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Historical

The testing of materials under conditions of
shock or impgact loading hss been tried by a number of
Investizators in recent yezrs. The most famlliar test

of this nesture are mede with the Izod and Cherply impact

4]

instruments. 3Zach uses a steclmen peculisar to itself

and has a choracteristic way of holding it, but both
nmethods of testing subject the materlal to snock loads

in tenslon &nd compressions The Izod @nd Charpy tests
employ notched svecimens loaded &s beans, one &8 a
cantilever, the other as a simply supported bean. These
tests have proved somewhat successful in finding energy
&bsorvtion values for steels of various he&t treatment and
overating temveratures.

The Izod machine &lso hes provision for testing a
small sonecimen in direct tension under ean impact load..
While 1t 13 true thet quentitative desiagn factors cénnot
be obtalined from these two impact tests, it 1s possible
for the results to help explain scome meteriul Teilures
which can't be accounted for on the besis of standard
tension tests. =a case in point is thst discussed by lr.
D. F. Windenburg, the chief physicist at the David Taylor
Model Basinl. He cites the difflculty experienced with

welded ship plates which fractured in service. Careful



prelininary and post fallure tests made on tne plate
materiel showed proper ghysicel characteristics, accord-

Ing to the a.5.T.H. specifications for tensile strength

and ductility. 3Zven though the steel appeured satisfactory,

1t actuslly fauiled in service resulting in tne sinking

of several welded type ships both at the dockside and

on the hish seas. “hen Charcy impect tests were mide on
the steel used, 1t was discovered that operating temper-
atures had much to do with the energy &bsorption ability
of the materizl. The notched svecimens used &and tne
impact loecding similated conditlions of very high stress
concentretions which seemed to be present in certain parts
of the ships' plates. The impact tests showed sharpt
transition from high to low energy values 1n the temper-
ature ranse from -40°F to #30°F. These data showed that
the steel used was extremely sensitive to stress concen-
tration at such operating temperatures. Such information
was not evident {rom standerd tests, but d4id avypear in
the impact tests.

Others have felt the insufficiency of the standard
tests and have devised additional tests based on dynamle
stress conditions. D.S. Clark and G. Datwyler2 carried
out some work with materiecls under the direct tension im=-

ract loading method of the Olsen Izod machine to which



they adapted a specimen holder dynamometer. They found
dynamic stresses about 205 higher than static, elonga-
tions 16-120% greater and reduction of area from 9-1901%
higher. “hile these data tend to demonstrete the value

of dynamic loadingzg, they do however, show considerable
variation. H.C. Mann3 obJjects to this method on the baslils
of error due to the interférence of the natural frequency
of the machine and dynamometer bar. W.H. I-{O}:meannbr used

a gulllotine tyve machine where a falling tup strikes a
smaller welght attached to a small tension specimen.

Force vs time data were obtained by use of electric strain
gages and oscillographs. Energy cbsorption values were
measured by a spark system..

H.C. Kann? investizated behavior of small speci-
mens under tension impact loadinzg. He used a machine
which consisted of a rotating disc with striking horns
actuated mechanlcally through & shallow spindle. The
tenslle specimen was mounted with a tup on to a péndulum
type bracket. lNovement of this bracket wos measured by
means of a cam arranzement and dial gage. Inergy véalues

were computed by the following expression:

E = wy(l-cos 8)4K; = (l-cos ©)K,
where Kl and K2 are machine constants
W, 1s the angular velocity of the dlsc

© is the angle of pendulum swing



Besldes the above mentioned tests which have 0 do pri-
marily with tension loadinz, there have been others de-
vised which subject a specimen to impact loeds in torsion.
oteworthy among several are the two followingz methods.

Mititosi Ithihara5 develoved a test which used a
soeclimen &s snown in Fig. l.. With this machine, torque
loads were measured by a spring system and the angle of
twist through optical meazns. The latter was recorded
on & revolvinzg drum as & function of time. With this set-up
he found dynamic torques 25% higher than static values.
Twist anzles were 10-20% larger in dynanic torsion. In
general 1t wuas found that maximum torque lncreased &s the
velocity of deformation increased.. However, this method
was criticilzed by N. JanjoineG. He felt that the test
section of the specimen was too constricted, the 1/4
ratio of 1.25 being so small as to give a poor distribution
of torsional stress.

