floor auch aa atuda or bearing ralla ahall be provided by  tha Contractor. 

Tha atraeaea to be tranamitted to the floor and da tai li of 

tha required attachment! shall ba Indicated in the tender  form.    The 

attachments ahall ba designed such aa to take account of tha forcea 

cauaad by short-circuits on theae machines.    Such short-circuits may 

occur mora frequently than for normal machines and will be cauaad 

primarily by failure of the teat object oemetitutU* the load. 

•.-    SPAIE PARTS 

The tenderer ahall provide a complete Hat of 

apar« parta vlth a separate priée for aach item. 

•••    HftlHTENAMCE TOOL« 

Die tenderer ahall provide aeparat« lista of apeelai tools 

required for installation and for maintenance with a price for eoe« Ite«. 

.../IO 
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io.- tàums. 

All itirfMM, MNH aaaataa«, earraat carryia« Mi 

flataaatf earfaaaa, anali a« tkareaaMy cl«eae4 M* ereearly INM 

wtt* a tuttala« ertaar. 

flM flMl cataure vili ee aaVtee«: et a tater «et« by tee 

ir. 

****   «•*» 

!*•   teJt»i4eel   «NPMMMI   ma  the  ro«B>lete   M«     «hell  ee 

tt»te*  I«   Meer***«« With   the   applicati«  tlMteréB. 

All tnti «liall ee «tt»NN4 hy th« ettretiaaar «al««« tht« 

rtaht la eeeeclally valva«- by the e«rche««r I« writ la«. 

tawttaa teeta ea each Ita« ma ea the aata ehall ee earrtetf 

a«t at th« eaaelter'a wart». 

«aata at th« tapplter'e work« ma «t ti* e«*«haeer'a alta 

ehell ha carrte* e«t te 4MBMMtrata te the eattafaette« ef the 

evrcfeeear that th« etataeswt a*ete ta« aeectfte mû faectteaal 

tafatfatata of tata eeactftcattea. 

Ih« t«e«er«r ehall ei<eee*e «eearet« taat pr«gjrae« fi« th« 

•qaleeeat at taa eaeelter'e atta, ani aitar iMtallattaa.    fàaaa 

er*fraea ehall ee aafcjact te élaaaaalea mi t« th« aaaravel of tha 

A «etatletf »raaraa ehevia« tal« «aaataci «aa* taa aatara af 

taa taat at taa ««aalter'« «art« afcaalá ee ;«êe*tt«4 ta m* 

at iaaat mm aaata eafee* tha eeilaataa af taata. 

...tu 
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1.-   OtJECT 

Thl« specification cover«  the  Spanish Government's 

requirement a for th« supply, Installation and testing of two 

rotating «achín«« including all necessary regulating and control 

equipment.    These machines will be used to supply a cascade 

transformer set. 

*•-    OgWaUl DESCRIPTION 

UM machina« anali serve to supply single phase 

load« at vario«« voltages, and frequencies but shall have the 

following nominal ratings: 

Nach ine No.   1:      -    Synchronous motor, 400 It«,    1   i, 5 kV,  30 NE. 

Nacht ne No.   2t      -    Synchronous alternator 5 kV,  t   i,  350 kVA 

continuous at  nominal   frequencies of 50 and 

M Ni. 

NjKMaaa Ha«.  1 and 2 «hall he coupled through a spend converter 

permitting V) and M Ne operation on machine No.  2. 

S Émm*JMmld>)    «feâB    ama«!    tamâftai •• ggjjy.-ip, Wê 

amali ha canai lete la every respect i 

•amili ha testad, t naps Hid and set up tn aar feet ope rati at 

.../I 
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The contract ahall include the following: 

The starting and excitation system for the synchronous 

motors. 

The excitation and automatic voltage regulation systems 

for the alternator. 

- The measurement and control systems. 

- The electrical thermal and mechanical protective systems. 

- lhe cooling and lubrication systems. 

- All anchors,  supports, bearings, bed platee couplings and 

the speed converter for 50 or 60 He operation on machine 

No.  2. 

The Purchaser will supply the following: 

- Building and foundations. 

- Auxiliary power supply at 5 kV,  3  $. 

•    Load h resteers  for the generators. 

4.-  y natie t 

Tne ¿esiga, manufacture,  installation.  Identification, 

inspection and testing of »euipnrnt covered by this specification 

snail rosati y vitti the rei «vent standards issued by the International 

| Electro technical Commission or with equivalent »tanderas. 

' .../I 
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5.- CHARACTERISTICS AND DESIGN FEATURES 

5.1 Machine No. 1 

Three-phase Synchronous motor. 

I 
I 

Nominal frequency : SO He 

Continuous rated power at 

nominal frequency and at 

power factor of 0.9 lagging    : 400 kW 

Rated voltage 

Nominal speed 

Excitation 

•tartina, 

t   S kV 

t Such as to give 50 and 60 Hi 

output for machine No.  2. 

i  The tenderer shall submit 

different prices for the 

following alternatives: 

- Direct-coupled rotating 

exciter with cose» le te control 

•yates. 

- Complete static excitation 

aystee with control. 

i All necessary facilities snail 

se taci weed.    A design ale shall 

ne to liait the starting entrent 

le t tinse tne full leni 

...M 
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The tenderer shall submit as a 

separate item details and coats 

of additional equipment necessary 

to use machine No.   1 to bring 

machine No.   2  to any of Its 

synchronous  speeds. 

J,i    Wachlne Mo.  2 

Single phase Synchronous alternator. 

Nominal frequency ,  50 and 40 •«. 

Continuous rated power at 

nominal  frequency and for 

all lagging poner factors        i  J JO KVA 

Voltages i 0 - 5 kV 

Unsaturated •uetreusleut 

reactance I  201 

ape« circuit voltarne dietrinution factor D - 4.91 

<» la defined «a 

• • 

n*2 

1 (tore «^ ta the sM value of the nth ha remi ir voltale 

•j  la the Mi velos of the fun ••sesta I volto««). 

I 
I 
I 

*/ >• «,'y», 

.../i 
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J.J   It—m* Converter 

I 
I 
I 
I 
I 
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The generator shall be equipped with connected damper 

windings such as  to make the ratio. 
it H 

x   q/x    d = 1. 
M it 

Values  for x^   ,    x,   , shall be stated in the Tender for», q d 

The alternator will often be required to suply leading power 

factor loads.     The maximum continuous 0.0.  p.f.   leading  load 

which  the alternator can supply shall be stated in  the Tender 

Fora.     Also,   the  tenderer shall state  the price addition 

required,  if necessary,  for tin) al tarmato r to supply its 

continuous rated power at 0.0 f.p.   leading. 

The alternator armature terminals will periodically be short- 

circuited during normal operation.     The machine shall be capable 

of withstanding repeated short-circuits as a normal operating 

condition and the  tenderer shall  include  an adequate protection 

system. 

As machine No.   2  is  to be operated either at 50 or M It«,  a two 

fined ratio coupling shall be proviate«1 between machines No.  I and 

Ho.   2. 

The  50 Mi operation  is dominant over  the bO He operation.    The 

conversion fro« one speed to the other shall be possible within 

reason«*!«  time (4-i hoars) without realignment or major adjustment 
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5.4 Power Connection» 

Terminals on the leads shall be provided for 

connection to standard power cables.    Facilities for the inter- 

connections which shall be simple to make,  as well as  the cubicle 

located at the generator,  shall be supplied by the contractor. 

3.5 Partial Discharge Level 

The partial discharge level of the set should be as 

low as possible.     Special attention should be given to the 

insulation structures and slip-rings of the alternators in order 

to Halt  the conducted Interference of  these machines  to a 

AIA UHNI • 

The tenderer should, in the tender form give 

mia estimate of the radilo interference voltage on the terminali 

èva to partial discharge and measured according to NENA Standards 

He. 107, 19*4. 

»•* fitufft* ffá »»HitttM lytf 

Tme excitation and regulating systems of tme alternator 

aliali permit continuóme variation of tme voltage fra« aractlcally 

en to nominal voltano alma II. 

I 
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I 
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I 
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I The voltage should be kept automatically within 

± 0.5% of the preset velue. The regulating time for any condition 

of load »hell be stated In the tender form. 

The possibilities of flashovers at the test objects 

require that the voltage can be automatically decreased rapidly 

I to uro after such a fiashover, that the alternator can withstand 

the overvoltages which «ay be caused by such flashovers. 

3.7 Protection 

I The Machines anali «a far as practicable, be 

self-protected against any daaage caused by the operation during 

laboratory conditions. The risk of transient overvoltages during 

failure of the test object and the risk of overspeed and overvoltage 

anting load rejection should be especially noted. 

The reactance between each »achine and its teat 

abject will noraally be SX to 15X on the base of the »achinas 

nominal NVA and frequency. 

The tenénrer anali átate in the fora of the tenner 

«hat apodal precautions smat be taken by the Purchaser to 

prevent dosage to the aat of nachInes due to failure of the teat 

objects. 
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3.1   Switchaear and Control Panel« 

All necessary awltchgear,  as well a« control, 

measuring,  Indicating and protective equipment  shall be supplied by 

the manufacturer.    The equipment shall be housed  in switchgear and 

control cubicles.     It shall be possible to conveniently start-up, 

load,  vary the voltage,   unload and shut down  the «achine set 

automatically from these cubicles. 

All  relevant  electrical operating parameters 

for the equipment shall be displayed on instruments to be approved 

by the purchaser. 

Control  of  the  voltage will   also  be affected   from 

ala (6) different additional control  rooms   located  in the  laboratory. 

The  tender shall   include  as a separate   Item,   the necessary equipment 

to permit  this control   (plus six)  control  desks.     The control  desk shall 

comely with  the dimensiona shown  in drawing No.   1004  included   in  this 

specification. 

Provision shall be made In  th«- control panela  furnished 

by the manufacturer for connection to the remote  control desks. 

All  secondary  and control  circuits shall  be  provided 

with approved pressure  type terminals  lugs and  »hall be terminated 

am amoroval  type terminal  blocks with removable marking strips. 

sufficient  terminal blocks shall bo provided  for all circuits pluo 211 

• • ./*< 
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Flat pan, claap type eultable for connection to either 

copper or aluminium conductora «hall b« furnlahed for primary 

connection« and for all primary equipment. 

The voltage for the control, metering and relaying 

equipment will be MO V (3 i) and 220 V (1 0. 

*•- ÜT1CH1CY 

The efficiency of the équipaient ia not apee I fled. 

UM i^atpSMt offered aha 11 have loaaea which, to the aatlafactlon of 

the pwrcnaeer, are not enceaeive and do not Inhibit aatlafactory 

•orfor—nee in any reapect. 

thn tanna rer aha11 ineInde in hi« tender ene or 

aovoral éravinta «hewing the «atermal dl nena lona and the weight of each «lit. 

The machine bedaplate« ehall be deal«ned for a normali 

flat concrete floor.    Mo d—age to the concrete floor ehall reeult from 

Ihn oforatinn of the nota.    Neceaaary attachment« to be rmm-odrd la the 

floor much an etnèa or hearing mila anali he provided bv the Contractor. 
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ft» itriuH ta I» traaaatttatf ta ta» flaar ma 

aatalla *f tar r«««lr»« attacaaaau »»all a» twttcat«* m ta» teaaar fot«. 

UM attacaaaau aaall a» éaalaaaá Mieli M te tal» arreaat «f ta» fate»* 

CIWll  »y   eaert-ctrewlt»  M   taaa» Bacata»«,      tacll «*art-< Uralt»  MT 

aecar «Mr« fraqaaatty taaa far mraa f aacataa« «ad will a» n 

»rlaarlly ay fallar« of ta» taat aajact taaat Itati«* ta» >•••• 

i.« 

parta atta a 

• r«a»Ut» Itat af 

artea far »arfc Ila». 

t.- 

•aactal taal« raaalratf far laatallatl 

far aaaa I 

Hat« af 

• »Ila • prie« 

!•.- 

Ali •ariani, ria»! —rfctaai, «arr»at e 

mi fiatata* aarfar*«, aaall a» llawaaaaly etaaaaa me fiftl] 

«Ita a «aitati« artaar. 

Ta» ft aal lalaari «411 a» aaalaai at a 

ètte a» ta» aarcHaarr. 
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Uto  tati»lea* I  r«»«MU  Mi ta»  r«a*l»l»  Mt 

atall m t—ta< I« ft m y IMI» with il» 4*1 ir* i* Maneara». 

All  !*•••  «teal I  ft» •lla*»*»4 l»v  Ih» parekaaar 

asftaaa tala  Ma>t   I« »«B*«latt* «at**« ft*  It* »atrttoa»?   1« «riling. 

ftmrfta»  |#«|« m *m*   ll#« <MMt a«  la»  »»la aliati 

ta eatrlaé «Mt at ta* •aaalur'« MHI, 

taal» M lito tapaltar*« awrt« 4*4 «i  il» »«rrl»aa»r,a 

•Ita «tell a* ratal«* «a* i« a»avaatrat» t* in» »at lafartina »f ih* »»rr*aa«r 

•feat li» IMlaaaal MU IE» a»»«lflr «ai faawttaaal i*a«lr*a»«ia «f  itila 

•Ito« If Ital UM. 

fa* t»an)»**r «tell praaaan nnm» t**t araajraaa 

#»r ih» iwlptoil  «t ito> aaaalUr'a alt», •*•" »fi»r l*»t*tlatl«t«.    Ili»«» 

ptaaia** «to»!I è» Mtoto«!  i» «acanala» ma t» it* apata»»! »I ta» a«**tt*a*t. 

A aVtatl**1 »r*a*«a atwaHa« IM» witoti- «uà ta* 

I —tir «I lto>   ••»«• «I la* aa»#ti»r'» **•%• mmté a» •«tollte t» il»» 

pari aar. n «a   UMI «a» a***a »»far* la» a»gtaala« •« !••••. 

Uto aaaaltor an* 11 atwvta* all *««laa*»t aarf 

paraaaa*! r»a«lf»a «» »»ri ara la» taala al IW nMrraaaar'» »II».    Tito 

r*«*r*»» ili» riga» la a«liar la» i#ata «lili ala mm | an I 
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tfcin «p*#lftt«t|« *m*99 tto «Mm** Gm*tm*m% 

ïm  fut   ito  ««fflf «f mm  tt% •*/% «•/* fcV,   IX) m 

| WH, »Ami« «to», ir«Ml«t«rff t« to «H f«t |MI»tl«ft t«»tii«j. 

H ^»JJBHWWP ÄWWW^**«^,flpP(P 

J Ito tr«a«f«f**t «in to «M* f«t «*it«tl«« iHilvj 

«•ft* ««tH ti««« 1«* ««rf M|| t«i In»«««—». 

**•  tr«««f«M»ff «IH •**•»! 1*  to m^mHmê N<   HI MI 

«•IM» t*««l«t«t «i *»lt«j«a Irai #-1 «f N. 

I*» lf«*f^wi »|ii «*  |«*«t»tf t«*té» 1«» »»it»!!«« 

1 M ««ir «a« «m  i««« «* »«IWHì |» •»«*?»  «fnBfliitU «^«éIH«««, 

•*• »w««l*l« tosftt««* «IH «» «*«**«* «it* §?««*• m »ti«*«*«« 

I f l««towt* ««J «Il •»•«Ulf Nfft« MI *»   «*•««* «im « **!„ «m^i 

«III il«» t>r«*4« Um «0«4«M II» r«*««»!«*  »«li «!• 

^p..^fc*_ 

I tto- t«*lt««t«j rtof«t*rl»itr» *r* «MIPNì tot «»rial« 
| 

é*«l«tl««Jl  «ffttlé W  *r«r«f*«á,     ft»  r«««««j|    t«f   ||«> éwl*ll«Mi  «ÌM«jlé 

| •• «un* i« ito t•••»••«• i m ito t«««tt«a»*tr* m «..to4.4l é«t« |« 
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rr.«—M » Ita 

I I t». «* primmtf «Haéta* 

Priam v^lt««« S kv 

ir*  •it«a* m kv 

hVA «• »<M* »ttatry «H«il«t 111 kVA 

J                                           *M«4 iVA #t  «»cwéir» «IKUM* 1S§ kVA 

ff «—ry Mat v»li«§» «f •*•* »rl«*fv v*«át«f        lì kV 

ftif— my teal wltat» •* ••*••••»* »turfIn« IM kV 

»•*!  v*ll«t» «f »Mil •**••*? vlaét« M kV 

topaia« t*«t  vwlt«p* tar latta« 
•f Mi»a«an  «rtaétaj low kV 

4   AH>iniaj»  MM traviata»? irti I airmail* «parata at V» Mi, 

Il «a» «vra»ta**lt* k» M»r«lMë at M Ni.    In Mil« caá«, 

M» 4««« «iva* i»» a*a»M, «far M aaaalkla. apply M 

to Ai «ta». 
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It   la   luti «aal te aparata ta*  traaafaraar «HI« IH* 

arlaary wlnëlNfia cmmm^tmé «Ubar 1« NIIM or lu »«rallel. 

For r*ch arrwn>ainl tt»  t ranal«*ra*r will kr «•arr«|»«á> 

ky « «0 kVA  volt««« ragalatar kavln« an   lagnane* of  » -   HIT 

>—• en  IM kVA.     Uta tranaf ornar  lanaeanr» «h««ilil I»« <*>«I•«*>«! 

ana* taat  th*   »Hort  rlrctilI rarrrat  for aactt «rfaararwt   I« at*t 

IM« tftM  12.% A.   cm ttw Higa volt««» até»,     ft«, rvutrtí ti««* 

#r« tlacaa «n  tn* waawr liait af tne allori  rIrrall rarreat. 

1.1 

ft«* *|N»elflealleaa ara finan for  ta« i«v«rl«aa rnatartartattr« 

•f UM traaalonaar bat  tana« «af tiravi«   rat   1 *!•***• «faraila« «M4 

fat » Blaut**  narrati«* «nenié a» rlaarlv  «tatae* la ta*  tat» nf  ta* 

taneer. 

*•*   îfWwrat,*«ra.-rtaa,JURUi 

TW  taaawraiwra-rlaa liait« atoll «a la arewreenr« wit« 

IK teanannáat lenta PuaUc«tloa H,   If*7 nhea ta» tra»at«*ra»r  la 

Ioana« «t raten* carrant «ai volta««, for ceattlnnana enaratlan. 
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fwr i ramifera«* abati fe* vi rim* I ly frw frta» Intern« I 

ma mlvrmil iniettai étaetiara*« «• t« a wlii|r I.ì MIMMI r«t#«1 

vol I «§t til» l»V   aPB>.     ft» »»ratta« t» I«  »«««lt«*> «*  • •Til«! 

1 tftattiartr"  MY  to   ««èteri   I« «t«r««*t§«« l*»t   V«INM  v«.**«1!«* 

laa* i*l   pi   wl 11  wit •* *re«tt*4l. 

»«• 9BX\*.*!9*ïK mmàii 

«*t«t   • •  tu» —lata #f  aa>lt«*t«« t*«!!«* IH»  traawl 

«will I» «will   I«  vttttoHMi 8««ft   tiretti!»   (%  l#  Ml urlf»  4*r*t|e«) 

w *» w»tlinear»   wt«*t«§ <*M Wl«» a««f>lt*4 !•* * m»  «ir»««« 

i tajara.    Ito *»||IHII«HJ aa*rt-rtr««tt ««**tt«w «ÌMII M» ata*«* I« 

« «««r    w^«««aa«F » 

I.» 

ft* t raaa»f «r«»r al»!I «• a» «41-1—rnni «Ma*«I  railawJ 

} tr«M(«f«ar, •» évita»« U UK f«ftllr«tl«a I»,  It*!. 

THr irMMlataur akatl *v a«fjpll#4 t«*»llM>r wit* Ila fltal 

filila« of »It.     ft» «Il anali e««»}« wet» a«*Hf trat torn   Uta «a* 

la äff tail x  l or  «* «tacitela vttw It. 

§«tt«»t« valva« to ««rati ft lita« mé a«fcan«a«t  Hitarla« 

af tfca oil aha 11  •* fitt«4 to ttw tr««jafor«»r. 
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•awrlal  laaatiaar* I« ttat%mi ta ta» »II  tlattta»«« at 

,   Iter  tettatila«* aaa atfcat  raaBBarttaaa. 

1 TW  taaa ««i «i| «»tallir  aeri—uri— «few14 te» «•!«••«. 

«to MTlAcfHt   «fcmiM «flat te»»ta«  tecla«  tte»fr««Mf rt*«a»4,  te» 

•l««Hiy rwiM »tili « Mtftafc!« «•§••*. 

TW  <nlw»r mmé fat II» UMI r«at« «III t» afiwtft«* 

at a MMcf •!<««» «• MM 

1.H        

•••Il ai pfwcawv aatVMNi HM «MV« «•• 

!• il  %& rmâ JWL 

tte» fe» v»tt«ji •«••••*• ».». wUit* «teall ta 

«M «f lito |4M* Iter«««* a »at »a» la  law v»lt«j» teuaMa«.    TW |«M- 

Utla» «f  «DU «KHI al MM ai «ata« a**! I h« «Mí«»»« la arrnréaurt 

vit« Ta»U  VIII  ferla» II af  lie «a*ll««t|»a *.  !•»/.  Inf  M»te»»t 

avala» val»««» «4 1.1 IV Mi.    fila ea»«M»«ttaa t« ttmm* ateall te» 

| •«*» a« a»MMMi «I « «apaat Uafc ••¿•«•««tt  te ta* fem«la«. 
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Hi* «If» wit««» fcafci«! »Ill MtMlly •* r«w*r«4 

In prave«! flaaliinnt «fea* «parati«* In t«* »alt 

tap, •!«««•Nir».    it I« riiiimiii ituii « id tv «rut*« a««*!«* 

I vttft aal»««V«' or a»||-f«g  tv«« «tor* a*  iMltllH.     Ta* »a»M«f 

mmmèé W »ravléa* «lili ft«** ini **á •»«rati«« tappi«««. 

•m« mrnrn «f  H» L.V. vft«*la«a | and 1 »Hall a» Hr«*a*t 

«N «I tfca taafc I«*«««* »all«a|»  lav vwltapa IM«*I«««.     ftw  \tmmm- 

tmw* aitali W 4NI|«H a« ||MI  allftat e«j| ,.|  »a«« 1 .v.  «*«#!•« 

1*4 la §ff«««Ml. 

HWMI II— «laaa«4 »««raíala la ptvtatr** f«t Ha» 

4, 

•••    iNBltatftt 

tw tiaáMH ««Mill !•?•§•• a Hal «I 

•WU wit» «apa*«*« prftr«« fa* a«** Ita«,    fa» »tira 

•••!! Wm «a lar|«aM I« la»  ••!•! atta« 

*•*    ì««t 

Ali (<*• la i fi iti I«« ta* apata« la» «ai «atatfaaar» «4 

tr«aaf«t*»r me li« ami Ilaria« «Hall «a *«ppl!#4 a« IH» 

taatr prie« •««*•* «atataUtt ma lattai»* I« Ma» t#«al prie a 
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tftaa apalftaaMa êêêê «itaaa atfcvffvi»» «fwrtflaa, ta» 

•tell a» Mit iim»^ i« Ite feltrati«« li, I «a I. 

i. I 

All raatta* Mi tpa* taata •••Uaaji I« MC fati teat taa 

», aaall a» 

' Ut IS 

I - T . 

i 
I 
I 
I 
I 
I 
I 
I 
I at waltaajNt «t  taaal aaaat I« ta» Mi't *Êmm In «HMM  1,1. 

fata» tlaaaaaar taata at III if Ml *4ll IM» pattiitaai. 

WmRp   I wHWP^Níf   4MMI11   IMI   Ä##^Bip 1 IflMNi wl1  MP4MHI  INF   #ilMNWF   6   (NU»  flNBp 

m a aaWn Mp nwmi>< I« aatallal vita ta* t raaaf atavr.    fa* 

1*1» aa* a» «ait at • fyafaaatf t*aataf taaa %• »».    Pattuì 

Macaaff* »M»tw)Mi atuill a» atei fcafaaa «Ml aftar ta« fi 

•aal«,    fa* »art Ut élaraav«» aaarwuit aaaV aitar ta* fi« 

Miai» aaaaUI a«- fmrtuwwmá vi tit la» atatttaat am«tfrt# érta«,    faata 

aaaat4 a* a« »taatftraat attUraar* a»taaaa ta* aarttat 4U« 

•«a» tatara «af aitar tat Ilaaaaaar taata. 
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•i  rala« •iiaaéttrsi   v*t 

wriatti aawr lar   1 

m m IM, t 

•  »VA»» • • • 
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2.10 Insulation class and withstand voltages for each 

winding and for bushing.    Description attached  

2.11 Permissible temperature rise at continuous nominal 

load, copper, hot spot, top oil, °C  

2.12 No load losses at nominal voltage and frequency, 

kW  

2.13 Load loss at nominal voltage and current, 

kW  

2.14 Magnetizing current at 5 kV, A  

2. IS Type of amount of internal Insulating fluid. 

Description attached  

2.16 Guaranteed partial discharge level, 

pC  

2.17 Weight of transformer, 

Tons  

3.    TESTS 

Description of all tests and tests level attached 
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I.-   OiJECT 

2.-   GENERAL DESCRIPTION 

3.-    CHARACTERISTICS AND DESIGN FEATURES 

AERO-CASTERS 

TABLE I 

FIG. 1 - TEST TANK 
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1. OBJECT 

This specification covert the Spanish Government's 

requirements for the supply of one test tank for testing transformer 

bushings for system voltages up to 750 kV RMS. 

I 

2. GENERAL DESCRIPTION 

The tank shall be cylindrical in shape with its axis vertical. 

Th« internal dimensions must be A.25 m Diameter, 4.5 m Height giving 

3 
a volume of 64 m . 

The top cover «wist be provided with a hole in the centre to 

accommodate transformer bushings for dielectric test purposes. 

The tank will normally be filled with transformer oil and 

it is required to be mobile on air cushions. 

3.    CHARACTERISTICS AND DESIGN FEATURES 

The following characteristics should be aimed at.    Certain 

deviations could be acceptable but the reasons should be stated in 

the tender. 

3.1    Tank dimensions 

The Internal dimensions of the tank shall bet 

4.25 m    D. i 20 cm. 

4.5    si   H. ± 20 cm. 
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Mo restrictions are placed on the external dimensions. 

The tank should conform as far as possible to the 

outline drawing shown in Fig. 1. 

.3.2 Tank materials 

The tank shall be made fro« steel. Any gaskets, paints 

or other material» must be compatible with the transformer oil 

specified in Table 1. 

3.3 Internal ressure 

No limitations are required concerning the ability of the 

tank to withstand vacuum or overpressure. 

3.4 Weather Conditions 

The tank must be designed for operation outdoors or indoors. 

The ambient temperature range will be -5 C to + 37 C. 

3.5 Observation Windows 

Four circular observation windows of 40 cm Diameter are 

required around the circumference of the tank at the positions 

shown in Fig. 1. They should be made from toughened glass or 

Plexiglass. 



HV 26 

- 3 

3» 6   Internal Projection» 

The internal surface of the tank will be highly 

•tressed electrically during dielectric teats on bushings. 

Consequently,  internal projections such as stiffening ribs etc. 

which may give rise to partial discharges will not be permitted. 

3.7    Weight 

The weight of oil In the full tank will be: 35,000 kg 

The maximum weight of a transformer bushing located 

1« the centre of the cover will bet 4500 kg. 

3. S lushing Hole 

The top cover shall be provided with a 1.2 » diameter 

hole to accommodate the bushing under test. When not in use 

this hole shall be sealed by a circular plate attached by means 

of a ring of bolts or studs. This sealing plate must also be 

provided by the tank manufacturer. 

When bushings with flanges smaller than 1,1 a diameter are 

tested an adapting ring will be used to attach the bushing flange 

to the top cover. The supply of the adapting ring is the 

responsibility of the purchaser. 
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3.9 Valves 

Valves for filling and emptying the tank should be 

fitted at the positions indicated on Fig.  1. 

3.10 Oil-Tightness 

Considerable importance is attached to the oil tightness 

of the tank and the manufacturer should propose suitable tests to 

demonstrate the performance of the tank in this respect. 

3.11 Mobility 

The tank is required to be mobile on a smooth horizontal 

concrete floor. The means of transport shall be by air cushions 

fitted in the base of the tank. The air cushions shall be chosen 

from the range shown at the end of this specification. These 

air cushions are supplied by the Aero-Go Company. 

3.12 Lifting and Towing 

Brackets must be attached as shown in Fig. 1 for lifting 

by means of an overhead crane. The brackets should be strong 

enough to carry the weight of the tank filled with oil plus the 

weight of a bushing. 

Additional brackets should be attached for towing by means 

of « tractor when supported on air cushions. The coefficient of 

friction should be assumed to be 0.002. 
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3.13   Paint 

The internal itirfac« of  the tank »hall be painted white 

with a paint which la compatible with the transformer oil 

.specified in Table 1.    The external surfaces shall be painted 

with a good quality primer and the final colour »hall be 

spacifled at a later date. 
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AtroCastert art modular transfer 
platform» used for moving load« 
effortlessly. 

Aero-Casters are available to 
match any load requirement 
When used in combinations of 
3 or more they provide a stable 
base for easy, omnidirectional 
movement of virtually limitless 
loads on a low pressure film of 
air. Systems from -500 pounds to 
hundreds of tons are now in suc- 
cessful operation.   

AERO-CASTER LOAD MODULE PERFORMANCE AND SPECIFICATIONS 

MOOEL 

K12 

K15 

K21 

K27 

K36 

K48 

RATED 
LOAD 
JLBS) 

2.000 

3,600 

7,000 

12,000 

20,000 

40,000 

iá1E£.i/:«£'/ 

PRESS. AT 
CASTER 

IPSIGt 

25 

25 

25 

25 

25 

25 

AIR 
FLOW 
(CFM) 

6-15 

5-20 

6-30 

6-40 

850 

1O60 

WX U.Q.) 

5 

8 

18 
40 

80 

140 

DIA. 
IN. 

12 

15 

21 

27 

36 

48 

Center landing 
pad supports load 
when caster is deflated. 

Bottom View 

Air Inlet (Female) 

Reinforced fabric 
dement 

Thickness 
I       >•— Top Plate y Floor level 
 *    ,.,     ,    .€,        -, deflated 

THICK. 
IN. 

1 

1 

2 

2 

Tk 

254 

LIFT 
IN. 

3/4 

7/8 

1 

IK 

2 

3 

AIR 
INLET 

KNPT 

XNPT 

HNPT 

V4NPT 

KNPT 

HNPT 

trm 

P 
MATERIALS: 

Top Plates - Aluminum 

Aero-Casters - Nylon Rein- 
forced Neoprene 

Use Aero Casters to move your 
massive loads with great savings 
of time, effort, manpower, and 
expense. Costly crane or other 
lift equipment is not necessary 
when AcroCostcts allow on« 
man to move many tons with 
•light effort. 

Floor level inflated 
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PLACEMENT OF CASTERS... 

For best performance the Aero Caster assemblies should be 
mounted under loads in a way that divides the total weight 
approximately equally. For stability, thicc or more casters 
arranged in a triangle, or square pattern, is recommended. 
Center of gravity of load should be as close as possible to 
geometrie center of the caster pattern. If an eccentric load 
is unavoidable, more air pressure may be applied through 
a simple regulator to the heavy side to compensate. 

FLOOR SURFACE ... 

The volume of air required to float Aero Casters is deter- 
mined by the floor surface. A very smooth floor, vinyl tile, 
sealed concrete, metal decking, etc., requires least air. Air 
flow and friction force will increase in proportion to in- 
crease in surface roughness. Cracks and steps in floor sur- 
face should be bridged with common plastic tape. Plastic 
sheet or light gage sheet metal overlays can be used to 
cover rough or dirty surfaces. The substantial benefits and 
savings afforded by Aero Casters will warrant the upgrading 
of a poor floor surface by resurfacing with fillers or 
terrazzo grinding. For unusual environments, please con- 
tact us. 

OPERATION... 

The load carrying capacity of the Aero Caster is directly 
related to the air pressure available at the caster ' effect, 
the Model K21 Caster is an open ended piston a lift 
area of 280 square inches. At 1 psig, 280 pounr _• an be 
lifted, at 10 psig, the same caster will lift 2,800 pounis. As 
the main valve is opened, compiersed air is introduced into 
the caster through the air inlet fitting. Air is evenly dis- 
tributed within the assembly and allowed to escape in a 
continuous flow through orifices in the flexible Aerc-Castcr 
The Aero Caster inflates, raising the assembly. A thin film 
of air flows between the periphery of the Aero-Caster and 
the floor surface to "float" the load. To avoid dragging 
the Aero Caster and possible damage, be certain load is at 
full stop before cutting air supply. 

MOVING FORCE ... 

Typical coefficient of friction between inflated Aero Caster 
and a smooth, level surface is 0.001 or less. For example, a 
2,000 pound load can be moved with a push of under 
2 pounds. On inclined or undulating surfaces, free floating 
casters will drift to the lower level. 

AIR SUPPLY ... 

Aero Casters arc designed to operate from clean compressed 
air. Air should be supplied to casters through pipmg or 
hoses of nearly equal length anil diameter to assure uni 
form operation. 3M" IO hose or larger (available from 
Aero Go) is normally required Smaller hose may be used 
under certain conditions. J 

ACCESSORIES... 

Air supply source, control, and distributing devices are 
available separately from Aero-Go. Sources of air supply 
can be plant air, portable piston type compressor accumu- 
lator, low pressure ccntrigugal blower or air bottle, depend- 
ing on load and floor surface conditions. Aero Casters are 
self pressure regulating systems that may be operated with- 
out separate line regulators. A slow opening flow control 
valve is recommended to avoid sudden pressure surge and 
to meter volume of air for most economical performance. 
In some applications, a quick opening relief valve may be 
desired to provide rapid lowering of load. Screw jacks, 
clamps or other devices to attach load arc available mounted 
upon Aeio-Caster module. Aero Go, Inc., will recommend 
and provide complete accessories for specific applications 
upon request. 

NOTE: 
Aero Go produces complete systems to resolve critical 
material handling problems or can supply you with custom 
designs to incorporate into your product for lifelong 
mobility. 

As progress in air film technology is dynamic, products and 
specifications may be changed without notice. 

HOW TO ORDER 
Other Aero-Caster sizes, standard transport pallets to fit 
under your entire load, and units with self contained air 
source are available. Call your Aero-Go representative. 

SOLO BY: 

L 
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TABLE I 

ACEISTE REPSOL TENSION (Mémo) 

HV 26 

(Information concerning insulating oil) 

SFECIFICATIONS 

TEST 

Density at 15°C 

Inflamability V/A, °C 

Engler Viscosity at 50°C 

SJSJV Viacocity at 210or 

C^ Viscosity at 210°F 

Colour 

Freezing 

Neutralization degree 

Saponification degree 

Ash, % 

Dielectric Rigidity, kV 

Corrosive Sulphur 

Deposit: 72 hours 

í 168 hours 

Interfacial strain 

Contents in DBPC, % 

Tangent è 

METHOD 

ASTM-D-1298 

ASTM-D-92 

Engler 

ASTM-D-446 

ASTH-D-H45 

ASTM-D-1500 

ASTK-D-97 

ASTM-D-974 

ASTM-D-94 

ASTM-D-482 

ASTH-D-877 

ASTM-D-1275 

ASTM-D-1214 

ASTM-D-1971 

ASTM-D-1473 

VALUES 

0.855 - 0.865 

165 minimum 

1.3 - 1.9 

36.0 - 38.0 

2.92 - 3.52 

1.5 maximum 

-26 maximum 

0.05 maximum 

to be fixed later 

0.005 maximum 

35 minimum 

1 maximum 

0.075 maximum 

0.150 maximum (1) 

15 minimum (2) 

0.4 - 0.6 

0.0004 minimum 

(1) guide value 

(2) to be determinated optionally 
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1.-    OBJ»iCT 

This specification covers the Spanish Government's 

requirements for the supply of one set of resistive shunts 

for Impulse current measurements. 

1.1-    Reserve 

It is clearly understood that the buyer reserves 

the right to choose one, or more than one form of apparatus, 

stipulated in the present technical specification. 

2.-    CHARACTERISTICS 

The following characteristics should be aimed at. 

Certain deviations are acceptable but the reasons should be mentioned 

in the form of the Tender. 

2.1-    Resistor shunts 

The set should consist of the following units where 

the values of resistance R, signal level U, mass M of resistor 

material and response time T are only indicative. 

,../2 
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Shunt No» R u M T 

n V S na 

1 io"3 
200 200 100 

2 io"2 200 150 50 

3 io"1 200 80 50 

4 1 200 50 20 

5 10 200 30 20 

Hi« first three shunt* should be of tubular 

¿•sign, and the 1 and 10 ohaa shunts can be wlrewound, equipped) 

with   an  Inductance compensation network.    The resistive material 

applied must he nonferromagnetlc and its  thermal resistance coeficlent 

should not exceed 0.0001     • • eg   within a temperature range 

•10°C   - «-la^c. 

The shunts should comply with I EC Publication 60,19*2 

with the additional requirement of the aperiodic front of their 

a tap unit rasponee. 

The manufacturer should Include in his offer oscillogr 

of the unit step response for each shunt. These oscillogram« may be 

obtained from measurements made on identical or similar ahunts. 

I ,../3 
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The shunt:« will be used together with 15-50 «, 

coaxial cable of 50 n, wave liepcdatice leading to a control roo«. 

Hie cablea will be of military type HO-llf-U and will 

be provided by the purchaser.    The shunta should be provided with 

necessary female contacts of military type UG-A96-U. 

The Tenderer should propose a suitable test program 

for the shunta. 

.../« 
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(GESTIONNAIRE OH TECHNICAL PATA WHICH THF TENDERER SHALL COMPLETE 

AMD WHICH FORMS PART OF THE TENDER. 

RESISTOR SHUNTS 

Shunt No. R V H T 

n V g 118 

1 

2 

3 

4 

5 

General description of the «hunt«,  including Information on the 

characteristics of the resistor material. 

Description 

Enc loaed ______________ _-_—, —. 

Methods used to verify the response characteristics. 

Description 

Enc losed _______ __  

Dsty cycle 

Description 

Enclosed  

I 



TECHHICAL SPECIFICATIONS 

WICH VOLTAGE LABORATORY 

78 MVA 100 kV teat transformer 

3 MVAX 3 phase 200 Hs reactor bank 

3.5 MV VoltaR« dividera 

Artificial rain apparatus 

81s singls phaee currant transformers 

•is single phaae potential transformera 

Three 1.33 MVA a ingle phase voltage regulators 

TMo 330 kVA single phaae voltage regulator« 

Tuo high voltage conatructlon kite 

1.33 MVA, 200 Hs rotating «achinas 

330 kVA, 30 Hs, 60 Hs, rotating «achines 

330 kVA, 273 kV, single phaae teat transformar 

Transformar bushing teat tank 

Impulse current shunta 

Oil treatment equipment 

Transport and general purpoaes equipment 

InatrusMntstlon 

HV 14 

HV 13 

HV   16 

HV 17 

HV 18 

HV   If 

HV 20 

HV 21 

HV 22 

HV 23 

HV 24 

HV 23 

HV 26 

HV 27 

HV 28 

HV 29 

HV 30 

MOTE i     HV 14, HV 13, HV 18. replace 

HV 10, HV 11, HV   3 In the first ae^ipsjant report, 
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Specification of a unit which shall be used for insulating 

oil conditioning, drying and filling under vacuum of transformers. 

This specification fully describes the unit and its accessories. 

OBJECT 

This specification covers the Spanish Governments requirements 

for the supply of a unit which shall be used for:- 

1. Insulation oil conditioning. 

2. Drying transformer windings under vacuum using the oil from 

which gas has been removed;  the oil will be heated to raise the 

winding temperature to about 90°C. 

3. Filling transformer tanks under vacuum with oil. 

PRINCIPAL CHARACTERISTICS 

1.    Oil treatment 

- The unit shall be capable of operating under an ambient 

temperature that may vary from -5°C to •»• 37°C. 

- Output of unit shall be 10.000 litres per hour for 

an oil input temperature of  20°C. 

- If a liquid is used for heating,  the liquid shall be 

contained within a closed circuit. 
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2. Filter 

A filter (1 u«) which shall permit 10,000 litres 

per hour at the output shall be installed between the inlet heating 

elements and the gas removal unit.    Two isolating valves and a 

differential pressure gauge shall be Included with the filter. 

3. Gas removal unit 

- The gas removal unit shall conform to the requirements of 

DIN Boiler and Pressure Vessel Standards for fireproof 

tanks. 

- There are no objections to vacuum being created in either 

one or several stages,  provided the oil meets the afore- 

mentioned standards after it has passed through once. 

- Precautions shall be taken so as to prevent any air or gas 

returning to the vacuum chamber. Control handles and taps 

for the gas removal unit shall be located so that they are 

easily accessible. Precautions shall also be taken so as to 

avoid excessive accumulation of oil and foam in the vacuum 

chamber. 

4. Pumps 

- Oil inlet and discharge pumps shall be the positive- 

displacement type, with sufficient capacity to maintain 

the required output 10,000 litres per hour at 20 C when 

the two sets of hoses  (20 m. ) are connected in series with 

the unit. 
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The VACUUM puap will be used  for the following three purposest 

removing gas fro« oil, evacuating transformer tank and 

maintaining vacuum during filling.    The vacuum pump shall have 

sufficient capacity to make all those operations simultaneously. 

The liquid used in the cooling system shall be easily obtained 

on the market.     It must be circulated within a closed circuit. 

The vacuum pump shall be equipped with an oil seal conditioner 

(water and sediments), complete with hand-automatic-selector 

switch and pilot light located on the control panel. 

A valve shall be Installed at  the inlet of the vacuum pump 

for the purpose of insulating the vacuum pump from the 

remainder of the unit. 

There shall be a device in ti» vacuum line for preventing 

foreign bodies from damaging the vacuum pump.    This device 

shall not reduce appreciably  the flow output of the vacuum 

puap. 

-    The Manufacturer shall provide a set of flexible hoses 

10 cm in diameter and 20 meters long divisible into 5 metre 

lengths,  to be used when creating vacuum in transformer tank«. 

Couplings between hoses and from hose to tank shall he a 

quick adaptor type. 
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The Manufacturer shall supply two sets of flexible hose, 

one for oil input (40 »etera) and one for oil output 

(20 Meters). The hoses shall have 5 cm as a minimum 

diameter, divisible into lengths of 5 meters and provided 

with connectors. These two sets of hose shall withstand 

vacuum of 1 mm Hg. 

The unit shall be provided with a MdLeod gauge capable of 

measuring residual pressures, in the transformer tank, of 

approximately 100 mm. of Hg at 100 microns. The gauge shall 

be part of the unit but shall nonetheless be portable. 

The unit shall be equipped with a device for continuous 

measurement of water content at the exit complete with a 

high water content warning which shall be ajustable between 

1 and 10 ppm by weight at 25°C. 

A timer shall be Installed for totalising the hours of 

operation of the vacuum pump. 

An oil-sampling valve shall be installed at the input and 

output of the unit, as well as two totalizing flow meters 

with a capacity of 500 kilolitres and 50 kilolitres. 

Those totalizing flow meters shall be located so as to register 

only kilolitres of oil delivered at the outlet. 
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- In a single pass, Che unit shall be capable of reducing 

the water content of incoming oil from a maximum of 

° o 
50 pom by weight at 25 C and of 15 ppm by weight at OC 

and saturated with air to approximately 10% by volume 

to a maximum at 1 ppm by weight at 25 C with a maximum 

air content of 0.1% by volume. 

2. Drying and filling under vacuum 

- The degassifier vacuum pump shall be powerful enough to 

evacuate a 50 cu. metres transformer tank to 100 microns 

in two hours. 

- Oil flow shall be adjustable from 1000 litres to 3000 litres 

per hour during drying under vacuum. 

DETAILED DESCRIPTION OF COMPONENTS 

!• Heating elements at inlet and outlet of gas removal unit 

- The heating elements shall be designed so that at no time 

shall the oil be damaged if oil flow stops for any period 

of time whatever. Oil temperature inside the system shall 

be thermostatically controlled. Power rating of the heating 

2 
elements shall not exceed 250 W/Cm . 

- Operation of the inlet and outlet heating elements in series 

only shall be possible through a bypass around the rest of 

the unit. 
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A three channels paper chart recorder with cella and all 

the acceaiorlea shall be Included for the continuous 

recording of the temperature and resistivity of oil at the 

outlet of the unit and the vacuum pressure obtained on 

transformer tanks when filling. 

The unit shall be provided with a by-pass circuit and 

adequate valves. 

There shall be a control panel containing a diagram of 

the mechanical and electrical circuita, and located so 

that the operator can start, stop and control all motors 

la the installation. This panel shall also contain all 

controls necessary for proper operation of the unit. 

Sed lights on control panel shall come as well as audio 

alarms when the unit is not delivering processed oil to the 

apparatus in which the oil Is being treated. 

Temperature gauges shall he installed at the following 

pointsi- 

a) at the oil inlet 

b) at the oil outlet 

c) at the inlet of the vacuum chamber 

d) at the outlet of the vacuum chamber 

Flexible connections uaed in the unit ahall be strong 

enough to withstand road vibration and ahocka during 

tranaport. 
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- All piping shall be adequately secured and supported so 

aa to prevent damage during transport. 

- The complete wiring unit «hall be weatherproof. 

Oil inlet and outlet as well as auxiliary vacuum connection 

for transformer drying shall be located at the front of the 

unit.    The control panel shall be mounted at the opposite 

extremity at the rear of  the trailer. 

There shall be a strainer at the input to the oil circuit 

so as to prevent foreign bodies from entering. 

