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- Chapter I -

GENERAL PRINCIPLES AND ORGAN1ZATION
OF WAINTENANCE DEPARTMENT
VEIMALRUTTILET T 122 USRI TR TR SR BRI S

In this chapter un e.furi will be made to point out the major services
whioh a maintenance department is expected to perform, along with the methods

that may be used in selecting and training maintenance personnel,

A particular emphasis will be given to the instrument maintenanoe
department and staff,

3.1, Munctions end Objestives

A mainterance department is sxpected to ensure the availadility of the
equipment and buildings needsd by other departments for the performsnoe of
Mr operations at optimum return of investment. In general, the funotioms

of a maintenanocs department can be divided into two classes:

(a) Primary Functions, such as:

- Con_tinuous maintenance of the existing equipment and buildings,
along with ad’i“icnal alterations and installation of new equipment

- Negular supply of power, air, heat and water;

« Control of maintenance cost.

(b) Secondary Functions, such ass
« Complete plant protection and property supervisioa;
= Salvage and was*~ disposal;

« Mny other services delegated by the management, for shich there

is no specifio section within the plant.

Rospectively to the above, the main ohjectives of maintenance are:

Contéd, 4.
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(1) To maintain equipment at maximum operating efficiency, so as to
provide freedsm from breakdowms and reduce to a minimum the ‘down-

time' resultiag from breakdowns and planned stops;

(2) To maintain & high level of enginesring practice in the performance

of the maintenance workss

(3) T¢ reduce %o o +ini-um *he costn of the maintenance work.

Attairing these objeriivez nucessitates the following:

A competent enginecering greup, wiich wiuld keep abreast of industrial

practice, modern .iathods, evuipment ard matorisls;

4 planned maintenenice programme for boih preventive and corrective

maintenance, including the maintenance control;

= Continuous anelyses and investigaitions into the causes of and effiocient

renedies for emergency breakdow:s;

= Clo3e so~operation with operating end production supervision.

All the above must te Jdone in a*lf?conomit!a.l and expeditious wanner, at the
oonvenience of production schaduliea and consistent vith a high level of engine~

ering practice and safety rractice.

1,24 Orzanizational Princivies

Although therc i# no universal organizational scheme applicable to all
types of maintenance, taere ars some besic factors and practical rules to be

oonsidered in establishing an effective meintenance department, such as

(a) Type of Factory. The importance and zhape of nmaistenance differs

from factory tec factory. %or irstance, in precision mechanical and
instrument factories, iha maintenance covers their vital research

and development facilities es well, so that, since here the investe

Contd, 5,
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ment in precision test equipment and tools is the largest expenditure

the responsibility for maintenance is placed on the highest level,

Size of Factory. A large factory needs more maintenance staff, so

that the supervision density may be increased considerably on the
lower level to orovide or » higher degree of specialization., A4
smaller factory may smploy fewer but more versatile staff, increa-

sing the superviser's -esposibility to cover more specialities,

Equipment. If machines of the sams type are placed all over the
factory, a centralisad organizaticn nay be betver than a decentra~
lized one, If, howevr, the same type of machine is concentrated in

one department, 2 decentralized mainterance may be better.

Personnel Training, 1In areas vhere stilled workers are scarce, bet-

ter training facilities and more supervision must he provided then

in areas where gkilled workmen are not scarce,

Continuity of Operation., A factory working continuously requires

oontinuous maintenance supervision and overall planning, p&rtieularly
soncerning prevertive maintenance. In a single-shifi working factory

the problems are different.

Looation. A dispersed factory must have decentrelized groups or
parallel crganizaticns, while a compact factory can be maintained

from one centraiized shop or office,

Hering once the maintenance organization chosen, the maintenance work can

' organize’ 8o as to be divided irto three basic groups: preventive maintenance,

irrective naintenance and naintenance control, along with the edmiristarticn.,

ve Mainten

Oriefly, preventive maintenance meanz the activities aiming at keeping
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the equipment in satisfactory condition for zafe operation, preventing unforseen

stops ceused by breakdowns and reducing wear,

a
Preventive mairtaensnce ig avplicable to all factories, naqrdlesu of size.

The major effects prcduced by preventive maintenance are:
(1) Shorter domn~tire .or pianrod stops instead of urplanned breakdowns,
and lower cost for pianned repairs befcre a breakdown;

(2) Longer )if> and better souservatica of equipment, reducing and/or

postponing the réplacement;

(3) Better safety and irproved protection of factory;
(4) Better work control, less rejeots and higher guality produoct;
(5) Better spare parts control, with minimum inventory requirements;

(6) Lower maintenance and producticn ocosts.

Preventive maintensnce must be integrated with other maintenance func-
tions as well as with production planning, wcrk measurement and studies, admi-
nistration and personnel educaiion, This is essential, since the preventive
meintenance plan must be based or. correct information concerning the production
plens, the investment policy, the quality of equipment and prcduct,and the plans
for discarding and refurnishirg, Besed on this inforration, the annual time to
be spent on preventive maintenance is caloulated for each item separetely. This
result may now be used 1o caloulate rhe perscnns) needed &s well as the time the
oroduction has to be stopped. Although it is possible and some managere prefer
to definc the dates for major preventive maintenance operations, it appears that
the method of including predeterminated operations but varying time intervals
{8 more flexible and more convenient, particularly fcr the instrument manufac-
turers, as changes may be made durin;: the period without futher complications.
In eny case, the administrator of a preventive maintenance programme must let
economic considerations guide his general activities and, scmetines, even let

overrule his engineering cerce, 3eside the teohnical poesibilities and needs,

Contd, 7.
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what should really be examined is the influence of preventive maintenance pro-

gramme on the menufacturing cost., The programme and its development, therefore,

must be outlined in close co-cperation with other managemant sections,

The main point of a preventive rmaintenance programme are periodic inspec-~

tions, ranging from observaticns to complete tests, and meant not only to reveal
the ocondition of a particular device, but alsc to adjust and correct it, Such

an inspeotion system consistsot tive naintenance levels:

=~ 'First~-Level laintenance'. This includes non-scheduled daily observ--
ations, carried out by the operatcr. It includes vizual observing
the function of the equipment in its normal working cycle. 3ometimes,
special instruction may be given to the operator, No written form is

used for reporting failures, but only verbally to the foreman,

= 'Sedond-Level Maintenance!'. This includes scheduled and non-scheduled
observation and inspection, carried ocut by a serviceman, primarily of

the items reported by the operator. Report is required only in oase

of some serious failure,

= 'Third-Level Maintenance'. This includes scheduled and non-~scheduled
performance tests, ocerried cut by & specially trainéd maintenance man.
It can be completed without stopping the production, so that there is
no need tc notify the production-plannig staff. The interval between
these inspections is from two to six months; the time for the next

check is usually set according to the results on the report,

= 'Pourth-Level Maintenance'. This includes checking, replacement and
re=calidbration, if required. It can be accomplished by providing a
board of checking, testing and calibtrating means, If a replacement
rast be made, a brief shut-down is requested, This inspection is
usually oarried out once a year, or every second year, depending on

the item, and gives a good infocrmation on the equipment condition and

Contd. 8,




dependability. In case of incorrect condition, it is recommended

that the fifth-level maintenance be done at once.

= 'Fifth-Level Maintenance', This takes place either on the rsquest
made in the fourth level or, normally, every third year. It involves
the repair, when necessary, The production must be stopped, so that
it must be planned, This inspection will ba fully desoribed below,

concerning partiocular instruments,

Mother important espect of the above is the oost,

h:,l, Preventive Maintenance Costs

Preventive maintenance has a considerable influence on the production
stop oost, whioh consists of thres parts: direct repair cost, investaent cost
(deprioiation and interest) and losses in production. The point, therefore, is
to obtain an economioc balanoe botween the actual prventive maintenance oost and

the oost of 'not applying preventive maintenanca’,

Bmpirically speaking, repair cost (as a function of naintenance frequem-
o7) &doreases parabolically, while the maint:mance cost inoreases as a straight

1ine, .50 that, at a certain value of the preventive oost, there will be s mini~

mm total maintenanoe cost (Fig,1),




-9 -

Adding the cost fox‘the Production stops will give sother curve (Fig, 2),
lhom that the preventive maintenance ocost is small compared with “the stops

cout which increases the total cost parabolically,

5
\.._._-/ Total et
Sty eoet

Proventive cogt
Repalr eset

Nadntemance
froguaney

R &

With the repair costs further reduced (applioable for planned repairs),
the total maintenance ocost will also be reduced (dotted line in Fig. 3), proving
that a properly organized preventive mai ntenance results in considerable savings,
'Prcctioally,' small amounts spent on increasing the preventive maintenanos will
fsave llai'ge amounts on Trepairs lowering, thus, the total productio?cost.

As 'l n.tter of fact, it is diffioult to find out the optimum vo.lue or
ainisva oost, since it is Hardly measurable over short periods. Therefors, the
check must be continuwous, ofteh over the years., O(ne simple way to reocord the
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4he oheske is s form (Fig. 4), in whioch each square represents one job, aad the

e

worked time on each job im noted 1in,

u.l.lhlo. ‘ —! Sesk Be.
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The fors say be used for & week or a month, depending on the needs md
system. A subsequent detailea analysi. of t'e form will give vaiusble infore-

ation, such as:

- Number of preventive maintenance jobs (siculd be fairly ecastant)

Average time per jot. (should ne radually decreasins)i

- The number of nlanedand unnianned repairs (1° it inoresdes, sosoting

{8 wrong somrwhers’

Average time per repair (if 't increases, i+ nay mear overload)

« Total preveritive maintenance Lime per pericd ‘should be fairly woeth) .,

As far as the instrunent preie .tive ma ntenance is ooneerned, the 08t

are basiocally determined by the fc lowr

(a) Te amount of testing and oalibration equipsent that {0 required foo

paintaining a partioular rreup of {rotrusents)

(v) The amount of replacement parss and/or sseeBbdliesy

Gentd, 11,




(6) ™e level o ARintenanGe <Lommnor anG ow e training the plant

Wst provide 1 5 sequired of inatrusent Ve Anieians o perfore

e mairtenanoe o,

(4) Mo amow.* of 2»: “tenance woneiderasicn giver whe inetsvment W hwoth

the desiy 1 nu sa ufanturer,

™e last point (d ¢« narticularly {upesvant shen the (notrnaentes ore (-
@estien. tnoe womciond cal L ro0ess Teper de prima‘iiy or the initpupents
(nsasurems: ¢ and contral the instruser t. We' e Aea red froe + irtemanee
stand-point toc, 3+ - & vadice She TLNVIGAN S 3 T - mePous (etmem b
in & woderw ;lant, atn v o ITOVENting he ne @esity .7 evervda, ‘v temy e,
™is has ‘oo reGugrised “afvi. recent;y ‘r'row'y a-. o a3 ‘al tergine .
"Aton' v the ritrumetatior gl er Ir BEth *he i1ns rumer S-usite end the
inetrmumar t-nanufapwuring facwories, =« that, sonsejammtly, '* (s neoe recening o
witerion for a grod instrupent. ™he erefits ore RBSTONS, n udir; |ouee

saintenance mnd productior X888, safer nperetion s higher prodwe Vo catput,

hde__CRrTSSNYS kol Mmaeus

forrective ~a ~*enanne sgws corr WUAE (T WMo Tedlires a0l by \pegh-
fomns and overtauling ¢ Nuipaen® W PEStIre Whe rpePuting anditier. [V ogn

R b can'raline' or jg.oen’ vilsed, ‘epand rg - + reveptiagnoes

e fart ‘ng? ~eapgt=~a ¢ 10ed V Oreakéd-mms 2. Ul v sty el o Wapet
Golag, implies that o i’ .4 etar o AWMR WNoiline eust b WBF¥Rd aut, N
% of lotent mough, 3u6h ¢ ~uttne 8suld w w. Mmnpor. e AN produe-

Hon ord planning ‘epartae . Mor s FuTrose, the Papal’ wurs should W e

eridbed by use of standard terme, and the desoripiicr sus' »e suf 1otgat W glice

the adcigamen’ a! s predeterwm’ .gted tise, M™is i e nglr, sbad by o eper’
tradned time-oq "ulater ..r sotimator, wnd nted 11 ‘he jlemalng f ra, The Tore
10 When ‘orwardsd % \he repal! I eran, W e cor the san i £ive. Wne lae-

weetions. M™or cavier "aitag, WReee inetPuctions shpuld be slasetfed and

h“o l?.
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otored Wil A 11t of specia’ wnls,  ithat the job oculd be started quiokly.
Jeeh an orgamisation is prottable, si-ce Juick repairs mean shorter production

svwpe, Pesuiting v nonsiderable savingn,

®er plan {ng overbau & * 18 norwmal W be more acvurate, since planning
COERONGss 3 vear wfc-e e actua date of starting wrk, wi, hes‘des, has a8
a dasis the report n *he prev cus insvection, then the tirue and 1031 are cal=
aciated, *he tiee frr produatior stop im . e set ®ith che produntion=p!anning
lepartment, sl ng #iih ‘he iec finn ahOu' “eadures 1O rwep production woving.
hen Wis has deen wrked "ut, t oead - the mgintenaroe lapertnant is calou-
ated, t ong ¥ th the wat. Al. this saruld oe done as precisely as possidble,
sinoe overhaLling oan “e re~arde! as a realisti: alteraative t¢ vuying s new
esquipaent, and 7ioe versa. Therefcre, the decisic: which conrse to take must be
founded ~n & sound < hno=eooncr: ~ aralysia, +speoia’ly 17 a costly equipment is
Teeetton; in cese [ less expensive !Vems, the Scs' per annun BA’ be caloulated
for all ~vertauls for » longer period, ~.§. five years. ‘lLen all the above Las
bYe@R sorked rut, s shrinelogl val pisn of operations ir nade and =ach work

statton 'oafled a0 rdinsiy,

‘mny modern ‘ompanies toiay use ah investment csloulation system, such as
merteer “APl-iystes, [° certainly is deyor: this brief sanual to describe that

syotem, dmt, { .1l caos, . btal overhat! sos* oonsists of:

e WPk tame 0BL,
- Spare parts and naterial cos'y
« Opat for prodsction losses during overhauls;

- Overhoads and extras.