A slichtly different type of torsion impact test
hes been conceived by Luerssen and Greene! in their
efforts to evalusate hardened and tempered steels. This
method does not attempt to determine the actuzl stresses
set up in & specimen under torsion impuct. It merely
measures the energy required to fracture specimens sub=-
Jected to sudden twisting. The type of specimen used 1is

shown in Fig. 1. 48 can be seen these have conslderaple
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overall length and a full test section length of one inch.
The machine 1tself consists essentiuclly of three m:jor
pvarts: the enerzy unit, a heavy flywheel rizidly con-
nected to a shaft is mounted on anti-friction bedarin-s,
and thece 1In turn ore set in the housing. The flywheel
nes on its féce two symuetricelly locuted striking bosses
which engaze a tup fastened to one end of the speclmen
that protrudes from its holder in the slidinz heud. The
speclimen 1s fractured by qulckly sliding it znd 1its tup

In to mesh with the strikinz bosses on the rotating fly-
wheel. The flywheel 1s previously brousht to testing
speed by means of a small motor. Its speed 1s measured
by & direct connected tachometer. AsS the specimen is
ruptured, energy from the rotating wnheel 1s absorbed

so that a speed chanze 1s noted. Thils 1s measured by the
tachometer and energy values are thus determined. OSeveral
different testinz speeds and energy levels are avallable,
such &8s 77 ft. lbs. at 391 rpm, 111 ft. 1bs, at 472 rpm,
cnd 147 ft. lbs. at 543 rom.

Results of several tests on various steels heat
treated in different ways show this type of test to be
quite useful. Ceveral variables not previously conslidered
in quéantitative testing of very hard steels can be de-
tected. Furnace atmosphere has an influence oan torsional

impact resistence. Time of sosking, lensth of temvering



time, and other factors also are shown to be critical
througn the data of thils type ol test.

;nasmuch g 1Impuct tests do reveal matericl
characterlistlics not shown by the standard tests, they
would &pprezr to be of some value. Thls is particularly
true of the torsion imocect test. In the cuse mentioned
above where Luerssen and Greene uced & specluien having
a test section st leust 1" lonsg. There was considercble
energy involvel in twisting the materiel within this
lenzthe. and since this energy is criticeally affected
by techniques in heat treatment, thils type of test is
sensitive to such factors and is therefore useful. How-
ever, this method does not indicate enything with reszard
to notchi seneitivity. This fuactor 1s important in the
matter of stress concentraticns. It 1is measured to
some extent 1n the Izod and Charpy impuct tests since the
specimens are of the notched type, and are arranged
to resist tension and compression stresses &t the notched
sectlon.

In view of the above, there seems to be a need
for @ slishtly different kind of test which would supple-
ment the torsion impact method of Luerssen and Greene;

& test which would tend to show somethlng concerning
notch sensitivity of meterials under torsional stress.

The cnief purvose of the project discussed in this paper,
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therefore, is to devise such a test. This involves the
design of a proper test specimen and the necessary appar-

atus for testing 1it.

Description of the Specimen

The specimen for the proposed test is shown in
Fige 2. Dogs for gripping the piece are arranged so they
are exactly 1/16" apart, giving a zero length &at the bottom
of the "V" notch. Reasons for the choice of this smell
glze specimen will be brought out in the subsequent
description of the test. This type of specimen was chosen
since it was desired td produce a condition of stress
concentration in the region of a notch in order to test
for notch sensitivity. That such condlitlons &are met
with this specimen is shown in the following manner.

Consider the section of Fig. 3 representing

the plane of shear under stress, and & length of material.

i - PO
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With torsion forces acting on the section, the eleument
da would tend to move from position A to B. The energy
required for this would be ¥W=F(d, + dp) where dg 1is
the arc moved throush under elastic deformstion and dp
1s the arc of olastic deformation uv to the time of

fracture. From Fig. 3 the value of dg would be:

de-_-re=Sl
where § = unit strain in shear
1 = length of the test section

But since 1 = O for this specimen, then de =« 0, and

thus # = F dp. Theoretically there 1s no elastic energy
involved in fracturing the speclimen on the shear pléne.
Any energy &bsorption during the rupturing of the
specimen would therefore be dus to the plastic derorma-
tion of metal crystals in the plane of shecr. But even
with an extremely sharp notch, there probably would be

a sliyrht elastic behavior of the meterlal in the recslons
on each side of the shear vlcne. Thus it 1s evident
that thils type of specimen should reveal varletions in
meterizl strength which would be due to notch sensitivity,

and would tend to show the avility of meterials to over-

come stress concentrationse.



