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- Chapter I - 

GENERAL PRINCIPLES AND ORGANIZATION 

OF MAINTENAMCB DSPAR'iWaST 

III this chapter ¿a. ej.for I will be made to point out the major services 

«Mob a maintenance department is expected to perform, along with the methods 

that may be used in selecting and training maintenance personnel. 

A particular emphasis vdll be given to the instrument maintenance 

department and staff. 

1.1.     Punotlons and Objectives 

A maintenance department is expected to ensure the availability of the 

équiperont and buildings needed by other departments for the performance of 

their operations at optimum return of investment.    In general, the functions 

of a maintenance department can be divided into two elaasesj 

(a) Primiry Functions, suoh as: 

- ConjfcLnuoua maintenance of the existing equipment and buildings, 

along with adHMcnal alterations and installation of new equipment 

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

- Control of maintenance cost. 

(b) freoondary Functions, such ast 

- Complete plant protection and property svpcrviaieat 

- Salvage and was*« disposal; 

- Any other services delegated by the management, for «Mab there 

is no speoifio section within the plant. 

fta«B«etlvely to the above, the main objectivât of main tornano» arai 
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(1) To »âintain equipment at maximum operating efficiency, so as to 

provide freedom from breakdowns and reduce to a minimum the *down- 

time' resulting from breakdowns and planned stops; 

(2) To maintain & hifjh leve) of engineering practice in the performance 

of the maintenance uorksf 

(3) Tc reduce te a   'vri.TJjr. the coctn of the maintenance work. 

Attaining these obje-V.ves necessitates the following: 

- A competent enginoer:\ru: sreup, \<Aoh w.iuld keep abreast of industrial 

practice, modern nothods, equipment ar.d materials; 

- A planned maintentüice programme for both preventive and corrective 

maintenance, includine the maintenance control; 

- Continuous analyses and investigations into the causes of and efficient 

remedies for emergency breakdowns; 

- Close co-operation with operating and production supervision. 

~r 
All the above must be dono in agronomical and expeditious taanner, at the 

convenience of production aeh-jdules and onsictent Tdth a high level of engine- 

ering practice and safety practice. 

lf2«      Organizational Principales 

Although there- in no universal organizational soheme applicable to all 

types of maintenance, tuere are some be sic factors and practical rules to be 

considered in establishing an effective meintenance department,  such ast 

(a) Type of Factory.    'Rie importance and shape oï    maintenance differs 

from factory to faotory.    Fbr instance, in precision meohanioal end 

instrument factories, the maintenance oovers their vital research 

and development facilities as well, so that,  since here the invest» 
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ment in precision test equipment and tools ie the largest expenditure, 

the responsibility for maintenance is placed on the highest level. 

(b) 3ize of Factory.    A large factory needs more maintenance staff,  so 

that the supervision density ¡nay be increased considerably on the 

lower level to provide for ?. higher degree of specialization.    A 

smaller factory may »mploy fewer but more versatile staff, increa- 

sing the superviser»a rosposibility TO cov&r more specialities. 

(e) Squipment.    If naclúnos of the sams type pre placed all over the 

factory,  a centralised organisation may be better than a decentra- 

lized one.    If, howevr, the same type of maohine is concentrated in 

one department,  a decentralized maintenance may be better. 

^ Personnel Training,    in areas vrhero skilled workers are scarce, bet- 

ter training facilities and more supervision must be provided than 

in areas where skilled werkten are not scarce. 

(•) Continuity of Operation.    A factory working continuously requires 

oontinuous maintenance supervision and overall planning, particularly 

concerning preventive maintenance.    In a single-shift working factory 

the problems are different. 

(f) fooation.    A dispersed factory must have decentralized groups or 

parallel organizations, while a compact factory can be maintained 

from one centralized shop or office. 

Raring once the maintenance organization chosen, the maintenance work can 

> organize^ so as to be divided irto three basic groups: preventive maintenance, 

»rrective naintenanoe and naintenanoe control, along with the adairiistarticn. 

JJ Preventive raintenanoe 

Briefly, preventive maintenance means the activities alalnf at keeping 
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the equipment in satisfactory condition for safe operation, preventing unforseen 

stops caused by breakdowns and reducing wear. 

Preventive maintenance is applicable to all factories, ntfirdless of sise. 

ftie major effects produced by preventive maintenance arc: 

(1) Shorter down-tir:;e .or planned stops instead of unplanned breakdowns, 

and lower coat for planned repair3 bofore a breakdown; 

(2) Longer 3 if s and better conservation of equipment, reducing and/or 

postponing the replacement; 

(3) Better safet.v and improved protection of factory; 

(4) Better work control, less rejects and higher quality product; 

(5) Better spare parts control, with minimum inventory requirements; 

(6) Lower maintenance and production costs. 

Preventive maintenance must be integrated with other maintenance func- 

tions as well as with production planning, ??ork measurement and studies, admi- 

nistration and personnel education.    Tnis is essential,  since the preventive 

maintenance plan must be baaed or. correct information concerning the production 

plans, the investment policy, the quality of equipment and product,and the plans 

for discarding and   refurnishing.     He s ed on this information, the annual time to 

he spent on preventive maintenance is calculated for each item separately.    This 

result may now be used to calculate r.he personnel needed as well as the time the 

production has to be stopped.    Although it is possible and some managers prefer 

to definì   the dates for major preventive maintenance operations, it appears that 

the method of including prede terminated   operations but varying time intervals 

is more flexible and more convenient, particularly for the instrument manufac- 

turers, as changes may    be made during the period without fùther complications. 

In any oase, the administrator of a preventive maintenance programme must let 

economic considerations guide hi3 general activities and,  sometimes, even let 

overrule his engineering cenoe.    3eside the teohnical possibilities and needs, 
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what should really be examined is the influence of preventive maintenue pro- 

gramme on the manufacturing cost.    The programe and its development, therefore, 

must be outlined in close co-operation with other managemant seotions. 

The main point of a preventive maintenance programme are periodic inspec- 

tions, ranging fron observations to complete   bests, and meant not only to reveal 

the condition of a particular device,  but also  to adjust tuia correct it.    Such 

an inspeotion system consistíot five maintenance levels: 

- «First-Level Kaintenance«.    This includes non-acheduled daily observe 

ations, carried out by the operator.    It includes visual observing 

the function of the equipment in its normal working cycle.    Sometimes, 

speoial instruction may be given to the operator.    No written form is 

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

- 'Seoond-Level Maintenance«.    This includes scheduled and   non-scheduled 

observation and inspection, carried out by a serviceman, primarily of 

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

of some serious failure, 

- »Third-Level Maintenance«.    This includes scheduled and non-scheduled 

performance tests, carried cut by a specially trained maintenance man. 

It can be completed without stopping the production,  so that there is 

no need to notify   the production-plannig staff.    The interval between 

these inspections is fron two to six months;    the time for the next 

oheok is usually set according to the results on the report. 

- »fburth-Level Maintenance'. This includes checking, replacement and 

r*»oalibxation, if required. It can be accomplished by providing a 

board of ohecking, testing and calibrating means. If a replacement 

oust be made, a brief shut-down is requested. This inspection is 

usually earried out once a year, or every second year, depending on 

the item, and gives a good information on the equipment oondition and 
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dmpendmbilitgr.   In oase of ineorrect condition, it ia recommended 

that the fifth-level maintenance be done at once. 

•Fifth-Level Maintenance«.    This takes place either on the request 

made in the fourth level or, normally, every third year.    It involrma 

the repair, when necessary.    The production must be stopped, to that 

it must be planned.    This inspection will be fully described below, 

concerning particular instruments. 

another important aspect of the above is the ooit. 

1.3*1.   Preventive Maintenance Costa 

Preventive maintenance has a considerable influenoe on the production 

•top cost, which consists of three parts:    direct repair cost, investment cost 

(deprioiation and interest) and losses in production.    The point, therefore, it 

to obtain an eoonomio balance between the actual prventive maintenance cost and 

the oost of »not applying preventive maintenanco'. 

ùtpirieally speaking, repair cost (as a function of maintenance frtquen- 

*r> «aereases parabolioally, while the maintenance coat increases as a straight 

UM« .BO that, at a certain value of the preventive coat, thero will be a mini- 

total maintenance cost (Fig. 1)/ 
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*MH* th. cost fofa, production „tops will *„ „oth„ oury, (Rg   2) 

•^ th.t th. wtt, •^tmM. „., ,. _u ^ ^ atoM   ' 

»o.t, which increase« th. total co,t pawbolioally. " I 

I 
»tt th. »plr oo.t. furtt.r r^„owl (<wlleaM, f„ planBed ^^ 

*. tota -tata«, oost will al.o bo reduced (dotted Ita, in ne. 5), pro*»* 

tb.t . ,rop.rly or^ized preventive malntenanoe rMult9 ln oc,„3idersbl> Mvloeai 

fr"*lo«lly. »»11 ¿„¿t. .pent on tacr.«!^ a. prwmtlv. „,.».•_ ^ 

•«. Urgent, on rn^T. Wrln«,  thus, th. tot.l production Let. 

»• f »tter of fact", it i. difficult to find out th. opti•» valu, or 

•i«*— ~.t. ri«M it t. tarti, „.„„.m, ov<r thort perlodg>   B^fcW( ^ 

**"'"" «•*•«». «it* o«r th. ,«r..   on. .i.,1. «y to m»*d ». 

OOBM. 10, 
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tto ***• t. . fon (Fi«. i)> i» *i« -oh .<*•« r*r~mU on. ¿ob, »d 

^WPHWl. " ' •'     " "        '"  " • 

worked time  on each job  ìB noted   in. 

IL 

Ih« fot. M* M uMd for 1-Hl.or. «»«h, *•*•«>"** on th. »M«, -i 

.y.t-      A sub..,u«t detiilea «alv.i.  of t>.# ft.» «UHi» ~^« *•**•* 

ttion, au oh Ms 

- Nu.b.r of preventive MUIUMIIC* Job. (*K»ld  ** ftirU •"»^>» 

- AT.ras« time p*r jot.   (fihould  •>•   -raWly d.er.Miw)l 

- m. nu»b.r of olv>Má«nd umuannM rap*« <f   it UerOM* 

is «ron« »OP^^er«: ¡ 

- áv*raj* tir.« p.r r.p*lr  (If <-t i^r.M.3,  i»  «V M» owl«*)» 

- IbUl prwtiitiv«' .ni nt«nt*o# UM p*r pariré   '«nouli b. folrly • 

A» f»r M th. liwtniMnt pw:Mr* •» nt»wee  t» Mim««,  th» 

tj* ba«io*lly Mt.min.d by  th. fe iowi% ¡ 

U) 1M iwowit of t..tin# Mid oalibrtttor «qulMttM *•% U 

Mintelnin*  » particular «rrrup of ir.truM«%«i 

(*) UM MO»t of rtplMMWit par*, mi/et MMSbliMi 

11. 
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(O)   11«   it/991   of  MlnttMr^   «...aw*.,    an.   •*.   ti9f    traini««   Ito  ^i^t 

•üt »ron 4« . r  if  i-nulr«« of lr.*r,ru;M«t  to Uníala*«  to »••*»•« 

(€)  !*• a»cnu.«  of a»-•«•nano* <i«atoii«r%iftt<ii «Ivor  %a» 

to« 4—lip .»¡   in«  ««. uf• ?tur«r. 

«  «jr  to «è 

lMt  point   (d    v.   -arti cil art j-   t-ja*vi«ii  •**,  m, taatotoMPto  af*   Ir 

.      Mao«   *   W»o«,o,o«¿oal   ^ONI   1«T*   *.  »rt.«   |¡j   or   tH*   U.'^t. 

(•Mur*,*, to and •%m¡    th. ,«.tnawt- w  ** 4«.   ri fit»  » ,*j,tow 

H«l4-pclnt  tor,   i     ..-   *  r«^„,-.   •JH, mmì^>mvì,m 

in t «o4«m plant,  al«; 

>*      'r   "«Rui   i'<«<nt*    t> 

• •»#   ••    >r«*«*%tn#   UM» t«-«aal ty   ..*• «v«*»«^    -vtop*r-->«. 

Ulli hü  *•«* r«to-^il»«n    '»jr|t   ^wtl 

tontlon* T'   W»»   ¡n.trwrU'i-r   •ruiner»   Ir   tot*   «•**«   ma* «»»i». %-.,.¡n*  a*4   Ht* 

inatnsw t-a^ufawtorvn* retori...   *   t*at. a****t*«*ii7,   t» <»  *•• 

atitortoii  fbr * **Mi  in.toMiMMU.     -*.   «r..rito »r. .»^r«*»,   •„•-.«*,* », 

»Intonano« and pr^to^Uor   X.M,   «*f«r  npmrtUmm mm   nt«f*r pt«*m*,w> «atovt. 

•M ovartaull*,     f «,uia*»n»   to »WMr« to« **«r*n»¿ art*!*!*«»,    fi «a» 

MP to) c«*<*ali««v< #r   !*>«.   »»la**,  to^wMi.fir ,.-  , r****«*«*««« 

m«  fa*-*  -h«*  -«Pat—»   -<.«•«  ^   <»<«a»av«»a ,-.-ui-  H* at* to«t «to*«t 

••»«f»  i"f*lw thaï *  -*<«*t' •   » •*!   ««ai«» *  «¿trun    SMUM »ta*   M a*f**<l «il,    % 

w «fiaient ««cm«*,   »a*» • «iitit*»  a^uia  -^ »,•.    •   *,«*,f«r*.. dœ   «ta prufcn 

Hem «rd »Ianni-*    a» arta», *,r   %au M^»»«»,   »» f^aJ.   «*,,  »tornii a» to- 

•«rito* to;  »•• »r »t«n4»r<î toma,  «•« Ihr <••»*»tur  •,#•  *• »*f i    «a« v   ali«« 

•*• M«i»»»i'  af   » *r»4.tar»« ,«t«4   *lw,     t^»  |â , %m,    Ä%J„,4tg|—  hy § #f#|(,     |y 

tot»»«*  U«^«a ««Uier    r ..tta>kr,  **4 rvwi  t»,    •*• riaMlft« f *%.    *to) '->•• 

li Ito» fermarti«  to  ti» r«*air   r  -«»an,  •**  «ton.«»  t*. a«n «ri «•L««.   m« s*». 

».     %r Métto '»4HKf,  «to>M mato>i««a«M «»atolli a« *!a»«lft«« a»4 
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«it*  * Hat of if««**'   Vool»,   -M   that taa Job oould b*» »tartad «juiokly. 

AMU a* oraamtaatto« H pro ft Ubi a, li-.n *uioa raaalra IMA anortar produetloa 

ataf*«   raavltln*  i*   «on»\Amr*h\*   *»*1n#n. 

Ina* f»i*» in* av.rM.» i,  « •  it nerval  *   ba «ora aoaurata,  tino« pianola* 

11 IM I    n    .  r««r   i»fr   •  tfer   »rtu»'   <iat» of utM-tin« ari*,   iri,  baa^aa,  fcaa a* 

» IMII tt» rapcr*  M>  »,*# prwr'-Mia tnnr*'%i^.     than  the ti»« «id   x>3t ar» oal- 

|,  *h.   M*a  !Vr am*»«tlnr   ««op   »•   t.    ** aat «1«   %h« produotion-pUnning 

•ut.   «li* *l«i   '<*•   ia<*   »»"«  •'•»''    'HiurM   to  r«ap production aerine. 

