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Abstract: The whole country is working hard to achieve the goal of carbon peak and carbon neutrality, and carry out
energy-saving and emission-reduction measures. In order to realize the low-carbon manufacturing of machine tools, the carbon
emissions in the processing process of the machining center are analyzed, the carbon emission boundary and its composition
are determined, and the mathematical model of carbon emissions of the machining center is established. The VERICUT
software was used to simulate the machining center, and the carbon emission model was verified by orthogonal design by
simulating the machining process in the software. The results show that the carbon emission model of the processing center
established in this paper has high accuracy, and the error is within 4% compared with the actual processing carbon emission
value, indicating that the model can accurately reflect the size of the carbon emission and verify the effectiveness of the model.

Keywords: Low Carbon, Machining Centre, Modelling and Simulation

T KA 0 T DR R 507 &
Wi, WS

PR RHEOR AU TR 2R, P22,

5]
weij@xusteducn (BRUE) , 1259550015@qq.com (FRFEEE)

WE: EEHEEN 7 SLHOAE, B E RS, AT R . ySEIHURRRBRE, B0 TG
AN TR R R BRHEBGEAT 20 M s e BRHE IO 5 S A B, N Trpr OB A A . SR AT VERICUT S A XA
T AT O FUEAE, R AR AT DTN T, A ISR B BORE R AT I . SRR, AR SCEANT
N b B HEBOR R RS BE B, 53 Br i TR E A L, 1R ZAEA% I, B2 AR A BE A% vHE A A S Bkt Ao s
MRS, B8R T AR A R

REEW: (CH, L, ER50E

N Ryt Bl BoR, 20204F& E — AL UE 514102 .4
1. 58 0, 5ABRI3II% [1]. AEESLAEARRR I > 2%,

N P TS PR LR ST R SHOGEE ], BRI . SRR, %
5 QA T - 1% L AN ISR P 2], BESCHLAR
BRI EER TR, SRR FREEREN e 2 v 5 b BHE 2 IRV 23], B T



Science Discovery 2023; 11(3): 90-94 91

THO M E R A, MHXTEFER B2, e I
A BB HE R AR R . DN T RERSIA B SR, AR N
TIRCR, B 70 LA e SR B R B ST 5

TEAR A H1)3% 77 1f , Thomas S and Cheng K. [4]X} B 2 728
BT E S IS SE SRR P R E s Jeswiet J.
SE[S] b HAE L RE BHE IBCR BN MR AR 5 5
R LY N1 B S 7y [ O 5 B s B 4 A9
REER i S 3RmE . UL Lt TR K&
(A 2 4 B VR o BT AR % L (it AR 5 i . FHER T (7,
SR AP A 4538 U F AR AFAE, X ALEE IS ) iRt AT T
TR HEBCE B 7T, A5 7 — AN A AR () A R
BT IR, IR RS COSMRMRIPE. B
B EF M 2 RAEEAT T O A .

FERRHEBCE AR TT T, Mori [9]%RRHIUKBEFE K Z %
KEHT TS AT RN, Ak, Sl TR TR LERE
I 3= il R 4] B FEL VL Y BE #E - Mativenga [10]55 5 1 AT DAf#E
REFERRRH 7L, SRR &M T2 2807 UIH i T,
XA B I REFERL A2 B/ . Abele BEE[11]#5 8 H — N RE
FEATL TN &, R N LA B Bk 34T 1 SR
BRI 121 T HURSE S FE R HE R Y, 2R T
HER S BT o AT 13T ATE B 1 £f 52 H Bk
HEBUR T 5773, S 20 (R )3 ok R A R HE R 2, I
TR TR Li [14]%5 = EHEFE T HUIN T A [ e e
FE, DLHREIHFE AN E, OF T EMIKSI RS FARIKE) R
G WHNEN R UL R RS TAER =4 B L RE

ARSCLA2443 N T LN R, ST H BRSO, B
T VERICUTH A% I Trp Lo AT 0 AR A, J8 i S bR
T, B UE AR RS

2. HLARBRHEBEAR
2.1, AN H s AR B L B R

Jn LAy (Machining Center) BH TAE S HshEAL RS
571 Bshik ] &4, el |3 e son T2
TFp (. 8. B B ERIN TIE = HINLIR[15].
TEIN T A CTEREAFRIIN T, —MEVUKREEII RS PR
WAL RS BT KRGV MR B R EH il A
L2443 I TH AR R, SEERHUR W B, F2
SHUNRIFTR, LA R RGN ERFTR.

