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February 19, 1945

To: Dr. James B. Conant, Chairman
National Defense Research Committeze of the
Office of Scientific Research anc Development

From: War Metallurgy Division (Div. 18), ILRC

Subject: Progress Report on "Behavior of iztals Under Dynamic
Conditions (NS-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 I'DRC Reseazrch Iroject I'RC~82, has
been approved by representatives of the War :etallurgy Committee in
charge of the work.

This report presents the results of an investigation of
the static and the dynamic tensile pronbruzes of specimens from two
76mm 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 OZRiisr-348 with the California Institute of Technology is

recommended.
lespectfully submitted,
Lgl“ &( (,Q Qe @ Lot
”lvue 1711&ms, Chief
Var letellurgy Division, NDRC
Enclosure
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THe APPLICATICHN OF PURE STRAIN RATE TRESTS

—

CeihL s e T oo ™0 c
£ g TNVESTIGATION OF TWO 76 M GUN TUBES
. Lo . ) T,
_ ABSTRACT

“This report presents the results of a study of two 76 il gun tules
supplied by atervliet Arsenal, .and which had been ruptured by detonation.
of a high explosive shell in the bore. One tube fragmented badlj while the
other exhibited a ductile fracture. OSpecimens taken from each tube consisted
of thin wall tubular cylinders which were tested both utatlcallj and - a0
dynamically under uniaxial stress conditions., The dynamic tests iére Made
at strain rates as high as 190 in. /in./sec. Rupture of some of the apGCiheﬂ
occured with very low maximum uniform strain. Static tensile tests and Izo
impact tests failed to.reveal any difference in the two. gun tubes.: -The teqts
on the uniaxial thin wall specimens show that the gun tube which failed in
a brittle manner has a yery low maximum uniform strain while the gun tube: that
failed in a ductile manner has a much hlgher meximum uniform strain. These
results are discussed in relation to the influence of strain rate on the -
properties of each material and the effect of metallographic structure on the
results. The conclusions of this investigation camnnot be applied:to all gun
tubes until other guns are investigated,

Introduction

»

The .atervllet Arsenal submitted 9 in, séctionsgtaken ffom the . .
mid-section of two 76 MM gun tubes, These guns were ruptured by detonas
tion of a high explosive shell in the bore, One gun fragmented badly
with no visible evidence of ductility, while .the otheér exhiblted 'a ductile
‘frgqture. Static tensile tests anc Charpy impact tests made at Vater-
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 subjccted, pure
straz;i.nlrate‘:prmra\'ils,;,:tvhe}‘tI_i;ga,~ strain propagation s negligible, Iu view

of the marked difference i the peértormance of these two materisls under
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the severe dynamic conditioﬁ'iﬁédséé'&ﬁﬂgAthém and the ébééﬁce of a

difference in static propertles, straln rate studles viere 1n1t1ated.

The principles underlying straln rate as dlstlnct from 1mpact have been
1)
presented in a previous report,

The purpose of this report is to present the results of strain

rate tests made on speclmens from the two gun tubes in the hope that
a dlfferenge A propertlee m;ght be revealed. ’3. ~,l

‘" L PRSI

Testlng,_gulpmemt
INER R R T

A vertical 1mpact testlng nachlne and recordlng fac111t1es vere

used fo£ tnese straln rate tests. ‘4 complete desarlptlon of tnls equlp-
ment -was glven in a. previ&ué régoff; 2$ In these test° @ pure rate of
strain is attalned by using a tubular speclmen (vlg,ﬁ -a) flllcd w1th
mercuf&dw;;ch is sﬁbJected to an- 1nqreaslng 1nternal.presaure,, Lhc xate
of pressure rise is controlled by the motlon of a plston 1n a cjllnder SR
connected directly to the specimen. The desired speed of the piston iﬁ:;af“.m“'
attained by striking one end of-the .piston with a hammer, moving. atf the
required velocity. - = . - DR : VLo T e

The vertical. impact machine (fig., 2) consists of .a pair of ... .
vertical rails which guide the hammer. The hemmer is accelerated by. - ...
rubber bands or allowed to fall freely, depending upen the velocity reguired,
The specimen. and pressurescylinder aésembly,(?ig,,3) is.mounted on.a . .. .-

column, The lower end of this column rests-on theuflooryand_thg;upperw e

end is supported: between the guide rails.; The straip rate-of the:test:.

