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Abstract

The docking stringer assembly is an important part of the launch vehicle fairing, which involves
the separation of the fairing, which is related to the success or failure of the rocket launch. By
using ANSYS/LS-DYNA software and combining with the actual riveting process, this paper car-
ried out the finite element analysis of the double-sided countersunk riveting process of the
docking stringer, obtained the deformation mechanism of the riveting deformation process of
the docking stringer assembly and the deformation law of the process of the hammer riveting
and servo rivet riveting. By analyzing the deformation results under different working condi-
tions, it is obtained the process parameters with the minimal riveting deformation of the dock-
ing stringer assembly.
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Figure 1. Diagram of assembly docking stringer
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Figure 2. Finite element analysis model of docking riveting
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Table 1. Material properties of rivet and riveted parts

=1 PHESIME R RE

Ikt % P (kg/m®) HE R R (GPa) JiE IRAR PR (MPa) HE[VN 4

2A10 2700 69 360 0.26

2A12 2700 74 380 0.26
30CrMnSiA 7800 196 03

T Sk BT O IR RS 1A S, AR R T LA ANTE,  #ek BB DRIE AR . 9B
KRG O, AU B RER A = 4R SR AT AU AT, IR AN T R S T S A% Sl 7 75 4R 384T
7o SR AR 2377 3R O N T AR BT TSRS L, A S AR IR T, (R I BAT B IR T 5
R, X5 PR BRI AN 1] 3 s o S TR A RS Y SOLID164, 2 [ A 4 (1 SEAA S5 I B
fag i, JF H G Z AR AR N BGE S 77, THZSR R TT i 8 45 M, T LAE g e 5. 70 3% i o T 8%
fif o AR 2 18] AR B R FH T i, R AR B MEBEE M 0.2

Figure 3. Finite element analysis mesh model for double-sided countersunk riveting
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Table 2. Finite element deformation analysis of pressure riveting process

* 2. EMERIRARITOFIR

F LAY el B = 490
T AT K B (mm) KI5 R & (mm) T AT K £ (mm) KI5 1R 5 (mm)
1-1 0.5 2-1 0.5
1-2 6 0.8 2-2 6 0.8
1-3 1 2-3 1
1-4 0.5 2-4 0.5
1-5 6.5 0.8 2-5 6.5 0.8
1-6 1 2-6 1
1-7 0.5 2-7 0.5
1-8 7 0.8 2-8 7 0.8
1-9 1 2-9 1
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Figure 4. End of initial phase state
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Figure 5. Status diagram of nail rod upsetting
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Figure 6. Enlarged picture of nail rod root’s interval
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Figure 7. Partial picture of finite element of upsetting state
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Figure 8. Practical picture of local upset head depression
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test 1-3 3
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Figure 9. Spring-back stage of initial riveting state
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Figure 10. The final state of riveting rebound stage
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Figure 11. Shifting displacement curve
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Figure 12. Z direction displacement curve cloud chart of status 1-1
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Figure 13. Z direction displacement curve cloud chart of status 2-1
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Table 3. Maximum strain and Z-direction displacement of riveted parts 2 under different working conditions

3. NEIREHTIMENS 2 WREANEM Z BHEAMH

e ol B (ElR
T EINNE Z [ KA RS imm Tt KRR Z [ KRR /mm
1-1 0.113149 0.0514653 2-1 0.243334 0.0493414
1-2 0.475278 0.0946398 2-2 0.230122 0.0728667
1-3 0.439525 0.0916519 2-3 0.143298 0.0880055
1-4 0.183138 0.0506697 2-4 0.190892 0.0533783
1-5 0.43091 0.0609488 25 0.135103 0.0796003
1-6 0.632138 0.119145 2-6 0.335444 0.0937262
1-7 0.200231 0.0740957 2-7 0.573997 0.0432315
1-8 0.402849 0.0463376 2-8 0.381058 0.0453868
1-9 0.490589 0.111234 2-9 0.431433 0.0771389
5 &RiE

AR ST S T AL R Sk B R AT A IRTC i, IS A R8T 50, AT K EEAA
[ K1) 8 R PE A DL XM LA AR TG L -
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