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Illany mechanical devices have memvers subizcted to

<

torsional stresses; often the designer is forceld to 1mrose

1

discontinulties in tne stressed section such as shoulders,

~

grooves, keywajyc, splines and others, The ractor of imract
is also usually present,

The purrose of thils investiration is to rresent the
features of experiments with notched srecimens for several
materials in torsion<impract; the DeKoniny Torsion-Impact
Machine wvas emrloved to study certain asrects of notch
sensitivity in these materials, Some rroblesms encountered
and discussed are the mass productiosn of accurate test
srecimens, the varlation of energy of rurture in torsion-
impact with Adiameter of test .section, and the variation
of rurture enerry with nntch angle in some tyrical ductile
and brittle materials,

~The DeKoning lMachine was recently offored as a new
instrwient in the field of materials testing, The scope
of this Investifation was designed to facilitate srecimen
production and testing technique, standardize the test
notch, and indicate the general variation of data that
may be expected from this machine in its present state
of development. Also, data is presented concerning the

behavior of several materials in notched torsion-imract.



II. DESCRIPTIVE mATl=ziIAL

A, Historical Sketch

The general fileld of impact testing has been recognized
as extremely helpful in the selection of the proper materlal
for a given shock loaded member, Shock or impact loading
causes a severe increase in stress in a member calculated
to resist a nominal static. load, often times causing
failure, Impact overloads may result from such simple
situatlions as back-lash in a gfear, starting and stopping
machinery, or even the sudden arrlication of a load to a
member without brecaking contact,

It follows that there is a declided need for information
on a material's ability to resist such loading, enabling
the designer to cope with the problems of higher operaﬁing
speeds, reduced masses, and lower factors of safety., It
was with this thought in mind that the American Society
for Testing Materials met and published a symposium on
impact testingﬁ.22 Sam Tour opened the discussion by
" labeling impact testing as an "art" and "science" and
making a rlea for utility and the use of non-standard
Impact tests,

A few years prior to this meeting, two unique and
non=-standard impact testine machines were developed to

L]

rupture a srecimen in torsion, rather than the orlinary
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tension or bending type impact. Luerssen and Greene
designed and built a torsion-impact machine and tested

10 The

specimens of plain carbon, and high alloy steels.
final standard specimen was one-fourth inch in diameter
with an effective length of one inch, allowing a compromise
between energy absorption in rupture and fairly good heat-
treatablility. The data of thelr tests showed some sub-
stantial peaks in rupture energy indicating that optimum
tempering conditions do exist for that rarticular material,
Further, these peaks were not demonstrated in the usuval
standard Charpy and Izod type Impact tests, thus assuringe
the position of the torsion-impact test.

In 1033, liititos! Ithihara published the rirst of a
series of articles on the results of torsion-impact tests
conceived at the Tohoku Imperial University, Senday,
Japan.18 The test section was 8 rm, in diameter and 10 mnm,
long; torque measurements were read from a spring deflec-
tion, and twist ahgles recorded by optical means, The
investiration included tests run with a variable shear
rate and in general indicated that maximum torque Increascd
with increasing velocity of impact. Impact values offered
by Ithihara indicated substantial increases over static
values; a 25 percent increase in torque and a 10 percent

to 20 percent increase in angle of twist was rerorted,



B. The DeXonings Torsion-Impact l.achine

In 1950, Paul J. DeKoning designed and built a
torsion-impact machine embodying several new themes.3
The standard test speclmen had a severe notch and an
extremely small gage length, where failure occurs., This
allowed another variable, notch sensitivity, to be intro-
duced into the test with its subsequent mechanical and
metallurgical features, DMNost shafting, and otaner members
sub jected to torsion, have threals, notches, shoulders, and
various disconﬁinuities that rrecsent the yroblem of selecting
a material with proper strength levels, along with a low
notch sensitivity or resistance to stress risers caused by
abrupt changes in section,

