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ADSTRACT 

A magne~o-voltmeter type shaft revolution system was submitted 
to the Laboratory for an investigation of its performance and to 
permit obta:.ning information for specification development. The 
system included an induction-type generator and t~-o indicators. Its 

functions and general design were investigated under simulated Service 

conditions and checked agai nst applicable performance l imitations and 
Service requirements of specification, reference (b) . Performance of 
the system was investieat ed over the temperature range 4o°F. to 1J0°F. 

The initial accuracy of the system under ordinary temperature conditions 
was not within the broadest limits allowed by the specification (for 
type 11B11 systems ) even if t he span of the errors were equally divided 

by adjusting the zero reference. Both the t emporary and permanent 
effects on the system of the simulated Service conditions (except 
extreme temperatures) were relatively small. The higher extreme 
temperature condition had larga permanent and vecy large temporary 
effects on the accuracy of the system. The permanent effects vrere of 
the order of 100 rpm decrease in indication. The lov1 cxtre:ne of 
temperature had no appreciable permanent and only small temporary 
effects on the accuracy of the system. In addition to the major design 
deficiency of temperature compen9ation, the system even under ordinary 
conditions did not have the accuracy required. While the basic 
principles involved and the actual design of the transmitt er are sound, 
consi derabl e improvement would be necossa...ry for satisfactory accuracy. 

Pending new developments L~ the design of instrument rectifiers, the 
feasibility of obtaining the qesired accuracy is questionable as the 
limits of accuracy of rectif.ier-typc indicators is of the order of 
1% of full scale reading under favorable temperature conditions . The 

expected accuracy for the size indicator employed in t his system is 

aboµt 4%. 
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INTTIODUCTION 

Authorization 

1. This problem was authorized by BuShips ltr. JJl?-1-13(335) 

of 28 February 1946. 

2. The purpose of this ,;rork was to procure information on 

the subject magncto- voltBotcr typo shaft revolution equi pment for 

specification development as vrcll as to ascertain the suitability of 

the design for Naval use. In ~ddit ion to the det ermination of 

performance with respect to the applicable requirements of specification, 

reference (b), the effects of temperature conditions, requested in 

rcfcroncc (a) , were investigated. 

Doscripti on of Material 

3. The shaft revolution s:,rstem is of tho magneto-vol tmetcr 

type consisti..--ig of a gener ator B..nd two indicators . The tachometer 3ener ­

:-_tor i::; ~1 o.c t,.,·')e employing perm11ncnt magnets for excitation. The 

housing is a heavy cylindrical iron casing that appears to have been 

copper plated prior to the application of a black paint finish. Cork 

gaskets are used to make the seal between a cover plate at the and of 

the housing containing the tenninal block and between the other end 

of the housi.i.g and the stator structure . No seal was provided between 

the shaft and the housing. The stator structure consists of two pairs 

of poles made of laminc.tod steel and arranged with two pemancnt 

magnets between them t0 forru a cylindrical structure. These arc 

assomblcd bctvrcon two brass rings o.nd secured by through bolting. Each 

pole structure has two salient pole faces . This structure r esults in a. 

total of oight salient poles in the stator. The magnetic circuit of 

one of tho permanent magnets is provided with a shunt for adjusting the 

air gap flux a.Y1d therefore tho generated voltage . The stator winding 

consists of four coils each cncirclir1g a double pole face. The coils 

arc connected in series, vrith the cor:n:i.on terminals brought out to the 

terminnl block. The rotor is a lrunin,:r~ed steel core vri th ten salient 

pole faces 311d is mounted on a hollow rotor shaft ,mich is supported by 

ball bee.rings that arc mountcid in the end plates t,hat arc bolted to the 

stator structure . A coupling shaft vr.i.th a flat on one end and threads 

on the other fits inside the rotor shaft a.11d is held in position by 

t wo washors and a nut. Tho speed of tho genor.:ttor is four times that 

indicated on the meter . All the screw heads of tho bolts holding 

the bo~ring support plates .1nd sec-.rring the gonerLltor in its housing 

wer e threaded vr.i. th vrircs to secure them. 

