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6 May 1965

DEPA17TMENT OF THE NAVY
BUftEAU OF SHIPS

WASHINGTON, D. C 20360

Test Methods and Test Squipntent for Thermometers used in Machinery and Piping Systems
MIL-sTD.735A (sHIps)

1.ThisStandardhas been approved by the Bureau of Ships and is published to insure unitormlt y in the
requirements for the test methods and test equipment and to obtain reproducibility i. test results by settimg
forth methods of testing and designs of test equipment fhat are sound and appropriate for tbe intended
measurement.

2. When referencing this standard in a contract or specification, the applicable tests, sequence of per-
lormance andthepara"eters foreacb test asindicated in the summary fraragraphs shafltelurnished.

3. Wbe” using this stamfard forevaluating facilities andoperating personnel. Form A shall be Certilied
by the Government I“Spector or reviewing activity.

I 4. When tbis standard iE. referenced lnspecifications forpurfmsesof inspection testing, the testing
activity shall furnish copies of Form B,as required.

5. Use of tbisstin&rd byactivities wderco@tince oftbe B.reauOf Sbipssh1lk mandatory andcf -
fectiveon6 May 1965.

6. Recommended corrections, a~itiOns ordeletlons sboddbe addressed totiief, Bureau of Ships,
Department of the Navy, Wasbingfon, D. C. 203tP3.
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(
1, 2cOPE

MIL-STD-735A(SH1 PS)
6 May 1965

1.1 This sbi.chrd describes methcds and equipment for testing of thermometers used in machinery and

pipi.e syst~m~.,

2. REFERENCED DQCUMENTS

2.1 The following documents of the issue in effect on date of imitation for bids form a part of this
stan&rd to the extent spccificd her@im

MfLfTARY
M3L-S -901 - Shock Tesfs, H. L (High-impact); Shipiward Machinery Equipment and Systems,

Requirements for.

ST ANDAffDS

M2LfTARY
hflL-ETD- 167 - Mechanical Vtbrattons of ShiPfXXrd Equipment.

2.2 Other publications .- The following documents lorm a part of this standard to tie extent specified
hereim Unless otherwise indicated, the issue in effect on date of Ihvlfatio” for bids shall apply.

AMERICAN 2NSURANC E AssQCIAT20N
Research Report No. 2- Potential Hazards in Molten Salt Baths for Heal T reatme.t 01 Metals.

(Application for copies shoufd bc addressed to the America. Immrance Associatimt, 85 John Street, New
York, N. Y. 10038. )

AMENICAN STANDARDS ASSOCIATION (ASA)

●
C 96.1-1964- Temperature Measurement Thermocouples.

(Application for copies should be addressed to the American Standards Asemciation, 10 East 40th Street,
NW York, N. Y. 10016.)

3, DE F2N2TIONS

3.1 Indicator .- An indicator is a measuring Mstrumcnt that l“cludes a semln~ clement to detect the
vartable parameter bei”E measured and gemrates an output signal tit varies with the rneasur.d parameter:
a translation mechanism that co”vcrfs the o.tp”t signal of the sensjng element to a readout Sifmal; and a
readout display which conv.xm the ,eadout signal to an indicated or recorded value.

3.2 Master test standard.- A master test standard is an indicator whose accumcy is periodically cOm-
pared with an indicator of higher level .31accuracy through various traceable steps or levels to the National
Bureau of standards. Each master test indicator shall be furnished with a dated calibration curve which
shows the mnit of errors of the indicator.

3.3 Accma. .- The accuracy of a“ indicated or recorded value is a number or qumtity which defines
the limit of error: where the error is the differeme between the indicated and tic tr”c value of the parameter
bcin~ measured, e~ressed either i“ scale units, in percent of scale span, i“ percent of top Sca]c value, or
i“ percent of actual reading.

S.4 Response time. - Response time is the time intervaf !mder specified test co”diticms for the Otdpuf or
indicaticm of an instrument m component having . suhsta”tia Ily expcmential ?espo”se charade r) Stic to achieve
63.3 percmt of the total change that it WII1 make i“ resp!mse to a step cbmge i“ the measured or input quantity.

3.5 Dead kmmd.- The range of val.e~ through which the me.as”rc.d parameter can he varied wttho”t initiat-
ing instrument response.

1
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6 May 1965

3.6 Insertim length .- The insertion length of the protective tube, well or thermal element is tbe length
from the free end to, but “ot including, the exterml threads or other means of attachment to a pressure
vessel.

3.7 True value .- True value ie the value of the parameter being measwred as determined by an accept-
able standard or master indicator after Al corrections have bee” made.

3.8 Calibration. - Within the scope of this standard, calibration means the determination for error by
comparing the instmment under i“vestigatio” with a e&n& rd.

3.9 Thermometer SY=. - Thermometer eystems made up of complete assembles include the
following:

(a) Liquid-in-glass.
(b) Bhnetaflic.
(c) Filledsystem(adjustableangle,direct readind.
(d) Filled system (remote reading).

4. TEST CONDITIONS Am REPORTS

4.1 Requirements. - The requirements which shall be met by the thermometers .x temperature actuated
devices subjected to the tests described herein are specified in the individual equipment specification, as

aPPlkf@ and tie tests *U ~ appliedas specified heretin. Whenever this standard conflicts with the In-
dividual equipment 8Wcificati0n, the fatter shall govern.

4.2 Em.ironmo”tal conditions. - unkm otbenvisc specff ied herein, or in the individual Specif ication.,
all measurements and tests shall be made at room ambient temperature, atmospheric press.re, and relative
humidity. Wbemever these conditi.ms nmst be closely controlled in order to obtain reproducible remits en-
vironmental condIt ions shall be as follows:

(a) The pressure shall be barometric pressure.
[b) Tbe ambient tempemture shall be 74” i 5-F.
(c) Tbe refative humidity shall not exceed 60 percent.

4.3 Power supply .- The .9UPP1Yvoltage and frequent y shall be the norms.f operating voltage and fre-
quency.

4.4 Persomel and facffitfeS.- Form A 1s for use in evaluating personnel and facilities to determine
conformance to this standard.

4.5 Product test reports. - Form B is to be used for mabdafning a record of equipment performance.

2
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6 May 1965

TO: BUREAU OF SHIPS (CODE 648), WASHINGTON, D. C. 20360

MANUFACTURER
LOCATION OF PLANT

GOVERNMENT DJSPECTOR
MAfONG SURVEY

A. PERSONNEL (Dept. Head, Chief Inspector, Section Heads, Inspectors - A short resume to establish
the order of responsibility, qualification, and stability of the group).

