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PART A

SYNOPSIS

l. From the results of the subject tests, it is concluded that:

ae EX~7085 was ballistically satisfactory for use in the 5"/54
caliber gun with the 60 1b. projectile at a veloeity of 3000 f/s,

b, EX-7088 was ballistically satisfactory at a velocity of
3000 f/s at a PPD (Production Packing Depth) of 3%¥1 but unsatis-
factory at the proposed PPD of 3%5.

ce Satisfactory ballistics were obtained at 3000 f/s velocity
at a PPD of 2¥5 for EX-7085, EX-7087, and EX-7088,

d. The pressure-time curves obtained with the subject propel-
lants had pronounced steps occurring in the pressure-rise region
and were inferior to those obtained with either EX-6822 or EX-6883,

2. From the results of the subject tests, the following recommen-
dations for a powder granulation, as requested in reference (b),
are as follows:

Velocity Pressure Aprroxe. Flame Tempe Av, Veb

(£/s) (£e3,1,) PPD °K {(in,) L/
3000 (a) 22-24 3vs 2200 0,0410 2.3
3000 (b) 22~24 vl 2250 0.0430 2.3
(a) Similar to EX-708%

(b) Similar to EX-7088

CORFIDENTIAL
SECURITY INFORMATION 1




CONFIDENTIAL

Ballistic Test of Cool

G e W e @ Er ar B % W ar W WP e W @ wr s YD WA Gm ME M sy W AP s e W W = -

SYNOPSISe ¢ o o o &
TABLE OF CONTENIS .
AUTHORITY o o o o
REFERENCES, & o o &
BACKGROUND, o o o &
OBJECT OF TEST. « &

Propellants EX-7064

[

FERIOD OF TESTs o ¢ o o o o o &
DESCRIPTION OF ITENMS UNDER TEST
PROCEDURE ¢ ¢ o ¢ o ¢ o ¢ s o @
RESULTS AND DISCUSSICNe ¢ o o

RECOMMENDATIONS o o o o o o o o

APPENDIX A
APPENDIX B
'LPPENDIX C
APPENDIX D

CONFIDENTIAL
SECURITY INFORM&TION

TABULATION OF FIRING

DATA,

NPG REPORT NO. 1194

GRAPHICAL REPRESENTATION OF FIRING

DATA.

PRESSURE"TILE CURVES e & & & e o ¢ o & @
DISTRIBUTION...OOQ.O..O...

to EX-7089 inclusive

Page

[ ]
[
®
O O vt o\ PR Www N

1-13 (Incl)
1-6 (Incl)

1-4 (Incl)

1-5 (Incl)



— -

() ()

CONFIDENTIAL NPG REFPORT NO., 1194
Ballistic Test of Cool Propellants EX~7084 to X-7089 inclusive

INTRODUCTI ON

1, A4UTHORITY:

The tests conducted herein were authorized by reference (b)
under(T§sk Assignment NPG-Re2d-61-1~53 as established by refer-
ence (aje

2. REFERENCES:

as DBUORD Conf ltr NP9 Re2d-CNBtaph Ser 42662 of 29 July 1952
b. BUCRD Conf 1ltr Re2d-CiBidad NF9 Ser 55117 of 13 Apr 1953
ce BUCRD Conf 1tr Re2d~CHB:jd NOrd 9691 Ser 55201 of

14 Apr 1953 to E. I. du Pont Co., Inc,
d. NPG Conf Report No, 964 of 18 Aug 19952
@s BUORD Conf 1ltr Re2d-CNB:dad S78-1(54) Ser 59809 of

10 July 1953
f+ Description Sheets of Manufacture and Closed Bomb Data

3+ DBACKGROUND#

Reference (a) set up the general task for devclopment of a cool
propellant for the 5"/54 caliber gun, Reference (b) requested
EX~-7084 through EX-7089 be fired for ballistic zssessment in the
g%/54 caliber gun, Mk 18 with the 60 1b, projcctile in the 22-24
tsi pressure range at a velocity of 3000 f/s. Reference (b) des-
cribed these propellants as cool picrite powders with nominal flame
temperatures around 2180 to 2250 °K prepared in accordance with
reference (c¢)., Reference (b) further requested the WNaval Proving
Ground to recommend an optimum granulation (based on the results of
the subject powders) for manufacture of a large lot of cool picrite
powder for the continuation of erosion trials in the 5"/54 caliber
gun presently being fired with EX-68E3, as reported in reference (d)e
Reference (e) stated that the near-term objective in the 5"/54 cal-
iber gun with the 60 1b. projectile is now being reduced from the
original goal of velocities in the 3000 - 3100 f/s range to 2800 f/s
because of projectile bahd failure at the higher velocities,

CONFIDENTIAL
SECURITY INFORMATION 3
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4, OBJECT OF TEST:

a., To determine whether the subject propellants are ballis-
tically satisfactory in the $"/54 caliber gun, Mk 18, at 3000 f/s
velocity in the 22-24 tsi pressure range with the 60 1b. projec-
tile,

be To obtain data incident to the manufacture of a large lot
of cool picrite powder for continuation of erosion trials in the
51/54 caliber gun.

