%546 45 55 3 o & Vol.46 No.3
2025 4F 9 H CHINESE QUARTERLY OF MECHANICS Sept. 2025

doi: 10.15959/j.cnki.0254-0053.2025.03.015

FREHNELRFERBUCIZSHNRGESN

W, ZBH

(FIBFREE MU RS 125kt 1 200092)

BE: THER B BHRRACE AR LTI s S5 PR 55 A 9 G812, (B TS B s X 57 P RE Y
SN RTS8 5. ARSCLL7050-T7451 535 & AT 4, G5a %0715 . A7 FROCHy B 5 HLEs % ) ik,
ARG T L EAS . JTEERIE R KB R TR X BLAR X 55 A3 A S WA Y RAUEE . JE T 7050-T7451 a3 bk
(Y S-N T EAERY SR e S B L VE A AR 1 ALV BF s AL A8 57 7 i TICIASE Y, T RE T o0 A 1 Y
BRI T 55 75 10 RE PN R . i — 2D TR RE U R 3RS 40 J7 Kl , >R Sobol 42 J&) R fi
JE M EAS B THIALEAR . TP B R RORR B I DX B A5 2 BN 55 A7 i 5 W) B4 7. % 52 HAE JH BTk
B SRR WIHLEARXIR ST AR a2, HOSE AR R U RIS 8 o R PR IR S R BT
JE X AR 500 T B0 i S AR . BFSEAR AL AR e e 2 254 ], A 25 )5E B e AR vl e
OB RERRAS . 207k EE T ES R Rt TRk . @tk ML RY)
A5 ol A BROC O H AT AT i,

REEIF: TTAERIELR SRR AIL; PSS A s A EROTOTE; ML REUZE T

FESES: TGI11.8 XEAREAD: A XEHS: 0254-0053(2025)03-0735-14

Sensitivity Analysis of Process Parameters in
Split-Sleeve Cold Expansion of Holes

XIE Zhou, YUAN Guogqing

(School of Aerospace Engineering and Applied Mechanics, Tongji University, Shanghai 200092, China)

Abstract: Split-sleeve cold expansion technology is a critical process for improving the fatigue life of aerospace structural
components. However, the influence of its parameter variations on fatigue performance remains insufficiently studied. This paper
systematically investigates the sensitivity of initial hole diameter, thickness of split-sleeve, and diameter of the extrusion zone of
the mandrel on the fatigue life of 7050-T7451 aluminum alloy through integrated fatigue testing, finite element simulation, and
machine learning methods. Based on the S-N curve model of 7050-T7451 aluminum alloy and the critical distance line method, a
fatigue life prediction model for cold-expanded holes was established. The model was then used to generate datasets for training an
intelligent fatigue life prediction model. Leveraging 400 000 data points obtained from the intelligent model, Sobol global
sensitivity analysis was conducted to quantify the independent and interactive contributions of these parameters to fatigue life.
Results indicate that the initial hole diameter has the most significant impact on fatigue life, dominating both independent effects
and synergistic interactions, while the influence of Thickness of split-sleeve and mandrel diameter primarily manifests through
interactive mechanisms. The study proposes prioritizing tolerance optimization for initial hole diameter while adopting
collaborative design strategies for sleeve thickness and diameter of the extrusion zone of the mandrel. This methodology provides

an efficient and economical approach for identifying critical process parameters and optimizing designs, demonstrating significant
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advantages over traditional physical experimentation and finite element analysis..

Key words: split-sleeve cold expansion; fatigue life prediction; finite element simulation; machine learning; sensitivity analysis
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Fig.1 Schematic diagram of split-sleeve cold-expansion process of holes
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Fig.3 Schematic diagram of the maximum principal stress and critical distance line method
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Tab.l Sample parameter table

