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GENERAL DISCUSSICH

In the determination of stress=strein curves by tension testing,
stress ir usually defined as the force applied pesr original areaj
the strain is the change of length with raspect to the original lemgth,
or tne change of area with respect to the original area. 4 mere funda~
omrtal relationship may be obtained in the pletting of stress-sirain
data 4if the atress is take: as the foree applied with respest to the
instantanecus arsa, and the struin is considered to be the shangs in
elongution with respect to the instantaneous length, (l)e. This type
of stress and strein is known as true strcss 7 . snd natursl stpein
S . The relation §:C), 5‘”31“! an approximation to ths curve
obtiined in Yrue-stress natural strain testa (2), although a ourve
obtained Yy use of this ejquation departs fram the experimental true-
strese natural strain curve in thres intervals, (a) that in wiish
glastic strain obtains, (b) that in which inhomogenecus plastic strain
1s encountered, and (¢} that beyond the maximm Yoad in which the
speaimen necks down, This expression, however, is useful in essay-
ing the plastic behavior of metals.

It bas been found that, in steel, 2 relation exists bdstween the
strain hardening axponent, n, and the temperature of the test, while
the tempareture, in turn, affects the fracture characteristics of
the steel., There is thus indicated 2 possible relationship between
the strain hardening exponent, n, and the fracture charscteristics

# Underlined numbers in parenthes:s refer to bibliography at end of
paper.



of the stesl., Limited data now available (3) (4) indicate that within
& given class of steels those sisels with the lowest values of n at
vory low temperatures will have the highest transition temperatures in
the impact test., In addition, there are indications that the strain
hardening exponent is dependent, upon the velocity of deformaticn (£).

It was the purpose of this work to investigate the relation of the
straln hardening exponent to specimsn temperature and strain rate.
This would be accomplished by subjecting specimens to torsional forcea
at contralled tempesrature and strain rate, with torque-twist curvec
being obtained from thess tests, By utilimation of formulae developed
in the following sections, it is possible to convert the torque-twist
data {0 effective~stress effective-strain data, and therefrom obtain
the strain hardening exponent. Since plastio theory dictates that a
specimen subjected to tension will yleld the same effective-stress,
effectivo~-strain curve as one subjected to torsion, a prediction may
be maede of the behavior of these specimens in tensicn.

8ince under ideal condiiions tension date would be desired in the
evaluation of variations in the strain herdening characteristics of
& stesl with tsmperature and strain rate, the reasons for the use of
torsion data will be advanced. Chief of these reasons is the brittle-
ness of many steels when tested in tension at very low wemperatures,
This brittle range frequently extends te sufficiently Idgh temperatures
that the needed stress-strain data cannot be obtained in the ternaiexn
test, A second major factor is the question of strain rate control.
In tiie tension test elaborute control equipment is required to insurs
constant strain rates through the course of the test., This prchblam is



not of major moment in the torsion test where & constant rate of
twist inoures conrtant strain rate,

The torsica machine which was constructed to allow the determination
of the torque twist data for specimens at controliad terperaturs and
strain rete will be described below following a presentation of the

theory of plasticity on which the conversion of the data depends.
THEORY

I, FPLASTIC FLOW BEHAVIOR (6) (7)

In the work that follows, stress will be defined as the ratio
of the force applied to ihe instantaneous area (true stress, § - ‘E"),
instead of the usual ratio of force applied with respect to an initial

area, (nonimal stress, S°:

- )e Strain will be defined as
L °
dl
5; § T : Aw
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where strain measuremant is based upch & refzrence to the orliginal

Po) -O £ 0
L,

elonéation, 1, If it may be assumed that the metals being tested are
sufficiently fine grained to behave on a macroscopic scale as sensibly
isotropic, three gemeralizationa sstablished in elastic thecry may be
mg_ﬁiﬁed to describe macroscopic plastic flow., These relationships

a:‘tvo now presented.
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A+ The Axes of the Principal Stress and Strain Ooinsids Throughe
o OIrBRtion.

