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Abstract: Additive manufacturing is increasingly used in aerospace load—bearing structures. The FKM guideline,
addressing stress concentration, surface condition, and mean stress, is experimentally validated for an additively
manufactured multi bolt joint composed of a TA15 titanium central plate and 7B04 aluminum side plates. A finite el-
ement model, verified by static tensile tests and strain measurements, is employed to predict critical hole fatigue
life and strength utilization at each hole per the FKM procedure. Constant amplitude fatigue tests provide crack initi-
ation lives and sites. Predictions agree with experiments: lives are within the same order of magnitude, and high uti-
lization holes match the observed crack locations. The FKM guideline thus effectively characterizes fatigue perfor-
mance and critical zones, offering a basis for life estimation, critical hole identification, and fatigue resistant design
of additively manufactured multi bolt joints.
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Fig.1 Geometry of the multi-bolted connection structure
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Table 2 Materials and manufacturing process
parameters of plate components
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Fig. 2 Test specimens of the multi-bolted

connection structure
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Fig.3 Clamping method for static and fatigue tests
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Fig.4 Failure morphology of the static
tensile test specimens
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Fig.5 Failure morphology of fatigue test specimens
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Table 2 Crack initiation lives and fracture
locations of fatigue test specimens
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Fig. 6 Overall finite element mesh of the
multi-bolted connection structure
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Fig. 7 Finite element meshes of the bolt, washer, and nut
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Fig.8 Tensile stress—strain curves of the three materials
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Table 3 Material parameters of the finite element model
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Fig.9 Load response of the numerical
model under static tension

M9 AT LLE A BR B A TR N 2R A4 8 N
3. 68 mm 35 2] W5 A 2 17 5 4k 2 ER )5 | Jar i X 45
KR, 5 R BE ) R BRI B R B4
A I, B (R 131, 95 kN A SRy AT BIR e A% 284 T30 (1)
T3 B A BR 2 A, T SR AE 22 4T 3% 5 45 4 i PR K
REET -

X 7 2% A 7K ST B R T A3 A G 10 f s o

. 7)/Mpa
1.39E+03
1.30E+03
1.21E+03
1.12E+03
1.02E+03
9.30E+02
8.37E+02
| 7.44E+02
6.52E+02
5.59E+02
4.66E+02
¥y 3.73E+02
2.80E+02
1.87E+02
9.42E+01

(a) BKE Bt

J¥ 3/Mpa
7.49E+02
6.99E+02
6.49E+02
5.99E+02
5.49E+02
5.00E+02
4.50E+02
4.00E+02
3.50E+02
3.00E+02
2.50E+02
2.00E+02
1.50E+02

9.99E+01
5.00E+01

(b) A&

110 A B A 28 A7 4F TR 189 B2 23 A = 1
Fig. 10  Stress distribution contours under
ultimate tensile load

2.4 HEHHESH

i 7P AR 0 25 R 0, 3 R 8 1 B S 24
W AT S 139. 86 KN 5 A7 B T 455 78 1 53045 2] 19 4% PR
P Ad 28 or 5 30 560 25 B AR R R 22 R 5.65%, %
FH A 700 6T 235 ) 7 g ) 1 LA 5 1 R AE BB T, O
ki I 773 T A RO SRS T A e

kit — A VE Ak A B oG R X R 7 3 40 A 1 3
fEfE 77, I R I B2 9% 57 43 B $2 HE T 5 (9 #0715
MR, 5 % 32 56 D A5 5 A B T R AR 4 A
FFXF R o FLA 25 R 1 ~+8 S Bl k07 & 4 4] 11
N I O W AR M = T VAR A Ul

e
1-6 15 14 13 12 1-1
i O Omomomo O §
#6 ~ #3 - #1
?_9mememe_¢
] 1 ] ] 1 ]
T T T T T T

