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Abstract: As a critical structural element of the engine body, the main bearing hole directly affected

the engine’s overall performances and long-term reliability. For predicting residual stress, methods combin-
ing finite element simulation, response surface modelling, and machining experiments were utilized to ex-
plore how machining parameters affected surface residual stress, culminating in the determination of cutting
parameters focused on minimizing these stresses. The results show that the established three-dimensional
simulation model for machining surface residual stress in the main bearing hole correlates well with actual
surface residual stress and the predictions of the response surface model. The response surface model
achieves higher prediction accuracy than the finite element model, improving the average prediction error from
15.6% to 2. 5%. Optimal cutting parameters may reduce machining-induced residual stress significantly, de-
creasing surface residual stress by 50. 6 %, cutting residual stress by 53. 6%, and feed-induced residual stress
by 46.2%.

Key words: marine diesel engine body; boring; residual stress; finite element simulation

5B LA P L 9 A R T b,
Al 7R AL A 4 B 1 S LB L 0 5 B 45 4 K
BRI R RO B P AR IR DR IR RS e S O I 5 2 R AR B

i 5 AN A B M A i AR ST PIL Y 2 T B A H | 520 3 gl & AL 8] gh BE A B R AR

i
A\‘M“,éﬁb‘ﬂf—%’*‘%*’ N
H RS B 28 D BE SR B I T TR i e w6 A 1 ) B

OB E RS A RS BT, R
Y fE HHA.2024 - 06 - 11 T .
ESTR Tk 5 15 5 AL A % 20 B G T 55 P B R0 0 RN 5 5 f S TY R R L I
B A T LI (CBGAN21-2-1) FA WE W, S S8 T AL G O B 45 F 14F AY % 5
- 1883 -




hE LM T AR 2 36 B 2 S 2025 4F 8 H

5 L2 G R B A S LA R R R B LT A
Kotz A Rt B VIR BRI T T 22805 %
T AR AR TN TE R R

VT AR, [ A A2 TR R AR AR I ) A BRIT
T Ty A T 2 R 2 R A R T
B D) H] 5% 4% 2 T3 . 4 4 ABAQUS \DEFORM
ANSYS Fil AdvantEdge ™. 28 4 5% 43 B g B (E
RAPL S 0 AT R ik ARG B H 3 SR, A% B
H 77 6 B AR S BT vk 220w T b Rk 1 B 1
P PR DT B ARAFTE AN R 2 AL . L. VALIO-
RGUE % B 58 F1 35 B 35 ) A% B2k 39 H B8
(arbitrary Lagrangian-Eulerian, ALE) | #§ & KX i
FRL AR T F RS DL R AT 28 ks B - R A5 A
OZEL 43 T [ 18 B [ 4% £ AR X5 ATST 1045 49
ST AL BRI TSR T B AR B BEAT TR R
B ALE H AR 7E 5500 418 hn T 4 8 g Oy i B A
L. AKRAM 5553 BT T U1 H 3 B2 R 45 5 X
6061 £ & 4 2 W 5 Ax B 1 B EAE A
LUO %50 87 T 22 5 2 B02s fb x4l 8 3% 1 5% 4
N2 3 R S, I F 5T 1 — A 0 AR A N ) Y A
B, A I BR AR L DRI E 32 B AR TR A /N RS B i
% JHERE {F - THD I T B9 B A L g O D R RS B
25 ¥y B 5 i 1 22 o TRT £ 0 T A% 1 T BIE S A
AR

BR AR 3 0T LB S 52 2% L it AT BR JT 4
LR 235 R 52 30 98 v B 1) [ A SRy KR 0B L i 4
PEARE GV R W A B TR R Y 15
it oK 5 D FURR I 2 25, W 24 7T Ik e . Bl
#% % >J (machine learning » ML) B 77 5 & A 5% 4% 7
03 TR B SR A R YR A oo R R IR
o it oo AR LA I 5 i Hh A L EL AR P AR
OCR B MR TEA R JUH R IR B AN R
If o ML ASE 2B Gt B 2ok 0045 B4R 3 T 52 o) A6
T AE B BOs 5 B A R B R B T 25 (response
surface methodology . RSM )il i /5 B 15 11 5L 56 nf
DA 250080 /0 2 36 YR K5 DT 35 48 I T A R
Wb 7 4 B DA T2l RSM ik %) 5% A% 1 g i
' EEASERE 05 A A5 vE Ak A% Gt B0 R AR R R 1 R
RSM i B 28 Ji 2 s 07 ] 2% A TR A it o 72
UE BT H7E 2 2% & ge B Ry A R R S
FPE

