
RESIDUAL STlIBSSES D~ BIMETAftLIC STRIPS 

Th:esi.s l:zy' 

Ernest R._ Howard 

In Partial Fulfillnient of the Requirements for the D~gre_e of 

Master of Science 

California Institute of Technology, 

Pasadena.,- California, 

1935. 



Aoknowledgements 

Statement of the Problem 

Abstract 

Introduo:tion 

TABLE OF CONTENTS 

Dieouasion of the Problem 

Availability ot Information 

Opinions 

Originel Plan ot Attaok 

Experimental Work 

Materials 

Tre.nsver .. Bending 

Direct Tension 

aardneu 

Oftn teat• 

Acid Dmaersion 

Initial Streeaes 

Detendnation ot the Mod.uli in Tension 

Reduction ot Tensile Testa 

Reductio ot Transverse Bending Tests 

Steel end Inv,u-. Beading Streases 

Initial Stress in InTar Outer Fiber 

Interpretation ot OTen Teat Results 

Page 1 

2 

3 

4 

4 

6 

6 

6 

13 

13 

16 

21 

S'l 

30 

zo 

38 

39 

4.0 

44 

50 

53 

63 



~neral Discussion 

Append ice a 

Trailaverse Be:ad 1ng CUrve s 

Tendon cunes 

Transnrae Bending CUrve Dat-a 

Tension curve Data 

* * * * * * * * * 

Page 64 

.Appendix J. 

B 

C 

D 



1. 

The writer v·1ishes to extend cleep apprLci-ition to the· E. A. 

Wilson Company, Newark, 2·, .J. i'or providin,: the greater pa.rt of the 

oatcrials used in this research and to Mr. Henry Herrman of that 

coupe.my for , . . ' ' . ' -
r1is 1111,eres t, .111 t.11e work and for making the S) ecimens 

availc:,ble. Deep appreciation is also expresned to the General 

Electric COI:ipany in Ontario, California for bearin1:; the entire 

f inanc:i,.al burden of the work anc: to L'.r . Y. W. Ridding ton of that 

coi:rpacy, under whose suggestion the ~vo:ck was carried out. 

The writer takes this opportuni. ty to thank :-' ro .' .:.: ssor 1 • .T. 

Converse ,.,:· tho Calii'orniu I ,.s ti tute o_ Technoloh.)' to, · hi s '1elp

fuJ. SUi,;_,c stions and cri t.ici ;;.; :;is as ciirector of this re:::;e~ch. 

Thanks : Lr<:' ,:.t.lso due to Dr. Donald S. Clar~, :.i.lso of t he California 

Ins titute , i'or much of his vah,able time s pent with tho -'writer, to 

L"Ir. '.fi . r . Hlrsch of tho Industrial Rcsec,.rc1; Laboratories, Los 

.A.11i,. elcs, for t he chemical anal::rsis m1d Di[tLiol,ci Brinell ] arcncss 

tests, :\lr. Eu0ene Grahmn for the prel::aration of the curve s , r . J. 

R. . Campbell of the General Electric Gorilpw:w, trn.d to all otners wilo 

;;ave of their tiiac to t his investif :,tion. 



STAT,EME;N'l' Qit THE PRdBJJiM 

It has been found in the use of bimetallic strips in thermo

stats for high temperature operation that quite frequentiy the 

bimetallic blades are permanently set becau~e of overload. The 

stresses present in bimetallic strips when operating as thermo

stats at high temperature are due to thr~_,,~, factors, first residual 

stresses at room temperature with no external loading, second in

crease of temperature_, and third mechanical lo~ding of the strips. 

The objects of this investigatiop. ·are (1) to <iete:rndne the residual 

stress distribution~n _the bimetallic strip, (2) _~ determine how 

the residual stre6ses ,ehange whe.n the : bimetallj:e • strip is subjected to 
. . 

el6ctrie fiatiI'on operating temperature for a long period, and. (3) . . . 

to determine the al.lciwabl~ ni&ohantcal loads which may be applied 

to the bime:ta.llic strip in beruilng. 



J. 

It is concluded (1) that under the assumption ineritioned on 

page 56 the residual inith.l stress at roorn temperature in the 

outer fiber of the iuvar side oi' the bir:ietallic strip ranges from 

35,000 lb. per sq. in. tension to zero stress depending on the 

rolling_hardness of the strip. The residual stress distribc1tion 
/ 

over the entire cross section, was n,ot detennined. (2) With sub

jection of the bi.metallic strip to a temperature of 600° F. for 
I 

504 hours the residual stress in the invar outer fiber is in 6en-

eral reduced. (.3) When the bimetallic strip is consideFed as a 

homogeneous m&terial, the _ proportional elastic limit in bending 

ran[;es froL'! 39,000 to 126,000 ;Jounds ;)er squ8.re inch in the outer 

·.fi-ber if the strip is bent so us to put the steel side in tension, 

and ran6es from 28,JJO to 70,0)0 pourJ.ds _?er square inch in the 

outer fiber if the strip is bent so as to put the invar in tensior.. 

The pro-;iortional elastic liI:1it varies with the roli.in6 hardnecs of 

• the strip. 



INTH0DUCTI0N 

Discussion .of the Problem: 

It may be well at this time to include a very short analysis • 

of the action of bimetallic strips with an increase in tempera:t,ure. 

For a complete analysis see 

S. - Timoshonko in 'Journal ·~ 

110ptical Society of Amer~ 

icc.11 July-Dec., 1925, 

Vol. 11 page 233. 

Fig 1 (a ) repre-

. sents two metcl strips 

of different coefficient 

"Analysis of Bi-I,ietal Therrilost&ts" by 

/ 

p . 
---I 

~ 
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p (c} of thermal expansion and 

of the same leng:t,.~ at 

room temperature. With 
M( 

an increase in temper
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di.ff crent len,_ ths. Now 
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at this new temperature, 
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as shown in (c). Suppose 

now the two strips are 

(ct) 
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, , 
joined together while under the loads as in (c) to make a bimetallic 

strip, then considering the ·two forces ,Eat each end as moments M., 

the strip will remain 'straight as in (d). Now removing the moments 

!!, as there is no external moment on a free-to-deflect heated bimet

allic strip, the strip will become curved and will be in the same 

final shape as if the two strips had been joined together at room ... 

temperature and then heated, one end defiecting with respect to the 

• other, (e), The final stress distrib~tion resulting from the in

crease in temperature -?-S :shown in (f). This is identical with the 

distribution which occurs when a bimetallic strip,. having no -inter

nal stress at room temperature, is heated. Conversely the stress 

distribution resulting from a decrease in temperature will be the 

exact opposite and is represented in (g). These stress distribu

tions are for strips of equal thickness and equal moduli of elasti

city, and are more complicated in the actual case, where the moduli 

are different. The stress in the outer fiber in lb. per sq. in. 

is of the order of 40'1.J' where 1 is the change of temperature in 

degrees Fahrenheit. The stresses at the bond a.re twice as great. 

The particular problem involved is the determination of the 

residual temperature stresses in the biraeta.l due to a. decrease in 

temperature from the rolling temperature and any other residual 

stresses due to the fabrication of the bimetal. 



Avz:.i labili t ·,: ~f Informa tioH on the ;juoject, 

'I'bc writer ho.snot boen allle to find any report of work done 

on the resio.ual stres;.; distribution of bimetallic strips, most of 

the litera ture on bimetallic strips beine concerned with stresses 

and deflections considerir1g <:l.n initial stress distribution of zero 

and stresses below the elastic limit. However, a report by l,;r. ii . 

Dawidenkow in Zeitschrif't ftlr Metallk.uncfe, February 1932, p 25, 

on the "Determination of Internal Stresses in Cold-Drawn Ih-ass 

Tubes" Gave a method of determining residual stresses by dissolving 

the tubes in acid and measuring change in diameter and length. The 

writer had started somethin,::, sit:1ilar, the d.issolvinc; of bimetallic 

strips in acid and measuring the resultant curvature, before seeing 

t his article a.Jld worked on this method fo:c a consicic:',:.Lle length of 

time. This will be discussed L.:.ter. 

:Jpiniom; on Residual Stress Distribution, 

Tiit' n . A. Vlilson Coi::pany , manufacturers of bimetallic stri:;s , 

in re;;ly to a question on residual stresses gave an opinio1; U,1o.t 

"stresses can be reduced to a minililum at some temperatur0 nhich is 

between two extreme temperatures 11 • Mr. F. Yi . Ridding-ton, of the 

General Electric Company, was of the opinion th.'.lt at some temper

ature, possibly 300° F., the stresses in the bimetal could be 

co11s idered to be zero without much error. 

Original Pl~w of Attack: 

The swu of the internal forces ucting on the cross section of 



a beam is equal to the external force, ai:1d for the case of' a free

to-deflect bimetal strip, the external force is zero. This cond.i

tion is then expressed as ~I == O. The existence of residuru. 

strcssos in a bimetallic strip then means tl:at some fibers or sets 

of fibers are in ter..sion at tl1e expense of others being in com;"Jrcs

sion. From the condition of' equilibrium can be written the equa-
. / 

tion thut the external moment on a bem!i is equal to the internal 

momer1t and for this particul:.:.r case , a. free-to-deflect bimetallic 

strip , the external moment is zero. Therefore Zhl == O. These two 

eqm.tions may now ·be v.rri ttcm as integrals in terms of the stress 

at any point distant y_ from the neutral axis of the beam. They are 

-1p 

(1) E F = j S dy :, 0 
-2 1-1 

(2) EM <=" f 3'::I d<:I = O 
-2 

where the beam is of 1.nri t width und of de;)th _h. §. is the stress at 

any point y__. 'rhe first equb.tion shows thu.t the mau1i tu.des of the 

positive forces must counterbalance the net;utive forces, and the 

second equation shows t hat these forces must be so distributed tL,,. t 

the moment of the forces about the neutral axis is zero, Le. there 

is as much negative moment as positive moment. It is thus seen 

that residual stresses may be present in biraetals. Definite proof 

that there are residual stresses is obtuined by dissolvinL, a :iiece 

of bimeta.l and watchini:,. the strip take on a curva ture. 
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The rolling of r;1etal strips.. gives rise to residuol stresses 

being present in the rolled strip. These residual stresses are 

distributed symmetrically over the cross section of the strip; in 

general there is residual tension in the outer fibers and residual 

compression in the center fibers of the strip. Since bimetallic 

strips dissolved in acid always to,Jk on a curvature such th,. t, t.he 

steel side, the high expanding side, bece~me concave, i t 'ltt;..ts con

cluded that residual strosses due to temperature change inust be 

present and that this temperature cha..-rige was the decrc,~ se in temper-

• ature the bimetal underwent in cooling from the rolling temperature 

to room temperature. Therefore a stress distribution somewhat like 

that shown in Fig. 1 (g) is to be expected. 

Th.at distribution is sketched here again for 

reference. It is seen that tho outer fiber 

of the invar is in tension while that of the 

steel is in compression. Also the bond fiber 

of i1rvar is in compression while U1e bond 

fiber of steel is in tension. The effect of 

external loads on the strip is to add bending 

Con,p. Tens. 

stresses to this residual stress distribution. The effect of in

creasing or decreasine the temperature of the strip is to add 

temperature stresses to those stresses already present. Thus in 

case of combined heating and loading of·a bimetallic strip, the 



stress distribution is the sum ot the residual stresses, the temper

ature stresses, and the loading stresses. 

The assumption is now msde that the individual msteriala in the 

bimetallic strip have the same proportional elastic limit in tension 

as in compression. Reter now to the sketch ot a pr~be.ble qualita

tive stress distribution shown in Fig. l (g). Considering the outer 

fiber ot · the inver side it can be seen that in bending the strip so 

that the loading causes tensile stresses in the invar aide, the 

outer fiber will reach i ta proportional elastic 1 imi t at a lower 

external moment then it the bending of the strip were in the opposite 

direction. The same consideration can be made for the steel outer 

fiber, i.e. if the strip is so loaded that the steel is put in ten

sion, a greater external moment will be required for the stress to 

be changed from an initial residual compressive stress, through zero 

actual stress, up to the proportional elastic limit in tension than 

would be required to reach the proportional elastic limit in com

pression with bending in the opposite direction. Bending ot a beam 

sets up a linear stress distribution 9ver the section of the beam, 

compression on the concave side, tension on the convex side, and 

zero strea~ at the middle. Therefore relatively high residual 

stresses near the center of the beam will not be disturbed, i.e. 

they will not be brought up to their proportional elastic limit by 

external loading; and the proportional elastic limit obtained in 

bending of the bimetallic strip may be considered to mean that an 
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outer fiber has r e ached the proportional elastic limit. It 1• tor 

this reaeon that transverse bending tests were made in this investi

gation. A su1 table combination or the reeul ts obtained in this way 

will give a value for both the residual streae and the proportional 

elastic 11.mi t. 

Now ooneidering again the sketch of Fig. l (g), it t• aeen that 

presumably the bond fiber or the steel is in th• higheat etate ot 

residual tension; therefore if a direct t~n•ile force is applied over 

• the croaa Notion of the 1trip, 1.e. one which •111 add tensile 

stressea to all parts or the strip, it is likely that the bond fiber 

of steel will come up to the proportional elastic limit first. How

ever if the proportional elastic limit of the invar is considerably 

lower than that of the steel, the outer fiber of the invar may 

reach the proportional elastic limit first and thus cause the strip 

e.s a whole to reach a proportional elastic limit. It ie for th1a 

reason that tension teste were made on the bimetallic stripe, tor it 

the stress neeeaeary to bring the 118.terial. to a proportional elaatic 

limit is known, and it the proportional elastic limit ot the 11ld1Ti

dual strip is determined aeparately, then the residual etress at the 

particular p.oint in the bimetallic strip will be known. 

Conver88ly the addition of a uniform compreeaive Btreaa to the 

bimetallic strip croaa section would bring the invar bond tiber to a 

proportional elaatio limit first ud in the same way would be a tao

tor in the determination ot the 1n1i1al reeidual ~tNss at that 

point. Honver, canpreseion testing 1a so complicated due to the 
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difficulty of' aentral loading of the specj.men and due t_o buckling 

ot specimens that such tests could not be satisfactorily carried out 

tor the bimetal.s. 

Again referring to the sketoh in Fig. 1 (g) consider what 

effect a change in temperatUl"e will have on the stress distribution. 

' Since this presumable stress distribution 1s a temperatlll"e stress 

distribution, any change in temperature will simply change the mag

ni tudes of all the residual stre sse a proportionally, diminishing 

all stresses.toward and through zero to stresses of the other sense· 

with an increase in temperature, or an increase in all etreases in 

the same sense with a decrease in the temperatUl"e. Thus with an 

increase in temperature the bond fiber of the invar will probably 

reaeh a proportional elastic limit first, while with a decrease in 

temperature the bond tiber ot the steel will probably reach a pro

portional elastic limit first. There are two ways of detecting the 

passing of the proportional limit due to temperature etresaes (1) 

by plotting the temperature deflection. eurve and tinding the break from 

proportionality and (2) by repeatedly heating to successively higher 

temperatures, oooling the specimen to room temperature betnen each 

heatins, and measuring the permanent set taken by the specimen. 
-

Probably only- the second method could be used in the case or cooling 

to temperatures below room temperature. The determination or residual 

atresne by this method was not done because of the numerous ditt1-

cult1ee involved, mainly (l) changes in strengths and elastic limita 
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ot the metals with temperature, and' (2) changes in the moduli ot 

elasticity with temperature. 

The properties of the individual metftls were to be determined 

trom teste on samples ot various hardneeaea turniehed by th~ manu

facturers. The properties ot the sides or the bimetallic strips 

were to be determined by a correlation •1th their hardness and the 

hardnesses ot the test amnples or the individual mete.ls. 

During the course of the investigation, a method of measuring .. 
stress distribution by dissolving in acid was developed and .work 

done along that line, •hioh, as mentioned above, will be discussed 

later in this report. 
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KXPERIMENTAL WO.RX 

Terminologz:: 

Bimetallic atripa are made up of two atrips of metal, oue ot 

whose coetfioient ot .the:rmal expansion ia higher than that or the 

other. The maautacturera distinguish bet ... en these etripa by call-

in«• them •high expanding steel" end "low •~ending ateel• Na;peotively-. 

The wriier has used these teru end also the worda •ateel" and 

"invar" to mean high end low expanding strips, reap•ctively. It 1• 

to be understood that invar is a patented. alloy ot about S~ aiekel 

ln iron, whioh aooor4ing to the chemical analyais tollowtag 1a not 

the same oompoaition •• the low expanding •steel. 

Th• phrana "residual stress" 8lld "initial atree■ 19 are used 

interohangea'bly. 

Mater!el• u .. d in the investigation: 

The ftrat Nta ot teats made were transverse bending tests and 

41:reot teutott teats on tour hardnesses of the H. A. Wilson Cmpany•a 

High.heat Thel"IIIOlletal, representing the four tempers ot Highheat 

Thermometal. The specimens used tor bending were design~ted aa 1-IT, 

1-10, 2-rr. etc .', the nwnber representing the material and the le-ttera 

deaigaating invar in tension (IT) and inver in compresaion (IC). 

The speoimene pulled ill tension were given the numbers 1G!52, 2GE03, 

SGEM, & 40355, the first figure representing the material as above 

and the GI number a number given the qpeoimen by the writer. Atter 

the above ee.m;,les were tested, all further samples were heated tor 



one hour at 650 deg. -,. at the suggestion 'o't ,the' n. A. Wilson Company 

so that the material would be in the &8JJJ9 condition in testing as it 

we.a intended to be in the thermostat. 

The set or teats reterred to later aa "oven tests" was ~49 on 

the three har«est ot the tour hardlleseee ot higbheat the;rmometal 

purahaaed_ trom the H. A. Wilson Oo. The specimens w•re desig11&ted 
/ 

by three ahal"acters sueh as 21'4 and 3B2, where the tirat figure 

represents the material, as above, the letter represents the time 

whic,h the specimen was in the oven, and the last figure is the apeei-
; 

men number. The hardness, of these specimens and those uaed in 

the :first set ot tests was given by the Wilson co. •• #1-:f"ul.l.y 

aJmealed~ 12-15 points hard, #3-10 points hard, and #4t-20 point■ 

hard. Thia is rolling hardness and corresponds to reduction in 

thickness atter the last anneal. 

At the request ot the writer the H. ,A.. Wilson oo. aent samples 

ot the individual ■trips which make up the bimetal. Strips ot high 

expanding steel trom heat {15147 and strips ot low expanding steel 

trom heat #7384 of tour rolling hardnesses were sent. Also sample a 

ot highheat thermometal made up ot the above two hee.ta were sent :for 

teat. Theae .were all sent without charge. The designetions ot these 

etrips tollowa: 
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Steel TYPe ot steel Heat "I Rollinl Hardness 
No. .055 .040 .026 Fully 

A.nneeled 

2 High Expanding 5147 2-.A 2-B 2-c 2-D 
Highheat 

Low Expanding 7384 3-A 3-B 3-C 3-D 
#47 Highbeat 

Thel"m0Dl9tal Heat II ,,Rolli!!i Hardness 
.020 . • .015 .010 Fully 

Annealed 

Bighheat 7384 vs. 5147 H-A H-B H-C H-D 

To the aamples ot the individual steels the numbers l & 2 were pre

fixed to denote the number ot the specimen. To the samples ot the 

thermometel Qsed in transverse bending the numbers 1 & 2 were pre

fixed u tor the individual steels. To the samples ot thermometal 

used in direct tension the numbers 1 & 2 were suffixed to the number 

given in the table above. These bimetallic strips (7384 vs. 5147) 

will be apoken ot as "H•thermomete.l". 

A ehemioel analysis ot the steels 2 &. 3 and the H- _thermometal 

na •d• by Mr. VJ . 7. Hirsch of the Industrial Research Laboratories, 

Los An&elea. The oompositions are given in the following table. 

Speoian ~ Carbon ~ Ohromium % Nickel ~ Iron 

Steel #2 .08 ll.16 18.20 be.lance 

Steel #3 .0'1 none 41.80 balance 
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Transverse Bending: 

In order to determine the strengths or th~rtDOJQetal in tranaverse 

bending a cantilever bending machine was designe6 'by l.T. Riddingb:) n 

of the General '<;leotr1c Company and the writer. Thie 18 shown 1n 

fig. 2, p~ge 17, while the sketch in 71.g. 3 ahows the roroea acting 

on the tested strip. 

p 

Fig. 3 -

N/ 
I 
I 
I 
I 
I 
I 
I 
I 

The machine con&ista ot a fixed aupport for the strip, and a 

loading rod and pane tor applying ~the load. The detlection or the 

loaded point or the strip is measured by an Ames dial gage rest 1ng 

on the end ot the loading rod. The edge of the block may be set 

at any convenient diatanoe from the loading rod by eliding it in --
a slot in the tour inch channel section base of the machine. A 

straight wire is screwed into the strip outside the loading point 

I 



l7. 

Fig. 2. 
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and its angle with the horizontal (aagle A) ' is measured with a mach

inist's protractor dµring the test .. The loading rod is mounted in 

three bearings in a vertical line. The readings taken during the 

transverse bending test ere (1) load on the rod, (2) deflection ot 

rod, and (3) angle A• As the load t (11ee Fig. 3) increaaea the de

rle otion and the an&le ! increase. Since the end ot the loading rod 

1e • ball ·point, the force on the strip ia ,.normal to the surface of 

the atr1p (!! in Fig. 3) and has as its components P the vertical 

force du• to the loe.d and Ra horizontal reaction due to the 1nolina-- • 

tion ot the aonnal toroe. The bending moment on the strip at its 

aupport ia due to both P and R. In order to determine the effect 

ot R, ita magnitude ie foun4 by getting the inclination of!!_ through 

111aeuring the angle !I the moment arm ot 1!. 18 a function or the de

fiection of t.bFt strip. The atreas 1a (MtN)c/I and the unit strain 

111 6o(MtN) z , where M ie the moment due to E_, N is t h,, DIOl8ent due 
l 2 (P.N+ZM) . 

to!,!. ie the halt-thickness ot the strip, I is the moment or inertia 

of the aroae section of the strip, 1.. ia th~ deflection under the load 

!,, and!. is the length of the strip between the support and the load 

P. The un1'• used are pounds and inches. 

The bending teste nre carried out under the assumptiona (1) 

that the material waa of the same modulus of elasticfty throughout, 

( 2) that the ordinary beam formulae held for this loading, and (3) 

that th• strip••• narrow in comparison with its length. The first 

assumption ia obviously not correct for the bimetals. A correction 
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was later applied to the results so that actual stresses in the 1nvar 

and the steel would be known. The method of calculation of this 

correction is discussed later, and does not invalidate the results 

of the testing. 

The effects of original curvature of the specimen, zero load 

(weight of the pans and rod), zero deflection, and zero load angle 

reading A· were taken into account . The ·friction at t be loading 

point was minimized with a drop of oil, and the friction on the load

ing rod at the bearings was eliminated by the vibration of the entire 

framework of the me.chine by en electric buzzer seen mounted on the 

left side of the frame (Fig. 2) and by revolving the loading rod 

manually. 

The size of the test speoimens for the oven test sa~ples and the 

H-the:rmometal was .030" by 3/8" in cross section with a ,sage length 

of lf"• The width of the first set 1-IC, etc. was¾"• In all the 

succeeding bending teats the width of the lf" gage length specimens 

was redueed to 3/8" as it was felt that erroneous results would be 

obtained with such a comparatively wide specimen. 

The results of the testing of thermometals in transverse bending 

are given as stress strain ourves of the outer fiber of a homogeneous 

material end are to be found in Appendix A. The original data for 

all curves in Appendix A are to be found in the sane order in Appen

dix o. The determination of the physical properties in bending for 

the transversely tested specimens is given in Tables I to IV, starting 
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on page 34. The correoted values of actual' stress in the strips at 

the proportional elastic limit of the specimen are included in these 

The method of loading the specimen in the transverse test is 

not the simple addition of increments of load to the specimen, but 

the addition and removal of the entir~ load (except zero load, the 

weight of · the rod and pan) for each loading. In this way e.ny per

manent set may easily be detected by a change in the zero load read

ing. The zero load reading was read after each removal or load to 

the nearest third of e. division on the .Alms dial (l div.:.001"). A 

curve representing th• increase in zero load reading for each addi

tional load during the test was plotted and designated es the "delta 

set curve". It the abaciaaae of the points on the delta set curve 

oppoai te the experimental points on the main curve be added together 

up to any load or streaa, the aum will represent the total set of 

the specimen at that stress. The delta set curve then represents 

the rate at which the set is increaaing. The writer has noted in 

general thet where the delta set curve starts to increase repidly, 

the main eurn may be seen to deviate from proportionality. The 

true elaatic limit is that maximum stress which may be applied to a 

•terial with.out any permanent deformation. If then this definition 

were adhered to, the elastic limit of many or the samples would be 

aa low a• 2~ ot the value chosen as the proportional elastic limit, 

u one third ot a division on the dial represents, in some cases, 



only .000005 inches pe·r inch unit strain. Therefor"' the proportional 

elastic limit as picked out for each cum w8s chosen with two rec

tors in mind. (1) tha shepe of the delta ~t curve and (2) the devia

tion of the main curve trom proportionality. 

The fine line parallel and to the right of the main curve repre

sents the unloading of the specimen between the points connected. 

Thia line tenn1nates at the zero load streae. 

Direot Tenaion: 
• 

All of the direct tension testing was done on a 3000 lb. Riehle 

tensiou machine. fig., shows tm maoh1ne, including th., loading 

wheel, the beam, the specimen holders, end the apeo1.men in position 

tor testing. The load ia applied by hand and the beem is balanced 

tor the load reading. An extenaometer of 10 oent imeter gage length 

waa ueed tor measuring the extension of the specimen. The extenso

meter dial divisions are in hundre·dths or millimetere, M H,at t he 

extenaion ot the 10 om. length of the specimen by .01 m. woul4 move 

the dial pointer one division. Therefore the dial reads directly in 

1/10000 unit etrain. The detaile of the extensamiater end specimen 

aet up may be 15een in Jl'ig. 5. The method of taking the readings on 

the te ■" wu firat loading the epecinaen by the hand wheel until the 

dial pointer was directly- oTer a scale division pn th~ dial and then 

balancing · the beain and reading the load to tha ne-a,ry; at pound. Until 

after the material being teated definitely passed the 1 1ald point, 

reaclings of load and deformation were taken tor every 1/10000 unit 
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Fig. 4. 



23. 

Fig. 5. 
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strain, i.e. for every scale division. After the yield point the 

strain increment was gradually increased as the load did not increase 

as quickly. The rate of loading below the yield point was approxi

mately .0015" per minute; this rate increased above the yield point 

gradually up to .03" per minute. 

