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Comparative experimental study on the loosening behavior of bolted and

riveted connections under axial cyclic loads in photovoltaic supports
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Abstract; Riveted connections instead of bolted connections will improve the anti-loosening performance of the
photovoltaic bracket nodes. In order to study the feasibility of using riveted connections instead of bolted
connections in photovoltaic supports, the anti-loosening performance under axial loads of riveted connections and
bolted connections was compared and analyzed, and the loosening test under axial cyclic loads of 4. 8-grade common
bolts, 4. 8-grade anti-loosening bolts and 5. 8-grade small-gauge rivets with a specification of 8§ mm were studied
respectively,and the anti-loosening principle and damage mechanism were studied in combination with microscopic
test methods. The loosening process of three types of connections under the action of axial cyclic loads is analyzed,
and the influence of load amplitude and frequency on the loosening behavior of bolted connections and riveted
connections is studied. The results show that the riveted connections has better anti-loosening performance; The
loosening process includes a stage of the preload decreases rapidly, and another stage of the preload slowly
decreases and stabilizes; As the load amplitude increases, the degree of loosening of the bolted connection and the
riveted connection increases, and the bolt is completely loosened when the load amplitude reaches 16 kN, and the
rivet preload decreases by only 29.34%; As the load frequency increases, the degree of loosening of bolted and
riveted connections decreases, Riveted connections with the same load frequency are much less loose than bolted
connections. The taping of the tooth shape of the riveted connection arc structure and the interference fit of the

tooth shape mat after riveting form improve its anti-loosening performance.

Key words: riveted connection; bolted connection; anti-loosening performance; axial circulating loads; fretting wear
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Fig. 1 Anti-loosening test specimen of bolt / rivet

under axial load
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Fig. 2 Shape and size of the stretched specimen
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Tab. 1 Q355B sheet metal test results

WA JEMRSREE  BUhisREE MR BIEEE
i /MPa /MPa /% /X 10° MPa
1 405. 0 530. 0 33.6 2.13
2 410. 0 528.0 31.5 2.03
3 412.0 530. 0 29.9 2.15
SERE 409.0 529.3 31.7 2.10
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Tab. 2 Mechanical properties of rivets
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Fig. 3 Fatigue testing machine

i A ) (S R A AR RF) (GB/T 196—
2003 ) W] AAR Ay M8 f1h 5 e A R I A R A 5K
TR0 8 kN. AR A (AR DT 432 8l 0 B AR
#E)(GB/T 36993—2018), Ktk A LMYS B4 i
ETHT S Jr /MR 12. 7 kN, FE5256 b 45 4%
DEET W4 MR G SE I AL Dy LMY 8 B4 9 T 1 T
RNRTFEEIRfEER I /MR T 12.7 kN, AE
13.8~14.3 kN B [ W B 3, H ¥ 3h i Bl ¥/
T 5%.

T R P S I I SR i 1 280 A A X B AL e Sk b
] 255, Hode R 58 R GE SCh e SR Rleg e 3K . F)
IS HLRE B 6 R OB B 8 0 T BE Y R4 28, i
B, & 4 BRI L B AT . i
JE R AR SRR BTG, 15 B 7 p 1 E R

AR CHR ] A A 56 A 2l iR b vl ) O 25 45 il
S Hh R A X 56 45 SR B b 1A BAE T A R
BIAA BRI 2. N PE R OB 30 000 1K,
I EEAE A F=Ap+ Apsin(2re), BB L
% 3. BAHREARRES 3K, 957 BRI T
DLER PR — 2L

4 REHTMR
Fig. 4 The specimen is loaded



582 WOk R OSOB Bk ¥ % MARERERD 5 54 %
£3 mEHE g R TIT LK = b B A 44 B i
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Tab. 4 Results of loosening test of different fastener
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connections under axial load
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Fig. 5 Average degree of loosening of different fastener

connections under axial loads
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Tab. 5 Results of the loosening test of bolted and riveted

connections under different axial load amplitudes

AT LA R/ KN BB/ X/ %

24. 30
12 24. 66 25. 32
27.00

30. 83
M8 14 33. 54 31.08
28. 86

100
16 100 100
100

9.52
12 11. 10 9.77
8. 68

21. 96
LMYS8 14 19.73 21. 34
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16 27.51 29. 65
31.67
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Fig. 6 Loosening curve of bolted connection under axial

cyclic loads with different load amplitudes
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Fig. 7 Loosening curve of riveted connection under axial
cyclic loads with different load amplitudes
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Tab. 6 Results of loosening of bolted and rivet connections

under axial loads of different frequencies

IR MR/ He  WMERE/ % X/%
30. 81
5 27.83 30. 96 %
34. 24
23. 30
Ms 10 24. 66 25.32%
28. 00
20. 85
20 19. 17 19.79%
19. 34
17.33
5 14. 39 16.01%
16. 31
10. 03
LMYS 10 10. 47 10.91%
12. 22
7.96
20 6. 54 7.52%
8.05
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Fig. 8 Loosening curve of bolted connections under axial cyclic
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Fig. 9 Loosening curve of riveted connections under axial
cyclic loads of different load frequencies
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Fig. 10 Macroscopic damage morphology of bolt

under axial loads
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Fig. 11 Macroscopic damage morphology of rivet

under axial load
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Fig. 12 SEM morphology of the first circle thread surface of

the bolt under axial load
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Tab.7 EDX component analysis on the surface of the first

circle thread of bolt under axial load

(A Zn(Weight %) Fe(Weight %)
A 92.1 3.6
B 2.7 96. 7
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Fig. 13 SEM morphology of the third ring thread surface of

the rivet under axial load
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Tab. 8 EDX component analysis on the surface of the

third ring thread of rivet under axial load

(A= Zn(Weight %) Fe(Weight %)
A 91.1 4.3
B 9.8 85.2

WA B 58 — P MR U PR L, R — R
KB X Zn STEEREN 2. 700 FIEETHE=
R MR L i ™, 45 = RIR LR B Xk Zn 5T
EORHP 9.8, BT BIXM Zn BRERET
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