E1 24430 T O

— F e Ra
- L 25t
e .
MT#% .
- LIIEY
- B R SG

B2 KR RS
F£1 T hOFESH.

SHER SHE

TEGRT 1250650 mm

TAIRE S 4 5x18x125 mm
XHATRE 1100mm (-550, +550)
YT 610 mm (-305, +305)
ZHATHE 635 mm (125, 760)
Tl O B ST A B 685 mm

TR E 8~800 rpm

X, Y, Zih gty 20/20/18 m/min
Ik 1~7600 mm/min
TENLKEFE +0.005 mm

HEEE +0.003 mm

ARGy 20488

JIFA BT40, CT40

EOR AR Y P40T-1

AT RER 100 mm

R A & far 1200kg

MUK S E 7500 kg

2.2, IR A L BRHEL R R A R

ARSI N RS, 9 0 T AR ) B DR R -
JRE =N E R B ez in Tl R b B HR TR S e, TS
BB . SNEOE RER . BRAEE. TIHIR LA T
AR ATYIE B BRIAE, e AT THR B A (%)
HBLERREE W, TAEH.

AT R BRI E R A T R ARHRTA
YORHBRHETBOM BB HETS o e v BEVE B HE IO FE LR 52 B
BN T A b B AR 0 FLRE SRS A B HEI . RHBRHE T
REARAEPDRIAE R T, B TR EARE VIR S0
WA R R P R OB ARG PO HEBCRAE N T i
JRFEWIAL B L BRI InVIE R PR TE HE
YSC 388 m IR UAC A8 o o T rh e BB HR TSR B AT 3 BT s

> R S e
Tt FATRL TIR DI
H > R L R B
i i

| o VU pe Pl

FABRHERL

B3 0 e A BRHE SO B o



92 A,

2.3. BEURBRHEK
WA LA ORIEEPIRE, K AR, )
LR I ONR T e ) R s N G Y 55 1)) E A
Cp =Cpy +Cyy +Cpy ©)
N7 BT #RES R IR, AU g A

A HAR.
LB

J
=Y L0 (6)8, (¢) @
r=l1

Rt (1) R B RGO
1
sAﬁ=%,1%%%%ﬁE,0%%%%%%;PQU%

?%M%%Mﬁmwsz)“Tﬁwz NN
B, AR I R 76 O T S MO 4] B,
M%Mﬁmw$%$%TA&E‘Tu%wiuMﬁﬁﬁ
th, FR e RGO 1] (min)
A

(kwn) ,

xz = fo APy +mn+myn? ), 3)

Refe Py, FRHUR B ARE Boh 3 (KW
FRE 7 BUR A FR 4 ] (min)
DIHTAE

)’ tli%z——\‘

Cc FszFa”Fdl anl YF K v,
Cox = £, M1 +k, ) B2 fem 4

60x1000 ‘

Ao d REEIIEAR (mm) ; Cr YIEIELL K D)
% M SRR G E MR K. oz BB J) R K
Xps Vislp,=qp, W P AACREBHIRE . SR, B
WIBERE . BRTIEAS BRI R K ABIE
FHL BRI T 1) (min) o, R0 R 15
AR, BUETEE N0.15~0.25,

2.4. YrEEHEK

FEHBRYIN T, TR SR MR, Ht
HARXN:

TW
Cdao = 7 I]Vt I;Vd (5)
t
C
L Ter ey ©6)
a, " i, El]f

Refe T, Fombn TR (min) ; 7, %R T B A b W,
FRTIRE (k) f, FmTIRIBASIA 7, 20k

BOMESE: TH BRI T b O HUAR B 547 5

Ja, MEHL fq =29.6kgCO, [ kg : Cr,w,x,y,q Fon5 T B¢
AR R EL

2.5. RRBRHEK

TR LR TARPRIIV)E SRR B AR, 15
A=W

qtex f w (7)

b MR I R ) R i )5 B
(kg): £, RVIEBHRE T

3. HEBEAMELERIE
3.1. fiEER R

FEFVERICUTF &, LA2443 40T b0 N seie 5t 4,
T HATE RS, R BRI T R, SE
PR AU E A MUK 1 31 5 G 1 28 ST AU R 1 1 B E A& 24
AT E PR LA B AR AN T T 25, DLk BmAE
B/, TR R ESEBR D A, se Bl alig . 2443
0 AR O 1 B 0 P4 TR