•ha*   «ili ha* fe««i «ortta*    ut,   t-»    o ad    •   thr umtenwo«   lapartnwt li oalou- 

¡ataat,  % on* «iti.  ih«   wat,     45     thW  ajc«>l«  o» 4t»»«  aa praeia#ly as poaaibla, 

«ino« «varia* im«, oar» H,   rara***-!  aa  t  raaliatl- alternative  tc   »jyinf a naw 

«I«i9»j»mt,  a»4 *•« »araa.     Parafera»  %H* '»•ciaie»   »tû on oonraa to taka *uat ba 

faw»aa4 <w  a amané  %m tmo-*oon» *  - aralyaia,  »apaala'-ly  if * ooatlj' aquipaant is 

pMltM,  in *a*a    f U»a a*s»«*aiva <>taaa, th« *>•«   par annua «v b# oaloui atad 

far ait «aafttajila  for .  1 «**«•<- parlo*,  «.$.  flw yaara.     .Than all t»ie abov« hat 

taf* »arta* ^«*.   • «»r. rwloci iaï  pian of operations  i» nade and  each work 

atattcm  1«aia4  •»•HHincU. 

•Tv/ «ciar«   -ompanlaa  teiay u*a an *rvaataant calculation syst«, »uah M 

a* •**/!-^at«n.    I*  ¿artaxniy ia bayorn this briaf »anual to iaaoriba that 

, tat, 1-   *K OíKíJ, v taJ overhaul  »a* oonaista oft 

• tar*  Uaa wats 

• Saara part» and -»atari»: eo»*i 

• Oaat far predanti on  loiaaa durinf ovarhaulai 

• Ovathaad» and a*traa. 

P?*e*<tur* an4 »aauwea i ^ o>aration» for ovarhaulinf daaand antlraly on 

«*§ It» aonwamad, and ahculd   Kt b« chancad, aapaoially if thay ara praaaribat 

to fjia atmifaoturar of tha «^j'iipaant in quaation. 

«jallaaala le teta rupair» ani ovarhaullnf, a vary valuabla ai« far 
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fault-finding and what caused  thr fault    an* tlv trouble shoe ting charts.    Al- 

thou#i «any manufacturen, - the good onc?s - rrovidi. the trouble shooting charlo 

(usually ae a purt of their servicing manuals), one maat be aware of the fact 

that no trouble shooter -hart oan be entirely eximu-itiva.  e.^eciaily for the 

eleotrioal d*vicee  and suuii>n.«nt.    Therefore,  t-e host  trouble shooting chart, 

are those mad* by  the m*i-t*-»ncf>   up.-tro^t for its internal use,  prepared or; 

the basis of long-tor, 0h3w /ation and an-lysc.     Therefore and for the same 

reason,  the maintenance 3taff ühoulü  oo well and methodically trad nod in logical 

fault-flndin? methods   beaid^s  vbe o tuer subject:, for maintenance job.    The 

maintenance management is expected to pay utmost ettunticn to this and to en- 

ooura^e it, especially ainoe practice has proved that 3uch training ia feasible 

idtnla the department and giver good results. 

Por a quick fault-finding (when the trouble shooting charts are not avai- 

lable)  it is absolutely necessary to have access to another data,  auch aas a) 

function diagram,  b) circuit diagram,  and  i)  layout drawings;  besides these,  c 

list of statistieal  probabilities of some   faults and causes  (usually made by the 

maintenance department on  the bnsis of long-term records and statistios), may br» 

of valuable assistance as well.    These faciliJ,ios must bo used simultaneously, 

eine« as separate items are not suificient enough.    It is R fact that the cir- 

cuit diagrams only - without the other aide - can not be sufficient,  sinco, as 

the first, in one circuit digram, no more thin one s.yrt'im can be shown (e.g. 

either the electric or piieuiiutic system,  but not now these two are in ter-connec- 

ted,  as the case is, for instruios, in an electro-pneumatic recorder,  etc.)} 

besides,  the oirouit diagrams shor the different components and sub-assemblies 

or complete assemblies in one po¿: tion only, usually the 3tart position.    The- 

refor«,  aa a complement to this,  the funotion diagram (also called "sequence 

diagram") rau3t be used,  since it shows the sequence of movements of all compo- 

nents and assemblies (electrical, mechanical, pneumatic end/or hydraulic) in 

one single diagram, relating to one cycle of operation.    In order to get a com- 

plete pio ture, the layout drawings must be added to those two aids.    Unfortuna- 
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taOy, although th«y ara v«ry uaaful  aid, th# Amotion lia#ra»is «ra «xtra«»ly 

MldcM - or *!«•! n«r«r -  Inched  i**   tht sardine »anual r   wppllad by  tfc» 

•anufaoturara,  prob^y  bMiuN th. Amati or  «afra* «* » '«i'ly "•• ,d#*-   >Y>P 

thll m»un,   thay  «l*. ha~  t-    »» ••«• v  wh* m,   tan an-» «n, inaat,  and,   for 

th. SM« rt-on,   -M    h<   :,-   -U .*»   t.chr.1 -.1   -.ttff am .id  ta.   'nun.d in  that 

dlract.on «  «VI.     r '   r.    ',   i -..«   v«V  4tffi<mlt   *• *a*.  »i. 

iiaßra», an*   It 1« woo*.*».**:   tha«   **»*• -•»"»•»1* *»• «"»• fnr trmrJ ¡>t#0# °f *|Ui^ 

Mit,  tino« Itili   eon» 1<-ftblj »wtar   IM  «•• nt-^4  'it  f«ü Wfindinf. 

laving all   thoaa aita t*«A'aUa *id  -min«   ui«a •¿an.itan-i.i.aiy.   •-• m^n%mmm 

technician  vdil  oartaimv   .*•  *.;-.   by   '«unM^    -   .  ••-'   ."•"!*  l^«1  •«**•*. 

to  4ivi4#  th-  «ntir«   «y   t«r  iru   M   NAì   M roui ta   «  h» r»a4a,   «d   ih.«*  •** 

circuit In  tn« oorrart «my.       f o  ¿roa,  it    » .upf* »*>  ani •«*•*• tul  **•* «*• 

preparing *mm\r frr thir ^, •- J*  «ara affidar*   -J».or»t»«*î   Wkgrrumé 

ocmcaminr  th« t««lmriOC   o'   *h» fi»*« w«rr«d.   »4   t>.ar   *• '•  trama«  %t 

raaá and u~ pro.«rly **•" *i a-rra». «M  *«u.       li   . ^r**i  triant« •«.«•. 

a prorm«   Mr str.r..-   •*•,*•!   *    i.»|T-»   -i-    -"-»   .I»-T«B*   "•»1*"  •*•**  * * 

•xereiaa« or   *i»v.a f-no«,   »> *    *•«  »••"! . *  -   a  *    »*"«•".  ^1« «tt>. 

«otor itar'ar,  a»ar-i~   * ••'   •>.«•-,» «• - '"   •»"  * *»*•'•   «*•»•»•• ** * 

thr«#-«ha»*- vtor  *cnr«*t#l  f. r  tav-«*/  n..n'na.   '"«»•r*«- •» *   ogr«ra»iie  afi- 

lla««» un*  val»«*,  wwiia..   ** t    htira..  i     «K       «c'.r • «   nrmtü   Uajra»a,  at«. 

I my of -J»,   ««-»rat*«.   <^ » jo*».*«!»«* •>«  *,a*i-»#* a»»« Il «tra* I» **• «Jt*>- 

uoo«, watiimit r»a¥tn# -«*i •-i^»«««- t for »ra* tt-*.    *••!•«»€ •»«•' * %r«i«l*f 

it to fina fault« fr» a loci iti •%. 

I. 

BM •fft'-t of A*>4 »»i«*•»•»•• 4>n *h» tetftl ft#t»ry •••«•«*? Mk«* 1% 

Wiry  V aatihltat» m -vaa«»tair> eU-a* «««tJ««»! ©»•* a*4 ahaÄt^f of »11 

tea actlviaiaa.    "ñimrmr^r;  th» aura«-»« <»f  th» ami^*•«*•*"*• t«aJi^  «»»itf«! 

la to finé out ana W   •*•*• •*•*   UMP« f*»«  *^«" »•  •ll*li!í *^§ PUd*» "^ 

ha« **•» *ff»e* *»• fw«Uet> »^ «* a«'i«irt4  n4«rw»M »    •*•» ai»«*».    '**• 

VMlti.     1). 



finding »ust bo objecóiv« and in uetail.      iriefly, the naintenanoe qualify con- 

trol astisti* toi 

(t)  find the error- wail» thay tre «mall enough not to iff not the quality 

of the product,   ï;î'  oaíoro a  breakdown has uccured¡ 

(B)  stats th-  tine i0r overnau! ing or replacement in  tin»,   30 ae to prt>- 

Twnt th* rued for eventual improvisation  'n  production. 

%«  quality  icMtrcl  i»äS/--tiüP.i sw. i>   et t,w par Lodi cal or  nt request, 

»•uaUy fro« production   i.Vartnsni.    Instructions for thess ìnapeotions ara 

tfes national   vr international  atandards. 

itfe.    Ad«Ut strati on 

Maintenance work demands good adsinistartion.    UM •eantenenoe fona and 

routlnea should be orticai ly worked out, using a epical analyeie technique aa 

applied ir «ori-  attidy.     }•*•   tax * purpr.a«,   .t  't   neoas^ary to  nava employed m 

****•• ^«"ganí ear.     If,  it. saver,  such •* man  ir   lot available,   than the maintenan- 

te ««emitivo »u«t be ~i th a *cu d knowledge of work study methods and a good 

of ad»ur,1 ttratlve  abilities. 

'»or t ir purptu« 01 vitro! ling-, it it neoesaary to have good atatiatioo. 

Tkerefcra, th* d*ta i«r nu, »«-.tea should be collected, proteased and atorad in 

a fon »bfv frr <¡%m, *^*«ev<>r renai red. 

<tefistrt*ior  of «1 1  drouaertation ia alto eaaentiel.    Starting from th • 

furatala«, ail   the papare  ahould be classified and stored conveniently.    A uaai'ul 

arasti«« is  tnat the te hnioal  duta ara sopara tod *nd recorded on a speoiol oard 

of «hioh copies am tfiv*r  tr   the produotic   department,  produotion-planning and 

taxe tool~de«ign    ffioe,   ?t,:le  th* original   'a ate rad in the -natntenance office. 

?*4s sard is known ra "'lochinosi Data Card",  -nd it should be available for both 

standard and  apeoial equipment,    »esidea this carl,  there are three »ore oarda, 

so «feat ail  four sarde are usually arranged and uasd as a ho ri son tal-ali de oard 
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syst« (e... **aintfton Ca- dex,.     m» other «urto, cards are: 

(1) «Economical Statistik Card", raoording the purohaaa priaa, instal- 

lation oo«-..( i-ur.^c, rcjl^a«** value, depreciation, operation 

cost end   »A-, •...bv.ai.  maintenance  so'/t. 

(2) "Collect^ ,,ra", r^dins the production stop tiaes, natura of 

repairs and ¡.nc IOIUAUI. 

.rdiar the impaction interval!, tha naintensn- (3) "i..^^-:.i,i J"fc  -wl U~» 

o« done and I! v.  qurlii,'.. 

Instead ci  ti«, aoo-.u c^-d*», the punohad onaa nay be uaad M «all,  bat 

they aia nore convenient  ~ci   \-^rc>r factorías. 

The sprve parts ato-A u  si bo controlled us Mil.    A siapls ••*«>* is » 

systaa of cards, u*ed both   -> stock record and purohaaa oard. 

L 

1,7.      Automatic Pat»'.J£>£3>_j3^!¿J&Í£LE2ñ^£. 

The wairtananc > or tólor. data have started, during rasant yaara. to ba 

rsoordad and proc- ^ or. ,u^atio data proofing »achina., sine, it hM fraat 

adrantes ovor tha a mü processing.    This, bowarar, request, that tha nuabar 

syst«., along with    11 ti,v .sixlvw for.ia and routines, should ba radasi**, 

•o that as much «•* p:.wfcH   • •"- rI** *»• ^P* fona* 

Ibr maintenant »ri,   a uv*~iicit numbering system appears to ba suf- 

fiotant,    the fir.^t iiJ.t fc;   ^ type of  ^ipment,  tha «eoond and third for 

desoription  and   the ,ir,>,   Mir   1rs-- tvo as  th* identification number within tha 

group.   Part -od* ca» be doio  nth a code of two dibits, while for the fault 

ooda one digit in sufficient. 

However,   * dlnid/antar«? i* that tha automatic data processing aaahinos 

«uat have a considerate oapacit), to toft*, they are acre suitable for larfar 

naintananoe or sanitations, 1.-». ir larger factories. 

Conti. 17. 
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1*6.      Peraonnal 

The claims on peraonnal in a maintenance departaent appear to be,  tc 

son« «tant,  greater than in othar departments.     ~h. poaaibilities of appointing 

«•Il qualified ataff are not *reat,   because maintenance techniques have not so 

far bean fully taught in  acaooU,  BO  that,   at preaeM,  there ie no formal quali- 

fication for a^ntananco ^ , ^.w^.    .eloquently,   the probi« i. not only 

on selecting persoanel,  but or ntulfyiw as well. 

To qualify as an inatruaent-maintenarie« allinear requires «ora tiaa and 

•ffort than many ether phages of engineering.    A person wishing to become Buch 

an engineer,  muet taxe his fornai  education either in n.eohanioal or electrical 

engineering,   and then,  as he works,   to educate himsalf in otn«r branchée.    Basi- 

oally,  instrument aaintenanoe requires * working knowledge of bot el eetrical and 

«aohanical engineering,  inoluding pneumatics  and hydraulics,  with a good ground- 

ing in phyiica.    After the eduoation has been completed,   then cone the years of 

actual work with the instrumenta,  along with broadening of other subjects of 

angineering,either by attending evening oouraee  (if available; or by home study. 

Basidea the instrument production,  a profitable progression for accumulating the 

necessary experience would be to spend also  some tiao in  th* instrument reaaarch 

and development, after which come instrument  deal«ni ng (drafting room ia not 

very necessary).    The n«x+ n+«r «*ouM b* th* teet laboratory and instruaent 

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

anter the inatruaent maintenance department,   with a good theoretical  and praeti- 

Q*l background, and to qualify as a competent inatrunent-maintenanoe engineer. 

If thare is no praetioal possibility  for passing all  the above phases and 

•tagea of preparation,  there are two periods which may be eliminated eventually. 

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

should be accoapliahed.    of oourae,  the beat reaulta will be aohieved if fol- 

lowed aa outlined, without eliminating anything. 

Oantd. 18. 
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Burine Ih. iteration, the enflneer will have the opportunity to ... 

„any Ml«, of instr».nts, ano ho. the production heha.es under nomi 1 

ahnoraa! étions,    v«, UUl,. he -U a,- see so» errors co-it.d o, tn. 

prozio, Peop-.e,  -.«.  he the, »fleet »* the »¿ntenance - *• ~— 

.„I Lam a !c* of **.«*» '-~*~«V.  •*  « o 1. the -ain point ,hloh every 

».intanano, .an »at reach;    he »« au« these e,uaUy »ell as the thin* •*- 

do',  and then why arid  how to  U° 

.electing the personnel for instrument aaint.n.noe Is not very .«y, - 

pecially if tho appucant is experienced in so• other indent »*. hut th. 

M„oe.     I. *i. case, the choice -»Id he hase aainly on the natur. of 

hi. personality,    ^rlcally —*• «- *«««" "*" U ^ d"lr,b1' 

f0r th. instrument »aint^.c. staff, than tho emotiv, one.    Por, an instru- 

ct »aintananoe .an «st he aole to see the sliest perfection .d to ot- 

„ct .coolly,    *». the a,,licants in ^active class are preferred ov.r 

*.„ in the aMeetive ,1M..    *d. criterion W «U  - 1*- * * inaxp.- 

*«,.* applicants a, 11.    Cf course,  there is no fullproof »ethod «** en 

lit» .PPli.-ts correctly, hut >y various audition.! test a reason.». «H- 

mtion can be made. 

