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ABSTRACT: In the production of manufacturing industry, the manufacturing process of workpiece produces a large amount of
energy consumption and material consumption, which has a serious impact on the environment. With continuous emphasis of
the government on energy conservation and emission reduction, enterprises have increasingly attached importance to the green
optimization of product processing. Hard turning is a widely used processing technology in the bearing processing process at
present. How to optimize the cutting parameters to improve product quality and control carbon emissions is a hot issue to be

solved in the manufacturing industry.
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In order to study the collaborative optimization of hard turning green manufacturing and process performance, a
multi-objective optimization model considering both carbon emissions and surface roughness is proposed in this paper. This
model can provide an effective solution for improving product surface quality and controlling carbon emission.

Firstly, the carbon emission target function was established by analyzing the influence of cutting parameters, workpiece
materials, tool materials and other factors on the cutting power during hard turning. In view of the fact that the surface roughness
of the workpiece was affected by many factors such as cutting conditions, workpiece materials, tool materials, etc., the objective
function of bearing hard turning surface roughness was established by using orthogonal experiments and generalized regression
neural network. The model could well deal with the nonlinear relationship between cutting parameters and surface roughness.
The genetic algorithm was used to optimize the structural parameters of the generalized regression neural network surface
roughness prediction model. The accuracy of the prediction model was improved. Then, considering the constraint conditions
such as the characteristics of the machine tool and the actual working conditions of the hard turning during the machining
process, a multi-objective optimization model with cutting parameters as the optimization variables and carbon emissions and
surface roughness as the optimization objectives was established. The weight coefficient was introduced to convert it into a
single-objective optimization model. Finally, the genetic algorithm was used to optimize the optimization model, and the
influence of cutting parameters on the optimization objectives was analyzed in depth.

The effectiveness of the optimization model was verified in the hard turning test of the actual bearing products in the
factory. The results showed that when the cutting speed was 225 m/min, the feed rate was 0.08 mm/r, and the cutting depth was
0.10 mm, the comprehensive optimization index of carbon emissions and surface roughness was the lowest. Compared with the
previous optimization, although the carbon emission was increased by 13.05%, the surface quality was improved by 34.44%.
The bearing surface quality was improved and the increase of carbon emission during processing was controlled. Through the
single factor influence analysis method, it was found that the impact of each cutting parameter on the comprehensive
optimization index was from highness to lowness: feed rate, cutting speed, cutting depth.

The conclusion of this paper is that the research results are of great significance for improving the surface quality of hard
turning bearing and optimizing the process parameters of green manufacturing.
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Fig.1 Schematic diagram of formation of hard turning surface roughness: a) schematic diagram of bearing ring
inner circle hard turning; b) schematic diagram of hard turning; c) schematic diagram of formation of hard
turning surface roughness; d) micro morphology of hard turning surface
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Fig.4 Genetic algorithm flow chart
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Fig.5 Machine tools and workpieces used in experiment: a) workpieces

a WEHTH TLF

b HUREA

K5 ke i I BLAR AN T AF

used in experiment; b) machine tool spindle

x1

HENRAESHEMITENLMSH

Tab.1 CNC machine tool specifications and tool geometric parameters

Minimum spindle

Maximum spindle

Minimum feed

Maximum feed

Maximum cutting Maximum effective

speed/(r-min™") speed/(r'min™") rate/(mm-r ") rate/(mm-r ') force/N cutting power /kW
200 4500 0.1 3.5 9 000 15
Power efficiency Relief Secondary posterior  Cutting edge Land width of the Chamfer
factor angle/(°) angle/(°) inclination angle/(°) face/mm angle/(°)
0.8 5 5 -3 0.1 -15

x2 EXRBERKTE
Tab.2 Orthogonal test factor level

Factor level

Cutting speed/(m-min ')

Feed rate/(mm-r ')

Cutting depth/mm

Level 1 80 0.02 0.02

Level 2 120 0.05 0.05

Level 3 150 0.08 0.10

Level 4 200 0.10 0.15

Level 5 250 0.15 0.20

* 3 FEEREFEID RS E
Tab.3 Surface roughness and cutting power test data

Serial No  VJ/(m'min™")  fi(mm-") a,/mm PJ/W P, IW PJW Ra/pm
1 80 0.02 0.02 415.31 437.92 22.61 0.135
2 80 0.05 0.05 413.87 457.42 43.55 0.132
3 80 0.08 0.1 412.63 478.41 65.78 0.228
4 80 0.1 0.15 413.11 503.13 90.02 0.426
5 80 0.15 0.2 414.82 528.51 113.69 0.645
6 120 0.02 0.05 495.34 549.99 54.65 0.118
7 120 0.05 0.1 494.56 591.17 96.61 0.137
8 120 0.08 0.15 495.66 630.79 135.13 0.235
9 120 0.1 0.2 494.05 658.86 164.81 0.384
10 120 0.15 0.02 494.16 550.48 56.32 0.535
11 150 0.02 0.1 555.12 655.36 100.24 0.118
12 150 0.05 0.15 554.78 706.45 151.67 0.132
13 150 0.08 0.2 553.96 752.48 198.52 0.228
14 150 0.1 0.02 554.14 619.57 65.43 0.311
15 150 0.15 0.05 555.18 668.74 113.56 0.475
16 200 0.02 0.15 654.93 821.69 166.76 0.121
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Serial No  VJ/(m'min™")  fi(mm-") a,/mm PJW Pg,/W PJW Ra/pm
17 200 0.05 0.2 655.42 900.60 245.18 0.138
18 200 0.08 0.02 654.88 740.37 85.49 0.233
19 200 0.1 0.05 655.12 798.67 143.55 0.285
20 200 0.15 0.1 655.63 881.52 225.89 0.432
21 250 0.02 0.2 757.48 1 009.40 251.92 0.108
22 250 0.05 0.02 756.41 854.34 97.93 0.128
23 250 0.08 0.05 756.11 931.10 174.99 0.188
24 250 0.1 0.1 755.98 1019.41 263.43 0.215
25 250 0.15 0.15 756.26 1114.79 358.53 0.388