The DeKoning machine, as pictured in Iigure 1, in-
volves a rotating flywheel to produce and measure the
energy of rupturs, and electrical strain gagrcs, with their
related equipment, to measure the resisting torque of rup-
ture exerted in the specimen support. A detailed descrip-
tion of the machine in itS‘present stare of develorment 1is
as follows: the stationary specimen hoider, mounted
rigidly in the tafl-stock of the machine, resists the
exerted toraue of rupture throucrh two small pillars, equi-
distant from the central or twisting axis pf t~e test rilece.
Hounted on these rillars are four Sﬁ-h rcsistance tvre
strain prares, arranfed with two In serios in rarallel with
two in series, and a "dwmiy" or compensating rare on the

other ler of a wheatstone circuit to balance out tempcrature
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differentials, The net result of the four active gageé

is to pglve average readings of axial strain on the pillars,
without error introduced by bending., The signal from the
strain rages 1s fed throuch a Brush Straln Analyser, and
thence to a Brush llarnetic Pen Oscillograrh, recording a
"pip" on the oscillograrh tape that may be calibrated
directly into inch-rounds of toraue,

The flywheel contributes the necessary energy to pro-
duce rupture. It is bfought up to the rominal testing
sreed, L,20 rpm, by a small, 110 volt, A.C. driving motor,
connected through a Variac transformer for sreed control.
The initial energy level is detefmined arproximately with
a stroboscopic synchronizing device, consisting of a wheel
driven by a rubber belt from the shaft of the flywheel and
a neon glow lamp, shining on the wheel rim on the operator's
side,. Stripes painted on the wheel rim are calibrated to
"stand sti1ll" when the proper initial test speed 1s reached.
The very accurate speed defermination, needed for energy
results; is made by means of a unique rhotocell tachometer,
Painted on the flyvheel rims are white lines on a black
background, suitably sraced, that reflect puvlses of energy
from an exciter lamr %o the rhotocell. The rulses are
then fed through a Brush D.C. Amplifier and thence to the
oscillograph tape, causing the deflection of a second os=-
cillograph pren, These deflections may be calibrated in
terms of the energy state of the flywheel and will be dis-

cussed in detail later., The advantage of such an arrange-



ment 1is that there 1s no mechanical connectlion to the
flywheel for an energy measurement and thus no energy loss
through friction, The flywheel shaft is mounted in bear-
Ings such that the resulting friction energy loss 1is
negligible over a short time interval,

The entire oreratings arparatus is Qired throurh a
central control panel to facilitate testing., The circult
includes a timing switch for proref flwrheel enrarcment,

a switch to energize the photocell tachometer, and a
switch to start and stop tlie oscillorrarh tare for the
duration of a test run. Thus, the testing operation is
greatly simplified and reouires only the clamping of a
specimeh in a dog and in the tallstock suypjport, moving the
tailstock Into position, checking the flywheel speed with
the stroboscope, and energizing the system with a master
starting switch, he completed operation takes less than
a minute allowing many tests to be run in a relatively
short time,

The energy state of the flywheel, rim, and shaft at
any speed, 1s a function of the mass moment of inertila

of the system and the square of the angular velocity,

That is, Tz 1w
where I = kinetic encrgy,
I = mass moment of inertia,
and w = flywheel speed. |

If the spacing of white impulse strips on the flywheel

rim and the diameter of tae flyvheel are known, the angular
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velocity may be expressed ih terms of a linear, perirheral,
velocity., Further, since these imrulses are transmitted
through the photocell to the oscillograrh ren and tare, if
the tapre speed is knovrn, a direct exrression results relating
the kinetic enerpgy in terms of the vave length of tare ren
oscillation; FFor a tare speed of 125 mm. per second, the
energy equation is

E = 13,5 1in foot-pounds
m2
where 13,5 = machine and circuit constants,

and m = wave length of ten oscillations
in inches.3

The plot of this expression, as shown in ¥Figure 2 ,
provides a convenient and accurate method of determining
the flywheel energy of a given tape measurement of ten
wave=lengths., The plot used for energy data for the fol-
lowing tests was made on 2 x 36 inch grarh rarer, insuring
?éod accuracy to a huncdredth of a foot-pound., The initial
enerpy state usually varied only witanin a small ranrce, but
since the curve Is rather critical there, it was deemed
more accurate to calculate the correspondins encrgy.

