
REPORT No._ B-llli. 

DATE 21 JentW-rY 1935 

SUBJECT 

Temoorature Indicator for Sub:J.Srin.e En •inee 
~~ufacturod by ~ston Blactric Corporation roid sub­

mitted by the Viinton 'Engine Corp. 

BY 

NAVAL RESEARCH LABORATORY 

BELLEVUE. D. C. 
,::;r t -~--1\r I, ".t [ 

,f ri2 .. ~ .. 
______ ....._ ..... ..;~ .. {) ____ only. 



Authori ze.tior..: 

;)ate of Test: 

?repared by: 

?,eviev,ed by: 

Ap,roved by: 

:Jistribution: 

t:RL Report f!c. 9 - 1114 

?.eport on 

7emperature Indicator for Subt-iarine 
ZneineG 

ca.nufactured by the 

-,,eston ~lectrice.J I nstrument Corporation 

subcitted by 

~inton Engine Corporation 

::AVAL RE3EA.qCH LA30RJ..TORY 
A}:ACOS';."IA 3TATIO?: 
17ashington ,D .c. 

Text - 4 Plates - 4 

Bu.Eng.let. 587/LS(ll-15-)s) of 19 NoVe!:!ber 1934. 

December 1934 . 

~.?. ~oberts, Sr.Eng.A~de, Chief of Section. 

.l.t: . Haynsvrorth,Jr. , Lieut., USt; 

---·· ----H.R. Greenlee, Captain, USN, ~irector 

Bu.3ng. (5) 

vmh 



, 
J. • 

2. 

3 . 

5. 

6. 

:3ubiect =-=-w. __ 

. ... .... ... ..... .... .... . . . . . . . . . . . . . . . 
- - ~ :-r- • 
.:.....i .)! ..... .... .. .... .... . .... ... !9 ••• •• • • ••• • • • •• ••• •• • ••• •••••• 

J..331:lhC? CF 7.:J'i' • • • • • • • • • • • • • • • • • • • • • • • • ... .. .... ........ 
{ o. j 
lb) 

Cor.clusicns •• ••• 
RecoCJOendations . 

...................... ... ..... .. ... 

... ... .. ........ .... .. .................. 
t-~•, r--
-4 ..:. ,Ji. •• •••••••••••••••• • ••••••••• 

l.ZTI!Oj er T~ST •• ••• •• ••••• •••••• ... ... .. ..... ... .. ............. 
EStLTS C3' r.'SST • ••• • •.•••••••••• •• •••••• • ••••• • •• ••••••••••••• 

ce:-r.tCLl3!C1:3 ••• •• •••• •••• ~ ••••••••••• • ••••••••••••••• • • ••••• • • • 

'.:;t}rtl/::3 :Jf!C".JI!-~G ?::3 :.:F?3CT r:< CV~1 .f.!':J tJ:·:)~R 1.'CI .. ':': ... ~::: 
C:!·~ :,~: AG~t'?~~._cy CJ ';!S !l~1!~ATO~ •• · •••••••••••••••••••••• PLAT~ 3 

1 

l 

, 
J. 

l e. 
la 

2 

2 

3 

4 

t.A!\l fF/;.CTl.~R' 3 )RJt::11-:0 or Ii!JI~ATO?.. ••••• •• •• • ••••••• • •••••••• ?LATZ 4 

l I 



< 

1. 'l'hin test wa.:J o.uthc,ized by r efe:--ence (n) a n..l Qthor a<l -
J itional rer'erence to -;his p~·oblc:::i is L !;tej a s :·~.:e:-tnl •.: ~ lb). 

~of~ronce; (a) Bu .~ne -let. 337/~5\ l l -15- JG J of 
19 l~ovcnber- 19:54 . 

{b) .:eston :.:lectrical .::nsl!"Ut:!,mt ::o,!"' r a.ti on 
Jra~:ing .:;.J. 75618 of 13 AuguJ t 1934-. 

2. 7he object of this to3t ~~o to dotc~rr.ine tr.e suitability 
of the subject material for indicatine the temperatur es of the cir­
culating oil and ·:1atar syster.1:; of sub:na.rine engi noo i n the :.aval 
,fo:-v.::.ce. 