General Features of the Testing Mschirne

The machine desisned for testing the svecimens
Just described is shown in Figs. 4 and 5. It consists
fundamentzlly of a flywheel which is brousht up to a
predetermined speed to supply the rotationzl energy
required to rupture a specimen in torsion. The wheel
1s mounted on ball bearings and 1s driven by a fractional
horsepower motor throuzgh a friction arrengement. Motor
speed 1s controllable tnrouzgn use of a Variace. Two
striking pecss &re located on tine open fuace of the flywheel.
Speed of the wheel 1s measured by &a photo electric cell
which is set up to "see" white sprots spaced uniformly on
the rim. The photo cell imnulses &re amplified by a
Brush DC Amplifier &¢nd recorded on a moving tape by one
pen of a Brush maznetic oscillocraph. Thils gzgives a wave
form, the freguency of which allows an exact measure of
the flywheel sveed without eny mechanical connection
to it. Initial wheel speed 1s set by meens of the
stroboscope synchronizer.

The specimen is held in a torque mezsurinp socket
fustened rigldly to the moveble tail siece which can De
slid back and forth on the bed to facilitete lozdinz the
specimen. The tall vlece can be clamped firmly so that the
svecimen is tishtly fixed ian its supoort on tine machine

bed. When the flywheel 1s brousht up to speed 1t 1s slid
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quickly to the ricsht until the pegs enszaze the twisting
dog clamped on tue free end of the specimen. Synchroni-
zatlon of the pevs with the dosz will be discussed later.
Enerzy reguired to fracture the specimen 1is de-
termnined from the changze in flywheel speed by referring
to the curve sinown in Fig. 8. Torque effort required to
brezx the speclmen 1is measured by means of resistance
strain suses mounted on the two small pillars which con=
nect the specimen holder to the buttress and tail plece.
Output of these gazes 1s interpreted by & Brush strain
analyser and recorded on the second pen of the oscillogranh
used to me&sure speed change of the flywheel. Thus a
simultaneous record of enercy gbsorption and torque de-

veloped 1is produced on the peper of the oscillozraph.

Descriction and Desiin of Components

1. Flywheel

The determination of flywheel size and speed 1s
based on the amount of energy required to frazcture «
test specimen of the tyve &adovted for this impact test.
Some assumptions must be mude regarding the actual benu-
vior of the speclmen. As was noted before, the meterial
is subjected to shear stress on a plane in the center of
the "V" notch. Energy required to fracture such a plece

can be approximated in the followlng manner:



- 156 -

ner T

Data token from & typlcel static torsion test of
4 plece of 54X 1020 cold rolled steel shows & total angle
of twist at rupture of 597 radians and an approximéte
averaze torque of 1C000"i#. Specimen diemeter was 1.061"
and test length was 10", Reference to the curve of
Fiz. 6 shows that most of the energy required to brezk
the materizl 1s in the plustic ren=ze. Hence the use of
an avera=ze torque of 18000"#, Totzl enerzy under these
condltions 1is therefore:

Uy = T8 = 16000 x 5 = 282,000"#

U, = total energy (approximate)
T = average torque in the plastic runce

e

angle of twlist of test length in radisns
Dividing U, by the volume of the test length glves the
enersy requlred per cu. in. of materiul.

U = 282000 x 4 = 32000"%#/cu..in. = 2660 '#/ cu.. in.
x 1.0012 x 10

How to arrive at the energy needed to fracture & syecimen
of the type and size used for this test 1t can be assumed
that there is no "V'" but merely a cylindrical section of
«3125" x .0625". The "V" notch would actually reduce the
energy required so the cbove assumption will suffice to
5ive a required energy level. The volume of this assumned

test section is:
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V= Tx .375° x .0625 = .00688 cu..in.
(Let thg avera=e dlameter be .375")

Therefore the energy needed would be

UV = 2660 x .00688 = 12.7 ft. #.
It 1s recommended that the masnitude of residual energy
in the flywheel &fter rupture of the speclmen be at
least 25% of the initieal energyé. Therefore 12.7 ft. # = 75 Bt
s0 that the required flywneel energy level equals Ey = 17 ftf.
Since the material used to compute this energy is 3SAZ 1020
it can be assumed that the 17 ft.# will be sufficient for
less ductile materials such &s hezt treated steels, and

cast irons and non-ferrous materials.

Speed

To arrive &t the exact size of a flywheel which
will provide at least 17 ft.# of energy, one must &lso
know the speed of rotation. 3everel questions srise
concerning the proper speed. How high czn the initial
speed be and stilll not jeopardizs proper engazenment of
the striking pess with the twisting dog? What effect
does 1nitiel speed hiave on values of energy absorption
by the ssecimen? How large a flywneel can be tolerated,
eand a fourth, how will initial speed affect the chiange

In speed caused by a given energy absorption?
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The first question cun be answered by saying that
initizl speed 1s not criticel oroviding thet an effective
method of synchronizing is used. Such a method has been
designed and will be discussed leater. The second question
ls answered by reference to the work of Stout and Greene
who found that vearietlions in initiel sypeeds had praucticelly
nothing to do with values of energy absorptiong. The
third question is answered by simgly letting the flywheel
pe of convenient size for the apparatus.

