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A SOLID ROCKET PROPULSION FOR SMALL SATELLITES
Zhang Dexiong
(The 47th Inst. of Xiang Yang Company of CASC, Xi’an, 710000)

Abstract: The upsurge of small satellites and the selection for their propulsion sys-
tems are briefly described. The solid rocket propulsions for small launching vehicle in
the world are discussed in details and their technical features and state-of-the-art are
analysed.
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Table 1 World’s main small solid launch vehicle series®

Number Launch| Principal Number
. First Propulsion
No. Name Nation of mass | diameter Performance of
launch system
stages (t) (m) models
220kg/550km, |
1 | Scout G-1 USA 1960 4 All solids 24.0 1. 14 37.7¢ 18
Scout G-2 ' 3+
2 Ttaly-USA | ~1995 All solids 92. 8 1. 38 970kg/550km 3
(Model 4) 4SRB
3+ 700kg/740km,
3 | Conestoga-1620 USA 1993 All solids |~91.0]| 1.02 5
4SRB 90°
Pegasus 290kg/460km
g | B USA 1990 3 All solids | 18.5 | 1.27 ke ’ 3
_| (Standard model) ‘ . 0°
i 1300kg/400km,
5 | Taurus-120 USA 1994 4 All solids 73.0 2. 34 og° 4
6 | Lockheed LLV-1 USA ~1994 2 All solids |~65.0| 2.34 1000kg/185km 3
4+ 150kg/400km,
7 | ASLV India 1987 All solids 41.0 1. 00 3
2SRB 46. 5°
S Clipper 570kg/400X
8 pace ~ppe CIS ~1994 4 All solids 64. 0 2. 40 ke 6
(Model 1234) 40000km, 65°
260kg/700 X
9 | Start-1 CIS 1993 3 All solids 45.0 1. 80 3
1000km, 75°
3+ 460kg/500km,
10 | M-3S 1 Japan 1985 All solids 61.7 1.41 8
2SRB 31°
150kg/250 X
11 | Shavit Israel 1988 3 All solids 30.0 1.56 2
1200km, 143°
1st and 2nd
ALD-P
12 . France | ~1998| 3 solids,  [~140.4 3.0 1000kg/1000km 4
(Ariane-6)
3rd liquid
200kg/750km,
13| VLS Brazil ~1995 4 All solids 51.0 1. 00 - 1

(D Allin the table are launch vehicle series and only one model for each series is listed.
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REA/NERZEEEFUNRT PIRERBRERREN RS, R RSV,
1960 £ KUUIRERBT 18 MUE, AFEBE KT, HAF 1S H/NNITED, KA
BHPEE G-1. .

“RKEE” BRAMIZE X, T 1993 FHEH KR, %A 1220, 1420, 1610, 1620
- HRT, BRAES 300~1300kg, EHFHTAM “FHIL” RV HBER, HEAHE, 30
RIEMRKIT00 2 G, WFERB, BIHE 99.9%%,

“KOE” R—HARUREHBERY=ZZBEAE, FE=HS, EZRES 290~
380kg, 1990 FH K KT, KHEMEBEFARZPRS, FERENUFERE. EdMKE



88 f#H o B AR 1995 4E

ZREXREADIANEZEREGRRBESILNN, AIEZREHBHMK—FKF TREHRES
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“ﬁ*%” REDEMKER, SHENRUS, FHRY ‘RN ZE X" FO=ER
Ef\%, EF 1994 FH K.
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HAMM 23 EEZRATH, SF 7 M, TEATHETLE, N 1991 FRELSH
27 K. M M-3S2, AT &4 770kg (YT E, BAR LB BRI, 1985 FH KR M-5 B%&E
RS, 52 2.5m, B AR 1301, RUMHERBRANLEXZIRE, EEETHEARKER
Y ETRRS ., EHEM EXEA Y =KX EPRARZHR A, £ CHER 520, K&
HHLIEEE S 1270kg,

J-1 BB AR —FEDE E & A H, B KFER 8, Z8ES 900kg, EHE—FRER,
AH-2 KBRS R, FIFAT M-3S2 8. =4. J-1 M1 M-5 ¥4§F 1995 4
B, EIHB/EN H-2 XHFH 7, & 2000 F8)5HEANAREEZR IR,
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FARFTEEMBASREAN “PIRE-2”, XK “XTHRMNRE”, MHBEFRAFEKX
Bk, HF 3RS, HEBRBMERYN Zefiro K3, F=REH IRIS KK EBM &
B, EZH W 286N - s/kg, M 0.9265, RARFAKF. FRENNEEHTEHTH
“hrPlBR” KGMERAY “LITTLEO”, HMBMEEX/NUIEKZE, FRAHARC,