7ig. 6 shows some of the tensile test speoimens, somewhat re

duced in · size. The H-thermolll:3tal tension spec,imens were .• 030" th.ielt, 

!" wide at the ends and milled to¼" for a length of~" in the cen

ter. The invar and steel speeimns were .080" thiok, ½" wide at the 

ends and milled down to¼" for the same length in the center. 

In Fig. 6 it may be seen that the ends ot the top specimen are 

bent to the shape ot an "S; to fit into a certain set of holding 

Cl8J!lPB• Much difficulty was encountered in the holding of the speci

mens with the clamps and wedges that were at hand in that the speci

mens being hard would slip in the holders, and it was not until a 

he.rd set of wedges was made up that this difficulty was overcome. 

The objection to the •s• olamps was that the specimen was not always 

straight end bending as well as tension detormations would be measured 

--this is seen very well on the curve #l-3A, page B-17. With the 

new eet ot wedges the remaining atrips were pulled without bending, 

without alipping, and without difficulty. See the center specimen in 

J'ig. 6. 

It is to be noted that the tension testing was not done in the 

same manner in which the bending teats were made, 1.e. the permanent 
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set atter each increase in load was not IM&sured. Measurement of 

the final elongation only was made after failure because in the ten

sion test unloading is very delioe.te and troublesome. Du.a to the 

method of applying the load to the epec-imen in this particular ten

sion me.chine, there is a noticeable torque put on the specimen 

because of the loading ecrew. It is there tore important during the_ 

course of each test to load the strip with' increases of load only; 
, 

thus any permanent sets measured after unloading would be or ques-

tionable value. 

The proportional elastic limit in tension was ohosen by inspec

tion ot the stress strain diagrams as that stress where the .tress 

was no longer proportional to the strain. The general shape of the 

tension curves was one of gradual deviation from the Hoon•• law rela

tion and 1n general a considerable amount of elongation just below 

the ultimate strength. 

In order to show the entire range of the curve and the elastic 

portion clearly on one sheet of paper, a contracted scale we.e ueed 

tor the stre se strain relations above the first one per cent unit 

strain. The curve drewn to this contracted scale te shown as a bro

ken line. 

In general before the tension specimen failed, it staned to 

neck down somewhere •1 thin the gage length. With this necking the 

balance beam ot the tension me.chine dropped, and with auccessive 

elongations or the specimen the load on the specimen dropped. The 
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' following ot this decrease in load may be seen in the diagrams just 

previous to the failure of the specimen. Al though the actual phyai

cal stress increased e.a the elongation increased, the engineering 

stress, based on the _original cross sectional area, decreased rapidly • 

.An effort was msde to keep the beam balanced up until the moment ot 

tail~r,; , but just before failure occurred the load tell otf ao rapidly 

that th6 beam could not be balanced. 

The resul ta of the tension testing of both the thermQDftt"le and 

the individual mete.le are given as stress strain curves or a homoge

neoua material end a.re to be found in Appendix B. The original data 

tor all ourvee in Appendix B are to be found in Appendix D. A te.bu-

• lation or the physical properties observed from the tension tests 1• 

inolude4 with those in tranSTeree bending in Tables I to IV, starting 

on page 34. The corrected values of the actual stresses in ~e bi

metallic sir ip1 are included in theae tables. The method of' caleula

t ion of tlle correction of' the above values is developed lat.r, as use 

is med~ of the results of' the tension tests of' the 1ndividuel metals 

1n the ccunputation. 

Hardness tests: 

Measuremente of hardness were taken on at least one or each kind 

o:f' sample. These were (1) Sclerosoope, (2) Rockwell ~B" w1th 100 kg. 

loe.d using • 1/16" steel ball, and (3) the Diamond Br1nell, which 

measures th& load in kilograms per unit area necessary to indent a 

! ta. diamond bell 9/5000" into the material being teeted. The 
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values read conespond to actual Brinell numbers without conversion. 

Only the diamond brinell hardness has no "anvil ettect" due to the 

.030" thickness of the bimetallic strips. 

The data taken on hardnesses of the specimens used in this inves

tigation are incorporated into the Tables I to IV, page 34ft. 

several efforts were made by the writer to correlate the physical 

properties of the tested S8ll'.IJ)lea with their hardness, but were made 

without the desired success. The relation between ultimate tensile . 
strength and Monotron Diamond Brinell hardness is shown on page 29 

tor the two sets of steels, the high expanding end the low expanding. 

Only- a. general relation can be identified and a.a is .seen by the 41t

tering Talues ot strength tor two samples, ot the aame material and 

hardness this relation is indefinite. The ranges shown (or the two 

metals are charted to inolude all the tests made on each metal. Four 

ditterent diamond brinell hardnesses, eorresponding to the tour rol

ling hardnesaes may be distinguished tor the high expanding steel, 

while tor the low exp8.llding steel it is to be noted that the three 

highest rolling hardness samples all gave a single value tor diamond 

brinell. Therefore because ot the spread ot values, the hardnese 

strength relations have proved of little Talue. What was P8.l'ticularly

desired from the hariness tests was a relation between the propor

tional elastic limit and the hardness or the 1118.terial, but as men

tioned above no such relation was found. 
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OTen Tests: 

several specimens of the three hardest types ot highheat thermo

metal were kept at a temperature ranging from 600 to 625 deg • .,. in 

a thermostatically controlled oven tor various lengths of time. 

Sets of samples were taken out at ~, 24, 96, 168, &. 504 hours, those 

being taken out e.t 3 hours named B and tho ae at 504 hours named .,. 

Only the ·specimens ot these two lengths of heating were teated, the 

others at Ul remaining on hand. The · tests lll8de on these specimen• 

were trensverae bending in bot~ directions and the three hardneaa 

teete mentioned above. 

The curTes plotted rrom these bending tests appear 1n AJ)pendix 

A, pages 9 to 20 ino.; the data are in Appendix c. The physical 

properties of the strips used in the oven test are tebuleted in 

Table II, page 35. The results of 'the oven teat cannot be discussed 

at this point and are taken up later, page 63, atter a oon.aideration 

of initial streae distribution, whi'ch can not be made at thie time. 

The results ot the oven test are gtven later in Tables V and VI, 

page 61t. 

Acid imnersion nthod ot determining stress distribution: 

During the experimental work involved in this inveetigation e. 

pieoe or brass invar bimete.l (not highheat thermometal) was immersed 

ill nitric acid until the brass side was completely eaten ott. There 

was noted a slight change in curvature in the remaining 1n•ar •ide, 

which aide being highlf resistant to corrosion was not Beten by the 

acid. Some time later the writer tried dissolving the bimetallic 
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strips in aqua regie. As the specimen was eaten by the acid and 

decreased in thickness, it took on a very noticeable curvature; it 

also warped. The top specimen shown in Fig. 7 is such a strip. 

This bending of the strip shows ~m existence of residual stresses 

in the strip. 

The writer worked out a method of :measuring the magnitude and 

distribution of these residual stresses under a few assumptions (1) 

that the acid will eat the material at a uniform rate oTer an appre

ciable length, (2) that the strip is long as canpared with its width, 

end (3) that the curvature oan be me.sured sufficiently closely. The 

general equation developed is 

/ 
r 

where 1/r ia the change in curvature, 2k is the average stress in the 

steel betwegn the original o111teide fiber and the new outside fiber, 

~ 1a the corresponding stress in the invar, and !J.. and !2 are con

stants depending on tha dimensions or the strip at the time the cur

vature is measured. 

In the above equation it is to be noted that both e.nd therefore 

neither of the unknowns s. and s can be determined a imply by meeeur-
-=-K ~ ' 

ing the radius ot curvature, !.• Therefore, in order to use the equa-

tion one of the constants must be made zero, which is done by allow

ing only one side of the strip to be dissolved in the acids In this 

way th• atreee distribution over the entire cross section can be 
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determined. 

A good dee.1 ot work was done experimenting with methods to pro

teot one side of the strip from acid action. The plating or a very 

thin layer of gold on the aide to be protected, suggested by Dr. D. s. 

Clark of the California Institute of Techn-0logy, proved to be the 

most succeearul. However no quantitatiTe reaults were obtained end 

the method given up due to the limitation' ot time and the necessity 

of making numerous physical tests on the other samplea. The main 

difficulties involved were (1) the gold plate did not form a perfect 

bond with either side of the bimetallic strip although the strip was 

finely polished and thoroughly cleansed before plating, (2) the 

nitric acid, not a solvent of gold, penetrated underneath the gold 

plating and dieaolved enough of the strip to cause the gold plate to 

flake ott, (3) the rate ot eating is gre.ater right at the edge as 1a 

seen in the two center specimallS in Fig. 7, and {4} that .the specimen 

warped aa well as bent and it was difficult to know where to measure 

the ot1rVBture. 

Fig. 7 shows at the top the acid eated specimen mentioned above, 

a gold plated specimen from which the gold is starting to tlm, two 

specimens showing the ditterentie.l eating at the edges, a strip of 

gold flaked from a specimen, and last a gold plated specimen with 

the plating wire still attached. Fig. 7 is aotuel aize. 
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2B2 I 230 
2B2 S 290 
2B4 I 
2B4 S 

.2Fl I 225 
2Fl S 290 
2F4 I 
2F4 S 

3B2 I 
3B2 S 
3B4 I 210 
3B4 S 265 

3F3 I 
3F.3 S 
JF4 I .225 
.3F4 S .245 

4Bl I 
4Bl S 
483 I 220 
4B3 S .300 

4f.2 I 
4F2 S 
4F:3 I 205 
4F3 S 300 

TABLE II 

<l) 

P., 
0 
C) 
{/} 

0 
r... 
(l) 

r-l s 

98 40 
98 43 

100 39 
100 43 

35. 

T1·ru1sversf~ Bending Stress (~s at 
Pro,:-orti ,mal Elastic Litd t 

(iooo lb. per sq. in.) 

E teel in Tens. 
Invar ir, Comp. 

II) 
II) 
<l) 

>-< 
+' 
O'.) 

II) 
II) 
Q) 

t 
Cl) 

r-1 
Q) 
Q) 

+> 
tr.l 

Ul 
Cll 
(I) 
M 
+' 
C1) 

12.3 13-3 117 

124 131 118 

Inv,,.: ' in Tens. 
Steel iL Comp. 

Cll 
C/l 
<l) 

H 
~ 
a) 

63 

73 

67 

77 

(/) 
11) 
(l) 

t 
0) 

60 

69 

.. 
0 H 

(l) . (::. , 
'd 
0 • 

~1 p o 

r-➔ 

.21:9' 
23. _;: 

22.6 
.23.3 

--l----+----+--~---l----+------l-----f 

96 36.5 - 93 
98 38.5 9.3 

99 
99 

88 
88 

96 36 
97 .38 

99 40 
100 45 

101 39.5 
102 45 

112 119 109 

126 134 120 

123 1.30 117 

60 

68 

60 

63 

64 57 

72 65 

64 57 

67 60 

22 .2 
22.2 
21.3 

22.3 

21.7 
.2.2.7 

21.7 
.22.J 



36. 

TABLE III EDIVIDUAL i1IE1'ALS 

Proportionll.l Q Modulus of 
Elastic Lh,i t 0 Elasticity Hardnesses ,,-,/ 

H ti) 6 . 
(j) (1000 p.s.i.) .:: (10 p . s. i.) rQ (l) ,-.. 
P- ~ . 
;::l I •rl 
~ rl z: r-i I . 

,-j f~ ,c u, 
~ (!) +> . 
~ s:::: ,.a QO P . 

c.D •r-l P. s:::: tw s:::: ~ .;::j H '° ,'-• .. 0 s:::: (l) 0 0 ~ 
C) c::i r-i 0 •r-1 -.-1 HO •r-1 •r-1 
Q) r-1'-.... C) (I) ] +>.O (I) ro 
p , 'g r-1 r-1 [/) s::: . \J] r-1 s::: ,:.. 

CJ) (!) I 0 (l) (I) ---- (1) G.) 
0 ~ tu) H E-< /.0 • E-< ~ 

~ ~-~ (l) +> 

s§ r-! rl 
•r-l C) :::> 
A Cl) 

2A .300 110.5 54 
l-2A 72 14.3 28.8 
2-2A 95 135 '' l '. C:, 

,:. ~) • ,.I 

i 

2B 295 108.5 51 
l-2B - 124 ----
2-2B 74 124 2.7.0 

2C 255 l-J5.5 43 
l-2C 47 112 30.4 
2-2C 76 105 27.2 

2D 150 72.5 18.5 
- 1._..;m 21 78 21.:) 

2-2D 20· 78 ;27.3 

3A ;~JO 106 44 
1-JA 74 109 19.J 
2-JA 73 100 2; .8 

.3B 2.30 103 45 
l-3B 67 105 .21. 7 
2-JB 72 106 2:.. 6 

JC 230 102 4
r ·, I.; ~. ,.,,· 

1-JC 61 100 2•).3 
2-.3C 68 100 21.3 

3D 14J 79 21.5 
1-JD 28 33 73 21.7 1s .4 
2-JD 19 69 18. 5 
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INrl' IAL STRF..SSES 

The oelculation or the initial etreaaes in the bimetallic strip 

involns e n~r of steps. inoluding the determination of the moduli 

of elaat1c1t.y ot the ateel and the inTar. tbe relatin thicmeaeea 

of each metal 1n the b1metal, and the correotio:a. or reduction ct 

the prop~ional elastic limits obtai~d ~ the teate to actual 

stresses in the invar and steel sides! of the bimetal. Af"'er theae 

steps are taken•certain assumption• Qe made an4 the residual initial ,, . 

stre•a in the outer fiber ot the invar aide of the thermometal ie 

calculated. Tbe distribution over the remaining portion of the 

oroH aection oan only be esti.ted. 

In Tables I to IV are tabulated 'the results of all the hardness 

tests, the proportional elastic limits 1n bending and in tension, 

the moduli ot elasticity ot the strip as a whole in bending ud in 

tension, and the ultimate atnngth ot the strip it meaaved, tor all 

the stripe investigated. Each table ia tor a 4etin1te set of aam

plea, Table I giving the reaults tor the atook highheat thel'ZOlll9tal, 

Table II the results ot the oven test aamplea, Table III ·the •••t• 

on th• individual metals, and Table IV the tests on the H-thel"IIOJD$tal. 

The propertie • ment toned were takan trom the hardne■s test data a?J4 

the stress strain ourvee in bending and in tension. Also included 

in these tables are the oorreoted values of -actual stress in the 

invar and steel sides ot the bimetal when the bimetal as a whole 



, 
reached its proportional elastic limit. The method of oaloule.tion 

ot the actual stresses follows. 

Detentnation ot the mo4ul1 ot elasticity ot the individual metale: 

The values of the modulus for the high expanding ateel were 

talmn from Table III. The average of these figures in million lb. 

per aq. in. is 26.g; leaving the Te.lue of 21.0 for (/lf!-2D, one ot 

the softest specimens, out or the average, a figure of 27.7 is 

obtained. Again it the highest value, 30.4, is left out also, a 

figure ot 27 .16 is obtained. The writer feels that a value of E • 

27,000,000 lb. per sq. in. ahould then be taken as the steel modulus 

of elast ici t;y. 

The _average of the moduli in million lb. per sq. 1n. for the 

low expanding steels is 21.05; leaving out the value of 18.5 for 

#2-3D, the awrage becomes 21.4; leaving out the value of 19.0 for 

~
11•3A solely because 1 t was low in eampa.rison with the others, an 

average of 21.e results. Again, using all the figures and listing 

·the~ in the order of their magnitude, the median two figures are 

21.7 . . Therefore a "18.lue of 21,500,000 lb. per sq. in. was chosen 

as the modulus ot elasticity for the low expanding steel. 

The ratio of the modulus· of the invar to that ot the steel is 

then 

R/5 
Z7.0 -.796 or 080 
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,. 
Reduction of tensile test results on bimetal strip: 

AS bas been mentioned before the tension test curves for the 

bimetal strips were baaed on the assumption of a homogeneous specimen; 

since the bimetallic strip ie made up of two strips of metal of dit

terent moduli of elastioit1, a correotion ia neoessary to obtain the 

moduli ot the individual metals. Consider the slcetchea in Fig. 8. 

The upper ·rigure represents the crosa seotion of the strip considered 

as a homogeneous material; the lower figure represents the equivalent 

steel section, obtained by reducing the 

width w of the invar side to nw and oonsid

ering then this resulting area as the cross 

section of a steel strip being pulled in 

tension. (~ is the ratio of the moduli.) 

(1) For e. reotaD81.lle.r oross section 

the elongation is given by 

:/ = Pl 
A£(; 

(2) For the reduced section the elon~tion is 
_ Pl 

51 - LJ E 
r1r 5 

Fig. B 

where P is the loe.d, .!. ie the lengtl1 of the specimen, !. and ~ are 
. 

the rectangular and reduced section areas respectively, and !t a.nd 

!a are the moduli or the homogeneous material (the obnrved modulue) 

and the steel side respectively. 

From these two . equations 
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where n is the ratio of the invar to the steel modulus,!_ is the 

traction of invar, and .I the fraction of steel in the cross section 

of the actual strip. 
/, 

This equ--etion is charted as a set of curves 

on page 42. Thus from the curve the relation between the observed 

modulus aDd actual steel modulus may be obtained for any value of 

n end r. (!, t .I• 1) 

The ve.lue of O .so we.a found far n as shown above. In order to 

determine the relative thicknesses of the invar and the steel s1dea 

in the thermometal, samples of the tour hardnesses ot H-thermometal 

were 0lamped together between two brass blocks, ground and polished 

on their edges and so prepared tor observation under the miaroaeope. 

An_ etch of aqua regia showed the structure 1n the steel side ot the 

atripa end defiaitely marked the boundary ot the two metals in the 

bimetal strips. This etch did not bring out the atructure ot the 

invu side. At a magnif1oation of 62X observations were made of the 

relative thioknee"• of the aides of the stripe with a Filar micro

meter, with the following results: 

7ract1on steel (&) 

Fraction 1nvar (!) 

H-B 

.505 

H-C 

.523 

.477 

H-D 

.475 

.525 

The aboTe ficu.rea represent e.Terages at three looat ions. The aTerage 

ot theee aYerag•• 1a .i • .49Q5 and ! 11 .500r,. 'l'bua it is aeen that 

the error in considering the •trip halt an4 halt 1s negligible. 

Therefore the relation Et/!. • ( .a) ( .5) + ( .5) :: 0.9 for the 
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bimetallic strips. 

Now in order to find the stresses in the two sides separately 

from the average stress calculated for the tension test curves, con

sider Fig. 9, which represents a specimen of two 

materials being stretohed in tension. Using 

the following notation 

S = stress figured on total area 

~ • stress in invar 

and ~ • stress in steel, 

the unit elongation e is the same for each 

part of the specimen and the specimen as a 

whole; 

e :::: 5 C! 5l· = 5s 
cc n£s Es 

then 

and 

Fi9. 9 

The values of the stresses §,a and Si are tabulated with Sin Tables 

I to IV, page 34ft. 

Now referring to Fig. 10, which represents the bimetallic strip 

being pulled in tension, we een consider the force ! as being made 

up of two ~oreea, one pulling the invar and one the steel. Then we 

can write the following equation: 
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end if !_ is the elonge.t ion and E the modulus, 

Z AEc e = A~ e -1- AEe e 

then 

Ee = £; -1- Ez 
2. -

showing that the observed modulus is the aTerage ot 

the moduli of the two strips. From the determina

tions of the individual strip moduli 

~ = E/5-1-27.0 x-/0
6

=- zdz5x!0 6 1:n 2 

2 . • 
The average modulus value in million lb. per sq. 111. 

ot the tension apee1mens DlGE52 to #4GE55 is 23.e 

and if the low value of 19.4 is lett out ot the 

average, ia 25.3. For the H-tbermometala the aver

age value ot t'1ve specimens is 24.3. Th• results 

are suttioient.l.y close. 

Deduct.ion ot result~ ot tr~everee beiuUng teat• on 

b 1.lle tel at:tip : 

I F 

Flq. /0 

.isl hes been 118ntioned above the transTerae bsnding curves for 

the bimetal strips were baaed on the assumption or a homogeneous 

specimen end ainoe the bimetallic strip is made~ of two strips ot 

lll8tal or ditterent lllQduli at elasticity, a eorreotion 1e necess-e.ry 

to obtain the actual stresses in each metel •hen it 1a loaded in the 

bimetal strip. The relation between the observed bending JDOdulus ot 
I 

the entir~ •trip t o that of th ,1 steel side alone will be developed 

first. Jl~ . 11 shows the most general oondition of a bimetallic 
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strip of width wand thickness d. The ratio of moduli of invar to 

steel is!!,, the thickness of the invar !. and that of the steel b. 

The upper figure represents the cross eection of the strip consid

ered as a homogeneous mater

ial; the lower figure rep

resents the equivalent steel 

section, obtained by redu

cing the width!. of the invar 

side to~ and ooneidering 

then the resultin8 area as 

the cross sect ion ot steel 

strip in transverse bending. 

(1) For a rectangular 

crosa section the defiection 

1• giv•n by 3 
u - Pl 
../ 3E.I 

(2) For the reduced 

section the deflection is 

=' P/3 __ 
St' 

3E5 -Ts 

.. 1~ vv 

Invar 

Steel 

r-nvV -1 
T lt\j 

't19 ,-f _L - ~ 

I . v'V ~ 
.. 

F'/9 II 

where P 1e the load, !. the length of tlie specimen, ,! the mo4ulua of 

the homogeneous material (the observed modulus), E the actual .111odu-s 
lua of the e'teel side, l the moment of inertia of the rectangular 

.. cross sect ion, and I the moment or inertia of the reduced cross 
-a 

section. 

t 
~ 

I 

i 

\j 

.9 
-Q 
I 



From these two equations 

EI 

and then putting in the I's in terms ot the dimensions of the sections, 

't'.he following equation resulta: 

where n is the ratio of the invar to the 'steel modulus, !_ is the 

tract ion ot tnvar, and .s_ the traction ot steel in the bimetal. The 

complication at the eque.t ion is due to the tact that the moment 

ot inert 1a of the reduced section must be calculated about the grav-

i ty axis g--g of the section. This involTes first solving tor the 

dietance z to locate the gravity e.xis. The abon equation is charted 

as e. series of curves .on page 47. Each curve represents a bimetal 

strip whole traction of invar is constant along the curve. Beaides 

the fiTe curves shown in the figure, curves for!_: .45 and ta .55 

were calculated, but were so close to that of the r = .50 curve, at 

least tor the higher values of.!• that the three curves could not be 

diatingu1shed it charted. This then shows that the emount by which 

the studied bimetallic strip• are not half invar and half steel 1• 

in:a1p.it1oant as far ae trenaverae bending ill concerned. Thue , tram 

the curve, for .!. • O .a, and !. • .50, !/!a = .895 or roundly o.go. 

Now it the steel modulus 1e 27,000,000 lb. per sq. in., !a, t~n 

the observed modulus in bending should be o.g !a or 24,300,000 lb. 

per aq. in. But the average Talue ot the bending modulus for the 
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first ae t of samples, #1-IC to /14r-rr, PP• '.A-l to A.-8, is 22,300 , 000 

l b . per sq_. in. 'l'he average bending modulus for the oven test sam

pl es , pp. A-9 to A-20, is 22,300,000 lb. per sq. in. Tbe average 

bending modulus of the H-thernl0ll18ta.ls, PP• A-21 to A-28, 1s 

21,200,000 lb. per aq. in. Th• writer believes that this discrep

ancy between the observed valuee end the value caieulated ean be 

explained ae due to the me-thal ot artpporting \lle cent1le,·er test 

specimen at . its base • . Jig. 11.·;ie .a aketch ot the method ot elaping 

the cantilever specimen between 

two steel blocka. The •ketch 

ie drawn to ■oale except tor 

the thickness ot the strips, 

which in the calil8 ot the bi-

metal used are .030" thick. 

The clanp ing blocks may be 

seen in the picture, Fig. 2. 

The auxiliary etrtpa (! in ?1g. 

12) are inserted ao that th ~re 

A - ·Te.sled Sf-rip 

B -· Auxiliarfj S-frips 
.. 
Ft9 12 Base Support 

is a more uniform preHu:re on the t•sted strip trom the top block. 

The nuts are t1gbtened soundly t o hold the atripa. 

The reasons that the ~ thod ot holding the apecimens et the base 
-

was thought responsible tor the discrepancy ment 1oned were: (1) 

betore the auxiliary strips ! were used in testing, eurvel!I ahowing 

an inorease in at ittneas with increase 1n load were obtained--the 
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strips ~ eliminated th is but there were st ill likely to be deviations 

from true oantllev6r support, and (2) a bending test perfonn,ed on 

specimen #l-3D, page A-29, ahowed about the same disor•pancy between 

the bending modulus and tension modulus from test Hl-3D, page B-23, 

in tension. 

The ratios of observed modulus iii bending to the ~al.oulated 

modulus tram the tension test results are (1) for the specimens 

#l~IC etc. 0.92, (2) for the oven test samples 0.92, and (3) for the 

H-th0rm.ometa1·0.s7, _and (4) for the specimen #l-3D 0.85. Complete 

bending teats were not ma.de on any other strips of the individual 

•tala since it we.s not origine.lly intended that this test be made 

on these strips end also because when the discrepancy in question 

waa reoogllized, there wa.e not time to make the necessary tests; 
.. 

.r1owevt11 r, e. few of these individual metals ••re. put in the cantilever 

machine and the 4ef'lect1on due to a one poUlld load was compared with 

the results of the tested speou.n #l-3D. In general the bending 

modulus we.a aome ten per oent below the oorreaponding tension modulus. 

Tbe bending and tension epeoimens of the individual metals were in 

eaeh case out t'rom the same l" x 10" x .080" strip furnished by the 

H. •· Jilao:n Company; theretore enn though tbe modulus changed f'rQIB 

strip to etrip, it was oonei4ered that within the l" x 10" strip 

there was a constent modul11e. 

Theretore in ord9r to explain thia discrepancy a ooettieient ot 

end fixity ie introduced into the deflection equation, Jlleking it 
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where k is the coefficient of end fixity. If' the support is e. true 

ce.atilever support, k al; in other cases k is less than one end in 

the extreme case when!.• o, there is no support. The oonditi on 

that must be satisfied in true cantilever loading is that the slope 
• 

ot the beam at the support is zero, which oondition is not tbe ce.se 

in this investigation because ot the elasticity of the clamping 

blocks. This ooetticient .!. 1a a constant dur in~ a given teat because 

the deformations and stress concentrations of the cle.mping block are 

proportional to the load applied to the specimen. If then for examp.le 

k is chosen as 0.87 for the H-thermometal, the bending modulus will 

be correct. There is not much doubt that.!. varies trom one set up 

to another and probably depends on the thickness, width, and modulus 

of the specimen and the modulus of the clamping blo_eks. 

The existence of a coefficient ot end fixity different from l 

does not change any of the values of the stresses listed in the 

tables and shown on the curves, since it is the unit deformation 

which is corrected py the coefficient. If the curves were corrected 

f'or this coefficient the slope of the curve• only would be changed. 

