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Abstract

The cluster parachute system exhibits strong nonlinearity and time-varying characteristics during
the inflation process. Traditional empirical or trial-and-error-based parameter extraction methods
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are inefficient and limited in accuracy, making it difficult to support high-fidelity dynamic modeling
and system optimization. Based on the inflation load reconstruction method of the Orion spacecraft
parachute system, this paper combines flight test data of cluster parachute systems to conduct re-
search on automatic reconstruction of inflation parameters and dynamic modeling during the infla-
tion phase. First, an aerodynamic load reconstruction model for the parachute is established using
the main parachute suspension line tension sensor data, achieving high-precision drag area inver-
sion. Second, a parameter optimization algorithm is introduced to automatically fit the drag area
growth curve during the inflation process, extracting key parameters such as the inflation time con-
stant and inflation shape index, thereby enabling parametric modeling and automatic reconstruc-
tion. On this basis, a multi-stage deployment and dynamically coupled dynamic model for the infla-
tion phase of the cluster parachute system is established, and the model’s validity is verified
through comparison with measured data. A case study is conducted on a typical cluster parachute
system. The results show that this method significantly improves the efficiency and accuracy of pa-
rameter reconstruction. The velocity and altitude variation curves obtained from the reconstructed
model are in good agreement with the test data. The error between the computed opening shock
load and the experimental data is within 10%, demonstrating good engineering applicability and
predictive capability.
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Figure 1. Parachute cluster deceleration system
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Figure 2. The workflow of parachute cluster deceleration system
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Figure 3. Simplified free-body diagram of a decelerating parachute system
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Figure 4. Parachute drag area variation curve
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Figure 5. Variation of drag area in inflation
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Figure 6. Drag area variation curves under different inflation shape exponents
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Figure 7. Variation of drag area in the 1st inflation stage
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Figure 8. Variation of drag area in the 2nd inflation stage

El 8. BE_MERMANERL L

= B ETRO H

3500
3000
2500
E I
& 2000 | :
Q 1
B :
1= 1500 '
R :
E 1
1000 f '
" W3 St
L ' - = e |
300 | —Jdaal
X N
O 1 1 1 1 1 1
54 56 58 60 62 64 66

I [R]/s

Figure 9. Variation of drag area in the 3rd inflation stage
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Figure 10. Variation of drag area in the three-stage inflation
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