3-6 35 34 33 32 3-1

P11 LA 2 B i g o Ao a6 11 o7 78 o O 7
Fig. 11 Hole numbering and strain gauge placement on
static tensile test specimens

A BRITE: (FEM) TH5 45 3 v, 32 B0 0 far 20
TR [ A5 B A N AR OF S 3 R R DT P
- (JL1.JL2 . JL3) 1Y i 56 25 SR #F 47 %) te , 45 5]
F1~58 I o5 Ak Y 0 AR — 2k ey il £k, &1 12 e
71N, P Pp R il Sy 28 A, AN Tl R B A%



2500

2000-
w
1500

51 1000-

1=

— FEM
—JLI
— JL2
=—=JL3

20 20 60 100 140

7 / kN

(a) #10 &

-20 20 60 100 140

;T / kN
(c) 23{i 8
60001 pen
50001 — JL.1
€ 40007 — JL2
o — JL3
¢ 30001
& 20001
1000-
0_

20 20 60 100 140

oA / kN

(e) #50 H

Fig. 12

-20 20 60 100 140

ot / kN

(g) #7i &

1800
—— FEM
14001 — JL1
@ e
210001 )13
b
3600
200
200 - : : .
200 20 60 100 140
s / kN
(b) #2f
6000
— FEM
€ 4000{ — JL2
= i
1( 3000
2 5000
1000
0 . ‘ . :
20 20 60 100 140
ity / kKN
(d) 24 fim
2000{ — FEM
— JLI
7} 15001 —— %g
2{ 10001
;\1
2 500 1
0.
20 20 60 100 140
A / kN
(f) =6 i

20 20 60 100 140
T/ kN

(h) =81 &

P12 SCHEM A FEM 5 i 7 F e g6 1 728 — 48 i il 42 % 1E

Comparison of strain—load curves from FEM and static tensile tests at critical locations



FILANAF BT FKM bR IE B I8 A 1 i 22 51 38 e 45 M 57 18 PP Al 15 100 9 ik 7

Xf LS5 SRR, A RITITH R S5 R 5 i
U0 I A — AT ) 24 7 7 T AR O B T A
KV b SRR W4 U B i A S A R B A A UM i
J W 45 K A i 3 A 28 A A T B4 A2 R i) I A R
TR T 73 A R R, DA G R R TR R T A RO
VIR RCR - ST 3 A 7R Sl /SR (A [N A
BV I 55 B B0H A B S )5 223 T FKM
P v A % 5 i VA R AR

3 EmEEITFMESIXNEEIE
3.1 ESEHFaITE

AR SCHE T FRKM A R 3 Ak 388 A4 1] i 2 57 1%
B2 25 F (0 0% 57 SR B . FM A o v, 9% 55 i J5E 1)
JERE LN = 25 8 A R FF 4 25 AR A G I R A 7K
32 14 5 K AR L A7 W6 5 FE 3 TR 05 9 % (5 )8 %2
ERBOMW WA FHZEART 1, WA 44 11 18
1% A7 il DX [] A AN 23 0 R 0 55 2R 30

A R ICo T 2 B, 40 KN 7 g8 6 F L2k & 4
B d R 3t B O G o9 AR L %, PL2,
PLA I (b LI 31 ) 0] 46 2 S0 B AW &, R W
A BRTT 73 B T R ) 82 55 8 B8 307 45 i 6 &4 2R A
A B — B . I X I SR ER Y T 37 53 A dn 18113
IR o

7.76E+02
6.81E+02
5.87E+02
4.92E+02
3.97E+02
3.02E+02
2.07E+02
1.12E+02
1.75E+01
-7.73E+01
-1.72E+02
-2.67E+02
-3.62E+02
-4.57E+02
-5.52E+02