is computed from the velocity of the hammer. Values obtained are accurate

1) The influence:pf-pure strain4r@*ewon»tbe-tensile.prOPGF?iESVQf:ihne?:<;
types of ship plate by 2. E. Duwez, H, E. liartens, D, 4, Llumer, and
D, 3, Clark, Contract OEMsr-343, Report N, AXXIX,

2) Reference 1, RESTRICTED

e



RESERE&TED

to within £ 5 percent. ‘
_Thgi;qwer end of the specimen is unsupported and provided with &

ERSN FE A .

close, but free;fitting plug, which makeu the aAl&l cormonent of stress

*
" i

in the spec;men zere, and thus glves unlaxlal 1oad1ng condltLons. This

t K . G
- - . s B [

plug transmits the ;nte;pal_f}u; orce to a re81gtance-sen31t1ve stra:n
gage type dynamometer, The_phgngﬁ in resistance of the gage is recorded
with,a_cathngrray oscillograph. ‘Con51derlng thc accuracy of reuponse

of tne elecurlcal s;stem and the varlanlon 1n croas cctlonal area of

A

the spec;men, the stress valuet obtalned are accurdte to wlthln i 10 percent

I

The values of maximum uniform circumferential qtra:n are computed from

.

the measured diameter of bhe ruytured op961men u1th an accu;acy of ‘1th1n

# 6 percent.

s

Jtatic uniaxial uCSt vere made on tubular specﬁnens similar to

',‘.,

those uded 1n the dynamlc tCota (Fiz. 1-b). The pressure is applled by

means of oil in a piston and cylinder assembly in o unlveroal tcstlng

machine, Jiress values are obtained from tne apulled load and the cross

‘SLctlonal area of the oeclmen Wﬁtu ) resultlnb accuracy of w1th1n * 6

percent, Clrcumfcrentlal straln LS mcasured bJ m\un" of a dJal uagc w1th

an accuracy of within & 2 percent.

Static tensile tests were .iade on specimens shown in Fig. l-c

vith a Riehle 30000 1b universal testing machine,

Materials.Tested

. The materials tested were from the tubes of two 76 I guns

.

.

submitted by Jatervliet Arsenal, ections § in, long were teken from

P

~approximately the.mid-sectlon of the tubes.
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In-accordance with information from ﬂ&terﬁ}%et hrsenal; these |
- U T T e e
gﬁﬁs versy rpbfureduby;the;detonation;of a high,g%piqsive shell in £h€1P9?9'.,
Gun No. 35Lﬁfragm€ﬁtédubadlyAvith no visible evidence‘of ducﬁiliﬁy,:, |
Gun ilo. 2129 exhibited'a definitely ductile fracﬁy;gf‘wDatq_quplied_by ‘
atervliet Arsenal is given.in Tables I, II, and_I;;” e :”H ]
Uniaxial strain rate.specimens were taken fromﬁ?hg,?ﬁbe‘ggqyécqsd_”
withithévaxis!of the. specimen.parallel to the bore.. Theﬂtep;?le}gpegi@gps .
were taken-perpendicular.to hhe,borqr.‘The.logatiqn_qf the sggcimgns”ig
shown in Fig, 4.
Photomicrographs were taken of the structure of the §teels.;?. P
sections. beth. parallel and perpendicular to the borg.and gt ﬁhe,ipner
and outer surfaces of the crogs,sectign,.isgeuFigs, 5, 63 7, anq_ﬁ,
Both steels have a tempened:structura,@_Tpe,strypﬁupe:of ggn'N_. }5; _
contaiHS‘rather‘extensivecregidns of free ferrite which doxgoﬁlappgay as
pronouncéd in the‘structuregofwgun,No,;2129,:~There_appears.?p‘bglmqrgi_”‘_v
pro-eutectoid .ferrite in the structure near the outside ofggyp_jqﬁ_3§1 than
in the inside. The difference betveen the iqqegﬁand quﬁerlpqrtionglqswl“ ‘.

gun Ho, 2129 ig not very great.

