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CONFIDENTIAL NPG REPORT NC, 1150

Ballistic Test of Cool Propellants EX-701& - EX-7021 inclusive,
EX-7038, and EX-7048 - EX~7050 inclusive

1., This is the eighth partial report on Task Assignment NPG-Re2d-
61-1-53, the "Development of a Cool Propellant for the 5"/54 Cal-

iber Gun", and the final report on "Ballistic Test of Cool Propel-
lants EXpZPl6 - EX-7021 inclusive, EX-7038, and EX-7048 - EX-7050

inclusive ",

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

a, None of the subgect propellants tested in the 5"/54 cal-
iber gun (Mk 18 or Mk 16) were satisfactory at 3000-3100 f/s
velocity in the 22-24 tsi pressure range within the limitation
of 3¥5 PPD (Production Packing Depth).

be Difficulty in establishing and maintaining optimum powder
packing conditions was experienced due to the soft and fish-scale
surface structures of EX-7016 through EX-7021, For the assessed
charge or 20,75 1lb, of EX-7020, an increase of 1¥5 in PPD was
obtained by graphiting the powder,

ce EX-7038 was unsatisfactory as a replacement for EX-6883.

d. Mono-perforated powders are readily ignitable and show
possibilities for use at higher velocities and pressures in the
5%/54 caliber gun.

e, No appreciable differences in ballistics were obtained
between the EX-23-1 and Mk 41-0 (60 1b,) projectiles,

Preliminary firings indicate that propellants with higher
relative ignitability and larger percent nitrate nitrogen are
more sensitive to basic ignition changes.

f. The pressure-time curves obtainea with t{he subject pr~-
pellants had steps occurring in the pressure-rise region and in
general were rougher than those cbtained with EX-6822 or EX-6883,

CONFIDENTIAL
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CONFIDENTIAL NPG REPCRT NO. 1150

Ballistic Test of Ccol Propellants EX-7016 - EX-7021 inclusive,
| EX-7038, and EX-7048 - EX-7050 inclusive

NTRODUCTION

1, AUTHORITY:

The tests reported herein were authcrized by references (b),
(¢), and (d) and conducted under Task Assignment NPG-Re2d-61-1-53
as established by reference (a).

2. REFERENCES3

a. BUORD Conf ltr Re2d-CNBiaph Ser 42692 of 29 July 1952
be BUORD Conf 1ltr Re2d-CNBsaph Ser 44705 of 12 Sept 1952
ce BUOKD Cont 1tr NP9 Re2d-ERD:jd Ser 47824 of 18 Nov 1952
d. BUCRD Conf 1tr NP9 Re2d-ERD:dad Ser 48931 of 10 Dec 1952
e. BUORD Conf 1ltr Re2d-ERDsaph Ser 47412 of 7 Nov 1952 to
E. I. duPont Company
f. NPG Conf Report No. 984 of 18 Aug 1992
ge Description Sheets of Manufacture and Closed Bomb Data
he USNPF Conf Report No. 40 (NAVOKD Report No, 3011) of
15 May 1952
i. NPG Conf Report No. 873 of 17 Dec 1951

3. BACKGROUND3

Reference (a) established the general task for the develop-
ment of cool powders for the 5"/54 caliber gun, Reference (b
requested that EX-7016 through EX-7021 be fired for ballistic
assessment in the 5"/54 caliber gun with the 60 1b, projectile
in the 22-24 ton pressure range at a velocity of 3000 to 3100 f/s.
Reference (b) described these propellants as cool picrite powders
with a nominal flame temperature around 2350°K, prepared by duPont
to determine the effect of variation in nitrate nitrogen content
on ignition and gun ballistics, Reference (¢) requested that
EX-7038 be fired for charge determination in the 5"/54 caliber
gun and described it as a 2350°K (nominal) picrite propellant for
possible use as a replacement for EX-6863 in the continuation of
the rapid fire-~wear program as reported in reference (f), Refer-
ence (d) requested EX-7048, 7049 and 7050 (mono-perforated) be
fired for ballistic assessment in the 5"/S4 caliber gun., Refsr-
ence (d) described these propellants as cool picrite powders
prepared in accordance with reference (e). Reference (h) described
the development of a method for the determination of the ignit-
ability of propellants,

CONFIDENTIAL
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CONFIDENTIAL NPG REPCRT NO. 1150

Ballistic Test of Cool Propellants EX~-7016 - EX-7021 inclusive,
EX-7038, and EX-7048 - EX-7050 inclusive
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4, OBJECT CF TEST3:

a. To determine whether EX-7016 to EX-7019 are ballistically
suitable for the 5"/54 caliber gun using the 60 1lb, projectile at
a pressure of 22-24 tsi and velocity between 3000 and 3100 f/s,

be To determine the effect of increased nitrate nitrogen
content on ignition and ballistics,