P FRAR N )45 5y N o B3 R T 1w o3 A
8 B A% IO T 0 R ME RS B AR . AR SO T
i T S i AL AL A 3= b R FL = 4 B ) 3% T Ak A N
73 1) A5 L ASE AL o T 0 AR A I e S R

- 1884 -

6 A Y U A A kL 7 BTk R O T T
RN N G IR RPN Rl R N VAP o e ]
T L DA L BF 5 3R T Ak AR N B A B T B gk
SR NE 3 TR EE D ) B8 A DT R R P S
Blaz 17 al JE v AR AR PR RE . 38 o 0 M DT I 2 B
X 2 THI B A% VL 3 B 2 W LR L AR SC L dR /AL SR T
B A L ) R THRLUAS B 0 H b - 80 2 T 3l R AL
URPINIE e

1 AR S AL E AL E H i TR & N
71 A TR TT B AR A

1.1 MASHNEWAIL=ZHENBRTER
ke v

il R L2 A Sl BLALAA Y O B B AL L A
TR 7 i S HLALAAR B9 Bl R FL BLARBOKR
U B R B L JF H MR ALE L E L N iR
ol L 25 G b 45 R Y TR o

E1

Fig.1 Main bearing holes of marine diesel engine bodies
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Tab.1 Parameters of J-C constitutive model for Q235

A/ B/

MPa | MPa n & m T,/°C| TJ/C g

293.8 | 230.2 | 0.578 | 0.0652 | 0.706 | 1522 20 1 0.0021
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Fig.2 Diagram of boring parameters in the simulation

model
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Fig.3 Schematic diagram of finite element model

establishment
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Fig.4 Flowchart for extracting machining residual

stresses along the depth direction
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Tab.2 Simulated values of residual stress in orthogonal

experimental groups

S | UIEIEE/ | DIEIREE/ | s U SLFS
4% | (memin™ mm (mmer") N; 1 /MPa
1 75.398 0.1 0.05 191.640
2 94.248 0.2 0.05 238.855
3 117.809 0.3 0.05 306.562
4 94.248 0.1 0.10 256.518
5) 117.809 0.2 0.10 310.733
6 75.398 0.3 0.10 202.779
7 117.809 0.1 0.15 330.839
8 75.398 0.2 0.15 207.642
9 94.248 0.3 0.15 326.356
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Tab.3 The chemical composition of Q235 steel

(mass fraction) %
w(C) w(Si) w(Mn) w(P) w(S)
0.13 0.32 1.43 0.028 0.022
w(Fe) w(Nb) w(AlD w(V) w(Cev)
97.687 0.003 0.004 0.006 0.37
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Tab.4 The physical properties of Q235 steel

(fi{g) B HRC/MPa | i 4 B/ MPa '#'%iii/
7.85 17 295 198.7
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Tab.5 The geometric parameters of the cutting tool
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Tab.6 Cutting parameters at specific levels and values

- IR 5K
1 2 3
Y1 7 ¥ v/ (memin™) 75.398 94.248 117.809
PIHITR JE a,/mm 0.1 0.2 0.3
I3k 25 5 f/ (mmer ) 0.05 0.10 0.15
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Fig.6 Experiment of residual stress measurement

based on the blind hole method
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Tab.7 Measurement results of the response surface experiment for surface residual stress

gy ’UJF'#"J}E'T%U/ VIR o,/ ﬁiﬁi{/ X[ 5k AR R S1/ Y [ BR AR ST/ RIZIRARNL )/
(memin™) mm (mmer) MPa MPa MPa
1 75.398 0.3 0.05 171.114 99.8287 198.106
2 94.248 0.2 0.05 160.871 124.017 203.125
3 117.809 0.3 0.05 221.097 122.587 267.881
4 94.248 0.2 0.15 238.106 143.869 263.785
5 75.398 0.1 0.15 177.757 122.787 216.042
6 117.809 0.3 0.15 270.404 204.146 338.813
7 75.398 0.2 0.10 168.366 130.232 212.855
20 94.248 0.1 0.10 195.016 101.220 219.719
21 94.248 0.3 0.05 204.505 94.688 225.362
22 94.248 0.1 0.15 229.226 104.637 251.979
23 94.248 0.3 0.15 206.740 191.327 281.687
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Fig.7 Comparison of predicted and experimental

values of surface residual stress
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Tab.8 Range analysis of residual stress in machining

