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Table 1 Test Propellant Compositions (Unit wt2%
Type |y v v | w | w | X X | xt | xn | xm | A B c
Ingredients

Particle Size 100ym — - - - - — - — — — 7.8 7.7 7.6
ap Particle Size 200pm 6.9 | — [ 175 | e0.7 | — [ 174 | 604 | 173 [ 173 | 173 | 15.5 | 15.5 | 15.2
Particle Size 400um - | 699 | 524 | — | 697|523 | — | szt {521 | 521 | 46.6 | 46.5 [ 45.7
Subtotal 69.9 | 69.9 | 69.9 | 69.7 | 69.7 | 69.7 | 69.4 | 69.4 | 69.4 | 69.4 | 69.9 | 69.7 | 68.5
R—45M — | =1 =1 =1=1=1=|12s]125]125] 129 | 127 | 12.6

JSR—HTPB 86 | 86 | 86 | 85 | 85 | 85 | 8.4 - | -1 =1 - —

TF—PB 37 | 37 |37 (36 |36 |36 36| — | —|—-1—-1|-1-

Liquid NF—PB 0.6 | 06 | 06 | 06 |06 |06 |06 | — | — | — | — | = | =
i‘:ﬁ?"' Cross-Linker IPDI 09 | 09 | 09 | 09 | 09 | 09 | 09 | 1.0 | 1.0 | 10 | 0.9 | 0.9 | 09
Bonding HX—752 | 03 [ 03 | — (03| e3 |03 |03 |03 o03 |03 | a3 |03 ]|os3

Agent MT—4 ~— | =Joes| =] =-=1-=-1=-1-=-1=1=1=1-=1 =

Catalyst DBTDL | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0001 |00 [ — | — [ — | — | — | —
Subtotal 141 | 141 | 141 [ 138 | 139 [ 139 | 138 | 138 | 13.8 | 138 | 141 | 139 | 13.8
Al 16.0 | 16.0 | 15.9 | 15.9 | 15.9 [ 159 | 15.8 | 15.8 | 15.8 | 15.8 | 16.0 | 15.9 | 15.7

Burn- SrCo, — | =] = loes|os|os [1o]10o] — | =1 —=1_0os5 | —
ing Li,CO, -1 =1 =1-= - =T =1T=Tiw| =1T-1-1 -
Depres- BaCO, ~ 1 =1 =1 = - =17 -1 =1T=1w]|-=1]=71-
sants Oxamide — — - — — - — — — — — — | 20




2. HRHGEREE

BREEARRE L LT, RRBIZHL 1 Li;CO; SrCO,
B LU BaCOsit, V- Fh LR E—E, 99.5% kL
LoMEYRHL, EHREIERTh, &150, 1003
LU80pmTH B, Tz, * &+ { F(Oxamide,
H,NCOCONH,) {, AR —& CEHREITH300pm &
CEHCLORERLY:, APIZAEXEA»—Y o, RN
LR S h, HMAE9.7%C, PYRE400, 2004 LO*
100pm D 4 D% Hiff L, mono-, bi-, triple modal
ERBIZE U THEOR L 3 L 0¥ RBYSHETH
foo Xl ABRIZBLAETA 29 a5~ T
rmORROLOTH D, WIIEE &ML KESar-
tomer £ DOR-45M HTPB( 5 v » ~ 1kE), L X}
Y72 BEAGHT AW(JSR) DHTPB(7 =4 ~
IE) L ZHLRORO=EHE(TF HTPB) oR &%

BEBE A AHBOS VEe v Vo TH—
(IPDI) %45, WELx¢7:, ¥/, JSR-HTPB% [
WICHEERICI RN S LT, BhERT oY
7%= (NFPB, BAY+ @) %Mzt

Table 1 i EZF TG L REBELERO AR LT
T, feds, £ F 4 v 7#i(Bonding Agent) i = v i
Yoy HEERETRTIRBEe -5 T, YLv1 ok
DREEREL L BERT5AHTHREMEASL0OT,
BRAIMT-4it[1-(2-2FA)-72 V2 21]7
+ A7 4 vAFCF, TUVEVEL, BIUOEREY
20:7: 30 HKTRE LI ZORGERS, L
THX-752i21, 1" (7 z2=2L v hnE=n)ER
2-AFAT VS THE,

