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FATIGTE BEERVIOR M TOICK WALLZD CYLINIZRS
(7.62 1 RISLED STECIMEXRS)

2ESTEACT

This reporz deals with fatigue
life zesting erployingy 7.62001
rifled tarrels in order to se-
cure Inforzmation ca the relation—-
<hip of specizen 1ife achieved
chrough cyelic hydraslic pres—
sure stressing and that achieved
by firing of service tyjye awcmini-
tion, Materials used included
standard 14 rifle barrel stock
frowx several suppliers and 175!Cf
M113A1 cannon tuke forging nmater—
ial from three suppliers.

The report also addresses the
problem of “life" reliability
prediction and demonstrates the
potential usefulness of small
barrel specimen testing in pro-
viding insight to "big gun" re-
search, development, manufactur-
ing, field support and quality

engineering type problems,
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2, INSRITCLTITNM

Estatiistment of safe cxmoon 1¥f2 By che firizs of arome=ition
is exgemsive, particai=zriy when determdnizy risk levels zssociarzed
wizi mezal fardigme of a cricdcal composent soci 25 a ez tibe.
Firfrpy 2 simple 153 howizzer txbe to fos farigme 12fe for s poice
cf ome mizifon dolfars is consilered z bampain., Destuortisa cf 2
sufficlext ober of txbes by firi-z to actieve 2 statistically
valid reliatilfry caickly becames probfbizive cvea with foil com-
siferation to moral Iissces a=d professicmal sthics, Doplicaziesn
f firizg phencemencn with arztendant extremes in temperatures, pres—
sure, 22d ecezgy Felon develope? in minimal tine is Sifficaic 4f
not impeossitie., Therafore in order to gz2im a bectter cnderstazdirg
of 1life testizg, szall size specinen cxperimentztion azpeared 2s a
ogical approack for goneration of data by which to look into the
theoretical, statistical apd experimental methods now beingm ex—
plored by rmany investigators.

2, OBJECTIVES

The icmediate goals of this study are:

a. To correlare acrunition firing pressure fatigue effects to
hydraulic pressure cyclinz fatigue effects using thick wailed gun
barrels.

h. To determine fatigue life performance of cannon tube

material furnished by different contractors, produced to a common

specification tut by proprietary processes,
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The Is=gp mazpe goel of s 703y amd s¥nilyr fovtove stoiv¥es g
uécd.vamcm:mw.ﬂmz&nmiém{:a:qxzn— :
3 tion cf tube forgi—ps Uy 1ffe expe—tincy.

3. aTERLAs
Fizre I — "Zeratlisinesr of Test Tectmiuzes™ —

v

T 7.62M Riffe M4 was selocted as a 2est wekitie becxage £ {
Iox cost 2=l avalia™ifry of ammmrménfon god rffie Basrels. Sizze
3 : the farigme 1ife cf a stxxdard P24 rifie tazTel was exsimaTel Biph E
In cooparicon with cizt of a typfoal cxmoom, It was CecfZad to meck
¢ the barzel Jost crer the crigin of riflf=y o5 atect fcor o six !

foches dovn Bacrzl Is exfer to precipitate exslifer fafl-ve. IaNcial

F— Zests were Ton with Parrels oecked to 2 1.4 wall raztfs (tatis of

d i

cuzsiie dizneter to inside riflfrg grocve diameter). A rate cf Fire
of six (6) reunds per mimute was selected 25 befzg roasceale. Eves
at this Iow rate, tarrel heatizgz sericusly derradad 1ffe (Farrels
turced Blue) azd a decision uas made > water cocl the remafziay ]
1.5, 1.6, ard 1.8 wall ratio specizens 2zrizg firdrg. (See fopendfx "
A for informaticn azd data pertainizg to this phase of work).

Prase II - "Correlatica of Eydraulic Pressure Cicled Life to

Fired Life" -

ke follcwing decisions were made tased oz Phase I results: {

a. Use a standard proof fired 14 barrel rodified ton a 1.8 wvall
taiio in the vicinity of the origin of rifiinmg.