S //Mpa

K13 40 KNHL A0 T 8k A 4 b AL & Jm T N 1 %
Fig. 13 Local stress field around the flange hole edge of the

titanium alloy plate under a 40 kN tensile load

HR 4 N 1 2= B LI WEAE Y T 6,,,=T776 MPa.
A SR AR 127, 23 mm*, fEAPRIT
D vh L B 7 A T, 2 R R e T el
3, 7F 40 KN 8 fof T 00 F , 810 44 R 7 09 3 F 5
453 6,=314.39 MPa. %56 L3 fE B 5 1 )= &6 14
(BN A7, A i — 2542 (1) SR U, H S vh R K

K, =" — 2 4683 (1)

0o
N O e L T e A T
776 MPa, UL} BF % 535 W B As=0. 5 mm 4k 14
N1 61 0 ="532. 14AMPa, f1 ML I3 FL 0 W 7 66 %

1 s
G,(l I1.a )0.6285 (2)
As o

4 FKM b5, N B B A2 0. 1™ ' <<
G, <lmm "M n, IR AKX X ) PR,
Hop, B b 3 TALS KA 4 1 b B 5 a, Bl b,
A3 515 0. 05 F11 000,

R

n,=1+.JG, -mm -107(”“7’%'7“3“): 1.0636 (3)
SO RECK N ) E R RECK A, 1
R I=R e

K
K,=—=2.3207 (4)
n,

BR G < MR 3R THRLAS BE 5 Bk 1 RE A 2 R
RS JE2 168 1E 38 20 K, =0. 826 65 3% [T T 2 52 i 3% 4L
K B 15 T 28 W £ b b 315 5 4k R B Kv=1. 2.
A ENTIHE A

=2.1087 (5)

1
K=K +——1]
b ( I Ky, ) Ky Ky

BOBHZE R S R= — 1 B 09 9% 25 W PR o=
418. 4 MPa, Z4& 1F |5 15 2 M) F A1 0 1 B RO 9%
7 PR

Ow

Sy = = 198.42MPa (6)

4R i & TALS 8k & 4 9 M R # B au=
0.26, by=—0.05""" ; JL 1 3 ¥ R,=1 046 MPa.,
SR R A B M, AR

Ry + by=0.2157  (7)
MPa e

Ji J1 W R=0.06 W , % ¥ N J1 B E &
ﬁK/\Ky‘j:

1+ M3 M, S,
Ky=| —2— 1+——|=0.81
8 (1+MU )/<+3 sa) 0-8156

(8)
AR R K= 1, t1 1045 20 J) 1

R = 0. 06 B L 371 15 5 DX 38 19 9% 55 4 R 1 7 0
Sk = Kax* K, *Syx = 161.83MPa  (9)
FKM bR, R AR A 7 10'SN<X10° W9 A
B 75 iy X TE) PN, 2% 96 3R 7 BU6 B0 A A T SR AL R
SR b, =5 W RN B AR5 Y N K B 10° 8, A R

MU:aM°1073°



8 i A TAES

F183 157 73 8 BB A Ay P8 8 98 55 A% BIR 7 g R . M A
Hh A AR RO BB TR B AR X O S 0 A A A
T, R I A 45 R0 R T2 2

R (9) T 5 B N=10° ) %f 1 74 9% 55 B PR
TR Sau=161. 83 MPa, 45 & &I b, =5, 133

X E X
lgN=17.0453 — 5+1g S, (10)

AR 40 KN R T 00 1A FR T 5 45 58, 1L
1 B A B WA N ) R 776 MPa. 45 A N
te R=0.06, #f & % 7 & 6 3 5 S 0§ S, K
364. 68 MPa, i 20(10) i ik 19 S-N L &R, 7f
138K B A 7 B AR TN % 55 7% A N=17 208, 1%
U B A T3 56 3K A5 19 B/ 2 2 5 A 33 390 1K,
FE WK F FKM Fp E )2 k=5 B AR 5F S-N il £k 9845
Tl AR AR TR