Static Test Regults

Static tensile tests and static tests'using a tupular};ygcimgn, L
under internal fluid pressure were performed on specimens ﬁgkgptfr;m thélﬂ .
two gun tubes,  The test results ére presented ?gnTab}e ;V‘apdlggrves of
tensile stress vs., strain and hoop s?;gsﬁivs,ghggpssfyggn.are g;veni%pﬁwv
Fig., 9 and Figs. 10 and 11 respectively; A photograpn of tubular specimens

before and after testing is shown in Fig, 12,

RESTRICTLD
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| The proportional limit and ultimate strength of tubular specimens
from gun Noy 351 were within thefranges.gf;90,000,énd 112,000 lb/ing and
99’000.t° 135,500 lb/in? respectively. The range of maximum uniforﬁ strain
variedAfrom 0.4 to 1.7 percent. Tha propértibnal linit and ultimate strength
of tubuiar specimens from gun: No. 2129 vere;within the ranges of 106,000
to 128,000 1b/in? and 134,000 to 147,500 1b/in® respectively. The meximum
~uniform étrain varied frqui@Z 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 strainm, .If results in w@ich the specimens failed
prematurely are disregarded, :the yltimate .strength and proportional limit
- of both gun tubes are ahout the same respective values &s reported by
- slatervliet Arsenal, It will be noted by comparing Figs. 10 awd 1l that
the maximum uniform hoop strain of the twe meterials ig murkedly differcut,
The results of the static tenszile tests made in the present .
investigation showved no apprecisble difference in elongation:of the two
gun tube materials, However, the ultimate strength of gun Mo, 2129 was

somewhat higher than that of gun Ho, 351,

Dynamic Test Results

. The results of uriazial strain rate tests made on tubular speci~
rens from the two gun tubes are presented in Tables V and VI, AllL of
the specimens tested had an inside diameter of 0.250 in. and a gage length
cf 1,25 in, The velocity given din the fourth and fifth columns of tables
V and VI is the velocity of the actuating piston, The velocity gilven
in column four is computed from the height of fall of the drop hammer,

RESTRICTED
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That given in column five is measured. by a series of electrical contacts .
passed over by a finger httached to the rubber band accelerated hammer.
el '

.'(

The rate of gtrain (Mif‘) in in./in./sec is Gomputed adcordilig to the

~ following gquation! T -

in which ui,%, iS the radiug of the pigton.
- is the ingside radiug of the specimen

L. is the gage length of the specimen

7?9 is; the velogity of the piston. v L
This equation has Leen derived: in the apppndix. L o

The,values‘of proportipnal limit and ultimate strength are.

computed from the force-time diagrams recorded by5the”cathode*nay oscillograph,
Two typical diagrams recorded at strain rates of. 42.2 ﬁﬁd‘98n9 in:fin./sec
are shown in Figs. 13 and 14 respectively. Thq'mgximum+ﬁ¥qidlppeggure is
computed from the value of maximum force recorded in the~test,- from this

the ultimate strength is computed by means of the formula:
A i

- o ‘ ‘
vhere p is the fluid pressure, e is the wall thickuess and r, is the
average radius of the tubular specimen, “~hen the recorded diasgram presents
oscillations a smooth chrve is traced through an average value and the
waximum force is determived from this smooth curve. The .proportional. .
. dlimit is taken as the stress corresponding to the force at which the
diagram starts to curve to the right.- Only the diagrams recorded
_for:a rate of sura’n o7 42 2 in./ini/seg havg.the.gha;a shovn iq”Eig_'l3.
qu;higher_ratgs Ify iy nll cfAthe,fp?ce~ﬁime Ciageas e are of this type

i Dol
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shovn in Tig. 14 and the proportional limit is taken'ds equal to the ultimate
stfength. Infcasés vhere the maximur hoop ‘strain is less “than about 1.5

percent a value of ultimate streagth cannot be determined because fracture
takeélplace premétdfély;

The diameter of the specimen wis measured after the test. This
measurement was made on that portion of the speécimen which remained nearly
.cylindricalyin shape and not in'the‘fegion'of‘the*rupﬁufe. In general,

" that part of the specimen which remains nearly ¢ylindrical after the rupture
aoccuﬁies'more ﬂhaﬁ'half of the gage length; A4 photograph of the ;pécimems
before and aftef'tesﬁinguié'shown'inJFig.:lS;"’The photopraphs of the fractured
specimens gi&é thé appeéranée thdt tite diameter is less at the point of
ruvture. This is due to reflections and is not‘ﬁhe conditiqn that exists,

The ultimate sirength and pr0porti0nal.limit arcrplottea against
rate of strain for each gun tube inAFigs. 16, 17, and 18 using different
symbols to. correspond to;thg location of the Specimens in the gun tubes
razferred to in Fig. 4.