The fourth question must be answered more &t
length. One of the chief factors of interest in this
torsion imvact test 1s notch sensitivity. Since 1t seems
desirable to note carefully &nd accurately any variation
in msterial strength of the specimens under various
degrees of heat treatment, and since these energy varia-
tions may be smell, it is important that the flywheel be
sensitive enoush to register small energy changes by
appreclable changes 1n speed. Initlal speed has a definite
effect on sveed change for a given energy absorption value,
The higher the initial speed, the smcller will be the
chance in speed for & specific energzy chsnse. This can

be shown in the following manner:
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Let the eunergy chnange be AE (1)
A= = 1 (wI2 - ng) where
2
W1 = initiagl sceed 1n radians
wp = final speed after the speclmen is broken
I = the flywheel moment of inertia

Let us take two conditions where wIl and WI2 equal two
different initizl sveeds end wFl and WF2 are the corres-
ponding finel speeds. Let AE be a constant and of course
I will be the seme for both conditions.

Since AE; = AE2 and I; = 12 - I, then from (1)

2 - 2)

2 2
(wIl - wFl ) = (WI2 - W

2
w- = -\/7I ’WFl -wIl

Now when values are assumed &s follows:

wIl wFl ng er Aw
2. 40 20 60 49 11
4. 40 20 89 Then 72 8
c- 40 20 90 g% 7

it 1s evident that if Wy, 7 WI
2, 2,

then Awg_ <Awa_
and if v < wlz

¢
then sz >-Aw,

This means that for & given value of I and & constant
energy change, the flywheel speed shows a grester change

8 1ts initial soeed if lowered. From this 1t seewns thet
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the initial swveed should be kept &s low as possible to
insure mood sensitivity for the zoperatus. 4 curve
showlng speed chanse plotted a-ainst 1altlsal speed
for the chove example 1s shown in Fig. 7.

The cholce of an excct initicl soeed for the
flywheel involves a consromise. For good sensitivity
it should e low, for euse of engazement 1t snould Dbe
low, @nd for the required enersy value 1t nmey be low
if vhe wieel silze 1s reaconudle. After teking these
fectors Into wccount ¢nd meking a few prellminary
calculations, 1t wes decided to use an 1nitlel sweed
of 420 rom, or 44 radlans ver sec. Cn this basis the
size w&s computed.

The rotating mass 1s m:de up of three distinct
pertst  the shaft, the friction drive rim, and the
flywheel 1itself. &s far os the striking pezs sre con-
cerned, they cun be assumed to be a vert of the flywheel
since they were pressed into the wheel in holes which
«re «s deep as the pess themselves ére long.

First the resossctive moments of inertla are:

& for the shaft:

I - 'ﬂ'h’.‘.’r4 0204 ft.

23

.25"

o]
.}

h = 4"

333 ft.
For steel, T = 485%#/cu. ft.
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I - T x .333 x 435 x_.op% = .00000253 in®
2 X 32.2
b for the friction disc:
r - 2" = .1866 ft.
h = 5/16" = .026 ft.
For steel, W = 485 #/ cu. ft.
I = Tx 495 x 026 x .166% = .0029 in*.
2 X 32.2
c for the flywneel mzss. This must be found from the
enerzy eguitlion ¢ = %’\«12 [IS + Ip+ IF]
where Et = 17 ft# the previously determined required energy
w = 44 rad/sec uss above
I, = moument of inertia for shuaft
(small enough to be ne:;lected)
Ip = moment of inertic of the friction disc
IF = moment of inertia of the flywheel from which
the slze cén be determined.
Therefore
T, = 17 (44)° [_Ougg « I ]
and Ip = 17 - 2_.81 = 0146 in*.
970

tiow, for convenience, @ flywheel diameter of 6" wts chosen.

Thickness 1s fcund c¢s follows:

Since IF

= ﬂh’h’q

24

and r = 025 fto



h = IF X 2% = W0l46 x 2 x %2.2 = +1575 ft. = 1.,96"
. x 45 x.25%
nr

This 1.96" 13 under whit could be tolerated in tue wenersl
desizn of the mechine so 1t wes decided to let I = 20 ft.#.
Wltn this new energy level the value of h wes found to ve
2.335". Tnils was used as the flywueel tniciwiess, the dia-

meter belng 6",

2. Svnehronizins Device

Havines chosen & speed of 420 rpm for the fly-
wheel, 1t w&s necessary to devise & metnod of setting the
vheel &t that initial speed. As thought was glven to tnils
it beczme evident thect the same mechanlsm could be msde to
serve ¢lso &s a synchronizer. OSynchronization i1s needed
to insure proper encuageient of the rotatlig striking
vess with the stationary torque dog fastened to the speci-
men. This combined speed set and synchronizer 1s des-
cribed in the followilng paragraphs.