R RAENUR TR, IR NT 2w A9 i R 4R Rk
8RR, J] Labview %5 BiE RS, W iE R
FEA R B O 2 000 Hzo [FIRE, SABFFEHLRZS 2 )%
P, MEHIEE w R, Wil R ENLIR S B
FHAE, i MATLAB 4t kG . SLitfT 16
HIR L, R 500~2 000 r/min, KK 100, R
RN 4 R,

x4 ZHHRABEIE
Tab.4 No load power test data

serfal No. SPIETPNY powerW powert
1 500 49.6 403.9
2 600 49.1 417.5
3 700 50.1 650.3
4 800 50.0 630.7
5 900 49.5 675.6
6 1 000 49.8 744.7
7 1100 49.5 807.7
8 1200 49.6 859.1
9 1300 50.3 888.6
10 1 400 50.5 917.9
11 1500 49.6 956.9
12 1 600 50.4 1 006.1
13 1700 50.6 1044.2
14 1 800 49.9 1087.7
15 1900 50.2 1147.8
16 2 000 50.3 1199.4

5.2 BREERSHIETE
521 T1EE@. VHIRESH

JI T34 . UTH AR HE R R 7S HE R pR B 1T
BT KBS EOE R 2R i TR R
BRSO B, in TR TAHLRE B Ramay B sRANESHE L
0.5 um, JIEFHFmAESEan 5 gt MShn T4
FSr i ® AL I B, TA-pEES GCrls fliadd, H
I T4 G Zemt, VI R =R 5 ] ] HE

Taylor Z50/AXNSH Cr. x, y. z 5398 152.9, 0.52,
0.25. 0.03,

x5 JNEFGHEXSHREE
Tab.5 Tool liferelated parameter coefficient

Cr X y z
152.9 0.52 0.26 0.03

T A A 9 R X3 e ) 3 o 2 HE DR T 1S B AR
SCIR I T AR AR AR M X W i HE R T~ Fe S 0.792 1,
Rajemi 25257 B BT R H9SEH fidE 95 g,
107 [ ] Bl £ s R REFERT, JTELIEREREN 1.5
M, JF45 G RBEMRHEIN T P, THE 1 ] B
KT £,k 34.7 kg CO, / kg o HARRHER R EA S50
WEME 6 Fin, Hb b, . Teu Veo 0. my. NAR
W R SEpRn T T e s ek AT A R b,
RS2 SCkCE e s DINDRRARR N 7 Foe FIALEE
VI TR T Foe 833 2% 30RO 5 A
HRBEYE y+ 48132 % ok el

®6 WHHMEBEXSHR

Tab.6 Relevant parameters of carbon emission function

t,/min ¢,/min T, /month Vi/L 0 F,
0.5 0.5 6 550 0.05 0.7921
N m/g b, E./ F./ y+Aa4

(kg CO,-L") (kgCO, L
1 0.015 0.20 2.85 0.2 5.1
522 ZHRINERSH

2 R AR 2 A (10) H AR
2 BIE P PR R HAC R K, . K, . K6
i R A Y FEHh A 1 200~1 500 r/min B AL
RIRAES, RS ER T LIE R 788 K 350
Je BBRIE], MURDIRAE S EAFE I Wi 2, BiJS Sz
B ) SR, st Al o) R B R LR Y A% T B 2 2
Ui IR RE—BRTRE, 51k EfEEs, nTLUE
PR TR A5 5 2R b5 1) AR, s i Tl 5
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Fig.9 Influence of cutting parameters on carbon emission: a) influence of cutting speed and
feed rate on carbon emission; b) influence of cutting depth and cutting speed on carbon emission;
¢) influence of cutting depth and feed rate on carbon emission
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Fig.13 Genetic algorithm model optimization solution process and results: a) genetic algorithm
fitness curve; b) optimal combination of cutting parameters obtained through optimization

RT KBIMULER
Tab.7 Instance optimization results

S Cutting speed/ Feed rate/ Cutting depth/ Carbon Surface roughness
Optimization results it i) L.
(m'min ") (mm-r ) mm emissions/g Ra/pm
Parameters before optimization 185 0.10 0.15 201 0.302
Optimization for low carbon emission 121.84 0.15 0.02 158.03 0.535
Optimization for low roughness 250 0.02 0.08 542.11 0.104

Comprehensive index optimization 225.07 0.08 0.10 227.24 0.198
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Fig.14 Influence of feed rate on each objective function
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Fig.15 Influence of cutting speed on each objective function
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Fig.16 Influence of cutting depth on each objective function
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Tab.8 Standard deviation of influence of cutting
parameter s on each objective function

Standard deviation of objective function

Cutting

parameters Surface Carbon Comprehensive
roughness emissions optimization index
Feed rate 0.131 76.965 0.108
Cutting speed 0.062 6.162 0.078
Cutting depth 0.006 2.051 0.014
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