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PREFACE

This test conducted in response to ADTC Air Force Armament
Laboratory (AFATL/DLDG) letter , “Test Request for  an Evaluation of
a 30-mm GAU-8 Thin Wall Steel Cartr idg e Case , 1 1 3  July 1976. Testing
began 10 November 1976 and was c ompleted 3 November 1978. Amron
Corporation manufactured all of the steel cases for this test effort .

ADTC personnel responsible for  testing and report preparation
were:

Test Engineer Gregory D. Miller , 1st Lt , USAF
Test Design Engineer James C. Griff in
Test Requester/Program Alvin T. Cox

Manager
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SECTION I

INTRODUCTION

The 30-mm thin wall steel car t r idge case was designed for consid-
eration as an al ternate  to the standard aluminum case for the GAU-8 gun
system for two reasons .  The thinner  walls of the steel case versus  the
aluminum case would increase the internal  volume of the car t r idge ,
allowing an increase in propellant and an anticipated resultant increase
in projectile veloci ty.  In addition , a case cost reduction was anticipated.

Previous test ing ’ exposed deficiencies in the initial case design ,
including splitting or stretching , which could result in breakage of the
gun system. These deficiencies resulted in suspension of the tes t .
Additional testing was requested and initiated to investigate d i f fe ren t
case designs.

Thi s report documents the investigative testing conducted on several
iterations of redesigned steel cases. Various case parameters  were
changed including outer f inish coats and case wall thickness and taper .
Specific objectives were:

1. Demonstrate gun system cycling with steel case rounds.

2. Demonstrate the capability of steel case rounds to be f ired
in , extracted fr om , and rechambered in hot barrels .

3. Demonstrate the capability of steel case rounds to be fed ,
fired , and extracted in automatic burst  f ire at ambient temperature.

Refer  to ADTC-TR-76- 1  1 , Evaluation of a 30-mm Thin Wall Steel
Cartr idge Case, February 1976 , Unclassified. Testing reported in
ADTC-TR-76- l1  is also referred to as Phase I testing . Testing
reflected in this report is identified as Phase II.
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4 . Demonstrate  the capability of steel case rounds to be fed ,
f i red , and extracted in automatic burs t  f i re  when subjec ted  to hot (160°F) ,
cold ( -65°F ) , and humidity conditioning .

Objectives 1 , 2 , and 3 were accomplished. The hot and cold condi-
tioning of Objective 4 was accomplished , but the humidity c onditioning
was deleted by the requesting agency.

To facilitate report ing of test  result s (Section V), the var ious con-
f igurat ions of steel cases involved in the overall test were  grouped .
Groups A throug h N pertain to those te s t  items (736 rounds) f i red during
investigations prior to the last group . The last group , Group 0 (305
rounds) ,  pertains to the last case confi gurat ions  tested.

2
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SECTION II

DESCRIPTION

GENERA L

The steel c a r t r i d ge cases provided for this test had var ious  con-
f igura t ions .  A tabular  summary of the case confi gur at ions tes ted is
contained in Section V . A more detailed description of each configuration
is contained in A F A T L - T R - 7 7 -53 , 30-MM GAU-8 Thin Wall  Steel Car-
t r idge  Case, Unclass i f ied , April  1977 , ADA053298; and AFATL-TR-78-
138 , 30-MM GAU-8 Thin Wall Steel C a r t r i d ge Case, Unclass i f ied , 19
December 1978.

The final steel cases tested wei ghed approximately 0. 51 pound , as
compared to 0. 32 pound for the s t andard  aluminum case .  The internal
volume of the steel case was approximately 14 percent  grea ter  than the
standard aluminum case (steel - 10. 41 , aluminum - 9. 13 cubic inches) .

SURFACE FINISH

Two principal surface  f inishe s were employed throag hout the tes t .
A Mader lacquer was one finish for the exterior case surface. This
hard finish was applied over a phosphate primer coat. The other finish
was a 30 percent Teflon varnish. In addition , several other surface
preparat ions  were utilized at the oeginning of the test , but were  dis-
carded af ter  testing showed them to be unsa t i s fac tory . Additional
descri ption of the surface  finishes is c ontained in A F A T L - T R - 7 7-5 3 .

PROPELLANT LOA D

Two principal propellant loads were used. The normal load was
approximately 178 grams of 5 percent deterred propellant and yielded
a 56,000- to 60,000-pound per square inch chamber pressure. An
excess pressure load was also utilized during the test to achieve a worst
case condition for the steel case. The load was appproximately 159
grams of 2 percent deterred propellant and yielded a 67,000- to 70. 000-
pound per square inch chamber pressure. These are the loads for
regular and excess pressure unless otherwise noted.