3. 7he inlicetor as sub~itted ~co sot up in this Laboratory 
and ~ested for- accuracy of indications over its ent ire scal e while 
energized ~ith its :-ated voltage, ll2 volts d .c . ; . Tests were also 
mude to det e r mine the affect of shock and over and under voltage on 
tho ~ccura.cy of the instrUL1er.t. 
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Concl usions 

( c.i 'i'ho .J ... bJuct i. .. l i · ... to ,- , ui.l .Jr t e s t , pr O'./,d . to be o f !':: '..:f fi~ i e:1~ 
r uz~edr.e :.;s :!r:d uc ;; ,_1:-ac:r f or its i ,.ter.:l :J.i p:.:-!'O'>e , 

J.e corr.r.;endat io_r:!~ 

(b) In vien of the satisfactory r c s ~lts of this t est, it is 
recoClmended that t he instrur!.:cnt be e.~p rov ·~'i f e r ir!uice.t i n~ 
temperatures o! circul uting oil a n~ ~ater sy3te~s of hav~l 
subma.rine enzinc s . 
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4. Ti~i 1 i nstrur:ent is de JigYl ed for ind i cating t eciperatur es of 
c irculating c-i 1 o.n.j :1ater systems o!: suurcarine enr;i n •3D. 

5. it. e .;s~ntiully con5ist :.:; of t '.·10 (2 ) bri.:iBo ,:ir;:ui t s and t -:!o 
{2) galvanometers of the J'Arsonval type, entirely hou3ed i n a. !3pla:.:;h­
pr ocf cast a1uz:ri.nUI:J alloy cas d. 'ihe two ( 2) sens iti...,-e resistu.nce bulbs 
and i ndicators are electrically interconnected. 

6. i ach bul b is of ~atertight construction and is equipped 
~ith 1/ 2~ standard pipe threads for insert ion in the circulating oil 
and ·.1ater syst e:-n3. ·,"i'hen connected to the indicator, 9ach for o:. one 
~ru of its respective bridge circuit. 

7. 7emperat ures are indicated on a dial havinB a double scale , 
calibrated from 20°i . to 220°:·. in 2° e;raduations. '.1."he dial is rea.d 
throu6h a gla:.:;s Jindou located in the case cover . f rovision is F.:a.de 
:or 'zero" udjustments. This unit is desi gned for s•uitchboard mounting 
and ~or operation on 12 volts, direct current . 

a. The deflection of the galvanometers is caused by changes in 
resistance of the bulbs v1hich varies with the tem9erature . 

9 . t'or further details, see plat es one and four , 

10 , Toe indicato:-, as sub!!litted, was connected as sho·;,n on plate 
!'our and supplied uith a potential of 12 volts, direct curren-:. 

11 . "J'or :ietc:-r.uning the c.ccuro.cy of the instr ument from ao0 i . to 
220°; . the sensitive resistance bulbs were immersed i n a ci r culating oil 
bath . 1t'or temperatures from 20°1'.,. to 70°F . , alcohol, cooled by "dry ice", 
~as used . Thert!l.Ooeters used during those tests ~ere checked for accuracy 
against thormometers having Bureau of 3tandards certi ficateo, 

12. Juri.ng the accuracy· test, the sensitive resistance bulbs ·:1ere 
connected to the indicator ,·ri th shor t lead ·:,ire:,, eo.ch having a resistance 
of 0 , 015 ohr:io at a"Dbient temperature of 76°F. 

13. In order to deterllline the a ccuracy of the indicator \'then 
supplied 0:lith over and under voltaBe, a test YJas ma.de and the results are 
sho,m on plate three. 

14. !.ext, the instrument was tested for shock int ogri ty by sub-
jecting it to shocks, of 20 - 25 ft.lbs 0 appli eJ on a :.avy standard shock 
r.iachine 

15. 1he test ~us concluded by subj ecting the i ndicator and i ts 
bulbs to o.n insulation tost, us ing a 500 volt !!legger and then to a dielectric 
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test of 500 VJlts, a.c., 6u cycle, a p?lie j between th~ c~se ~~J ~ll 
cun·ent carryinr; purts fo r a pe riod oi' Oll•3 r.1inute . 