3.2 ESEEMNAEITE

e 22 BT i 4 A5 R A TA) £L A B 9% 5 Rk
P, 308 BUOBK & 4 W e R L s B T3 BT A LA A D 2
HEALAL, I HLE 122 A0 95 57 56 B M T RE O 1

FhT I 348 7 i 0 4 SR R A v L AL B 9%

57 75 fir N=17 208, 4% W Wl A FR % fir No LA N
VE o 58— B9 77 fir FE 1, 4 B FRKM A5 0k 73 1) 3153 4%
?Lﬁﬂ’]ﬁﬁ?ﬁfﬂmf”

TE A BRAF i Ja 5 B E 1% F A KT T A P
E’J”’Wm)ﬁi%’*&ﬁﬁfﬁmmsm Xt AR KR A 1
FRM by o R 72 158 98¢ 57 58 B 28 B500 45 e 2 55 1 R
DL iR NI i W

Six = Kk * Sax (11)
U s Ko 9728 80 55 500 B2 188 1E 2R 5005 S o 55 T 2K
107 2% AF T I 57 1 BRI 1
AR R 55 5 4B IE BB K THEANE

mr«%) (12)
N

A N,=10% N?'\JQ TEEMW G AN ANITES -
N A B 5 o B AR T O ) 1 A 4
PEERE N 5.

AR H S B 07 77 W 55 A B 57 i JIT %o o 9% 55 4 PR
N 7R R OG FR 98 57 5 BE R BE TSR AN R
S. .
aBKzg']D (13)

FH 2 S, g S BRAE P 2 A X5 10 9 B 3 0 5 S R 45 2

A B 55 iy N X I F) 5 55 W% BRI 6 57, 9 FKM 45
YT T TR B A R
SR ZE A ZB G B ER AT RO TR R OC R 4L
F A 5E
Je
Ko
s BT E R REGjr WM R E 2 REG K
SR R XA SO S R A Rk T, 4
fof 4 4 ZR BRI JE R A E L,

AR S TR AN [ FLAS. 22 [ AR X 9 57 f B i B 11
Fbdg, DA R 0 A1 51 Ak A I A S R T I A ok
1 % 4 RBUEE s MR 4 RB B, AR 1 1
B B A R L,

P BRI 11 s 19 3 HE 6 LA 4 5, 7F 40 kN
AT T 00T 53 ) B4 FL AN 1) e O 7 B v 2 1
FE B As A0 1T 5N T, I B A A AH N 19 J B N
JIRRRE . FEILEEAE b, He BT FKM 5% 55 58 0T
il i AR B A SRR A SR A LA Y F2 2
TEAR 2800 B an 2 4~ 5 R .

Fd KB SWE LA FKM % 57 2 805 F) B 4%

Table 4 FKM fatigue parameters and utilization results for

(14)

j[):js'

bolt holes in the titanium alloy plate

45 S,/MPa  G,/mm ' Ky Spx/MPa  apg

1-1 151.98 0.5293 0.9847 780.95 19%
1-2 195.21 0. 5657 1.2131 633. 88 31%
1-3 273.63 0. 5346 1.6325 471.04 58%
1-4 287.57 0.4591 1.7130 448.90 64%
1-5 187. 38 0. 4073 1.1802 651. 60 29%
1-6 164. 54 0.6248 1. 0475 734.16 22%
2-1 141.92 0.6591 0.9263 830. 19 17%
2-2 236.05 0. 4896 1.4353 535.76 44%
2-3 376.27 0.4786 2.0476 375.57 93%
2-4 372.59 0.5288 2.0902 367.90 98%
2-5 222.12 0.4116 1. 3662 562.87 39%
2-6 137.16 0. 6058 0.9029 851.70 16%
3-1 218.25 0.5019 1.3395 574.08 38%
3-2 222.45 0. 5667 1.3580 566. 29 39%
3-3 364. 68 0.6285 2.1086 364.70 100%
3-4 308. 41 0.5898 1.8133 424.09 73%
3-5 249.99 0. 5396 1.5063 510. 53 49%
3-6 171.09 0. 6064 1. 0830 710. 06 24%
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Table 5 FKM fatigue parameters and utilization

