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Engine Crankshaft Holes Considering Coaxiality
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Abstract: To address the issues of the coaxiality value of the automobile engine crankshaft holes

LI Chengyuan

was too large or even out of tolerance after boring, and the low energy efficiency of boring processes,
a study of processing parameter energy-saving optimization for boring automobile engine crankshaft
holes was conducted considering coaxiality. The influencing factors of coaxiality in boring crankshaft
holes were analyzed and the coaxiality value prediction models were established based on the finite ele-
ment methods and support vector machine regression algorithms. Then, the energy consumption char-
acteristics of boring crankshaft holes were analyzed, and a boring parameter optimization model was
established aiming at specific energy and maximum coaxiality value. The improved multi-objective
dragonfly algorithm was used to solve the model and the optimal combination of processing parame-
ters to balance energy efficiency and coaxiality was determined. Finally, the case study indicates that
after the optimization, the maximum coaxiality value is reduced by 10.81% , and the specific energy is
reduced by 4.61% , which verifies the effectiveness of the optimization model.

Key words: automobile engine crankshaft hole; coaxiality; energy-saving optimization; process-
ing parameter; boring
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Fig.1 The coaxial degree was evaluated by the
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Fig.2 The schematic diagram of boring of the

crankshaft hole
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Fig.3 The influence of radial cutting force on the coaxiality value of crankshaft hole
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Fig.4 Boring simulation flowchart of the crankshaft hole
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Tab.1 The material properties involved in the experiment

.. #yE | b | JEIR
A B (kg e+ m- D) T L 1‘%%/ SR/ | SR/
GPa MPa MPa
Bfk | YL113 2740 0.33 70 230 170
JIFF | B4W 7700 0.28 210 724 620
Tk | YGS8 14 500 0.22 640 10
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Tab.2 Factor levels of simulation experiments

RZEKFE|n/(r* min~Y) | f/(mm + min~!) a,/mm
1 600 50 0.10
2 750 60 0.15
3 900 70 0.20
4 1050 80 0.25
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Fig.8 The measure sections and points of the

crankshaft hole
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Fig.3 The coaxiality value of S holes of crankshaft hole

under each group of process parameter

F| n/(re | f/C(mm= | a,/ @/pm
S| min 1) min~ 1) mm |[fL1|fL2|FL3|FL 4|5
1 600 50 0.10 |5.43(8.87110.03|8.66 |5.23
2 600 60 0.15 |5.8919.82(11.35/9.73 |5.72
3 600 70 0.20 | 7.61(12.40|14.69(12.29| 7.44
4 600 80 0.25 |10.67|16.95(20.45[16.89]|10.62
5 750 50 0.15 |5.7819.61|11.13]9.45|5.65
6 750 60 0.10 | 5.5418.96 [10.17| 8.76 | 5.30
7 750 70 0.25 |10.49|16.80(20.29(16.75/|10.45
8 750 80 0.20 | 7.8 |12.89]14.95(12.73| 7.65
9 900 50 0.20 |7.2312.05/14.38|11.94| 7.07
10 900 60 0.25 |10.35/16.70(20.21{16.64]|10.32
11 900 70 0.10 |5.6219.08(10.31]8.99 | 5.44
12 900 80 0.15 |6.22(10.08|11.64[10.00| 6.13
13 1050 50 0.25 |10.19/16.58(20.10{16.52]|10.15
14 1050 60 0.20 | 7.40|12.2514.61{12.19| 7.31
15 1050 70 0.15 | 6.0819.97 |11.54] 9.88 | 5.99
16 1050 80 0.10 |5.7519.27 110.75{9.19 | 5.57
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Fig.9 Comparison of simulated and predicted values
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Fig.10 The results on test parameters of the three models
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Fig.4 Evaluation indexes of the test results of

5.5 6.

three methods

MUREWE 24 A RMSE MAD R?
n=2850 r/min SVR 0.0974 0.0318 0.9573

f=75 mm/min GPR
ap=0.13 mm RBF

0.1257 0.0473 0.9158
0.1624 0.0534 0.8765

BEARY, BTS2 BR AN L2 56 . K 18 AL ) 38R0 £ AL
()&% & 22 E . I >k H RBF. W [ [fij ¥ (response
surface method, RSM) # 5& B 4 ¥ (Kriging) = Ff
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Tab.5 Data set for energy efficiency modeling