This may be shown in brief fashion by considering & moall

isotropic cube whiah has a streas acting upon it This sxees
nay be resolved into three ncrmal stresses asting rarsllel to
the axes of the coordinate system thet the block i& in, visx,.,

()\,‘ ;0\3 ’ 6‘2 ,mmmurincmm.,‘[xy ,'['3‘
TXz ‘sz 2 sz ’?zj o ¢ Equilibrium conditicns

demand that the shsaring stresses obey the following relationss

T‘) =T‘5x y sz" TZ)C b ng = Tz"

The mine stress terms indicate that this matrix is symastrical,
It oan be shown that a suitable retation of the coordinate
system ecntaining the nine strestes will transform the mmmber
of stressez t0 thnres, or that the mine tern matrix will be
%&néomdunwrntannw,-wmmm
remaining,

G Tyx Tax g, o o
T“J G‘j sz —_— o @0
\T‘?— TBZ 6‘2 ' o) (@) Q—B
The transformation equation (socmetimes called the Seoular
Equation) iss

3
Y (Tix— T Sx) ol -

L
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where ésx is Xroneckerts delta, and o( is the direction
cosine between axes. 7Tne thres terms, 6. ’ Gl ’ 0\3 ’
are known as principal stresses.

Hooke's law states that stressus are linear functions of
pure strains, provided that the alastic limit of the material
18 not exceeded.

Strain 4is a more complicated quantity than strecs, resuit- «
ing in rotation as well as linear displacement. Strain may be
represented 28 a sum of two dyadics. One is termed a pure strain
dysdis, which considers linsar displacements only, and is
symaetric; tho other is a non-symmetric rotation dyadic. Sincs
Hooke's law relates only stress and pure strain, and since the
pure strain dyadic is syxmetric, we may relate thres stress
teras to tares strain terms, O, , O » 3__3 . These strain
terms will bé called principal strains., The rotation may be
chesen to be equal to that of the stress dyaiic. Thus, we have
three principal stresses parsllel to three prinoipal strains.

Bo The Sum ef the Principal Jtrains is Zero.

Consider the elsment l1bjhj beunded by the principal planes
bafore strainings 3ince elastic strein is mmall compared to
plastic stiwin in the test the volume may be trsated as cometant
throughout the straining operstian, [, b, h, = 0, b, h.,

80 that,

Dbk
L b, h,




Lk 4 (5)s bis)s Alk)e

or

’ S, +5.,4d, =0

C. Relationship of Principel Strains to Principal Stresses.

Sincs the volume remains constant, an elongation in one
direction must cause a contraction in another direction.
Since the material under consideration is isotropic, there will
be an elangatian in one direction, equal contractions in the
other two directions, or

3' = JD_ [(rl - ~(¢z+€3)]
5. Lo M)

(N = Pcisaon's ratio in

(SS b= Jﬁ 10.3 - M(¢| "'O\L)J alastic theory)

3ince (g! "’8{‘!‘83: O , N must equal 1/2 for a

corresgponding euqlity or the right side. The raletions betwean

principal stress and principal strein are then given by:
A 4
8‘ = D [6‘1 T2 (G\L*'G\E'DJ

L 16, - L@ +@)] (1)

b 1G-10a]

O O
W (o
Y 13




I1.

DEVELOPMERT OF EFTRCTIVE STRESS -~ BFVECTIVE STRAIN KEBIATIONSHIPS

Squaring and adding the equations in sestion I, part C. yields:

F) 2 2 2
%[orlz-o';o'z-o’,&; *0’2 ~¢rzo§.‘o¢sa-]=a-‘ ¢J2 +d;

Then,
l -
2(4% g2+ 42)=pa(e? < 03’ - 032010y - ou0s SXIE

! 2
:é"og[(or-v,)z *(0:-0’3) * 6’.'».“05)1]

Brtyesting the square root,

2 2 %
VB 52 8) =3 {zll el (o +<-,-~;)J}

Rf foetive strain ie defined as,

g = \/'% (J:z‘ Jzz* J:)

I'ffeative stress is defined as, L
_ 2 2 f 2
5 = (ool < (-3 ~r-es ]

Then,
J=1&
D
In éhe case of simple tension, sinee O =0 , O) x03:-0Oand
P -
,}:36" Jz;;’;_és. The squations 0~ = O] and 4 =d" are then
obsained.,
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III. RELATIONSHIP OF RIFECTIVE STRESS ~ EFFECTIVE STRAIN CURVES
OBTAINED IN TORSION TO THOSE OBTAINED IN TEMSIOM. :

A. Bxpression oi Eifective Strezs in Terms of Shoaring Stress

In the case of simple torsion, it can be shown, by use of
the stress dyadic, that T :%(o‘.-a‘s) . One principal
stress, 07_ s 18 sero,

. The relation that W, and ()‘,_ will bear to sach other
may be seen from & Nohr circls representation of these two

stresses. (1)

< (ﬂ_‘g:ts)—_;.