EETRRA M-4 1 M-5 B SR E VBRI —Fh S PR H 28K H HH 18t
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4 /NRLER K EF BT B %&-67, ;L; 4 FRIE, YENBTE%Z-5 i3 7. He “ALD-P” 123 HE
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B A7 KBRE 3PS, RAZKEERIN, FATF SS-25 fi SS-20 HL3HX#
EEW, BYFR 40~45t, BHTTRREKT®. SREM “ZERE" KH# b KL
SS-24 WIS WM ER, EHhEHA, 34 %KX, F6 NS, B HE-124, HRTF 1994
F£H K, |
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MU=, SLV-3 K& F 1980 £ R 4 T Rohini B, /A& 40kg. H/544% ASLV LR 2 HE
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2.8m, —REHR 127t, ZHRAIIRI KM BHERE, XBT —EKF.
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Efg VLS /MMEBMEERE—RE, FitRRABRGESE R, B FRESBIRE
M h2EEA, SKERHN 1.0m, XBEATAEHDO, HTFZ “SFHEARERF
24” Mwl2y, VLS H XZEAEHES 1995 4,
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#kﬁliﬁmﬁnﬂk%ﬁé‘“ﬁﬁ P LBk KT, B AMKFILZE KE (ALV), ZHEE
711000kg, HECEM T ARSHEZRFBAHR . sIECHUATIERBFH /N XE, 32
F 1995 FRHTE,
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WA, HABSERFEHE —LBEHE-4 K3, EFHSHWEER 5 NS, HBE)
RS REZIVMREFNAEFTRE, LERH FERYXHET RSP E RS KL
Al BRFEPIEE-2 B S Z B ML, HBIESHER—. ZR¥H Zefiro XML, B
TR BBBERAR (0, 2, 4 8) B 3 M, MBS ERE AT REHSS-24 53
REWLAPIFTR, 48 0234, 0235, 1234, 1235, 2234, 2235 XHHE, HPHF 1. 2.
34 RNHE K SS-24 BM—, =, ZRRIVL, 4. 5 AT R R ; XEK KSR XHE
MEFHKHE ARV EARTZLME; HA M-3S2 k&, J-1 #l M-5 KFig =R R,
HZ, =R ERHERNZ.
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WARE, KREAAEEEREMEE KL HER, HERRANHIBRESEH I
F. KEMXFELERFTETR, 2E ‘BERAHFRES” MEERIIVFRGTRERSF
2 0.999 (5% EEH), ZEHATIRTEHRBERMEAE . PNELZE R FER A . 2R
BT R EERE . /NRGE A B A LR SRl A B ORAA F 0. 98 FISHIE S EUAHT ,
RSB N AR RIN, %, H, 3. BMBERHHH T EPREH/MLER AH,
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WA BNEIN. MEEGEE KHHERIE-2 RIVBEREPLEM; &4 BHEIE
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Table 2 Technical inheritance of the SRMs in Pegasus and Taurus

Components in SRMs of Pegasus and Taurus Precedent motors
Case material —IM?7 carbon fibeLI’/HBRF-SS Epoxy | Trident 2, SICBM
Internal insulation—— Kevlar filled EPDM | SICBM, Delta 2
Propellant grain——class 1. 3 low burning rate HTPB Pershing 2, Delta 2
TVC system— light weight flexible joint Pershing 2, SICBM
Nozzle throat insert——3D .C/C ITE Trident 2, Delta 2
~ Nozzle exit cone——C/phenolic | Trident 2, Delta 2
Nozzle actuator——electromechanical system SEGIS
Igniter—— pyrogen and toroidal igniters SICBM, Delta 2, Pershing 2
Thrust termination system—— flexible-linar-shaped charge Pershing 2
4 SHHIEARRE

ENMER. ARMRBH/PMEER, HEERINUERKFERRER, REFMR
BN FEBEGRER, ENTKBESIFE, —BRRT U EHBEARKE, HTHERIIVR
I 0.91~0. 92, E 25 KM 2700~2750N - s/kg, TR K SHHLE B H 0. 92~0. 93, Hal 2800
~2900N « s/kg, FEERRER, REFRFHOHUSMEE, RENLREADS, &35
BRIV ERE. FoXR—BMKFHRIN, EEHREELHN/NIZEIHMBER
ZPRE,

4.1 BEEwHN

LR/NELZRARAMM ERR 1. 3R TR A HEN, Bk K 2580~2600N - s/kg,
EREBA. BE. HEHE. R2UHEBENRESS. HPUREKFRE, BEaREER
3 88%, FH>H. M 2590N « s/kg, WEHF 1. 80~1. 82g/cm®, BKIR 1¥EEMR. HAH M-
5 FEMEGZHE, BE., HESFERANTREHNBERIBRB AL 86%, FHE 1.77g/
cm®, HMIRE 10N « s/kg. BT ¥4, TH# (CTPB) MITMRESHFESEHNE — M
B, ZEHEHETTE.

