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February 19, 1945

To: Dr. James B. Conant, Chairman
National Defense Research Committee of the
Office of Scientific Research a-d Development

From: War M,{etallurgy Division (Div. 1U), IDRC

Subject: Progress Report on "Behavior of i1.Ttals Under Dynamic
Conditions (11S-109): The Application of Pure Strain
Rate Tests to an Investigation of Two 76mm Gun Tubes".

The attached progress report submitted by D. S. Clark,
Technical Representative on VDRC Research Yroject LRC-82, has
been approved by representatives of the Jar J-etallurgy Committee in
charge of the work.

This report presents the results of an investigation of

the static and the dynamic tensile properties of specimens from two
76m gun tubes which had been ruptured previously by detonation of
a high explosive shell in the bore.

Acceptance as a satisfactory progress report under
Contract OL1sr-348 with the California institute of Technology is
recommended.

.espectfully submitted,

Clyie liams, Chief
,ar icetallurgy Division, NDRC

Enclosure
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TE APPLICATIO OF PURE STRAIN RATE TESTS

TO
AN" INrVLSTIGATION OF 7,7O 6 lAM GU TU-ES7

ABSTRACT

This report preserits the results of a study of two 76 j11 gun tubes

supplied by '.iatervliet Arsenal, And which had been rupotured by detonatiorn,
of a high explosive shell in the bore. One tube fragmented badly wile the

other exhibited a ductile fracture, Specimens taken from each tube consisted
of thin wall tubular cylinders which were tested both staticl!y and.
dynamically under uniaxial stress conditions. The dynamic test'S' ,eige "ide'i ........
at strain rates as high. as 190 in./in./sec. Rupture of some of the specimens
occured with very low maximum uniform strain. Static tensile tests and Izod
impact .tests failed to reveal any, difference in the two gun- tuhle. The tepto
on the uniaxial thin wall specimens show that the gun tube which failed in
a brittle manner-has a very low maximum uniform strain while the guntube: that
failed in a ductile manner has a much higher maximum uniform strain. These
results are discussed in relation to the influence of 6train rate on the-.
properties of each material and the effect of metallographic structure on the
results. The co.nclusions of this investigation cannot be applied: .to all g un
tubes until otier guns are investigated.

Introduction

The iatervliet Arsenal submitted 9 in. sections, taen ffom the

mid-section of two 76 1j.11 gun tubes. These guns were ruptured by detona.-

tion of a high explosive shell in the bore. One gun fragmented badly

with no visible evidence of ductility, .while the. other exhibited .a ductile

fracture. Static tensile tests an-6 Gharpy impact tests made at ',ter-

vliet Arsenal failed to show any marked difference between the materials

of the two gun tubes at ordinary temperature.

Under the conditions to which these tubes were subjcc.t.ed, pure

strain rate prevails,,. that is, strain propagation i-s negligible, III view

of the markedrdiffni'erd'e 'ih thC Li 'ormanoe of these t'o atril s under

REIt -T 1 ,
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the severe dynamic condition imposed upon them and the absence of a

difference in static properties, strain rate studies were initiated.

The principles underlying strain rate as distinct from impact have been
1)

presented in a previous report,

The pur-pose of this report is toprds*Ont the results of strain

rate tests made on specimens from the two gun tubes in the hope that

a differenge inrope'rtiezs might :be: revaled.

Te sting Equipmemnt . . ..-.

-~vertical impact test-ing-machine. and ,reaording facilities weIcre

used for- these strain rate t ests: a co et~escript-ion q.f thi.. equip-

mont-was given in a. previous. reportAs... 'In tbese teats -I:pure rate f

strain is attained.-by u~ing a 'tubular: specimen (Fig,- NIa), fil2d ih

mercury. whidh is subjecoted to an. nqrfoaing internal-:preue, Tirt

of pressure rise is controlled by the motion of a piston in a cylinder,

connected directly to the specimen. The desired speed of the pistoni.

attained by striking one end of thg -pistpn with a ha~uner, moving.. at. the

required velocity. . . - .,

The--Vertioal. impact machine ('gg 2) consists -of a -pa ir .of

vertical- rails which guide the hammer. The hammer is accelerated by,

rubber bands. Qr allowed, to fall freely, depending upon the veloqity-re-quired.,