Procedure and sequance of onrerations for overhauling depend entirely on
We 1% ooncerned, and should ot he changed, especially if they are prescribed

W Whe sanufacturer of the ~quipment in jquestion,

igplicadle %o both repairs ani overhauling, & very valuable aid for

Contd, 15.
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fauld~finding and what caused vhe feult are the trouble shoc iing charts, Al-
though meny manufacturers - the good onos - yrovide the trouble shooting oherts
(usually ar a purt oi their servioing manuals), one tust be aware of the fact
that no trouble shoot!i hart ~an bhe sutire!y exhanstive esmeciaily for the
electrioal devicoe and aquivuen?. Therafore, tre hest tmuble shooting chart.
ere those made by the mrivtersnae 1 purtment for |ts internal use, presered on
the basir of long-ter. ohzervation and an- i e, Therefore =and for the same
reason, the maintcnence staf’f should wve well end methedically trainad in logdocl
fault=finding method.. hesid:»s he otler subjects for rmaintenance job, The
maintenance ~anagemen! is axpected to pay nimost ettunticn to this and to en~

oourage it, especially since practice has provel that such training is feasible

vithin the department ani giver good results,

For & quick fault~findirg (when the trouble shooting charts are not evai-
lable) it is adbsoluteiy necessary to have access to another data, such ass )
function diegram, b) circuit disgrem, and 2) layout dravirgs; besides these, ¢
list of statistical probabilitics of some faults and causes (usually msde by the
maintenance department on the hasic of long~term records and statisvies), may b~
of valuable assistance as well, fThese facili’ies must bo used simul taneously,
cince as separate items nre not suificient eiough, It is a fact that the cir-
cult diagrams only - without the other aids = can not be aufficien., winco, as
the first, in one ecircuit diecscir no mere than one system can be shomn (e.g.

either the electiri. or puewrsiic iystem, but not now theze two are inter-gonncc—

ted, as the case 1s, for instsnoce, in an eleciro-pneumatic recorder, eto,);
besides, the cirouit diagrama snhow the different componernts and sub-assemblics
or oomplete assemblies in one pos:tion only, usually the start position., The-
refore, as a oomplement to this, the funotion diagram (also called “sequence
diagram”) must be used, since it shows the sequence of movements of all 0OmMpO=
nents and assemblies (electrical, mechanical, pnsumatic snd/or hydraulis) in
one single diagram, relating to one cycle of oreration, In order to get a com—

plete pioture, the layout drawings must be added to those two aids. Unfortuna-
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tely, although they are very useful aid, the funasion 1isgrame are exiremely
seldow = or alm st never - inciuded int the nervicing manuale supplied by the
manufscturers, probat'y beoause the funotior 1iagres 16 2 fairly new {des. For
this reason, they aisc have t. ne made ny the wa. tenance an. ineer, and, for
the seme reason, '} he i e oanos techrit *al taf? sneuid e rrained in that
direction ar we'l., A ' SR Lo+ very 4iffioult w maxe this
dtasran, anc it is recom.ande. the  this Lhoiald be 1one for every plece of aquiyp
aent, since 1 will cons i -abiy A, ter the ‘ime nee.nd ‘(T feul v-finding.
Faving all these aids avel able wid :ming iLhes simultanmusiy. t e maintenance
technician A i certalniv v s ..m, bV ‘hindng A ‘et L ae-ly logoal BaRNeT,
to Advide th- entire ay ter irt. o8 sapny "ircults ap he reads, and oheodh eech
ofrouit in tne ocorre-t way. f o areey 1t 9 tupposed eni expected that one
preparing imeself frr thir wors, » 3° LAVE surficien: ‘hecretioa' naskground
soncernins the teohnciog of *he fi1e9.4 cor~arrod, and ther ts e tra‘nred %«
read and use properly tnese 1'asTems anl MAPrLs . 1 & ~ormal training o0uree,
a prograrme for BAr e ‘uaetior LLagTesr ot L7 ot SivTeme nouid start Wi
exeroipes H: virp.e cevioaz, 3.7 a8 ererci e = g * tactr, evrrise Witk
wotor star‘er, sger~ise w % three , aBe = . @nt 4 Al ter, exercise with a
three=phase wotor Scnrectel fir t—Gay M .nins. sxoer ‘ee WU hydreniic ayle
linder an” valve:i, eiseraise 't hyira. 17 i @ULir. e nreult ilagrepe, oto,
}any of *he excerofies . . 1 JORP.LANGD N 1ra®ings and ilacTams Ln the olase
S7OOM, Wi tnout having ~oal ejuipse t for practioe. e ale of suot 3 \rUARiNg

{8 % find faulte 8 o loginel way .

Lads Jaintenspes Zonsrel

e offect of /vvA *aiatengnes v the total fectery Scsneay oshes ¢
BO0OSBAryY & establish an! malutain cluse seatrol over and chesing of all sade
denamoe activistes, Therefure, the purpcse 0?7 the maintenanse uality eentre)
{3 % find out and W% state wha' cha@ed have saher. o should \ale place, amd

how they affect the fumotion and the aojuired W isranses | wek plosss, Thte

ontd, 15
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finding aust bo objeciive and in cetail. Jriefly, the maintenance quality con-
trol assists to;

(a) find the error. viile thay are small enough not to affeot the quality

of the product, =i pafore a breskdcwn has ocoured;

(b) state tha time Jor overnauling or replaccment in time, so as to pre-

vent the nsed for eventuwl improvisation "1 produoction,

"™e quality 2cutrol ira;.stiora 2an be el taor paricdical or at request,
wsually from productior i-,.artment, Inesructions for tnese inspections are

the nationa’ cr interna*tional standards,

146, Adnimtstration

Maintenance work demands good adsinistartion., The madntenance forms and
routines should de ortically worked out, using & o*Acal snalysis technique as
applied 1~ wary ptudy, o tals pLrpeose, .t “: necsscary to nave employed an

office .rganizer. I, “w.wever, such « man ir 1ot auval lable, than the maintenan-

®¢ eaxecutkive sust he —itl a ev(d knowledge of work study nethods and a good

dogree of administrative abilities,

Tor tie purputs o omtrolling, it {s necessary to have good statistios.

Merefore, the data 'or ut.. srics srould be coileoted, prodoessed and stored in

& fore eusy for use, "hanever resuired,

Registratior of al: droumertation is alto essentis), Sterting from th.
purehase, all the parers should “e classifiod ard stored convenimtly, A useiul
practios is that the to-hnical data are separated and recorded on a specio! card
of whioh copies are given t the productio- Aepartment, produotion-planning and
She %ool-design ~ffice, ‘7t.lm the criginal s stcred in the maintenance office.
T'ds sard {8 Jown (s "lechnical Data “ard", nd it shauld bte available for botk
standard and specisal equipment. Nesides thia cari, there are three more cards,

8o that all four oardr are usually arranged and used as a horisontal-slide ocard

Contd. 160
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systea (e,g Reuington Ca dex;. The othier threc cards are:

(1) "Keonomical Statistical Card", recording the purchase prioe, instal-
lation ©0u ., L. Ufwnt:, replu.enent value, depreciation, operation

cost end o . xval muinteaancs 308,

(2) "Collact s woaa¥, reoesding the production stop times, nature of

repalrs and e roabi,
(3) "Liopechia ey e .ritar the lnspection intervals, the maintenan-

ce done aid i qualiiyg.

Instead ¢1 tue avoie curdy, the puached ones may Le used as well, but

they a1e more convenicnt “cr L.rflr factories,

The sprve perts atosk i st be controlled us well. A simple method is s

system of cards, used both -3 stosk m.coxd snd ourchase oard.

1,1, jutomatic Dat: Frocsu Sag ‘n Medntencnoe

The wairtenanc. ¢p riliosn dain have started, during recent years, % b
recorded and procr “erd or. culcoatic data procesaing nachines, since it has great
sdvantages ovor the 2+ m-1l processing. T.ds, howsver, requents that the number
system, along with ll Yoo . ~inteiines foroe and routines, should be redesigned,

so that as much #c pranmbue oL FYS Ly wirgit form.

For naintenance worl, a iive—iiiit nanboring system appears to be suf-
flofent:t the {ir-t di it fol "f-he type of aquipment, the geoond and third for
desoription and the size, ih lea, tie as the ddentification number within the
group. Part node oan be dolo vith & node of two digits, while for the feult

code one digit in sufficient.

Howaver, A disndvantace 1= that the automatic data proocessing machines
pust have a considerable oepacity, o thr4 they are more suitable for larger

s

assintenance organizations, 2.7, in larger factcries,

Contd. 17.
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esonnel

The claims on perscnnel in a maintenance departzent appear to be, tc

some extent, 3reater than in other departments. “he possibilities of appointing

well qualified staff are not great, because raintenance techri.ques have not so

far been fully taught in 8cnools, so that, at preseni, therm is no formal quali-

fiocation for mantenance s .. piu.eBblLUL,  Lousequently, the prcblem is not only

on selecting personnel, but on yi8iifying as well,

To qualify as a1 instrument-mairtenance engineer requires more time and

effort than many ¢ ther phaces ¢f ~ngineering. A peraon wishing to become such

an engineer, must take his formal educaticr ~ither in nechanioal or electrical

engineering, and then, as he works, to educate himsalf i1 otuer branches. Bagi-

cally, instrument maintenance reyuires 4 working xnowledge of bot ¢ eetrical and

mechanical engincering, inoluding pneumatisce and hydraulios, with & good ground-

ing in physics., After the education has been coripleted, then come the years of

actual work with the instruments, along with brnadening of other subjacts of

cncinuring, either by attending evening courses (if available, or by home study.

Besides the instrument producticn, a profitatle progression for accumulating the

necessary experience wruld be wc spend also scme time in the instrument research

and development, a"ter which crme instrument desi #ning (drafting room is not

very necessary). The nex+ atar asbou'd hn the test lahoratery and instrument

oalibration, After having completed al these, the engineer will he ready to

enter the instrunent naintenance department, with a govd theoretical and praoti-

oal baskground, and to qualify as a competen+t instrument—maintenance ergineer,

If there is no practical possibilitv for passing all the above phases md

stages of preparation, there are two pericd¢ whieh may be eliminated eventually.

these are the research and development, while the rest of the outlined pProgranme

chould be accomplished. (f course, the best results will be achieved if fol-

lowed as outlined, without eliminating anything,
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During the preparation, the engineer will have the opportunity to see
many failures of instruments, anu how the production behaves under normal and
abnormal conditions., Very likely, he will also seo some errors commited by tne
production pecple, and bov they aftect both the ng ntenance and the economios
of the Compeny. In thio way - §f we aprlioe hinself al ort and studying - he
will learn e lc* of things te-t.soedet, rnd tnio ie the main point which every
paintenance man must reach; Le must know these equally well as the things ' 4o~

do', and thern why end how te AC?

Selecting the personnel for instrument meintenance {s not very easy, 85~
pecially if tnc arplicent is experienced {n some other instrument work, but the
naintenance, In this case, the ohoice should be base aainly on the nature of
pis personality. “mpirically speaking, the sbjective nature igs less desirable
for the instrument maintenance staff, than the cbjective one. For, an instru-
ment maintenance man must be able to see the slightest imperfection and to ob~
ject sccordingly. Thus, the apnlicants in chjective class are preferred over
those in the abjective class. This criterion may well oe applied to the inexpe~
rienced applicants as well. Cf course, there is no fullproof method which can
classify applieamts correctly, but by various additionel test & reascnable sepa~

retion can he made.