3
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PHYSICAL CHANGES TO CASE

A number  of changes to the steel case was tested dur ing  this effor t .
Thickness  of the case wall (F igure  1) was increased incremental ly until
a case show ing little or no s t ruc tura l  degradation was tes ted .  The taper
of the wall f rom the base to the case shoulder was varied to determine
the optimum conf igura t ion . h eat t rea tment s were altered to obtain steel
with decreased hardness , which would reduc e case cracking . The head
to datum length , the distance measured f rom the base or head of the
case to a reference  datum diameter on the case shoulder , was va r ied t o
determine the effect on reducing case stretching or cracking . Different
punches were used to alter the interior case contour near the base of
the case. An in-depth description of the changes is contained in AFAT L-
TR-78-138.

MANUFACTURING PROCESS

The fabrication method for the thin wall steel case was changed f rom
the blank , cup , and draw process using plate mater ial  to a rod , ex t rude ,
and draw process using rod material .  This allowed better control  of
dimensions during fabr icat ion and a reduction in waste of raw mater ia l .
An extensive description of the process is contained in AFATL-TR-78-138 .

4
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Figure 1. Sectioned cases showing (1) standard aluminum
case , ( 2) steel case f rom beg inning of tes t  e f for t , and (3 )
steel case representa t ive  of those tes ted dur ing  f inal test ing
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SECTION III

INSTRUMENTATI ON

Instrumentation at the initiation of the test  was set up to determinegun f i r ing  ra 4 e , relative action time , hydraul ic  p re s su re  and flow , pro-ject i le  veloci ty ,  and dispersion . The natu re  of the tes t  changed  af terfai lure of the initial cases tested .  Some of the exist ing i ns t rumen tat i on
was not germane to the inves t iga t ive  type testing that was to follow andthus was deleted. Gun f i r ing  rate was the only parameter  moni to redon all subsequent  f i rings .

A magnetic t r ansduce r  (Figure  2) was mounted directl y on the gunjust fo rward  of the gun housing . Steel r ivets , approximately 0 . 2 5  inchlong , were mounted on each barre l  such that they would pass by thet ransducer  as the barrels  rotated.  As each rivet passed the t r ansduce r ,an electrical pulse was generated . Fir ing rate was determined by corn-paring the numbe r of these pulses to the duration of the burs t .

A closed circuit  television (CCTV) camera (Figure 3) was used to
monitor gun system operation during burst firings.

6
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SECTION LV

PROCEDURES

Due to the invest igat ive  nature  of this test , the number of test
rounds per burst  was limited to no more than seven rounds . This pre-
cluded the possibili ty of chambering a round in a chamber where portions
of a previous case could remain; a situation which could lead to a gun
system fa i lure .

In addition , testing was conducted in a sequence where  the least
severe test was c ompleted f i rs t , followed by increasingly more severe
tests. Therefore , normal pressure rounds were fired before excess
pressure; cold (-65°F) conditioned rounds preceded those that were hot
(160°F) conditioned; and rounds were fired at low rate (2,100 shots per
minute) before high rate (4,200 shots per minute). Simila rly ,  if in
previous testing a particular surface finish or case design proved more
successful  than another , the more successful  finish or design was f ired
f i rs t .

Prior to loading the steel case rounds , each round was visually
examined for marl s , dents , or r ipples on the case . During downloading
each round was closely examined for cracks , stretch marks , or dents
which may have resulted from either f ir ing the round or handling .

Steel case rounds were manually cycled in the gun system at an
extremely low rate to check for in terference.  Steel case rounds were
then cycled at low and hig h rates. Cases were inspected after each of
the cycling s , and projectiles were pulled from the cases to identify any
debulleting problems . Debulleting was accomplished by personnel from
the Air  Force Armament Laboratory (AFATL/DLDL) .

Selected cases were tempe rature conditioned to hot (160°F) or
cold (-65°F) temperature prior to being fired. Rounds were conditioned
for a nominal 48 hours with the exception of those in Group 0. For
these cases , the conditioning time was reduced to approximately 16
hours af ter  it was determined that this would not adversely affect or

• prejudice test conduct and results.