A complete list of suitable lubricants  for all the components 

shall be given in the tender.    This list shall indicate at 

least 3 products for each application and these products shall 

be readily available locally.    The use of these lubricants shall 

be compatible with the recommendations of the manufacture of 

equipment and shall validate the guarantee. 

Groundingt    There shall be an appropriate grounding device 

for the whole unit, it shall be connected at a central point 

on the outside of the trailer chassis. 

Power supplyt    All motors, elements, etc., shall be built to 

operate from a 400 volts,  3-phase, 50 Hertz power source. 

The manufacturer ihall supply a power cable 30 meters 

long to feed the unit.    Luga at the free end of the cable 
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shall be «munteci to permit the bolting to bua bars at 

' différents locations in the laboratory and outside. 

I -    Mounting:    All components of the unit shall be mounted on 

. a four-wheeled trailer.    On the  chassis there shall be a 

metallic structure covered with a solidly fixed canvas used 

1 as a protection against weather. 

t 

I 

The unit shall be used inside a building and occasionally 

outside and the speed at travelling shall be  low.    For all 

1 those reasons it is not required to equip the unit with 

brakes, but a locking device should be fitted for use when 

the trailer is stationary.    In addition springs are not 

required, pneumatic tires will provide sufficient suspension. 

The base of the degassifier unit shall be moved as close as 

possible to the front of the trailer to allow as much standing 

room as possible at the rear,in front of the control panel. 

GENERAL 

In the trailer there shall be a space provided for 

storing all flexible hoses. 

-    Checking and Testing»    The complete installation shall be 

checked at the Manufacturer's plant before delivery and 

after reception if necessary. 



I 
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-   Of ration and mimtm mmcet    The Manufacturer ih« Il supply 

I six coplea of the operation ana Maintenance Manual.    They 

aitali be «ent upon delivery of the equipment. 

I 
I 

I 
I 
I 
I 
I 
I 

Spanish «hall ha used on all nane platea ana other printed 

instruction« and Indications. 

I -   Teape rature shall be indicated In centigrade degrees, 

pressure In nn Hf. 

KV ?• 

-   the tender «hall Include a list of teco—winds i spare part«. 
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qUESTlONNAIRE ON TECHNICAL DATA WHICH THE TENDERER SHALL 

COMPUTE AMD WHICH FORM A PART OF THE TENDER 

Unit to be used for insulating oil conditioning, drying and 
filling under vacuum of transformers. 

1»   General 

General description of  the unit and of its accessories. 
Description attached   

2.    Characteristics 

2.1    Maximum power consumption with heating 
elements for drying 
kVA   
without heating elements for drying 
kVA  

2.2 Maximum flow of oil at the outlet for a continuous 
process. 
Litres per hour  

2.3 Oil temperature at  the outlet for an inlet temperature 
of 20°C and a flow of 500 litrea per hour in a 
drying process 
temp.    C  

2.4 Reducing factors for water and air content with 
maximum flow. 

From 50 ppm of water by weight at 25 C 
to  ppm by weight at 25 C. 

From 10Z of air by volume to X 
by volume. 

2.5 Characteristics and capacity of the vacuum pump, 
Description attached   

2.6 Trailer type 
Description attached 
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HANDLING EQUIPMENT 
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This «pacification represents the general fort lift 

truck characteristica suitable for interior and exterior uae. 

The apecificatlon ahould he followed aa closely as possible. 

However, some deviations are permitted, particularly if they 

lead to a reduction in price of the equipment. The reasons for 

any deviations ahould he stentioned in the tender. 

Tffi"* ajwg»*ajiiSBP>a 

Rated capacityt    2 ewtrlc tona rated at 10 c« load center. 

Lift helghti 9 antera 

Capacity at 9 m.  i    «00 kg. 

Drawbar pull eapty:      2.5 ne trie tona 

Forks lengtht        150 en. 

ENG 1MB MQUUUaeNtf 

The enfine »net he m inéuatrial fuel type.   The entine 

exhaust nuat he purified by an ony-catalyet.    A pyronetrlc neter 

it he installed on the each board. 
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It MtMt be equipped with « 12 volts electrical system, 

M sap.  hour battery,  41 amp.  alternator,  controlled by voltage 

regulator,  electric starter, splash proof distributor, key 

starting switch, electric nom. 

A power steering with anal cylinders nust be provided. 

The lift truce, nuet be mounted with springs to maintain 

few whs*la contact in all terrain. 

The controta samt include all necessary instruments 

te enaure satisfactory operation.    They should not be damaged by 

occasional exposure to rain whan used outdoors. 

The lift truck must he provided with towing equipment 

fer a drawhar pull load of 1 metric tons.    The rugged tow bar must 

ht built with king pin inclination campled with articulation 

•amatad heavy leaf 
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Tb« fork* nut b« designed to pick-up load within 

3 e« fron tb« floor.    Each fork mut have 1.75 cu dlwMter holes 

¿rilled M fol low« t 

- one at 20 en fron ««eh fork «ad 

- on« on «ach fork nlddle. 

Part« «anual, ««intanane« «anual and operator*• Miniai 

t be supplied in thr«« copies. 
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TOWmc TKÀCTO* 
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Specification of a towing tractor which must be equipped 

with hydraulic or mechanical winch. 

- Service Weight     7,200 kilogram 

- Drawbar pull capacity   5,400 kllograma 

- Maximum towing capacity        300 tons/metric 

- Turning radius   3 metres 

Travel Speed 

The low gear aunt have a maximum speed    3 KM/Hr. 

N.B.    To anticipate jerking, «inim» speed should be .. 2 KM/Hr. 

or slower. 

Industrial Engine 

The towing tractor aust be equipped with an industrial fuel 

type engine.    The engine exhaust must be purified by an oxy-catalyst 

filter.    A py rome trie meter must be installed on the dash board. 

Electrical System 

It must be equipped with a heavy-duty 70 aap hour rated 

battery and 30 amp low cut-in generator.    Dust-proof distributor, 

key ignition switch, starter button, electric horn, headlights, 

recessed driving lights and tail light complete this reliable 

electrical system. 
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Mr TM ilWrttf * 

Instrument cluster contista of engine hour meter, ammeter, 

engine oil pressure gauge, fuel gauge, ignition switch and 

starter button. These should all be mounted on dash panel within 

easy view. 

»Hie and final drive 

The axle and final Drive must be designed to reduce causes 

of axle ahaft failure. 

friction Clutch Transmission 

The transmission must be a heavy duty spur gear unit. 

»rakes 

The towing tractor must be provided with two hydraulic 

systems operated by a power booster to reduce braking effort. 

An Independent parking brake must be convenient for operation. 

Steering 

The towing tractor must be equipped with a power steering. 

Seating 

The seat must be adjustable and mounted to afford best 

visibility and comfort for maximum driving efficiency. 

Flint 

The towing tractor colour should be according to the 

purchaser's choice and will be specified lster. 
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Anchor«« ringt 

The towing front anchorage ring wit have a 10 metric 

Cons capacity. This anchorage ring auit be attached to the fram. 

Shock-absorbing Fluid Coupling 

The towing tractor aust be provided at the back with a 

shock-absorbing fluid coupling to get loads moving without jerking. 

Safety grating panel 

The towing tractor aust be equipped with a safety grating 

panel to protect the driver in case of winch cable failure, k steel 

2 
grila having a aesh sise of 10 cm is acceptable for good driving 

visibility. 

Winch 

The winch driven by the engine aust have the following 

characteristics: 

a) The drive controls aust be positioned near the 

driving seat. 

b) The winch capacity: 10 aetric tons. 

c) The cable aust be at least 60 aetres long. 

d) Recoaaended ratios oft 44:1 and 22:1 

Manuals: 

Parts manual, maintenance manual and operator's annual 

aust be supplied in three copies. 
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The apaciflcatlow IIIMU M follow»* «a cloaaly m 

poaaiala.    Hewvir, MM «aviatlona ara parama*', particularly 

if thay laaa* to a navetta« 1« prie« of th« aqulpewat.    Th« 

niMM for any éaviatloM attoulé M «mitloojoë 1« tha tenter. 
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Thin specification covers the Ipanlsh Government's requirement! 

for IIM supply of a telescopic working platfor«. 

technical characterlntics 

Radlu« of action In extended position   20.5 m 

Transport clearance  3. S m 

Total capacity of the plat fora  300 kg 

Capacity of the extensible platform  150 kg 

Lifting time  170 sec. 

lowering tine   190 sec. 

Speed translation notion      20 km/hr 

Maximum height      12.2 a 

Those plat forno oust he free to turn over 360    around the 

«orticai telescopic colto». 

gy^HH load requirement 

The load requirements oust bo according to DIN 4112 

opacification issue March IMO. 

a) Vertical load on oain platform    300 kg 

b) Vertical load on extending platform   150 kg 

c) Minimum norliontaI load at the maximum 

Height on the extensible platform with 

maximum travelling 

1.     Inside      150 kg 

1.    Out side     100 kg 
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TELESCOPIC PLATFORM TRAILER 

The assembly base must be Mounted on four (4) wheels 

with tire« for its transportation on highways. 

Four (4) outriggers with annual jacks must be used to 

anchor the trailer in place for working purposes. 

The four (4) wheels must be equipped with brakes. 

A driving axle and a front towing rod must be provided. 

A ladder must be placed on the base in order to reach the 

platform* when they are at the minimum height. 

GENERAL 

The equipment power supply will be 380 V/3 4/50 HE. 

A telephone link between the platforms and the base level 

t be a part of the installation. 

Control stations must be placed at three determined locations; 

ground, extensible platform and fixed platform. 

The supplier shall provide a list of spare parts and their 

delivery time. 

Assembling and putting into service shall be at the supplier 

expenses. 

Acceptance tests will be performed by the Spanish Government. 
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Manual 

Parts Mutual, Maintenance »anual end operator's «anual 

mat be supplied in three copias. 

geeciflcaÇlon deviation 

The specification should be followed aa closely aa possible. 

However, soste deviations ara pernitted, particularly if they lead to 

a reduction in price of the equipment.    The reasons for any deviations 

should be Mentioned in the tender. 
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ITAIKWAY SCAFFOLD 

This specification covers the Spanish Covernswnt's 

requlrenents for the supply of Stairway Scaffold. 

Purpose!    Stairway scaffold with vertical access for aerial erection. 

Specification erection 

Penerai Characteristics 

Description;      Alisniniun Multiple sections scsffold provided for 

quick erection without the use of tools. 

The structure incitases one adjustable lower section 

ansi five upper sections equipped with interlock pine. 

PJMsnslottai        Height i        12.20 Meters 

Widths 1.73 Meter 

Depth» 1,25 meter 

Total Weight:    200 kilogras» 

Load capacity t   600 ki lot raes in any point of the structure, 

adjustable Lower Section 

The lower section Must he equipped with swivel castsrs 

telescoping extension legs (for working en uneven surfaces) four adjustable 

outriggers.    (To stabilise structure). 
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Lower Section DimensionsI    Height!      2 Meters 

Widtht        1.75 Meter 

Depth»        1.25 neter 

The Lower and Uppers Sections Include:    stairway (slope of 45°), 

two supporting tubes, a non-skid platfora board, diagonal brace and guard 

rail.    The scaffold Must be equipped with a guard rail section to prevent 

personnel fro« falling. 

Section dlaensions:    Heights    2 «etere 

Widthi      1.75 aeter 

Deptht      1.25 meter 

Caster diameter« should be approximately 13 en. and they 

should be fitted with locking devices.    All casters  should be swivelled. 

The rlas should be covered with a plastic Material. 

Guard Rail Section 

The last upper plat for« Must be equipped with a guard rail 

section. 

Height i    1 Meter 

To avoid structure vibration during transport the lower 

section Must be Mounted with one horlsontal brace above the  casters 

on each side. 
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GOURAI. PURPOSE   EQUIPWEKT 

HANDLING EQUIPMENT 

This specification covers the Spanish Government's 

requlreaents for the supply of general purpose barrows and hand carts. 

Cooes hand-barrow 

Two-wheel      tubular steel hand-barrow required for 

handling boxed Merchandise, cases, cartona, soft packed goods and 

an infinite variety of slailar loads. 

One pneuaatic heavy duty, capacity   270 kg 

Gas Cylinder hand-barrow 

Hand-barrow for transportation of compressed gas 

cylinders such as oxygen or acetylene cylinders. 

Single cylinder hand barrow-welded steel construction 

equipped with four rubber tyred wheels 

capacity 360 kg 

Platfora hand-cart 

Industrial rugged platfor« hand-cart built with pressed 

steel.    The snooth deck aust be reinforced for extra strength.    Four 

pipe sockets Must be built right into the body.    Corners aust be 

rounded.    The tubular push handle 0.635 aster above the deck aust be 

removable. 
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All fasteners aust be rustproof.    Tha wheels aust be with rollar 

bearInf• and rubber tire*. 

Dacie lis«: 1 i, x 2 I. 

Wh«tl size: 

A) maint 35.5 ca. x 5.S o». 

B) casters: 20     ea. x 5     oa. 

capacity..   1360 kg. 

Polly 

Two opsn fraas dollies far boxes, crates, etc... aust 

be equipped with rubber wheeled swivel casters fitted with ball bearings. 

Supplied with buaper and towing ayes. 

capacity   ISM kg. 
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TOOLS AMD EOÜIPMEMT    LIST 

1. Lath« 50 c« 9 60 en Swing 180 en between center 

2. Lathe 25 en @ 30 en Swing    90 en between center 

3. Univeraal or horiaontal Milling Machine 2 to 5 H.P. with variable speed «rive. 

*                   4, Heavy Duty Power Band Saw (Horliontal) i  cutting capacity 20 en to 30.40 en. 

| 5. Band Saw (Vertical) Do All or equivalent : capacity 1 H.P., blade to blade 40 en. 

6. 15 to 20 en Bench Grinder, capacity 1 N.P. 

! 7. 30 en Disk Sander, capacity 1 H.P. 

I. 300 Amp Welding Machine 

with Tungsten inert gaa attachnenta for alunlnun and copper 

J f. Heavy Duty Press Drill (Capacity 4 en) 

10. Heavy Duty Nibbler Capacity 5 a* (Wolf or Equivalent) 

! 11. Heavy Duty Bayonnet Saw lockwell 541 

12. Hand Grinder 

13. 6 «M - 12 an - 18 ma Hand Drille 

j                 14. 4 Hydraulic 35 tona Jacke 

15. Hand Pullers and Winches 

i li. Portable air comp rea aor 10 n /«in. 

, 17. Acceaaories for Spray Paintings:    Spray Guna, Air Filters, Regulator«, etc. 
j 

18. Radial 25 cm saw 

19. Sheet netal bender 2 meterá 

20. Sheet netal roller 1 ne ter 

21. Recipro-Saw   (SkiIsaw 474) 

22. Heavy Duty Orbital Sander    (Sail §92). 
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GENERAL PURPOSE OSCILLOSCOPES 

RECURRENT SURGE GENERATOR 

R L C MEASURING BRIDGE 

ULTRASONIC DETECTOR 

OSCILLOGRAPHIC RECORDING SYSTEM 

ELECTROSTATIC VOLTMETER 

IMPULSE AND AC CREST VOLTMETER 

OIL TEST SET 

CAPACITANCE AND LOSS ANGLE BRIDGE AND NULL INDICATOR 

MERCURY RELAY STEP GENERATOR 

COMPRESSED GAS STANDARD CAPACITOR 

RADIO NOISE METER 

HIGH PRECISION RESISTANCE MEASUREMENT BRIDGE 

GALVANOMETER FOR HIGH PRECISION RESISTANCE MEASUREMENT BRIDGE 
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CONTEXTS (Cont'd) 

STANDARD RESISTANCES FOR HIGH PRECISION RESISTANCE 

MEASUREMENT BRIDGE 

POWER SUPPLY FOR HIGH ACCURACY RESISTANCE MEASUREMENT BRIDGE 

TRANSFORMER RATIO BRIDGE 

LOW POWER FACTOR WATTMETERS 

PRECISION VOLTMETERS 

PRECISION AMMETERS 

FLUX VOLTMETER 

LOW RANGE MULTIMETER 

AC/DC VOLTMETERS 

AC/DC AMMETERS 

GENERAL USE WATTMETERS (AC/DC) 

WAVE ANALYSER 

INSULATION TEST EQUIPMENT 
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CONTENTS (Cont'd) 

SPECTROMETER 

MULTIMETERS 

PRICE LIST FOR SMALL EQUIPMENT 

LIST OF SUPPLIERS 

PHOTOGRAPHIC EQUIPMENT 



HV 30 

1 - 

SPECIFICATIONS FOR GENERAL 

PURPOSE OSCILLOSCOPES 

PROPOSED EQUIPMENT! 

TEKTRONIX 

1 - Oscilloscope 7403 N Option 8 (P 11) 

1 - Storage oscilloscope 7613 Option 3 

1 - Dual trace amplifier 7A 12 

1 - Dual trace aapllfier 7A 16 

1 - Differential amplifier 7A 22 

!                         1 - Tine base 7B 50 

. 1 - Tine base 7B 53A 

2 - Scope nobile carts 203-2 

j                        2 - Probes P 6052 

2 - Probes P 6053A 

I 2 - Probes P 6009 

1 - Cañera C50-P 

I 



KV SO 

DESCRIPTION 

1. General oscilloscope 40 HNi (7403 N) 

Cathodic-ray tub«« 

Accelerating potential IS kV 
Screens phosphor t  11 (option t) 
InUrnal • x 10 div. graticule w/variable i li «sii nati on 

Vertical system 

Two plug-in coapartaents 
Kaxlaua bane-width «0 Mie 
Modes of operation: Left, alt., add., chop., right. 
Chopped Model repetition rate 1.0 MHe 
Delay line permit viewing leading edge of wavefor«. 

Morisontal eysteai 

One plug-in coapartaent 
Internal trigger aadet left vert., right vert., 

vert. «ade. 
Fastast calibrated «weep rates 5 ns/div. 

internai Z-axix input (intensity of trace) 
Full range of intensity 0-2 V 
Only 20% of range of intensity for f > 10 
Maxis** input 10 V. 

Cassera sowar output! 

3 prong connector provides power, ground 
and renote singla sweep reset. 

Calibratori 

Voltage rectangular wave, 40 nV to a V, 
accuracy IX, 1.0 kit* 
Currant rectangular wave, 40 an. 

Power requlreaentsi 

220 V. SO M«, 130 W (Mm). 
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1.    «tarage oecllloncape IM Mit    (Till) 

Cathaaa-ray tatet 

Acceleration potential I.S kV 
Phoephor P 31 
Inumai • x 10 div.  graticule vr/varlable illualnation 
Itora a*dnl    writing speed - 5 div/y m 

storage tie* - up to 60 Min. 
arata  tine:     0.5 8. 
pa nia tanca t    continuoualy variable 

Internal I-axlx input: 
full intensity range 0 - 2 V (D.C. to 2 MU) 
only 20% of range intanaity at 10 Mil 
aaxlana input 10 V 

Vat* leal eyetew 

•aelaaatal eyetaa: 
I 
I 
I 
I 
I 
I 
I IM ¥, M Ita, IM If (Una) 

I 

TVo ping*in coapartaents 
Mexiaaa bane-width 100 Mte 
Nones of operation:     left, alt., add., chop., right 
Chopped node:    repetition rate at 1.0 MMx 
Delay lina peralte viewing leading edge of wavefom. 

One plug-in coapertaent 
Faateat calibrated sweep rate:    5 ns/dlv. 
Internal trinar aaae:    left vert., right vert. 

Vetóte     MMC • 

ontpnti 

3 prong connector provides power, ground and 
single sweep reeet. 

Calibratori 

Veltaga rectangular 1.0 kHe, 40 aV to 4 V, accuracy IX 
carrant ractaagalar 1.0 kNa, 40 aA. 

tat 
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3.    Dual trace amplifier 7A 12    (cm be usad with both oscilloscope«) 

land-width»    55 HHE (rise tlae 6.4 ns) w/oscilloscope 7403 
SO HHE (risa tiae 4.4 ns) w/oscilloscope 7613 

Deflection factor:    5 aV/dlv to 5 V/dlv in 10 steps 

DC offset range:    at leaat ± 500 div    (5 mV/div to 5 V/div) 

Max. input voltage: 

350 V (AC or DC)  for 5 mV/div.   to 10 mV/div. 
500 V (AC or DC)  for 20 raV/div.  to 5 V/div. 

Display node: 

either channel,  addition, chopped or alternate 
(chopped repetition rate 500 kHz) 

Input iopcdancei 

1 MO   :    24 pF 

4.    Dual trace amplifier 7A 11    (can be used with both oscilloscope«) 

land-width:    50 MHE    (Tr - 7.0 ns) w/oscilloscope 7403 
75 MHt    (Tr - 4.7 ns) w/oscilloscope 7613 

Deflection factor:    5 «V/div to 5 V /div.   in 10 steps 

Input impédance :    1 M«    t    20 pF 

Operating aodes:    CH 1, CM 2, ALT, CHOP, ADD 

Max.  input voltage:    250 V DC or AC (peak) 
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S.    Differential amplifier 7A 22    (CM b« uscii with both oscilloscopes) 

Band-width: 

H F point at - 3 dB selectable 100 He to 1 m* 
L F point it - 3 dl selectable 0.1 Hi to 10 kHi 

Deflection faeton 

10 yV/div to 10 V /div. 

Input impedance:    1 Míi    i    47 pF 

Coasson »ode rejection ratio:     (AC coupled,  1.0 kHz) 
20,000 : 1 for deflection from 10 yV/div to 10 mV/div. 
1,000 ! 1 for deflection from 20 mV/div to 10 V/div. 

Common »ode range i    í 10 V for 10 M V to 10 roV/div. 
± 100 V for 20 «V to 0.1 V/div. 
t 500 V for 0.2 V to 10 V/div. 

Max.  inputt    (AC coupled) 

i 500 V d.c. 

D.C. offaot ränget í 1 V for 10 uV to 10 »V /Div. 
± 10 V for 20 mV to 0.1 V/div. 
± 100 V for 0.2 V to 1 V/div. 
± 1000 V for 2 V to 10 V/div. 

Displayed noise:   (measured tangentially) 

16 uV or 0.1 div. (which ever is greater) 
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i.     Ti»» bait 71 SO     (CM IM usad on both oscilloscopes) 

Swap l 

Rate Is fro« 0.05 us/div to 5 s/div. in 23 steps 
Magnifier (X 10) gives 5 its/div. 
Accuracy!    2 to IX 

Triggering t 

Internal trigger coupling: 
DC, AC, AC w/LF rejected, AC w/HF rejected 
Internal trigger jitter:    <1 ns at 75 Mis 

External trigger input:   max.  voltage 500 V 
input:     1 Mfi : 20 pF 
level range:    ± 3.5 V 

External horlsontal input: 

10 aV/div to 900 nV/div. 

7.     Dual tlat base  7g S3 A   (Can be used on both oscilloscope!) 

Operating 

Nain sweep t 

HormaIt   nain sweep only 
Intensified delaying: segment of main sweep intensified 
Delayed: segment Intensified displayed by delayed sweep 
Mixed:   nain sweep and delayed sweep displayed. 

Rate is fron 0.05 us to 5 s/div.   in 25 steps 
Magnifier (x 10) gives 5 ns/dlv. 
Accuracy:   2 to it 

Triggering of nain sweep i 

Internal triggering coupling: 
DC, AC, AC w/LF rejected, AC w/HF rejected 

Internal triggering jitter:    <l ns at 75 MHs 

External triggering:    max.  voltage 500 V 
input:    1 Mfì : 20 pF 
level range:    t 1.5 V. 

à 
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7.    (cont'd) 

Delayed 

Rate it fro« 0.05 us/div to 0.5 s /div in 22 steps 
Magnifier (x 10) give 5 ns/div. 
Accuracyi    3 to 4% 

Triggering of delayed sweept 

Internal triggering couplings 
AC or DC 

Internal triggering jitter:    <1 ns at 75 MHs 

External triggering:    max. voltage 500 V 
input:    1 Mfi  :  70 pF 
level range:    i 1.5 V 

External nor1sontal input: 

10 «V/dlv to 1 V/dlv. 

I.   Icepe nobile cart 203-2 

Mobile tray designed for both 7403 N and 7613 oscilloscopes 
Holds 4 plug-in coapartaente 
3 AC receptacles located at rear 
Front wheel brakes 
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t. Oscilloscope probes (Usad for both oscilloscope«) 

Probes  Attenuation  Frequency   Input     Probe     DC 
range   impedance   risetime   «ax 

P 6052     X 1     DC-40 MHa  1 Mfl 113 pF   60 na    300 V 
X 10    DC-40 MHt 10 HO 14 pF    9 ns 

P 6053A    X 10    DC-250 NHi 10 Mil 9.5 pF  0.7 na   500 V 

P 6009     X 100   OC-120 MHt 10 MQ 2.5 pF  7.1 na   1500 V 

10. Oscilloscope caetera C SO P 

Unat 57.6 sai v/ f/1.9 to f/16 

Object to image ratio: 0.7 

Shutter ränget 4 to 1/60 a plua bulb and time 

Focus ajuetment: »ade with two vertical bara of 
light projected on CRT 

Photometer: incorporated with the camera 
determines proper combination of 
abutter speed and f. number 

Camera power and sweep reset: 

3 pin connector provides + 15 V, ground 
and aweep react (located on oscilloscope) 
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MCWBUaiT SUICE GEMMATO«. 
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nqUHUDONTSl I unit 

PROPOSED iqyiPMDITt    Haefely Recurrent Surft Generator Typ« 48 

DISCIUPTIOHj - Output voltage inpwle«! positive, 0 - 500 V 

- Triggering I    a)    ripetitive    25 HE      (3 Hi with 
external inpulse capacitane«) 

b) tingle «weep by push-button 

c) no puis«. 

- Chopping iapulsei chopping tin»   0.2 - 100 u s 

- Trigger output for oscillograph i 

delay adjustable from - 10 u i to W y i 

signal level    10 V or 250 V 

vavaforas 0.2 /5 us 

- Circuit «laawntsi 

lapulse circuit capacitances    4.7, 10, 10, 22, 47 nF 

0.1, 0.22, 0.47, l.OuF 

Load capacitance t 

Front resistancet 

Tail realatancai 

and extern. 

0.47, 1.0, 2.2, 4.7, 10, 22, 47 

100 nF 

3.3, 4.7, 6.8, 10, 15, 22, 33, 47 

68, 100, 150, 220, 330, 470, »SO, 

1000, 1500, 2200, 3300, 4700 Q 

and extern. 

10, 15, 22, 33, 47, 68, 100, 150, 

220, 330, 470, 680, 1000, 1500, 



NV IO 

IO 

fail ruiitMc«! 2200, 3300, 4700, MOO, 10000, 

15000 amé extern. 

I»4uc tarne« I 10, 20, 30, 40, 30, 60,  70, 

•O, 90, 100uH 

- Fewer raquir««a«ti 220 V, 10 Ms, 110 VA 
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i L C MmUHIltC ttlPCS 

MQUIUMttTSi 1 unit 

PnOPOfED EQUIPANT i    Gwwral Mdio brldgt Model 1600 

DESCRIPTION: Generatori    internal 1.0 kHs provided with level control 

internal D.C. provided with level control 

| external in the frequency range 20-20,000 Hi 

Detecten      internal or external and provided with 
i sensitivity control. 

I 

Kauf«« of awasurenents: 

Capacitance: 0.05 pF   - 1100 M F series or parallel 

Inductance! 0.05 u H   - 1100 u H series or parallel 

Resistances 0.05 «ft   -   1.1 MO 

Conductance: 0.05 no   -    l.lu 

D: 0.0005   -   1       (1.0 kHs, parallel cap.) 

Ql 0.5 - 50       (1.0 kHi, series inductan« 

Accuracy of wasurements: 

At 1.0 kHs, ± 0.05% of full scale 

In D.C,       ± 0.05Z of full scale except at 
extremes of range. 

Power requireeenti 210 - 250 V, 50 He, 10 W 
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UtHAKMIC DETECTO» WITH DIBgCTlOHAL HICROPHOHE 

nqUIUMBint 1 unit 

PMP08E0 EQUIPA«I   Hewlett Packard 

Ultrasonic trinila tor da tac tor 4914 A 

Ultrasonic raflactor 18043 A 

Haadaat      18017 A 

DHOtlPTXOMi Response!    Ultrasonic frequency between 
37 and 43 kHi translated to 
audible ranga. 

Output!        0.1 a« In 600 Q 

1 V (raw) open circuit 

lattery oparatad (Evaready E 146 X) 

Equipped with light aeseably 

Headset iapedance:   600 Q 

Height!        2| lb. 
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OSCILLOGRAPHIC RECORDIWC SYSTEM 

PROPOSED EQUlPMBtîl 

1 Honeywell visicorder oscillograph 1508 

7 Honeywell accudata amplifier 112 d.c. 

7 Honeywell accudata aaiplifier 107 d.c. 

7 Galvano»ter M 5000 fluid damped type 

1 • galvanometer protector 

7 Galvanometer N 600 - 350 electromagnetic damped type 

J • galvanometer protector. 

DESCRIPTION! 

A - Vlaicorder Oscillograph 1508 

- Recording frequency! 0-13 kHi 

- Recording channel«: 12 or 24 channels 

- Writing speed! greater than 1250 •/« with Mercury lamp 

| (300 */a with Xenon laie?) 

- Recording lampi high pressure 100 watts mercury arc lamp 

(optional 75 watts Xenon lamp) 

trace intensity adjustable by a control 

- Recording medi usi: 8 inches wide photo sensitive paper 

I capacity ia 30 - 50 m 
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- Record drive epeedei    Option at    25, 50, 100, 200 a*/« 

with Multipliera x 0.1, x 1, x 10 

Option bi    25, 50, 100, 200 *»/• 

with Multipliera x 0.01, x 0.1, x 1 

Option ci    12.5, 25, 50, 100 MM/I 

with Multipliera x 0.1 x 1, x 10 

i AccuracyI    • 61, - 22 at nominal Una 

voltage 

Tine lioeit 

accuracy t    ± IX for 20°C t 5 and 220 V ± 10 

I A   -   Internal t    intervale of 10, 1, 0.1, 0.01 a 

1   -   external :    input impedance is 100 n 

I pulae ahould be poaitive 5 - 30 V 

miniMum duration! 10 u e, ratei 100 ppa 
I aaxiaua. 

I 
I - Power requirement :    220 V, 50 Ma,  550 vetta 

Grid lineai    apaclng of 2 a« with every fifth line 

heavy 

I   -   Amplifier 112 DC 

- Input voltagei    2.5 MV to 2.5 V 

I 0.5 V   to 250 V with attenuator 1/200 

- Input impedancei    10 N Q minimum (lHil with attenuator 1/200) 

- Input of feet current t    leaa than 10 n A 
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- Output lapidane« t lean than 1 il (dc to 20 kHt) 

- Output capabilityt (4c to 20 klta) 

a) Resistive loads i 2.5 V at 65 «A 

i 3.0 V at 40 «A 

± 10.0 V at 1 «A 

b) RC loadi       ì 2.5 V acroaa resletance > 38 n 
(C < 20 nF) 

1 3.0 V acroaa resistance > 75 ii 
(C < 20 nF) 

- Output capacitive loads    Mxiaua 20 nF 

- Calm    atap controls    1, 2, 5, 10, 20, 50, 100, 200, 500, 1000 

varnlar peralta continuous increase between fixed steps 

accuracy better than IX 

linearity ia better than 0.1X of full scale output 

- Attenuators    1/200 selectable by a switch 

I - Frequency responses    i 5X from dc to 20 kHt (no attenuator) 

t Idi fron dc to 20 kMi (with attenuator) 

- Coaaaon node vol tage I    Maxinun ± 250 V ac or peak 

- Cernami node rejections    greater than fO dB (dc to 60 Ha) 

- Noises    leas than 8 M V (rua) 

- Power requirements    220 V, 50 Ha, 10 watte 
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C   -   aaallflar 107 K 

- lapa* voltai«!    0.125 V ta 2.5 V 

$ » to 210 V wlkli attenuator 

- Input tapaénacei    10 N n alalaaa (IMO with attaaaatat) 

- laaat of foot cur ron ti    looa thon 10 «A 

- Output If eéancoi    loo« thon 1 i   (*c to 10 M«) t 
I 
I 
I 
I 
I -   Oataa* capacitivo loaét 

I 
I 
! 

I 

Oataat capabilityt    (éc ta 20 afta) 

o)    fteelativa laaéi    i    2. S V at §5 «A 

i    S.O V at 40 a* 

i 10.0 V at    1 a* 

»)    K iaaéi    ± 1.5 ? «t ft > M u aaé C < 100 at 

t 2.5 ¥ at ft > 1008 a aaé C < 10 »? 

«Kim« 100 »F 

Gelai    ato» control i    0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 

1, 2, 5, 10,  20 

«•miar »oralto coatiaaoaa lncroaoo eetvaaa flaaé atoo« 

accuracy »attor than II. 

linearity »attar than 0.051 at aaalaun aataat 

-   rroqaoncy raaaaaaat    i 51 fr« éc t« 20 «ta 

I -   Ca—an aaée rejectle* i    0» él   (éc t« 00 Na) 

I -   Naiaat    laoo than 10 M V (rao) 

I -   Pavor raa^ireaaati    220 V, 50 Na,  100 watte 
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•>    ft«M •*lv«*oo»tor MOO - ISO 

ffH—cy roaooMo M! ! 0 • 3M Hi 

M»1M1 coil mil tane« t    320 n 

cwrrsati    IS aA 

•*jtiip»o4l with protector for fluid 
â "    ' MivMMMtir 

M ••lvanoMtor N 50*0 

í 51 : 0 - 

coil roo is tonco i N.) í! 

currooti 106 »A 

Ita 

4 vitti protector f©r •loctroaafaoti« 
Ml»—o—fr 
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lUCTlOITATIC VOLTATI» 

MQUUMBITSi 3 uniti 

NnPOMU» EQUIPMENTI    V.  6.  P T I ê GO.  LTD 

1 - Electrostatic Voltmeter Motel No. 113M 

1 - Electrostatic Voltmeter Modol No. 11310 

1    -    Electrostatic Voltmeter Model No. 11314 

»»•etimo« t 

Electrostatic volts«tor 11300 11310 11314 

Voltato reates i.e. 1 - 5 kV 5 - IE kV 40 kV 

a.c.  (no) 1 - 5 kV 3 - 12 kV 40 kV 

OVO^WIOVO^RBIOB»   p*H 1.0 kV 24 kV 54.7 kV 

voltaa« porvi«sit» U 

Iaoiit üspeé'eace I pF • pF lé pF 

Accuracy la I of full »cola 1 21 i 21 ±21 

Each voltaeter «houle ho provléatl with MIO eojuetoomt and power 

«tpply 240 V, 90 Na. 
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UQUIUMMTSi 2 unit«  (1 laaulse and 1 AC volta» ter) 

FlOPOtW IQUIPMMTi    laamlaa and AC crast veltMt«r. 

MtCtlPTIOMi Voltata ranget    0   -   2000 V    (AC peak or iuyulse) 

3 scales with 90X over range capability 

SO. 100, 200, 500, 1000 V 

Iunut lnpedaacei    1 Mfl with 10 - 100 pF on scale« 50, 10® 
and 200 V. 

10 MG with 10 - 100 pF on acales 500 
an« 1000 V. 

Meaaurable pulsa width i DC - 50 n s 

Polarityt positive, negative, or both 

Accuracy! t IX of scala 

Neawry retains reading until reaet or until higher 
input signal is applied. 

aaset of neewryi repetitive - automatically with a rata 
of 3 a s 

single - Manually 

Efficient shielding against IF! - MI Interference - 

Pnwat ree^lreawnti    a)    220 V, 50 Hi, 100 VA 

b)    battery operated with 
fall-safe battery Indicator 

J 



HV 90 

- 20 - 

OLL TMT HT 

MQVlMMMtll 1 unit 

PtOrOMO iqUinWTt    Oil Taetlag Inetruaaat 

uim roo §0 i 

IMCttfTlOa't Nigh Voltagei bttwMn electrodes    0 - 60 kV roa 

electrooee to ground 0 - 30 kV m 

MM of voltage i    linearity of rise automatically controllo* 

4 r«te«i    0.5, 1.0, 2.0,  3.0 kV / t 

Nitori aaaaureoent of teat voltage *** retenti«* 
of areafceoim value. 

Electreaaei 4 typo« propoeeat    Rogovakl 

VD€ - JIC 

ASTM 

Ml - «tV 

- gap coole M oat at 2.5 a» precisely 

- ar»ao.ao»n of slectrooas ot about 230 kV/ea 

•rookáoM lloltatloa to prevent carboni «at ioni 

tripping relay »eases circuit curraat 
IOM than 10 an 

aparatos la loaa than half a cycla 

Oil paapi anali MOVO oil without aeration ani 
èia tort Ion of electrical fiele 

capacity i    4 ca   /a    (veaaol contente 0.? It). 

aataejatic loot eye lai    - pasti batton controla to »tart, 
noia aaa atop a taat eyela 

- aoparate controla operate toa 
circolatine poop 
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AutMMtlc toot cycle I   -   breakdown voltai« indicated 
by th« voltweter until reeet 

Trenaparent Hood coven the veaeel «ad electrodea 
•né awlteh off voltate when opon 

Operati«« P««tri    220 V, SO Hi AC, 800 VA. 
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CAf ACITAttCl AMP LOSS AMCL1 MIME 

AWD MULL IMDICATOR 

PtOPOflO BQUlFMWTl 

t 

1 - NartMNW and Brava 

C - tan« - brida« 4241 - 313 

Natal IHCT 

1 - Hartmann and Braun 

Oacilloaraphic null indicator 6912 - 112 

with filtar unit 6911 - 114 

A - C - Tan« - Briaga 

Caaacitaaca aaaauraaant: 

1) Raagaa with 109 pP standard capacitors 

1 pf   -    1.1 uF    at 30 kV 

1 aP   -   O.By F    at 200 kV 

1 pF   -   0.53 uF at 300 kV 

2) faina af Cx/Ca to ba r««d diractly an diala 

S)   Fraciaion»    i   0.1X 

Taa« aaaaaraawatt 

-3 

9 ta 1999 x 10 

1) aantaat 9 ta 1999 x 10 

-4 

0 ta 1999 x 10 ~3 

9 ta 1999 x 10 -l 
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2) Valu« of Tañó directly to be read on dials 

3) Linlts of error for range 0 - 1000 x 10 " 

±   3 x 10 "5    ±    0.02 tañó for Cx/Cn »  0.1-200 

1   7 x 10 "5    ±    0.02 tan« for Cx/Cn t  0.1 - 1000 

± 30 x 10 "5    ±    0.02 tan6 for Cx/Cn :  O.l - 10O00 

Safety device* t     2 overvoltage arresterà 

Partial discharge neaaurenenti    built-in tranaforner 

resonnant freq. 200 kHs 

Maxima charging current!   10 A 

Frequency!     50 or 60 Hi 

• - Oaclllographlc Null Indicator 

Vertical deflection:    (Teat voltage) 

Inputt     floating via transformer 

Sensitivity!    1 mm/0.1 - 0.5 - 2.5 - 25 - 250 uV 

Input incedane«:   1000 fi  (200 12 for 1 m /O.l \iV) 

Automatic anplitude control:     if input riaea rapidly 
then alternator up  to 
10000/1 maintains 
deflection on screen. 

Overload liait:   20 V 

•orlaontal deflection!   (Reference voltage) 

Internal voltaget   30 an. 

External voltaget   1 an/4 M V    (max. 0.04 V) 

input lnpedance of 200 ft 

overload linitt    2 mV 

latnrnal volteas through alternatort 

1 am/0.2 n*V to 20 mV 

leant isaisdanctt   7 te M kfl 



KV SO 

Iti 

rittet Wut for W to W M»    (# tttt - 114) 
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MttcutY MUY inf ^enBATW 

KV 30 

MQUIMMBITIt 1 unit 

FnttPOtED EQUIPNBITl    In«truant Research Co. 
fast pulsar aodel MP 

MKtimoh Charting voltagei   ± 2.0 kV 

••lay watted with aercury 

Output pula«i    0   -   1.0 kV in SO n load 
(positive or negative) 

Klae tlaai last than 0.5 n • into 
a coaxial of 50 Q 

Pule« wUth down to 3 n at  upper Halt dependent 
a« cabla length connected to output. 

Pulse renetltloot 
1 - 100 Ha 
50 Ni (Synchronlee to line) 
•Ingle ehot 

•sternal drive nod« available 

•yucnroetlae output for triggering. 
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MBW.»MMK Mwt Pl.wWWwWli vAT«l»l.TvX 

MQVIMMMTSi 1 unit 

PÄOPOUD EQUIPANT«    Hartmann I ir aun 

Standard capacitor CLP 39 

BMCtlPTIONt - Rated voltaget      30 kV (raw) 

- Test voltata i      33 kV (raw) for 1 «in. 

- Noolnel capacitane«!    a)    100 pF   i   0.1X 

•)    Matured vain« with Braciaio« 

•attar than   ±    0.05X 

e)    variation with teaperature 

Its« than   0.OO1X /°C 

- Dloelpatlea faeton laaa than 0.5 x 10 "5 

- Output connector ia coaxial type BMC U6 2fl/U 

- Preeeure indicator is provided on the baa« 

- Core«« fraa at rated} voltata. 
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ww mm mm 

UQUItlMgMTt 

PMFOttD •QUXFMMTl 

KKRirTIOMt 

1 unit 

Radio aoloe aeter 

Stoddard MM 25 T 

Meatureaent function 

Fiale intensity>    »00 aw charge and discharge tie* 

Quaal-peaki    1 aa charge ti*e and 600 «a dlacharga tiaa 

Paakt    auraually controlled 

Frequency t    ISO lula   -    32 M Ha (• banda) 

Voltage ränget    0.1 uV   -    1.0 V (6 banda) 

(-20 to SO «• above 1 MV) 

Ittid-vidtht S kHi 

Accuracy! frequency ± 21 

voltage ± 1.3 él 

leant Usaadewcot    SO íl 

tanga rejectlent    SO 41 or better 

IftUldiftg effectlveneeo M M or better 

Operating »evert    internal battery 

220 V, M Ha AC 
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.iifciff  TTB IWMW Mam* fflnm 

QOAMTITY DESCRIPTION WIT PRICE 

i High Precision Ma it tanca Maaauraaaata 
lridga. 

$2,»00.00 

s GalvanoMtar for High Praciiion 
Inalatanca Maaaureaant lridga. 

500.00 

• Standard Raalatancea for High Praclaloa 
Raaiatanca Maaaureaant lridga. 

250.00 

i Power Supply for High Accuracy Reeletanca 
Maaauraaant lridga. 

1,090.90 

i Tcanafornar Ratio lridga. 2,299.00 

4 Law Pewar Pactor Wattaatara. 1,299.09 

t Preclaion Voltaatara. •50.00 

4 Praclaion Aeaatara. 950.00 

1 Plvx Voltawtar. 599.09 

1 Low Ranga Multiaatar. 159.90 

t AC/DC Voltaatara. 599.99 

I AC/DC Anaatera. 500.00 

i General Uaa Wattaatara (AC/BC). 575.99 

1 Nava Analyaar* 1,990.99 

1 Iaaulation Taat Renlpanmt. 1,999.99 

t Spactroaatar. 3,999.99 

4 Nul tina tara. 115.99 

t Mercury Ralay Itap Oaaarator. 939.99 

1 Coaareaaad Gaa Standard Capacitar. 2,199.99 

1 Radio Holaa Notar. 5,999.99 

I Capacitane« and Loaa Augi« lridga 4,599.99 

a 

i 

«ai Hull Indicator. 

i2,< 

Preqaeacy netat 
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qnüiin DttCRIPTIOW WIT FRI« 

l Oli Testing  '•*• $2,000. 00 

I Ilsctrostatlc Voltnetsrs. 1,000. 00 

s Inpulsc ané! AC Croat Voltnstar. 4,400. 00 

t Oscillographic Recording Syst*«. 10,000. 00 

t 1 L C Measuring Briaga. 2,000. 00 

1 Ultrasonic Detactor with DirectIOMI 
Microphone. 

450. 00 

1 Recurrent Surge Generator. 3,000, ,00 

t Oscilloscope 7403 11 Option 8 (P 11). 1,050 .00 

1 Iterate oscilloscope 7613 Option S. 2,700 .00 

t Dual Trace Aaplifier 7A 12. 970 .00 

l •nal Trace Amplifier 7A It. sos .00 

1 Differential Anplifitr 7A 22. §30 .00 

1 Tine Base 71 50. 495 .00 

1 Tins lase 71 S3 A. 920 .00 

1 Icope Noëlle Carta 203-2. 220 .00 

t »rosea P §092. §5 .00 

2 Preñes P §053 A. §5 .00 

i Prosea P §009. 70 .00 

t Cañera C50-P MS .00 

1 Negative Proceaaing Equlpuent. 2,300 .00 

1 Paper Proceaaing Eeulpnsnt. 1,150 .00 

1 Accessories and Canora. OSO .00 

• Roslstlvs OtlUntS 
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UNITED NATIONS INDUSTRIAL DEVELOPMENT OMAMUATION 
Lerchenfelderatraeae, I 
Vienna, AUSTRIA. 

Att.i    Mr. D.C. Newton, Chief, Technical Equipment 
Procurement and Contracting Office. 

Subject:    SPAIN:    Electrical Industry Test Experimentation Cantra 
UNIDO Contract No. 72/17 - Project Ne. SF SPA-012 

Gentlemens 

Pleaae find herewith the Second Equipment Report which coverà 
the specificationa of all other item* of équipement for the laboratories 
that have not been included in the Firat Equipaient Report dealing with 
equipment of long delivery. 