‘fhen distributing personnel for preventive or corrective maintenance,
another criterion should be cbserved, since their profiles differ conciderably.
mriefly, to qualify for preventive maintenance work, the cendidate should, be-
fore all, have a keen sense 5f observation and be satisfied to follkow a mono to-
nous routine; the preventive maintenance supervisor should, in eddition, have &
good degree of adninistrative ability, as well as the ability to recognize and
attend in detail. ©On the other hand, the ocorrective maintenance persomel
should be able %o analyze the faults and the job, to be well familiar with the
work study techniques, and to have a multi-—side technical knowledge, especially
if the supervisor is in question, Commen for hoth corrective and preventive

paintenance personnel is a high degree of responsibility.

Gon'bd. 19.
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The greatest attention should be paid to the selection of the maintenance
nanager. He must be something of a 'jack-of-gll-trades', since he must be in
contact practically with avery other function in the Company. Besides a good
theoretical background of many different fields, he must alos have wide and
varied experience, comhined wfith wn abili’y %o co—cperute.  Jesides the manage-
sent training uzually roqo.x o oo tl;:},i".;.; Senug3c03, he should, in particuler,
be well trained in maintenance Hrinciples ana tecaniques, applicatfon of work

study to maintenance work, and education and treining of maintenanco personnel.

Even if a well educated and experienced mngineer i3 chosen ags & malntenance mena

ger, he must be given all opportunities fo develop his capacities further, es-

pecielly concerning the teaciing and training methods,

1,8,1, Personnel Training

The technical training of maintenance personnel is of the utmost import-
anoe, As already stated,rost of the training should and can be done within the
department itself, in addition to the training in other departments within the

same factory,

A full maintenance iraining course normally ccvers a period of four years

for ungualified and inexperienced vorkers, used as follows:

- The first yesr: The apprentice learn tc use mechanical hand tools,
simple machins tools and measuring instruments. The practical work is
combined with theoretical lectures on basic mathematics, physios, mate-

rials technology, work safety ani drawing techniques.

= The second year: The apprentices work in the maintenance shop itself,
assisting in dismantling and assembling of simpler instruments and
equipment. They may alsc take some part in overhauling, as essistants
to a skilled worker. Theoretical lectures now include the basic prin-

ciples of mechanical and electrieal engineering.
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« The third year: The apprentioces are by now skilled enough to carry out
some repair works independently, sc that during the last six monthe
they uay be placed as formal assistants to a skilled worker. Theore~
tioal lectures include electrical oliroultry, basic electronics, hydra-

ulios and pneunetics.
!’

~ The fourth year: The work in overhauling ghop (or group), until he ia"
oapable of umaking a vomplete overhau. indspendently. Theoretical lec-
tures are continued in a form of short courses on printed ¢irocuits,
oontrol systems, solid-state devicus, tprouble shooting techniques, ca-
libration methods, eic., condluding with maintenence principles and or-
ganization. Important to note: since the aevelopment of industrial
measuring and control instruments is very rapid, the courses have to be
repated from time to time in revised versions, dealing with newly deve-

loped instruments and techniques.

It 48 a good practice to arrange special training courses for' maintenanoe
supervisors and engineers, concerning the general aspects of maintenance techmi-
ques, work study on naintenence work, time standards for maintenance and mainte-
nanoce oontrols, It is also advisarle to errange study groups, with the most ex-

perienced engineer as a leader.

Me foreman and instructu.s should be trained partiocularly in teaching
and ihltructing methcds to be used in the daily work. The most popular and used

instruction method is co—called TWI-Method ("fraining ¥ithin Industry").

Praining of personnel is always profitable, especially in rapidly develo~
ping fields, as the maintenance undoubtfully is. The maintenanoce manager aust

be well aware of this, and to encourage and support the training of hie staff.
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= Chapter II -
MCNTRIANCE OF SELEOTED INSTRUMJNTS

The naterial in this ohapter is prepared in step-by-step form, Pirst,
the funotional cescripiic.: ... nuterials ere &iven, then the methods tc be used
in serviocing, maintaining and trouble shooting, along with detailed calibratior
instructions, Preparing the tvext in this masner, enables the paper not only to
noot the need of the maintenanae engineors and techniciansg dealings with these
instruments, but elso - or even more - 4o oring to the alténtior of the applica-
tion and maintenance engineers a proper method of preparing a practical manual,

since it is their duty to prepare such manuals, as explained in Chapter I.

The space alloted for this paper did not allow to elaborate more than two
groups of instruments, I+ has been, therefore, decided to focus on the instru-

ments whioh are mostly in use, such as k¥h-mcters and moving coil instruments.

2,1 PO, SINGLE DISC) k¥h-METERS

2,1,1, Conatruction Details and Vaterials

Case, Frame, Cover and Terminals. T™e case is formed from phenolis resin
moulding, An O-ring =nsures a damp- and dust-proof loint, when the cover is
fitted, The cover—window i3 made of toughened glass, sealed in with a buty!l
rubber containing no sclventy, 30 tha*t no co.csion gnsses can be produced, The
frame is a silicon-aluminium diecast, supportine all assemblies in a oorreot

alignment., The terminal block is a phenolic moulding, and the terminal chamber

is barriered to provide anti-oreeping surface,

Electromagnets. Each clectromagnet is provided with temperature compen-
sation, low load compensation, torque balance and phase-angle adjuster, md a

magnetioc shield, all being secured to a steel frame, whioh itself gives further
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sagnetic shielding. “urrent and voltage o0iis are encapsulatved in polypropylene
with an insnlutic” level of 17 k' to earth. Fermarert protection against sor-

rosion i3 ;iven Lo N i1.sembled laminations hy iaoquer o ating.

Brak. Mapigt. The (rake magnet system (UNI™ 1t 11 pcasession of the
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shaft, A out worm gear i# provided on the shaft to drive the enersy register.

S0t strcbosoopie calibration, 400 perations ave cut in the edge of the disc,

wd, for teating, the disc nes diviagions of 100 and 20) marksd arcund its upper

surf{ace.

Mergy HOgLeterd. Ads rexister pear wne.'s and pinious are nrecision

indf vidual mouldinss, The mo .1dings extond slong nard-drawn strinlese ateel

shafta, rroviting low=trictic: farul. gyrase coa'nat t-e metal support plates.

™.p sin-le-rate rersister .ac an urpuloir art:-n., Tt comdrices five

nimber vheels urnd a fin.l-figure pointer dial, besides an aiiitional neinter

A{al provided to faci.itate testing mi shewing the truw ron*ine correspondin”

to the firs* aurher w.eel, 1"ds duplicates t.= iniication of the first number

wheol, Hut advances continu.uely ‘o irdicate a  alr or 1032 on the first wheel
’ y

due to the impulsing, ‘he tirst numoer wvheal 4: coupl.ed through 5 gravity ope—

rated inpulse mechanien, whion caw:t the 8o .nd vheel and th: others to advence

sud enly frea © o O 4 dlsengasdine daviea ia providec for ressetin_ %o zero.

‘“We twc-rate remoter as two sets of marher wheels and a final-figure
pointer dial, The sets ar. Jeoiver taroush s d4i€ erertial Jezr, cltoer trein

weing lcokel in a staticnary p-sitior, €3 rozuired, b cnergising an elertro-

narmetic notoaler, A flae indieasor on gy legzin - chaft chows the recister in

opernrticr, ™is reeter 1 lsc provided witn a Aisercaging device for reset~

ting to zerc,

Me ~pirmn lomard indicater is driven by the

axirut emand I dicator.

eneryoy o ister gearing. IJts scale is surrrunding the register dials, At tho

ond of each irte;ra“ion neviod (1, 10, 15, 3 or {0 pirutes), a s T.ehronous time
] ] ’

gwioth ae-e cr 1808 the tecti nrumet, whicy Wsencases the rearing, and the

detent mocnan sm raturns the Arivin: printer to zerco, e ianand indicator

pointer in held at 1ts readins vy u ratchet and pawl, and can be reset to zerc

by actuating a spira! spring, ' aximum demand ‘ndicator is an interchangeabls

Jontd, 25,
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unit, which oan be removed without disturbing the register,

Timer for Maxdimum Demand Indicator. A synehronous motor drives a sincloe.
step cam making one revolution per demand interval, Two contast springs ride
on the cam., The lower spring falls a short time before the upper one, and the
oontactis are open during that interval; this contact-open time (defn’: tine) is
usually set to 1/50th of the totai demand interval, in unidireetional pawl pre-

vides an impulse for driving the motor in correct direction, if the rotor swings

baowards on energisation,

1,2, MNeter jugtmen

full ioad Adjustment. *ull load adjustment is obtained (approximately
% % €7) by rotating the divert sorew of the brake magnet assembly, without
releasing the magnet. If further adjustment is required, the mamet must be

released and re-positioned,

Lov load Adjustment, Low load adjustment is made by turning o sorew low-

cated on the side of each elemnt, which moves a corducting vane over the surface

of the voltage pole. One turn of the screw gives approximately 5. adjustment.

Jorque Ralance adjustment. Torque balance is adjusted on eack element,

by turning a screw which raises or lowers auxiliary me metio pole, varying the

the proportion of useful flux cutting the rotor disc.

Iosd Power Factor Adjustment. This adjuster is in the form of a linear

sliding resistor, provided on each element.

2,1,3, Dismantling for laintenanoce and/or Repair

Follow strictly the sequencs of propedure, as given:

(1) Remove the nameplate from the energy register, and, then, the regis-
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tor fyes the meter frame.
(2) "emove the whc'e magnet asimbly, W urssreuing the Jousl espow
nolding the asegbly tc ke frame.

() Place tne veter apri.cnt. Loose tre set sorew (6, Pk, ) noléing She

lowes dearii. sourt ( , and remcve the lower nearing. Yot Teke

care to oollect the nearins hall, using speoial "tall teserers” |

(4) Remove tre top earing (7], tgether with the rotor shaft.

(5) Remove the top bearirz oep (+}, by drawmng it 7ntly from the < Sof

saft., Note: wie Quud care et ¢ bena the staft!]

(6) Holding the rotor ac. emdly ipeide town, pull gently the roter sheft

cut of the bearin shroud, & remve the lower jewe. bearing (2).

Inspect the above d.amantle gompcnen te and assemblies, 1f neceseary %

disnantle further, proceec as f-ilowss

(7) iscorzect tis ieaas from toe terminal bloek.

(8) Unscrew the na.r. frame fizing sorews, and pull out the conplote

frame from the r=ce.

(2) Unsolder the voltage coi..

(10) Unsorew the clectromagnet frames froe the main neter frame, and

remove the sagnetic shield and low load vane frorm each freme.

(11) Unscrew the fixing sorews and remove the ourrent and voltage elestwe-
nagnets. Note: Do not remove the juadrature ccmpeneating loop fres

the vc!tage electromagets, siroe it 1s not interchangeable!

Yhep Aismantling the ma.netic bearings, follow only the points (1) mé

(2) from tic above, and then procesd as follows,
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(3') Ralease the top nearins set scraw (11, Mg, 5).

(4°) Raine gently the top bearir; housirg /8), until {ts pin clears the
wulded oap (6),

(%) Unscrew the hotton brass housing cap (2), and, then, rently withe
drew the guide pin (1),

(6*) Pull out tae bl roter ascerhly,
for replaceaent of aover glass, prooeed as followse;

1) Remove wirdow c-ips, and s:rape (ff the sealing compound from the

"indow frame. .ote: “axe sure the surface is clean!

() Apply frest sealiny ocmpound arourd the rim of the freme, Leave for
for a few niru‘es (bu* not too long), till the compound has become

tacky.
) “lear the irinemr of the glasc wit:. methylated spiri+,

(4) "ress tre olean -“lasc Aown ¢nic corpound, and hold for a few seoconds,

until jo0d adhesicn 1s -ade,

(3) Nep.ace the wirdow olipa, using cpecial “winow clip tool",

dadads Gleaniyy and Lubriceticp
e wors and top cgp cavity cf tre rotor (, fig., €) are tc be cleaned

with a litt|a petrol or tri~hlorethylene, usin~ a fine soft brush. After clean-

ing, hold {n & jet of cleun air t¢ remove surplus solvent,

ok in tricklerethyicne the fep ogp (%) axd the tcp pin bhearin. (7).,
After cleanin., examine . ore of the top cap and the bearin: surface of the

pin,  Nodgr Replace if faulty, s.rce n.o repair possible!
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Clean the bearing jawels (2 and 3) only by using & jet of dry stean.

After oleanins, examine under microscope. Kote: Replace if faulty, since no

repair possinle!

ias: the new ball bearings in petrcl, tc remove the prctective cil. After

waghing, roll gently betweer several 'ayers of superfine linen cloth, _lurning:
On ¢ account aho ild the -ull he touched witr fir ers! .peciel "hell tweezers"
muet be used! Tre noll should net be left in petrcl for any length of timel.

he petrol must be clean, and ro cther degreasing zoerts are recormenaed!

T.¢ nagnetic hearings are maintenance free, and they do not need ocleaning

or lubrication.

Lubricate the lower jevel bearing (3) with a thin film of = snecial Meter

Cu 'o. 2.