.*-cz‘.l/ i
=

.
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It may be seen from the Mohr oirole that for amy valwe of T ,

there are ¥wo values of o~ « When T is & maximum,

-+ [o
‘:(__“_.*_?1). Since the values of O~ are o and o

»
2 3
O';:(Vd*""r) 03:_(0" *07')“'0 1=~ O
2 ! 2

T = 5(207) = o

Row, substituting in tho eguation ox eof fevtive sirsss,
';f‘_ov (2 o) +of] =5z [éo‘zj =/3 o7 = V31 @)

For the oase of strain, subst¥itution in equation (1) yields:

<A V3656 5w

This gives the relation between effestive strain and prineipal

siress.




B. Expreseion of Effective Strain i{n Terams of Shearing Strain @

The shearing strain X s 10 defined sueh that,
T=6G¥ra3(si-o3)= <
Subséituting in eq. (8)

= V3IGY
d = D (4)

A relatienship exists between D and the %orsioml

meduius G. This may be shown as follows:

Assume a square of -1‘« & subjees $¢ a shearing stress.
I% is Inown that, in suoh a case, the prineipsal stress |
will sst at an angle of 48° %0 the sides of the square.

Therefore, considering the elongation ef the diagoml P

ds
vz  _ dS
vz da 2d
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Shearing strain  may be defined as,

dy = 95
a

ds - d¥
2

Integrating,

T Y

fds = f‘z‘

o [+

:l 3=ZJ
2

Now, it is lmown that

T=6¢ —‘-ZJ,G:o'l S

From the first of equations (1) in seetion III part C.

=plo-ta)] =g [-te]= 55

or,
o = 2D,
3 | ()
Ecumbing equations (5) and (6),
3
G=2

3
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i Substituting value of 0 in terms of D in equation (4) yields,
J = /5- D ¥ = l (7)
3D Vo

C. {&xpariscn of Torsion ard Tension Results

I% has now been demonstrated that the effestive stress in
torsion is direotly proportional to ©7 and that the effeetive
ptrain in torsion is dirsatly proportiomsl to the shear strain &
whieh in turn is direotly proportioml to J; « Thus, effeative
stress and effestive strain in torsion are direotly proportional
to O and cf, .

I» the ease of simple tension, sime O, = o , 0% <03:0,
aﬁJl-:J’ J;:-_Ja;——é- d . O~ 1is givonbya'-‘:o»'tmg'byd":d“.
Simse O~ and J‘ in tension are als) direetly proportiomsl %o o~
an! o , it follows that it is possible %o prediot what the
effective stress, effective strain eurve in tension will be from a
knowledgu of the effective stress, effective strain eurve of the

speoimen in torsion,

IV. EXPRESSIONS FOR Cf AR O 1IN TERMS OF TORQUE AND ANGUIAR DISPIACEe
MENT OF SPECIMEN IN TORSION TEST (7)

o

A. Expression for J in Terms of & .

From equation (7) it may be seen that the shearing strain

¥=v/3 d . & s taken as the produot of the angular twiss

of the bar per unit length, O , ami the distanse of the strained

insrement from the esnter of the bar, r,

o ¥=ro
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Be

ms y=/3 § = ro
§ =1
3
Sinse J will be ealeulated for the surfase of the torsion
bar, r= radius of the torsiem bu-z_, and,

Sinse X = angular ¥wist of the bar per unit lengih, o< = 3-,
where © is the angular displasement of onc zee¥ior of $he bar with
respeet 40 another seetion, and 4 is the length of the dar over
which sirain 18 measured. Substituting in eq. (8),

J:\/-Bf}g:}{'e (9)

Rxpression for O~ in Terms of Torque 7.

The torque T for any point lesated a distanse 4r froa the eember

of the shaft is zivexn by,
T=Tr

The total torque may be found by imtegrating over the toval eross-

sestion of she speeimen as lhcn_x below:

7

dr, %\

a

. a a
Tz]Tr‘aﬁ'f”dr 22”/ Trzdr
[ ° '
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=2 TT[ T Arise?de
(o]
Differentiating,

Jo (Te?)=2m Tar%

Sinee all measurements are made with respest to the bar surfues,
d 3 = 3.2
4 (Te’)= 2w 4a*To

4 (Te¥)=2msaT

Carrying out the differentiation,

el +3T=27wrar

a
or,
_ dt\._3 [ '
T =5w7a (3T ede)_ il 1+ 5 '3'2\)
(10)
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Strain measurensuts will be made over a two inch gage length
in the 1/3 inch section of the torsion bar, in erder %o rulo out
inhomogeneous plastic strain effects in the shoulder section of
the bar. Thus, 1 will be taken equal to two inches.

