
OFFICE OF NAVAL IG3SEARCH 
Contract I?o« !i70im-39707 
Project No. H1V031 395 

TIL; COITS3UUCTION U71VJLC C7 All AUTOMATIC 
:I£Q:WII:C •z:i:j.;im:j, cor^xsu^zD Toa-'io:: :;VC:;ITC 

FINAL REPORT 
June 15, 1953 

by 

Sheldon Sp&chner 
and 

E. P. KUer 

Department of Chemical Engineering 
Glenn L* Ilartin College of 2r.gineaiing and Aeronautical Science* 

University of Maryland 
College Park 



CBSJEUL Diacussicar 

In the determination of etrose-stfeln curves by tension testing, 

ItNM le usually defined as the fore* applied per original area) 

the strain la the change of length with respect to the original length, 

or the ohange of area with respect to the original area. A acre funds/- 

mutal relationship nay be obtained in the plotting of st*wsa~«train 

data if the atress it taker* aa the fore* applied with respect to the 

iiistan'ianeoue area, end the strain ie considered to be the ohange la 

elongation with reapeot to the Instantaneous length, (l)a. Ihia type 

of atress and strain is known as true stress <T ; and natural strain 

S • The relation $-Go ^ gives an approximation to the curve 

obtained in ^rue-stress natural strain te«ta (2), although a curve 

cot-ained by use of this equation departs from the exr^riasnrtal true* 

stress natural strain curve in three interval*, (a) that in wMsh 

elastic strain obtains, (b) that in which inhonogeneeus plastic strain 

ia encountered, and (o) that beyond the aaadj— load in which the 

speotaen neck* down* This expression, however, is useful In essay* 

ing the plastic behavior of metals. 

It has been found that, in steel, a relation exists between the 

strain hardening exponent, n, and the tenperature ef the test, while 

the tenperature, in turn, affects the fracture characteristics of 

the steel. There is thus indicated a possible relationship between 

the strain hardening exponent, n, and the fracture characteristics 

* Underlined msebors in parentheass refer to bibliography at end of 
paper. 



of the steel* Limited data now available (J) (k)  Indicate that within 

a given class of steels those steels with the lowest values of n at 

vary 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 deformation (£)« 

It was the purpose of this work to investigate the relation of the 

strain hardening exponent to specimen temperature and strain rate* 

This would be accomplished by subjecting specimens to torsional forces 

at controlled temperature and strain rate, with torque-twist curvec 

being obtained from these tests* By utilisation of foraralae developed 

in the following sections, it is possible to convert the torque-twist 

data to effective-stress effective-strain data, and therefrom obtain 

the strain hardening exponent* Since plastic theory dictates that a 

specimen subjected to tension will yield the same effective-stress, 

effective-strain curve as one subjected to torsion, a prediction may 

be made of the behavior of these specimens in tension* 

Since under ideal conditions tension data would be desired in the 

evaluation of variations in the strain hardening characteristics of 

a steel with temperature and strain rate, the reasons for the use of 

torsion data will be advanced* Ciiief of these reasons is the brittle^ 

ness of many steels when tested in tension at very low temperatures* 

This brittle range frequently extends to sufficiently high temperatures 

that the needed stress-strain data cannot be obtained in the tension 

test* A second major factor is the question of strain rate control* 

In the tension test elaborate control equipment is required to insure 

constant strain rates through the course of the test. This prcblaa is 
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not of major moment in the torsion test where a constant rate of 

twist insures constant strain rate. 

The torsion machine which was constructed to allow the determination 

of the torque twist data for specimens at controlled temperature and 

strain rate will be described below following a presentation of the 

theory of plasticity on which the conversion of the data depends* 

THEOHZ 

I. FUSTIC FLCW BEHAVIOR (6) (7) 

In the work that follows, stress will be defined as the ratio 
F 

of the force applied to the instantaneous area (true stress, (T- ~j\~)> 

instead of the usual ratio of force applied with respect to an initial 
f 

area, (nonimal stress, S: -r— ). Strain v/ill be defined as 

1; 