4 small auxlilery wheel made of aluminum and mounted
on bull beerings is driven by @ rubber belt from the fly=-
wheel shaft. The sw»eed ratio of thils wheel relative to

he sheft 1s 1 to 7. This means that when the flywheel
'rotates et 420 rpm, the synchro wneel will make one revo-

lution per second. A 110 volt neon glow lamp 1s arranged
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to shine on & Jortion of the rim of the smell wheel.

This 1lluminated section 1s observed throusn a peep

hole or simsle eye plece. ©Spots sre pulnted on tue whieel
rim exactly 20 apert. Thne spacing of these spots 1s such
that with 120 pulsations per second produced by the neon
lammo, they will "stand still" &t the correct 420 rpm fly-
wheel speed. Thus when an observer s=es the statlonary
spots he knows the flvwheel hes attained its vrover
initial velocity.

To make thils speed setting device & synchronizer
is a sinple mztter. Instead of psinting spots on the
entire rim of the smill wheel, merely use &poroximstely
seven elipnths of the rim surface for the spots. Thls causes
the spots to &appecr stationary for 7/8 of & second &and black
out for one ei;hth second. Thus a pulsetion 1is produced
every 3second us the overator observes the wheel rim. To
synchronize the »e:s on the flywheel with the twistingz dog
it 1s only necessvry to set them clear of the dog &and
then "tie in" the blank s»ot on the synchro wheel rim with
thls position. Under this condition, the pess will always
be clear of the dos when the dzark pulssation occurs on the
synchro wheel. ZIngazement cen tsake plece at any time so

lonz &g 1t is instituted in rhythnm with the pulsatibns.



Since the flywheel nckes seven revolutions to one of the
gyncnro wheel, the pess will elways clear the do-, thus

vermltting prover enca-exzent.

3., Tzchoneter

Measuriny cccurately the speed of the flywheel
before and after fracturing a specimen is importaent.
Since 1t 1is desired to obtaln cbsorbed energy vilues,
the exact flywheel sveed must be known &t &1l tlumes
durinz & test. Furthermore, since the initial energzy
level of this mechine is low (20 ft. 1lbs.) it would be
inadvisable to measurc the speed with any kind of mechan-
lcal tachometer because of the lost energy involved in
ériving it. The devlice chosen &s a tachometer for this
instrument w&s & photo electric cell used in comoinztion
withh a 3rush D7 amplifier and magnetic pen oscillograph.
A photo cell is arrsnzed so as to face the flywheel rim
uvon which are psinted eight wnite spots. These spots
are 1lluminated by a 32 ccndlepower lizht opersted by =
svoragze battery. The photo cell 1s connected in serles
with a 10 mez. ohm resistor to a 90 volt DC power suvplye..
Tapped across the resistor are two wires that lead to the
DC amplifier which is a complete unit manufactured by the

Brush Developgment Co. It 1s capsble of zuplifying very



small DS phenomena enouzn to run a nmasnetic pen oscillo-
sravhe The oscillozrasn has & low inertia pven that
traces & varlsble on a uoving siriv of paper. Thus,

a record of the photo cell pulsations is obtuined on the
nmovina tane from whilcn the exact flywneel suveed cau bé
found. The determination of wneel speeds 1s &ccomplisned
¢s follows:

With eizht whilte svots on the wheel rim, a speed
of 420 rpm willl gsive 56 pulsations per second throuzh the
vhoto cell. These oulsations are recorded on the oscillo-
grapn 55 & sharp crested wave form. The wave lenwta 1is
a function of tne pulsctions and tiic chart speed. The re-
cordinsg tepe or chart moves 125 mm per second; so for the
initisl wheel speed of 420 rpm the wave lensth will be

= ;;5 = 2.23 mm. It is evident that eny flywheel speed
56
can be found by measurlinz the wave leungth produced by that

speed and then solving for the ropm.

Exenple: let A = 3 mine
o.o 3 - 12 2
6 x R.P.3.

R'PlSO - 122
3 x 3

or rpm = 312

1]
un
.
[\V)

Getting the exact speed 1s incidental to the finel result

desired which 15 sctuzlly the enersy chanze czused by



)

breaking a specimen. Since this energy cuaance is & function
of the chanre in s»veed, 1t 1s & simvle nctter to crraenve u
curve giving thie desired energy chanze for any filnal

fly wheel speed.

wiere A E = energy chance or &bsorption
I = flywheel moment of inertia
wy = initiszl flywheel speed 44 rad/sec.
wo = finel flywheel speed after soecimen breuks.