„.i fnr preventive or corrective maintenance, •,«xen distributing personnel for preventive « 

w„,.r enfrio, should he ohs.r^. since their profile, differ ooncideraoly. 

W.,1». to cualify for preventi,, »aintenance »or,,  the candidate should. *- 

tor. all. have a k..n sanse of observation and ho satisfied to folto* a -«*- 

»„„ rout!».,    the  preventive »aintenB,e supervisor should, In addition. » • 

^ d.^ of administrative ahiHty.  as «U as the ahiUty to recedi» »d 

*«* in d.tall.    On *. other hand,  the costive .aint»anee per»n».l 

.„.uld h. .hi. to «*- the fauUs and the 30h. to he mll fagliar 4» th. 

.or* study fohnioues, and to have a aulti-side technioa! *»«*.. .spiali, 

« th. superviaor is in eu.stion.   Oo»on for hoth corrective and pronti« 

,aint«ano» p.r.onn.1 U a high degr« of r..pon.ibllltv. 

Contd. 19. 
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The greatest attention should be paid to the selection of the maintenance 

ménager.   He muet be something of a • jaek-of-all-trades', since he must be in 

oontaot practically with avery other function in the Company.    Besicles a good 

theoretical background of many different fields, he must also have wide and 

varied experience,  combiner! v.ith an ability  to uu-cp<->rute.    Besides the manage- 

B«nt training ur.uaily r..q„..:  _ f— tb:£f..c ^«jihgers, he should, in particular, 

be well trained in maintenance principles ana techniques,  application of work 

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

Bven if a well educated and experienced 'jn^ineer is chosen as a maintenance mana- 

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

pecially concerning the teacidn» and training methods. 

1«8,1,    Personnel Training 

The technioal training of maintenance personnel is of the utmost import- 

ance.    As already state«", r;ost of the training 3hould and can be done within the 

deparbaent itself,  in addition to the training in other departments within the 

sane faotory. 

A full maintenance training course normally covers a period of four years 

for unqualified and inexperienced workers, used as follows: 

- The first year:    The apprentice learn to use mechanical hand tools, 

simple machine tools and measuring instruments.    The practioal work is 

combined with theoretical lectures on basic mathematics, physio«, mate- 

rials technology, work safety and drawing techniques. 

- The seoond yeart    The apprentices rrork in the maintenance shop itself, 

assisting in dismantling and assembling of simpler instruments and 

equipment.    They may also take 3ome part in overhauling, as assistants 

to a skilled worker.    Theoretical lectures now inolude the basic prin- 

ciples of meohanioal and eleo tri cal engineering. 
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- Th. third year:    The apprentices are by now skilled enough to carry out 

•one repair works independently, so that during the last six months 

they uay be placed as formal assistants to a skilled worker.    Theore- 

tioal lectures include electrical circuitry, basic electronics, hydra- 

ulioa and pneumatics. 
t 

- The fourth year:    The work in overhauling shop (or group), until he is 

capable of making a uomplete overhaul independently.    Theoretical lec- 

tures are continued in a form of abort courses on printed circuits, 

control systems, solid-state device trouble shooting techniques, ca- 

libration methods, etc., concluding with maintenance principles and or- 

ganisation.    Important to note:  since the development 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 is a good practice to arrange special training courses for maintenance 

supervisors and engineers, concerning the general aspects of maintenance techni- 

ques, work study on maintenance work, time standards for maintenance and mainte- 

nance controls. It is also advisable to arrange study groups, with the most ex- 

perienced engineer as a leader. 

The foreman and instructors should be trained particularly in teaching 

and instructing methods to be used in the daily work.    The most popular and used 

instruction method is co-called TWI-î'.ethod (Training Within Industry"). 

training of personnel is always profitable, especially in rapidly develo- 

ping fields, as the maintenanoe undoubtfully is.    The maintenance manager suit 

be «ell aware of this, and to encourage and support the training of hie staff. 

IL 
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- Chapter II - 

yPty^Sl Qg-«MgroD_IN3TRDiayi!8 

the material in this ohapW is prepared in step-by-step form.   First, 

ti* functional descrlptlca ...1/ ^teriala are ¿iven,  then the methods tc be used 

in •ervioing, maintaining and trouble shooting,  along with detailed calibration 

instructions.    Preparing the text in this manner,  enables the paper not only to 

meet the need of the maintenance engineers and technicians dflalin? with these 

instruments, but also - or even more - to brin¿, to the aUentiot  of the applica- 

tion and maintenance engineers a proper method of preparing a practical manual, 

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

A» »pace alloted for this paper did not allow to elaborate more than two 

a*ow»§ of instrumente.    It has been, therefore, decided to fooue on the instru- 

ment« which are mostly in use,  such as kWh-neterfl and moving coil instruments. 

2.1.      P0LOHA31 (SIKQ-LK DISC)  Mh-MgTBRS 

2.1.1.    Construction Details and Materials 

Case, Frame, .Coyer _ani germinal a.    '"he case is formed from phenolio resin 

moulding.    An 0-ring ensures a damp- and dust-proof joint, when the oover is 

fitted.    -Ehe cover-window is made o* toughened glass,  9ealed in with a butyl 

rubber containing no solventa,  30 that no coi-osion ^.sses can be produced.    The 

frame ia a silicon-aluminium diecast, supportine all rétablies in a oorreot 

»lièT»ent.    Ine terminal block is a phenolic moulding, and the terminal ohanber 

ie barriered to provide anti-creeping surface. 

Bleetromaaiet«.    Bach electromagnet is provided with temperature compen- 

sation, low load compensation, torque balance and phase-angle adjueter, ead a 

m**»etio shield, all being secured to a steel frame, whioh iteel« ¿wea further 
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»•tic aMoldln**.     Jurroni «id volt*«» ooui oro or o op ou la tod in poi/propjl 

•ith MR inanl*tico  lovol  of  i"   «     to MTUI.     H»rvi»p«rt. pretoction  MOlnot oor- 

roaion is ,iv»n  u>  Vic    * .»««blöd   1 Mil nati on» hy   toequor <* «tin«. 

Brak.; Mjftifft.     "^»*  TI»» «MMP«t a.vatoa  ÍUKII   ti ti   pcaooooion of tlm 

j>*tojit rights o*  xV  comprino» ton Aiocoax «a«Ci»to,  pr^dueinir a bt-polor »»ru- 

Oftl  hrftking t'i<%irt,  ohi oh  it  sypotrto*.]   about  t •»  *«*tr»»   w»4 aln1«1aoa tao offoot 

of th* roVr 4i»o hol^'tit   variation«,   M ool !   IM  parti»»   o«r«e#  «»tin»   if  fore«« 

duo to   Lu     ut«r*tlnfc  » d<ty  curro-ita imi toma ir  thr  dla< .     tag!   p#ri»»l>i.H) 

atolnloo* Iron ocl« ploooa,   fc^thor wl uh 6 ni<«fcol-aI iov   i*ap«rs'ura no«p«rtoj>- 

tlnn sUunt,   \t+ bone«*-   wl ti-   »•   apuxjr  rosin   -    Wir   *,»«sn#ta,   «t«l   tfco ao»p<oto «Bit 

i» di#oa,at ú   »e   aliBSint a^-^i :<v,   '«moine.     1*i*  r,»v •*   laaooh'jr   la  $»oufâ   %c 

oJ   di vor*  î»or*t for r%li iu*»tl"r   ad "toto«nta. 

I« «tr boorW it « t*wBi«ii>- rwpulaiofi tppo (Pi§, 

5), witt bort— forri to aoyyata.   "V» reter 

roUtoa «nur!  a atoinloaa guido pin   (i) 

fl*tOd  thrminr   %  tu*  !v   Taa* Muslim   s'J?k 

«at otti oh tfeo t>r!to* wNptot Í'1 ta *oa«v » 

4«4.    %ou  «to« rv<aio#    .     ii nt i*  tli« 

outfit u*l«?.t if   th« «ot«r 'ro.-»o  '4\   UM 

rewr ifc »«apport**  «onttort.» *t  *«ao aoaoo 

hojtfbt if -%ituoi   ropulai^r  «nam   tj- «  1 

it« (•  and 5 

Ta»  twp  »o«rin« «matat« of * »ruido* 

•of (ê),  roto tin/ «round a atolli«»» at*« 

pi» (7 , M»»***  tn  « Soualni (S)   In  to» 

»art t»f tuo fro«* ¡4'. 

fHo fcoth «««rato u* aaioapMi« 

M te »rovida OP lntocroi guido ft**rt'i 

i* Wm oppor «*jn«t aa»o»hl», «id  v   , r,< 



"»* • 

viêm »ro%a«tta* atwitat 4a*«j».    M t. aia»    ^^  frr ^   . . 

wtfea «HA f-i),    tH.,, 
allié« pin 

ara th* ara* iwéAri'. ,*» ̂ nfa. 

| _ _ 

ï*^0*?*^.ii» "*•*»*     *t«.  *>   awM.%. ef » «.¿^ 
1 
"HMl1     •*••'   •*•»!     I,   "Itti** feM«Mr 

• ta*   **p,,nlr»     .— i,   i";   ^   ,^     ^  ^^ 

inr  )••»*   t«   «»riM   ir   » »..,„,   (4^   a v 

1 

•%•   l<*%-   f1I#îj   J0m¡    i$   [r ,ftt#d   Jr   t 

•Of««    *   .      s      r«*»nt  u-iiu«  .-.tarai   aova- 

M* ta,   •**>   ^tA-in#  li  r,w-o,w,i, ,  ^  , 

ou H «4    phlor   ihre 1 \ 

»nuira  *»«!£!££.    in 

1 Ih«   '.caar »a»» «t,   ti# -x-ildi*:«- «naaseula» 

I t««  * -a a** 4-iiv-•.   t* (.«m- ir*«  oo^anaatin.' 

—© 
M*d  '- H -. l PI «4 ar un* «»• 

*»• 
 1. 

lu»«  i»  hit oprir, t*  ta»a«ratire 

*»""u"-1'-i  '   *  t • *arlii»-frrita,   y.« 

M9fc«4-inr     iO«r«a»t»i   fnr m-«imite   fiUI 

variation«,  ¿a«  v   shartfaa lu »»UM 

iLdïX üUSftSk-    **• '»m%r%\ 4T«« of 

rotar 4iae la  i*. ' *t#.i  *i\#   ti»» araa 

«É» afe pala»,  M M te lacla*» an« «mfli«  tèa ai4>   erranti to  o« autar 

pa\rt of «A« dia«,  a«  «»I;   M  te  r«4us«  v t-   «itor»*tton   -««aw-   '•»•  -tala pr©4u- 

—*  *  ***  *I»«^H^,U,     ^  41.r  u   1#llIlft(,(   jof.MaU...- ur  tat.    V «r» «r 

<««MaH«*ily aUta", *, »t  y, la. lata m*  «antral .ra» «*  ^M^at te« «41¿ <ror- 

'«•ta te tha «utajr rt»« »raa.     m« aiae ia if»*.! „ aha *imir.iia»-a} l«, roi«r 

\* U. J«. 
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•haft.    A «it mm «ear it previd.a en tht shaft to drive the energy renter. 

^o<   etrcbosoopie calibration, 400 aerations a-e out in the edge of the disc, 

«d,  for  testing,  the di.e nee diviaiona of 10o end »D marked around Ita upper 

surface. 

frrft heats tors. äXX roister t,e*r wne-.-Ls ar.d pinions are precision 

individual »ouldin,*. Tfce »o-.ldi.ige extend -Ion? nerd-drawn stainless steel 

shaft«,  «roridi nr low»:v>ti,-    •••iru:-. sorfn-* ^ar.net  te metal  support platea. 

Ä* «in-le-rate regist-r .i**  ¿n  .rpuUrLr - artvn.    Tt comprises five 

rncber wheels ** a fir^l-fitfure pointer «al, be-ides an n ^itional pointer 

dial proTiied  tu faciline testing  a. sherìns  the-   truw r^.in- correspondí«" 

to  the first «u^r wheel.     IM* duplicates t... indication of the first number 

wheel,   but advances eonf.nuoutly  v, ir.di'ate a    air or lose on the first wheel 

ft» to the impul.ir.,.    -he  .Ir« mutaer *eol «., copied through a gravity ope- 

rate inpuls« eeehanie*,  wM.or ca^-t   th« se „m vheel  and the others to »avance 

.«d-nly fro, - to 0.    a liaen^-in* dev.ee is rmvided for ressetin. to aero. 

j.        ~ - *.„«. ••,. ,   *•*.,, "»ta rf '^ìs'ber  wheals  and a final-figure nhe  twe-rate r-d, ' ^tor .v-i     vr<o ^exe i,.'     ^ JC1      «<T*^   ->- 

pointer dial.    The »ete a-,   i ri ver.  through , di'>rer.tial  J-ar,  citer train 

^Lnc loekel  in a staUmary p-aitior,  as roturad,  V .-nervini: a* eleetro- 

„•flnetie r.?t-iur.     * fl a,  Locator on tK   loo-dn • rhaft .hows tho raster in 

operation.    'Va r^ter i:   -J sc provided with a disercagir.- device for reset- 

ting to zero. 

_Mlr:i2 T—nd I. dicator.    The -.eriinun  1-^ar.d indicator is driven by the 

«ncrsr rojister gearing.    Its scale is surr.->undin£ the register dials.    At tha 

«d of each W,Te*ion neviod  fj.   10,   15,  3,  o~ Co nirutee),   a s.-T.ehronous time 

awioth ae-e..rfjiee» the r 1er*,, .«,-wnet,  rhio   lisera.** the -rearins, and the 

deWnt  -Bochan.« returns  +/-<e drivinj polntor   to  .ero.     He   <«n.and indicator 

pointer in held at its reading by a ratchet and pawl,  and can be reset to zero 

by aotoatin« a spiral  spring.    ! aximum demand indicator is an interchangeable 

Contd. 25. 
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unit, whioh can be removed without disturbing the register. 

Timer for Maximum Demand Indicator.   A  synchronous motor drives a sJnsle- 

etep cam making one revolution per demand interval.    Two contact springs ride 

on the car,.    The lower spring falls a short, timo before the upper one, and the 

oontacts are open during that interval; this contact-open time (défit tine)  is 

usually set to l/50th of the total demand interval.    An unidirectional pawl pro- 

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

baowards on energisation. 

2.1.2.    E'.eter Adjustments 

Pull Load Adjustment.    *ull load adjustment is obtained (approximately 

% to 6;!) by rotating the divert sorew of the brake magnet assembly, without 

releasing the magnet,    if further   adjustment is required, the magnet oust be 

released and re-positioned. 

¡fiw Load Adjustment.    low load adjustment is made by turning a sorew lo- 

cated on the side of each elemnt, whioh moves a conducting vane over the surface 

of the voltage pole.    One turn of the sorew gives approximately % adjustment. 

gprque Balance Adjustment.    Torque balance is adjusted on each slement, 

by turning a screw whioh raises or lowers auxiliary   ma^etio pole, varying the 

the proportion of useful flux cutting the rotor disc. 

Load Power Factor Adjustment.    This adjuster is in the foro of a linear 

eliding resistor, provided on eaoh element. 

2.1.3.   Dismantling for Maintenance and/or Hepair 

Follow striotly the sequencs of procedure, as given* 

(1) Resovi the nameplate from the energy register, and, then, the regis- 

Oontd. 26, 
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tor fftva %ho «oto* frt»o. 

(2) n«»o«« tfco «hc't M#Mt Mt«bly, %f 

holding the »»ri^biy  te tot fNM. 