APPARATUS

TORSION APPARATUS
General

This device is designed 4o operate with a minimum of
attention of the operator; aurtamatically plotting torque—twist
ocurver during the course of the test, - stting 1teelf off
when the total angular displacement beccmess equal o 720°.
Any rate of strain from 360° per hour to 180° per minute may
be obtained, and held constant within 1%¥. Torque is measured
by expansion of & ring dynamometer coupled to an adjustabhle
lever at right #nglea to the axis of rotation of the bar,.

The torque 18 equal to the product of the force required to
streich the dynamometer and the length of the lever arm. An
electrical signal corresponding to the expansion of the dyna~
nometer 18 fed to the Y-arm of an XY recorder. If necessary,

a DC pre-amplifier is used to boost the signal to the 10
millivolts required for full scale deflection for the XY
recorders, A signal, cbtailned fram s voltage dividing
potentiometer cannected to an angular extenscmeter, is comected
to the Lsrm of the recordur,
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The Torsion Machine

Details of the torsion machine are showa in Figure NHo, 1.
Gripe were machined from SAE 1040 steel. This steel has
Ahe following charssteristicss (9)

Mnaﬁc Annealed
Yield Point 4in Shear 3.62 X 108 1b/4nd
Shear Modulus 1,17 X 107 1b/in?

The formula for shearing undt stress 8, for & solid shwafd (10)
is¢

Ss= Jeny ? a torque
1Td3 d ¢ dlameter

For T @ 6,000 1b, in,, and d m 1 ina,

| 8 =z 3.06 X104 1b/1n?

The angle of twist of the grip shafi is given byt

. 3274 0 =« angle of twlst in
= langth of fin.
) 32“’”0;‘ - 1 = length of grip fin.)
LU 0% 3¢ < § Eg = shearing modulus
of elasticity
= 0.25%0 radiaws 7 3.4 B, » mintmm 1.17 X
107 1b/in

The ut shearing stress ocaloculation indicates that the
grip chaft will withstand a load of 6,000 4n. 1b. The angle
of twist oalculation showe that, if maximum shearing atress
18 not attained before a 3600 angmr displasement, the error
in measured angular displacement due to twisting of the gripss,




will be less than 1%.

The upper grip of the torsicn machine may be raised to
permit the positioning of a specimen without disturbing the
coolant container or its contents., This permits faster apeci~
men changing and conaerves coolant.

Motor Drive

A 1 HePe 1725 R.P.¥. motor is comnected through a 311
gear pair to an hydraulic speed reducer. The speed reducer
trananits betwesen Q0 and the input R.P.M. in either direction.
(The 311 gear pair is used to limit the input R.P.M. to less
than the 750 R.P.M. maximum input for the hydraulic speed
reducer.) The speed reducer connects to the drive shaft of
the torsion machine through two reducing worm gear drives of
2011 and 50311 respectively.

Power requirements for the torcion apparatus may be
caloulated as followss

P: Tw - Tamw P = power (£t 1b/sec)
At maximm strain rate, n = 1/120 rev/sec T = torque (1b-ft)
At maximum torque, T u 500 lb-ft W 2z angular velocity
(rad/sec)
P w (500) (2 )/120 w 2642 ft. 1b/sec n = revolutions/sec

Aszuning a8 50% loss in power due to friction in the S0l worm
drive assembly,

By = 52.4 fte 1b/sec
Assuming a 50% loss in power due to friction in the 203l worm
drive assembly,

Py = 1048 ft. 1b/sec




Assuming another 507 loss in power due %o ineffiolensy in
the hydraulic speed reducer,
Py = 205.6 £t. 1b/sec

A 1/2 H.P, motor delivers 275 fi. 1b/sec, Therefore, a 1/2
HoP. moter is capable of sypplying the power required, However,
high starting torque is required for the speed reducer. Hence,
a one H.P., motor was selected for use.

Torque requirements on various drive shafts may be determined
as followss

Tne expression for the maxdmum torsion shaft torque may

P .
T, = T Gooo 1Ib.in.