The specimen arnd presp!spre .cylinder- a~ssembly. (49ig. 3). is mounted on -a

column. The lower end of thiis column rests- onthe-floor..and -the :upper

en~d is supported;be -wen the g uide ras.The straip ratPof t1p.etest-

is computed -fro.9 tbe y400loity pf thehAiqmr. Values.pbtainod~arQ 4Pccrate

1) The influenceof-..purp strai rateon.-the tensile. propertiesq o :tlhree
types of ship plate by ?.E. Duw.-ez, -H1, E. Liartens, D. A,. Llm~er, and
D. 3. Clark, Contract OEMsr-343, Re port X9, XIX

2) Reference 1. R1L3TRIGTO
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to writhin ±5percent.

Th l.ower end of the specimen is unsupported and provided with a

close, buat free-fitting plug, which makes the axial component of stress

in the spqcx.zaen zero and thus gives uniaxial loading conditions. This

plug .trsanszrmits the internal flid force to a resistance-sensitive strain

gage type dynamometer, The change( in resistance of the gage is recorded

with a c at hqde_-ray oscillograph. Considering the accuracy of re sponse

of tbe .electrical system and the variation in cross sectional area of

4-
the specimen, the stress values obtained are accurate to within - 10 percenit.

The values of maximum uniform circumferential strain are computed from

the measured diameter of the ruptured specimen with an accuracy of w7it hin

-4 6 ect

,-Aat ic uniaxial tests w.ere moad e on tubular s pec ime ns similar to

those used in the dynamic tests (FITI. 1-b). The pressure is applied by

means of oil in a piston and cylinder assembly in a universal testing

machine., ;tress values are obtained from the applied load anid the cross-

scctional area of, the specimen w~ith wresulting accuracy of w it hin *6

percent.. Circumferential strain is measur ed 'by mnoan s of a dial -age with

an accuracy of within +n 2 percent.

Static tensile testGs wiere _iade on specimens s howri in Fig. 1-c

,.ith a Iliehle 30000 lb universal testing machine.

lfaterials. Tested

The materials tested wuere from the tubes of tw.-o 76 it.guns

submitted by at ervliet Arsenal, ).ections in, long !ere tell f rom

appr'oximatelY the..mid-s~ection of thI-e tubes.

L -'-;T RI C T Lb
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In-ac cordan-0 -with. infonnat i .on *from J-evitAr senaj the-se,

gUns vierte r.uptureA-.1.y .'tji detonation .of a high txplogiVO shiell in the bore.

Gun 11o. 3$.1.w-fragmeted..,adly. #rth no visible evidence of ductility.,

Gun 11o. 2.129 exhibited *a definitely ductile fracture. , Data supplied by

'atervliet *Ar:8ena]. is given,.in. Tables 1, 11, and III,

Ufiiaxial straln rate .specimens were taken from.,the tube sections

with'the:axis. of the. specimen: p~rallel to the bore.. The. tensile specimens

were taken.-perpendicular.to the .bore,,. The.location of t he specimens is

shown in Fig, 4- .

Photomicrographs wiere taken of the structure of the steels in

sections. bro.h.parallel and. perpendicular.to the bore and at the inner

and outer.-surfaces of the ocss-s sect ion, 3ee-..Figs. %6:, 7, and 8.

Both steels-have a tempered. structure,- The, structure of gun No4. 351

contains' rather extensive:- r~egions of f ree -ferrite.,which do npt, appear as

pronounced in the' structure-..of-gun, No. ,21129, There_ appears. to be mo re

pro-eut~bctoid f errite in the structure near. th usd- . :ao .351 than

in the inside, The difference between the inner..4nd outer portion5 of

gu iO 4~ ~not. very -,ret...