4. The indic~tors ure r ectifier t 3-pc vol tmoters housed in 

ho.n.v;.r 'enclosures of bronze, painted bl.1ck. The full wave rectifier 

clements arc prob.:i:bly copper- oxide piles • . The cover ·assembly, cons_i st­

_ing of a gl::tss rrindow, phenolic r ing, .:u1'.ct a go.skct, scr<:YWS on to the 
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INTRODUCTION (Contd.) 

housing. The glass windovr is held between the cover flange and a 
phenolic ring . The phenolic ring is pai nted white on its L~side sur­

f.'.lce . Tho gasket seal is locJ.tcd b..::twecn the phenolic ring and the 
enclosure . A black scaling compound is used between the glass ,·fi.ndow 

and t ho cover flange . 'rho dial marld.ngs i ndicate the scale r ange from 

0 to 500 rpm with large di vision marks and numerals every 100 rpm, and 

division marks for each 50 rpm and 10 rpm. The dial f.:i.ce has a white 

backgr ound with black i dent ification numerals, division marks, and 

poin1:,er. Tho voltmeter has a D•A.rsonv3.l movement (a permanent magnet 
and a movable coil of approximately 850 ohms resistance). It is 
mounted on a phenolic plate together vdth the circuit resistors and 
recti fier . One resistor of 830 olu~s is connected dir ectly across t he 
movable coil. The other resistors arc in the rectifi er circuit as 
she,~~ in the schematic circuit diagram, Plate 1. The phenolic mounting 

plat e is fastened t o a metal plo.tc by scrmv-s threaded into l oo.d i nserts 

(all other screws have lock vm.shcrs) . The mote.I plate is in turn mounted 

in tho housing . The tcrlllinal block is in a separate chamber of tho 
housing accessible f:rom tho outside by removing a smal l plate cover . A 
sheet of stiff paper under t he cover plate is probabl y designed to 

serve ~sago.skat. 

PROCEDURE 

J!ethcd of Test 

5. 'rho subject equipment ,ms most near l y similar to t he type 11B11 

shaft r evolution system of specific~tion, reference (b) , and the tests 

performed wore sel ected on this basis . Somo of the specification 
roqui rcr.ient s and conditions were not appl icable as revolution counters 

and shaft rotation direction indicators were not provided with the 
subject equipment. Changes were also made in the speed linri.tations 
for various tests as the top range for t he subj ect equipment is 500 

rpm o.s compcU'cd to 400 rpm for the types noted in tho specification. 
Both indicator s (number one .:md nunbcr two) were tested concurrently as 

a s1.'li. tching arrangement allowed each indicat or to be read separatel y or 

both together. 

6. The accuracy of the i ndicators at various speeds was 
checked by means of a drive using various gear ratios . Tho pov1er t o 

this drive was supplied by a tuning- fork- controlled amplifier, accurate 

to one part in 26, ooo. As some difforcnce uas noted in the readings for 
clockl'dse and counter- clockwise shaft rotation during tho f irst 

accuracy checks, tho indicators were checked for rotat ion in both 
directions throughout the remainder of the tests. The accuracy of the 

indicators wus chocked during some of the tests and following completion 

of each at oither ton spo0ds (ovory 50 r pm) or o.t t hree speeds (50 , 
250, m1d Soo rpm). Five consecutive readings were recorded nt each speed. 

7. Both indicators were initio.lly chocked for accuracy over 
the entire range . Tho·n to dctonr,ino if the additicn.:i.l line resistance 
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PROCEDURE (Contd.) 

correspondi ng to approximately 7SO feet of No. 16 copper wire noul d 
affect tho indicators , a resis t ance of o.n cquiv2.lent value (2.98 ohms) 
was inserted in each indicator circuit o.nd the accuracy chocked. Thi s 
was not roquircd in the specification but ,ms done for previous sho.ft 
rovolution syst ems tested at tho Labor2.tory and rcport8d by r efer ence (c). 

8. A series of tests was· conducted to detcnninc tho effect 
of various t cnpcraturc conditions by ::.llowing t he indicators and 
gonoro.tor to rcD.ch_,thermo.l equilibriu:n at 8.r.J.biont temperatl1.res of 70, 
40, 130, 20~ m1d O"F. and chocking their accur2.cy. To determine uhich 
was affected by t emper ature tho :most, t he generator or the indicators, 
tvro 2.ccurc1.cy checks wore mado at tho S<:l.r.1e ambient temperature, ono 
wi th tho indicators and generator at tho anbient temperature and the 
other Yii.th t he indicators at tho ar.1bi 0nt t emperature and the generator 
nt room temperature , The generator shaft was gr e~sed and oiled o.fter 
t ho o°F. temperatur e condition caused it to stick. 