Thia Report is presented in two volumes:    one covering the 
High Voltage Laboratory, the other the High Power Laboratory.   A Hat of 
basic inatrumentation haa also been added with suggested suppliera and 
approKimate value. 

Aa we have Mentioned in other documents, these reports have to 
be read carefully in conjunction with the Final Building Report by the Con* 
aultanta whose services will be retained for the final design for the cana* 
truction of the building. 

It waa indeed a pleaaure to perforât this most challenging stu- 
dy on your behalf and we «ay assure you of our sustained interest la thia 
prejact. 

I 
I 
I 

JPL/cl J I JeanWaul Laloade, Engineer 

Coplea:   Unido - Vienna (6) 
Project Manager in Madrid (2) 
Spanien Government (10) 
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Three phase back-up circuit breakers 

Kake  switches 

TRV capacitors for  test section Ko 1 

Measuring equipment and control   rooa¡ 

3¿ MVA Auto transformers 

Resistor sets 

Reactor coils 

Charing circuit 

TRV Capacitors for test section No 2 

Mecano-climatic chamber 

22 i:V reactors 

16.6 MVA short-circuit transformer» 

27 WW transformer rectifier set 

Reactance» and resistances 

Synthetic test circuit 

30 KV condensers 

Indue tane«« fer the synthetic circuit 

Spark gaps 

Damping resistore 

ti-connect ¿witches  for  the avnth«tic circuit 

IIP 2 

HP 7 

HP 6 

HP 9 

HP 10 

IU' 11 

HP 12 

HP ij 

HP i; 

IIP 15 

h? it. 

HP 17 

HP i¿ 

HP ;-. 

HP 20 

HP 21 

HP 22 

HP 23 

HP 2H 

NQÏE>    HP 2 and HP 7 repise© same »p«cificatieiw formerly supplied in 
First Equipment Report. 
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The present specification covers the requirenents of the Electrical Industry i 

and Experimentation Centre for the supply of three (3) different types of I 

three-phase back up circuit- breakers. They shall be of the air blast type \4 

and for indoor installation. 
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2. DESCRIPTION 

One circuit breaker, identified as article 1, will be located 

between the short-circuit alternator and the current limiting reactors. 

The two other circuit breakers, identified as article 2 and 3, will be 

located between transformers and current limiting reactors. The trans- 

formers will be fed by the network. 

All circuit breakers shall be either three phase units or made 

of three single phase units. All characteristics not specified 

individually for each article shall be interpreted as comir.on for all 

three articles. 

3. STANDARDS 

IEC, Publication 56  ( Edition 1972):  Specifications for Alternating 

current circuit-breakers. 

IEC,  Publication 60:   High Voltage Techniques 

The standards listed above apply except for modifications or 

additions contained in these specifications. 
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4.     FLKfTFJCAL CHARACTERISTICS 

HP 2 

Article  1   |   Article 2      Article   3 

|   Operating voltage kV 
Ì 
j Rated frequency Hz 

Withstand voltage to ground 

| BIL kV peak 

i 

| 50 Hz, 1 r.inute, dry kV rms 

' Short time current, 1 second kA rr.s 
i 

: first oenk value kA peak J 

3 to 14     ;   10  to 25       12,5  to  25   ' 

50 fi 60    i     50 & 60 50 &  60 

95 125 125 

45 50 50 

86 105   ! 35 

260 260  j 87 

5.     BREAKIKG CAPACITY 

5.1    Tbr v  phase,   symmetrical breaking capacitv 

Article 1: 

Article 2: 

Article  3: 

105 kA rns at 14 kV 

35 kA rw at  25 kV 

105 kA rns at 10 kV 

18 kA rms at  25 kV 

35 kA rns at  12,5 kV 

5 • 2   ïlîr££_2l}S52ji_22ÏE,îîî£ÏEi£5l-^IÊ2lsiS3-£§2â£i£X 

The breakers shall be     able     to clear the symmetrical breaking 

capacity with  an asymmetry of 50%.  This means   that at  the  instant  of 

contact separation,   the aperiodic component shall not be less  than 

507: of the peak value of  the symmetrical alternating component. 
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. Article lì 

! frequency of TRV        î  30 kHz 

i amplitude factor of TRV ! 1,7 

I 
I Article 2 and 3: 

' frequency of TRV :     20 kHz 

I amplitude factor of TRV    i     1,5 

j It  is preferable that   the breakers    be   equipped with a 

TRV - damping device. 

5.à    Capacitive Current Breaking 

The breakers of  articles  1 &  2 have to interrupt capacitive 

currents up to 500 A without  restrik.;^. 

All three  circuit breakers  have  to  interrupt  »r.-ill inductive 

currents    reaching 100A while overvoltage» do not  exceed  60kV peak 

for article  1  and 80    kV peak for article 2 and  3. 

In particular,  the circuit breaker ef article  1 vili clear 

such an inductive current at each operation. 
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fr.     \CCTPi:NT,\ì. MVKTX'- CAPACITY 

The breakers shall he capable  te   #1 »upper ting an 

accidental closing operation with the current» listed below. 

The breaker* »tist be able to endure the closed currents for 

i  second.    After sudi a closing  the breakers way be  inspected 

and revised if necessary.    In normal conditions dosino;« will 

be «ad© without current. 

Hftklftft capacity 

Article 1 Article 2 Article 3 

kA peak 1*0 260 87 
VA m« 105 105 35 

?.   ftrynm; CYCLE 

0-0.3 sec. - 0 - 3 sin. - 0, 

The eerepreisei *lr swpply fro« the tut station high 

pt*«Mtre tank v''l be miff le lent to perwlt the circuit-breaker 

to receive the air required for the third 0 w'thln 3 minutes. 
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8. INTERVAL  BETETEN TWO OPERATING CYCLE 

^¡frhe circuit-breakers shall be able to perform two (2) 

operating cycles in 15 min. The Tenderer gives the necessary 

recovery time for the circuit-breakers to be capable to 

perform again two (2) operating cycles in 15 minutes. 

9. OPERATING TTOES 

The arc timo in the main breaking unit shall no1- exceed 

14 ms. 

The Tenderer shall give the mecharical opening time, 

i.e. the time between the electrical order of the operating 

coils and the separation of the contacts.  The accuracy of the 

opening time shall also be given. 

9.2 Closing_time 

The Tenderer shall give the mechanical closing time» 

i.e. the time between the electrical order of the operating 

coils and the touch of the contacts assuring the closure. 
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10. ELECTRICAL ENDURANCE 

The circuit-breakers shall be able to perform any of 

the operations listed below, at any voltages within the 

values specified in article 4, and without inspection or 

maintenance. 

a) A minimum of 6 breaking operations at 100% of the rated 

symmetrical breaking capacity. 

b) A minimum of 15 breaking operations at 60% of the rated 

symmetrical breaking capacity. 

c) A minimum of 30 breaking operations at 30% of the rated 

symmetrical breaking capacity. 

d) A minimum of 80 breaking operations at 10% of ti • rated 

symmetrical breaking capacity. 

e) A minimum of 4 breaking operations at 100% of the rated 

asymmetrical breaking capacity. 

These rainimut* requirements are not cumulative. 
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IT.     MKCflANTCAL  FNTn'RANCf- 

The circuit-breakers shall withstand mechanical]y 5000 

opening and 5000 closing operations without any inspection 

nor maintenance. 

12.     TT-STS 

The manufacturer shall carry out all tests in accordance 

with this specification and the IEC Rules. 

12.1 !£££.. tes ts 

12.1.1 Dielectric tests 

Dielectric tests shall be made on one complete unit of 

each article. They shall be carried out in accordance 

with IEC Publication 60 and the values listed in article 

5 of this specification. 

12.1.2 Short-circuit tests 

Short-circuit tests will be conducted to check the ability 

of clearing the  short-circuits described in  this  s; self ication. 

The tests will be carried out  in accordance with the Standard 

IFX,  Publication  56  (Edlction 1972). 
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12.1.3 Short-time withstand current test 

In accordance with Standard IEC, Publication 56 

(Edition 1972). 

12.1.4 Mechanical endurance  test 

The mechanical endurance  test shall be carried out in 

accordance with Standard   IEC, Puhlication 56   (Edition 

1972)  and  the  following exceptions :- 

- 5000 closing-opening cycles. 

- No lubrification or maintenance is allowed. 

12.1.5 Acceptance of   test reports 

UNIDO will accept as proof of conformity to articles 

12.1.1 to 12.1.4 of this specification test reports covering 

tests made on a prototype breaker. All documents pertaining 

to the tests performed shall be enclosed in the tender. 

UNIDO reserves the right to check any required characteristic 

mentioned in this specification. 
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12.2    individualists 

Individual tests shall be carried out in accordance with 

IEC Publication 56 (Edition 1972), 

13.      CONSTRUCTION 

The circuit breakers shall be indoor types, consisting of 

three  (3) single phase» units or one three-phase unit, trip free, 

with antipumping device.    For a single phase    unit breaker,  con- 

trol and pneumatic diagram must be designed in a manner that it 

will be possible to operate two phases only while one is out of 

service.    The three single phase units shall not trip in case of 

phase disagreement. 

Accessories required for a three phase unit are: 

- safety valve 

- pressure switches.    The contacts shall have an interrupting 

capacity at 125 V of 

0.04 A DC inductive 

0.25 A DC non inductive 

5.      A DC inductive or not 
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The settings of pressure switches shall be for» 

• normal operating pressure 

» reelose lockout 

- close lockout 

- trip lockout 

- emergency lock (loss of air) 

- control of the air control valve (the latter will be 

supplied by UNIDO). 

- filter 

- pressure indicator 

Accessories required for each unit in case of single phase 

circuit-breakers: 

- position indicator 

- operation counter 

- check valve 

- shut-off valve 

- local control  (mechanical or electrical) 

- 4 extra "a" switches and 4 extra "b" switches. A type 

"b" is closed when the breaker is open and open when the 

breaker is closed.   All these contacts shall be insulated 

from each other and from the ground. 
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-   control colli! 

Each pole «hall be provided with a closing and nn opening 

coll.    They will receive an operating vol tag« of 110 V DC, 

Th« control elements shall be arranged so that their 

characteristics can be checked on the site. 

The control equipment shall permit «ingle   phase and three phase 

operation of   circuit-breaker«. 

•   Consumption: 

The Tenderer shall indicate the maximum eonaumption of all 

control circuits. 

la.    (mW!®tHC 

Alt the non-conducting stetal part« »hall he connected t© 

the teat statlor     grounding ays te«.   The manufacturer «hall 

supply the connector« that link the twitches to the grounding 

ayate«. 

15.   OAtVAKUtSO 

All steel part« «hall bs galvanise*1 in conformity with   European 

standards equivalent to ASTM Standard» A-123   and A-t33. 
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ffct MHntfMtWtr It â«9it«tf te M§s«st   *** alternativ* 

tMt «iy MAW Muy or p«r»lt §fttt«f MM of installation or 

tton. 
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The present specification covers the requirement« of tîr? Electrical Industry 

and Experimentation Centre for the supply of three (3) different sets of make 

•witches, each set consisting of three (3) single phase units. 

fi 
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2. GENERAL DESCRIPTION 

The nakc switches shrill be of the compressed air or sulphur 

hexafluoride (SF,) type, and for indoor installation. They are 

divided in three (3) sets of three (3) units each, identified as 

article 1, 2 rmd 3. Characteristics not specified individually 

for each article shall be interpreted as common for all three articles. 

The make switches will be used to close synchronously the short- 

circuit in the High Power Laboratory. The power will be fed by 

an alternator for article 1 and by the network for articles 2 & 3, In 

both circuits, tests will be carried out single or three-phase. 

3. STANDARDS 

IEC    Publication 56  (Edition 1972): 

Specification for alternating current circuit breakers. 

IEC    Publication 60:    High voltage test techniques. 

I 
I 
I 
I 
I 
I 
I 

The standards listed above shall apply except for modifications 

or additions contained in this specification. 

4.      QUANTITY 

Article 1: Three (3), single phase, identical, interchangeable, 

for indoor installation. 

Article 2: Three (3), single phase, identical, interchangeable, 

for indoor installation. 

Article 3: Three (3), single phase, identical, interchangeable, 

for indoor installation. 
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5.     ELECTRICAL CHARACTERISTICS 

Article 
1 

(Operating voltage kV    3 to 14 

Rated frequency Hi 

Withstand voltage to ground:        i 

BIL kV peak! 
! 

50 Hz, 1 minute, dry       kV rrs j 

Withstand voltage between 

contacts, during 5 cycles   kV peak 

Symmetrical closing capacity 

(Duration: 5 periods)      kA rras 

Asymmetrical closing, capacity 

(I  period)       kA peak 

Article 
2 

Artlcic 
3 

10 to 25 

50 and 60 ! 50 and 60 

95 

45 

SO 

105 

260 

125 

50 

( 

|    110 

j 35 at 25 kV 

i 105 at 10 kV 

W kA at 25 kV 43,5 at 25 kV 

¡260 kA at 10 kV 8? rt 12,5 kV 

12,5 to 25 

'0 nrd 60 

50 

no 
17,4 at 25 ì V 

35 nt 12,5 kV 

Short-time current: 

l 1 second 

! firnt peak value 

kA rms 

kA peak I 
J» 

86 

260 

105 

260 

35 

8? 

6. OPERATING TIME, ACCURACY 

The tenderer shall give the mechanical closing ttwe. I.e. the tir? 

between the electrical order on the operating coil and the touch 

of the contacts assuring the closure. The aceuraev of th!»  lowing 

tire shall be ±0.3 rta   or better, for any condition described tn thi« 

specification. 

7. ELECTRICAL ENDURANCE 

The tenderer shall guarantee that the «vitchea can aunport the **cl©aifiR' 

operations at the percentages of symmetrica! and aayfswetric.il e le* inj, 

capacity specified below, without adjuatimmt or raintenance, while 

maintaining the sane accuracy for all cloainp, operations, 
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t of symmetrical ma asyowotrical 

§ iettai capacity 

109! 

im 
im 

Closing 

opérations 

100 

The Manufacturer 

«hall pçive  the 

valúen at these 

capacities. 

However, It »boula be noto«' that thee« performances are not cumulative. 

••   w&mmkJ^mem 

The switches shall IM capable of supporting at least 5000    no-load 

"opening-closing" operatiene vitbout adjuntoent or maintenance, 

while maintaining the «an« closing tie« and accuracy. 

*•    QffMtm ctcu 

C-0.Jsec-C-3 ni« - C 

For conpreeeed air wake switches, the toot elation   air supply vili 

•e auffietont to permit the make switches te receive the air required 

for the third closing operation, within 3 minutes. 

|0«   WfgWAli iwircra tua flrw^tywc creta 

The mike switches shall be capable to perfora an operating cycle 

overy IS wlnutee. 

11. COKTHOtS 

ft*p control* stall bo oopelleé' ani litote II erf inside a cubicle and 

ojMinvctei to tito latter by a control eable with removable plugs. 
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The cubicle shall be attached to the mounting frame of the switch 

and shall be large enough to permit all the control and auxiliary 

circuits to be connected on the terminal blocks. The cubicle shall 

be capable of being locked with a padlock. 

The control elements shall be arranged so that their characteristics 

can be checked on the site. 

The control equipment shall permit single and three phase operation 

of the make switches. 

11.1  Control coils, voltage. 

Each pole shall be provided with a closing and an opening coil. 

They will receive an operating voltage of 110 V DC. 

11*2  Local control 

A manual emergency control shall be provided near the make switches. 

11*3  Operations counters 

Each pole shall be equipped with an operation counter. 

11.A  Auxiliary contacts 

In addition to the contacts reserved for operation of the make 

switch, each pole shall be equipped with six (6) type "a" contacts 

and six (6) type "b" contacts. A type "b" contact is closed when 

the make switch is open and open when the make switch is closed. 

All these contacts shall be insulated from each other and from 

the ground. 
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H«5  Consumption 

The tenderer shall indicate the maximum consumption of all control 

circuits. 

12. TESTS 

The manufacturer shall carry out all tests in accordance with this 

specification and the 1EC Standards, in all that applies to make- 

switches, subject to the changes or additions contained in this 

document. 

12.1 Dielectric tests 

Dielectric tests shall be made on one complete make switch of each 

article.    The voltage shall be applied: 

a) to the ground, with the make switch closed and, 

b) between current entry and exit, with the make switch open. 

The tests shall be carried out in iccordance with IEC Publication 60 

and the values stated in Article 5 of this specification. 

12.2 Closing tests 

Closing tests shall be done on one complete unit of each article. 

The test procedure shall be in accordance with IEC Publication 56 

as far as it applies for closing operations, with the test program 

listed below and with the values given in Article 5. 
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Test program» 

a) ten  (10) closings,   i.e.       five (5)   symmetrical and five (5) 

asymmetrical with the rated current    and the maximum available 

voltage.    Duration: 5 periods. 

b) ten  (10)  closings,     i.e.     five (5)   symmetrical and five (5) 

asymmetrical with the rated voltage; and themasciuum available 

current.    Duration: 5 periods. 

The closing time shall be checked   in each test.    Changing of parts 

will not be permitted during these tests. 

The manufacturer shall also carry out thirty (30) no-load operations 

of the make switch under test    and note the closing time after 

each operation. 

In addition to the closing capacity, the acceptance standard of 

the make switch is also based on the closing time tolerance.    The 

closing time for each test shall not exceed the tolerance guaranteed 

by the manufacturer. 

NOTE: 

The choice of the test station is left to the manufacturer, however 

the name of  the station must appear on the Tender Form. 

12.3     Short Time withstand current test 

This test shall be carried out on one unit of  each group in accordance 

with IEC Publication 56  (Edition 1972),  and  the values listed in 

Article 5.    Exception:    The make switch shall not be closed previously, 

it shall close on the short-circuit current. 
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12.4    Acceptance conditions 

The acceptance of the switch is based on the following conditions? 

a) The make switches meet the characteristics of this specification. 

b) No sign of damage shall be evident during and after the teats, 

except the wear of the contacts. 

12.5   Responsibility for conducting tests 

The manufacturer is responsible for carrying out tests on one unit 

of each article only.    Other units will be subjected to the same 

tests after they are installed. 

12.6 Changes after testa 

Any change or modification made to the first switch after testing 

shall also be made to the other units. If the Purchaser consider 

the changes major, the switch is considered to be new and all tests 

must be repeated. 

12.7 Acceptance of test reports 

UNIDO will accept as proof of conformity to article 12 of this 

specification test reports covering tests made or. an identical 

unit as proposed in the tender. All documents related to tests 

made shall be enclosed in the tender. 
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13. UNDING 

All the non-conducting metal parti shall be connected to the 

test station grounding system.    The manufacturer shall supply 

the connectors that link the switches to the grounding system. 

14. GALVANIZING 

All steal parts shall be galvanised in conformity with European 

standards equivalent to ASTM Standards A-123 and A-153, 

j 15.    AATEffAHVE 

| The manufacturer is invited to suggest   any alternative that 

may save money or permit greater ease of installation or operation. 

I 

!   » 
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1*    TW« specification «over« tn« r*«iuire»ünta of the 

Eisctrical Industry Testiti« and Experimentation Center, 

for th« supply of the TRV control capacitors for test 

section Not 1 of th* H.P. Laboratory. 

Thoa« capacitors shall be designed for use also as the 

capacitlv« load during energising and de-enorglting 

tosta on capacitor banks. 
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2. Cenerai description, 

The capacitors described in this specification will be used for 

regulating the transient recovery voltage produced across the 

terminals of circuit breakers under test when the short-circuit 

current is interrupted. 

This voltage may bs considered as the sum of two components: one 

periodic, at power frequency (50 Hz), the other oscillatory at one 

or several frequencies or non-oscillatory (exponential, for instance) 

or »ay be a combination of these, according to the characteristics 

of the circuit and the breaker. 

In three-phase circuits, the transient recovery voltage to be con- 

sidered corresponds to the pole on which the arcs are first extinguished 

since this voltage is generally higher than that on th<.> other two poles. 

System frequency f s 50 Hz 

£ - transient frequency 

When U v 24 kV rms f will be between 6 kHz and 28 kHz 
no 

kV The first crest may reach a value equal to 1.5 x 1.8 x U ]J 2 J /l * 53 

When Uft * 245 kV rms f * 1,5 kHz through 6 kHz 

The first crest may reach a value equal to 1.5 x 1.8 x U Jl¡ /Í3 * 540 kV 

Reelosing cycle 

In the case of rapid reclosing of the breaker, i.e. opening-6-closing- 

opening, where Ô is the opening dead-time of rapid-reclosing breakers 

(approximately 0.3 s), the capacitor remains energized at power frequency 

(50 Hz) for 0.3 seconds after which it is short-circuited for 0.15 to 

0.30 seconds. 
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Simplified diagra« of test circuit 

Back-up circuit 
br«qk«r 

Ò « 

r-0acK -up 
\ breaker 

Ù—' 
V«-A/-A 

Polt ef the circuit 
breaker which 
interrupts first 

When the break is successful,  the 
transient recovery voltage TRV  (t) 
takes the form below: 

T*V 
i 

/"•   t 

hA/J% /- t • IO Hl Ä 
\ 

15*1.81 

ß xl 
/ 

t 

A _^ Approximately 3 cycles before the 
y 

kick-up eireuit breaker opens 

Current 
interruption 
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Failure to break 

In the case of failure to break, i.e.  if the breaker under test 

restrikes, at the moment  the TRV reaches its first crest, the 

capacitor discharges  into  the breaker almost  immediately.    Thu 

discharge frequency can reach a value above 60 kHz. 

Some fifty (50) short-circuit tests will be performed daily 

in the high-power laboratory. 

The capacitors will also be used as load for energizing and de- 

energizing tests on capacitor banks using circuit breakers and 
switches. 

Below is the simplified diagram of a test circuit: 

Back-up circuit 
breaker 

IW2A/3 y« 

r- Pol« of circuit breaktr 
\ under test 

•O*^©- 

Momtnt of 
breaking 
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A restriking circuit breaker or switch, followed almost imnedlately 

by a second break in the capacitive current, would take the 

following formt 

Moment of 
restriking 

Moment of 
second breok 

SV» 

Approximately 
5 secondes 

Approximately thirty (30)  to fifty (50) energizing and dc-energizing 

tests a day will be performed in the high-voltage test station during 

capacitor-bank switching tests. 

Short circuit and capacitive-current breaking tests will be single 

and three-phase. 

3. Standards 

I. £. C. Publication 70 (1967) Power capacitors 

The above standards are applicable, contingent on the modifications or 

additions specified herein. 
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the capacitor« »hall b« tln«l«-ph«M( Si Hi, for m^êmt •«rvj,-#. 

4.i £»àll»I JL«flP*'â*M»â 

Xhe ambiant t««B«ratttff« will v*ry >«tw««a 0°C nn»M0°C, tw**v«r éurin« 

d#liv«ry,  tewperitur«« tetMM« -40°C mé»»Oe€ »wat k« taktm ini« 

account. 

Capacitor uniti    1.2 uw ^    SJj 

ghort-ti»e volt««* ( ¿ 0.30 b.)»    IO kV tu 

*bort-ti»« reactivo pmmti 37.7 kVAt 

iBipuU* withstaod voltato with roafoet ta contala«?! tj kV, crvot 

With»tao4 volta«« «e «attor froquoacv vita roopoct to 

container: 30 kV ras 

Withetttnd volt*»« botvooa torwlaalat  * 4S kV 4.e. 

lato4 volta§# oa buahlafoi 12 kV m 

lato4 ir«<|u««cyt  50 Hi 

Naturi ttmmtmncyt ¿ M UU 

Gontaiaeri ataiftloaa atool« palato4 fot «wtéaof «M 

Quaatity r«q»iro»Ji 144 • 10 «fai« uàil«   • IH. 
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4.3 ¿n|l§l!a|lf^H V*t W%l».0ll. 

The   total Runocr of  144 capacitor« will   bo divided  In  four  groups, 

each having Jé capacitor units.     Each r,<i,up will  be  installed on 

«a  insulating Mtpport having a L1L ut   3)0 kV. 

Within  the urottp  of   3* units a  system of  r.anual  connect J on will 

fc# proviene p«rwittini ta put all 16 units either in parallel or 

iN  ««rie« m in an*  intermediate connection between  the  tvo  extreme 

ca*en> 

Th« caaxistusi rated  voltage ol   a  «roup will  be  144 kV and  tin 

insulation »etveeti the terminals of  the units and collector  bars 

Mill correspond to that voltage only. 

it  «rill  km posai©!«  to create  a  three-phase  capacitor bank,  using 

thru« ®i  the fear above «.cnticmed groups either  in star  or   in 

delta or a single  phase group usi»»',  all   lour «roups.     In  the   latter 

can« tit« nid-point will be  eventually earthed and the  bank  will  be 

connected between  two terminals of  the  test  circuit. 

ite« Inters at» required fer discharging the capacitor», HUT testing. 

In* typ# and valu*« of these rosistors «hall be defined according to 

th* »Kühne of capacitors In each group. 

ihe   teiUUrvr sitali,   in his   ten*Ur,   give   the  value  oi   the   peiT..Usible 

ctiwsiissjMus rtettiv« pmwr tot tlw canne i tor.    ftw continuoun reactive 

t'*jwt nf  • c«p««Uor as defined aa I He product of  the  r ued  voltage 
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multiplied by the permanent current that a capacitor fun withstand 

indefinitely with a temperature rise not exceeding 35°C. 

4.6 D. ischarge_ jtime 

When removed from the charging unit, each capacitor must be able 

to lose not more than 107.  of its initial voltage in 5 minutes. 

* • 7 £aBg£nJL £f_the__loss_ angle 

The tangent of the loss angle shall be equal to or less than 2_ Watt 
" kVAR 

5. Construction 

The dielectric of the capacitors shall be chosen by the .supplier 

to comply with the stipulated conditions. 

The containers shall be of stainless steel and painted for outdoor 

installation. 

The capacitors shall be equipped with external discharge resistors. 

Internally mounted resistors will not be accepted. 

Each capacitor shall operate in either vertical or horizontal 

position according to the suggestion of the manufacturer. 

6. Tests 

6.1 in¿ivi¿ual__teat8 

The following tests shall be performed on each capaci tur: 

- measurement of the capacitance at rated voltaje ¿"¿  fr^queiifv. 

Capacitors with values deviating by more than +LU/.  or by less 

than -5% of the capacitance values stipulated shall be rejected. 

- meaaurenent of tangent of th« loss angle at rated voltage and 

frequency. 



- 9 - IIP 8 

- impulse withstand voltage  (crest)   with respect   to  tin- container. 

- withstand voltage at power frequency  (50 Hz)   for one   (1) minute 

between terminals. 

6.2 Wi£hj8tand voltage, test 

The  following test  shall be performed on each group of three  (3) 

series-connected capacitors: 

withstand voltage  at power frequency  (50 Hz)  for  1 minute between 

the  terminals of  the first and third  container. 

6.3 Thermal stabilJLtx t_e£t_and_t£Sjt for  leaks 

The following tests shall be performed on one container of each  type 

of capacitor: 

Thermal stability:   the temperature  rise of the container of the 

capacitor supplying  the continuous  reactive output  shall not exceed 

35 C  for an ambient  temperature of  40 C. 

Test for leaks. 

6.4 Dischat$e ¿est 

The capacitor shall be short-circuited under a voltage of 20 kV d.c. 

This  test shall be  repeated five hundred (500)   times.    Before and 

after  each series  of 50 consecutive  tests, the capacitance, tangent 

of  the  loss angle  and ionization shall be measured. 

These  successive measurements shall  show a definite  tendency to 

stabilize.    Any variation in capacitance and/or   tunj.cni oí  the  loss 

angle and/or ionization will be acceptable on condition that it 

diminishes as the  five hundred tests are carried out. 

If  the variation is constant or shows a tendency  to imnase, the 
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capacitor will  be rejected unless   the Manufacturer prefers to continue 

the tests until  the capacitance,   tangent of the  loss angle and 

ionization measurements are stabilized. 

Rejection of any  type of capacitor  implies that  before the others 

of the same type are accepted,   the discharge  tests have to bo repeated 

on three (3)   other capacitors of   this same type. 

6.5 Fun he r_ ¿ondltipn £f_a£C£p tane £ 

Capacitors shall show no sign of  damage either during or after  the   tests. 

6.6 Responsib>i¿i¿y_f£r_Usiting 

The Manufacturer shall be responsible for carrying out all the tests. 

6.7 Modif_Í£ajtÍ£ns  íplíayin^ test£ 

Any modification that is made to  a  tested capacitor shall be made  to 

the others of   the  same type.     If,   in the eyes of   the Purchaser,   these 

changes are major ones, the capacitors will be considered as new and 

all tests shall be repeated. 

1* Additional prices 

*• * ¿P¿c¿ai tp£ljg. 

Additional cost  for special tools required for maintenance: 

$  

A detailed list of these tools and their unit price  is included. 

2.  Superin tendentes. 

If UNIDO requires one of our superintendents to be on the Laborato- 

ry site during assembly and acceptance tests,  the rate pet diem 

will bet 
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Travailing expenses for the Journey to and from the site from 

our pianti 

I  

Pertinent technical data forming part of our tender 

1) General description of the capacitors: 

Description enclosed  

2} Preliminary drawings of overall dimensions showing the electrical 

connections between capacitors (containers) and the rack« 

supporting the capacitor assemblies. 

Description enclosed  

}) Indications of the capacitors' weight. 

Description enclosed ......**....  

4) Description of the dielectric of each capacitor. 

Description enclosed  

$) Maximum temperature rise of the dielectric of capacitors when 

producing continuous reactive power 
o 
C. 

I) Loss in each type of capacitors 

 Watts. 

7) Maximum current on closing at rated voltage (without residual 

voltage). 

 A (crest). 
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8) Switching overvoltage between terminals during, the capacitivo- 

current interrupting tests,  taking into account the possibilities 

of restriking by the breaking equipment under test. 

 kV (crest). 

9) Natural frequency of the capacitors. 

 kHz. 

10) Testing equipment at the Manufacturer's disposal. 

Description enclosed.  

11) List of accessories. 

List enclosed  

12) Manufacturer's experience and list of capacitors he has already 

built. 

List enclosed  
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It    the Maturing equipment for the 2100 MVA test section and 

500 MVA test section is specified.   The control system and the 

measuring cable layout is described with reference to the 

grounding system of  the laboratory. 

An outline of the measuring équipaient and control system of 

the high current and direct current section aa well as the 

synthetic teat section is given. 
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1.   THE 2X00 MVA TEST SECTION 

1*1  Measuring equipment 

1.1.1 Voltage measurements 

As a basic equipment three voltage dividers are necessary, covering 

the measured voltage range from 15 kV peak, up to 150 kV peak value. 

The dividers will be permanently installed preferably on a framework 

gate structure, which supports insulators over the test yards. 

The capacitive dividers having the high voltage arm capacitance of 

500 pF are suggested. The high voltage capacitors must be housed 

in porcelain and must have stable capacitance value in the operating 

temperature range. 

The divider output signal can be measured by various measuring 

instruments having high input Impedance, but the cathode ray oscillo- 

scope with multiple beams is recommended as a standard monitor. 

Concerning the oscilloscope parameters a reference is made to the 

instrumentation list which is enclosed in the report. 

The frequency passbandwidth of such oscilloscope reaches 40 kHz 

and this determines the required passbandwidth of the capacitive 

divider. Presuming that the maximum voltage recorded by the oscil- 

loscope equals 100 V peak, the voltage divider ratio is to be 150:1 

and an additional attenuator should be provided. The attenuator 



IIP 9 

- 3 - 

must have calibrated division ratloa fro« 10:1 to Iti in four 

steps and having the input impedance of a few megaohms. 

The measuring cable connecting the divider with  the oscilloscope 

has to be of  the coaxial style, preferably type RG/218U or equi- 

valent.    Each cable has to be laid in a separate steel pipe and the 

outer shield of  the cable must be grounded to  the laboratory grounding 

not at the two ends.    The steel pipe is connected to ground at these 

two points, as well. 

1.1.2   ÇH£E£2£-2£25H£S2£2£2 

The test current is to be measured by three current transformers 

permanently installed on the reactor    building  roof.    The transfor- 

mers are covering the measuring range up  to 65 kA and their core 

should be large enough to assure undistorted measurement of  the 

asymmetrical short circuit current. The degree of the current asym- 

metry is given by the time constant of the aperiodical component of 

the short circuit current.    This time constant  can be as long as 

200 ms,  and the amplitude of  the aperiodical  component can reach 

100% of the short circuit current.    The nominal power of the trans- 

formers should not be less than 20 VA, and their precision of 0.5 

class.    Transformers of such type are manufactured for instance by 

the Company Waiter in France. 

To cover the whole measuring range, the transformers are equipped 

with taps on their secondary windings and (preferably a remote 
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controlled) switch changing the tran«former ratio. The switch 

should be of the "make before break" type. The low impedance 

cables(Which connect the transformers with the monitors located 

in the control room, should be laid in steel pipes, installed under 

the test yard grounding net, each cable in one pipe. It is recom- 

mended that each twisted pair of cables he installed permanently in 

a separate steel tube connected to the laboratory ground at the 

two ends. 

In addition to the fixed measuring apparatus, there are also mobile 

ones and extra measuring cables must be provided for such devices. 

These cables should be terminated in a steel box or well located 

close to the expected grounding point of a test object within the test 

yard. 

1.1.3 Addit¿2B2i_£3üíE2S2Î 

The recording instruments are the most important and expensive 

part of electronic instrumentation. For the short circuit phenomena 

the conventional strip chart galvanometer (for instance the "Visicorder" 

type manufactured by Honeywell Inc.) is recommended in the instrumen- 

tation list. 

The basic measuring devices, namely voltage dividers and current 

transformers should be completed by a set of shunts. The shunts are 

utilised for accurst« measurements and their calibration can be easily 

checked with an ordinary Thompson bridge. Besides, their paaabandwidth 
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exceed» largely eh«   one of an ordinary current transformer, 

making possible the faster transients measurements. 

Tliu recommended set of shunts contains three units, designed 

for nominal currents 100 kA, 10 kA and 1 kA.    The shunts should 

stand the nominal current of 0.1s duration and the resulting 

temperature  rise should not change their nominal resistance by nor« 

than 0.3%.     The nominal output voltage of  these shunts should be 

of IV level. 

1*2.      Control room equipment 

Two permanent structures will be located In the control room, 

namely a control panel for the operator and a console with cable 

terminals. 

The control panel contains a system of switches enabling the 

operator to perform the test and to supervise the test area  interlocks 

and protections. 

The principal test switching operations are timed by an electronic 

programmer which is located in the control room.    As an additional 

equipment a mechanical cam is recommended.    The output signals of the 

programmer are  transmitted to the breakers by a system of  screened 

cables.     Resides,  the programmer gives a triggering signal to the 

oscilloscopes.    There are different screening requirement« concerning  the 

cables used for Measurements and for control circuits respectively, and it 

is important to design properly the layout of all cables cowing into 

the control room. 
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Tb« transient voltage measurement» at that level can be performed with 

a «tit of capacitive or resistive dividers. The dividers can be 

mobile and designed for outdoor operation. Besides, sets of poten- 

tial transformers (P.T.) should be provided for measurements of the 

industrial frequency voltage. 

The P.T. must be of 0.5 class at least, 75 VA and they have to cover 

the measuring range from 2.1 up to 28.5 kV. The P.T. can be perma- 

nently installed at the bus bar entering the test cell. The current 

measurements can be performed by using a set of current transformers 

(C.T.) designed for the measuring range from 10 kA up to 109 kA, 

with the precision class 0.5 at least and 20 VA minimum power. 

The secondary winding of the transformers should have a system of taps 

for different current levels. The C.T. should be of a special design, 

having the magnetic core dimensioned for a high saturation level, in 

order to reproduce the aperiodical component of the short-circuit 

current. Such C.T. are manufactured by specialised companies, 

the Walter Co. for instance. 

The C.T. should be located at the bus bar entrance to the test cell, 

preferably on the bushings. Du« to a relatively short distance between 

the 500 MVA test cells and the control roo«, an automatised system of 

tap »witching on the C.T. secondary windings can be considered as 

an option. 

Th* current Measuring equipment should be completed by a aet of 

M hunt a, but these shunta can alao ba ahared with the 2100 NVA teat 
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suction.    Their measuring range and measuring properties are 

basically the same and it can rarely happen that the two sections 

will use their shunts simultaneously. 

The cables  connecting the measurinß equipment with the control 

room should be  laid  in steel pipes, one  cable in each pipe.    These 

pipes should be installed under the grounding net of the  laboratory. 

One end of  the measuring cables must be   brought to a steel 

console in  the control room,  the second end of each cable should 

be terminated at the permanently installed measuring apparatus or 

in a steel well located in the  test cell.     The steel well  should 

not interfere with the transportation or displacements of  test 

objects  in  the  test cell area,  but It must be situated close to 

the principal grounding point of the test object. 

The importance of these two requirement should be particularly 

emphasised  in the case of high current measurement. 

2.2     Control room equipment 

The 500 MVA section control room equipment  Is basically the same 

as the 2100 MVA section.    The recommended layout consists in a centrally 

located panel which alto enables the operator to have a visual control 

over one of  the two test cells.    The concole containing measuring 

cable terminals should he installed In such a way  aa to assure an 

easy accesa  to the cables. 
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The test preparation should be ordered and controlled by the 

operator from the control panel.    The dial system and an electronic 

programming network are the complementary devices assuring a proper 

sequence  and  timing of  the  test.     The dial, positions  in the  500 MVA 

tent section correspond to  the grounding switches and disconnecting 

switches operation as well  as the warning lights   interlocked  with 

them.    The breaker operation is controlled by  the electronic 

programming system. 

The auxiliary equipment of the control room consists in the measuring 

instruments (as listed in the enclosed paper) which can be shared 

with the  2100 MVA section. 

3. OUTLINE OF THE  EQUIPMENT FOR THE HIGH CUftltENT AND DIRECT TEST  SECTIONS 

Measuring equipment  for the high current section consists of special 

current transformers having the measuring range  extended up to 300 kA. 

In factt only one transformer with such high rating is required for 

the single phase  tests.  For three-phase test a   set of  three  current 

transformers is needed having   a 200 kA measuring range. 

Besides, a set of three tubular shunti is required for both high and 

direct current  sections.   These «hunts should cover the Measuring range 

of the short circuit current fro» 7.5 kA un to 45 kA.    The duration oí 

the short circuit  is 0.5s and the «hunt  should  keep its nominal  value 

within 0.3.1 accuracy limits during the test.    The maximum slope oí 

the short circuit current is ©Í 1.10   Kfm order. 
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For thermal Ceste another set of shunti li required for the 700 A 

to 4.5 kA range « but their design should provide  for a continuous 

operation,    These shunts can be of the flat plate style which  is 

known ,is M Weston type ", 

OUTLINE OF THi:  EQUIPMENT FOR SYNTHETIC TEST SECTION 

Thy measurements related to  the operation of the  synthetic test 

circuit consist  in the simultaneous recording of  relatively fast 

voltage and current  transients.     Consequently,   the requirement 

concerning the measuring properties of the applied instruments are 

higher In terms of the response time and the efficiency of screening 

against interferences, 

The «axi«u« voltage  to be Measured  ia 1150 kV having   a    maximum 

9 
slope   ef      5.10    V/S range.    Consequently a 1200 kV divider  is 

required with the response tine not larger than 100 ns, This divider 

will be principally used for the snort line test where high frequency 

component a of the Measured voltage should be recorded without distor- 

tion up to one mcguherti. 

In addition an auxiliary divider ef 500 kV «•••«•ring range is needed 

for various measurement« on the synthetic tsst circuit.   For current 

!B4'«a#rt'»ent!* special current transformers «re necessary having 7 kA 

rated primary current and 10 kV insulation,   They should be of 20 VA 

power and 0.5 precisión class. 
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For certain test shunts will be used but they can be borrowed 

from the 2100 MVA test section. 

The synthetic  test is controlled from the main control room.     For 

this purpose   the control panel should have an additional section. 

This section contains instruments  indicating the charging voltages 

and a remote  control of the grounding switches and interlocks. 

The position of these switches is  signalized on tht panal.    Besides, 

a remote control and signalization should be provided for the laser 

which serves  for triggering the main gaps. 
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PRICE LI ST FOR SMALL EQUI PMENT 
~ IlICÎf POWER LABORATORY 

¡JlJANJJJTY DESCRIPTION UNIT  PRÏCF TO Í A!. 

2 OKC.ìI I cscope  "Harón"   -  K1)F,   FRANGI: 

1 Storage  oscilloscope   (Tektronix 7514) 

2 Dual beam oscilloscope   (Tektronix  565) 

2        Oscilloscope camera,  probes for high voltage and high 
curt« nl we.inurement a & additional  equipment 

Galvanometer    -    Oscillograph (Visicorder Honeywell) 
(150iv\) 

Streak framing high speed camera  (Dynafax 350) 

Precision millivoltmeter 0,2% 

Set of shunts  for AC measurements   (Weston) 

Precision umrceter Sa  0,19   (Weston) 

Precision current transformer 12000 - 10 A, 0,1% (ll&B) 

Multimeters  (Multavi-Norma) 

Portüble capacitance-inductance meter  (Kapavi-Norma) 

Laboratory RLC bridge 

Megger 1000 V 

Thompson Wheatstone bridge & power supply 

Resistance Standards  10 ufl - 10 Q 

Null detector  (,1 uA - battery supplied) 

Wattmeters 0,2% with external shunti 

CoafI  - meter 

Frequency meter 

Set of technical instruments 15! fer voltage and 
current measurement 

Resistance and  capacitance decades 

$ 21,500 

5,000 

4,000 

6,000 

$ 4 3,(V.). 

5,000. 

8,000. 

12,000. 

8,000. 8,000. 

12,000. 12,000. 

800. 800. 

1,600. 1,600. 

700. 700. 

700. 700. 

200. 1,000. 

300. 900. 

1,000. 1,000. 

500. 500. 

2,000. 2,000, 

«00. iOO. 

400. 400. 

1,000, 3,000. 

KW. WO. 

200. 200, 

SM, 500. 

500. '>•>•', 

HO.',' 
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phaaca autotreni* former for the iooé breaking teats  In Che 

Nigh Power Laboratoryt rotei voltato IS kV, rated poor 34.6 WA 

ft» ««»fly incttnfea engineering, oaajufacturlo», tenting *mi 

ehipawot of the ««to tra* a termer ahmt with «nUtaty équipant 
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2. CENT PAI. pEgmrnoN 

Tlie autotrans former will be used in the Test Section No.  2 of the Hiph 

Tower Laboratory, mainly fer teats eti load Switches,  fuses, etc... 

As shown en ninglc-Jine diagram in Fip.  1, the autotransformer will be 

connected on the load aide of the apparatus under test.    Hie primary 

will be connected to the lead terminéis of the apparatus under test and   the 

secondary will  feed a combination of the load resistors and reactors, 

The effective inmedance of the load and its never factor» seen fro« 

the terminals of the tested anneratila, will be adjusted by using an 

adequate reactor and resistor connection and an adecúate transformation 

ratio of the autotransforver. 

The source fcodlnr this «utotran«fermer will he a short-circuit 

transformer set rated at 560 MVA thre*-nhas# short-circuit capacity, 

3. CEKEKAJ, cHAWACTEnimc» WfD mmmwm 
—*••'•*• " """•" •' ' • • •-»——«—•••• • «i» i   —......   —.,-,,., m 

the autetrfttMfomer «hall be three-phase , »meter type, #il ieatereed, 

with • conservator tana.    Rated ttmmmmf shall be 30 Ra. 

Fir* 2 thews the connection di afra« of ene ntuwsj, 

rie,  3 theMthe three-nhase test cmwai tiene, 

rip, 4 all«*« the atftele«*4iaee test 
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At    Apparat UH under test. 

Autot rant ferver l«fcé«MM. 

Xf>t    Load reactor» 

•^.t    l.oaa* ftalatPT. 



Iff It 

Str.; îv  st.!-    (0»#> 

liMí'iiJilt 

iMHlé   «Iff«-   f#»0> 

llfíiMlf«;*  rrr. -t«'f 

t-'VI **:     íf*ft*v   «*«,     ft»    it.í    t !. r, ,    <} 

rtr. ^ 



1- 

I)   itataMrtMMM, lamia» 

0 

§* 

e 

o-tt 

* 

9 

10 #*ti trtf 

•L*** 

Hi,  «1 



U^ltoil&jtetuteÄttLÄ 
*  »  . M ili 

M 
• - 14,4 MP 

- 3 

» 

-••* >^y< 

» 

: 

1 J 
t«  ««Ma   fi 

' CljJjiUJifi »UM iW A-M*... ^^.JCJuLIJL^BjKji J. 

Î M kV 
— *V ~1 

m—»0 

1 

• 

yi# 

ri«, #4 



A.I frlr*»»*! 

4.1.1 

%** 

f. IO 

»4.4 k¥ 

ft»» fl*# f< ») l,i 

2».« IV 
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«fWf •• 

§•1*1 

f*» ftl tffv« *f #««• •»#!•» •*•!! to «mite*!*! 

. MAf,rt ptrM rf 1 wrari a toxiMl Mi  fl*lv ONt li 

«mi « r*f Ici «f tfcfw» «liMitM tot«»»« «M*« t*lt*f*l to a 

• HlAIutt«« IMI •«»*•#»• tv» •##«*•*• fült«i0á to i tmìU 
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M»ê IMA 
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Tw» |f| If«*« 99 AM? •?•!•• •*• f*Mtfet«t 

|1M^ If*** wl*ti A fmftmé ©f S »Im««« 

- Ifcr fwftvd e^ft^t  f»f It* (Ml) rwMMMUltw 

fifty 

». 