"Me ton pin besrins n~ed rct be lubriented,

2ele e  ASBEMmaling

“efore as.embling check that all cozponentc are perfectly clean.
The first tc be assernled are tae driving elements., Yrrocced as fcllowss

(1) Insert the -orjuc adjuster cetween the veltage coil and the voltage
lanination ¢r ezel electromact, a~d fit the moulded ralf-nut to

the upper enl of tre adjuster (M7, 7},
(2) Secure the ;uide screw thrcugh the yusadrature compencating loop.

(3) Assermole tie velin e electicmagmet to *he sub-frame, by screwing the

twe cteel screws inte the lower fixing holes., lote: ¢ neot tighten

at this stage!
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Thread the induotive load adjuster and the current elactromagnet
leads through the opening on the lower part of its sub-frame, Posie
tion with the fixing scroms the electromagmet on the freme, Lotes

Oc not tighter et this stage!

Use speciz) "electre-.agnet cap gauge" and set the clectroragmet eap
&6 precisely ac -osuible, Now, tigi.ten the czcrews fixing the sleotrc:

nemet to its frame,

Use special "pcles distance cauge", and check that the distance bet-

ween the cutcr veltice poles and currart pcles is correct,

Fit the moulded half-nut tc the low load vane, and place it loosely

over te adjuster shaft (1), Note: Mo not tighten at this stage!
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(8) Ascemble the masnetio shirld, und€ check thai the half nut of the low

load vane {s ccrrectly engazed in the s'ot at the rear of the shield,

(9) Secure the magnetic shield with iic screws. Check that the outer
legs and the central tcnpue of the shield are in level with the CRr~

rent poles; ocorrect, if necessevy.
For assembling the ~ain frame, prccced as follows:

(1) Assemtla all the assenbly sui~frames tc ihe mair meter franme, u.ir;g'

their brass zorews,

(2) Fit the inductive load adjusters (2, ™, 7) to the sub=frames,
(3) Solder the voitare coil to the voliame terminals,

f4) Place the reter urricht, arg pat the rctor asaembly in the frame, ap-

vroximately ir i6s correc® pesiticn,  lote: Yo net drop it!

(5) Very carefullr, .lile the top hearing pin 7, Tir, 6) tlircugh the
frame intc the top cap (2), Yote: o nct ti *hten tne set screw (10)

at this stu e!

(6) Irsert the lower jewel bearirg and the ball inic the frame bush, and
adjust the rctoer 3isc helgrt, 3o that the iisc is centrally positio=-
ned in the eloctreramet gaps, ‘tow, tishten the lower jewel bearing

set screw (6), and slide the locating collar (11) up to the frame.

(7) Use special "rotor endshake gauge” and set the gap betweecn the top

oap and the top guide nin tearing,

(8) Spin the rotor gently vy hand, and see that 1t runs true. If an

‘ i electromamet is cut of alignment, raise or lower it by slackening

the fixing screws and edjustin: the jacking screws (3) in the bottor

faoe o!Ithe main frame, Check again that the rotor runs true.
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(9) Position tie trake ma met assembly, and secure wity

(10)

(11)

(12)

(13)

- 3] o

the dowel screws,
Carefully adjust tle mamet vep tically, so that the rotor dise ruis
in the centre of tie mamietg gay; if necessarv, move up or down the
clamping plaie, dote: If the meter has t¢ ve re-calibroted, the

brake masvet, sliould he fitted and ad just.d during fyll load urity

factor adjua tmant,

Place the meter in the base, and tecure wi th the fixine Jerews, Note:

Do not place the noter manually, it use special "meter insertion

fixturen,
Ccnneet the current and voltare lrnads 4 their terminulag,

™Mt the eneryy register, and lightly secure wlth its fixing screws,

Note: Do not tighten at this stage!

Use apecial "periseope for worn meshing edjustrent® and check that
the wermwheel 19 forrectly meshed with the rotor worm. ‘he teet)
should engaie ic n depth of betwaen So, ang 70, of the tocth heisht,
If the meshin- ig tatisfantery, tig ten the rerister to the frame,
If it 15 not setislactery, releage the W0 screws holding the locam
ting plate, und correct Llne meshing, 'hen satisfactory, press the

locating plate ¢ 1y %ig 8) against the frini face of the frame and
Hghten the screws (),

6y _Servicing the sders

221.6.1, Single-Rate Cyelometer legister

For

(1)

zero resetting, proceed as follows:

Jlacken the two fixing sorews (3, rig, 8), and ramove the register

from the frame, by sliding 1t forward, Notes Do not foroe it}
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(2) Yove the locking plute (4) towsards the resr of the re ister,

{ (3) Place the register face domwards, with the plate (4) to the right,
| and, then, certly push the three rigiit-nand number wheels out of en—-
gagement with their pinionc (5), and rotate then until a reading of

444xx appears above the register cross-member,

i o {4) Allow the nurber wheels to re-engace the pinions, and chech that &
T reading of 99%xx appears exactly in the centre of the dial sperture.

Note: The wheels and pinions should be now free to move on thei;'

shafts,

(5) Yove the plate (4) towards the dial so that it covers the ends of the

spindles (6) and clicks into correct position. Notes A click must

be heard!

Contd, 350




- 33 -

{6) Turn gently the tws lowest value number wheels forwerd, . reach

zero, Hold the re;-ister upright, and check that all nuvbers oha e

positively from 93713 o OGO0C,

(7) Cheok that the test pointers (7) are cet correctly, in relation %o

the first nuber whesl (8). Adiust if necessary,

(8) Place the register on the meter, and securs with its fixing sorews

(3). Use special "periscope for worm meshing adjustment” and check

the meshing, as instructed above 1n 2¢145,

For dismantling the rerister, proceed ac follows,

(1) Remove the test pointers (7, Mg, 8), by pulling them off the shafts,
Note: Do not force them!

{2) 3end wp the two retaining clips (9), ard remove the dinl plate.

(3) Unscrew the screws from the changewheels bracket, and remcve it,

(4) Move the shaft loeline plate to the rear of the refister, and unlook

the number wheek and pinion shaits (&),

(5) Remove the retainin - oprings (10) and both shafts, sc as to release

all the number wheels and pinions,

For cleaning the re Ti.cter, there are two possible ways, depending on the
\Qquipment, If an ultrasonie cleaning equipment is availahle, the complete re-
ister 13 to be claared by immersion in perclorethylene, withcout dismentling;
.fter washing, shake off free Hquid, and dry in cleen air at maximum temperatu-
‘a of BOOC. Alternatively, if sueh a modern equipment is not avilable, dig-
1antle the register and wash al} the parts in triehlore*hylene or perchlorethy-
-enej after washing, gently clean the hearing holes wita sharpenad pegwood,

fter washing and drying, brush lightly the sear teeth with .. soft brésh,
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et it

Iambrioation s not reqiired,
For assembling, nrocead a fullows;

71) Place tre redater fruse on a et surface, wit th. hroaolns steap
dowmwards aud the test piinter on the right hand side. ovs the

looking plate (4) tow-r1s the rear >f the regrister,

(2) Insert the piair. erd of the nurber wheel ahait ‘(} fi - the left hand

cide, and thread ' n the . .irmwaczhers ‘11 an< four nunber wheels.

(3) aseemble tre first n ner wheal {, Fig, 9) and iupilse weisht (2),

Y

i
The impulse weight “as - bore to match the number wheel boss, and it

Inpuleng » ater Cent. retating
Reginter

Firg. 9

must be ansembled correect side unpermost witn the weirht loeated in
the number wheal seator, batween the amerals 4 and 7. Te counter=
balance weir't (3. ¢n the gear wheel is 'ccated a3 showmn, Place the

complete ascembly on the numner wheel zlaft.

(A) Check endplay e¢f 12 numver wheels, wid remove or edd the shimwashers

(11, Fig. 2) ot the Yefs hand, “ote: ™e number of the siimwashers

depends on the endplay!




(5)

(6)

(1)

(8)

9)

(10)

Insert the platr ~nq ¢ the pinicn chaft by rpes 1 left sand Lida,

vmd Shreed o four Pintons (4), the ony hoga peirtie b the Tafs,

Pt the retaininc SpTine T10) Letweer tiie number wheel shatt and

Pindon anaf‘, nukin:- ogrtain that the mprings’ 1o, P35 are engaged in

their groves,

locate tha resicter frame X oAt the d.al piate is Tanemost, and
the tes* shuft 3ide to the riphit, Leition the firit test ahaft (1)

ad the scoond shaft §r the chanpewtenl bracket,

it the a:ial plate, Tocatdnz~ the tw. 1. -4 anafte v the sorrect holes
and, then, press dow the reatinir- clips and de’lect them, but not

more tlan A5,
Replace the hracket and clianzewhecls, and tichten the sorews.

Set all number whecls to Zero, a3 instrusted avcve ip 4105+, and

return the locicin, plate to the cper tin penitien,

2420642,  TwoeRuto zyelometer Rgeis ter

Wor

(2)

(3)

(4)

aoro resatting, proceed as follows:

Pull off the connection clips at the actuator (1, ™igq, 10), and dis-

oonneot the operating soil leads.

3lacken the two screws (2), slide the rezister forward and remove it

from the meter,

Plage the re~ister upwards, and mcve the pinion shaft locking lever

(3) towards the dial.

Depress the left hand end of the upper dial pinion shaft (4), by in-
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darting o wporiel 4yt

"reget Tinger for two-rote rosister” netween

the lockin, taver (2) and the actuator changecver arm 5}, and turm

the three higheat resding nander wi

e8ls 10 =how u readfis of T77xx
l H
ot the top hase oi the rerfipter | romamhers

MOP in the fand windovs ;|

|

(5) Allow the pinions (6) to re-enprige wnd check that none of the four §

highest reading wheels shows h

Fig. 10

(6) Turn the register over, and place

711 numbers,

it uppermost,

(7) Lift the left hand end of the lower dial pinion shaft (7) so as to
disengage the pinions (6), and rotatle the number wheels to show a

reading of 333xx above tne pintons (remember: NOT in the dial wimdom
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8y wid check cerrect o Gecenont,

(9) tove the lever (3) away from the dial un+il it clicks into its ecre

(10)

(11)

(12)

(13)

For

(1)

(2)

(3)

(4;

(5)

(6)

(7

rect position, Notes A click mugt pe Leari!

Ry detatine +oe Jiflerantiy) shaft (23, tuar the two loweys murber

wheels forward on 4ne ainl, . rener 7€re. Hold the aatughew (1) in

the energizeg position, and repeat Tor thie other dial,

Check that 11 parts move now Trecly, and that the test pointers (9)

have ocorrect velation to the firat aombher wheel

Place the register up the frame, and seeure with the two fixing

sorews, Recheck the neshing As instructed above in 2¢145.y &nd reset

the locatine plate (10},

Retigiten the fixing sorews, and re-cornect the actuator,

ddomantling precend as follows;

Remove the teat pointers (7), by pulling them off the shafts, Note;

Smecut

Pull cently, with no force!
Bond up two retainir~ clips (13), and 1ift off the dial plate (12),
Unaorew the fixing sorews fror the mrmwheel bracket, and remove it,

Remove the shaft retainer (14) to unlook the nurher whoel shaft, and

move the locking lever forward to unlock the pinion shafts,
Remove the retaining sleeves and springs (15) from the pinion shafts,

Loosen the atop lever boss (16) and spacer oollar on the flag armm ap-

sembly, and slide out flaz am shafd,

Unsorew the screws (17), and 1ift off the retaining plate (18),

Con’bd. ”o




5

5

¢

(8) "M thdraw slowly tw: nouere ehecl s.af'ts «nd im pindon u afts, t0 re-

lease the gearwhele, n.muer wheols wid panicas,

Wor cloaning trere are Lw ullerratives, deoendic on ep” rmost, If the
ultrasoric ¢ eaniv:: cauin e 5 oavel caoley, remove o ly 4 actuator (1), and
wash the re <i.ter u.brasobicassy 1o perdaicrets lene, ar faotructed 1 oiets’,
above, Aberrativel o0 40 oal annp et 1 00 wailenle, disnantla tae wanle -

+

re;dgater and clean as inotruoted 4 . o1ty
flabric vion {¢ ot roguives,
Fur assembline, pr wed as £1 owes

1) Asuemble nunber whenly t. thedr shai ts, ind press the spacer oollars
(19, Mg, 10) ont 1mfta to ‘te sorrat distance, “eck the endplay

and remove or adl sharwashers at t- left (wd wide, @8 N6C-8 Ary.

(2) “or ach rhaft, pisce the sear (20, 71 % 1t 2un -eurs, and slide

stop wneel unic into position,

(3) 1% assemblies 4n 0 veiater ‘rave, and assonble the dial plete,

P . \ 1
bendin: retainins alips 13} cver, =% nct more thau 45,

(4) Plane re~ist.r cn the Yench fane dcownwaris, and agremble four numbher
pinfons (r wah pinien ahaft, with lens sotses torards the spaos 00l-
lare (13), and ;.ace in pos;tion. ‘'hraad on retainiv; plate (18),
and secure wit me screw, ‘oter furing tals operation, the lcoking

lever (%) should be in unlocked position,

(5) Assemile tprings (15), arl fit retalning pisstie sleeves %o the ends

of both pinion shafts, Che % that all pinicne are free,

(6) Assemble - motromasiet bracket, and seocure with screws and spring

washers,

(7) "iread the flas acn agsembly (5) *Yrous: the piste (13) and the
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(8)

(?)