NAME AND PO6ITION EDUCATION ANll TRAINING ExPERIENCE

B. TEMPERATURE STANDARDS (Include associated equipment, e.g. ‘resistance
1. REFBRENCE STANDARDS thermometer and resistance bridge).

TIME IN PRESENT P03fTION

DE2CRfPTION MANUFACTURER MODEL NR . sERfALNR.

FORM A - Report o“ contractor% personnel and
facilitie8 for testingthermometers.

3

CERTIPICATION

BY WHOM LA2T DATE

Sheet 1 of 9
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MJL-STD-735A(SHIPS)
6 May 1965

B. TEMPERATURE STANDARDS
2. WOR~G STANDARDS

I DESCRIPTION MANUFACTURER MODEL NR

——

1

C. CALIBRATION BATHS ANO FURNACES

DESCRIPTION TEMPERATuRE
RANGE

.

2U.4hWTY

DIMENSIONS OF
WOR~G SPACE

RANGE

METHODS OF
HEATING OR

CCOLING

ACCU&iCY

TYPE OF
CONTROL

CALIB. PSRIOD

(M0NTH5)

METHOD OF
AGITATING

Sheet 2 of 3
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MIL-31’D-735A(WDPS)
6 May 1965

D. QUESllON LIST

1. fhws manufacturer have a Navy lightweight high imPact shock tes!uw ~chi.e ? Yes—No—. If he
does nti have a machble where will he have the shock test performed when such tests are requked 7

2. Doeo manufacturer have a vibration table capable of performing fhe environmental vibration test of MIL-
STD-1677 Yes_ No._. If he floes not where will he have the vibration teti performed when such tests are
required ?

3. Does manufacturer have a standard cylinder and a suitable mfflivolt pyrometer or potentiometer for use
In mmj”ncticm with the thermal response (LAG) test 7 Yes_ -No-.

4. Does tmmtiact”rcr have a meam for determining the effects of W3?titi0nS tn amb~ent teMPentire On the
captffa.ry of a remote-reading thermometer ? Yes_No_; on the tnd@Or ? YeS_No_. On the indi-
sator of a tlirect -reading thermometer? Yes_ No_.

5. Does the marwfact.rer have suitable equipment for per formi~ the thermal cycling test’1 Yes_No_,
18the nte of cycltng adjusfablc! ? Maximum_” F, Minimum_ F.

Sheet 3 of 3
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k2fL-sTD-735A(fIf131%)
6 bbly 1965

I 5. TESY EC2UfPMENT

(Information spectfied haretn is to guide the user in the selection, arrangement and methocf 0[ operation
of the test equipment. Equipment is deecrihed that has been fmmd suttablc or has b,:cm designed for the tests
of tble standard. Unless a particular device m’ appamtus is specified, any eq.ipt.. et+. that can provide the
conditions required for the tests and is not objectkmrable to the bureau or agency concerned may be used.)

5.1 Bath comparator. - The tatb comparator elrafl be a stirred ltquid bath in which the temperature
senstng element under test and that cd a master test standard may both be immersed for accuracy compari-
son. Suggested fbdde and apprmimatc tempt rature rangm for liquid bath are:

Lfqutd Twnpemturerange (“F)

Ethyl ‘alcohol -150 to o
Ethylene gfycol + water
Water

- 30 to 140

011
32 to 212

salt
150t0 S4Kl
400 to 1500

Note: Other Uqufds may be wed where the liquid vfiU not damage the element being immersedand
G2herccmdfttonarequired herein are met.

5.1.1 Genenfde~.- Saths may bcof variouBtypeaor designs. Howe~er, all baths shaff iixlude.me
Ormorepota or fanks, a stirrer, meannof heating or coolir$ and .m.tmls. The tanA til be demgned so
that the temperature wifl not be excessively lowered when a“ element $6 immersed and to accommodate the
types of senatng element~m.mt S-eq”erdfyused.

5.1.1.1 ~.. The controls shafl be suitable for maintaining the temperature either Comdant or
tiOrmUy bcr-s@or decr~s~w bUetieh tiisk%&irrti. 5tirringshaUhe emfficlent to fnsurefAat
tietempemtve gmdetitir~oti tietetiwtiionof thetath does not exceed l/2” F. Wx2ersteady stateload
conditions..

5.1.2 AIcOhOl, gf ycol, water and oil tratlm.. Ftgure 1 shows one design of bath wedwith water, .au or
other liqutdstbat domt solbiifgatambient temperature. This bath consists of two tubes of different diam-
eters in a common framework with connecting passages at the top and bottom. The beating COU, cooling coil
and stirrer are located in the smaller tube, the larger tube being left clear for immersion of the master
te8t .9kwMk+rdati the test element. Other demgns are equaffy mitable provided they do not conflict with other
requirerdeuta of this standard.

1 5.1.2.1 -r.- Any method of ntirri.g may be used provided temperature gradients throughout the
working s~ce of the Mb da not exceed 1/2‘F. under steady state com21tior&

5.1.2.2 =s.. Tap (fresh water) eAa2t be used for water baths, a suitable high-tlash-mbd-oif sbafl
be Wed for off tmtlm. An overflow tube and reservoir .5haf2 be provided to maintain the bath leVel as the
liqutd expancb or contracts. At the higher temperatures (above 404 “F) great care sbafl be taken to avofd
dangerous ffash fires. when not in me the container shoufd be covered.

5.1.3 ~.- Figure 2 @hews one deeign of saN lxdh. SaU baths may he of the type fr.s’quenUy used
for heat treatkng purposes, converted to caflhratio” and test work by the addition of a stirrer for uniform
temperature distribution and a controller for heat input refutation and tempwature controi. Heat may be

=Pplied e*er~y, Internatfy, or toth, provtded the comffttons of 5.1.2.1 are met.

1 5.1. S.1 Saft.- hdm-mation cm the best saft to use for specific temperature ranges and i=eas of applica-
tion can be O=tned from .xmIpardes s“pplylng materials to industry for the heat treating of metals. The
BeZfks Heat Treattng Compmy and E. F. Hm@tan and Company are two examples of such companies. It is
recommended that every user or pcdmdial user of these tdbs obtain a copy of American Insurance Associa-
tion Research FtepOrt Number 2.

