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 The purpose of this paper is to introduce a design and fabrication procedure for a solid propellant gas 
generator. Based on this procedure a gas generator was designed to supply the required operating fluid 
of a controllable flying object’s control surface gaseous actuator,  the results of which are presented in 
this paper as well. Supplying required pressure during the mission and gas flow rate with expected 
chemical characteristics are requirements of the design. At first the necessary parameters like flow rate 
and pressure were specified. Then the design calculations were done according to the proposed 
approach. In order to evaluate the design process and achieved data, a full scale gas generator set was 
built. Since this study includes specifying a proper formula for solid propellant of gas generator, a lab 
scale motor was used to qualify the propellant’s characteristics experimentally. After doing tests and 
comparing the results with output data of gas generator design procedure, good agreement was 
observed. Besides, by doing several tests it was found that PSAN as oxidizer, HTPB as binder and 
chromium oxide as catalyst provide  a proper composition for solid propellant of gas generator. Finally, 
covering basic requirements of a solid propellant gas generator such as uniform flow rate and less 
presence of solid phase and corrosive components in combustion products by means of designed gas 
generator are suitable to show the validity of presented design method. 
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Fig. 1 Spherical gas generator [13] 
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Fig. 2 Proposed design procedure 
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Table 1 Operational requirements of flying object’s gas generator  

   
) ( 0.02 0.002± 

) s( 100 10± 
) K( 1400 100± 

) kg(  5  
) mm( 100 

) mm( 300 
 ) ( -30 - +50 

) ( 20 g 
 %3< 

2   
Table 2 Entrance parameters of gas generator’s solid propellant and 
combustion products 

8.8 MPa  
) K( 1400 
) MPa( 1-1.5 
 1.2 - 1.3 

) ( 380 - 340 
) ( 2.6 - 3.3 

) ( 1300 - 1500 
 ) ( -30 - +50 

) ( 0.002 
) ( 0.001 
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2 Guanidine Nitrate 

3 1 
Table 3 The composition of 1st prototype propellant 

  
Cr2O3 0.5 

C 0.5 
PU 10 
NC 19 
AP 10 

PSAN 60 

4 2  
Table 4 The composition of 2nd prototype propellant 

  
Fe2O3 0.5 

C 0.5 
PS 19 
GN 5 
AP 5 

PSAN 70 

5 3  
Table 5 The composition of 3rd prototype propellant 

 1 2 
Cr2O3 0.5 0.5 

C 0.5 0.5 
PU 19 19 
GN 5 5 
AP 0 5 

PSAN 75 70 

  
HTPB 

4  .4 6 
  

3 -3-   

 
   .

  
)1( = ×

  

)2( =

 
    

)3( =
4

2

  

6 4  
Table 6 The composition of 4th prototype propellant 

  
Cr2O3 0.5 

C 0.5 
HTPB 19 

GN 5 
AP 5 

PSAN 70 
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Table 7 Operational pressure criteria of solid propellant gas generators 

 ) bar( 
 100 – 160 

 60 – 80 
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8 4130 
Table 8 Specifications of AISI 4130 steel 

  
) ( 7860 

) GPa( 210 
) MPa( 1100 

 0.3 
  

  
Fig. 3 Schematic of designed gas generator 

3   

  
Fig. 4 Schematic of a solid propellant gas generator mass-launcher [20] 
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Table 9 Parameters of gas generator igniter’s gunpowder 

  
  
) C( 500 

) ( 1600 
) kgm( 0.5 

) ( 1600 

)16( ,ign =
4

2

  
1.3  2    .

  ign ) 17 (
   

)17( ign =
ign

,ign

 
) 18 (   

)18( =

 88  .
 = (0.2 0.9) 

] 22 23 .[0.9 
    

 ) 19 (
 ] 22.[  

)19( 
,ign =

( )2

1.277 2

,ign  Cp 
  

 .   

)20( ign =
ign

,ign

 

  

3 -5-   
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 . 
 . 