‘ ) b. Fire at 6 rounds per ninute.
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2he Firfyp gzl gml beloamlle gpweTmrre ovzllngy omimos xre
sdowm Lo Iyremily . Iy orlfer €T foowsTexlz ghe Triasliomsity e
yveen forlisy ol IPrnells eeuswTE TSI, 23 Sovel T I8 2esTlng

s geletted ol aimoe mallzziss 32 eaxt Davi. Thr ol suve

geT Ty aoewrtn f Fizioy Chewwed ZrIzied goedr 2z de eerTremell v
et oaecimem Soe., T B0, 2,000, 3,770, onl & 007 moenle, 23D
grezimers crre sotremuetiv twimmallizallv grzamrs elel oo e
troonlom, Im orlrr oo coe¥ion fxripoe Ii%e preliztell dw ol gimxe
me=rizmed gerrfen, tiwee nllftiowmed Srovels swte Tiryel o
deszrorriom,
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diznetesr Pzrs fox mremfartore o T.€20% size S1tivoe sqocli-ors,

THis rert zoties comsisted of © sprciners oo R fextxroved g
o,  Sriresiic pressore cxtiizg (oo fixizz); S spicfmerms fired oo
€estroctiomn {or rizzalife cxxii=p), =4 315 specime—z £ized >

specified levels followed By Bpizranlis cycifi-g oo destxootiom,
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T T Y T T LT = -
A5G FD
C\TLES
TEST PITIS BYCRACLIC  PER IEST
LEVEL TIRE Ci(Z¥s  LEVEL
2,610 10,452
3 2,600 7,416 7,803
2,090 5,545
3,660 2,573
& 3,600 7,646 6,373
3,600 9,101
4,608 2,939
5 4,000 2,474 2,665
4,070 2,587
5,633 o
6 . 6,263 6 avg 6,134
€,457 6 ®ds

&2 showm Iic Sppendix € and yields a relationship between hydraulic

fressure cyzled spetinmen iife to fired specinen life of

Y(cydcs) » - 2,21 x(rw::ds) +12,127
or 2,21 AHydraulic cycies are equal to ene fired round,

It should te noted chat althoughk large differences are evident
anong ivdividual specimen lives at zpy one level, the average life
at each lerel closely adheres to the straight line relationship.

The fired to destruction barrels (test ievel 6) comfira the
validity of the re=ultant ecuations pover in predicring nean
fatigue or catastrophic failure,

An znalysis of variance w2s perforned on the eix (6) levels,
three {3) replicates per level and there appears to be no

significant difference 2rmong tie mean equivalent lives at each

R TAY
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level., See Appmdi:é D for details.
f ’ A reliability life deternination is shown in Lppendix T slong 1
5. vith photographs of faifled Mi4 rifle specinmens.

i - fa appiication of the life predicticn technique, used with the
M4, to standard caenon i3 shown in Appendix F. The cuncept &f re-
tiring 1000 or pore safe still usable tubes to prevent a single ]
accideant as a result of netal fatigue has in recent years become

an acceptatle practice, Additional safeguards are also provided 4

as a result of other reasruns for condemnation such as bore wear
(origin or muzzle), rifling damage, rust or pitting, transportation
hazards, cneny acticr etc,

Phase III ~ “Comparison of 1751 Tube Forgins Material Produced

by Three Contractors X, Y, Z." 1

Data generated from this experiment and a graphical portrayal of !
this data is shown in Appendix H,
Comparing }i}k rifle material plot to 175MM gun material plot
shews more variation in M14 rifle material life. This may be attri~
buted to the fact that all 175} specimens were manufactured by one
- machinist on common m chinery while the Ml4 rifle barrels were drawn
from stock and involve a variety of manufactures. }
In both the Ml4 test and the 175M material test, hydraulic pres- N
sure cycling was performed at about 3000 PSI less than the average
firing pressure. This might account for the M14 2:1 hydraulic cycles
per firing cycle but then it does not account for the 1:1 relation-

ship shown with 175MM material with specimen fired beyond the 500

Dua.