5.2 Master test standards.. htaster test standards shall Lx reference standards, Uquid-i”-gfass
mercury actuated, etched stem tbermmneters; reference or primary level thermocouples or rcsisdame type
elements.

8
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e@9-.,,\,,
~ COVER

$_H-=INSULATION

HEATING GDILS

SPACE BETwEEN
TUBES

BEARING

A!R SPACE

/& SUPPORT

W 7063

NIYTE: Care shaff be taken to insure that botb ternperaturss do ncd
app-ch ofl flash point used in the bath.

Figure 1 - LiquLd bath comparator (alcohol, glycol, water and oil).

5.2.1 Reference standards liqtdd-in-gla m Shermomsters. - Test thermometers sbalf COnBi~ Of x .s~ Of
ntne tbcrmometers in overlapping ranges for a tempsmture coverage of drum 38”F. to Plus 7SO”F. The Set
of Itciufd-in-gbms thermometers shown in table 1 mamdactursd in strict accordance with American 20cistY of
Testing and Materials Prs.cisioII Specifications ts recommended.

Tbe set cd thermometers should be standardized for bXSl imIUeTSiOn. With the eXCe@n Of tie first ~0.
each thermometer is pmvidsd -with an awdffary Wale which inciudss S2” F, thus -h of tbe thermometers
iU w series is provided with a means [or checkins the ice mint, which sbsfI ~ -e f~m ‘ie b tie
when the thermometer is used. From them ice pdnt tests, the effect of changes in bulb volume On the
thermometer indication may be followed tbrmqhout the life of the thermometer and the reSuftinE COTreCtiOn
applied to subsequent readings.

5.2.2 Reference or prima ry etandard thermocouples. - Thermocouples are dissimtir fypefi of wire
joinsd at th e ,,meas.ring junction” with a second junction in an ‘*ice bottle”. The EMF O~ut fmm theSe

9
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1

TOP PLATE -
INSULATED

HEATINGELEMENTS
LOCATED ON ALL
SIDES

sTEEL SHELL —

m THERMOCOUPLE
WNCTION BOX

76RMINAL eox

E
/

HIGH TEMPERATURE
lNSULATIMG SLABS

CAST ALLOY POT

Low TEMPiRAIwEE
L INSULATING SLABS

SJE’#HEO THERMOCOUPLE

SM 70..

Ftgure 2- Salk bath comparator.

Table 1 - Reference standards Uquid-in-glass thermometers,

ASTES No. ( “F.) Range (‘F.) Divisions (“F.) Len@ (mm)

62 -W to +35 0.2 3s0
63 18 to 89
64

3s0
77 to 131 :::

65
SLEO

123 to 176 0.2
66

W3
167 to 221 0.2 S80

67 203 to 311 0.5 380
66 293 to 401 0.5 S60
69 3s3 to 581 1.0 360
70 563 to 761 1.0 380

junctions depend on tbe change tn temperamre at the measuring jvncuon u the ice me jwt~n is -.
tained constant. @’or ti~ils of thermocouples, matertals and fabrication see ASA _rd C 96.1-1964. Fig-
nres S and 4 t?how two tFPes of mmder standard thermocouple assembles. Figure 5 shown a recommended
ice Ix3th for reference )unctlom.

5.2.3 Primary or working standard resistance tbernmmeter. - A resistance temperature Indicator con-
sists of a resistance element for Serming tbe tempm-dture .mmected to a resistance thermometer bridge in-
dkator. A change ~ temperature at the resistance elemeti cau9ee a deflection of the bridge indicator pm-
poriional to the tempemture change.

5.2.3.1 ResisfxIFx thermometer bridge.. The resimAn,x fhermormter bridge MI have the fouw~
minimum cbaracteri6tics:

Range: b to lW ohms. Limit of error: 0.1 percent plus 0.01 ohms,

10
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NUTES:
1 Thermocouples cm be connected eiumr directly into the connection box or through ice bottles w desired.

Connection tbrwgh ice battles should always be made when readtn.gs better than ,2” F. m deimr.d.
2 When thermocouples are connected &rou@ 1.s, boltlee a master ice lwttk check tnstdktia n a. shown in

figure 3 shall be installed and provl,sions made to lW lndlcator pointe 49 and 50.
3 Thermometer P.. No. 3 1s to be used to determhe cold junction tempsrmture when thermocouples are

connected dire+ into wnnecticm lam.

pm,. 4- Tbermocm@e-ticator anaembly moral. installation

12
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C-R LEADS TO MEKJJRING INSTRWENT,
MX DIA .02~ [20 Ok B aS)

MERCU?l DEPTH 0,5 TO
I l“g

/’-
TC-IA4X Dlb .06Q [14 GA B a S) FOR
RD!4 OR NICKEL BASE &LLOVS, .024
D!A [20 GA B &Sl Fc% CC+PER ANO
-E METALS.

-CCS?K M OT!+ERSOIT4SLE sTOppER

- UWfR sU?FASEW SLUSH

-WIRES INSULATED TO SURFACE,
aw WZR MEFCURY.

-WIDE -MOUTHEDOEWAR fLbSU,
10? m GREATER cmW.
M4xlw w 6 TUSES IN $ QT
FLASK

W 70S7A v

Figure 5- Reference jtmction ice bath.

s.2.’3.2Primary’Standardresistanceelement.-Primarystandardresistanceelementsshallb as
follows:

Range - -31O’F to 932”F.
Limit of errcn - *0.005”F.
Element - Plstinumwire resistor in Pyrex tube (see note) of 0.7 cm. diameter.
Resistance -25.5 OhmB at 32-F, changing 0.05 ohms per degrse F.
Length - Element 2 cm.; tube 46 cm.
Connections - Four-lead potential wired.

Note: For temperatures above 932- F,, the tdw shall be quartz raaterld
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A cVrtiiic,tl>.t..Ilbr.liionsbouhlM!obtai!wd f mm the N3tiona.1 Bureau 01 SLindards for either ice,
slc.m wtd sulfur puim!j cur uc ab.vc 32” F. w the ice, steam, sulfur and oxygen points for use both atmve
:,,,s l>?,l<1,,:)2 “F

!;.2, 3 ? Worki !ng slandArd resistance element, - The u,urking standard resisfi.nce elmmmt shall have
11,{: ic,ii<.wi,>g u,i,ii,n.n, requ, re{i,~i-t-s~”” ““””-”’””‘“” ‘“”-

1<.,>s,?: 01,> l[)OWF.
Limit ,,1 <.rrur: , 1.5”s7, frum O to 1000”’F.

