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AUTHORIZATION

1. This protlem was suthorized by reference (&) snd ihe governing
specifications cre ligted && refercncs (b}.

References (a) Bufng. ltr. S67/40(12-6-W8) of 10 December 1934.
(b) Specifications R 13& 486B.

OBJECT OF TESTS

£ the tests is to determine whether satisfactory

2 The object o
is zseured wnder conditions of operation in the odel LD-2

thermostet life

cquipments; whether the semple thermostits mest ¢11 but the dimensional
requirements of reference (b); #lso, if the neces SFTy zecessories used in
these tests, such &8 relays &nd series resistors, cre satisfectory for

¥
continuous service.

ABSTRACT OF TESTS

2 The thermostats were tested for accurccy of cslibration at the
opereting tempercture of 50° C., sensitivity, the effect of shock, degree
of recession of the mercury column &t -10° C., the degree of extension of
the column at 100° C., end other requirements (where possible) of refer—
ence (b).
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{n 3 ot -
VORCLIUSL0NG

(a} The six Precision Thermometer end Instrument Company thermostats
covercd by this report comply with spech* uluns, reference (b}, so far as
could be dc+~rn‘réc, except for leck of accurscy in two instunces of 0,01°
d 0.02° C. respecti ively, end & lack of S?ﬁ_kthLﬁy in one instance of

on
0.01% ¢., =nd one Fcr.4ttuu mercury coiumn during test in the Kodel LD-2
‘ i N

(b) The Precision Thermometer snd lnstrument Company thermostets
opereted in the type of heat control circuit used irn the Hodel LD-2 equip-
ments over 300,000 oue:.tloLL. One thermostut developed a separzted
mercury column, but was still operative after the column wag jolned.

(¢)  Two Collins Instrument Compeny thermostats which had previously
been given & life test also opereted ovﬂr 300,000 times in the same
Model LD~2 circuit, with no indication of deterioration.

{d) One of the releys supplied by the Generzl Rudio Company was un-
atisfuctory in operstion after about 600,000 operations due to the
b B
rmature “BLCk;P' to the pole piece.
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Reecomnmendations

»

(2} It is recommended thut the Precision Thermoncter end Instrument
Compeny's thermostits as covered by this report be aunr“V&d for genersal
use in the Navel Service and for particulzr use in the relay circuits
incorporated in the kodel LD-2 equipments, 1 ingsmuch as the failures to
meet all requirements of the specifications are not serious.

(b) It is recommended thct the reloys used in the Model LD-2 equip-
ments be modified to prevent the ermature from meking cctual contuct with
the pole piece, in order to gusrd zgzainst fallure of the reley to open
the heater circult «fter extended opersation.



ESCRIPTION OF MATERIAL UNEoR TEGT

r C “'._.
of the sireight type of smelier dimensions than s .2 fer
&nd having an oper:bing temperature of 50° C. The dimensions zre zs follows:
Length Dicmeter

Hercury reservoir or bulb 13/16 inches  0.238 inches
Tip of bulb to first contect ring 2.5/8. @
Tip of bulb to second contact ring 1-1/16 ©
Overzll dimensions of stem 3-1/2 " 0.217 "
Contact rings 5/32 . 1/4 "
Distsance between contact rings 7/32 "
Totzl length of thermostat L-5/16 n

The tip of these thermostats (opposite to that of bulb) tapers to about 3/32
inch in 7/8 inch of length. Twelve strands of twisted copper wire of B&S
geuge No. 40 constitute the two flexible leads to which spade clips are
coldered for connecting the thermostet in circuit. These thermostats are of
the Precision Instrument Company's menufecture and are numbered 5477, 5478,
5L80, 5481, 5484 and 5487.

METHOD OF TEET

5o The opercting temperatures and sensitivities were determined by
comparison with a precision standard thermometer calibrated in hundredths

of z degree Centigrade. Each thermostat in turn wae closely essociczted with
the precision thermometer and both bulbs immersed in & smell becker of pure
mercury. The excess of applied heat over and sbove that necessary to reach
the operating point of the therrostat was held to & minimum in each case.