If rounds had been conditioned to hot or cold temperature , they
• were kept in insulated containers until they were positioned in the gun

system . After the rounds were positioned, time was kept to a minimum
prior to firing .
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On selected tests (Group 0), standard aluminum case rounds which
had been conditioned to -65°F were positioned and f i red .  Immediately
following this firing , test rounds were pos itioned and f i red using the same
chambers which had been cooled by the standard rounds. The cooled
chambers collected a small amount of condensation between f i r ings .

The test rounds were then inser ted into , f i red , and extracted from
these wet chambers , thereby duplicating a condition which in previous
testitig resulted in case failures.

A prot otype GAU-8 gun (Figure 3) was used to f i re  the steel case
test rounds. The gun was utilized because of the past his tory of cracks
with the steel cases and the associated possibility of gun damage.

Cardboard targets  were set up downrange from the gun muzzle to
detect projectile yaws and excessive dispersion .

10
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SECTION V

TEST R ESULTS

GENERAL

A total of 1, 041 steel case rounds was f i red  during this test .  During
testing , the steel car t r id~~e case was ob s erved to fail in a number of modes ,
depending upon internal p r e s s u r e , sur face  finish , hardness of the  steel
ca s e , th ickness  and taper of the case wall , temperature conditioning, and

• f iring ra te .  There  were two basic modes of fai lure , depending upon the
above fac tors .  F i rs t, case rup ture  was observed to occur .  Sec ond , the
case was observed to stretch near the base of the case . There fo re , a

• major portion of testing was orie:ited toward finding an optimum finish ,
hardness , and geometry for the steel case to prevent fa i lure .

Due to the large number of d i f ferent  configurations tested during
investigative testing, tests of thes e steel cases will not be consider ed in
answering test  Obj ectives 3 and 4 . Result s of thes e investigative tests a re
pres ented in chronological order and a re  tabulated in part in Table 1.

Following thes e investigative tests , four final case designs (Group 0)
were tested. The 305 cases tested disp layed improved performanc e over
most of the previous rounds . These results a re  tabulated in the discussion
of the Group 0 configuration.

EAR LIER CASE CONFIGURATIONS

GROU P A. Eight een steel case rounds were fired at the initiation of
this test effort .  The cases weighed approximately 0. 37 pound and were
covered with a 30 percent Teflon coating . Case failures during thes e
f i r ings  led to subsequent investigative tests .

Two steel case rounds per barrel  were fir ed at low rate. Two of the
14 rounds misfired due to a firing pin malfunction resulting in light strikes
on the pr imers .  Each steel case split wh en fired at low rate (Figure 4).
One i~ound was f i red at high rate to confirm that the problem also existed

• at that condition. This steel case round was almost completely severed.

11
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Figur ’ 4 . Fi rs t  six c~~~es (Group A) of 14 f i re d  a~
low rate showing (arrows)  circumfer ential split
approximately 1 5/8 inches f rom the base

After  examining the split cases , four steel case rounds were  coated
with light oil in an attempt to reduc e the friction forces between the case
and cha mber . Two rounds were fired at low rate , with no splitting occur-
ring . Subsequentl y, one oiled round and one dry round were f i red  at high
rate. The oiled round did not split but the dry round did, Another oiled
round was f i red  at hig h rate in the same barre l  as the previous dry round .
This oiled round did not split .

GR OUP B. The next itez’ation of steel case rounds investigated was of
d i f ferent  case finish materials . Gun oil and Fluoroglide (see AFATL-TR-
77-53) were two lubricants applied to the case surfaces in this group.
Sixty steel case rounds were f i red .
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Twenty -e ig ht steel case rounds of various configurations (Table 1)
W e r e  f i red  singly . N ineteen rounds cracked or split (F igures  5 , 6 , and 7)
and five rounds s t re tched . Four rounds had no visible s t ruc tu ra l  degrada-
ti on , T h r ee  of th es e wer e regu la r  steel rounds (F igu re  6) loaded for hig h
chamber  p r e s s u r e  and coated with a thin f i lm of oil. The other was finish-
ed with Mader lacquer (Figure  7) over ph osphate.

T h i r t y - t w o  steel case rounds were  f i r e d  in five bursts . The steel case
rounds in each burst  were  preceded by 49 standard aluminum cased rounds
Elev en steel cases 4)plit or cracked and fo tr  s t retched.  The r emaining 17
rounds had no visible s t ruc tura l  degradat i sn .

GROUP C . Thir t y-six steel case rounds  of varying hardness  and
di f fe ren t  f inish coats were f i red  in eig ht bu rs t s  at low and high rate ,

Six reduc ed hardness cases with Teflon finish wer e f i r ed  at low and
hig h rates ( three at each rate) . One of the cases split when f i r ed  at hig h
ra te .  The  other five showed no degradat ion .