¢> To determine whether EX-7038 is a satisfactory replacement
for EX-6883.

de To determine whether mono-perforated propellants (EX-7048-
7049-7050) are suitable ballistically for the 5"/54 caliber gun,

es To determine if the subject propellants are ballistically
satisfactory within a PPD (Production Packing Depth) of 35,
(This value allows for manufacturing tolerances between different

powder lots and is essential in the assembly of 5"/54 cone-crimped
ammunition),

5« PERIOD OF TEST

a.s Dates of Project Letters: 29 July 1952
12 Sep 1952
7 Nov 1952
18 Nov 1952
10 Dec 1952
b, Dates Material Received:
EX-7016 to 7019 inclusive 7 Aug 1952
EX-7038 14 Oct 1952
EX-7048-7049-7050 10 Dec 1952
¢. Date Commenced Test: 13 Dec 1952
de Date Test Completed: 2 Fedb 1953
CONFIDENTIAL
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CCONFIDENTIAL NPG REPORT NO. 1150

Ballistic Test of Cool Propellants EX-7016 - EX-7021 inclusive,
EX-7038, and EX-7048 - EX-7050 inclusive

PART C

DETAILS QF TEST

6. DESCRIPTICN OF ITEMS UNDER TEST:

Reference (g) gave in detail the powder description and closed
bomb data. A summary of the data follows:

Actual Composition EX-7016 EX-7017 EX-7018
Nitrocellulose (13,20%N) 20,42% 20, 33% 20.58%
Nitroglycerin #1 19,48 12.1 19.37
Picrite 50.51 5l.12 50,49
Centralite 1.71 1.54 1.59
Dibutylphthalate 7.88 7.83 8,02
Lead Carbonate (added) 0.93 0.84 0.94

Actual Composition EX-7019 EX-7020 [EX-7021 EX-6883

Nitrocellulose (13,20%4N) 31.12 31,00 30,48 19.98
Nitroglycerin #1 18.85 19.28 19.4 14,61
Picrite 39.41 39.64 39.5 58.40
Centralite 2.00 1.56 2.01 1.47
Dibutylphthalate 8.62 8.52 8.50 5e54
Lead Carbonate (added) 0.98 0.92 1.00 1,01
Actual Compogition EX-7038 EX-7048 [EX-7049 EX=7090
Nitrocellulose (13.,20%N) 19.16 19.90 19.20 19,08
Nitroglycerin #3 15,29(*) 15,36 14,69 14,42
Picrite 59.16 58412 58,04 56,61
Centraiite 1081 2.02 1.97 1.88
Dibutylphthalate 4,58 4,60 4,94 4,76
Lead Carbonate (added) 0,96 0,95 0.96 0,99

* Nitroglycerin #1 with EX-7038

Reference (g) also gave the following informations

CONFIDENTIAL
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or Mk 18-0 5"/54 caliber guns.
with related powders listed in references (f) and (1),

PROCEDURE 3
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NPG REPORT NO. 1150

Ballistic Test of Cool Propsellants EX-7016 - Ex-7021 inclusive,
EX-7038, and EX-7048 - EX-7050 inclusive

The subject propellants were fired in either the Mk 16-0
Comparative firings were conducted
All tests

were conducted with the 60 1lb, projectile for 3000-3100 f/s veloc-

ity and 22-24 tsi praessure,

i

Muzzle velccities
ejection times, and visua

obtained,
powders,

be

differences with graphited and non-graphited powder,

8.

RESULTS AND DISCUSSION:

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

maximum pressures (copper crusher),
observations of flash and smoke were
Pressure-time records were obtained on representative

Tests were conducted to determine powder packing depth

detail in the

a, Uniformitys
Gun PPD  Charge Velocity Pressure Ejec. Time No. of
Date No, Powder (in.) (1bs.) (f/s) (tesods) (sec.) Rds.
12218452 16076 EX-6883 468 20,15 297142 20,020,1 0,02140,001 5
. » EX-7018 6,0 18,50 28500 21,5403 0,018%9,001 2
: : BX~7017 5,1 18,50 268934 14,3102 0..19%0,000 2
o ) n 14 21,10  29654%1 18.41042 0,0193u,001 3
. . EX«7018 3,1 20,00 263718 12.930,5 6.02210,001 2
EX=7019 5,9 18.50 293013 26.610.4 0,01740,001 2
" " EX-7020 4.2 18.50 275744 15.840.2 0.02010,002 2
: : " 14 20,90 300418 20.,210,1 0,01710,001 2
. " nx-zoel 4.6 19,00 257919 12.410.1 0,019%0,00@ 2
. . lad 21,20 280944 15.230,1 0,02110.,001 2
" o Ex-:oss Te2 18,00 265982 14.2%0.1 0.02110.,001 3
les8 22,20 307034 20.7+0,3 0,018%0,001 3
12-19~62 14763 EX-8883 4., 20.16 299017 20.,910.5 0.01910,000 5
: : nx-zozo 4,9 18,50 277135 16.410.2 0,01840,001 3
. , 1.8 20475 300133 21,010,2 0,01710,001 ®
" . EX-ZOSB Te2 18,00 267411 14.410.,1 0,02110.001 3
. \ led 22,20 305935 20,9403 0,01840,001 5
. " Blen& (a) g.g ig.gg ggggzg i;.a:g.:; 0,01630,000 &
[ ] t+2 ® [ )
- ®  EX.7020(b) 3.1 20.76 297915 21.21011 8:8%$§g.88§ g
CONFIDENTIAL
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CONFIDENTIAL | KPG REPCRT NO. 1150