The expression for the torque applied to the shaft turning the

be given by,

worm wihlch meshes with the torsion machine drive gear 1is
P
Q-r; - k8
AW 5

But np = 50 my

and P3 =& 2Py due to friction loss,
Then

2P R I o
T 2B - T4

Therefore, 3/l inch shafting will bs sufficiant for this worm
drive.

A similar caleunlation for the applied torque on the worm
driving the 20 tootl gear shows the maximum torque that this
worm must exert to be 12 1b. in. Since this torque will not
be exceeded at any point between the speed reducer and the

motor shaft, torsional stress and strain present no problem
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at any point in the system.
The Ring Dynemcasver (11)

The dynamometear is constructed from mediuva carvon steel
fully killed, and amnealed to a dead soft condition after machinw
ing to sliminate intermal stresses and to minimise hysteresis,

As may be observed fram Fig. o, 2, a tensile load applied to
the dynsmemster will produce cértain stresses at the inner and
cutesr {idbers of the curved porticms of the &ynamoxwter. As long
a8 thess stresses are kept within the elastic linit af the
asterial, the sirains produced will be proportional to the
applied temsile load, This ring is claimed sensitive to hu-
than one pound in a runge between O and 1000 1b, The designers
of the ring olaim an average error of only 0.35% for the entirs
calibration range, and a maxciwum errcr of 0.95%.

Four A=)l SR struin gages are attachou %o vhe ring as t-om
in Pigure Yo, 2. The inner two gages are connected in series
and the outer two gages are connectsd in series. When the ring
is extended, the inner gages elongate; the cuter gages contrast,
The slongation i@ pumerically equal to the contraction. Use
of two gages in series, while not inoreasing the ratio of AR/R
355 give & greater total changs in resistanca, (2aR). For a
given current, twice the voltage change will thus be observed,
if two gages ars gao:-les conneoted,

The ring will, of course, have two mountinga. The wall
mounting tekes the Loz of a threaded stud which may be placed
in any one ur twaslve holes spaced one inch apart ix a steel
plate welded to an "I beam in the building, The mounting
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attacbed to the lever arm of the torsion machine has a flexible
joint to allow for a slisht angular displacement of the laver,
This displacement comes about due to an elongation oif the
ring as the load is applieds Thus, the ring stud will not make
a right angle with the lever when a specimen 1s placed in torsiom.
Since the torque formula T : ARF = InFl used in
determination of the ordinate values assumes a right angle at
this point, some error wiil ensue, This error may be calculated
as followss

Let the lever arm lengtha be given by r, the di.tance of the
lever to the wall (ring dynamometer width plus pivots) by d.
r ard d are at right angles to each other before a load is applied.
As a load is applied, d elongates to d £ k and r rotates about a

point A, These conditions are shown balow in Figure Ke. L.

Figure No. 4




=23

After rotation, the torqus iz given by fa s 39 .
The dependance of ¢ cn the original length and elongation may
next be investigated,

The three sides of triangle ABC are kmowm. The aine of
angle BAC may then be calculated by the formula

sm A- m\l'm:‘[s(s Ld+hJXS n)s - Jd* +~")]
weds £+ JdP+ar

2

where S a

Sine of angle ABC 1s determined from the law of sines.
v
s B g+t S A
Fron Triangie ABD,

_L‘ i
517\{ 3 J‘JT;';;_
Now,
6—' B *

)
g q0°-\ = 90°- ($- 13
Thus, has bean determined as = function of r, d, and k.
From a comsideration of triangle BAD,

s 0 - =
.!d".-f nY

For the experimental set-up used,

- N de
imax W 4a ale
4 m 20,5 in.
k = 0.25 in. (maximum elongation of ring dynamometer)




D.

Computation shows thatd) = 90° with <0.01% Cone
sequently, the axoression T w FY may be used with insignificant
error.

Strain Yeasursment

Strain measurement is obtalned by means cof a poientioneter,
capable of turning throuth an =ngle of 3609, linear within £ 0.5%.
3ince the strain ic measured threuch a 7209 angle, and is
neagured over a two inch cage length in a section of smaller
dianeter than either end of the test bar, a special grip is
needed. Constructional details aré as follows:

A 1-1/L inch dianeter rear is attached to the 1/3 inch
diamoter section of the test bar. To accomplish this, a 3/4
inch hole is drilled in the cear. A housing accomodating a
two piece removable clamp is then brazed onto the gear. This
gear meshes with a gear having twice the number of teeth of

the first gear (approximate size, 1-3/4 in.). This second gear

is attacned by means of a short vertical shaft to the potentiometer.