Twenty rounds ( 10 each at r e g u l a r  and r educed ha rdness )  f inished
with Mader lacquer were f i red in four  b u r s t s .  Tw~ sp lit , four c racked ,
eig ht s t retched , and six showed no degrada t ion .

Ten rounds with blac k lacquer were  fi r ed ( t h re e  at low rate , seven at
hig h rate) in two bursts . Four showed no degradation , one cracked , and
five stretched .

GROU P D. Fifty-six steel cases with Mader lacquer finish were f i red
in nine bursts . Eighteen cases ( regular  hardness) f i red  during the f i r s t
t h ree  bursts  showed no structural degradation. Two r ounds failed to f i r e
becaus e the pr imers  were set too deep. Twenty-one rounds (reduc ed
hardn ’ss , regula r pressure)  were f i r ed  at low (eight rounds) and hig h (13
rounds) ra te  with no evidenc e of s t ructural  degradation , One round mis-
fi r ed. Thir teen rounds (reduced hardness , high pressure)  were fi r ed at
low (six rounds) and high (seven rounds) rate. All cas es stretched near
the  base (Figure  8). One round mi~ fi r ed .

GROUP E. Twenty-eight steel case rounds with Mader lacquer f inish
were f i red in four bursts  of seven. Of seven rounds with reduced hardness
fi r ed at low rate , five cracked and two stretched. Of seven rounds with
reduced hardness f i red at hig h rate , all seven stretched. All seven rounds
with regular hardness fi r ed at low rate cracked , while four of the  same
rounds f i r e d  at high rate stretched , and the remaining thr  I’ cracked,

19
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Figure  5. Two steel cases from Group B showing (1) crack in
r egular ateel case fi r ed  at low rate and case coated with 100
percent Teflon with (2) flaking of case coating and (3) crack
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Figure 7. Fou r cases from Group B showing ( 1) cracks in
cases coated with 30 percent Teflon over zinc plate and (2)
stretch in a case coated with Mader lacquer over phosphate
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Figure  8. Typical Group D Mader lacquer
finished case which was loaded for high pres-
sure , showing stretch near base (arrow)

GROUP F. Ninety - eight steel case rounds with Mader lacquer finish
were f i red at ambient tempera ture  and after temperature  conditioning . All
rounds wer e loaded for r egular pressure.  The first  10 bursts had 7 rounds
per burst , and the last two bursts contained 14 rounds each. Twenty -eight
rounds were fired after cold (-65° F) conditioning at low and high rate (14
rounds at each rate) . No structural degradation was noted.

Four of seven ambient temperature rounds fired at low rate stretched.
Two of seven ambient temperature rounds fired at high rate stretched .

Fourteen cases were f i red  at low rate after hot (160°F) conditioning .
Four stretched and two cracked.
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Fourteen cases were fir ed at high rate aft er hot (160°F) conditioning.
Seven stretched and three cracked. Two of 14 ambi ent cases str etched and
and 1 cracked during a burst firing at low rate. The first 7 of 14 ambient
temperatur e cases cracked during a burst firing at high rate .

GROU P G. Seven steel case rounds sprayed with a thin film of sill-
cone a were  fi red at low rate . Six cases cracked and one stretched. Add-
itional rounds were not fi r ed due to the results of the f i rs t  burs t .

GROUP H. Thirty -five steel case rounds were f ired in five bursts of
sev en rounds each, The variable was wall thickness. All cases had a
Mader lacquer finish.

Burst 1. This burst was f ired at low rate [1, 800 shots per minute
(SPM) 1.. Wall thickness was 0 .002 inch greater than regular test rounds .
Two of seven rounds fired showed visible stretch marks on the cases ,

Burs t  2 . The wall thickness was 0.008 inch greater than that of the
original test rounds . All cases were in satisfactory condition after being
fired at low rate (2, 000 SPM).

Burst 3. Six of seven rounds fired during this burst had satisfactory
cases . The other round was a misfire. The cases were 0,008 inch thicker
than ori ginal test rounds and were f i red at low rate (1 , 400 SPM) .

Burs t  4. All cases wer e in satisfactory condition after thi s burst .
The cases were 0.002 inch thicker than those of original test rounds and
wer e fi r ed at low rate (2 , 200 SPM) .