The ¢pparatus 2s deslicned glves the followinz analysis:

Let A = wave length on tape
Q2 = tape speed; 125 mm/sec. = 4.92 in/sec.
I = frequency of pulsutions produced by photo cell
kK = 8 = svots on wneel rim or pulsations per revolution
n = final wheel speed r.p.s.

Then wo = n2T

and )\:_1 or f =4
£ A
and n=7*
I3
oo Wo = Q27
Ak

Substltuting the muchine constants as gilven zoove:
Wwo = 4.92 x 2 = 3.87
3
where o is in radlans and

% 1s meesured in inches.



Using equation (1)

AE = i I (44 - 3.8 2)
E - Kl - K2 Vlhere _I_ = 0009
= 2
2
X Ky =% I 44% -17.48
Ky =& 1 3,872 = 0.135

Therefore A= = 17.43 - 0.135
X2

This enables one to plot & curve of AZ azuinst A wiere A
caen be quickly measured on the oscillosraph tape. This
curve 1s shown in Fig. 6. Here it 1s convenient to
nlot vulues of 10)\since these cun be necsured lore &c-
curately than A itself. ibsorbed energy can be found
from this curve for any finsl flywheel speed &s shown
on the oscillosraph tepe. eésuring the energy ebsorp-
tion in this munner 1s extremely accurate beczuse there
is no mechanicul connection between the photo cell tacho-
meter and the mBnergy mass. This method &lso glves a
permanent record wrnilch cun be studied at a later tlie
if desired. It is also possible with this method to obD-
serve the ienner in which the flywheel chunges speed, &nd

thus it sives a mecas of studying tne transient behavior

of the wneel as energy 1is zilven up to the spgecimen.
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4, Torque Heasurinz Device

The system for meesurin:g thie torgue develoyged
in twistiny the zero saze lengtin sseclimen 1s contailned
chiefly 1in the specimen nholder. The statlonery specimen
holder 1s mounted on the tall wniece of the mnachine in such
a way &8 to cause the torque load to be recsisted by
two small pillers. These plllers, symmetrieclly located
with respect to the center of rotetion, are rectanzulur
in cross section and of egual size. Detalls of this
mountingy can be s-en in Fiz. 4.

These plillurs zre each one incn lonje. They nhave
thelr longitudinal ceater lines perallel to eacn otner
and exactly two inches «pirt. The torgue will be truns-
formed into siuple compressive forces wlcn;y the lengsths
of these pillers. 3Stress will ve divided egqually between
them @nd the locd in pounds on esch will be equal to one
half the torgue. This 1s truc vecause tlie lever arn for
each plller 1s exactly one inch loniz.

To errive at a value for the torque developed
py a cpoecimen it 1is necessary to know the compressive
force existingz in one of the pillars. This force multi-
plied by one inch zives one h«lf of the totsl torque.

To obtaln the coupressive loeds exlisting in thie pilllars,

the unit stress 1s first found by the use of OR4 resistance



strain gases. HMultiplying the unit strain by Youn;'s
modulus for steel cives the unit stress and the unit
stress multlipclled by the pilller section ares sives the
required force snd finzlly the torgue.

Calculection 1is @s follows:

Torgue = T = 2 x P x 1"

P - 34 S5 = unit stress pei
S = z5 » = cross sectlon erea = .1718"2
2z 29 x 106

$ = unit stroin

Se T =23 48
Torque 135 thus shiown to be directly »proportioncl to velues
of the unit of strain

llow & 1s founa by direct recding on a Brush
mzznetic pen oscillogreph. Sisgnels from the 3R4 z2ges
cemented to the pillars zre fed into a Brusn 3truin
tnelyser and thnence to the oscilllogreph. Calibration of
tals cscillogravh 1s ziven in microlnches of unit ctrain.
It i1s therefore feasible to recd values of torgue directly
from tiie peaver churt.

If we let & =1 microinch, then
T =2x 29 x 10% x 10 % x .1713 = 10 "}

Therefore 1 microinch of strain will be equal to 10"4# of
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torque. IMultiplying the microinch reading from the
chart by 10 slves the torque exerted in frscturing the
specliuien.

dot only 1s it cossible to obtein torsion values
but it is also true that the trancsient build up of tle
torque ccn be shown directly on the oscillograph chart.
This allows a qualitative evalustion ss well as quantitative.
This record 1s msde simulteneously with the Bnergy absorption,
so that qulck end accurate couwparison csn be ssen at &
slance, since both records are sicde by side on the oscillo-
Zraph tave.