Ballistic Test of Cool Propellants EX-7016 - EX-7021 inclusive,
EX-7038, and EX-7048 - EX-?OSO inclusive

Gun PPD Charge Velocity Pressure Ejece Time No, of
Date Noe Powder (in,) (Ibs.) (£/8)  (teseis) (sec.) Rds.
12-19-52 14758 EX-6883 4.6 20,15 294010 18,610,2 0,02010,001 3
" " EX-T020 1,6 20,76 295812 19,640.2 0,01810,001 3
" " EX-7038 2,3 21,50 296017 18,610,2 0,01710,000 3
" " Blend (a) 2,0 20.50 29754 21,610,3 0,01740.001 3
- b EX~T050 7.8 18.65 264411 21,4103 0,01710.001 3
b " EX-7020(b) 3.1 20,75 295913 21.,310,7 0,01710.000 3
1-2-53 16077 Ex~7038 6e7 18,50 272512 15.110.0 0.019140,001 2
. " 3.0 21,00 29664 18,510.,3 0,018+0,001 4
n " " (o) 3.0 21,00 2960110 17.840.4 0.020%0,002 5
" v EX-6822 7,3 18,50 2&2# 17,5204 0,02210,002 3
gl " . 3.5 21,30 307615 22,010,2 0,0191+0,001 5
" * " (o) 3.5 21,30 307617 21,810.,3 0,01910.002 5
. . EX-6883 6.9 18,50 282616 1742102 0,02040.000 3
. " - 3.0 21,30 309913 21,710,5 0,01910,001 5
" " " (¢) 3.0 21,30 3102%2 21,9103 0,01910,001 5
1-22-53 14763 EX-7019(d) 8.1 17,00 278213 24,110,2 0,01910.001 2
B " (e) 8.1 17,00 2782%#2 22 ,810.5 0,01910,001 2
. " " {f) Bel 17,00 276611 20.5%0,1 0,019t0,001 2
« % EX-7017(d) 1.4 21,10 294813 19,010,1 0,01910,001 2
" " " (e) 14 21,10 292811 17.810.0 0.01910,001 2
. " " (£) 14 21,10 2915%1 17.,110,1 0,01940,000 2
" ®  EX-6883(d) 4.4 20,16 29574 20.010,3 0.02110.001 5
b 9 " (o) 4.4 20.15 294912 19,9%0,2 0.023+0,001 2
" " " (f) 444 20,15 2958119 20.6%1.2 2
1-27-53 14763 EX-6822 3,0 21,56 307016 21.510.8()0.020+0,002 2
22 .310.2(h)
22.210.2(i)
" H EX-7019 7.7 17.00 276614 21 ,010.5()0 .01840 ,002 3
20,840 .4(h)
20.610.1(1)
1-28-53 14763 EX-6883 2.6 21.28 306318 21.610,7E)0.020£0.,002(3) 5
21,710,4(h)
22 .540,.5(1)

2-2-53 16078 EX-6883 3,0(k) 21,31 308415 22,9%0.4 0,01910,002 5
. © EX-6822 3.2(k) 21,56 309315 23.,530.,5 0,01810,002 5

(a) 78/22 blend of EX-7020 and EX-7019 (h) MI-2 - Dynemic oalibration pressure

{t) Graphited for 1/6 sq. in area gauges

(¢) Ex-23-1 projectile ‘i) MI-3 - Dynemic calibration pressure
(d) 800 grams of blavk powder in primer for 1/30 sq. in area genges

(e) 600 " ® (j) Based on 3 rounds

(f) 400 " v " " * " (k) Cone crimp assembly

(g) T-1070 - Static ealibration pres-
sure for 1/6 sq. in. area gauges,

CONFIDENTIAL
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CONFIDENTIAL NPG REFORT NO, 1150
Ballistic Test of Cool Propellants EX-7016 - Ex-7021 inclusive,