Figure 3 shows tvo sampie oscillofraph tares taken as
typical for the tests run, Figure 3a is a tsst run of a
leaded, free-machining brass with a square notch and ,005
inch corner radii, This type of notch imposes a definite
.0625 ‘inch test length and represents the practical upper
limit of energy absorption for the machine. Ten wave=lengths

before rupture measured 0,87 inches, with an energy of 17,80
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foot=-pounds; ten wave-lengths after rupture measured 2,06
inches, with an enerecy of 3,19 foot-pounids, The rcsultant
energy of rupture then, is 1l}.€1 foot-pounds. The toracue
rip is arrroximately 5.7 divisions hirh or rerresenting
285 inch-pounds of torque. The tape length during rurture
is 0.08 inches long corresponding to an clarsed time of
0.39 secohds.

Figure 3b is a typical test run of a full radius
notch specimen of 2AS-Th aluminum., The energy of rupture
was 6.&2 foot-pounds with a torque of 230 inch=-pounis.

The elapsed time during rupture was 0,20 seconds, The
full radius notch was later adopted as a control for the
series of experiments since it seered best sulted from
the standroint of machineability and tool wear, Uver the
range of notchés investirated, the full radins notch also

pave the most consistent data for the materisls tested,

C. The Torsion=Inpact Specimen

"Firore ja is a view of vhole and fracturo: specimens,
adopted as standard for this torsion-impact test. ('igfure
ib shows a detailed drawing of the specimen, The gross
dimensions are .500 inch diameter and ,8125 inches long
with a milled clamping flat ,059 inches deep. The notch
is turned in the center of the length to a nominal root
diameter of ,3125 inches, and a constart widtﬁ of .0625

inches,



Torsion-Impact Specimens
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STANDARD TEST SPECIMEN
DEKONING TORSION-IMPACT MACHINE

03! RAD. .500 DIA.

44/ FLAT

J/85 ROOT
DIA,

. 813

031 X 45° CcHAM.
80TH ENDS

DOUBLE SIZE VIEW OF FULL RADIUS
NOTGH, ADOPTED AS CONTROL

ACTUAL SIZE

Fig. Lb
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To intellircently run a series of tests of this nature,
a few hundred specimens are needed, To maintain high stan-
dards of dimensional accuracy, a machine-tool setup is
needed with an adequate method of checking these dimensions,
Pigure 5 shows the small Hardinge production lathe sclected
for the job., The specimens were turned from 1/2 inch 0.D.
bar stock, with a collet type chuck for good concentricity
between 0.,D, and root diameter, Tool blocks were desiened
and bullt specifically for this problem and werc keyed and
bolted rigidly to the movable cross-slide of the lathe.

The machine cycle is as foliows:

1, Set deprth of rrooving tool, mounted on rear tool
block, Witﬁ ald of lonpg-travel dial indicator an adjustabdble
stop

2. Open collet and brins stock out to acdjustable
length-stop and lock collet

3. Back in prooving tool to depth set on stop

i+ FKun in cut-off tool, chamfer with a file, and cut
off,

After the stops were set rroperly, the entire cycle
took only a few seconds. A vertical millirg maching was
employed to machine the clamping flat and the specimen was
ready to test, |

Accurete dimensional control of the cuttinp tools,
notches, and finished root dlaneters is a necessity if =
quantitative test is to be run. An cptical comrarator or