Calculation at actual. steel and invar s~reases produced by bending: 

The truaTerae bending curves included 1n this report give the 

relation between outer fiber stress of a homogeneous material, i.e. 

one with a constant modulus ot elasticity throughout, and the unit 

deformation ot that outer fiber. The proportional elastic limit 
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shown on each curve therefore is that for ' the whole strip and is 

not to be taken as the stress at any particular point in the strip. 

S1nc·e tr,e bimetallic strip ha_s as its components two metals of dif

f Etrent moduli of elastioity, in order to find the ·actual stream at 

an y point due to the loeding , a oorrection factor must be applied to 

the stress given on ~he stress strain eurve. The oorre~tion factor 

for two fibers, the outside steel fiber end the outside invar fiber, 

will be developed here and applied to the value of the proportional 

elastic limit or each bending 

test. The resulting values will 

then give the actual streseea 

added to the outside fibers of 

the b imet al at the t illle when 

the strip as a whole ie a t its 

proportional elastic limit due 

to the meehanieal load~ng of the 

strip. Consider Fig. 13, which 

represents first the cross •ec-

t ion of the strip of homogeneoue 

llllterial of width wand U tclc

ness i, and below it t he reduced 

section considered as a steel 

strip and obtained as before. 

The bottom sketch 18 an enlarged 

r -nw7 
---------,.---

9 - -+-

vv 

Eqvlvalenf Steel 
5ecf/on 

F1q 13 

g 
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view of the equivalent steel section, sho.wing that .the thickness ot 

each strip is the sane. The gravity axis g--g is on the steel side 

because of the greater width of that side. The calculations for the 

stresses for an applied moment! follow. 

Location of neutral axis 

-
':I 

(rJwf)(jd) -I- {w-/)(ff) 

5/ (nw.t-w} 

distance from neutral axis to steel outer fiber= .472 ! = L 
d istence troro neutral axis to invar outer fiber : . 528 d : i 

then the momant of' inertia of the reduced cross aect ion about the •. 

g--g axis is 

trom thees follow the atresa in the inTar and the steel outer tibera; 

fc,r the invsr 

= /Viz /v1 ( 528d} n 
,:-

,-vdY(o74:5) .I 

to r t he steel 

/VJ - /J,;1 ( 47Zd) -~- = 
J wc:13 ( 074 3) 
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but the stress ~hown on the curves is 
M6 

.5 =- rvd 2 

where ~ 2/6 1s the section modulus of e. rectangular cross section. 

Now for a bending moment M_we have three atreases, (1) actual 

stress in in.var outer fiber, ( 2) actual, stre es in outer steel fiber, 

and (3) that atress computed in the transverse bending calculations 

and shown ·on the curves. The ratio of actual stress to computed 

stress may now be found. 

Ratio ot actual invar outer fiber stress to "curve" -stress 

(528)(8} 

r.0743)(6) 
= 095 

Ratio of actual steei outer fiber stress to "oune" st_ress 

(.472) = 06 
( 0743}{6} / 

Therefore the actual outer fiber invar stress is five per<ktnt less 

than the ~urve stress while the actual outer fiber steel stress is 

six per cent greater than the aurye stress. 

These adjusted values are tabulated in tables I to IV, pp. 34ff. 

Calculation of the initial residual stress in the invar outer f1~er: 

The results of the bending and direct tension tests made on 

the b~tal strips and the individual metals are the data used for 

the calculation of the residual initial stresses at room temperature 

tn the bimetallic strip. Far the direct tension tests on the indivi

dual JIBterials the de.ta are proportional elastic limits. The direct 



tension tests on the bizoote.llio strips give', after the correct ion 

mentioned above, the actual stresses added to each side of the bi

metal strip at the point when the strip as a whole reaches its pro

portional elastic limit. The transverse bending test results used 

in the determination ot initial stresses are the actual stresses in 

• the outer fibers ot the ateel end the 1nvar due to the bending of 

the bimetallic atrip. 

When t-he investigation ot the physical properties ot the indi• 

vidual rmtal stripe wae undertaken, it •• expected that the stress 

strain diagrams in tension would show a definite proportional elastic 
, I 

11.mi t and yield point. • However, such was not the case e.s can be 

seen from the curves plotted tor the tests (see Appendix B). Because 

ot the gradual devie.t ion ot the streae strain diagrams in tension 

trom the proportionality line, as mentioned before in this report, 

it was in general very dittioult to establieh any given stress as 

the proportional elastic limit. In general it wee even harder to 

pick out a proportional elastic limit for the tension curves than 

tar the bending curves, even though from the nature of the bending 

t&et the calculated ourve would be expected gradually to deviate 

trom proportionality near the alastio limit. 

Let Fig. 14 rep"eent the unknown atresa distribution in the 

bimetal strip t Denoting tensile a tresses ae poei ti v~ and compressive 

stresses as negative, let 

-- initial stress in invar outer fiber, 
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~ = initial stress in invar b·ond, 

~ = initial stress in steel bond, 

~ - initial stress in steel outer fiber, -
B - proportional elastic limit of steel in tension, -

Comp Tens. 

Invar 

Sf-eel 

F1q. 14 

-B ... proportional elastic limit or steel in compression, -
.C . proportional elastic limit ot invar 1n tenaion, -

end -.Q. - proportional elastic limit of invar in compression. -
The aaeumption made here is that the proportional elestic limit ot 

tha t110 eteel• (the invar and steel) 1• the eame in oomprenion as 

in tension. 

Now let the atresaes in the outer tibera when the proportional 

elaetio limita in bending are reached be deaigneted as 

§.c - steel strese with steel in oanpreas1on, -
~ : steel stress with steel in tension, 

le - invar st~ss with invar in compression, -
lt = invar stress with invar in tension. 
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If the bimetal strip is bent so that ' the steel side is put in 

tension, the invar side is put in compression. Then the reason for 

the strip as a whole reaching its proportional elasti c limit is that 

either the steel reaches its proportional elastic limit in tension 

or the invar reaches its proportional elastic limit in compression. 

Using the notation above; this may be expressed as 

= - C 

It the first of these equations is correct, the interpretation would 

be that the applied stress~ added in the steel outer fiber to that 

already present at that point, ~' makes the resulting stress &, the 

proportional elastic limit of the steel 1n tension. It the second is 

correct, the interpretation would be that tbs applied stress L, added 

in the invar outer fiber to that already present at that point, S, 
"""j_ 

makes the resulting stress-,£, the proportional elastic limit in 

compression for the invar. 

With the same analysis applied to the bimetal strip when tested 

with the steel put in compression, the two equations are 

-/- -1t: == C 

The assumption now made to calculate the magnitude of the stress 
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s1 is thet the _bimetallic strip :reaches its proportional elastic 

limit because the invar outer fiber reaches its proportional elastic 
... 

limit before the 'outer steel fiber does 

for bending in either 

direction. 

The juatitication 

for thh· aaeumption fol• 

so. This assumption is me.de 

Steel Side 

Invar Side 

lows. During the shear

ing of the samplee ot 

Aq. 16 5)::,1/f- Sa;np/e 

high.heat tbermomete.l into specimens to be used in the own teat 

included in this investigation, some three or tour speoimens were 
~ 

found to have split apart at the bond • . J'ig. 15 shows two pictures 

ot tour SJ)eoimena, three of which were split to various degreea. 

The specimen iri th the ragged edges ar ig111Al.ly had only a small por

t ion of the bimete.l split ~part. The writer tried to split the en

tire specimen apart, but was not a"ble to proceed very far as the 
• 

bond between the two metal a was quite se.tisf'actory when the specimen 

was split aa fer e.a is ahown in the picture. The a:peoimen with the 

longeat split ie aketched in Fig. 16. It is seen that the ill'far eide 

took on t he greater curvature of the two sides on splitting of the 

strip. Therefore there we.a e much greeter tens lle stress originally 

in the invar outer fiber than in the steel. Theretore there is not 

, much drubt .that 1n bending a b"imetallic strip so that the inve.r side 

is put in tension, the invar outer fiber will peach its proportional 

elastic limit first e.nd thus cause the whole strip to show a propo~ 
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tional elastic limit. The justification for .the assumpt ion made for 

bending in the opposite direction follows. 

Although the proportional elastic limit is in general only a 

little lower for the invar mtal •than for the steel as shown by the 

tension tests on the i~dividual metals, the ultimate strength of 

the invar is considerably lower. The general relation between the 

steel and invar curves in tension is shown in the sketch 1n Fig. 17, 

where #2 is the steel curve and #3 the invar curve. A proportional 

elastic limit in one side of the bimetal strip cannot be said to 

oorre8'pond absolutely to that o~ the individual metal because the 

outer fiber stress in question increases with greater loading as 

doe e the individual metal 

in tension instead of 

•taying at the proportional 

el ast 1c l illli t , or yield 

point, as would the material 

if it had a definite yield. 

The yield of tbe invar and 

the steel individual sam

ples, it there ie one, cor

responds more nearly to the 

ultimate strength. It 1• 

o~forrna f ion 

F/q. 17 

the yielding in the material that ie detected &2 deviation from the 

proportionality line in th• transverse bendin? test. Referring to 
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the sketch of the split sample again it is 'to be seen .that the bend

ing of the steel is small, indicating small differences in initial 

stresses over the steel side, i.e. stresses of small moment. The 

outer f'i ber of the steel may be in a slight tension due to the fact 
' 

that the steel strip curved rutward. It simply may be in less com-

pression than the portion of the steel near the bond. Therefore, in 

the bending of bimetal so that the invar side ia put in compression 

end the steel put in tension, although the actual initial stresses 

in the steel outer fiber are unknown, it is believed that the invar 

side will be responsible for the proport tonal elastic limit of the 

strip as a whole beeuaee (1) the ultimate and therefore the yield 

of the invar is much lower than that of the steel, and (2) there is 

no considerable initial tensile stress in the steel outer fiber. 

Using the aaeumption made and justified above that the proper

the of the invar e.re responsible for the proportional elastic limit 

of the bimetal strip in bending, the second equations of the two 

sets ot equations on page 56 are solved simultaneously for each of the 

sets or pairs ot binetal strips tested in transverse bending. The 

values obtained are (1) 23., the residual stress in the inve,rt: outer 

fiber, and (2) .£, the proportional elastic limit of the invar. As 

mentioned in the preceding discussion, this proportional elastic limit 

would correspond more nearly to e. yield point and would be expected 

to be higher than the proportional elastic limit found on individual 

invar strip curves. This is the case. The initial stresses tound in 
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TABLE V INITI.AL .STRESSES 

Specimen Numbers Bending Stress in Initial Stress in Calculated 
Invar side in In var at Pr. El. LL:. . Invar Outer Fiber Invar P. E.L. 
Comp. 'l'ens. (lb. per sq. in.) (lb. per sq. in.) (p . s .i.) 

1-HA 120,000 35,000 T 85,000 2-HA 50,000 . 
1-HB 117,000 27,000 T 90,000 2-HB 63,000 

2- HC 90,000 12,000 T . 88,000 1-HC 66,ooo 

2-!ID 37,000 5,000 T 32,000 1-HD 27,000 

1-IC 19,000 0 19,0:JO 
1-IT 19,000 

2-IC 119,JOO 43,000 T 76,000 2-IT 33,000 

3-IC 52,000 0 52,000 
3-IT 52.,000 

4-IC 128, ,)00 
33,000 T 95,000 4-IT 62,000 

2B4 117,000 .28,000 T 88,000 2B2 60,:JOO 

2F4 113,JOO 24,000 T 84,000 ZFl 69,000 

3B2 ·88,000 16,000 T 72,000 
3B4 57,000 

3F3 106,000 . 20,000 T 85, 000 3F4 65,000 

4B.3 1;:.•J, JOO 
32, 0JO T 88, ::no 4Bl 57,:)00 

4F3 117,000 28, 0JO T 88 , 0JO 4F2 60,::no 
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-
TADL.E VI OVEN -TEST RESULTS 

t.Iaterial Tension Time at Speci- Prop. El. E (10° p.s.i.) 
Number in 600° F. men No. Lirn.p.s.i .. Loading Unload • 

. / 

3 hr. 2B4 12.3,000 .23.2 23.9 
Steel 

504 hr. 2F4 124,000 2.3.3 23.8 

·2 

3 hr. 2B2 63-,eroo 21.9 22.5 
Invar 

504 hr. 2Fl 73,000 2;2. 6 23.0 
; 

Steel\ 
3 hr. .3B2 93,000 22.2 2~.7 

504 hr. 3F3 112,000 22.3 23.8 

~-

3 'hr. 3B4 60,000 21.3 22.3 
Invar 

?04 hr. 3F4 68,ooo 22.2 23.0· 

.3 hr. 4B3 126,000 22.7 23.J 
Steel 

504 hr. 4F3 l.23,000 22.3 22.6 

4 

3 hr. 4Bl 60,000 21.7 2:: . 2 
Invar 

504 hr. 4F2 63,!JOO 21.7 22.2 



this way a.re shown in Table V, page 61. 

Interpretation of oven teat results: 

Table VI, page 62, shows the results of the oven test samples 

tested in transverse bending. In Table V are given the computed 

residual stresses in these samples. In material #2 the residual 

stress is seen to decrease from 28,000 to 24,000 lb. per aq. in. ten

sion due to the heating at 600 deg. F. for 50• hours. The eorre

sponding decrease in material #4 is from 32,000 to 28,000 lb. per 
i 

sq. in. tension. Materiel -/13 ,shows an apparent increase 1n the resi-

dual stress in the invar outer fiber, but the writer believes this 

to be wrong because the values of C obtained were so greatly differ

ent. Probably in this case the se.I!1)les tested were not similar at 

the beginning of the test. 

Theretore 'it can be concluded that subjection or the bimetal to 

600 deg. f. for a long period of time does decrease its initial 

stress distribution to some degree. Yet this amount 1• small in 

comparison with proportional elastic limits ot the herder thermometala 

when bent so that the steel is put in tension. It can be seen from 

Table VI trust the properties of the thermometals are not aftected 

greatly. 
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GENERAL DISCUSSION ' 

The initial residual stresses in bimetallio strips have been 

found to be very can:plioated. It is probable that the effect ot 

the rolling of the bimetal does have a considerable effect on the 

stre as . distribution. •. Rolling will gi Te tensile stre saes in the 

outer fibers with compressive st:re sees in tl,J.e center.. Thus if the 

residual stresses are composed of the sum of the temperature stresses 

end the roll 1ng etre sses, there will be the sum of two tensions on 

the inve.r outer :t'iber; and on the steel outer fiber ihere will be 

the sum of a tension due · to rolling end a compreseion due to temper

ature change, with the result that the magnitude of the outer fiber 

steel atrese, llhether compression or teneion, is lesa than that o:t' 

the invar outer fiber. This corresponds with the bending of the two 

Bides of the split bi.metal strip, 1"ig. 16. 

The writer wishes to state a.t this point that he feels that the 

determination of the residual stresses in the bimetal strip ueing the 

method ot acid 1.Dlnersion would without doubt make e. much neater expo

aitiou of the diatribution and magnitude or theae stresses then was 

poeeible in this investigation. With a residual stress distribution 

obtained in thiJ way the ettecta ot rolling and cooling from rolling 

temperature could be distinguished. 

The ditticulties involved in this mechanical inveetigaUon are 

11umerrus. The propertiee ot the tested samples of both the indivi-
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dual mete.ls and the bim:ite.ls va:ry considerably i"rom strip to strip 

of the same sheet of stock. There was fowid no definite relation 

between hardness and physical properties. There was no definite 

yield point of the materials tested. 

It will be remembered that the ordinary beam formulae a:re used 

in the oe.loulatiOJl of stresses and loads in the transverse bending 

tests. The deflection of a lf" specimen during the test was in gen

eral about ½", which is a large deflection in comparison to the 

depth ( .030") of the beam specimen. The ordinary beam formulae are 

for beams whose deflections are not great in comparison to their 

depth and whose slopes are small: this is then not the case in this 

investigation. The justification for the simplification in using 

the ordinary beam formulae in this investigation is that in design 

of flat strip thermostats in gener.al this assumption is made. 

In the discussion of end fixity, page ,9 ff., it was concluded 

that clamping between two steel blocks was not rigid enough to be 

considered true cantilever support, with the result that the defl~e

tions due to external n:eehanical loading (whioh 1s always present in 

thermostats set for high temperature operation) are greater than 

calculated with the assumption of a fixed end for the thermostat 

blade. In many of the therm stats with which the writer is acquainted, 

the base of the thermostat is fixed only by screwing it to a tlat 

surface with a round head screw. The writer feels that the method 

ot fixing the ends of thermostat blades should be given attention 

in the design ot thermostats. 
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APPENDIX C 

TRA1.~SVERSE BENDING DAT.'i 



C-1 

THERlilOMETAL .030 # 1-IC 
tension in steel 
width : .76011 stock a s r ecei ved gage length = 1 J/4n 
zero load = 8 oz . Curvr.:. ture = . 0089 center on steel side 

No. Load Di al Ang A St res ::. Strain Set 
J.b. QZ 1 in . <ls'lJ~ s ''/ • . /· 1Q:JJ." iL§g 11!1 1 ;i.,.p,1....,;i,n . 

1 0 . 502 911/2 7,700 . 00\)37 C) 

2 4 .489+ 92 ll,500 . 000 56 
3 0 . 5011/2 l/2 
4 8 .477 92 1/2 15.,300 . 00074 
5 0 . 501 1/2 
/ 12 .461 .. + 93 19,200 .00093 0 

7 0 . 501- 1/3 
8 1 0 -452- 94 23,000 . OOllO 
9 0 . 500 2/3 

10 1 -4 . 439 94 l/2 27,000 .00129 
11 0 .499 l 
12 l 8 .426 95 • 30, 800 . 00148 
13 0 -498 1 
14 l 12 .412 96 34,700 . OD169 
15 0 . 496+ 1 2/3 
16 2 0 . 397 96 1/2 38, 500 . 00190 
17 0 . 49.3+ 3 
18 2 4 . 331 97 42, 500 .J0214 
19 0 . 489 4 1/3 
20 :2. 8 . 364 98 46, 500 . 00239 
21 0 . L~S5 4 
22 2 12 .J43 98 1/2 50,400 . 00269 
23 0 . 1+78 7 
24 3 0 . .322 99 1/2 54,300 . 00299 
25 0 . 468 93 '7,700 . J:JJ87 10 
26 3 · 4 . 291 100 1/2 58 ,500 . 00344 
27 0 . 452 16 
28 3 8 .245 102 1/2 63,100 . 00409 
29 0 .423 29 
JO 3 12 .194 104 1/2 67,700 . O'J480 
31 0 .384 39 
32 4 0 off dial 
33 0 .213 102 7,900 . ·)0452 



C-2 

'IHERMOMETAL .030 # 1-I'f 
terusion in invar 
width: .7!55" stock as receiTed gage length: l ¾" 
zero load: 8 oz. eurvature = ,..0017 center on invar side 

No. Load Dial Ang A Stress Strain Set 
lb. oz. in. deg. £Ls9..1n. in./in. .001" 

1 0 .4g2 91½ 7,700 .00037 0 
2 4 0479 92 11,600 .00056 
3 0 .492 0 
4 8 0467 9f½ 15,500 .00074 
5 0 .498- 1/3 
6 12 .455 93 19,300 .00091 
7 0 .492- 0 
8 1 0 .«2+ 94 23,300 .00110 
9 0 .492- 0 

10 1 4 .429- 94½ 27,200 .00129 
11 0 .490 1 2/'3 
12 1 8 .413 9~ 31,100 .00153 
13 0 .487 3 
14 l 12 .396 96 35,000 .00177 
15 0 .483 4 
lts 2 0 .380 97 38,900 .00200 
17 0 .479_ 92 7,700 000056 4 1/3 
18 2 4 .361 98 43,000 .00228 
19 0 .471+ 7 1/3 
20 2 8 0338 99 47,000 .00261 
21 0 .461+ 10 
22 2 12 .310 100 51,000 .00302 
23 0 .448- 7,700 .00102 13 2/3 
24 3 0 .278 101 55,300 .00350 
25 0 .428 19 2/3 
26 3 4 .22,P 103½ 60,100 .00422 
27 0 0391 7, '/00 .00185 37 



G-3 

TllEH.foOli.lE'JAi, . 030 # 2-IC 
tension in stoel 
width = . 765 11 

stoc}:: ,.,s received gage length = 1 3/4" 
zero lo <1d .:: 3 oz. Cux·v.s.ture = . Jl60 center on steel side 

No. Lo tid DL~l l:..n :..: ) .. Stres:; Str.s.in Set 
lb. 07.. iXJ • de : .Ji.LJ'>q ,in in,/in. ,OJ1 11 

1 0 . 5J5 9J 7,600 .OJ034 0 
r -, . /4. . 49.3+ 9J 1/2 ll,40J .J0051 .::. 

3 0 , 505 0 
4 8 . 481+ 91 15, ;2.00 .00069 
5 0 . SJ::, _ 1/3 
6 12 .4'70 - 91 1/2 19,100 .00086 
7 0 • 51):,i - 0 
8 1 0 -4'.i8+ 92 2;; , 900 . 00103 
9 0 . :,;05- 0 

10 1 4 .447 92 1/2 26 ,700 .00119 
11 0 . ')J4 + 1/3 
L:: l 8 .436 93 30,5)0 . 00135 
13 0 . 504+ 0 
14 l 12 .44 + 93 1/2 34,400 .00153 
15 Ci . SJ4+ 0 
16 2 0 . i,13 - 94 38,300 .00169 
17 •.)-, . . 5J4 1/3 
18 ,::_ 4 . 4J l 94 1/2 4;_ ,100 . 00186 
19 0 . 5J4 0 
~:) 2 s . J89 + 95 1/2 46 , 0JO .00204 
~l 0 . 5J4 0 
22 r, 12 . J78+ 96 49,800 .00220 ,:.. 

23 0 . :>)/4. - 1/3 
24 3 0 . 367 + 96 1/2 53 ,700 .00235 
;~5 0 • ":;OL, - 0 
26 

..., 
4 < c;(, 97 57,6i),J .00252 ~ • ✓ •• 

27 0 . :;J.') + 1/3 
.28 3 8 . 343 97 1/2 61, 500 . 0027,'.) 
;:,9 J . :;, JJ 1/3 
JrJ 3 ·1.2 . 33.2 98 1/.2 65,500 .00286 
31 0 . 503- 1/3 
32 4 0 .320 - 99 69 , 50) .00304 
33 0 . '.)02 + 1/3 
34 4 4 .308 99 1/2 73,600 .J0.321 
35 0 . 502 + 0 
36 L1. 8 . ).96 100 77,6:JO . 00338 
37 0 . 502 0 
38 4 12 . 284 10-J 1/2 81 ,700 .O'J355 
39 0 . 5,)J 0 
4J 5 (J . 273. 101 85,6\)0 . 00371 
41 0 . 502 + 0 
42 h 4 . 26) l.Jl 1/2 89 ,800 . 00390 ./ 

43 0 . 5J2 + 0 
44 5 8 . 'J+7 102 94,JJO .00407 



C-4 

No. Loacl Dial Ang A Stress Strain ::.:ic \~ 

lb. oz. in. . dOi;-:! 1'.'/s9 .in. j,n. ,l;i.n. •. J,~)•.f~~ 

45 0 .502- . . / ·)._ 
"--I _,, 

46 5 12 .235 102 l/2 98,200 .00424 
47 0 .501+ 1/.3 
48 6 0 .221 103 102,200 .00444 
49 0 .501- 2/3 
50 6 4 .208 103 1/2 106,400 .00463 
51 0 .500 2/J 
52 6 8 .194 104 111.,,000 .00482 
53 0 .499+ 2/3 
54 6 .12 .182 104 1/2 115,200 .00498 
55 0 .l99- 2/3 
56 7 0 .167 105 1/2 119,800 .00518 
57 0 .l+9S 2/3 
58 7 4 .152 106 J./2 124,500 .00540 
59 0 .1+96+ 1 2/3 
60 7 8 .135 107 129,200 .00562 
61 0 .494 2 1/3 
62 7 12 • .120 108 134,000 .0•J583 
63 0 .1;92 2 
64 8 0 . J99 108 1/2 139.,000 .00610 
65 0 .487 90, i/2 7,600 .00060 5 



C...;5 

THERMO MET J.u.i .030 
tension in. i r:var 
v,1i dtl1- . = .7&8" stock as received gi~c e le:ngtJ:1 ::: J 
ze:r:·o loa<i - 3 oz. Curvatur~ = .0067 CE~ L.ter· on 1~ _. 1._: :~._-l . 

r,io . Lo ,.:icl· Di a l Ang A Stress ;3trciin 
~ L: • r, ·7 i:n . deg! d/.sg_. i n! ·i > J; ·1· ; .:J \ J L.,J . ~ ... .!.l 4, _ _ .... :. . ! 

.:. . )D5 91 7,b0J 
-, .. , ,. . 