9. The indicators .-rcrc nc:;ct checked while operating in the f our 
different positions of t ho i nclination test: (1) 45° forv.-nrd fron vert ical 
(2) 45° backward from vertical, (3) ii5° to left of verti cal and (4) 
l.6° to right of vertical. Following this test, the indicators were 
subjected to fifty hours of continuous operation a t 450 rpm. Accuracy 
wa3 chocked during t he to_st and c::ftcr tho test. 

10. All of the equipment was sub,jec-t ed to the specified 250 
f t. lb. shock test of 20 blows and the shock-vibration test of s ix 30-
ninut c periods at f requencies of 100 to 350 vibration/mi n . in steps of So. 
'l'he indicat ors ,mr c bulkhead mounted on tho shock nachine and on the 
vibration 2achinc while the genere.tor (nount cd on a metal angle 
brac!wt furnished Yd.th t ho e;quipmcnt) was nountod on a wooden angle 
br.J.ckot. Standard spacers 1,vcrc used for r.tountine. The indicators and 
genor2.tor vrcro operating at 450 rpr;i, nhile being shocked and •vibr a t ed. 
The accuracy of the indicators ·w.:i.s noted aft8r each shock blow, after 
each half hour of thG shock- ,.ri brati on test, and following co;,,plotion of 
the shock test and the ~hock-vibration test. Tho inclination test 
described pr evi ousl y was repcatsd after the shock-vibration test. 

11. Upon corr>:pletion of t hose tests, both indicators o.nd generator 
were cont.inuously oper ated for 450 hours b;y• using n dri ve varying f r om 
60 rpr,1 to h90 r pm at an o.vcr age r ato of 60 rpn. Tho accuracy of the 
indi cators vms checked several t i r.1os per do.y throughout t he: test and a 
co1:tplctc accuracy check J.t ton speeds follovmd t ho or.durance test. This 
W&LS 2-lso the final accuracy check r ecorded on graphs, Plates 2 to 5. 

12. Follo-vn.ng endurance 2nd the f inal accuracy test, t he system 
w.:1s operated conti nuously for four hours .:i.t an ovor 3pccd at 562 rpm (112.5% 
of full sen.lo r eading). Accurc1cy was noted at five speeds ofter this 
test. To check if speeds in oxcoss of 112 .5% of full sco.le roadinr; \·;ould 
cause jarJi'.1ing or dar,1D .. go to the i,1strt1,:1.cnts, the systes was operat ed ['.t 

585 rpm for five ninutcs and the accuracy recorded after t est. The 
error was not checked at val ues of shaft accclcr.'.-;tion or d,.::ccl cr ation 
of or less thnn 80 r pn (paragraph E- llb of specification, reference (b)) 
or the danpi ng time recorded (paragrc-..ph E-llc of spcci fic2..tion, reference 
(b ) ) as t ho observed pori'ormance indicc'.ted that increo.se in error due 
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PROCEDURE (Contd.) 

to lag or slo.·, rosponso vras negligible as is usual in such a syster,i. 

13. A partial n:J.terial inspection was :made. The equipment was 
subr.u. ttcd to the specified dielectric test before and after the 
insulation test. At this point the: generator was disassembled to 
dctorrnine if provisions were nado to prevent entry of water. Duo to 
the observed lack of shaft seals, the vmtortight tost was oni ttod, 
however, beth indicators were subjected to tho specified splash-proof 
t est and cxar.1inod aftorvmrds for loakar;e. Indicat or No. 1 was them 
completely disassembled, reasser.1blcd, and rechecked for accuracy. There 
was some discrcpanc:,,,- in the indications noted before and after dis­
assembly of the generator and indicator No. 1 so the nagnetic shunt 
oi' the gcnurator was adjusted to produce the previous generator volto.go­
out put/spocd values and tho indications were found to be si,.--iilar to 
those previously recor ded, except in the case of tho i ndicJ.tor No. 1. 
Tho rectifj.or lilli t of the lo.ttor vrD-s i njur0d in disassonbly. 