J. <f-l~(i) 
L 

instead of by the less exaot 

e - \ x "   ~~&       So 
where strain measurement is based upon a reference to the original 

elongation, 10* If it may be assumed that the metals being tested are 

sufficiently fine grained to behave on a macroscopic s;ala as sensibly 

ieotropic, three generalisations established in elastic theory say be 

modified to describe macroscopic plastic flow* These relationships 

are now presented* 



A.   The Axes of the Principal Stress and Strain Oolnoids Threngj»«» 
cot Iteforaation, 

This may be shown is brief fashion by considering « mail 

isotropic cubs which has a stress acting upon it.   This stress 

may be resolved into three noras! stresses acting parallel to 

the axes of the coordinate system that the block is in, tit., 

CT^  t Gu    #   &N
2    , «nd six shearing stresses, T » T^< 

^<Z   *"7z*   * T*z 'Tz^  • •   »Iuilioriu» conditions 

demand that the shearing stresses obey the f ©llcwlng relations* 

TxM^Tu*   )   1%Z~     *** *      ^JZ ^ ^*} 

The nine stress terms indicate that this aatrix is syaastricsl. 

It eaa be shown that a suitable rotation of the coordinate 

systea ocataiaing the nine stresses will transf <xw the aaaber 

of stresses to three, or that the sine tern aatrix till bet 

tr&naforasd to a three tens aatrix, - only the diagonal teras 

retaining* 

T^      S     T*«j  )->•    \o   <?* ° 

The tranaforaation equation (sometimes cslled the Seeoltr 

Equation) ist 

3 



where Q.x    la Krcneeker's delta, and c(    is the direction 

cosine between axes* The throe tarns, 0*| , CTj, , G\ , 

are known as principal stresses. 

Hooka18 law states that streeens are linear functions of 

pure strains, provided that the elastic limit of the material 

is not exceeded. 

Strain is a more coaplicated quantity than strces, result- 

ing in rotation aa well as linear displacement* Strain may be 

represented as a sum of two dyadic** one is termed a pure strain 

dyadic, which considers linear displacements only, and is 

symmetricj the other is a non-symmetric rotation dyadic* Since 

Hooka's lav relates only stress and purs strain, and since the 

pure strain dyadic is symmetric, we may relate three stress 

terms te three strain terms, Qt   , 0Z , 0.   • These strain 

terms will be called principal strains. The rotation may be 

chesen to be equal to that of the stress dyadic* Thus, we have 

three principal stresses parallel to three principal strains. 

B* The Sum of the Principal Strains is Zero* 

Consider the element libjhi bounded by the principal planes 

before straining* Since elastic strain Is small compared te 

plastic strain in the test the volume may be treated as constant 

throughout the straining operation, M,Dth    ~ Mx b    |> 

so that, 

1, b. k. 
I 



Taking natural logarithms. 

L£&). i(k)< UkV Mih° 
or, 

S, +Su + Si -o 
0,   Relationship of Principal Strains to Principal 3treaaea« 

Since the volume remains constant, an elongation in on* 

direction must cause a contraction in another direction. 

Since the material under consideration is isotropic, there will 

be an elongation in one direction, equal contractions in the 

other tiro directions, or 

(N » Pcisaon's ratio in 
elastic theory) 

Since U, TUx-TOy- O , N must equal l/2 for » 

corresponding euqlity on tho right side* The reletions between 

principal stress and principal strain are then given byi 

(>) 
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II.    DEVBLOWCTT OF EP7SCTI7B STHBS8 - IFF1CTI7B STRAW IBUTJOI8HIPS 

Squaring and adding tha •qv»tion» in taotion I, part C. yUlds t 

Than, 

ftEteaating the Kjuara root, 

> 

tfftativa strain it daflnad at. 

i--m^sfJ) 
i'ffaatiira strast if definad aa, •»-** 

Than, 

S= =yr [e.-^f- (°! -°sf *(«*-«*) J 

In tha aa«a of aiap la tanaion, linea <y = <y   , ©^ * o^.- O and 

obtainad. 