,. • 'J- } '...)jt+ 

" i.,. .L.9L. 91 1/;.;; 11,400 . )JO;/) ,:~ 

3 ,) .505 0 
4 g .48~ 92 15,200 .J0066 
5 ') .505 0 
6 12 .471 921/2 19.,000 . 00084 
7 0 .50-5 0 
8 1 0 .460- 93 22,800 .00100 
9 0 • 505 0 

10 1 • Li .448- 94 26,700 .oons 
11 0 .505 0 
12 l 8 .436- 94 1/2 30,500 .001.35 
13 0 .504 l 
14 1 12 .1+25- 95 34,J(}J .00151 
15 0 .503+ i 2/3 
16 2 0 .1 ... 12 95 1/2 J8,2GJ ,00170 
1'1 0 .. 502 1 2/3 

,18 2 4 .399 96 42,100 .00190 
19 0 .500+ 1 2/3 
20 2 8 .387 96 1/2 45,900 .00207 
21 0 .498 2 1/3 
22 " 12 .372+ 97 49,800 .00228 ,:_ 

23 J .496 2 
24 3 0 . .360- 97 1/2 53,600 .oo~ 
25 0 .495- 1 1/3 
26 3 4 .344 98 1/2 57;600 .00269 

1 27 0 .,4.91+ 7,600 .0005/+ 3 l/J 
28 3 8 .J;28 99 1/2 61,700 .00292 
29 0 .488+ 3 
30 3 12 .314 100 6~;600 .003]2 
31 0 .L~86 2 1/3 
32 4 0 .299 1001/2 69,700 .d0334 
33 0 .4s.3- 3 1/3 
.34 4 4 .284 101 1/2 73,900 .00.355 
35 0 .479- 4 
36 4, 8 . .268 102 78,000 .:J0.377 
37 0 .475 3 1/3 
38 4 12 2t:.') 102 1/2 82,100 .00400 . ..., , .. 
39 I) .471 4 
40 5 0 .231 103 1/2 86,500 . :):)429 
41 0 ' .466 5 
42 r:, 4 .214 104 1/2 9),800 . ,)J453 
43 0 .461 5 
44 5 8 .195 105 95,30J .D0479 



C-6 

# .2-IT 

No. Load Dial Ang A .Stress Strain Set 
lb. o:r.! in • d~e;i #..L§o. .in. in.Lin ,OOJ.n 

45 ..... 0 . 456 5 
46 5 12 .172 106 99,900 .00511 
47 0 .448 8 
48 . 6 0 .150 107 104.,500 .00540 
49 0 .442. 6 
50 6 4 .133 108 109,JOO .00563 
51 0 .436 6 
52 6 8 .109 109 114,.200 .00547 
53 0 .428 8 
54 6 12 .085 llO 1.20,.300 .OJ6.25 
55 0 .419 9 
56 7 0 .054 1111/2 . 1.25,000 .00667 
57 0 .407 12 
58 , 7 4 .016 11.21/2 130,800 .0071.2 
59 0 .391 95 l/2 7,600 .0020.2 16 



C- 7 

TH.:: .RMOMET1\ :., .OJO Ji 3--:rc 
t ension 1. n steel 
wi d t h = '' . 762n St ock as r·,: -c ,, i ved ,.., ... ,,~ J a' } 1 'd / 1 ;; ,,aL ,a .en6 t, 1 ::;,: ... __ ; 1 , • 

zero l oAd = R oz. Cu r v &. t u r : :::, . Y)89 ccnt~;r ;:-;n s tce1 :: ': ; 

No, LOtJ. d Dial P..n f.:, P.. s +.r ,~ss Str:: :. n ~\ ~ ~ 

lb . oz. i n. de£• tf/s ,J·• in. : ,.l / .i ~- . 0. ) l H 
..L. J • ' ...... :..1 . 

l 0 .494 91 7,600 .00035 C) .... 
2 4 .482- 91½ 11,500 .00053 
3 0 .494- 1/3 
4 8 .469+ 92 15,.300 .00072 
5 0 .494- 0 
6 12 .458- 92½ 19,200 .00089 
7 0 .494- 0 
8 1 0 .446- 93 2.3,000 .00106 
9 0 ■493+ 1/3 

10 1 - 4 .434 93½ 26;900 .00123 
11 0 .493+ 0 
12 1 8 .422 94 30,700 .00141 
13 0 .493 1/3 
14 l 12 .410 94½ 34,600 .00159 
15 0 .493- J./3 
16 2 0 .398 95 .38,500 . • 00177 
17 0 .493- :o 
18 2 4 .386 95l 42,400 .00194 
19 0 .492 - 2/3 · 
20 2 8 .374- 96½ 46,200 .00212 
21 0 .492- 1/3 
22 2 12 .361+ 97 50,100 .00230 
23 0 .491 2/3 
24 3 0 .349 97½ 54,100 .00247 
25 0 .490+ 2/3 
26 3 4 .335 98 58,000 .00268 
27 0 .489+ 1 
28 3 8 .321 98½ 62,000 .00288 
e9 0 .489- 2/3 
30 .3 12 .309 99 66,ooo .00305 
31 0 .489- 0 
32 4 0 .296 100 70,100 .00324 
33 0 ./487+ l 1/3 
.34 4 4 .282 100½ 74,100 .00343 
35 0 ~487- 2/3 
36 4 8 .268 101½ 78,400 .00364 
37 0 .485+ 1 1/3 
.38 4 12 .253 102 82,500 .00.385 
39 0 .484 1 1/3 
40 '5 0 .2.39 102½ 86,600 .00404 
41 0 .48J- 11/3 

- 42 5 4 .224 10.3½ 90,900 .00426 
43 0 .481+ 1 11.3 
44 5 8 .206 104 95,200 .00451 



C-8 

# .3-IC 

No. Load Dial Ang A Stress Strain Set 
lb. oz. in. deg. fi..s c: .in. ~n.Lin. .001" 

45 0 .479 2 1/3 
46 5 12 .190 104½ 99,600 .00473 
47 0 .477 2 
48 6 0 .173- 105½ 104,100 .00497 
49 0 -474- 3 1/3 
50 6 4 .158 106½ 108,800 .00516 
51 0 .471 2 2/3 
52 6 8 .131 107½ 113,500 .00554 
53 d .464 / 7 
54 6 

.. 

12 .112 108½ 118,500 i-00579 
55 .,)- 0 .458- 6 1/3 
56 7 0 .082 10~ 12.3,700 .00619 
57 0 .447- 922 _ 7,700 .00105 11 



C-9 

THERW)METAL .030 fl 3-IT 
tensio~ in invar 
width : .768'' stock as received gage length : l!" 
zero load : 8 oz. eurvature : .0062 center on invar side 

No. Load Dial Ang A Stress Strain set 
lb. oz. in. d•j• tL•g,.1n .• in.Lin. .001" 

l 0 ... 90 91½ 7,600 .0003'7 0 
2 4 .,,~ 92 11,300 .00056 
3 0 .-t90- 1/3 
4 8 .~+ 9* 15,200 .000"15 
5 0 0489+ 1/3 
6 12 .452 93 19,000 .00~93 
'1 0 .489+ 0 
8 1 0 .4'0- 9* 22,800 .00111 
9 ·O .489+ 0 

10 1 . 4 0429+ 94 · 26.,700 .00129 
11 0 .480 1/3 
12· 1 8 .41.'5 94½ 30,400 .00147 
13 O,," .4.89 0 •, 

14 l 12 .403 915½ M,:500 .0016!5 
115 0 o"89- l/3 . 
16 2 0 .391_ 96 38,100 000182 
17 0 .489- 0 

18 2 4 .3'18 96½ 42,000 .00201 
19 0 .489- 0 

•·. ~ 

80 2. 8 .367 97 45,800 .00216 . 
21 . 0 .488+ 1/3 
28 2 12 .354 97½ 49,'100 .0023? 
23 0 0488 1/3 

24 3 0 .341+ 98½ 53,600 .00254 
25 0 .488- 1/3 

26 3 4 .328 99 57,500 .00273 
17 0 .487 2/3 

28 3 8 .:515 99½ 61,500 .00292 

29 0 .486 1 

30 - 3 l8 .301 100 65,500 .00312 

31 0 .485- 11/3 

3a 4 0 .. 28'1 1~ 69,500 .00332 

255 0 .483- 2 

34 4 4 .2'11 101 73,600 .00355 

36 0 .480- . 3 

36 4 8 .256 102 ?7,700 .003'6 

37 0 .477- 3 

102t- 81,900 
I .00402 

38 4 12 .238 ' 4: 2/3 
39 0 .472 
40 5 0 .216 104 86,400 .00433 

41 0 .467 
5 

42 5 4 .199 104½ 90,800 .00455 

43 0 .462 '1i,600 .00078 5 



C-10 

THER,IIOMETAL .030 II 4-IC 
tension in steel 

" width : .767" stock as received gage length= lf" 
zero load= 8 oz curvature: .0222 center on inve.r side 

No. Load Dial Ang A Stress Strain Set 
lb. oz. in. de~. IJ..Ls~.in. 1n.L1n. .001" 

l 0 .505 94 7,600 .00031 0 
2 4 .494 + 94 11,400 .00047 
3 0 .505 - l/3 
4 6 .484: - 94½ 15,200 .00062 
.5 0 0505 - 0 
6 12 .473 95 19,100 .00078 
7 0 .505 _ 0 
8 1 0 0462 + 9* 22,~00 .00094 
9 0 .505 _ 0 

10 1 4 .451 96 25;700 .oouo 
11 0 .504 + 1/3 
12 1 8 .441 95½ 30,600 .00125 
13 0 .504 + , 0 
14 1 12 .430 97 34,500 .00141 
15 o . .504 + 0 
16 2 0 .418 + 97½ 38,400 .00158 
17 0 .504 1/3 
18 2 4 0408 98 42,300 .001'13 
19 0 .504 - 1/3 
20 2 8 .396 98½ 46,200 .00190 
21 0 .503 + l/3 
22 2 12 .384 99½ 50,100 .00207 
25 0 .503 l/3 
24 3 0 .3'13 100 54,000 .00224 

25 0 0503 - l/3 

26 3 4 0361 10% 58,000 .00241 
I 

2/3 27 0 .502 
m 3 8 .349 101 62,000 .00258 - 2/3 29 0 .501 + 
30 3 12 .336 101½ as,ooo .00276 

31 0 .501 _ 2/3 

32 4 0 .324 102 70,000 .00293 

33 0 .500 + 1/3 

34 4 4 .311 103½ 74,200 .00312 

35 0 0500 - 1/3 

36 4 e 0296 + 103 78,300 .00330 

37 0 .499 2/3 

38 4 12 .286 10~ 82,400 .003'7 

39 0 .498 + 2/3 

40 5 0 .274 104 86,500 .00354 

41 0 .498 -
2/3 

42 5 4 .260 104½ 90,700 .00384 
2/3 

41 0 .497 .00401 
44 · 5 8 .298 19~ 95,200 



C-11 

# 4-IC 

No. Load Dial Ang A Stress Strain Set 
lb. oz. in. de~. £/sfj.in. 1n./1n. .OOln 

45 0 .446 + 2/3 
46 5 12 .235 106 99,500 .00418 
47 0 .496 - 2/3 
48 6 0 .223 10&1- 103,000 .00431 
49 0 .495 2/3 
50 6 4 .208 107 108,200 .00456 
51 0 .494 1 
52 6 8 .194 107½ 112,800 .00475 
53 0 .493 · l 
M 6 . 12 .179 108 117,,200 .00495 
55 • 0 .,492 + 2/3 
56 7 0 .164 109 . 122,100 .00515 
57 0 .491 11/3 
Ee 7 4 ol48 110 127,000 .00537 
59 0 .490 - l l/3 
60 7 8 .133 11ot 131,800 .00566 
61 0 .488 + l 1/3 
62 7 12 .117 111 136,600 .00578 
63 0 ."87 ·1 1/3 
M 8 0 .09'1 112 142,000 .00604 
65 0 .485 - 2 1/3 
136 0 .486 - talmn arter tive minutes -i 
67 8 • ~077 113 147,300 .00629 
68 0 .482 3 2/3 

69 8 8 .OM 11~ 152,700 .00659 
70 0 .479 - 3 1/3 

'11 8 12 .031 11~ 158,500 .00690 
72 0 .474 4 2/3 

73 9 0 .OO'I - 117 166,400 .00735 

74 0 .463 7,800 .00093 • ll 



C..:..,? 
·'- ~ 

THER\'lOMETAL • • 030 p 4- IT 
tsneion in inve.r 
Width: .760" stock as re oe i ved gage length: 1f~ 

·zero load= 8 oz. Curvature : .0076 center on invar s ide 

No. Load Dial. Ang A stress Strain Set 
lb. oz. in. de~• f{89..1n. in.Lin. .001 '1 

l 0 .494 90 ?,?00 .00034 0 
2 4 .483- 90½ 11,500 .00050 
3 0 .• 494 0 
4 8 .471 91½ 15,300 .00068 
5 0 .494 b 
6 12 .460 - 92 19,200 .00084 
7 0 .494 0 
8 1 0 .448 + 92½ 23,000 .00101 
9 0 .494 0 

10 l 4 .437 93 27,000 .00110 
ll 0 .494 0 
12 1 ·8 .426 93½ 30,700 .00134 
13 0 .49-i - 1/3 
14 1 12 .415 - 94 34,600 .00150 
15 0 .-i94 - 0 
16 2 0 .403 - 94¼ 38,500 .00168 

• 17 0 .494 - 0 

18 2 4 .392 95 42,400 .00184 
19 0 .494 - 0 

20 2 8 .381 95½ 46,300 .00200 
21 0 .494 - 0 

22 2 12 .369 + 96 50,200 .00216 
23 0 .493 + 1/3 

24 3 0 .358 9* 54,100 .00232 
26 0 .493 1/3 

26 3 4 .347 97 58,100 .00249 

27 0 0492 + 2/3 

28 3 8 .335 97¼ 62,000 .00266 

29 0 .492 1/3 

30 3 12 .:523 - 98 66,000 .00284 

~l 0 .492 _ 1/3 

32 4 0 .308 98i 70,000 .00305 

33 0 .490 + l 1/3 

34 4 4 .294 99i- 74,200 .00325 

35 0 .489 + l 

36 4 8 .200 100 '78,300 .00345 

37 0 .488. l l/3 

~ 4 12 .267 100½ 82,400 .00364 

39 0 .486 + 
l 2/3 

40 5 0 .251 101½ 86,700 .,00386 

41 0 .483 
3 1/3 

42 5 4 .238 102 90,800 .00405 
2 2/3 

43 0 .480 + 
44 5 8 .223 103i- 95,200 .00426 



C-13 

# 4-IT 

No. Load Dial Ang A Stress Strain Set 
lb. oz. in. de~. tLss.1n. in .Lin. .001" 

45 0 .47? - 3 2/3 
46 5 12 0203 103½ 99,500 .00454 
47 0 .472 - 5 
48 6 0 .179 194½ 104,100 .00487 
49 0 .465 - 7 
50 6 4 .159 105 108,700 .00514 
51 0 0458 6 2/3 
52 6 8 ol39 106 113,500 .00541 
53 0 .452 - .6 1/3 
54 6 12 .115 ' 107½ 118,700 .00572 
55 0 .444 7 2/3 
56 7 0 .092 108 123,300 .00606 
57 0 . .434 10 
fB 7 4 .059 110 

. 129,300 .00634 
59 . o .422 12 
60 "I 8 .021 111 135,300 .00698 
61 0 .405 + 9* 7,700 .00164 16 2/3 



C--H 

'lHE~,iOTui:1?1' AL .030 i .... ~;~~~ 
tension in 1nvar ,l hr. e.t 650 deg. F. 
widt h : .402" 3 hr. at _600 deg. F. gage length :: l t/1' '' 

zero load= 8 oz. Curvature • • 0044 ce nter on inv&r aide -thickness·= .030'' 
No. L oad Diel • Ang A Stress Stra in Set 

l b. oz. in. de~. i_[sq .in. in.Lin, . 0 01" 

l 0 .503 92 14,500 .00068 0 
2 2 .492- 9* 18,200 .00084 
3 0 .503 0 
4 4 .480 93 21,800 .00101 
5 0 .503- 1/3 
6 6 .468+ '* 25,400 .00119 
7 0 .503- 0 
8 8 .457 94 89,100 .00135 
g 0 .503- 0 

10 10 .446 94-f 32,800 .00152 
11 0 .503- - 0 
12 12 0434 95 • 36,500 .00169 , 
13 0 .502+ 1/3 
14 ··• 14 .423+ 95i- 40,100 ~00185 
15 0 .502+ 0 
16 l 0 :411 96 4:3,800 .00202 
17 0 .502-'- 2/3 
18 1 2 .400- 96½ 47,600 .00219 
19 0 .002- 0 
20 l " .388 ·97½ 51,300 .00236 
!l 0 ·.501+ l/3 
22 l 6 .377- 98 55,000 .00252 

23 0 .501- 2/3 

24 1 8 .364 ~ 58,800 .00270 
25 0 · .500 2/3 

26 l 10 .352+ 99 62,600· .0028'1 

2'1 0 .499 1 

28 1 12 .338-+ 99i- 66.400 .00308 

29 0 .498 1 

30 1 14 .325 1oot 70,400 .00326 

31 0 .497 ··· l 1/3 

32 2 0 .312 101 74,200 .00345 

33 0 .496 -- 2 

34 2 2 .297 ·101½ 78,200 .00366 

35 0 .493 1 2/S 

36 2 4 .283 -- 108t 82,200 .00~6 

3'1 0 .491- 2 1/3 

38 2 6 .268 - 103 86,200 .0040'1 

39 0 .488 
2 2/3 

40 2 8 0251+ 103½ 90,300 .00431 

41 0 .484+ 
3 2/3 

42 2 10 .234 104½ 94,~0 .00454 

43 0 .481 - 3 2/3 

44 2 12 .215- 105 98,700 .00481 

45 0 .476 93 14,500 .0010., 4 2/3 



C-15 

'mEHMOMETAL .,030 # 2B4 
tension in steel l hr. at 600 deg. F • 
width: • 39?" 3 hr. at 600 deg. F. 8888 length: lf" 
zero load: 8 oz. Curvature : • 0009 center on invar aide 
th iekneae • .0295" 
No. Load Dial Ang A Stress strain Set 

lb. oz. in. desi• fLe9,,.1n. in.Lin. .001" 

l 0 .502 98 15,200 .00066 0 
2 2 .491- 98½ 19,000 .00083 
3 0 .502 0 
4 4 .479 99 22,800 .00100 
5 0 .502- l/3 
6 6 .468- 99§- 26,600 .00116 
7 0 .502- 0 
8 8 .456+ 100 30,500 .00132 
9 0 0502- 0 

10 10 .4:45 100½ 34,300 .00149 
11 0 .501 + 1/3 
12 12 .433 101½ 38,200 .00166 
13 0 0501+ 0 
14 14 .421+ 102 42,100 .ool.83 
15 0 .501+ 0 
16 l 0 0409 102½ 46,000 .00200 
17 0 .501 1/3 
18 l 2 .397+ 103 49,900 .0021? 
19 0 .501 0 
·20 l 4: 0586 103½ . 53,800 .00233 
21 . o .501 0 

22 1 6 .375- 104 57,800 .00249 
23 0 .001 . 0 

24 1 8 .363 104¼ 61,700 .00266 

25 0 .501- 1/3 

26 110 .351+ 105 65,700 .00283 

27 0 .501- 0 

28 112 .338 105½ 69p 700 .00301 

29 0 .501- 0 

30 114 .326+ 106 73,700 .00317 

31 0 .. 501- 0 

32 2 0 .31, 10* 77,800 000334 

33 0 .5oo+ 1/3 

34 2 2 .301+ 107½ . 82,000 .00353 

35 0 .500 1/3 

36 2 4 .288 108 86,200 .00371 

37 0 .500- 1/3 

38 2 6 .275+ 109 90,500 .00388 

39 0 .500-
0 

40 2 8 .261+ 10* 94,600 .00407 

41 0 .499 
2/3 

42 2 10 .248+ ·110 98,800 .00424 

43 0 .499-
1/3 

44 2 12 .234 1)-<>½ 103,100 .00'"4 



C-16 

ti 2B4 

No. Load Dial Ang A stress Stl\lain Set 
lb. oz. in. .deg. - fl.L•CJ·in. in./in.· .001" 

45 0 .498 2/3 
46 ·· 2 14 .220+ ill 107,300 .00463 
47 0 .4ge- 1/3 
48 3 0 .206 112 112,300 .00482 
49 0 • • 497- l 
50 3 2 .190- llSi 116,700 .00504 
51 0 .495+ l 1/3 
52 3 4 .174+ 113½ 121,200 .00524 
53 .o .494 / 

l 1/3 
54 3 "6 .158- 114 126,000 .00546 
55 0 .492- 2 1/3 
56 3 8 .141- 114½ 130,800 .00568 

in 57 0 .489- 3 
158 3 10 .117 11~ 136,000 .00600 
59 0 .484 4 2/3 
00 3 12 .092 lli 141,300 .00631 
61 0 .477 100 15,200 .00102 7 

-,. 



C-17 

TBERMOMETAL .030 # 2Fl 
tension in invar 1 hr. at 650 deg. F. 
width= .406 11 504 hr. at 600 deg. F. gage l·ength = 1 3/4 11 

zero load= 8 oz. Curvature ,.,. .0120 center on i nvar side 
t h;t.ckness,. .0?.22" 
No. Lofl d Dial Ang A Stress Strain Set 

lb. Q,h i&h deg. ti,/_sc .in. in./_in. .00111 • 

1 0 ,.502 . 90½ 14,800 .00065 0 
2 2 .491 . 91 18,600 .00081 
.3 0 .502 0 
4 4 .479+ 91½ 22,.300 .00098 
5 0 • .502 0 
6 6 .468+ 92 26,000 .00114 
7 0 .502 0 
8 . 8 .457- 92½ 29,800 .001.30 
9 0 .502 / 0 

10 10 .445+ 93 .3.3,500 .00147 
11 0 .502 .. 0 
12 12 .434- 9.3½ 37,300 .0016.3 
13 0 .502- 1/3 
14 l4 .422+ 94 · 41,000 .00180 
15 0 .502- 0 
16 1 0 .409- 94½ 44,800 .00199 
17 0 .;01 + 1/3 
18 l 2 • .398+ 95 48,600 .00215 
19. 0 .501 1/3 
20 1 4 ._387 95½ 52,400 .00231 
21 0 .500+ 2/3 
22 1 6 .375 96 56,:wo .00248 
23 0 .500 1/3 
24 1 8 .363 96¼ 60,000 .00265 
25 0 .499+ 2/.3 
26 l 10 • .351- 97½ 64,000 .,Q0282 
27 0 .499- 2/3 
28 1 12 • .3·.3s- 98 67,800 .00300 
29 0 .498 2/.3 
.30 1 14 • .326 98½ 71,~00 .00317 
31 0 .497- l 1/3 
32 2 0 • .312 99 75,700 .00337 
3.3 0 .495 1 2/3 
34 2 2 .298 - 99½ 79,600 .00356 
35 0 .493 2 
36 2 4 .283 100, 83,700 .00377 
37 0 .491- 2 1/3 
38 2 6 .268 101 87,900 .00398 
.39 0 .488+ 2 1/3 
40 2 8 .251 101½ 92,000 .00422 
41 0 .485 3 1/3 
42 2 10 .2.35+ 102½ 96,300 .0044.3 
43 0 .482- 3 1/3 
44 2 12 .21? 103½ 1oo',500 .00468 
45 0 .477+ 4 1/3 
46 2 14 .198- 104 104.,900 .00494 
47 0 .472 5 1/3 
48 3 0 .176 + 104½ 109,200 .00523 
49 0 .466- 92M' 14,900 .00117 6 1/3 
*Estimated after test 



C-18 

THER!iOMETAL .0,30 # 2F4 
tension in invar 1 hr. at 650 deg. F. 
width: • .395 11 504 hr. at 600 deg. F. .gage length= 1 .3/4" 
zero load~ 8 oz. Curvature~ .0084 center on invar side 

. . thickn~!;!S •• Q222" 
No. Load Dial An{: A Stress Strain Set 

lbt OZs in. deg. fl..Ls<~ .in. insL!n• .001" 

1 0 .500 91 15,300 .00068 0 
2 2 .489- 91½ 19,100 ~00084 
3 0 .500- 1/3 
4 4 .477- 92 2.3,000 .00101 
5 0 .500- 0 
6 6 .465 92½ 26,800 .00119 
7 0 • .500- 0 
8 8 .45.3+ 9.3 30,600 .OOl.36 
9 · 0 .500- 0 

10 • 10 .442 93½ 341500 • .00151 
ll 0 .499+ 1/.3 
12 12 .4.30+ 94½ 38.400 .00168 
1.3 0. -499+ 0 
14 l4 .419 95 42,.300 .,00184 
15 0 .499+ 0 
16 1 0 .4o6+ 95½ 46,200 .00203 
17 0 .499+ 0 
18 1 2 • .394+ 96 50,200 .00219 
19 0 .499+ 0 
20 ·1 4 • .383 96½ 54,200 • .00236 
21 0 .499+ 0 
22 1 6 .370+ 97 58,200 .. 0025.3 
2.3 0 .499+ 0 
24 l 8 • 358 + 97t 62,100 • .• 00271 
25 0 .499 1/3 
26 l 10 • .346+ 98 66,200 .00288 
27 0 .499 0 
28 1 12 • .333 99 70,400 .00306 
29 0 .499 0 
30 1 14 • .321- 99t 74,400 .00.323 
31 0 .499- 1/3 
32 • 2 0 .J07 100 78,500 .00342 
33 0 .499- 0 
.34 2 2 • 295- lOot 82,600 .00359 . 
35 0 .499- 0 
36 2 4 .283 101 86,900 .00375 
.37 0 .499- 0 
.38 2 6 .270 101½ 91,100 .00.39.3 
.39 0 .498+ 1/3 
40 2 8 .255- 102½ 95,600 .00414 
41 0 .498 1/.3 
42 2 10 .241 103 99,900 .00432 
43 0 .498 0 
44 2 12 • .229 - 104 104.,300 .00450 



C-19 

# 2F4 

No. Load Dial Ang A Strese Strain Set 
lb. QZ 1 ;!,~s deg 1 JL19..1n. ig.L!2• .001'' 

45 0 .498 - 1h 
46 2 l4 .215+ 104½ • 108,700 .OOJ,.67 
47 0 .497+ 1/.3 
48 • 3 0 .200+ 105 113,200 .004er, 
49 0 .497- 2/3 
50 3 2 .185+ 105½ 117,900 .00507 
51 0 .495+ 11/3 
52 3 4 .169+ 106 122,400 .00528 
53 0 .494 

/ 
11/3 

54 3 6 .154- 107 127,.300 .00548 
55 0 .493- 11/'J 
56 .3 8 .137- · 108 132,500 .00571 
57 0 .490 2 2/3 
58 3 10 .111 109 137,-900 .00605 
59 0 .485 5 
60 3 12 .082- 110 143,600 .00641 
61 0 .476+ 92 15,.300 .00102 8 2/3 



C-20 

THERMOMETAL .030 # .3B2 
tension in steel 1 hr. at 650 deg·. F. 
width: 0.394n 3 hr. at 600 deg. F. gage· length= 1 3/4" 
zero load= 8 oz. Curv~ture ~ .0018 center on irrvar sid~ 
ihJ&..kness. 20]02" 
No. Load Dbl Ang A Strces Strain Set 

lb. OZ: in. deg. 1..Lsg ~in. in.iin. .001" 

1 0 .500 94½ 14,JOO .00063 0 
2 2 .490- 95 17,900 .00078 
.3 0 .500 0 
4 4 .479 951 21,500 .00094 
5 0 .500 0 
6 6 .468+ 96 25,100 .00110 
7 0 .500 0 
8 8 .458 -- 96½ 28,700 .00126 
9 0 .500 / 0 

10 10 .447 97 32;300 .00142 
11 0 .500- 1/.3 
12 12 .436- 97½ 36,000 .00158 
1.3 0 .500-,. 0 
14 14 .425- 98 39,600 .00175 
15 0 .499+ 1/3 
16 1 0 .41.3 98½ 43,200 .0019.3 
17 0 .499+ 0 
lS 1 2 .402+ 99 46,900 ,00208 
19 0 .499+ 0 
20 1 4 • .390+ 99-½ ·50,600 .00225 
21 0 .499 1/.3 
22 1 6 .389- 100 54,.300 .00242 
23 0 .499 0 
24 1 8 .,368+ 100½ 58,000 .00258 
25 0 .499- 1/.3 
26 1 10 .357 101 61.,700 .00275 
27 0 .498+ l/3 2~8 l 12 .345+ lOli 65,500 .00292 
29 0 .498+ 0 
-.30 ··· -. l /.14 .334- 102½,, 69.400 .00308 
.31 0 .498+ 0 
.32 2 .... 0 .321 10.3 73,200 .00327 
3.3 0 .498 1/.3 
.34 2 2 .309+ 10.3½ 77,100 .00.344 
.35 0 .498- 1/3 
36 2 4 .297 104 80,900 .00362 
37 0 .497+ 1/3 
.38 2 6 .285 104½ 84,800 .00.379 
39 0 .497- 2/3 
40 2 8 .Z72- 105 88.700 .00398 
41 0 .496+ 1/3 

• 42 2 10 .259+ 105½ 92,800 .00416 
43 0 .495+ l 
44 2 12 .244+ 106½ 96,90() .00437 



C- 21 

# 3B2 

No. Load Dilil :,::tng A St~ess StroJ.n s,~t 
lb. oz. in. deg. lif_s, , in in./in. .001" • . .. - · 1 . .... . 