Static Test Results

"tatic tensile tcsts and static tests u sin,, a tuLflb Ia r spec.imen

under internal fluid pressure-Kiere performed on specimens tuken from the

two gun tubes. .Tbp. test results are presen~ted in Table IV and curves of

tensile stress vs. strain and hoop stress, vs.. hoop., strain are given in

Fig. 9 and Figs. 10 and 11 respectively. A photograph of tubular specimens

before and after testing is shown in Fig, 12.
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The proportional limit! a. 'd ultimate, strength of tubular. specimens

from gun No,. 351 were within the:rangea 7f 90,000and i12,000 lb/in and

99,000 to 135,500 lb/in. respectively. The range of maximum uniform strain

varied from 0.4 to 1.7 percent. The proportional limit and ultimate strength

of tubular specimens from gun, .1o.: 29 werqwithin theranges of 106,000

to 128,000 lb/in. and 134,000 to'147,500 lb/in 2 respectively, The maximum

uniform strain varied from1.A2 to 4,3 !percent, Two of the tests on gun

No, 351 failed prematurely as. evidenced in Table IV, both by the low values of

stress and small uniform s.tra ,. .:.If results in which the. specimens failed

prematurely are disregarded, the ultimate .:strength and proportional limit

of both gun.tubes are about the .same re.spective values as reported by

datervliet Arsenal. It will be .noted.. by :comparing Figs. 10 anld 11 that

the maximum Uniform hoop Qtrain of.. the, tpwo materials. ia mar-kedly dif fer.lc-at,

The results of the static tensile te.sts made in the bresent

investigation sho.-jed no appreciable difference in elongation.of the two

gun tube materials, However, the ultimate strength of gun i'o, 2129 was

somewhat higher than that of gun No. 351,

Dynamic Test Results

The results of uniaxial strain: rate tests made on tubular speci-

mens from the two gun tubes are. presented, in Tables V and V1, All of

the specimens tested had an inside diameter of 0.250 in. and a gage length

cf 1.25 in. The velocity given in the fourth and fifth columns of tables

V and VI is the velocity of the actuating piston, The velocity given

in column four is computed from the height of fall of the drop harmrzer

R, 3TIRIOT..D
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That given in column five is measured, by a series of electrical contacts

passed over by a finger attached to the rubber band accelerated hammer,.

The rate of strain in, in./in./sec is domputed adcordih to the

following qquationt

in which . is the radius of the pipton.

, is, the in.side radius of the specimen

I. is he gage length of the specimen.

is- the veeloq.ity. of the pipton

This equation has be-on derived:I.i. the appendix.

The values of proportional limit and ultimate strengtharp

computed from the force-time diagrams recorded .by:the,,cathode-ray opcillograph.

Two typical diagriais. recorded at strain,,ra'tes. ,Qf.,42.2 ,aiid, 98.9 i n.ir5n./sec

are shovn in Figs. 13 and 14 respectively. The, maximum.,,fi:uid pres;sure is

computed from the value of maximum force recorded in the test., From this

the ultimate .strength is computed by means of the formula,;

• z

where p is the fluid pressure, e is the wall thickness and r is the

average radius of the tubular specimen. hen the recorded diagram presents

oscillations a smooth curve is traced through an average value and the

waximum force is determin-ed from this smooth curve. The ,proportional

,..limit is taken as the stress corresponding to the force at ihich the

diagram starts to curve to the right.- Only thu dia iams recorded

fo£? a rate of ,tr:X.' .;f 42 2 in./in./sec have the -,haje shown in, Fig 13.

1 cr: ligher *ra..t o, j i-,- a r - ! of. the, fp.rce-tiie diiagr> .-ire of t i.V t.ypo
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sh ow,.,n in Fig.. 14 and the prop o ftiil -i] limit is taken' as equal to the ultimate

strength. in cases where the niaximum hoop strain is less- than about 1.5.

percent a value of ultimate strength cannot be determined because fracture

takes place prematurely."

The diameter of the specimen was measured after th6 test. This

measurement was made on that portion of the specimen which remained nearly

cylindrical in shape and not in the region'of the'-rupture, In general,

that part of the specimen wihich remains nearly cylindrical after the rupture

occupies more than half of the gage length. A photograph of the specimens

before and after testing-is shown in Fig. 15.' The photo~jraphs of the fracturcd

specimens give the appearance that the diameter is less at the point of

rupture. This is due to reflections and is not the condition that exists.

The ultimate strength and proportional limit ar plotted against

rate of strain for. each gun tube in Figs. 16, 17, and 1 using different

symibols t.o correspond to the location of the specimens in the gun tubes

r,eferred to in Fig. 4.