6. TESTS

G.] C:tlibratiun, -

i.;.1.1 Pur;:m:;.. Tl, is test is mark to determine the condition and accuracy of the thermometer through-
u.L iLs tIW(,;;;l;rig !’;,J,z?. All initial calibration is made to establish the condltjon of the thermometer as re-
ccivc:d from Ihe nmn.facturer or before being used or tested. Nu corrections cm adjustments to the tbernmm -
cf VI’ .:k:l h: Imufe. Additional calibrations are made as required to determine the condition and any changes
tlmt nmy hav? occurred i,, the thermometer after it has been used or subjected LO a test condition.

b. 1.2 ~@?f&.- TfIC calibration shall be Performed in a liquid bath or baths, where .me bath wifl not
Cox,er the Cntirv rang<:, Baths shall be in accm-dame with 5.1. The master standard used shall conform to
S,Z .S :h)qdic; tb]e, “f jligh<.r wcurwy than the thermometer being calibrated and shafl be capable Of giving

results within 1,/4 of tbc tolerance specified for the thermometer being tested.

6.1.3 M~lJ~yfs. - The entire insertion length of the thermometer being tested shall be immersed in a
su,l;~bly sr.i rrmi I i@id bi+th, ftcadings shall be taken al not le5s tbw five points spaced at nearly equal
iot?!w;ils over t!,? oy,erati”g ramge .[ the thcrmmnetcr. At .ach Wint the bath tmnpcrnturc shall be ievelcd
out i,, *,,,,1, :+ IrwrIni,r .s t<, elimirmte Ias between tbe tbemmmeter md the master stmdard. A temperature
YI. C or fall or on.> . . cwo degrees i“ 5 mbmte. s is Satisfactory for th? purpose.

G.1.4,1 Rt,rnote reading filled systems .- Durimg the calibration test, the indicator and capllfary tubbm
shall be at cotm,al mom tcmpcmturc, approximately 75°F.

6.1.4.2 Fill., 1 s~s~<ptf.+nd bimetalli c.-The Indicator shall be tapped “ear the center of the dial before
-,.1, r!ading. 1. thc event that tapping causes a pointer shift greater than one skdivisi.n, W, additional test
sir.,11I* ,w.,do m d,.! ermine lhc? ,,de., d band’, of ffw thermometer as follows:

S.lr!CL :, tcm)n.~,t.r? with]” the middle third of the range and slowly bring the bath temperature to this
value fimt [mm m,<: dime.tion then the other. When .%ppmaching the selected temperature from either direc-
tion there must be m reversal in the direction of the temperature change. The dead band is the average dif-
ference bctwee. the thermometer readings at which the inticator comes to rest when the bath temperature,
as .,,dicated by the master stamiard, reaches the selected value from the Opposite direction. The change in
bath tc,n!,crat.rc for this tcsl should not cxcm?d .10 percent or be less th’,m +5 pcrce”l of the fufl scale value.

NOT E: The Lbc,rn,omele. shall not be tapped, jarred or vibrated during this test.

6.1.4.3 Liq.id-i,?-&ss industrial .- Industrial twe liquid-in-glass thermometers arc in effect partial
immm’slm Illi, rmometcrs. When t,s~at any immersion other than that for calibrated, they will not give a
true i!tdiw~ i.!, (,f bulb Wmpcraturc. Ge]!crauy, the depth of lmmer&ion is ffxed by the thread or the fhge Of
the WC](. Hcwcwr, c.m when imx-rtcd to the proper depth in the bath, differences in indlcatim can still be
cau. .,d by rfil(i!rtmccs m beat transferred to or lost from the wefl, ffange or other parts of ttm thermometer
Pot in, m(>rscd ill tbe Ixllb liquid. unless otherwise specified, the thermometer sbaU be tested without a well
wI!.” t!,,, well i> I’VU,UVSI AC, TIIC bufb shall be tmmersed t“ the same depth in the bath without a wefl as it
wcmld n. ii i. ;, KCII. The case shall ti ins”hted f mm radiant and crmwctim heating or ccmling from the
Lmth l,y a scic.) lb]< I!) VI’IIVA1shield. wbc” a fla,,ge is a“ i“(c~rnl part of fbc tbcrmometer and ca,mot be dc -
VACIW<!,:1,,, \ws”mtmc shmvci siti!ll he placed between the ckmge aixd the C3SC.

.
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0

-2

● ✍
Y! 7060.

____._.__l----T.

lNOIC&TED VAU+S

Figure 6 - Tmicd calibr.di.n cur...

6.1.5 Calibration curve. - The calibration curve shall be drawn as shown on figure 6. Drawn this way
it 1s easily used and there is little Lmssibility of error in its use. It should hc noted, however, that the cali-
bration curve obtained in the way indicated shows only the average xrnwud by which the indication td the
thermometer may be expected to x.ary from tr.c tompemturc.

NOTE: For filled system and bimetallic thermometers tht, dead Lra”d is a suppk.menta ry mea Su.?mcmt rep-
resenting the anm.”t by which the readings of the thcrmwncter vary i. s.cccssivc imlicaticms d the
same temperature.

6.1.6 Summa ry. - The {ollowirg details shall bc specified i“ the imlividual SP<Cificat ion:

(a)
(b)
(c)
(d)

Tbe operating ra”gc. of the thcrnmmeter, if less than the dtil m“ge.
Tbe portion of tbc thermometer to be put i“ the bath i{ other than the i“sertiun lcnflh.
Acceptable limit of errors.
Master standard accuracy stmfl b? better tkm 1!4 the spccificd ZCC.UYAC?of the thcr.>,,mct<.,r
being tested.

15
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6.2 Thermal response (fas).-

6.2.1 ~.- This test IB a means of Compsring the dynamic performance of the thermomeern.
The resufta 01 the test is expre.ssd as a time fapse caffed the response time. This timeIs fndkstlve0[ the
speed at which a Uwrmomctcr responds to changes Ln temperature of the medium being measured or the
amount the fndicated temperature fags behind the temperature of I!le Mtiitim.