3. BmREELBMBHN

Figs. | ~ 512N ~X I DR D BBREEEEE O BT
BRyTRT,

10

9 —O—: TypalV
~ 8F -—e-—: TypeV
3 ==lre=: TypeVl -
g 7
13 9
T 6
25
@
o
£ 4
£
5 .
a g .,/
& e
gy
-

a
2 1 L ] ! ] L ] | I N
1 2 3 4 5 6 7 8 91011

Pressure , P (MPa)
Fig. 1 Linear burning rates for type ¥V, V and VI compositions,

10 —

9; —O—: Typel P

8 —-9-=: TypeVl g
et Type X ~a

7

6

Linear Burning Rate , r (mm/s)

2 i 1

11

1 2 3

I T B
6 7 8 91011

4 5
Pressure , P (MPa)

Fig. 2 Linear burning rates for type ¥V, VI and X compositions.

T3k



10
9 —O—: Type Vi
~ 8F =-8=-=: Type {"
E A+ ——tr—: Type X o "
E ,4’3’
<~ 6 e
... ’,/‘
g st o =
[ -
g af o
£ a8
@ .
- L gl
§ LA
5 P
2 1 [ | 1 1 L 1 [
1 2 3 4 5 6 7 8 91011

Pressure , P (MPa)

Fig. 3 Linear burning rates for type VI, Vl and K compositions.

. r (mm/s)

N N WO

Linear Burning Rate

| L 1 1 L
1 2 3 4 5 6 7 8 91011
Pressure , p (MP2)
Fig. 4 Linear burning rates for type VI, X and XI compositions.

-

¢ O N OO O

Linear Burning Rate , r (mm/s)

(] 1 L 1 1 L L 1 L1 1
1 2 3 4 5 6 7 8 91011
Pressure , P (MPa)

~N

Fig. 5 Linear burning rates for type VI, X1, XII and XII compositions.

Kogyo Kayaku, Vol. 61, No. 5, 1990 —295—



Fig. 1 12 APORIESM DAL T L T, S
DL ST R T, ERELOEEF RN
HoZeMiler ., tMT-135128 540, SREL T
ARV AP VTR LTV 5, M, SrCOym
fifa R ch s, Fig. 2, Fig. 4 5L UFig.- 1
EFig. 30N CHLNTH D, 0.5~1.0wt% D
FBINC X > TI2~ 15 OBRMEMT AL cbEIh B
(COBETOEA S, %41 F 2wty fmegsz
ERSTH D), tic, SEIMG -1 3 flioRES OME
mE R, SICOm B L A% T, #i2Li,CO;,
BaCO,Dff & /¢ » T\ 5 (Fig. 5 £8),

Ric, BHEREHSTEE L 0 FHREI0em
DAPZLi,CO 210wt 8T HREPOTKERE
ERRIEER Y APHEBO & h & BT~ BREH
FELOMBYRDI, 22T, HXKBELIEE-
R R OB ST RS TORELERL T
VB, Foz2pbilcis 2, BieERBRT
Tix, FAIRIETRE LIary ApERFBET
BRIV DHHEIMT T, REAGCBTDHIER
EEEHHIRE Y, ARSI E &) HAERE
F—sDELOERIKESL>TV 3. LHL,
Fig.6 DtifrchooF—20flFHic L - T
Bohni-ERMBTENLERE ELIZEXBEILHK
EBedotxWomizLTV3, ZDZ &k
Li,CO;D & i 6-F, SrCO;, BaCOyjz i HTixi b,
ENSEEOWSE, 7A0 Y +&EBRBEOHRMD
APDRKBELX THAHE L H> LR THS .

kiz, ED®x—E(5MPa)ic L Tn#AEEY <5
£ 2L LIcBRIC, BHRBEMNE SERTH1LENR
&R % Fig. 7 + Fig. 81iz14, Fig. 7L n, SrCO;%10
wtR fitnT5 &, APHEL h I HRKBENATH,D
mEEEY B3 e, BABEGABELATH
Hbhb,