(<) PliM tn« .oUr  «pri.et.    Lvoo *»  «t .or«« (*.  II«. f) ^** « 

lotMT   t«trl.>, »uM-   '     .  •* »*•   tte. lo«W ^rin«.     >oJ|i     TU» 

otro to ooUoet tb#  winr hoUl.  uai.n« «p^*!  "Wl  t«o«»«ro"l 

(4)  Ro»»TO  the  top Mfcrinr  (7), t«f»th«r «ith too rotor »ho/t. 

(5) RomoTt the top b«*rinÄ oo» <»•>.  *T  ira«rnr U -ntl.v  fro» t&« 

,;^ft.    îl£t|:   ^-«   fiv'd evt «ut  te   botw   the »v-»ftJ 

(6) Holdinf tii« rotor  %e. «*>Mp ip«l««   to«n,   pull  |»ttj «>• rotor 

out of the boàrin     oh/vvid, te   roa, ve  th*  looor Jo«oi  b«*rin§ (?)• 

Insect  th« »beve a. «nor ti*' uompcn.rU.  »nd UMbilM.    If nooo.««n 

üonontle further, proeooo  as f  î low 

(7) 'liacomoct tin  io sa s fro», t:.e tondnol  bloo*. 

(8) Unsero« th? ' mr.  frojoo fi fing tor«««, ond poil «•* * 

froia« fren« thr  r-'o. 

(9) Unsoldor the roltatco coi:. 

(10) Unocro« the ß!*ftroa«f»ot frowo« fro* «io otin »otor ir»», 

romovo the Mjpotie «hield and lo« lc-od vui fro« «oofc fro»«. 

(11) Unoorow the flxia« »ore« *nd rtaovo the ourront utd volt«* oi 

»•«not». Npf « **> not rosolo tho quodrotur» nrmoonaotln« loop 

th« vcltafo •lootroaapeti,  «li-.oo  it  io rot intorehoNPioblo! 

Thoc dismantling the •Mu^otie oooritif«,  follo« cri* 

(2) fro« the sbovo, »ad th«n prooeed ti Mloou 

iw 

th« potute (1) ole 

(H*tA, IT. 
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(V) Release the top oaarinf; »et  screw 01, Fig.  S). 

(4M IUI M fwitly th« top bearin,  hou.irr '8), until it« pin oliiri th« 

»uléed Mp  (6). 

fV) Untere the bettes bra.« hou.inr cap (2), and, th*«, «rantly with- 

***• th* fold* pin (1). 

té*) Pull out tii#» whu!     rotcr a-car.Hy. 

for npUenirt of oorer ^ui,  proceed M follow»! 

(1) Remove window clips,  and scrape eff the sealing compound from th« 

lindo« frane.    Uo%9:  'axe  sure the surface is clean! 

('< ) #ply freah sealing cxupound  arour.d the ri- of the frame.    Leave for 

for a few mimrea   (but not too long),  till   the coapound has Decor* 

tacky. 

Í3)   "l«ar. the ^-inetar of the glaac with methylated api rit. 

(4)   'rasa the el-an   -late down ente ooTpound, and hold for a few seoonds, 

until  ¿ooñ adhesion i s t. ad». 

<5Î  **p aa« the window olipa, uaintj; npecial "winow clip tool". 

•laili   yii 

*ni JPJ cap oavity &f tr.e rotof O,  ñ.g. () are te b« cleaned 

•Ito a litt i« patrol or tri"hlorethy lena, nein/' a fine soft bruoh.    Aftar olean- 

inf, hold in a Jet of olfan air ti   remove surplus solvent. 

'Mh in trinhlorathyicna tna ter «al   Ci)  v.d the tep pi» htarin-: (7). 

-\ftwr cleaning, examine    ¡Ji(    x>r« of the top cap and the baarin.v nurfnee of the 

pin.    gcjfci  taplao« if faulty,  á.roe n.. repair possible! 

Conti. 2ft, 



Clew the boring jewel» (2 and 3) only by usine a jet of dry stead. 

After oleaning, examine under microscope.    Kotet    Replace if faulty, since no 

repair possible.' 

;ao/' the new ball  bearings in petrel,  tc remove the protective oil. After 

waaMntft  •"^1 ¿T*ntly between aeveral   layers of superfine  linen cloth,     7arnin¿; 

On ilo account oho dd  the  call   be touched witr.    fir ;er£.'  special "bp.ll  tweezers" 

must be used]    The ball  should net be left in petrol  for any  length of time.'. 

"Tie petrol must be clean,  and r.o ether decreasing averts are recoinr.ended! 

T/.c ?.a¿yietic bearings are maintenance free,  and they do not need oleening 

or lubrication. 

Lubricate the lower .ieuel bearing (3) with a thin film of ?. special Meter 

CU l'o. 2. 

The top pin bearinç noed net be lubricated. 

2.1*5»    Assembling 

"•«fore assembling check that all componente are perfectly clean. 

The first tc  be  asseti'bled are t.ie driving elements.    Frooced aa fcllowsj 

(1) Insert  tho   -orquc adjuster  cetweer. the voltaire coil and the voltale 

lamination cr  f-acl. electronajrct,  a-d fib  the moulded half-nut to 

the upper end of the adjuster  (?i,y.»  7). 

(2) Secure the ¿Tiide screw through the 4uadratare compensatine loop. 

(3) Assedile the vr.ltî :e electrctiiier.et to the sv.b-fra»e, by screwing the 

two steel screws into tie lower fixing holes.    Ilote: 1c not tighten 

at this stage! 

Oontd. 2?. 
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(4) Tfcrtad the inductive load adjuster   and the current electromagnet 

leads through the opening on the lower part of ita sub-fra»«.    Posi- 

tion rith tlie fixing scrors the electromagnet on  the frame.    Note., 

3c not tighter  at   bins stage.' 

(5) UM special  ''electr.--.acMt ¿;ap cause" and set tho electromagnet gap 

as precisely « rosaible.    Now, tignten the screws fixing the .l.otro 

magnat to its frame. 

(6) UM tpeoial "peles distance ¿jauge»,  and check that the diatance brt- 

"^ the outcr voltile poles and currort poles io correct. 

(7) Pit the moulded half-nut tc the Ion lead vane, and place it loostly 

ovar the adjust« shaft (1).   Note: Do not tighten at this stagtf 

Oontd, jo. 
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Í8) Asrenble the magnetic 3hi*ld, mê cheok that the half nut of the low 

load vane la correctly engaged in the s'ot at the rear of the shield. 

(9)  3eoure the magnetic sliieîd with ìì,G 3crew3.    Check that the outer 

Legs and the central tongue of the shield are in level with the cur- 

rent polec;    correct,  if necessary. 

Fbr assembling the ».bin frame, proceed as follows: 

(1) Assemble all the assembly sub-franee to the main meter frame, using 

their brasr> zc:rr>m:. 
» 

(2) Pit the indue five  ¡.oad adjusters  (2,  «Hr. 7)  to the sub-frames. 

(3) Solder th" vnita/r  «oil to the voltage terminals, 

fA) Place the rioter upright,  va pat the rotor assembly in the frame,  ap- 

proximately  ir  i i-.G   xirroct poiti'.cn.    I-iote;   '\> not drop iti 

(5) Very careful]-,   .:li^ the +op h^arinc pin  '7,  ?i~.  6)  through the 

fraine into  the t,_p ,.;ap (tt).    - ote;  'Jo not ti -hten thf ¿set screw (10) 

at this sta ;eî 

(6) Insert the lower jewel bearing and the ball inte the frame bush, and 

adjust the rotor lioc Leiert, ao that the disc is centrally positio- 

ned in thp e^ctrrr:,a:?iet gaps. Now, tighten the lower jewel bearing 

set screw (6),  am' slid* the iocatin/;, collar  (11) up to the frane. 

(7) U»e special "rotor endshake gau^e" and set the gap between the top 

oap and the top guide pin bearing. 

(8) 3pir the rotor gently oy hand,  and see that it runs true.    If an 

electromagnet is cut of alignment, raise or lower it by slackening 

the fixinc screws and adjusting the jacking screws (3) in the botto« 

fftoe o^the main frane.    Check again that the rotor runs true. 
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factor adjuatmont. 

(10) Plaoe the meter in the base   »»rt ,Ä oa3e» md :;e«ure with the fixing 0 

"o not place the *eter manually, \ 

fixture". 

crews. Note., 

out use apeóla]  "meter insertion 

(11) Connect the current and volt«* loada ^ their ^^ 

(12) Pit the «^ reei£teri má lightiy itm ^ ita ^ ^ 

Bau: * not tlshton at this stace: 

the .c^el is ,„«„ ,„3iraJ  ,lth the rotor mi    ^ tMti 

*oul4 .«,.„ te  n d9pth of betw9en 5o_   OTd TO   of t;u ^ ^ 

If the MSM;„ i8 £ati£f4,+<ryt  tl£;tm the ^^ to tte ^ 

" it 1. »t «ti^t^, wlow ,,,. ^ Mrw= hoHint. the w 

tin, pHtc, ,,, ,Weot  u„ MeUjiCi    ,,fcGn Mti£faoterj> pr9M ws 

locatif platc (l>. Hi 8) a€oln8t ^ fcart fiM rf ^ ^ ^ 

tighten the 3orews  (?}, 

Iilt6. .S«frrtoin* «h« »^^ t^j!^, 

¿titbit    ainffl>wffHte QyeloMter ^,»~. 

Pbr «ero «wetting, proceed a3 follow« 

(1) U.*. the two ft^ fiorew8 (3f ^ 8)f ^ tmQV9 ^ ^^ 

f~- the t*m, by sliding it forward.    Not., * ^ foro, u, 

Contd. 32, 
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I •'. 

(2) Ifove the locking plate  (4) towards the rear of the lejister. 

(3) Place the register face downwards, with the plate (4) to the right, 

and, then,  gently puoh the three rifVit-hîJi-J nur?!bar wheels out of en- 

gagement with their pinionc (5)t  and rotate their until a reading of 

444xx appears above the register cross-member. 

(4) Allow the number wheels to rs-eriease the pinions, and oheoh that a 

reading of 99?xx appears exactly in the centre of the dial aperture. 

Note« The wheels and pinions should be now free to move on their 

shafts. 

1 

(5) Hove the plate (4) towardB the dial so that it covers the ends of the 

spindles (6)  Mid clicks into correct position.   Ilo tei A click must 

be heardÎ 
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(6) Turn gently the two lowest value number wheals forward, to reach 

«ero.    Held the renter upright, „a „heok that al] numbers ohaflgt 

positively from  •» •?• n to OGOGO. 

(7) Check that the teat pointers (7)  are set correctly, in relation to 

the first nu-.her wheel   (o).    Ad,ust if necesgarv> 

(8) Place the rejeter on the meter,  and secure with it, fixing screw. 

(3).    UBe special "periscope for    wor» ashing adjuaW and check 

the aeshing, as instructed above in 2.1.5, 

Por dismantUîic the regster, proceed as follows, 

(1) Remove the test pointers (7, Fig. 8)| by pullinG ^ off ^ ihftft8> 

Note» Do not foroe themî 

(2) lend up the two retaining clips (9), ar.d remove the dial plate. 

(3) unscrew the screws fron, the chnngewheels bracket,   and reneve it. 

(4) Ifove the shaft locUn, plate to the rear of the renter,  and unlock 

the number wheek and pinion  shafts (6). 

(5) Remove the retainir- n^Hnxro   Oni   „v,i vÄ+^    >   ^ parings  uo;   and both shafts,  ac as to release 

all the nuaber wheels and pinions. 

Por cleaning the renter,  there are two possible ways,  depending on tfe 

equipment.    If an ultrasonic cleaning equipment is available,  the complete re- 

nter is to be cleared by immersion ir perolorethylene, without dismantling; 

tfttp washing  shake off free liquid,  and dry in clean air at naxi• températu- 

re of 80°C.    Alternatively, if such a modern equipment is not avi 1 able, dia- 

.antle the register and wash ,n the parts in tricMorethylene or perohlorethy- 

ene, after washing,  gently clean the hearing holes with sharpened pegwood. 

rfter washing and drying, brush lightly the  ;ear teeth with ,, BOft brish. 

3erM. M. 



Lttbrloation IR «it rc¡»ír*l. 

Por asawBbHnc, on-of^d au-  fulluwn 

il) Plaoe the r* ristai   fra.««« en a flat nurfaca,  wit.    th.  hrwlnr è*.r*f 

domwards  aiid thr  "tent pont« r on  t.*»c right hand aid«.      ove toa 

looking1 plate (4)   towria tJ-.r  raer   )f t.".T-  rafister, 

(2) ïnsart the pìair.  end of the nur ber wheel   ahai t   !(.}  f ¡ < -  tbt laft hand) 

ride,  ard thre;id  m the   ; ,inwa:.hers  {11}  \nC  four ìtumbar whaala. 

(3) AaaaeTble  the firtit n   ,:>ar übe«!  (:.,  Pig,  y)   arid impulse weight (2). 

TV  impili sr vj.'i^it   -aw  -   bore  t(¡ mstnh the  number wheel boas, and  it 

Xapolflne **jl«*«r Oa*t. 

tff.9 
muet be  antiembled norrrrl   aid* uppermost with the weifet  located  in 

the nun ber itfieol   sector,  between the minerals 4 and 7.    The countar*- 

balanoe woie'-t (3/ òr the sear wheel if located »3 shown.    Place tha ' 

complete assembly on  the nume*' wheel 3!.aft. 

(4) Cheek endplay of tbe number wheels,  und renové or edd the ahimwaahars 

TU,  Piff.  r0 ".'!"< "thf; left hand,    "otei 'Phe number of the uliimwashars 

depands on the endplay Î 
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«)  I«~t *. „:.,, „M ,„.  „,. fM( ari  ,h.   rr^   u    ^    ^ 

«A4 thraad o». f »r pintona  íK),  th.  ,on„ ^ ^,, t|>    u    ^  ^ 

(é)  Fit th* retaining sn-m,     !0)  >,•*«.„,   • 
*n<i 

pinion *n«f',  nakiar certain that 

their (fTovtB, 

«w  »prints'   1©, pa ,w in 

01 l-«« <•» r«rUt.r fH» K   „»t t!!,   ,lU plmt- j. ,,r^8ti  |-i 

»J th. .»«ml .htft ir  ti» <*«,„*..„!  br.-k.t. 

(»)   It th. dial put,    lu.j«ttr.-*c tw   :.   t 3fl,ff.   4,  „ 

•nd, than, prese dowr, tha raatinir^ CH 

•or« than 4^; . 

raet holeB 

ps and  deflect them,  but not 

(9) Replaoe the bracket and oh^wheels,  and tighten the .crew». 

(10) fet all m»b«r wheels to sere, a3 instruct*,  aiJCVe m v.1.5., m4 

raturn the looking plate to the oner-.tin r^itim. 

SiL^iS,    IwprRato Cyoloiagter Hartar 

l?or aaro reset tine, proceed RS follows: 

Ü) Pull off the connection clips at the actuator  (1,  »iç. lo),  and di, 

oonneot the operating soil  leads. 

(2) Slacken the tr*> screws (2),  3lide the rabiatar forward and 

from the meter. 
rea©va it 

(3) Place the re-iater upwarda,  and »eve the pinion ahaft looking lmr 

(3) towards the dial. 

(4) Dwpreso the left hand «nd of the upper dial pinion shaft (4), by in- 
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aertin* , ^,ifil   w,   -rPSBt  fin^f for ^^ ^^ .^^ 

the  iookin,    w  f3)   ^ tte actuator ehanfBcwr ^   ,^   and ^ 

ÄlÄ^^aLiliTiilnf ngrtgr «heel, to Bhrtw , readtl:f. nfr 

on   the  top w o»   th^rlrt.r -T^^p-p in thp  rtlnl   ^^ 

<?     p^   j&    ß)' 

6>.   i£y   ^   (£ 
(5)    Allow tho   pinions (ó) to re-en^n* 

that none four 

highest  readinß wheels shows h.-df nun¡büí¡ 

(6) Turn the register over, and place it uppenw.t. 