Al;-of the.spgcimens taken from the inside of gun No. 351
© in_Fig. 4) exhibited very lpw strain and nolvalues of ultimate strength
could be determined. - In spite of the fact that 7 of the 17 specimens
talen from the outside of the tube (A and B in rig. 4) chowed prematﬁre
failure, the 10 good records give enough data to show the trend of
variation of stress'vs.‘strain yate,f»Values pf‘ultimate strength‘and nro-
portional limit obtained at a strain rate of 42,2 in,/in./sec are less
than static values (lO percept_lower and 20 percent lower respectively), .
at a strain rate of 75.8 in./in,/;ec’the,proportional limit is egual to
the ultimate strength. The ;atter.is abqutvthg sume as that obtained in

static tests.  Values of maximum uniform strain vary from O to 5.8 percent
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and are so scattered that no correlation can be made with rate of strain, .
In the case of gun No. 2129, two of the specimens failed

prema%ﬁrely. There is no apparent différence in behavior of specimens taken

from the inside or outside sections of the gun tube, "4t & gp;ain of

42,2 in./ih./séc“the ultimate strength is about 10 percent 1o§er than the

static valué and the proportioﬂalzliﬁit i5 about 30 percent lower than the

static‘pf@portional'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 meximuym uniform strain’véry from 0.7 ‘to 7;2 percent and are so

scattered that no systematic varigtion with rate of ‘strain can be seen,

Discuggion of Results

The occurance of p;emature rupture of.ﬁhg tubulsr specimens
in both the stgtic and dynagdc‘state.is a significant factor in Qoﬁparing
the characteristics of the two gun tubes, Most of the specimens tacen
from gun No, 351 failed premaﬁurely with very low values of maxinum
uniform strain while relativgly‘fcw‘specimens of gun No. 2129 fgilod in
this manner and the naxlmum uniform straln was in most cases grceater than
3 percent. The appearance of thlc dlfference in the results ofvtae uniaxial
tests and not in the results of the usual ten51le and Izod 1mvac£ tests mav
be related to the thin wall of the tubular specimen employed. The wall tihdel
ness is only about Q.Ol3_in. and therefore,'inhomogeneities in the structure .
of‘t@e‘steel mient be expeclied to have a marked offect on the resﬁlfs
wvhile in a thiches specinen they m;ght be of less s;gnificancg. Lveu
with thick specimens these inhomogeneities in the structure m;ghtkbe_of
great importance undqr:copd;tions‘asspciatgd‘qith detonat ion. In tﬁo
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’preuent case the duculle performance of gun tube No. 2129 and the brittle

performance of gun tube o, jpl under detonaulng condltlons aeem to

‘correlate with the aupedrance of prematurc fracture in the un1ax1al

tubulur soecnuens.

R

e .

R

v

The ultlmaue otrengtn of soeC1mens from tne txo gun tubes seoms

to uu e;fected in about the same waj by 1ncreaaLnL the straln rate.» It

.

is somevhat difficult to understand how the ultlmate strength at a strain

rate of 42,2 in./in./sec can be less than the static value and about the

same as the ultlmate strength at a strain rate of 75 8 in. /1n /sec. It

N

is possible that the dlp in the curve of ultimate atzenbth versus strain
rate is au8001ated with normal scatter of data. .liore tesns would be |
rquired tq prove this. |

The proportional limit.pf ﬁhe material from bﬁth cun tubes
seems to de&fease at first with increasing‘stféin rate ané thén to
increase until it becomes equal to the ultimate strength at a strain
rate of about 70 in./in./sec. From results of similar tests on other
materials previously reported,3 the decreasc of the proportionsl limit
is unusual, but the incresse to the ultimate strength is normal,

The values of maximum uniform strain-determined by measuring
the specimens after rupture are so scattered that nothing can be said
of their relationship to stroin rate. . In general the maximum uniform
stroin is' less with the specimens from fun o, 351 than from gun Ho., 2129,
It is probable that the cvonditions which initiate rupture are not easily
reproduced because of struciural inhomogenéities in the steel amund the

small wall thicknesse ni fthie wubular specimens.

3) Reference 1
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“dhile it"is'difficult to éstablish ¥hat~inkomogenéities in the .
structire may bétfégponsible'for‘the'behaviOr 6f the materials in each
gun tu%e;ﬂéérfaiﬁ?differeﬁcéé.of structure may bé observed in the photo-
miérographs. For example, tube No. 351 appears to have’ not only a coarser
grain structure than tube No." 2129, but the former has conziderably |
note free feérrite than the labter, Tt is of idtercst to nobe that there
1§ considerably more free fetrite in the outside portion of tube No. 351
than ‘in the same region of tube Wo, 2129. jomé of the dyhamic’specimens:
taken Trbﬁ“this'pbfti6n of tube No. 351 failed prematurely with very low
values of maximum uniform strain while almost all of the dynamic specimens
from tube lo. 2129'gév6 satiéfaétory'rGSults. HowéVer,’dll“épecimens'
taken from the inside of tube No. 3yl failed prematurely'‘and had lesd

free ferrite than specimens from the outer portion,

Conclgsions
It may be concluded from this investigation that for the‘

particular gun tubes studied the uniaxial strain rate tesps’cprrelate

with the.yesglts gf tests:madcvpy:the detoqatiqn of an explosive shell
in t@e bore of the”tubes. ‘Qun tube }h._351 which fragmented baély in
the explosiqq tes?,gives very low maxi@um gniform s@raip valugs_when
tested under uniazial stress conditions with thin wall specimens,