All of the specimens taken from the inside of gun Nio. 351

(2 in Fig. 4) exhibited very low strain and no values of ultimate strength

could be determined. In spite of the fact that 7 of the 17 specimens

ta-en from the outside of the tube (A and B in Fig. 4) showed premature

failure, the 10 good records give enough data to showr the trend of

variation of stress vs. strain rate. Values of ultimate strength and pro-

portional limit obtained at a strain rate of 42.2 in./in./sec are less

than static values (10 percent lower and 20 percent loer respectively),

At a strain rate of 7j.8 in./in./jec the proportional limnit is equal to

the ultimate strength. The latter is about the same as that obtained in

static tests. Values of maximum. uniform strain vary from 0 to 5.8 percent

R ESTRICT ED DhSTRE-
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and are so scattered that no correlation can be made with rate of strain*

In the case of gun Nb. 2129, two of the specimens failed

prematurely. ThIere is no apparent difference in behavior of specimens taken

from the inside or outside sections of the gun tube, 'At a strain of

42.2 in./in./secthe ultimate Strength is about 10 percent lower than the

static value and the proportional 'limit is about 30 percent lower than the

static' proportional' limit.' At' higher strain rates the ultimate strength

tends to become equal to the static value. At'strain rates above about

70 in./in,/sec the proportional limit becomes equal to the ultimate strength.

Values of maximVm uniform strain' vary from 0.7 to 72 percent and axe so

scattered that no systematic variation with rate of 'strain can be seen.

Discussion of Results

The occurance of premature rupture of the tubulir rspecimens

in both the static and dynamic state is a significant factor in comparing

the characteristics of the two gun tubes. Most of the specimens td en

from gun No. 351 failed prematurely with very low values of maxinum

uniform strain while relatively few specimens of gun No. 2129 fuiled in

this manner and the maximum uniform strain %.as in most cases greater than

3 percent. The appearance of this difference in the results of the uniaxial

tests and not in the results of the usual tensile and Izod impact tests may

be related to the thin Jaill of the tubular opecimen employed, The wall t >'o].

noss is only about 0.013 in. and therefore, inhomogeneities in the structure

of the steel m~sgh+ be expected to have a marked offect on the results

while in a thi,.e' pec'.,n they might be of less sornificnce. Lven

with thick specimens these inhomogeneities in the structure might be of

great importance under. conditions associated with detonation. In the

R Tt. r
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present case the ductile performance of gun tube No. 2129 and the brittle

performance of gun tube No. 351 under detonating conditions sen to

correlate with the appearance of premature fracture in the uniaxial

tubular spec ens,

The ultimate strength of specimens from the two gun tubes seems

to bc effected in about the same way by increasing the strain rate. It

is somewhat difficult to understand how the ultimate strength at a strain

rate of 42.2 in./in./sec can be less than the static value and about the

same as the ultimate strength at a strain rate of 75.8 in./in./sec. It

is possible that the dip in the curve of ultimate strength versus strain

rate is a:usociated with normal scatter of data. idore tests would be

required to prove this.

The proportional limit of the material from both gun, tubes

seems to decrease at first with increasing strain rate and then to

increase until it becomes equal to the ultimate strength at a strain

rate Of about 70 in./in./sec. From results of sziilar tests on other

m r - 3)materials previously reported, the decrea,3, of the proportional limit

is unusual, but the increase to the ultimate strength i.s normal.

The values of maximum uniform straindetermined by masuring

the specimens after rupture are so scattered that nothing can be said

of their relationship to strain rate. In general the maximum uniform

strain is'less with the specimens from gun No. 351 than from gun No. 2129,

It is probable that the conditions which initiate rupture are not easily

reproduced because of structurul inhomogeneities in the steel and the

small wall thickheoL nf the ubular specimens.

3) Reference 1
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ihjjile it,,isd8ifficult* to "stablish 'hatiiomogenciisi h
e iie n h

structure 'may b'responsible for the behavior 6f' the inaferials i each

gun t ube) c&ertain' differences of structure ma:( be observed in the photo-

micrographs. For example, tube No. 351 appears to have'not only a coarser

gra~in structure than tube No."2129, but the former has con'siderably

Morfrefrt than the latter.' It is of interesto note that there

i .s considerably mo re free fekrtite in the outside portion of tube No. 351

than 'in the same region of tube No.' 2129. iomd& of the dyhamic' specimnens-

taken fromthis' portion of tube No. 351 failed prem~atur'ely with Very law

values of maximum uniform strbin vhile almost all 'of the dynamic specimens

from tube No. 2129 gave sati'sfactory' results. Hovwev er, Iall_:pecinens

takl.en from -the inside of tube No. 3',: failed prematurelyah-d had le-ss

free ferrite than specimens from-the outer port ion.