(10)

11)

(12)

(13)

(14)

-5~

re 1star frame,

Asseantle spicer ~cllar (3v) and stop lever (1) onte flp- arm, 8o
that the noss om the stop lewver pnggects ‘ovards the Ulac arn aide of
the rerister, > tior 4o

cten Toeoa e that tra o lawe angupe the

teeth n *he ~vp 7t gnc Viohblo ooure with one aaren, “hoeok
that idica'in, Clap arrows annear in .he dial window, ond adiunat {if

inoorrect, Tig ten both stop lever scrnws,

Mt fluag arm sprine (21), Coution: Flag arm end Joring as showmn in
M@gs 10 are for tre 'enrgise for urpor ciul' form of resister, whils

in 'energize fcr iower dial' regiaters, the spring is above the flag,

Check flag arm snring force,

Aspemble shaft retainer (14) ond actuator (1), and secure them with
sorews and spring washere. Yole: ¢ nct tighter the screws ovefore

tdjusting the arator m 1ts bracket o centre ito ¢nerating arm in

the slot of the flag arm (5); recoeck ard tirrten tne gerows,
- e

Ad ust the settin~ «f the operali: . arm so that, whor the armature
1 attracted tc the oore, the am is clear of the nluwon the flag
arm, snd, Wwien wie amaiure 1 released, tho armature backstop is
just olear of ‘he actuator electrumairet yoke., ™is will ensure full

travel of the lcckine® arm ~ coheck it!

Check tabt Ltu  vieelu are locked grairgt s uteady turning foree, in
each directiun, I tuey wre not locked, check the spring foroces,
and, if necessary, correct the shape of the stop lever tips. ‘otes

The sheels must bo icked!

Asaemble peinter statts (22 and 73) nnd the differential shaft (8),

Mt test shaft bracket (24), and secure with sorews (25),
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(15) Gently push the poiuters ontu tne suafts, su tpat the pointer bosses

do not touoh the dial plate. Note: Do not bend the pointurs or shafti

a————

If the e] ectromagnetic actuator has peen dismantled as well, prcceed as

follows:

(1) Assemble togetner the ooil (1), core (2) and yoke (3) of the actua-

tor (Fig, 11). Note: Take good care and check that mating surfaces

ot

of the magnetic circuit are clean!

Fug. 11

(2) Secure with seorexw (4Y, and, while tightening, hold the quade=loop

square (5) with: the yoke,

(2) Place the armaturs in pesition, and creck that it seats properly
along the face of the roke, and that its tip is in contact with the

core face, Noto: D not seonre at this atage!

(4) Check that the coil surface ig aligned with the ground end of the

yoke, Note: These paris are ground in pairs, and must not be mixed!

(5) M+t spring plate (6), insulation (1) and terminal dlock (8), and
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secure with twe screws (9),

(6) Thread the armature reiaining plate (10) cver the armature assembly,

and place in ccrrect position on the voke. Insert two screws (11)

and look—warters (12}, Notues Do not tighten at this stawe!

(7) Slide aspecial “"ardmaiure feeler gaure" tetween the nrmature and the
yoke, ard press the armatuse a aanst it., Uress home the reteining

plate, and t.iguten the fixing screws.
(8) #ithdraw the feeler gauge, =rd fit the spring (13).

(9) Check the clearance tetween the backatop and the yoke, as well as

the sideways movement o{the operating lever fixed to the armature,

Adjust, if necessary.

(10) Test the z0il insulation between leads and frame, and/or messure the

insulation resistance,

(11) Fit the assemhled actuator onto the register, as instructed above,

2,1,6,3, Pointer Dial Register

Basic layout is given in Fig, 12, Five pointers are in-line, vhile the

one with the lowest value is ofaset,

Cleaning procedure is the same as for the single~rate oyclometer register, \

desorided above in 2,1.6.1.

Fo lubrication is required.

For asseabling, proceed as follows:

(1) Insert at first the highest reading pointer shaft (1, Fig. 12), mad

then the other shafts (2, 3, 4, 5 snd 6) into thedr holes in tme
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backplate. MNotes The lowest reading pointer shaft has a bevsl gear,

which must face away from the dial!

1
2) Asaembla the front gearing plate (7) and dial plate (8) to the

—iuy,

base plate (9) and secure yiih four screws (10),

1a. 12
(3) Position the first five pointers (11) into their in=line holes, end

use the sixth red one (17} for tha diel printed in red. Notey The
spindles should project through pcinters, wt pointer bosses must

not touch the front plete; check this!
(4) Assemble gear train and bracket. Check correct meshing.

(5) After assembling, turn all six pointers to zero, and cheok shafts for

correct endplay. Adjust, if necessary.
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241,70 Serviecing the Maximup Demand Indicator

For regoving the maximum demand indicator from the meter, proceed as

lowss
(1) Switch off supply before opening meter nase.

(2) Remove meter nameplate, by slackening the fixing sorews and sliding

the nameplate upwards.

(3) Disoonneot the leads to demand indicator operating coil as well as

(8) Loosen the screws on each side of the indicator, and the captive

sorew in the damand dial,

(S) Lift the retaining latoh at the top of the indicator, and draw indt-
oator gently forwarde, leaving the energy register on the main meter

frame, Note: Take care not to damege the reglster!
Tor dismantling, procezd as f~llows:
(1) Detach the energy register and timer.
(2) Remove the o' a~trimr metic ertustor.

(3) Remcve the screws Lolding dial and namcplate, gnd aloo the ocaptive

.
screw (1, Fig, 13}, which is to be pulled ocut and unscrewed, \

(4) Position the pointers (2 ana 3) a: half-scale reading, 11Tt lower

edge of dial over zero stop (4), end sliue very carefully dial over
the pointers. A4lternatively, rotate dial sleckwise through 90° after

1ifting over the zerc stop, sv as to permit one edge of dial to drop

between the upper fixing pilllars.

Kow, inspect and examine the whole mechanism. If it is necessary to dis- "g

¢ g e

e i s 304
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mantle further proceed rfollov‘m:
/0 .-

g .13

(5) Remove the alarm device,

{6) Remove tapered pin securing maximum pointer spring, then remove the
ratohet spring (5), zero stop (4), driving pointer (3) and mazimum

pointer [2). Note: Take oare not to damage them!

(7) Remove tapered pin seouring the driving pointer spring, and disoon-

rect the tension spring from the detent mechamism,

(8) Remove the two screws :clding the back plate (6), and take gently

out all the moving parts,

fleziing procedure depends on the equipment availabvle, as fcr the energy

resisters, In goncra},procedure ic the seme as given in 2,1,6,1, above.

After cleanin;, take cerec nct to hendle the demand indicator ratchet

teeth, but use the tweszers,
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No lubrioation is required,

For assembling, proceed a3 follows:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Examine the spring on driving pointer shaft (1) for conoentricity
and squarness, If it is satiosfactory, asserble and check that end of

ali'ing 13 alipned =i +n nrpipe pectl ™Mt with taper reg and square up,

Check the slipnins tortne of slutehn assemoly (8). If 1t is satisfac
tory, place the shaft acgeubly in position with the set scraw at 10

o'clock, viewe? frem the back of mechanisn,

Assemble detent lever (9) and deten: apring (1C), bevel gear shaft
(11) and backplate (6), snd tigaten 4he tmo screws, Check endplay
of shaft and detent spindle; if it is sutisfaotory, square up pusher
pointer spring,

Fit demand indicator pcinter, and examine setting of the spring, If
oorrectly alismed with the spring pest, fit with taper pog and square
up.. With spring peggec, pointer should lie at 2,30 o'eclock, viewed

from the front of mechanism {™Mg. 14). Check the torque both at zero
and at full soale, as presertbed,

Positdon driving poiuwer, wie scoure with set screw on to the flat
side of spindle. Check that pointer lies above maximum indicating
pointer at 3,30 o'olock, with spring at zero deflection, Check the

torque at zero and at full scale, as prescribed.

Engage transfer lever with detent lever, and check proper operation.

Adjust stops to give necessary meshing depth and clearance.

Place mechanism it its normal operating position, and tap it gently
to oheok eventual movement of the pointers for zero spring torgque,

If astisfactory, then, now without tapping, deflect maximum pointer
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clookwise, and release slowly, If the pointer stops before position

of 5 o'clock, friction is excessive and it must be ocorrected,

o o)
, Indioater pointer
YOSSaL | eiving petnter
\ \\\\
seale \ Statie frieties
o o| st
Mg, 14,

(8) Deflect driving pointer clockwise, holding maxinum pointer out of the
nay and detent out of mesh, lelease slowly, and see that the push
pointer reaches pouition of 5 otelcsk, otherwize friction is again

excessive and i' nust be currected,

{9) Deflect both pointers clockwise beyond sero scale, fit the zero stop,

and tightern the screw,

{10) Fit ratchet spring, and secure with a screw and lock-washer. Cheok

that it engares the wheel correctly.

(11) Check aotion of reset slide,

(12) Place the electromagnetic actuator over the end of the transfer lesver

so that this lies between the yoke and the armature stop, Mt the
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lock-washers, and tighten the screws,

(13) Place disal plate with pointers ar half scale position, insert screws,
and, if the adiustment is necessary, centralise scale on naximum

demand peinter, nafore tightening screws.
(14) Check tha* pointers do not foul tae dial or each other,
i \
(15) Check thet ratchet spring is clear of diel,

t16) Set pointers to zero, and check that head of screw in elutoh boss is

in position between 2 and 4 o'clzeek, viewed from the rear.

(17) ™M+t internal timer, and tighten captive screw,

2ele7,1, Timer for laximum Demen. Indicator

Tor dismantling, proceed as follows:

2
worm (1, Fipg, 15) and worm m< )and tly slide out spindle

(3) Wote: Take care not to bend 4!

7

¢
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(2) Remove sorew (4) holding topslate (5), and 1ift it off to remove
shaft assembly with gears (6,7, and 8),

(3) Releass screws in hub at front end of cam sheft (9) only, and slide

off complete clutoh assembly (10).

(4) Remove motor worm (11}

(5) Remove screws from the motor rear plate, and witdraw this with the
rotor. Note: Commencing with this point, further dismantling
relates tc the mctor only, and it may be continued only if necessary

to inspect the motor. In this case, pruceed ws foliows:

(6) Using & mon-magnetic aperner, hold the rotor sleeve by two flats
below the me net, and unscrew the cap and magnet. Note: Take good

care not to touch the magnet with mametic tools!
(7) Unscrew the nut, and withdraw the thrust washer and rotor sleeve.

Under normal conditions, ihe motor bearings would not require attention.
However, they should be replaced only if the motor does not start properly at
approximately 807 of the lowest marked voltage, or if the unidirectional pawl

operates sluggishly,

For cleaning the timer, dismantle it completely and wash all the moving
parts (with the exception of the motor) in perchlotethylene or trichlorethylens,
and dry them. Carefylly clean the silver contacts with a hurnishing tool, but

dé not use aibrasives. "lean out bearing holes with sharpened pegwood or nylon,

Lubricate the motor sleeve end cap and the motor unidirectional pawl with
Meter 0il No, 2, gear train pivots with Roool Mt 380 Grease, worms and worm

gears with Rocol Moly 300 0il. ©ther parts do not need lubrication.

‘For assembling the motor, proceed as follows:




(1)

(2)

(3)

(4)

(5)

(6)

4

(1)

Before assembling, lubricate the unidirectiongl Pawl and the recess
inaside the moter sleeve bearing with Leter (11 No, 2, Note: Take

L= ]

care not to get oi! on the screw threads?
Assemble sle-ve to shaft, and fii tnrggt washer and nut,

Hold the rotor c8p open and upwaris, sisemble nagnety, and drop the
ball into recess, Carefully put ope op Ym0 small drops of Meter Cil

No. 2 in recess, Note: Toke guod care not te oil tke threads!

fold the sleeve with non-szagnetic spanner, and serew the cap onto the

sleeve, RBefore tightening, turm the cap backwards and forwards, to

get out the entrapped air.

Insert the rotor into the stator, and sorew on the two fixing screws,
Hote: Do nct tighten, at this staze!

Hold the motor wit: the spindle horizontal, and the unidirectional
pawl at the left. mTurn the reotor backwards, and check that it does
not remain against the pawl,

Repeat the above, with the pawl to the right, 1Ig neceasary, rotate
the stator frame between 1ts olamping plates for about 3°, and check
agedn. Remember that the best starting performance is obtained when
the rotor comes to rest well olear of the unidirectional pawl in each
position, and this must be obtained, When this is acheved, tighten
the fixing screws,

assenbling, proceed as follows:

Re~assemble the gear train, and apply graphited grease {Roool MT 380)

to the pivots. Insert intc the bearing holes. Note: Check that all

are greased hefore inserting,
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(2)

(3)

(4)

(5)

(1)

(2)

(3)

(4)

(5)

- e

Set all worms aornd gewrs on their spindles, and check that gears

mosh corrently vnder ali conditions of endpley.