EX-7038, and Ek-7048 - EX-7050 inclusive

b. Charge Determinationt

(1) 5"/%4 caliber guns (as indicated)
Firing conditions were the same as the Uniformity

Firings.
PPD
(in.) Gun Velocity Charge Presesure
Date Powder (d) No., WMk-Wod (£/s) (1bs.Y  (teseis) Remarke
12-13-52 EX-7016 4.2 16076 1a 0 3000 20,11 26,3 Too fast
" n 2.8 " " 3100 21,18 29.5(a) Too fast
" EX-7017 1.2 " non 3000 21,55 19.4 Too slow
" " ~0.3(e) " nom 3100 22,53 21.6 Too slow
" EX-7018 =2 ,0(e) " " u 3000 23 .89 18.4 Too slow
» = ~3.6(e) " s 3100 24,96 19.5 Too slow
ol EX=7019 5.5 " .. 3000 19,16 29.2(a) Too fast
. N 4,1 " n 3100 20.10 32.3(a) Too fast
" EX=7020 2.0 € ®n 3000 20,88 20.1 Too slow
n " 0.5 ® " - 3100 21.83 21.9 Too slow
® Ex-vozl -o.s(e) » .= 3000 23,03 17.5 Too slow
® 2.3(e) ® n w 3100 23,98 18.7 Too slow
w Blend (b) 3.5 0 .« ¢ 3000 20,47 21.2 Too slow
" 22 " " ow 3100 21,40 23.6 (£
" EX-7038 2.9 - n = 3000 21.49 19.6 Too slow
" " 1.4 " . 3100 22 .51 21,2 Too slow
o EX-7048 6.7 w 10 3000 19.35 (o) Too fast
n . 53 " w e 3100 20426 (o) Too fast
n EX-7042 4.9 . " o» 3000 21.06 (o) Too fast
" " 3.7 h " ow 3100 21,98 (c) Too fast
" EX-7050 3.8 " = 5 3000 22,15 (c) Too fast
" " 2.5 o ® n 3100 23,12 (o) Too fast
12-19-52 EX-7020 2,1 14763 16 O 3000 20,74 21.0 Too slow
n L 0.7 " ¥ ow 3100 21,72 23,0 (£)
» EX-7038 2.8 " * n 3000 21,58 19.9 Too slow
" " 1.3 " now 3100 22,65 21.6 Too slow
" Blend (b) 3.6 " " % 3000 20,43 21,6 Too slow
n 2.3 " won 3100 21.44 25,7 Too fast
1-2-53 EX-7038 3,1 16077 18 O 3000 21.35 12,0 Too slow
" L 147 " Bk 3100 22,39 20.4 Too slow
" EX-6822 5.1 " "o 3000 20.46 20.5 (n)
n " 3.7 " "on 3100 21.56 224 h
N EX-6883 4.9 " o 3000 20428 20.1 §g3
i " 3.5 i ¥ & 3100 21,31 21,7 (g)
(a) Extrapolated value (£) Satisfactory ballistically at
(b) Blend of 78% EX~7020 end 22% EX-7019 5100 £/s but unsatisfactory
(¢) Over 30 t.seie by extrapolation  within PPD limits
(d) 2PD without gages (g) Evaluated separately in ref. (f)

()

Charge too large for cartridge case (h) Evaluated separately in ref. (i)

CONFIDENIIAL
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CONFIDENTIAL NPG REPCRT NC. 1150

Ballistic Tcst of Cool Propellants EX-7016 - EX-7021 inclusive,
Ex-7038, and EX-7048 - EX-7050 inclusive

(2) None of the subject propellants tested in the 5"/54
caliber gun (l1k 16 or Mk 16) at 3000-3100 f/s velocity and 22-24
tsi pressure were satisfactory within 3%9 PPD iimitation.

(3) Soft surfaces and to a greater or lesser degree
inheront "fish-scale" surface structures were observed on propel-
lants EX-7016 through Ex-7021, Because of the sbove conditions,
optimun powder packing conditions were somewhzt difficult to
establish and maintain. Onc of the powders (EX-7020) was coated
with a layer of graphite. The FPD for a charge cf 20,75 1lb. of
this powder ungraphited was 1%6 whilc the same charge with a
coating of graphite was 3%¥1, therecby 2llowing for 1%5 more free
space remaining in thc cartridge casc.

(4) EX-7038 was too slow for the 5"/54 caliber gun and:
was found unsatisfactory as a replacement for EX-68E3,

(5) EX-7048 through EX-7050, the first mono-perforated
propellants fired in the 5"/54 caliber gun, were all too fast at
either 3000 or 310C f/s velocity.

It is evident that mono-perforated propellants are
readily ignitable and have possibilities for use at higher veloc-
ities and pressures in the 5"/54 caliber gun.