3

1

3

' ' |
J



Tound level, See Appendix N for ammunition calibration inforwation,

The 175\ material appears to be very scriously affe<ted by
firing danage as demonstrated on the graph with the pure {unfired}
hydraulically pressure cycled specimens versus those fired to
destruction, Also the combination fired/cycled S rd., 50 rd,, and
10C rd. specimens show a sizable drop in life as compared with the
unfired specimens, The M14 material did n>t exhibit this effect
although proof of one round may promote sufficient firing damage
to account for this condition.

In order tc perform a comparison of life data within a forging,
among forgings from a particular supplier, and among forgings from
different suppliers, data was transformed to a common base as shown
in Appendix I, The difference among forging life data are considered
normal and acceptable fatigue behavior irrespective of forging
supplier, Material properties and quality are considered to be
effectively the same, Appendix J contains life/reliability infor-
mation. Appendix K shows life and material properties data and plots
while Appendix L contains photos of specimens fired to destruction,

Appendix M shows informaticn on a field failure and specimen
test results, While the results cover a wide range, from 1676
rounds through 7810 rounds, the three out of four low iife values
jindicate cause for concern about material behavior.

5., CONCLUSION

The multi-level testing technique and 7,62MM bore fatigue spec-

imens, as demonstrated by these studies, are each considered useful

tools and reasonable (cost/effective) methods for problem exploration,

e




e
e ; Typical problems for possible application being: 2
E ‘ Swage tute vs hydraulic autofrettage tube life V ?i
; Rate of fire effects ;
f ! Effects of pressure levels
s Changes in chemistry .
Changes in heat treat . i
Changes in forging practices . %
Chrome or other type plating effects .
Refractory liners i
? Cooling effects )
% Aging and rest hetween firing effects
i Hydrogen =mbrittlement
i Long term storage chemical effects !
; Straightening .
i Thermal treatment effects
] % Dirt size and ccuat i
§ 6.  RECOMMENDATION ;
Continued fundirg of projects using specimens of the type em- 4

ployed in this study in order to promote knowledge for production

of superior cannon tubes and safely exploiting maxirum life from e

these tubes,
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APPENDIX A
(PHASE I)
ESTABLISHIEIT OF TEST TRCHWIQUES

NO. PAGE :

4

1, Firing Fixture Used for Preliminarv Investigations 10 7
2. 1.4 Wall Ratio Specimens - Air Cooled During Firing 11

3. 1.4 vall Ratio Specimeins - Water Cooled During Firing' 12

4, 1.6 Wall Ratio Specimens -~ Water Cooled During Firing 13 %

5. 1.8 Wall Ratio Specimens - Water Cocled During Firing 14 :
1
6. Graph - Wall Ratio vs Fired Life 15 ’
3
7. Specimen #5 Heat Check Pattern 16
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7.62}01 Yodified M Rifie Barrels
1.k Wall Ratio Fati

gue Specimens

Air Cooled, Rate of Fire 6 Rds/Min
Projectile Traval 10%", Ammmnition Lot LC 13023 4
. Preject No. 1i332-1, Hegative No. 192~4-69 ]
Specimen #1 %

Life 387 rds s

i

!

Specimen #2 1

Iife 69 rds 4

£

i

4

4




7.02184 ¥pdified Ml Rifle Barrels
1.k Wall Ratio Fatigue Specimens
Water Cooled, Rate of Fire & Rds/Min
Project No. 332-1, Negative No. 197-2.-82

Specimen £3

Life £29 rds

wrrmnition Lot LC-12023
Projectile Travel 1G&"

Specimen #10

Life 1163 rds
Ammunition Lot WRA-22713
Projectile Travel. 194"

Specimen #11

Life-1Gk} rds
srmmition Tov ‘HA-22713
Projectile Travel 194"

A=3 12

- - % ereamiiSaeae . T .