6.2.2 Equipment. - A continuously stirred liquid bath i“ accor&nce with 5.1 capable of tempemturen—.
in the upper quafiof tbe scale of the thermometer to be tested is required. The bath shall bs sufficlsntfy
fsrge so that it wifl not be cooled more thsn 1/2 of one percent of the scale span when the fhermomster tsdb
is dipped into it. The standsrd cylinder shown on figure 7 shall be used to set the stirring speed of the kfh

I

24 GAGE IRON- CONSTANTAN w!RE

T~

OupLEx mkss COVERED

g S.s. TUBING

8“ I

~uCOLLAR To lND+CATE CORRECT

DEPTH OF IMMERS1ON

SILVER BRAZE

M 706,

i

I
COPPER

“

‘lLL $ x 4“ DEEP
GLASS lNSUf-dTED
THERMOCOUPLE WIRE

JUNCTION

TIN (APPRdx. 0. I GRAM)

I

Figure 7 - Stamiard cylinder,

f6
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or as a comparison standard, whichever may apply. TiminC shall be by stop watch or ether nmthod capable
of timing to 0.2 second or better. A milIivolt pyrcmmtm or potentiometer hiving a response time at least
two tinms faster thm the response time of the standard cylinder, (SCC tnblc [1), will br needed to measure
the temperature rise of the cylinder.

Table 32 - Response tirrw ior stmdard cylinder.

Bath medium
Test temperature Response time

Range (‘ F.) (Seconds)

G1ycol~l -20to140 15*1

Water 32 to 212 6 + 0.2

off 180to Soo 40+2

Sal# 400 to 1500 8 i 0.2

, /—.. . .

~N.m~ormsive iiw miltiig point mtxfure cd nitrates and I12trttes of sodium and
pc4assium. The liquid shall be stable at aft operating temperatures.

6.3.3 --- The test snail be performed in .%liquid tutb having either a variable or a fixed rate of
Sttrrinff. When the stirring mte is variable (type A test) the stirring mte sbaff be set to give the response
time cd table 33or/as npecffied for the standard cyiinder. The setting w determined by performing the test
described in this Method using the standard cyltnder imzeid cd x thermometer and adjusting the stirring rate
to gim the required response time. Wh.m the bath is uot equipped with a, variable speed stirrer (~ B test),
the response tim of the test cylinder 16 determined by the fixed stirring rate. The response time shall be

tthe average of at earn mix trials not counting those performed in determining the stirring speed required to
give dght secon$a. Resp.Betimesd&ermi”ed bytiet~e B testcm beret on the same ta.isasthet~A
test by use of th fcdlowing ratio:

Thermometer time, t~ A test Specified time for standard c yfinder
Thermometer time, type B test = Type B test time for standard cylinder

6.2.2.1 Temperatwes.- Tbe temperature fisted below shafl & as 6~cLfied or shafi be selected to give
a step change of at teast 35 percerd of the scale span of the thermometer, being tested.

(a) Bath temperature.
(b) fnftfaf temperature; T minus 10 percent of scale span.
(c) Temperature at which+fmhg 18 to begin, T1.

(d) Tempe=ture at which timing is to stop, T2.

6.2.3.2 Lag determination. - The bath shafi be adjusted to hold a co@mt temperature and the stirring
speed set as described above. The thermometer bulb chaff be immersed in the bath at the same Iocation at
wMch the test was performed with the standard cyflnder and sfudf be atfmved to sank untff the tmffcator
shows no further rise. The bufb shall be removed from the hth and st@f be cmled in air or in a second
~th to a temperdtwe 10 percent of the dtaf qran of the thermometer below the temperature at wbicb timing
is started. when a second tath is used, the bulb sbaff be heid in this bath until its temperature becomes
constant. The bufb sbafl be transferred back tnto the first tath where the fndb shall be immersed 10 its fuff
inserttan lengfh at the same location in the bath it originally occupied. Timing shatl be started when the fn-
dzcator passes the T1 mark and stopped when it passes the T mark. The time Iapse between T1 and T is

?the respmwe time. The response time sbaff be the average o 4 trfafs. TI and T2 shaff be true, not tn#t-
cated temperatures.

6.2.3.3 summary .- The foftmvtng d.?tafls shaff be specified b! the individual spectfIcatioru

(a) The bath medium.
(b) Tbe bath temperature.

1?
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(c) The inlttal temperature.

(d) The temPemtwe at which timing is to begin, TI.
(e) The temperature at which timtng IS to stop, T2.
(f)Responsetimeofthethermometerinthebathmedtum.
(d TypeOfwelltobeusedforthetestIfotherthantarebulb.

6.9Overteinpera.ture.-

6.S.l--- Intheoverorexcesstemperaturetest the bulb or sensitive portion of the thermometer
is subjected for a spectf ied time tO a temperature above its normal range of operation. The test Is used to
prove that the thermometer BYSfem can be used at the top of its operating range and that it will withetand
short periods of higher temperatures wltbout faflure. Weaknesses in tbe system wfll be tndlcated by pbyBical
&mWe or 10sS of accuracy. The effects of eve= temperature include heat damage to the matertals, mwr-
Stresslng of the pressure system, leakage of the fllltng medium and changes in electrical or mechanical
cbm-acteristtcch

6.3.2 Equipment. - The test shall be performed tn a lmth i“ accordance with 5.1. Tbe bath shall be of
all ictent size for cOmPlete tmmer aion of the trmertion length of the thermometer bulb.

6.S.9 ~.- Tbe insertion length of the bufb shall be aub]ected to a temperature equat or ‘dIkddly
greater than the maximum dlaf indicsdlm for 5 minutes. The bulb shatt then be allowed to cool to ambient
temperature In air. After cooling, the thermometer ebafl be calibrated for accuracy.

6.3.9 Summa ry.- The Icdfmving detatls shall be sp.?ctfied in the individual specification

(a) The temperature If other than matimum dial indication.
(b) The time u other than 5 minu@s.

6.4 Indicator and capfffarycompensation (fifted systems type .mfY).-

6.4.1 =.- This teti 1s Performed to determine the effectiveness of the provisions made In the
thermometer system to compensatefortcmpe=turechangesaroundtheindicatorandalongthecapf.flary.
Without compen=tion or with inadequate compensation the temperature variaftons around these elements
WY have a substantial tnfluenc e on the Indfcatim.