Results of Test 

14. The r esults of the initial .:i.ccuracy chock as sivon in the 
graphs, Plates 2 through 9, arc used as a basis for comparison of per­
fornanco under tho various simulated Service conditions. The results of 
all tests arc graphically pres0ntcd in detail in Plates 2 through 9. 
The data presented are readings of indicators when only one i ndicator 
was cm111octod to tho gencrator- tro.nsr.u.ttor. As there was very little 
change ir1 i..<1dicJ.tion ·when two indicators were connected, ( one rpn or 
loss) data for this condition in co:o.bination with the sir.ru.lated Service 
conditions 2.re not presented. The sc-,ne reason applies for not 
prosonting the data when the indicators were under a particular ar~bicnt 
tcnperaturc condition and the gcnoro.tor- transr:iit tcr was at roon 
tenocrature oxcout for the one condition of 2oo°F, anbicnt tcnpcrature. 
In iho selected data that arc proscntod, the errors shown arc the 
11axi!:run of fi vo consccuti ve readings at o.ny one reference speed. 
(Deviation of tho naxi.':lU.rn fro1:1 the .-:i.voro.gc error of five readings was 
less thari. 3 rpn except under the temperature condition of 200°F. whore 
deviations of about 6 rpn were recorded.) Because there vms considerable 
difference (up to 4 rpr:i) in readings for clockwise and for counter ­
clockwise shaft rotation, dr:ta for both directions YiCffO included in 
t ho r;raphs and this difference can bo especially noted by conparine Plo.tcs 
4 nnd 5. 
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PROCEDlP..E (Contd.) 

15. Tho following table ccnto.ins sel ected data f r o~. the graphs 
f or the purposes of comparison and discussion: 

Maxi,.rur.:1 Error (rpn) 
*Indicator No. 1 ➔:-Indicator No. 2 

cw ccvr cw ccw 
Speed Speed Speed Speod 

'l'ost Conditions Low High Low .!:I}Gh Low- High Lo,, Hi [.;h 

Initial Accuracy 
Rcsist2.nc0 Effect 
Tcnpcr~~turo - 4o°F. 
ToBporaturc - 130°F. 
Tenper.:i.turc - 200°F. 
Tcnper~~ture 
Tcr:iporo.turc 
Tcnpcrc.turc 
Tcnporatur c 
To:mpcraturo 
Inclination 

- Roon 
- o°F. 
- Roon 
- 200°F. * 
- Roon 

Position No. 
Position No . 
Position No. 
Position No. 

After Endurance (50 hrs. ) 
After Shock 
After Vibration 
Inclinati on Position No. 

-10 
-10 
-10 
-13 
- 32 
-11 
-12 
- 10 
- 30 
-10 

1 -11 
2 -10 
3 - 10 
4 -11 

- 9 
-9 
- 10 

1 -10 

-5 
-4 
+7 
-35 
-128 
- 9 
-1 
-10 
-113 
-9 
- 9 
-9 
-9 
-9 
-8 
-3 
-9 
-8 

Position No . 
Position No. 
Position Ho . 

2 -10 -7 
3 -10 -9 
4 -10 - 8 

Afkir h.50 hrs . Enclura.11.cc 
(Final Accuracy) 

liter 0vcrs1xJecl o.t 552 rnm 
Afte1· Ovcrspcccl at 585 rpn 

-10 
- 9 
-10 

-4 
-5 
-8 

-10 
-10 
-10 
-13 
- 32 
-11 
-13 
-10 
-30 
-10 
-10 
-9 
-10 
-11 
- 9 
-8 
-10 
-10 
-10 
-10 
-10 

-10 
-9 
- 9 

-2 
- 2 
+8 
-32 
-130 
-8 

0 
- 9 
- J.11 
-5 
-8 
-8 
-? 
-8 
- 9 
- 1 
-4 
-4 
-3 
-8 
-3 

- 2 
-2 
-2 

-12 
-12 
-13 
-18 
-48 
-19 
- 19 
- 20 
-49 
-19 
- 38 
-19 
-19 
-19 
-19 
-19 
- 113 
-18 
-18 
-15 
-12 

-18 
-15 
-18 

-2 
- 2 
+10 
- 40 
-170 
-10 
-1 
-13 
-138 
- 11 
-13 
-16 
-13 
-13 
-15 
-11 
-10 
-10 
-10 
-9 
-10 

-4 
-3 
- 9 

-13 
- 12 
--12 
-18 
-48 
-18 
-19 
- 20 
-49 
-19 
-38 
-19 
- 20 
-18 
- 19 
-19 
-18 
-18 
-16 
-15 
-12 