7.6210i Hedified MUy Rifle Barrels
1.6 Wall Ratio Fatigue Specimens
water Cooled, Rate of Fire & Rds/Min
Przjectils Travel 10%"; Ammmnition Iot LC 13023
Project to. 4332-1, Negative No. 197-1-63

Life 2/56 rds \ 1

Specimen %5
Life 2336 rds

e e

e

b o
P 3

Y

Life 2284 rds

.
3

{

¥

1

3

i

'

&

-

<

}

‘&

ki

:
oo 4 —— L i asianngnilia, WY W - . .J




7.62i%1 Modified M Rifle Barrels

L 1.8 Wall Ratio Fatigue Specimens

C Water Cooled, Rate of Fire 6 Rds/Min

Projectile Travel 19%", Project No. L332-1
Negative No. 197-3~69

Specimen #7
1 Life Sh7h rds

Ammunition Lot 1.C~13023

Spocimen #8
Life 5093 rds
Ammnition Lot 1LC-13023

Specimen #9
Life 70L7 rds
Ammunition Lot WRA-22713
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APPENDIX C

(PHASE 1II)

1,

Graph - Hydraulic Cycles vs Rounds Fired
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Conversion to Equivalent Rounds

Graphs - Average Equivalent Rounds vs Test Level
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ANALYSIS OF VARIANCE (ANOVA)

In general, there are three ANOVA classifications:

(i) FIX®©D EFFECTS - Vhere particular levels of a factor are

studied and the result is a2 comparison of mean effects of THOSE
particular levels.

(ii) RANDOM EFFECTS - Where levels of each factor are randomly

chosen from a large finite or infinite population of levels and the
resulting anelysis estimates the cowponent of variance contributed by
each factor to the total variance rather than the mein effects and
interactions at particular levels of each factor.
(311) MDED

The combination of (i) and (ii) resulting in a more
complicated analysecs.

The analysis of variance technique enables u. to partition
the variance of the measured variable into portions caused by the
factors, singly or in combination, and an experimental error component.

ONE FACTOR ANALYSIS

PURPOSE ...
To compare UL" different levels of a single factor having
UMM replicates (repeat experiments) per level.
ASSUMPTIONS ...
(1) The MM" replications for eny level represent a sample

dravm at random from a normal population.

27 D=3
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(i1) (a) FIXED EFFECTS

The "IM levels are systematically chosen as the
important (or only) levels of the factor.
(v) RANDOM EFFECTS

The "L!" levels are randomly chosen from a normal

population cf levels of the factor.

ANALYSIS ...
Let ‘A= 1evel of Significance
L = Number of Levels
M = Number of Replicates
N (L)(M)= Sample Size
X,

11;5 Replication t of Level i

Then, the partitioning of the total sum of squares
(S.S.) of deviations from the mean into its components is as follows:
Source of Variation:

L Lg (g x,;t)z - (ZX&)z

S.S.(AMONG) = =1 el

Among Levels

N
.+ associated degrees of freedom = (I-1)

Within Levels

S.S.(WHHIN) = SoSl(TOTAL) -~ S.S.(AIDNG)

.+ 8ssociated degrees of freedom =(N-L)

Total Sum of Squares: 2 2

s.s.(torany = N ‘Zt'_ Xie (é' Xe‘e)
N

... associated degrees of freedom = (N-1)

D-3 (Cont) 28
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The Mean Squares (variance estimates) are formed by
dividing the Sum of Squares by thelr assoclated degrees of freedom.