S n/ f/ ay/ P/ P/
F5 | (remin"!) |(mm * min 1) mm kW kW
1 600 50 0.10 9.29 13.41
2 600 60 0.15 9.34 13.46
3 600 70 0.20 9.31 13.53
63 1050 70 0.20 10.52 16.14
64 1050 80 0.25 10.54 16.22
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Tab.6 Evaluation indexes of the test results of

three methods

H % ZE Y1) P e VI P

R | RMSE | MAD R? RMSE | MAD R?
RBF |24.4685| 7.3511 | 0.9256 | 33.5427 | 11.6623 | 0.9522
RSM |[28.6624 | 8.8452 | 0.9174 |46.7634 | 18.9246 | 0.8987
Kriging| 18.3351 | 5.4627 | 0.9617 | 35.4825 | 14.7264 | 0.9348

t# 6 nl AL, LL2s Ul o8 | br g, 56 F
Kriging [0 841 # 7/E RMSE,MAD.R* FiL T
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3 AR FE 23 U] A8 SSORE A N L) 1) R S A
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Fig.11 Pareto solution sets of optimization problem

xT MUERIL

Tab.7 Comparison of optimization results

a| w2 e
1|44 oM SEC| 712 73.8 |0.148| 13.2 | 146.3
2 Huplt SEC 621 79.6  0.245| 20.6 | 141.5
3 ol o, 1030 51.9  |0.105| 9.9 | 160.7
4 (AL IS 950 65.0 |0.170| 14.8 | 153.4

MR 7 0L LA S 28 07 A, E
Bty ORRITAZE i) 1) RS /N K 22 o S G KR
2, e 2 d K )l B2 B AR T 10.81 %6, L RE IR
T 4.61% . MeAb, 5L L REAH LE L d K R b
FEMEIFMR T 35.92% HHLAEI R T 3.41% . S
A FIE Tk 5 K T) Bl B2 (ELAH G L U RERRAR T 8.91 %, 0
R FERH AR KT 33.33% . ML 50, X e K
Ivi) b 35 {0 K LE B T 2 2 B AR A AR AR AE 72 R R =2
b, 2538 5 — B bR B G R R T SR A
Pl . P A SCLE A R R N 5 K [ i
PIAS BAR, B LE A Ak AR AR SR T2

o 1287 -



R EALAE TR 45 36 & %5 6 ) 2025 4E 6 A

SR G DAE W6 2 ot il L 4 10 n T 1) il B 1
AP SR TR T R AT AR I T RE K.

AN, N B IE BT 4R 1 EOBL-MODA 5 % /Y
Pt ff H 5 2 B ARk #F 5 1% (multi objec-
tive particle swarm optimization, MOPSO) , A\,
AF 57 B HE 7 15t 15 55 5 (non-dominated swarm ge-
netic algorithms- Il , NSGA- 1) Ll X £ B 5 15 I
B3E (MODA) #EAT X .4 ALY Pareto i 56
wmE 1 ok, HmE 11 Al A, MODA |1 Pareto
i B2 43 AT PR AR T IR AT (H B AR, ol S 4R
2% Ho & NSGA- 1 Fl MOPSO, i ¥ il 22 i &
1) Pareto fift 8 4 b 8 48 if EOBL-MODA,
BN I AR 8 5 B 4 9 EOBL-MODA 5 3
b = Fh 5 A L A5 B Pareto fif 4 e il .

AN BT AR FR Chyper volume, HV) 1
J AL HE S (inverted generational distance, IGD)
FERVEMFE A7, 2 HV B8 HL IGD 8RR, 136 B
VL MW SOV R 2 REPE B GT X e as SR A&l 12 i
NN HV, 4N IGD), B 12 7 %1,
EOBL-MODA 5 A o HoAth JL A 87 L i S
JEEH HV il IGD M {5 ¥ 4, ¥t ] EOBL-
MODA 5 3 75 W S Fn 22 08 vk 7 il B — 2 1Y
eF, g, BT A9 EOBL-MODA 5 3 7 5k
il AR SCYR G & S AIL i b L i 1) ) el 5 0 e 25 )
(/L O i = = 7

0.85¢., 2.5
0.80 b HV -

, 0.75 — - EOBL-MODA ™7

s 0.70 —_— NSGA-II 1.5 S

= I ——--- MOPSO o

>~ 0.65 ——--- MODA Lo AR

T 060l S ] IGD | =
0.55| 1%°
0. 50 S terrissstesiiressiioaiiiiis

BARWHL £
B 12 HV # IGD iR EE R
Fig.12 The results of HV and IGD metric
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Tab.8 Comparison of optimization and experimental

5 R [R) il A Lt fig

> R TIA a o
Ui s | % - i 5 s i
RO\ GR | R/ o R/ L/ .
/% 3 NEX)

mm mm (Jemm *)[(Jemm ?)

1 [0.0132/0.0139 5.3 146.3 150.5 2.82
2 10.0206|0.0218 | 5.82 141.5 147.9 4.52
3 10.0099|0.0107 | 8.08 160.7 166.4 3.55
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