®» PERIOD OF TEST:

a. Dates Project Letters: 29 Jul 1953

13 Apr 1953

b, Date MKaterial Recciveds 8 Apr 1953

ce Date Commenced Tests 22 apr 1953

d. Date Test Completeds: 26 May 1953
PART C

DETAILS OF TEST

6. DESCRIPTION OF ITEMS UNDER TEST:
Reference (f) described the subject propellants as followss

ae Chemical Composition:
EX-7084 EX-7089 EX~-7086

Nitrocellulose (13.,20%N) 19,84% 20.09% 19,41%
Nitroglycerin #3 11,88 11,99 11.99
Picrite 60,01 £9.77 60,13 .
Centralite 1,96 1,91 1.89
Dibutylphthalate 6.31 6,24 6,62
Lead Carbonate (added) 0.97 0.95 0.92
Flame Temp. (°K) 2211 2202 2169

EX~7087 EX-7086 EX~7089
Nitrocellulose (12.20%N) ' 20.30% 20,62% 20,45%
Nitroglycerin 13.86 12.47 12,30
Picrite 58417 £9.03 58,22
Centralite 1,85 1,90 1.77
Dibutylphthalate fe82 5.98 582
Lead Carbonate (added) 0,93 0,93 0,94
Flame Tenp. (°K) 2321 2244 2260
CONFIDENTIAL
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CONFIDENTIAL NPG REPORT NO. 1194
Ballistic Test of Cool Propellants EX-7084 to EX-7089 inclusive
be Grain Geometry and Closed Bomb Datas
Length Diameter Av, Web No, of RQ RF

Sample (in) (in) (in) Perfs, (%) (%)
EX-7084 00,5193 0.2157 0.0369 7 107.8(a) 105.3(a)

96.8(b) 93,0(b)

119.1(c) 95.5(¢c)

EX-7085 0.5258 0.2301 0,0405 7 98,2(a) 104.5(a)
88,2(b) 92,3(b)

108.5(0) 94,8(c)

EX-7086 0.5479 0.2420 0.0424 7 86,7(a) 104.2(a)
77.8(b) 92,0(b)

95.7(c) 94.5(c)

EX-7087 0,5267 0.2303 0.0404 7 113.3(a) 110.3(a)
99.9(b) 96.5(b)

123,0(c) 99,8(c)

EX-7088 0,9514 00,2428  0,0433 7 98.,1(a) 107.9(a)
66.6(b) 94,0(b)

106.6(c) 97.3(c)

EX-7089 0.5809 0.2542 0,0462 7 95.,0(a) 107.2(a)
83.8(b) 93,8(b)

103.3(c) 97.1(c)

(a) Based on EX-6586 as 100% at 9O°F
(b) Based on EX-6883 as 100% at 9O°F
(e) Based on EX-7001 as 100% at 90°F

7. PROCEDURE:

The subject propellants were fired in the 5"/54 caliber gun
Mk 18-0 for charge determination, Muzzle velocities, maximum pres-
sures (copper crusher), and ejection times were recorded, Pressure
time records on the subject powders were obtained in both the
Ik 16-0, and ik 18-0 gun, All charges werc assembled at PPD (Pro-
duction Packing Depth%.

8. RESULTS 4iND DISCUSSION:

The results of the subject tests are given in detail in the
Appendices and are summarized belows

CONFIDENTIAL -
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EX-7086
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EX-7088
EX-7089
Ex-§883

n(b)
EX-3085

Ex~3086
Ex;3087
EX-7088
"
EX-ZOS9
EX-ZOBS
EX-ZO88
EX-ZOB?
EX—ZOB4
EX-7084
EX~7087

EX-6822
EX~-6882
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(b) ZXC-M5B primer
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Charge Velocity

g;bz gf(sz
16,00 253942
19.50 2877+3
18,00 26735
21,60 30004
19,00 2649+4
22,90 2992+ 5
17,00 2711+2
19,00 2901+3
18,00 26687
21,00 29374
19,00 27061
22,30 3001%4
19,50 2876+5
21,60 29938
22,99 2990+7
19,30 2908*2
21,70 2996411
22,29 2977+1
18,50 . 28273
20,28 2994+]1
20,28 29973
18,50 271942
21,60 2995+2
19.00 26492
22,99 3004+5
17,00 2708+3
20,04 299443
18,00 2669+1
21,70 3006%9
19,00 2697+5
22,29 29977
21,70 2989+5
20,50 2881+2
21,60 29918
18,00 2664+1
20,10 2086+4
17,50 273243
20,80 2979£10
18.00 272645
21,03 300526
20,24 29914
20,60  2998+1
20,42 299645
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Pressure Ejec, Time No, of

(tyseis) (millisec)
16,6+0,1 180
23.,5%0,5 161
17.0+0,1 18«2
23.,6%0,6 16+1
15,3+0,1 19+2
21.1%0,5 161
18,8+0.4 18«2
22,7%0,2 16%1
16,4%032 19+1
20,7%0,5 17+1
15.4+0,1 201
21,0%0,5 161
24,4+0,2 18+1
25.2%0,2 192
23.121,4 192
25.,120,1 18«2
24,0£0,5 20£0
21,0£0,3 21x0
18,04#0,.1 19(a)
20,9+0,2 20+1
21.2+0,1 191
18,2+#0,1 17+0
23.7%20,5 17+1
15.4+0,1 191
22.240,5 17+#1
19.6+0.4 2021
25.2%0,3 171
16,6+0,0 18+0
22,8+0,6 17«1
15. 5*006 1940
21.,5%0,3 170
22,5%+0,1 19+0
20,5%0,1 18+2
22.3%1,0 18+2
16,2+0,1 18+0
22,6%0,5 17+1
18,2#0,1 18+0
24,2+1,1 18+2
18,820,5 1820
25.3:0,4 16+1
23.,1+0,2 17+2
20,8+0,2 19+0
20,6+0,2 19+0

