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Abstract

The problem of global warming is becoming increasingly serious, and countries around the world
are paying more attention to the greenhouse effect issue. It is urgent to develop a low-carbon con-
cept. The rapid development of China’s manufacturing industry has had a significant impact on the
environment, with a significant increase in carbon emissions. Therefore, the manufacturing in-
dustry should actively respond to the national dual carbon policy and reduce its carbon emissions.
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This article starts from the factors that affect carbon emissions and processing costs in grinding,
and combines constraints to establish an optimization model for shaft parts grinding with the goal
of low-carbon and low-cost. On this basis, an improved particle swarm optimization algorithm is
selected as the optimization algorithm to solve the optimal process parameters for the mul-
ti-objective optimization model of precision grinding of shaft parts. The results showed that the
carbon emissions of the experimental processing technology were reduced by 17.3%, and the
processing cost was reduced by 30.7%. The model and process parameter optimization method
established in this article can provide a feasible solution for low-carbon and low-cost manufac-
turing in enterprises.

Keywords

Low Carbon, Grinding, Shaft Parts, Improved Particle Swarm Optimization, Parameter Optimization

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

TAv Ay AN REAR R R RN, KEHFAER, Alsseoaiiel, 48 7 RE A, #
Bi. RESFREE, AR EMN Ha ™ E, FPRReIRIUASEH,  HlEk i HR Qb 2R K
LG 300 0L 1[1]. FREZHIERE, H vkl f A sk ge , HHE R, Rl = AU
FEECR[2]. B, Oy 7 SEHURBR I, dn iR i A S REHECIR DL, I3 i it e R R AR
PARBBIR Sy A B i R A A, 2 AT V) E AR R — 3]

BERMR AR ) 3 L R R BRHE O 7T, Narita S8 [4]145 & A a8 B 18 20 B LI T R PR 52 52 M 70l &
gt, A THEOIEI T RRZS . A AR DU R U8 RS N A B AL T R v B B RE T AR
SRR TCH S A BE KIS0 15 00 - Branker S [S]OM AL REVRAN A5 AN T T Z 203k [F 5 H hn T 72 A Aol
LoUTRY, JRAE BEFEA b 45 o 2 i PP A VA P St i A R R B HETSOM A ) A T TR AN AR T
RSB SE 6] AT A UTHI A Se S IXT R, BR TR HETBCRS P 76 I Al Ay 3 oA 0 on A% S A R A B ik
HECE .

FEARBR N T2 AR T3 1T, Bhushan <5 [7]3# 5 AE R HLAR b 1 SERG IR 7T LURR IR BEFE AN ) H B K i
NARAL HBRE)ZE T45 6 <6 SIC BRI SRR I i R . Yi S5 (8] LABRHEBONUIN LI o) v e H B, $R
HLES N 3 2 rh U 2 K DL KR LRl D R TR 7 o 2R M S O N Sk RS N TARBR AL, S AL
B2 HAREARR, IR BIEAl E A M B & ROEXS SR8, fJm it B AR SEIE R 0 M. X345 [10]
f Y BLSE T ) fpe b« R L R R e st H B, ST AL IR, A NSGA-II R .
PAEBEFERZ R UIE, SEHIN TR S8k,  H ATEr o m B Bl hn 07 AT i . fEshseE
PRI T T ZRART, BEEIN TR IR B — 3, ik BRI RS B 0K, AR A F At
AT REL P AR B I T, T R X i R 2 AR B 1 5 i I A A R

BEXS IR, AL FHBER. BRMERELIR, AL 7RSSR B M T AR b DUIRER . IRk
AR AR T ES B, 5 i otk 7 #5272 (Bird Swarm Algorithm, BSA) T R 3247 5k
fift, JREEE S E AT R A R
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2. MAFHEHMTTEZSHMUEREST
21 RHZEEHE