 5   
  

10  
Table 10 Designed propellant’s characteristics 

  

 
HTPB 

 172 gr 

 = 56.5 mm  
= 49 mm 

 1405  
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11    
Table 11 Characteristics of chosen igniter and initiator for gas 
generator 

    

 
HTPB+AL+AP   2.2  AC-

220 V 
 25 gr 2.5 gr 

 = 29 mm 
= 6 mm = 65 mm 

( 1725 - 

 12 
NBR   . 

6   
 7  .

220 

 
    

12  . 8 
   

  

  
Fig. 5 Test motor’s solid propellant igniter 

5    

  
Fig. 6 Components of test motor’s igniter 

6    

  
Fig. 7 Initiator of test motor’s igniter 

7    

12   
Table 12 Motor design characteristics 

  

 
HTPB 

 2 kg 

 = 90 mm 
= 225 mm 

 3.48 mm 

  

  
Fig. 8 Gas generator’s mass-launcher with igniter location 

8    

3 -6-    
 

 
13 14

 .
bar 700 .

 
  

9   
  

  

3 -7-   
 

  .  
  

13     
Table 13 Dimensional characteristics and substance of components in 
analysis 

  )kg( )m3( 
 H11 6.89 3.4×10-3 

 H11 2.75 3.5×10-4 

 H11 2.02 2.6×10-4 

  0.06 2.8×10-5 

14   
Table 14 Mechanical characteristics of used stuff 

 
 )MPa(  )MPa( 

 
)GPa( 

 H11 1485 1810 205 

 120.59 100.8 210 
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Fig. 9 Von Mises Stress distribution on gas generator’s mass-launcher 

9   

  
Fig. 10 Propellant’s test motor with temperature indicator, sensors and 
other accessories 

10   

  
Fig. 11 Test of motor igniter  
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Fig. 12 Variation of combustion products’ temperature with 
combustion chamber pressure  
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 . 

CEA  .
15  .

CEA 14  .
 

  .3.8 %
 ) 21 (  

)21( =
1466.69 1461

1466.69 × 100 = 3.8% 

  . 
 

  .-
15   .

16     
  

 
Fig. 13 Variation of combustion products’ temperature with 
propellant’s initial temperature 

13   

15    
Table 15 Measured parameters during tests 

   

 88 bar 
 175 bar 

 1461 K 

  

  
Fig. 14 Data obtained from CEA code 

14 CEA 

  
Fig. 15 Pressure-Time profile of propellant with HTPB binder  

15 - HTPB 

  
Fig. 16 Test of propellant with HTPB binder  

16 HTPB 
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 .

 .
 

 .
 .

 
 .

D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir 

at
 1

8:
23

 IR
D

T
 o

n 
T

ue
sd

ay
 S

ep
te

m
be

r 
17

th
 2

01
9

http://mme.modares.ac.ir/article-15-10281-fa.html


    

                    

  

222  1395163  

  
 .
 .

    
  

 : 
    

 
  

PSAN HTPB 
  

  
 CEA  .

 
  . 

  

   

 
  

6 -  
[1] B. Sean, Gas generator assembly, US Patent No. 7789018B2, 2010. 
[2] M. Teimoori, R. Hasanzadeh, P. Abrishami, F. Zarie, Gas generators with 

their application, Proceedings of The 5th Conference of Pyrotechnic 
Explosives and Propellants, Tehran, Iran, February 18-20, 2007.(in Persian 

) 
[3] M.H. Lefebvre, L. Vanneste, F. Bechet, E. Levy, Development of a 

pyrotechnic propellant for a cool gas generator, Proceedings of The 22nd 
International Pyrotechnic Seminars, Fort Collins, USA, July 15-19, 1996. 

[4] H. Karimi, J. Mohammadi, M. Ghanadi, Simulation and dynamic analysis 
of a gas generator pressurization system in a specified liquid propellant 
rocket, Proceedings of The 10th Conference of Fluid Dynamics, Yazd, Iran, 
October 31-November 2, 2006. (in Persian ) 

[5] A. Osherov, B. Natan, A. Gany, Analytical modeling of the gas generator 
frequency response in hybrid rocket boosters, Acta Astronautica, Vol. 39, 
No. 8, pp. 589-598, 1997.  