45 0 .494 l 1/3 
46 2 l4 .2.31 107 100,900 .00456 
47 0 .492 2 
48 3 0 .215+ 108 105,200 .00478 
49 0 .490- 2 1/3 
50 3 2 .197- 108½ 109,400 .00503 
51 0 .486 3 2/3 
52 3 4 .178- 109 • 11.3,800 .00530 
53 . 0 .481 5 
54 3 6 .158 110 ·118,300 .00556 
'55 0 .476- 96* 14,400 .00099 5 1/.3 

* Estimated after test 



C-2.2 

THERMOMI!.'I'AL 0030 I/ 3B4 
tension in invar 1 hr. at 650 deg. F. 
width : .416" 3 hr. at 600 deg. F. gage length : l¾" , 
zero load: S oz. Curvature : .0040 center on steel side 
thickness: 0031" 
No. Load Dial .Artg A Stress Strain Set 

lb. oz. in. de~. 
1 

• fLs9,.1n. 1n.L1n. .001" 

1 0 .502 92½ 13,100 .00061 0 
2 2 .492 93 16,400 .00076 
3 0 .502 0 
4 4 .482- 93f ' 19,?00 .00091 
5 0 .502- 1/3 
6 6 .472 94 23,000 .00106 
? 0 .502- Q 

8 8 .462- 94½ 26,300 .00122 
9 0 .502- 0 

10 ·10 .452- 95 29,600 .00137 
11 0 .501+ 1/3 
12 12 .441.+ 9~ 3~,000 .00153 
13 0 0501+ 0 

14 14 .431+ 96 36,300 .00168 
15 0 .501 1/3 
16 l 0 .421 9&i- 39,600 .00183 
17 0 0501 0 

18 1 2 .411 97 43,000 .00198 
19 0 .501- 1/3 

20 i 4 .400 97½ 46,'°0 .00214 

21 0 0500+ 1/3 

22 1 6 .390 98 49,800 .00230 

23 0 .roo 1/3 

24 1 8 .379 + 98½ 53,200 .00246 

25 :0 .500- 1/3 

26 1 10 .369 99 56»600 .00261 

2'7 0 .499 + l/3 

28 1 12 .300 - 99½ 60,000 .00278 

29 0 .499- 2/3 

30 1 14 .346 100 63,500 .00295 

31 0 .498+ 1/3 

32 2 0 .334 100½ 67,100 .00313 

33 0 .498- 2/3 

34 2 2 .323 101 70,500 .00330 

35 0 0496+ 11/'l> 

36 2 4 .310 101½ 74,000 .00348 

37 0 0495 
11/3 

S3 2 6 · .298 1'~2½ 77,700 .00366 

39 0 .494 
1 

40 2 8 .285+ 103 81,400 .00384 
2 

4l 0 .492 
42 2 10 .272+ 103½ 85,100 .00403 

43 0 .490-
2 1/3 

44 2 12 .259- 104 88,?00 .00423 



# 3B4 

No. Load Dial Ang A stress Strain Set 
lb. oz~ . in. de§• i_/. sq • 1·n. in./_in. .001" 

45 0 .488- 2 
46 2 14 .244 10~- 92,400 .00444 
47 0 .485- 3 
48 3 0 .229 105 96,200 .oo4e6 
49 0 .481+ 3 1/3 
50 3 2 .213 10* 100,000 .00490 
51 0 .477+ 4 
52 3 4 • 196 • 105½ 104,000 . .00512 
53 0 .472 94 13,200 .00106 6 1/3 



C-24 

THERMOMETAL .0J0 # 3FJ 
tension in steel 1 hr. at 650 deg. F. 
width :::0.409" 504 hr. a t 600 deg. F. ga.ge length - 1 3/4 " 
zero land= 8 6z. Curva.tur , ... 0013 center on irrvar side 
thick~ss s .OJl" 
No. Load Dia.l . Ang A 3 tr('; S8 StrHin Se t 

lb~ oz. (:in·: . deg 1 t,s~ .ia. • in.Lin. .001 11 

l 0 .503 89f 13,300 .ooo61 0 
2 2 .49.3+ 90 16,700 .00076 
.3 0 .503 0 
4 4 .483- 90½ 20,100 .00091 
5 0 .50.3 0 
6 6 .473 91 23,400 .001o6 
7 0 .503- 1/.3 
8 8 .46.3 91½ 26.800 .00121 
9 . 0 .50.3- ~ 0 

10 . 10 .453 92 .30,200 .00136 
ll 0 .502+ 1/3 
12 12 .443- 92' 33,600 .00152 
13 0 .502+ 0 
14 14 • 433- 9.3 36,900 • ,00167 
15 0 .502+ 0 
16 1 0 .422 93½ 40,300 .0018,3 
17 0 .502+ 0 
18 1 2 .412 94 43,700 .00198. 
19 0 .502+ 0 
20 1 4 .401 94½ 47,200 .00214 
21 0 .502+ 0 
22 1 6 • .391 95 50,600 .00229 
23 0 .502 1/.3 
24 1 8 . .380+ 95½ 54,000 .00246 
25 0 .502 0 
.26 l 10 .,'.370+ 96 57,500 .00261 
27 0 .502 0 
28 1 12 .360- 96½ 61,000 .00276 
29 0 .502- 1/3 
30 1 14 • .349+ 97 64,500 .00292 
31 0 .502- 0 
32 2 0 .339- 97½ 68,100 .00308 
33 0 .501+ 1/3 
34 2 2 • .328- 98 71,600 .00324 
35 0 .501+ 0 
36 2 4 .317- 98½ 75,200 .00340 
37 0 .501+ 0 
38 2 6 .,306+ 99 78,800 .00356 
.39 0 .501 1/.3 
40 2 8 .295 + 99½ 82,400 .00372 
41 0 .501 :_ / 1/3 
42 2 10 .285- 100 g6,ooo .00387 
43 0 .501- 0 
44 2 12 .274- io2½ 89,700 .0040.3 



C-25 

# 3F3 

No. Load Dial Ang A Stress Strain Set 
!b• oz. in. deg. tU'.sg .in. in.Lin. • .001" 

45 o· .500+ 1/3 
46 2 14 .265 101 93,500 .00419 
47 0 .500 - . 2/3 
48 3 0 .251 + 101½ 97,200 .00436 
49 0 .499 2/3 
50 3 2 .239 102 101,000 .00453 
51 0 .498+ 2/3 
52 3 4 .227- 102½ 104,800 .00471 
5.3 0 .497 / l 1/3 
54 3 6 .216- 103 108~600 .00487 
55 0 .495+ l 2/J 
56 3 8 ~202- 103½ 112,500 .00505 
57 0 .494- 1 2/3 
58 3 10 .187+ 104 116,400 .00526 
59 0 .491 2 2/3 
60 .3 12 .171 104½ 120,700 .00549 
61 0 .487 4 
62 ·3 14 .153 105½ 125,000 .00573 
63 0 .482 5 
64 4 0 .13.3 106½ 129,500 .00601 
65 0 .475 I 91* 13,400 .00113 7 

) · 

* Estimated after test. 



C- 26 

THERMOMI:::TAL .030 ff 3F4 
t ension ln i nvar 1 hr. at 650 deg. F. 
wid t h :::: . i+Ol 11 504 hr. a t 600 deg. F. gage l ength ,,. 1 3/ 411 

ze~o l oad = 8 oz. Curvhture: .0049 center on i nvar s i ,~ e 
1h:!,ckne~s == ._0 "0 '5 " ~ . . 

No. LoH ( i Diril Ang A 'Stres s St r E, i n Set 
l b. ,'.) 'l, • i n. de~ 1 (Lee .in. in.bn. .001ir 

l C) .502 96½ 14,100 .ooo64 0 
2 2 .492- 97 17,600 .00079 
3 0 .502 0 
4 4 .481- 97½ 21,100 .00096 
5 0 .502 - 1/3 
6 6 -470 98 24,600 .OOU2 
7 0 .502- 0 
8 8 .459 98½ 28,200 .00129 
9 0 .501 + 1/3 

10 10 .448 + 99 31,800 .00145 
11 0 .501 1/.3 
12 12 .437 99½ .35,.300 .00161 
1.3 0 .501 - 1/3 
14 14 .427 - 100 .38,900 .00177 
15 0 .501- 0 
16 1 0 .416 - 100, 42,400 • .00193 
17 0 .501 - 0 
18 1 2 .405 + 101 46,100 .00209 
19 0 .500 + 1/3 
20 l 4 .394 101½ 49,600 .00225 
21 0 • . 500 1/3 
22 1 6 .J8J -· . 102 53,300 .00242 
23 0 . 500 - 1/3 
24 1 8 .372 102½ 56,900 .00258 
25 o · .499 4 1/3 
26 1 10 . .361 103½ 60,700 .0()274 
27 0 .499 1/3 
28 1 12 .349 -+ 104 64,300 . OrJ290 
29 0 .498 + 2/3 
30 1 14 .337 104½ 68,..100 .00309 
31 0 .498 2/3 
32 2 0 .325 1 105 71,800 .00326 
.3.3 o, . 497 ·- 1 
34 2 2 .313 .. 105~ 75,500 .00344 
35 0 .496 .. 1 
J6 2 4 .299 + 106 79,300 .00363 
37 0 .494 + 11/.3 
38 2 6 .286 106½ 83,100 .00.382 
39 0 .492 + 2 
40 2 8 .272 107 86,900 .00402 
41 0 .490 + 2 
42 2 10 .257 108 91,000 .00423 
4.3 0 .487 + 3 
44 2 12 .243 - 108½ 94,800 .0044.3 
45 0 .485 - 2 2/3 
46 2 14 .228 109 '98,800 .00465 
47 0 .481 3 2/3 
48 3 1 0 .210 110 103,200 .00490 
49 0 .476 98 14,100 .00103 5 



C-27 

'IHERMOMETAL 0030 # 4Bl 
tens ion in inver 1 hr. at 650 deg. F. 
width : .3875" 3 hr. at 600 deg. F. gage length: 1-f" 
zero load: 8 oz. •Curvature : .0009 center on 1nvar side 
~hickness: .030" 
No. Load Dial Ang A Stress Strain set 

lb. oz. in. de~. ff..La9..in. in.Lin. .001" 

1 0 .504 92 15,000 000069 0 
2 2 .493- 92½ 18,800 .00086 
3 0 .504 0 
4 4 .480+ 93 22,600 .00104 
5 0 .504 0 
6 6 .469- 95½ 26,400 .00121 
7 0 .504 0 
8 8 .457 94½ 30,200 .00138 
9 0 .504- 1/3 

10 • 10 .445 95 34;000 .00156 
11 - 0 .504- 0 
12 12 .433 95½ 37,800 .00173 
13 0 .004- 0 
14 14 .422- 96 41,600 .00190 
15 0 .503+ 1/S 
16 l 0 .409 96i- 45,400 .00208 
17 0 .503+ 0 

18 l 2 0397- 9'1 49,300 .00226 
19 0 .503 1/S 
20 l 4 .384- 98 53,200 .00244 
21 0 ' 0502+ 8/3 
22 l 6 .372 96½ 57,000 .002&2 
23 0 .502 1/3 

- ~24 l 8 0358+ 99 61,000 .00282 

25 0 .501- l 1/3 

26 l 10 0345- 99'- 64,900 000301 

27 0 .499+ l 1/3 

28 l 12 .330+ 100 68,900 .00322 

29 0 .490- 1 2/3 

30 1 14, .316+ 101 72,900 .00342 

31 0 .496 l 2/3 

32 2 0 .300- 101¼ 77,000 .00365 

33 0 .493+ 2 2/3 

34 2 2 .285- 102½ 81,200 .00:587 

35 0 .490+ 3 

36 2 4 .269 103 85,400 .00409 

37 0 .48'7 
3 1/3 

38 2 6 .251 104 89,?00 .00434 

39 0 .'83 
4 

40 2 8 .229 105 94,100 .00465 

41 0 .477 
6 

42 2 10 .209 106 98,600 .00492 

43 0 .472 9~ 15,100 .00116 5 



C-28 

THERMOMETAL .0.30 # !+B3 
tension in steel 1 hr. at 650 deg . F. 
width: • .397" 3 hr. at 600 deg. F. gage length : 1 3/ 41 

zero load= 8 oz. Curvature= .0022 . center on invar side 
thick~ss = .o2on ~ 

No. Load Dial Ang A Sitress Stra.in Se t 
lb. oz. in• deg. . #.,Lsg .in. in.Lin. .OOP --

l 0 .504 95 14,700 .00066 0 
2 2 .493 95½ 18,400 .00082 
3 0 .504 0 
4 4 .481+ 96 22,100 .00100 
5 0 .504- 1/3 
6 6 .470+ 96½ 25,800 .00116 
7 0 .504- 0 
8 8 .459 97 29,500 .001.32 
9 0 .50.3+ 1/3 

10 • 10 .448 98 .33;200 .00148 
11 0 .50.3+ 0 
12 12 .437- 98½ .36,900 .00164 
l.3 0 .503+ 0 
14 14 .426- 99 40,700 .00180 
15 0 .50.3 1/.3 
16 1 0 .414 99½ 44,400 .00197 
17 0 .50.3 0 
18 1 2 .403 100 48,200 .00214 
19 0 ·.50.3 0 
20 1 . 4 • .391- 100½ 52,000 .002.31 
21 0 .503- 1/3 
22 1 6 .380 101 55,700 .00247 
23 0 .503- 0 
24 1 8 .369- 101½ 59,600 .00264 
25 0 .502+ 1/3 
26 l 10 .357 102 • 63,400 .00280 
27 0 .502+ 0 
28 1 12 . .345 .. 102½ 67,300 .00298 
29 0 .502 1/J 
30 1 ·,u • .33.3 10.3 n,200 .00.314 
31 0 .502 0 
.32 2 0 .321 103½ 75,200 .00.331 
.3.3 0 .502 0 
.34 2 2 .309- 104½ 79,200 .00.349 
35 0 .502 - 1/3 
36 2 4 _ .295 + 105 83,200 .00.368 
37 0 .502- 0 
38 2 6 .28.3 + 105½ 87,200 ,00.385 . 
39 0 .501+ 1/J 
40 2 8 .269- lo6 91,200 .00405 
41 0 .501- 2/3 
42 2 10 .257 106½ 95,400 .00422 
4.3 0 .500 + 1/3 
44 2 12 .244 +- 107 99,500 .00441 



C-29 , 

# 4B3 

t 
No. Load Dial Ang ,A Stress Strain Se t 

lb. oz. in. dP-~. /1/..so .in. in.Lin. .001" 

45 0 .500 1/3 
46 2 14 .231- 108 103,700 .00458 
47 0 .499+ 2/3 
48 3 0 .217 108½ 107,900 .00476 
49 0 -499- 2/3 
50 .3 2 .201 109 ll2,200 .00498 
51 0 .498 2/3 
52 3 4 .189 109½ ll6,700 .00515 
53 0 .497+ 2/3 
54 3 6 .175- 110 120,800 .00534 
55 0 .496 11/3 
56 .3 8 .160+ lll 125,700 .00554 
57 0 .495+ l 1/3 
58 .3 10 .141 112 130,500 .00579 
59 0 .492 2 2/'J 
60 .3 12 .120 113 135,600 .00606 
61 0 .488 4 
62 .3 14 -097- 114 140,800 .00636 
6.3 0 .483- 5 1/3 
64 .4 0 .070 ll5 146,200 .00673 
65 0 .475 97* 14,700 .00108 7 2/3 

* Estimated after test. 



C-30 

THERMOPlETAL .030 # 4F2 
t ension in invar 1 hr. at 650 deg. F. 
width:: .,386" 504 hr. at 600 deg. F. gage length~ 1 3/4" 
zero load= 8 oz. Curvature : .009.3 c~nter on invar side 
thickness-0.0~0" 
No. Load Dial Ang A Stress Strain Set 

lb. oz. ins deg. tfLsg s!n• in.Lin. .001" 

1 0 .502 96 15,100 .00069 0 
2 2 -490+ 96½ 18,900 .00087 
.3 0 .502 0 
4 4 .479- 97 22,700 .0010.3 
5 0 .502 0 
6 6 .467- 97½ 26,500 .00121 
7 0 .502 0 
8 8 .455- 98 .30,300 .OQl.38 
9 0 .502- 1/3 

10 • 10 .443 • 99 34,100 ·.00156 
11 0 .502- 0 
12 12 .431- , 99½ 37,900 .00173 
13 0 .501+ 1/3 

.,, 
·1.! ' 

14 14 .419 100 41,700 .00190 
15 0 .501 + 0 
16 1 0 .406+ 100½ 45,600 .00209 
17 0 .501+ 0 
18 1 2 .394+ 101 49,500 .00227 
19 0 .501 1/3 
20 ·l 4 .J82- 102 53,400 .00245 
21 0 .501- 1/.3 
22 1 6 .375 102½ 57,200 .00262 
2.3 0 .500 2/3 
24 l 8 .355- 103 • 61,200 .00282 
25 0 .499+ 2/3 
26 1 10 .342+ 103½ 65,200 .00.302 
'Z7 0 -499- 2/3 
28 1 12 . .329- 104 69,200 .00321 
29 0 .497+ 11/.3 
30 1 14 • .315- 105 7.3,200 .00341 
31 0 .496- 1 2/3 
32 2 0 .299+ 105½ 77,400 .00363 
33 0 .494- 2 
34 2 2 .283+ 106½ 81,500 .00386 
.35 0 .491- 3 
.36 2 4 .266 107 85,700 .00411 
.37 0 .487+ .3 1/.3 
38 2 6 .248+ 108 90,000 .00435 
39 0 .483+ 4 
40 . 2 8 .230 108½ 94,300 .00460 
41 0 .478+ 5 
42 2 10 .215 109½ 98,800 .00489 
43 0 .473 5 1/',; 
44 2 12 .189 1101 103,200 .00517 
45 .0 .467 97 15,100 .00120 6 



C-31 

THERMOMETAL .030 # 4F3 
tension in steel l hr. at 650°F 
width: 0.389" 504 hr. at 600°F gage length: l ! " 
zero load: 8 oz. Curvature: .0062 center on invar side 
thickness: .030" 
No. Load Dial .Ang A Stress Strain set -

lb. oz. .1n. de§• tLs9,..1n. in.Lin~ .001" 

1 0 .503 92½ 15,000 .00068 0 
2 2 .492 93 18,700 .00084 
3 0 .503 0 
4 4 ' .480 95½ 22,500 .00101 
5 0 .503 0 
6 6 .469 94 26,300 .00118 
7 0 .503- 1/3 
8 8 .457+ 94½ 30,100 .00135 
9 0 .503- 0 

10 10 .44'7- 95 33,900 .00150 
11 0 . . oos- 0 
12 12 .434 95½ 37,600 .00168 
13 0 .502+ 1/3 
14 14 .4:22 96 41,500 .00186 
15 0 .502 0 
16 1 0 .409 95½ 45,400 .00205 
17 0 .502 1/3 
18 1 2 .397 97 48,200 .00222 
19 0 .502 0 
20 1 4 .385i 97½ 53,100 .00240 
21 • 0 .502 0 
22 1 6 .373+ 98 56,900 .00257 
23 0 .502 0 
24 l 8 .361♦ 98½ 60,900 .Q0274 
25 0 .502 0 
26 1 10 .349 99 64,800 .00292 
2'1 0 .502 1/3 
28 1 12 .3354 100 68,800 .00311 
29 0 .501- 1/3 
30 1 14 .324- 100½ 72,800 .00327 
31 0 .501-t 0 
32 2 0 .310 101 76,900 .00347 
33 0 .501 1/3 
34 2 2 .297- 101½ 81,000 .00365 
35 0 .501- 1/3 
36 2 4 .284 102 85,000 .00384 
37 0 o5oo+ 1/3 
38 2 6 .27~ 103 89,200 .00403 
39 0 .5oo,i 0 
40 2 8 .257 103½ 93,400 .00421 
41 0 .500 1/3 
42 2 10 .244- 104 97,500 .00439 
43 0 .500- 1/3 
44 2 12 .231 104½ 101,800 .00458 
45 0 .49~ 1/3 
46 2 14 .218 105 106,100 .00475 
47 0 .499- 2/3 
48 3 0 .204- 106 110,600 .00495 
49 0 .498 2/3 
50 3 2 .188 10* 115,200 .00516 



C-32 

# 411'3 

No. Load Dial Ang A Stress Strain Set 
lb. oz. in. deg. /I/sq.in. in ./in. .001" 

51 0 .497 1 
52 3 4 .175- 107 119,700 .00537 
53 0 .496- 11/3 
54 . 3 6 .155 108 124,400 .00561 
55 0 .494- 2 
56 3 8 .138 .. 109 129,300 .00584 
57 0 .491~ 2 1/3 
58 3 10 .119- 109½ 134,200 .00608 
59 0 .488- 3 2/3 • • 
60 3 12 .090- 111 140,000 .00645 
61 0 .481- 7 
62 . 3 14 .060- 112 145,600 .00685 
63 0 .472- 9~ 15,000 .00109 9 
64 4 0 .028- l!;t 152,000 .00726 
65 0 .460 15,000 .00131 11 2/3 



C-3.3 

TRERMOMETAL .030 ·# 1-H.A 
tension in steel 
width= .369" 1 hr. at 650° F. gage length= 1 J/4n 
zero load= 8 oz. Curvature= .0009 center on invar side 
thic!Q1e~~ = tOJQ~n 
No. Load Dial Ang A Stress Strain Set 

lb! 2z. j.n! . deg. #lgJ~in .• in.Lin. .QQl" 
1 0 .502 95 1/2 15,.300 .00072 ·o 
2 2 .490 + 96 19,180 .00090 
3 0 .502 0 
4 4 .478 - 961/2 23,000 .00108 
5 0 .502 0 
6 6 .466 - 97 26,.800 .00126 
7 0 .502 0 
8 8 .454 - 971/2 30,700 .00144 
9 . 0 .502 0 

10 .10 .442 98 34,.500 .00161 
11 0 .502 - 1/3 
12 12 .429 98 1/2 38,400 .00180 
13 0 .501 + 1/.3 
14 14 .4).S - 99 42,300 .00197 
15 0 .501 + 0 
16 l 0 .405 100 46,200 .00216 
17 0 .501 + 0 
18 1 2 .393 100 1/2 50,200 .00234 
19, 0 .501 + 0 
20 1 4 .381 101 54,100 .00252 
2l 0 .501 + 0 
22 1 6 .369 lOl .. .l/2 58,100 .00269 
23 0 .501 + 0 
24 l 8 .356 + 102 62,100 .00287 
25 0 .5Jl + 0 
26 l 10 • .344 10.3 66,200 .00305 
27 0 .501 1/3 
28 1 12 .331 - 103 1/2 '70,300 .00.325 
29 0 .501 • 1/3 
30 1 14 .318 + 104 74,400 .00.343 

· 31 0 .501 + 0 
32 2 0 .305 104 1/2 78,500 .00.362 
33 0 .501 - 0 
34 2 2 .292 - 105 82,600 .00.381 
35 0 .500 + 1/.3 
36 2 4 .277 106 87,000 .00402 
37 0 .500 + 0 
38 2 6 • 26,~ 106 1/-;, 91,200 .00421 
39 0 .500 + 1/.3 
40 2 8 ,?..49 107 95,400 . ;}0441 
41 0 .500 1/J 
42 2 10 .236 107 1/2 99,700 ,00461 
43 0 .500 0 
44 2 12 .221 108 1/2 104,200 .00482 



C-3/4. 

# l-HA 

No. Lo.?cc. Li ;__l {'if ._L .. Stres~ S Ll' :.,in ~A.: t 

lb. oz. ir, . Gej • til.Ji>' 1 ins in./in. • j \).ll 

L,5 0 ,50J - 1/J 
46 2 14 . 206 - 1J9 108,7JJ .'),)503 
47 0 ,5JO - J 
48 3 0 .192 110 11J,2·JO .:)0521 
1+9 0 ,499 + 1/3 
50 3 2 .178 110 1/2 117,800 .00541 
51 0 ,499 - :/J 
52 3 4 .164 lll 122,400 . 00560 
53 0 ,493 + 1/3 
5,4. 3 6 .144 112 127,J00 .OJ586 
55 0 .497 + 1 
56 3 8 .123 113 lJ;c , 700 , 0,)615 
57 0 .495 2 1/3 
58 3 10 • .J99 114 137,900 .00640 
59 0 ,491 I+ 
60 3 12 . Y71 115 143,700 . J0634 
61 J ,485 - 96it- 15 ,3J:) . ")0097 6 1/3 
62 3 14 . )36 ll6 149,700 . )J730 
63 0 .474 96 1/2 15,300 .00103 10 2/3 

* EstL1ateC:. after test. 