FEBEHIIN Tk A v, SEmamk HE ORI TR ) FE T ZSHON TAE Gl v, , LA n, F1EE
HIRZ & o UL, ASCEFELL L 3 Al TS HE iR

2.2. ik BArE#

I bm R B AE AL A B AR R RIS S 25 A S5 i WL il RN T 32 » £ [ 50K AT 3060 XUB%K H AR 52 F
P 0 T R (B ORI A 7 A AR AT W Ry A B 5 T o PRI, AR S U A AN T A
(R EASEIE @

2.2.1. BEHIM IS ERHE &%

R P00 T3 P B TR 55 S PRI AR RE BRI, bR 4 BT, P S [ WAL AR B
D B B TS L B P YRR BT PR VR A BB Ao Eh1 T BB R AT R AR 5 B SR A R SRR AT R
SR BESHOFEEEIR AR, DN B BRI FEAN I [l A 2 7 A2 B BRSO AN B 5 B P B
AR R A AR, WCCE Bl S I N T RscHE o B AN PRI IR RHEFE A R o BT LA B by, ik
TR TR AR A B8 1) BEIRAERE. 2) WHCERIN 3) BEHIBIHFE= .

1) BEPRBEFERRFEL

ST P TR AR AL SR B 2 S LN TS R v B R DR R (R R A O BRI, AT A
A4k

CEeiec = CEF e EC achine 1

N CEoe MRS B DN s A5 % PR DR HL BE R A A BRI, CEF,,, A HLBEBRHRI AR EC gine
SR T A B I I R B R L e A

P PRAEIZAT N A I AN 3P AR, R AL T 2 8 AR B D & I R T 7 8URES R
B T A DI DR LA, I 2 AR BN SR AR DD, AL P PR S S A DR th B IR DI DR UL
BREIR 8T B Th R AL PR [11] o A8 B8 S AU AR — R RO A% PRI A8AT 348 5 3 Bl — N 2Rk 10
FoR R, Bk T pos:

P, =P, +An+An’ )
Retr, P OAERIIE, noEE, ARIA AL
P,=b,P, ®

X, POAMMEGTFEDIZ, b, NS IFERE, BUEIEEDY 0.15~0.25 HHH, SLhnp A
ZUIUE, ASCHUE 0.2,
DIEI 2 5 A S an F fros:
R =Ry, 4)
[, PRI,
BT BRI E . AR DAL — L5 R, BIRIEEENEN, HE7ERFEER, HARE
PIHE ORI, RS THURIIR P 2 AT -
R(t)=R (t)+R.(t)+P.(t) (5)
KA, PONNURERIADIZR, BEIRaHAI)ZR P, F2 8 Th3 Pl mlf AL,
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HTREERIE AR A . IRFE. A E, BT sFuEEE, X REL2MRENUR T ET
#AESH T HERIELSFE AR, AW
EC =P, x(tige +1t, )+ P, xt, + P, xt, =Pty + Pt, (6)

machine

T, g, SET ], t, 9B I A TE] .
RIEA (O AZ(6), P AF B H) hn Tk 72 b AR HEBUZ SRR v LR IR N
CEqee = CEF, (Pt + Pt,) @

elec elec

2) R AR AR
S 2R S B o0 TR R A P R AR RR HE TSR AR DR R R SRR T ™ A (B HE . B SRR U T
I FERDHE P B FERR SO S A A0

CE, =CEF, x M, 8)
A, CE, NANR TR I Lo e b ib A8 BE BRI, CER ARMAE AP RHIRHEIAE T, M D HE B 45

Jii
Hr, BRI NEAIRE, WEENESET %, BRRERRASMEN, Bragis], &
H L 4R A 22 B B R R SRV A R AR 2 b, BT A — N R R R B I L R e 5
R ESE, HitE AT
V,

G :V_W )

S

A, GAEHILL, L —NEE, V, ATABERER, v, RS .
VB ) L S LRI T AN AR A ¢, B s 31 [ B AN A1 B 0TI 55, P R I LR AN T
(9, A1 P A 2 I b T S A S R

Iw(dmzzl_d\f/z)
G=—— 10
bs(dszl_dszz) 0
Ref, | TN, d, NERE TR R, d, WEE TSR R, b MR, d, N
s EAR, d, NEADRINA EHAZ .
DRI, R 1[50 P ) B B 28 ST A5 e B i B T B s F