RN S DWW NW\HN\HN\AHJU\N\:’\N‘\H\J\I\)NNNNNN\J\M\!\M\J\NU\NU\N\T\M

Rounds



CONFIDENTIAL NPG REPORT NO, 1194
Ballistic Test of Cool Propellants EX~7084 to EX—7089 inclusive

be Charge determinations

Gun: 5"/54 caliber, Mk 18 Mod O, No, 16077

Charge PPD Velocity Pressure
Powder (1b) (in) (£/s) (tesei,) Results
EX"7084— 20077 4,2 3000 26.0 Too qui(:k
EX~-7084 21,03 2.5 3000 24,6 Too quick
st v AR S
y 2 2
EX~7085(a) 21,63 . 3¢5 3000 23, Satisfactory
EX-708% 21,82 245 3000 22,7 Satisfactory
EX~7086 22,99 149 36000 21.3
EX~7086 22:94 1,% 3000 22,1
BEX-7086(a) 22,97 1. 3C00 21.7 Too slow
_EX-7087% 20,04 5.0 3000 24,7
EX~7087 20,10 4.9 3000 25.3
EX-7087(a) 20.07 5e0 3000 25.0 Too quick
EX-7087 20,24 2.5 3000 22,8 Satisfactory
s S S 3000 530
EX-7088(a) 21,67 %f% 3000 23.0 (b)
EX-7088 21,70 2.5 3000 22.4 Satisfactory
St R R - B v
-7 22
EX~-7089{(2) 2243 %f? 3000 21.3 Too slow
EX-6883 20,34 2.5 3000 21,0 (e)

(a) Average of 2 gun firings

(b) Ballistically satisfactory at PPD (Production Packing Depth)
of 3%1 but unsatisfactory at proposed 3% PPD,

(c) Reported in reference (d).

CONFIDENTIIAL
SECURITY INFORMATION 7
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Ballistic Test of Cool Propellants EX-7084 to EX-7089 inclusive

ce EX~7085 was satisfactory ballistically in that a velocity
of 3000 f/s was obtained within the prescribed pressure range of
22-24 tsi and proposed PPD of 345,

EX-7088 was ballistically satisfactory at a PPD of 3%1 but
unsatisfactory at the 3%5 level,

EX~-7084 and EX-7087 were too quick for the 5"/54 caliber
gun under standard powder packing conditions.

EX-7086 and EX-7089 were too slow for the 5"/54 caliber gun
at 3000 f/s veloecity in that only 21,7 and 21,3 tsi pressure was
obtained at 1¥5 and 2%2 PPD respectively.

d. EX-7084, EX-7085, EX-7087, and EX~7088 were fired for bal-
listic assessment at 3000 f£/s with loose packing of 2¥5, 41l cf
the propellants tested gave satisfactory ballistics and uniformitiles
except EX~-7084 which was too fast,

e, The pressure-time curves obtained with the subject powders

had proncunced steps occurring in the pressure rise region and were
inferior to those obtained with either EXx-6822.ocr EX-6883.

PART D
CCNCLUSIONS

9., From the results cf the subject tests, it is concluded that:

a. EX~7085 was ballistically satisfactory for use in the 5"“/54
caliber gun with the 60 1b, projectile at a velocity cf 3000 f/s.

b. EX-7086 was ballistically satisfactory at a velocity of
3?OO“§/S at a PPD of 3%1 but unsatisfactory at the proposed PPD
o] 30 .

c. OSatisfactory ballistics were obtained at 3000 f/s velocity
at a PPD of 2¥5 for EX-7085, EX-7067, and EX-7088,

de. The pressure-tinme curves obtained with the subject propel-
lants had pronounced steps occurring in the pressure~rise region
and were inferior to those obtained with either EX-6822 or EX-6883,

CONFIDENTIAL _
SECURITY INFORMaTION 8



(uy !Al
CONFIDENTIAL NPG REPORT NO. 1194
Ballistic Test of Cool Propellants EX~-7084 to Ex-7089 inclusive
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RECOMMENDATIONS

10, Frcn the results cf the subject tests, the following recommen-

dations for a powder granulaticn as requested in reference (b) are
as follows:

Veloeity Pressure Approx. Flane Termp,. Av, - Vieb

(£/s) (teSed,) PPD oK (in) L/D
3000(a) 22-24 U5 2200 0.0410 2,3
3000(b) 22-24 31 2250 0,0430 2.3

(a) sSimilar to EX-7085%
(b) Similar to EX-7068

CONFIDENTIAL
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Ballistic Test of Cool Propellants EX-7084 tc EX-70C9 inclusive
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The tests upon which this report is based were conducted bys
J. &, KRYSTCFIK, Head of Test Branch
Interior Ballistics Divisicn
Arpanent Department

This report was prepared by:
J. a. KRYSTOFIK, Head cf Test Branch
Interior Ballistics Division
arnanent Departrent

This repcrt was reviewed bys
D. C. Calli, Head cf the Intericr Ballistics Divisicn
Armnanent Department
L. C. KLINGAilfAN, Cormander, USN
Armanent Officer
arnanent Department
C. C. BRAMBLE, Director of Research, Crdnance Group

APPROVED:s J. F. BYRNE
Captain, USK
Commander, Naval Proving Ground

- e
4:253?1444342L4,«,—/
B, 4. RUCINER
Captain, USHN
Ordnance Officer
By direction
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Ballistic Test of Cool Propellants EX-7084 to EX-7089 inclusive

- Projectile:
Cartridge Cases
Primer:

Lead Foils
Plug:

Wad and Spacer:

Powder Temps

W e Em em Wm SN Ws UM NN Me W G MR s WP OGN W Wp W e Gp " W =

TABULATION OF FIRING DATA

5"/54 Caliber,

Mx 18-0, No. 16077 ESR
Mk 16-0, No, 15453 ESR
Mk 41-0 (60,00 1b) Empty
Mk 7-0 (NGF) Brass

Mk 45

214.9 Dq
114.8 Dg

Hu

it n

T
o=

o le
@]
\O

None
Cork
Cardboard, NGF Dwg. No, 132664 Pc, Nos., 18 and 15
90°F

Note: Velocity and pressure corrected for variation of projectile
weight to 60,00 1b nominal

CONFIDENTIAL

SECURITY INFCRMATION 1 APPENDIX A




Y XIGN3ddY € NOIIVWMOJINI XLI¥QDES
TVIINGAIANOD

pesn 30U - punog SUTUOTFIPUOD (&)