Conclusions

It may be concluded from this investigation that, for the

particular. gun tubes studied the uniaxial strain rate tests correlate

with the results of tests made by the detonation of on explosive shiell

in the bore of the tubes. Gun tube i!O-. 351 wihich fragmented badly in

the explosion test gives very lowi maximum uniform strain values %,ihen

tested under 1uniaxial stress conditions with thin viall specimens.

The miaximum uniform strain values of specimens of gun tube Ijo. 2129

qre considerably greater than for the other tube. Tube No, 2129 failed

in a ductile manner in th, explosion test. Further tests wrould. be required

on other gun tube s 2;t i orger number of specimens before w.idespread

conclusions could be made.
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Derivation of the Lquation for the Rate of Strain

The rate of strain in the specimen can be found as a function

of the goometry of the apparatus and the velocity of the piston, provided

it is assumed that the fluid is imcompressible. If L is the length of

the gage section of the tube, the volume of mercury necessary to produce

an increase dr of the inside radius K of the specimen during a time

dt, is equal to This volume is equal to the volume of

mercury displaced by the piston during the time dt, which is equal to

" , , in which r p and v. are the radius and the velocity of

the piston respectively. The following relation results:

1i on t e
from which the rate of strain is found to be:

- 1_ ::= : !'-": - ,r. . ..'.

eL t C " .L.

RLSTRICT.D
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TABLE 1

CHE1ICAL CO0OSITION OF .UY TUBES

Gun Forging Heat Chemical Composition (per cent)

No. No. No. Cn P - S Cr Mo V

351 15 410. 1790 .20 .3_ . .913 .99 .51

2129 :15836 &,1797 .29 .73 .01' .014 100 '50 .10

TABLE 1.1

HEAT TREAfII-6TNEO O 7 7 
m jpS

Gun Condition Heat: Treat men .h
No. of Tube . -- - -

1700 Up-27 hrs.;. hol-d24 hrs;, furnace coled
1675 up .18 hrs. .hold 9 hrsi, water quenched

351 Solid 114014.p13 hrs., hb. d I his. furnace cooled

1675 up 14 hrs., hold 9' hrs. , water quenched

1150 up 11 hrs.,- ld 10 hrs., furnace cooled

1700 up 24 hrs., hold 24 hrs,, furnace cooled

2129 Hollow 1675 uP:,17 hvs., hold 12..hrs .,' water quenched
11-59 up 14 irs., hold 8 hrs., furnace cooled

TAJ]LE 111-;")
AVERAIC-GS PHYSICAL *P0PhTI. , CFGU TUB ES:

Uatervliet Arsenal Data lIanufacturer's Data

Gun Yield Ultimate Elong. Red. CIarpy Yield Ultimate.long. fed,

No. .Loint Streng~h (percent)'A rea io'pact I-oint Strength (percent) Area

(1b/in,) (lb/in.) (percert)- 1bJ~ 1bi (lb-/in.A

351 107400 137400 11.3 25.3 6.3 126100 140000 12.4 34.6

2129 104500 143700 14.7 43.3 18.8 134900 145$00 13.6 42.1

Locations of specimens on which atervliet tests -.,ere made are not known.

RESTRICTED
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TIBLL IV,

RiJULTS. OF 1 TAT! TESTS ON • iECILINS FROI fGUN TUBES

0D 0 -P. ,I 
.P A

(20 0 R1 Hd N'r4C

GUN TUBE 351 - Average hardness 28.,7Rockwell C

A-i 108000 133000 1.5
A-.2 112000 135500 1.3
iH H 10600 .12500 1.0

p .B-2' 90000 99000 0.5
* C-i 104000 130000 1.7.

0-2 * 100000 107000 0.4

1 94000 128000 6.0 21.3
. .2 98000 128200 7.6 40.,8.