V
M :V—:mk 11)
Kb, m o NWRT R, V, AR A AR
T 2 A P o Tk R v D B T R BT S 2 (8) I HLAE B b RS B AR T S A 5 (1) FT
75 b 2 T B ) o S e b BB T RE B TR ALy -
V
CE, ~CEF, x{m, (12)
3) B RO FERRHE
A% S5 I W 0TS R 3 3 2 2 B R 1038 ) 5 LA [ A Ak LT i R B 9= AR PO B TS S AR
SEH I, T B N R SR BN RIS i [12] DA 28 T B o L B R R B
AU SRR -
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T (CEF, xL, +CEF,  +L,) (13)

coolant —
Tcoolam

CE

R, T, SEHRE SN, CEF, Jole B B MM IR T, CEF,, MEMULEBHMET, LA
FEER P SRS M PR L, o e S BB P

HRA L3R 22 S 0 T RS RE AL RE M7, B BB M T B C,,,, L35 B PRI HE
BHERG, TR B RHE L B I RE B T, TR T B 0 e SR

T

Ci =CEF,

elec

x(CEF,, x L, +CEF, +L,) (14)

total

(Pte + Pt, )+ CEF, xx—smk +
u coolant

2.2.2. EHIM I IR A HEH

KR 1B REARER R 2R DAL, 0 T aAs DR 3Rt 2 i ST AL A AR Y Hh (.45 2% RS AR J 80 2, BB Rl
By NN Lok AR AR 2 AN 7 T [14] o BE PR ID CAR R BeHFE 32 2 h & AN FERET AR I Be SRV FR AL, 2%
NN EH A A 2, o T2k F 32 LR th BB IR RS F I FER BRI A, T FE o A S
FRAFE A MR AE, DR 2R A AR B B 0 B BOn T CA AR A 3 25 BE RIS S AR RE . b Re T AR AN
BEHIRTE FERA YL . BER IS FERE AN :
M,, =E

ma total

xP, (15)

K, M, R SMARG B IN TS R L RETH FERUA, B, NHIZRFAEREEE I TS B IR RGtiE
HAFEHE, P,ONYHTHLIX FREEAY .
WS B HARFE AN
V.
M5=V—smkFi (16)

u

X, M BRI ERE B I b AC B4 A, B ONIDEE R A

P& EBTHE FE AN

tm
Mc _chPc (17)

A, M RS Z A A1 EDRS S n T [ 5 MO FE AT, t, S TR A S B n R IS R], T, A
HIRAEFAME R, L ONEEEIREEAE R, P OABEHIR A .

CRE G RN LRERE A . WO B 407 BSCAS R B MO RE RO R 3%, Bl 2R R A A BKS JS n LB B
AR

V.
M =M + M +M_ =E ., P. +V—'°'mkl3t+f|_ﬂLcPc (18)

total el
u c

2.3. AREH

JEHIIN T TS BAEH AU & HUBON TR G5 F R 2 RGP TR 0L, L3083
RIMMRERE LR BERIRAR, KRR ERRAR,. THEGHARERELR.

1) R RERE 2 LR

ST AR R T RS LA B IR, DRAIE R T B B A% S I R HE TR T B8, i R SR T R
FEMERAIRE, TR« P IR S DA R B IR A [1] o 0 T3 RS 2 18035 A2 -
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GV PR KK

Ra‘w 'r 'a

vdb]
X, Ra ARMMKEE, Cg, &S5 BRI AR S R AL, v BT E, K 2 S5RbER EEAH
KRAK, K, RELKEEHIRBAI R ZE, K, 25 BH0HE R

2) BEIRINZLR

F 1 S 25 R B i T B HR FBOR B0 5 R o W S [) 90 A £ 3 o ol 5 R AP [ ) o T 4 5 B e
R, Hd ) B E) 50 0 E A ST Yl B BN S BEEIR . TR R . TAE
AR ES T ZSHARE, W TAE G k4 B A A Bl B 22 S SO U)W B H i3, G %Al
Thae ot m, (H 205 B ) D) 28 I BE PRATE T3, X BE RIS B, TR 7 B o R A HE T8 4 [
I 5 B R R PR DR R Ko U100 B8 ) 7%= A I U 1 Th 2 S5 /2% T B PR S R i 451, B

Q:S&sm% (20)

X, P REBIRFHENBEIZR, n, RERENEE.