C-35 

THERMOMETAL .030 # 2-HA 
tens ion in in var thickness= .0305 11 

width : .370
11 

l hr. at 650 deg. F. gage length= l!" 
zero load• 8 oz. Curvature • .0009 center in invar side 
No. Load Dial Ang A Strel!IS Strain Sat 

lb. oz. in. · deei• U./.!S• in. in.,1n. .001" 

1 0 .502 9~ 15,300 .000'13 0 
2 2 .490 95 19,100 .00091 
3 0 .502 - 1/3 
4 4 .4.77 + 96 22,900 .00110 
5 0 .502 - 0 
6 6 .4.65 + 9* 26,800 .00128 
7 0 .501 + 1/3 • 
8 8 .453 97 30,600 .00146 
9 0 .501 1/3 

10 10 .441 97½ 34,500 .00164 
11 0 .501 - l/3 
12 12 .428 98 38,400 .00183 
13 0 .500 + 1/3 
14 14 . .416 98½ 42,300 000201 
15 0 0500 1/3 
16 1 0 .403 99 46,200 .00220 
1, 0 0499 + 2/3 
18 l 2 .390 - 99¼ 00,100 .00240 
19 0 .-498 + 1 
20 1 4 .:377 - 100½ 54,100 .00259 
21 0 .497 + 1 
22 1 6 .364 101 58,100 .002'18 
23 0 .496 11/3 
24 1 8 .349 102 62,100 .00300 
25 · O .494 + l 2/3 
26 l 10 0335 + 102t &6,100 .00319 

·2'1 0 0493 - 1 2/3 
28 1 12 .320 103 70,200 .00342 
29 0 .,'90 2 2/3 
30 1 1-4: 02505 103j- 74,400 • .00363 
3],. 0. 0488 - 2 l/3 
32 2 0 •. 289 - 104 78,500 .00'38'7 
33 0 .484 + 3 1/3 
34 2 2 .271 - 105 82,800 .00412 
35 0 .'81 - 3 2/3 

36 a 4 .253 106 87,200 .00438 

37 0 .4.77 - 4 

38 2 6 .235 10'1 91,700 .004&! 
39 0 .472 + 4 1/3 

40 2 8 .218 107½ 96,000 .00487 

41 0 .466 96 15,300 .001u 4 1/3 



C-.36 

THERMOMETAL .030 I 1-HB 
tension in steel 
width: .363" 1 hr. at 650 deg. F. gage length: lf" 
zero load: 8 oz. eu:i;-vature = .0210 center on steel aide 
th1ekness: .0310" . 
No. Load Dial AngA stress Strain set 

lb. oz. 1n. de~. tLe9..1n. in.Lin. · .001" 

l 0 .498 93 15,000 .00073 0 
2 2 .487 93t 18,800 .00090 
3 0 .498 0 
4 4 .475 - 94 22,600 .00108 
5 0 .498 0 
5 6 .463 94½ 26,400 .00126 
7 0 .498 e 
8 e .4,fil 95 30,100 .00144 
9 0 .4.98 0 

10 10 .439 96 33,9,00 .00162 
11 0 .498 · O 
12 12 .427 9&j, 37,700 .. 00181 
13 0 .498 1/3 
14 14 .415 + 97 U,500 .00198 
15 0 .4~ - 0 
16 1 0 .403 - 97½ 45,300 .0021, 
17 0 .... gs 0 
18 l 2 .391 98 49,100 .00235 
19 0 049'1 + 1/3 
20 l 4 .379 98½ 5Z,OOO .00253 
21 0 .497 + 0 

22 l & .36'1 + 99 56,900 .00271 
23 0 .497 + 0 
24 l 8 .355 + 99½ 60,700 .00~9 
25 0 .4-97 + 0 

26 l 10 .343 + 100 64,600 .00307 
27 0 .497 1/S 

28 1 12 .331 - 101 58,600 .00325 

29 0 .497 0 

30 l 14 .319 101t 72f600 .00343 

31 0 .497 - 1/3 

32 2 0 .306 102 76,600 .00362 

33 0 .497 - 0 

34 2 2 .294 109½ 80,600 .00:580 

35 0 .497 -
0 

36 2 4 .281 103½ 84,700 .00398 

37 0 .496 + 1/3 

38 2 6· .268 104 88,800 .00417 

39 0 .496 + 
0 

40 2 8 .255 - 104½ 92,900 .00437 

41 ' 0 .496 1/3 

42 2 10 .242 105 97,000 .00456 
0 

43 0 .496 
.00476 

44 2 12 .228 10* 101,100 



C-37 

# 1-HB 

No. Load Dial ,Ang A Stress Strain Set 
lb. oz.· in. deg. #/sq.in. in,/in. .001" 

) 

45 0 .496 - 1/3 
46 2 14 .215 106 105,300 .00495 
47 0 .495 + 1/3 
48 3 0 .203 - 107 109,700 .00511 
49 0 .494 + · 1 
50 . 3 2 .187 108 114,200 .00554 
51 0 .493 + 1 
52 3 4 .170 lost 118,700 .00558 
53 0 .-l91 + 2 
54 3 6 .155 109 123,200 .00560 
55 0 0489 - 2 · 2/'{) 

56 3 8 .136 110 127,900 .00605 
5'l 0 .485 4: 
58 3 10 .111 - 111 133,000 .006.40 
59 0 .478 6 2/3 
fSC) . 3 12 .078 112 138,400 .00690 

61 0 .468 - 94 15,000 .00119 10 1/3 



C -38 

THERMOMEl'AL .030 {I 2-HB 
tension in invar 
width : .368" 1 hr. at 650 deg. F. gage length= lf" 
zero load= 8 oz. Curve. ture =; • 0187 center on steel side 
thickness: .0310" 
No. Load Dial Ang A Stress Strain Set 

lb. oz. in. de5. t!._/..S<J.o in. in.Lin. .001" 

1 0 .498 97½ 14,900 .00073 0 
2 2 .487 - 98 18,600 .00090 
3 0 .498 0 
4 4 .474 + 98½ 22,400 .00109 
5 0 .4-98 - 1/3 
6 6 .462 + 99 26,100 .00127 

- 7 0 •• 98 - 0 
8 8 .450 + 99i 29,900 .00145 
9 0 0498 - 0 

10 10 .439 100 33,700 .00162 
ll 0 ~497 + 1/3 
12 12 .427 100½ 37,500 .00180 
13 0 .497 + 0 
14 14 .415 101 41,300 .00197 
15 0 0497 1/3 
16 1 0 .403 - 101½ 45,100 .00211S 
17 0 .497 0 
18 l 2 .390 + 102 49,000 .00235 
19 0 .497 - 1/3 
20 1 4 .378 - 102½ 52,800 .00254 
2l 0 .496 + 1/3 
22 1 6 .366 103½ 56,800 .00271 
23 0 .496 - 2/3 
24 1 8 0352 - 104 60,700 .00291 
25 0 .495 1/3 
26 1 10 .339 - 104¼ 64,700 .00311 
27 0 .494 1 
28 1 12 .325 105 68,700 .00332 
29 o · .493 1 
30 1 14 .311 106 72,800 .00352 
31 0 .492 1 
32 2 0 .295 + l06t- 76,800 .003'15 
33 0 .490 2 

34 2 2 .281 107 80,900 .00398 
35 0 .488 + l 2/3 

36 2 4 .264 108 85,200 .00420 
37 0 .486 2 1/3 

~ 2 6 .249 lOOi 89,400 .00442 

39 0 .484 - 2 1/3 

40 2 8 0230 - 109½ 93,900 .0°'68 
41 0 .480 + 3 1/3 

42 2 10 .210 llot 98,500 .004-96 
43 0 .476 + 4, 

44 2 12 .187 111 103,100 .00535 
45 0 .471 - 98 14,900 .00104 5 2/3 



C-39 

THERMO MET AL .030 fl 1-HC 
tension in invar .. 
width: .364" 1 hr. at 650 deg. F: gage length: lf" 
zero load= 8 oz. Curve ture : .0080 center on steel side 
th 1ckne SIS : .0300" 
No. Load Diel Ang A Stress Strain Set 

lb. oz. in. de~. fLs9..1n. in.Lin. .001" 
1 0 .502 94½ 16,100 .00079 0 
2 2 .489 95 --20,100 .00098 
3 0 .502 - 1/3. 
4 4 .475 95½ 24,100 .00119 
5 0 .501 2/3 
6 6 .462 + 95i 28,200 .00138 
7 0 .501 0 
8 8 .449 - 97 32,300 .00157 
9 0 .501 - 1/3 

10 . 10 .435 9?t 36,400 .00177 
11 0 .500 + 1/3 
12 l! 0422 - 98 40,500 .00196 
13 0 •• 500 + 0 
14 14 .,oe 99 44,600 .00217 
15 0 .eoo 1/3 
16 1 0 .394 - 99½ 48,700 .00237 
17 0 .500 - 1/3 
18 1 2 .381 - 100 !58,900 .00856 
19 0 .500 - 0 
20 1 4 .3&'7 101 57,100 .00276 
21 0 .499 + 1/3 
22 1 6 • • 3!53 191½ 61,400 .00295 
23 0 .499 - 2/3 
24 1 8 .338 102 65,600 .0031'7 
25 0 .498 2/3 
26 l '.lo .323 103 70,000 .00338 
27 0 .497 1 
28 l 12 .30'7 10~ 74,400 .00:561 
29 0 .49e - 11/3 
30 l 14 .290 104 '18,700 .00385 
31 0 .49-t. + l 2/3 
32 2 0- .272 - 105 83,300 .00410 
33 0 .492 2 1/3 
34 2 2 .2M 106 88,100 .00435 
35 0 .489 3 
36 ! 4 .234 107 92,.700 .004-62 
37 0 .485 + 3 2/'f>.. 
38 2 6 .214 108 97,600 .00489 
39 0 .481 + 4 
40 2 e .185 109 102,700 .00529 
41 - 0 .4'13 951" 16,100 .00122 8 l/3 



C-40 

THERMO METAL .030 # 2-HC 
tension in steel 
width k' . 167" l hr. at 650° F. gage length== 1 3/4" 
zer·o 1~ai = 8 oz. Curvature == .• 0107 center on steel side ... . • ,, 
th1ckne§s = 1 QJOO 
No. Load Di a l Ang A Stress Strain Set 

lb. o~. i n. deg. bh~g !in . in.Lin. .Q01 11 

l 0 .502 93 15,9')0 .00075 0 
,, 

2 .489- 93 1/2 19,900 .00094 ,:. 

3 0 .502 - 1/3 
4 4 .476- 94 1/2 23,900 .00113 
5 0 .5·Jl+ 1/3 
6 6 ./4.6.3 + 95 27,900 .00132 
7 0 . 501+ 0 
8 8 .1~51- 95, l/2 31,900 .00150 
9 0 . 501+ 0 

10 10 -438+ 96 1/2. 35,900 .00169 
11 0 . 501+ 

/ 

0 
12 12 .425 97 40,000 .0•)188 
13 0 .5Jl 1/3 
14 14 .1~13 97 1/2 44,000 .00205 

-15 0 .501 0 
16 -1 ,. 0 .399 ~8 48,100 .00225 
17 0 .501- · 1/3 
18 1 2 .386+ 9? 1/2 52,200 .00244 
19 0 .501- 0 
20 1 4 .373+ 99 1/2 56,300 .00263 
21 0 .500+ 1/3 
22 1 6 . 361 100 60,400 .00281 
2.3' . 0 .500+ 0 
24 l 8 .347 100 1/2 64,600 .00300 
25 0 .500- 2/3 
26 l 10 .333+ 101 68,800 .00.320 
27 0 . 500 - 0 
28 l 12 .319 102 73,100 .00.341 
29 0 .499+ 1/3 
30 1 14 .305:t- 102 1/2 77,300 .00.360 
31 0 .1+99- 2/3 
32 2 0 .290 103 1/2 81,700 .00.382 
33 0 -498+ 1/3 
.34 2 2 .275 ... 104 86,100 .00402 
35 0 -498- 2/3 
36 2 4 .260 1041/2 90,500 .. 00423 
37 0 .497 2/3 
.38 2 6 .2./45- 105 l/2 95,000 .00445 
39 0 .496 1 
40 2 8 .228- 106 99,500 .00469 
41 0 .494+ l 2/3 
42 2 10 .209 107 104,300 .00494 · 
43 0 .492 2 1/3 
44 2 12 .189 108 109,200 .00521 



C-41 

.No. Load Dial Ang A Stress Strain Set 
l b ! QZ, . 1n 1 der . :/!.b:r~. Li. in.bn. .00111 

45 0 ,488+ 3 2/3 
46 .2 14 .171+ 108 1/2 ll.3,900 .00546 
47 0 .485- .3 2/3 
48 .3 0 .150 l09 1/2 119.,000 .00574 
49 0 .479- 6 
50 3 2 .124 110 l/2 124,300 .00609 
51 0 .471 91,, .1/~ 15.,900 .00120 7 2/3 



C-42 

THERMO METAL . 0.30 # 1- HD 

t ension in i nvar 
wi dth= .,363 11 1 hr . at 650° F. gage lengt,h = 1 3/ 411 

zero load = 8 oz . Curvc:L ture = • 1)178, cent er on steel s i de 
t rtl.Q~n§::.rn = .QJl•2" 
No . Load Dial An6 A Stress Str ,nn [ ·et 

l b! oz. J.ll1 d§i' . #L§a !lnil i n 1 b n . . 001 11 

1 0 , 504 911- 1 5., 000 . ouo73 0 
2 2 .492 + 94 1/2 18,900 . 00091 
3 0 .504 I 0 
4 4 .480 95 22,700 .00109 
5 0 . 504 0 
6 6 .468 951/2 26,500 - .00127 
7 0 .503 + 2/3 
8 8 .454 96 J0,300 .00148 
9 0 .501 + 2 

10 10 .439 96 1/2 34,100 . 00171 
11 0 .499 - 2 2/3 
12 12 .423 - 97 1/2 .38,000 .00195 
13 0 .494 + 4 1/3 
14 14 .404 • 98 1/2 42,000 .00223 
15 0 .487 + 7 
16 1 0 .381 99 ·1/2 45,,900 .00258 

' 17 0 .478 9 
18 1 2 .J51 100 1/2 50,000 . 00302 
19 0 .461 • 95 1/2 15,100 . 00138 17 



C-43 

THERMOMETAL .030 # 2-HD 
tension in steel 
width = .365 11 1 hr. at 650° F. gage length= 1 3/411 

zero load= 8 oz. Curv:.i.ture = .0218 center on steel side 
thig)me~s .r .0Jl0" 
No. Loc.d Di.::.l Ani; , A ·Stress Strain Set 

;\.bs Q7- ! int de e- . t! b" . 1n ! in.Lin. .. ocnn 
1 0 .500 871/2 15,000 .00072 0 
2 2 .489- 88 18,700 .00090 
3 0 .500 0 
-4 4 -477- 881/2 22,500 .00108 
5 0 .500 0 
6 6 .465 8.9 26,200 .00126 
7 0 .500;... 1/3 
8 8 -453- 89 1/2 30,000 .00145 
9 0 .499+ 1/.3 

10 10 .441 90 33,700 .0016.3 , 
11 0 .499+ 0 
12 12 .429- 90 1/2 ,' 37,500 .00181 
13 0 .499 1/3 
14 14 .416- . 91 1/2 41,300 .00201 
i:5 0 .498- l 1/3 
16 ' 1 - 0 .400 92 45,100 .00225 
17 0 .494 3 2/3 -~• 
18 1 - 2 • .383 \ 93 49,000 .00250 
19 0 .488+ 5 2/3 
20 1 . 4 .360 93 1/2 52,900 .00284 
21 0 .478 10 1/3 
22 l 6 .334 941/2 56,800 . 00324 
23 0 .464 89 15,000 .00128 14 



C- l.4 

LOW EXPANDING STEEL ff l -3D 
tension in numbered aide 
widt h = .422

11 1 hr. at 550 deg. F. gage length : 1½" 
zero load: 8 oz. Curvature : .0013 center on unnumbered s ide 
thickness= .0805" 
No. Load Dial Ang A Stress Strain Set 

lb. oz. in. de~. 11..I.. s9,. .1n. in.Lin. .001" 

1 0 0499 92½ 4,900 .00027 0 
2 4 .477- 93 7,400 000041 
3 0 .499 0 
4 8 .454 93i 9,900 .00054 
5 0 .499 0 
6 12 .431 94 12,600 .oooee 
7 0 .499- 1/3 
8 1 0 .408 94½ 14,800 .00082 
9 0 .499- 0 

10 l 4 .385 95 17,300 .00095 
11 0 .490+ 1/3 
12 1 8 .363 .95½ 19,800 .00108 
13 0 .498+ 0 
14 1 12 .340+ 96 22,300 .00122 
15 0 .498 1/3 
16 2 0 .318 96 24,800 .00135 
17 0 .496 0 
18 2 4 .296 9* 27,200 .00148 
19 0 .498- 1/3 
20 2 6 .272 97 29p700 .00162 
21 0 .497- 1 
22 2 12 .249 97½ 32,300 .00176 
23 0 .4i5+ 11/3 
24 3 0 .226 98 34,800 .00190 
25 0 .493+ 2 

26 3 4 .201 98½ 37,300 .00205 
27 0 .490+ 3 
28 3 8 .174 99 39,900 .00221 
29 0 .486- 4 2/3 
30 3 12 .146 99l 42,500 .00237 
31 0 .479 6 2/3 
32 4, 0 .115 100 45,000 .00255 
33 0 .470- "I 1/3 
34 I 4 4 .0?8 

l~ 
47,600 000276 

35 0 .456 4,900 .00063 13 2/3 



APPENDIX D 

DIRECT TENSION DATA 



D-1 

HIGHHEAT THERMOMETAL .o~so 
#1 GE52 width = .253 11 Gage length= 3.94" 

thickness= .05011 Final length = 5 15/64 1' 

No. Load Dial Stress Strain No. Lo.ad Dial Stress Strain 
lbs. 1/10,000 • tl../..in.2 inbn. lbs. 1/10,000 {l_/._in. 2 in/in. 

1 16 1025 2,100 .0001 51 575 700 49,400 • .0524 
2 29 1022 3,800 .0002 52 583 650 50,500 .0574 
3 46 1021 6~100 .0005 55 395 600 51,700 .0424 
4 64 1020 7,400:". .0004 54 401 550 52,800 .0474 
5 79 1019 10,400 .0005 55 411 500 54,100 .0524 
6 94 1018 12,400 .0006 56 421 450 55,400 .0574 
7 109 1017 14,400 .0007 57 429 400 56,500 .0624 
8 123 1018 16,200 .0008 58 436 550 57,500 .0674 
9 137 1015 18,000 .0009 59 444 500 58,500 .0724 

10 149 1014 ' 19,600 .0010 60 451 250 59,400 .0774 
11 165 1015 21,500 .0011 61 459 200 60,500 .0824 
12 175 1012 25,100 .0012 
13 185 1011 24,400 .0015 
14 196 1010 25,800 .0014 575 failure 75,700 .52 
15 205 1009 27 ,ooo . . 0015 
16 214 1008 28,200 ~0016 
17 222 1007 29,200 .0017 

• 18 230 1006 50,500 .0018 
19 245 1004 52,000 .0020 
20 255 1002 33,300 .0022 
21 265 999 54,600 • . 0025 
22 272 995 55,800 .0029 
25 282 990 37,100 .0034 
24 287 985 37,800 .0039 
25 293 98G 38,600 .0044 
26 300 975 39,SOO .0049 
27 302 970 . 59,700 .0054 
28 505 965 40,200 .0059 
29 510 960 40,800 .0064 
50 515 955 41,200 .0069 
51 514 950 ·41,500 .0074 
52 516 945 41,600 .0079 
55 319 940 42,000 .0084 
34 520 935 42,100 .0089 
55 522 950 42,400 .0094 
56 524 925 42,700 .0099 
37 526 920 42,900 .0104 
58 527 915 45,100 .0109 
59 528 910 45,200 ~0114 
40 330 905 45,500 .0119 
41 352 900 45,700 .0124 
42 353 890 43,800 .0154 
43 557 880 44,500 .0144 
44 540' 860 44,700 .0164 
45 545 840 45,400 .0184 
46 350 820 46,100 .0204 
47 556 800 46,900 .0224 
48 559 775 47,200 .0249 
49 364 750 47,900 .0274 
50 570 725 48,700 .0299 



D-2 

HIGHHEAT THERJ!i0METAL .030 
#2 GE55 width= .25B 11 Gage length= 5.94" 

thickness= ~030 11 Final length= 4 15/64 11 

No. Load Dial Stres~ Stre.in No. • Load Dial Stress Strein 
lb~. 1,)01000 11./.J,n. 1glin1 lb§. l/i0 1 0QO #/in. 2 inLfn. 

1 19 1010 2,500 .0001 51- 855 954 112,500 .0057 
2 42 1009 5,500 .002 52 857 951 112,800 .0060 
3 60 1008 7,900 .0005 53 866 948 114,000 .0065 
4 80 1007 10,500 . .O'J04 54 875 945 115,000 .0066 
5 101 1006 15-, 500 .0005 55 876 941 115,500 .0070 
6 125 1005 16,200 .0006 56 879 938 115,700 .0075 
7 145 1004 18,800 .0007 57 884 . 955 116,200 .0076 
8 165 1005 21,700 .0008 58 886 952 116,600 .0079 
9 184 1002 , 24,200 .0009 59 886 929 116,600 .0082 

10 205 1001 26,800 .0010 60 887 925 116,800 .0086 
11 225 1000 29,400 .0011 61 889 920 117,000 .0091 
12 241 999 51,800 .0012 62 889 915 117,000 .0096 
15 259 998 54,100 .0015 65 889 910 117,000 .0l0i 
14 281 997 57,000 .0014 64 890 900 117,100 . ()111 

15 505 996 59,900 .0015 65 890 850 117,100 .0161 
16 522 995 42,400 .0016 66 890 800 117,100 .0211 
17 541 994 44,900 .0017 67 890 750 117, 100 .0261 
18 561 995 47,500 .0018 68 890 7'JO 117,100 .0511 
19 579 992 49,900 .0019 69 890 400 117,100 .0611 
20 596 991 52,200 .002.0 70 829 500 109,000 .0711 
21 415 990 54,600 .0021 71 Failure 280 .07:31 
22 454 989 57,100 .0022 

• 25 449 988 59,100 .0025 
24 469 987 61,SOQ .0024 
25 486 986 64,000 .0025 
26 517 985 68,100 .0026 
27 554 984 70,500 .0027 
28 550 985 72,500 .0028 
29 567 982 74,700 .0029 
30 585 981 77,100 .0050 
51 600 980 79,000 .0051 
52 616 979 81,100 .0052 
55 652 978 85,500 .0055 
54 647 977 85,20'.) .0054 
55 661 976 87,100 .0055 
~6 677 975 89,200 .0056 
57 691 974 91,00CJ .0057 
58 704 975 92,70'J .0058 
59 715 972 94,2')0 .0059 
40 728 971 96,000 .0040 
41 758 970 97,200 .0041 
42 750 969 98 ,SOD .0042 
45 756 968 99,600 .0045 
44 760 967 100~100 .0044 
45 785 964 105,500 .0047 
46 790 962 104,000 .0049 
47 808 960 106,500 .0051 
48 795 960 104,700 .0051 
49 824 958 108,500 .0055 
50 842 956 110,900 .0055 



D-3 

HIGHHEAT THERM0METAL .050 
#3 GE54 width = .255i, Gage length= 5.94 11 

thickness= .030" Final length= 4 1/4" 

No. Load Dial Stress Strain No. Load Dial Stress Strain 
lbs. 1/10,000 1111n.2 inLin. 'lbs. 1/10,000 11./in.2 iniin. 

1 20 1018 2,600 .0001 51 777 650 102,500 .0569 
2 42 1017 5,500 .0002 52 790 600 104,000 .0419 
3 60 1016 7,900 .0005 53 797 550 105,000 .0469 
4 76 . 1015 10,000 .0004 54 787 500 105,600 .0519 
5 96 1014 12,600 .0005 55 800 450 105,300 .0569 
6 1115 1015 14,900 .0006 56 • 800 400 105,500 .06.19 
7 132 1012 17,400 .0007 57 800 500 105,300 .0719 
8 152 1011 20,000 .0008 58 781 4 7/52 102,800 .071 
9 169 1010 22,200 .0009 59 796 4 1/4 104,800 .079 

10 188 1009 • 24,800 .0010 60 failure .079 
11 208 1008 27,400 .0011 
12 226 1007 29,800 .0012 
15 246 1000 3'2,400 .0015 
14 266 1005 55,100 .0014 
15 285 1004 37,500 .0015 
16 505 1005 40,200 .0016 
17 524 1002 42,700 .0017 
18 542 1001 45,000 .0018 
19 561 1000 47,500 .0019 
20' 579 999 49,900 .0020 
21 597 998 52,500 .0021 
22 416 997 54,800 .0022 
23 455 996 57,100 .0025 
24 455 995 59,700 .0024 
25 471 994 62,000 .0025 
26 489 995 64,400 .0026 
27 525 991 68,900 .0028 
28 538 990 70,900 .0029 
29 551 989 72,500 .0050 
50 567 988 74,700 .0031 
51 579 987 76,200 .0052 
52 592 986 78,000 .0053 
55 604 '• 985 79,600 .0054 
54 617 984 81,500 .0055 
55 628 985 82,800 .0056 
36 658 982 84,100 .0057 
57 658 • 980 86,700 .0059 
58 676 978 89,000 • .0041 
59 689 . 976 90,700 .0045 
140 705 974 9~,600 .0045 
41 714 . 971 94,000 .0048 
42 728 968 95,900 .0051 
45 758 964 97,500 .0055 
44 747 geo 98,400 .0059 
45 757 955 99,700 .0004 
46 765 950 100,500 .0069 
47 775 955 101,800 .0084 
48 775 900 101,800 .0119 -
49 77'5 850 101,800 .0169 
50 773 700 101,800 .0319 



D-4 
HIGHHEAT THER!,DMETAL 

~4 GE55 width= .253" Gage length= J.94n 
thickness= .OJO" Final length= 4 1/16" 

-No. Load Dial Stress Strain No. Load Dial Stress Strain 
Lbs. 1L101000 IJ1n. 2 irvin. Lbs, .1L10.ooo #/tn.2 in/in. 

1 23 1019 3,000 .0001 51 912 957 120,000 .Oo63 
2 49 1018 6,500 .0002 52 921 954 121,200 .0066 
.3 67 , 1017 8,300 .0003 • 53 9.35 951 12.3,100 .0069 
4 87 ' 1016 10,400 .0004 54 941 948 12.3,900 .0072 
5 105 1015 13,800 .0005 55 944 945 124,200 .0075 
6 125 1014 16,500 .0006 56 950 940 125,100 .0080 
7 14.3 1013 18,800. .0007 57 950 935 125,100 .0085 
8 16.3 1012 21,500 .0008 58 951 9.30 125,200 .0090 
9 181 1011 2.3,800 .0009 59 956 925 125,800 .0095 

10 199 1010 26,200 .0010 60 960 920 1?-6,.300 .0100 
11 220 . 1009 29,000 .oou 61 964 915 126,900 .0105 
12 2.39 1008 .31,500 .0012 62 966 910 127,200 .0110 
13 258 1007 34,000 .0013 63 969 900 127,500 .0120 
14 280 1006 36,900 .0014 64 795 897 104,700 .0123 

65 8.34 8_95 109,800 • 
.. 