Burst 5 . The last burst of seven rounds was at high rate (3 , 200 SPM) .
The cases were 0 .002 inch thicker than the original test roundø . No cases
failed.

GROU P 1. During the n ext series of testing, 22 rounds were fired.
The case wall thickness was increased 0.008 inch in the critical area (1 .6
inches from the base of the case) for thes e rounds . Rounds wer e fired in
three bursts of seven rounds with the r emaining r ound fired singly.

One r ound from the second burst showed som e flaking of the lacquer
near the case mouth and neck. No stretch marks or cracks were noted.

2 AFATL-TR- .77-53 .
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GROU P J. Sixty-three rounds [28 each , Mader lacquer with and with-
out sur face  pr eparation (blasting with glass beads to remove surface
imperfections), and 7 with Teflon coating ] were fired during the next
series of testing . R ounds were fir ed in seven-round bursts in accordanc e
with the schedule in Table 1. Inspection of rounds after the f i rs t  two
bursts  revealed no discrepancies. All of the T eflon case rounds fired
during the third burst failed . One round stretched, fiv e rounds cracked,
and one round separated (Figures 9 and 10) . All rounds in the remaining
bursts had good cases except one case in the seventh burst , which had a
stretch mark.

GROUP K. One hundred seventy-five rounds were tested during this
series of tests . Due to the expected success of these cases , debullet
pull force was determined before  fir ing these rounds . As a result of the
low debullet pull forces (Table 2) recorded after cycling the rounds , no
high rate fir ings were conducted. The principal chang e to the cases sinc e
the last tests conducted included tempering the steel at a different tempera-
tu re , resulting in a reduced hardness,

During the cycle and debul,let pull test , four sets of seven rounds each
were cycled. Rounds making up the f i r s t  set all had wrinkles in the necks ,
but good crimps . Projectile pull was recorded and is reported in Table 2 .

R ounds f rom the second set had slight dents in the case shoulder and
one proj ectile was loose (could be rotated in case) .

Slight shoulder dent s were again noted in cases from the third set of
rounds , Four of seven rounds had projectiles which could be rotated in
the case.

All cases cycled in the fourth set of rounds had dents in the shoulder .
One case had a severe shoulder dent . Six projectiles were loose to the
extent that they could be rotated in the case.

The first  burst of seven rounds resulted in two radial cracks and five
stretched cases. All stretches and cracks occurred at approximately 2 . 1
inches from the base of the case (Figure 11).

The second seven- round burst again revealed structural failures at
the same point abov e the base. Five cases cracked and two stretched .
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Figure  9. Teflon coated steel case f rom
burst  3 of Group J showing crack (arrow)

Figure  10. Teflon coated steel case from
burst  3 of Group J’ showing case separation
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Figure 11. Typical Group K Mader lacquer finished
case which was f ired at low rate , showing crack
(arrow) approximately 2 .1  inches from base
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Table 2. Recorded debullet pull forces
from cycled rounds from Group K

Round no. Pul ls Round no. Pull a

___________________ 
(lbf) (lfb)

1 1, 480 15 1 , 625
2 1, 775 16 1 , 575
3 1 , 475 17 1 , 500
4 1 , 650 18 1 , 675
5 2 , 025 19 1 , 700
6 1 ,475 20 1 ,700
7 1, 650 21 1 , 375

8 1 , 825 22 1, 735
9 1 , 775 23 1 , 540

10 1, 425 24 1 , 230
11 1 ,900 25 1 , 625
12 1, 475 26 1 , 675
13 1 , 350 27 1 , 475
14 1 , 400 28 1 , 600

The specified minimum pull force is 1 ,900 pounds .

Note: Data obtained from Air Force Armament
Laboratory (AFATL/DLDL )

The next two bursts of seven r ounds were coated with a thin film of
gun oil 3 prior to firing . No stretches or cracks were .noted on any of the
cases.

Following these bursts , the barrels were changed because of safety
considerations . Projectile yaws of up to 90 degrees occurred using the
old barrels.

Forty-two regular pressure r ounds were fired in bursts of seven
each. Bursts were fired as quickly as possible to maximize barrel
heating . Cases were inspected in the gun chuting between bursts .  The

‘Lubricating oil , general purpose (weapons oil , light),  VV-L-800a ,
FSN 9 150-00-231-6689 .
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final seven rounds were  re turned af ter  inspect ion to the hot gun chambers
for a 10-minute soak period at exis t ing chamber temperature .  The
chamber temperature had no visible effect  on the case finish.  Of the 42
rounds f i red , 11 showed evidence of stretching and 1 was cracked. The
remaining cases revealed no defects othe r than normal handling marks .