3) KA F LR

PR R S 2 il e TR AR I R TU FR, DATR 5 0h ML432A BE R A, 1285 PR Sk 4 3 filt i UG L B
PLIRZY, il AR 1 2T 3 0 VOB R AR 15], BT AR AT 3RAS 6 i . iR mm(RLE S %
M1432A BEPRSLHE F AR 1, (R M1432A Sk 48 =5 il i S v 3 A2 -

Nyin SN<N

Ra 3 <Ra,, (19)

(21)

X, n OSBRI, n Sk RS N R /MEL N SRR R R Y A

Table 1. M1432A basic technical parameter data of grinding machine
= 1. M1432A BREAREARSHE IR

BEIRZH ol
AME B EAR 8~320 mm
R R BB HIA 1000, 1500. 2000 mm
A1 B D 56 2 1670 r/min
TAE G YTk ah il 0.05~4 m/min
RAIEAWRRTER x BE x fL47) 400 * 50 * 203 mm
RMMARRSHER x BE x fL47) 400 * 32 * 203 mm
SMERSF (K x B x =) 4200 * 1800 * 1420 mm
HBIHLET) 6.77 Kw
&S 70%
RATET/ER 150 Kg

4) TAEGA RS EL R

H A S 1 AR I N sk HE TSR 5545 SR AT RRAN 7] AR 15 2 4 P2 1 e i 1L 7 AR O B HE TSR
Rtz Ah, TAR Gt St BRI B NI RCR MR M . IR R B, HEHIRCRER, &
PRI 25 8 FE I ) B T Ao 3R T S B RO, DRI B0 S B il 28 2 AR i AR PR A e A5 2 4
AN EIE N FAhE A ERa &, BEA R 2

DOI: 10.12677/m0s.2023.126463 5095 e RSE TR


https://doi.org/10.12677/mos.2023.126463

FRPHFH, Z2{—HE

fo<f<f (22)

R, FATAEGAMBELR, | NENEAR, | ABAHAE.
3. BUHRIFEEE
3.1 RFEEZ

B 5% (Particle Swarm Optimization, PSO)J2 Hi J. Kennedy 1 R. C. Eberhart 25T 1995 4F# 1),
ZHREYIRZE T SER BT NNER, R T — R T R A R R e L . PSO BE
RGN WA — R T, s A WA R R, 2R AT

Vi?l =0)Viﬁ +C1r1(pil§1 _Xil;)"'czrz(g; _Xiz) (23)

Xilffl = XiI::I + Vikd (24)

A, =123, d=12,D, kFRRTYHNIEAMREL v FRAEEE k TGRS 1 AR
5 d AR pl RARTES K PGB B | SRR d 4R AMEBRAE AR KR i RORFESE k UGEAQ
IS5 | AN RLTIIEE d ERLE S i gf RORTE K UOE A KL T (1 B 0 A 1) b (38 d R4 s o0 ORI
Eﬁg‘lﬁﬁﬂé, Cys Cz%ﬂ?%ﬂ‘?; Il rzy‘j(O, 1)2@5@*)15’]%%% *E%ﬁﬁ/ffEﬁﬁ\ l"’ﬁf@\
REEED, (H RIS AT KR P AR 7 ) 2 RV E UL LLR ™ E, A B BN R i i A, 7 2E
B2

3.2. BN TFREE

3.1 5 IR, T PSO BLEAR 5 AR R IR, EATHEA LRI AT RO A2 3 MR AL
NT BRI G A, X AR T SR TR R B AR B R (A8 ORI R A BN BIAE Gk
TREE T, I SR 2 B SRR R T B R R R I R AR, IF B R R R R 1
CEVAR