The hook=-up for the strain geges is of interest.
4 brief study of the torque pillars sliows that they mizat
Le subject to a sliznt ovendin s under the compressive lowds.
The 1/X ration for the pillars is 9.3 so bendinz snould
not be troublesome, but it wus thouzsht best to arrange
the strein geszes in & way wihlch would tend to avereze out
the possible varlations caused by vending. Two gates were
cemented to eech piller. These gares are ouposite ecch
other on the widest sides. 3Botn geges on one pillar are
connected in s=ries uand the two vairs zre then connected
in psrellel. 3ee Fig. 2. Thils forms a counposite systen
wiilch actually becomes one active g=ie in the bridze of thne

Brush analyser. Pach strain gace hos a resistence of 350 ohms
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Compensatlion for bending in the pillars 1s thus obtalned,
and a true torque value 1s given because of thls aver-
asinzy arren-ement.

Preprretion of the Specimen

Because the speclizen 1s smull end of the shape
it 1is, no difficulty 1s exwverienced in 1its pregaration.
It wes decided to meke the specimen of such 8 size so
thet tne flywnheel enerzy requlired to vrecd 1t would be
rather low. This in turn makes 1t possible to use &
compiratively 1lisht flywheel which revolves &t a medium
speed. Under tnese conditlons tne test 1s very sensitive

to snull energy chances and hence 1ls useful for showing

d

effects of heat treutnents and releted factorgs. Further-

A

more, it was thought best to keep the specimen smell in
order that the torque loads at rupture would be lisht.
This msokes it possible to use a lizhtwelsht torque
measuring device whilch 1s thus more sensitive to torque
variations.,

Zlochining of the specimens 15 best do.ae by using
one half inch round for stock. This is grooved first
wlth a square nosed tool one sixteenth inch wide to &
depth of 0.057". LNext a sharp tool also one gixteenth
inch wide but with an 80° point is moved in until the

correct root diameter of .3125" is obteined. Uniformity



of notch prccduction cen be assured by the use cof tals
form tool procedure. Severzl specimens cun be nctched
on one long bar ¢nd tuen the ber cun be placed 1n & shaver
or miller to produce the flats by «llowln; the cutter
to move .O57" into the metal from the one half inch out-
side perichery. after the flats ure machined tihie indi-
viduel sjsecimens can be cut from the long bar. Heat
treatment should be done in szlt baths or an ztmoswvhere
controlled furnesce. No machlining after hest trectinent
is necessery except for an occaesion:l toucn up with a file
on thhe outside to provide prover fit for the muchine
holder zud striking dox.

3ince thie test 1s noitch s=nsitive 1t is 1mportant
to reproduce notches of exact snape end size from specimen
to specimen. It 1is recommended tihet cuerooloy tools be
used for mucihiningz &nd that frequent noteh profile chiecks

be made witn an opnticul contour compsrator.

Callbrotion of the Instrurnent

Calibration of the machiae ss far os torque
meesurement 1s concerned was accomplished by use of a
simole lever arm whilch wes clemped to & round bar simil:r
to a specimen, which in turn was sripped in the torque
neasurinz holder. The lever was'twenty inches long and

welshts were hunsg on 1t to produce torque values. 4sfter
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proygerly balancins the Brush strain analyser the following

results were noted wnen the antennctor switch wos set on

10 which glives a velue of 10 microiaches unit struln per

line on the moving oscillogrevh tope:

Lozd Lever irn Torgue Pen Deflection
5 1bs. 20" 100 in. 1lbs. 1 line

0 " 20" 2C0 " " 2 "

20 " 20" 4Loo " " 4 "

30 " 20" 6oo v & "

‘Yhen 1t is reculled that previous calculation (pese 32)
showed & torgue vzlue of 10"# ver one microinch of unit
strein, 1t 1s evident that this w.rees exactly with the
czlibretion test.

Proper culilbretion of the tachiometer 1is assured
by the correct lavout of the whiite spots on the flywneel
rim. A check oi this showed exact results. At the correct
flywheel speed of 420 rpm the tuchometer weve lenzth by
neasurement of 10 A was precisely .0375". Dividing tne
chart speed by the nuumber of pulsetions per second glves

A, or 4.92 in/sec = .0875".