(6) Comparative firings between thce Ex-23-1 and Mk 41-0
(60 1b, projectiles) showed no apprecciable difference in ballis-
ticse.

(7) One powder from each group was firced with different
amounts of ignition in the primer. The data are as follows:

Per Cent Noe
Powder Charge Relative Nitrate Ignition Velocity Pressure of
Index (1bs.) Ignitability Nitrogen (grains)  (£/s) (tesei.) Rds.
EX-7019 17,00 277 T «56 800 278243 24,110,2 2
" ® " ‘ . 600 278212 22 4810,5 2
® ® » " 400 276611 20,510,1 2
EX-7017 21,10 130 6442 800 294843 19.,010,1 2
u L] e 600 292841 17.810,0 2
n - . * 400 2915+1 17.110,1 2
EX-6883 20.15 150 5403 8oe 295714 20,010,3 2
" U w " 600 294912 19,940,2 2
" @ B " 400(a) 2958119 20,6%1.2 2

(a) 5 second hengfires

CONFIDLNTIAL
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CONFIDENTIAL ' NPG REPORT NO. 1150

From the above results it can be seen that a pro-
pellant with a higher relative ignitability and higher percent
nitrate nitrogen content is more sensitive toc igniticn changes.

Tests are currently being ccnducted on these pro-
pellants to determine ignition changes on pressure-time behavior
and will be reported separately under "Case Gun Igniticn" Task
Assignment NPG-Re2a-184-1-53,

ce Pressure-Time Reccrds:

(1) The pressure-time records cbtained in the subject
tests are presented in Appendix (B).

(2) EX-6822 and EX-6883 gave smocth pressure-time curves,

(3) The pressure-time curves cbtained with EX-7038 had

cnly slight steps occurring in the pressure-rise portion of the
curves,

(4) EX-7020 ‘ungraphited) gave fairly pronounced steps
in the pressure-rise region and were generally better than those
obtained with EX-7020 after graphiting,

(5) Very large steps and rough pezks were obtained with
EX-7019 and EX~-7050,

(6) 1In general, ncne cf the subject powders tested in

the $"/54 caliber gun ggve as smooth pressure-time curves as
cither EX-6822 cr EX-6883.

CONFIDENTIAL
SECURITY INFORMATION 11



CONFIDENTIAL NFG REFORT NO., 1150

Ballistic Test of Cool Propellants EX-7016 - EX-7021 inclusive,
EX-7038, and EX-7048 - EX-7050 inclusive

CON N

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

a. None of the subject propellants tested in the 5"/54 cal-
iber gun (Mkx 18 or Mk 16) were satisfactory at 3000-3100 f/s
velocity in the 22-24 t,s.i. pressure range within the limitation
of 3¥9 PPD (Production Facking Depth),

be Difficulty in establishing and maintaining optimum powder
packing conditions was experienced due to the soft and fish-scale
surface structures of EX-7016 through EX-7021, For the assessed
charge of 20,75 1b, of EX-7020, an increase of 1%5 in PPD was
obtained by graphiting the powder,

¢ce EX-7038 was unsatisfactory as a replacement for EX-6883,

d. Mono~perforated powders are readily ignitable and show
possibilities for use at higher velocities and pressures in the
5"/54 caliber gun.

e. No appreciable differencss in ballistics were obtained
between the Ex-23-1 and Mk 41-0 (60 1b,) projectiles.

Preliainary firings indicate that propellants with higher
relative ignitability and larger percent nitrate nitrogen are
more sensitive to basic ignition changes,

fo The pressure-time curves obtained with the subject pro-
pellants had steps occurring in the pressure-rise region and in
general were rougher than those obtained with EX-6822 or EX-6883,

CONFIDENTIAL
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The tests upon which this report is based were conducted by:
J. A. KRYSTOFIK, Head of Test Branch
Interior Ballistics Division
Armament Department

This report was prepared by:
J. A, KRYSTOFIK, Head of Test Branch
Interior Ballistics Division
Armament Department

This report was reviewed bys
D. C. CAIN, Head of the Interior Ballistics Division
Armament Department
L. C. KLINGAMAN, Commander, USN
Armament Officer,
Armament Department
C. C., BilaMBLE, Director of Rescarch, Ordnance Group

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

E. A. RUCKNER
Captain, UGN
Ordnance Officer
By direction
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Ballistic Test of Cool Propellants EX-7016 - EX-7021 inclusive,
EX~-7038, and EX-7048 - EX-7050 inclusive
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TABULATION OF FIRING DATA