38 SUERAE BRI FAN SR I3 43 F 2 2E R0 5 460 1) 7 AL BT (0 AR o BB 365 K ARPASMA x,
x) (i )T, G H K+ 1AL BN :

Xen = X! +(1-a)x, (25)

Xl = aX +(1-a)x (26)

Horb, o g AMNBERT LR BRI DU RS E: Yo NERN, NS EER Y Y a JER
M, B R A R X

A AT A SO X AR x,, o A6 P S AR AN XL PO p, o B S SRR B ) AR g, , A
X IR A AREVES, S X hst(27)k i

AXrinax,k = AX:nax,k—l + (Axrinax,k - AXrinax,k—l )/k (27)

¥ BB AT ANK(23) A1 (24), 15 2 SodbkL-1 5005 10 18 B AL B R S A K
AXrinax,kﬂ = Axlinax,k + Clrl(xrinax - Xli< ) + Gl (XrLax,k - Xli< ) (28)
Xli<+1 = Xli< + AX:nax,k+1 (29)

ARG LA_E XL R RS A S BSOS A ek Ja RORL T RE R4 12 2B Y), R 7R RE
R RN 4 SR 2R e
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U A SRR R e ) R ) B AR R I

1) JEE— BRI E IR R TR

2) A FHIE B R BT RAS R 1 3 S B AE

3) KD UR 2) 2k B rbid N B S KRR 10 8 4 Ry R L i

4) AWHEZ PR IF TR RGN A, 45 R TP 9 3)rhidi B LA S KR, B A X AR T4
0T 2 e e A

5) XRLF AT A XEREFNAL A, Rl SRR S R I 2 = S A A s

6) Fifaai RS2 bR b, AL, WZIEAA, FbRIUg, S5d0HE, AL, REPIR
MMBHE, HIEREIN 1, BRI, s, SRR

WAREWE 1R,

AR 1
Initialize particles

TR E N (A

Calculate particle fitness values

v

ESCINAE S ONUY VARSI SN,
Mark the particle with the highest fi
tness as the optimal solution

r

TZFRLT, AR R AR
Search for new particles to generate n
ew optimal solutions

|

X AN, AR N
Crossing and mutation, recording the
optimal solution

v

e 2 S Yo
Whether the termination conditions are
met

LR diw
Output optimal
solution

Figure 1. Improved particle swarm optimization algorithm flowchart
B 1. U FREERIEE

4. KBS

41. FEESHOE

ASCETF WA T 200, @A TESHOVBIEAT 07 5Lk, MR 2 fs. &
PREL S PE M1432A BEIR, HIEABCRSHAR WAL 1, WALy WABOKVA00 x 40 x 203 F ik
& 20~5%01- 1 168 FL A EE I -
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HAER 39.582
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T2 [ LRI

Figure 2. Shaft part drawing
2. HEHE

4.1.1. THEREZEE
A7 A PR IS T Ak P 226 B A B 0 R AR RN AR O, BARME B 2
Table 2. Table for selecting the speed of cylindrical precision grinding workpieces

=2 SNEBEIHRERER
T KR T 5k O T A58 (m/miin)

AR KN I B A L) A 38 2 (m/miin)

A B 2 T A% (mm)
50 20~40 25~40
80 25~50 30~50
30~60 35~60

120
SEBRAEFE R, AR ARSIk e A, PR AR, DAL R LR . Bl T AR N 45 4R,
IR R 45 mm, F5ELEE KA, J&F AN, A8 BUE 6 Bl 20 25~40 m/min. i
WP ET 2S5, B TA-EREE 5y 25 m/min F1 30 m/min. T4 5 B EETFE AR T

I1D,n,,
=000 (0
K, n, WA,
BRI AT 20 AR B T B A O
5098 A5 7 3
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318y,
n, =
DW
JE 3R T AR B I S ) 3 T B AR DA SR B A B, W] DA BIAH N ARG, & 45 5 M1432A
BERI SR R 2340, W72 30 24 TAREEE A 25 m/min B, TAEFEE5E K 176.6 rimin, 4 T4 N 30
m/min &, TAFFREEGE RN 212 rimine — BT R N— G, DRI TAFEE A 25 m/min |, &85
SR = il R 140 rimin, 24 T R8RS 30 mimin B, 6L 40 32 Al %A 200 r/min.