If the null hypothesis (Hg) of no difference smong
levels (equal means) is true, then the mean squares (M.S.), among and
within, are independent estimates of the same quantity and should be
approximately equal (except for fampling error) with a ratio (among
M.S. to within M.S.) near unity, A ratio greater than or equal to the
tabled value for (L-1, N-L) degrees of freedom would occur in random
sampling with probabilityec if Ho were true. Therefore, we would
reject the null hypothesis and say there is a difference among levels
(i.e., averages).

If an F = ratlo less than unity is calculated, considera-
tdon should be given to its reciprocal being statistically significant
rather than accepting Ho immedistely. If the reciprocal is significant,
possibly the postulated model is inadequate (Reference 2).

ANOVA, FIXED FFFECTS, LEVELS 6, REPLICATES 3
LEVEL 1 2 3 L 5 6
EQUIVALENT 5603 1,649 6731 L3kl 5329 5683

ROUND 70L6 5064 538l 6186 5119 6263
REPLICATES 3867 6135 L4508 7115 5170 6487

SOWRCE OF SUM OF DEGREES OF MEAN
VARIATION SQUARES FREEDOM SQUARE
Among 1 ,93%,1;119 5 386,890
Within 13,106,290 i2 1,092,190
Total 1504, 740 17

29 D-3 (Cont)
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Resulting F ratio is ,354 which is less than the table
value 3,11 and therefore there 1s no significent difference among the
mean lives of the six (6) levels considered.

Similarly the reciprocal of the ¥ ratio, 1/F is 2,82,
which is less than the table value of 4.68, and the model can be
considered adequate. (Reference 3, tables),

Referencess

i. STATISTICS MANUAL by E. Crow, F. Davis, M, Maxfleld, Dover Publicatione

2, STATISTICS IN RESEARCH by B, Ostle, Icwa State University Press

3. ENGINEERING STATISTICS by A. H. Bowker and G, J, Lieberman
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APPENDIX F

APPLICATION OF MULTI-LEVEL TESTIFG TO STAIDARD CANNON

PaGE

Canr.on 155MM Howitzer M1Al Graph -~

Hydraulic Cycles vs Rounds Fired 38
Cannon 155M{ Howitzer M1Al Graph -~

Reliability Predictions 39
Cannon 175'¢{ Guns M113 & M113Al Graph ~

Hydraulic Cycles vs Rounds Fired 40
Cannon 175! Guns M113 & M113Al Graph -

Reliability Predictions £l
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APPENDIX G

(PHASE III)
COMPARISON OF 175MM TUBE FORGING MATERIAL PRODUCED

BY THREE CONTRACTORS X, Y, Z.
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- PHASE 1II
TEST PLAN

FOR 7.62MM SPECIMENS, 175MM TUBE MATERIAL

» CATEGORY QTY TYPE TEST
2 PURE 9 HYDRAULIC PRESSURE CYCLED
SPECIAL 1 5 RDS/CYCLED
4 COMBINATION 1 50 RDS/CYCLED
2 100 RDS/CYCLED
‘ 3 500 RDS/CYCLED
3 2000 RDS/CYCLED
15 COMBINATION 3 3009 RDS/CYCLED
3 4000 RDS/CYCLED
3 5000 RDS/CYCLED
REAL 9 FIRED

TOTAL 37
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APFENDIX H

o (PHASE I1I)

SR COMPARISON OF 175MM TUBE FORGING MATERIAL PRODUCED

BY THREE CONTRACTORS X, Y, Z.

! 1. Original Data - 175MM M113El Cannon Tube Material

< 2, Graph ~ Hydraulic Cycles vs Rounds Fired
’ 175MM M113El Cannon Tube Material
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ADJUSTED IIFE DATA