M u 9T L°8T 6882 00*1e g°¢ M 9t
" u - 8°¢T Y4 00"61 9°9 680L=X4 119
= u M - £°8t 6082 0§ ° 61 6°S " e
o = 0 8 8°¢t 4992 00°8T 6°L u (1%
u 0 9¢ S GLGe 00°4 £°6 880L~XE r44
M IL i 9°2e £€98¢ 05 °8T 0L o 1¢
u o 6T 6°81 T2 20°LT 1°6 u ot
0sT 0 LT 9°91 809¢ 00°9T G°0T L80.~XA 6

T¥9T G°0f1°1¢C G266 0622 spunoa ¢ Jo usef
0sT Il ST L°0e L862 " " B 8c
M u T rARe"4 €862 M e T ow Le
(T4 72 8T £°1e 2662 " 'y u 9
u M u (A (4 766¢ " w - M L4
00T 001 LT 6°1¢ €£00¢ 06°2e 71 u e
0sT 0 8t ¢°8T G982 [0, % ¥4 €°¢c 980L-Xd %A

(43214 T°0s£°6T 7=679C 00°6T spunox g Jo usejl
- o “ oC rAL) G792 _= o M e
¢ 05T 0 LT £°6T 2692 00°61 L°9 9804-Xd 12
et XA YA k4 AL/ 850¢ 00°ze 8°¢ ¢80L-X¥ 1674
(%) %) (oesTTL ) "7v°5°%) (5/3) *sat) Cuar) Iopaod “ON -pd

axjowg yseTd eut] *oefy sanesead £ TOOTOA e3avy) asd .

(penutiuod) €661 TTXAV 22 *938d

(penutiuo)d) VIVA ONTHIL 40 NOIIvINav

- e e e W e W W e e W o W W e - e s e e em = en = e s & o = “"l-l.‘.l-l.l-lll-"l'l".l"-

oﬁmﬁ.ﬁomﬁ 680L-X4 03 Y80L-XH npna.ﬂmmonm 1000 JO 3891 °oT3STITed
%6TT ‘ON IMO4EY 9dN TVIINEATANOD




V XIANEdY
0 "
@ M
(] ']
" “
') [1]
05T 0
§

[4] [
1] u
0sT 0
'} o
1} n
u "
H B
) "
0sST 0
[ ']
o u 0
‘L 0sT 0

(%) mwv

exoms yse1d

LLO9T °ON ‘0-8T AW

- e & Gr Gl S WP B G M W WP AR W S N AP PP Sh MR UM ER SR W P W W WA G AR A Wb ER P B W A W e e W

76TT "ON JMOJEH HdN

.

ETAY
LT
ST
.
LT
61
LT

Ts61
6T
8T
ST

T#91
ST
st
LT
91
ST
8t

281

(o

u
91

(oosTTiTw)

eutl *oofH

wy

G°0sl°0C
L°TC
L°oe
£°oe
T°1e
6°61
T°st

T 0x7°91
291
$°91
L°ee

2 osL T
0°€e
g°ee
g°ee
6°ee
L*Te
§°ee

‘Wocﬂwowﬂ
c6t
78t
7°8t

aanssaxd

7¥LE6E
cree
7e6e
9¢6c
zyee
oté6e
LéLe

L¥899¢
T99¢
7L92
816e

€¥T062
G062
682
1062
2062
7062
98¢

eFTTLe
60LZ
rAVY4
G0Le

—(573)°

A£qtooreA

00°61
058t

00°4T
"

a
00°4T

T°8qT)

edawy)

(penutrquod) Vivd ONIYId 40 NOILVINGVL

N
LAY )

SATENTOUT GROL-XE 03 ¥80L-XE sjuwtredoxd TooD jo 389 oT3sTITed

NOILVRMOJANI XITHNOES
TVILNIAIANOD

gpunox ¢ Jo ueel

'} 8T
M LT
u 91
M 6T
m K41
880L-X% €T
Spunoa z Jo usel
" ct
880L~-X4 1T
L80L~-XE (4] 8
spunox ¢ Jo uwel
" 6
u g
™ L
u 9
N ¢
L80L-X1 Y
spunox g JO usel
u €
M A
L80L-XT (&) T

Jopaod "ON °PR

€961 TT2dy €2 :eo3eq

TVIINIAIJINOD



oyous

Y XIGNEddV

91

T#9T

o)
O (e = O

Ll
91
8t
u

ST
61

Tx0C

yseld

OATSNTOUT 680L-XH 0% #80L-XH squsrredoad 100D Jo 3sel OTISTITRE
¥6TT "ON IMOd®y DN

oc
61
LT

- (GesTTiTM)

ewy] *oold

6°ce

$°0+0°T2
€°0z
8°1¢
9°0¢
7°1e
1
6°LT

T°0+7°91
76T
761
£°ee

sqassead

T90E

¥+100¢
1662
900¢
G00¢
6662
200¢
188¢

T+9042
90LZ
qoLS
800¢

~(8/3)

£y 700T8A

{penutquod) YiVd ON

00°€e

oc°ee
]
u
“

't
og°ee
00°1e

00°61

]
00° 6T
09°12

°sat)

e3avy)

NOILVWHOANI XLTU0OES
TVIINIATIINOD

paesn q0u - punox SutuoTyrpuc) (®)