(31)

Table 3. Parameter table for the headrest spindle of M1432A grinder
3 3. M1432A BBIRHOSK R E S HR

HLZN LA A (Hz) e 2R e 3 (r/miin)
50 28, 56, 100, 140, 200, 280

4.12. TeE SRR
—IME, HrEdtss R
AL T I A RIESE:

ZRRE TR RO IR I, RIS AL T 0.2 um A1 0.4 pm 2 [A]RS, PR mIEZS

f,=(0.2~04)B (32)

Xf, B AW, f oNT/EGHRHEAE.
B TP 58 B0 40 mm, DAL HRZ ) 3 45 2 P EDUAELYE BB 8~16 mm/r 22 J), >4 T AFI3 AE 2 25 m/min i),
PR EE AL 12 mm/r, 2 TAFEE Y 30 mimin B, SRS EHL 14 mm/r.
TAE G 2 X
Vi, =N, f (33)

a w a

G 2 B E ) T A ol 2 5 24 T AR 3 140 r/min I8, TAE G343 E N 1.7 m/min, 4T
46334 200 rimin B, TAEG#4AEE RN 2.8 m/min.

4.1.3. BHIRE

A IR A CO R kB . RO 0 AR A AR G akeh &, G5B MUD) A TR B i F
R HIZH, e 20 € BEHIAR Y 0.005 mm.

gE TR, @ AR BEEISE RIS BRIN T AR S %, B & e A S LA RS BE i Tl AR
MEEHIH &S5 4.

Table 4. Grinding parameters for precision grinding of outer circles of shaft parts

# 4 HATHINEBENLIREENRESH

ML T2ZH%E TAF & 3E 4538 B (m/min) Sk 2 Bl 458 (r/min) JE5 IR (mm)
Vi 1.7 140 0.005
TR 2.8 200 0.005

4.2. IRHEBZESER O

MRIEEE 2 524 [ 5 1 P 2 0N SR A A1 RS B R R iR 0 2RI, S B B it A
S EEA AR I A B 2 MO B2 AR A1 P N T R s el L 2% 5.
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Table 5. Total carbon emissions during precision grinding of shaft outer circle under different grinding parameters
5. TEIBH RES K THINEREE N L 122 Mg

EHRESE mgeman AORBEHER O RERRHEN BB BHRGRHER A BEER

(Var Ny @) (9-COy) (9-COy) (9-COy) (9-COy) (9-COy) (9-COy)
(1.7, 140, 0.005) 564.58 102.39 11.36 48.70 65.38 792.41
(2.8, 200, 0.005) 476.19 102.39 11.36 35.83 48.5 715.58

ARG AN R B 11 B S0 B 2R A MBS BB I L AR S b icas 5 Wl AR H 2580 N
I MR HE TSN IR I Y FERR FHETSE [ E AL, X EZR B T RIS HAHE, KERMEHI AR —E,
FEOS IS (IR A AR AT R I8 AL BB HE SO A 52 BE I FH S 2 B, AR BRI AR AR I A B A e
RN, AR5 5RO R B OL N, R B R R AR IR HE 1A 3 B

mOEAETRHE W AR IR BEH R

~ 600 564.58

% 500 476.19

400

300

200

79.42

£Q 7
100 297 3583 485
o ] —

Figure 3. Carbon emission composition diagram of shaft outer circle precision grinding

3. BSNEIRE EE R HER AR E

HIP 3 WP, AREHERCE S B L, TAR GBS H SR & S BUN TR R, P
U3 S T RERRHEIS O S M EE D . AL 3 BRI AT, T S I BRHEICR W R AR T U % i RRHE
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Figure 4. Particle swarm optimization process diagram
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