III*    RELATIONSHIP OF E8TBCTITE STRESS - gmBTXTl STRAIN CURTIS 
OBTAINED IN TORSION TO THOSE OBTAINED IN TBfSXOL 

A,    gggjgwi^ gg Effective Stress in Terms of Clearing gtrggg 

In the case of simple torsion, it can be shown, by uM of 

the stress dyadic, that T        rXj O^^ff^   *    One principal 

•tress,   (l^    , is aero. 

The relation that     CT,     and   (f^   will bear to each other 

may be seen from a Mohr circle representation of these tare 

<r 
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it nay be ••en from the Mohr oirole chut for any Talus of     "p 

there art two values of ^^   .    When *""P   is a maximtsa, 

^=tl-'rw>|.    Since the relues of   CT  are   cr   and        o- 

0"- 
i 

Thus, 
T.„-*(20y)8O{ 

Now, substituting in the equation of effective stress, 

For the ease of strain, substitution in equation (1) yields t 

Of 
d.   D L' + TJ    To 

<f2=o 
I 

This gives the relation between effeotire strain and principal 

stress. 
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B.    Expression of Effeotira Strain In Tsraa of Shearing Strain (8) 

Tha shsarlng strain      ^    , it daftnad stteh that, 

Sabatituting in aq. (3) 

<r* —5— u) 

A relationship exists between S and the toreloml 

nedulae a*    This nay ba shown as fellowst 

Asevste a equare af alias a subject tc a shearing stress* 

It Is known that, In suoh a oaee, tha principal atrass 

will aat at an angle of 46° to tha sldaa of tha square. 

Thereforo, considering tha elongation af tha diagonal 1, 

dS 

dJPJ 

I 
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3hoaring ftrain If   •*• b« dofinoi M, 

a 
.:  ds  --of* 

2 

Integrating, 
Or 

h-J 41 
2 

KM,  it it known that 

d     2 

T=GJT  ^a^G^o-i (6) 

From tfao first of •quationa  (1) in aootion III part C. 

3<r, 
^ih-i^^)]Hh*i^=T5 

or. 

Keuatinr •auation* (6) an* (6). 

2J,G » £^i 
3 

G~ 3 

(6) 
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Substttuting value of £ In torus of D in equation (4) yielde, 

d ~    3 D «/T 

C.    Coaparlscn of Torsion and Toaslon Results 

It has now boon demonstrated that tho offootivo stress  in 

torsion is direotly proportional to   ©7   *nd that tho effective 

strain in torsion is direotly proportional to the shear strain  # 

which in turn is direotly proportional to   o.     •    Thus, offestive 

stress and effective strain in torsion are direotly proportional 

to   Of    and  cfj      . 

In the ease of simple tension,  sinee   O^ c- <y    , Oi c«:(j 

•»*</>/,   <£=<£= ~i  <f     •   CT   is given by o^and J by j^, 

Sinse   O*1   and    J"   in tension are also direotly proportional to o— 

and   <§    , it follows that It is possible to prediot what tho 

effective stress, effective strain eurve in tension will be from a 

knowledge of the effective stress, effective strain curve of the 

speoimen in torsion. 

IV.    EXPRESSIONS FOR   (f AHD   0"    Hi THUS OF TORQUE AND ANGUIAR DISPLACE- 
MENT OF SPECIMEN IN TORSION TEST     (Jj 

A.    Expression for    q    in Terms of    ©    . 

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

#~/3   (f  .       ft     Is taken as the produot of the angular twist 

of the bar per unit length,    OC   # *«" the distance of the strained 

increment from the eenter of the bar, r. 
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Thus '   y=V3 £ - roc 

Slat*  $   will be ealsnlated for the surfass of the torsion 

bar, £ sr radius of tho torsion bar H, ant, 

Sinee «   s  Angular twist of tho bar por wait longth, oc =s  -5-  , 

whoro   0   Is tho angular dlsalseensat of oas sestloc of ths bar with 

rospoot to anothor settioa, and I is tho length of ths bar ©rer 

whloh strain is nsatured.    Substituting in eq.  (6), 

B.   faprosslon for  O*   in Togas of Torque f» 

The torque T for any point lseated a distance Ar froa ths sentor 

of ths shaft is girea by, ___ 
T* Tr 

fho total torque nay bo found by integrating erer tho total oross- 

tostion of ths speeimen as shown below; 

/a Q 

Trznrdr * znf Trzdr 
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( 

si»e    r - £ -   e" 

«U -1 

Te'- zrrp3T**d« = 2 TTJ'ST ty ^= 

Differentiating,   ^ 

- 2 rrfaTJr*e*d< 

(T©'j= 2 TTTJr'e* 

Sinee all measurement* are made with retpeet to the bar surfaee, 

ras* . 