(7) Lift tho left hand end of the lower dial pinion shaft (?)  *> as to 

diñase the pinions (6), and rotate the number wheels to show a 

reading of 335« above the pinions (remember: NOT in the dial winde« 
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(») Allow the pinion- to rP— r.^    .„.., „,     , 
-   -**&, .u,i cneck  correct vr-,;;eaont. 

(9) ftove the lever (3) awftv *_„,„  .,     ,.   , 
•  UJ  away from the dial untj]  it olicfcs into Us 

reot position.    Note,  A ellek mnflt be h 

CCI 

(10) Hr Jfctatin* t,e Jifreatini  shaft  fm,  tHr.  • ,., twr   .        , 
•   <*   -'u..   «he  two  lo7«jt; nan ber 

aleéis forward on  th*» dial     <•,   ~„ 
1 '• •' n '    «'U   the jintuato*  (1 )  in 

the enerva position,  and repeat for the „ther dial. 

(11) ttieck that aii partB move :,(>w f 
x;y '  ancl  thl- the te3t wir, tero  (9) 

have correct relation to the fi,3t „wber ^el. 

(12) Place the register on the f,«.. md secure ^ ^ ^ ^ 

•crews,    .eoheo, the n.eahin, ,3 ln.tPtt0tod abofl ^ ^^ ^ ^ 

the locating plate  (10). 

(13) Hetzten the fixing screws, 
and re-cr»r.nect the actuator. 

them off the shaft«.    No tei 

ïbr dismantling prceeoà as follows: 

(1) Remove the teat pointers  (o,f  by puliing 

Pttll sently,  with no  force.' 

(2) B«. up two retaining clips (13), M llft off ^ ^ ^ ^^ 

(3) Unscrew the fixing screws fro, the wor.wheel bracket, and re^ve it. 

(A) Remove the shaft retainer (I4) to unlock the nu.ber wheel shaft, and 

»ove the locking lever forward to unlock the pinion oh,ftB. 

(5) Reaove the retaining sleeves and spring (15)  fro, the pinion shaft.. 

(6) loosen the stop lever boss (16) and spacer oolli 

aembly, and slide out flag arm shaft. 
ar on the flag arm as- 

(7) Unscrew the screws (17), and lift off the retaining plate (18). 
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(8) Withdraw slowly t.*-. nca.nr «Me^l  j'.afts *nd t*   pinion u tifia,  to re- 

lease  the gearwho-ili;,  ir-iTi'jer who-: ¡a   vnd pini« if. 

'¡•'or cIaan^ i«1 t."^re  v*   •*•   H! ierr-ativaa,   i<>>."Kti v -^ ev • ' ««-,1,     If th#» 

ultrasonic c eani?:..; r>qui i...« ; -   ' ::• iva', Lí^íP,  ramavo    :.».y  ti -   -»cbiator (1),  Mid 

w&ah th<? re i-ter ul traimi) LOHJ. J,V  I.» perón] i ft'.:   l«i.f,   «..•   i-.«trusted 1'.     . ¡,S'. 

abovo,     A.1 fcor<-';.tiv*-..l ,',   1'    -, .il   o-nnp  f;t   Ì      i'>;   rniU'^i   -'t « sitanti 1 tiìf «tait) - 

re.'isiter and clean  as i no true ted in    »!.('.•, 

Lubrio'tion ir  not.  rcquiv*-;. 

HV-r* aaaenblinr,   pr>  ^ofl %¿  f> I   o»es 

'I)  AsjeTTible nunbsr wholly t<.  thalr abat ta,   ma i>r«9t- the spacer oollar» 

(19,  Fig. 10)  ont   .vmftJì to  M¡* ^ TI 't 'lìstarar.     'heck th* enlplay 

and remove or «dl 3!.i-»ra3iiurs at t1 ••    i*ft .Mid ^3. de, M   lec^s ary. 

(2)   r-t>r    ach thaft,  vl>*e» the  ,->¡ar (?( ;   rn V- It-,  ¿un r*ars, and  ali*« 

¿top waeel  uni r Into positi OP, 

(*,)   ?it ru'-sem1»!-' oc  in'*? r».;i«< ter  "rare,   ai id  an^omb'* tii*» dial ple.%«» 

bendinr r*>t,v.olr.,<-- clips   r;'5)  ''Ver,   r%t not more-  tv<aii 45  . 

(4) Plaoe renrt'T en the ben oh  fv.e lowr.wiris,   imi   a3:'*mbl<» four nunber 

pinions v.r H'i.b pi.,:r,!i abaft,  with   len-r JO«, s e 3  t. * arda the soaoa ool- 

Lara  (19),  and *-'. <tc* i^  position.      "hread on  retaining   plate  (18), 

and secure wit     «if acre*.    "oto:   ¡«uriner tnia operiti on, the leaking 

lever  (J)  should bt  in unJocked position, 

(5) A»3e«¡a<? ¡..prints 05),  nr l fit retaining pi «tie alee-vaa to the «not 

of both pinion shaft».    Oh»- V that all pinions are fr*#. 

(6) Asacmble <*" eotroraa*,'n,ut bracket, and secure with screw» and «print 

washers. 

(7) "uread the  f"> a/- arm assembly  (S)  ^.rouK'   ih* plat* (13) and the 
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rt lster 'rom". 

(8) AIM*«!* spicer Pillar  tti)   and stop lever (If)  orto  fia; arm,  so 

that the   »«su ;.r,  thn •••op j ov„r FX>J(iCt3  Mart's the  ila- an,; ajde of 

tho  remisier.     : ^:tir>r tv-•>  -to   !-•• /   iv tut  V«  -IMC «m^-i^  thc 

teeth   >n   *h* "  . ç    •' - ,' -,   jyr-   UjMl^   :it. cure iri th one  aorew.     ^hcoV 

that t'icM CíIMTJ,'    <"iaf ar~0W3  »wear in   ,h<¿ dial   wind.-w, md  rvljust if 

inoorr«ct.  Ti¡*< ten both stop lever iorowi:, 

(9) Pit flac am spring (21).    Caution»   F!a(j arm and jprinp as shown in 

Pig.  10 arc for the »anrfçifco for urpcr di-J« frrw of rioter,  while 

in  •energise fer ¿ower dial*   renters,   the spring ie above the flag. 

(10) Check flag arm spring force. 

(11) Assemble »haft retainer (14)  and actuator (1),  and secure them with 

screws and aprine »isbere.    Voi*-.  >; neb tighten tho aorees before 

fcdíUEtiriK th* i\r-Viator   m -«.ts ^racket -.¡o centre ite operating arra in 

the  slot of the  fiafc an»  (l>);   r^.^-tok  rjr, i tighten t'¡<> acrome. 

(12) Adjust the settiT* tf  the operati::,;; irr  so that, v/>^r the armature 

la attracted te  the oore,  tho arm is clear of tìm 'îiaw on  the flag 

arm,   and,   wr.en   une  .arature is released,   th? armature backstop is 

just olear of    he actuator el eatruma,"r.ot yoke.     'Hile will ensure full 

travel of the looking arm - check i Lì 

(1}) Check taM  oto.   v.eeVj ore It eked against s iiteady  turning foro«, in 

•ach dìrectiun.    IV t-iey nre not looked,  ehe'.-.k the uprinc foroee, 

and, if nacesaary, correct the siape of the stop lever tips.    vptft 

The wheels mußt bo leaked.' 

(14) Assemble pointer s'.ai'ts (2? and ?3)  and  the differentia] ahaft (8). 

Pit test shaft bracket (24),  and secure with sorews  (25)» 
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(15)  nmtly push the pointer» o»to tho saafts,  au that the pointer bosses 

do not touch the dial plate.    Note:  Do not bend the pointera or shaft, 

If the 

follow«! 

electromagnetic actuator has been dismantled as well, proceed as 

(1)  Assemble together the noil (1). core (2)  and yoke (J)  of the actua- 

tor (Fig. 11).   Note; Take good oare «nd cheek that ••Has surface» 

the magnetic circuit  are olean 

Fig.11 
<2) Secure with s«rr» M), and,  wMle tightening, held the quad-loop 

square (5) with the yoke. 

(5) Place the armature in position, and check that it Beats properly 

along the face of the yoke,   ana that its tip is in contact with tht 

oore faoe.   Not"?: Des not secure at this stageî 

(4) Check that the coil aurface ia aligned with the ground end of UM 

yoke.    Note» Tnese parts are ground in pairs,  and muet not be afaed! 

(5) Ut spring plate (6), insulation  (7) and terminal block (8), and 
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•ecure with tuo screws (9). 

(6) Biread the armature retaining plat« (10) over the armature assembly, 

and place in eerreol position on the yoke.    Insert two screws (11) 

and look-war hers  [1?),    N_ü£i  Do noi; tighten at this sta««! 

(7) Slide öpecial  "arfltoatare feeler >jau|.re"  between the fomatnre and the 

yoke, ard preso  tne armatme a.vunst it.    Press home the retaining 

plate,  and tauten the fixing screw.5. 

(8) Withdraw -Wit- fooler Ka>.ignt   rW fit the spring (1>). 

(9) Check the clearance between the backstop and the yoke, as well  a« 

the sideways movement oflthe operating lever fixed to the armature. 

Adjust,  if necessary. 

(10) Test the soil insulation between leads and fraae,  and/or measure the 

insulation resistance. 

(11) Pit the assembled actuator onto the register, as instructed above. 

2»!.6.5.   Pointer Dial Register 

Basio layout is given in Pig. 12.    Pive pointere are in-line, while the 

one with the lowest value is of set. 

Cleaning procedure is the save as for the single-rate oyoloaeter register, 

desorlbed above in 2.1.6.1. 

Ko lubrioation i» required. 

For assenbling, proceed ee follows* 

(1) Ineert at first the higheet reading   pointer shaft (1, Fig. 12)« sad 

then the other shaft« (2, 5, 4, 5, and 6) into their holes In tne 
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bsokplate.    Mote: The lowest reading pointer shaft has a bevsl gsar, 

4 
which must  face away from the dial! 

(2)   Assemble the front gering plato (7) and dial plate (fi) to the 

base plate (9)  and secure  v:ith  four screws (10), 

(5) Position the first five pointers  (11) into their in-line holes, and 

use the sixth red one (1?)  for the dial printed in red.    Nptei At 

spindles should project through pointers, but pointer bosses must 

not touch the front plate;  check this! 

(4) Asssmble gear train and bracket.    Check oorrect meshing. 

(5) Aftsr assembling, turn all six pointers to zero, and ohsok shafts for 

oorrect sndplay.   Adjust, if necessary. 
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2«1»7.    Servicing the Maximum Demand Indicator 

For removing the maximum demand indioator from the meter, prooeed as 

.low i 

(1) Switch off supply before opening meter case. 

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

the nameplate upwarda. 

(3) Diooonneot the leads to demand indicator operating ooil as «ell M 

timing unit. 

(9) Loosen the screws on each aide of the indioator, and the oaptive 

sore* in the damand dial. 

(5) Lift the retaining latoh at the top of the indicator, and draw indi- 

oator gently forwards, leaving the energy register on the main meter 

frane.   Note: Taku care not to damage the register! 

Tor dismantling, proceed as follows: 

(1) Detach the energy register and timer. 

(2) Remove the i° o^tn-!• rnètic r-tetor. 

(3) Remove the screws holding dial and namoplate, «and alno the oaptive 
V 

screw (1,  Fig. 13), which if to be pulled out and unscrewed. 

(4) Position the pointers  (2 and 3) ac half-scale reading, lift lower 

edge of dial over zero stop (4),  and aliue very carefully dial over 

the ^inters,    hi ternati vely, rotate dial clockwise through 90° after 

lifting over thd zero 3top, so as to permit one edge of dial to drop 

between the upper fixing pi111ars. 

Now, inspeot and examine the whole «eohaniaa.   If it im neotssary to dis- 
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(5) Rénove the alarm device. 

(6) Remove tapered pin securing maximum pointer spring, then remove the 

ratohet spring (5), zero atop (4), driving pointer (3) and aaximn 

pointer J2).    Note:    Take oare not to damage them! 

(7) Remove tapered pin securing the driving pointer spring, and discon- 

nect the tension spring from the detent mechamism. 

(8) Remova the tuo screws molding the baok plate (6), and take gently 

out all the moving parts. 

Cleaning proeedxire depends on the equipment available, as fcr the energy 

remitters.    In general,procedure is the same as given in 2,1.6.1. above. 

After claahirrjt  take cere not to handle the demand indicator ratohet 

teeth, but use the tweezers. 
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No lubrication is required. 

for assembling, proceed aa follows: 

(1) Scarnine the spring on driving pointer shaft (7) for concentricity 

and squames». If it is satisfactory,  assemble and check that end of 
t* 

aping is aliened «rÇ-f-v. ^r.r1n.~ >v^ +       w + „,-t+v  4. 
* l    -     -*     • A wlth taPer pee and square up. 

(2) Check the Pippin, tor^e ef ;,ll)tch aSßombly (ö)>    If lt ^ ^^ 

to«, place the shaft assembly in position with the set screw at 10 

o'clock, viewed from the back of mechanism. 

(3) Assemble detent lever  f9) and detent oprine (10), bevel gear shaft 

(11) and backpUte (6),  and tighten the fro screws.    Check endplay 

of .haft and detent spindle; if it is satiufaotory, aquare ^ pu8her 

pointer spring. 

(4) Fit demand indicator pointer, and examine setting of the spring,    if 

correctly aliened with the spring post, fit with taper peg and square 

up..  With spring pegged, pointer should lie at 2.50 o'clock, viewed 

fro« the front of mechanism (?ig.  14).    check the torque both at zero 

and at full aoale, as prescribed. 

(5) Position driving poxu^r,  mu secure with set screw on to the flat 

side of spindle.    Check that pointer lies above maximum indicating 

pointer at 3.30 o'clock, with spring at zero deflection.    Check the 

torque at zero and at full scale, as prescribed. 

(6) Atea«* tranafer lever with detent lever, and check proper operation. 

Adjust stops to give necessary meshing depth end clearance. 

(7) Place mechanism it its normal operating position, and tap it gently 

to oheok eventual movement of the pointers for zero spring torque. 

If aatisfactory, then, now without tapping, deflect maximum pointer 
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clockwise, and release slowly.    If the pointer s top 3 before position 

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

• 4 

*Lg, 14. 

(8) Deflect driving pointer clockwise, holding maxinurc pointer out of the 

way and detent out of mesh.    Helenen slowly,  and see that the puah 

pointer reaches position of 5 o'clock, otherwise friction is again 

excessive and it Must loe corrected, 

(9) Deflect both pointers clockwise beyond sere scale, fit the zero stop, 

and tigli ten the 3crew. 

(10) Pit ratohet spring-,  and secure with a screw and lock-washer.    Check 

that it engages the wheel correctly. 

(11) Check action of reset slide, 

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

so that this lies between the yoke and the armature stop,    Pit the 
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look-washers, and tighten the screws. 

(13) Place dial plate with pointers ar half scale position, insert screws, 

and, if the adjustment is necessary, centralise scale on maximum 

demand pointer,  before tightening screws. 

(14) Check that pointers do not foul the dial or each other. 

(15) Check that ratchet sprine is clear of dial. 

•;i6) Set pointers to zero,  and check that head of screw in clutoh boat is 

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

(17) Pit internal timer, and tighten captive screw. 