«    f»ttfn<V<l 

4.1 

4.l.t    f 

«g*r • 14.* 1* 

UM t*a im* **tt 
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*>»4ni*m ww Milita 
k»M*r xt  t    140 kV 

r»r Id« f«llewtftf  UDII 

«.ft kV j    140 fcV 
21.5 kV 1     12* kV 
3», 0 kv !     112 kV 
I7.S kV t       9* kV 
1*,© k.v i       M IV 
11.S kV t       ?» kV 
10.0 ItV :       5* W 
f.S H i      4Î kV 
I.i kv t       M kV 
I.S kr 1       14 kf 
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2MV2300 ¿i««fa 

I.   i    If kf 

é.t.S 

— liai v*lt«f«. k* lH# r*f4 
ft H^NM 

ma iw ^T, 

tu ili» v lue tu» #f Mt à) 

M.* WA 
!*.• WA 
14.A WA 
14.• WA 
H.* WA 

ît.l» WA 
ÎH.i WA 
19.4 WA 
4.1 WA 

4.1 

•*• tpMtftfjtJ Mr t*» 

•WW»ill  PI•Ml 
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- II - 

Tilt «ut »t rana femar ihall *• emtìm* t« atta a taj* that It •«* fea 

contiruoualv contiectcd *t no laa4. 

The nutotr*n«fortror •*** «IM k* CìMM» of «fatlvarffit  ita »•»ft-tti* 

fatad navtr f«*f ©ne  (1) Mcon«* («OO A in ett* vMmHnr >  * l<u^r^ airi 

fifty  <IW»  ti»*« with 3 parlad #f ttirM ri nut»« bafwi« th« «hit«, 

relieve N a eeoltnt-aff mtt»é ©f tati <im havra.    THa anatra«*» 

f©Wc«r anali  he capale nf «tellvartiif ita «hert-ti«*  rata** nana* ¿afta* 

a 10 serena* r*-rto«4,  folloved hy a If hour ecollna-of évratlra.    f!i»a# 

«foratili« évttaa mmv H r*reatcd cewt tinatwa lv at a 3S#f itrftmt t•**•?•§«*# 

ma th* ttttncriitwrr rtae af th* vl^'wr r©pfwr aliati net #*<•*#<! 1^*r. 

i 

Ttt« aatetfana fermar aitali tx? ci^M? af « cawtliUMaa «ava* «mtfmt 

aaaelfleá tor ih« atanafartwar at M af**laut af l$*r.    UM twintm 

fia« 91 the cor^r »»»ail MC ncit4 •§*€.    Caol«** ti»* attalt art 

10 lisura. 

ü» rwrraata nal fa* ¿ttarriata* tt« rata« ataa** ara mmmmê im W* 

v«l«aa.Cra»t vitati af «ayvawtrttat earmti ***, hmmmr f*at* tt* 

f*tl«vtnf aaxfawjitt    ta« »«§ val «ta aajlttfiltaá à* a facte* af 2.1. 

tH« attort-etratiit trftanH af thta a«tatr*»«f*rwar. at S« nana, 

fra« MUTflv aide  at 2S Vf tan,   aitali a« « p,fa# tha lead aléa at |2,| fcv 

tap, 



»if to 
- II- 

t*« r«m'«t«r«r atoll ptmHéa ttw a**rt-«tM«it temimi »a »f it» 

«tf«tr*M'*fl»r  ft* til   Ik« tMMlMVMlM  Mil««,     !*t  • tNMf#ffMtl«l 

f*ite 1M« tM» t. t99 ê mm* mmml* at M Vf, ttw tPptiawt» «H«H t* 

lav*r than t \ 

!*•  #«t«tf«Mf«f*«t »H«I1  I«  ff»t«tM#  f»»  M»  1—*—.   «Mat«*  tlMW 

M» mm* mmitfê • tf. 

**>i* 

M« ** (f *   l»>   It.»m»,   fat •*** at*a»,    **•» «HA fe  |**«t«4  •« 

lk» tMÉ »f |K# a*t> ttajwafttif tr te • 

taa* ta» thm$tt «**t1 W r««t«tf tmmré» tt» avtaié» #f tt* taa* tl»f««ftt 

• «»Hfl» t»a*i*p.    TVr» #t|l IM ata« tata« ataa*   tw*ta«a vM*t> «ttt 

aawlt MM twMKttM »f «ta f«lt «taritef ta ttffettttet a«?«)!«», 

H» topfit tf tt* ta*** *í«éta»t »Hal l W wmmm» avtaté» tt*a t«* * « 

•tepla twafetet.    |M« flu. #t>. 

••f rtianfen «Mit I« al—jw •MNMtMl vttliwt 

4.« â-Maattal 

t*» M««éa»t«l ««WW   ttt«t ttW aat«tfaa*f«t«at    MM t» vttfcataM • 9m 

•IHM i« H« ttf«ttw* vitto« Win« iMMMrf it « mm jtepffM, Hit »arctwwr 

ftWfVMWi tfca r»fM t« «arfawat • »hart•circuit t«at M ti* 

hmmw at Ma Maawata*? m mrémw ta attwa tMa rat»»«. 



I* IO 

-li- 

é.t ¡¿im«! 

, •% m \~ê »f tt» ««••••Mffttf»* itMl! >* fer 

itti  I  «   *w*tv n|^ t,^, «#**«!   t« t  MRI Mt »r itf»fttt»f, 

I. 

IIC »t*IU««i«t   H. *•*•»§•*  »*M»lt   «Mil«,   MTf«l   fff 

mê tft tMt MMlflrMlit, 

tW a«t*«ffM«f*fiN»r »hull s» 

•I   # Mif«t* «lw f#? lM«>n>«t 

«Ititi 

!«•  Hill  M MPl«Ht#» 

*M •*• MK»f 

MM 

•f ?•*#»# UMtüt* «'ri   .     P» MV  «M M* «»il 

M»   f#«ittt«MU 

1.1 

If M**?  «fc«ll   II« 

f*t*r,     Uli»  ttlfl*  «MU   h* 

•vit«* nwn mnmm m%mm • 

vili MI mwifPftPt» 

M f+tl««t m 

r#Uv i« 

I« IN» 



10 

14 - 

*•'   CäL'*LJ 

t>v tlu' natmfmtwhn ot*«!! nwfiwM» M ©IWK tviw (iMtaraJ  ro*Hfif ¡. 

i.l ttf 

H*« uM*«t iMruot I r I»? et*?*** ette«!** I» 

100* ef r«»«-« v*!i»r* • 1.7 A 

tir «f f«tv4 «*tt*#* -      M 

fei Mt 

Tm> M«a I« <*• •#?* «fett HM fr «EM Mt«**t'**)   ewl**, 

#t«*titf «Ml •**•*•?  orvieti*««  r' e** •••»>! Iwilff   M tat***«!» of 

OHv   «Im»!*, 

*•* IdftMM. 

ItfHfttn« ******•*• nlwitt tt# 

»Kr M«^|V« **»t»*t t*e Mr* »wiwtt 

•Mill   MM   ••*•»•«•*   *Of   **tt«*tt«f 

m 

II 

I •* !•* IV. 

t.S 

»»«it«« tf it*t?tNrti«t lit* wttlaj* 

it*  MV  UMt-tt**«?   ff lutin»«.     I 

-14*4 Ite •**•**• t»*** MNM I* »U 

If tt» «**Mf«ftvr»r iMetrthi t* 

a*M»tH«Ml in tt.   tem*r. 

v«*4M*e. «toll **t 

t*t«*N**iMill •* **ff»ll«*4 

*»lt*e* •• !•»• IN» !•. 

IHN, It «Mil fco 



1MV   VOTPHmvUlVy  IM  WB  MP 

•  II   - 

§•   UBI 

Ml  !••§• «Mit  M Mil «M 

MC »*ttf«tt«fl   *H  «Mil mfot  «MMft  Mf MÌttl««tf«M 

tlMfpio *w»d« Kv  tttl* «noetftratta. 

It 

••* lwM> Mi M rmrtfé 

••él «i  t«MÍ  •!<•  Mf», 

**t  »Mil  MPptf 

(MM *f» 

•MHI  WQ 9Ê$Ê9%Êm 

ihm ft ?§•• tto MMMHMI 

If tto rtu éîttmm »? 

1M"lMÉ MMtllflp 

•vet? ••#• ta». 

•Mil M m «i aaalt fa» 

pVwVaPPf WP  W'êWp « 

%mfr ftftr 

MUM aMil M ÍM» Vt«* 

11.» fc« 

•.1 

•f it««* taata la M* 

JBF**BP*^**ä"TP"JMW»W   #W^PP"*  IHM fjPwiraw   P#MV 

ta IM» ê.é. 

wîm étm mm 



li • 

tf ttt» I« mmmê   MM« p*«* %••«• ttw tttififfnt «*tt »M K# 

l>    r»f **rh t«f »f*tlíi«1,     « *•»•*•«' «i< fifty 

film t««l« »f M» CI* mmmê *Hh « ;w*t«rf »f tin** »t»***« 

••t«»»» •##*» IMI  »tul! t* Mrf»f«*4.    TIMM unti «tati *• 

•M» M titt I« M««* rat* M«vt.      CM» taèt« 1). 

I)   Affiat IIMM tMti twin l, t Mí V   m t«*t «t 

Ml* 1» •m«t   rat«* MM f«r « «•rtwl ## ta rmMtii»» 

•kalt •» 

^f& •  14.4 VV  flMH t» 

*M*t«t tft»t    tf »V   lu MM •# 

t    l 

M»!     lf,§ fc*.    M) t« 

•f m»ït**im «t tW iiftmi m mil «t t* «Alt Mit« t* tt» 

•Ml •••«iti «tt«t I M «*• MMt tm «m«! miMUrr U M«!*«» tet H* 

flf»f fcctffwtt«!.    ft.t • # • I t.*.«.' 

•MM M«—»»f t»»n *• < %t —tu imi um» fMtüMai •# n» 

»M  t« 

«ertati«« unii ay «ytmmi •# t**a »««t«» 

faattai tfca law*»tta§a taaaJaa mimai *»««• M» IM latta af «M« 

Vtttt ft INMPlMl •#  MHW W>t*«*M |g»»11» M««  t«**, 



It 

la«à*f* NMIMM »Mil  fea 

êttmt ta« 1# aetata!    tHt «at* M 

•M a» a* lata arfar »f 1»M tHaa 0.9* 

t Ivi tv af 0.0*7 fcatva«« tu* aaccaaat 
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fcatva«« «atti  M iMtl aa*l alaa 

mti fertdfta rircalt, •*««*<«* 

«*afaftta*ÍB*   •   rl«l»W*   MMl> 

imimurmtmmt». 

miwwwi 0f rMtlMM« «ai» «ft«« «a<-h In timi» at««!« 

aa*ft»tt a aat tatJaauf «a ataHHaa. i.a. « variâtta« la im*ém*f 

vili i« acaaataaU If H êmwmmm m tit« aart«« «f taata 

tf MM ««riattali lu rmiam la 

afcalt a« telaci«*'. 

ta tacraaaa, ta« 

lac af ta* variât la*« la ramarli anca tawaal Iw ¿U»laci«»at af ttta 

ataawata «Mil a« tartla4 «*j| a* la« taw-valla«* Irteliaa 

t»»at 

a*^»*^BBia^^Bi    a^aja    v*vajF 

tfca tranatawt wltaava 

iaa«nt«4 la a»t la* 

vta4la« af t**# aa<a*raa»*#KHaaf, 

Tltl« tanlui aaaalAtaaf aaalviaa 

fl^a^^wak«B^fe ft«B^k      JBMfc      ^MBk     ¿a^a^A Jj % fffPfwinp    Val   Mi   Mil I 

M ttta t«a*>i««ta al a 

MM la« •a*vt»#l ^avltaa 

tat« attuala« aawlllafMiai ratania* «•#•*• mé aft«*f aa**- 10 t««ta 

•fiat Mia U> aar aat*   la«! »arvita liai aval««*ta» af «aflattawa ta 

i*la»» lu t«*v ta«i#ata 4ta«taaa»a«t af vt***«« alanawta. 

i* *»•««««« r«aa««p«al wir««« «ja» «ta«* «««« iaj taa ta «aai a» taf taa i« 

•aaal« a« lavan t««i«   ««^««tapi««» Mta a«««tra««T«r««r aajaii a« 

>t#rt*4. 
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II 

12J    12 5 

laUáU 
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Mr io 
- li - 

t.} Ttit» te ne tarried wtiftf tha 10 ttfffi rated rever tente 

After the 10 MCMi rateai pMtr tttti, the relieving tait« and 

Mtfturctrcnt« shall he carried eut!   aatetrjirtaferiwr ralle mt ne leed, 

far each taf e« the aepply  elèe ana leed «là«, fwaavreawnt ef the 

reelstance ef the sepely alai«) fer tU 25 kV tar, etc il legra «h awamre- 

eent ef ae-leed enei tint «terrent fer tech eemel? alia tee ennplied at 

ite ratei ve It er«. 

••* MiksslmsumiE 

Mfth-veltAf* teata itwll e« carriel eet after the io 

•ewer tetta »a indita tad in rerarMt*» 3.2 ami 3.3. 

rate« 

Attentatale ef th« eetatrneofereer aitali ne t*eed en the fei levine 

renditlenet~ 

a)   Ceesllance vit h all taet cenditiena accordine te title eneclfieatieti. 

e)   Se aira ef áewar* te the aetttranaferper dvrlng and after the 10 

aacawd rateai «ever tee to. 

•)   le Inf Unna! le rea feeeei  In tfca |aa Aetecter relay after each (10 

••met rete«! nevar) ama *ec* klin-velta*«. 

él   Vleeal ineeectlea ef tía* Intarlar ef tita aetetrenefereer after all 

teete ehall reveal ne ai«« ef ¿antee te the teahlnte, ceenectiena 

and all ether eertt ecce** «bla vitheet eieeaatlia« the aute trans- 

ferrer.    A ««tallad iitepectiea ef the evi t eh In« ayate* anali bt 

In ereer te ¿iscever am aign ef «efornatien, bvrnlnr, cracking. 



m to 
- it- 

wt«f et 4tMf* tm the MMMti, InsnUtins part», eaweeetlng 

pAVMf 99 (he neehenlen» 

*••   QMWif after th« teste 

If the e«anfee are )*êfê fc? the Purchaeer t« h« «SlOT NH, the 

träne femer shall t»« ceneiéered ae M» tmà ail the tests ehall *• 

«anéete«« 

f.    ¡WiBti^ftHTâ ftf TCT jPWrOtlP tqCIfWJTT. WHO PATA WW FA« Of . qjrcgjp —_*****-_-, 

1) Central dosarla*« e« •' DM entetranaletner ani ¿latra« e? the 

tar» chantera. 

Inscription attached ...................... 

2) rreliaiiiary «it li »a drenine* ehewlnf erinel««! elnenelone «f 

tha avtetranefarawr ana details el the base and final neu It iena 

ef enehi«** am the cavar. 

Description attached *  .  .  , 

3) »eight of the atttet rane ferner, tha larteat anilina ite«, tha 

langeât ita« and tha neat difficult ite« te be tranaoortsd. 

Description attached  

4) Cantimene peuer specified by the naattfactnrer at an aaelent 

teneerature ef 35°C ......   

3)   Maximal teeneratwre ria« of the insalatine, líenle! enrinr 

load operation  . °C. 



m io 
• »- 

•J    BapWOT laaa at  Mt#a MMifMMMI fMWf  .**«««....••••••«•.••«*• »Mf. 

W  lw MMM    NIM pMMf  **.*•*..* .•••••••••••••• •Mr« 

f)    Acctéaatai current tttat tfea ««tetra*« fermr CM vttt*ataft4 • tm 

ttPM in lu vlnéla* feri»? it« lift*«*« vltHewt toll* iam*f*A 

«..*.»*..«kA. 

•)   Calculate cum atiawfaa. tHo ralatiaaatiif» feat»oaa «Menati«In« 

cwrant (1) «i»i ftw (O.   Tita atarva afcaaM raactt tvlea tht rataé* 

flint fvtiltfc 1» attain*** al th« rata* valtaga af 23.0 kV/VÎ i.«. 

14.4 k¥. 

•j    itvn laac ...•••>••«*.*«....«...••.••...« t **«..«•«.•••.«««.«.•* .fetf. 

10) taciti«« cimtt CMPPI« •!*•) at loot rttttf «alta** (25 kV) 

 A. 

at lOSf rata** «eltaga .A. 

Ot    W,« têl9m «altagC  •.*...•*.•••...•...•*.•*..*.•••*......••.»A. 

11) ftaxtav» larvali wwrt • A (tract). 

12)    Ia?o4a*aa fraat awaftl? «lé« fot ««eli ««f»t»ly «hi i»«l t«n of tac 

««t at r*naf ornar. 

19)   fatta dL/f. of tha avtatraiiaftnaar «ha« la aaart-eirctjlt, 

£• •  
14)   Paaerlatiaa af tha Uà chaa««ra aM átatraaa af erratica. 

Daaerlatiaa attachai  
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- n 
IS)   fJtilMMti af avitcaiag atntpaaat aaalia* •* wmmttwmt, possibility 

•f estai aaiataaanea war* trittwnt anatrini tfca antntraitsferrar. 

•f •vltchltftg aaaratiana »afara — lataaanca. 

Sé)    talieatiaaa caaearaiaf tita eaaaiailit? af ©gratin* th« tufi chantar 

aa aa*la»i tot alive, 

aeecriatiea attachai  

17)   Th« «eatititr of «11 reuniré* fer aneti avtetraneferaar ....taf», galt. 

•/Pe ene CMftfNfîlllCI M %n# #1X .*........*•...*.............. 

Wwwfwttm'i «il aai/er ......**•••....»t........... 

It)   htM^' natie, type, veltafe ratini, CMttnwM carrent ratine, 

efcvrt-ttae entreat CI eec. 150 tiene «ritti M interval of 3 niantee 

eetneea each tia») carrent far 10 

fteetriptien attachai  

10)   Casilag arata* 

typa *••••*......*..«..«•.«•«.••«...**«..••••••••••...•••«»•*••»,, 

ef air tirealatiag fan 

(Uttaf ef acca «ir «irealatiar fan 

mr   .... 

*«•.««.*»..<....«*«•*•«....«.* 

«alta . 

HI •••. 

Vtk  ... 

fall laal 

Starti** 
A. 

A. 



» io 
-It- 

ti»   Toot focilltloo ot tfi« Jloooool of the Koomfoctoror to carry mit 

tbo *lo> vol tot« too to. 

Description attached •#••••••••• ••..»..•••..».•»»•••••••#.• 

21)   Eotlwto of oeii/howre rocmlreo' to cooptóte tho aoeeeMjr «t otte. 

12)   Hot of Mceoeoriee. 

Llot attached •••••••••••••••••••••••••••••••••••••••••••••••••• 

îl)   Keavfoctorer'o 

«lé traneferaero 

ene* Ilot of ohort-ci«oit eototrejioforawre 

bellt. 

Llot attached ..»••••••••••«•*••••••••••«*•••••••••••••••••••••' 

tê)   Xateral frofooneir of tho »etotrimoforewr for «ech ononly el#e and 

load elde tao •••••••••••••••••••••*••••••••••*••••••••••••••••• 

IS)   Tooto facilititi ot tho dleeoeal of foiwfectwrer to carry out tH« 

10 oi—ma   rated jtmmw tosto and ereeeoalo for tooting procedure. 

tkoocrlntion attached •••••••••••••#••••••#••••»••••••••••••••*•• 
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1. 

1. CMwrat émttifKim 

S« OMMMWI car M ter Ut Ica 

4. Utf«M 

*. fMt« 

?• €mittl«Mi mt 

•• T*etn»ic«l éau* 

il 
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1« IM« aaaaificatiaa aavara tW tacfcaleal rtfilrMttti af 

taa Klactrlcal TMC mi Capar taaamiaa Cnttr for tha 

•aptly af thtaa (1) taatata* Mti rata« at 15 kf t aacti 

Mt iaclatfia« IS fwtitft «laaaat» rataa* at 4 •tat, ttw 

fatal M*M af raatatar alaaaMa bala« 223. 

TW aaaaljr iaalaaaa ««tiaaarla«, 

aai aaiaaMK af tfca taatata* aata. 
Cae tarta«, taatlat 
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mm 
The muter» deecrlfced larcin vili he MM^ aa ota le load 

or aa eh« ohailc part ef the alxed load «wring witching 

tenta of H.V. load •witches. Normally th* reaiatera vili 

he connecte« to th« terminal» of the teated lead «witch vi« 

• régulation nntotraneforner, so that the ad jttatnent of the 

affective real a tance value, aeen fro» the terminals of th« 

evitch, will be obtained by changing both reaiator cormec- 

tloa« and trattaferaatiea ratio ef the Mtot rana former. 

The realstance aeta aha11 include the neceeeary basis, 

leaalatlng supports against earth, terminale and inter« 

ccnmctlon hara at «fell «a a rack exporting a true tura. 

Th« eetotranaformer mentioned above 4eeo net naka part ef 

thia epecifieation. 

It mm m*J  mma 

Tare« elite, le*ebaee resistor aeta ahall be Indoor type, SO Ite, 

with very lev Inductance and capacitare, dry, naturally 

cooled hy air. 

Hie ambient teneeratvr« vili he 0°C. to •40°C. Baring 

••livery, however, teneeraturas ef -40°C. to <HO0C. Mat he 

taken into account. 

The tenderer ahall ereaeat a tender fer a three (1) 

grone aowatinca. 
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• gfwp to to* • »too*,   à gnvp te Mí« of f Iftoea CIS) «raver* 

•ftc* tewing fi»« 0Ì nototon oí 4ß  with ttotr torninolo.   11MM 

terminal» »hall permit to ttovo to oorioo or to par« 11*1 tto raaloton 

of OM drawer or totwe«* drawn.    A «rawer with It« t« minai» could 

to amntod like thlst 

*n   too tot or r 

^   - «f 

K' k 
4 ' 

A 
Ito) «rowon cow Id to mowotoá lito tittot 

o   o   « o   o   o 

«toot toe 

MA   ^ "I"*" o   o   o 

^4^' o   o   e o   o   o 

«   I fruir 

toi tora oad tli« to retool« ora pin of thU emtract, 

Untoli ce* M to, tolto with «ato ead tto ctomttog ton, coppo* 

vit» helos.   Tto ctoattog ton oto 11 to of tto eoo» length.    Tto 

COMMctloao otowM to done ojojillf ead eeeily. 
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4. RAT1NT.S 

4.1 Individual resistor mill shall have the rating shown hereafter; 

ras applied Switching 
voltage at surge with- 
terminals 

Power RI2 
stand voltage 

Value of one 50 Hz, nu rated (crest) 
resistor at 
30 Hi 4 35C 

0.3 sec. currant between con- 
0.3 sec. 0.3 aec. tacts 

250/2500 usee. 

ONK M Aap. MW kV 

4*5* 1.21 320 0.41 12 

f 

4.2 The insulating support will have ehe following insulation levelt 

Iapulse withstand voltage  170 kV 

SO Ni withstand voltage 70 kV 

leelstors shall be able to withstand eh« rated current stipulated In 

thai table, during a period of 0.3 second repeated one hundred (100) 

tlftws with three (3) slnute intervals between the the shots. The 

cooliag-off period necessary after these one hundred (100) shots 
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»hall be Indicated by the manufacturer but shell not exceed ten (10) 

hour«. This cycle msy be repeated continuously in an ambient 

temperature of 40 C. Ho damage «tst result fro« such an utilisation 

and the value of each resistor shall not be changed by more than one 

percent (1Z) during this utilisation. 

It shall be possible to circulate at maxim« 1 600 Amperes nu In the 

shunting bars and the terminals when five (5) drawers are connected 

in parallel. 

5,  DESIGN 

A coating of a protective Raterial shall cover the resistor elements 

in order to «take the« dust-proof. 

The Metallic parts shall be protected against corrosion e.g. by 

galvanising. 

I 

Each resistor set shall have a nam* plate» on which measured values 

of resistances shall be shown. 

6. TESTS 

The manufacturer is responsible for carrying out all the tests. 

These tests shsll be carried out on each resistort 

The resistance at 50 HE and 35°C. must be measured; the resistors 
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will ta rejected tot any r««i«tMM« vais« ever * %t of the 

spec if led valu«, 

é.l X»4WI»¿l£ii_ley£l_©I th£ X*«i«t©r_ei«5e!t 

Switching surge vit hit sud vol tags (créât) ta tv««« terminais 

25O/2SO0 u »ce.  shall ta Mask  In accordance with the valse given 

1» paragraph 4. 

The fol)owing tests east ta éons on five (5) resistors, chosen at 

rana PSI.    Tits cooling-off periodi specified »y the manufacturer vili 

ta allowed tatveen two tests s«rlss mentioned ta low t 

a)  Inject one  hundred (100)  tines the current given in table of 

article 4.    Each injection shall ta of 0.3 second duration with 

thre* (3) nimtts interval. 

») Repeat the préviens test lnmediately after the cooling-off 

period. 

ttase testa have tas« carried ont ,feaistance of each realster 

anali ta acasereni    the obtained vains snail nag differ ta more 

than *1X of the vaine nsaanredl taf ore the teat. 

f    COMBlTlflstS Of *^*'w nfamt1 
fJL.JrTffAiWf r^r» Sri» eVMrnllVSm 

The resistors shall comply, individually and aa a vhole te the 
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r««alr«a*«ta of thia aaocificatlo». 

TW ntitltn »ball aot afcav aviafeax« of 4aaaf» daring Me afttr 

th» ttata accorila« to elawaa t. 

a. TIOWICAL BATA 

Tadmlcal ésta «Meh »apliaa to ttw taiwtarai »»•» ami Mi idi fon» «art 

at tttta t anear ta giva« M follava t 

1«   COM ni ooocrlotloa of tha no la tot» 

Dateria« lo* attachai  

2.   Praltatftary ««titea Dravaifa indicating tha an in itamaiona ef ttta 

ne la ton with chair t trainali ami Mooort Ina« la tor« 

Drawn aja attaciiaa ....«.«.•*.*..«.....«•••«*.........«.....«.....» 

It   taf arase Ian a« tSa va iaht of tao roa latón 

taf ora«! lea attachai  

4.   Tooaantan ria« of tat raa la toro at thoir ratai aovar for 0.3 aaceai, 

a a—Ini (100) tiara with a parlai of tttroo (3) »Inatta batuta» aacti 

tlaa ac a» aa*lo*t taaatratan of 40°C. 

 ...«€. 

S«   Tao* nil;»« avaiUala t« tha Manafactvnr for carrying ont tha 
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i.    LUt of acceeaorles 

LiSC     At t ACfWO      •IMMMItllMMDIMIIMtlOMIMMIMMIUI  

I.   The Manufacturer *a expcrlenca and a liet of the natatori already 

built 

List at tachad*  

I.   Accidental current that tach realste*   cm wlthatand several tlaaa 

d«ria| Ita llfetis* without being destroyed 

• • . kA 

t.    Cont imana current that tach raalator ean withstand.. A 

10. Matad currant that ««eh raalator la ab la to withstand for a porlod 

of 1 Mcond this repastad a hundred (100) tinea with thraa (3) ni- 

mitaa Interrala batwaan each »hot    la ....A. 
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REACTOR COILS 
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1. 

TIU« ofecifleetlea «avere tlM i«e*4rnneeita ef the Electrical Teet end 

tanerfntatal Conter far the eannty af »ls reactor calla rateé at 23 kV. 

Tlie aeaely Ine 1e#ee enfirearl»*, aennf ncterin«, teatlng tai ehiaaeat 

ef the reeetere, 

t«BMMMM|ài    aMn^a^anek m aMBam ^a^^s 

Ta» nota ef three táeatlcal reactor ««ila vili ha «ned la the 500 WA 

test eoetien ef the Hlrh *•** Lnheratary aa e reactiva load er ae the 

reactive pert ef a ceehlned lead, ferine the twitching teata ef ioad- 

trean evitcaaa. 

The tweeter celle trill he connecta« to the le** alee ef the teeted 

evttch via e   repaJetiaf ente trena former ee that the effective reactance 

velne, eeea fren tüe terninala ef the tee tee frreaker vili he adi tatted 

h» fréta tinnì et ten» ef the reactor colle en the aecendary and hy valng 

a eat table treieferwvtiea ratie ef the eatet ran» f orner. 

The objecto ef the delivery are the als (•) reactor cella incltnting their 

teine, laewlatlon ennferte ana temlnele. 
* 

The antat rene f «me r dene net nahe a eart ef thie eeeel fleet ion* 

The reactor celle matt eeenly *itn the 1BC rwbllcatloa He. 2tt, with the 

eacantiena at oooStlono eooelfloo horanrter* 



HP 12 
- z - 

4.  Mtim 

4.1 Th« remeter eolia vili be uaod Indoor. 

Tha teamoraturc limita trill b« 0°C, 4 40°C. 

During delivery, however, th« limit« -40°C, + 40°C must be 

taken into account. 

4.2 The beale ratinai are shown in the following Tabla Î. 

Coil Re. Quantity Rated 
Voltata 

kV 

Rated 
Impedance 
at 50 Its 

n 

Rated 
current 
during 1.0 see 
A (RMS) 

Asymmetrical 
current 

A (peak) 

1 3 25 20 *5f 722.5 2167 

1 3 23 40 ±5% 361.2 1083 

i •* 

'.3    Inaulatlon level 

Impulse    vi that and voltage with respect to ground 170 kV 

Withstand 50 Ht voltage with res pact to ground 70 kV (RMS) 

Switching aurga withstand voltage 250/2500 lie 

between terminali of the coll 140 kV 

4.4    Opere tin« cycle 

The reactor coila shall   be amie ta withstand tha current according 

to Tabi« I, 100 tinea, with Intervale of 3 minuten between 1 eee. 

shota. 

This will be followed by a cooling period specified by the 

manufacturer, which, however, will not exceed 10 hours.    This cycle 

may bo repeated indefinitely. 
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4.S     Tino com un t 

The tino conatant of the reactora itali not be IMI than 

0.0795 »«e, 1.«. wL/R • 25, where uL io th« reactance at 50 Ite 

and R le the reaietonce «t 50 Ha and 40°C. 

ali tosta oboli bo «odo undor tho reaponelblllty «ad ot tho expenso 

of too aeaufocturer. 

5.1 Dialoctrie toata 

Thoao toata ahall bo nado on each raactor coil, ualng tito valuee 

epecified in clauao 4.3 

5.2 Tho D.C. roaiatanco, th« 50 Hi raaiatanc« and 50 Ha roactanco 

anali bo neaeured and indicated individually on tho nana oloto 

of ooch coil. 

5.5    Rated current taata 

On« of oach typ« of reactor colla aoioctod at rande« by tho pur- 

chaeor, ahall be aubnitted to one hundred »beta of rotod current, 

havinf at ita beg limine; • peak eoual to tho aovavetrlcal current 

occordlnf to Table I.   Tho duration of tho «hota vili be 1 eecend 

end intervalo between tho chota 3 minutée. 

At tho end of thia toot eeriea, the teawerature riee suet not 

exceed the value apee if led in I EC Publication 219. 

Tho reactance ahall bo ateoeured between each 25 teeta ueing on 

adequate bridge circuit, eneurlng an ebeolute error of leeo then 

0.5Z and garenteelng a nlninu* eenaltlvlty of 0.06* between two 

eucceoeive neaaurenonto. 
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•f raactanea a*a«U «ahiatt a «at 

te «tabillaa, I.«. « ertati«« In l«n«d«nc« will ha aeraataMa If It 

aacraata« M tha —ti— of taata araca«*. 

5.4 ««aa*Hra*at>ta t« h« taha» «Iff tha rat«! current taata 

Aitar tha tasta, th.   de rat la tane«, tha rasi »tanca and tha r »act anca 

at 50 Ha, aliali ha aaaawrad.    Fra« thaaa vai «a a, tha wlA* rati» 

•ball ta calettiate, ta chaek th« cenvllanca with claaaa 4.S 

5.5 Conditlana af tha acca» tanca 

UM raaetcr cali« «aat ceatoly with tha ratta«« «ni taat canditi 

aaaciflad la thia anaci fltatla* and IEC Patllcctla« 2M. 

Aitar tha taata m alga» a* danata maat ka vi a »la. 

#. «FffM BATA wmigmwr TO g mwyom m rm TOPPE* AJ 

TENWSP» 

1>       Gaaml aaacrlatio« «f tna react«*» 

Daacrlatlon attacha«1   

I)       fraHHnary avtîina dravinta indicati»* thaï Mi« dinanaiawa af 

th« raactera. 

Daacrlftlon attach«! • ••  

3)       Coajtlawm carrant at 4é*C aaftlant tannaratvra al tha reatara 

4) la tha 

> kV. 

•f tha raactat at rata* currant 0 ••«•> 

S) that 

éwrlni Ita tifati»» «itlwat halaf éaattvyaé 

withstand a 9m tluaa 

...U. 

•)       lafamatlan m th« waifht »f tha 

Oancriatlc« attachai  



HP 13 

CHARGING CttCUIT 



* «isej^wes^-M«*-   IB* ^¡-JPsft^   «^^ees^jsBg^jj ^ 
i 5^»*^«%^-* J*-^ -^*a^^s*^ * 

11 
-I- 

M 

•t tfc» tytlinU itti «irwlt «f 
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i. wmm ciwm 

taa dur gl M circuit la thmm m Flg. 2 1« tha Caaaral DM- 

Baacriatlaa af taa gyathatic Cl revit (aaeca M? 20).    Tha ataaiari 

caarglag circuit with Itigli iapaiaaca Miiun, M «aai far la>- 

aalaa |>M»tw, came* ha «««cl, «aa ta tha hi gli capacitiva 

gy iaatallai which vavli cane« astraaaly laag charging tiaaa. 

laataai, taa circuit «f Fig. 2, »»«Il *a aa«4.    It eaaaiata 

«f lev lagtiaata raaiatata (100Q) acal a a«t af iaalatara. 

ta tait caaa, ta« caarglag aalt aaat ta aaailafai with a carraat 

la aréar aat ta aaccal Ita ratai capacity. 

•Mi tiaaa 1 iaalatara aai a aaeaai caarglag aalt mtm 

ta raaaact taa tallawlag cri tarlai 

a)   T*a alga valtaaa aaarca ahall Va ali 

lacal grilla éariag taa taat 

itaé fraa ta« 

»I   Taa caarglag «ait aaall W 

stai ta 

iiacaaaaatai, ahart-cirevitai 

mi   It aaall ta cala ta ¿lachara* ail 

mi taa iaalatara aai raaiatara. 

capacitara »y 

I. 

4)   lt aaall aa aaaaitla ta cfcaraa aaa 

«aitata aai taa raaaialag faar ar 

iilfaraat valtaga. 

atagaa vita 

ataaaa vita a 

Malia ialag a 

arala« tha high 

ayataatic taat» aa «latlaaalaaai 

aaly)i 



« 

UP 13 
- 3 - 

a)     »erging pfcaeet    UM MìA capacitors are charge 

•)     T«t pfcesei    The high voltage source it ready for a taat 

«)     Discharging phaseI   All capacitors ara discharged. 

Tao isolator» between the stages as vail as titos« separating 

Us charging «Mit fro« tas circuit have to ba oponod between pbas« a) 

•a* phase b).    Tais epsratioa has to bo performed rapidly, so 

taat tao voltato of too capadura does not docroass substantially. 

*•    WMM OttlACTttlgTICl Of TBI ILPtOITy 

>•*   Uff ftf*i*»l VMtff 

voltages ito kV 

NaaisMS) currant t i A 

This correal will only ba drawn at voltages below 60 kV. 

Tno «.barging units shall be equipped with an automatic 

currant control and an automatic voltage cut-off at a pre- 

selected voltage.   They shall also allow to charge tha capacitors 

with either negativa or positive polarity. 

3.1 

The disconnecting switches type 11 of the specification 

••P.-25 will be used ( Insulse withstand voltage of the iso- 

lating distene«:    600 kV peak) for all isolatora shown in Pig.2 

of H.P.-20.    However» the isolators parallel to the control 

branch have to   consist      of two disconnecting switches in 

series connection, in order to withstand the transient recovery 

voltaga. 
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I. s 

Th« charging twist«» ar« of UM typ« asad for lapala« 

Raaistancat 

Nominal vol tag« »atvoaa terminals t 

lapalaa withstand voltag« battles 

Energy to dlssipatai 

100 0 

90 kV d.c. 

I    300 kV pood, 1/30 

1/2   Ecp 

Sep is th« «aargy stated in tao Mia capacitors of one 

ft* resistor «a ta« positiv« «id« of C   of th« first 

stag« shall     consist     of four singls resistors ia order to 

withstand ISO kV d.c. aad lap. 



I 
I 
I 
I 
I 

HP 14 

TRV CAPACITORS FOR TEST SECTION N0.2 
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•  •••••••••••••••a««       • 

• •«••••••••••••••••a***     • 
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1. IMS •pMlflCêtlM MMN tlM I**llfWMIt» of  the 

tl«ctric«l lofeotry Toot 1M Mi IxpoTlMototloo 

teatro for too ovoply of cooocitoro for rogtilotiof 

too troaoleot rocevory vol Up i» tho High »owor 

Uoorotory, for the toot ooctto« Rot2. 

i 

co^ocitero okoll M éoolwoé for ooe «IM 

m tho eaoocitivo lo*4 éoriw ooorfloio« «ai 

ii«l tooto o» cooocltor 
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2. Cwfil description 

The capaciterà describe 1« this speciflenttan will be need IM 

régulâtlag tlM traaelent recovery voltage produced acra» CIM 

temíanle of circuit bratterà under teat «tea the short-circuit 

current is interrupted. 

fai» voltage any be considered aa the aua of two conn o neat o i 

periodic, at power frequency (SO hs), the other traaelent.   The 

lattar aay ba either oscillatory, at aaa ar several frequencies, 

or aoa-escillatory (exponential, for iaeteace) or «ay ba a 

combination ofthese, according to the cbaracteristics of the 

circuit and the breaker. 

la three-phase circuita* the traaalaat recovery volrage to ba 

sidared correaponds to the pala aa «nick the arca ara fir at 

eatlaguished since thin voltage is generally higher than that on 

the othar tuo poleo« 

SyttcB frequency f S 50 Hg 

f   - traaalaat frequency o 

Vans V. - 3.« b* ma f   will ba between 12 and éO bua n o 

Iba firat creet nay ranch a vaina equal to 1.5 a l.i x lì¿% í r ** • at 

Uhea II   « 24 a« ma f m will ba between i and U kM2 n o 

The f trat créât can ranch a «alna equal to 1.5 a l.i a 9% r* / w * - SSfcf 

iffIff If» fHit 

la the casa of rapid roc losing of the breaker, i.e. opening -4-clesiag- 

oponing, where 0 la the op anlag dead-tino of rapid-recleelag breekere 

(approxiaataly 0.3 a)» the capacitor roaaiaa energised at power frequency 

(SO Ma ) for 0.3 seconds after which it is abort-circuited for 0.1 J ta 

0.30 
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1« mimfta, MM 
irtMlMt ft—17 v«lt«#* fit (t) 
uà«« UM f«m *«l«wt 
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te ti» 

«t   ti» 

•f faltet« te «f«aa, l.«.lf tto tevater mé«f t«at mirilM, 
tto 11V mcbM ita first etMt. CIM capacitar élactort** 

toaetor iteft teMilaUly.   TI» «lectori« fr**»««? CM r«ac* 

• MIW «te«« M MM 

••*» fifty <») «tort-circuit tasta «111 to «arfara»* «ally I« tto 

Tlw capacita» «111 «IM «• ««^ M 1««« tef mm%%Mim «» «^-«»rfirUf 
«•la« circ«it Wattora M* nrltclw«. 

tote« I« tto •*»llfl«i 4Uff« «f a ta«t circuii i 

Paw «f dittai! «raster 

â rMtrUUi «ternit 

toast te tlw 

•vite*, f«lte«*i ateaat teasitetaly «y a 

;, «««te tato tto feltovtes f«r«i 
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^ AtproRimottly 
• »tCOftdOt 

Approsiaately thirty (30) to fifty (50) energising and de-energising 
teste a day trill be perfemed in tba high-voltage taat station duri»« 
capacitor-bank «witching ttata. 

•bort-circuit and capacitive-current breaking taoto will be ainglt- 
and three-phaae. 

I.E.C. Publication 79 (1H7) Powar capaci tor a 

The above standares are applicabla, contingent on the nseUf testions or 
addltiona specified heroin. 
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*•   °T*1 Characteristics 

Ine capacitors »kail be single-phase, 90 Hi, for indoor service. 

KM anfclent temperatura trill vary between -0#C and +40*0.    Dart«« 

delivery, however, cha temperatura between -40*C and H0*C nest 

be taken into account. 

••t   Tachnlcal çharactarlitiça 

Capacitor uniti   0.023 »? j * *•* j 

Short-tin» voltata (<   0,30i)t   3 kV ras 

fhort-tla* r« act iva powert   IPs Val 

lapulae withstand voltes* with raapact to containart 43 nf, craot 

Withstand voltata at powor freaoeoey with respect to containart 

21 kV 

Withstand voltata batvaon ttmlnalat • 22 k« d.c, 

hated voltata on buahingst    7.2 kV 

hated frequency!   SO Rs 

Natural frequency t >_ 60 fcJte 

Containart ataal, paintod for Indoor 

Quantity required!    54 • 5 aparo «aita • St. 
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43   Sttfffi*«!!«» «ff.Hf WfçHflt 

Ih« total aaafcar of 54 capacitor« will a« 41vl«o« I« tara« iaaa- 

tlcal grawaa, aaca *«vi«g II capacitor    «ulta,    laca grawp will 

•a laatallaë aa aa laawlatiag «W»» «««lag a 1IL af 125 kV. 

«itala taa grewp af If wlu a aycta» al aaaaal eoaaactiaa «ill 

•a praviana parmittlag ta pat all 11 «aita eitaar la aarallal 

or la aariaa or ia aay iataraaaiata caaaactioa totwaoa UM t«a 

fa« —at— rata« volta«« af a group will a« 25 » ma ta« 

laaalatioa aotwaaa taa tarmiaala of ta« «aita as« collactor âara 

will earraapeaa to taat volta«« oalv. 

It «111 «a poaalala to craata a taroa-paaaa capacitar saak aitfcar 

ia atar or la «alta or a aiagla paasa group «olag all tara« grawpa. 

la tao lattar caaa tao ale-point «ill b« «vcataaily «arta««) mi 

taa aaafc will aa coaaactaa aatwaaa twa toraiaala af ta« taat circwit. 

4.4   M 

laoiatara ara raaairai fat ¿lscaarglag tita capacitara altar tasti««. 

faa tjrpa mm vai««« af UMM raaiatara aitali aa asflaai accaraia« ta 

ta« aaaaor of capacitara la aaca grava. 

••*   **m 

faa taaaarar aaall, ia aia taaaar, giva UM vaia« wi tao por»U«l»l« 

caatlaaa«« raactiva pawar for capacite«.    TW coatta«««« roactlv« 

panar ef a capacitar la éaf iaarf aa UM product of UM rotad «alta«« 
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MltApilai by UM piwiMwt iirrm tWt • caMwitMr mm Witti» 
tMkf i«U«ily viU • iwpirmw riM M« ——dit M*C. 

•* tafflfJWf• ÎIW 

ff«a UM duwglat w»ltv «Mil ifiiiff 

1» S 

Eli 

IMI éiclMtric «f UM §mmUmn MMII *• Uim fry **• «itpH«f 
U «Mplf Vit* tlMt •tlf«l»t«i «MÉitiMM. 

1lM   llflltUfl MMkll Ml «flliMMji Witti «Stwfwd 4ÌMMMTMI fWitttNi 

latwTMtly MMM>t«é r«iUt«ra will M* MI Mc«ft«U 

UM «4MMÌMW»  MM>U MWW  fcW» MMèilMjf Ml  tlM «MMJff ftt «f   ÜM 

••   Ittift 

••1 JMf>Y*MM^_ *fpJP 

CifOTitMr« witli IMIIM» 4t*t»tim *J mwm IMM «MB m vy 
•VI  t(   ÜM UMMitMM« MMN  »tiMUAtMl Mttll  Ml MJMtM). 

^PS     IIÑ7   wMMflpnl^P   V^w    4MWVV    V4RMIHVFJRP    VN*   WTOT^NP    W^PWVVJ^^V 
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- inpnlaa vltantani «altano Ccrwit) with r«o»oct t© tao container. 

• tfltnataaé voltane «t aaver freaaaacy (SO »«) for one (1) ainat« 

aatveea terniaale. 

TW fallowing toot »»ali »a aarfarnai «n anca vtmmm af tata« (3) 

nati« a1 reame tao* capacitami 

vi that*«* valtaa^ at poner ttt%mncj (SO Ha) far 1 Minata aatvaa* 

tna tarataale af taa flrat ani taire cantaiaer. 

••I J>grn«l lt#>lUtX iU'-««Ol»i !•£ l'alai 

UHI fallowing taata oaall a« »orfaraeé en «aa coatataar «f «arti tjrae 

nf canecltoct 

Tneraol otaoilitvi taa tenneratare ria« mi tao cantaiaer af tna 

•ipacitot enpnlying taa cantinata! reactive «atea* aaail aat mmtmmi 

Ì3>\ far M «anient teaeoratare af 40#C. 

faat far loaka. 

••* Vâ**Um\ M* 

UM «aneclter anali a« ea#rt-«irc«lte«' mmémt a volta«« af 10 tí» i.e. 