"shadow-graph" was used for checkinp thie rrofile of the



Production Machine-~Tool Setup

Figs. 5
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cutting tools and nctches, With the ald of an cver-sized
micrometer screw, a table travel was made for checking root
diameters easily to a ten-thousandth of an inch. The com-
rerator was calibrated accurately to give a magnificatioh
of 50 to 1 of objects placed in front of the lenses., Thus,
with the use of drawings of a given notch on transparent
paper, a close check was ruwn on the cutting tools and
notches. Consistent with the tcols availabls, a blanket

tolerance of .00l inch was imposed on thie test sreclimen,

III. EXPIRINIGTAL LATERIAL

A, Variation of Imerry of Ruptvre ith

Diameter of Test Section

VW7ith the problems of mass production of accurate test
specimens anc¢ the proper calibration of the torsion-impact
machirne and resulting data satisfactorily overcome, thought
was then turned to a test problem., At that time, it was of
interest to determine wvhat machiring tolerance should be
imposed on the srecimen, and how this tolerance would affect
the resultinr measurements of energy and torque of rupture,
The initial tests wore run partly to answer this cuestion and
partly to systematize the total orerat’or, including the
test run, \

The Cirst material investipated was a leaded, free

machining btrass chosen for its excellent machireadbllity,
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high ductility and moderate strength level whicn seemed
to indicate a fair amount of energy absorrtion in ruptur-
infFg. The thysical properties of this material were taken
as follows:

chemical composition - copper, 61.5 rercent;

zinc, 35.5 percent; lead, 3.0 rercent;

mechanical rrorerties = tensile strength,

58,0CC psi, percent elconpation, 25 percent;
elastic modulus, 1 x 100 psi; hardness,

Rockwell "B" 78,

The recormended top ralke of cutting tonls for machining
this type of brass is zero or negative rake, vhich simpli-
fied grinding the compound angle cuttine tools,

Aprroximately thirty specimens werc machined at random
with respect to root diameter, both over and uncer the nom-
inal root diameter of ,3125 inches, dAn eighty degree tool=-
bit was used with a width of .0625 inches and a nose radius
of ,005 inches, The root diameters rsanged from .30&? to
.3181 inches and the resultsnt energy and torque measurements
are shown in Figure 6,

Although the scattering of data was rather large, a
definite trend was indicated, As the root diameter increased
over a small range, the corresronding energy and toraue in-
creased, but arrarently not in a strairht-line manner. The
scattering of values was lessened in later exreriments by
stiffening ‘the cutting tool to reduce chatter and improving

the actual test conditions. The imrosed tolerance of %,C0L
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inch on the root diameter arpeared to have a negligible
effect on energy and torque, based on the results of the
test run,

The results of the test shovn in Firure 6 rosed the
question of hdw the encrgy of rurture in torsion-impact
would vary with the root diameter of thec test section.
The effect of impact on such a determiration is one vhich
cannot be easily rredicted, thus rectricting the logic to
a static condition, A ductile material, such as leaced

brass, would exhiblt a torque-twist curve that could be

idealized as follovis:

AVERAGE TORQUE,T

TORQUE

wa

ANGLE OF TWIST , ©

an exact expression for the energy of rurture would be
the area enclosed under the torque-twist curve, but could
be aprproximated by

enercy, E = Teg. ceereeseesa(l)
Assuming an elemental area in the sectional view of the
notch root, and a stress distritution across the radius as
shown below, an equation may be written for tl.e averare

torgue on the section of diameter "a".
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L-——ss—-‘
- |
\ ot
F STRESS
DISTRIBUTION
<
&
P B
- AVERAGE SHEARING
CROSS SECTION STRESS

IFor static torsion, the shearing force on the elemental
area 1s shearing stress times area, and the torque exer-

ted is the force times the "lever arm".

i.e., = ASg and T = I'r
where I = shearing force

A = area in shear
and Sg = shearling stress,
Thus, dT = (Sg dA) (r).
Since, ds = rde ,

dA = r dr de )
and e R

| T = Sg ré dr de ,
o 6

Performing the integration and substituting 4/2 for R
yields T=E—Si—£ [ ] 00000000000(2)
12