2tlt7.1f    Timer for Maximum Demanu Indicator 

?or dismantling, proceed as follows: 

m Ralaaa« worm fl. Pig. 15) and worn gear^and gantly alida put apindla 

(3)   ilote:    Take care not to hend^ih! 

Fig. n Con til, 48. 
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(2) Remove sorew (4) holding topéate (5), and lift it off to raovt 

shaft assembly with gears (6,7» and 8). 

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

off complete olutoh assembly (10), 

(4) Remove motor worm  (11) 

(5) Renove screws from the motor rear plate,  and witdraw this with the 

rotor.    Note:    Commencing with this point» further dismantling 

relates to the motor only, and it may be continued only if necessary 

to inspect the motor.    In this case, proceed ae follows: 

(6) Using a non-magnetic spt.nner, hold the rotor sleeve by two flats 

below the ma -net,  and unscrew the cap and magnet.    Note:    Take good 

oare not to touch the magnet with ma'jnetio toolsî 

(7) Unscrew the nut,  and withdraw the thrust washer and rotor sleeve. 

Under normal conditions,  the motor bearings would not require attention. 

However, they should be replaced only if the motor does not start properly at 

approximately 80J: of the lowest marked voltage, or if the unidirectional pawl 

operates sluf&ishly. 

Por cleaning the timer, dismantle it completely and wash all the moving 

parts (with the exception of the motor) in perohlotethylene or tri chlore thy lene, 

and dry them.    Carefully clean the silver contacts with a burnishing tool, but 

dé not use abrasives, 'lean out bearing holes with sharpened pegwood or nylon. 

Lubricate the motor sleeve and cap and the motor unidirectional pawl with 

Meter Oil No, 2, gear train pivots with Roool Mt 380 Grease, worms and worm 

gears with Roool Moly 300 Oil.    ©ther parts do not need lubrication. 

For assembling the motor, prooeed as follows: 
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«) Btfta. -».Mltí, X-taio.*. ». mlfatl0Ml. pawI  ^ th, imn 

ln.id. the aotor Sle,va beari„£ «to ,eter oll ^ ^   ^ ^ 

«Mr. not to CTt oil on the sere» threads! 

<*) i»«bl. .!.-». to ah^ft,  m„ m !;lrnot „„^ !md nut_ 

(3) W toe rotor cap epwi „ ,lpwi3i   uioBMe ntost( œd top to 

•Ml into raoe,s.    Careful put t„„ OT t.c ^  ^ ^ ^ ^ 

»o. 2 i, recess,    g^,  Take ^ ^ ^ fc  ^  ^ ^^ 

(4) m,u ». slM,e «,„, n„n.^etlc 4pmMi Mid aan th(, oip onto ^ 
,!«„.    9.ftr, tighten^,   tan the oap bMkward3 ^ ^^ to 

S»t out the entrapped air. 

(5) Insert the rotor into the stator, and screw on the two fixing 8Crwi, 

Ufite«    Do not tighten,  at this atase! 

(6) Hold the motor witn the spindle horUont*. and the unidirectional 

pawl at the left,    ^m the rotor backwards, and check that it doe. 

not remain against the pawl. 

(7) Repeat the above, with the pawl to the ri*ht     T> *-» x  w • rignt.    if nocesaary, rotate 

the .tator frame between ite coping plates for about 3°, and check 

•«»in.    ImmUr that the best starting performance is obtained when 

th# rotor oon.es to rest well olear of the unidirectional pawl in each 

po.ition, and this must be obtained.    ffhen ^ u ^„^ ^^ 

the fixing screws. 

Pbr assembling, proceed as follows: 

(1) Reassemble the gear train, and apply graphited grease (Roool MT 380) 

to the pivots. Insert into the bearing holes. Note, Check that all 

are greased before inserting. 
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(2) Set all worms    arid gears on thoir spindles,  and check that gears 

raosh correctly under  ali   conditions of endplay. 

(3) Take a cloni) brua^i,   f¡nti  iuply oil  (Roool Mc.ly J00)  to »orme and worm 

Sear;*,   but noi, cxoeatiivaly. 

(4) Check   ,he toviiu,: ,. f ;lutül; ..lip^in^,    Adjust, if necessary, 

(5) Tako vi racler ¿.aigo^   and carefully oheck the claarance between the 

anti-baoklH3h spring and the boss of th* clutch.    If necessary to 

adjust, proceed in  fcho following amrer:  rotate alovrly the clutch 

bo3s and ensure that,  the dosilo. rS.vec oor.tactB the anti-backlash 

spring when tho contact finire are just slightly overlapping the 

tripping on:-; f/»«•?. 

Por contact setting, proceed as follows: 

(1) Set the inner contact spring so as to drop off the cam, when the 

indict.tin^ arro.,' is vortical (Pig. 16^.    Check the pressing foroe 

on the coro ¡r.f-iör drop-off. 

(2) 3e-fc the outer contaci, spring: so as to give correct detent times in 

seconds for d'*nw>.d intervals of 5» 10,  15, 20, 30, 60 and 120 minuU. 

as quoted below in '.Labié 1 "Correct i'etent 'Ciraes". 

(3) Using a feeler garvre,  fix the moulded support blocks so as to main- 

tain correct contact distañóos, 

(4) After setting, check that the contact springs are properly aligned 

on the centre of the cam. 

(5) Using one foelor gtuge, oheek the alearan*« between the contacts whn 

open, and with another feeler gauge check the olearanoe betwwen the 

contact spring tips *hen closed.    Adjust, if necessary. 
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Tabi» I. OOHRBCT ÛETHiT TlifBS 

Deaand Intervals (Minutes) 5 10 15 

6 
 __  

j 20 50 ¡ 60 ! 120l 
Demand Haca (Ssoonds) 

2 4 
i 1 1 6 

J j  
12 1 24 ! 48 ! 

1.  .1 

CAUSONS    The values quoted f < r the demand  tiaes in Table I are appU- 

oable to one mater, developed by an expert of the United Nation».    Ftor 

any other make,  the values „*•   olightly vary,    Therefore, the Tibie i. 

given more as a pattern to the application engineers, ainoe they will be 

expected «nd requested  to m%ke their own servi oing manuals, as already 

emphasised in the introduction of 1MB ohaptor. 

r. 
"•  • Tul     í     i «         

Otattcte 

After contact setting, per- 

fora the following testet 

(1) Check that the aotor 

•tarts and runs satisfactorily at 

90% of the lowest rated voltage. 

(2) By using a synchronous 

elook, cheek the demand intervals, 

i.e. tiaes between dosing the oon- 

taots and the detent tiaes, or con- 

tacte open time.   Note; Synchronous 

olock must operate from the seae 

Wg. 16. 

2.1.8.    instructions for Calibrating 

After overhauling-, the meter aust be re-oalibrated, particularly if soae 

of the oonponenta or sub-assemblies   have been replaced, and/or the elsctroaag- 
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net gips have been disturbed.   In addition, it may b« neoessary or reqmosted 

to re-eali brate the mever to suit soae S.T. and V.T. ratios different fro« 

those originally used. 

Calibration is to be done with regard to the following pointai 

(*) J—t Constant.   Work out the test constant for the meter fro« the 

revolutions per unit of the energy register, by using the following 

formulât 

Tiae for one revolution   « J§oo, 
W x R 

seoonds. 

Inarms    W   «   Power in kff (simulated by the test circuit)! 

R   •   Revolutions per unit (nameplate data) 

Using this formila, cai oui ate the timo in* seoonds for required msiber 

of revolutions, i.e. 20 or 50 revolutions for full load tests. 

If the revolutions per unit are not given, to find the vaio« 

use the following formulas: 

R/kWh 660 x 10 
n - I 

3 
or R/kTfc 660 x 1QC 

7x1 

Wherei   V   »   line Voltage 

I   -   Current rating. 

0>) Shunt Balano«,   apply the rated voltage to each element in ton, 

and, with the ourrent oirouit open, slacken the low load looking 

sorew, and set the low load adjuster so a s to give a balanoe of 

forward and reverse creep, i.e. zero oreep.    If this operation la 

to bo done more rapidly, remove the brake magnet. 
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(o) lorgna Balano».    öiergise the mater ao aa it will be usad (e.g. for 

a tfcraa-phaae three-wire oirouit apply three-phase voltage in the 

oorract phase sequenoe), and apply nominal full load at unity power 

faotor to each element in turn.    Measure the time of each element, 

and compare the figures:    if the figures show that the elementa are 

appreciably unbalanced, adjust the torque balanoe by operating the 

torque balanoe adjuster (one burn in a clockwise direction will in- 

oreaae the torque by approx. 0.7J¿). 

W Poll Load Unity Power Faotor.    at the brake magnet as inatruoted 

in 2.1,5. above.    Apply load to all elementa, and adjust, i.e. po- 

sition the brake magnet so aa to give the desired apeed.    ïtor this 

adjustment, prooaad as follow» i 

1.) Using special "full load adjuster gauge", set the divsrt 

screw so as to give correct distanoe from the underside of 

the head to the magnet casting. 

2«) Slacken one magnet damping screw, and oalibrate the meter 

to f lf> of oorreot speed by rotating the magnet (use sped al 

"brake magnat coarse adjusting tool").   Clookwise rotation 

will increase the meter speed, while anti-olookwise direc- 

tion will slow the meter down. 

••», tighten the damping sorew, and check that the rotor diss is 

•antral in the magnet gap.   Then, by turning the divert screw, cali- 

brata the meter to the required speed (clockwise turning increases 

Uta meter speed, and anti-olookwise rotation decreases the speed). 

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

sorew, and adjust if necessary. 

<*> Xndttotiv toad.   Apply full load at 0.5 posar faotor lagging to each 
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•líaaalt, «tutte induttiva load adjuatar (by novi»* «ha aborting 

•la»») ta fLva «xa eorraot ragiatratioo.    To inoiaaaa apart, tilda 

tha ahartiaf •!«„ te ta, 1#£t# ^^ -wlB||lt ^ to# rt|M wiu ^ 

tha Mttr domi   obacrva «hat fea affaot on tha apead la approxiaatal? 

U*m*.   Ho», apply balano«* load at 0.5 potar faotor la«*»*, and 

ahaak that tba ooaiílu-4 «rroi i# within lialta.   If aoaa adjaataant 

ÌB aaaaaaary, rapati tha abova prooadura and mova all lndvotlva load 

•*J«»tai» by tha sama amount. 

it) 

Uà» 

îha low load taot point is V»th of tha »aricad «mat 

•t aaligr »ovar faotor.   Applj thla load to all alaaamta elami- 

t ••», aaU« apaaial tool »aaflad aorawdrlvar for »atar aali- 

>•. aijmat tha low load adjuatera co M to obtai» tha raaxlrad 

.   Mavantat in a olookwita direction lnoraaaaa tha apaad, ahila 

'tir alata ala« dlraatioa daarwasoa tha apeod.   Aftar adjattiaai. 

tha loaning aorava and ralock tha adjucbara. 

(«) .   fearglaa.tha Miar at tha aarkad volta«a tad i-o^imay 

ta* a fariod af at laaat tao honra bafor« taatin«.   Chock that tha 

falta«, asá aarraat af tha taat aoppl/ hava ainuroidal wava-fora ani 

••mat sYaamaiay.   For ravolatlon taatin«, ra« tha 100 dirlsiaaa 

fatata* a« tha nppar rorfaaa af tha diaa, and ooapart with a mb- 

fcr •troboaooplo taatin«, ••• «ithar 400 alata aaattaal en 

••«• Pt tha dlaa, or, Utataatival*, aaa tha 200 diviaierv 

***** »t tat «411« distar,   4o lot una 100 dittai«.». 

a roatlaa Jab, 

•*th tha valaaa af eortlfiad 

*••» »f aarvaa, with tha paraaat 

t, 2) ratad val taja, J) 

m a 

-4 4) 

t» ha 
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•U» *Ml| 

«U «MUNì 
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2.1*10.   Stori» Instructions 

If the original packing is not available, prepare the followingi 

(•) PlTlrfî *-" Temperate Zonta i 

1) Oven dried silioa gel; 

2) A polythene bag (to contain the aetar together «itti the saliva 

«•1), the opening of which suet be heat eealed; 

3) A rubberiahed hair aould (to enclose the meter in ite polytaaae 

bag)» 

4} A oerdboerd box (to oontain the hair aould); 

5) A gusved pep/ier ataip (to eeal the eerdboard bo«)} 

6) A label to be affixed to the box, giving the bade inferaatlea. 

1)later resistant paper (to ooapletely entrap the aatar}. 

proceed aa in (a) above, (l) to (3). 

t) A polythene bag (to hold the rubberlahsd hair aould ). 

Mel the bag, «id proceed with a oardboard box ant a 

•trip, ae in (a) above, (4) and (5). 

J) A wooden box ito  »noiose the cardboard box).    Saoure it 

a label, ae in (a, 6). 

Taea, baat 

tai affix 

If original paokin* la available, aee it and affi* UM labal. 

Far a long-term storage, observe the fellnaUgf 

I) 

*) 

3) 

sust be stored under conditio« 

and the taaperatarc la within a 

etora v llxdting period is five 

anion have been in store for five 

aallbratLon check. 

I°C ta •56°C. 
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Cïwok «M lin« volt** mi loti 

«»mt| if ooatid«r«hly iaov«*- 

••*! this Mjr b« tfe« OMIM.   if 

|   O.K., oh«ok tb« fr«iu«n«/i if «. 

I   ttoU«, «kiii BMar bt UM Tiìtim 

j   If O.K., oh«ok «M rMl«««Mt of 

*• fO««tiftl  «Oil»,  «A oft;!,* 

M iMtfflMtM ill Ctlifcfftttia. 

I  *f 

*•*• *"••.   If O.K., 

» Itala« If «Utartti, 

Nr ofwfttiaf mm aija*» 

•Mh «1«MI% ia tan. if 

O.K., ohMk *• 

ia*Mtiv* lo«dat to« hlgiw ^«tf 

•o «ft* tf» 

aw* I» 
I 

Mt U 

fMMÉMtf 

Mk« «I «til 

I  if «*«? 

O.K., «MU ti» 

i.   If 

•f 
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ia ta» 

vmt patha i» if dlM. 

i 

potential ooila, and adfrat. 

Chtok ih« dia«, «ad «naur« that 

th. contrai aroa i» iaolatad 

froa th« ara. tsidtr th« poi«». 

fetori!»« torau.  j   chant» m il» li«, *>i-      chaok th« lin. tolta««, if 

•rratio. tag». 

ChM«M in th« loti. 

QMAffM la «ft» Mttftftfe 

of «M orafe« aaajMta. 

aidarably incroaaod,  this say b« 

th« oauaa. 

Ch«ck for axo«aaiv« orar load; if 

•xiata, thia may b. th« 

i   Chaok th« atrangth of th« 
! 
I   »amata i    if wêk, 

r«-aga and stabilia« th« 

»•*«•• in th. reatan«« j   Ch«cà th« w.i atanco of th. 

of th. dia«. if ohanffad, eh«ok for th. 
I 
1   aal toaparaturo of th« 
i » 
|   and, if ii)or.aa«df oh««k 
i 

j   paratura ooraponaatora. 

41 a. | 

lata*- 

Jmrml ffUtáam of th.   ;   Ch.ok th. both boaria«*, «KM« 

•»viae part«. pina, pia homaiaaa asá 

halli if 

Proaonoo of a» additional 

atJ»oaia la «aim th« *©1-     atraotad i« awuw^^ 

and current 

n. 
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brought up to the    4a«. not run trut. 

iPNd. 

Chex* the alignment of the ele- 

••nte and the height of the 

WBC.    Re-po.ition the di.o, 

brake magnet, and elementi. 

Unt or a^.tic particle.'    Check and clean thoroughly, 

Wtw. brake masnet- and      u.tng the air stream. 