Twenty-eight  rounds were f i red  af te r  cold conditioning at -65°F for
48 hours .  Firing was in seven-round burs ts  separated by minimal time
required for  case inspection . Two cases split lengthwise f rom the case
mouth (Figure  12). All othe r cases ‘Here in satisfactory condition .

Twenty-eight rounds were hot conditioned at 160°F for  48 hours .
These were  fired in bursts of seven rounds and downloaded af ter  each
burs t .  Of the cases tested , 8 were cracked and 20 were stretched.

Twenty-one high pressure  ambient temperature rounds were fired
in seven-round bursts .  Cases were downloaded fol lowing each burst .
Fourteen cases were cracked and seven were stretched.

GROUP L. Sixty-one steel case rounds with Mader lacquer finish
were f i red  in bursts of seven (or six ) round s at low rate , Variable s
between cases (Table 1) included high or regular pressure , long or short
head to datum lengths , and use of a new or old punch in making the cases.
Of the rounds fired in the f i rs t  six bursts , all cracked except five which
stretched (one in burst 5 and four in burst  6). During burst  7 , two cases
separated (jamming the gun) , three stretched , and two cracked. All
seven rounds in burst 8 stretched . The cases in burst  9 were aluminum
control rounds which neither stretched nor cracked. A case rupture
during burst 10 resulted in a gun stoppage.

GROUP M. A total of 42 steel case rounds with Mader lacquer (35 5

cases) and DeBeers Teflon (7 cases) f inishes was loaded for hig h or
regular pressure  and fired at low or hig h rate (Table i ) .  All cases were
in satisfactory condition.

GROUP N. A total of 35 steel case rounds with Mader lacquer (14
cases) and DeBeers Teflon (21 cases) was f ired at low and high rate
after cold (-65°F)  and hot (160°F) conditioning. The f i r s t  four bursts
were fired satisfactorily. A case separation during the fi ft h burst  (hot ,
Teflon , at low rate) resulted in a gun stoppage.
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Figure 12. Two Mader lacquer f inished steel cases
from Group K showing lengthwise splits (arrows)
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FINAL STAGE CONFIGURATION

GROUP 0. The final  i t e ra t ion  of steel cases encompassed a number
of d i f f e r en t  va r i ab les  including two d i f f e r ent  sur face  f in i shes , dif f e r en t
case wa ll t h i cknesses , and t wo p rope llant  loads . Resul t s of the 305
cases tes ted  a r e  summarized in Table 3 .

Dry Chamber Tests. Two hundred fifty-eight steel case rounds
were  f i red  dur ing  tests using dry chambers .  Of these , 168 contained a
propellant loa d de termined to y ield a no rmal (approximately 60 , 000-
pound per square  inch) chamber p re s su re .  Dur ing  low rate f i r ings , 42
ambient rounds (7 each of three  d i f fe ren t  des igns  with both lacquer and
Teflon f inishes) were f i red in s even - round  bu r s ts .  All cases  we r e in

• 3a tis f ac to ry  condition .

Another  42 rounds of identical confi gu ra t ion were  fired aft er bein g
tempera ture  conditioned at -6 5 ° F .  All cases were  in sa t is factory condi-
t ion.

The remaining 84 rounds with a normal propellant load were tem-
pera tu re  conditioned to 160°F.  The f i rs t  42 were  f i red  at low rate .
Fourteen of these were of case Design A4 ( 7 each with lacquer and Teflon
f inishes)  and all cases were in sa t i s fac tory  condition . Seven rounds of
case Design B5 with lacquer f inish were  f i r ed .  Two of these revealed
slight s t re tch marks.  Six of seven of the same case design with Teflon
finish had slig ht stretches .

Fourteen rounds of case Design C 6 (7 each f inished with lacquer and
Teflon) were fired , with all 14 showing s t re tches .  It should be noted
that the seven lacquer finished rounds were  f i r ed  af ter  seven c old condi-
tioned rounds , resulting in possible wet chambers (see Section IV). This
could have contributed to the stretching .

The remaining 42 hot temperature conditioned rounds were fired at
high rate (4 , 200’ SPM) . Fourteen rounds of case Design A (7 each
finished with lacquer or Teflon) were fired , afte r which none of the
lacquer finished rounds showed signs of stretch . Three of the seven

‘ AFATL-TR-78-138
5 Ibid
6 Ibid
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Teflon finished rounds had lig ht s t re tches .  The other 28 rounds were
of case Designs B and C. Each design had seven lacquer and seven
Teflon f inished cases.  All 28 exhibited slig ht s tretches after  the rounds
were fired.