Fig. 8 3B/ KBE L MAEEOHELY T V=V R
Ta., b LERERTHS, SrCO; BaCOsnL-F'h
LAP~OHEMZ X 9, {EMIAEE -\ TIX AP
OB KBE L VL ATEHEAT LS, MAER
FEFCGL LR LR, AP Bk R KRR
SE, TORORGIIEL S i, nZEE2. 5~20
K/min © 55 HEE 3L RRMREET 5 & FRRAA
SAE N BEE, 15KminD A4 - FLENTHE DI
LR TV 52, Fig. 8 i2mSud e ¥ REEIC
RIS KEERAP kOl x 5 FIE
BIRIESTATHE LLRELTV5,

BEGYL, KAETiET5RMATHICHE T,
PSR AR LT < & NRFTELRIEA TILE KB
BILAP MO T haizx 52 LTV, &KE

720

—— AP Powder

=== AP Powder+Li:C0:(10%)
7001

.
660"

1gnition Temperature , Ty (K)

.
"
——
"~
~—
et
.,
-~
~——,
-~
-~
~—

640

1 L . 1 | ! ] ! ]
1 2 3 4 5 6 7 8 9 10 11
Pressure , P (MPa)

620

Fig. 6 Ignition temperatures of ammonium per-
chlorate powders with Li;CO; and without,
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tion temperatures are measured by means of
differential thermal analysis at a rate of 20
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nition and heating rate for NH , C10, and NH,
Cl10, including BaCO; and SrCO, . These data
are obtained by means of rapid heating ther-

mogravimetry.
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Table 2 T—burner data for type A and B propellant.

Burning Burner
Sample pressure Length ag ay @ ast f(Hz) K(s)
P(MPa) L(m)
Type A 6.2 1.9 6.41 -12.6 19.01 1.07 230 4.65%1072
Type B 6.2 1.9 13. 60 -11.9 25.50 1.43 223 6.41x10-3
IR-140
[ 1860~2260
r—— 1500~-1900
1gniter Propeliant Motor Case Nozzle
(unit : mm)
Fig. 13 ¢$140mm rocket motor.
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Typical chamber pressure-and thrust—time histories for $140mm motor
loading L1500mm AP/HTPB/ALI propellant grain including 0.5wt% SrCO,.
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Typical chamber pressure-and thrust—time histories for $140mm motor loading

L1900mm propellant grain. The composition is type C shown in Table 1.
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Thermal Analysis of Ammonium Perchlorate Madified by Adding the Carbonates
of Alkaline—and Alkaline Earth Metals and Application of AP/HTPB/AI
Propellants Containing SrCO;, and Oxamide to 140mm Motors

by Takeo SAITOH*, Akira IWAMA*, Keiichi HORI*
Harusuke TOKUI*, Sohsuke SUZUKI** and Kunio MORIMOTO***

Differential thermal analysis at elevated pressures indicates that the addition of the car-
bonates of alkaline —and alkaline earth metals (Li,CO3, SrCO; and BaCOQj3) lowers the igni-
tion temperature of ammonium perchlorate (AP). However, the ignition temperatures
become monotonically higher with the increase in heating rate, and the gradients of the
semi—logarithmic relation between heating rate and ignition temperature for pure AP and
AP containing carbonates are different. Therefore, there is a possibility that the ignition
temperature of AP containing carbonates may be higher than that of pure AP at high
heating rate in the steady —state burningn condition of rocket motors. It was verified by
rapid heating thermogravimetry that these carbonates addition retards the ignition of AP at
the heating rate over a limit. It was noted also that AP decomposition is significantly sup-
pressed by the addition of BaCO; even at low heating rate, 2.5—20K/min. Although
T —burner experiment provided the data showing that this propellant is constitutionally
predisposed to unstable combustion of longitudinal acoustic mode, the static firing tests of
the motors of $140am x 1500~1900em loaded with AP/HTPB/AI propellant grain contain-
ing SrCO; showed a tableland —like pressure —time history but no pressure oscillation was
detected. The similar propellant grains containing oxamide as another burning rate depres-
sant promise stable burning for practical $140mm inside burning motors.
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