The maximum uniform strain values of specimens of gun tube ifo, 2129
are considerably greater than for the other tube. Tube No, 2129 failed
in o ductile manner in th~ explosion test. Further tests would be required

on other gun tubtes wrth 2 lerger number of specimens before widespread

conclusions could be made,
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Derivetion of the iquation for the Rate of Strain

| The rate of strairn in the specimen can be found as a function
of the geometry 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 r of the specimen during a time

o S

dt, is equal to : é;u’thﬁfm This volume is equal to the volume of
- . ol O
mercury displaced by the piston during the time dt, which is equal to

o < - , in which r
L‘) o P

the piston respectively. The folloving relation results:

p and v, are the radius and the velocity of

P t.’:{ "Z, . 3.
N A AL
i t (;; ,':‘.

from which the rate of strain % a€-is found to be:

‘31,:- S % /_ﬂ,} doar
o F oo )2 P

REL

=]
3

=
%]
-
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No.

12

TABLE 1

-
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CHEMICAL COiPOSITION OF GUil TUBES

Forging Heat

Chemical Composition (per cent)

No. No.

T i

2 v

S Cr Mo

““351

Y0 1790

g

. 2129

15836 B-1797

. ..29, . .73 .

TR R R

LOL4™ 014 71,00 450

COTARIE 11

Gun
No.

Condiiion':

H

[E

-

LTI My S ’ ’
GUiT TUBES o

gat’ Treatment’

351

of Tube
j .. 1700
.o 1675
. 1140
1675
1150

Soliﬁ

up- 27 hrs.,
up 18 hrs.,
up 13 hrs.,
up 14 hrs.,
up 11 hrs.,

“hoid 2l hrs:, furnace coeled
hold 9 hrs.; water quenched
hotd ¢ his.; furnace cooled
hold ¢ hrs., water quenched
“hokd 1C hrs., furnace cooled

2129

- 1700

Hollqw 1675

up 24 hrs.,
up 17 hys.,

1150 up 14 hrs.,

hold 24 hrs., furnace cooled
hold 12 hrs.y water quenched
hold & hrs., furnace cooled

_ CTABLE 111% .
AVERAGE’ PHYSTCAL PROPERTIIS, CF GUN TUBES

Vaterv

liet Arsenal Déta>

lanufacturer's Data

[ S S

b

Yield
‘Point
(1b/in

Gun -
No. -

Ultimate Zlong.
nStrength (perce
(1b/in?)

2

" Red,
b o
“Hpercert) -

“Charpy Yield "Ultﬁmatévﬂlong. Red,
‘Ifipact  Foint - Strehg%h (percent) Area

(ft2n) (1b/in?) (1b/in%) (pat)

o

10740

0 137400 11.3

25.3 6.3 126100 140000 1244 3k.6

2129

10450

0 143700

4.7

18,8

,..‘ -

13.3 134900 145800 13.6 2.1

¥* Locations of specimens on which Vatervliet tests
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vere made are not known.




RLSTRICTED

~1% .