6.4.2 E ut ment.- A stirred Mquid bath and a cabinei or oven ca~ble of being heated or cooled are re-
quired fcm-’i’he first of these is for bufbtempemtures. The m?cond is for ambient temperatures
around the capttfary and indfcator. The cabinet shall have a suitable opening for inclosing either the capll -
fary or the indicator whfle the fmfb is in the liquid bath. A cabinet for heating or cooling the indicator cd
direct connected thermometers is shown on figure 8. An alte~te m*Od for testing the capiffary IS to
immerse tt tn a water bath at the specified temperature.

6.4.3 --- The bufb shall be immersed in a stirred liquid bath. Bufb, indtcator and ca.pffUrY
temperature shall b? obtained as shown 1“ table ffL In each test the indicator or capfllary sbaff be held at the
reqtiired temperature for not less than one hour before taking a readtng. The results of the test sbaff h
plottedas shown on figure 9 and the effectiveness of the compensation determined therefrom as iuustrated.

6.4.4 Summary .- The following details shafl be specified in tbe Lndfviduaf specification

(a) Tbe base temperature or tempemtures tf other tin 110-F. and the temperature changes from
11O”F. U dtfferent from tbOSe Wectlled tn table Ill.

(b) Thz maximum change in indication allowable for the indicatorand the capillary if other fban
one scale dlvIsion each.

6.5 Thermaf cycling. -

6.5.1 =.- This test is made to determine the resistance of the thermometer system to cyclic
changes in tempemt.re and to expose weaknesses in materials or construction that may caw.s premature
failure. Such fatl.re may Include I*ge of the fifling medium, clogsing or Pluming of the capiffarY,
changes in operating Char’acteristics, and physfcal damage or diStOIliOn.

18
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THERMOME

QLASS WIN TE

SH 7070

Figure8- Ovenforcasecompensationtest.

Bufb

_ REMOVASLE RACK

— INDICATOR

— HEATING LAMPS

BOTTOM

m.... - m n..n. ,.,+:.. +-? WVJ capillary temperatures.

w-atures

Indlcatory capUfar#

(-F.) I (-F.)

75% of mnge
75% of range + 10”
75%0f range+ 10”
75% ofrange
75%0{ range
75$0frange+10”
75%01range+ 10”
75% ofrange
75% of range
75% of rsnge + 10-
75% of range + 10”
75% of range

60
60
110
lfo
160
160
80
60
80
80
80
80J-J

80
80
80
80
80
80
so
60

110
110
160
160

1,5-F. NOTE: At least 75percentof capillarysl!atfbe exfwed to the rw~red
temperature.
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~ INDICATOR AT M.SE TEMPERATURE, 110.,,

~ lNOICATfX? TEMPERATURE INCREASED TO 60° F

~ !NOICATOR TEMF’ERATIJRE CECREASEO TCI SO- F.

+2

+1

o I .-s&—-.__. _..

-1 I u
CHAN6E OUE TO INCREASE IN TEMPERATURE.

CNAFA3E WE TO DECREASE IN TEMPERATURE.

-2

ml 707,A

&AWROXIOV

INOICATEO VALUE

Figure 9- Indicator compensation.

6.5.2 Equi mmt. - The change in te,npm-at.re requfred for this test may be owned by using two liquid
+LtMhs, inductm. ea mg or other means that will reprcduce the desired range of tempemt.re. The cycling can

be f)erf Ormed by mechanical aPparatus such as that shown on fisure 10 or by any mttable method. Where two
baths ‘are .aed the heat harder medium should generally be the same in both batlm. some high temperature
6a1ts are not .mmpttble and fbe draggtog of liquid from one kdh to the tier cm resuft to an explosion. Sim-
ilarly, while not explosive, a“y water carried into a high temperature tam wtzl flash into steam Shw throwing
hot liquid from the bath and endangering personnel and equipment.

6.5.3 Methods. - The thernmmtier bulb shall be successively hqted awa .mcAea at a ccmventmt raw.

6.5.4 Smnmar9.- The fcJ1OWingdetails shall be speciEied in the individual specfftcation:

(a) Cycling rate if a specific rate ie desired.
(b) Number of cycie6 i! other than 1500.

20
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6.6 Vtbratfm.-

6.6.1 --- Thevfbrationtest is usedto determinethe effects on component parts of vibration
wittdnthepredominantire-waxy rangesandmagnitudesthatmaybe ericounte red during field service.
Most vfbratton encountered %, field service is not a .?imple harmonic nature, but tests based on vibrations
of Uda type have proven satisfactory fordeterminingcriticalfrequencies,modesofvibration,a.dotherdafa
necessaryforPfanrdngprotectivestepsagainsttheeffectsofunduevibration.Vihra.lion,bymusingthe
loosenhg01Prtsorret!dtlvemovementbetweenpartsinthespecimencanprod”.. objcctiomableoperating
characteristic%noise.wear,andphysicaldistortion,andoftenresultsinfatigueand failure of mechanical
parts.

6.6.2 Methods .- This test shall he co”d.cted in ncccmdance with MfL-STD- 167. Prior to vibr.ticm the
spt?cffied tests or me=ammunenta slmll be made. The eq.ipme”t skall be mounted as specffied using suitable
mounftng apfnratm 20 assure that the mounttn~ is free from resonance over the test ft-eque”cy range. Thcr -
ma2 elements shall normaf2y be heated to a temperature withintheoperatingraw of thethermometerun-
less otherwise specified. If applicable, electric ~ered equipment shaff be energtzed.

6.6.2.1 Specfaf methods. - Certain thermometers, .Wch as the bimetallic, are mounted directly in piping
or on machinery and subjected to higher frequencies fhan the 5 to 33 CPS range covered in MU,-STD. 167. Tb6

I 1
l—

Adjustable CAM
TIMER

COUNTER

T

““”’”’T

L SOLENOID

k ~jq

J
o

THERMOMETER
DIAL

1

—THERMOMETER BULB

o

all ,07?.

