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Fig. 1 Structure diagram of multi-level actuator
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Table 1 Main charge parameters

p/(glem®) T /K Y M/(gmol) D/mm d/mm [/mm
1.68 3269 1.21 26.86 15 10 20
TEep, BTE T IRy R LOA L, DN 25 REAME  d, W IR L,
S

Table 2 Piston rod size parameters

D,/mm
30 36 42 100
VD, ~D, R T S TR 1,4 S K

D,/mm D,/mm Ly/mm
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Fig.2 Working process pressure and backseat

impact force of the actuator
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Fig. 3 Changes in the volume of the free chamber and the

effective working area of the piston
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Fig. 4 Relationship between motion speed and

piston displacement
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on working performance
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Table 3 Design results of different piston rod stages

Combustion Burning rate v/

N Vy/mL F N
! surfaces o'm u/(mm/s) (m/s) max
2 A2 10 55 30 21488
3 A2 10 40 30 17 368
4 A2 10 35 30 15 890
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Fig. 8 Corresponding recoil impact force for

different piston rod stages
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Internal ballistics analysis and parameter influence study
of multi-stage pyrotechnics actuating mechanism

QU Yuan, YUAN Jie, SUN Chaoxiang, MA Kun, XU Hanzhong

(Beijing Institute of Space Long March Vehicle, Beijing 100076, China)

Abstract: In order to deeply study the working mechanism of the pyrotechnics actuating mechanism, a
multi—stage pyrotechnics actuating mechanism commonly used in aerospace systems was introduced , its working
principle and operation characteristics were analyzed in detail. The mathematical modeling was carried out for the
working stages of the actuating mechanism, such as gas generation, internal pressure establishment, piston
movement, etc. The working characteristics of typical multi-stage pyrotechnics actuating mechanisms were given
through internal ballistics simulation analysis. The influence of important design parameters such as the initial
free volume of the actuator, the burning rate of the main charge, the burning surface of the charge, and the num-
ber of piston rod stages on the working performance of the multi-stage actuator was studied. The results indicate
that the initial free cavity volume directly affects the peak recoil impact force generated by the actuator during op-
eration. The increase in the main charge burning rate and burning surface will cause the peak recoil impact force
and motion speed to increase simultaneously. The overall efficiency of the multi-stage actuation mechanism grad-
ually decreases with the increase of the number of piston rod stages. Single—stage actuation mechanism is suitable
for low—speed (<10 m/s) release. For medium—speed (10~20 m/s) release, two—slage actuation mechanism is
preferred. For high-speed (>20 m/s) release, it is recommended to choose three—stage or four—stage actuation
mechanism.

Key words: Multi-stage pyrotechnics actuating mechanism; Internal ballistics simulation; Work efficien-

cy; Recoil impact force; Movement speed
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