-17 
-15 
-18 

Notes : ,c Both indicators nt 200°F,, gcncrc..tor at roon 
teuperaturo 
Low- Speed - 50, 100, 1So rpn 
HiGh Speed •• L1.00, L(SO, 500 rpn 
Allom1):;l C; Errcr -- ± 3 :rpn 

0 
0 

+10 
-38 
-172 
- 9 

0 
-12 
-138 
-9 
-13 
-12 
-11 
-11 
-17 
-10 
-5 
-3 
- 9 
-3 
- 2 

-1 
-1 
-6 

16 . At tho 0°F. !t,-.ibicn t tcnpernt urc sone trouble ,·-ras encountered 

with the gonoro.t or whon low tcr:1poratures caused the shaft to stick. 
This Yr.J.s r eaochccl by oiling c.nd i rc.1.sing the shaft il.!ld boarinc:;s o.nd by 

run-"ling the r~cnorc.tor continuously f or scvcr.:.l hours befor e continuing 

t ho test. 

17 , Indico.tor Ne . 1 accunulatcd errors z.ftor the clcvonth blow 

of th0 shoclr test ·,Tith indico.tcd error s chan[;ing froi:1 consistently 

n<Jr;:1ti VG values of tr:c order of 7 rpn to positi vc v:').lucs of the order 
,... ... , 1f"\ ...-nn -,nl +h,-..Y\ + ...... + 1R l"nM nf'+.,- r- t ,h,-, i·.n,,"Jft.h~ 'T'h, inclic.J.t,i:·ins. 
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PROCEDURE (Contd.) 

in addition, ·were crr.'.l.tic, since out of f i ve consecutive rcndings 

(refer ence speed, 450 rpn) taken ir.1nediatcly after the 11th blovr, 

trro ncre of nc2.rl y zero error and, after the 12th blow, four were cf 

no~rly zero error. Indications rcYcrtcd back t o nor1:1al after tho 

s ucccedinr; bl o,;rs until, after the 19th blow, ,Then they agai n were in 

error by + 20 on th0 first t,·ro of fi vc consccuti vc rcac.lines , changing 

b,:,.ck t o nor::.10.l for the succccdinc; three readings . No change was noted 

2s a result ~f tho 20th bl ow. The pointer of indicator No. 2 stuck 

bolo.-r zero several tii,lCS and would not register until a tap on t he 

Glo.ss freed it. 

18. Shortly nftor the vibr.:-.tion test began, the r.1et 0r cloDcnts 

of ~.ndicator No . 2 becane l oose i n the cnsc . Investi gation shoued that 

the screws in the lead insort.s securinc; the 1aotcr clc!nent phenolic 

D.ounti ng base to the uoto.l r.,ountint; plate had bccone loose a.'rJ.d ontiroly 

worked out. These vror e rcplo.ccd and t ight ened. The zero position of 

the pointer vras .1ccic.lently shifted durinG t his process and w.:1s reset . 

19 . The oloctri.cal circuits of the indicator s o.ncl tho generator 

conplie<l with the di.el ectric and insulation test requircncnts . During 

t he splashproof test about 1 cc of -,yat-'.)r leaked into t he housing o.nd 

about the sar:le nnount i nto the tcrr.ri.n:.?.l block chru:.1bcr . The stiff pnpcr 

gasket uncicir the cover plate of the temir10.l block chanbor was soaked 

o.rouncl the edges. Water was founc'l in the spo.cc bet ween t ho phenolic 

ring .:tr..<l the rrindor.ed scr0w ce,vcr. Exa.:lination succcsted the leak to 

h:~vc occurred between tho flange o:f the s cre'\7 cover and the cl2ss 

m.ndow ,:md since tho black se,:ilins co:1.pouncl wo.s wetted, between the 

glass window a.YJ.d the phenolic ri.nc. 