S°T

*E T £ T

]
9°9
0°¢

o)
Udd

(ponurquod) €661 TTIAY €2

TYId 40 NOILVINGVL

680L-Xd 8¢
gpunox § Jo uedl

M L

u 14

™ 62

M e

a €c

680.~X3 ce
spunox g Jo uBsef

u T

6804-Xd 074

880L-Xd 6T

Iopmoq “ON °Pg

1o98(d

TYIINIATIANOD



¥ XIQNHEddV 9 NCILVRMOANI XITHNDUES

TVIINIAISNGD
0s1¢ £°0s0°1C T+LL62 (YA AA spunog g Jo uvoj

@ 00T u L°Q2 8L62 u m u rA4

00t GL T €1 9L6e é6c°ze 6°T . 6804~Xd T2
002 G050 72 TT9662 oL°12 spunox g Jo usej

u " " G °¢e2 g862 u 0 u oC

9.4) 4 72 074 VAN (4 200¢ oL T2 L°C 8804~=Xd 61
(£ 2331 H.Oﬂﬂ.mw c¥8062 0€° 6T gpuniod g Jo uvoj

" u 91 2°sqe 6062 " » n 21 8

00T GL 61 0°¢e 9062 0e°6T L°S L80L~-XE LT
Z=61 FAR €3 8474 L¥0662 66°2ze spunox g JOo ueaj

“ " | £ L°T¢ £86¢ M ® “ 91

00T Sl LT e e L66C - 66°2e rAS | 980L~X¥ 6T
Zx61 rAR 0. T Al T4 8rL66¢ 09°T¢ spunox ¢ 3o UBON

00T 001 o 0°se S862 u " u 4

(TAT XL LT g£°ge 000¢ 09°1¢ rAt % 680L~-Xd €T
T+8T Ao 3 ad (4 CFOLET 05°6T “ SpUNOI g JOo UBol

" ™ 61 9*Ye 1882 ¥ " u rAy

(A 0 LT r A (A TL82 05° 61 9°5 80L-X3 Tt

LTHILVYVIES AT TYO0O4EY ot - 1

(%) ¢3) (355TTI ™) CT5%) “{&73) (*841) j Iopeod O -vH

oxousg yseTd auyl °*sofd sanggsad LqgooTep mwnwao
€SY7ST 'O ‘0-9T WM :und €661 Tvady 62 2038

(PoMUTIUCD) Vivd DNINLd J0 NOLLvinavd

OATSNTOUT 680L-X4 O% Y80L-XA sjuEITedosd T000 JO 4508 OTISTITEE
Y6TT "ON IMOJEM DN | TVIINGATINOD




¥ XIQNZeaV L | NOIIVRMOANT ZITuNOES

m TVIINRAIINOD
OsLT 1°0¥2°8T 26Tl 05°8t ; spunox g Jo usel
a u u 1°8T oele u n: a 9t
u 0 L €°8t LI 05°8T €L $g0L-Xd g1
gex 08 8T 9°ee 680€ T€°12 7€ £389~X4 1
T=6T T°0s2° T2 €xL662 82°02 ~ 8punox ¢ Jo uweq
n u 8T e °1e 2662 " u . M (@) €1
. u 1 6°02 L66C u ' “ (o) et
u u u £°1e ¥00¢ u " u (@) X
“ " u 212 5662 u a " (o) ot
get 08 61 2'te L66Z 82°02 87 €389~-X4 (@) 6
T+02 2°0%6°02 T=7662 geeoe . spunox § Jo uwoN
u 08 u 6°0¢ Y662 . “ u ! » 8
o 0 61 6°0C $66¢ M . u L
u 08 | {4 L°OT 6662 u M i 9
u 0s o2 VAl 4 G662 u u . ™ 4
(T4 08 6T 8°0¢ 662 82°02 g8y €889-X3 7
(q) 6t 1°0s0°8T £xL282 05°81 gpunox Z Jo uwol
u " 61 T°8T cles " .« - u : €
u 0 - 6°L1 Yese u u . : Z
62l 05 T2 7°LT ige 05°8T €L €389-X4 (s) 1
. .,  Gemm (red) T GA) Ten) TEn. Weed O
ejomg yseTd euwy], *oof¥ aansgaad £3700T0A 0318y add -
LLO9T “ol ‘0-BT AW :wWnY | €56T 48R 2T fo3eQ

{PenuT3uo0) vivd DNINIJ J0 NOILyINgvd

- w e e e @ @ M e am e W W™ W W™ s w & ® ™ - e e o @ e = @ e e - e w e aa W@ W m s e e = ™ - W e we e B W s = B W

SATENTOUT 680L-XT 03 ¥80L-XA sjuvTredoad To0D jo a.mo.u. o.nvm«.mﬂam
76Tt °ON JH043™ DdN TVIINZAIANOD




1 TAN

2‘: -2 I

¥6TT "ON JHO4EY DdN

YV XION3ddV

K

Re 0 &R

$t
CHOe

SATSNTOUT 6Q0L-XE 03 %80L-Xd sjueTradoad T000 JO 3€9% OTISTIT®E

61 5 €e
T=LT $°0s2°2¢
LT 9°1e
6T (1} %4
91 g°ee
LT g°ee
8T 9°1e
T+6T T os7°4T
8t oot
6t €£°sT
- 1°6¢
FETA G°osL €
9t g°ve
LT L°€e
9t e
6t T°€e
9t 1°¢€e
S0STLLIW Tteq)
ewt] *oofd sanssaxd

6£0t

Gx¥00¢t
TO0¢E
[A XS
900¢
900¢
662

g¥679¢
169¢
LY9e
920L

Z¥566C
966C
p662
LL62
1662
7662

7T

£3100T0A

09°1e

T5aT)

e3xuyd

NOIIVIRMOSNY XLTHNOES
TYIINZALIROD

ewtad g6R-0X (o)

punox suc uc pesed (q)

pesn qou - punox Jutuojirpucd (®)