The potentiomeler housing is attached to @ horisontal shaft which,
in turn, is attached to the test bar by means of anotner tao
plece removatle clamp. The clamps are spaced two inches apart
on the g-gt.bg_= The two gaars should be appraximately 1/L inch
thick to permit fast lineup and pos‘tive meshing,

This extensometer has the following advaniages: (1) It
is sufficiently compact to allow total immersion of the extenso
neter in ary cooiant used without alteration of the coolant
container, and (2) it may be quickly and easily fastened to the

tast bar. In practice, two extensometers may be mads. While
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one acxtensometer messuves the strain of a test ber undergoing
torsian, another extenscmeter may be fastened ta the next test
bar to be used. Upon fracture of the first test bar, the second
bar and 1ts extensometer may be slipped into the grips. Connest=
ing the three wire axtensometer plug completes the installation,
Thus, it will be possible to replace specimens and be ready for

a sedond test in two minutes or less, Sinoce 1t is posgible to
replace & specimen without disturbing the coclant sontainer, bty
1itting the uppex grip of the torsion machine, 1t will be possidble
to effect a change of apecimens with 1ittls loss of coolant.

A mixple jig and inking device may be prepared whioh will
place two mexks on the specimen two inches apart, The marks will
be the sane on all teet specinmens, The extensomster clamps will
be fastened on these marks, assuring that strain messurements
will be made on the same two inch gage length on alli spev.mens,

A schemtic diagram of the elaectrical circuit 5> recording
angular displacement is shown, along with design data.
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Since 0,01 volt will drive the X-arm of ths X-Y recorder
full scalse,
170y » 0.0 Ve
Assume i = 103 amp. The resistance Z of the slide wire is

then given by, 7 u 10°2 = 10 olms
10-3

Vo =15 = 0L w M9 v.

R s leh? w 1500 ohms
10~3

Resistor R i1s broken intc a fixed and a movable part to prevent
an accidental serious overloading of the X-~Y recorder,
Automatic Shut~Qff Control

Since testing conditions require that a two inch gage laength
of the 1/3 inch section of all test bars be rotated through an
angle of 720° and then stopped, an automatic shut—off centrol
on the torsion motor drive is desirable when this angle of 720°
is reached. To accomplish this, a2 two-to—one gear assembly
turned by the motor drivem grip is mounted on 'thu toresion
tester. When this grip has turned through an angle of T20%, two
arms pnounteu to the shaft of the larger gear actuate two micro=-
switohes. Details are shown in Fig. No. 1, One of these
gwilches opeus ths 115 v. sircuit aﬁpplying current to the
torsion motor, X-Y recorder, solonoidal gas valve, and thyratron
circuits (Part F.) The cther switch is used to open any
auxiliary battery circuits employed.

Temperature Control (12)
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Since temperature as we.ll a3 strain rate rmst bes held
constant for any one specimsn test, some form of temperature
control is necessary. The tempsratures used will be -196° C.
(1iquid nitrogen), =150° C. (freon 12 cooled with liquid
nitrogen), =100° C. (alcohol and ether cambination), =78° C.
(alcohol and ether cembination cooled with dry ice), and
20-30° C. (room temperature).

In keepling with the rest of the apparatus, the temperature
control is automatic, the control mechanism being actuated
when the temperature changes £ 0425 C. The sensing element
is a 25 ohm platinum resistance thermometer.

In this circuit, Ry is set at the value Ry the resistance
thermometer will have at the particular temperature desired.
Then, relay S3 is mamally closed. This sends a current to
magnetic solenoid vV, acLuating the solenold. When the tempera=
ture staft% to go below the setting, the galvancmeter swings
in a clo;kwise direction, activating phototube VI3, causing 8y
to opens This removes th~ current from solenoid V. When the
temparaﬂkre inereases above the predetermined setting, photo=
tube Vfi.is actuated, causing 3 to close and Sy to close.
Solenoid V is again actuated.

fha_arranfement by which liquid nitrogen is introduced
into thé cooiing container, pumping method, reservoir and
reservoir control are shown in Figure No. 8.