Initial hole Final hole Thickness of The diameter of the extrusion .
Model . . . Squeezing rate/%
diameter/mm  diameter/mm  split-sleeve/mm  zone of the mandrel /mm
Small hole sample 3.683 3.969 0.152 3.556 4.8
Large hole sample 5.753 5.953 0.152 3.556 3.74
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Tab.2 Statistical table of sampling parameters using the LHS method
Number d"/mm #/mm dmm/mm &M Number d/mm t/mm d,/mm e
1 3.668 0.145 3.549 4.66% 26 3.682 0.159 3.554 5.16%
2 3.677 0.155 3.541 4.73% 27 3.687 0.146 3.543 4.01%
3 3.668 0.156 3.545 5.15% 28 3.699 0.152 3.552 4.24%
4 3.664 0.157 3.542 5.24% 29 3.659 0.159 3.544 5.55%
5 3.667 0.153 3.542 4.94% 30 3.674 0.158 3.543 5.04%
6 3.685 0.147 3.556 4.48% 31 3.698 0.158 3.543 4.35%
7 3.670 0.150 3.545 4.77% 32 3.706 0.150 3.553 3.97%
8 3.680 0.152 3.553 4.81% 33 3.691 0.148 3.551 4.23%
9 3.689 0.157 3.544 4.58% 34 3.692 0.157 3.549 4.63%
10 3.697 0.155 3.551 4.44% 35 3.665 0.159 3.546 5.43%
11 3.661 0.152 3.552 5.33% 36 3.684 0.155 3.554 4.89%
12 3.703 0.160 3.550 4.51% 37 3.692 0.155 3.547 4.47%
13 3.696 0.156 3.548 4.44% 38 3.674 0.150 3.553 4.87%
14 3.662 0.149 3.547 5.00% 39 3.676 0.158 3.548 5.11%
15 3.705 0.146 3.546 3.59% 40 3.683 0.149 3.546 4.37%
16 3.707 0.147 3.555 3.83% 41 3.659 0.152 3.548 5.27%
17 3.661 0.150 3.554 5.27% 42 3.678 0.153 3.545 4.70%
18 3.676 0.148 3.556 4.79% 43 3.672 0.154 3.552 5.12%
19 3.704 0.149 3.542 3.67% 44 3.679 0.149 3.548 4.54%
20 3.700 0.151 3.551 4.14% 45 3.666 0.146 3.544 4.64%
21 3.670 0.148 3.555 4.93% 46 3.705 0.157 3.554 4.40%
22 3.671 0.159 3.544 5.20% 47 3.693 0.151 3.547 4.22%
23 3.683 0.145 3.542 4.05% 48 3.696 0.156 3.549 4.46%
24 3.688 0.154 3.551 4.64% 49 3.701 0.147 3.555 4.00%
25 3.694 0.153 3.550 4.39% 50 3.688 0.154 3.550 4.61%

Notes: [1] d denotes the initial hole diameter; [2] ¢ represents thickness of split-sleeve; [3] ¢ indicates the diameter of the

extrusion zone of the mandrel; [4] e stands for the extrusion ratio.

F3 RBLT BT REGE IR LR G

m

Tab.3 Statistical table of sampling results using the LHS method

Number Fi?:/%?l;?cle Number Fiafletl/%l;ecle Number Fiafl::l/%fl;ecle Number 15‘:;?;;6 Number E’?:/%?l;ecle
1 46 413 11 45291 21 471703 31 52415 41 45798
2 52 084 12 52 467 22 45738 32 51295 42 51924
3 46 298 13 52 628 23 51 606 33 51919 43 46 481
4 46 404 14 47 806 24 52902 34 52 703 44 52 575
5 48 237 15 49 138 25 53051 35 45252 45 52514
6 52 608 16 50411 26 46 390 36 48 125 46 52439
7 49 402 17 45773 27 51017 37 52921 47 51956
8 49 412 18 52299 28 52479 38 48 729 48 52 898
9 52 434 19 49 624 29 45310 39 46 566 49 51061
10 52 679 20 52170 30 46 891 40 52333 50 52 560

b BE B UG S AR RS /N . KR R 2 GPR B rh ARD % pRECI S50, RO T i A RRAF Yo ) 582 i) i A
et . KRR, Rz R e X 5 s s - 22 , ARRRIp L E AR . e84 B R S B
JE X AR BE R BE 14354 4.679 7 mm ., 5.498 3 mm. 2.592 9 mm, %455 32 B0 R X AR 1 AUk
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Scobol sensitivity analysis results
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Fig.7 Histogram of Sobol sensitivity analysis results
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Tab.4 Statistical table of sobol sensitivity analysis results

Diameter of the extrusion

Error type Initial hole diameter Thickness of split-sleeve sone of the mandrel
Sensitivity type S ,-[1] S ,~T[2] S; S ,-T S; S ,~T
Uniform distribution 0.602 0.916 0.011 0.322 0.064 0.181
Normal distribution 0.688 0.853 0.071 0.184 0.074 0.099
Lognormal distribution 0.686 0.851 0.072 0.186 0.074 0.098

Notes: [1] S, denotes first-order sensitivity;[2] Sl.T represents total sensitivity.
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Fig.8 Graph of the coefficient of variation of fatigue life
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