Teke & clean brusa, nnd apply oil (Rocol Moly 300) to worme and wornm

geara, but noi excessively.
Check _he tosngue of clutel oiipging. 4Adjust, if necessary,

Teks o lseler gange, wnd carefully oheck the cla2arance betwesn the
anti~backlush cpring and *he boss of the clutoh., 1If necessary o
adjust, proc:ued in the following mrnrer: retate slowly the cluten
boss and ensure that the demau rivec cortacte the anti-backlash

apring wher the centect fingers ere just slightly ovorlapping the

tripping o Taca,
ocontact setting, procesed as follows:

Set the iiner contsct spring so as tc Arop off the cam, when the
indiceting arrow is vortical (Mg, 16). Check the pressing forocs

on the cum sljer drop-cff,

Set the outer contach spring so as to give correct detent times in
secoads Tor deawnd intervals of 5, 10, 15, 20, 30, 60 and 120 miruue.

a3 quoted helow ir ‘iable | *Correcu Letent Times",

Using a feeler gange, fix the moulded support blocks so as to makn-

$ain ccrres’ contect disiances.

After setiiugz, checl: that the contect springs are properly aligned

on the cent-a of +the can.

Using ons foelor gauge, oheek the slearanso detween the contacts #hr:»
opsn, and with arother feeler gange chack the olearance betwwen the

oontact apring tips when closed. Adjuat, if necessary.
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Table I. CORRECT DETENT TIMES

Demend Intervals (Minutes) 5

v '

10}15J20'3o|b'o!120‘

|
T
Demand Times (Seconds) 2 l 4 { 6 | 8 12 | 24 : 481)

'y b

EéUTI(‘g: The values quoted fer the demand times in Table I are app’i-

oable to one mater, developed by an expert of the United Nations, For

any other make, the velues nay' slightly vary, Therefore, the Table is

glven more as a pattcrn to the application engineers, since they will be

expected and requssted to wake their own servicing manuals, & already

emphasiged in the introduction of this chapter.

W > Ceatacts eleset
i

Contacts en

After oontaot setting, per-

fora the following tests:

(1) Check that the motor
starts and runs satisfactorily at
80% of the lowest rated voltage.

(2) By using a synohronous
clock, ‘check the demand intervals,
i.e. times between closing the ocon-
tacts and the detent times, or oon-
tacts open time. Note: Synchronous

olock must operate from the same

ﬁe. 16,

supply.

2,1,8, Instructions for Calibrating

After overhauling, the meter must be re-calibrated, partioularly if some

of the comporents or sub-assemblies have been replaced, and/or the electromag-
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net gaps have been disturbed. In addition, it may be necessary or requested

to re~calibrate the mever to suit some S.T, and V.T, ratios different from
those originally used.

Calibration is to be done with regard to the following pointss

(a) JTost gggdtmt. Work out the test constant for the meter from the

x revolutions per unit of the energy register, by using the following
formula:

Time for one revolution = ___}QQ_O__ seoonds.
xR

Wheres W = Power in kW (simulated by the test oircuit);

R = Revolutions per unit (nameplate data)

Using this formula, caloulate the time in; seconds for required number

of revolutions, i.e. 20 or 30 revolutions for full load tests.

If the vrevolutions per unit are not glvem, to find the value

use the following formulas:

3 6
R/k¥h --@.5.!‘.9_— or m-m
DDA § Vvx1I

Where: V = Iline Voltage

I = Current rating.

(d) Supt Balance. Apply the rated voltage to each element in turm,
and, with the ocurrent circuit opem, slacken the low load loocking
sorew, and set the iow lcad adjuster so as to give a balance of

forward and reverse creep, i.e. zero oreep. If this operatiom is

tc bde done more rapidly, remove the braks magnet.

b _ Oontd, 53.
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(o) Torgque Balance. Energise the meter so as it will be used (a.g. for
& three-phase three-wire circuit apply three-phase voltage in the
oorrect phase sequence), and apply nominal full load st unity power
factor to each element in turn. Meuasure the time of each element,
and compare the figures: if the Tigures show that the elements are
appreciably unbalanced, adjust the torque balance by operating the

torque balance adjuster (one turn in a clockwise direction will ine
orease the torque by approx. 0.7%).

(4) Pull load Unk¥y Power Factor. it the brake magnet as instructed

in 2.1.5, above. Apply load to all elements, and adjust, i.e. po-

sition the brake magnet so as to give the desired speed. For this
adjustment, proceed as follows:

1,) Using special *full load adjuster gauge", set the divers '

screw so as to give correct distance from the underside of

the head to the magnet casting.

2.) Slacken one magnet clamping screw, and calibrate the meter
%0 ¢ 1% of correct speed by rotating the magnet (use special
"brake magnet ooarse adjusting tool"). Clookwise fotation
will increuse the meter speed, while anti-olookwise direo-
tion will slow the meter down, |

Now, tijghten the clamping screw, and check that the rotor dise is
oentral in the magnet gap. Them, by turning the divert sorew, cali-
brate the meter to the required speed (clockwise turning increases
the meter speed, and anti~clockwise rotation decreases the speed).

Check again ~ as above in (1) - the correct position of the divert

sorew, and adjust if necessary.

(o) Induotive Joad. Apply full load at 0.5 power factor lagging %o each

cw“o “O
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olement, end set the inductive load sdjuster (by moving the shorting
slamp) %0 give the corrsct registration. 7To inorease speed, slide
e sharting clasp t0 the left, while moveaent 40 the right will slow
e meter dow; observe that the effect on the speed is spproximatels
limear. Now, apply balasced load at 0.5 power factor lagging, and
ehoek that the ocomvinei wrror ie within limite. If some sdjustaent
19 mosessary, repest the above prooedure and move all induotive lead
oljusters by the sme amount,

() ian lead. ™o low load test poiat is 1/204h of the marked eurreat

etdag at wmiyy pover factor. Apply this ioad w0 all elenents simul-
mesusly, i, wsing spesial %00l "angled screwiriver for aoter cali-
Wetden®, aljust the low load sdjustors €0 a5 %0 obtain the roquired
Woed. MNovemsat in a olockwise direction increases the speed, waile
1 satisaloskvine direotioa. deerersps the speod. Afver sljustant,
Uehten the losking sorevs and relock the sdjucters.

(o) Diaal Test. mergise .thq seter at the sarked voltage amd I.equenay.

oe & period of at least o hours before teating. Chock that #he
Wltage and current of the test supply have aimucoidel weve-form an
Sofvest frequamay. For revolution testing, vse the 100 divistens
printed on the upper rurface of the 0ise, and compare with a sud-
stendard. Yor stroboseopic testing, wse either 400 slots seshdnel -
85 outer odpe of the dtse, or, alternatively, use Whe 200 divieton:
19inted at the nfller diameter; ¢o met use 100 divisioms,

) Iatex Charse taciaties. Mﬂthﬂnt&mﬁuuumﬁubb.

mhmuunmnewnumm»
“‘vmn&knotm. vith the pereent ervor as o fmetien
o 1) reted lesd srrent, 2) reted witege, ) froqueney wd 4) ton-
psstuve variastien. (Shese MHbuommhhm
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wtow.mnnoomuﬁm. and kept as & certified sten
dard reference).

m‘mmﬂm&m, o Lastrested above, uee the
pecial gamuges and t00le a8 follows,

-btor-l‘nhnuau

= 008 of fosler gauges;
.HMMMN&"‘M
= Moot fiager for tw-rate register;
.u.l..toouudduﬁl's
-Mmmmmuum
..‘“Wnrtornuhnﬁuc
-mdkwu'nmvcn
-M«mﬁom;
-M.MIMMNM

= Uadow olip el

= Bll twesers,;

= Nwt tescesve;

e NWt pliere, :
-uut-uuuu.a-na.

mchhmmmnw—-—-u
clemiiness, “mumm-ﬂﬂhmdd‘
.-.n---q. Denenbery bhﬂo.ﬂ“bm‘“
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2,1, Sto. Instructions

If the originel packing is not availasble, prepare the following:

(a) Pasking for Temperate Zones:

1) Oven dried silica gel;

2) A polythene bag (to oontain the meter together wiih the silies
, gel), the opening of whioh must be heat sealed;

3) A rubberished hair mould (to enclose the meter in ite polythens
, bag) s

4) A cardboard box (to contain the hair mould); .

5) A gummed pager strip (%0 seal the oardboard box);

6) A label to be affized 0 the box, giving the basie informatien.

(v) Pagking for Tropioal Zenes:

1)VWater resistant paper (%o completely eawrep the meter). Them
proceed as in (a) above, (1) w0 (3).

2) A polythene bag (to hold the rubberished hair mowld). Them, heat
seal the bag, and proceed with a cardboard box and a owmned paper
otrip, as in (a) above, (4) and (5).

3) A wooden “ox (tc snclome the cardboard box). Seocure it end affisz
& label, as in (a, 6).

B If e original packing is available, use it and offix %he ledel.

Nr & long-tern storeage, observe the folliwingy

1) Neters must be stored under conditions where il @y door ot eneeed
90K, and the temperature is within a renge -20°C » m"c.
2) ™ store. ¢ limiting period is five years.

3) Meters which have been in store for five years, Wet % subjoeted ®
e ealibretion cheok.




Briving torque
erretie, %e fluxes.

Insesvest phase selgtien
of We flumes.

. — S s it

e —— ——— —— — — —— -

T s e B G e e cmw— e ———

Cheok the line woltage and loud
ourrent; if oonsideradly incres-
sed, this may be the cause. If
0.K., oheck the frequeney; if
stable, this may e the readon.
If 0.K., cheok the resistenee of
e potential ooile, d edjust
& instructed in Calibration.

Ohook the frequeney; if almersal,
Whis ney Yo the semse. If O.K,,
ohosk the lagging; if disturbed,
Sorrect by opereting the adjuev
tores on each elemmnt ia Wrm. If
O.K.y chook the mpesd on moa-
iadustive loads: the higher apest
iadicates o inereesed iatesmgl
mm.uohtﬁt.o-
Teture ccapensators are & b
chooked,

etk he pesition of cash cle-
st ia tum, as wll a0 Vet
seromiangs; if eut of sligement,
Fo-positien then md sevemn. If
0Ky chosk the resistence of

e copmssting losp  We

Gmta, %,
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Changes in the eddy-cur-
rent paths in the dise,

potential ocoils, and adjust,

Cheok the diso, and ensure that
the central ares is iseolated

from the area under the poles.

R e e RO

Retarding torque Changes in the line wol-
erratio, tage,

Changes in the load,

Mhhm
of the brake magnets.

Changes in the reaistance
¢f the dise.

soving parts.

—

E,
{
|

[
!
|
|
i
{
|
;

. smormal frietien of the

Check the line voltage; if con~
siderably increased, this By be

the ocause,

Cheok for excessive overload; if

exists, this may be the samse.

Check the siremgth of the breke
nagnets; if weak, re-magnetise,
re~age and stabilise the magnets.

Check the resistance of the dise;
if ohanged, check for the imter-
nal temperature of the neter,
ad, if increased, check the tes~
perature compensators.

Check the both bearings, gaide
pins, pin housings and stesl
ball; if demaged, replase them,

——
Noterted mave Presmmece of e edditional
fosus, harwcaio in Both the wol-
%age ad current wave
forn,

——

]

Re-calibrate the meter, as fa-
strwoted in wh“o

——
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Noter oam not de Disc out of position, or ’ Check the alignment of the ele-
brought up % the ! does not run true. " aents and the heigit of the

disc. Re~position the dima,

§

| |

! brake magnets and elements,
i

nt or niguetic particles (ChLeck and clean thoroughly,
between brake magnets and using the air strean,

' diso,
Guide pin(s) wom, Check and replace,
Mrt in jewel, Check and olean, as instrvuoted

' in 2.1.,4,

Jowmsl eracked or rough.  Check and replace,

| Bpnmidcb.u-!.upm- f Rolommdro-ld.‘hutﬁohtm
? sed down on shoulder of |

‘-puuo. !
' ‘,
‘ Undue frietion in the ~ Mlease and repositien e
‘un“t’.nﬂlﬁoﬁu register,
| traia, '
lNetar over- llukhnhmta. R-n-oﬁuun-a.ﬁ
, f
| Sort doentt on e " Chook for sheft edrentt,

‘elmeod load,  eotle ccmmected 1n parailel smd
l "wmnumnm-

| _Wlen, there will e mo retetiocn.
w_ h

Jon¥d. 60,




- 60 =

242s  MOVING COIL AMMTITER AND VOLTWMETER.

otio 1 t

General Information. This insirument is basically a d.e. permanent magnet

moving coil indicator, with applioation as; a) low-range voltimeter, b) ammeter

(with or without an external shunt, depending on the range), o) aillivoltweter

and 4) milliammetesr,

Case, Cover and Terminals. The cozplete instrument is accomodated in a
waterproof, insulation lined, steel case (1, Fig. 17), and bears on the seating




spring steel ring (2), The assemhly is retained by a soft~-motal sealing wire
(3), which 4s soldered into oorrect position to maintain a sealed ocondition,

A two=way terminal blook (4), with earthing tag (5), oonnects the iustrument to
& wiring system. The terminal block is a phenolio moulding, resistant to atmos-
pherie oorrosion, while the terminals are made from brass, and are tin-sinec

plated, e cover window (6) is made of heavy gauge toughened glass.

it Movesent and Moving Elanents. The complete movement assembly consiste

of & moving element (7) and an Alnico IV permanent magnet (8). The soving ele-
ment 1s & coil of a fine gauge copper wire, wound on a light aluninum frame. An
aluainiun-tube pointer (9), silver-steel pivots and phosphor bronse ocontrol
springs complete the moving element. The moving element assembly is pivoted
botween the ¥wo spring loaded adjustable Jewsl bearings, wiich are inset in the
%op and bottom bdridges of the movement housing, The ooil of the noving element
swings in a gap formed Ly a soft~iron core and pole pleces, which partially sws-
rowmd the core. One ed of the permsnent magnet fits into a recess in the oore,
While the other end fite into a recess in the yoke, whioh also encloses the oore
and pole piese.