It now remains to obtain an expression for angle of
twist in terms of test diameter. f'or a rather ductile

material, failure should occur after a certain critical



angular deformation has taken rlace, as orrosed to a crit-
ical torque since the torque increases orly slightly after

the elastic 1limit of the material is reached,

R = a constant, k

©
1]

or

‘~—§

If s is the arc length to failure, thc product of R may be

a constant for a ductile material, The recults of the

20

6
2k
< (3)

following experiments were rather inconclusive on this point,

but indicate that such an equivalence may be possible, Fur-

ther instrumentation is needed to clarify the situation,
Substituting e~uations (3) and (2) in ccuation (1) and sim-

rlifying yields,

E=Cd2 0.....’....(h)'
where C =TrSg k
—

To substantiate the diameter-enerrcy variati&n, an
exprression was written
E=c¢cad",
Taking the logarithm of both sides of the equation,
log E = log C + n log d.
This expression corresponds to the genecral equation of a

straight line where n is the slope and log C is the energy
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intercept, A test run was then devised for two relatively
ductile materials using a full radius notch and a range of
root diameters from ,2CC to .320 inches as the Independent
variable, The first material investifated vas leaded brass,
previously described, and the second vas 175=-T!, alwainunm
with rhysical prrorerties as follors:

chemical comrosition - coprper, 1.0 percent;

manganese, 0.5 percent; marnesium, C.5 percent;

aluminun, remainder.,

mechanical properties = tensile strength,

55,000 psi; percent elongation, 106 percent;

elastic modnlus, 10,5 x 106 psi; harcness,

Rockwell "B" 68,

The results of this test run were as shown in Figure
7« The slore of the lop-loglplot was approximately two and
one=half for the brass and two and three-fourths for the
17S-Th alurminum, This constitutes a rather larre divergence
from the previously calculated slore of two and indicates
that cenerpgy-dlameter variations are not qulte as simrle as
reasnned,

There are sevcral contributing [actors., The equation
as derived was based on a two-dimensional system, where
actually a three-dimensional system is rore suitable sirnce
the stress at the extreme root of the notch differs from
the stress in a section immediately adjacent due to dis-
continuities imposed by the notch., Rurture probably begins

at the surface of the test section and proceeds raridly
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inward, Since the diameter of the root is a variable in

this experiment the surface speed, and hence, ruprture

6

steed is also varying, William Y. Hoppmann® presented

data for hard copper in tension-imract showing a sizeable
variation of rurture cnergy and elonration with imract
velocity, The results of this work tended to substantilate
the theoretical calculation of a "critical velocity" as
derived by Theodore vbn Karman23. At imract velccities
greater ana less than the critical, there was a pronounced
drop in energy ebsorption from impact. I the leogic based
on tension-impact 1is extrarolated to torsion, where a fifty
rercent change in surface speed is encountered throurh the
range of robt dlameters in&estigated, arrroximately twenty
rercent of varlation in rupture enerrv could be accounted
for. The elimination of this variable would be rossible if
an adjustéd initial test speed of the flywheel »ere used,
Another source of variation in data is the effect of chang=
ing fFeometric stress concentration imroscd by the range of
root “iameters. Stress concentration factors for static

and fatipue torsion are available.S’ 13 The stress concen-
tration factor may be defined as the ratio of actual stress
in a sectlion to the nominal stress as calculated by simrle
ﬁheory. If this variable is accepted as applying to impact-
torsion, a decrease in root diameter would be accompanied

by an increase in stress concentration, and hence, a decrease
in energy of rupture. Taken literally, the energies obtained

at the lower root diameters would be lower than nominal with



a resulting increase in slope of the lof-loc rlot. A
factor of Indetermirable magnitude is impact. I, Ithi-

18

hara rerorted dynamic toraues and twist anrles consid=-
erably hirher than static values, and in general, the
maximum torque increased as the veclocity of deformation
increascd for materials investigated in torsion-impact,

An attempt was made at this roint to evaluate the
shearing stress as it appears in equation (l). Assuming
a point on the lof=log rlot for brass, the angle of twist
was approximated from equation (1), The subsequent calcu-
lation of stress yielded a value of [;2,C0C psi. The
shearing strength of this material in static torsion is
about 30,000 psi showing a forty rercent increcase., If
the slope of the rlot was two, as calculated, the exreri-
mental value for stress In impact would more closely
arrroach the static value,