[6] M.K. Alkam, P.B. Butler, Thermal simulation of a pyrotechnic solid-
propellant gas generator, Jordan Journal of Mechanical and Industrial 
Engineering, Vol. 3, No. 3, pp. 198-205, 2009. 

[7] H. Karimi, M. Ghanadi, Specifing the optimized operational characteristics 
of gas generator in liquid propellant rockets, Proceedings of The 14th 
International Conference of Mechanical Engineering, Isfahan, Iran, May 
15-17, 2006. (in Persian )  

[8] V.A. Arkhipov, A.G. Korotkikh,  The influence of aluminum powder 
dispersity on composite solid propellants ignitability by laser radiation, 
Combustion and Flame, Vol. 159, pp. 409-415, 2012. 

[9] A. Ulas, G.A. Risha, K.K. Kuo, Ballistic properties and burning behaviour 
of an ammonium perchlorate/guanidine nitrate/sodium nitrate airbag solid 
propellant, Fuel, Vol. 85, pp. 1979-1986, 2006. 

[10] M. Hosseini, Conceptual design and analysis of combustion phenomenon in 
gas generator of a liquid propellant rocket engine, Proceedings of The 8th 
International Conference of Iranian Society of Aerospace, Isfahan, Iran, 
February 17-19, 2009. (in Persian ) 

[11] M. Saremi Rad, M. Dadkhah, D. Ramesh, R. Farrokhi, R. Nateghi, Design 
of a specific liquid propellant gas generator, Proceedings of The 15th 
International Conference of Mechanical Engineering, Tehran, Iran, May 
15-17, 2007. (in Persian ) 

[12] A. Fakhreddinov, Solution Manual of design of solid propellant rocket 
engines, Saint Petersburg: Baltic Military University of Russia, 1997.  

[13] B.T. Erokhin, Theory of cell processes and design of solid propellant 
rocket motors: a textbook for colleges, pp. 43, 1991. 

[14] B.M. Corley, Solid propellant gas generator, Vol. 10, pp. 72-76, Space 
Aeronautics, 1961. 

[15] A. Davenas, Solid rocket propulsion technology; pp. 351-354, New York: 
Pergamon Press, 2000. 

[16] G. Santhosh, S. Venkatachalam, K.N. Minan, High energy oxidisers for 
advanced solid propellant and explosive, Proceedings of 1st International 
HEMSI Workshop, Ranchi, India, November 12-13, 2002. 

[17] A.N. GOZ, SRM structural design, pp. 231-237, Saint Petersburg: Baltic 
Military University of Russia, 1980. 

[18] V.F. Razomief, B.K. Kavalief, Fundamentals of design of solid propellant 
ballistic missiles, pp. 377-394, Moscow: Atomizdat 1976.  

[19] N. Savaliya, Design spaceship motor system, pp. 443-451 oscow: Nauka, 
2000.  

[20] L.W. Hillen, R.M. Kempson, B.L. Hamshere, Measurement of the efflux of 
a solid propellant for ramrocket gas generators, Proceedings of The 12th 
International Symposium on Air Breathing Engines, Melbourne, Australia, 
December 31, 1995. 

[21] R.A.H. Strecker and D. Linde, Gas generator propellants for air-to-air 
missiles, AGARD CP-259, NATO, pp. 17-21, 1979. 

[22] V.K. Ponomarenko, Rocket Propellants, pp. 607-610, Saint Petersburg: 
Vika, 1995.  

[23] A.M. Lipanov, A.V. Alief, The design of solid propellant jet propulsion, pp. 
191-205, Moscow: Mashinostroenie, 1995. D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir 
at

 1
8:

23
 IR

D
T

 o
n 

T
ue

sd
ay

 S
ep

te
m

be
r 

17
th

 2
01

9

http://mme.modares.ac.ir/article-15-10281-fa.html