- INVEE o/ | IHIRIE |
(memin") a,/mm (mmer")

K, 167.458 178.781 169.151

. K, 187.542 200.046 204.363
MPa | K, 225.721 201.895 207.207
R, 58.263 23.114 38.056

K 137.822 130.628 118.797

s,/ K 138.855 133.291 131.900
MPa | K 145.598 158.355 171.577
R, 7.776 27.727 52.779

Koy 217.431 222.938 212.831

o/ Ko 234.844 240.893 244.821
MPa | K, 274.745 263.189 269.368
R, 57.314 40.251 56.537
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Fig.8 Main effect chart of cutting parameters
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Fig.9 Range analysis plot of cutting parameters
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Tab.9 Significance test of response surface model

S5 ¥y75 2% FAi PfH i

i | 25409.55 | 2823.28 | 692.59 | <<0.0001 | ¥
A 11022.27 | 11 022.27 | 2703.90 | <<0.0001 | @3

B 4567.87 | 4567.87 | 1120.56 | <<0.0001 | @3

C 9013.77 | 9013.77 | 2211.19 | <C0.0001 | W3
AB 21.72 21.72 5.33 0.0436 L F
AC 2.10 2.10 0.5155 | 0.4892 —
BC 205.82 205.82 50.49 | <<0.0001 | W3
A? 80.28 80.28 19.69 0.0013 0¥
B2 36.07 36.07 8.85 0.0139 B
C? 4.26 4.26 1.05 0.3306 —
5 7% 40.76 4.08 — — —

R | 30.15 6.03 2.84 0.1384 | ANl 3
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Tab.10 Experimental and predicted values of the

surface residual stress prediction model

SLB gl

S0 | UM E of | BRI vR R | it gy | OSSR | BT
4% | (memin) | a/mm |(mme-r") SRR /| BRI T/

P MPa MPa

1 94.248 0.3 0.05 225.362 223.071
2 94.248 0.1 0.15 251.979 240.628
3 94.248 0.3 0.15 281.687 293.166
4 75.398 0.1 0.05 167.487 168.640
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Fig.10 Comparison of predicted and experimental

result for surface residual stress
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THALAL A B T2 85 THLR (RS B2 L Bl T

DI HI 2 Hoih o B, B0 U0 8 v Bl 75,398,

94.248. 117.809 m/min. U] Hl & & a, & 0.1~

£

=3

E

iﬁ

&

&

=

% S

C: |

%v
(©) ﬁJﬁUJEJ§117.809 m/min

0.5 mm, #4455 £ 0.05~0.25 mm/r. A B
Il 2 BRO0T 2 T B 42 7 ) R TETRELRE BE B A I 3 Y
M, A SCHEF 2010, Al H Python (19 minimize pR
$0,JF R M L-BFGS-B Jr i #4718 F 29 H A AL
i /AN R T BR AR ) o B A #8017 U1HI 2
?5( WA, e T X (12) 3l i A i 25 5 5 D) H

TR a, W —4E R 4% , F) Fl minimize p& 50X £ a,
E’J%iﬁéﬂé\ﬁ TS DL AR MRS B
H s . i — 512 DI HI 280, LUER A I ) F 3k i
HLBE B fe /A B AR 8 B DI HI S 80T o=
75.398 m/min.q,=0.1 mm./=0.05 mm/r.

AN T[] T HI 2 8000 % 43 0 B X b dn 181 14
JioR o S 1A R Al AR 75 T A% A N ) A SR T
FELRS B2 0 52 R U0 I S 4850, 56 2 40808 h % IR Bk AR
JNE 3 R TEDRLRS B2 04 1 22 S8



A S LRI A4 = Jil 7 LB 0 T 5% A B g B0 —— 3 D

[T <

e A%

350~ 338.813 T,
TH FR ATV
< L 1A s 2
& 300 270.404 Qfﬂ%%%
250F
%00k 204.146
° 167.487
S 1501 125.485
E 00 109.788
&
& 50t
0 1 ]
1 2
AL H 55