A more sensitive instrumentation of torque values
would rerhars shed some lirht on the variation of twist

with root diameter. The product 64 was assumed to be

2
constant, If the variation was exponential, i.e.,

6 (d/2)® = a constant, careful determinations of twist
and diameter should yleld a more exact exrression with
the use of a log-loz rlot ancd augmenting equation (l)

to f1t the results.,



N
A}

B. Variation of Energsy Of Rurture With

Notch Anrle 'or Two Ductile linaterials

If the torsion-imract machine s to be accerted as
a materials testing machine, some c¢ffort should be made to
standardize a nntch and determine thic fFenernl sensitivity
thiat ccul”? be exrected for a ranfe of notches., In the ini-
tial tests, it became evicent that size would impose
definite limitations on a notch variable, since the notch
is only .002% inches wide. Ior tiuis reascn, the notch angle
was chosen as an independent variable in the subsequent
tests, with notch width, nose radius, and root diameter re-
maining constant. The full radius notch was well established
as a control, due to 1ts rather high energy absorption
level In the materials investifFated and low effect of tool
wear,

A ranpe of notches from 6C° to 160° was investirated
for two ductile materials, as shown in Fifure 8. The tool
bits were rround and honed in 20° increments and carefully
checked on the comrarator for sizec and share. Of the two
materials, the brass has been previously described and the
prorerties of the 24S-TL aluminum were talien as follows:

chemical composition - copper, .5 rercent;
manganese, 0.6 percent; magnesium, 1.5 percent;
aluminum, remainder,

rhysical rroperties - tensile strengsth, 65,000 psi;
percent elongation, 10 percent; elastic modulus,

10.5 x 10% psi; hardness, Rockwell "B" 75,



31 su TR
—4-t + HER 3
A ——

11

RELER

T 1
— .ﬁ. t+ v e -
Il 1 e 1 I L B 5
i—4 ,ﬁ 4 + - 4 i "
s B SNESEE EHENE , +— RSN HRWE) FNERN
Ll - 5 Il L = G N 8 I | H 1] SEREE SN EEER ) i BN ED . ha. R
+ } . . - — —4— -~ 4 : -t — S5V b ~ R e + — + — =t
P G 4 + — -+ 0 G D D ¢ r 1 0 |
H |36 2 | I 51 21 R R Iy ! 1

1

.
+
+
| 9 |
B BEE a0
t+

S e
g |

e

_._.*_4_. - —t -

|
4+

‘T

t

R s

I

i

1 -

1

t

JYNLINY -JO-

"i;t

N

|
11
ot
T
b4
D v -4+-—-~—+
LITT
SR

ce—e— b

'
i
-
e T o T o B e I o T B B e DR N
- 4 : gt ! e = — S U SR THPES S B SRS A,
654 | — ! B A W (N + d— S W L T ¢
\ -4 - s | g
&\
4
[

{ N
v. . b
,.mv F «L’ —_
e e B N SRS ERba nune I3 :
..Isw 550 10 VI kQ /K QQ.N,TfJ .

7T SieI v M.EGSLQE .éff
ﬁnwﬁsm\mﬁm.aﬁ 0 wosivanos 1"

i
E
1‘
: ;ee‘#ésjdévaéa
£k

98 B
'
|
}

SRPERDEND NS (S SV r.r¥1 - : —t

T
2

4

. .

i

T

|

+

+
i

wANI MIA4 0L X Ol

Fig. 8



27

Eight specimens were prepared for each of the six points
in Figure 8, or L8 specimens per material, In addition

to the notches shovm, a square notch with ,CCS inch corner
radii was also investifrated for both brass and 2L S8=-Tl
aluminum and gave enerprics of rupture of 11,30 and 8.78 .
foot-pounds resrectivelry, This rcprrescnts a substantial
increase in cnercy absorrtion over the vec-notches tested,
but is lorical since there was a definite test lencth.,