In this manner the sensitivities and the operuting temperatures were measured
simul taneously.

6. The life tests were mede in & spscicl circult furnished by the
Genersl Radio Compeny, end is shown on Plate 1. £n elternating voltage
supply of 110 volts is arrenged in series with & fixed resistor of 4000 ohms,
and o perualleled connection of the specicl relay (single contact) znd thermo-
stet. The effective alternsbing current (i) pussed by the resistor (R) of
4000 ohms when the thermostat is closed is 29 milliamperes. The effective
current through (R) in series with the relay when the thermostzt 1s open
is 13 milliemperes. Two of these circuits were set up, one aperziing by
the conventional method of coupling the thermostat to an electric light bulb,
the light circuit meking and breeking as the thermostat opened end closed,
end the other consisted of the more recent electromagnetically operated
light shutter, deseribed in NRL Report No. R-1099. The speed of operation
of the lstter method over the former is of the order of five to one.

7. The effect of zceeleration wes determired by testing the instru-
ments in a centrifuge.



DATS RECORDED DURIHG TESTS

& The data recorded curing tests are shown in Teble 1.

PROBAELE BERRORS IH BESULTS

9. The precision thermometer used is of the Beckmenn type end accord-
ing to the Buresu of Standards calibration is accurszte to 0.01° C.

10. Frrors in the measurement of zcceleration by the hand centrifuse
are not greater than 10%.

RESULTS OF TESTS

1i. These thermostais were tested and inspected (where possible) to
determine compliunce with every applicable paragrezph of reference (b).
Since there have been no specifications written relative to their physical
shape end size, these datz have been teken end listed under ®MATERIAL UNDER
TEST." A1l operationzgl chsaracteristics were measured and sappear in Tuble 1.

12. TWhile the subject tests literazlly covered only the thermostats,

the operation of the reley as submitted by the General Radio Company was
elso considered. This relay is a Struthers Dunn type CS 12030, single
contact, for 110 volts a.c. operation. This relay is edmirably suited to
this type of circuit, but after zbout & week of continuous service, the
armature began to stock badly to the pole piece. The probabilities are

thet when the releys are finally assembled, & sufficient zmount of oxidation,
intentional or otherwise, or & thin cozt of lacquer, is placed over the pole
iece of the clectromegnet and the resulting isolation of the pole from
physizcal contzct with the armeture ls sufficient to withhold permenent
magnetizaetion from the armeture. However, after ebout 624,000 contacts of
the reluay, this thin lsyer wore away and the armaeture was free to mcke
intimste contact with the pole, resulting in the armabure becoming permsnent-
ly magnetized, and causing continued sticking of the zrmature to the pole
piece. A cigarette peper of 0.001 inch thickness introduced between the
pole and armetiure obvisted the trouble. This same trouble may be encountered
with this relsy in service.

13. Thermostuts No. 5478 und No. 5480 fziled in the test for operating
temperature, being too low in tempcrcture by 0.02° C. und 0.01° C. respectively.
Thermostat No. 5487 failed to pess the sensitivity test by 0.01° C. Thermo—
stet No. 5484 feiled completely on the life test after 23,000 cycles had
been reached. The mercury column separated and sllowed the therwostat to
operate at & higher tempersture than intended. This column was reunited
znd the thermostzt wes ageain put under life test until 195,697 cycles were
reazched, when it wes removed on account of its very slow period of operction
in order that the tests cof other units might be expedited. Thermocstzt No.
5480 was likewise removed after 79,010 cycles for the same recsons. Thermo-
stzt Ho. 5487 wue the only unit tested by the cld method of lifle testing;
its period was 0.5 cycle per second st meximum speed, but siowed down to
0.4 cycle. Thermostat No. 5478, after the indicated life tests, had & final
operating tempersiure of 0.01°% C. below the tolerance limits of 0.05° C.
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