Figure 10- Test arrangement for thermal cycling.
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;!wr:nunwtcr shall Ix- .sc!:um’d to tlw mutmtmu lbrvrk. i in 111!,s:,n,, mmncr that it will b+ installed in service.
),: ,(,.,. ins~,n.cs, tlm thtrm<m,oler ,n:,y 1,, inst:,ll+.d :,) z, ,nmII!n:r m di[lcr?”tpositions,i!]whichcasethetest
!,n~inct~r sIL.11 usc his judgment u+ to th,.,pnq,er imta Ifmi,,n. ‘The thwmometw shall lx! tested in accordance
witl, th[ ,Wocc’durl’s 01 MJL. STI)- 167 (xcc.p, {1,.! !1,. r.n$c shxll ix, from 5 to 100 c.p.s. at the amplitudes spec.
: lied !WIWX. AL mc’h [req.mcy the vtbmti o,, sh:,ll IN :m;linkainwl (W 2 .,inufos. 1[ no resonance is observed,
!!,,. c.d. r,, ”ce t,w shall tx pm’iormcd 31 100 C.IJ. S.

Freqw.cy rang<, C.P. S. ?ablc amplitude, inch..

5 t“ 20 0.030
y ,0 ~“ 0.020
51 to lft(l U.ulo

,..:, ,; rcs.lt 0[ the test . . part .[ the thermometer shallIbccomcloosem?d, dislodged or broken and parts sball
.:,:u w signs .{ wear. Without adj.stmmt, x mlihratim check shall meet the specified requirements. In ad-
dlt,un. immntcr oscillation shall nut exceed 5 perixml oitherdng(!spauandthecenter ofoscillationshallbe
,.,,.l~~ln,Iperce”c,,[I))(,wading ulxui,,,wl .ndcr stoii. r.onditimis.

5.6.3 Measurements. - The Specf [ic.d mm s.r,,mcnts shall be mad? during and after vibration tests.

.. 6.4 Summa ry. - The following details shall kc specificxl in the individual Specificatim:_- .—

(J) Tests and measureme,ds Prior(.vibrztion(see6.6.2).
(b)Methodofn>ountirw(wc 6.6.2).
(clThe.nml elcmmt temperature (see 6.6.2).
~d) Electrical-load cmditicm, if applirdble (see 6.0.2),
{.) Tests a“d rncas”rcmcmts dining and rdter vi bratim [see 6.6.3).
(f 1 .?ill.wable ch:tn~c: i“ indication or output during vibration.

.;.7 Shuck (M;h-in,p.et) ,-—

5.7.1 Purpa se.- Tbe shock test is intended to dctcrmbw the s.iPdbiliLy 0[ equipment that is intended——
1“. i,tsvalktli.. cm rmval ships. The shock origimd.s generally from a large force that is suddenly applied
to the stmc!tur. or housing which supports tic equipment. The eq”iprnent genemlly sees only the motion of
the str.r.tum, and shock is thought of in terms of the motiun 01 tbe support for the equipment. A shock
motim .s.:tlly ,?n,lmdies a significant displacement mid a sudden change in velocity, in most instances, it
i. oscil l;,wry in ,miture and i“cl”dcs several SPPAK!nt f rcq..nci es. Thesecharacteristics are reproduced in
.n. cti-t,st ing rm,cnines b>. ,m..,,t i“g the eq. ipmcnt under lest to a structwc that expericmce a sudden change
in VPICSC:I<, Tbc, machi”c omgimlly dcvclopcd fur $buck testing was rtq”ired to satisfy the sole criterion
ll>at it c.ti:t!c! dama$ to the equipment similar to that cxpcr, c’, ccd d“ri”g ccmditicms cd wariare. The U. S.
.W,vy hds adapted Lbis mucbin. wit!, but relatively minor chmg,s in design and is Wing the same criterion tn
est;] bli.h ins shock test i“~: Specifications. The a<!cr!vability of eq”ipmmt is mmtklgmd upon its witbstmding
th. shuck rcsultin’q from lhv lest specified when tested on a Sfa.dard shock tcsti”g machine. During and
Sdmcqumt 10 the test the equipment shall not fxil to Perform its principle function.

6,7,2 ,MJwQ,- This lest shall be conducted in accorrkmcc with 611L-S-901. Prior to shock the speci-
fied tcsi. a“d mmisurc-ments shall be made. The eq.ipmmt shall be secured to the mounting bracket of the
.hock “la .hlne iZl the ~mc ~anxler t~t it will be secured cm shipboard. Ther~l elements shl] “ormally

},c heated :0 J [cmporature u,ithin the opcratin~ m“~[, .[ Lb., tbc,rmometer unless otherwise specified. Ifap-
plicahk,eler.(ricxlo“wcredeq”ipinentshall b. emrgized.

G.7.3 Mm suv.mmt =. - The specified measurements shall b? nude upm cornpletim of the required
mmbc>r UI Mum’s and LwLwem bluws, where applicable.

6.7.4 Sm, msry.-The Ioliowi”g details shall ho .wr?cif ied in the individual specification.

(.) Mo.ntiw nwthc,d.
(b) El, ctrir:,l. iuxl c,,,Klitio” i+, i! aj,l,lic:.:t],l.,
!cI Meast,,,mv,,!.. :,[1,, shock,
:dl ,Allm:al,lc ch;,fi~{, i~j ~,,dic:it i.,, ur c,.t],.t [r. rn th,, shock tc.t.
(UI Tk, rm:ii t:l,w!ivi Icmpcrat.re if othor t:,.,, M specified in 6.7.2.
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o 6.8 Thernml and mechanical stabillty

MI!, .s’rl). ,?3W;711:PS)
,; ii,,. ! !!(i!,

6.8.1 Purpose. - This test is per[ormed to determine the s.itabilit~ .[ mat.r ids ;LCN{llw,->nal ,sys[vt,l:,
for s,!staincw ser>, ice, It is mtemied to reveal pernrmwnl changes i. opc,ratin~ clmr;tctori $tiv. resu~t in:
b..m :,hys ical chmges and mat’’riaf i,,sva~,lity, These include such thf ,nqs as bulb <rmvlh tir d,s!m’t ion 1,0.!
s.sta.ined nigh icnlperature or from rapid tcmperaiure changes. leakage of [illin$ f Iuids, CI]J!,KCS i,, lIw
properties U( bimetiils owing 10 continued metali. rgi. d changes u,itn time, <ail. rc im.cws. U( .,wuit:dde
soldering or welding ma[t~ri”ls or techniques, and other material, structural. m design wrak.osse.c.

6,8.2 _M=.. Tests perf mnwd on any one .1 the various types of thcr,naf syslcms .bdl he designed
to reveal weaknesses inbcrent to the system bein~ tested. They will general Iy co. sis! {,i stvwly scat? 1,s1s
to indicate dri It or variatbn with time, and cyclic lesls tu indicale mechmmxd or physical weaknesses, In
some instances it may be expeditious to break down the system and test component parts, For example, the
indicator of a filled system thermometer nmy be tested as a pressure gige.