Then,    . 

de 
(Te

3)= ZirJa*Te* 

<*•     /    d i-ifre^z^r 
Carrying out the differentiation,, 

e ~ + 37= 2irJa3T aa 

w- (10) 
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Strain measuressnts will be made over a tiro Inch gage length 

in the 1/3 inch section of the torsion bar, in order to rule out 

inbomogeneous plastic strain effects in the shoulder section of 

the bar. Thus, 1 trill be taken equal to two inches* 

APPARATU3 

X. THE TOHSIOK APPARATUS 

A. General 

This device is designed to operate with a minimum of 

attention of the operator, automatically plotting torque-twist 

curves during the course of the test, - shutting itself off 

when the total angular dieplacement becomes equal to 720°. 

Any rate of strain from 360° per hour to 180° per minute nay 

be obtained, and held constant within 1%,   Torque is measured 

by expansion of a ring dynamometer coupled to an adjustable 

lever at right angles to the axis of rotation of the bar* 

The torque is equal to the product of the force required to 

stretch the dynamometer and the length of the lever arm. An 

electrical signal corresponding to the lerpansion of the dyna- 

mometer la fed to the Y-ara of an X-T recorder. If necessary, 

a DC pre-amplifler is used to boost the signal to the 10 

millivolts required for full scale deflection for the X-Y 

recorder* A signal, obtained from a. voltage dividing 

potentiometer oonneoted to an angular ©xtenaoaeter, is connected 

to the X-ara of the recorder* 
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B« The Torsion Machine 

Details of the torsion machine are shown In Figure Ho. 1. 

Grips were machined from 3AE 10U0 steel. This steal has 

the following charaoterlstlosi (£) 

Oharaaterlstlo Annealed 

Yield Point in Shear 3.62 X 101* lb/in* 

Shear Modulus 1*17 X 10? lb/ia8 

The fornula for shearing unit stress S* for a solid shaft (10) 

1st 

V 16 T ? a tosHjue 

d • diameter 

For T « 6,000 lb. in., and d a 1 in., 

S s 3.06 110U lb/in2 

The angle of twist of the grip shaft is given byt 

$ a angle of twist In 
radius 

* Is length of grip (in.) 

t.n*to** li«*«i *» a shearing modulus 
of elasticity 

a  L25*i° raJi**» 3? 3.4 BL » mintaomi   1.17 Z 
107 lb/in* 

The unit shearing stress ealoulation indicates that the 

grip ehaft will withstand a load of 6,000 In. lb. The angle 

of twist calculation shows that, if maxlaua shearing stress 

is not attained before a 360° angular displacement, the error 

in measured angular displacement due to twieting of the grips. 



-17 

will be less than 1%, 

The upper grip of the torsion machine may be raised to 

permit the positioning of a specimen -without disturbing the 

coolant container or its contents. This permits faster speci- 

men changing and conserves coolant* 

Motor Drive 

A 1 H.P. 1725 R.P.M. motor is connected through a 3il 

gear pair to an hydraulic speed reducer. The speed reducer 

transmits between 0 and the input R.P.M. in either direction* 

(The 3»1 gear pair 1B 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 

20tl and 50tl respectively. 