A reservoir has been placed between the liquid nitrogen
aupély and the coolant container to minimige time lag batwoen
temperature sontrol signal and delivery of the liquid. The




TEMPERATURE

REGULATOR CIRCUIT

s v a-C

] ns v
d A-C
Q ——
20 lu(_ ) (-
0-C T
) ™ AV}
R 'z
A A AN
vV VAV
2081 3,000 l NOTE 2
il
_b 20 MA
20,000 5 Heg
Hs v )
IDENTICAL
THYRATRON
RS \ AMPLIFIER
MIRROR sTAGE
f Y
{
- \
/ @
I
s2s VT . 923 ‘LTL'@' \
| - LANP
[} e S
THERNAL
\ 28 _wr\r/.\\/lﬂ R, UNIT

4

NOTE 2°

GALVANOMETER ' SBHUNTS

POSITION

SOL. .OIDAL GAS VALVE

SINGLE POLE SHORTING SWITCH

==
L P

DESIGNED BY-— Vo y
DRAFTER BY- Thayer

oKD

DATE

Fi¢ NO,




~H0

liquid level in the reservoir is ocontrolled by means of an
aluninum ball float shown in Figure No. 8a. The assoolated
eleotrical circuit is shown in Figure Noe. 7. ¥hen the ball
makes contact with the lower stud, a circuit is closed, actuat~
ing & locking relay. This, in turn, oloses exhaust valve V
and passes current to the nighrome heater coil immersed in

the 1liquid nitrogen supply container, The heater vaporiszes

a small amount of the liqui<, buflding up a pressure in the

s pply container sufficient to pump the liquid into the
reservoir. When the sphere rises high enough to contact the
uppsr stud, another relay coil breaks the circuit to the
niohrame heater and to valve V, allowing any built wup pressure
to fall to atmospheric pressure, A locking relay is used as
the control to prevent a starting of the liquid nitrogen pump
due to an accidental interrupting of relay current,

A snug-fitting cap covers the supply container opening,
This cap is equipped with a emall thin rubber diaphragm, whieh
will blow ovut if the pressure in the container goes sver
20 1b/in?,

Freon 12 presents a somewhat different problems. In this

y Py W )

5 must be liquiried by cooling with d¥y ices 11

(4]
]
@
-
£
!
&
R
=

furthor cooling i3 desired, ligquid nitrogen is admitted into

a jacket surrounding the lioudfied freecn which in turn surrounds
the specimen, If cooling below the dry ice temperature is
required, valve V controls the amount of liquid nitrogen admitted
to the jacket., If the dry ice tempereture is required, valve Y
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omdlmommtofgasowjmzfgmmmw. An
awum; liquid valve may be required for fine gontyol.
ch‘. this i3 to be avoided if pessible, due to posaible
difficulties with the valve at low temperature operation.
Both torsion grips act as heat sources; the coolant acts
as a sink, To prevent rapid loss of coolant, two auxiliary
containers, & inch8#s in diameter, containing dry ice, are
attached to the grips. To furthsr reduce coolant losces, the
test specinmen and angular extensometar may be pre~cooled with
dry ics to =789 C. before being placed into operation. This
cooling may be accamplished while anciher specimen is baing
tested, s0 that no lcez in time will result,
Deternination of Zate of Twist of Specimen

The rate of twist of the specimen will be dstermined by
means of & magneto type tachmeter mounted between the speed
reduser 2nd the trenmmission, Trenamission ratios will bs
socurately determined, and a calibretiom chart established,
treanslating dexired stxmin rates at which the torsion grip
will rmtp inte tachomster readings, This arrangement permiis
the use of a standard tachometer without a special gear train
Tus %7 Raverder

The X~Y recordsr used is made by Leeds & Northrup, and is
s modified Series 6000 Speedomax, Its spssifications are s
follewss |
Beoards Continuocus line
Rangest I=-Axis (pen travel) 0-10 m.v.
YedAxis (chart travel) 0-10 a.v.
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. Re@ponse

Speed: I-Axis ~ 1 sssond for full scale
balance (9 7/6")

Yedxis - [ seconds for full scals
balance (10%)

Charvs 100 uniform divisions. 10% wide
and 10 divisions pe inch in both
horisontal and vertical dirsotions

Input

Dapedance: From 1 ohm to 2000 olms without
affsctiing sccurasy, senzitivity,
and speed of xegponsde.

The strain recording eircuit has been deaigned for use with
eny high {mpedance serve amplifiere having suffielent semsis
tivity to Feord full soale éaflectica for am input signal.of
10 wev, DO
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