Tkia toot aaail ae repeat«* five tienfrei ($09) tinae.    taf ara »mi 

•ftor aaca aariaa of SO c«n«ocativo tasto, tao capa« i tanta» 

nf ina laaa angla ani iaalaatlaa aaail W neaaaroi. 

eaccceaivo anaearcnente aaail «Uov a éefiait« teaéencv ta 

ataaillM.    Any variât loa la capacitance ani/ar tangeat af tna loa« 

nagt« ani/ar ianlaatian vili a« acceptable oa condition that It 

élntnlanea a« tna five bmmàtmé toot« ara carried e»t. 

U tna var latina io teajtant nr aaewe a taneeacjr ta iacreaoe, tao 
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MMcitof- will M t*)tfé wàMmm tM llM»fa«t«r«r »r«f«r» t« cMttM« 

tM tosta Mtll tlw ttftcltwci, tMM ut «f tM toM ««I* M* 

IMUrti— MNtriMMi mn •toklllMtf. 

MJMtlM »f §mf typ« «f c«M«it«f ta» li«« tt*t »«for« tM «th«r» 

•f tM MM tfM «r« acccptW, tM áiaclMfM tMti km t« M MfMtarf 

M  tMM   O)   «CMf  UfêClttri «f  tM«  MM  t*M. 

CMMltoft  «Mil  MM M •Ifll »f  ••••»•  «itMt 4«? il* •»  •* t«r  tM ttttl. 

*•§ |MMj«iàlllJJ.f£r-tf«liM 

Uto iMfMtwtf Mail M rMMMâkl« f«c carryl«t Mt «11 tM tMtt. 

àM MtfifiMtlM tMt  i« MM M • t««t«4 MMCltOT  »Mil M MM  t« 

tM «4Mf« «4  tM MM  t]pM.     If,  i« tM «fM »f   tM PwrCMMf,  tMM 

•MMM «M MJ«Y MM«   tM MMCitM* Vili M MMÌMff«4 M MV M« 

*• lrt<««l I«S*A 

AttltMMl MM  f«f MM!«!  tMM fMjlfi f«f Ml»t( 

I  
A Mtoitoi ItM «f tMM tMM M* »Mif Mit MÌM  il  ÌMlttMÌ. 

tf  WIM rMjHitM «M •!   MT  MtrtUlMIlt  t« M  M tM 

tory »ito éwtag MMaMy Mí ••••aiMaa tosto, tlw rat« M« 41 

will Ml 
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Travelling expenses for ih« Journey te and fro» the  •**• '«* 

•w plant! 

• •  

tortine»t technical data forcina part of cur tender 

1) «Maral description of the capacitorst 

Description ancloaad • 

t) PrelUlnary drawing« of overall distensions showing the electrical 

eonaectlon« between capacitors (container«) and the rack« 

Mpporting the capacitor essenblies. 

Deecriptlon enclosed • •  

S) Indications of the capacitors' weight. 

•ascription enclosed  • • • • •  

4) Description of the dielectric of each capacitor. 

•ascription enclosed •  

I) Maxi*»» temperature riae of the dielectric of capaciterà une« 

producing continuous reactive power 

• ••  m. 

§) Loss in each type of capacitort 

• ••••••*.»•#•••••*•••»«•••••••*•••*•*••••*•••••,,*•,•••*** «Watts• 

7) Maxima* current on closing at rated voltAge (without residual 

voltage). 

 A (crest). 
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t) Iwitching overvoltage between terminals during the capacitlve- 

current interrupting testa, taking Into account the possibilities 

•f reatriking by the breaking equipment under teat. 

,, kV (crest). 

•I Maturai frequency of the capacitor». 

 Mi». 

Ml Testing equipment at the Manufacturer*» dlaposal. 

teecription encteeed.  

11) List of accessories. 

»jtet esyclessd»..•••«.•••»»•••••»»*»••*•*»•••**•••••••*»•**•*•••• 

tt| Ma*íufacturer's experience and lift of capaciterà be has already 

lullt. 
Wat esxloced»•»#••.».•#•»*»•»••#•••*•*»•••»•»*»••»•••»••**••••• 
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i.      scori; 

filis  specification covers  the »al» characteristics  and 
requirements  for  tha  parchase and   complete   installation 

of •  »ecano-cUaetie  chaaber  for  tha  HIGH   PONER 

UIORATORY. 

The «»ita  of  this »ecano-clinetic   chaaber  ar* tha 

feilowiagt 

• On«   (1)  chaaber with a» antechasber. 

• Oae   111  adjacent  control roen. 

• All  required  production »«tarlala  for  »eetiag the 
necessary parforaaacea. 

Taa agreement   includes  taa  supply  aad   installation oft 

• Oaa   (1)  chaaber  Hit» «a aatschaabcr. 
• Oaa  (1) adjacent  coatrol rooa. 

• All  required  taating aquipeent   for »••ting tat 

aeceaaary perfor»a»ees. 

• A «atar dealaerallaer for taa alactrlc   staaa bollar» 
• All  equipment   baaaa   to ba  installa«:  o»  tha roof of 

loo«  r-12%. 

• Tao  power  sapply  for all  tba squlpaent   and lighting   fro» 
taa »al» panal  supplied by tba  Rayar. 

• All   tba   fluid   cepply and aabaaat   plpaa   togethar wit» 

tba   raqutrad  control  valvas aad  relaya. 

• Light   ia  tha  chamber  (aatachaaber  included) and  1» 
Coatrol   roo». 

• Operation«  control  aad sigaalliag deaka  or cabinata 
la Coatrol roo«. 

• Recording devi eoa aad pregraaa>era  for Coatrol roe». 
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• Tli« tenpersture and humidity  »«mort for regulation 
•ad recording* 

• All   switches  snd   relays  required  for  the   heating 
lUsentt  of  doors,  window,  drain-pipes,   etc.. 

• All  equipments  required  for  signalling« 
• All  the   hardware. 
• Mea.is  of  storage  end  production of  refrigeration 

water   at  a  controlled  temperature  between  2°C  and 
20°C     at  *1°C. 

• All   the  »ateriai   included  in  this  specification or 
found  useful  by  the  Supplier for a  complete   installat- 
ion meeting all  the  standards. 

The supplier  shall,   in  the location provided  for this 
purpose*   supply the  client with a complete  operative 
unit which meets the  requirements of  this   specifica- 
tion.       The entent  of this supply is  given   in article 
10. 

i a.    mmm 
| This  Installation shall he done  In aeeerdance with local 
' Mandareis of refrigeration, plumbing, welding,  electrical 
• apparatus  and  the  ASME's  standard for pressure  vessels. 
i 

The above   Standards  are applicable subject   to nodlfi» 
I estions  or additions as herein specified. 

' ». L0CÂTIO»   Of lit WECAMO.CLIMTIC Cltlltl 

I The chamber, antechamber, control room together with 



ir it 

•%• 

•ti production ee,eln««*t shell »« l«etelle« In ta« 

fol lowing roe«« of tne Migli Po «or Leeer« tor y (eoe 

irewtng Re. 1) 

r*12*t  Rechine roo« 

r-lîSi  Control roo« 

r-l?êi  Toit chanbor 

r-12?i  Antechaeèer 

TU« overage te«eeret«re of tneee room li te »e 16°C 

•no relativo hunWity to very fro« 30 te let. 

mm 9f m mm^hmm mm* 
Th«  «ecene-ellMtie  eneaèer inoli  »e eeiigneá  •• 
fellemi 

*a   lltfiutyitt tN i?ftUfft 
The e leer Imite linoniioni require« fer Toit 
Che»»«r, Iti antichanear a«* Control Re«« ere 
•how* on the  following Tonili 

ROOM 

•mOlQR*     «*) 

LISVTR «IMI •fSCRJf 

Cenerei Ree« 

••ft 

I.S 

1.S 

4.» 

1.1 

1.4 

0.0 

2.7J 

I.ff 
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?no NNlilii a»«ca of  reo« r«iî*   s ball   »« usad 
for tli« Me li in« roo«. 

Too «rr«»g«n«»t  of tho rooms is shown on drawing 
io*}« 

*.î    Contraction  of   th«  T««t  Chaobar   <r-l2ê> 

fn« T««t  CkMktr   I« »Milt  with prefabricated 
elaoants  «••••»loa   i»   tht  fiald.     Th«  basic «lenant 
la a sandwich panal.     These panal»  shall not be 
painted. 

••»•* fiilf tRi ftftlfH 

«•11»  »»4  calling  ara  built   as   folloni 
fro« owtalde  to   insidai 
-  0»o   U>   galvanised  ataal   «»««t.   1ms thick. 
• 0*»   ti}  polyurathaae coating,   200 »• thick. 
• Ona   <1)   atainlass  ataal  sheet,  of quality 

V2A  (ainilar  to 11/10). 

Tha  «asenbly of  thast elenants  shall bs nada 
vapor-tight,  «atar-tight ••  «oil   as   ice- 
raeisteat. 

f»o rigidity of  tha assanbly  »Mil  be nal», 
talnad  by  fining  tha «lenants   to  tha  four 
vartical cornar  aupports and)  to  tha floor. 

••!•!  rioor 

Tha chano«r floor »noli fco 
fro« »otto« to to»i 

•MÌO   OS   follo«« 



T-J*r;* 

HP 15 

•e. 

- On«  (1) plywood  sheet. 
- On«  (1) polyurcthan«  coating of  approxi- 

mately 200 »n  thick. 
- An electric  heating systen  (see  note) 
- On«   (1)  stainleas steel sheet of  quality 

V?A  thickness   such that the  floor can 
withstand  a  3  t.  load  distributed on 6*2 

with a «axinu« sag of  3a«. 

ROTEt   This  electric heating  system shall be 
as  followst 

- Cover the polyurethane coating with an 
asbestos  sheet. 

- Install the electric  heating coil with 
•ach loop separated by an asbestos spacer. 

The   floor shall  have a  slope  of 0.5% maxi- 
em» for drainage   towards a heated   floor draint 

see   figure  Mo.2,   located on  the edge of  the 
floor at the side of the roost opposite the 
door«  This drain  shall  be connected to the 
»ein  drain of th« roo«. 

The   floor surface  shall  be smooth  and uni- 
for«. 

Th«  electric  heating syste« incorporated  in 
the   floor shall  persit  the» 

1.   Elimination of ice  formation on   the 

floor during  ice fornati on tests on sia« 
terlals. 
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2.   Rapid evacuation of accuaulated ice 

during othar typaa of  taatt.  (see  artici« 
»o.   5.7). 

**2,3 Access  door« to materia^ 

Tlia  front vail of tha chamber ahall  he   fittad 

with a door providing accasa to the  electrical 
apparatus. 

It  ahall  b« a tingi«  door,  Hiding typ« and 

ra i 1-ao tinted. 

If poaalbie, optning or closing of thia door 
ahall b« dona aanually. 

If  tha  construction of  thia typa of door  ia 

not  possible, tuo othar  types of opening ahall 

fee  considered in tha  following orders - 

alternativ«  B«^ 

A door »«da of one aaetion with hingen• 

Alternativ« M«T9 

A door »ad« of two sections with hingen. 

The operation of the  locking device of   thia 

door ahall he done fro» a   single point. 

Thaa« doors ahall be perfectly rigid whatever 

the clinatic conditions of  the chantier. 

They ahall have such awcltanical characterie* 

ties that    all the Joints on their periphery 
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•hall I»« hermetically sealed in accordane« 

with tha requireaents. 

Tha door thraaholda shall not «ucead tha 

floor lavai. 

A heating frana on tha periphery shall 

provida a pernanent de-icing of tha joints. 

Khan tha doora ara open, the opening clear- 

ance ahall ha 3.5» wide by 8.0* high. 

These doora ahall have an insulating Mate- 

rial of tha sane thickness as tha one of tha 

«alla and an interior finish with a stainless 

steal sheet of the a a sie gaug« and having a 

finiah sinilsr to that of the «all.  Tha 

anterior finish shall be a galvanised ateal 

sheet.  Tha Supplier ahall furnish all tha 

hardware. 

»•J.* Observation window 

A window locatad on tha wall common te Tast 

Chamber and Control Reo« shall parait tha 

Engineer to supervise and control the teats. 

This window shall consist of a minimum of 

si» spaced glasses.  The assembly shall ha 

saalad and tha spaca between the panes shall 

be filiad with dry gas. 

These glasses shall he haatad by electrical 

résistera fer eliminating blur an* frost. 
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A window wiper, located ina id« th« roo» and] 

controlled fro« the Control ROOM, shall b« 

included as an additional device against 

blur. 

Th« window dimensions ara 0.S0» high and 

1,00» wide. The location of this window 

shall b« specified later by the buyer. 

«•2.1 ^r fff^ltito ^«t 

•uj.s.i Pffim 

The «ir circulation duct »ade of on« 
or several units  shall contain all 
til« beat »changera. 

This  duct  shall  be  »ade  of  stain* 
loan steel sheet  of  quality V2A and of 
appropriate gauge. 

Th»  design shall   include  renovable 
panais for the »aiatenance or 
repair of the heat  exchangers. 

•.2.1.2 Manta water pan 

A waste water pan anali  be  instilled 
»near the air circulation duct« 

This pan. »ade of  stainless steel, 
shall be designed  In  such a way 
tnat any waste water  fro» the coila 
sball be rapidly drained away fro» 
t»» cuaafcer. 
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On« or ••«•ral drains, of adäquat« 
• is«,  aliali  be  installed. Those 

drains  «hall  bt connected to the 

•aia drain of  the  roo». 

Nil and  drains  shall  b«  «quipped 

wit« electric heating ele»ents. 

Cae» power  supply of  tbose  hasting 

• ¿••»Ats   aliali   includa   a   snitch  sad 

fuses. 

Tbo control of ssch of  tbose heat- 

lng elements  anali »a dono  fron tno 

eontrol  roo«.     Tna  Supplier shall 

••»»ly  «li  tna  accessories  required 
fop tble control. 

fin <•) cable bolos sball connect   the Control 

roo« to the  test   chaober.     They  will  be «sad 

for paasing cables, control  Mires,  pipes, etc 

for  tbe power supply and control  of  the no- 

tarial  under test  and  tbe  instruments  for 

Measuring tbe climatic conditions   in tbe 
cbanner. 

Tbe Interior lining aban bo nade of stain- 

leaa  steel  snoot, 

Tbe nino of tbooe  portbolea aball  bei 



"1*<<ir*<r>m>*. 

*r it 

•ìi- 

- Ì of 4    SOM 
- Î of 4 100M 

•   1   Of   #   200M. 

Their  location «111  be  specified   later  by 

til« toyer« 

TUtit  hoi««, «ken »ot   in «a«,  snail  be   fitta* 

«it«  vapor-tight  »lut« «««y to  install  and 
provided Mit« «  slapl«  locking syst«».   Their 

«sag«   shall  »ot   li« obstructed by   Icing  pheno* 

MM« 

*•*•» frtftirt mUllrhi 
To ivoU •  lowering of  tli«  pressure  Inside 

til«  t«st  cheater  during • cooling  period or 

to «veitf «n overpressure during  the operation 

of an  sir-blast  apparatus under  t«stv  a davi«« 
««eh as an adjustable  cheek  valve  or the 

•univalent  «hall  he provided in ord«r to allow 
just  «nottgh «lr   (In or out) to balance   in- 
ternal and esternai presserei. 

h.î.i jflllillfH flfHtr^f 

At  70°C and overall  th« floor surface,   light- 
ing «hall ho at   ieest  ««.sal  to  iSO Inn. 

The lighting «quipnent  shall h«  fod fro« a 
lo« voltage  source,  ÏSV. 

Th« lighting equipnent  shall ho adapted to 

the requirements  i«posed by the «arlo«« ttst 

«onditIon« In tho cbaaaer. 
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Th« tests in the climatic chamber could 

produce water vapor» water, ice, osone, 

(produced during dielectric tests) as well 

as SOg in concentration equal to that in the 

ambient air. 

*»3 Antechamber 

The antechamber shall be Made of prefabricated 

elements assembled in the field. The basic ele- 

ment is an unpainted sandwich panel. 

1.3.1 Walls and ceiling 

The construction of the walls and ceiling 

of the antechamber shall be identical to 

that described in article 4,2.1 except that 

the polyurethane coating shall be only 120 

mm thick. 

»1.8.2 Floor 

The  antechamber floor shall be  built as 
follows  fro« bottom  to topi 
- One  (1)  plywood sheet. 
- One  (1)  about 120mm thick polyurethane 

coating. 
- An electrical heating system  (see  note 

article  4.2.2.) 
• One  (1)  stainless  steel sheet,  quality  V2A. 

The  floor shall be provided with a slope for 
drainage towards an  heated drain* 



HP IS 

-it- 

The electrical heating system incorporated 

in th« floor shall prevent ice fornation. 

**'*3 ^gffff <J0°rf 

Two accesa doora are to be provided and they 

•hall have the following dimensions Ht2,10«, 

W: 0,80m. 

These doors shall be made of sandwich panels 

similar to those used for the hall walls. 

These doors shall be perfectly rigid in test 

cha«ber operating conditions. 

Their mechanical characteristics shall be 

auch that their joints are hermetically 

sealed. 

A heating frane on their periphery shall 

provide a permanent de-icing of the joints. 

The Supplier shall furnish all the hardware. 

U.S.* ||ilH"i 

Similar to the artici« ü.2.1 

H.3.5 Ç?oB*M Ifid gating 

The cooling and heating of the antechamber 

shall be obtained through recirculation of 

air fron the test chasiber. 

The Supplier shall provide to this purpose 

an adequate means of exchange between the 

two chambers. 
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In addition to th« stipulation of artici« 2, th« 

installation anali conform to th« following eon- 

ditionst 

- opening of tha accota door« althar for »atarial 

or for personnel shall b« possible fro« th« ««to- 

rtor only when th« vapor locking device la In th« 

closed position. 

Only th« op«ning of th« personnel «ntranc« door 

anali b« possiti« fron th« interior and only when 

It haa b««n clos«d fron th« «nt«rlor. 

• in th« t«at çhanber, a atop emergency button 

anali oparat« th« g«n«ral tripping of th« inatal- 

letton and an annunciator ball simultaneously. 

Tha b«ll «hall na«« a «anual r«s«t. 

Dlnenalont of thia roon m given In th« tabla of 

th« artici« *.0. 

This roo« la adjacent to th« t«at roon and houses 

th« control dealt or cabinet. l>oa> this room, th« 

t«st «ngln««r can avpervlae and control th« t«sta. 

Its construction ahall b« »ad« aa follows. 

a.S.l Mall« 

Th« roon walla ahall b« novabl« n«tal parti- 

tion« of about SOan thick. Th« color of th« 

Internal and «xtornal fee«« ahall b« whit«. 
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*.i.î 

Til« «utrane« door of Mtil construction 

•fallar to vali« ahall bava th« following 

dlnaaaioaas M| 2,20», Hi o.tOa. 

A 0.S0» « 1,00» Nigh ordinary glaas sinple 

«lago« aliali feo provided la tha geor at llOaa 

fra« ita toa, 

Taa Sappi lar aliali faralá» all taa herdwar«. 

Taa cailiag aliali fee fiala*«* aita aarforatad 

aooaatic aafeaatoa tllat of «alto color. 

h.a.* floor 

Taa floor covering aitali feo of tfeeraopiaatlc 

tllaa of uà 1 fora «alta and of an i fora black 

colora, arranged la eh««a*feoard pattara. 

Installation aliali fea aado with an adäquat« 

adhäsiv« on a elaaa aad dry aurfac«. 

Lighting aliali feo iaeaadoaeaat aad «quäl to 

aoo loa avarywbare oa th« floor surfaca, 

Th« lighting ayatan shall fe« flush nouated 

in th« coiling. Th« control switch shall fea 

located naar th« «atranca door. 
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•.• üHiM. 

b.i.l iMttiitîIfft 

To facilitât« oaiatañasca, tit« tostlog 

aqoipoaat and aceaaaorlos »hall bo aasily 

aoeaaalblo. 

Ail «qulpooot aball »• flood aolldly te tH« 

floor, lo addition, to« load distribution 

oo too floor aooll bo «Itolo to« parolaalbl« 

lioitai ISOO kg/o2. 

Too lottallotioo of oigo or auparposad 

aqoipoaat shall bo Mí« by oaana of o solid 

•tool atroetoro placad oo too floor and firoly 

finad. 

Tor rotating ««china» «a »otori, coopraaaora, 

ote«t « roolatoot rwbbar cuablon of adaqoat« 

daoping quality «ball bo ioatallad b«tw««o 

tbo apparatus and ita baa« aod/or tbo floor* 

I 

i.i.a Vootllatloo 

Tbo auppliar aboil próvida a vootilotloo ayatao 

of adaquata also for tbo total boot load 

lostallod. 

Tbla vantilation aquipoant oboli ba ioatallad 

oo tbo roof of rooo f-12«. 

Tbo borlog of bolaa throogb tbo roof« tbo 

construction of tbo basaa, tbo supply and 

Installation of all tbo aapbaltic and ««tal 

I 
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fUofcUgo, too roof oovorlftg too oloetrlcal 
taatollatloa and all too Mtirlali rastrad 
for eoeolottog till  lnatallatlon art  incladad 
I» till«  contract. 

Ti« «Ir v«ftt «Mil »o daalfnad to  «o to pro* 
«•at  any  rai» Infiltration. 

Tillo  vaatllatloa ayata» aliali a« controllad 
fro» tli« »«china roo» a M tba control roo«. 

»tiroiiuMcc or TEIT oumt» 

»•i   Ttii tmt 
Tli« typa« of  taata to »a porforoad 1» till« «kiiNr 
will »a tli«  following oaaa. 

• raat taaporatora variâtlooa on *? «»4   If MtorUl. 
• Aeealtrattag ogolftg« 
• Low taoporatwra. 
• Nig* ta»paratura  (dry) 
• Cool and  ieo  taata. 
• Coadamatlo*. 

Tito par for »an co rafolroaoftto of MtarUl  wnoar toot 
•ro to »o mm follow«i 

*•*     Motwra of  too oUact «poor toot 

Too altctrlcal  »«tarlai to oo taatad oboli »o 
lloltad tot 
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• Haala«a glaaaalaast  aatgatt aa 

«Utlii    ?a 

laagtkt •• 
• ftaaiaa» •• 1 gilt   laclading tu« »eaatlag plat ferai 

• I PJatarial  (atea!,  »orealala, ite) 3S00  kg 
a> lt«t«l  »Utfor»                                                    110» kg 

• laaiaaa aartaklag surf««« of aa,alaa«at,  plan 
via«,  shall Mi 

•)  S tlaaai   A.Sa H  2» 
• > 1  tlaai     O.Sa « aa 

• Raaiaaa panar «f »atar«  <••• »at« i)| Ski, 

•ata It     It   it  te aa eetae taat   tk« alaetrleal 

»otara «re  te aparata oaly whoa tae rtaa 
la aacer ateatfy stata. 

*•»  Tttttmim 
Aay taaeeratara »a two a a -JI*C eag «il9c aay aa 
r«««treg  la tka caatar af ta« roaa I» tk« erotaaee 
•f    tk« eaaiaae valgkt af aa.* i a»« at «aa »la tf ara. 

fare« typea «f aaaratloa ara pr«vWagi 

a) Tr— a  !§•€ ta • êt«€t  Taklag aatvaaa 70ela. 
aaa 120 aia.  I» riaa «r «roa. 

a) rraa a  ?§«€ ta «2§«Ci  Taktag  1 keere, a>o». 

Taaaaratar« riaa far «paratie« type b)  «kail aa 

•ktaleag tkreagk tae alactrtc keatiag «laaeet» 
•sag  la typa a) «peratlee. 
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HfMUity »kali ka oktal»«4 »y dlraet  ataaa in* 

Jactloa  fro« a Ion araaaare alactrlc  at««« bollar. 

ftaaldlty  varlatia* cavara  taa raigo  batnaan tha 

relativa  »aaldity araaant  at  tki  Initial aaoleat 

4ry t«»par»tar« »ad aettiratlea at aS°C en tao 4ry 

••ewaaeje) t er • 

At  dry  »al»  «abaratara   «»ova 0°C,   temperature  «ad 
aealdlty ara eatlrely  l»d«peada»t  «Itala tnolr 
re apee t Ivo raago» of varlatloa. 

Tfca aaalaaa rata af »aaldity variation »nail »a 
a«aed according ta artici« i,},}, 

*•*  Miitlfiil mftrmtstt 
U addIt lo» te t»e enaraìatarlatlea  »peeifUd  la 

tao proceeding article,   ta« toatiag eqelpaont 
•»•11 »a  capable af parforalag taa  following 
cyelea, 

••»•* If liti f Hit 
Taa  lclag cyol«  la  carried oat  aa  »»ova oa 
drawing, ta« S 

Taa aaalaaa a,eeatlty of aatar  apraytd at  ?°C 

e» taa apparata»  »»der ta»t  aliali  b« 600 
lltcra/nr.    Of this «.uaatity «o  litar» tara 

lata lea oa taa eqalpeoat «ad  5*0  litara drag* 
aa taa  floor of ta« caaaaer. 
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. . Til« floor heating element shall »tort to 

operate fifteen minutes before tho final 

temperature drop. 

S.S.2 Accadreted tififtj cr?f 

This cyclo  it shown on drawing No.*.    The 
batic  cycle »ay be repeated for periods up 
to  five   (S) daya. 

Humidity  it obtained  by vapour  spraying fro« 

an electrical low proature steam generator. 

Mot  temperature   it obtained by  tho electric 
heating alenanti. 

Temperatura shall  bo  lowered and raieed within 
the  specified titles  atated  in article 5.3. 

S.S.Î low temperature  teat 

The  totted equipment   may be submitted to 
low temperatures  for  perioda from one (1) 
to eight   <•) houra. 

The temperature drop durations  shall conform 

to thoae  given  in article  S.3. 

***     Totwarature  and  hunidltv  tolerances 

In ateady  state  operations 

a) The  set   temperature   inside  the chamber  shall  be 
maintained  at   ¿l.S°C. 

b) The relative  humidity obtained by  steam Injection 

shall be  adjustable at  ¿71 in the range defined 
previously. 



«» 11 

-n- 

Thaaa tolarancas giva tha ••Ria«« deviations betwean 

the aat valu« and thoaa actually »assured. 

Thay take Into account ti»« accuracy and reliability 

of th« equipment •• «all aa tha tanperatura varia* 

floua ins I <U tha teat araa. Thay ara required la a 

apace dtflnad by surfaces parallal to tha walla 

and 0,7Sa away fro« thai«. 

*•? fffftrtl 
Tha lighting la tha chanber and aatachanhar shall 

ha connected throughout tha tastiag parlo*. 

Daring taata »alow tha fraaiiag point of «atar* 

tha following haating alaaants shall ha brought 

into oparation whan tha tanparatura raaehaa 3°Ct 

• Observation window 

- Accass to aatarlai door periphery 

• Accass to personnel doora pariphary 

• Aotechanber floor 

- Othar «lenente which tha Sappi lor daana neces- 

sary. 

Cacept in eaaa of ieing taata, tha haating eleawata 

In tha floor of tha taat chanber ar« oaly brought 

Into oparation whan tha tanperatura riaaa and only 
o 

whan thia tanparatura raaehaa or aaeaada -25 C. 
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t.     iifUfnniTâii ¡wtriUffT 

•a   »••ti»« »itti 

Usee   in tenparetere  snail  be  obtained  by  electric 
boating alenante  »»«lit«4  I»  tne   air circulation 
duct. 

The   power of  the«« «liMiiti   shall  be  bassa   on  tût 
•fällig  cycle «a  described   lu artici«  S,§.2. 

Tne  eloctrlc neatlag eleuenta   aliali be  hernetlceliy 
sealed  vlth terminais brought  to the anterior af 
tue  chantar structura te guard   ta«* agalaat   tne 
hunldlty and breathing affecte  of cycling. 

Tali   heating  systeu shall   Includa appropriata 
control  aad ragulatlon  Instruisants  so as  to aasver 
edequataly  to  tha  required   perf orsences. 

A  high   ttaparatura  security  control  snail  de« 
energise the power  supply of  the  seating alenaste 
If  tha   ttaparatura  reaches  a  critical  valu«. 

The  control   of   thin  heating   systen will  be  done 
fra» the control  roon. Tne  signalling required 
ou  til«  panel  la  described  In article io.t.g. 

rusas  «nd sulten  shall be  Installed  In  tha   power 
supply  circuit.     Tne supply voltages available 
ere given In article 9.3. 
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*•'  Ititi HUtr 
«.2.1   Uac 

Neeidtty 1» tH«  teat e li« »Mr «ill be carried 
eet by dry atea* Inject lo« fra« a lo« »rea- 
tare electric atee« boiler. 

Toe rating ef ttiii boiler  eball be besed OR 

tee variation rate and O«  the percentage of 
hweidity rcfwired in carrying ont  tbe  ageing 
cycle  (article  i.1*21. 

Ita daelg» and  installation aball confer« the 
local  ene/or A.S.R.C,   atendere». 

I 

•.1.2 Controla and accciterlca 

Tbl« boller aball be equipped with the 

following eleaentst 

••enltorlng controller of tbe water level» 

-safety valve aiaed end instilled in accord« 

ance with ASHE standards. 

•two pressore contrôlai first one aa a work- 

ing control and the second as a high Unit. 

-atee» pressure gage. 

•loo water aafety eat-off 

•aafety control thcra>oatat which de-energiaea 

tbe power supply in caao of high tenpereture 

of tbe eieacat». 

Tbe signalling required on tbe panel in tbe 

control room in described in article S.i. 
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a opoclal ¿rata ¿evie« doacrlbad In artici« 
7.7 eball be  iaatallad ooetreea of tba alactro- 
valve e« tba ebaaber sta«» pipa  lalet. 

It   eball be   iapoaaibl«  to  oparata  thla  device 
«Ih«» tbe  lalet  electrevalve   la opened. 

••*•• füNfg »tttr 
THo «otar supplied to tilo  ataao generator 
(bollar) abolì bo filtered]  «ad doninomi Iseo!. 

Twne «ni capacity of to« Mttr filter «M 
deaiaereliser  alioll ba cbeaea   in accordance 
«Ito tb« quality  of to«  tap votar.  Ter ttaU 
purpes«, tb«  toppitar aball  oaka tba required 
toot«. 

Should tba o««d orli« for o  puop to supply 
«•tor to too atea« generator,   it  «ball bo 
•upplWd «bd  installed with oil tba appropriât« 
control«. 

••*•* flfffilHtfflf 
Too  Suppllar  odali olio forooo« on adequate 
noons of draining tb« cond«naad votar in too 
pipa betonen tb«  bollar and  tb« «to«« inlot 
electrovalve. 

Tbo Supplier aboil iupply and lattali all 
tbo electrical circuit for tbo supply of tbo 
boiler «ad ita accessories. 
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mit installation include til« connections 
to tlio »oiii supply »OK wli i eh  it furnished 
by tli« layer. 

This boiler shall have ita own switch and 

fuaes. 

• •I tofriaoration avete» 

This ayate» nay b« cooposed of on« or several units 

and shall ha in aeeordanea with the local atandnrda. 

• .1.1 Coejproeaore 

all coapreaeore will ha air-eoolad. 

Each conprassor shall ha driven by an tlactric 

not or with diraet coupling or balta. Infila 

last cas«, a b«lt-guard ahall ba installed. 

Motors with startar ahall ba at ona of th« 

available voitagea and ahall have their own 

fueed protaetion and diaconnact switch. 

Each conpreeaor ahall ba equipped with low 

and high pressure controls of refrigerant 

and with a low-oil pressure control. A gauge 

and a »anual Maintenance valve shall be 

installed on the auction and diacharge line 

of each conprassor. 

A running tin« neter ahall ba installed on 

each conpreeaor unit. 
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If  an expansion  tank  it  required,   it  shall b« 
•ad« according to ASME or local  standards» 

§•3*3 Evaporators 

6-3.3.1 Number °f ci?ffl^8 

The  number of  circuits  of  evaporators 
shall  be choosen  in such  a way  that  the 
performances  and  the  test  cycles  fore- 
stan   in the chamber will  be carritd out 
adequately. 

The  evaporator  cooling coils  shall bt 
tad«  of dehydrated copper refrigeration 
tubing with aluminium fins. 

Nié«   fin spacing  shall  be  used  due  to 
fretting conditions expected during the 
icing test cycle on an electrical appa- 
ratus. 

6.3.3.2 ^frosting 

Evaporators subject to frosting shall 
bt «quipped with an electric defrosting- 
system. 

•>  On« circuit  of evaporators 

The  power supply of the  electric de* 
frotting system  shall be   fused prottottd 
and   shall have  a disconnect  switch« 
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Tais   defrosting  system shall be 
started Manually and  stopped auto- 
matically  by a  thermostat  control on 
the evaporator  tubing. 

Also,   throughout  the  defrosting ope- 
ration,  it  shall  be   impossible  to 
operate the ventilators and the 
compressors. 

b> Two  circuits  of evaporators 

If two  evaporator circuits  are  required, 
automatic  control  shall be  provided 
for  the setting   in operation of one 
circuit  and  the   defrosting  time  of 
the other  circuit. 

It shall not have any air circula- 
tion on an evaporator during its 
defrosting. 

The closing of  the air inlet baffles 
or th«  stopping of the corresponding 
ventilator  shall  be  coupled  to  the 
defrosting control circuit. 

I 
I   \ 
I 

••••»•» Startlm control  after defrostinff 

Independently fron the number of eva- 
porator circuits  choosen,  a  thermostat 
control shall prevent  the ventilator 
fro« restarting or the louvre»   from 
re-eftoninf until  the evaporator 



*1?'*PW^1*I(i*ÍSl#*> 

HP IS 

-2i- 

tesperatur« ha* reached a certain 

valu«. 

This tesperature valu« shall peralt 

th« frosting of th« remaining water 

on th« evaporator coils. 

i.î.« Liquid to suction h«at exchanger 

Th« liquid to suction h«at «xchanger should 

b« carefully chos«n in order not to cause 

compressor overheating du« to high suction 

superheat. 

Prestur« drop should b« kept as low as 

possible in the suction lin« interchanger. 

6.3.5 Condenser 

Th« condenser shall he air-cooled and shall 
b«  installed on the roof.     Nevertheless, any 
other type of cooling could  be  considered. 

A  concrete base as described  in article No.9*1.9 
shall be constructed by the   Supplier on the 
roof of rooa F-12»*. 

The construction of this base,  the drilling 
of the roof slab to allow the refrigerant  islet 
and outlet piping and the electrical tubing 
to pass  through are also included. 

Condenser, ventilators and motors shall b« 
firsly fined  to a galvanised  steel frase 
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covered with a galvanized  steel sheet. 

This  steel frane shall be  bolted to the 
concrete base. 

All  the electrical supply  together with 
the  controls shall be contained in a  staci 
watartight box with a renovable front  panal. 

If an haating system is required insid«   that 
box,   it  shall be supplied.   This heating 
syste» will be electric with theraostat 
control.     The power aupply shall be properly 
protected by fuaes. 

i 

The  starter« the overload  protection and 
the disconnect  switch of the ventilator 
»otor shall be supplied and  installed  in   the 
watertight box. 

Modulating of ventilators and/or flow of 

refrigerant entering the  condenser shall   take 
into account the outaide span temperature 
<-5°C  to « 35°C) and  the  liquid refrigerant 
pressure at the outlet of  the condenser. 

All  the accessories required for an adequate 
operation of the condenser shall be supplied. 

The air  inlet ef the ventilator shall be 
protected with a renovable grating. 



- fW»»TW»l«í' 

-30- 

•••••  PfftlTfr 
Thie r«c«iver shall I»«  constructed  in ac- 
cordane« with th« ASME or local atandardt. 
Ita  als« «hall b«  larg« tnough to Hold all 
th« refrigerant. 

Thi«  receiver «hall b«  equipped with  fuai- 
bl« plug and servie«  valves  on th«  inl«t 
and outlet of th«  liquid r«frig«r«nt lin«. 

Nr it 

1.3.7   *ir imtfftt 

1.3.7.1      rana 

Fana ua«d for air circulation within th« 
chastber shall nava steel galvanised vanas. 

3.3.7.Î      H9T?rt 

To «lininat« corroalon and niniaiis« h«at 
transnission, stainless  st««l shafts snail 

»• need an th« notera. 

Motors nay b« nountod inaid« or outsid« 
th« chanbsr with pr«f«r«nc« to th« last 
Installation. 

A)     Internally  mounted 

Motors nounted  inside th« chas»b«r ahall 
b«  of the totally  enclosed typ«.     Their 
construction ahall be adapted  to the full 
rang« of environmental conditions within 
the  chsaber. 
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In externally mounted notor»,  vapor 

•••1  joints shall be  installed in ordsr 

te ellainate or elnlnlse heat  trana- 

aieaion fron or toward tha aablent  «ir. 

Infornai bsaringa  mu at withstand tho 
full  ranga of envlronaental conditiona 
with a raasonable  Ufa  expectancy. 

C)     Startint and protection 

Whatever nay be  tha   Mounting, »otora 
anali be equipped with  starter,  dis- 

connect  switch and   fuses  protection. 

In addition, tha control  aystan shall 
be   installed outsido   tha  chaabar. 

ft.S.I    £JfiM 

All piping shall ba of  copper with tha 
aininun flared or flanged  fittings as 

all piping shall ba of   tha  highest quality. 

All  joints  shall ba silver brasad with 

an inart  gas such aa dry nitrogen flushad 
insid«  to avoid internal oxydation. 

All piping shall ba adaquataly supported 
to enaura  a rigid installation. 

All  linos  and components  shall ba saparatad 

and aacured with nylon  clanpa or brackets 
with  nylon  Inserts. 
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«Uratioo eliminators »ball a* incorporated 
1» tao ayate« en «11 linee to an« fro» the 
cenere oeor a. 

•nere tao installation It subjected to lo« 
tcaptrature,   flared anta shall  heve hola* 
to prevent any infornai freesiag. 

for propar oil raturn,  auction linea should 
be run either horizontally or  pitchad dove 
toward  too  coapresser.     If equipment height 
doti not permit this, they ehall be  carried 
to • tran and a reduced dlanotor rlaar «»oil 
bo used near  the  conpreaaor. 

••*••    JfllMtifllW 
This refrigeration system aliali bo   Installed 
with all the  control and regulating  instru- 
nenti and with other equipments likoi 

• oil  aaparator 
- thermostatic expansion valve 
- filtor and drior 
- valves 

- electrovalves preceedod by  a filtor 
- liquid indicator sight glaaa with an 

intornai  huaidity detector»  and also, 
all tho othor equipments required for an 
adequato, secure and effective operation 
of the antlro  syatea. 
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f.      MrhêTli iWirUffl 

fti     Wtlff *Prair oaalnajoat 

TU« water apra* «qwipa+at constitutes an Integral 
part of this contract aad snail bo  installed in 
til«  Machin« loo». 

Til«  specification« of that ipr«y equipment shall 
be as fello«!t 

7.1.1   twin Wñh 

- Capacity  i  dot «rained in torus of th« 
equipnent and th«  required 
rata of spray water. 

- Material  t  stainless steal  covered with 
the rasi insulation. 

- Accesa to lamida  i aovable covar to 
facilitate «alntenance. 

- Dr« i nag«  t  a valve located at  the lower 
part of the tank will allow 
draining. 

• Overflow  i  an overflow pip« of adequate 
• isa shall ha provided and 
connected to the roo« central 
drain. 

- Piping      i   the Supplier shall  supply and 
install all piping fro« the 
tap-water valva supplied by 
th« Buyer. 

- Plltsr       t   a  120 aesh filter ahall be 
installed on the lina before 
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the teak,    mis  filter thill 
be of the intarchangeeble 
cartouche typ«. 

- rilling water t  it shall  b« dont auto- 
matically. 

*•*•*  fiitr ffiggly In thf m« 
Flow  t   variablt fron 110 to 600 littrs/hr. 
Piplngt   -  fro» tht tank up  to 0,30 a infida 

tht roo»i adequata   sitt. 
• tht  input inside   the roo« shell 

be aadt it thraa   (3) difftrtnt 
lavais i Hi Si and 7 a above the 
floor. 

- the inputs »ay ba  uaed separately 
or siaultanaously • 

• piping inside the   rooa shall be 
adapted to the  clinetic conditions 
which could exist   in it. 

• piping ends  inside  the rooa shall 
ba terainated by  a  union or a 
thread. 

- all tht piping shall be adequately 
aupported with nylon clasps. 

*•*•»  futía! tyiiff 
It  shall  provide the required  flow with a 
niniauB)  prtssurt of * bara   inaidt tht teet 
chasiber. 

i • 
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fhia punpUg ayste» aliali be equipped with 
• safety control which  de-energiiet  the 
tlactric aotor if  the  flow is »uddently 
stopped. 

This electric »otor  shall bt aquippad with 
a disconnect switch and  fused protection. 

7.1...    Meter tttltifl 

Untreated but  filtered. 

7.1.9    Çoa^rflf 

a) a control  for tha required flow. 
b) a electrovalve  for stopping water ad- 

•ieeion in tha  roo« and installed on 
tha nain pipa.     This  electrovalve  shall 
be located between  tha special drainage 
device and tha  pump   (see the article  7.2). 

c) an electrovalve  on  aach water inlat  in 
tha roo« for etopping water admission. 
Thasa electrovalvea   shall be installaci 
on the ups tre a« sida  of the special 
drainage devica  and  outside the  roo«. 

d) operation of all  those elenenta  shall 
ba controlled fro« the control rooa. 

*•*•»    TftUffl Wtyftf 
The sise of the refrigeration systoa and 

of the heating systen shall be based on 

the following datât 
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- Vater temperature i 
a) tank  eupply  i  ?.S°C  to 15.S°C 
b) »pray  In tht roo« :   variable between 

2°C and 20°C to tl°C. 
• Rat« of production  t  required aaxiaua of 

•00 litera/hr. 

The heating »h*ll be provided by • ttainlaaa 
steel electrical eleaeat  installed in ac- 
cordane«  with local étendards. 

The rafrigaration systea »hall bt air-cooled« 
although any alternative  could b» considered. 

Control  inatallation and othar «ptcifications 
•hall ba  aa atipulatad in  articles 6.3.1, 
6*3*3•  6.3.*,   6.3.5,   6.3.6,   6.3.6 and 6.3.9. 

•.«filiation shall b«  incorporatad and »hall 
•nabl« tba teaperature of  th« apray water 
to ba aat  fro« th« control  roo». 

7.2    Snaclal drainage  device 

A special drainaga davic« »hall  ba  installed to 
•ach spray-water and stesa pipa  bafora it «ntara 
tba taat chaabar. 

This device «hall operato on ü bar co«pr«tiad air 
aa shown on drawing No.  S. 

This dtvic«  includes  th« supply  and installation 
of all the electrovalves and piping fro« a regu- 
lator, supplied by the Buyer, and who»« outlet 
•is« ahall be apacified later. 
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Each emaciai device it  controlled fro» the control 
roo« by •••na of a aomantery-action push-button. 

It fhall b«   impossible  however to operata the air 
Inlet eltctrovalve  if  the corresponding water or 
atea» inlet  electrovalve  ia not in  the  closed po- 
litlón.    Provision shall also be »ade  for a siailar 
locking of tba opposite  operation. 

• •       ornano» AND CO»TROL or THE EOUIPHEBT 

All tha equipment  shall be controlled and operated 
fro» tha control  roo«. 

All operation and  control instruments ahall be  installed 
inaida one or two control cabinata. 

1,1    TtiJtraW  and humidity aanaors 

Sensors used  for regulation and Monitoring shall 
ba separated. 

Tor Monitoring, tha Supplier ahall  supply: 
a) for the  test chamber 

- two (2) temperature sensors 
- two  (2) humidity  sensors 

b) for the  spray water 
• one  (1) temperature sensor. 

The sensore ahall be capable of covering all 
temperature and humidity rangea aa described in 
article S. They ahall be supplied with their 
calibration curvea. 
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Theae ••«•ora shall ba of tha platinum typ« and 
o. 

thay »hall have an accuracy of at laaat iO.6 C 

throughout tha antira ranga. 

Tha supply of a two-tharaoaatar paychoaatric 

aansor shall includa all tha raquirad accessories 

i.2 Proaraaaar and controllori 

In tha test roo«, humidity and temperatura shall 

ha obtained either with a prograaaars or by »anual 

control aftar tha dasirad values have baan diaplayad. 

For tha spray watar system, water tanperature ahall 

be salactad froa an haat/cool controllar equipped 

with a aat point aalactor. 

• .2.1 ProjrtUffr 

A prograaaar with coabined or separata eon* 

trollara ahall «nabla tha temperature and 

humidity aattinga to ba variad. Two <2) 

plaatic caaa ahall ba uaed for this purpose. 

These caaa 160 to 200 aa in diameter shall 

ba gradad froa 0 to 2*. Tha indications 

shall parait all tha temperature and humidity 

cyclic variatioaa within tha performance 

limits ef tha chamber. 

Chang« gaara shall parait time cycle vari- 

atioaa between 0 and f* hour« par revolution. 
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8,2.2 Controllerà 

Teaperature and humidity controllori shall 

be «quipped with a "reaote/local" switch to 

parait aithtr remote programmed control or 

•anual control of th« climatic condition« 

in th« taat chamber. 

Tha accuracy of aach control salactor shall 

ha within tha raquirad tolarancas of tha 

apray watar system. 

Tha smallest scala division of tha watar 

temperatura controllar shall ba 1°C minimum* 

Th« recorder shall ba ELECTRONIK 112 of HONEYWELL 

or th« equivalent. Thia Honeywell*s raeordar shall 

have tha following charactariatic«i 

- printing cyclai 2 sac. 

- chart-drive speeds: 2.S cm/hr and 25 cm/hr. 

- change gears for chart sp««ds of 1/2 and 2 tin«« 

basic speed. 

- 12 registers with Multicolor printing. 

- "SELECT-O-PRIMT" option 

• Fluorescent illumination. 