Power requirements for the torcion apparatus may be 

calculated as followst 

PT TCO . ~T*1.Ti»0 p . power (ft ib/B»c) 

At maximum strain rate, n « 1/120 rev/sec    T a torque (lb-ft) 

At maximum torque, T s 500 lb-ft W s angular velocity 
(rad/sec) 

P m ($00) (2 )/l20 • 26.2 ft. lb/sec       n • revolutions/sec 

Assuming a 50/s los3 in power due to friction in the 5o»i worm 

drive assembly, 
* 

P1 s 52.U ft. lb/sec 

Assuming a 505? loss in power due to friction in the 20 jl worm 

drive assembly, 

P2 s 10*4.8 ft. lb/seo 
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Assuming another $0% loss in power due to ineffloieney in 

the hydraulic speed reducer, 

Pt * 209.6 ft. lb/sec 

A 1/2 H.P. motor delivers 275 ft. lb/sec. Therefore, a l/2 

H.P. motor is capable of supplying 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 followst 

The expression for the maximum torsion 3haft torque may 

be given by,       R     , si   . 

The expression for the torque applied to the shaft turning the 

worm which meshes with the torsion machine drive gear is 

-r- •£- 
But nj * f>0 I*L 

and Pg * 2P^ due to friction loss. 

Therefore, 3/h inch shafting rill be sufficient for this wont 

drive. 

A similar calculation for the applied torque on the worm 

driving the 20 tooth gear shows the maximum torque that this 

worm must exert to be 12 lb. 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 problaa 
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at any point In the system* 

She Blag SagSg&g (&) 

the dynamometer is constructed from raediua cwvon steel 

folly killed, and annealed to a dead soft condition after machin- 

ing to eliadnate internal stresses and to minimise hysteresis* 

As say be ebserred from Fig* Ho* 2, a tensile load applied to 

the dynamometer will produce certain stresses at the inner and 

outer fibers of the ourred portions of the dynamometer. As long 

as these stresses are kept within the elastic limit of the 

material, the strains produced will be proportional to the 

applied tensile load* This ring is claimed sensitiTe to l*ee 

than one pound in a range between 0 and 1000 lb* The designers 

of the ring claim an average error of only 0*36$ for the entire 

calibration range* and a maximal error of 0*95$, 

Four a-1 Sft-U strain gages are attache** to the ring as arusm 

In Figure Ho* 2* The inner two gages are connected in series 

and the outer two gages are connected in series* Tfhen the ring 

is extended* the inner gages elongatei the outer gages contract* 

The elongation is numerically equal to the contraction* Use 

of two gages in series* while not increasing the ratio of AR/S 

do«r give a grsatsr total ohang* in resistanea- (2 A R). For a 

given current, twice the voltage change will thus be observed, 

if two gages are series connected, 

The ring will, of course, have two mountings* The wall 

mounting takes the form of a threaded stud which may be placed 

in any one vf twelve holes spaced one inch apart in a steel 

plate welded to an "IM beam in the building. The mounting 
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attached to the lever arm of the torsion machine haa a flexible 

joint to allow for a slight angular displacement of the lever. 

This displacement come* about due to an elongation of the 

ring as the load is applied* Thus, the ring stud will not moke 

a right angle with the lever when a specimen is placed in torsion. 

Since the torque formula T=AXF- |vi>Fl u3ed in 

determination of the ordinate values assumes a right angle at 

this point, some error will ensue. This error may be calculated 

as follows* 

Let the lever arm length be f-iven by r, the di-tance of the 

lever to the wall (ring dynamometer width plus pivots) by d. 

r and 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 below in Figure No. h» 

A 

Figure No. h 
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' 

After rotation, the torqu© is giTsa byfo, ***or . 

The dependence of (^ en the original length and elongation may- 

next be Investigated, 

The three sides of triangle ABC are known. The sine of 

angle BAC say then be calculated by the formula 

*i» *• <^jk^[*<*-t**,x«-~x«-1/;5^')] 
X. 

where   s • 

Sine of angle ABC is determined from the law of sines* 

From Triangle ABD, 

d*+A> 

Now, 

Thus, &  has been determined as c. function of r, d, and k. 

From a consideration of triangle BAD, 

For the experimental set-up used, 

*max • •** +•**• 

d • 20*5 in* 

k xa Q.-.25 in* (maximum elongation of ring dynamometer) 
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Computation shows that<l) s 90° with -O.OljS. Con- 

sequently, the expression T m Pr may be used rith insignificant 

error. 