9°0

- Gdd

980L~XE o€
spunox ¢ Jo usaj

@ 6

u 8¢

u il

u 9c

980L~XX T4
spunox g Jo usoj

" e

9304~ X4 €2

G80L~-Xd r LA
spunog ¢ JO uwoN

n T

a 1074

M 61

a 8T

6804~-Xd LT

Iop#aod *oN °pY

wnvmanﬂpcoov €56T feM 2T fered

{penutjuc)d) VIVA ONINIZ J0 NOLIVINEVL

- um m e w W

TVIINIAIINOD



¥ XTaNIcaV 6 ) NOILVRHOANI ALTHNDES

TYIINEALINOD
0%61 9" 0%5 °ST G¥lOR 00°6T spmoz g Jo uweeN
“ “ 8 6°t 269 " " . 61
" ) 6t 0°9t 20l2 00°6T 79 680L-X4 8T
05T al 9t 8°2e 620€ ot ez T2 880L-Xd i
T+ 9°0+8°22 6+900€ oL* T2 spunox ¢ Jo usel
(T4 62 8t 8°1¢ G662 M " 8 91
u u 'y ¥°¢ce 910¢ 8 u 0 ST
u Iy 91 1°€C 600t . » » ¥i!
" 0 6T £°ee 1ot M ™ u €T
~ 0sT il 91 gz $662 oL° T2 9°2 880L-XE 2t
] 0+8T 0°0+9°9T T+6992 00°8T spunox g 3o ueel
™ u M 9°91 oL9e a u 0 T
" 0 8t 9°91 8992 00°8T LL 880L~Xd ot
0stT aj 9T 1°%¢ 00t icoe 7 L80L=Xd 6
L1 € 0¥2°52 €+Y662 40°02 spunox ¢ Jo uwel
" 4 91 9° e cH62 ) " w 8
u T ou 8t 6°se L662 “ n 8 L
05T ag ST 1°52 8862 " . " 9
L YAl s 8t 0°se 5662 " " u S
05T ag 61 9°62 9662 ¥0°02 9*Y L804-Xa v
T+02 ¥°0%9°6T €+80L2 00°LT spunox g Jo weal
“ “ (4 6°61 otLe . » . " o €
- u “ u 261 oL . u “ " Z
B 05T 0 61 0°61 90Le go°LT - 6'8 L80L~XH (=) 1
€3] 3) (Sestiiim) ("°5°%) —{&73) “8qL [§533) Iopacd *oR v
ejoms ysetd auyl *oofd emseoxd £L3yootTen edxeyd = ddd
LLO9T °ON “0-8T W :und . - €561 L8f 6T :o3ed

{Ponut3ucD) vivd DMIULd J40 NOIIVINGYS

."."l'-"-"--‘-‘l'"“-""--“-l-'-'l-i"’-"-“---'-.

. OATSNTOUT 630L-XE 03 ¥80L~XZ sjusyredoad To0D JO 3e0] OT4STITEH
61T "ON IMOJTM DdN ‘ TVIINEQIINOD




¥ XIOGNEEAY . or NOILVRMOANI AITHAOIS
TYIINAAIINOD

posn qou - punox SutucT3rpucd (®)

05T oz 8t 8°1e 020¢ oL*zZ €1 6804~ X5 62
O¥LT €°0s6°T2 LsL66T Ak spunoI ¢ jo uesi
oSt 0 6T 8 4 £862 u “ u 72
AL 05 n T°12 Y662 “ % ™ 1 %4
M u - 0°2e 110t “ M u ee
M 08 " $°1¢ 200 8 M M 1
00T 00T LT : 9°12 LE6Z 6222 8°1T 680L-X3 o2
§3] ) {(oesTiI M) Ct's°3) (573) ) ("Tr) Iopaod *ON "PH
exousg YsuTd ewtl °oofd emssexd £q100T2A e3xey) add

(ponuyquoD) €661 L=R 4T fe3%d

panutquod) VIVA ONIYI4 40 HOLIVINAVE

‘---'-"“-'----"l'l—"-l--'-’-'-"'l"lv--l'l-l.l-“'-".

GATSNTOUT 680L~XT 03 ¥80L~Xd sjueTTedord 1000 JO 380l OTISTITEE
¥6TT *ON IMOHEY DaN TYIINEAT INOO




YV XIONEaaV ﬂ . NOTIVWHOANI ALTMAOES

TYIINIATINOD
T#LT G°0+9°C2 %9862 o1°0e spunox ¢ Jo ueof
™ qe 91 L2 Y862 u " n LT
M u 8T 2eee €662 " M u 91
u " 91 6°TC 2862 oreoe g2 n 6T
o i u 9°1¢ geée 06°61 7€ a T
0sT 0 gt £°st 6ele 06°LT 9 L30L=-Xd et
0581 1°0s2°91 T¥Y99¢ 00°81 2T pue / spunox Jo ﬂ.dmﬁ
_ ost 0 8T 2°9T €992 00*8T L  8g0L-X& 21
t 28T 0°T+€°22 8¥T66C 09°12 gpumoa ¢ Jo useH
" ot oC 6°02 6L62 u u “ Tt
u Il LT £°ee 6662 u “ i ot
u ot ot 8°2e G662 09°1¢ g*e " 6
u " LT g6t 268¢ o002 LY t 8
05T 0) 8t 1°91 qg992 00°8T G*L 880L~-XH L
381 1°0%$ .ON Z¥138¢ 06°0C ‘ 9 pus g spunox jo uwoj
0, 0 91 °02 6..8¢ 0¢°0cC 7 G80L~XH 9
O=61 T°0%5°22 G+6862 0L TC spunox z Jo ueoi
™ u u g*ee LB62 R m " G
u 0 61 A 7862 m u u Vi
u ot 8T 9°Ze 9662 (0]A ¢4 G*e " e
M n 61 G°oe 288¢ g 0C I S 4 " 4
.m - 0sT 0 cec 8°91 489¢ 05°8T - 6°9 GR0L-XH T
-t N
) @) CEGIARL)) e —T1E73) "Sat aT) TopEod ON *pu
exows ysetd owt] *oefd arnseald £300T0A adxsy)d aid
LLO9T "ON ‘0-8T AN :und €G6T £8l T2 fe3ed