14 TEYVIHIBB TR 4 RTLE
Fig.14 Comparison of residual stress results from

different cutting groups
N [0 ) 2 5 it hin T T B DL SR 11, R
55 2 U1 H) 2 B0k AT T, 3% ML RE BE 8 /)
88.9 % » K 1 FR A I 3 W/ 50.6 %6, VI 5 A% 1
U8 /IN 53.6 06 ik 25 5% A% DI 7 08/ 46,204 0 H I RT
R 3 A DD 2 0nT DA R F i R T T
Jit

il

®11 TEVBSHEMIRERE
Tab.11 Processing surface quality under different

cutting parameters

HLRERE | kA PIEIE S 4 5% 4
Ra/mm | N }1 o /MPa | JiJje,/MPa | K Jjo,/MPa
HA14 | 1.823 338.813 270.404 204.146
24 | 0.201 167.487 125.485 109.788
R | —1.622 | —171.326 —144.919 —94.358
R/ % | 88.9 50.6 53.6 46.2
4 %

1)K SCHE 57 9 3 R AL = 2 o T T 2%
A 1057 EORIR 1 25 SR 15 5 B 2 1 5 A )
BB X 5% 25 Sy 15.6.% 5 T 37 7 A 80 7 0 45 5
55 S T A I 00 4R X 22 S 2,59 Al
e T P B0 17 R TE 7 v T I T T 7 R
P 3 R S0 P AT 5 Sy i B 2
s,

2) ) I M 22 43 B7 1 7 55 411 1) 2 4000 5% 4 i
3 5 L 4 SR AT KO D 1
A A1 1 TSP M BN 0 L 2
LU B R 5 % T 2 T L 5 AN ) 9 9 3
HEFE A SN R UK g < 8 28 L B0 R 0
FE 5% T 2R SR AR R A7 o H 0 5 A M 51
AN VG A < U1 1 B L L )R

340 1 VR FE P 20k R B B R T 5 A
797 2 B E AR . B2 et 5 T e A ) £
XL P 26 52 T 5% W0 B EE 1 5 26 MK 3R W i
Yt T VA FE f=a ) » 1) 1) B2 0 TR FE Comat,)
HE 48 T -V ) BE ()

4 38 5 7 A Sl ILBIL A 3 il R g 1 i T

DIHI 250, 03RRI 1 #5 KI8T 50.6 % - DTH
R AL B R/ T 53.6 %« i 45 R A IV 1 e K
BN T 46.200 . FEAL ] A B R D) HI B8
AT LA A0 M ek /N 2 T 5 A% L

5% 3k

[1]

2]

3]

[4]

[5]

[6]

L7]

(8]

9]

WITHERS P J. Residual Stress and Its Role in
Failure[J]. Reports on Progress in Physics, 2007,
70(12): 2211.

AKHTAR W, LAZOGLU I, LIANG S Y. Predic-
tion and Control of Residual Stress-based Distortions
in the Machining of Aerospace Parts: a Review[J].
Journal of Manufacturing Processes, 2022, 76: 106-
122.

GRISSA R, ZEMZEMI F, FATHALLAH R.
Three Approaches for Modeling Residual Stresses In-
duced by Orthogonal Cutting of AISI316L[J]. Inter-
national Journal of Mechanical Sciences, 2018, 135:
253-260.

NASR M N A, NG E G, ELBESTAWIM A. A
Modified Time-efficient FE Approach for Predicting
Machining-induced Residual Stresses[J]. Finite Ele-
ments in Analysis and Design, 2008, 44 (4) . 149-
161.

VALIORGUE F, RECH J, HAMDI H. et al. 3D
Modeling of Residual Stresses Induced in Finish
Turning of an AISI304L Stainless Steel[ J]. Interna-
tional Journal of Machine Tools and Manufacture,
2012, 53(1): 77-90.

OZEL T, ZEREN E. Finite Element Modeling of
Stresses Induced by High Speed Machining with
Round Edge Cutting Tools[ C]//Manufacturing En-
gineering and Materials Handling, Parts A and B.
ASMEDC, 2005: 1279-1287.

AKRAM S, JAFFERY SH I, KHAN M. etal. A
Numerical Investigation of Effects of Cutting Veloc-
ity and Feed Rate on Residual Stresses in Aluminum
Alloy Al-6061[J]. International Journal of Materi-
als, Mechanics and Manufacturing, 2015, 3(1): 26-
30.

LUO Jiaxiang, SUN Yuwen. Optimization of Pro-
cess Parameters for the Minimization of Surface Re-
sidual Stress in Turning Pure Iron Material Using
Central Composite Design[ J]. Measurement, 2020,
163: 108001.

AT, RRT . RN L WEREE G AR
P& Al Do T AR DS BRI, THA AR 2024,
58(3): 3-20.