FORGRG
SUPPLIER 2 X z
e |5e128(8 Ha.|28(B_|lgx(2E|E
& ajll s - a Sio S
58 |58|2A)2 EE2|28|85||2E |28 |2
RN FRFRE L PR
2 7233 z, 9
FIRED 9 | X3 [7696 || 21 |y3 |z || 33 | Z5 | 6918
ADJUSTED
* 2 X, |7655 i1 W ¥, 5210 26 | 2 6866
ALL 6 X, |68 [} 19 |¥, (6366 31 |2z, | 666
CYCLED 10 X3 |6199 22 |¥3 (7040 3k Z3 7365
orBTIATY S 5 673 {| 27 | 2 7352
COMBIMATION | 3 X 6583 1 Y 1
1k op X femr il e v |s| B |z | 7
FIRED 7 | x, [6do fl 20 |vp, 6281 || 32 |z, | &0
AND 11 x3 17k |f 23 [¥3 |[7507 |{ 35 | 23 | 696
cem |12 | 2 |ees || 2k |xy |76 || 3B |z | 78
ANALYSIS OF VARIANCE
F-RATIO
ALL ADJUSTED X 2.11
ALL ADJUSTED v 1.81
ALL ADJUSTED v .009
ALL FIRED XYZ .65
ALL £DJ CYCLED XYZ% 3.56
ALL ADJ COMBO  XYZ .8l
TABLE VALUE LN

In order to simplii‘y, adjusted combination fired and
cycled Xq's, X s, Y,'s, Y 's etc. were averaged to
provide 1;

hree eplicates par c- 1.
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AFPENDIX J
(PHASE III)
COMPARISON OF 175MM TUBE FORGING MATERIAL PRODUCED

BY THREE CONTRACTORS X, Y, Z.

Life Characteristic Comparison by Material Supplier
(Using Adjusted Data)

Life Characteristics Comparison by Test Method
(Using Adjusted Lives)

Graph - Rel’ability Prediction
(Using All Adjusted Data)
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COMPARISON O 175MM TUBE FORGING MATERIAL PRODUCED

APPENDIX L

(PHASE III)

BY THREE CONTRACTORS X, ¥, Z.

No.

1. Photos of Specimens Fired to Destruction Material
Supplier X

2. Photos of Specimens Fired to Destruction Material
Supplier Y

3. Photos of Specimens Fired to Destruction Material
Supplier 2
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APPENDIX M

7.62M4 AMMUNITION CALIBRATION

1, Amrunition Caiibration
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AMSIUNTTION CALIBRATION
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TEDL(CECS x 10”3)

TIPICLL P-T CUI'VE

7.62121 (Mikh Rifle Mat'l) Test irmo Lot WRA~22731
Calioration Date Hean Prescsure S5td Dev. Hean Velocity Std Dev.
Original 8/67 Lk, 30C 1000 liot Avail. Not Avail,
1st Check  11/70 L7,800 1300 2701 16
2nd Check  2/7 47,500 1100 27L0 28
7.6219F (1M13E1 Cannon Fai'l) Test Armo Lot WA 22896
Calibration Date Mean Pressure Std Dev, Hean Velocity Std Dev.
Originel 10/€8 L5, 3C0 1000 2751 19.7
1st Check  11/7C 47,500 1€0C 2687 28
2nd Check 2/n 48,300 1200 2731 19

MOTE: Check tests were performed by Frankford Arsenal.

Hydraulie cycling pressure was estzblished on original emmunition
contractor calibrations,
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. MISCELLANEOUS REFERENCES
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3.

MISCELLANEOUS REFERENCES

“"Establishment of Cannon Life Criteria" -R, E, Weigle 1967
Watervliet Arsenal (Plus additional REE laboratory test data),

"Fatigue Characteristics of Open-End Thick-lfalled Cylinder
Under Cyclic Internal Pressure'; T. E. Davidson, R, Eisenstadt,
A. N, Reiner - 1962 Watervliet Arsenal WVT-R1-6216,

") 75MM M113A1 Gun Tube Special Test for Service Life";

B, B, Brown, T. E, Davidson, D. G. Forkas, M. E, Kraut,

T. Moraczewski, A, N, Reiner, P.K, Rummel, R, Soanes Jr, -
1971 Watervliet Arsenal,
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