results for bolt holes in the aluminum alloy plate

ErRes S,/MPa  G,/mm ' Kyx Spx/MPa  apk

1-1 175.91 0.5923 2.2874 179. 30 98%
1-2 99.08 0.6268 1.3905 294.94 34%
1-3 78.22 0.7635 1. 1370 360. 71 22%
1-4 66. 80 0.7979 1. 0042 408. 44 16%
1-5 94.96 0.6101 1.3448 304.98 31%
1-6 175.00 0.5416 2.2882 179. 24 98%
2-1 123. 56 0.5867 1. 6800 244.13 51%
2-2 86. 37 0.6658 1.2395 330. 90 26%
2-3 96. 82 0. 5007 1.3801 297.19 33%
2-4 87.18 0. 5695 1.2589 325.78 27%
2-5 80. 18 0. 5483 1.1795 347.71 23%
2-6 126. 67 0. 3354 1.7187 238.63 53%
3-1 157.93 0. 5550 2.0859 196. 62 80%
3-2 122.47 0. 5684 1.6701 245.57 50%
3-3 100. 38 0. 6666 1.4009 292.76 34%
34 94.90 0. 6489 1.3397 306. 14 31%
3-5 105. 93 0. 6780 1.4635 280. 24 38%
3-6 179. 37 0.4841 2.3531 174.29 103%

3.3 FMAESHREIE

N it — 2 2 B9 57 5k A O A 5 e
G REER VR CA LT D DS VP SN i DO K7 e e o T |
B R A LM B 4 SR AT 0T o

PR B A AL A 55 5 LT BE X He N 18] 14
7R, BT LAE H: fLO 4 5 3-3 (58 3 HESE 341 %
55 50 BE RV fe ko o5 I P 2 PR e R
Ab e A IR AR R B W A T AL . R AR
) Y v R T BE LA e 2R A — B, B Bk
AL AL I 57 5 B I 45 2R BE 98 A AL T 5 B
PLUUHT A

14 BRG 4 M 18 A FLAL g% 57 i B ) F X L
Fig. 14 Comparison of fatigue strength utilization at
18 bolt holes in the titanium alloy plate

P A 4 M LA 982 57 i B2 R BE X6 B A [&T 15
JIE R, T LA Y FL AT g 5 3-6 (48 3HESS 6 510 1) 9%
557 500 J3E A B A K, FLAE S S 1-1 (58 THESE 141))
F1-6 (55 THESS 6 51) (14 A FH B2 A 4 48 v KO
9 97 B P, 36T A R AR R A A Rk R A
W HP IR T RS 1-14L0, 3R T HS
3=6 FLA0 5 sL Ak, PL3 75 4 5 3-6 FL A i A 2 4L
S5 SEA W RLRT, g S 1-6 FL At I vk 2 AL
g TR B = R LA 5 9% 5 0 R A
B2, VLR A A AL 7 8 57 9 R DT A 25 AR B
i A S5 S PR 24 0 A A

K15 ARG A 18 A LA 55 i B2 A1) FH B X Lh
Fig. 15 Comparison of fatigue strength utilization at
18 bolt holes in the aluminum alloy plate

RS BRI T FKM A5 i 1 FL A % 95 3
JEE R P RE 353 BE 68 SR AE 22 T 34 4 45 40 O [ £L AL Y
e 57 @ W T L, v R RE AL AL 5 9 5 1 6 2R 4
A 7 B B WA X OO R, 3R WA ik RE A IR
1 i AR 2% 28 S5 44 1) Jm W0 R O fE I AR, AT A
b0 T AR E A