Guns 51/54 Caliber, Mk 18-0 No, 16076
ESR = 42.4 D, = 5,010
Mk 16-0 No. 14763
ESR = 180.5 Do = 5.056
Mk 16-0 No, 14758
ESR = 266.8 D, = 5.074
Mk 18-0 No. 16077
E8R = 54.2 D, = 5.006
Mk 18-0 No. 18078
ESR = 271.7 D, = 5,011

Projectile: 1k 41-0 (60,00 1lb.) Empty
Cartridge Cases Mk 7

Primer: Mk 45 (XC-MSB)

Lead Foil:s None

Powder 4s indicated

Flugs Cork

Crimp: Core on 2/2/53 - None on recst

wad and Spacer: Cardboard, NGF Dwg. No. 132664
Pc, Nos., 18 and 15 (as requiraed)

Powdor Temp.:2 CO°F

CONFIDENTIAL
SECURITY INFORIALTION 1 APPENDIX 4
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CONFIDENTIAL NFG REPORT NO. 1150

Ballistic Test of Cocl Propellants EX-7016 - EX-7021 inclusive,
EX-7038, and EX-7048 - EX-7050 inclusive

@& @ e e @ G W W @ W > W W @ @ @ W SV @ W @ EG» W W E@» e e @ W @@ @ e =

FRESQURE TIME-CURVES
Guns 5"/54 caliber Mk 16-0, No's. 14758 and 14763
Projectile: Mk 41-0 (60.00 1b.) Empty
Cartridge Cases Mk 7
Primer: Mk 45
Lead Foils None
Powder: Ls indicated
Plug: Cork

Was and Spacer:s Cardboard, NGF Dwg. 132664
Pc. Nos. 18 and 15 (as required)

Powder Temp,s 90°F

CONFIDENTIAL
SECURITY INFORIMATION 1 APPENDIX B
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CONFIDENTIAL NPG REPORT NO. 1150

Ballistic Test of Cool Propellants EX-7016-EX-7021 Inclusive,
EX-7038, and EX-7048-EX-7050 Inclusive

PRESSURE-TIME CURVES

Pouday:. Ex- 6¥23

Rd. % 20.t% Vb3,

""’/J'L s

Vels 2940 /s h

Fress. 19:8 *s., ; °

' Y ! ~ %' }
. ) : E

_ e i M shof[€jection

Rd 3 Powdar: B%xX- 6 %¥3 .

7 ./,/J.Z 20.18 \bs, —_—
ve{: z/,lp//.; —
ﬁr"’/&!»‘j‘/, . ——— ga:—

by
—flloge Firfhe Key, =X  —o ool Sec. ?;\gf_g_.lt_f-j'.h —
"-d¥ K Powber: Ex . L8¢s v -
, t 20.18 1bs,
’2/r /SR BL N Tk
Vel-: agdo 4s
fresw- /9.4 75, /
.
e Shot cjection
9.0 Sec . )
Rd, & Powder: BExX -~ 702 v _
18//9/a2 20.15 \bs ‘ _
W/ 295% s s | 1 ‘.
A 19.9 2.5, / | - 83
P
—i‘ot\ — 5"@118“'2&"!07)
CONFIDENTTAL
APPENDIX

SECURITY INFORMATION 2
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NPG REPORT NO. 1150

CONFIDENTIAL
Ballistic Test of Cool Propellants EX-7016-EX-7021 Inclusive,
EX-7038, and EX-7048-EX-7050 Inclusive

- e e wm em e e» @n Mm e» @ e» es W e» e @5 @0 @ G5 @» @» @ E» e Gn W en ep Sv @ we» en e e e

PRESSURE-TIME CURVES

Ro 6 o Poﬂ&cr: Bx -~ 1020
lel. 2958 #4
Fress. /9-6 *s.y. /j'
y —_—

e — m— ety
+—
- C'/ouﬁ'm., Koy — Shet ejection
LY 7Y} Sec. i

Rd T Powder:. B«% - Toao
: to.

12/19/5°1 0.8 ths .

vel.: 296 2 £/5 °

! Q

Q=

S ————— . "i

» .

o Q

Fress 19-4 750 /
T — - -

L3
— e Shol Tjection

Close Ff\nn(' Kc,
000| Se ¢

Rd ¢ Powder: Ex-~ Yol
2{.50 ibs .
-/

r2 982

Vel 2949 &5 -
Besc 18.7 £.5.1.

' T

£
QoS Puve - =
et kfj - - Shot efection
O.00Y cec,

]
|

&§d,000
rs.

5

Rd. q ,Dwicv: Ex — 103 %
2(.80 (bs, .

219/ 872
'_'vi{l'-c qves 44
Ass. /9.8 7:5.1.