RESULTS- OF ‘STATIC TESTS ON SPECILENS FROLCUN TUBES ™~

q R R § .
. "8 ) S‘ 3 2 °f 8 =
. X ® o B Ere N SRy B
B OLES P EY L2 | eET |5a4% |38
& 3] B8 8 g8 RO O @ 0| .00
. @E B~ a6 O © u) |3 9] 2
& & oH o Ehe | Hgk |85 |87%
£ AOZ | Bal | 528 |dHE|R28E
GUN TUBE 351 - Average hardness 28,7.Rockwell C
A1 108000 | 133000 1.5
. A-2 112000 | 135500 1.3
CRC -5 106000 | 125000 1.0
K2 | B-a¥ 90000 99000 0.5
=E | o-l¢ | 104000 | 130000 1.7
B | c-2* ] 100000 | 107000 0.4
Lo L 94000 | 128000 6.0 21.3 ..
& 2 98000 | 128200 7.6 | 40.8.
2]
GUN TUBE 2129 - Average hérdne's,&{}fzg).vbﬁockwell‘ C
. (3 . ) ’
o a1 128000 | 147500 4.3
E 42 120000 | 145000 4.1
£ B-1 112000 | 187000 4.3
H B-2 113000 .| 134000 2.2
g c-1 126000° | 144000 1.2
B C-2 106000 | 188000 4.0
g D-1- 108000 | 187500 | 4.0
=) D-2 110000 -} 140000 | - 2,5
,‘. " g o ]
g0 1 110000 | 134000 6.6 a7.1
& 1 2 | 108000 | 136000 6.8 0| 44,4
*. rremature failure,
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. TAELE V- o

CRESULTS OF DYNua: IC STR.IN R.TE TESTL ON GUH HO. 351

Sl el B Veloeity of R 8 . N
o 1 g 5‘% . . I*Iar.me'_z: -p ,c:; L ©
Cboghlgal & (fesee ) CLE LS Py el
e gl e * A ~ = . ©
j§~&.yﬁﬂ o L 2N — P ‘Qm{-agﬁ
s 37 ey g Moo @ £ N 3§ Wﬁaﬂ
Y .l CACE ' b gy as | 54| 2 g AR i8S e s
2. pg ") 0 e 42 o ~ s o o - = o &
g p3 <. g5 B g 9Bl 85 | 8> o ® 8 v
e g ¥ i N ) o 0 T e [= e
s lnil 9 o B 1292 | o3l 82| Ef | wb av
?',MS‘“ e 29 D o0 +$ & - p-$~ g £1
&8 | 8 RS | EgEL & 1 A& L ET 8H 428
ARl ¥ e | 0,276 | 18 ] - 42,2 - - 0,278 0.7
| A-2 ¥ 19 | 0.278 | 1§ R B t-DF - N A 0.280 0.7
Sl oa=3 ]9 | G.R77 | 100 ) - "] 42.2 190500 -118000 |0.282 1.8
a4 |9 | O.,278 | 10 - 42.2 |95000 | 118000 {0.283 1.8
“ | &5 |10 | ‘G.277 | 10 - | 42,2 [91500 | 119060 |0.291 5.1
R . 11 g.277 | 18 - 75,8 | ~" |.125000 [0.281 1.4
A-7 113 0.277 | 18 | = 75,8 - | 134000 |{0.285 2.9
&8 |12 | 0.277 e | - " | 75.8 - 142000 10.293 5.8
-9 *7|110 | 0,283 | - 25,3 1103 - - |O.284 1.1
ST B-1 .Ji0 | o.276 | 107 | - 7| 42,27 |76000 | 115000 |0.280 1.4
" E-2 X |76 | 0,277 | 100 | -~ Tl| 42.2 - ‘- l0.280 1.1
E-3 |11 | 0.e77 | 100 | - .| 42.2 |78500 | 111000 |0.287 3.6
E-4 |79 1} 0.277 10 - "1 42.2° {94000 | 112000 |[0,.279 0.7
B-5 * 111 | Q.26 | 10 i - . | 42,8 | - E 0.277 0.4
E-6 . 9 | 0.277 :{ 10 - 1 42.2 |80000 | 119000 {0.286 - %3
Cp-7 * 1'g | 0,277 ¢] 18 - 75,8 - - lo.e7? 0.0
E-8 ¥ 110 | -0.277 | 18 .| - . | 75.8 - o= ]0.279 0.7
c-1 * "7 | o.276 | 10 | -} 42.2 - © - 710.276 0.0
c-2 * |15 | 0.B76 | 100 | =" .| 42.2 - = 104276 0.0
c-3 % | 5 | 0,277 | W | =" .| 42.2 - =] 0J279 0.7
c-4 * |8 | 0,277 ) 10 | - .| 42.2 - -] 0.278 0.4
Sl oc-5* 19| 0,277 | 18 - 75.8 - Lt 104278 0.4
1 c6* )9 | o.ave’l 18 ;.- | 7s.B ] = | "2 10,280 0,7
c-7 * 10| 0.278 18 . - .. 75.8 - - [ 0.279 0.4
c-8 ¥ I'7% 0.277 .| = | 25 %% | 104 ** - SR N ePe-i 1) 0.7
0-9 * "6 | 0,278 - les¥k | 104 **| - ) - 10,280 - 0.7
C-10 . {9 | 0O.278 - | =B *¥* ) 104 ** - L -1 0,285 f - -B.5
C-11 *|' 6 0.277 - 4% *% | 190 ** - -~ 10,278 ' 0.4
c-12 *"9 | 0.278 - 45 ** | 190 Mk - | ~- |o.e81 1.1
C-13 %16 | o.278 | - | 45 100 | -+ | 0,278 " 0.0
’ c-14 { - 0,278 <4 4B WK 190 WX - | -+7]0.285 I": 2.5
* Premature failure
** Lstimated , ,
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TABLE VI
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RLEULTS OF DYNAMIC STRAIN RATE TECTS ON GUN NO. 2129