20. A conpleto ::iaturial i nspection and check of the design detail s 

and worlm .... ,nshi.p were not 1:w.dc since , as indicated. by raa."ly of the r.ri.nor 

design details w.d natcrials of t he subject 0quipmont, the systor.1 was 

prob~bl y not. initially designed for N'.:i.vnl use . The actual construction 

2.n:::. nrrD.!10cr.1cnt of tho cor.1ponent s arc n0t s uch o.s to ranke corrcct i vc 

Bodificati ons prohi.bi ti ve. The f ollowinc; arc a few of the de·1ia tion.s 

fron tho spocific.:ttion requirements that arc indicative of thei r 

n.:1.ture . Tnc enclosure for the generator i s cast iron or stucl; sonc 

screws D.rc not suitD.bly protected nsai.nst corrosion; lead inserts a r e 

us·od insteo.d of lock "✓fUshcrs; dial 2:1.arkings, the c;lo.ss window and 

the n<lr.!epl ate arc not i n accordm1ce with specification requirements; the 

t err,; na.l block is not of the .:tppr(:vod type; no r evol ut i on count er is 

provided; no dial illunination is provided ; the intcrno.l conponcnts 

of tho indicator are not arro.nGcd so o.s to pcrmi. t easy wi thclro.vml as a 

sincl c unit fron t he enclosure m1d operati on while thus removed; no 

provision is nade to indicD.te directi on of shaft revolution; v,nd the 

tcrain:tls .J.rc not of tho approved type . 

21 . The overall dir.ionsions .:t..11d wci 3hts of the systen a.re o.s 

f ollow-s: 

Generator 
Indicator 

DL-:icns ions 
6- 1/411 x 6-1/411 x h-3/411 

6-3/li" X 5-3/411 X 3-5/8 

/ 
0 -

Wci::;hts 
18-1/4 lbs . 

9- 1/4 lbs .. 
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Discussion of Results 

22. Reference to t he gr<1phs of errors, plates 6 to 9 and to 
t he surm1ary of errors in the table in paracraph 16 will show that even 
under ordinary condi tions the system did not ho.ve the accuracy required 
by spccifico..tion, reference (b). The specifico.tion all ov,s maxir:ru.n errors 
of-_!: 3 rpu for the raastor repeater indicator in a typo B system. Tho 
gener<1tor voltD.~e is adjustable by rn.oans of the r.1a[;nct i c shunt and could 
probD.bly be varied t o shift t ho spo.n of t he indicated errors so as to 
dispose tho:?:.1 synotrically with respect to a zero reference. It will be 
noted. frc-u the initial accuracy do.ta t ho..t indicator No. 1 has a spo.n of 
errors of about 5 rpn and indi cator No. 2 has a sp;m of error s of about 
13 rpr.i.. Shifting the level of tho 5 rpr.1 spe .. n would at best gi vo errors of 
± 2.5 rpr.1, D.nd ± 6,5 rpn for the 13 rpri span. 

23. Tho recorded data s how tha.t the extroi:1cs of the tcapcrature 
conditions, particularly th8 upper ox trcne of 200°F., had the greatest 
effects on tho accuracy of indications of the subject equipncnt. In 
f;Oncral, hi~hor ter:ipcraturcs caused ncc;o.tive errors and lovror temperatures 
caused positive errors Qf indication. Since the effect s of the various 
tenperut ure conditions vrere rclati vcly S!,1all at the lower speeds (below 
100 r pn), the graphs of t he errors have stoop slopes. Althouc;h data arc 
not presented to show the separate effects on the gonerator-transr.rittcr 
and the i:nd.icators , except a t the temperature of 200°F., such do.ta were 
taken and showed that the t cr:1poraturo effects on tho gcnerator-transr.ri:tter 
wore rel~tivoly slight except at 200°F. Conparison of the twc sets of 
accuracy dat a taken at 200°F. anbiont t cnpcraturc, Plates 6 to 9 und Table 
in paragraph 16 Yfill show t hat the separate tempGraturc effect on the 
gonerator-transEli ttor is of the order of I:ri.nus 5 percent error of indications 
out of a tot.si.l conbincd effect on th,o syston of about ninus 30 percent of the 
sc2.lc r o2.di ng. 

24. Conpo.rison of the data of the initial accuracy chock vd th 
the data to.ken after tho first 200°F. t enpcro.turo condition s hows a 
pcrnMent effect of the: order of ainus 2 percent error of i ndication .. 
This gcrr.1'.lncnt offoct nay cxplo.in t o sono extent the snal l cr e f fect of 
tho OF. t cnporo.turo condition as coEparod to tho effect at 40°F. It 
was particularly noted that the second 200°F. tcRporaturc condition had, 
r elatively, very slie;ht pornanont effects on the indications of tho 
syston. This observation su~gcsts condi tioning the indicator, or r.ioro 
spccifico.lly, tho rectifier el<::,.icnts o.t the cxtrenes of t ho s ervice 
tonporn.turc conditions at the tine of 2:1anufactur c before the f inal 
calibration of the syster.i. 