11

Tne lensrth of material in btorsio aflects Hie £inal snecle

o

of twist and honce the arca under the torque-twist curve
or encrgy of ruy ture,

In gcneral, as the notch anyle increased, the cnergy
of rupture increased, althournh arparently not in linear
fasnion, The curve for the two ductile materials investi-
gated soomed to have a characteristic shepe with a minimum
eneryy level at a notch angle of apyroxi=atelv ~C°, The
curve for alyminum iIs shifted slipghtly to the left with
respect to the brass., To eliminats tool chatter in machining,
it was necezsary to grind a tor ralre of 12° on the tools
cuttine aluminum, Iffectively, this comyounded the notch
angle on the tonl-bit, and 1Increnred the actual notch ancle
in the specirmen by a [ew lerrecs, Thaus, the roints obtained
are nonminal and to Le truly azcurats should Te moved slipght-
ly to the risht,

3

The encrgy absorption level for the leaded brass was

shovn to be hisher than the 248-TL alumimum. Altnoush the



aluiinunm has a 12 yercent hi~her tensils strencth, the
brass is 15C rercent more ductile, as ‘ndizated by the
rercent elongation, The aluninum arpeared to be more
sensitive to a chanrc in noteh angle by virtue »f the
larFer rance of enersv valuas encountered, This notion

is fairly vell estanhliched metallur-ic

o]

11, thot 1g, hi-her
strensth materials are more notch-s2nslitive than lovwer
strength, more ductile materials,

The full ratius notch, uscd to ecstablist a contrcl
level, hatl energy values comparasle to the 16C° noteh &
bothh cases, It would be possibls to calculate stresse
eoncentration factors based on this control notch for the
ranre Investicated, An analory could then be macde to

v

static torsion energies of rupturs if a testing machiine

could be built with e<tremely low torque ronges, sav ![C
to 5C foot-pounds, with very a;curate determinations of
anrle of twist, Thus a spceciren of the same sire and
share as impract could be ruptursd slovly and enerries cal-
culated., The net eflfect wouldl be an evaluation of the
factor of impact in torsinn, and the rolétioﬁ of changinr

P

notch angles to a control notch,

C. Variation of Enersv of Rupturc wWita

lotch Angle i'or Two Irons

~

ve the

jao]

It was of interest at this point to investir

variation of energy absorption in torsion-imract of two
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brittle materials, Two samrles of iron were avaiiable
of elmost i1dentical chemical comprosition, but “Aifferent
rhysical characteristics by virtue of their grarhite
distributions, The first or "normal" iron ha< carbon and
silicon contents of 2.87 rercent and 2,20 rercent resrecc-
tively and had been innoculated in the ladle vith calcium-
silicon to assure prorer graphite cdistribution., Normal
graphite distribution in gray iron is a random, unoriented,
distribution of grarhite whorls in a matrix of rpearlite,
The second or "abnormal" iron had 2.89 percent carbon and
2.2 percent silicon, and showed a ratterned, dendritic,
graphite distribution with resulting planes of weakness,

Both samples of iron were cacst into round bars, 1.2
inches in diameter and 2C inches long, sultable for a
transverse bending test., The bars were mounted as sinrle
beams in a testing machine and center-loaded over an 18
inch spén to failure, Rurture occurred in the normal iron
under a load of 3C1l0 pounds and a maximum center defllecction
of 0,08 inches, The abnormai iron failsd under a load of
2250 rounds with a maximum center deflection of 0.185 inches.,
These results illustrate the generally inferior yvhysical
properties of the abnormal irons,

Bending stresses have a similarity to torsional stress-
es In that botan are proportional to the distance from a
neutral axis; thus the maximum stress occurs at the outer
fiber under both tvres of loads. A series of tests was

devised to demonstratz the difference in strength-3eflection
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characteristics of the two irons in torsion-imract and
investirate the variation of rupture energy with notch
angle. I'ive specimens were machined for each condition
and gave results as showvm in rfifFure O, Arain, as the
notch anple increased, the enerry of rurture also in-
creased in both irons, althourh not over such a largs
ranFe as was encountered in the mnore ductile materials
investirated, The normal iron mas surcrior in cnercy ab-