570901
£S. 1.

r's
Qlose F'rn'nq Xe i G f : ;
Snot ¢
4 P not ejection

CONFIDENTIAL
3 APPENDIX B

SECURITY INFORMATION
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NPG REPORT NO. 1150

CONFIDENTIAL
Ballistic Test of Cool Propellants EX-7016-EX-7021 Inclusive,

EX-7038, and EX-7048-EX-7050 Inclusive

PRESSURE-TIME CURVES
Rd 70 Pewdev: Ex-T03 8 L
; - 2\.S0 (bs .
X/19/32 ; —
Vel 29443 45 0
flcss / 87 Rs.l. : g N
— %. ¢
= R i - "
{ g gy v -
Q.00 \ sec .
Rd. r/ Powdar: €Ex-To2o + Ex -1019 7
- LG .00'%s & 4.So Ibs. ==
2/79/372 | —_—
Vel!. 2975 F/s ‘Q
Fress. a1 ¢ r5.0. 7 3
- a
e - ] in _
[ S
r N Shed ejection
Rd', /X Powdev = Tx-T1020+ Ex-T019
/l//9/’-\-l le.06 \ve. + 4.50 \bs
Cadl N S
*( z"/ % ...j‘-"ﬂ" w.\‘ Q
fress. 22.0%51  : S
™ S —— ﬁl{
- “’ _
- F o '5ha~|e_'3¢c.<|-'on .
B.00\ 5.,
Rd, 73 Powder: Lyx-1o20 & Ex-Toq |
12//973"2 /\ \G.00 \hos. 4 4. Colibg |
Ve/ 294% 54 ; , :
Prgs 2/ FS.4 1 " @
g -~ . J..t:./ . s‘;f «
— — -
T Y Sa——
0.001 Sec. Shol QJec-hb,. .
R d. 74 Powder: Ex-1050
12//9/s72 1%.65 Ibs.
; ——
Vel 264% s \ __j ¥
Fess. 21.1 +5.4, . | : ;
~,w"~ — e - Q
L - 2 5
p— : e P A — :
- ! shot ejection
APPENDIX B

0.00) Sec.

CONFIDENTIAL
SECURITY INFORMATION A
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CONFIDENTIAL NPG REPORT NO. 1150

Ballistic Test of Cool Propellants EX-7016-EX-7021 Inclusive,

EX-7038, and EX-7048-EX-7050 Inclusive

PRESSURE-TIME CURVES

Ro. 75 Pouwsder: Ex- 10 s\g
/z//3/¢z . 65 Vs, | —_—
Vel 2645 £ N | ’g
fress 248 #5.1. k \\\\\—‘-_~_____‘ 8w
g — o &
. — » o
—————
) 0,00V Sec
Ro. 76 Powder: Ex~T0Se® ‘
r2fr9/3% 1% 65 lbs. | ' E—
Ye/ 264 ¢ £4 /\\ ‘ __T;__
Fress. 2s.2 #s., . S <
N and —_— “ g
= - ws
a0 = T T -+ - =
D.00) Sec. She! E/edmb
Rd. /77 Powdec-Ex-T020 thp?k\‘\qé)
X[ 19/0°2 20-75 \%s. . -
Vet 24¢ 3 A5 ' ‘ o
Frss. 20.3 5., /’ | edsmiemr— S 3
S cf&
o —L— -
S . O.Q0\ sec.
Rd /1% Pewder: gy ~Toao \Crnq\wggs - T
/z//z/fk /#’f 20.1S les. ! -
;;cl 2957 #4 3
@ss. g +61. y — - =
208 ‘L 4“‘“/ ] 8‘) {
- - 7 _.{ El‘—_ V """'g;; Q‘%QC'!‘OV\
0.00\ sec N
Rd. r9 Pewlev:EX-Yoz0 (Cvay\uh.l)
sty r9)8 - 20.16 b —_
vel 298¢ 1 R ¥
fress. 22.3 Ts. S
{ e ;g'ﬁ

q =

Q.00 Sec.

CONFIDENTIAL
SECURITY INFORMATION 5

APPENDIX B



CONFIDENTIAL NPG REPORT NO. 1150
Ballistic Test of Cool Propellants EX-7016-EX-7021 Inclusive,
EX-7038, and EX-7048-EX-7050 Inclusive