The ocomplete movement aseembly is seoured t- the top mounting plate (10),
whioh also earries the top bearing bridge, while the bottom bearing dridge is
sosuped % pillare projecting from the lower ends of the mounting plate., Mo
podnter stops (11) and (12) are secured to the top bridge,

Indisating Soales. The two indicating scales are mounted on pillasse
m), earried on the top mounting plate (10). A olip on the underside of the
ﬁl’"‘ ¢ (14) engages in a groove on one of the pillars, so that the lewer
seale (15) 10 securely held in position, when both soales are fitted. The Wth
Seales are pre-printed thin alwminium plates, T™wo sorews (16), with theie
losimashers (17), passing through Wth seales, secure them % the pillars, ppe.
Joctinx frem e mouwating plate. '

Gomed, 68,
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loynting Parts. The oomplete movement assembly is mounted on four spacer:
(18), fitted %o the four pillars projecting from the moulded support (19), and .
is seoured by the nuts (20) and lockwashers (21). The ndulded support is seourel
%o the end plate and terminal block by special safety nuts (22) and lookwashers
(23).

SReRla. The spools (24) are secured by sorews (25) and loockwashers (26)
to the spool mounting bracket (27), which is sesured to the pole piece by spool
bracket retaining sorews (28) and spring washers (29).

2&2. Q;th for Maintenance gygr Repadr

Before dismantling, observe absolute cleanliness of work bench smd ‘o0ls
% be used, mnd oheck whether the instrument has been delivered with a history
sheet or some record, which may indicate any part or point requiring partioular
attention. Then, prooeed as follows:

(1) Hold the indicator firmly, and, using special wire-pliers, remove the
sealing wire (3, Pig, 17).

(2) Release and withdraw gently the complete assembly until it 4s pos—
sible (Note: Do not exersisze an excessive foroe!), to take out the

seating ring (2) from the case (1). Now, gently withdraw the sain
saln assembly complete.

(3) Memove scale retaining sorews (16) and their loekwashess (17)y twe
off each item,

(4) Memove the upper scale (14) and the lower scale (15), tSaking good
oare Mt to damage the pointer (9).

(5) Nemove the safety nuts (20), along with Shier lookwashers (21), et
the demminal tag (%),

Condd, ‘,o
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(6) Remove the spool retaining sorews (25), along with their lockwashers
(26), and detach the spools (24),

(1) Remove the Spol bracket screws (26) and lockwashers (29), to remove

spool mounting bracket (27).

Inspect the above disuwwatled Souponente and assemblies, Further dismsnt~ (
ling depends on the extent of the necessary repair, and it is %o be done on a \
speoial order. The reason for this is the following WARNING:

Operators and servicemmn are warned against Aismuntling the movement

~ assembly dom to the meving element, s the indicator is fitted with
& pre-printed scale, whioh requests a special technique in determing
the relative positions of the core, masnet and pole liece to estab=
lish the required accuracy of indication, If the movement is faulty,
it must be returned to the nanufacturer for réplacement, sinoce the
movements are dispatohed with a saturated mamet, sc that the geing
must bde carried out during adjustment,

If the specisl order for further dismantling is given, prooeed as follows;

(8) Raise the movement assembly gently on the pillars until 1t is possible
%0 have access to unsolder the oonnection to the bottom bridge termi-
nal tag (30). Note: Take cars not to danage the oontrol spring!

Now, remove feu- . acers (15). '

(9) Remove the safety nute (22) and lockwashers (23), wd remove gently
She moulded support (19).

0) l-m terninal serew and wesber assembdly (31), alomg wih ilotted
Wt (32) mnd lockwashers (35), ¥w off each itea, from Serminal i
Blook, Now, remcve the Serminal blook. |

(11) % remove wnd plate, wsolder sennestions, | | i

m&-mu—.uuwum.---
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Sadade Shesning wd lndrication
Tor cleaning, proceed as follows:
(1) Before clesning, exemime all metal parts for eorrosies.

(2) Use acetom %o remcve all lostic adhering 4o threeds of screws d
mis. Jode: Bsure that the acetome does not come into contest
with varnished surfaces or insulation! After cleaning, bold in a jot
of eloam air % remove swrplus solveat,

(3) Jemove all dust and particles from the ease, using & soft bewsh,
(4) Mow cut the sagnet gap with & fine jot of clemm dry alr,

(3) Por cloaming the jowsl bearings, precesi as ia 2.1.4. sheve,

Be Jubvdention is requived.

Selods _Inmestics ond Menalirs

S$a0e Opver. If the glase cover 10 damaged, 1t swet b replased. T
he glase 15 an integral part of the case ind if demeged, the complete case must
¥ seplesed,

fase and Iod Plste. If either part is damaged or defestive in wy Wy,
S amet Yo replaced.

et Conpletp. If eany part of the moveamt is defective, the comple-
S mvensnt aseently sust Yo yeplased, for the ressen a8 outlined in ‘vasning’,
1022, abOVe, o

Diater AMIuster. 1f the peiater sdjuster 1o dasaged or defoctive in
ay vap, e csuplete end plate assenbly sust be repleced, sines the adjuster
‘seus m Sntegral part of the seal for e end plate.

Contd, 6S.




Jevel Bearings. If the jewsls are oracked or roughy the whole jewhl bes-
ring assembly nust be replaced,

Qontrol Springs. If defective or damaged, they nust bo replaced,

Qther Parts of this instrument csn be repared, providing that the danage
is not excessive,

For gemeral iuspection, proceed as follows;

(1) Examine all netal parts for corrosion.

(2) Check all threads for tervicesbility, and all corews, nust amd bolts
for good oondition,

(3) BMeamine for obstruotion and dirt the gap in which the moving ooil
swings, using a strong ragnifying glass. If any small particles pd-

here %0 the core or ths pole piece, remove thea using & sharped piece

of pegwood or celluloid. Cgutign: Never use a mesalic :eedle for
this purpose! Teke a g00d ocare to avoid demage % the comtwol
oprings!

(4) Exemine the instrvaent cese for danage, distortion, seoring. ete.
(5) Meamine the windor glaes cu7-» for cracked or broken glass,

(€) Mmamine the terminal blook for bent terminals or pirs,

(1) Ohwok that the pointer is not bent or damaged, and that the seviag
0oil assembly moves freely.

() Ohesk o imsulation of the moving ooil, and that its resiotemes is
within the given linite,

(9)Mmtmthompmmmmmﬁu
base and mot bent.
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Jefore starting ascemblisg, cbserve absclute oleanliness of both werk-
benok and tools to be used, and prepare fvatic No, 777 (thinned with scetome %
& brushable oonsistency), for applying during assesbly s spot to sll threaded
heles, nute and sorewheads, ¢ lock them n<ainst vibration.

For aseesbdling, prooeed as follows (referring %o Pig. 17):

(1) Place the moulded swpport (19) on the mownting plilars, and coouse

Wehtly with lookwashers (21) ad safety swee (20).

(2) Inspeet again the gap in wdoh the moving ovil swings and emsuse Shat
it 19 free fron any dirt or emall particles, I nedessary, slesm as
outline above in 202030

(3) Mjust the jomsl bearings %o omtralise loagitudinally the peettden
of he moving eoil in the pole piese,

(4) Bouwse that the moviag o1l 15 eentered evemly, If neosssery, Wusm
the jowsl sorews clockwise in several incremerts of Wwrtex. 1/10% of
e turm, until ‘pointer flop® 4s just eliminated (i.e. the mevement of .
e pointer due to the piwots being adle to move laterally in We
dovel bearinge),

(3) Now, back of! the jewel sorews Wy agproz. 1/1G%h Wt no more thet
1/8th of a turn, until 'pointer flop® 18 Just peresptidle,

(6) Meck apd ensure that there 18 no anguler displecsensnt botuusn W0
soving ocil and the pointer,

(7) Plase the spacers (18) on the pillare of the msuléed ogpest (19).

(3) Assemble upool wownting bracket (27) ® %o caplote
Sovnent, and soeure Hghtly with lochwushere (M) md sevewe (2.

Tatd, 0.
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(9) Mz apoels (24) om brecket (27)s and sosuee sigily with loshwashers
(26) and screws (°5),

(10) asseemble We sorplete movemert o the piliure ¢f e wenlded eupport
(19), & secure wiw lockwmanhers ?1) and nuta (20)

(11) Mesolder the ocnnectons . the tam,

(1?) 3lide the lower srole (1%) wder the x inter (7)y and position 1% on

W supporti  pillars on the Sop mownting plate (10). igker B net
band the pointer!

(23) PMoss whe wpperr soale (14) over tin lower scale (1%), s that We

olip on the urndersid: of we UPPET ocale engages securely ia e
CYOOVe of the piliar, Now, serure ot scale: ir oc vect postden
W tig-tenir: the sorems (16) and 1~ maber. (17,

Bafore procseding wit further nenbling, balanes the spvement o8 out-
14ned delov &n (.0.4, [loNgr f & renesn’ moveser cnriete in Woing fiteed,

% and stadllize %x magmet a8 tlined He ~e ir 2.7,

After dalancing tow moverea, CarTy out the twate appropriate W We o
plication, s siven uwelow, in ., .8,

Now, proseed with assembiing as follows;

(14) Pass We seating ring (2) over the ond plate, and loaate 18 {0 o

(19) Insort the complets tnewwnent snte 148 case (3), d so0 tmat 4%

Tfere procseding further, sarry ot e Ins.lotier and Nigh Yol tage tots,
@ Gooerided Mloe in 2,2,8, Then, proceed as follewe;

Gentd, 0o,
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(16) Coment jewsl sorews and ooat all soldesed evnnections with Ned
™erwmolene Laosquer Mo, 165,

(17) 3eldder the sealirg wire (3) between the end plate mnd the ease, wd
oarry out the Jealing T™wat, as cutlined delow in 2,2,8,

Sadafs Nlancing e Meveamit

fore swartin- "alancing, crueck the jewsl bearings for correct adjust-

ownt, and adjust {f neoeu ary.
Yor xalanaing, proceed w foilowy;

(1) Using o sreais! wrench, adjust tre balanee weights %o maintain the
w0iaver o thar the valamoe lisit of 1" of range value. Nojg: During

e whols balarcin ., poirter ericr mist not exceed 1. of range valws!

(2) Letng a spasial tc! 'pointer adjuzter®, align the pointer % the

reale sor. poii i,

3) o®y ehec: i nu'anee w.d 3ee where the welghts are positiened (Pig,

10)s ej¥er ¢ arws *A\' and ' ' or on arms '"' an: 'D'e

t+— 1
Pig. 18

) ¥? WD wightc are positioned or arme’s’ and 'BY, 14 memns et Whe
et ir 'rointer heavy'. In this case, proesed as fellows:

Oentd, 69.
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‘a) Plaein~ the seale face in the hordmortal ;Vvec, o inte alowg - e

Lo A JG!W ‘mSQsI"".-ly, L:.nti .! ar ..‘\. iu’? ZV()‘LD?‘inl'. t()w‘r::h} the t‘!"‘r'!t‘”' . i
nolnter tin welis L the 1P of L CPET Lo, !

(5} Llowly raiue the me,oms 4 e£5ON° 1y 5. Yhot e saale faoe Lo do

the wverti-al vlanc 1.2 e 70 puitte  crtfen)ls Gonwerds, ollve

ter til hni".ﬁ‘ o 1. Tafs o the uparator, ALnal Wt an are

L Kew balanve wicode the Hnait of 1, ,

(6) Mniingk valonce w4 grm Vit ot ok podvtaes vertianty smvaras,

(1) Twpest srovaticas fu) wnn (), 0t ow widh 2o AR 78 SRE PN
. * ied . - N
the rieti of 00 cpoen ooy nnd own WP 'L‘tr‘ LEoyert alle et
wards.  aljust weisht on am 40 ¢a keep dalancr “rthin vhe gpe-

eifiad 1imit of 1.,
() Nec'iack bulance with arm "W, ot now nodnting ver‘iaall, upwe-d..