Also. 

Ooide pin(.) mm. 

»tin jewel. 

«•eked or *eu£h. 

Cfceek and replace. 

Check and oleen, as instructed 

in 2.1,4. 

Check and replace. 

Ï*P« &LU bearla* pre«-       Reloaae and r«».dju.t 

••4 down on shoulder of     i 
i 

•pindle. 

Ubdue frietion in UM 

rejlrterlac        regi éter. 

«MieUM 

la «Mi.   Kth the reite* 

eelle IMNM la faniui ^ 

«ili in eerlee oeeeei- 

«Ukm 

A»td. 60. 



- 60- 

2.2.      IdOVDlfr COIL AMBUSS AMD VOLTMETM'; 

?.?,;«    gonifr-uotjon Df^lf »fld Strilli 

•onerai Information.    This instrument la baeioally a d.O. permanent aegMl 

aoring coil indiostor, with applioation aai    a) low-ring» *oH»»ttr, b) eaneter 

(with or without an external shunt, depending on the ran«»)» o) •illivol'taeter 

and d) milliannetar. 

Caaa« Oovtr and Tamlnala.    The ooaplete InstruBent ia aocoaodated la ft 

waterproof, lobulation lined, steel oase (1, Pig. 17)» «nd bears en the seatln« 

mmmmmmlm mmmmmmmm^immmm 

«I. 
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spring stsel ring (2).   Th* assembly is retained by a «oft-metal scaling »ire 

(3). «hioh Is eoldered into correct position   to Maintain a sealed condition. 

A two-*ay terminal blook (4), with earthing ta* (5), oonnects the instrument to 

a «Irin« syst«.    QM terminal block is a phenolio moulding, resistant to atmos- 

pherie corrosion, while the terminals are made fro» brass, and are tin-sino 

plated,   übe «over window (6) is nade of heavy gauge toughened glass. 

pent md Mowing Elements.    The complete mo ve» en t assembly oonsieti 

of a mowing element (7) and an Unico IV permanent mahnet (8).    The moving ele- 

ment is a eoli of a fine gauge oopper wire, wound on a light aluminum frame. An 

aluminium-tube pointer (9), silver-steel pi voti and phosphor brome oontrol 

springs eomplete the mowing element.    The mowing element assembly is pivots* 

»etween the two spring loaded adjustable ¿ewsl bearings, which are inset in the 

top end bottom bridges of the movement housing.   Ike ooil of ths moving element 

•wings la a gap formed by a soft-iron oore and pole pieoes, which partially stav 

rommd the core.   One eni of the permanent magnet fits into a reoess in ths was«, 

«felle ths othor eni fits iato a reoess in the yoke, whioh also eaolosss whs so** 

mndpslspl. 

Ths oomplete movement assembly is seoured to the top mounting plats (M), 

«Mah mise earrlee the top bearing bridge, while the botton bearing triage is 

to pillan projecting from ths lower ends of the mounting plate,    two 

steps (11) and (12) are seeursd to the top bridge. 

Indiantln* Saales.    The two Indios tin* lóales are mounted on pillars 

CO)^ tarried on the top mounting plat« (10).   4 olip on the underside ef the 

top sfel« (14) «nga#ee in a groove on one of the pillars, so that the levar 

Mal« (Ì5) 1« Mowrely held la position, when both seal«« are fitted,   fee aitm 

•««Jes sc« preprinted tala alvjdnlum plat««.   Two sor««« (16), with their 

lMmw«sjhtrs (17), passing through e»th »sales, seoure them tt the pillars, asm. 

J««tU* flwa «a« «nesting plat«. 

vlmnta, on* 
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Mounting Parfr.    Ili« ooaplete aoTtatnt assembly li aount«4 on four sptoen 

(18), fitt«d io th« four pillar» promoting from the aould«d support (19)» sud . 

It ««our«! by th« nuts (20) and lookwashwrs (21).    The aoulded support it ••our* 

to th« and plat« and terminal block by special safety nuts (22) and lookwashtra 

(25). 

âBttal* Ih« spools (24) ar« Beoured by «or«*» (25) and lockwaahor» (26) 

to th« «pool Mounting braokwt (27), whioh is eejured to tao poi« pi««« by »pool 

bracket retaining »or«w» (28) and spring wa»h«rs (29). 

2A.2.   Dlsnantlfrng for Maintenance and/or R«oa|r 

B«for« dismantling, obaarva absolut« cleanliness of work bwnoh «ad tools 

to bo u»«d, and oheok wh«th«r th« instrument ha« b««n delivered with « bistec? 

sb»*t or SOM r«oord, whioh nay indicate any p«rt or point requiring particular 

attention.   "Bien, prooood as follows« 

(1) Hold th« indioator firmly, and, using spooial wlr«-pli«rs, nam ths 

«ealingwire (3, Fig. 17). 

(2) Release and withdraw g«ntly the oonplete assembly until it is pos- 

sible (Motet    Do not   «*«rsl8« an excessive foro«]), to take out th« 

«••ting ring (2) from th« eas« (1).    Now, gently withdraw taw) aaia 

nain assembly complet«. 

(3) lawove scale retaining aorew« (16) and their 1 

•ff ««oh item. 
(17), 

(4) asnov« the upper soale (14) «nd th« low»* «oal« (15), twMa* fata 

s»t to dene** the point«* (9). 

<*l)t 
(I) **se*» the safety nuts (20), along with thi«r 

th« teninal tag (30). 

Oontd. 63. 
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<í> tao*, th. .p«! »Uinlnt «„*. (25), ,loog rtth ^ ^„^ 

(26), «ad detach the spools (24). 

(7) taon th. .poi brachst screw. (28) and lookwasher. (29), te r«ove 

•pool »ounting braoket (27). 

Msneot th. above di^u* cénente and assemblies,   pother dis..«*. 

li», d*«d. on th. extent of the neosssary ^air, and it is to be don. on a 

•Pt*«l order.   Th. r.«on for thi. ii the following IüMIKO. 

Operntor. and service»« are warned against Mantling the movenant 

assembly down to the movine element,  « the indicator is fitted with 

» preprinted sole, whioh requesta a special technique in deteming 

th. relativ. po.ition. of the oore, magnet and pole Usee to estáb- 

il* th. required accuracy of indioation.    If the movement is faulty, 

it mat be returned to the manufaeturer for replacement, since th. 

«wremnta are dispatched with a saturated aacn.t, BO that the igeine 
must be oarried out during adjustment. 

If the tp^ai order for ^^ áiwmtDtlins ia giveat preo##d M miomi 

(6) Rai., the movement aa.embly gently on the pillar, until it is mossisi, 

to haw. access to unsolder the connection to the botto, bridg. tw.1- 

»•1 *•« (30).    Note»    Take care not to damage the oontrol spring.' 

Now, remove foia.' -cacera (13). 

(9) Raw. the safety nuts (22) and lookmashsrs (23), and remove msmtly 

to. moulded support (I9). 

(10) ftemore terelnaJ som and wisher assembly (51), along with slotted 

•f* (38) «d lockweshers (33), two off eaoh item, fro. 

Mwk.   Row, remore the tendnal bloek. 

(11) «a mors end plate, »solder «mnneetions. 

oootd. éd. 

m^Êàm^i^^^^m^^m,^^^^!^^.^.      , ,,,.... ^_,^  
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Far plowing, prooooA oa follooat 

(X) Botava olaoniaf, 

(t) DM »orto» to 

aata*   Sfjft 

•11 Mtel farta for 

all Boitlo adhwrlng te ttmli of 

«at tho aootoaa feoo no« MM late 

or inaulatloaj   Aftor elowlnf, bole la a ¿at 

aarplao oolvoat. 

(3) InoTt all *uot o*4 aarUoloo froa tfco oaoo, vaia* a ooft 

(4) out §M) «ita » fiat jo* of «loom try our« 

CS) Par oloaalw« tao ¿oaal M la 2.1.4. 

It 

•vor.   If too flaoa 

la aa iatagral port of 1 

!• doaafl, It aaot U 

»4 If 

Hjto,   If oltaor port it or oofaotl*o la oaf «•?< 

taaat oo 

I.   » 

it oaooably «not at fat t* 

it it aafaotfcta, tao 

ta • 

í,2.í. aawa. 

MilotJaàiffif£>   If tao fautor oftjvatar it 

«f «oft *» •••floto tat fiata aaaortly aaot ta rami not« 

fart of tka aaal for tao oaá fiata. 

aofaottola 

•   »*• 
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¿flËOndMI*   It **• Jewels are oraeked or rough, the «hol« ¿«41 bea- 

ring »sseablj aust be replaoed« 

ggnfrÇ* Sgonfi»«    I* defeotire or denaged, they nuit bo replaced. 

ft% f Pft», of this lnatruMnt e» be repered, providing that «M denage 

la not exoeeaive. 

For general inspection, proceed se followBi 

(1) stanine ail metal parte for corrosion. 

(2) Cheek all threads for tervioeability, wd ail sorrta, «ut «ni beiti 

for food oondition. 

(3) Bttaiae for obstruction and dlrt the gap in «hi oh the eoving ooil 

seings, using a strong Magnifying gleaa.   If any anali partióla« ad- 

here to the oor« or tin pola pito«, reaove th«a using * »harpes pi «o« 

of pegeood or celluloid.    Cautioni   Never UM a »stallo neeile for 

this purpose!   Take a good oare to avoid dsaage to the oontrel 

if 

(4) Äamiae the iastcvaeat ease for dtMfe, distortion, sooria* •%•. 

(3) Inaine the winder glaas cor:? for cracked or broken glaas. 

(6) fttealnt the terminal blook for bent terminala or plrs. 

(7) Gtoek that the pointer ie not bent or 1—fort, ana that th« 

oeil aasenUgr aoves freely. 

ft) fees* «• lMulatloc of «he aovUf ooil, «at that ite    'liliali 1« 

«Hhla the given liadte. 

(9) O»* that all the »apportlag pillars tie seeawly attaahai «a the 

SJMI not bent. 

Osati. IS. 
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Safor« itftTtinc MsaablUe, cba«r?a »beclut« ol «an linas s of botti aarav 

aanoh and tool« to o» ua«d, and pispar« *>atic No. 77? (thinned «lth aoatafta to 

a bruaaabl« oonaiatancjr), for applying durine aasaably » apot to «.11 thraaiai 

hala», ñuta and aor««h«ada, to look th«n gainât vibration. 

Far aaaaabllng, proo««d as follow« (rofarring to Fie. 17)t 

(1) rlaaa ta« aouldad aaaport (19) on tha aountln« pillara, aai 

tlftfctly with lookaaahata (21) and aafa^y »ata (20). 

(!) Inapaot again tha saa In «hiah th* aoving ©oil «win#o mû 

it la fraa from any iirt or avail partiólas.    If nooaaeary, 

oatllna aaova in 2.2.3, 

13) 

•f «M 

taw Jaaal 

avvia* aail in ta» pela plaaa. 

(4) kam that ta* aorta« noil la aaatarad «vanlj.   If naaaaaajf, «Ml 

the javal »crews oloafcala« in aafaral inoraaar.ta of appro*. l/10t* of 

• «am, until *poi"tar fio»• i« ¡y^ all«inata<: (i.a. ta« anaaaat af 

taa pointer da« to th« pive ta balnf adía to nov« latwrally la tft» 

Jaaal baarin«B). 

(3) »aa, back off th* ¿aaal aavaa» ay approi. 1/lota aat no 

1/ith of a «tra, until «point«* flop» la ¿mi, paraapttala. 

d) Oaack and anaur« that that* ia a» 

•awlnc ooil and ta« poiatar. 

lar diaali 

(T) Haaa ta« apae«ra (le) on taa pillara af tfca a». 
H) aaaaaVl« «pool «oartin« araakat (Tf) 

it, aad aaaora tifati; alta i 

% *a 

<*aW 
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(9) HM #Mlt (24) o« «Matt (27), «»4 «•«* ti*Uy «* l 

(26) «ié aor««« C5). 

(10) toM»»l« UM oociti. »iMt t«   «to pillea t.f UNI »ma«* WrKrt 

fl», une wour« «l«h )ock«aj*fc«rf  '?!) «* m,^ (*¿^ 

fil) totolear Ih* o»nn«e%4ori8 u   tin» too, 

fi» JHto *.  loaw ...U OM «,,4»r th. pUntor (•>). «4 „.i«« H M 

«••"Partir/- pill», «tf^ Vf^wtinf puu(lO).    ägfe,    unci 
ktMá «tw pointer' 

CD) Htm «ba ^rr -o.lt (14) orar ti* u««r KüI (is)t » «hAt «* 

oltp on ito ut.4«rali«  of ito uppar «cai. *nftffM M«tr«l/ tu V» 

&*»•«• af ite pillar.    No«,  «N*** to%r: .e«la<   ir  er 

IT Mrtawli»-: UM aar««» (if.) and 1 »<*«»•*•*» (n . 

wiV, ffcrtoar amaaallBc, bftliM, th« iiTm..l M 

llMi toto« In :.?./,.    ^j,    rf t rirm'  r*va«»ri  *ar).t« ia toi»« fitto«, 

•4» NM *t*aft!U« »à   •«•fn«t *«   «itiir«4 tw '•»• ir    .¿,?. 

Aftor toiaroin« t/.. ovaran«, car- ,.«t ti» t««to tf^rorriato  to «te «p- 

flitaiáim, M «Ivan »aio«, in ...... 

•ita a>«—fcitaf a« *Uo«at 

CI4) ••«• Ito Maitln? Hnc (2) urar «to aM pitto)» «4 liuto if t*«t aar* 

Clf) latori «to ••«»'•* ItotoMto« into ito) atoa (!), ma to» «*»t 1% 

tafWjr of  «to Matifif ring. 

pr«Miilne ftiTttoi, aarry art «to In« latiar «»4 «4» 

toi«« t» ?.l.fl.     UMì    PTMM4 M  fell«««! 



(ïê) Ornami )*ml Mm« MI« «*« all soli«* •onn»e%io«» ** 

Nc,  165. 

07) 9*M*t tè» MftlW «in (3) **»*«i th* me »Uto me «ft» 

tarry «ut th« 3»*Jlv: ft*t, M ontliMi tal«* in 2.2.». 

aalifi   1i»»T)1rtT Wit 

J»foea iWtlnr   Manoir»*, chuok  tte jaaal toarinfES ft»r aortas« 

•«»  1*4 «ÉJuât  If neor.u iry. 

Ffcr o«lariing, pro3««4 ¿t fttlot*s 

(!)    «lM • -sraala.'   »ranch,  *ijii3t tía aalaaaa «tirita «o aliatala «N 

jolaiar «lih.j-   tit« oalaaœ Unit of 1   of rang« valua,    Notfi  During 

«a* ar^l» btltrcin , pol-tar arrcr miat not axoaad 1> of ranga raJLaa! 

(?) l«l*t* ft aa«a4ai %oc1  *aointa* asustar», alipt tb« poinWr te «ha 

paai« aar«, peu«  i-T. 

t})   o% «ha»",   ih    *<i'.wiaa «uà M» ahara tba aa4«hta u* 

il)i aiil-ar o- ara« •*• an*  • *, e* on %rat »n«  an    •!)•? 

(fig. 

r n«. is 

It) ft «ftp art,*«« &r« aaaltion«4 or ara»* A' art »1% li MtjM «Ml 

ir *]x>trt«r aaawp*.    In «hit MM, piami a* fUiaa*i 

Oaa«A« vf). 
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fa) PUein? the aoftl« face in  !*<- horlaorUl ¡1-T;., V,- ¡,r/,c. a'owi.- 1 - 

t*/OT*nt wawTMy,  cntil «u Vi» i¿ ro<Min.- tow%HP the oror-iV,., 

poi»t«r tin b«i.'.r;  ¿c   th.»  l,ft of  the o^r-.u.r. 