PR T gt

(penut3ucy) VIVA ONINIZ JO NOILVINGVL

."'---'-‘-"--l-‘ll“'l-l-.l‘ll"lv-lll-l-lll-".l.lal.lI.ll--l--'lll-‘-‘

¥6TT "ON JHO4EM OdN TVIINEATINGD




vV XiaNaday

08T §°0+8°8T

051 o st £°8t

=81 Y°0:6°€T

Z¥81 ) Al €2 Al (4

u o (174 o*re

u T4 " 7°ge

u o 91 1°€C

u ot 61 g°ee

8 . 91 egeee

oSt 0 gt 261

=81 T°0sC°8T

0sT 0 8t 1°8T
(€3) €3] (555TLLIW) Ti°5°%)
ojous ysetd - eupl *oofd axnssaxd

e¥92Le
T2L2

cFeELO2
OT+6L62
0LéC
8662
€L62
GL62
206e
T€L2

€x2eLe
€L

CZER
A3700TeA

°sqT)
odavq)

{penutquod) VIVd HDNI¥IJ JO NOIIVINEAVL

NOIIVAWHOANI XITYAOHS
TVIINIATINOD

mN puw OH spumoa Jo uvef
9°9 ¥80L~X4 14

¢ puw gz ‘12 spumox jo uwel
spunoa ¥ Jo uwsi

" u e

) n %4

" u (44
6 M <
9°¢ u (474
9‘9 ¥80L~XE 6T

81 pus ¢ Spunox Jo uwoR
%9 1L.80L-XH 8t
ﬂ.nH.ﬂ. “ MI&S'IM Coz ocm
asd

(penutquod) €S6T AsN T2 *o38d

W Er @ e G w W M W W G e En @ e W W M B W G G W e B im m G A N em W e W % M G W me W A A e B > W W @ e & W e e

eATenTouT 6g0L-X4 0% ¥80L-XE sjuwyredodd T00) Jo 350% OFISTITeM

Y6TT “ON TMO4EH 9DdN

TYIINZALINOD



V¥ XIaN3daY €T NOIIVAHOANI ALIHADHS
TVIINIALANCD

pesn qo0u - punox Sutuoryfpuod (B8)

o¥61 c°0s9° 02 9¥9662 e7°oe spunox g Jo usof

¢ u " 61 8°02 100€ . a " a3
21 Sl 61 yadv A T662 zreoe g2 £389-Xd ot
061 2°0s8°02 T+866C 09°02 spunox g Jo uwel
" 61 6°02 8662 u M o 6
02 001 u 9°02 L66T 09°02 g 2e89~Xu 8
05t 0 8T £ TI0€ A2 €4 G2 $80L=-X4 L
00T 0% 61 T°22 200€ oL*1Z 52 8804~-XT 9
rZTA 2'0sT €2 7:T662 Y (A4 spunod g Jo ussi
M M 61 6°2¢ G662 u m u 4
05T ) 6T £°€e L86S y2°02 G2 LSOL-XH 4
91 Y*0%£°62 9:500€ €0° T2 spunox gz 3o ueoy
o Iy - ST 9°62 o100t M M m €
u » LT 6°7e 6662 u u i . 2
[ 05T o 91 1°92 900€ €0°12 G2 ¥20L-Xd () T
(%) ¢9) CEERR RS (8/3) °8aT) Tur) IopMog *ON by
ejxows ysetd out] °*oofd onammm.nm £3TO0TOA edIvydH add
LL09T ‘ON ‘0-8T AW ump €567 A8R 9z o380

(penuTquo)d) VIVA ONIWIL J0 NOILv1Navd

aATsRTOUY mwou.lunm 03 #80L=-Xd spusiTedoad TOOQ JOo 3s0L OTISTITRd
Y6TT "ON JHOCHM DN . TVIINGATINOD




W
TR E_ B H J- FHHHR A
& e |l i N _, )| panEse ] T
M ; | AR |
AN DR R B ERRRER L. T A
= EERRRRRR N RN Hi ) ER N
' ! ' « ’ ’ { ! : — 1 N T1- igENEEnnl 1 !ﬁ.,
, e , T 1 T
&= ' _ W R A HA -1
m - ' / - : { - w .
B | E MGEEE 1 ‘ -
3 w . PPN LT i W_ﬁ/ lx,w. ;
£ | LN T Bk
= v b 4 o
.,.. , 1 “ N um 3
= L  iRPABERR
.- — ,, T 4.‘ﬂ N WT‘ 4
- 2 i LN AN EEbmeEoESLoE
8 8 A NN :
B a inu
o B e s ST .
1 ” L | B RRN RS lYAl N ] .
mr ! Nm . , “ M N N ,m‘t T RN I/ I rt\ lT‘ﬁ o 3
”w.p = L ‘ S Vm T y
. - ! . 1 — 44 1 - S s S A L x : .,H\L 1 ‘Im
3 & 1] : _m b \ AML,LL AT ‘f‘.%f’// o =
L= S N N 71T ] C |
S g RN TH . f EnEERRED)
N iwﬁ_mmm;f i PRI . ;I.m ,// W ﬁw _
. RN r T
{v;.“ Vi M*y RSN 1 \ M/ ) =
& ST = B , 1 O
CIrRS R A\ NEREESL Q
ST - ;
RN R bilt u N N
e E T \
i gt -
Lo .d4~ L ISR S R i \]
. a1 B I -
M,-l :_ﬁ.m .“ T / -
R 5 1 -t \
T R IS I I : T Y
| st AT : ! :
- RN ENER R RN R T MR
RS T \ \ N
¢ tg 10 f 1111 N
. Rt [ N R WO i A \
RENLERREEE RS R n ; u
ERRRFAREEENEE LS € ! S Eikd
m _ N.M_M n RN - Y Wvﬂ
w m - Ty ‘ r N [~ E\
< .h ! H-53 . -
zISRRCRERE -t - EEaN T mEED
[ i3 - i