The remaining 90 rounds which were  fired from dry chambers were
loaded to achiev e excess pressure  (approximately 70, 000 pounds per
square inch) when f i r ed .  Thirt y-fou r of these were at ambient tempera-
ture  and were f i r ed  at low rate.  The 14 rounds with case Design A
(seven lacquer and seven Teflon finished cases) were sa t i s fac tory .  Of
the rounds having case Design B , the three  with a lacquer f inish were
sat is factory , while two of the three with a Teflon f inish showed light
s t re tches .  Of the rounds having case Desi gn C , two of seven rounds
with lacquer f inish had lig ht s t re tches , while all seven rounds with Tefl on
finish showed light stretches.

Forty- two of the ambient , excess pressure rounds were fired at
high ra te .  Of the 14 rounds f ired with case Design A (seven lacquer and
seven Teflon finished cases) ,  one Teflon case showed a li ght s t retch.
Of the 14 rounds f i red having case Design B (seven lacquer and seven
Teflon finished cases) ,  lig ht s tretches were  noted on two of the lacquer
cases and six of the Teflon cases, Of the remaining rounds having case
Design C (seven lacquer and seven Teflon finished cases) ,  light s tretches
were  noted on three  lacquer and five Teflon cases.

The remaining rounds of the 258 f i red in dry chambers were ambient
rounds which were loaded for excess pressure .  These 14 rounds had
case Design D7 and were fired at low rate. Two of the seven cases with
a lacquer finish and one of the seven cases with Teflon finish had stretches.

Wet Chamber Tes ts .  For ty-seven test rounds were f i red during
wet chamber tests  (as described in Section IV). All rounds were  loaded
to achieve excess chamber pressures  (68 , 000 to 70 , 000 pounds per square
inch) and were fired at ambient t empera ture  and at low rate.

Of the 12 rounds fired having case Design A (six l~..cquer and six
Teflon finished cases) ,  light stretches were noted on three of the lacquer

‘ These were 0.45 lb cases similar to those fired in previous groups.
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cases and five of the Teflon cases. Of the 12 rounds fired having case
Design B (six lacquer and six Teflon f inished cases) ,  four  lac qu er cases
had obvious s t re tches  and the other two had li ght s t re tches . All six
Teflon finished cases had light s t re tches  (Figure 13) . Of the 11 rounds
f i red having case Design C (six lacquer and five Teflon f inished cases ) ,
four lacquer cases had lig ht s t retches and the other two were u n st r e t c h e d .
Three of the cases with Teflon finish had obvious stretches and the
remaining two were lig htly s t re tched.  Of the 12 rounds f i red having
case Design D (six lacquer and six Teflon finished cases) ,  two lacquer
cases and two Teflon cases had light stretches.

Visual inspection of Table 3 reveals that all 42 steel cases having
case Design A and a surface f inish of Mader lacquer performed satis-
factorily during dry chamber t e s t s .  Three of six cases showed s t re tches
during wet chamber t es ts .  The next best group of cases were  of the
same des ign , but had a Teflon su r face  f in ish.
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SECTION VI

SUMMARY OF FINDINGS

A total of 1 ,041 steel case rounds were  f i r ed  dur ing  th is  test  e f fo r t .
The final 305 of t hese rounds  r e p r e s e n t  th e fi na l con f igu r at ions t ested
and were used to answer  tes t  Objectives 3 and 4.

1. Steel case rounds were  cycled in a preproduct ion  GAU- 8  gun
sys tem with no i n t e r f e r e n c e  or compatibility problems . Handling marks
on the cases were normal.

• 2. A total oi seven steel case rounds were  f i r ed  in , extracted from ,
and rechambered in hot barrels . Chamber t empera tu re  had no visible
effect on the case f in ish  (Group K).

3. A total of 179 steel case rounds f rom Group 0 were fired in
bursts of up to seven rcinds at ambient temperature. Of these , 21
rounds of case Desigr~ A having a Mader lacquer  f i n i sh  per formed satis-
factorily during tests with dry chambers.  Resul ts  are tabu lated in
Table 3.