16. 

Tested in ..,;ircula.ting Cil Bath -- C~!l_ste.nt ·1o1 h.ge - - 12 '/cl ts 

Indicated Bath 
OF• Of• .:::rror 

20 22.0 -2 . 0 
30 32.5 -2 . 5 
40 43 .0 -3.0 
50 53 .0 -3 .0 
GO 62 , 5 - 2.5 
70 '72.0 -2.0 
80 82.5 -2.5 
90 92 , 8 - 2.8 

100 102.0 -2.0 
110 113.0 -3 .0 
120 122.0 -2 .0 
130 132.5 - 2.5 
H:O 142.4 -2.4 
150 152.0 -2.0 
160 161-0 -1 .0 
170 171.0 -1-0 
180 160 5 -0.$ 
190 190.5 
200 200.0 
210 208.5 
220 218.5 

in:ii c~t e;i 
01. 

20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
160 
190 
200 
210 
220 

Be.th 
OF• 

23 .2 
33.0 
43.0 
53.0 
63,5 
73.5 
83 .5 
93 .5 

103.5 
113 ,5 
123 .S 
133 .0 
143 00 
152 ~5 
162 05 
172 .0 
182 ,0 
192-0 
201 -0 
210 -, 5 
220 . 0 

-3 .0 
-3 .0 
-3 .0 
-3.5 
- 3 .S 
-3.5 
-3 .5 
-3 .5 
- 3.5 
-2. 5 
-3.0 
-3 .0 
.... z.s 

-2 -0 
-2 .0 
-1 .0 
-o.s 
o.o 

17. The e.verage current con!Jumed by the ir..tlicutor at a potential 
of 12 volts d.c , was 0.067 anperes . 

H1. The rr.axir-.un error of tho ir::licator ·:;us 3.5°F. Eoweve:r, 
this error js not too great for tho i ntenjed pur?ose of the indicat or. 

19. The mir.irr.um insulation !'esi statice of any part of the h :dicator 
to gro1..nrt v,as 30 oegohms. This occurred in one of the son5iti ve rer.i~tance 
bt.l bs ·:,he~ :::e~ou!'ed ·.,i th &. 500 vcl t r.1cgger-. 

20 . The indicator \·;itLstood a die lectric test of 500 volts, a.c., 
60 cyc!.e, \-:hen ap;:,lied tot,'leen all cur:r-::nt -.:u.rrying perts and ground for 
a perjod of one minute. 
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21. Thi!l i nstr ur.:ent i s con:Ji:lered to b-3 o f e;oo l ·:1:ir::r.,o.n s ~·.ip 
c.:.ri:i ii; er;uirp~l ,;1th a ~c.;;::.:.,1e ::iinl ·:,r?ich can be ea3ily r ee.::.! fro,:i a 
.listance of six feet b} joyliz;ht . Although a s od:et is prov:_,je'i j11 tha 
,;c.::;e , it i s r,oi. ,; onnectcl an:l no lamp W!l.S furr,i!:>heJ f or jl l\1r::.i.r.a"ting 
the diu1 . •:·:ne 1it:~::P r t)<!'..1ir~:l ap~_-ear:; t o be of a s ~ecitd bO$e d..:isi z;n. 

22 . Cr.der test, thi!l instrur.1ent quick l y inJ:i cat ed. chur1g es i n 
ter.1pero.ture of the sensit ivu r e siutance bul bs. 

i:;. It ~·ms noted during tho test, t hst varying the voltag e 
introduced on error in the indicator at e.11 temperatures with the ex­
cepti on of 130°7. and 150°i.l'. for oil and ¥:ater respectively. At these 
points the two (2) bridge circuits are balanced and varying the line 
voltage does not cause any error in the indications of t he instru~ent. 

CONGLUSI ONS 

24. The subject indicator, under t est, proved to be cf suf-
ficient r uggedness and accuracy :for i ts intended purpose. 
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