IR P i . i LL 1
2] HHHN ERTE R
-~ Ty ; NEREN
o LI . [ » 7 T
m L T I H - 3]
. 3 i ' -
m . i Y
by : ' ! N — |
B " ' i i [N ]
=) : _ : i Y1 s . R
" ' ; H ! - J PR - L ——y (- *H e ;ﬂ._.»
¢S L ' i w * : : R I 1 = | el
P . ! : ! ; 1
= L | . : ] 1 ﬁ Wﬂ
, v | i .J T i
M-, nlm M. ‘. : L - 4 ¥
' : e A Lt hert ! n L
2] w. P b : . 1y 1. L ” 1
g § : _ | -
g |t “w _w . “ ‘!d‘ N g 13
- p T i N [ o
1, E % SRANRSRES N g
Lh O ! [ N A
ﬂn L] ! Mv N ﬂw
h. ' 2 : AV !
e NVE R B ; =
Fa B ” W T w CONMN
R B 4 s Samk =
Am 1 AM Ayaﬂ> 1T T T -
840 ! - - N Fan
I .m ; IR Y8 O @
S H ESRRR RN :
A LA ol fo Tl !
N BRI IR st Eaeee :
S - ——— s . . 4
. [ S L 4 V.JJ S .
A B | 4R
. & T Ly T ; -
L % i
e RIS | - o]}
. t a .
L | ,
- e ]
L m m f N | _ m.Nw
' LI ; N\ e
g I “Juy
A IN 1 =}
N T \ rmw;
. ! AN :
- ' ! N L /
g0 , 1= 3
B . man
Bl
g .l

1
;g!o

-4

GUILLE




T RITTTTT T THTTT R - 1
r.. .““_ [ _ ! w ! mw p . - P S S A
) . MR il ! { - 4
R il SEREEARERNENRRE i
9 ' m. w m 14,,,‘. u‘wu...|
m ] : _ Ll 1 A~ Y
= N T T-f
g ' ] T R BARRES
m: m !..l,“. -

PdndeF pack

0

£

L4t

1 - -TTT S

1. Ly L 1 2 [ 1] ] 1] L.” |
) R | ] i
' .
BN iE / +r NERSRANE-1
. - B NG 1 i o
: m.q_ i [ // L)
frilp - N RN B
itl'ga B BN
] . 1 - s -4
. Tm ! - T

N

e
7

i
+ 4]

-

L A i ]
ERRR RS ] 111T T !
(RIS SESERRRREEE
T g W) I T
i HEnEN . - D
\
# ~ : . . 3 TR \
ot SITLT 1] N § mENE=
,m_ . 4
@l - ¢ <
= Y - -4
HMI i l : ; i J 1 r-u
n-AREN ) 1 T AT T ] T T

—



i)

bkingl)

%:_ P T * RTF in

ﬂﬁ. _ RN (Ep3 ) oanedaxi

AL Al ' “

2. a8 NEEERRRRERE b T AT :

- P I
'V - ]
t L -
ce by TR I N O O
b Hn EEEEN B 11

[ E TS e e e - ]

antg
s —a

8- powHer—
1
i
ydel powden! pa.cki

| ' -l.lllll ull
i b Rl
_ N mEEE
| o Pl T - T NI HeH-
i ,m:- -1-1 1T LN . -w
= ﬁ n X u- g
. : T
AL I T X ] ”T
| g 3 N .
H [« 3] \Y N ]
T -
L= 2 - = =
CpE i H SR
) e L 107 S - \
) : i BN EFs =
., 3 il | N N N N
REE:: & \ - L - )
b | f& ANJ N -
SERCRORY -} Y NERN
R ] - L
ﬁ, ! 1 ]
| , z N m_ -
- ! Rl <HN ;
() \ .
Rl M1 RN N9 N
, U iR R <
iaam & 2
10 S A T § LA
BRUSEEN \‘ |
- 1A N
R=EE ¥ T R
. |
= T aﬂ\ TROYSA 3
: =
&
,, LNER
“ ' R R




T
¥

26

1
i
T
=.F$
T

y 4

(D

il ,, i
mﬁ L : -+
:

.‘ of [Conl

|

>

2

4%?--1
T :

o Lll A

|49

v

Lo
|
3 - t
P i 1

=

i

R ot




N
'W * 4 H . ny % m
] -H By o
2l L &
1R : " NN a7
i o N I O Y
m ,. _ 1 ' . — [ 7 L
= i : = - -
mw R “ - ANENNN :
m._ e Gl 1 T
W, T i NN R NENE %
: t A\ L 1
i AN -
SRR INEENE 2N = ST
ap il RIREEERRE: RN ] -
_hz i BAN [ R o
- * | HER\ L L 3
NN . BER ™ W 1 P:]
g T HE S : TS
[ 32 T \ NN ! ;
N N L
BURN Ja s N NN >
SuliE-w 3 - % J : =
JLINE RN \ S H
1 gl 11 ] \ N
. \ N
“ 1 m | N 171 = w
N | Tt
B 15 L 3 N N\
1.?; BN EN T N
TR A\Y
|| \
N L) \ N
s M 4/ NEA
i NEERNEE \ N
—t AN
] T NN
RAREN RN N
ST N n
1 [
1 1 A\ 4
1 T AN ]
- ..V:l.lvl N / / +—1
P \ NTTT
! 1 ]
e : +
- s ! b |:al
-y
1 m / ] DATEA L |
| + -
3 ] wn_ N T i L LR

|
|
w
~
|
|
|




CONFIDENTIAL

- (

JPG REPORT NO. 1194

Ballistic Test of Cool Propellants EX-7084 to EX-7089 Inclusive
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Ballistic Test of Cool Propellants EX-7084 to EX-7089 Inclusive
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