IR E AR SRR C X B EKT. EEEESSH, MEMRKRE (NHNWNO,),)
SN = BETNBENHRE AL,

4.2 RGNS ARE

ERERENE, IRNASHBE/NMERNMRRIVPHHACRER, £, 8. H
B, CHSENEEXETITER. fRKEFNFLAEAECELERENIRL, B5
KRB A RAERD FREFEIARAFEN, FLEIRERIIKNMN 1.5 65, R
BEAAMNE-BERFERBFAT/IUER, MEENKIEMEFELZERE 6
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MBRE R, HAR M-5 B=RMEEH ALD-P F R mit. MPLRIMLE, RIPL7T
EHRBAEE 20%. hkESMRBEMENNENA, WEEEATR. HEYOTR KRS
Pl JBEZHTEIHESEA b B ERRET RN SREIN, TERIERBAERE.

REXRBAH G HEEREY 150, = TZABRKEHNACHYEE. BFEREFUSHE
BRI RILAE N IIATER ., SR RERE 10%.

Table 3 Performances of some SRMs used in small launch vehicles

Pegasus | Pegasus | Pegasus Taurus M-5 M-5 ALD-P ALD-P
1st stage | 2nd stage | 3rd stage | 1st stage | 2nd stage | 3nd stage | 1st stage | 2nd stage

Diameter, m 1. 27 1.27 0. 965 2. 363 2.52 2.18 3.0 3.0

Length, m 9. 39 3.84 2.08 7.72 6. 67 4.14 10. 3 4.5

Propellant mass, t 12.15 3.03 0.78 48. 99 30.0 10.0 85.0 30.0

14. 02 3.40 0. 99

Motor mass, t 53. 07 33.2 10. 95 ~95.0 ~32.5
(stage) (stage) (stage)

Mass ratio 0.92~0. 93 0. 923 0. 904 0.913 ~0.895 | ~0.923

Aver. vac. thrust, kN 486.7 122.8 34. 6 1703.0 1370.0 294.0

Vacuum I5, N« s/kg 2884 2866 2788 2733 2815 2043

Vacuum [p, MN + s 35.07 8. 67 2.18 133.90 84.50 29. 40

Action time, s 72.3 71. 4 64. 6 83.0 63.0 101.0

Propellant type HTPB HTPB HTPB

) HT-230 D6AC
Case material C/Epoxy C/Epoxy C/Epoxy
steel steel

Nozzle throat insert C/C Graphite C/C
Control Secondary

TVC system Flexseal Flexseal Flexseal

fins injection
Nation U. S. A Japan France
43 | ¥

MR BUE RS RS E R 35% . ZMRAR/BRBRIT R/ ML OEERN
FEMER S, FRA X REAMERNREAS. B0 EmEEFHR/BRE T ERE R
BRE 10, HERARBRET/DEZREM . SHEMMRTEME OEHEAR, ZRE
XA

HHMBEHEARRERE KBHAREELNEFTHYAE HEEEH—%, %
RHRHPFBEEM . X, %, HHRIVD, FEELCRALSMMRENER
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WHEHLA RS E BRIV BT AT EAR H R, T Z AT RGN . W
BEM AT REMAERT. HENERERGH SR FERRI . URER G, Ko
THET LR =480 . JERXPREA . POSHRUL MRSt . BB ERAT . Rt s H
B, R &R, BEAXE. OSRERNBIARFEE. BREETIS SR
FERA . FRRMIEES, UERREMELEFBIAR, RBEELST2RTRIAR
Bk, 3 70~80 4R 18 MR B 219 KAKKRGTT, Lot ESHE T A B &R 3N
BrE B B i AR EOY 11. 0 K, KELZR A BB #ERR N 6. 7 K, TR R FHHL 16. 4 K.
HEZT, RENSFE—-RREZRABRAE. M-5 HERTTRAEERKBKE, MDA
HZFHUHT - KAKKRBRIHHENT CITRE.
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