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Abstract: The structural high-strength (HS) rivet demonstrated advantages including preload stability and
excellent resistance to loosening, fatigue and delayed fracture. Thus, the HS rivet has become a promising
alternative to the HS bolt currently used in the ring-flange connection of wind turbine towers. However,
relevant studies are still lacked and required on the fatigue performance of HS rivets in ring-flange connections.
In the work, comparative model fatigue tests and refined numerical analysis were conducted on the ring-flange

connection with HS rivets, in order to investigate its fatigue feature and deterioration mechanism. Firstly, based
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on the load transfer feature of ring flange connections, model fatigue tests of twelve specimens were conducted
after the static tensile test. The tested twelve specimens included six with HS rivets and six with HS bolts.
Further, multi-scale finite element analysis was performed with refined models, in accordance with the local
strain-based SWT fatigue evaluation approach. According to the result, the first engaged thread of rivets/bolts
is prone to fatigue failure in both the two types of specimens. Under the 2 million loading cycles, the equivalent
fatigue strength of HS rivet specimens shows a mean value of 68.9 MPa, which increases by 32.2% compared
with the value (52.1 MPa) of HS bolt specimens. The stress concentration at the root of the threads could be
effectively mitigated due to the flattened thread and the increased contact area of inner-outer threads between
the sleeve ring and HS rivet. Consequently, the fatigue performance of HS rivets is enhanced. As above, this
study suggested that in the fatigue check of ring-flange connections with structural HS rivets, the fatigue
strength of HS rivets could be determined as FAT 56, in accordance with the power constant of m = 3.

Keywords: wind turbine tower; ring flange connection; structural high-strength rivet; high-strength bolt;

fatigue performance ; model test; numerical analysis

Wy KBRSy — Bh N TS AR R BT HR
B R /N AR AR HRLRE R 25 G A R Y B
2030 4F “ i 15 W L 2060 4F “ B R R mg H AR 4 48
SR K A B T O T N s N R 4
o FIRR S 7R AR, KU PIL AL R K AR, S BE O
AR R RS G 25 R E S L S S A S e R R
TRt B K R b A TR R L S 4 LA
032 JVRRAE  HLALE AT 7 25 1 38 A% faf 0K AS [ 1
i 3B 28 1 22 R R R AL, % e LA ot RN o5
BT, R A5 R A UL Y B RN IR £ AR B 4R S 1
PNIRTRES U Y iR i A (A LTS [ N B 2
I — R G H T MR AR A Bt L O A 1 L &K A
T AR,

T H 1R o R Y ) 1R TR ) AR AR R AN
GEME, B AENLAL IS 5 1 B bl B s B AS ab L 7 A
T AR A VL B, T vk 38 I A ok R Vg XU r 4 R
KM, Seidel FBFGY T 1k 24 Z R SRR S 2
[E] f O &, B ST T WG Z R A G R4 L 4R
1 22 52 S 0 418 P e 48 25 % 328 ) % R R A i 2K
P95 WEIR o A B A AN [ i 24 MRS S B 8 05
AT B0 i R B 6 R A TR AL R A BT, R Bk 22
R A Bl 2 R I 2 AR IR T e BRI A
ST T AR A RR R R AR R F 5 MR A B X
B T, A% R 3 2% (0] B 5 B K 3% 1 20 00 e M Y 5 T
M. oh, T AMRECZ BB A A 2 N TE
FEh R B A YA 4% A B R R I5C A 07 B A A A B
B ol 0y 5 S DA WER 8 ] B Ak i N MRS 5] R R BUIE
IR T X R B R AR 3 b O O | IR A A B
4, v R B AG T T DI O A A 5 AL IR W7
SR RGE Y, AH R P AT M SR R R T i

1S — BB B i B2 08 5K, 5 0 B i i S 0 4T

CTap R e o B0 ET ™) B AT T4 69 il g — Bk i 5+
F1 B 4 1 A LA B B 5 1) BT 05 1R AR s A AT
AR P AR 18] % S 30 09 223 05 X T BR 1 BT A
IR Z 8] B 18] B, 76 6 i BRBET , A0 SR 64 i ) o
To U5 HE N BIET FIE PR C 5 WA, RO AR 1 i 12 46
Ha e A B IR T 4 A AT BB B, v R T
B B 10 M0 2 00 R0 T AR A A
R AR o R e A e SR RS R B A R R
BIETHEAT T REF L AU | BT R T I
B, SRR, e am O AT TR 7 0 e A ot i R A
/N o KA SFR AL A T R T R T AT 9%
FF U AT IE , 5L 1 % 26 B T Y O o R AR
T R R BT R R S e T B BEAT
I, 70 T AR RRE T SRR T 488 T
[EE R R e N TR = R (S MU 7 87 = W
BRAFPIHEAT T ST IR X LG R 22 BT Y Y R0
J5 PEREXT HEA S, 45 R R FE M R 2 IS LT,
SR ET B 55 1L BE BTG T SR R A

L LR B RUHL A A R S A, H S8
B BT Bk 22 B b v SR R AR A AE 1Y By A it 5 55 RN
A IR W7 255 5 AL TR R g o e BELAS T XUR B R
— R o AR AR G SRR AR B AT T T O AR
e SR 0BT RE 8 M HIL B ) T A 8w AR A it A S R BT
), FEAT ROME B 7 v B8 4 e R o SRR A
S5 UG 3 00 A5 Sk, (H AR X HL 48R i i = A G 1
B UL R S — 2 TR . T, EH
BEO0F R T 485 K 10 g iR B AT B KU B R P 0 22
T i AL AP B ) JE AL L, O R X B A TR 57 3K
6 FORS 40 A B(EL 20 AT, R 58 FOE 55 ek 5 45 AL L
B4R ARG TR



%28

BhT 5 R B Rk 2L M FHIRPATH IR A I 153

1 RIeHEER
1.1 K&t

Sy ] B A e /)N 3 50 AR L SR 40 3 4 AR
A F 0 SR A AR R R R R R I R s T ik
S M 2R BRI T AR L2
REAESCO DU Sy s R L ER [ 430 R 98 100 mm
(432 375 B, B an 1B 1 AT /R i 1: 2 45 ROBEARLIR
o 3k 22 b A Q345D B9, SR FH ALK N T — 4 A%
A, AR AR B AR 5 mm, 2R AR Bk £ M20
LA 29000 1099, FFK 110 mm. 2 fL R 4t
FA T R G RO i R T A R R R T 5@ AL )
(GB 5277—85)"hy h A4 FOkG 22K , A2 N 22 mm.,
(] B, 4R 9 57 1 96 AL oy Sk 531 1 2 22 07 =X,
2(a) BRI T an &l 2(b) A /s W3R 7R o8 T2,
WA TR A 9 1 Q345D A9, HRJE 40 mm, A ity FH AL
S0 TIE B 36 mm A2 B9 4 R B8R 80 B2 (BR 1 mm) , LA
i F 5 9% 97 R 90 HLE sh A B4 i

100

3250 |

240

158

00
fﬁﬁi : mm

(b) EHE

B mm
(a) fUALE
B1 IREZ=RES RS
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Fig. 2 Fix clamping for model specimens
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Table 1 Mechanical properties of high strength bolt
material and high-strength Rivet
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Fig. 3 Loading of model specimens



154 E R B R LR FROP E ) % 47 %
F2 HEFEFREMEBEFTR
Table 2 Loading prototype of model fatigue tests
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Fig. 7 Fatigue failure location in high-strength bolt
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Table 3 Fatigue test results of high-strength bolt models
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Table 4 Fatigue test results of high-strength rivet models
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