.0125 15 300 1005 .39,500 .0015 
16 319 1004 42,000 .0016 66 866 -~ 89.3 114,000 :' .0127 
17 339 1003 44,600 .0017 67 898 891 118,200, .0129 
18 .360 1002 47,400 .0018 68 927 889 122,ooor, .0131 
19 378 1001 49,800 .0019 69 955 887 126,70()' .013.3 
20 401 1000 52,800 .0020 70 968 885 127,30~ .0135 
21 421 999 55,400 .0021 71 968 883 127,300 .0137 
22 440 9_98 - 57,900 .0022 72 97.3 880 128,100 .0140 
2.3 457 997 60,200 .0023 7.3 976 874 128,500 .0146 
24 478 996 63,000 .0024 74 982 870 129,300 .0150 
25 496 995 65,400 .00~5 75 982 850 129,300 .0170 
26 516 994 68,ooo .0026 76 982 800 129,300 .0220 

27 532 993 70:,000 .0027 77 982 750 129,300 .02'io 
28 550 992 72,500 .0028 78 982 700 129,300 .0320 
29 568 991 74,900 .0029 79 982 650 129,300 .0370 
30 584 990 76,900 .0030 80 982 600 129,300 .0420 
31 598 989 78,800 .0031 81 570 Failure .0450 
32 617 988 81,300 .0032 
33 633 987 83,400 .0033 
34 649 986 85,500 .0034 
35 665 985 87,600 .0035 
36 679 984 89,500 .0036 
37 695 983 91,600 .00.37 
38 711 982 93,600 .0038 
39 725 981 95,500 .0039 
40 736 980 97,000 .0040 
41 761 978 100,200 .0042 
42 780 976 102,700 ·.0041.,, 

43 799 974 105,200 .0046 
41~ e25 972 108,600 .0048 
45 842 970 110,900 .0050 
46 840 ·968 110,700 .0052 
47 870 966 114,500 .0054 
48 887 964 U6,800 .0056 
;49 899 962 ll8,300 .0058 
50 ,, 912 960 120;000 .oo6o 



,, 
:Q- 5 

HIGHHEAT THERMOMETAL 
#H-Al width= ~501 11 Gage length= 5.94 11 

thickness= .030" Final length= 

No. Load Dial Stres~ Strdn No. Load Dial Stres~ Strain 
lbs. l,Ll0 2 000 #/in. inbn. 1bs. 1 !10 1 000 iLin. in Lin. 

1 57 993 3,800 .0001 51 1768 925 117,600 .0069 
2 100 992 6,600 .0002 52 1785 920 118,700 .0074 
3 158 991 9,200 .0003 55 1797 915 119,500 .0079 
4 175 990 11,600 .0004 54 1798 910 119,600 .0084 
5 211 989 14,000 .0005 55 1810 905 120,400 .0089 
6 250 988 16,600 .0006 56 1821 899 121,200 .0095 
7 288 987 19,200 .0007 57 182.7 890 121,500 .0104 
8 527 986 21,800 .0008 58 1828 880 121,600 .0114 
9 563 985 24,100 .0009 59 1830 870 121,800 .0124 

10 597 984 26,400 .0010 60 1835 860 122,000 .0154 
11 438 983 29,100 .0011 61 1839 850 122,300 .0144 
12 485 982 52,100 .0012 62 1841 825 122,500 .0169 
13 528 981 55,100 .0015 63 1841 800 122,500 .0194 
14 565 980 37,600 .0014 64 1841 750 122,500 .0244 
15 602 979 40,100 .0015 . 65 710 
16 641 978 42,600 .0016 Failure in lower clamp 
17 67 9 977 45,200 .0017 
18 71 3 976 47,400 .0018 
19 745 975 49,600 .0019 
20 778 974 51,800 .0020 
21 817 975 54,400 .0021 
2"2 855 972 56,800 .0022 
25 891 971 59,500 .0025 
24 924 970 61,400 .0024 
25 959 969 65,800 .0025 
26 994 968 66,100 .0026 
27 1024 967 68,100 .0027 
28 1osi 966 70,500 .0028 
29 1089 965 72,400 .0029 
50 1120 964 74,500 .0050 
51 1150 965 76,500 .0031 
52 1178 962 78,400 .0052 
53 1212 961 80,700 .0053 
54 1242 960 82,700 ,0034 
55 1268 959 84,SOO .0035 
56 1296 958 86,200 .0056 
57 1524 957 88,000 .0037 
58 1551 956 89,800 .0058 
59 l37f, 955 91,400 .0039 
1:' 14 32 953 95,500 .0041 
\l H79 951 98,BOO .0045 
42 1521 949 101,200 .0045 
45 1559 947 105,500 .0047 
44 1581 945 105,300 .0049 
45 1626 943 108,100 .0051 
46 1651 941 109,800 ,0055 
47 1677 959 111,500 .0055 
48 1702 956 113,200 .0058 
49 1724 955 114,800 .0061 
50 1745 930 116,000 .0064 



D-6 

HIGHHEAT THERMOMETAL 
H.A-2 width = .5oon Gage length= 3.94n 

thickness:: .030" 

No. Load Dial Stress Strain No. I,,oad Dial Stress Strain 
lbs. 1/10,000 #/in,?- in/in. lbs. 1/10.000 lf./..in. 2 i!lli!:h 

1 75 987 5,000 .0002 49 1610 947 107,300 .0051 
2 115 986 7,700 .000.3 50 16.30 946 108,700 .0052 
3 152 985 • 10,100 .0004 51 1652 945 110,200 .0053 
4 190 984 12,700 .0005 52 1665 944 111,000 .0054 
5 2.30 983 15,.300 .0006 5.3 1678 943 111,800 .0055 
6 270 982 18,000 .0007 54 1689 942 112,500 .0056 
7 313 981 20,900 .0008 55 1702 940 11.3,400 .0058 
8 .35.3 980 2.3,500 .0009 56 1712 9.38 114,000 .oo6o 
9 .390 979 26,ooo .0010 57 1721 9.35 114,700 .0o63 

10 430 978 28,700 .0011 58 1734 9.30 115,600 ' .0o68 
11 466 977 .31,100 .0012 59 1744 925 116,.300 .007.3 
12 514 976 34,.300 .0013 60 1753 915 116,900 , ·008.3 
13 552 975 .36,800 .0014 61 1762 900 117,500 .0098 
14 58.3 974 .39,900 .0015 62 1770 875 118,000 .612.3 -
15 620 973 41,300 .0016 63 1778 850 118,600 .0148 
16 658 972 43, 800 .0017 64 1784 800 118,900 .0198 
17 702 971 46,?00· .0018 65 1791 700 119,.300 .0298 
18 739 970 49, 300 .0019 66 1791 600 119,300 .OJ98 
19 777 969 51,SOO .0020 67 Failure 550 .0448 
20 810 968 54,000 .0021 
21 851 967 56,700 .0022 
22 885 966 59,00 .0023 
2.3 915 965 61, 000 .0024 
24 951 964 63,400 .0025 
25 977 96.3 65, 100 .0026 
26 1009 962 67,.300 .0027 
27 1045 961 69,600 .0028 
28 1078 960 71,800 .0029 
29 1110 959 74,000 •'1030 
30 1149 958 76,6QO .00.31 
31 1184 957 78 ,90n . 0032 
.32 1210 956 go ,100 .0033 
.33 1240 955 f',2 , 700 . 0034 
34 1263 954 84,300 .0035 
35 1294 95.3 86,200 .00J6 
36 1319 952 87,900 .0037 
37 1349 951 90,000 .00.38 
38 1.374 950 91,6110 .0039 
.39 1416 948 94,400 .0041 
40 1455 946 97,000 .0043 
41 l.494 944 99,600 .0045 
42 1528 942 101,SOO .0047 
43 1564 940 10.:.,.300 . 0049 
44 1563 • 938 104,200 .0051 

45 1585 936 lO'S, 700 .0053 
46 1613 93,:.. 107,600 . 0055 

Failure at bottom clamp 
New clamping and new gage points 
47 1561 949 104,100 .0049 
48 1587 948 105,800 .0050 



D-7 
HIGHHEAT THERMJMF.TAL 

#HB-1 width= .502" Gage,.) 1.ength = 3. 94" 
thickness= .031• Final length= 4 11/64!1 

~ 

No. Load Dial S~:es~ Strain --N'q • . Load Dial Stress Strain 
lbs. 1l10 1000 Ii., l.Q• !nLi11. • lbti • 1L10 10Q.Q til.i,n.2 !nbn• 

1 116 995 7,500 .0002 51 1744 800 112,200 .0197 
2 155 994 ,10,000 .000.3 52 1746 750 112,300 .0247 
3 192 993 12,300 .0004 53 1754 700 112,600 .0297 
4 232 992 14,900 .0005 54 1758 650 113,000 .0347 
5 270 991 17,400 .0006 55 1758 600 113,000 .0,97 
6 315 990 20,300 .0007 56 1758 550 11.3,000 .0447 
7 356 989 22,900 .0008 57 1758 400 113,000 .0597 
8 397 988 25,500 .0009 58 4 .3/16 
9 4.33 987 27,800 .0010 59 0 4 11/64 Failure .058 

• 10 - 473 986 .30,400 .oou 
11 510 985 .32,800 .0012 
12 544 984 35,000 .001.3 
13 588 98.3 37,800 .0014 
14 625 982 40,200 .0015 
15 670 981 43,100 .0016 
16 704 980 45,300 .0017 
17 745· 979 47,900 .0018 
18 784 978 50,400 .0019 
19 825 977 53,00 .0020 
20 858 976 55,200 .0021 
21 890 975 57,200 .0022 
22 927 974 59,600 .002.3 
23 967 973 62;100 .0024 
24 1009 . 972 64,800 .0025 
25 1046 971 67,200 .0026 
26 1084 970 69,700 . . 0027 
27 lll6 969 71,700 .0028 
28 1144 968 73,600 .0029 
29 1178 ~967 75,800 .00.30 
30 1206 966 77,500 .0031 
)1 12.37 965 79,600 .0032 
J2 1296 963 83,200 .0034 
33 1350 961 86,800 .00.36 
34 1399 959 90,000 .ooJS 
35 1436 957 92,JOO .0040 
:.36 1473 955 ·94,700 .0042 
37 1508 953 97,000 .0044 
.38 15.38 951 98,800 .0046 
39 1562 949 100,500 .0048 
40 1597 946 102,500 .0051 
4l 1619 943 104,000 .0054 
42 1642 940 105,500 .0057 
43 1664 935 107,000 .0062 
44 1681 930 108, 200·.,<#;i'0\'.)67 
45 1704 920 109,600 . . . 0077 
46 1718 910 110,500 .00$7 
47 1725 900 111,000 • .0097 
48 1729 875 111,200 .0122 
49 1738 850 111,800 .0147 
50 1740 825 111,900 .0172 



D-8 
HIGHHEAT THERMOMETAL 

#HC-1 width :as .5oon · Gage length• 3.94n 
thickness• .0305" Final length: 4 15/64" 

': ,:\:.; 

No. Load Dial Str&s~ Strain No. Load . Dial Stres~ Strain 
lbs,. 1/10,000 II/in. in/in. ~ • lbs. 1/101000 #/in. !n/in. 

1 84 997 5,500 .0002 51 1580 750 103,600 .0249 
2 121 996 7,900 .000.3 52 1580 700 103,600 .0299 
3 168 995 u,ooo .0004 53 1580 650 103,600 .0349 
4 209 994 13,700 .0005 54 1580 600 103,600 .0399 
5 254 99.3 16,600 .0006 55 1580 550 103,600 .0449 
6 288 992 18,900 .0007 56 1594 500 104,500 .0499 
7 325 991 21,.300 • • . 0008 57 1610 450 105,500 .0549 
8 .365 990 23,900 .0009 58 1621 400 106,200 .0599 
9 402 989 26,.300 .0010 59 0 4 15/64 Failure ·.074 

10 441 988 28,800 .0011 
u 479 987 31,400 .0012 
12 517 986 .33,900 .0013 
13 555 985 .36,400 .0014 
14 592 984 38,800 .0015 
15 6)4 98.) 41,600 .0016 
16 675 982 44,200 .0017 
17 717 981 47,000 .ool.8 
18 755 980 49,400 .0019 
19 790 979 51,800 .0020 
20 829 978 54,300 .0021 
21 845 977 55,.300 .0022 
;:2 882 976 57,700 .0023 
n 912 975 59,700 .0024 
24 945 974 61,900 .0025 
~5 988 973 64,700 .0026 
26 1021 972 66,900 .0027 
27 1066 971 69,800 .0028 
28 1094 970 71,700 .0029 
29 1128 969 74,000 .0030 
JO 1160 968 76,100 .00.31 
31 1186 967 77,700 .00.32 
.32 Ull 966 79,400 .00.33 
JJ 12.32 965 80,800 .0034 
)4 1260 964 82,600 .0035 
)~ 1282 96.3 84,100 .0036 
:,(J 132.3 961 86,700 .00.38 
37 1361 959 . 89,200 .0040 
)8 1390 957 91,100 .0042 ,~ 1415 955 n,soo .0044 
40 1.455 950 95,400 .0049 
41 1489 945 97,600 .0054 
42 1513 940 99,200 . . 0059 
43 1530 935 100,400 .0064· 
44 1538 921; 100,900 .0075 
45 1555 912 102,000 .0087 
46 1570 900 103,000 .0099 
47 1575 875 lOJ,300 .0124 
48 1580 850 103,600 .0149 
49 1580 825 103,600 .0174 
50 1580 800 103,600 .0199 



D-9 

HIGHHEAT THERMOMETAL 
#H-Dl thickness .: .0315" Gage length -= 3.M" 

width : ,502" Final length = 5 5/16" 

No. Load Dia l Stress St rai n 
lbs. 1{10 1000 #/in.2 in/in. 

1 79 1005 5,000 .0002 
2 109 1002 6,900 .0005 
3 144 1001 9,100 ,0004 
4 183 1000 11,600 ,0005 
5 218 999 13,800 .0006 
6 252 998 16,000 .0007 
7 289 997 18,500 .0008 
8 514 996 19,900 .0009 
9 549 995 22,100 .0010 

10 579 994 24,000 .0011 
11 405 995 25 , 500 .0012 
12 426 992 26,900 .0015 
15 449 991 28,400 .0014 
14 470 990 29,700 .0015 
15 485 989 50,700 .0016 
16 524 986 53,100 .0019 
17 547 984 54,600 .0021 
18 565 · 982 55,700 ,0023 
19 579 980 56,600 .0025 
20 594 977 37,600 .0028 
21 610 975 58,600 .0052 
22 621 968 59,200 .0057 
23 656 960 40,200 .0045 
24 655 950 41,500 .0055 
25 665 940 42,100 .0065 
26 682 920 45,200 .0085 
27 697 900 44,100 .0105 
28 712 875 45,100 .0150 
29 726 850 45,900 .0155 
50 759 825 46,700 .0180 
51 755 800 47,600 .0205 
52 774 750 49,000 .0255 
53 794 700 50,200 .0505 
54 816 650 51,600 .0555 
55 852 600 52,600 .0405 
56 854 550 54,000 .0455 
57 874 500 55,500 .0505 
58 890 450 56,500 -.0565 
59 906 400 57,500 .0605 
40 950 4 1/4 60,200 .0787 
41 1026 4 5/8 64,900 .1103 
42 1088 4 1/2 68,800 .1422 
45 1151 4 5/8 71,600 .1740 
44 1165 4 5/4 75,700 .2055 
45 1:).87 4 7/8 75,100 .~570 
46 1210 5 76,600 .2690 
47 1225 5 1/4 77,400 .5530 
48 Failure .548 



D-10 

HIGH EXPANDING STEEL 
/fl.-2.A width= .257" • Gage length= 3.94n 

thicknes~ = .0795" Final length= 4 13/64" 

No. Load Dial Stres~ Strain 
lbs. 1/10.000 #/in. inLin. 

1 162 997 7,900 -.0004 
2 214 996 10,500 .0005 
3 T/3 995 13,400 .0006 
4 349 994 17,100 .0007 
5 417 993 20,400 .0008 
6 479 992 23,400 .0009 
7 542 991 26,500 .0010 
8 607 990 29,700 .0011 
9 668 989 32,700 .0012 

10 730 988 35,700 .0013 
11 796 987 38,900 .0014 
12 842 986 41,200 .0015 
13 897 985 43,900 .0016 
14 . 959 984 46,900 .0017 
15 1019 983 49,900 .0018 
16 1082 982 53,000 .0019 
17 1150 981 56,300 .0020 
18 1203 980 58,900 .0021 
19 1260 979 61,600 .0022 
20 1315 978 64,300 .0023 
21 1367 977 66,800 .0024 

··22 1422 976 69,600 .0025 
23 1475 975 72,200 .0026 
24 1525 974 74,700 .0027 
25 1579 973 77,300 . .0028 
26 1631 972 79,800 .0029 
27 1683 971 82,400 .0030 
28 1731 970 84,700 .00.31 
29 1781 969 87,200 .0032 
30 1824 968 89,300 .00:33 
31 1864 967 91,200 .00.34 
32 1906 966 9.3,.300 .0035 
33 1955 965 95 1 700 .0036 
34 1993 964 97,600 .0037 
35 2023 96.3 99,000 .00.38 
36 2063 962 101,000 .0039 
37 2096 961 102,500 .0040 
38 2128 960 104,200 .0041 
39 . 1931 944 94,600 .0037 
40 2016 942 98,700 .0039 
41 2135 940 104,500 .0041 
42 2182 938 106,900 .0043 
43 2266 936 111,000 .0045 
44 2749 4" 134,500 .016 
45 2785 4 1/16" 141,500 .o:31 

. 46 2785 4 1/8" 141,500 .047 
47 2466 4.3/16 11 120,800 .063 
48 2150 Failure 105,000 .068 



D-11 

HIGH EXPANDING STEEL 
#2-2A width= .258" Gage length= 3.94" 

thickness= .079" Final length= 4 3/32" 

No. Load Dial Stres~ Strain N0. Load Dial Stres~ Strain 
1Ll01000 I . 1L10.QOQ 1nbs• lbs. #Lin. in,in. lb~ . 11./..in. 

1 113 1005 . 5,500 • 0002 51 2522 950 124,000 .0057 
2 167 1004 8,200 . . 0003 52 2557 947 125.700 .0060 
3 212 1003 10,800 .0004 53 2595 942 127,500 .0065 
4 268 1002 13,200 .0005 54 2640 935 1~9,700 .0072 
5 320 1001 15,700 .0006 55 2672 925 131,:200 .0082 
6 372 1000 18,300 .0007 56 2699 915 132,700 .0092 
7 429, 999 21,100 .0008 57 2716 900 133,300 .0107 
8 479 998 23,500 .0009 58 2729 850 134,000 .0157 
9 527 997 25,900 .0010 59 2736 800 134,300 .0207 

10 574 996 28,200 .0011 60 2745 750 134,900 .0257 
11 630 995 30,900 .0012 61 2120 Failure 104,200 .0391 
12 684 994 33,600 .0013 
13 737 993 36,200 .0014 
14 794 992 -- 39,000 .0015 
15 852 991 41,800 .0016 
16 912 990 44,800 .0017 
17 973 989 47,700 .0018 
18 1035 988 50,800 .0019 

• 19 1088 987 5.3,500 .0020 
20 1146 986 56,200 .0021 
21 1~01 985 58,900 .0022 
22 1255 984 61,600 .0023 
23 1315 983 64,600 .0024 
24 1373 982 67,400 .0025 
25 1437 981 71,600 .0026 
26 1488 980 73,100 .0027 
27 1550 979 76,200 .0028 
28 1603 978 78,700 .0029 
29 1656 977 Sl,300 .0030 
30 1707 976 83,800 .0031 

• 31 1758 975 86,400 .0032 
32 1805 974 88,600 .0033 
33 1858 973 91,300 .0034 
34 1913 972 94,000 .0035 
35 1965 971 96,500 .0036 
36 2006 970 98,600 .0037 
37 2047 969 100,600 .0038 
38 2088 96? 102,60~) .0039 
39 2124 967 104,300 .0040 
40 2158 966 106,000 .0041 
41 2187 965 107,500 .0042 
42 2220 964 109,100 .0043 
43 7255 963 110,800 .0044 
44 2284 962 112,300 .0045 
45 2313 961 113,600 .0046 
46 2J J9 960 115,000 .0047 
47 2385 958 117,200 .0049 
48 2422 956 119,000 .0051 
49 2459 954 120,900 .0053 
50 2490 952 122,400 .0055 



D-12 

HIGH EXPANDING STEEL 
#2-2B width: 0.251"· Gage length= 3.94 n 

thickness= .080" Final length = 4 15/64 11 

No. Load Dial Stress Strain No. . Load Dial Stress Strai n 
lbs. 1/.101000 l_/.in. 2 in/.in. lb§. 1,)0.000 f/in.2 in/in . , 

1 151 1007 6,500 .0002 51 244£ 900 121,400 .0109 
2 215 1006 10,700 .0005 52 2457 850 122,100 .0159 
5 278 1005 15,.800 .0004 55 2466 800 122,500 .0209 
4 541 1004 17,000 .0005 54 2477 750 125,000 .0259 
5 405 1005 20~000 .0006 55 2482 700 125,500 .0~09 
6 471 1002 25,400 .0007 56 2487 650 125,700 .0559 
7 528 1001 26,500 .0008 57 2491 600 125,800 .0409 
8 591 1000 29,400 .0009 58 2497 550 124,100 .0459 
9 648 9.99 52,200 .0010 59 2498 500 124,100 .0509 

10 708 998 55,200 .0011 . 60 2498 450 124,100 .0559 
11 759 997 57,700 .0012 61 2489 400 125,700 .0609 
12 816 996 40,600 .0015 62 1850 Failure 92,100 .d74 
15 875 995 45,500 .0014 
14 924 994 45,900 .0015 
15 981 995 48,700 .0016. 
16 1055 992 51,400 .0017 
17 1097 991 54,600 .0018 
18 1154 990 57,400 .0019 
19 1204 989 59,900 .0020 
20 1261 988 62,700 .0021 
21 1517 987 65,500 .0022 
22 1569 986 68,100 .0025 
25 1420 985 71,600 .0024 
24 1470 984 . 75,200 .0025 
25 1525 985 75,800 .0026 
26 1576 982 78,400 .0027 
27 1626 981 80,800 .0028 
28 .1677 980 85,400 .0029 
29 1722 979 85,600 .0050 
50 1767 978 87,900 .0051 
51 1809 977 90,000 .0052 
52 1849 976 92,000 .0055 
55 1886 975 93,800 .OOM 
54 1922 • 97·4 95,700 .0055 
55 1954 973 97,200 .0056 
56 1987 972 98,800 .0057 
57 2022 971 100,500 .0058 
58 2052 970 102,000 .0059 
59 2097 968 104,200 .0041 
40 2145 966 106,600 .0045 
41 2185 964 108,500 .0045 
42 2220 962 110,400 .0047 
45 2255 960 112,000 .0049 
44 2290 957 115,900 .0052 
45 2520 954 115,400 ;0055 
46 2541 951 116,400 .0058 
47 2569 946 117,700 .0065 
48 2591 940 118,900 .0069 
49 2416 950 120,200 .0079 
50 2450 920 120,800 .0089 



D-13 

HIGH EXPANDING STEEL 
#l-2C width= .247 11 Gage length= 5.94" 

thickness= .08111 Findal length= 1 7/64" 

No. Load Dial Stress Strain No. Load Dial Stress Strain 
lbs. 1/101000 fi/in.2 in/in. lbs. 1l10 1 000 ti./in.2 in/in. 

1 80 986 4,000 .0002 51 2157 900 107,800 .0088 
2 158 985 6,900 .0005 52 2162 890 108,100 .0098 
3 195 984 9,800 .0004 55 2169 880 108,400 .0108 
4 252 985 12,600 .0005 • 54 2175 860 108,800 .0128 
5 525 982 16,200 .0006 55 2184 840 109,200 .0148 
6 400 981 20,000 .0007 56 2190 820 109,500 .0168 
7 455 980 22,700 .0008 57 2196 800 109,800 .0188 
8 519 979 26,000 .0009 58 2202 750 110,100 .0258 
9 · 578 978 28,900 .0010 59 2211 700 110,600 .0288 

10 645 977 52,500 .0011 60 : 2219 650 111,000 .0558 
11 699 976 54,900 .0012 61 2227 600 111,400 .0588 
12 755 975 37,700 .0013 62 2254 550 111,700 .0458 
15 810 974 40,500 .0014 63 2185 500 109,200 .0488 
14 872 975 45,600 .0015 64 failure .042 
15 935 972 46,600 .0016 
16 991 971 49,600 .0017 
17 1044 970 52,200 .0018 
18 1101 969 55,000 .0019 
19 1155 968 57,600 .0020 
20 1204 967 60,200 .0021 
21 1251 966 62,5)0 .0022 
22 1297 965 64,800 .0025 
25 1552 964 67,600 .0024 
24 1405 965 70,200 .0025 
25 1450 962 72,500 .0026 
26 1494 961 74,700 .0027 
27 1559 960 76,900 .0028 
28 1581 959 79,100 .0029 
29 1621 958 81,200 .0050 
50 1657 957 82,800 .0051 
51 1696 956 84,800 .0052 
52 1750 955 86,500 .0055 
55 1762 954 88,100 .0054 
54 1794. 955 89,700 .0055. 
55 1825 952 91,200 .0056 
56 1851 951 92,1300 .0037 
57 1877 950 93,800 .0038 
58 1901 949 95,000 .0039 
59 1951 947 96,600 .oo.n 
40 1960 945 98, :):)0 .0045 
41 .1969 945 '38,300 .0045 

. 42 • 2006 941 l '.)0 ,500 .0047 
43 2055 959 101,600 .0049 
44 2040 957 102,000 .0051 
45 2044 955 102,200 .0055 
46 2072 929 103,600 .0059 
47 2099 925 105,000 .0065 
48 2125 920 106,200 .0068 
49 2151 915 106.500 .0075 
50 2142 910 107,100 .0078 



D-14 

HIGH EXPANDI~G STEEL 
#2-2C width= Q.255 11 Gage length= 5.94" 

thickness= .081" Final length= 4 1/4" 

No. Load Dia.I Stres~ Str:i in 
lbs. 1/101000 11.bn. - in / in. 

1 241 995 11,800 .0005 
2 299 994 14,600 .0006 
5 554 995 17,500 .0007 
4 465 992 22,600 .0008 
5 519 991 25,300 .0009 
6 574 990 28,000 .0010 
7 621 989 50,200 .0011 
8 675 988 52,900 .0012 
9 728 987 55,500 .0015 

10 782 986 58,100 .0014 
11 858 985 40,800 .0015 
12 891 984 45,400 .0016 
15 952 985 46,400 .0017 
14 1011 982 49,500 .0018' 
15 1070 981 52,200 .0019 
16 1124 980 54,800 .0020 
17 1184 979 57,800 .0021 
18 1257 978 60,500 .0022 
19 12$8 977 62,800 .0025 
20 1~45 976 65,600 .0024 
21 1~95 975 68,100 .0025 
22 1455 974 70900 .0026 
25 1520 975 74,200 .0027 
24 ; 1565 972 76,500 .0028 
25 1617 971 78,800 .0029 
26 1657 970 80,800 .0050 
27 1694 969 82,700 .0051 
28 1729 968 84,500 .0052 
29 1758 967 85,700 .0055 
50 1794 966 87,600 .0054 
51 1821 965 88,800 .0055 
52 1847 964 90,200 .0056 
55 1875 965 91,500 .0057 
54 1992 962 92,400 .0058 
55 1914 961 95,500 .0059 
56 1788 955 87,500 .0045 
57 1896 955 92,600 .0047 
58 1981 951 96,800 .0049 
59 2007 949 97,700 .0051 
40 2025 947 98,800 .0052 
41 2058 945 99,500 .0055 
42 2194 4" 107,100 .016 
1. '2; 
-V 225 9 4 l/8"110,200 .047 
44 1825 4 1/411 89,000 .079 
46 1750 Failure 85,500 .079 



D-15 

HIGH EXPANDING STEEL 
#l-2D width= .250" Gage length= 3.94" 

thickness= .0805" Final length~ 5 11/16" 

No. Load Dial Stres~ Strain 
·lbs. 1/102000 i./..in. fo/in. 