) 1

sorption for all the notches tested and tenied to pive

more uniform results, The erratic behavior of the abnormal
iron might be attributed to the random orientation of tue
rlanes of wcakress, induced by the graphite formatiocn,

with the twistin~ axls of torsion, Thus, failure could

occur in & random manner across the test section and give

varying results, not necessarily rerresentative. A check

)
I

of the test section after failure shoved an irrerulear

fracture for the abnormal iron. All the other materials

investirated, including the rormal iron, shoved =2 strairht,

rather clean, fracture across the base of the root diameter,

IV, DICCULSION AL CJICLUSICHS

The DeKoning torsion-irmpact machine respresents a
new unique Instrument in the field of materlials tcesting,
The initial quantitative investigations with this machine
as prresented in this study are cesigned primarily to ex-

pecite specimen production, testing, and standardizaticn,
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and indicate the path of further experimentastion 1In tor-
sion-impact,

The machine-tool setup that was desifned and built
stecifically for the mass production of test specimens,
has suécessfully turned out hundreds of accurate rieces,
The ortical comparator proved to be a valuahble device for
nairtaining proper cdimensional limits on cutting tools and
specimens, Both instruments are stored and available for
future work in torsion-impact.,

The testing technique is vitally important for con-
sistent quantitative results, A system for analyzing the
data obtained on an oscillograprh tare was devised and the
sultable energy curve drawn. General accuracy of one
hundrecth of a foot-pound of energy and five inch-rounds
of torque was maintained In the experiments run,

An ecuation was derived relating the variation of rur-
ture energy with diemeter of test section and investirated
for two rather ductile materials. The energy of rurture in
torsion-imract varied to the 2,5 rower of the dlamecter for
a tvrical leaded brass and to the 2.75 porer of the diamecter
for a 178=TL aluminum. The possible effects of variable
stress concentration and rupture speed along with the fec-
tors of 1impact and thrce dimensional stress were offered as
explanations for the lack of complete agreement between
calculated and experimental results, DNevertheless, the
order of magnitude was indicated, and rerhaps most imrortent,

the diameter of test section was shovn to vary exponentlally
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vith rurture ensrgr since the log=lor rlot as linear for
the two materials tested., ['urther morec delicate instru-
mentation is indicated for this study to ultimately vield

an expression relating the exact variation of encrey and

ot

o imract-torsion,

]

diameter calculations of members sub jected

A study of the notch sensitivity of four materials in

torsion=-iripact was devised and run with the following

results:

l. Inergy of rupture increascd with an increase in
notch angle for all materials investigated

2. A leaded brass showed a higher level of energy
absorption than a stronger, less ductile, aluminum

3. An iron with normal rraphitebdistribution cshowed
a nifher level of energy absorption than an abnormal iron
of the same composition

. A 2,S-Tl, aluminum shoved more notch sensitivity,
or srread of enerrv avsorption, than anv of the materials
tested

S. The tvo irons tected showed less notch Sonsitivity
than either of the tvo more ductile materials

. Generally, the abnormal iron ¢ave more erratic
results, attributed to a ratterned grajyhite distribution

7. All sypcecimens tested rupturcd at the base ol the
root with the exception of the abnormal iron which failed
randomly across the notch

8. A critical notch angle was indicated for the two

ductile materials investipated at approximately 9C°



9, The full radius notch was established as a con-
trol and is recormended as a standard notch for future
investigFations,

An intercsting future study with the 2elonines machine
would be a rlot of the variation of rurture encrey vith
temperins temperature of alloy steels. Luerssen and Greenell
detected an optimum tempering temperature for steel with a
definite test lengtn. Ferhars the additional factor of
notch sensitivity would yield valuvable information for
notched steels in torsion-impact. A higher encrgy of ruy-
ture 1s required and thus a more massive flywheel with the
resulting recalibration of the machine, Other problems of
heat-treatment and notch rroduction would also te encountered,

The DeKoning Machine with its related instruments and
sprecimen production machine and tonols are ava‘®lehle f'or fu-
ture research on a material's behavior in notched, torsion=-

imract,
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