Two (2) temperature indicatore shall ba supplied i 

one for tha taat chamber and one for tha spray 

water. 
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Thasa  indicatori  ahall b« of Roaamont   Inc., Nodal 

»SOT or tha équivalant. 

These  indicators  shall be graduated  In °C.    The 
temparature scalaa  and tha  saallast  divisions anali 
ba raapactivaly: 

a) -30°C  to*T0°Ct   1.0°C for tha  tast  chambar 

b) -5°C  to •2S°C,  §.leC for tha  spray water. 

•oth  indicator shall ba nountad on tha control 
cabinat and shall hava thair own senaor. 

i.l    iffftiiyfltff 
Accasaorias required   for tha afficiant operation 

of control and raeording equipment  ahall ha supplied 
and  installed. 

i.t     Blammlllng 

••••*  faiM sBllttitrt 
A Mimic panal rapraaanting tha antlra system 

ahall comprise  signalisation  pointa which 

will provida  tha taat agant with an encollent 
suparvision of  tha oparatlens. 

Tha  signalisation system shall  ba  as follows i 
a whita  lamp  indicator  to  show which 

piaca  of equipment  is   in  operation. 

-    a rad  lamp   indicator with  an alarm-ball 
to indicata  a fault. 

This alarm-hall shall ba  sappilad with a 
rammt button. 



TABLE 1.1,1 - HÜftmHfl HP   IS 

PANEL DIVISIONS 

). 

B2 

o3 

CONSTITUTION 

Refrigeration syst«» 
of ti» tast chamber 

Air heating system 
of the taat chimin r 

Steam system) 

Metering «yate* 

INDICATION 

EQUIPMENT 

compressor 
(sea note 1) 

- condenser on the 

WHITE BULB 
INDICATOR 

1 ind.'R/comp.'R 

I ind.'ft/motor 

1 ind.'R/motor - fans' notor« of 
th« «ir circula- 
tion duct 

- evaporator defrost 1 ind.*R/syste« 
(se« not« 2) | 

- «l«ctric«l elementi ind.'R/unit 

- at««» boll«r 
(saa not« 3) 

- special drainage 
device 

- electrovalvas on 
•ach of th« S 
levels 

* special drainage 
device 

- pumping system 

• t«stinf 
•guipaient 

•) electrical 
heating 
element 

b) refrigeration 
system 

MEANING OF THE RED BULB 
INDICATOR 

- low refrigerant pressura 
suction side 

-high refrigerant pressura 
discharge sid« 

- low oil pressura 

1 ind.'R 

(saa nota ») 

1 ind.'R/electro 
valve 
(saa nota 5) 

(saa nota «O 

(saa nota •) 

1 ind.'R 

ideai to Bl for 

(If 
raquirad) 

1 ind.'R/high t«i»p*ratura 
control element 

- high steam pressura 
- low water level 
- high t«mp«ratur« of tha 

e leinent 

idem to Bl for compressor 
and condenser (if raqui rad) 
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1) Tht gangas  for each  compressor shall  b«  installai 

in tha  corresponding division  on tha  panal. 

2) If dtfrostlng  is  startad Manually,  tha white  laftf 

indicator shall ba  combinad with tha  oparating 

knob on  tha panal. 

))       - Sta«« pressura  ganga shall  ba  installed  in this 

division. 

-  If tha  staaa ganerator requires a water feeding 

puap,  a white  lastp indicator for this punp inali. 

da installed in division  13. 

*)       A «hita   leap  indicator shall  ba assoclatad with 

tha «oMantary action push-button of  tha special 
drainage  device which shall ba  installed  in this 

division. 

I)      One  (1) white leap  indicator shall ba associated 

with each oparating push-button of aaeh electro- 
valve.     These thraa button«  anali ba  installed 

in thie diviaian. 

•I      A «bita  laap  indicator shall ba associated with 

tha puap flaw control iaetallad in this division. 
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••••*    lÉMIIIfUiltffl ff Ut It» lliliilIFI 
Each lamp  indicator aball be  provided with 
• naneplate giving the  na«« of  the «quip- 
nent and th« natura of th«  fault. 

Ta« wording anali be in Spaniate. 

•••••    Liat of  lmm» ili«-«*«»« 

til« ninic-panel aliali be in al*  <«) diviaieita« 

Divisiona Al and A2 shell correspond respect- 
ively  te the taat roo« accessorial and ta 
the nacliina roe« aeeeeeorlea, 

In division Al a »witch with a »»hit« lanp 
Indicator aliali be inetalled for eaeh of tne 
following equipment! 

- drainage and fleer besting aysten of tne 
teat chanter 

- drainage and floor besting eysten ef tne 
antachantar 

• beating aysten in tbe fra»« ef tba ante- 
chamber's doera 

- beating ayates) in tbe  frane of  tba chenber'e 

secess door 
• besting ef tbe drsln snd tbe pen ef tbe sir 

circulation duet  ina Ida tba chanter 
- basting of tbe observation window 
- wiper of tbe observstion window 
- tsst  chaeber snd sntsebsnber lighting. 
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In divillo» At a •«Iteti with a whit« bulb 
Indicator  for th« ventilation «yet«» in 
th« »echino  roo*. 

Th« «Unalltation eyitaa for th« oth«r di 
vUioae  Is  d«scrib«d in tabi« No.   i.6.1. 

I.f.l 

Thi« panol  «hall contain «11 th« «igaal- 
lt«tion «tie control «qulpncnt  for th« ae- 
cesiorl««  distributed «Hong  th« ilx co«- 
partnont«   ¿«acribad in th«   pracatdlng 
artici« «M  «hewn «eh«»atic«iiy  I« dr«vlng 

He.  I. 

••*••     Stilili lililí I (ti 
Th« regnlatio« «nd ooatr«! c«bi««t<e) sh«ll 

«••taint 

• th« t«n>«>«r«t«r« «né h««i4ity programmer 
• th« t««)f»«r«t«r« «nd huftâdUt* controllar« 

of th« t««t eb««b«r 
• r«e«r4«r 
- t«n*«r«tur« controller of th« «»r«y-««t«r 

•fit«« 

- t«n««r«tuv«  indicators fer th« t«at «fcffctt 

«nd th« •§>*•* »«t«r. 
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t.f.t  fittitrMfUfi tal «nmiHtUn 
Tilla  panel and  these  cabinata  shall bt nada 
of eteel aheet with  eornars «nd  edges rounded. 

The  eonatruction  «nd  the  installation of 
tili*   furniturt   in  th«  control  root shall 
he Mad«  in such  a way as to procura an «aay 
accaas  for reparation, rintanane« or »odi- 
fleationa to BOM«  instruments. 

•.7,«    Painting 

Painting of tha panal and cabinata  aliali 
b« dona by tha Supplier. 

Tha iwyer «ili dacIda iatar on tha enact 
caler. 

••        aUteckLAiiCûus 

t.i 

Tha pipas aupplylng th« «atar and tha  ataaa inte 
tha chaaber aa wail aa thoee supplying tha réfri- 
gèrent (suction aida) shall ha covered with halt« 
insulation material with a vapor seal. 

Tha piping for ail systens:  water, s ta «at,  refri- 
gerant and air ahall ha narked with the)  type of 
fluid and tha  flew direction. 

**'    àrisslfcst Yïatlflf 
Available voltagea far tha power supply  of tha 
tasting aid other equi pa»* t ara at It Nat 

3tO  V   -   3# 
220 V      «/granad 
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•••  urli n rttf tl rtti l~itH 

f.3.1 ¿££g£ 

Til« work includes: 

- construction of reinforced concrete base(s) 

for tht air-cooled condenser(s) 

• construction of tht wood bases for the 

ventilation system 

- boring of th« roof for the passage of all 

pipes and ventilation duct. 

- th« covering work includes insulation« 

asphaltic and metallic flashings* «te. 

Th« location of th« various equipment cos- 

pon«ntsshall be approved by th« Engineer. 

••••• rtiiisisft 
Th« Supplier shallprovide th« building and 

th« work of other trades with proper and 

effective protection against falling material. 

Mo circulation of personnel or work will 

b« allowed on th« roof unless th« surfaces 

Involved are suitably protected. This 

protection shall be approved by the Engineer. 

All exposed or partially completed surfaces 

left unattended for nor« than eight (g) hours, 

snail be protected with polythene sheets or 

waterproof canvaa. 
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All canvas or sheet joints »hall bc sealed 

with • »trong sealing tapa.  Thit canvas 

or shaat covar shall ha firstly attached 

so that no wind can lift it up totally or 

partly. During this covar installation» 

pockets formation which could ratal« water 

shall be avoided. 

i.3.j  stigmi fetit 

1.1.9.1 jufcauLuLUL 

This concrete base nay be done In one 

or several sections depending en the 

type of footInfs used for the condeneer 

supports. 

••»•»•»  ÇffiilriilitB 

The concrete base shall be of reinforced 

concrete anchored to the roof slab by 

means of anchor belts ef suitable alee«. 

The roof slab shall be primed with eeennt 

groutlug. 

• •S.S.S SâMÊËÂÈê 

The Supplier*a drawing showing the base 

covering shall be approved by the buyer 

before the Supplier proceeds with hia 

work. 
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•ne* 

Pip«i «ay b« paaaad «lth«r through th« 

concreta bat« ««4 roof or through • 

••parat« hol« in ttt« roof alab. 

For this last casa, a creoaotad-pin« 

easing anali b« nallad to th« roof slab. 

Aaphalt and ««tal covarint ««4 flashing 

•hall b« in accordane* with artici« 

f « 11 3> «i 

• .t.H     iâ».   amd  ¿yet   for   the   ir.iitll.ter   —It 

TM   SttpplUr «hall   furniah  th« «hop drawings 

of  th« basa and duct hoi«  for th«  ventilator 

»nit.     Th««« drawings  shall ba approvad  by 
th«   Engineer bafor«  work anacutlon. 

Asphalt and »«tal  covering  and flashing 

small b« in accordane« with artici« t.S.S.I* 

Th«  passag« of pipos  for th« «lactrical 

•«(«ply tegattt«r with th« covering and in- 

awlatlon shall b«  don« by th« Supplier. 

it 

10.1  Enainearlna 

Th« Supplier shall perforo  «11 th« «nglnaarlng 
work r«quir«d for c««pl«tlitg th« work stipulated 
harain. 
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Tht  Supplier shall  specify the quantity of water 
required  fort 

- "«pour  generator 
• spray-water 
- ether equlpnent. 

Tht  Supplier shall   supply •!!  the piping,  valves, 
fittings,  ite, required for completing the »»«tor 

•apply ayates.     The  vítor supply  ihall bo obtained 
fro« « «top valve which will bo provided by ttto 

•««or but   In accordane« with  the Supplier's  opa- 
cifications. 

*•••  istorigli ImtlsalUyl 
all electrical  Installations  fern parta of the 

oypply up   to the  die tribut ion  cubicle.     The  con- 

nections   to the cubicle alao fernlag part of tbis 
contract. 

The Sappi lor aliali   Infor» the  buyer of the required 

voltage  and power facilities  for each voltage. 

Too buyer will supply the power and voltage cabios 

up to the distribution cubicle, which ho will aiae 
•apply. 

If a d.e.   voltage er a.a.  voltages others than 
th« voltages available are required,  the Supplier 
•hall supply and Instali  the  équipaient required 

to procudo thia d.e.  voltage er othera a.a. 
voltages. 
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The  distribution ind control circuit«  for the 
supply of conpresied «ir  at * sort  for« parts of 

this supply. 

fh« Supplier will obtain th« compressed tir supply 
fro« a vaiv«, which will fee supplied and installed 

»y  the Buyer. 

•••• HHU9B ?f viTtiit lilinl tftsfft 
Th«  Supplier will choose   th« Most  convenient  loca- 
tion, with th«  agr««m«nt  of th« luytr,  for th« 
installation of  w«t«r inlet, «l«ctrlc«l power 
distribution  cubici« and   conpressed   «ir  inl«t 
required for th« tatting  equipment. 

it  is  understood that th«   location«   choten «hall 
take  into considération  th« out-lin«  dimension« 
and/or physical   inpossiai litios du«  to  th« cons- 
truction of tho  pre«ls«s  «né/or to equipment. 

»••* JL«JUaXJttliJatfft 

TI)« Supplier «hall provide th« wat«r drainai« 
•y«t«e up te th« i«w«r,  fitting« included. 

*••'  Mamálin» end «ematina 

Itatarial «nd «quip««nt  included in  this «««tract 
shell he unloaded by the   Supplier  In  the Labora- 
tory hall.     A  10-ton era«« can he  ueed  for thie 
purpos« within   iti travaillai Unita. 
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ili« beli ace«««  it posslbl«  by • roâd. 

Vertical  sud horizontal handling faciliti«»   insid« 
and out«id«  th«  laboratory end  in tht room«  provided 
fer th«  construction of th«  clinatic t««t   chamber 
•ad th«   installation of th«  «o,uipe«nt «Hall b« 
supplied by th« Supplier. 

*••• Sfll4it4ffBtM 
Th« Supplier shell b« r«spon«ibl« fer th«  com- 
missioning of his  installation. 

The commissioning includes: 

• purge and cleaning of th« refrigerant piping 
• test under presser« of th« »noie syst«* for 

leaks detection 
- balancing of th« r«frig«r«tion syst«« 
- adjustment of «ii th« controlst  tempereture, 

humidity,  pressure, «te. 
- inspection of ail the «l«etrleel circuit« 
- «to. 

•••• Itili i i ini iiteU» tttèi 
Tb« Supplier shall supply in five (I) conies «11 
th« maintenance and operating annuals of  the 
«hele supply. 

If any epeciel tools «r« required for »«intonano« 
•r repair of s one pieces of «equipment, they  also 
•bail be supplied. 
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àÊÈÊËIàË£SkJiÊLJËSÊÈÊÈ 

în«  «ee«pte«eo  teeto will recuire fro« the  Supplitn 

- • prob«« fer «•••urini th« dry t«*p«r«tur« end 

• »roteo for •••surlng t»« ntwiiéity.    Tney ih«U 
*•  loeeted within th« t««t oro« dofined by th« 
•urf«c«s p«r«ll«l to th« «olii and 0.75  • «part 
froo the«. 

- tao  luy«r «h«ll etteely th« oth«r supf>l«««nt«ry 
pro»««, 

"•' lilt  Biffate 

f»e p«rfor»«neo  of «eceno-cli««tic ch«*b«r ah«ll 
»•  ch«ck«d by carrying eut  t«»por«tur« •«* hualdlty 
eyeloa •• «p«clfl«d o« dreeinga Dea.   7 and I. 

Theao  tait« seen |>« pcrforawd with  3 tone of ••• 
tor lai  in tea e««a«er. 

Heve vor, if ttieee too ti oro  inconcina iva,  tee §«yer 
reeervei th« right  te dösend additional teeto in 

•réer to prove tnet th« choobar la «atltfactorlly 
ooorational. 

?»e p«rfom«ne« of tn« «prey ««ter e*«|e«*et «n«U 
eie« «e eneoke«. 
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1.0   CCTPAi MKHIPTIO« 

TU« reactor etil. deecrikcd herein will be ueed for .djuating .hprt-circuit 

current te the desired value fer every teet in the High Power Laboratory 

•f Electrical Industry Teetlng and Expar mentation Center, Madrid, Spain. 

reactor cella will be arranged in tari««, aach baing shuntad by a 

I «Ucewnect       »witch, which whan disconnected will insert into tha taat 

• elf cult tha inpsdance of tha reactor in parallel with it, and which, whan 

ennnncted, vili radeva fra. tha taat circuit the impedance of the reactor 

| thereby abort-circuì tad. 

i Innnéanco vale«, of tha individual reactor winding, shall be a g.onetric 

•rasreeelou with • .ultiplier of 2.05, ae that whan several reactor, are 

| H* 1» aeries a fine control of tha ahort-clrcuit currant will be achieved. 

j Toot, will ba three-phase or a ingle-phase.    They will be carried out on 

circuit breakers, fueeo, ewitehes, disconnect switches, current tranaforaara, 

J reactors, wave trapa, bua bar aystens and other types of equipment uaad in 

electrical distribution and transmlselon systems. 

Inort-circuit current will be eupplied by a 250 MVA ahort-circuit aourca. 

Theoo reactor colle will regulate the power auppllad to the A.C. high 

current transfemer and the D.C. section. 



lé 

-1 - 

2-o summ 
IK 289-1968 

IIC 129-1961 

IK   60-1962 

IK 168-1964 

Reactora 

Alternating Cwrmt Isolators (Disconnectora) and 

EârthlRt »Vitehea (Includine AdMndMnt No. 1-1943). 

High volttg« tut techniques 

Taata on indoor and outdoor post insulators for 

ayetoaw vith nominal voltages graatar than 1000 V. 

Tha standarda Hated above ahall apply, except for medificatIona or 

additions contalnad in thli specification. 

3.0   VALUES OF IMPEDANCE OF THE DIFFERENT REACTOR COILS 

Tha ahort-circuit currant is variad by adding to tha total 1 apod ance of 

the source, of bua bara and of tha ahort-circuit tranafornara» tha i scodane e 

resulting fro« tha combinations in aoriaa of tha différant reactor coila. 

V 

*7_ 

V 
*9- 

xio- 

0.300 oh« 

0.615 oh*. 

1.26 oh« 

2.58 oh* 

5.30 ohn 

10.9   ohn 

22.4 ohn 

46.0   oh« 

94.5 ohn 

194.0 ohn 
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*.o MÊSsm 

41   nutricai charac tarlatici 

••actors «Mil ha I1A|1I^MM, imê—t ty?e, éry, air ear«, ceal«i »atsrally 

»y air mi arrantee" 1» aariaa.    ftatarf fraqsency aKall »a SO la. 

Tlia laaaaaiice value« vary fra« 0.300 ata te Iti eim forain • lamtrical 

«rofreeaion having a eoaaw« ratio ef 2.03. 

Tbaaa valaae, aa wall aa itiaatltiaa, teleraacae, ratad contlaev« carreat, 

ratea1 ahort-cireuit current, ratea* «hcrt-circuit »ovar, Wl/t rati«, aerf 

laudatio* lavala ara Hata«* la ta»la 1. 

The reactor• aha 11 ha «al« ta withstand far titra« (3) ceaeacatlva 

tao ratael raa atwrt-clrcult carréate Ha tei la caltam 4 af the taéle 1, 

fol lavée4 hy four now a af ceellaf «ff. 

Tkie cycle aey »a ra««ata4 coatlawally 1« aa aa*l«»t taaaaratara af 40*C. 

Ti* reactora MMt ala« he eeaaiectael ta avitche. mé ana hare la «vea a vay 

aa U he caaaele af vitheteaalaa infinitely ta» «echealcal fere». lsavcW 

ajr a 4.4 U raa carrant aaa a aaaà lé.4 kA, la theae avitchea eus hors. 
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4.1 Uh* ruttili 

tela» I Celen» 2 C«lWB) 3 Celen» 4 C«lMI S Celan* 4 

*MMlty 
50 Ita fer 
eeca ree*ter 

Telerenee MI 
recétente 

t.K.I.  reten* 
abort-circuit 
enrree* 
(3 M«) 

Offrent 

1 cycle 

l.M.f. ratai 
continue«« 
carrent (24ft 
heure at WC 
en» lent 
teneeretere) 

9m A». AW. A*fr. 

0.300 i SX 5S20 14400 400 

0.413 i SX 4040 12500 400 

1.24 « 4X 4170 10000 400 

2.50 t 4X 3340 0700 400 

5.30 é n XJ40 4130 400 

10.0 é SX 1470 3000 400 

22.4 i 2X 033 2170 400 

44.0 i n 440 1140 400 

44.5 i IX 224 500 224 

..„, 
104.0 

i  - , ,, 
* 21 111 200      ! 

j 
Ili 
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*•' UtiUL 

CtlMi 7 Calw» • Calm 9 Calan 10 Calva» 11 Calia« 1? 

Rata* aa*rt- 
eirealt 
pmft tf 
•acá raactar 

<3  -€.) 

af./ft rati« 
•f raactar 
•t M la 

laawlaa taat 
UtvMR aatry 
and axit 
taralaala 

Taat a 
a« tv««« 

tarar fraavaacy 
with»tat* 
voltaga ta 
ground 
I «la R.P.I. 

laevla« 
taat 
valtag« 

ta trovad 

WVA* kV kV kV kV 

t.is 1VU4./«O0 110 90 50 125 

n.4 15         20 110 90 50 125 

12.0 15         20 110 90 50 125 

tt.o 15         20 110 90 SO 12S 

».• if   s-n 110 90 50 123 

is.« 15"       20 no 90 50 12S 

13.4 IV       20 no 90 50 125 

i.t 15         20 110 90 50 123 

4.75 15'       20 no 90 50 123 

2.4 15         20 110 90 50 123 
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*•'   iltftlIS6a0t£j£££2¿ 

Tto rtMlèn «at to iMitMá la avta a way M t* to cavavi« af vitastatola« 

taéaflaltaly tto aaeaaalcal farcaa laémaa1 to tto Malawi aaak vaiati «f 

avaaatrlcal ato iijaaitrlc«! evrraata. 

••4   ffMtaltT catoltlaaa 

Tto «Utaa*«« totvaaa calla atoll to ave» ttot tto avt val cavalla« totvaaa 

toa «r aavaral «il« ê— aat latrava«« a raavltaat laaaaaax« varlatlaa 

«reatar ttoa IX. 

tto farcaa reevltla« fra* aataal cavalla« aMll aat eacaatft 

a)    la tto vertleal «irectlea, tto val«at af aach cali lavalve« 

a)    la tto torlaaatal «Irectlea, tto ve i «M «f tto calla, vale» avat vita* 

«tato ttoaa farcaa vltaav* vefaraatiaa ar 4eaa«e, «lace ttoy ara flato 

ta tto tnmi. 

11la accettati« far tto Haaafectvrer ta placa «vacara ta atoar* ttoaa 

torlaaatal farcaa, vtottof ttoy ara eeeltlve ar aaaatlva. 

••*   ««liti 

laca raactar atoll to atavié** vita a ria« ar attor arrice ta faillit ata 

katolla« »y     tolat ar craaa. 

All taraiaala atoll to aaalfaa4 ta vlttotato tto atraaaaa raavltla« fraa 

eleetreaya aal« fataaa that acevr étola« etort-cl revit«. 

Tto taraiaala atoll to ccaaale  af carrylaf tto ratto »tortacirevit carraata 

far ttoaa (î) caaaacatlva eccetoe vitto* cavala« a teaaaratare riaa «raatat 
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VC,   «t   M «flftt«* •f 40*C. 

f» «vai«1 My éaf«n»«iaa. Ito «lattata •»•11 •• aalialy tlaaaii. 

4.1   futi ta aa tttrlmi —l Uff tll luttiIfflit falla 

Far atta «f ta« thirty (M) rMttm, tlM fallavi«« taaatitiaa »Mil V« 

•MNitii    et raeiataac«, ma  taa 4M Bf raactaaca.    TIM arrar al taa iMctaM« 

mlM Miif lia* ta«1 ta tO.11. 

4.t   Hflfttft« ttff 
TW fallavi* étalaatrit taata aaall ta «artla* aat «a aaa raaatar af 

•raa».    TWara ara 10 traaaa. 

•taacara' 1 lattala«  l^«lN vitaataa*1 valt«f« t« ireaMt 12S »V 

fwir fraaaaacy (30 Ni) vitaetaiai valtaft«, 1 «in., ta §t*mâi 30 »V 

•taaéaH 1iettala« laaala« vita«*««* valtaaa —9— taralaala 

f aata aatvaaa t 

no kv 

(4tachargià« a capacitar luta taa iM*t»n 90 kv 

laatiag far 7200 cydaa. 

Btoaatiafactary raaalta af ta* 4i«lattrl« laata vili 

af taa faulty raactar ar raa« tara. 

4.10   »aart-Urcalt ta#|a 

OM 2.31 alai rMtUr me mm 0.300 

<30) aaaft-ctreait   carta»« 

U aalva» 4 af Taala 1. 

«»taa» tic raja«tiaa 

tar aaall Va a«ajactan ta thirty 

la     IMI •( ttom carraat tuile«««* 
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fan 30 atote «rill to até« at a rat« af ene etot aar 3 aiaatce. 

Tto taat circuit     ul/1 rati», aae the lastaat when the short-circuit 

carréate ara eetaelleaea, atoll to each that tto aayaaetry af tha carrant 

la at laaat 1.1 x H > 12W af tto raa atort -circuit carrant, far tto fir at 

toif-eyela. 

Tto earetiea af aaeli etort-circait atoll to at laaat 0.1 cat. 

Tto acceptability af a raactar trill to heeee an the variation af ita ava 

raactaaea 4arlai tto eariea af atort-clrcalt carrant tasta. 

it af a raactar cail raactaaea ehall »e atoe bctveen each 

taat aelat aa eaecaete erlege clrealt that aeeuree a« aeseluta errar 

lavar ttoa O.IZ ato guárateos a alaiaaa ceaeitlvlty of O.OéZ totvaaa tve 

eaeceeeive aeeeareaeats. 

»accesaive aaaaaraaaata af raactaaea after each of the first fifteen (15) 

etort-clrcalt earreat teete aaat atov a net teaaaaey ta etablUie, i.e., 

a variation ia reactance vili to acceetaela »revised it eecreaaee aa thla 

aerlee af teete ereeeeca. 

If tto variation ia raactaaea ia canotant ar if it tatos ta lacreaea, the 

reactor call will to rejectee aaleee tto Meaafectarcr continuea the teats 

natii the reactaace toceaee atavia. 

Iva raactaaea aiemriaiata after each ef    tto 

laat fifteaa (13) etort-ctrcalt taata atoll net atov any variation ia 

reactaace. 
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Otherwise, the reactor coll will be rejected. 

The rMctmc« Matured after the laet fifteen (13)  ahort-clrcuita ahall 

be a valu« located within the tolerancei indicated in coluam 3 of Table 1. 

Otherwlee, the reactor coil will be rejected. 

4,11   î—ta to be carried out after the ehort-clrcuit teata 

The dc reaiatance and 400 Hi reactance of the 2.58 ohm end 0.3OO oh« reector 

coile that haa undergone the thirty (30) ahort-circuit teata ahall be 

neaeured. 

Theee Maturamente will enable the WL/R ratio of each reactor coil to be 

determined. 

Reactor coila with a wL/P. ratio of leaa than 15 or of more than 20 will be 

rejected. 

*.ll   Other condìtlona of acceptance 

In addition   , acceptance of the reactor coila ahall depend 

on the    condition that no eign of damage to the reactor« be 

evident during and after the ahort-circuit teate and the dielectric teata. 

5.0 DISCONNECT SWITCHES 

5.1 Electrical characteriatlca 

Swltchca ahall be aingle pole, indoor type. All evitchea ehall be »anually 

operated. 
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The «witches shall never be operated «hen alive. 

The twitches shall be able to withstand for three (3) consecutive seconds 

the rated rms short-circuit currents, followed by four hours of cooling off. 

o 
This cycle may be repeated continuously at an ambient temperature of 40 C 

o 
and the copper temperature mat not rise «ore than by 30 C. 

5.2 Disconnect switches 

Frequency: *0 ""* 

Quantity: 

Rated voltale: *2  kv 

Rated short-circuit current for 3 seconds: »•* kA **>" 

Continuous current: *00 A *** 

Short-circuit current peak (| cycle): 16.6 kA 

Standard lightning Impulse withstand voltage to ground: 125 kV 

Standard lightning inoulse withstand voltage across isolating distance: 125 kV 

Withstand voltage applied at 50 Hr, 1 »in. in relation to ground     50 kV 

Withstand voltage applied at 50 Hr, 1 »in. across the isolating distance : 50 kV 

5.3 Mechanical endurance 

The contacts must not rub during a switch  opening or closing operation. 

The pressure of the  contacts shall be applied only when the disconnect switch 

is in the close  position. 

The disconnect switches mat be capable of making 5000 cloning operations 

and 5000 opening operations at no-load without any wear, déformâtion, 

cracking, malfunction or damage. 
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ve lubricati«« li allavaala éffia* thaaa 5000 «paratia«». 

5.4 Contacts ami tarmi »al» 

TtM f ima* aa* aavabla eeatttta» aa wall M ti* unlMli t cmrraat amtlata 

•hall ha cifoli of •waaertlm« tha rata* ahart-clrc*it cwrarti f«r thr«« 

(3) c«*aae«tlva MCMéi, irithemtammariaaciH • ta«*arat»ra ria« af «*ra tha« 

30°C at M «mfcUitt tMfiritwi af 40°C. 

The taralmala or currant ««tlata aliali ha éaaifaa* a« aa ta vi tW«tama tha 

•traaaaa e •«••a* »y   tha al«ctra*yaaaic farcaa éwrims «hatt-cireait«. 

5.5 Taata 

TtM avitchaa taata* amali Va amflataly fiala»»* aa* mmfé m tha Ir 

imaalatar allatta. 

Ali tha fallavi* taata • hall ha «arria* «*, a« mm (1) «iaaammaat awl Uh. 

5.é   Hachaalcal aaémraat« 

Tha a%rltchaa ahall carry «vt 5000 «lMlag aaaratlaM «a* 5000 afaniaf 

aparati« 

Dvrimc tha taata, aa a*j*ataaata ar ramai» m«y ha «arria* «mt. 

Aitar thaaa 5000 amami»» aa* 5000 claaiaa« thmra ahall ha m mtémm 

af «aar, a« farmi ti a«, ritratta«, mala* jmatmamt. Immmm, me éatartaratla« 

that «iaht affaet tha armamr fmmctlaaaiaf af tha avltch. 

Aftar tha amémraac« taat, tha avitchaa amat atill ha carnati« af ami iafytag 

tha raamlrtaaata far *ial««trlc «raacrtiaa, ahility ta vithataa* alactr«- 

éymamic farcaa, taaataratwa ria« af camtacta, —ehaalc«! fmmet tamia«, aa* 

aratactiam amalmat ami«atta« aa* alactralytic affacta.   Ottanti«« tha 
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•«lull atoll to fit fé. 

totaataaca ef tto avitctoa atoll to 

vaalataaca tofara tto ajaraaal—1 

m taata. 

•• tto variati*« la tto it 4c 

aaca taata ato attar tto awctoolcal 

Tto 4c raalataaca atoll to a» ••at««' wit a a tot4ta, ato «aft tto aaa» 

taaaavatara catoitiaaa a« tto taata4 avitcli.    Tto variati«« la tto 4c 

raalataaca aaaaara4 tofara tto sac toxical aaévraaca taata ato altar tto 

atort-cirewit taata atoll to laaa tto« 10Z, attorvlaa tto «vltck «111 to 

rajactto. 

1,1   f Iflf Iff If If, Ifttf 

Tto fallavi«« 4ialactrlt taata «toll to carrito a«* a« aacti avite» taattot 

• 1.1.I. Ureat) «It* raafatt to |rav»4 ami totvaaa tto afaaiaf citta«««. 

• Affila* «»lut« ataawar ftaqaaacy (1 aia.) with raaaact u gravjvi aa4 

totvaea tto) aaaalaa ¿lataaea. 

Tto taata atoll to carrito «at vaiag tto «alava giva« ia attlcla 5.2 . 

fallava ta aaaa tto 4lalactfIc taata atoll aaaa aataaatic tajattlaa af tto 

avite toa. 

}.• ttfattift iti wtftifnt i< tit iTiUfcti 

Tto «attttoaar atoll accaat tto 41aeea«act «vitato» «alt altar tltov 

all tto taata aaacaaafvllr. 

«v atoiflcatlaa* «aéa to a avite» toviaf alraaéy 

atoll «aceeaitote raaatltta« af all tto taata.. 
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TW HMrfMttww «Wll MM» UM «••••••mtty «f mimtn «tl ÜM 

tmti MI tfc* NMtm, «rilen «M M» M*». 

Ml  U» —  >—fcutlMJ «H«l  «Wtt •! U« NMtMf, «*t*MM 

•trwtir« «Mil  W MMMtN («UM Ml« IWJMWJWJ «Mit« •(   Hit U* 

M«« «CMÌMI. 

«tw*t «Mil Mjpfly «11 UM MMttm lUàla* UM wtal fitti«« 

•f «Ma •*«• •< mi pam t« tiM Ml« iwifg •?«*•, «Moi «rill c*»Ut «4 

*•* «MMfiMJ *   iMMt   t.M M.l)Mff «j»t«»l«M. 

f«i «JMW vili MM*? UM 

t.*   

ff»ll MBfly UM •«**«*• ti«jH«1 tot «Mftftfj«, «11 UM 

UM (Im. 

t.t 

llM >WMt«tf        «Mil *> «.pi, A ««»„*« M« «f 

*••• SM&IßiS" 

All «Ml »m «Mil to «iliMiHl to  Tur     .ij, u» 



t>- mu 

u.#  
itww to tavtMi it ««Mi m m alUfiMiva, 

ttet wël MM «Mr «t fMttlMU iMMlUttea 

•M «UMMUM tMil ttat at tot« •• MM r» linn MSM« mê 

È» MM fl«rfWllt?. 
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u.o mmmpm mmmm F W WüCT ir TU vm*** ¥ mi ^pMaSflfcfnn 

1) vaaeral deeerlatiea af tlM NMMri aad eviten«a. 

Deecrlatiea attached  

I) »taliaiaary ewtline traviata indicating the Min dlaaaeleae of the 

rtMUn ani ewitcheiè 

aoeariatlea attached  

J) Inferenti*« oa the weight ef the reactor«. 

•eacrintlea attached  

a) Coati««*«« eirraat at 40*C «at teat taanaratare of  for thè 

rea* tere, «f.... for the «viteh««. 

S) lee* 1» th« eoafor ef th« reactora et coatlauoue current kW. 

I) leee in th« capper ef th« reactora at rated ehort-cireuit current 

(3 ecc.) kW. 

7) liiaamt frequency (electrical) «f «ach raactor. 

Liât attachai  

•) Tarlati«« la th« r—lataaea af aaah raaetar aa a function of «lastricai 

Uat attachai. 

f ) Accidental carrent that «ach raactor caa vi thetend caverai tinta during 

lu llfatla« without being d«etroyed kA. 

10) Accidental current that aach evlteh caa vlthataad caverai tiaaa during 

ita lifatiaa without being doetroyed (but which could however, nacaaaltata 

edjuftnmt of the contacta) kA. 
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11) TMt oqulparat avallatola to tilt Mtaufacturar for carrylat out tfeo 

dlalactrlc toata. 

Dtterlation tttachad  

12) foot oaulpomit availablt to tao Mtjmfaatvrtr for etrrylaa out tao 

ahort-clrcult tttta. 
». ,• 

Dotarittion tttaehod..  

IS) Litt of aceaoaorltt. 

List attachad  

14) Ibt Manufacturara taatrloaoo, tad a litt of too ohort-oitotiit roo«tort, 

owitehta, alraady built. 

List attachad  

15) Maaltati ttaptrttura t roaotor eoo tooth without toy Attarlorttiea 

  °C. 

If)   Cooling tit cottttat of tho to—fro  

• 

17)   Mitili vortical forçât ateo by tho rooctort durit* tHort-oircuit 

Litt attached  

• 

ili* :Pi 
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1*6 MVA SHORT-CIROJÍT TRANSFORMERS 
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t. 

UM feltevtat »tilati «tall •MIJ, 

•••taf ta IM«  •MCtflMtlMt 

tK rtfcUutlM H - "NMT Ttmmt 

tot «MMflMtlMl •* 

I. 

M Mffly • kit* 

«wj M«âft«tlly fffta « 

ttaMft 

«ili I« 

»fft «til 

èli 

«M*t-«trt«lt MMUIM». 

terra* i—f •€ 

>!• 

•  imitti »f «vt 

«ill ta tfctn pulí, in pimi * ttatta-fiMM.   Ita? «tu M •mtfé 

m «11 IJFM* •( MJMMM* «MJ ta ttacttlMl éUtrltatlM •yn—a. 

•tottitrcwtt «Mi tMlWfel« tot ttaw una «111 ta M MVA    M 

»•It 

ta »mal ftmtm, UM tr«»fi 

«tott-«itMtu.   ftay «ili «Ut ta «Mi tot twM>rat«f«-fftM INU «• 

ito, «it....   fta Mtttej »ftta» mi ttawvfM« «Mèi« ita 

M UN • Mi«! IIHI  MM* tttta| «f t MVA. 
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«tati W J» ».   1W MkMMi« 
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It ff« %ft-*fffftt flfflfflf (MÜL 

»•lu 

tMMMtery Mirtwit 

kA 

tlwrt-clrcttit toacUmc« »f 
tMt *4j*ct 

•1! •    42 M 4.43 
M4 M M 1.14 
US Mi 30 0.2f 

4* n.i se 1.5S 
m 14S M 0.3* 
m 2ft M 0.0*7 

III cWT-f (34) 
•1- fliwti 3^ ftn|  f|l 

lilliitf) «tlt^a 
V41ta 

*••—áary f«r*«at CMüMNI 
MVA 

i pmn\ 

4t2 7.S 

S4é IS 

171 » 

4M IS 

JM M 

t* SI 
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rrinarjn   22 kV (two primary bushings fully intuiate for connection 

between two phases of toe 22 kV bua ayate«).   Tho prinary 

will be dolt« connected for tho throo phase toots. 

loooadaryt   Four (4). 100 Volt   winding«.    Thie gives for singlo phooo 

toots «11 Múltiplas of 100 Volto up to 1,200 Volto and for 

tkroo phooo toots tho voltagos aval labia will bo in otar 

connection 692, 346 and 173 Volto, in delta connections*«), 

200 and 100 Volts. 

Ita throa (3) tranofomora shall b« capable of being Interconnected so 

show« in figuro 2a and 2k, so as to produco tho secondary voltagos 

ladlcatad. 

Tta traaiforaors oholl ko capable of opa rating at HOT of ratod voltage, 

with tks sao» powor rotini •• specified la articles 4.2 and 4.3. 

••*    tatad abort-circuit curr—ta 

Prlnary winding i    765 A 

100 Volt   secondary windings]   42 kA 

Tokio I shows tho oacondary currents audi powor output for each of tho 

¡tiens (H) 

Tta trsniforner nuot ko okle to carry tho noadnal currant for 1.0 aocond 

•wary 30 alnutes, 4 oonascutlvos tlaoe followed by a cooling of 

period of 12 hours. 
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Tb« tranaforaar auet alto be abla to carry the nominal currant for 

0.13 Mc. «vary 15 admit« for a period of 12 hours followed by 

12 natura of cooling. 

Iha tranaforaar suit »a abla te withstand these operating cyclee 

repeated inda finitely, without the temperature rlaa la tha cooper 

or any »art of tha transformar exceeding 70°C. 

A few tlaaa during ita lifetime, tha transformar must bo abla to uitn- 

etand without damage, an aecidantal short-circuit currant at calculated 

with a 22 kV network of 250 MVA, tha currant being United only by tao 

Impedance of a aingle teenaforner.   Thia appi lee for all comneotione of 

Tabla I. 

4.3 Ho tod continuous power 

Each tranaforaar shall be capable of a continuo** power output of 

3 MVA at an tablent temperature of 37°C.    Tat average copper taaperatore 

rlaa anali not excead 65°C. 

Tabla II shows tha aacondary continuous currant a and novar output far 

each of tha connections (34). 

Tha total continuera power available tare« phaaa (34) ta t MVA. 

4.4 Connections of tha four (4) aacondary wlndlnte (100 Volta) of each 
tranaforaar 

Interconnection of tha four (4) secondary winding* anali be 

ually with a device which anali facilitata tho connect ione. 
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•torte* »toll to áim by tto 

atoll aatatt fa** 

rlt«l way la «tétt ta fatilitat« tto 

ttavt 

•T 1? 

•«•»liai »y 

to will tee 

Mat* lav ItiMM 

MM ta lito tatst 

*•• 

tat* ma tto 

4.$ 

Tto uraiMli f. ani r. tf tto »f iaary «taitas ma ito 

toaalat itoli tova tto fallaviaf 1—latiaa lavai*i 

•   Ia*«laa vlttotaaa* valtaaat    125 fc* imi 

-   F*v*r fruiwcy «tttotafti valla**s    3d W tw. 
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*•*•*   flffffffl TlfflfW 

Vit» êll ••fmê*ry *lmÊUmp IIMIIMI ta MVIM, tlM I% ma ij 

•aaxlaala êêA MM-»—tt taaalaa mtâl mm tlM fallavta« 

taaalattM lavalaI 

-   taaalaa vttliataarf valtaa»i    If a» «raat 

•   fwwff ftM——y «tlMta«* «»Uatti    l.S »• IM. 

••»•» ttrftH ?f Hftf .ImltlHt- Int 1 

Um iriM(*fMi «Mil M Al« M «rltMtaaji vttfca«* 

tettata a««al t# !.• fiat« ratai* «alta§a. 

ê.é 

H» rata* tf •<-•< «f MM INIIIMIN, M mm ftta tto M i» alto, 

wfüaaji Wiaf a1»*t-« travi taratali •* m 

à talar am iM N, • I« ta aaaaataá m ta* Mata af t «M*.   TW 

traaafaraar «III M r«J««tW If UM 

Italia. 

4.1 

IM lia« «ft— a* a calé tra—fatMr atoll Mt M laa« IMA «.0444 aaa. 

t.a., a ratta «1/1 • 14. 

UM Bjwjfactwfar alali MllM la Ma imam, tm aéllttaa»l IMI ta 

at**!«* a UM laMtat aajaal la t.tfll aaa. t.a. lèVl • It. 
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UM tMajafactwrar titoli avaaly vit* Ma liai» a nm afcavtat tka 

nUllM *•!*•••  tfc«  CIMI   <#)   Ml  U» MfMtitlKC  Mtt«l   (I).     TW 

«111   rfMM  tlM  r«l«tlM V»  ta tvlc«  tlM  MMlMll   fit«.     ffca 

flwi it afctalaai aaéar « valtaaa af 22 a«. 

•••   jfaÉftXttLil£UBBKX 

UM «NMfMtwrtr «Mil |1«« la kl« taaéar ta« talcalatai I Mm tal 

•f ta« traaalaa*   rttavari vallata «4M« UM carraat la 

I. 

1.1 

ffca tJwaa traaafaraara vili tvaataally ta aajalafai vita a tarraat tri 

la UM taaa granalla« laa4 ta éatact any fanlt carrant flavina 

taa tana* CtaMaa tally, all taatral canias aval ta lannlaia* 

ftaa) MM tarn ani aay aavat nantir rendrai* far aatata, aaatlag il annal«, 

liaMla« atc... anat »a tmé tarant* aa laaalatin« traaafaraar.    Tala 

fnanlatlat traasfamar aitali ta anaallai Vy taa Mamtfactnrar ané annata* 

5.1   Sfj iff ff Iff Ma 
laca traaafataar anali t» Mtlaaal vita aa apa t tarlata aaa-actnct«« 

relay if li la llavU 
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'•>  llflilMLJLUailX 

IM claaala« irrwn—• i atoll to iiitfii M M U »ravaat 

éafawwatlM af ttM vtallafa.   îte HaaajfMtarar »Mil M»tla« 1» lila 

tOTÉMr valait awaMraa ara tatou ta Ua*ra • HrwnMt Hacking af tK« 

visaing« !• «fit« af ravatltlva »tort-circuit farce«.   Tto Mawfactvrar 

atoll ataclfy I* Mi laudar tto claa»l*g «rr«»f *«wt aa** tto lillgfciMlag 

irtnit• ta to «arria« MI 4a*lag ito Ufa •# tto INMIMIM if 

•gfliaafcla. 

*•* twnltMi tfitf tritt 
••lUlf.  tt Uatrltotlftg IÌM «tlta#* «MTgM WtMM vlftilnga atoll Mt 

mull my Mn-llfjMr mlitiMM,   LlaMr rMlitiMM vili to ••rama«' 

•••ilia a* IM rtaaga ttoy «MM 1« tto raa*rary évitât« la UM Ito« H. 

If M» Nn«CMt««ff Ut—i« U «M grading castellata, It «toll to 

ssMlfla4 1« ito 

t.    ttJTl 

«.1   lltftfWf fftffj 

Tfcl» mwrwit It a texrtiaa taat sj*J il atoll to «arrie* 

traMfermr. 

••*   rrlttf« ft 

lilla IMI la a revtlM IMI Mí atoll to carri««* *«* at Ito valtsg« lavai 

asMlfle* I» artici« 4.5.    to «44it Us tto flral iraMfatwt atoll to 

MMitta4 ta tto CM» «M IMI M éaacrlto 1« IR ftallcatlM 7#. 



iU llfetla» without being dastroyod (but which could however, nee esaltate 

sdjustasett ©f tas contacts) kA. 
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4*1   Mm fraaaueacv Taet 

laéucsd sad applied potential tost shall bi carr 1*4 out oa all treae- 

fsrasre la agreement with lnaulatloa lavali specified la artici« 4.5. 

•.4   inott-clreult taata 

#•4.1   Tha purpose of theee taata la to chock tba transformar etraagth under 

electrodynamlc forçat.   Theee tasta anali b« carried out on a complet- 

aly flaiehed t rana fonar. 

4*4.1   Ima traaeforaor ahall b« aubjactod to thraa (3) taats at sccldental 

eaort-clrcult currant aa ¿«finad la artici« 4.2.    Tho currant aayametry 

•met ha at loaat 1.8 x/*2 time tha rm« valu«.   Tha duration of tha ahort- 

clrcult will ha of 0.1 aac. with a tolerance ofi20X.    The purchaaer ahall 

have tha right to chooi«, out of the casa« given in Table I, the connec- 

tions for carrying out the testa.    Tha connectioneaay he different for 

tha throa caasa mentioned above.    Tha facllltiee of tha teatini atatioa 

ahall ha tshaa lato account for tha choice. 

trior to par forming tha taata spoclflsd above, tha Manufacturer aay, 

If ha wlehee to do so, carry out preliminary taata with psraaatara and 

ceaaactloas of his cholas. 
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It 1« permitted to readjust the clamping of windings between individual 

preparation teats and between the three tests with accidental current. 