(3) It $zo weights are positioned or arms '2' and ', it seans timt the

syetar 4o "4eil heavy'. In thi: nase, provesd an {nilgwsg

(1) ™ movercnt cumplete from the ucale face i rord-zutal rlame t
the soale fuoe in vertical plue, but .. .w = vn aep 7 pointi.g

vertioe)ly dowivards, poinier tip “eirg tc th Joft of opurstor,
{®) acjuit weisis or amm P g koep halures witid tha 1444 of 8.,

(o) “eshesk aalunce with erm @', hwut wox voi.t'ne vertioally w.-
wardo, wnd adiust if necescary,

(¢) Mepect orerations (a) und (b), but now wixh ame 'D' pointing ver- "
tiealy domwards, pointer $iy being to thc wight of the oparator, E
Mjust weight on arm *'C' 40 keep halawoe within the linmit of 1y, 4

i

(o) Wecheck oalance with are *D*, pointing now vertirally upwardo, \

GContd, mo
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(6) If tho cequived bolmise has aot osen obtauRed, *ap-at the ahove cpe-

rastons (4 al 3 until the satisfactorr “a'anne L5 ol trdand,

Mo aame procecars o7 dlmaetrery s A et e aeye, 4 et e
woll e o hala na gt b e R PI RuEd 0 tren @ the appe P o0 =11
four am, A th i Lot a1 atamee dhat v % he vde dn S ealchte

Turt = S hplanny sreok:,

TNTVEIE W _ Lot 1)) Sl SR L B 1 1

In rwmera'y gt o pt oAt e e applishien s44 ar T the  radual
prvvanh nl orees e T e aetly, poc L7 sly inepen {0 v | I wagtag Wa
rorcant An e o nc atiate o wil, Imoans Al ¢ P el S At we

AR T S AR PR SR PEY SR R TR ST NI Y OF PR S Ty

andl mist on 1 (g Tee oA catitn ko RLEAn 04 wmmiwe g e, w89

he amnd A e by gl o e T el g %0,

gty e g 1 omg g Cim A e gultenteng ud wmetett, the
-.a’]‘\' A L R R o § S AR ST S Y L O L et It v T wip, e
v 1eetery, Ay O v b v e v stery, 10 O Castu, NEY

WY L g et il A ettt te o kel !

<.

Ao o2t flise tharoe ) roke & e 0% 0 Lty - L (Lfter cullefact
MUy ccemdatlas e a0 s Rt e, L ceppe e o RO, TP, even
Cally, Wo crealny co0 amoaluacim arter  wmins A e Ve - Ve ngynad,

rnansd o= atnve §r o ol ,

7 TN LY, BEREE e RN CRE L LT P L L P AR T X s dlileing
e, P tpatre o recdy 2 Ml i, MSUte 8 aylingation,
€N ‘ “ ’w'gﬁ.’ "ﬂ.. 1 * & & .‘gi "m" “ ;w ‘J‘.‘t ‘;OQ ’.”" m

vt heem 0t oy et leted, o e pmysendt rarthepd

o, N,
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fakady PLra) Tests and Calivration ok
or testing the instrument ag o voltmeter, proceed as follows;

(1) Connect the irdjoator into the oiroudt given in Meg. 19, lota: Thedh

od ensure that th- 4test inetrument i+ of & precision mrade,

—
L
R :
8 v
4 -
Vap, 14

(?) @oly whe sproprinte voltame, for » partiouler rifoatiom.

(3) MSurt the o tentiomster o vary the deflecticns of the vel Wmeter
wnder teat,

(4) Mook tr 'eflections at appropriate pointes on the scale of the wle-
aster wnder test, and oespare the reetir m with the teet instement.

(3) Smee We 59ala 1o pre=printed, oheek .ne oalingation of she Wi
80%0r aseording % Whe values giver. for partieuler remge.

Ne tosting the instrument as & ul!iiw 1 meter, connect the iadticater
muumtmum.m.mmumm“-m
Wove, for the voltmeter ? % ). If the spool has o e chenged, cemmest the
mmcuxumunwumn-.t.uuum
uﬁmdhﬂuﬂmdﬂnmnmuomdtbm

Gentd, N,
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veltage applied o the oiroutt,

-
- - -0
*
st
. ol
:h.
—el)
e w‘i:. M w
Por teeting the (notrwment oo an ammeter »f 40 oxtomel shunt, conneet the
indtcater into the eirouis shomm in Pig. 1, and proensd e abdove.
— 1

L"“*M

—

MNe tBeting we instrwnent o o self conteined mmeter, csmneotd W9 indle

e a0 shomn in Mi., 72, mmumto-ummmﬁb

SuBS 08 & allltammeter, he waly défference being that the %90t Snstowment
et Yo o precision srade williemmeter,

Waleally, testing procedure wd calitgution ok e e o @ S0
the witaster, sutlined anove,

etd. M,
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he e g Nitage Nst, We procedure is a0 follom: Apply 900 wolts
(ven.8.) botwom al} %he terainals, ecanected ogether, and t o ingtrunent a8,
4 oertif) Lhat there {s no breahdow: .

r e Insulation To8t, Whe pr cedure 15 og follows: ply 999 velte
4.0, for a pericd of ot east one minute, and them Stesure ‘he reaictonee Yoo
oo the terwina's g+ -0 instrment came; t.g resitance wmust be at legst
20 ‘eghome, or bdetto-,

After satisfeoscrily sowpletir? al!l the sanve Murtwents, chosks and
teota, e last test o b nerformed 15 the senling Test. %or Wiy %et, wee
e Magren shoen in 4, 3, ap proomed a3 7! lcewe;

1) Qemneet the erhaust ,eu¢ 1) of the instrusent to tne aanifold tgp
2)) w4 moure Wat o Light seal ir rede. Y D' . Place the ta
Siruaent in 3 speetiql safeoty tank, ic prevent pssihle {njury t»
PoFesmmel, in Whe event of e A8 cover 4lase distintesrated!

(2) Meee Mgty the smifeo g Sap ‘7Y sunnvated b ¢ inotruneny, as
Wil a8 e iry afwrugen ‘e (3) o adnittance valve ep (4),

Ontd, WM.
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(3) 3%art she vsowun pwap mntor (5)y ond obbuln o required degree of

vacumr (for nornul applications O, ma of mapoury).

(4) Opem va've (6) and t-e nanifold tap (2), =mud allow the system % re~

gain the requirod vaowan, If 4t 1s not pcosidie 40 »cintedn the po-
wired vacuwr, proceed as follows:

(n) Ciese tac wamitole tap (2) ;4 rewove the instrwment,
(b)) Oneck tue {nstruvent for loakage, and, 1f necessary, resenl 14,

(8) Me-ocornect the instrument %o the praping syster again, and ye=
@dn the required vaowm.




()

)

8)

(%)

(10)

(1)

ney -

!
-1
\n

]

{loze valve (5) ane Open valve (4), to winit iry nitrozen inte e

Instruowent,

Ucing cunbrel valve (3), adjust te ootain & pressipa of 15 1% per

guars inoh rnauge,

After & pariod of 30 seconds, oneruihe tha control valve (7) wnd 4ue
leakage nesdd: velve (7), wo vz to refuce the srasoure 4o 0 1% per

squere {inch oy oep,

imnerse the {.dicator fe$11) under prassure) inte n hapk eonteiafne

97,5 845110 wntsor pad Jefy mrrropriste watvin: anont (Ghell

Teepol) 514, if avuilanle),

fueck for & period of over 5 mdnutce for leak:. Y@y vINCL w1l be

show: by small bubhles lesvin~ tue instrupent osne. Tu the event of

lekage, notk tr2 frstrumert 8 'reject'. lcter Larvien) arly sohesk
for leakzre ot the seal ing Jolat of the s8se gluss ncver and the

terninal uloek,

W operati- - Soth control valve (3} and the leakase needle valve (7),

refuce the dry nitrogen resmure +n zare,

»
Asccrnect the Lagtrument from the manifcld tep, end remove it from

tnhe tank,

Jerl tre se-lng tuie (ot the sealir: stud) of #he inztrument hy
aclierin;; the end, Yete: M™ia oparation muet be done imrediately

afier retwval of tha instrumert frorm the toank!

Sakade  Jpeoie. Servioing iouipuent

for

servicing eand cverhauling thic Indiontor, as instrvcted alwve, use

Jontd, 76,
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the spacial instrunents and squipment, nsz followes

Precisior rade potention: toros
= vecision ~rate milliarmetor;
= ‘reoi®ion rade amueter;

= Precisior rrade millivoltneter;
» Procigion orole voltme Lery

= "alance weight wrench;

» Pulsa~ager or nonet seticrs

= sealing Test eguipasnt,

= Gylinder of dry nitrocen gas,

2p0edCy St reve I'\atmotiqu

Yollow the Instrueticns ae given above, in %,1,10. ﬁ

252e%1, Trowcls slweting Chart

The fuults nay ™ olassified intc two bacio _roups, as followss

V) Nectrien: faults, sush esg
(a) Ino.rrezt vointer defleotdor for applied inrut (voltege o

eurrcob) yelusy

() ™lvc-nintion of inddeation for nonstent input value,
(2) “cehendonl fanlisy iy roving elemerta, duc to dirt, ete,

e faults no se traced by using treuble chooting clurt, an given below
‘ore for the sake 0 illustration, this trouble shoo ting chart is gven in the
form of a dlagram, to 4iffer from the ohart mven in 2,1,11, ™is 18 to bring -
to the otiention of the mairtenence mad application engincers, that they nay
prepare their charte i the form snd shape nost convenient for their staff,

Contd. no
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Trouble shooting Diagrem 1

If pointer shows ;

L4

J

" Incorrect deflection for Fluetvation of indication fop
applied input value, constant input value. '
Theck full soale sensitivity, Check for correct If faulty, reset
' setting of moving aid adjust, as
clement between ™ ingtructed in

. If not 0,1,, caeck If out of limits,

Jewel oearings, 20248,
resistance of the -~ replace movement
moving element. ‘ complete,

If 0.K., check If any, remove
If 0.K., check for Reset springs or - for obstructions — obstruotions, as
oontrol spring con- __ if danaged, re- 17 6aP between :“;*"“‘“‘ ia
volutions touching place movement oore '"d_"."', o204,
and/or sticking. oomplete,

If pot ¢,¥,, this
indiocates oracked Ruplace

Yor volwmeters and Renew all faulty

millivoltmeters, —-leads and spools jewels or " movement complete.
check all leads a8 instruoted, damage” pivots.
and spools,

© Nt v b B

e R

u“. 16 .




dweral jrformgtion. This indicator is basically o preeisien mcving eof)
pormanent magnet O - 1 m4 d,0, silliamreter, Leing fitted with a scale oalibratel
in degrees Centigrade, indicating ti.e medius teuperatures cver the range from
#"C % o°c,

Tor samstruoNicnal detalls and materials, refer ® 2.2, above, sinee this

Semperature indicator is only a speoific application of the slready desocrided
moving coil indicator, the only difference being in the resistance of the mevin:

.’»“‘o

Thus, the procedures for dismantling, oleanirg, inspection, assembling,
ote,, are tc hporfenodinthenmnﬂmmdl«mnuforu*nb
soribed moving ooil indicator (z,2,).

Lh2e Final Test wid Colibagise eek

Prooeed as follows:

(1) Comnest the indicstor into the efrowd$ chom in Mg, 24,
—

st apoel
-——




oMae

(2) Ladr o apoeta! noirter adjuater, set the

rei-%er apreor, at o puste
*en correspcodin siam 4c -,

(3. stnr a Pulso=r ar or -~ a1n me* setter (whatever aveileble),

Sucve 4

1w the
et at laner) ) oleen Wbt by redn'ev aly ng w¢-
] . . .

the 500" fartdnnl, e Sl eipecid orropt

Ve ETT e aempere,
088t is value 1) < U7 et for ( ther ISR SN spmting o
the roviii elermit registonng (frolugy - fori gt

(4) \fror g i I N R TR I T o

50 "Meek fer ascvract at 17 Ty Ly, W 1007, sn', ey,
’imo:‘. Wi 0" Ty ety whemovur ne TARIITYy Ta.ct ¥he pointer W et
cf tie potriar edjuuter, o g3 to o TeEprd 4k 4 waloey “wen
1: Che s-rooriate tailey st requirc’ o uras o

\Pdor satiz ietort rrmplesdp 4

R A AR A LS B TR B Yultase Ness,

e 85 drotrnetad f T o0

.

Trsulasion wat anc AR

.'i. h z.__ntal .iﬂﬂﬂ&n M‘ |

tefer ¢~ *he g0t L2,
A JMENY 200 voNorg
ollow t'e Initr ati oy a, Hve 140 ,1,10,

[ 3A R4

DAY Takt

e the ehrart an Hven in Tetoell,