1 102 1009 5,100 .0002 
2 159 1008 6,900 .0005 
5 184 1007 9,200 .0004 
4 250 1006 11,400 .0005 
5 275 1005 15,600 .0006 
6 515 1004 15,700 .0007 
7 556 1005 17,700 .0008 
8 595 1002 19,600 .0009 
9 452 1001 21,500 .0010 

10 458 1000 22,800 .0011 
11 487 999 24,2.00 .0012 
12 507 998 25,500 .0015 
15 525 997 26,000 .0014 
14 555 996 26,600 .0015 
15 562 994 28,000 .0017 
16 589 991 29,500 .0020 
17 611 988 50,400 .0025 
18 629 985 51,500 .0028 
19 645 977 52,000 .0054 
20 657 970 52,700 .0041 
21 675 960 55,500 .0051 
22 691 945 54,400 .0066 
25 714 925 55,500 .0086 
24 740 900 56,800 .0111 
25 779 850 58,700 .0161 
'26 817 800 40,600 .0211 
27 844 750 42,000 .0261 
28 877 700 45,600 .0511 
29 904 650 45,000 .0561 
50 955 600 46,400 .0411 
51 959 550 47,700 .0461 
52 980 500 48,800 .0511 
53 1005 450 50,000 .0561 
54 1025 400 51,000 .0611 
55 1110 4 1/4 55,500 .0788 
36 1215 4 5/8 61,500 .1105 
37 ' 1505 4 1/2 64,800 .1421 
58 1568 4 5/8 68,200 .1758 
39 1453 4 5/4 71,500 .2055 
40 1476 4 7/8 75,500 .2570 
41 1506 5 75,000 .2690 
42 1529 5 1/8 76,100 .5010 
45 1542 5 1/4 76,800 .5550 
44 1551 5 5/8 77,200 .5640 
45 1556 5 1/2 77,400 .5960 
46 1556 5 5/8 77,400 .4280 
47 failure .445 



D-16 

HIGH EXPANDING STEEL 
#2-2D width: .25.3" Gage length= 3~94" 

thickness :: .0785 11 Final length: 5 25/64" 

No. Load Dial Stress Strain No. Load Dial Stress Strain 
J.b~. 1/io 100Q i!Lin- 2 ;iniin. lbs, . 1/10.000 t1.L1n.2 inLin. 

97 
\ 

.0002 l ,991 4,900 51 Failure • .341 
2 153 990 7,700 .0003 
3 208 989 10,500 .0004 
4 259 988 13,000 .0005 
5 282 987 14,200 .0006 
6 322 986 16,200 .0007 
7 366 985 18,400 .0008 
8 399 984 21,000 .0009 
9 Started over 

10 214 987 10,800 .oqo4 
11 279 986 14,000 .0005 
12 328. 985 16,500 .0006 
13 373~ 984 18,800 .0007 
14 ·414~, 983 20,800 .0008 

'· 15 454 •. 982 22,900 , .0009 
16 480 981 24,200 .0010 
17 506 980 25,500 .0011 
18 529 979 - 26,600 .0012 
19 545 978 27,500 .0013 
20 571 • 976 28,700 .0015 
21 583 974 29,400 .0017 
22 593 971 29,900 .0020 
23 601 968 30,300 .0023 
24 608 965 30,600 .0026 
25 614 960 30,900 .0031 
26 624 950 31,400 .0041 
27 637 940 32,100 .0051 
28 654 925 32,900 .0066 
29 680 900 34,300 .0091 
30 705 875 35,500. .0116 . 
31 730 850 36,800' .0141 
32 747 825 37,600 .0166 
33 768 800 38,700 .0191 
34 798 750 40,200 .0241 
35 829 700 41,700 .0291 
36 860 650 43,300 .0341 
37 891 600 44,800 .0391 
.38 922 550 46,400 .0441 
.39 944 500 47,500 .0491 
40 971 450 48,900 .0541 · 
41 995 400 50,100 .0591 
42 1084 4 1/4" 54,600 .0788 
43 1196 4 J/8" 60,200 .110.3 
44 1292 4 1/2" 65,100 .1421 
45 1378 4 5/811 69,400 .17.38 
46 1429 4 3/4" 72,000 .2055 
47 · 1484 4 7/8" 74,700 .2370 
48 1514 5" 76,300 .2690 
49 15.37 5 1/8" 77,400 .3010 
50 1550 5 1/4n ·· 78,100 .3330 



r·1:. 

D-17 

LOW EXPANDING STEEL 
#l-3A width= .253 11 Gage l ength= 3-94" 

thickness= .Q80 11 Final l ength = 4 15/64 11 

No. Lond Dial Stres~ Stra ~n No. Load Dial Stres~ Str ain 
l b:; . 1/ 10 1ooc..1 ii./..i n. inb :i. lbii. 1l 101000 11./..in. inbn. 

1 73 . 1017 3,600 . '.)002 51 2011 930 99,300 .0089 
2 97 1016 4, 130'1 . 0003 52 2063 925 101,900 .0094 
.3 125 1015 6 , 2 '} (_) .0004 53 2088 920 103,200 . 0099 
4 145 1014 7,2 )0 .0005 54 2105 915 104,000 . 0104 
5 162 1013 8,000 .0006 55 2120 905 104,700 .0114 
6 184 1012 9,100 .0007 56 2134 S95 105,600 . 0124 
7 218 1010 10,soo .0009 57 2147 880 106,000 .0139 
8 262 1008 12,900 .0011 58 2153 860 106,200 .0159 
9 314 1006 15,500 .0013 59 2161 830 106,800 .0189 

10 374 · 1004 18,500 .0015 60-' 2167 800 107,000 .0219 
11 440 1002 21,7')0 .0017 61 2174 750 107,.300 .0269 
12 514 1000 25,400 .0019 62 2179 700 107,500 .0319 
13 585 998 .28,900 .0021 63 2187 600 108,100 .0419 
14 654 996 )2,.300 .002.3 64 2~7 500 108,500 .0519 
15 691 995 34,100 .0024 65 21 7 400 108, 500 .o619 
16 727 994 .35,900 .0025 66 2225 Failure 1091 700 .0746 
17 765 99.3 37,800 .0026 
18 80.3 992 .39,600 .0027 
19 840 991 41,500 .0028 
20 878 990 43,400 .0029 
21 919 989 45,400 .0030 
22 958 988 47,400 .0031 
23 994 987 49,100 • .0032 
24 1032 986 50,900 .0033 
25 1063 985 52,400 .00.34 
26 1100 984 54,.300 .0035 
27 1139 98.3 56,200 .0036 
28 1177 982 58,100 .00.37 
29 1225 981 60,500 .0038 
30 1265 980 62,500 .00.39 
.31 . 1301 979 64,200 .0040 
.32 1.340 978 66,200 .0041 
3.3 1381 977 68,200 .0042 
34 1420 976 70,100 .0043 
.35 1454 975 71,800 .0044 
36 1490 974 7.3,600 .0045 
.37 1513 972 74,700 .0047 
38 1585 970 78,.300 .0049 
39 1655 968 81,700 .0051 
40 1700 966 84,000 .0053 
41 1729 964 85,400 .0055 
42 1756 962 86,700 .0057 
4.3 1787 960 88,.200 .0059 
44 1828 957 90,200 • 006.;a :; '" 
45 1867 954 92,300 .oo65 
46 1900 951 9.3,800 .0068 
47 1928 948 

{, 

.0071 95,300 
48 1958 945 96,700 .0074 
49 198.3 942 97,900 .0077 
50 1903 936 94,000 · .008.3 



D-18 

LOW EXP/,N~1I NG STEEL 
#2-3A width: . 25on Gage l ength= J .94" 

thickness= .0805n Flnal length : Li 11161," 

No. Lo .•1d Dial Strees Strain No. Lo&.d Dial Stres~ St n, in 
lbs. 1L10 1000 tf / in. 2 i /• lb~. 1L10.ooo i n/in. n, in. tL1n. 

1 133 1004 6,600 .0003 51 2170 900 108,000 .0107 
2 181 100,3 9.000 .0004 52 2184 850 108,700 .0157 
3 2.39 1002 11,900 .ooo; 53 2195 800 109,200 .0207 
4 289 1001 14,400 .0006 54 22o6 750 109,600 .0257 
5 342 1000 17,000 .0007 55 2211 700 110,000 .0.307 
6 .389 999 19,400 .0008 56 2215 650 110,200 .0.357 
7 436 998 21.,700 .0009 57 2219 600 110,300 .0407 
8 481 997 23,900 .0010 58 2222 550 110,500 .0457 
9 525 996 26,.100 .0011 59 2222 500 110,500 .0507 

10 573 . 995 28,500 .0012 60 .2104 450 109,500 .0557 
11 616 994 .30,600 .0013 61 17.50 400 87,100 .0607 
12 656 993 32,600 .0014 62 1415 Failure· 70,400 .0598 
13 705 992 35,100 .0015 
14 750 991 · 37,300 ,0016 
15 801 990 39,800 .0017 
16 847 989 42,100 .0018 
17 894 988 44,400 .0019 
18 937 987 46,600 .0020 
19 985 986 49,000 .0021 
20 1029 985 51,200 .0022 
21 1072 984 53,400 .0023 
22 1117 98.3 55,600 .0024 
23 1164 982 57,900 ,0025 
24 1213 981 60,300 .0026 
25 1259 980 62,600 .00'2:I 
26 1306 979 64,900 .0028 
27 1347 978 67,000 .0029 
28 1395 977 69,400 .0030 
29 14.35 976 71,400 .0031 
30 1473 975 73,300 .0032 
31 1516 974 75,400 .0033 
32 1555 973 77,400 .0034 
33 1598 972 79,500 .0035 
34 1640 971 81,600 .0036 
:35 1674 970 . 8.3,300 .0037 
;36 1711 969 85,200 .0038 
37 1738 968 86,500 .0039 
38 1793 966 89,200 .0041 
39 1843 964 91,700 .004.3 
40 1889 962 94,100 .0045 
41 193.3 960 96,200 .0047 
42 1968 958 98,000 .0049 
4.3 1998 tJ56 99,400 .0051 
44 203.3 953 101,000 .0054 
45 2064 950 102,600 .0057 
46 2085 947 lOJ,800 .0060 
47 2104 944 104,60n .0063 
48 2129 937 106,000 .oo7C 
49 2145 9.30 106,600 .0077 
50 2158 920 107,300 .0087 . 



D-19 

LOW EXPANDING STEEL 
#1-JB width: .254• Gage length= 3-94" 

thickness= .0805" Final l ength= 4 15/61.11 

---·•--No. Load Dial Stress Strain No. Load Dial Stress Strain 
Jibfi. 1L1g,ooo lil.in- 2 • inL!n• lbs. 1L,~0 1000 li_/_in. 2 1p.L1n..:. ·--~ ___ ._. __ 

1 86 1004 4,200 .0002 
2 139 100.3 6,800 .OOOJ 
3 195 1002 9,500 .0004 
4 • 266 1001 13,000 .0005 
5 318 1000 15,600 .0006 
6 373 999 18,200 .0007 
7 42.3 .998 20,700 .0008 
8 469 997 22,900 .0009 
9 . 505 996 24,700 .0010 

10 550 995 26,900 .oou· 
11 592 994 28,900 .0012 
12 630 993 30,800 .001.3 
13 676 992 33,100 .0014 
14 716 991 .. 35,000 • .0015 
15 757 990 37,100 .0016 
16 ao1 989 39,100 .0017 
17 847 988 41,400 .0018 
18 888 987 43,400. .0019 
'19 932 986 45,600 .0020 

J 20 . 977 985 47,800 .0021 
·( 21 . 1026 984 50,200 .0022 
;i 22 1066 983 52,200 .002.3 
' 2,3 1115 982 54,500 .0024 

24 ·1165 981 57,000 .0025 
25 1205 980 58,900 .0026 
26 1251 979 61,200 .0027 
27 1299 978 63,600 .0028 
28 1.341 977 65,600 .0029 
29 • 1.380 976 67,500 .0030 
30 1415 975 69,200 .oo:u 
.31 1455 9-74 71,200 .0032 
32 1486 973 72,700 .003.3 
33 1530 972 74,800 .00.34 
.34 1566 971 76,600 .0035 
35 1592 970 77,900 .0036 
36 1648 968 80,600 .0038 
.37 170.3 966 8.3,300 .0040 
38 1759 964 86,000 .0042 
39 1822 961 ·s9,100 .0045 
40 1878 1958 91,900 .0048 
41 1917 955 9.3,800 .0051 
42 1951 950 95,500 .0056 
4.3 1976 945 96,700 .0061 
44 Slips in bottom clamp 

· 45 2097 4" 102,400 .016 
46 2146 4 1/8" 105,000 .047 
47 1465 Failure 71,600 • .074 



D-20 

LOW EXPANDING STEEL 
#2-3B width: .252" Gage length: 3.94n 

thickness= .080" Final length= 4 13/64" 

No. Load Dial Stres~ Strain Ao. Load Dial Stres~ Strain 
lb:i. 1/10.000 • '11../in. in/in. lbs. 1,)n 1000 ti.bn. in,ltn. 

•, f "'•' .; ,;-. ... •• . 

1 1.39 999 6,900 .0003 51 20.37 9.35 101,000 .0067 
2 190 998 9,400 .0004 ·52 2047 930 101,700 .0072 
.3 241 997 12,000 .0005 5.3 2061 920 102,.300 .0082 
4 290 996 14,400 .0006 54 2074 900 103,000 .0102 
5 344 995 17,100 .0007 55 2087 850 103,700 .0152 
6 389 994 19,300 .0008 56 2097 800 104,100 .0202 
7 4.39 993 21,800 .0009 57 2105 750 104,300 .0'252 
8 485 992 24,100, .0010 58 2114 700 105,000 .0,302 
9 534 991 26,400 .oou 59 2125 650 105,400 .0352 

10 579 990 28,700 .0012 60 2130 600 105,600 .0402 
11 622 989 30,800 .0013 61 21.39 550 106,100 .0452 
12 672 988 33,300 .0014 62 2146 500 lOb,.300 .0502 
13 716 987 35,500 .0015 6.3 2149 450 106,600 .0552 
14 761 986 37,700 .0016 64 2085 400 103,100 .0602 
15 805 985 39,900 .0017 65 1415 Failure 70,200 .0668 
16 850 984 42,200 .0018 
17 895 983 44,300 .. 0019 
18 946 982 46,900 .0020 
19 997 981 49,400 .0021 
20 10.36 980 51,400 .0022 . 
21 1081 979 53,600 . . 002.3 
22 1129 978 56,000 .0024 
2.3 . 1175 977 58,200 .0025 
24 1218 976 60,400 .0026 
25 1258 975· 62,400 .0027 
26 1302 974 64,600 .0028 
2'7 1.345 973 66,700 .0029 
28 1392 972 69,000 .00.30 
29 1438 971 '71,300 .00.31 
30 1478 970 7.3,.300 .00.32 
31 1516 969 75,20() ~003.3 
.32 155.3 968 77,100 .00.34 
3.3 1588 967 78,700 .0035 
34 1620 966 80,400 .00.36 
35 1651 965 81,800 .0037 
36 168.3 964 83,500 ,,0038 
37 171.3 96.3 85,100 • .0039 
38 1741 962 86,400 .0040 
.39 1768 961 87,700 .0041 
40 1791 960 88,800 .. 0042 
41 1827 958 90,700 .0044 
42 1861 956 92,.JOO .004£ 
4.3 1892 954 93,800 .0048 
44 1920 952 95,300 .0050 
45 1948 950 96,700 .0052 
46 1967 948 97,600 .0054 
47 1983 94£ 98,4()0 .0056 
48 1998 944 99,200 .0058 
49 2013 942 99,800 .ob6o 
50 2025 939 100,500 .0063 



D-21 

LOW EXPANDING STEEL 
#1-JC width= .2515" Ga1·:·· l engt h = 3. %.''· 

thickness= . 080" Final l engt h :: .,~ 1//,.;, 

No. Load Di al St roSij r; tulin No. Load Di al :-~.t:r- t~ ~; Stra j_r: 
lbs. 1/10 ,000 II/in . .:.. in/ln, lbs. 1i10 1000 d',l in. ,.r.C 1.UL)nt 

1 66 1002 3 ,J()C) .00012 51 1881 935 93,610 .0069 
2 95 1001 4,700 .OOOJ 52 1893 932 94,2or:-, . rf )72 
3 139 1000 6,900 .0004 53 1868 927 93,000 .0077 
4 201 999 10,000 .0005 54 1874 921 93, 30') .008.3 
5 265 998 13,200 .0006 55 1897 915 94,4•1!) .0089 
6 320 997 15,900 .0007 56 1910 910 95,10() .0094 
7 J69 996 18,400 .0008 57 1918 905 95,400 .0099 
8 413 995 20,600 .0009 58 1921 900 95 ,6n--, .0104 
9 453 994 22,500 .0010 59 1926 890 95,son .0114 

10 494 9()3 24,600 .0011 60 1932 880 96,20(• . n124 
11 534 992 26,600 .0012 61 1935 859 96,Jor; .0145 
12 573 991 '·28, 500 .0013 62 1945 839 96,800 .0165 
13 616 990 30,700 .0014 63 1950 820 9'7,100 .0184 
14 660 989 32.900 .0015 64 1952 800 97,200 .0204 
15 703 988 '.35,000 .0016 65 19'70 750 98,000 .0254 
16 746 987 37,100 .0017 66 1978 650 98,500 /)3 54 
17 781 986 .38,900 .0018 67 1989 600 99,000 . ~J4O4 
18 821 985 40,800 .0019 68 2003 500 99,700 .0504 
19 862 984 42,900 .0020 69 2003 410 99,700 .0604 
20 901 983 44,800· .0021 70 2098 104,300 
21 941 982 46,800 .0022 71 1380 Failure 68,700 .079 
22 991 981 49,300 .0023 
2:3 1029 980 51,200 .0024 
24 1070 979 53,.200 .0025 
25 1102 978 54,800 .0026 
26 1154 977 57,400 .0027 
27 1194 976 59,400 .0028 
28 1229 975 61,100 .0029 
29 1262 974 62,700 .0030 
30 1307 973 65,000 .. ,. 0031 
31 1344 972 66,900 .0032 
32 1383 971 68,700 .00~33 
33 1415 970 70,400 .0034 
34 1437 969 71,500 .0035 
35 1468 968 73,100 .0036 
36 1503 967 74,800 ,.0037 
37 1537 966 76,500 ,00.38 
38 1562 965 77,700 .0039 
39 1589 964 79,100 .0040 
40 1618 963 80,600 .0041 
41 1641 962 81,700 .0042 
42 1667 961 82,900 .0043 
43 1684 960 83,800 .0044 
44 1710 958 85,200 .0046 
45 173'5 956 86,400 .0048 
46 175.3 953 8'7,200 .0051 
47 1799 947 89,600 .0057 
48 1824 • 944 90,800 .0060 
49 1845 941 91,800 .006.3 
50 1870 938 93,100 .0066 • 



D-22 

LOW EXPANDTiiG STEEL 
#2-JC width= .251" Gage length= 3 -94" 

thickness= .080" Final l ength= 4 9/32 11 

·No. Load Dial Stress strain No. Load Dial Stress Strain 
lbs. 1/10,000 #/in-2 in/in. lbs. 1/10,000 #/in. 2 in/i n. 

1 109 1003 5,400 .0003 51 1904 920 94,800 .0086 
2 ·· 156 1002 7,800 .0004 52 1911 910 95,200 .0096 
3 199 1001 9,900 .0005 . 53 1917 900 95,400 .0106 
4 251 1000 12,500 .0006 54 1924 875 95,800 .0131 
5 294 999 14,600 .0007 55 1932 850 96,200 .0156 
6. 345 998 . 17,200 .0008 56 1937 800 96,500 .0206 
7 · 386 997 19,200 .0009 57 1946 750 96,800 .0256 
8 427 996 21,2no .0010 58 1958 700 97,500 .0306 
9 474 995 23,600 .0011 59 1969 650 98,000 .0356 

10 517 994 25,700 .0012 60 1975 600 98,JOO .0406 
11 562 993 27,900 .0013 61 1982 550 98,700 .0456 
12 610 992 30,.300 .0014 62 1989 500 99,000 .0506 
13 656 991 32,600· .0015 63 1997 450 99,400 .0556 

. 14 700 990 34,800 .0016 64 2002 400 99,600 .0606 
15 745 989 37,100 .0017 • 65 1954 41/4" 97,300 .0788 
16 786 988 39,100 .0018 66 1400 Failure 69,700 .0866 
17 832 987 41,400 .0019 
18 873 986 43,400 .0020 
19 919 985 45,700 .0021 
20 957 984 47,600 .0022 
21 1003 983 49,900 .0023 
22 1044 982 52,000 .0024 
23 1097 981 54,600 .0025 
24 1139 980 56,700 .0026 
25 1181 979 58,800 .0027 
·26 1224 978 60,900 .0028 
27 1266 977 62,900 .0029 
28 1;302 976 64,700 .0030 
29 1337 975 66,500 .OO'.'U 
30 1377 974 68,500 .0032 
31 1417 973 70,500 .0033 
32 1452 972 72,300 .0034 
33 1484 971 'J3,800 .0035 
34 1540 969 76,600 .0037 
35 1571 968 78,200 .0038 
36 1593 967 79,300 .0039 
37 1617 966 80,500 .0040 
i38 1640 965 81,600 ~0041 

" 39 1673 963 8J,JOO .0043 
40 1709 961 85,100 .0045 
41 1738 959 86,500 .0047 
42 1764 957 87,800 .0049 
43 1785 955 ,88,800 .0051 
44 1807 952 90,000 .0054 
45 1827 949 91,000 .0057 
46 1845 946 91,800 .0060 

·47 1861 943 92,600 .0063 
48 1872 940 93,200 .0066 
49 1883 935 93,700 .0071 
59 . 1891 930 94,200 .0076 



D-23 

LOW EXPANDING STEEL 
#1-3D width= .251" Gage length= 3.94n 

thickness= .081" Final length= 5 17/64• 

No. Load Dial StrE?s~ Strain 
lbs. 1/10 .000 #/in~··. in/in. 

1 113 1on3 5,600 .000J 
2 156 1102 7,700 .0004 
3 203 1001 10,000 .0005 
4 247 1000 v,200 .0006 
5 287 999 14,100 .0007 
6 341 998 16,800 .0008 
7 381 997 18,800 .0009 
8 . 428 996 21,100 .0010 
9 470 995 23,100 .0011 

10 510 994 25,100 .0012 
11 553 993 27,300 .0013 
12 584 992 28,800 .0014 
13 621 991 J0,600 .0015 
14 651 990 32,100 .0016 
15 678 989 33,400 .0017 
16 697 988 34,300 .0018 
17 714 987 35,200 .0019 
18 735 985 36,200 .0021 
19 751 983 , 37,000 .0023 
20 760 980 37,400 .0026 
21 771 975 38,000 .0031 
22 78.3 965 38,600 .0041 
23 795 950 .39,100 .0066 
24 811 925 39,900 .0091 
25 833 900 41,100 .0116 
26 867 850 42,700 .0166 
27 899 800 44,300 .0216 
28 927 750 45,600 .0266 
29 955 700 47,000 .0316 
30 982 650 48,.300 .0366 
31 1006 600 49,500 .0416 
32 1e28 550 50,600 .0466 
3.3 1052 500 51,800 .0516 
34 1075 450 52,900 .0566 
35 1093 400 53,800 .0616 
J6 1163 4 1/4" 57,200 .0788 
37 1257 4 3/8" 61,800 .1103 
38 1330 4 1/2" 65,500 .1421 
39 1387 4 5/811 68.,300 .1738 
40 1427 4 3/4" 70,200 .2055 
41 1451 4 7/8" 71,500 .2370 
42 1470 5" 72,400 .2690 
43 1475 5 1/8" 72.,600 .3010 
44 1387 5 1/4" 68.,300 .JJ.30 
45 1000 Failure 49,200 .J.370 

• 



D-24 
LOW EXP AND ING STEEL 

#2-JD width= .248" Gage length= J.94" 
thickness= .081" Final length 2 5" 

No. Load Dial Stres! Strain 
lb§. 1,10.002 fll_1n. in/in• 

1 82 999 4,000 .0002 
2 129 998 6,300 .000.3 
3 166 997 8,100 .0004 
4 203 996 10,000 .0005 
5 252 995 12,400 . .ooo6 
6 291 994 14,200 .0007 
7 326 993 16,000 .0008 
8 - .352 , 992 17,200 .0009 
9 375 991 18,400 .0010 

10 416 990 20,400 .0011 
11 447 989 21,900 .0012 
12 490 988 24,000 .0013 
1.3 519 987 25,400 .0014 
14 545 986 26,700 .0015 
15 573 985 28,100 .0016 
16 598 984 29,300 .0017 
17 620 983 30,400 .0018 
18 660 981 32,300 .0020 
19 677 979 3.3,200 .0022 
20 7o6 977 34,600 .0024 
21 723 975 35,500 .0026 
22 740 972 36,300 .0029 
23 752 967 36,900 .0034 
24 762 960 .37,300 .0041 
25 777 950 38,100 .0051 
26 798 925 39,100 .0076 
27 820 900 40,200 .0101 
28 851 850 41,600 .0151 
29 884 800 43,.300 .0201 
30 910 750 44,600 .0251 
31 9.3g 700 45,900 .0.301 
.32 966 650 47,.300 .0.351 
33 991 600 48,600 .0401 
34 1013 550 49,600 .0451 
35 1035 500 50,800 .0501 
36 1056 450 51,700 .0551 
)7 1077 400 52,700 .0601 
J8 1147 4 1/4• 56,100 .0802 
39 1237 4 .3/8" 60,600 .1120 
40 1.308 4 1/2" 64,100 .1440 
41 1363 4 5/8" 66,700 .1760 
42 1398 4 3/4" 68,500 .2070 
43 1422 4 7/8• 69,600 .2390 
44 1284 5" 62,800 .2710 
45 Failure .'Z! 