4.4.3 After the tests specified in clause 6.4.2, a set of short-circuit 

tests shall be made at 1003t of rated short-circuit current, with maximum 

asymmetry on a connection selected by the Purchaser. After each test 

a measurement of the reactance will be made by means of a bridge providing 

a minimum sensitivity of 0.05% between two successive measurements. A 

low voltage impulse measurement shall also be carried out between each 

test to detect variation in winding capacitance caused by local displa- 

cement in the winding. 

The number of tests will be such as to permit a fair conclusion concerning 

the stabilisation of the windings. The number may be of 

the order of five (5). If however the stabilization is not reached it 

will be possible to continue the series of tests, up to a total number 

of about ten (10) tests. No adjusting, clamping of windings or other 

changes are allowed during this set of tests. 

6.A.4 Oscillographic recording . of primary and secondary currants and of 

the voltage on supply side terminals will be made on each tests. 

The transformer will be observed visually and by photographic méthode 

in order to obtain positive proof of the external phenomena during the 

tests. 

(.4.5 Acceptance of the transformer will be based on the fulfilment of the 

following conditions i 
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•)   no evident sign ef damage te the transformer during and after 

the Usti Accorili* cl. «.4.2 and 4.4.3 

b) M inflamable gas found 1« the goo-dctecting relay aftor each toot. 

c) the reactance MamrtMnt according to cl. 4.4.3 vili show a fair 

tondancy of winding     stabilisation. 

4)    the neeeuremnta of the lev rei tage 1 »oui M rasponee accorila« to 

«1. 4.4.3 vili net ehev excessive cha«i«et. 

o) a visual checking ef the Interior of the treneforner after the teeta 

•kail not ehov any algn of denega on the bushings, connections, cleaving 

•latea ani all ether parta accessible without dismantling the tranefomar. 

4.4.4   The Manufacturer anali ho rettone 1»le for carrying out ehert-clrcuit 

teeta of the first trena ferner only. The other unita ehe11 Ve submitted 

to the sano ooriee ef too te coon aftor having been put in service. 

4.4.7   The short-circuit on the oeceadary ehell ho pre-eatabllehed. 

••5   T—ttatwre rleo 

The transformer a hall carry the nominal current for 0.15 aec. every 15 

minutes until  the toe oil temperature Hfa stabilised.    At that peint, the 

cooper temperature shall ho measured by   the reeletansa veriatien net hod and 

the temperature rise shall not ens e ed 70*C. This neasurenent shall 

ho node immediately after the last paeeaae of current. 

Thie temperature riee teet can be avoided if it can be demrtnetrated by 

calculation that after 3 sec. of continuoue operation at rated current tho 

temperature riae dome net euceeel 70* <t 
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cMtiMM» fmnt «kail aa êmmmmtrfé »y a taaawratara rti 

ta*t   M «••crlWJ t« 1EC PaalicMia« M art. 41 «ala« ti» 200 «»Sta 

CaMMCCll 

••*   <*—— o*Ur ta» fata 

Aap afcanfca •* weit icatiaa* aaéa a» ta» fi rat ttaaafafaa? fallavi* ta« 

tact«, awat alaa aa aawa an alt atlwr «sita. 

If ta« cfcaaaaa ara Ja»aa4 »y UM FwclMaar aa «ajar, ta« tratafataat ta 

aaajaiaar*4 aa *av aatf ail taa taata afcall aa raaaata*. 

ê.î   taajaraat franawicr 

UM laliaraat frataaiiay af taa viaria« alull aa racariai »y mef airaajât 

atvvtélat • mmt iatarraatl*» * iwr—t aar« af a alaaaatéal 

flawlat *» ta« aaeaiafary «tarlata. 

h 
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». mmìmm 
Ha» lamfactarar la raawata* ta fill 1« UM follavi« <aaatiaa»»lra mi 

MtMb 11 U dia taaéar. 

1.    Caaaral aaacrlptiaa af Uà traaafaraar ani ¿latra« af wta41a«a 

•aacrlptlaa attaafcai  

I.    Prallalaary aa*llaa4 «ravine* atavi»*, pria« 1 Ml tftaaMlaaa af taa 

traaafaraar ani éatalla af tHa tara ami fi »al aealtta» af tvaMaff«. 

•aaatlatia« at taca »4  

S«    toilaatiaaa coacervi*« taa walgatt af taa tranafamar, taa laraaat 

aaiaflat vaiafct ma aaaariat*«« •' taa traaaaart aaaaa. 

•aacrtrtiaa attacta«  

4. Cam taavla« taa rtlatiaa fcatvaaa aafaatiaia« awrraat aai flaa 

lOaaaa 4.Ì af tha tacajrtaal aaaalflealtà«). 

traviai attacha*  

5. Nafaatlilat carrant (»riaary atea). 

At leOf tttmé val tag« ..... **aa» 

At 1031 rata* valtafa  «aaa. 

t.    lafaaaacc fra« ariwarr aléa fat aaca caaaacttaa pacatala m ta« 

traaafaraar. 

taacrirtia« attach«*'  

iClaaat 4.é af ta* UcaaUcal aaacifiaatlaa). 
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î.   TI» WMtMl •# UM ttumtorm* tl/I •     ). 

(Cl—•• 4.7 ml UM tM»*U*l •MCMICMIM). 

•.   nMlfleatlMM r«Mlr*4 mnà IMìMM^ #f 41 »MM i MM M4 tf wclplk« f»r 

llWr«Mi«g   tM  tlM   CMttMt   t«  • ¥»1«M »f  0.437  MC.   t.«.   ML/K •  !•• 

•MCH»U** attacM*  

(UM»« 4.7 «f UM tMMtlc«! MMlfIcaClM). 

t.   lM«ri»tl«n mi tM COTMCUM« »f IM IM« (4) iieiMiry wimitmtß 

(IM feltt)   «f  «Mil   UlM(«tMf  MM  tM  étvlc« «Meli «111  M  MM*  U 

•MM  tMM   MCMéUry  MMMtttlM«. 

MM fitti*« MtMlM4  

(ClMM   4.4  «f  tMJtftleal   MMtf lCAtiM). 

M,   iMCffiftlM) «f VIMJIM,« »lMklw tyitMi.   McMatty •! MtigfctM Mi 

piMMjri f f«ll«v la MMII CM«. 

WUMUM «f MH/IMUM fM«MMry f#r might«*. 

MMfl»tlM  •ttMM4*.  

(ClMM   3.) t(  tM   tMlMlcal  MMlflMtlM). 

II.   rruMc« M4 ctiar««t«rl«tlt* «f Mit M« |r«41«f 4M1C«. 

•MtrlftlM *tt«cli«4  

(CIMM 5.4 «f tM t«c*ale*l MMlflMtlM). 

12.   TM ««MMitlty »f «*k«r«l r^MlfM* f«r Mck trMtfMMt will M «f 

  llttrt. 

TJTM tmé ckaraettrlatlc« «f tM lM»l«tl— ll«r«14.......... 

NwrfMtwti »y..  

NM|fMt»rtr,l  1M»1MIM  11M14 MMlflCâtlM MM)  «*7«f 



VII 
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U« . twàlat •**•, tjaa, —- w.—«., 

ita» «mat CS aas.). 

M.   iMt facililla« at mm Utpêêtl t# Mttf «ft MM «lalaatrif laata. 

\,    KM« fMllittM at aar éiiitiU •• Mfty Ml M»t«-«tf««ll tMtt 

It aa ta laatiaf 

M.   taHaala af —Aiii taaatrai f aaapltu «M aaaaaftlf at atta. 

t 

If.   iMitliMi ma lut af afcatt-«tfa*tl uaaafswn alraair Will, 

to aw, W M. 

Mat anaahaai 

>• 
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1 < Short-circuit 
2 < Continuous 

40   60KX0O       tOOaOO   800   kA 

Slngto phot* voHogtt and currtntt 

Figure 2b 
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1. 

1. 

s. CODAL Ktcaimc* 

4. njCnXCAL OMiACTItlfTSCt 

4.1 Ujtêê —~l—é v»lta§* 

4.1 Uf4 alwrt-clrailt cwrwt 

4.3 iMMlatiM 

4.3.1 PrlMry vlatfiaf 

4.3.2 fecwéary wlwHag 

4.3.3 I«AK«4 v«lt«t« iMvlatlMi 1«*«1 

4.4 Prvuctl«« «§alMt «vtrvwlt«*« 

4.9 Pm«ctlwi a§«iMt rrtffrr—t 

4.4 11*«*«*« 

4.7 Tlat CMMtMt 

4.4 NafMtlilaf twttmt 

s. COWTWCTICV 

3.1 CM é»t«ct«r r«l«jr 

3.1 Vlarfiag râfiélif 

ê. TISTt |§ 

4.1 M»rt*«lrcwlt U*tt M 

I. CMMMK li 

•• tnwtvu AW Accnmin 13 

9. »AM tant 13 

st. CAUAMHM âm wmta IMUIMI        13 

11. AilHMflfl fi 



IM« mmitUMim «Mi ta» ri Miriam« «f ti» ttetttUet 

tevastry Taattas aai tfiHaamilw c*at«e fat UM awfly af • 

tliMhWiitKUlft Mt far aafciaa aaatt-eirealt aal/ar atat raa 

UM« *t «tract «artaa* la tlM p.c. toH aactlaa •€ tl» 

fit aaaatt imimêm m%imatlas, aaaafactartat, taatta« «ai aUa- 

•f Ite MI «IMI vita M» Miliary •fifi—t aaaclflai karate. 



I. 

1. 

»It 
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Taa fallavlaa. HNáMéi aaall caal«, aacast far aaélftcatla« 

•ff aéiltlaaa tacrata aaéa to tMS aaaclflcatlaa. 

IK »aallcatlaa M.  144, lM3i Haaacry.talUa« aaalcaaéactar 

racttflar calls, •tack« aaaaatllaa aaé pipanti. 

Taa traaafaraar-racttflar »at will to mmé far aaaalrlaj 

«tract carraat fat taatc, érarta* tto aaargj fraa tto aatvarm at, 

•ccaaiaaally fraa tka aala atoft-clrcalt aaaaratar af tto a.P. 

It   «111 »a aiaJ raatlaaly far aaata* aaart-clrcalt aai toat 

taatt aa aaaarataa aaca aat 

•      to» tora 

caatacta aai avite toa U claaaa aaattiaa 

t.C. «raaaara aai awlteto« éarlM awl teal a« «aar at lac« 

i.C. faaaa 

aar attor tyaaa af aaaarataa aai aaalaaaat «alca algat to aaa- 

|act éariaj aaaratlaa ta ala» B.c. Carraata. 

Tto tcata «111 to aaéa at fall aaaar aai élffaraat valtaaa lavala 

«ala« élffaraat ».C.  aléa caaaactiaaa.    Oa taa attor aaaa taat at 

laaltai aaaar aa* aa aaéa «ala* aaaal* «altaaa rafalatlaa. 



nrit 

The schematic diagra» hereafter shove, as an enaaple, the 

connection of the treasforaer-reeetif1er group. 

The prlaery it three-pheee, supplied normally fro« 22 kV bua 

having « short-circuit rating of 250 WA, in a back-up circuit 

breaker a s«t of current 11» it lag reactors and a synchronous 
aaklag twitch. 

Tha sac ondar y of tha rectifier-transformer Is foraed by 6 

separat• three-phase «ladings» each of the« supplying one three- 

phase rectifier bridge.    It is left to the choice of the manufacturer, 

whether all si« secondaries will be in one transformer» or whether 

the aat will be split in two or »ore tranafornar units. 

The SIK rectifiers shall consist of sis three-phase groups of 

"•ridge" connected units.    It is suggested to supply three of the» 

by a T connected winding and the remaining three by A connected 

« lading, in order to liait tha voltage ondulation. 

Tha rectifiers shall be aade of silicon diodes. 

Tha B.C. characteristics of each bridge will bet 

B.C. no-load voltage 000 V 

Short-circuit current during 
0.5 see. 7.S kA 

Continuous load current 0,7SO kA 

Cose» inat ione of parallel and aar lea connections of the bridges 

a» the O.C. side give the following ratings of the whole transforaer- 

rectlfler group, asewaiag tha prlaary voltage is 22 kV. 
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TAILI I» P.C. voltage«, short-circuit currents and permanent current! 

 1 

Connection of 
D.C. bridges 

 , 

Voltage 
Volts, D.C. 

" ' 

Short-circuit 
Current - 0.5 sec. 

kA 

? • •' 

Continuous current 

kA 

6 in series 3600 7.50 0.750 

5 in series 3000 7.50 0.750 

4 in ssriss 2400 7.50 0.750 

3 in series 
2 in parallel itoo IS. 00 1.5 

2 in scries 
3 in parallel 1200 22.50 2.25 

6 in paralisi 600 45.00 4.5 

4.1 Rated no-load voltage 

The primary windings shall be connected in star and have a 

phase-to-phaae rated voltage 22 kV. 

The secondary windings of the transformer will be aa followsi 

of the six three-phase windings shall be in star and the other three 

in delta. The secondary voltage will be such ss to give on the D.C. side 

a rated voltage equal to 600 V D.C. average valu«. 
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Tht P.C. Voltata ehall bt 600 V D.C. average valua par bridge, 

»amitting to make all voltagaa ehown in Table 1. 

In parallel connection of the bridgea, interphase transformera 

will be added where necessary. 

The transforaer-rectifier group shall be capable of operating 

at 110X of the rated voltage with the sana power rating. 

4.2 Matad short-circuit currante 

The transformer-rectifier aet ahall ba able to deliver abort 

circuit currants specified in Tabla 1 during 0.5 second, at every 

IS aiautea, during one hour (five consecutive shots). After this, 

the transformer rectifier set shall be permitted to cool down to the 

anbient température. 

4.1 tabulation 

4.3.1 P£iS2£y._vif£|sg 

The terminala of the primary windings and the corresponding 

buehlngs ahall have the following lneulation levels: 

- Impulse withstand voltage 125 kV crest 

- Power frequency (50 HE) withstand voltage  50 kV r.m.a. 

4.3.2 3!£SSdt££_vindin§s 

- Impulse wlthatand voltage «jf a«rth 

- Power frequency (50) withstand voltage 
to earth 

25 kV craat 

10 kV r.m.a. 
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**)'s ***** »»**«» *—***- Infi 

Tno tranafemer aneli te aale to vithe tend vttaent 

laénced voltage eqnal to 2.0 tinea rated voltato. 

*•*  ntfcti— analnet evarvelta— 

" The MMf actnrer »hall »ropoee   naane ta protect the ooconoary 

•f tko tranaforner ana the rectifier egalaet everveltagee produced »y 

imtaataaeowe currant ehepeod »y the teeted apparats on th« D.C eiéa. 

Thle BOOM aliali te aneli aa ta parait tao dnvelopnant of the ovar 

voltage, vi taon t any imitation, «f tea valva of 3.3 tlaaa tao rat«* D.C. 

voltata« according ta Tatle 1. Migliar overvoltegee My a« cut aff by 

arreetera, lavar valnee ehall aa aeaaged ay aneli nanne aa voltata grading, 

aaoenete lnenlation levala atc... 

elgnallaatlon af the overvoltata protectloa vili »a provine*. 

«•' »ratoctlon annlaat ov.rcrr«»* 

taca diodo of the rectifier anali te protected by a hlgh-epaad fnee. 

The operation of tha fnaa anali be aignaliana on the control »anal la the 

control rooa. The signaling contacta on the fnana 

mi the wiring up to a ternlnal board on the rectifier »hall be included. 

The rated lnynoance of the tranaforner, aa aann fron the 22 kV aide, 

the eeconaery windings being eher t-clrcaited ehe 11 ha not nore than 10 ohne. 
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A fUtmm » af • «, • 1« !• 

faa UmmlBtmt will aa rt)«ctW If 

1MU. 

«I tlM »Mi« «f  10 

4.1 

flM  ti»  CMMtMM «f ê MU tfWMflWMff  tlMll Mt W 1«M  tMl 

•.•M« Me. i.«.. • rati« «Wl • lé. 

IM MMÍtctttfir »Mil MttlM ta dis tMétr, tM aaJitlaaal 

ta amiéa • tia* caaataat MM! t« 0.0*37 MC. t.«. U./1 • 20. 

TM BM»fact«f«r Mill Mfl7 vita aia taaaav • emty «Mvlag taa 

ralatiM Mtwaa ta« I1M <é) «ai ta« a«§aatliias carrvat (1).    Tat 

«am «ill «aaw tlM ral«tlM w t« tvic« taa Maiaal flaa.   Ta« MBìMI 

firn it «átala«* aaaar « wltaat «f 22 W. 

*•*    ftH Jlfff Iff ftaif 

TM tr«Mfara«r «Mil M «Miaaai vita m aafwyriat« sas-aaMctav 

ralay if it 1« Haiti« laatrtW. 

S.2  mm• nmitT 

TM claaaia« «rraat«ant «Mil a« «Miaaai •© •• to trcvaat Mraaaaat 

«•forastica of ta« alaliau.   TM maafactarar «Mil amtloa 1« aia 

taaatr valca HíMTII ar« ukmm to laaar« a aaraaaaat »lockiag af tat 
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vtaisaai la aeita af raaatlttaa akart*«lrtalt far coa.   Tka MMfactaNt 

•tell saatlfy la kl« t«aétr ta« claaalaa, arra*§aaaat má tka ratlghtaaiaf 

pwfiii ta W earrlai aat aariaf tka Ufa af tka traaafaraar lf aa* 

»lleakle. 

•aaiéaa tka ataiaar* toot, M apacifiaá la tlM IIC »akltcatlaa 1*. 144. 

tka fallarla* taata amali ko aaaei 

••-  tttftnlmltantâ 

a.1.1   Tka aaraoaa af ta««« tMta la ta caack tua traaafaraar*ractl* 

flat aat     aloctrafja—te «ai tkaraal caaatraiiita.Tkaaa taata aaall »a 

carrloa «at aa a caaalata aai fialakoë aat. 

4.1*2* TIM akart-circait aaall ta ara-ootakllakoa' aa tka P.C. aléa. 

•4.1   Tka traaafatwar-ractlfler aat aliali ka atajecta« ta tkraa (1) 

taata at accléoatal akart-circalt carraat aa aofiaoi ky tka akart* 

circait cavacity af  tka aaaaly 22 »aa (250 WA) aai traaaforaar 

laaaaoace accarélaf ta daaae 4.a.    Tka aaratloo of tka akart-circalt 

•hall ka af 0.1 aac. with a taltraaca af • 20X.    A right ahall ba 

raaarvaé ta tka rwrcaaaar ta ckaaaa, oat af tka caoaa |iv«a la Takla 1, 

tkaaa caaatctiaaa to ba uaad for tka taata.    Tha comactioaa shall 

ka tka SOM or ba tfiffaraat for ta* tkroa caaaa aootloaoi akova. 

Tka Naaafactarar la  fraa aa te aaka kafera tka taata aaatloaoa akava, 

a aat af troaaratiaa taata l tka aaakar, »araastars aai coaaoctlaaa 

kaiaf aalactaé ky kla.    It la saralttaa' ta raaijast tka clos» la*, af 
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•latini t<t»i«i IndlvUwal araaaiatiaa tetta «ai between the tara« 

taata «Ita accidentel 

1.1.%     After the teata aeaclfled 1» clawee f.1.9, • lit ef S ahert 

circuit tMti shall te M«« at Itti ef rated ahert-cirealt eurrait 

with a aaratlea ef O.S eec. far each taat aad with intervals hetweam 

taati eqwal te 15 «in. ' The eamiaetieM ta be ablactad by the 

Parches er.    After each taat, a aeMureaeat ef the reactance «ill be 

en the transferrer by anana ef a bridge providing a minimi» 

litivity ef 0.05% between tve successive *• escrementi.    A lee 

evitata laaulee aoaawreaaat ahall alee be earrled eut between each 

teat te detect any variât Ian in the «india« capacitance cavee* by 

Weal dieeleceaent ef the winding. 

t.l.t   Oeclllegr ethic recording ef arianry aad aaceadary earraata af 

the traaaferner, ef the a.C. carrant aad af tHa voltage en the taaflw 

aid« ternlaels «ill be ande far each taata. 

The trenefertwr»rectifier set «ill be observed visually aad 

ay aaatagrafhlc aathada la order ta abtain reattive proof ef the 

aaterael ahsaeaeaa dariag the taata. 

•. 1.1 Acceptance of the trena former-rectifier net «ill be baaed i 

the fulfilment af the fellcwing caaditiaaat 

a) a» evident sip af dnaage to the transformer aad/er rectifier 

darla« aad after the taata according «1. «.1.9 aad t.i.e. 

b) aa laflaaaabla gaa favai la the gae-detectlag relay ef the tra 

ferver after each taat. 
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t)   tlM raactaac«  mm accartiat ta ci. é.Maiali atta« a fair 

îmÊÊmf wt «laaliaf    ttatiliaatiaa. 

4)     Ila) MMfNMtl  •!   tlM  lM Valtafta   la»«laa  INfMN   *CC«r4laf  t» 

«1. 4.1.4 fiati—t •*•« •»€••#tv« climn. 

•)   • viavai cfcackiag •* ti» iatariar of tlM traaafaraar after taa tatti 

talli aat mhm§ aar alfa «f iaaiji «a tlM toaalaia, e a—ietta— » 

davala* piata« •»•' «11 •*•*•* port« accaaaiala vitftawt ¿laaaatliat 

tat traaafanaar. 

II   • vitati eba>cfcia§ ai tat ratti!lar afcall aat alia« aay »ita af 

éaaaaj aa taa 4i«éaa, caaaactlaaa    aaal aar Haar fart« accaaaiala 

far iaaaactia« «Itkawt litatatltafi. 

Il   tat 41aé* tmmmm aèall aat va tlmm. 

ê,U1   TW Na«M fact «rar aaall ka raapaaaiala far carry taf a«t ali 

taata iatlailaa aava*t*c itevi t taata aaaciflai aaraaaava. 

ali aia caaéwttiaa, ••tal patta a* ta* traaafaraar-ractlf lar aat 

•ball la caaaactatf t« tat aaia tri vallavi ayataa al taa alali ««war taat« 

atatlaa. 

Tva Maa»fa«t«r«r aaall avpply ali taa caaaactara liaklvvj taa 

aatal f miaga «f «ach a laca af a««laawmt ta taa aaia graaatflaf ayataa, 

•ai«» »ili ooaalat et? a ceppar aar at la aat 0,435 et» S e« or aqulvaltat. 

Tat aaia e^avjaiiaj ayataa aballa« avafliaá ay taa Parcaaaar. 
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Tha MaoMfoctwrar aholl avpoly tho atrvctora etat twoport all   ' 

ttM oaaloaoot om tho floor* Moth oo aotallic coble lo« ami eiartlar itaoa. 

fot Haoofacturar oliali aloe aoooly a coaalata aat of occoooorlaa 

até koala noodoo* for ro}lablo operation ana for oointoftonco of tha 

tronoforaor-roctiflor aot. 

Toa Maomfoctorar aholl ammplf with tao tronafonaor-roctlflar aat 

M aooquato iioair of apora olo4oe, éiooa-foooa ma othor apar« aorta 

If aocaaaary. 

***      MoMUoH^UuBLjofHr rmUaimLXÉtlÀlSUStL 

All a tool »or ta akall bo »olvoolao«- u K«0Haac< with toa tooalab 

•taooarta. 

All othor port» ahall ho protoctoo* afoiaot corroo loo by aootoota 

If Mocoooory. 

11.      ALTUBUT1V1 

Tha Hojmfoctvror lo invito* to aaojaat, oo M oltormotiva, any 

othor ayataa of forint hotter oceamy, mora flexibility or odvaatofaa 

la loot al lot loo and/or oporatio* covo rio«, hovavar, at looat tha 

eharactoriotlco abovn 1» tha proooot opacification. 
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REACTANCES AND RESISTANCES 
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«ill to »riaarlly atlliaaé tar aijaataaat af tto atort 

«ftrevit nrmt ialtial alaaa.   ftoy atoaU to aaalgMf la Nek a «ay 

ttolt Q-factar la «at laaa tto» M at tto laéwatrial frafuMcy ato at 

MatMl «aitata   a#        MOO V.    A aat af aia raactaacei it reaalrto « 

•Salir raaaactlva aaraaatara ara aaaclflaa' la Tafcle 1.   Ito twa laat 

aacaa ara afatopto wlta taaa* 

ttot 

tto 

to. laáaxtaaca 
ttort «trealt 

cwrraat Taaa 
toator 

- 
to 

1 14 10 

1 11 to 
3 i 41 

4 1 04 

S 1.J/O.7J 144 

0 0.4/0.1 1        m 

Ito tto 4c aactlaa a aat af raalatara la aaaclflaa.   Ttojr ara iaaltato 

la «Mil a «ay to vlttotato tto aaalaal atort circuit earreat affilai 

to tto raaiataaca avary 30 aiaataa er aaa toll af tat aeaiaal atort 

air cale carrent «vary 13 alaatai tor iaf m • ***** •»i'tflu naalaal 

valvas af tto raaiataacaa ara |ivaa la Taala 2, ttolr rat«4 voltata 

to       MOO«. 
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SYNTHETIC TEST CIRCUIT 
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1. CEMRRAL 

The synthetic circuit proposed is based on the principle 

of current injection» generally known (1.2) and officially 

recognised (3. ). 

For the purpose of definitions and terminology used in this 

report, Fig. 1 shows the basic diagram and shapes of currents sad 

voltages. 

As high-current source, the equipment of the test section No. 1 

is used, supplying the required current under a voltage equal to 

about one fifth of the rated voltage of the tested breaker. 

As high-voltage source, a special type of oscillating circuit 

is used. The description of this circuit and its function is the 

purpose of thie report. 

2. BASIC FORM OF THE HIGH-VOLTAGE SOURCE 

Two branches are specified in the high voltage source as 

shown in Fig. lb. 

a)    The injection branch   including the main condensor bank C  , 

the main inductance L and the spark gap S,  is connected 

to the terminals of the tested breaker TB, forming together 

the injection circuit, C    being charged prior to the test, 

when the gap S is triggered,  the injection current circula- 

tes in the injection circuit, superimposed upon the    cur- 

rent loop of the   high-current source. 

°) The T.R.V. control branch, including the T.R.V. condenser 

bank C_ and a damping resistor R, is in parallel with the 

tested breaker.    The breaker being closed during the currant 
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period, thif branch is short-circuited.    When the breaker 

opens, the T.R.V. control branch forms an   oscillating 

circuit with the injection branch, and an equalizing cur- 

rent in that circuit creates the transient recovery 

voltage across the tested breaker. 

Fig. 1 shows, however,  the synthetic circuit in sim- 

plified for» only. Actually two additional principles, deve- 

loped recently have been applied in combination    with    this 

project:    first the multistage high-voltage circuit and 

second a two-frequency T.R.V. control circuit.    These 

two principles will be described now. 

S.   Ij» fTAXfi B;V. ç\W\T 

Instead of one circuit-clement, as shown in Fig.  lb, the 

U.V. source is made up of several stages    (five in our case) 

each stage having all the elements as shown in Fig. 2 .    Interstage 

isolating switches are arranged to put the stages either all in 

series or all in parallel or in any other possible series parallel 

connections.    The test connections being pre-selected by means of these 

switches.   The stages are always charged in parallel via   charging 

reslstoaand isolating switches.    They are discharged, by trigger- 

ing the gaps S of all stages.    Only at this moment the preselected 

connection enters into play. 

It might be said that this circuit is In a general way simi- 

lar to   the   Marx multiplication circuit, and is a combined current 

and voltage impulse generator, delivering prior to the moment of 

interruption the Injection current loop and, following interruption 

the T.R.V.  wave.    All the numerous advantages of this circuit are enu- 

merated   in the patent granted to one member of our scientific 

•Uff (4.5). 
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4.   TWO mame* T.E.V. COWTROL CIRCUIT. 

This is another recent    Innovation proposed by another 

•ember of our staff (6.7).    This circuit is shown in a simpli- 

fied foni in Fig.  3, and has been proposed mainly to meet the 

requirements of the IEC Publication 56, concerning the shape of 

the T.R.V. wave, described   by four parameters (8). 

According to the basic idea of thla circuit, instead of 

having   Juat one oscillating circuit as shown in Fig.  lb, two 

circuits are used in series,   each one having Its injection branch 

and iti T.R.V. branch. 

During the injection period, the inherent frequencies of the 

two Injection branches are the same and the charging voltages of 

the precharged capacitors are proportional to the inductances 

L. and L~,  so that no energy exchange exists between the two in- 

jection sections.    Due to this condition the T.R.V. branches 

behave as if they were1 short-circuited. 

After the interruption,  the two T.R.V. circuits start to 

oscillate independently.    Two very different T.R.V. control 

branches are usually used.    The high-frequency circuit    is usually 

a low energy content, heavily damped circuit, delivering mainly 

the high initial rate of rise of the T.R.V.    The low frequency 

circuit has much more energy and is basically without any or with 

very little additional damping.    This circuit delivers mainly the 

major peak of the T.R.V. shape. 

The two frequency T.R.V.  control is readily obtainable, using 

the aultl-stage H.V. circuit as described in article 3 and shown 

en Fig. 2.     Usually 3 or 4 stages will be used as low-frequency 

circuit and 2 or 1 stage as high-frequency circuit. 
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ili« itaiM having a vary fins control of the elements 

Ch« T.R.V. shape specified by I.E.C. and many nor« ahapas 

according to the •pacifications of th« manufacturer or uaar 

of tha tested breaker can be obtained with a high degree of 
accuracy. 

Aa aleo shown 'in Fig.  2, two charging generators are used, 

enabling to pre-charga the stages belonging to high-frequency 

circuit and low frequency circuit respectively, to slightly 

different voltages as stipulated by the method. 

5.    ADJUSTMENT OF PARAMETERS 

For testing, broad ranges of test capacities, rated breaker 

voltages and T.R.V.    shapes are desirable.    This will be 

possible to achieve by using three Methods in combinations 

a) connection of stagea(series, parallel or combined.) 

b) connection of elastsats inside the stages 

c)    interchanging capacitors between C   and C_. 

Method according to a) will be used as rough adjustment, 

and all possibilities are evident from Fig. 2.    Fine adjustment 

will be made using different connections inside the stage. 

Fig. 4, shows the detailed circuit diagram of one stage. 

As can be seen, the main capacitor bank la made up from 

48 capacitor elements, each rated at 30 kV, 20 pF.    All 48 elements 

are connected permanently in chain and any intermediate point bet- 

ween two elements can be connected to any of the two collector bars, 

by remotely controlled isolating switches.    This system permits to 
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put all «laments in series or In parallel and to uac groupa of 

any number of aarlaa connected •leñante, which are put in pa- 

rallel by meana of the switch« and collector bere. The rated 

voltage of a atage being 180 kV peak, up to 6 elenente et full 

charging voltage cen be ueed. All multiple« of 30 kV, up to 

180 kV, give the full capacity of the bank. Only with 5 unita, in 

aeries are three elements lost. A higher number than 6 elements 

par atage will be uaed for lowering the capacitance, in this caae 

the charging voltage must not exceed 180 kV. 

The general lay-out and circuit diagram of the T.R.V. control 

bank ia the e eme aa that of the main bank. Only two differences 

appear: flrat the elementa are 10 yF inetead of 20 uF, second, 

the halvea of the atage can be connected in serica aa shown in 

Fig. 4. Thia takea into account the overehooting of the T.R.V. 

up to twice the atage voltage. 

The same principle applies to inductances, having however, 

30 colla in a atage. The physical arrangement of the colla in 

a atage ia ahown in Fig. 5. The idea ia to avoid any mutual 

inductance between the coils, thus making it possible to uae any 

connection. In fact, the arrangement ahown in Fig. 5, givea 

Inherently no coupling between two adjacent coila. The percentage 

of coupling between any other two coila does not exceed 0.45Z, which 

la fully compatible with the accuracy of adjustment. 

12 resistors in series, forming a geometric series of valuea 

are uaed as damping resistors. Each resistor can be short-circuited 

by a switch. The lowest stage is equipped permanently with heavy 

damping resistors (high frequency circuit). The stages 3, 4 and 5 

are equipped permanently with light damping resistors (low frequency 

circuit). Stage No. 2 ia made in auch a way that the two typee of 
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retía ton may be interchanged, ee that this »taca aay »a 

associated to low frequency or high-frequency circuit reemec- 

tlvsly, according to tha naad. 

A third method of adjustment appllee to capacitors only. 

Sactiona of condanaar banka C   and CR , indicatad by fina linee, 

•ay ba physically separated fron tha respective bank and connactad 
to tha othar bank. 

All thraa nathoda in conblnation aaaura an extremely economical 

utilisation of tha capacitors, which ara tho moat expensive elementa 
of thla circuit. 

••    PHYSICAL LAY-OUT AMD DES1CM 

Tha circuit diagram of Fig. 4, corresponds to the physical 

lay-out, shown In full details in tha drawing No. 1016.    Tha 

drawings Nos. 1013, 1014 and 1015 show respectively a towar of 

aaln condensers, a tower of T.R.V. control condensers and a towar 

of Inductances.    The complete condenser banka, each of them, ara 

formed by placing four towers side by side.    The towers can be 

aoved on air cushions, and when in place,  they are electrically 
connactad at the level of each atage. 

In othar worda, both condanaar banka are aubdlvided hori- 

sontally in five floors and vertically in four towera.   Tha vertical 

subdivision and tha possibility of moving tha towera is made for 
two main reasons: 

1. Aa mentioned before, a certain amount of exchange of capad tora 

between main bank and T.R.V. bank Improves the overall 

economy, or in other worda, for a given installed number of 

capacitor unita, a higher test capacity la available. 
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2. As epaclfied la ««tail l« «.P.21, tha capacitor baaka 

vili ta used for aererai other pvrpwoe, boa idee eyatttetic 

testing. For theae eeconéary purpoaea le la ueually a«- . 

caesary to rearrange th« banke ina14« the hall. Thla la 

readily dona »y moving tha tovera on air cuahlona. 

For i natane«, vhcti a lumped, thres-phaae condenser bank 

la to be made, on« phaaa vili be represented by tha T.U.V. 

bank, tha othar two phaeee by tha «ain bank apllt on tvo 

identical parta. Tha thrac phaaaa which now have tha aase 

capaci tane «a ara loe a tad at au i tabla di • tance«, and the remaining 

parta» not used in thla caaa, ara aoved agninat tha valla. 

'* TUT CAPACITIES OF THE lYMTMETK C11CU1T 

Tha taat capacity of a aynthatic circuit la not a fined 

conatant valúa. It changea in function of eeveral parase tara tha 

tvo nain beingt 

a) Capacity of tha high currant aourca 

b) Tha ahapa and characterlatlca of tha T.l.V. 

Tha influença of tha hlih-current circuit  capacity la 

usually expressed by what is called "amplification factor". Thio 

factor being the ratio between the rated voltage of the teated 

breaker and the voltage of the high-current source, the lover is 

the voltage of the high-current source, the higher the amplification 

factor. This is, however, United by the distortion of the current 

loop ahape and it is usually assumed that the voltage of the current 

source (crest value) nust be at least 4 tinea the aun of the arcing 

voltages   of the tested breaker and the auxiliary breaker (see Fig.l). 

Consequently, depending on the arcing voltages of specific breaker 

designs, the amplification factor will ba between 5 and 8, tha average 

value being equal to 6. 

i 
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tamia« the tatter value m m asuénale, the TAU Here- 

after aneara la MIM 1   tee tnt capacltlee, M United by 

ti» »le>-c«rreat NKN f «r ea» end tv» aMMater-treaeforaer 
MU reaaactlvely. 

The Influence tf the enano of T.M.y.  i. .o,, intricate. 

It CM te accepted, M a vary rough general rule, applicarla at 

Unat far elngle f regency T.I.V. circuito, that tht taat power 

la proportional ta the eenare mi the T.I.V.  frequency.   In general, 

tlila la alaa true far «ara coaylleeted ohae».. 

Baeed upon taa T.t.V. shapee and valu«« specified in IKC 

Publication M (Saa. lai. •), colta» 5 ehowe th« calculated 

H «avivaient taat capaciti««, far taat paraantsra epecifled la 
colaaaM 2, 3 end 4. 

Unfortunately, taa T.i.V. paraaatara for rated voltag«« of 420 kV 

and «ora, according to Ite ara based on vary low T.I.V. frequencies, 

and reeult la vary low taat capaci ti«« in eoa» caaaa. 

Thla has been found incarract and a raviaion of tha tabi«« of 

vaina« la wider way.    It 1« practically aura that higher rata« of 

rlaa and abortar tint« to craat will ba accepted for 420 kV and 

aare, lnplying higher T.I.V. frequencies.    Thi« will result in 

nucb higher test capacity Unita than thooe ahown in coluama 5, 

without any change of tha équipaient. 
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itli Hunt 

I 1. tfc* «aaaclticitiv« aaar«? «natallaa1 t* H.V. Circait li J.I M 

t. Ila ««taciti** arc •vaia***« fat aaa M* ta* •*a*f*t*f-traaa(a««*r •*«• 
raaaactlvclr. 

}. fa* eaalifirutfoti factor  la atawa*«* t* t* c^wl ts I. 

». fa* T.4.».  ahapr* an« vaia** ari accorciti« t* I.I.C.  S»,  far fir»t-»a>c-t*- 
ktaak (celar k   a   l.J.     Th* laat 4 linai ef Ih« tibie  (4 aaraaatcra,  IMI 
•raafcla« capacity)  are,  Hewavtr, calculât*« takln*, tata accavat a cariceti«*) 
éaa ta th* SO Ma «ave éaeraacnt. 

•ItaWarrcitt 
«Uh-' '•Ita«* **urc* capacity liait 

j 
aaatea taaacltj îy*c ut Taat cycle Rat*« «vallati* liait 

14*41 t.l.f l.B.C. M •aitata Capacity (lavar af vainc* Iraa calva»*) 

*•• aaalv«lcrt 

•VA 

i.t.e. M 
•a. 1    1 K* e.».*. 

1 aaa- J 

t |*a.                      1 i*a. 

1 a > « s »                             7 

1    1 
1         ( Mt> »S IM It.«          J           31.1 

IN 190 14.4                      11.1 

2   ? 
»1 IM 14.4                      11.1 

4M IM 14.4          !           11.1 
• 
•  : 
aj         ^_ 

32 32 Î 

»IS *• 14.4          |           11.1 

9         <M> 1*» 

MO 

M 

M 

14.4 

14.4 

M.O 

M.O 

•            N ? 1 Ml M 14.4 M.O 
a*         M 

3    a 

a.       * 

i 1 4» M 14.4 M.O 

s»                   • ».0 f.O 

a         UNI) t*s 1*0 14.4 11.1 

1   f 
M* loi 14.4 11.1 

Ml M 14.4 11.1 

1   8 «M M 14.4 11.1 

I   1 M» M 14.4 11.1 

1 ! M» 1S.Ï 15.7 1S.7 

»      <•«•> m 10.0 10.0 10.0 

I   1 MO 10.0 10.0 10.0 

S   S Ml l.J l.S l.S 

i   i 4M 1.5 l.S l.S 

**            *». i ¡ M» l.J l.S l.S 

4         <10N) 14S M.O 14.4 •   M.O 
f 1 MO 1.7 0.7 1.7 

•« Ml 10.S 10. J 10. S 

jr 4M 1.) 7.J 7.3 

»1» 10.0 10.0 10.0 

M» J.» ».0 ».9 



- It - m 20 

MfVCiVO CUfrVflf 

<r.v,[i-r*cot(wt*0)] 

iVüüüVfff Vf  imVf rUpPIIOfl 

t 

Am. bf#cÉ#f —»    p— — 

'HlfN voltooVclrcuH—/    ¿—TftV control troné* 

Figuré f 



- 12 - HP 20 

7 

GNfftr I 

\l 
^ \- 

•czy 

^—03 

4p-t-W-o 
t 

/ 

\i 
H h 

A£ 
StOQf 3 

HH—our—o4o-f   | i 
7 

\ 

=-t=L    ! 1  t 

i.     , . IF 

CZZ> 
•CZ3 

^HrC=^ 

fr 

StooT? 

ZJ 

y 

ftr I     Owrftr lj CU}—" -ih 
fi—f—*"•— —CZZ3 ' 

^-r^—   stwT 
-CZD—HMlM.o 

TV >í 

k 



- 13 - 

•MtüMttiMi 

ir 20 

Trtqutocy 
drenti 

Low  
ff,w|ü#ñcy 
— I—i...-IA 
CwCUlT 

âB i  Ê^ÈËÊÊËÊt* 



- 14 - HP 20 

4 Bonk of rtocfonctt - L 

e    â.        »i    CormocWon 
Spork «op-Si    towor 

^fJWffVJV^fWJfi^fW^V^JV^ 
L-*30x1)fiH 

<1MW*flS*1SYV^'+/fP^^ 

I 

¡i 
11 

tí 

i Main èondontor bank - C» 

WHHHI-MWHHHHM- MNMMMH-IHmHHHH-llflHNm 
C, -|» 4»«po^F, !WOkV T11 

4^ 

rol contorno« bonk-CR 

IJH HUH- -JI-II-4MIéUI ii i 11 ILii li I 

CH-^40M0MF,     *00kV 
*r 

^JfpMnt 4 - Circuit dtafrom of out tfaft 

i 

s 

Sí 



- 15 - 

MIM« 

I 



HP 21 

m KV CONOfNKM 



HP2i 

The present specification coverà the requirements of 
the Electrical Industry Experimentation Centre for the supply 
of capacitors used in th« synthetic teat circuit of th« High 
Power Laboratory. 

Four options ara epeclfied aa rallevai 

OPTIO« At 720 elements rated at 90 kV, 10 pT 

OPTION it       lDdO elements rated at 10 kV,    s «r 

Any of the two options «ay be offered in two sub-opt iena t 

SUN-OPTION I   t   Having a SO Ht/60 Hs permanent servioe rat tog. 

•UN-OPTION I! i   Nat haw lag a SO Ht/60 Ht permanent service rtttUf. 
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•*     MÜIÉk rwrrnffBLiSE. 

The capacitor« deacribad hereafter will be UM4 IN the Itili rower 

Laboratory Cor the following purpoeea. 

ï 

c of tlM U.V. part of e eyathotic toot circuit M in 

f«metlo« of both th« naia capacitane« and tho T.R.V. control capacitane« M 

will be explained In detail lator on. 

Pro« tin« to tin», it will be poaalble to wee the capaciterò for 

tho eturaesoe Hatoë her oafter.   It ia uoeerotood that tho rating« of 

tao «loaonu for cartai« epecific application« will ba lowered If 

necessary. 
a) A« an aleaeat of a «witching auree generator aola to produca front 

duration« of tho order of 1 no and nor«, at cre«t voltegee of to 

1400 kV. 

b) At a T.I.V. control capaci tanca during direct toote, up to 7*5 kV, 

requiring vary low T.ft.V. freawenelee. 

c) An a loaned condenser bank daring H.V. circuit broakora toatt 

when «witching capacitivo currant« of tho e ondano« r bantu and 

charting curront« of cabla«, at 50 or §0 Ha. 

4)     Aa an «lament for creating artificial circuita «lnulatlng long H.V. 

line«i unloaded or loaded at the and, for tooting circuit braakera 

warn witching euch line«. 
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•)  Por »over factor compensation dur im heat run toots of big trono« 

fonoro one of «hunt reactora, ot 50 Ht and 60 Ht. 

2.1 UM of condonooro for synthetic tootino 

Figure« la and lb, show the voltage and current« during a 

synthetic test, and tha basic circuit diagram used, respectively. 

The capacitance C being charged prior to the test at a specified 

voltage, the triggering of the spark-gap produces a pulse of injected 

current circulating in the circuit nade up of thé injection branch and 

tha test breaker. This pulse is usually just one half-period of a 

sine wave. Sonatinas, however, when a restrike occurs in tha test 

breaker, the injected current continuas to circulate until the whole 

energy of Cp Is dissipated, giving a daaped sine wave falling gradually 

to taro. 

Tha transient recovery voltage (TtV) pulse will be produced across 

a "control branch" (fig. lb) nade up of a capacitance Cr and a resis- 

tance t in sarlaa, by an equalising current flowing fron the injection 

branch to the control branch, after tha interruption of tha injected 

currant. This pulse will have the shape determined by 

v - Vj (1 -e •*' cos ut -f 6) 

Where V^ la the peak valva of the power frequency recovery voltage: 

(vi • s -i V 1 ^ ñ   n 
where K_ is the first pole-to-break factor and V tha rated ras (phase- 

* n 

to-phssa) voltaga of tha breaker. Tha oscillating frequency (a) will 
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vary fro« 200 Hi to 75 kHi and tha control raalator will of ton 

»• negligible   which aeaaa that tha vol tag« aero» tha TRV control 

capacltora will ba naarly twica tha charging voltage. 

2.2   Secondary Uaa 

2.2.a     The atreaa on tha condanaar   whan uaad aa an aleaent of an 

impulse generator are sufficiently epecifled by the general for« 

of the switching aurge wave produced.    Thia ia an aperiodic pula« 

having front times reaching up to 1 ma and possibly «ore and tall 

times of the order of 10 M or «ore. The circuit used will ba the 

Marx generator. 

