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Load distribution law in multi-bolts connected composite structure

SONG Xin', LI Wei*, LI Tong" , WANG Chengbo® , WANG Bo'
(1. State Key Laboratory of Structural Analysis, Optimization and CAE Software for Industrial Equipment, Dalian
University of Technology, Dalian 116024, China; 2. Shenyang Aircraft Design Institute, Shenyang 110035, China)

Abstract: To address the issue of inconsistencies between the actual strength and failure mode of composite multi-
row nail connection structures and traditional engineering algorithms, this study investigated nail load distribution
patterns in composite connection structures based on fibre optic bolt testing techniques. The study primarily
examines the effect of process characteristics such as nail load asymmetry, assembly sequence and assembly
clearance on nail load distribution, while also establishing a high-precision finite element model for comparative
study. The results indicate that asymmetric nail loading in a multi-row nail connection structure exacerbates un-
even nail load distribution. Assembly sequence affects nail load distribution, and installing the outermost bolt last
during bolt assembly can effectively reduce differences in nail load distribution. Nail load distribution in structures
with uniform assembly clearance is consistent with load distribution in structures with no clearance. Additionally,
the study finds that the proportion of critical bolt nail loads measured through testing is over 10% higher than the
finite element results, suggesting that engineering algorithms need to be modified based on manufacturing and
process characteristics such as assembly clearance.

Keywords: optical fiber bolt; composite connection structure; nail load distribution; finite element; multi-row

bolt
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Fig.1 Structure diagram of fiber optic bolt plane
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Fig. 2 Working mode of optical fiber bolt: (a) Physical diagram of optical
fiber bolt; (b) Demodulation instrument; (c) Software

demodulation interface
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Fig.3 Sixrows and two rows of standard test pieces
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Table 1 Size parameters of three test pieces

. Assembly Ply Number of
Specimen b/mm a/mm R
tolerance/mm method pieces
EC 0 4 7 1 5
AG 0.1 4 7 1 5
AS 0 35 3 2 1

Notes: EC test pieces are used for nail-loading asymmetry
studies, and for comparison with AG test pieces to study the
influence of assembly clearance on nail-loading distribution, and
AS test pieces are used for assembly sequence studies.

x2 SEAMBHEERN

Table 2 Composite material lay-up mode

Plymethod Thickness/mm  Plyangle
[45/-45/0/-45/45/90/0/0/
90/45/-45/0/-45/45)
[45/-45/0/-45/0/45/0/-45/

90/45/90/0]

1 7

2 3

IR B F K ] T800 Bk £ 4, £F “EM IR IR R N
CCF800H/AC631, £ 4 1A F1 & & 63vol%+3vol%,
R k0125 mm. 4 & B 48 G 4 7075-
T7451, I8 MG 4 TC4.
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Fig.4 Calibration test diagram
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Fig.5 Wavelength change curves of 17, 2* bolts
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Fig.6 Calibration results of 1*, 2* fiber optic bolt shear coefficient
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Table 3 Monolayer mechanical properties of T800
grade composites*>2°!

Parameter Value Parameter Value
E;/GPa 157 X1/MPa 2630
E,/GPa 8.5 Xc/MPa 1480
H12 0.35 Y1/MPa 62
G12/GPa 4.2 Yc/MPa 213
G13/GPa 4.2 S 12/MPa 109
Go3/GPa 2.7 S23/MPa 86

Notes: E;, E,—Elasticity modulus in X, Y directions; G,y G3
Gy3—Shear modulus in X, Y and Z directions; y,,—X-Y planar
Poisson's ratio; Xp, Xc—X-direction tensile and compressive
strength; Yy, Y.—Y-direction tensile and compressive strength;
812 So3—X-Y and Y-Z planar shear strengths.
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Fig.7 3D finite element model of nail load asymmetry
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Fig.8 3D finite element model of assembly gap verification
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Fig.9 Schematic diagram of master/slave surfaces of contact properties

of composite connected structures
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Fig. 10 Tooling diagram of EC test piece nail load asymmetrical

verification test
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Fig. 11 Displacement cloud of EC finite element model aluminum plate
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Table 4 Nail load distribution results of EC test piece gapless column test and finite element

Test

Finite element

Gapless column
Asymmetrical bolt load/%

Symmetrical bolt loads/%

Asymmetrical boltload/% Symmetrical boltloads/%

Bolt 1 37.5 35.8
Bolt2 16.6 16.8
Bolt3 8.8 9.3
Bolt4 4.3 5.3
Bolt5 5.7 5.5
Bolt 6 27.1 27.3
Resultant force/kN  17.2 14.9

32.4 32.0
16.3 15.2

9.0 8.0

7.3 7.2
11.3 12.0
23.7 25.6
16.9 15.0

Notes: The EC test piece is loaded and unloaded three times, and the experimental data are the average of the three times data. The table
provides information on the bolt load, which represents the coefficient for nail load. The coefficient for nail load is defined as the proportion

of the load on a singular bolt to the total load on all bolts.
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Table 5 Four assembly sequences for AS test pieces

Case Stepl Step2 Step3 Step4 Step5 Step6

1 Boltl Bolt2 Bolt3 Bolt4 Bolt5 Bolt6
2 Boltl Bolt6 Bolt2 Bolt5 Bolt3 Bolt4
3 Bolt3 Bolt4 Bolt2 Bolt5 Boltl Bolt 6
4 Bolt6 Bolt5 Bolt4 Bolt3 Bolt2 Boltl

P12 SR T 4 Tl AT e o AT 28 40 I A 5 R
H i 2 LR A 6 1R 2 (8] 1Y 28 Ay - 24, 12
P8 e m Ry 6 MR R E A .l B AT A
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et ] Bolt 1. Bolt2. Bolt6 1248 Bk 3k 5 L
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Case Standard deviation/%
1 11.1
2 10.1
3 8.9
4 8.7
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