( 1 Velocity of - .
o] — . . + . : [¢}]
N 8 o s Hammer - ’E o :gl g; t
O | @ e £ (ft/sec) A - 3 $o g2
ST Rl N - . a8 | § ° e | Sap
g BoH B o M —~ Mo~ - &R
-8 . 855 - 3"5 83;5 gNO ﬁmo 8'#’7 Kgq;ug
g | od e ] .o ] o A . | : B (o 08 1
3] H ol| F2 K &4 S R [ m§~r4 o
EISY] T | %8 g8d | SEIES | £5 ] 2hT| Ak
S ‘ ':4‘3\ 5 E‘ ,876'«5 Qe O. ,'g‘,,—q "o')' 0. -MBV
9 f H~ - .8 Q 20 9 BRR R e ) K K
& |8 5 | BE |ESE | . & g |5 8% | 83
o) ' SR Y -5 =
A-1 {10 [o.276 | 10 - | 48,2 | - - . 0,201 5.4
A-2 | 4 |0.878 | 10 - 42,2 | 93500 129000 | 0.292 5.0
A-3 [10. - J0.278 | 10 - 42,2 89000 126000 | 0,287 342
a4 | 9 0.277 10 - 42,2 | 87000 134000 | 0,283 2,2
a-5 | 9 . [0.877 | 18 - 75, | . 128000 | 0.280" 1.1
A-6 8. (0.277 | 18 -+ 75,8 .| - 182000 | 04289 443
A-7 | - |o.281 - je5.3 |08 | - 128000 | 0,283 0¢7
L-9 | .8. l0.281 - 24.4 98,9 - 154000 | 0.288 - 2,5
B-1 |.7 10,276 | 10 — 42,2 | 81000 119000 | 0,293 6.2
B-2 {12 0.276 | 10 ~ 42.2° | 83000 117500 | 0.290- 5.1
B-3 |12 |0.277 | 10 - 422 | _ = - 10,295 6,5
'B-4 |. 8 lo.ev7 | 10 | - 42,2 | 78000 | 125000 ‘| 0.29%.. 5.1
B-5*|. 8 10.277 18  |iw 75,8 - - | 0,279 0.7
B-6 [, 9 0.276 | 18 }.-s: 75.8 - 128000 | 0,296 . 7.2
B-7 4, 6 :0.276 | 18 - 75,8 - 141000 | 0.289 4,7
B-8 | 8 |0,277 18 -~ 75.8 - 134000 | 0,291 5,1
B-9 | 6 0.277 » 25.4 © | 107 - 151000 | 0.288 4,0
B~-10{ - ;0.281 - |45.2 | 183 - 142000 | 0,293 4.3
b o a. .
-1 6 fo,zvv 10 |- = 42,2 | 82000 | 120000- | 0,285 2,9
C-2 |18 {0.276 | 10 -+ o 42,2 | 82000 | 124500| 0.285 3.3
C-8 J 12 0,876 | 10 | = 42,2 | 76000. | 105000 | 0.280 1.4
C-4 | 6 |0.2756| 18 | - 75.8 - 142000 | 0.285 3.6
c-5-| 14 0.277 18 | - 75,8 - 130000-{ 0,282 1.8
C-6.4 9 0,278 118 | - 75.8 - 130000 | 0,280 0.7
C=7-(, = 10.306 - 24,9 | 105 - = ] 04209 1.0
D-1 | 15 0,276 | 10 | = 42.2 | 81000 | 108000 | D.278 0.7
D-2 | 9 0.877 1077 = 42.2 | 86000 -{ 119000 | 0.287 2.6
D-3.[-16 | 0,277 | 10 | = 42,2 | 82500 . | 124000 | 0,288 4,0
D=4.| 10 0,277 | 18 | = 75,8 - [ - lo.e00 | 4.7
D-5 | 9 0.877 8 |- 75,8 | 148000 | 0;288 - 4.0
D-6.| 6 .|0.276| 18 | = 75.8 .| = 132000 | 0.28% . 2.5
D-7.1 9 0,277 18 | - [ 75.8. - 123000 | 0.282 | 1.8
D-8% & j0.277] - 25,8 1107 4 - ' -7 oz ! | 1.8
B s L T T PN N HUU e .
7% Premature failure R
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18-
- GRIND 0.276 £ .00!
FINISH 5~15 MICROIN.
— HONE 02500+ .0002
FINISH 5-25 MIGROIN.
Li—n //1/17-‘J—LR tR‘ //‘L
13 T o 3
2 8 8
/ 7 F r? 2N Z
A4 |
T T