25. Tho effects of tho oxtr cnos of the tc:.1poraturo range 4o°F. 
to 130°F. on t he accurucy of indications of the systcr.1 were excessive. 
Tho 1.,:rx:inur.1 error of indication n.t the 40°F • tcr11peraturc condition 1ws 
of the order of ninus 10 rp1:1. This f i[;'Urc is the SD.r:10 us the r,10..xir.run 
error recorded durine t he i nitial accur acy check indicating no effects. 
The e;raph of errors, Plato 6, however , shoYiS that the effects of tho 
),n°F. tcnncr .:1.turc condition bccan0 r1oro :?..i)1)0.ront a.t the hichor s·oocds. 

,., 
- , -
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For cxru:i.plc, at 4.$0 rpr.1 r efer ence speed on initial accuracy check 

(roon tempcro.t urq) the error was plus 6 r pa, a change of 11 rpn, which 

is excessive when corrpo.red t o the specification requironont of 

± 3 rpn for the Qas ter r epeater indicators in the type B shaft 

rcvollition systen . The effects of t he ter:,peraturc condition at the 

upper cxtrer:ic cf the range 40°F. to 1J0°F. were proportionally gr eater. 

On the b~sis of a r oon tenperature of o.bout 85~F., 4o°F. is 45°F, l ower, 

a,.,.d l30°F. is higher by the saoc ar.10unt, but · the effects of the higher 

ter.1peraturc on indications were norc than tvrice as great. The err or 

at 450 rpr.1 o.t 1J0°F. for indicator No . 1 was r.tinus 32 rpn as cor.i.po.rcd 

to 1:unus 5 rpn at r oan tcnperaturo or a change of Di.nus 27 rpn. 

26. The data presented in Plates 2 t o 9 inclusive and in the 

surr.1ary table in paraern.ph 16 ,vcrc obtained with one or the other 

i ndicator connected alone to the Generator- transnitter. Data also wore 

t aken with beth indicators o.s a load on the genorater- transmt!,er and 

are available on request. The differences in indication produced 

by the additional l oad of one i nclico.tor were appreciable but sna.11 

when coq,ared t o the t otal effects of tho temperature conditions below 

and above r oon tenpcraturc. As an exo.mple of tho relative effects, 

indicator Ne. 1 showed an er ror of ninus 30 rpn at 400 r pn at 1J0°F. 

"l'rhen connected alone and an error of i:u.nus Jl rpn when indicator 

No. 2 vm.s e.lso connected to the gcnerator- transnitter. 

27 . Tho rectifier elor:1cnts used in the indicator s cf tho 

subject syst en appear to be of the copper - oxide type. Current 

literature on the subject of rectifiers fer instruncnts i ndicates 

tr.at the copper - oxide typos still .:.'.ro Sl~)Gr ior for this _application. 

This ir.ipression vras enphasiz ed in discussions on a paper on selcniun 

rectifiers, rof9rence (c ). The s t ability of the copper-oxide rectifier 

is Gepondent on the frequency, current density and the ambient 

te;;1pcraturo, reference (d). The frequency and density ef fects a t a 

give:n tonpcrature can be calibr.:i.t.cd out. Tonperature effects , hovmver, 

vr.i.11 require that other elements in the ci rcuit have conpensatory 

il:mcdance - tenpcraturc characteristics . The upper l ini t of anbient 

to;.1peraturos for which cor.1pensator y elE':!::cnts • could be cnploycd is 

lil:ri.t.cd because the rectifier elc,z:cnt ch.:tracteristics becanc 

err atic tcbovc tc:.1peraturcs of 110°F. 

28. The data o:f indicated crJ;'ors , table in paragraph 16, taken 

dur ing the tests for effects of incli nati on show that the novablo 

el cr::ent of indicator No. 2 did not ;;1aint.:i.in its deflection when 

inclined fron the vertical. The ;-:iaxil-:.un discrepancy was of tho or der 

of 5% when inclined for,varc. frcn the nor,.1.al po~i tion. No attempt v-ras 

~ado to dcternine the cause except to note that the nov~blo el enont 

includin~ the pointer wa::; in no way directly obs tructed. It is 

probable that tho novablc el ement includine t he pointer wo.s not in 

proper balance or alignnent. 
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