HAN Lei, SHI Zhenyu, XI Jianren, et al. Research

1891



hE LM T AR 2 36 B 2 S 2025 4F 8 H

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Status of Ultrasonic Vibration Assisted Machining
Technology for Ceramic Matrix Composites [J].
Tool Engineering, 2024, 58(3): 3-20.

YIN Yueming, YANG Zhen, HU Haifeng, et al.
Metric-learning-assisted Domain Adaptation [J].
Neurocomputing, 2021, 454 268-279.

ARFT L IKRFE, MUIR L AF L NI e B 5
e R I SEE = WE R 5 HER, 2015, 34(8):
41-45.

LI Li, ZHANG Sai, HE Qiang, et al. Application
of Response Surface Methodology in Experiment De-
sign and Optimization[ J]. Research and Exploration
in Laboratory, 2015, 34(8): 41-45.
EBRAHIMZADEH P, MARTINEZ L
PARIENTE I F, et al.
peening Parameters for Steel AISI 3161 via Re-

B P,
Optimization of Shot-

sponse Surface Methodology (RSM) : Introducing
Two Novel Mechanical Aspects[J]. The Interna-
tional Journal of Advanced Manufacturing Technol-
ogy, 2024, 132(1): 647-667.

MEHDI H, MISHRA R S. An Experimental Analy-
sis and Optimization of Process Parameters of
AA6061 and AA7075 Welded Joint by TIG+FSP
Welding Using RSM[J]. Advances in Materials and
Processing Technologies, 2022, 8(1): 598-620.

XU Fuyang, SUN Yuwen. A Circumscribed Corner
Rounding Method Based on Double Cubic B-splines
for a Five-axis Linear Tool Path[J]. The Interna-
tional Journal of Advanced Manufacturing Technol-
ogys 2018, 94(1): 451-462.

ARRAZOLA P J. KORTABARRIA A,
MADARIAGA A, et al. On the Machining Induced
Residual Stresses in IN718 Nickel-based Alloy: Ex-
periments and Predictions with Finite Element Simu-
lation [J].
Theory, 2014, 41 87-103.

oG, EAER, s, SF L MO X AL
A R 0 ). L T A
2022, 58(16): 206-214.

Simulation Modelling Practice and

1892

ZUO Shanchao, WANG Decheng, DU Bing, et al.
Plasticity Effects in the Hole-drilling Residual Stress
Measurements in Welded Structure [J]. Journal of
Mechanical Engineering, 2022, 58(16): 206-214.
5, e AL R A5k 4 N T I R
FHLT]. K=, 2013, 34(6): 85-88.

LI Hao, LI Hua. Release Coefficients during Mea-

[17]

suring Non-uniform Residual Stress with Blind-hole
Method[ J]. Transactions of the China Welding Insti-
tution, 2013, 34(6): 85-88.

h/NWE W 3 . B LR TN o T B A% 1 g R R
B BE BRI, R T R F R CH SRR
WO, 2019, 47(12): 25-31.

MA Xiaoming, OU Qingyang. Numerical Simula-

[18]

tion for Hole-drilling Strain Gage Method Applied on
Curved Surface[ J]. Journal of South China Universi-
ty of Technology (Natural Science Edition), 2019,
47(12): 25-31.

FAN Zhiqiang, CAO Lixin, LIU Feng. FEM
Analysis of the Distortion of Thin-walled Sealing
Part Affected by the Machining-induced Residual
Stress [ J]. TIOP Conference Series: Materials Sci-
ence and Engineering, 2020, 768(4): 042028.
DING Hongtao, SHIN Y C. Multi-physics Model-

ing and Simulations of Surface Microstructure Altera-

[19]

[20]

tion in Hard Turning[J]. Journal of Materials Pro-
cessing Technology, 2013, 213(6): 877-886.
(RE B B)

EER A b2, 5 1998 4F 4 L4 o BFF5E 7 o] S AL ) 6 T
. @ AMGREEHR) . B 197344 Rl BF5E 07 10 45
it Ak %3t . E-mail: qudongyue@hrbeu. edu. cn,

ARSI

FRURI L Ko 5L R L AR AT SR BLPL R SRR AL B ) TR
AR BMLT]. b E ALK A, 2025.36(8) :1883-1892.

HAN lJiyuan, ZHANG Jiahao, ZHAN Yong, et al. Prediction of
Residual Stress in Boring Main Bearing Holes of Marine Diesel En-
gine Bodies[ J]. China Mechanical Engineering.2025.36(8):1883-
1892.