4 & g

1) J T FKM b i 19 9% 57 75 i 90000 25 SR Al T
G, A BRITaHras B oh A ok H FKM 45 #E
Xif B8R ) v 22 T 4 B Ah F U AT R Y AT A Al
=M = o RE AW 0 = A NV VA= S s I
TR BT B BB AL AR SF 1) 77 £ PEAR 45

2) LA 9 55 5 B R D BE R 8 AT SR AE 2 5T i
FEAE R AN TR LA 9% 55 F B R B . TH AR B0 =
FIL A BE FLA 5 98 55 1K 56 v () a0 AR B — 2L,
Ui BH 3 F FKM A3 v (9 LA 9% 57 38 B A5 7 i ]
FH T 16 B8 LA TR 50 R0 S 3B B 57 Ak

3) 95 57 i 5 3 B, M 58 A 4 XU %
S5 ¥ 1) 3 B 55 T 5 DX E AH 3 N AR KSR B
Mo il 3 T TR A 4 3 2 AR B OO 9 1k BE O T
MER A A W o B9 45 5% 0T Ok 366 4 1 o 4 8 34 2 2



10

FAY F) 982 55 5 2 VA R T 57 BOTHR 2%

[4]

[10]

[(11]

& & X
XN, Werefe, BAE . ROk R BRI AT T ]. AR
2 TAR RN, 2026, 17(2): 20-28.
Liu Lei, Yao Xionghua, Lyu Yi. Analysis on characteristics
of future aircraft structure design[J]. Advances in Aeronauti-
cal Science and Engineering, 2026, 17(2) : 20-28. (in Chi-
nese)
JreEf, vt A, S TERE R R ST G JE R A
MRS LT]. il HR S PR, 2025(10): 13-34.
Fang Xuewei, Yang Jiannan, Zhou Jian, et al. Advances in
additive manufacturing of large—size high-performance metal
components [J]. Manufacturing Technology &. Machine
Tool, 2025(10) : 13-34. (in Chinese)
VLY, SIS, W . WO I DR Ak R B TE i 7S A
KA IR LT ], S 3 5 K8 A (930, 2025
(2): 69-76.
Ni Jiangtao, Bao Xiaotong, Xie Yong. Application progress
of selective laser melting technology in aerospace [J]. Mis-
siles and Space Vehicles, 2025(2): 69-76. (in Chinese)
Blakey—-Milner B, Gradl P, Snedden G, et al. Metal addi-
tive manufacturing in aerospace: A review[J]. Materials &.
Design, 2021, 209: 110008.
Ak, TR, ARG, S B RET S AR B B BT 4R
rBEAEPELT ). fias 244, 2018, 39(7): 221816
Li Binbin, Xu Zongzhen, Li Peng, et al. Characteristics of
bolt load distribution of stepped lap joints considering load
transferred by bolt-head[J]. Acta Aeronautica et Astronauti-
ca Sinica, 2018, 39(7): 221816. (in Chinese)
Maljaars J, Euler M. Fatigue S—N curves of bolts and bolted
connections for application in civil engineering structures[J].
International Journal of Fatigue, 2021, 151: 106355.
XN, WRUE, £, % SRE-ESMERR G SRk
WAT ROt LT]. AR, 2026, 21(1): 185-202.
Liu Yong, Cao Jingyi, Cai Wei, et al. Research progress on
failure behaviors of metal-composite hybrid connection struc-
tures[J]. Chinese Journal of Ship Research, 2026, 21(1) :
185-202. (in Chinese)
Sui L J, Sun Y C, Kang M. Analysis and experimental
study for fatigue performance of wing—fuselage connection
structure for unmanned aerial vehicle[J]. Aerospace, 2024,
11(10): 826.
Bu W K, Xu H. Fatigue strength analysis of connection
points of deck layout equipment for large ships[J]. Journal
of Coastal Research, 2019, 97(sp1): 149.
B N, BRE S EAA MR — B R 2 BT 2 A i
SR EREPELT]. B IR S LR R 2 2 4 CA SR BE A AR
2026, 58(1): 117-126.
Yang Bo[Bu) Lin) , Chen Puhui. Novel design and bearing
characteristics of composite-metal multi-bolt joint structures
[J]. Journal of Nanjing University of Aeronautics & Astro-
nautics (Natural Science Edition), 2026, 58(1): 117-126.
(in Chinese)
MR, PR 2. WA MRE-BRG S IRA 451 24T T HUy
i B A BROTHSE (0], fitzs 1R R, 2020, 11(5) -