I). Strain "ea3ureraent 

Strain measurement is obtained by means of a potentiometer, 

caoable of turning through an -nfjle of 360°, linear within /• 0.5£. 

Since the strain is measured tlirou-'h a 720° angle, and is 

measured over a two inch ::age length in a. section oi? smaller 

di&neter than either end of the test bar, a special crip is 

needed. Constructional details are as foil cars: 

A 1-1A inch diameter ~ear is attached to the 1/3 inch 

diameter section of the test bar. To accomplish thio, a 3/U 

inch hole is drilled in the rear. A housing accommodating a 

two piece removable clamp is then brazed onto the gear. Thia 

gear meshes with a Qeajr having twice the number of teeth of 

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

is attained by means of a short vortical shaft to the potentiometer. 

The potentiame Uw- housing is attached to a uoriaontal shaft whioh^ 

in turn, is attached to the test bar by means of another two 

piece removable clamp. The clamps are spaced two inches apart 

on the test bar* The two jiyirs should be approximately l/k inch 

thick to permit fast lineup and positive meshing. 

This extenaometer has the following advantages; (1) It 

is sufficiently compact to allow total inreoraion of the extenso- 

meter in any coolant used without alteration of the coolant 

container, and (2) it may be quickly and easily faatened to the 

test bar. In practice, two extensometers say be made. While 
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one extensometer measures the strain of a teat ber undergoing 

torsion* another oxtonaomotor may be fastened to the next tent 

ber to be need* Upon fracture of the flret teat bar, the second 

bar end Its extensometer may be slipped Into the gripe. Connect- 

lng the three -wire extensometer plug completes the installation. 

Thus, it nill be possible to replace specimens snd be rea4y for 

a second teat in two minutes or less. Sinoe it is possible to 

replace a specimen without disturbing the coolant container, by 

lifting the upper grip of the torsion aaohine. it will be possible 

to affect a change of specimens with little loss of coolant* 

A staple jig and Inking device nay be prepared whioh will 

place two marks on the specimen two inches apart, The marks will 

be the same on all teat specimens* The extensometer clamps will 

be fastened on these marks, assuring that strain measurements 

will be made on the same two inch gage length on all spewmens. 

A wrjhoamtto diagram of the electrical circuit for recording 

angular displacement is shown* along with design data. 

I ^  

l3oo 10 

tOOT-* 

Figure Ho* 6 
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SLnce 0«01 volt will drive the X-arm of the X-T recorder 

full scale, 

Assume i a 10**3 amp. The resistance Z of the slide wire is 

then given by,    Z a 10"^ «g 10 ohms 
10-3 

Vr . 1.5 - 0.01 a lh9  V. 

R a l.U? a 1500 ohms 

15=5 
Resistor R is broken into a fixed and a movable part to prevent 

an accidental serious overloading of the X-I recorder, 

E« Automatic Shut-Off Control 

Since testing conditions require that a two inch gage length 

of the 1/3 inch section of all test bars be rotated through an 

angle of 720° and then stopped, an automatic shut-off control 

on the torsion motor drive is desirable when this angle of 720° 

is reached. To accomplish this, a two-to-one gear assembly 

turned by the motor driven grip is mounted on tho torsion 

tester. When this grip has turned through an anclo of 720°, two 

arms mounteu to the shaft of the larger gear actuate two micro- 

switches. Details axe shown in Fig. No. 1. One of these 

switches opens the 11? v. circuit supplying current to the 

torsion motor, X-Y recorder, solonoidal gas valve, and thyratron 

circuits (Part F.) The ether switch is used to open any 

auxiliary battery circuits employed. 

p. Temperature Control (12) 
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Sine* temperature as welLl as strain rate oust be held 

constant for any one specimen test, some form of temperature 

control is necessary. The temperatures used frill be -196° C. 

(liquid nitrogen), -150° C. (freon 12 cooled with liquid 

nitrogen), -100° C. (alcohol and ether combination), -78° C« 

(alcohol and ether combination cooled with dry ice), and 

20-30° C. (room temperature). 

