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Novel Design and Bearing Characteristics of Composite-Metal Multi-bolt

Joint Structures

YANG Bulin, CHEN Puhui
(College of Aerospace Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: Composites with high specific strength have limited ability to redistribute loads, making the
connection structures design a key challenge in structural design. This paper proposes a design scheme for
composite-metal multi-bolt joint structure which can withstand extremely high static loads, based on practical
requirements and the calculation method of load coordination and balance theory. The design scheme is
verified by using ABAQUS software, and the impact of potential dimensional tolerances on the nail load
distribution is analyzed. The study finds that machining stepped holes in the connecting structure to reserve
deformation space for the bolts can effectively improve the stiffness matching between the metal and
composite structures. Additionally, applying preload force can significantly enhance the maximum bearing
capacity of the connection structure. The stepped-hole design proposed in this paper reduces the maximum
fastener bearing ratio from 36.06% to 18.14% for the six-row bolted connection structure, and increases the
bearing capacity by 19.62% compared with traditional connection designs. The proposed design does not
require high processing accuracy and effectively controls the fastener-bearing ratio throughout the entire
loading process. The research findings provide valuable insights for designing connection structures with high

load-bearing requirements.
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Table 1 Basic mechanical properties of composite M21C"”

e BB S5 BAE
E,/GPa 148 X,/MPa 3242
E,/GPa 9.7 X./MPa 1654

Lo 0.31 Y,/MPa 63.9
G./GPa 4.6 Y./MPa 253
G.,/GPa 3.368 S,,/MPa 90
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Fig.3 Dimensions of step-hole scheme
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Table 3 JC constitutive model and basic mechanical properties of metal materials’

14-16]

L2 ik A/MPa B/MPa n m AL E /K i ERE/K E/GPa U
30CrMnSiNiZA 814 643.57 0.446 1.03 1 800 300 210 0.27
Bolt-12.9 1269 810.18 0.479 1.03 1 800 300 210 0.27
Al-2024 350 500 0.365 1.03 900 300 70 0.30
TC4 923.2 673.54 0.466 0.73 1900 298 132 0.22
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Table 4 Three types of test piece dimensions and layup parameters”’

N RS 25/ mm b/mm a/mm 215 B
EC 0 4 7 [45/—45/0/—45/45/90/0/0/90/45/—45/0/ —45/45 ],
AG 0.1 4 7 [45/—45/0/—45/45/90/0/0/90/45/—45/0/ —45/45]
AS 0 3.5 3 [45/—45/0/—45/0/45/0/—45/90/45/90/0 .

ARG i 63% 3%, B2 R 4 0.125 mm. &8
W bt Bk 85 4 45 7075-T 7451, 488 41 i M Bk & &
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Table 5 Comparison between finite element results and

bolt loading test results

Wb L B iﬁé{;]iﬁ% SCHRIS AT A SCABROT

JL4 LSRR
Bolt 1 35.8 32 31
Bolt 2 16.8 15.2 15.5
Bolt 3 9.3 8 7.9
Bolt 4 5.3 7.2 7.4
Bolt 5 5.5 12 12.6
Bolt 6 27.3 25.6 25.6
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Fig.6 Bolt load ratio and total load history curves
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Table 6 Check data of plasticity severity of connection

scheme

A% T FRA FEDB FIHHE
1R FL ER AR /pm 12027 82.09  85.05
9ot AL B AR AR L /um 93.02  68.42  61.69
93 fL AR bR /um 9559 94.49  46.31
AR AL AR AL /pm 97.74 79.53  29.52
9 SHEZ AL AR bR /um  83.08  60.86  29.07
%6 IR fL AR b /um  59.78  72.67  34.84
SRR MG /10° N 273.95 190.49  290.71
A SRR B PR AR 2k A /10° N 353.32 288.22 —
R PR R 2T /10° N 217.90 185.32  281.51
AR /10° N 508.61 512.86  458.43
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Fig.8 Region of metal structures entering plastic phase
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Fig.9 History curves of bolt load ratio and transfer load un-
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Fig.10 History curves of bolt load ratio and transfer load in

four cases after optimization
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