2.2.b     The atraaa of tha condensers,   .ham uaed as TtV control 

capacitance during direct teats la exactly the ease aa that of tha 

condensers in the T.R.V. control branch of the aynthctic circuit, 

except that the 50 Hi or 60 Hi recovery voltage night be 

aaintained for a longer ti««, up to 1 second. 

2.2.C     When the condeneera are uaad in the form of a lunped capacitance 

for circuit breaker teata their atraaa will be as follows! 

lefore the opening of the tested breaker, the bank la etreseed 

by 50 Ni or 60 Hi voltage wave during a tine of the order of 1 second. 

When the breaker opena, two caaes «ay arise: 

Tha breaker is reetrike-free:    In thia case the bank remains 

on a voltage equal to the crest value of the teat voltage and ia gra- 

dually discharged through potential transformera or through measuring 

dividers.    Special dlacharge resistances will be used aa wall to die- 

charge the bank eoa» 2 or 3 aeconde after the teat. 
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teatrlkee I* the tented breaker My occur«    In this esse 

• switsble iwbtr of condenser« will be used ao that tht over-ail 

rated voltata of th* trow» la higher that the eetlaatsd overvoltsges 

caused by reetrikee.    After the teit, th« bank will be discharged In 

tha sans way a« in tha previous caae. 

In both «bova »eatlowed caaa« « sultabla over-voltage protec- 

tie« of the bank will always be usee. 

2.2.4   Th« application aa artificial circuita, for simulating 

loaf lin«« include« «sverai caaea.    It la impossible to specify a 

fanerai rule a« to how the bank will be atreaaed In those different 

eaaea.   Each case vili, consequently, be estimated separately and 

• suitable ntasber of condenser eleaenta will be used In such s way aa 

te stay within the rated character 1st lea of the condenser«. 

I.t.e   the capacitor« will be «Mad occasionally for coapenaatloa of 

reactiva power dur in« heat-run teat« of bit reactora and tranaf ornara. 

Burin« thee« teata the condensera will be atreaaed by 50 Hs or 60 Ms 

voltata quasi-permanently, that «sana during a few hours.    A special 

ratini 1« specified for this application. 

j.      TJBPMffrr fann«m»<»st«v»o*M«s 

*«1   Standards 

In general, the capacltora according to the present speciflestIon 

aust comply with the IEC Publication No. 70 (1967) Power Capacltora, except 

for aodlflcationa or additiona contained in thia opacification. 
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Th« capacitors according lo the present specification shall-»« 

installed in a synthetic ttat nail of th« High Povsr Laboratory. 

Th« temperature In thla hall aay Vary fro« 0 °C to + 40 °C. 

During da 11 vary, however, temperature b«tw««n -40*C and +• 40*C must 

b« take« Into account. 

1.3   llsctrlcal connection 

Th« diagram In Pig. lb, show« th« high voltaga circuit in s la- 

pi if lad for« only.    In roailty the H.V.  circuit Is «ada up of flva 

identical stagee, aach ataga having all elements shown In Fig.  lb. 

A high-voltage change-over switch la provided, which enable« to 

connect all stages either in series or in parallel connect ione or in 

•11 available s«ries-perallal connections. 

Each element C   of a stag« Is «né« up of 192 slssentary 
P 

condensers 5 uF (Optio« •) or M elementary  condeaeers 10 uF  (Option A). 

1« a s 1*11er way, aach alésant Cr Is mad« up of H elcaentery condensers 

S uF (Option •) or At eleeentary condensera 10 uF (Option A).    Within 

C    4 elements J uF, or 2 elements 10 uF are In parallel permanently, 

giving At 20 MF capacitances In a stage.    Thoae 48 sleaents are elec- 

trically connected In a chain   (all in a«rl«e) and two collector bars 

are provided, with a poaalblllty of connecting any intermediate peint 

between two elesMnts to either one of the two bars by «eana of compressed 

air iaolators.    In such a way sarlaa conn«ct«d groups from on« to 
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*• alenante My be nade, tht groups being in paralisi between tht 

two collecting bars.   Max lau« creet vol tag« between the bara it 

IM kV, so that if a nuftbtr of condenser unita hlghar than 6 arc in 

••rlai, the unita will not ba fully charged.     For lasa than 6 unita 

in aarlaa,   the «axlau« créât voltata uaed will be 30 kV tlaci the nunbar 

of aar lea connacted unita. 

Tka T1V control capacitance Cr la made in a liailar way, with 

oiily two difference!, rirat, the unita are 10 \if ina te ad of 20 \it 

(2 x 3 uP, or 1 x 10 uF for option 1 and A reapectively). Sacona, 

the collector bara art nada in auch a way, that two halves of each 

•tage can be connected in aarlaa, giving MO kV aa a aaxliauai craft 

voltag« par stage. This takes into account the »solitude factor up 

to 2 for the T.t.V. 

*•     »«TIMM 

Three categories of rat inga are being specifies with reepect to 

the different applications of the condensera, 

s)     Ratings with respect to the     basic uas as energy etorape 

coaseneere   (eee paragraphs 2.1 and 2.2a). 

b)     Ratings with respect to the uee at 50 Hi or M Ni, during a 

United tin» (sss par*graphe 2.2 b| 2.2.c and 2.2 d.) 

e)     Rating with reapsct to the uee of 50 Ni or 60 Ms during unllalted 

tlaa (for power factor coapenea t ion, see paragraph 2.2.a). 
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The rat IRCI minor inib «poly to all option» specif 1*4 la 

taction 1. 

The rating under c aaollee to Sub-option I only (that Mana 

te option« AI and §1, not to option« All and III.) 

*•*   •***— with raaaact to tha uaa aa enatay atoran« condannerà. 

4.1.1 iated charging voltage 30 *V 

4.1.2 |fta4_cagacitança 

Option   A 10 ut 

Option   I S «# 

4.1.1   fg|ff fKgf.j». çoawacltj 

a)   THa neaaured vaina of capacitance for aneli 

individual alaawnt attat not vary by nor« than - Sl| • Iff 

of the rated) vaina. 

h)    The CMBMlative vaino of the capacitance of a 

lot of 40 «Lenente antat not vary by nor« than - Ml • 10« 

of cumulative rate* vaine. 

*'1**   ffffff iav«r«lon factor l.tS at 1 Uhi 

41,5   iflf# lahr«nt *f,«fly«f*f - «tt ianm than   100 atta 

4.1.0   $•ted_oeer a t lon_ç^cle> 

a) Normal use. 
- ntaxlaun charging tine» 5 nln. 
- period at full charge before teatt 1 nln. 
- period at inverse voltage after teatt 1 »In. 
- rest period (after teat) 5 «in. 
- tenting rate 1/12 nln. 
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h)      exceptional uae. (one case out of SO approx.) 
- period at full voltage before teat: up to 10 «in. 
- period at reverse voltage:    up to 5 min. 
- rest period (after teat):    to be specified by Manufacturar, 

In function of the charging voltage. 

4*1.7    Life expectancy 

The life expected will be 105 d lac Karge a during which the faalt 

occarastces mtat be inferior to it. 

4.1.0    Internal resistance 

removed fron the  «fearging «Ut each capacitor »mat be able 

ta loa«    aore than 10X of It« initial voltage in S nlnutea. 

4,1    •**!— »ith raaaeet t« tha u— at M ha or 60 ha aurina a 

The Manufacturer anali «pacify the values of U.M.I. voltaaae, at 

«tie« the condannare can ha ueae, fra« tina te tin», at 50 Ha or M Ma, 

tha tlajea of application belngt 

0.1    eeco*d 

0.2    aacoad 

0*5    eecasjd 

1.0    aacaatd 

•»   Interval a« re et between tha tanta   »*     10 ainatae. 
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e.i Utlaa with wet to the UM at 30 Hi or »0 Hi dur ina uni ini t id 

ti— (Mwr factor co»«mation). 

(Thit rating applica on OPTIONS Al and II only). 

Rata* voltata (R.M.I.) 7 kV 

Tat aanufacturtr it invitai to of far a higher rated voltata, if 

natatela. How«ver, it la aaeunwd that this characteristic will in- 

alante the coat of the a lenenti if they are to have the aanw life en- 

paetstcy, ami an indication of tha increase in coat should ha given 

ay tha nanufacturer. 

Tha over-all for« of tha condenser will he that of a rectangular 

caeinf with one buehlng. The activa parta of the condenser will he 

ceunected by one tarsiati to tha casing, the other terninal vili ha 

brsught out through tha hushing. 

Th« condensers «rill ha nounted in vertical pétition, with the 

huehlng on tha untar harltantal aléa. The other terminal will alaa 

at placed e« tha atta alte. 

3.1 

Por both options A ani I, tha nsafun over-all height including 

tha huottlng shall ha 13S a«. It it deelreble te utilità this height 

aa fully aa poeeible. 
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Th« MKlmm value of en« of the horiaontal dimensions for 

both options shall be 20 cm, and it ia deeirable to Mka it ««aliar 

if poaaible. 

Th« aacond horlsoatal dimenalo»: la to be determined by tha 

manufacturar. 

Th« manufacturar anali indicata in hia tander all main dimensiona 

and bushing position, auapenaion brackets etc... 

5.2 »uapenslon brackata 

Th« casings will have suitable brackata or hooka placed on the 

narrower vertical sides, for suspension of the condenser between two 

parallel insulating bara. 

3.3 iimmallina eouip-nt 

If available, a signalling ««vie«  shall be placed on the upper 

aid« of the casing. Preferably the equipment ahall consist of an 

electric bellow actuating a amali compressed air valve. The over- 

pressure will open the valve via the bellow, and a compressed air signal 

will be sent through Isolating tubing to ground potential, for signalling 

purposes. 

Th« equipment containing the bellow and the signalling valve will 

be a part of the delivery. The tubing however will not be included. 

Th« manufacturer ia invited to offer any other ayatem or equip- 

ment, if available, to protect the condensers agalnat explosion or able 

to detect a partial fault at its atart. 
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The condenser eating, including the bushing and any other ele- 

ments attached to it, shall be perfectly leak-proof.    The dilatation 

of the active parts and the imprégnant shall be taken into account, 

due to heating caused, by normal operation as specified in section 4 

of the present specification. 

3.5   Protection against corrosion «ad paintina 

Adequate protection against corrosion shall be provided on metal 

casings and all other parts. 

The color of the painting will be indicated by the purchaser 

later on. 

a.      TOTS 

All tests specified in this section are made under the respon- 

sibility and at the expense of the manufacturer. 

Three categories of tests are specified} 

a) Type teats 

b) Tests on samples of a fabrication lot 

c) Routine tests 

It is understood that the tests specified in paragraphs 6.1.3 

and 6.2.3 do not apply in case of SUB-OPTION II, specified in the 

"Article 1". 

6.1 Type Test« 

Three prototypes «hall b« subjected to type tests. 
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Tht ditltctric tuti according to subclause 6.1.1 «hall be made 

on «neh of th« three prototypes.    As to the dischart« tests according 

to subclause 6.1.2, «ach prototype shall be submitted to one of the 

test series specified therein. 

The test at 50 Hi or 60 Ht, according to subclause 6.1.3 shall 

he «ade on any of the three prototypes, according to the decision of 

the menufacturer. 

6.1.1 5i£i££tri£_te|| 

This test shall be «ade on each prototype. 

a) Measurement of capacitance, losses, ionisation factor and 

partial dischargea at 5 kV. 

b) One dielectric withstand test under 60 kV d.c. for 10 sec. 

c) Measurement of capacitance, losses, ionisation and partial 

dischsrges at 5 kV (1). 

6.1.2 Dlicharie tests 

6.1.2.1 On a first prototype 

a) Measurement of capacitance, losses and ionisation factor 

at 5 kV. 

b) Oscillatory discharges 

- 100 tests 

- U charge - 45 kV 

- discharge frequency • 1 kHs. 

(1) If there exists a difference between the valuea measured before 

end sfter the tests, it must not be such that it might Indicate 

the possibility of a breakdown in a winding element. 
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- Inversion ite tor   •   0.15 

- rat« i    1 teat per Kiattt« 

C)     NMMHMTMMnt  0Í  COfOCitOJtCO,   lOOMO    «Ml   lOttlMtlOtl  fftCtOT 

at 5 kV. 

1.1.2.2 On « eecond prototype 

a) Meaeureawat of capacitane«, loaaoo and loaitatiea factor at 5 kV. 

b) Oscillatory dischargee 

- 100 t««ts 

- U chart« • ** kV 

- frequency • 15 ana 

- lavorale« faeton O.fO to 0.t5 

- rato i 1 toot «or «lauto 

c) Ma««ur««ent of capacitane«, loaaa« and ionisation factor 

at 5 kV. (1) 

i.1.2.3 On a third prototype 

a) Meaeureaent of capacitase«, loooo« and lealaatioa factor 

at 5 kV. 

b) Tho ol««j«at will b« di«charf«d la ohort-clrcult. 

- 1000 toot« 

- U charge - 45 kV 

- frequency > 100 kVa 

- inveralo« faeton 0.90 («afro«.) 

- ratet 1 teat per «limit« 

c) Meaaureewnt of capacitane«, loooeo and Ionisation factor 

at S kV (1). 
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On on« of tht prototype« cttesaa by tho aaMtfsetursr 

- 1 tost 

- Urna • • kV 

- auration: 41 hour« or no to taoparatvrs scavi 11 Ration 

*•* ftf H n »Witt fff | fj>FiÇfU«l Iff* 

Aaauain« the fabrication la nada In lota of son* 30 to SO «loaeats 

it a tino, 10Z of th« olaawats, tskoa at raaaoa fro« th« lot, aliali bo 

•ubaittod to following tosta : 

f.2.1 fioloctrie tost 

a) Moaotiroaont of capacitane«, looaoa, ionisation factor ana 

partial discharges at 5 kV. 

•) Ona dialoctrlc toat at 45 kV dc for 1 ninnt«. 

c) laaealstoly af tor thoro will bo a n«aaur«o»nt of capacitane«, 

loas««, ionisation factor ani partial discharge at S kV (1). 

0.2.2 Dlachart« tests 

é.2.2.1 Discharge iato a short-clreolt 

a) Maaauronont of capacltaac«, loooss and ionisation fsctor at SM, 

b) - 10 tasts 

- U chart« • 30 kV 

- frequency > 100 kn« 

- Inversion factor - O.tS (appio*). 

- ratst 1 tost par niant« 
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e) W—Mr—wt of capacitate«, leasee aad ieelaatlea facta« 

at S kV (l). 

«.1.1.2 laduranca taatc 

a) Meaeureaent ef cayacltaaca, leeeee ani ionisation facte« 

at S kV. 

•) - 1000 teats 

- U charte - JO h¥. 

- eeclllatiat freqecacy • IMO Ha 

- laverete« facte« • 0.19 

- ratei 1 alacharte aar aleute 

e) Heaeareuoat ef capaci teece, leeeee ani lealsatiea facta« 

at 5 kV, at every lotta teat (2). 

ê.l.l 

a) Oae teet at 

- Ora* • • aV 

- «aratie«   •   40 lièvre et ae te temperature etaetlieatio«, 

(2)    Ttie successive «eaaureœnts of the capacitance,  tan delta and of 
the ionisation lector after each tari«« of 100 discharges neat enow a 
clear tendency to stabilise,  i.e. a variation of those valuee will 
be acceptable ae long «e it decreases as the nimbar of teete lncreaeee 
to the 1000th.    If thoae variations are fteaay or tend te lacrea««, the 
eleawat will be rejected unieee the naitufec turar prefere to coat lane 
the taeta up aatll the velues stabilise. 
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1*1.4 Tut procedure and tht ltim of the teat 

Taking aa en example • lot of 40 elements, 4 samples shall IM 

amenitted for the test. 

The following procedure «hall fee ueedt 

é.2.4.1 First teat aarlee 

a) If all 4 tee ted eamples pass the teats, the teet la completed 

and the lot accepted aa a whole. 

fe) tf one sample falla, 4 additional samples shall be selected at 

rendasi fron the remaining 34 elements of the lot and submitted 

far a second teat aarlea. 

c) If two samples fail, • additional sanities shall fee preaented 

fat the second taat aariaa 

i) If «ore than two sanples fail, the lot is rsjscted ss s whole. 

i.I.4.2 Second tsst ssrias 

a) If, in the caae specified in 4.2.4.1b hereebove, all 4 

additional asnales paaa the teat, the taat la completed and 

the lot ia accepted aa a whole. 

fe) If one sample, out of four, falls, 4 additional samplss sra 

ae lee ted at random from the remaining 32 elements and 

submitted for s third test serlee. 

c) If two or mors samples fall, the lot la rejected aa a whole. 

4) In the caae apee if led in 4.2.4.1c hereafeove, all I samples 

mast »ana the taat. tf not, the lot ta rejected aa a whole. 
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• .2.4.3 Third teat Mr IM 

t) Xa the cas« apecifled in é.2.4.2b heraabove, all four eaewlea 

must paaa tha tait. If not, tha lot la rejected ai a whole. 

• 3 ¡mum %f%9 

Thaaa taata «hall be performed on all elementa of aach lot that 

have not baen submitted to any taat yat. 

Tha alaawnta which do not paaa tha taata according to thla aaction 

attall be replaced at tha expenee of the manufacturer. 

t.3.1   Electric taata 

a) Measurement of capacitance, loeeee and ioni »at ion factor 

at 500 V and S kV and partial discharges at b kV. 

b) Dielectric teat 

- Udc    - 45 kV 

- duration - 1 nlnute 

c) Naaauraawat of capacitance, loaaaa and iotilaation factor 

at 500 V and 5 kV and partial dlechargea at 5 kV (1). 

*,J'2   lì!. £.or 1**k* 

Bach capacitor ehould paaa a »we a ting teat.    Tha sweating of tha 

imprégnant will be attempted by ha«ting the elementa in an even until 

the Interior temperature hai attained a uniform temperature of 65*C. 

The leaka will be detected by the coloration of the revealing product 
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•.* Interpretation oí ttit resulta and condition, of scceptanca. 

f.4.1 Tke_g£o|o|y£c_ tests ar* ••*• in oté*t  to check th« design 

•ad serve M a basii for permission to start the line production 

of the condensers. This permission will be given when all pro- 

totypes have passed the tests in accordance with clause 6.1 

successfully. 

•.4.2 The Soj!f_on tffP^fs of a fabrication lot are Mis to 

chock the fabrication technology and «ateríala. 

If th« conditions of clause 6.2 are net, the lot is 

accepted «a a whole and will bo presented for routine tests. 

The individual samples, which did not pass the teat, if th« 

caae occurs, shall be replaced at the Manufacturer's expense. 

If th« conditions of clause 6.2 are not fulfilled th« 

lot la rejected a« a whole. 

***** Hf-IgMtatt.lfiH °" â11 «iwMmta ar« read« aa a final 

quality chock. 

Elements which do not pass these teete will be replaçai 

at manufacturer'e empana«. 
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7.1 teMril deacription of capacitors 

Baacrietioa included  

7.1 traviata and präliminary dlaaaeieae 

laaerlattea included  

7.} Iadicatione •• to the vaifat of the capaciterò 

•aaerietioa included  

7.4 taacrietloa of dielectric of capaciterà 

laacriptioa included  

7.5 tteatlaf of dielectric «HIM capaciterà ara 

reactiva eotjrce  *C 

^W^O^B     •W^PP     ^a 

7.1 of the     .ncitore 

7.7   Maturai freauency of capaciterà te. WW 

7.1   Pertinent eaeerieace of aenufacturer end liet of capaciterà 

already produced. 

Liât included  
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2* 9MSXEL 

150 inductance unita for tho ayothetic tMt circuit. 

MMMBOA*  VimwIiV * timi 91 iva 

Tht inductances shall be for indoor installation, with air corta, 

dry-typo and naturally air coolod. 

*. ELECTK1CAL CHAIACTEKIST1CS 

Moninal induetanca 

Toloranco 

latod voltago between torninoli 

Inpuloo withatand voltago between tentinole 

Poak currant at 190 cycloo 

Quality factor at 60 cycloo 

Natural froquoncy 

10 «H 

± 2X 

30 kV poak 

120 kV poak 

2.5 kA poak 

20 

> 230 kHs 

S. COMSTRUCTION 

Tha inductoncoa shall bo of tho aalf-aupporting typo.    Thay will bo 

inatallod without supporto in a atructuro built of inoulatod notorial. 

Thoroforo tho coils shall bo provided with threo appropriate dcvlcoo 

for installing purposos.    Tho nanufacturor chooses tho dinensiono of 

tho coilo in order to achieve the nost economic solution. 
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1,1 Trat itili 

These tests shall b« carried out on a prototype coll. 

(.1.1. Ii^uçtançe_aeasu£e§ient 

The indue tane« shall b« measured with a bridge » havint a pr «cisión 

of 0.3X. 

1.1.2   £h£rl-£i£CttlÉ. £e§t£ 

The short-circuit tasta shall be nade with a capacitive dischar gì. 

The parase ter s of article 4 would be produced while discharging in 

the inductance a capacitor C • 70 uF, charged at U   -30 kV.    However, 

the teata on the prototype unit will be nade with U .   • 1.2 U , with 

the intention to increase the current by 202 and the energy and the 

electromagnetic    forces   by 40X each. 

Twat procedure» 

10 dischargea with 120% of the nominal voltage, i.e. U .   - 36 kV. 

The resulting initial current will be 3 kA peak.   A teat shall be «ade 

«very 10 minutes. 

The impedance shall be measured after each test with the voltage-current 

method. 

'•1-3   Piflf£tli£_itfif-fe5îïff5-ïf£ÎÎ5fif- 

The dielectric tests between terminals shall be carried out in accordance 

with the standarda IEC, Publication 60, and the procedure hereafter. 
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1. Terminal I grounded, ttrmliul II connected to the iapuls« 
generatori 

•)    5 tuti with the poi i ti v« wâv« 

b)   5 teate with th« ntgativt wave 

2. T«minel II grounded, tonanti I connect«* to th« lapulea 
generator : 

•)    5 tosto with the positiva wave 

b)    5 testa with the negativa wave 

#•2   Sanol« tea ta 

10 coila taken out fro« the coapltta lot of 150 unita shall be 

submitted  to short-circuit taats in accordance with the teat 

procedure of article 6.1.2 but with U .- 1.1 U .    Afterwords, en n 
the dielectric tests of erticle 6.3.1 end e final neeaurenent of the 

inductance in accordance with article 6.3.2 aha 11 be nade. 

6.3   Routine taats 

6.3.1 DielaçtriçjMt 

lech coll ehell be subalttea to the following inpulae teete with 
120 kV peak! 

a) 3 teete with the poaltlve wove 

b) 3 teete with the negativ« vsvt 

le di«ruptura ahell be accepted. 

1.3.2 £oeur«aen^of tha Induct «ne« with e bridge 

The inductance ehell be «ensured on each coll.   The neesured valve 
•hall be marked on the nena-plat«. 
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UM Acceptance of the indue tance a is tosed on the following conditional 

•)   The coils »bill Mit tha olectrical characterise« of artici« 4. 
•)   Mo «Ita of denega ahall V« evident during and «fear tha taata. 
e)   Tha aeeeured inductancao »«fora ani aftar th« taata snail net 

•new any diffarance. 
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1. 

Th» spark gap« in th» high voltage source of the synthetic 

t»»t circuit ahall be usee to close the circuit. Due considera- 

ti»« for two criteria shell be takeni 

a) synchronous closing of the five stages shall be assured. 

b) the closing instant shall be well defined and related 

to the whole test sequence. 

The location of the spark gaps is shown in Fig. 2, of H.P.-20 

(Generai description), where the five stages are connected 

in series.  To initiate the injected current, all five spark gaps 

have to be triggered fro« earth potential to ensure a simultaneous 

closing of all five individual circuits. 

2. CHARACTERISTICS OF THE SPARK GAPS 

All five spark gaps are identical. The trigger mecaniaa shall 

assure an operation between the maximum admissible voltage across 

th» gap Uadero probability of a breakdown across the gap) and 

U« • 0.66 Ua. To assure that no breakdown will occur at Ua, the 

gap apacing has to be adjusted for a 50* probability break- 

down voltage U50 - 1.4 Ua. Thia means for the maximum rated 

(charging) voltage Uch • 180 kV: 

Ua - 180 kV, maximum admissible voltage 

Urn • 120 kV, minimum operating voltage 

ü50 " 252 kv» 50X »"ability breakdown voltag« 
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For low« operating voltai«« than 120 kV, the S«P «P«cinf 

haa to be changad with respect to tha above mentioned rulaa. 

Trigger delayi    Thla is tha delay between the trigger order 

and tha actual breakdown of the voltage across the spark gap.    This 

delay aay vary for different operating voltages, but shall not vary 

•ora than ± 5 us in taste with the sana operating voltage. 

3.    EXAMPLE OF A SPARK GAP AMP TRIGGER   DEVICE 

The trigger device can be built up ¿roa a battery fed circuit ia 

tha spark gap and a laser on earth potential.    The circuit in the 

apark gap consists of e lesen ta in order to transform 24 V d.c.  into 

10 kV d.c.    A capacitor is charged with this voltage, and its energy 

can ha released on a trigatron by means of an auxiliary spark gap, 

which is triggered by a laser beam.    The auxiliary spark gap is ala« 

energised with 10 kV, which corresponds to a gap spacing of 

5 sai approximately.    The laser is of the CO.- type, with a tube for 

each spark gap.    Tha electrical circuit is common for all five tubes, 

ao that there is an absolute simultaneity between the five laser 

beams.    The beams are directed on the auxiliary spark gaps with a 

mirror system. 

The triggering device can also be made by other means, such as 

with a powerful laaar which triggers the main spark gap directly; 

or a three electrode apark gap, whose central electrode is displa- 

ced by means of a coupling capacitor. 
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|. Ik* pr«««nt «pacification covtri the r««,uir«a*nta of tita 
Utctrlcal Industry ExparlaaMitation Cratr« for th« supply of 
resistor« us«d for th« control of th« recovery volt««« In th« 
•ynth«tlc t««t circuit of th« Hifh Powar Laboratory. 

Ht«r« «r« two optional 

Option A - In ««ich ««eli valu« of radiatane« 1« produca«' 
»y a particular raaistor. 

Option 1 - In which «ach valu« of resistane« is proaucee1 

ay co«Hi«ctint la parallal or in a«rl«a a favor nunbar of «arti- 
cular rosistor«. 
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2- Ommfi «••cripti«« 

J- QmmfX caracUrlitlc« 

3*1 Aslant t««*«r«t«r« 

J-1  Il«Ctrlc«l COWMCCÍMM 

4- lAtiMfl 

4-1 Imfà op«r«tlo« cfcl« 

4-2 Llf« «x»«ct««cy 

5- Oi Miltry t   Daalfa 

5-1 D1«*I»«1OIM 

5-2 Protective c«*tiaj 

t-  TMtS 

§-1 Typ« t««t« 

4-1.1 Ac««»t«U«* 

4-2 Monti«« t««t« 

4-2.1 Acr««t«tl«« 

7- P«rtlM«t Udwlc«! 4M« |« te fmlilni M « »m «f 
lin tMétt. 
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Ttie reaiatore deaeribe« hereejfter «hall b« uaed i« the high volt»«« 

citcyit  in .«I., with tfc, c^citor, of th, cmtrol brt||ch     m> 

branch 1. the aitaein, «lenent of the traneient recovery volta,« 

(TUT) aaeearla, ««roca tba breaker contacta following Interruption 
•f the carrant. 

Mlffjli vallata circuiti 

T.I.! Tcit braakar 

current Injection branch 

TtV control branch 

Pal lavi a« the cleein, of th« epark gap  (s)   th« Injaction branch forcai 

a naif-wave of current through the taat breaker (T.i.) at the end of 

which the teat-breaker opena ami «xpoaea  the control branch to an 

eewalltin, current conin, fro« th« injection branch.    The latter pro- 

ewcee a volt««* wave éeacribea* by the equation vs V1(l-e"aTcoa UT), 

wn«r« V% ia the aaak value of th« power frequency recovery voltata 

'1 •S /-j 
where f^ ia the firat pale to break factor 

ani Vm i a the rated ma (phaae  to phaae)  voltage of the breaker. 

The oacillatin, annular frequency (w) will  vary from 500 Hi to 75 kHr 

anal a naxiaun inatantaneou* voltane reaching H% of tl\e charging voltage 

•ill appear acroae the control raalatora  for the case of critical damping. 

If the HV wave ehaae ia overmanned the maxim», inatantanaoua voltane 

an tita re« la tor« nny clins to 1001 of th« charging voltane. 
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Th« high voltage circuit will be made up of 5 superimposed stages 

all having identical characteristics except for the control resistors. 

Three of these nodules will produce mainly a low frequency  (LF) TRV 

and will be called LF circuits while the two others will produce 

mainly high  frequency TRVs and will be called HF circuits.     In order 

to have also the possibility of using 4 low-frequency circuits and 

one high-frequency circuit, the resistors shall be bought for 4 LF 

Modules (Table I).    These circuits will be connected in many series and 

parallel ways in order to produce the required test voltages and injection 

currents.    Each of those 5 circuits or modules will have a maximum 

charging voltage of ISO kV. 

3- GEMERAI CHARACTERISTICS 

The resistors according to the present specification will only be used 

in the control branches of the synthetic circuit and therefore will be 

subjected only to transient currant flow and the corresponding terminal 

voltages. 

3.1- Ajabient temperature 

The resistors according to the present specification will be installed 

in a synthetic test hall of the High Power Laboratory.    The temperature 

in this hall may change between 0°C and +40°C.    During delivery, however, 

temperatures between -40°C and +40°C must be taken into account. 

3.2- El«c£r^cal_conne£tipns_ 

As mentioned earlier, the circuit will consist of 5 superimposed stages. 

The 12 resistor elements of each stage will be connected in series, each 

element having in parallel a short-circuitting switch.    The switches will 

permit the insertion in the control branch any series combination of the 

ohmic elements.    The ohmic values of both HF and LF elements  forming a 

geometric series with the order of two, the resistances obtainable range 

from the lowest value up to twice the highest value with the absolute 

accuracy equal to the lowest value.      The following figure shows the 
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resistor sat up for both L.F. and M.F. stages. 

Series Connection 

LF to.01±>.Q3L0.062b.l23É).25b.5Q 

HF 0.39 P.78 1.56 Q.12 £.2312.5 

1.00l2.OOU.00|8.OO| 16.0J32.0 

25.0 50.0 100. 200.  400.BOO. 

VtWîVVrWî^^ 

H connection between resistors     ^switches 

connection to switches 

The switches are not a part of the present specification. 

The connections for tying the resistors between themselves and to 

the switches are a part of the specification. 

4- 

These resistors will only he used to pass the exponentially damped 

sinusoidal current, circulating trough the TRV control branch and which 

will be damped out in a period ranging from 1 ms to 100 ms.     The 

number of resistors along with their rated voltage and energy are 

given in the following table.    Also in that table some tentative 

values of the self inductance are given but they are not rigid 

característica.    However the lowest possible value of self-inductance 

will be preferable. 

4.1- Rated operation cycle: 

- Period of current flow: from 1 

- Testing rate: 1/12 min. 

«a    to 100 

4.2- Li¿e_ejg>£ctancyj 

The life expected will be 10   test cycles. 
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TABLE    No»    1 

HP 24 

NODULE RESISTANCE 
I 

RATED 
VOLTAGE 

kV  (dc) 

ENERGY 

kJ 

Optior 
A 

Option   B 

Induc- 

tance 

Basic elements 
Connection Number Value Number 

Ü Í2 uH 
800.0 180 0.5 2 2 series 
400.0 it 1.0 2 400.0 34 1 40.0 
200.0 •i 2.0 2 2 pat. 
100.0 •• 4.0 2 4 par. 

High 

SO.O M 8.0 2 8 par. 
90 2.0 2 2 series 

Frequency 12.5 •i 2.0 2 12.5 18 1 12.5 
Circuit 6.25 •• 4.0 2 2 par. 

3.12 •i 8.0 2 
 .—   4 par. 

1.56 •• 1.6 2 4 series 
0.78 •• 1.6 2 2 series 
0.30 ii 0.8 2 0.39 14 1 17.0 

32.0 180 7.5 4 2 series 
16.0 ti 15.0 4 16.0 68 1 16.0 
8.0 M 30.0 4 2 par. 
4.0 M 60.0 4 4 par. 

Low 

Frequency 

2.0 II 120.0 4 8 par. 

2 series 1.0 90 30.0 4 

Circuit 0.5 ti 30.0 4 0.50 36 1 10.0 
0.25 H 60.0 4 2 par. 

 0.125 

0.062 

•i 120.0 4 4 par. 
•i 25.0 4 4 series 

0.031 •• 25.0 4 2 series 
0.015 •i 12.5 4 0.015 28 1 15.0 
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Th« resistors shall b« Indoor, non capacitive and non inductive, 

dry types and cooled by the ambiant sir. The element« will be mounted 

at the end of each other with their axis in the horizontal plane and 

they mist contains some anchorage points in order to be mounted 

mechanically to an insulating structure. 

5.1- £i»e£»i°nsi. 

Th« length of the elements will likely be determined by the insulation 

level required (6...) 

The other two dimensions should be kept as low as possible or made in 

auch a way as to reduce the overall dimensions of the resistors made 

up of 4 or 8 elements in parallel (Option B) 

5.2- Frotective_coa£ijigj. 

A layer of protective material must cover the resistors in order to 

protect them from dust and rust unless the design and materials used 

have been chosen for that purpose. 

4- TESTS» 

All tests specified in this section are made under the responsability 

and the expense of the manufacturer. 

Two categories of tests are specified. 

a) Type tests 

b) Routine tests 

4.l~IyE*_te*£i± 

This test applies to each different basic resistor in option A and 

to each different basic resistor in option B, plus the resistor made 

up from the greatest number of basic resistors in parallel or in 

series ( Ref. Table 1). 



Hf 24 
- e - 

Dischari« teats: 

- At an ambiant temperature of 35 C. 

- A capacitor bank charged at 120Z rated voltage of the realator and 

containing 144% of the rated energy of the reaiator will be dis- 

charged into it 200 tinea. 

- Each discharge will be followed by a rest period of 12 minutes. 

- At the end of  these testa the resistance of the element must be 

neasured at 35°C.  and this meaaured value must not vary by »ore than 

IX with the measured value before the tests. 

•. 1.1. -Ac£e£tat ion 

If an element does not pasa the type teat it will either be rejected 

or the type test smst be passed by two more identlcsl elements while 

the faulted one is replaced at the manufacturer's expense. 

0.2- J^>utine teet¿:_ 

Measure of resistance: 

The resistance of each element will be measured at 50 Hz or 60 HB 

at a temperature of 35°C.    The elements hsvlng a value of reaistance 

exceeding *5X the specified value will be rejected. 

Dielectric test: 

Each element will be subjected to a voltage impulse test having a 

rise time of 1.0 ut     or      1.5 us and reaching a peak of 600 kV 

for the elements rated at 180 kV and 300 kV for the elementa rated at 

90   kV. 

6.2.1.- Acce£tatlpn 

All the elementa that do not pass the routine test will be replaced 

at the manufacturer's expense. 

7- PERTINENT TECHNICAL DATA TO IE FUKNISHED AS A PAKT OF THE TENDER 

7.1- General description of rssistors. 

Description Included. 
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7.1- Drawing« end preliminary «lneaaleae 

Description included. 

7.3- Indications as to ths weitht of the resleters 

Beacription included. 

7.4- Haxinua boating of eleaeat 

7.5- Ptrtinent experience of Manufacturer sad list of  tosiate«« 

already produced. 

List included 

7.i- Unat requires»«« of thl« specification ara «oat loeortant la 

eeteraiainti 

- the eoat of the eleaents 

- ehalt «1nsn«loao. 
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2-  «SMMAL DEBCRlPftnp 

The High Pow.r Laboratory will be equipped with « .ynth.tic 

te.t bey for te.ting high voltage circuit breaker». The necee.ary 

high voltage source will be of the capacitive type, i.e. préchargea 

capacitor, will be diacharged during the teat by mean, of a .park 

gap. To be able to aimilate different breaking capacities and 

to cover a large range of transient recovery voltages, the source 

will consist of unit elements connected so as to meet the required 

circuit páramete«. This tender calls for the disconnect switches, 

to be inserted between the eleaents. 

The high voltage aource shall consist of two capacitor 

bank., an inductance bank, a resistor bank and a connection tower. 

l«ch ba*.k ahall be divided into five hori.ontal and identical stages. 

fig. 1 shows the arrangement of the disconnect switches in a capacitor 

bank. The bank is divided into four towers. The layout of the dia- 

connect witches in the inductance and resistor bank, .hall be .imil.r 

to the one shown in Fig. 1. 

Considering that the five stages are absolutely identical, 

there are always five disconnect switches in a vertical plane which 

are in the same position, open or closed. Therefore, only one control 

i. required to operate five .witche.. However, the control link effecting 

the operation ha. to be of in.ul.ted material. All other character!.- 

tic. are identical for all disconnect witche«. 
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3.   mmm. 

Typ« I (Capacitors) i MO disconnecting switch«« 

If2 controls 

Typ« Il (Inductances and Resistors 180 kV) : 

325 disconnecting switches 

65 controls 

Typ« III (Rssistors 90 kV): 

25 disconnecting switches 

5 controls 

4. 

IEC    Publication 601      High Voltage techniques 

IEC    Publication 129t    Alternating current Isolators (disconnec- 

tors) and earthing switches.    A revised 

edition will be published shortly and will 

then be applied. 

The above mentioned standarda shall apply except for modifications 

or additions contained in this specification. 

5.      ELECTRICAL CHARACTERISTICS 

Type I Type II Type III 

Nominal voltage* kV dc 
and ac peak 

Impulse withstand voltage 
of the isolating distance, 
kV peak, 1/50 

180 

450 

180 

600 

90 

300 
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Identical characteristics for all three types: 

Nominal frequency: 100 to 5000 Hi 

IIL: non-exlating (aee article 7, Deelgn). 

Short-tine current:  5 kA peak, i cycle 

3.5 kA in, 10 cyclea. 

Continuous current at 60 cyclea: The Manufacturer specifica 

the current which the disconnect »witch can carry on continuous 

duty. 

Iapulse withstand voltage of the control link between two stagts: 

900 kV peak. 

The diaconnect switches shall not be operated alive. 

6. lgCMAMICAL ENDURANCE 

The diaconnect switches shall be capable of sustaining 5000 

operating cyclea (C-0) without maintenance nor damage. 

7.        PESIC» 

The diaconnect switches shall be of the eliding type driven 

by a pneuswitlc mechanism. They are for indoor installation. 

Over-all dimensions: The Manufacturer shall give preference to 

a construction with the smalleat croas section perpendicular to the 

axis. 

There are no isolating supports nor a common baae to supply. 

The cylinder-rod aasembly shall be installed in a structure of iasu- 

lated material, and the jaw shall be fixée on an aluminum bua 

bar (Fig. 1). 
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Ths Manufacturer »MU próvida the necessary threaded holes fer 

tha Installation In tha two flantaa. The jaw anali be eauipped with 

a device for tha purpose of neàlng tha alignment rod-Jaw. 

The front fiant« ahnll be provide with an additional threed*d 

hola for the electrical connection. 

The Manufacturer .hell clearly inaiente in hie tenéer ani on his 

drawlnge the Material ha   shell MM for the conducting part« of each 

type of disconnect  switch. 

All naterial« and »art« neceaaary for th« fulfils*« of th« preaent 

work, shall be new, of high coon»rciel quality and in accordane« vith 

•end] practice pertinent  to the nanufacture of disconnect   awltchea. 

In the de«iin of disconnect        awltchea,  th« manufacturer ennll 

prevent all possible electrolytic corróelo« on the disconnect 

•witches and at the connecting pointa. 

The atmospheric corrosion of the notatile porta anali ha prevented 

by an appropriate flnlah  (e.g. salutini). 

Alio, no patching, Plutein«, ak leale« or other such neene of 

overcoming defects, dlscropenciea or errors aitali be allowed without 

obtaining written perni e e ion of the Purchaser. 

The purchaaer prefora a contact arrangeaient protected fresi the 

environnent i.e.   enclos«*     1« the cylinder or  in a reg*. 

The Manufacturer «hall try to nlnlnlie th« wear end tear of the 

contact! and the rod duo to the friction betwoon then.    This could ha 
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•y liait««« IMI f riet IM te ti» IMI Instant of th. clo.ini 

aparatle«.    If th« friction tetee placa ali over the rod,  th« nue* er 

•I CMtMti •»•11 he lacrea««* In order to reduce th« individuai contact 

f»reo. 

The dIeceeMect ewitch alMll not rasala under pernanent prea- 

<•*• artici» 1.1), M that lnelsalfleant air leakage •hall 

tal acceptable. 

1.1 

On» control «rlll «aerate flva dlecenaect avitchaa.    Such a 

net »HI be erra«*ad la a vertical plan« (fia..  1).    Each of the five 

dlecaaaect evltchee trill kit i different potential.    Therefore, 

tttve  link ia allowed between two dlaconiiect awl tehee or 

the control and a diecoemect »witch. 

t.i îmtnui lir 

The coaproeeed air aliali ha dry, without oil, and avail ah le 

at the »reeeute rehired by th« Maawfactarer (eax.  200 pal.). 

••*   ttititlfrlitlft tf 

and cleeing operation« arc atelier in thalr char ac- 

te* let tee.    The rasata control aha 11 ha affected by an incula« not 

leonjor than 0.S eoe and, and the local control by a euah-hutton.    The 

final paattlan of a Srowp ef five dlaconnect avitchaa aha11 ha 
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indicated locally by means of an and switch.    A second one, 

iaolated from the control circuit,  shall be uaed for remote 

signalling.    After all disconnect        twitches of the same control 

cabinet have  completed their operation,   the  laboratory control will 

shut off the air supply by operating the master valve.    An alter- 

nate   push-button shall assure a manual operation of this valve. 

••*   Pyffltlpn o* the Ütrtll» 

The duration of the operation  of a group of five disconnect 

switches shall not exceed 30 seconds. 

1.5   pesijn 

A certain number of controls  snail bat put in one control cubicle, 

M tabulated hereafter. 

• • • • "    ' '  '     •  

Cubicle type A 1 C 

1 ' 

0 

Number t 2 1 1 

Number of individual controls 
in each cubicle 24 30 5 5 

Admissible length of one 
cabinet - feet 6 6 3 3 

Type of disconnect switch 
controlled, as in article 3 I II III II 

The Manufacturer defines the cabinet width. 

I 
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The cubicles shall be provided with accessories in accordance 

with Fig. 2 and 3. The MSXìMUM height shall be two feet. The 

push-buttons as well ai the signalling lights shall be installed 

on the top panel. 

••  TK8TS 

9.1 General 

The type tests of article 9.2 have to be carried out on one control- 

disconnect   switch prototype only. 

The sample tests of article 9.3 shall be carried out on SO dis- 

connect   switches immediately after their Manufacture. These tests 

shall detect any flaws prior to installation. 

The disconnect   switches to be tested shall be chosen pro rata 

to the Manufactured ones, i.e. out of each 28 manufactured, one has 

to b* tested. 

The routine testa of article 9.4 are performed at the satae time 

ai the acceptance tests. 

9.2 Type tests 

9.2.1   Neçhaniçal.tests 

One disconnect       switch shall be submitted to 5000 operating 

cycles, which shall be done without Maintenance.    Having made the 

specified Maintenance after this test series, the series shall be 

continued until the destruction of the disconnect   switch. 



HP 25 
- 10 - 

9.2.2 Dielectric tetti 

The impulse withstand voltage of the isolatine distance shall 

be tested in accordance with standard IEC, Publication 60. The 

test shall be nade with both polarities. 

If it is doubtful that the control link between the four dis- 

connect  switches will withstand the voltage as specified in 

article 5, the Purchaser reserves the right to check it by means of 

dielectric tests. 

f. 2.3 Short time cur rent tests 

The prototype disconnect   switch shall be submitted to 20 

short time current tests, each one consisting of 3.5 kA rms/5 kA peak, 

60 Hi, and a duration of 10 cyclea. After these tests, the tests will 

be continued while gradually rising the current until the destruction 

of the disconnect «witch. 

1.2.4 Heat_run_test 

This test shall be done in accordance with standard IEC, Publi- 

cation 129, and the current guaranteed by the Manufacturer. 

'•3  Sample teat« 

9.3.1   Mechanical_tes ts 

50operation«   C-0 shall be done on each chosen disconnect 

switch.    The mechanical characteriatics must be the same as those 

determined during the prototype tests. 
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t.3.2   H«at run test 

The resistane« of the Min path shall be Measured in accordance 

with article 62 of standard IEC, Publication 129. 

'•*       l^Ui»« tests 

The routine tests shall be done on all disconnect   switches 

after their Installation.    These tests shall be in accordance with 

standard IEC, Publication 129, article 69, except article 69a 

(dielectric tests). 

9.5       Acceptance 

The acceptance of the disconnect       switches is based on the 

following conditionst 

a) The disconnect       switches nest the electrical characteristics 

of article 5. 

b) Mo sign of daaage shall bs evident during and after the tests. 

io. *mm 

The Purchaser shell specify the color If the disconnect »witches 

sre psinted. 

11.    SUPPLY LIMITATION 

The present document calla for the manufacture, delivery and tests 

of the disconnect       switches with their control equipment.   This in- 

cludes all valves, fittings, signalling contacts, air hoses.   Esch 

cylinder-rod shall be delivered asseabled. 
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The total ho»« length is unknown as yet.   However,  a complete 

loop for a control of five disconnect switches needs about 40 meters, 

The Tenderer anali give his unit price while considering the total 

length. 

"•      MàWFÀCTOMHG PROCEDURE 

The line production of the disconnect »witches shall only 

he started after the acceptance of  the prototype by the purchaser. 

Ha reserves the right to refuse any disconnect switchea manufactured 

after one which failed saaple teats. 
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