4. A total of 126 steel case rounds f rom Group 0 were f i red in
bursts of up to seven rounds af ter  hot (160 °F)  and cold (-65°F) tempera-
tu re  cpn di t ioning . Twenty-one  rounds having case Design A and a Mader
lacquer f in ish  were  f i red with no c racks  or s t re tches .  Resul ts  are
tabulated in Table 3 .
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37

-w - ~~~~~~~~~~~~~
, • - . ..



- -5_~~
_ w — - .- .5 — — 5 - -

I
,

APPENDIX

METRIC CONVERSION FACTORS

This appendix presents conversion factors to convert from units
customarily used in the United States to metric uni ts .  This information
was extracted from Pamphlet E380-76 , American Society for Test ing
and Materials (ASTM ), 19 January 1976 , which was approved 19 January
1976 for use within the Department of Defense.

To convert from To Multi ply by

Foot (ft) Meter (m) 3.048 000 E-01
Pound force (lbf) Newton (N) 4.444 222 E-0O
Pound (Ib) Kilogram (k g) 4. 535 924 E-O1
Inch (in.) Meter (m) 2.540 000 E-02

(The reverse of this page is blank.)
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DISTRIBUTION LIST

San Antonio ALC/MMSRE 1Hq USA F
Wash DC 20330 Kelly AFB TX 78241

LEYW 1
RDORM 2 AUL/LSE-69-234 1
X OOSLB 1 Maxwell AFB AL 36112
SAMI 1
XOODE I Nellis AFB NV 89191

USAFTFWC/TE 1AFIS/INTA 1 57 Ftr Wpns W g 1
DOSV Ftr  Wpns SchDefense Intel Agcy/DB-4C 3 1

Wash DC 20301 Ogden ALC/MMW RAS - 1
Hill AFB UT 84406AFSC

Andrews AFB DC 20334 Intel Cen Pacifi c/IPAC 1-32 1TEV 1 Box 38SDZ 1 Camp H. M. Smith HI 96861

Wrig ht-Pat terson AFB OH 454~~ Sacramento ALC/MMSR 1AFLC McClellan AFB CA 95652MMW M 1
MMEA 1 1-lq AFEWC/EST 2

FTD/PDXA 1 San Antonio TX 78243

ASD/ENESH 1 Oklahoma City ALC/MMS 1
Tinker AFB OK 73145TAC

Lang ley AFB VA 23665 
USAFSAAS/TTOR 2LGW 1 
Lowry AFB CO 80230DOO 1

INA 1 
23 TFW/DOW 1
England AFB LA 71301SAC

Offutt AFB NE 68113 474 TFW/Wpns/Tac Div 1DOOV 1 Mt Home AFB ID 83648
INTW 1
LGW 1 

~ AF/DOOF 1
Shaw AFB SC 29 152Dir Aerospace Safety 1

Hq USAF/IGD (SEv) Picatinny Arsenal 1Norton AFB CA 92409 SARPA-TS-S 59
Dover NJ 07801
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DISTRIBUTION LIST (Concluded)

USA Foreign Sci & Tech Cen 1 Hq PACAF
Attn:  DRXST-CA3 Hickarn AFB HI 96853
220 7th St NE DOOF 2
Charlottesville VA 2290 1 OA I

Redstone Sci Info Ctr 2 USAFE/DOO 1
USA Msl Cmd/Ch Doc Sec APO NY 090 12
Redstone Arsenal AL 35809

1 3 AF/LGW 
- 1

USN Sch EOD/CMCO Code N 1Z 1 APO SF 96274
Indian Head MD 20640 •

NWC Code 533/Tech Lib 1
Naval Sur Wpns Cen 1 China Lake CA 93555
Tech Lib & Info Ser Div
White Oak , Silver Spring MD 314 AD/INT 1
20910 APO SF 9630 1

USA Ord Cen & Sch 1 Eglin AFB FL 32542
Attn : ATSL-CTD-MS ADTC
Aberdeen Proving Gnd MD 21005 DLODL 2

3201 ABG/H O 1
DDC 2 3246 TESTW /TEO 1
Cameron Station 3246 TESTW/TETF 12
Alexandria VA 22314 3246 TESTW /DLDG 15

CINCAD/DOV 1 
USAFTAW C

Ent AFB CO 8O9I2 TVW 1

AFW L/SUL (Tech Lib) 1
Kirtland AFB NM 87117

475 Test Sq/TEJ I
Tyndall AFB FL 3240 1

Eglin AFB Aux Fid 9 FL 32544
1st Spec Oper W g/DOW 1
AGOS/DO 1

5 AF/LGW O 1
APO SF 96328
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