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

679-685.

Chen Long, Chen Puhui. Load distribution and finite ele-
ment analysis of composite-to—titanium hybrid structure with
multiple-bolted joints[J]. Advances in Aeronautical Science
and Engineering, 2020, 11(5): 679-685. (in Chinese)
TKIR , B, AR, L B TRAE MRS 25T
5 9% 55 75 i BOM 5 % (7). A= %% 4, 2021, 42(5)
258-266.

Zhang Junrui, Zheng Xitao, Yuan Lin, et al. Fatigue life
prediction method for hybrid multi-bolted joints based on
damage weight [J]. Acta Aeronautica et Astronautica Sini-
ca, 2021, 42(5): 258-266. (in Chinese)

AR, MR, BB, & BT RIEXNE SR Z
BT 4 S5 M 7 AR A i SE R [T, 9 AL Tk K2 AR,
2023, 41(3): 455-463.

Dong Jiachen, Yang Zhiyong, Zheng Xitao, et al. Effect of
bolt tightening torque on fatigue life of multi-bolted compos-
ite structure[J]. Journal of Northwestern Polytechnical Uni-
versity, 2023, 41(3): 455-463. (in Chinese)

Corriveau F, Desrochers A, Maslouhi A. Numerical predic-
tion of the fatigue life of complex riveted structures[J]. Engi-
neering Proceedings, 2023, 43(1): 6.

Forschungskuratorium Maschinenbau. FKM-guideline: ana-
lytical strength assessment of components: made of steel,
cast iron and aluminum materials in mechanical engineering
[S]. Frankfurt: VDMA Verlag GmbH, 2012.

Ye J, Quan G, Yun X, et al. An improved and robust finite
element model for simulation of thin-walled steel bolted con-
nections[ J]. Engineering Structures, 2022, 250: 113368.
Lin T, Wang Z, Hu F X, et al. Finite-element analysis of
high—strength steel extended end—plate connections under cy-
clic loading[J]. Materials, 2022, 15(8): 2912.

Qiang X H, Duan X R, Jiang X, et al. Experimental study
on mechanical properties of bolted joints between Fe-SMA
and steel plates [J]. Engineering Structures, 2023, 297:
116980.

XGLRR, SRVT, SRIER . 25 MR A R 2 ET R B b
58 HOR [T] At g R, 2015, 58(1) @ 109-
110, 114.

Liu Zhongxian, Nie Jiang, Guo Lulu. Design, analysis and
test technology of composites joint with multi-fastener con-
nection structure[ J]. Aeronautical Manufacturing Technolo-
gy, 2015, 58(1): 109-110, 114. (in Chinese)

A, AU, WSS, S FKM bR dE 38 A i kA
45 R 902 57 5 BE AT 09 B ORE S BOR N [T]. AR s B R
2025(2): 35-40.

Li Yuanjie, Jin Haibo, Xie Suijie, et al. Material parame-
ters identification for fatigue strength assessment of additive-
ly manufactured titanium alloy components in the FKM
guideline [J]. Aerospace Manufacturing Technology, 2025
(2): 35-40. (in Chinese)
Fiedler M, Vormwald M.
guideline which considers nonlinear material behaviour [J].
MATEC Web of Conferences, 2018, 165: 10014.

Introduction to the new FKM

(4%5: 5 FF)