6.8.3 Special te@s, -

6.8.3,1 Thermal slability [o.. glass, filled systems and bimetallic thermometers. - ‘l’he insertion length
of the bulb shall be subject.d to a, temperature within the ttpper 10 percent of the range for m acc. mulaled
total of not less than 96 hours. A single pint calibration check within this temper%t.rc rang. shall be made
al the beginning of the test and after each 24 hours at this temperature. Any drift in indication slmll hc shown

by P1OttiW the calibration error as sbmvn on figure 6, except that time shall b+! substituted for indicated v:ilue.
The thermometer shall be acceptable if at the end of 96 hours the driit is less than 114 percent of the range.
Iftbedri[t ismoreti” l/4 Wrce”tbut lesstmo”e Wrcent cdtherm~e, the test shall bcextended26fl
hours foratotaf of S84 hours. lhe test shall be terminated at,dtf,e thermometer rejected iithedrt[t ex-
ceeds one percent of the range at any time before the completion oithc 384 hours.

6,8.3.2 Mcchmical reliability testlor [illedsyslrm indicdturs. - I!,’this test the indicxlor shall he
treated= afmessure gage. If possible it sho.ld be obtained M a-60mponent prior t. its x~sc:mhly in.
[inkbed thermal system since cutting it o“t of x finished system will destroy the system.The indicator
shall be subjected to 100,000 pressure cycles at a rate of approximately 1000 cycles per 1,0... The pressure
d.ri”g each cycle shall vary from less tbm 30 percent to over 60 percent of the dial span. The pressure
shall he applied to the indicator by .onnectin~ to a short le@J of tbe capill.ry tubing, Fully compensated
Ey8tems sbaff only have pressure applied to the mantfmrmaf system withitw Compcmrating system pres-
surized as in the normal assembly of tbc system.

6.9 lnclinaOion. -

6,9.1 =.- The purpme of this test is todetermim the effect ontbc thermometer indication when
the thermometer ts inclined from tts normal position.

6.9.2 Eq@me”t.- The test may be performed at ambient conditions ..1.ss tbe fmintvr indicates off
scale, in which case the thermal element msy b-ebested by any suitable rmxms 10 briug it wilhin r’w,~r,

6.9.3 -s. - Withtbc pointer at any poi”twithi” the scale range zmd the U:crmwneter bcld s,, as 10
face tbe dial, andwiththepointe? i“a vertical position, thethernmmeter shtil bc rotated toplacc the pointer
60 degrees totbe right, left, forward and backward. Nochrmge inindicatim crwdcr than !1 percent of the
range shall occur.

6.9.4 Summary .- The following details shall be specified i“ tbe individual specification:

(a) The number of degrees of incliwitio” ifotbcrthan60.
(b)Theallowable change in indication if different than f 1 percent of range.

6.30 ~.-

6.10.1 P~. - This test is performed to determine the ability u! tbp tber,nometcr to resist d:,,,>:,s<.
when humped or otherwise subjected m an exter”d force.

6,10,2 Eq”ipmeni. - Any suitable me”ns may Ihcused t<, h,dd [he thermometer ami :q,ply th. hind.
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6.]0.3M>l@i,- Thethermometer,whilemounted in its we!], shall bc mcu.cly held in place. A load
or 15(1pcund8, applied in any convenient n,wme r, shall be applied to lb. cxsc at my point, i n any direction,
without permanently distorting tie alignment o{ the cam with the bulb, m damaging the thermometer ill any
Way

6.10.4 Summary - The following detatl shall be swcif ied in the individual speci[icatiox——

(a) The load ifdiffcrcnifhan150pounds.

6,11*.-

6.11.1-.- Certaintypesoffhermmneters,[orexmple thebimetallic,mustoperateinenviron-
mentsfhatareinjurm”stothermometerpartsciumingcorrosionand&reductioninaccuracy.Her:ce,they
mustbehermeticallysealed.Thislestde fermim.s the effectivcmse of the se?J.

S. 11:2 Equipment. - Water hatim wifb means of obfainin~ the desired temperatures are reqtdred for this
test. Fresh water shall he used.

6.11.3 Methods. - Tbe entire thermometer without tts well shall be submerged in a water bafh at room
temperature for 30 minutes. D sbaff then be submerged 1“ a second LMUIbetween 150 and 160’ F. i.m 15
minutes. Thisshallbe followed by ,mbmergeme in a cold water b“ bctwem 40 and 50” F, for 15 minutes.
The entire procedwc shall be repeated once. Transfer from .me bath to another shall be accomplished u
rapidly M practicable. Tberc sbafl be no evidence 0[ leakage during fbe test.

I 6.11.4 Swmnary, - The following details shall be specified i“ the individual specification.
_——

(a) Bath temperatures if tier ttran s~cif ied.
(b) Time in the baths if other than specified.

6.12 Fog, -

6.12.1 =. - This test is a continuatim of the test speciiied i“ 6.11. A small amount 0[ leakage
may be ““observed during the leak test but sbadd be detected dwing this teSt.

6.12.2 F4”ipment. - A refrigerator or cooling cabinet cawble of maitining a temperature of S5 to 45” F
is requ: red for this test.

6.12.3 ~.- After completion of the leak test (see S. 11) the thermometer shafl be placed im -
.uAiately in the cooling cabinet and held for o“e hour between 35 ad 45” F. The thermometer shall then be
removed and visuatfy inspected fo. evidence of moisture in the case.

6.12.4 Summary. - The following detail strati be specified in the itiividual specification

(a) Cooling cabinet temperature if other than 35 to 45” F.

Copies 01 specifications, Btandards, drawings, and publicalimm req.ired by suppliers i“ connection WM
specific prm”renr?”t [unction.q should be obtained from the procuring activity or as directed by the contract-
ing OfIic.2r,

~ SETW? f~m previ~g W.!?s- The -tent Ofc~w Wetiom *tiow etc.) preclude the -*tiOn
0[ the individual changes from the previous issue of this document.

!,

Preparing activity:
Navy - SH
(Project 6685-N076SH)

.Xu.s00vERNMEN7PRINTINGOFF,CE:1976.70302M717
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