(i>>  wlowijf rtiu« ttc mowo-i*. t «.esttE'iy a.-  -wh.M   ¡Mo ccaac faoe ;..¿ J., 

*h* vertl-.-ü rúanc ,i.í tu- V ^„^    ,rtir. •,)..!., ..^^j,   ,..;„.. 

ter ti. K,io£ u> t:.-. i«*-* of tu« op«.vf.rr..    ,/Jnji. ^.,^t 0„ Rrr 

'B*   U, ke*.   (»a1 aro« vi : ¿r. tV-> !i-út of 1, . 

(e)  fessai: ».alsnot wt*   *m H\ >«t a,-. poir.ttv vr-r^aJí/ '«>-*v<u. 

(1) *•»«+ ^ovatio*aß '..;.}  «i%  0»\ M-': .:.-» *itli '•'     .-v..f:r  *.Jp t, 

th* r:l«*t of f.<j cycoV.,  *,.:. o.fi. •!•  &r-•.:.;•* **r«-.. ;-V.> ^•tj- 

•arde,    a-l^uat wíi^it on a»; »Ä» te k*e*> helwc* -"thin \H# riPf»-. 

elfieO Hunt of 1, . 

(•) Jtechnck baiane« «1th am •!«, but tur noir,tin   vertioatV wawdi.. 

(5) Il tao wetzte »re position«* or. «nu, «C» end •<!», it «*•»« t:«t the 

•yetar, is »tell heavy1.    In this nase, prrue«! an fo.Uowst 

(a) 'Aim fflowcrt complete from the tica!*» f*<!<  i • íorirc-ntal [<ia»e te 

the aoeJe fao* in vertió»], pi..ne,  :mt   ;t « ->n ara • '• point* Jig 

vt-rtioaJly doriwerdH,  pointer tip beirr to t.h<  )*ft of <.«v«r«|or* 

<•) A.i;)u.;t »eicht or: arm •§• to ke*L> balwc» -.*i-fei--»-: Vnñ l.i.-»l* of lj.. 

(•) rtMh*«k ealaace »ith en* *•», hut 1,0* poi••*.:n<; vertically   t*¿w 

tarda, and adjust if neoe«r.ary, 

(•} Repeat operations (a) and (b), but now with une »a« pointing rot* 

tioely downward«, pointer tip being to the ria+it of the operator. 

Adjuat «ti^ìt on im »ö« to keep baJaoee within the li-»it of 1*. 

(w) iwohook »alatine with an »D\ potatine now vertically upward». 

Contd. 70. 
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(6)   If  thu   r*i|Ul*>«rt  b"'*i"f   h-ir.  mit   0<Htr.i  obtftlMM.   ^•"it thé   »hoY* ct»#- 

ratlon*  (A «mi ^  .mtil  t*,« SÄtinfniitor- '»it'sro« lr> o'-\"*^M, 

^v"    1IW!   p" .lOÇ.i'ir»»   e.', .r     , 4l.»».¡lfl''•»-,    ' .•    d    !J< i*-"..,   I . „ • /«. 

¡tí-   t"<-   j    *v»-ot.    '.1'    ,   ;,!,-     1 ,»•>.-V    -,    ,lir.   t«vt'      ¡i«   ,.h»   ir«"*.       ": .    *'•Inf 

»*v»il  in: ut   m   -1     tf-JW    V-  <y n, -.««tir»'    '«    «    m1 .•^**     '< <      •i,»'"rt    • f <  ,f,   **• '   to 

' i\   • *\\ •#» ir«* 

i .• ».••     t *'.-f \ > i 

-   '   i'. O' *t 1 *    |>      W*! 

ti'ftll/,   W"? •i'W-%«..«n*.    *•-'    ->«*».. IKA^IW   %fmr    „mr.r   >•'   ¿'.*«.« M tiff • «»• <i«rM«ti 

nif»^»M *,- *6» v« Î»     ,   ,« , 

' %\*~   *•»«    •*  i'U.HS   of»-  >   »Hff-    «• .   iHl   «all».»!   *r''*»**   HI-!   J%n-4li^tf 

sr l î' -^-Wl   iflf»»t  l      ...    \^i     Sn*r» <«^ l<m^  'J;V. *'-.• s *.*• 

^•tê.n, 



- TI - 

Ittifi   H*»J i»ta ma c^br»Uon Hhoofr 

Ht ta.** tao inttruB-nt « . volta.»*, orooooi „ tollem, 

(1) Corni«* tao indicator i„te  th. oiromt «Ivor i„ p^.  19.    &*, r*o» 

«4 «ou»« «*t th.  w <nPtPum#nt ir  of § ppm,1(,lori /Jrtó#< 

î'i*r.   IM 

ft) »oly ta* approprio» «ol»*,, for , r*rtl»i»* »pllootloa. 

(1) *>ot ta# »rtontioojotar te vor;/ «w tafUottcns cf tao »Ita*» 

mt. 

fi) Ttata tK   'ofloetlo*. o« appi»**» polita e* tho »eoi« 0f th« »l%» 

loot, on<l ««fluoro «ta roofer*» vita tM tori taita»»». 

(J) MM» tao 9<>ftU it »ro>prin»4t eoook .!*• o*l t urotlon of tao »Ita 

>r oMordlnr ta ta» voi no« ¿vor. for »orti»)or 

lata tat ta 

ta» InitroBont m» o 

ta PI«, to, IM 

*» ft «o 5). If 

•ool I« amrkm 

tafl»taon of ta* 

ìlio» 1 

ta 

1 te » 

OlOMi 

potata* 4« ootaiota, tata ta» tata 



- Ti - 

*pUt4 to tfc» «irait. 

A>r tartan« tb« UMwmt M « «m*» ** M«tfHftl thwit, 

la* attor Into «h« «iroutt atoan in Hg. ?lt *»* yrn ini «a abava. 

 S¿3 1 . 

I* li t* 

Ï 

in i-V.  ?2.    Hi« MM» «iafr« la 

M * ainiaajMtor, tu» umkj tUTw ai 

W  ft »TMlsloA  ¿Tfté« 11111—Iti 

%Mtatll/,   tcatln« proo«4uF« «ni   MlIfcBlUi 

tolta**!,  a««Htl*l  IhDV«, 

n. 
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ma MTtlf>   t**t UMT« !• M> brt^éo», 

it - Mio.«,    ^^ yo ^1%i 

tafrtitor, «lé t m imêXnmmt 

«... iw . ,-,rt .,., imt, w „„^ ^ ^ ^^ ^ ^ 
»••* Hit t*f*tnft'a *,.;  .,,.# in*t 

10 
*     tvi» r*nlwo« «ut ^ i% | 

i or t»tto-. 

&*•* MUsfftoteril^ 

•k,W l*  **•   '3.   «•* »roo«*!  %f  full,,«,, 

•ter **• *•%, urn 

tt>.   »«  «MUM  *%«  »  um% 9m%l   u  m&êm 

»tritimi, u *» •*«,* of *, „^ .p^ éïàmê dl-lBWírMti, 

«•ti tt fu« 4ry ****** w, <5> ^ ^u.^ ^^ ^ (<)# 

*"«.*. 



(5) atar* Hu viMu« jrt^p mtot (5)# M|d oMttla ^o „^^ i9vm H 

^mxmn (for nom»! application! 0»! »* 0f ««roury). 

(4) Op« Y» v. (6) and ti« wmifold Up (2), sud allow tba «ystaa t» r». 

«•in th« rt-iuJrud VMMU. If it is not pcaaibl* to maintain *» ra- 

«rti»4 rwnasr, proaaad *s follow^ 

U) Clcte tftc «nftloU tay (2) «n* nam tha lnatrmant. 

fl) <k*sk tua lnatmmant for loakafa» and, If neoe*sary, rmü t%. 

(•> ^oomaot tM inatrunant to tb» propia*; epatant 

tea raqulrad 

tenta« f£« 
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CD Olee« valve (5) an« opon valw (,)f ^ ^ ^ ^^ ^ ^ 

•iì Ucini" «.»trai  valve  (5),  adju3* +c obtaln a ^ 

square inoli r.-auce. 
as-.iro of 15 lb per 

'7>  After h period o? 50 seconds, c^l* tv. ocmtrol tr.lv,  (?) M<, ti* 

leak*«, »Hü« va ve f7), «0 « te r^uc t!,, Pro:^re te :c lì, ?r, 

tçuare inch .•.;".'>•-©. 

'6)  I,,WSe the ^«eator (ttill m.d.r fr-»r.) Into a tank contai,!«, 

*>.»• ila-.Mloù .ru» md 0.5/ proprie.*» mVAn? a^t Cihril 

ïoepol 514, if availrtle). 

(9) flLeek for a period of over 5 minutes for leakr^, ...McL TIU be 

*»«i by .„«li bubble* leavin, t!le i..^^ oww-    IM thf ^ of 

l«kac*t nem te9 Instruct a« 'reject'.   ^ wa-nloaJurty ohe:* 

ibr Ink*,* c+ too ,atHns Joiut of th¡. ;,ago ^^ ^^ ^ ^ 

terminal  olook. 

(10) > oprati .;•• »fe ocntrol vaìvo (?) *nd the leakage nsodU nlvt (7), 

rerfuo* thr- dry nitrogen pressure +0 *„« . 

(11) ttMc»n«at th» fcistrwiMt fta» «h* mini* H te*, *:d rtnove it from 

%nê tank. 

'If) '3c*l the terJinc tuWe (ot the »*ali.v; stud) of tj G InstruMnt by 

§olie*in$ the «id.    Vpfr: Tfei3 operation r.uet it« done immediately 

•f ter miuva.1 w>f tba lnatruncr.t frws the tank I 

faftifr    3y>eelt. lienrlgina {¡emi?ifl«nt 

Ser »«rvioinff «no cvorhaulia* this indicator, M ir-atructei abtve, uso 

3ratda 7<5. 

m^mmm^ttlmÊi. 



- 76 - 

•'she ¿p«cia! ine+runonte and stuipaent, as followet 

- Praciiiier ,ycafi@ poten tior.ct?,rs; 

- Precision 'n-a.ie milliarc«eteri 

• Proni »ion {.¡rado am«t<?r; 

- Presislor erme ridili voltmeter? 

«• Precision ^Ta-ïo vol •?*>«•.:• 1er t 

- balano« vwi.^ht presch; 

» f'ulse-aeer    or   raa;,n«t 3*tteri 

• .'¡ealinc Tesx oqvipttarvb, 

- 3y3i\isr of dry nitrowttr. gas. 

£agAlC.    çit rayo InatraotionB 

follow the Anstruotiona «e &V9ri ftp0Ytf Jn s.1.10. 

Tht faults rr;«y V eï.aoaifU« inte tw> batio ^upo, a» foUwwi 

05   îleotrictù faulta, »uoh eat 

(a) Ina. rrect pointer defleotior for applied input (voltaje or 

curr^.!;)  vve.].USj 

(b) *iy<:-r.at4.on of iadication fcr constant luprnt value. 

(2) rcchanical fault3 in movine electa, duo to dirt, «te. 

T
MO faults no,   he traced by usine trouble ¿hooting ¿.urt, a« given b»lo* 

^©w for the sa*, of illustration, this trouble rihootine chart is ¿ve* in the 

form of a diagra*, to differ fron the ohart .*ven in 2.1.11.    ^U i» to brin« 

to the attention of the maintenance «ad applioation wßino«•, that th*y «ay 

prepare Mr oharta in tho for« and afcape no.t convenient for their etaff. 

Contd. 77. 
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double ¿hooting May M» 

If pointer 3hoire t 

Incorrect deflection for 

applied input value. 

?heok full soale sensitivity. 

; If not O.K., check 

resistance of the 

aoving element» 

If out of limite, 

replace movement 
complete. 

If O.K., check for 

oontrol spring con- 

volutions touching 
and/or »ticking. 

ftor volteeters end 

•illivoltmterfl, 
check all leads 

and »pools. 

Reset springs o: 

if damaged, re- 

place novenent 

oonplete. 

Rene« all faulty 
leads and spool« 

aa instructed. 

4- 
Fluctuation of indication for 
constant input value. 

Check for correct 

setting of moving 

element between 

jewel oearings. 

If faulty, reset 
and adjust, a» 

instructed in 
2.2.8. 

If O.K., cheok 

for obstructions 
in gap between 

core and aaftuet. 

If not O.K., thiß 

indloates oraoked 

jewels or 

daaage^ pivots. 

If any, rénove 
obstruction», i 

instructed in 

2.2.4. 

Rapiace 

•ovenent oonplete. 

Oootd. 78. 

HEM 



• ^§ •* 

g.*.    gg%fwi Muffirci 

?JII1I   Qpnitruotionai Dotali« «ni > **»-^| 

lfg,raf^ofi.    This indicator li tMiotlly * p**«lsl«i acvUf «©D 

Itraumt M«ntt o - l «A d.o. nilli«,-.ur,  i»ln« fitt* «to » sotl« ««llbrtt« 

in dogroo C««tigr«do, indioating the meiiua, toaporatu* M cvor tho r«|« fn>« 

4TC to iC0oC. 

*** «Mtm*>t1rma ¿«tolli «rti MrtTi»la> rofor te 2.2, «bot«, «IM« 

t«p«ratur« indlcrter is only a •poolflc application of tho ilriadj i—ort ha* 

Borine ooil indioator, tho only dlfforonot bolt* in u* msU**»«« of UM 

tl«M»t. 
J»2 

«a», tht procdur«. for di^tu«^ oUanlnf. inoptotio*, aai 

»*•., mtob« porftntod in tho IMI »anuor «ü N^M a* fer tt* •*•** è+> 

—Homi wvUif ©oil indicator (2.2.). 

L3*2.    ftitfrL Topi and ft 

PlWMd M follows: 

(1) Ooanoot ih« iridicfttor into tbt «irait •§»•» In Pi«. 14. 



(?) laliu-t sfK<«U<  ^Irwr rJljmWr, art 

f5i   M«r * pul 

*!• |»***r   I^PDjr.    .% § j^j. 

* «r or      ,**•* m%Ur i^mimmr t#îJ,.Vp)f  ,^ ^ 

.  .,., vitt    «.ril   rein'i»v ILMJWB wll-. 

ti* 50C«- -.»rllr.:.!,   ;Vr  th« cirait  WUT..r,   -,   ,~      4rt 

Ü£jfti     '. Is vali«   -m   « 11 •-   .,.*,,*  ,• .     - — % ai.,  r*iit HT tthtr   •:    j.r, 4^«llt,t cr 

th» novi;.   «l«r«,t r^si.tcn^ <ii,o!odt   • ¡?ri   »if 

U)    \fiT   S   v 
*> '  Mt»   -'   '   lili? •   it l>    i'.-tj-|"T*|,J    < 

• . • 

'».* 

•    v   • -x   t ?U:   , 400 \ son' . <*i 

ir   «i« variata U'U,   :,1t    rtqxürv :  r« wa?-, 

Vfttr »•t'a'Vp^or.n ' «' "-^l**^' t 

frtulvHe*  >3t »nc >*< 

H>v*f  :...rur-, t^K   -iJ: ^i*^ ^f 

<>i &£> lrr '-.r^•:*..,» ¿,.  :#^ ^ 

¿ía3tk—3ffl»l .¿»urlai*    tiiláaliTt 

i*fr %->  *-,- act i    ¿,¿, , 

y ¿i ¿t;,y_fl 

%!l©w t«* injtr «ti-.-«, a.  jiy», i„ ; ,1,10, 

Asv^t /*gttr,.a 

N*3 «i« ehart w (iv« i,-, r.í.n. 



t 