GUN TUBE 2129 - Average hardness 29.6 Rockwell C

A-i 128000 147500 4.3

,-2 120000 145000 4.1.
B-I 112000 137000 4.3
L-2 113000 134000 2..2.
C-1 126000 144000 1.2

cc C-2 106000 138000 4.0
.. D-1 . 108000 137500 4.0

D-2 110000 140000 2.5

1 110000 134000 6.6 47.1
Ei2. . 2 108000 -136000 - 6.8 44,4

1remature failure.

RESTRI CTED
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REULT6 OF DYq1I IC 2TRTIN T R.TZ TLT. ON GUT NO. 551

vel5ojt o.of

' c .1[ 0,) 7 z,. _ 140) 0| 0 ) 10 5.
02: jH

V) 0 0
Q Q)

0)) .O7C 4-'*

0.26 I . - 4 . ,°278 07

.4O- ) - .

-4 . , 0,2g9 10 .. 4.2 9500 118000 0.285 1l: .8.

" -5 .0 .276 10 - 400 0.291 5.1

S: A-6 Il 0.277 ' 1 - 75.81 0 0.281 1.4

i A -7 15! 0.277 18 - 7. 5000.285 2 .9
* ,20. 77 I -' 7,8 - 1200029 .

A.' 0-2 * 10 0.--6- i 2. 10 0.26 1.0

." -4 9 t 0o9277 10:O - ." 422 9091'0 0. 279 :" 0.7

- 1 2.0 4 1 3277 0.4
, 

9 0. '78

277 10 42.2' 8001900 02 86.
* I .2771 182 7.2' - 0.277 0.0

S1iO 0.278 18 4 . 7 0.279 0.7

iC- * t7 0.276) 10 1 - 42....2 905076 0.0

A 0- 9 01 0.278 I -2 --9 0.28 0.0

" 0.277 10 -42.2 9 - 0.29 0.7

0-..4 6 0.77 10 7 5. .2 . 0.278 0.4
A- 9 0.277 18 -758 134000 0.278 0.o

0- 2 0.27 18 - 75.8, 142000 0.293 5 .7

A-9Ic 0.281 - 25'.' 1043 * -. - 0. 279 0.7

- 6i 0.27 10 42 -0 0.280 0.7

-10 9 0.278 1 - I4. - 0.282 1.5

0-11 'b 60 0.277 -80 45 .4c 19 1~' j 0.2878 3 '.4

0-12 .0.278 1 42 2 - 7 . 2

E-3 0.27CT 8 75108, - - 0.278 0.0

C-14 j 0. 0278 45 4210.2 - 0.285 2.0

*- 15eiatr 0. 'ai422uO276 0

0-3 0. ? 10422a.t790.

RE TR4 42D 0.2 .0.4ITB
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T.ABLE VI

RLLULTS OF DYNYrIC STRAIN, RATL TLSTL ON GUN NO. 2129

Velocity of"

Hammer k
0 e .  (ft/sec) w 4-.

r-1_ (D 0.l ,.- 00

0 k 4 j o1

(DH .) 0 43 .-
0-.- 1  S.4-) k- NHr04'' '°* .P .P ' -.

.... o. VI V . . : O H. ; .
p.4 4'. 0 . 40.-

A-1 10 0.276 1 " 4.2 .-. -2.0.291 5.4
A-2 4 0.278 10 - 42.2 93500 129000 |0.292 5.0

" 4-3 10. 0.278 10 - 42.2 89000 126000 0,287 3.2
A-4 9' 0.277 I0 42.2 87000 134000 0,283 2#2
" -5 9. 0..277 18 - 75.6 ; .". 128000 0.280 1.1

S A-6 8 0.G277, 18" -4 75,8 - 122000 0 b9" 4. 3
- - 0.281 - 25.3 103 - 128000 oi283-- 0.7

's-9 . 0.281 - 124.4 96,9 .-. 164000 0. 288 2#:5

B-1 7 0.276 10. 42.2 81000 o19000 0.293 6.2
B-2 12 0.,276 10 42.2 83000 117500 0.290..  5.1
B-,3 12 !0.277 10 42.2 -' - 0,295. 6,5
B-4 . 8 0.277 10' 42.2 78000 -125000 0.29'.1 .5.1
B5* .8 0.277 18 75,8 -- i0.279 0.7
B-' ' 9 0.276 18 75.8 .28000 0.296. 7.2
B-7 6 :0.276 18 75.8 - 141000 0.289 4.7
B- . 8 19.277 18 75.8 .134000 06,291 5.1
L-9 6 0.,277 | 254 107 - . 151000 0.288 4.0
B-10 - 0.281 - 45:2 183 142000 0.293 4.-3