5o



Recults

The results of the torsion impact test herein
developed can bect be seen by referring to the samgles
of oscillosravh tepe shown on paze 39 o FPlctured here
are permanent and simultenecus reccrds of the torgue
produced and the eanergy aosorbed in fracturing vee-
notched specimens of two kiuds of matericl.,

an effort wuas nede to check the orirsinal calcu-
letions for enerry loss and torque loud for 3a.%1020 cold
rolled steel. This dild not prove too successful, probebly
because of the wide varlations possible in such matericzl.
Lfctuslly the machine was unsable to brezit the CR3 specimen
on the first triazl. The flywheel stopped, and zbout %50
of twist wes 1laparted to the specimen. On the second
trial, of the suume sample, it did frzcture. In both cases
iowever, torque values were clearly indicated. On the
second tricl, the flywneel speed chanige wes evident in
the wave length increase.

another tricl run is shown on the oscillosrserh

t

jas)

ve &t the bottom of puze 39. This shows the behavior
of another kind of muterizl. It would apvear from these
records that the methods of measurement designed into the

méchine cre setisfactory but that the capacity of the

flywheel 1s somewhat 1insdequiéte for some ferrous materials,
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Thls can euslly De remedled by the use of & larser
flywheel. The incchine &as it stends 1s useful for non-
ferrous matericls and 1s sensitlve to suell enersy
chanzes &8 was Jdesired.

The svecimens behave lorgely ¢s intended. Results
are shown in Fig. 10. They fracture on the sheer pleone
at the root diameter of the vee notch. There 1is =
frecture voint in the center of the circular plane wiich
Indicetes thet little or no dendins 1s present at the
instznt of 1mpsct. OSome cracxing wos experlenced in
the heat treatment of severcl 5438 1090 specimens. More

worx will have to be done on the proper prepurstion of

such samples.,

Onzruetingz Procedure

If the following operatin;z sequence is observed
the Torsion Impzct Machine will perform satisfactorily.

Tlectricel Connectlions

1. Nleon glow lamp for the <troboscou
synchronizer =-- 110 V. sC

2. Ixciter lenmp for the vhoto cell tachometer
6 V =-- storaze bettery

3. Photo cell - S0 V. 2 "B" patteries



6.
To

Driving ilotor =-- 110 V. /C
Connected throuch a Veriac truensforner
Brush Strain iAnclyser end Brush DI amplifier,
11C V. aC
Strain zose leads = to Brush Strelin wsnalyser
Photo cell lezds to

Brush DJC smulifier througsh phone Jock

3rush Recordinz Tguloment

1.

When proper connections &re made turn on
both anelyser zud amplifier zund allow to
warn uo for @bout one half hour.

Balunce both instruments according to
instruction furniched.

Tith photo cell and exciter lamp on, adjust
tecnometer pen until an cmplitude of evnprox-
Imately one half inch 1s obtained. Set
antennator switch on .1 &nd secure proper
ampgllitude with soin control renocstaet. The
flywheel must be revolving to do this. Use
slowest chéert speed for thiis ad justment.

Set osclllograph chart speed on hichest value.

Pull clutch shaft wey oute.
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Testinz Technigue

l. Clamwp & speclmen in the striking doz, and
then insert this uassembly into the holder
on the t&ll viece. I<ove tullpliece to 1its
extrene forward poslition and cleaup Tirmly.

2. Bring flywheel u» to testing speed by msuns
of the Variac. Observe illuminated rim of
stroboscope wneel and note thet at correct
speed the spots will avpear to stand still.

3. Observe tne pulsaticns produced by the blank
spot on the strovboscope wneel. Begzin to
count &loud znd on tle count of five press
the oscillograpoh starting switche. 4t six
enga e the striking 2ins by shargly uoving
the flywheel to the rizht. This must be a
quick decisive motion. On the count of
seven release the oscilloxruph switch.

4, Txamine tlie record and muéxe necessary calcu-

letions by referrinsz to the curve of Fiz. 3.

Conclu~ion
4 new kind of torcional impect test hes been devised
which employs a simoly m-de vee notch specimen wlth & theo-

reticelly zero zuse lenzth. A machine has been designed

-
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and constructed to test tuils soeclmen. It neosures

>

5 requlred in fruc-

o)

ener sy aosorption wnd torgue loc
turing tue test plece end records these veluec for study
¢nd future reference. Successiul use nas

. v - e ey oS P s S 3 .-
ur't.;in cnolyelnT aad DC u.;.«)lll. 1ns equwloment
NS S J 2 <

A synchrenizing device and & plhioto electric
tachometer héve been successfully desizned s intesrsl
nverts of the systen, ellowlns enersy meosuren=zats withiout
mecrcnlicszl connectlon to the flywiieel. Thne mschine has
been desl.med withh 2 certzin flexipility in th-t & lurger
copaclty mey easily be obtalned by substlitutliis =2 bl er
flywheel for the exizsting one.

Further anclysls of test results cun oe mude
and informetion from edditioaul svecliens cien pe found
in subseguent tests sluce tihie michine 1ls now avallable

for suchh work.
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