In keeping with the rest of the apparatus, the temperature 

control is automatic, the control mechanism being actuated 

when the temperature changes £ 0»2J>° C. The sensing element 

is a 25 ohm platdnum resistance thermometer. 

In this circuit, Rg is set at the value R^ the resistance 

thermometer will have at the particular temperature desired* 

Then, relay S* is manually closed. This sends a current to 

magnetic solenoid V, actuating the solenoid. When the tempera- 

ture start's to go below the setting, the galvanometer wrings 

in a clockwise direction, activating phototube VT^j causing &> 

to open# This removes th? current from solenoid V. When the 

temperature increases above the predetermined setting, photo- 

tube VT£ is actuated, causing Sj_ to close and So to close. 

Solenoid V is again actuated. 

The arran -ement by which liquid nitrogen is introduced 

into the cooling container, pumping method, reservoir and 

reservoir control are shown in Figure No. 8. 

A reservoir has been placed between the liquid nitrogen 

supply and the coolant container to minimise time lag between 

temperature oontrol signal and delivery of the liquid. The 
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liquid level in the reservoir is controlled by meant of an 

aluminum ball float shown in Figure No. 8a, The associated 

eleotrioal circuit is shown in Figure No* 7. When the ball 

makes contact with the lower stud, a circuit is closed, actuat- 

ing a locking relay. This, in turn, oloses exhaust valve V 

and passes current to the nichromo heater coil immersed in 

the liquid nitrogen supply container. The heater vaporises 

a small amount of the liquid, building up a pressure in the 

supply container sufficient to pump the liquid into the 

reservoir. When the sphere rises high enough to contact the 

upper stud, another relay coil breaks the circuit to the 

nichrome heater and to valve V, allowing any built up 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 eap is equipped with a small thin rubber diaphragm, whioh 

Will blow out if the pressure in the container go*? over 

JO lb/in*. 

Freon 12 presents a somewhat different problem. In this 

case, the g«o auat be liquified, by cooling with dry ioe.  If 

further cooling is desired, liquid nitrogen is admitted into 

a jacket surrounding the liqiiifled freon whioh 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 temperature is required, valve 7 
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^        controls the amount of gas casing from the freon tank* An 

additional liquid valve may be required for fine control. 

However, this is to be avoided if possible, due to possible 

difficulties with the valve at low temperature operation* 

Beth torsion grips act as heat sources} the coolant acts 

as a sink* To prevent rapid loss of coolant* two auxiliary 

containers. 6 inches in diameter, containing dry ioe, are 

attached to the grips. To further reduce coolant losses, the 

test specimen and angular extensometer may be pre-coded with 

dry ice to -?8° C. before being placed into operation. This 

cooling may be accomplished while another specimen is being 

tested, so that no loss in time will result* 

0* Determination of gate of Twist of Specimen 

The rate of twist of the specimen will be determined by 

means of a magneto type tachometer mounted between the speed 

reducer end the transmission* Transmission ratios will ba 

accurately determined, and a calibration chart established, 

translating desired strain rates at which the torsion grip 

will rotate into tachometer readings. This arrangement permits 

the use of a standard tachometer without a special gear train* 

*» The *»T Baoerder 

The Jrt recorder used is made by Leeds & Northrup, and is 

a modified Series 6000 Speedomax* Its specifications are as 

followst 

Beoardi   Continuous line 

Bwigesi   X-Axla (pen travel) 0-10 m«v« 

I«4xU (chart travel) 0-10 a.v. 
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Raaponae 
Speedt X-Axis - 1 second for full scale 

balance (9 7/8") 

Y-axis -» U seconds for full seals 
balance (IV) 

100 unifora divisions*   10° wide 
and 10 divisions par inch in both 
horisontal and vertical direction* 

Fron 1 ohm to 2000 time without 
affaeiing "wcuraoy, sensitivity « 
and speed of response* 

Ch&rit 

Input 
lapedenoet 

The strain recording circuit has been designed for use with 

any high impedance aerro amplifiers having sufficient mat* 

tiviicr to reecvd fall eoale Gefl«seti«e for an input signal.of 

3ft S*Y« D#CU 
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