PRESSURE-TIME CURVES

Zq"l. I-:?--fjj ‘Udtr: &Ex-0r¢ l Calibration
R : : J ;: Charge: 17.00 44
Whely: 2941 £/ P !
Pessove i/l 775 5
- 3 :&_‘__/'.
L & : I X 4 - ' —
,cm. F:'fm' Ney "iml;; Sho! esectiog
Oute: /—1,{"6’ 3 NN Powder. &£x- 6§22 ' calibretion i
o:2 Chevec: 27.85¢ 1 6.
W/o"f’; 30‘4/- FZ‘ mE—— ) oY
; = 4}
_ .
X . #
Close Ftﬂn1 chu 1‘,“&;‘. Jb/g/x”la j
— , . T TE——
3;:; /1-27-5§3 s ({3’/‘}’!5)!-"21 ! (.'n/rbn#w”r - J
_ Parqe: ' — 7
Wm#y; Joss F/s / Harstes o
Pressure: 22 4 vy, ; g - \: [
t:=544¢ — SN i
. {
#c_losc Fueimg Ve ‘ — T - |
I- v #0601 Sec. ‘f"/.e/"”a"
Dore: [-27- ! “ EE——
o ;‘ “_ 7353, ‘ fowdcr: EX-701§ | ‘b/lbm"_“m —_ |
' .‘/;‘/pf'g'l",é. 2763 r/ - neqs: 1700 b | - ‘]:I—
. Pesiave 200 1., j R éé
—— N 9
_ == 3 o
r' — — - - ML:
{ Close€ Firing Xey. 1.8 2, Shs? Crex7ivg :
CONFIDENTIAL

SECURITY INFORMATION 6 APPENDIX B




'UNFIDENTIAL NPG REPORT NO. 115C

Ballistic Test of Cool Propellants EX-7016-EX-7021 Inclusive,
EX-7038, and EX-7048-EX-7050 Inclusive

- - - - -— - - - — - - - - - - o - -, @z s o= e - o - - oo - - - - e oo e ® o=

PRESSURE-TIME CURVES

Date: /-27-53 -~ MQV: &Ex-70/ 9 r atfbre t'lo.,
Rd:S o
Veloc:y: 2773 /5 o Chavqrs 17. 000
Aess«ra: 21.3T5 . .
1 *
Slese Firiag ey . —i ooF_u‘, Shet /e & Fropy
Bate: /-27-32 Roder. Ex-70/9 Calr bre {,‘.., N

| Ré ' b < Charge.
Wlooity: 2743 ff = \\ e 1200 ¢4,
Fressare: 40,3 1o B g .

n//

 Srede Feing Koy, "L..'T;& o/ apecTiny
| Datat-25-s3  RuderJexrors | Calibration 1
| M:{f 2769 . ) Charf&x{/7.00 b
VloeTy: 2769 %s .. w— ..
ﬁ"crsaZe.' 2.2 T.s.‘ﬁ. < \ .
— — g s —— ===
" 0001 sec. R f"‘_f 51‘06"/00
" ‘Date: /-28-53 Bwday: EX-6883 Calibration |
"Rd: 2 Chargé! 2.1.2¢ «a. | —
Velocrly: 3052 #4 | " g
Pressuve: 2/.2 7:s.1. I N |
L ~ v |
/ = < 3N
- B -; oj;“. Shet q'j'c'lnq _____
JIHFIDENTIAL
ITY INFORMATION 7 APPENDIX B



CONFIDENTIAL

Ballistic Test of%ol Propeliants EX- 7016-E,7021 Inclusive,
EX-7038,

Date: 4-2%-53
Res 3
Vﬂocnl': S0ss 74’

Pressurer 2/.9 75.,.

NPG REPORT NO. 1150

and EX-7048-EX-7050 Inclusive

- - - - - - - - e - - - - - - e - - - - e oo e

PRESSURE-TIME CURVES

S — e —— S — - =

Ruder: &x-6133 Calipretion
Charge: 2.1.29 <6

Velocﬁt,,' 307[}/{ p

Pressure: 2/ 27s4. /
,f‘l

N Lshaf Cfion
) B o.00)sec. e —
P &J‘ EXess Calibratie "
m‘c: I-29-53 ~ \ e‘h‘:'e . 'i

Rd: & ;& \ EREEs —
. ————————— Q
Q
Q

°ﬂ
N
_%?;

.:w_/ —]
— ——=

- -  leelsen Shof Erecf/oo

Date: /2253 N Powdar: EX4853 Calibration _

Rd: s f//'\\\\ Charge: 2/.284c8. —_ 5 '

V!Ioc«‘h, 3048 Pk ”/ - of g ~

Pressqre: 22.3 Tsr. ~ 3,&’

/ “
+ — L— =
Close fnrml/ Key — ‘i—'
. 0-00) Sec.

Date: i-29-53
Rd: 6

VelociTy: 2070 #s
pre:swne: 22-0ZS5./

_

RAuder . Ex-L 183

Chevge; 2/.2944

Calibretion T

s o cm—
b

00

h* H
aocc)Sec

" Shot Eject 109

8 APFPENDIX B
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(tess.)

=5

* Pressure

o-Yg taepmd
@V sa srwpeld puv 3,81-

T - ) & ‘g1 reama -
o @m..,u.uu 3
TG ) .

i 185

(3/3) 4awoeton

I :

"n.-.-v kt.‘.l;)

PR LI LN LI
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