{(a) Strain rate specimen,

— GRIND 0.276 + . 001
FINISH 5-15 MICROIN.

T HONE .2500 = ,0002
FINISH §—25 MIGROIN.
5
— FLATS
l 'e '8"24N.F.
4 i / l{
_:i_ 77 ya f/GR' - {¢ R Ly —L 3
& 308 g
A A A v POV
e 5 1; ,?|1!31T!
s I3 >y 414l 8 L—‘_—
21
332 »
{v) Statie tubular specimen.
!
| TONE 0.150 * .00
(
7ZR J: IJ‘?RW
LA [
ML > ut
. 4
48
(e) Static tensile specimen.

Fig. 1 Test Specinens,
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Fig. 2 Verti cal impact testing mechine.
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- STARTING DAMPER

—SHEAR DAMPER RESTRICTED
-QUTER GYLINDER
~STOPPING DAMPER
— CYLINDER NUT
— NEOPRENE WASHER /”PACK'NG NUT
ALIGNING /~SPECIMEN - SHIELD
. /
PIN HOLE / /»'DYNAMOMETER MOUNT
/
mnooa S . \. ;

/

_Lm
: \\I\ \W\\\bk\\\\

WASHER & PLUG

1
—INNER CYLINDER BUSHING DYNAMOMETER

Z PISTON
Scale 3in. = lin.

Fig. 3 Cylinder assembly, strain rate testing.

 TENSILE e b s O ‘
|
!
|
|
|
|
——— - \\ll ’ T
i/ . y
TENSIE WIS G vy
r 8 . ‘ ]/ S ooa ///
A g
£ Z
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Fig. 4 Location of specimensa.

(Specimens C and D of gun No. 351 were not separated md all marked C).
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Parsgllel to bore

1500 X

0

50

Perpendicular to bore

Photomicrographs of gun tube No. 351, outside of tube.

Fig. ©

RESTRICTED




RESTRICTED

—20 —

= [
é X,

Parsllel to bore

&
500 X 1500 X
Perpendicular to bore

Fige 6 Photomicrographs of gin tibe No. 351,

inside of tde.
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>
| ¢
* ;-
g S8,
3 % ”:
Ayt A
*":'.'is.\r;.zrm,\r;;b
.

Parallel to bore

—— o e Crep LT T e
i ’!"‘1’.:)@ Q}Q";}’,ﬁﬁ‘} et & R A A
I P A e e N it
T eVl 8 e d Y . o
SRS+

Perpendi cular to bore

Fige 7 Photomicrographs of gun tudbe No. 2129,
outside of tube,
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K™
Q - i rity
> A e AR
‘;J?,, oy 3

PP 9t

Parallel to bore

Perpeniicular to bore

Fig, 8 Photomi crogrephs of gun tube No. 2129, inside of tube.
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(b)

Fig. 12 ical static uniexial specimens.
{a) Untested specimen.
{(v) PRuptured specimen,
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252 1bs

-
1

— Calibration

|

S — Timing Line
1l.282 millisec,

Fig. 13 Recarded force~-time diagram for gin No. 2129, specimen
No. D2, at a rate of strain of 42.2 in./in./sec.

4 299 1b.

Calibration

— —— — — e—— —— — ——

Ti;ﬁ— ng—fi ne

b — 0.279 millisec,

Fig. 14 Recarded force-time di agram for gun No, 229, speecimen
No. A9, at a rate of strain of 98.9 in./in./sec.
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SR MW'« 2 S R R
N i (a)

prnterinem i

AR IO S

PSS sk

TR R, o e

W Sy SR

(b)

S B SR AT S
% i ach

PP e R

(c)

Fig., 15 Typical dynamic unisxial specimens.

o

(a) Untested specimen.
(b) Normslly ruptured specimen.
(¢) Premsture failure, small plastic hoop strain.
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