C-i 6 10.277 10 -42.2 82000 -190000- 0,.285 2,9
0-2 13 i.0.276 10 42,2 82000 .,1'24500"- 0.285 3.3
0-3 12 0 '276 10 42.2 76000, 105000 0.280 1.4

S C-4 6 10.275 158 .. '1 142000 0.285 3.6
C-5. 14 10.277 18 75.8 " . 130000: 0.282 1.8
0-61. 9 0278 18 7.5.8 - 130000 0.280 0.7
C- 7. - 0.306 - 24,9 105 . 6 W-_9 1.0

. -1 15 0.276 10 42.2 81000 108000 0.2-780

D-2 9 0.277 10 42.2 86000..... 119000 0.87 3,.6

D-3, 15 0.277 10 42.2 82500. 124000 0,288 4,0
D-fl4. O 0.277 1875,8 - . - 0.290 4.7
D-5 9 0.277 18 '758s 145000 0288 4.0
D-I .. 0.276 18 - 75.8 - 134000 0. , 8Z 2.5
D-7. 9 0,277 18 75.8 ." - 123000 0.282 j 1.8
D.8*f - 10.2 .- 26.3 107 Q, _ -" '282 1.8

....... ... . _...................

.Premature failure

'"':RESTRICTED
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--GRIND 0.276 1- .001
SFINISH 5-15 MICRO IN.

HONE 0.2500+- .0002
FIN ISH 5-25 MICRO IN.

~R iR~

8 /!/

.44 2 ~

3

(a) Strain rate specimen0

GRIND 0.276: .OC;I
FINISH 5-15 MICROIN.

H ON E 0o 250 -' .0002
FINISH 5-25MIZROIN.

FATS

46 448.F

1 32

'H'3 ?-1

(b) Static tunsler specimen.

(c) .Stti testl specien.
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Fi g. 2 Vertical impact testing machine.
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f--STARTING DAMPER -S

SHEAR DAMPER RESTRICTED

-OUTER CYLINDER

-STOPPING DAMPER

.- CYLINDER NUT

BUSHING

PIN ~ ~DYA HOEMYNMTERRMON

Scale tin. lin.

Fig. 3 Cylinder assembly, strain rate testing.

B / 'A ,/
7'

RESTRICTED
Fig. 4 Location of specimens.

(Specimens C and D) of gin No. 351 were not separnted mnd all marked C).
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AA

500 X 1500 X

Parallel to bore

5001x 1500 X

Perpendicular to bore

Fig. 5 Photoricro graphs of gin tube No. 351, outside of tube.
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944
00

~~4 dl

J~Ile

,\ f-A ly

500 X 1500 X

Perpaedcla to bore

Fig. 6Photomcro gaphs o gin ibeN.31

Fit. nsid hoofig~h oftubebe.o 31
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50 10

Paall obr

%1h 4

~U
-VI~

-~ - ; '. _ 1 1-

I s i~"

500 x 15001x

Pralril to bore

Fig 7 htmcorpsofgntb o 19
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-4A~-

YX 4

NN.
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WAA

*10,

500 X 1500 x

Prallelu~u to bore

Fi. Potmcrgrph r untue o 229 iadeortue
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(b)

Fig. 12 Typ ical static uniaxial specimens.
()Untested specimen.

(b) Ruptured specimen.
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,-4

{ Calibration

_ _ Timing Line
1. 82 millisec.

Fig. 13 Reccrded fbroe-time diagram for gin No. 21299 specimen
No. D2, at a rate of strain of 42.2 in./in./sec.

r-

Calibra ti on

Timi ng Line
S0.279 millisec. TingLe

Fig. 14 Reccrded force-time diagram for gun No. aL29, specimen
No. A9, at a rate of strain of 98.9 in./in./sec.
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(b)

(c)

Fig. 15 Typical dynamic uniaxial specimens.

(a) Untested specimen.
(b) Normally ruptured xecimen.
(c) Premture failure, smnll plastic hoop strain.
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