B4 24430 T o475 EAR Y

3.2, SERIOUE54Hr

0 T AR 3 B 0 T B HE OB B 4T 36 . i
HUR ST 9100mmx 100mm>50mm I E 4 bl T x5, F44:
MEHE R4S SN, KRG &28 ) 8 UIEI TR, TR
4, JJREAA12mm. R2MIEE KBRS RAIERL
RIGX B HE RO R AT Bt S R 3 AR

2 AR

A F HE
L BB HE R AN (kgCO, | kWh) 0.8078
LM ERHR L (keCO, | kg) 7.048
JI BB R (kgCO, | kg) 29.6
Wb V)R HE R (kgCOye 1 L) 2.85
VB WHE R B (kgCO, | kg) 10.2
SRR R HL (kgCOye / L) 02




Science Discovery 2023; 11(3): 90-94 93

B3 IERZIABT FE MR IEAS KT LI, WL FAH P LI Hd . R
MIS% P35 e B R HE R E RIS R AT L, IR TS
AFE o eimin)  fmmiz) | amm)  a(mm) SRURNBHERL, T3 Bl i TR, 5
1 4500 0.05 05 2 SERWMEATR.
5500 0.10 1 3
3 6500 0.15 1.5 4
F4 EX AL R,
SRR Etit=37 FUHeE VIBIREE VIH) [ 35 S BHE R A
KRS n(r/min) f.(mm1z) a,(mm) a,(mm) kgCO, kgCo,
1 4500 0.05 05 2 1004.605 1012201
2 4500 0.1 1 3 967.201 983.8
3 4500 0.15 15 4 912367 923.102
4 5500 0.05 1 4 985.413 987.924
5 5500 0.1 15 2 971.682 979.301
6 5500 0.15 0.5 3 932.769 941.605
7 6500 0.05 15 3 971.382 973.302
8 6500 0.1 0.5 4 867.941 875.531
9 6500 0.15 1 2 906.843 912.23

TSR EIR, 2443 0T b LB HEBUR S8 P B 5 TRINME 1R 22 #8AE4% 2 8] o 2R B BHE RO 1 SN 5 B Al T 2
Al AT AR A A SRR, AERA 1A SCrR TR e R B I B A R LA B A

—=— SRR
1020 —o— FM{E

1000 —

980

960 -

940

920

TR RE (kgeo2)

900

880

860

S50 AL
ElS B b E S e X H

26, A SRS L rR LER R A Ber HRS
4. i B, N T EBERMAR T A

AL LL2443 0 LA O R 5, S RO A
FIAVERICUT A, X2443n T L EHAFH R4, 3
SR B AR T RN, S s L . S SUIR
R ST AT T RAT A5, 8% 76 92 b T ik
H R IE 28 b B 77 SR TE FH R P A7 BT, 46
FH, 244300 T OB S bR 5 BUONME R 25 #7E4% (2] BB shIEiE2025 [7]. 2015-05-08.

[1] BP p.lc. BP statistical review of world energy [R]. 2021.



94

[7]

(8]

AR, BUMESE: IR RER A0 TR O BRI S 1

JEUZ, REBRE, PRI S b R sk DX SR R B 5
—EF 2 EHIESE ST (7] HEREFA, 2016, 35 (1):
82-94.

Tridech S, Cheng K. Low carbon manufacturing:
characterization, theoritical models and implementation [J].
International Journal of Manufacturing Research, 2011, 6 (2):
403-412.

Jeswiet J, Kara S. Carbon emissions and CESTM in
manufacturing [J]. CIRP Annals- Manufacturing Technology,
2017, 57 (1): 17-20.

MEEAR, SKmh, RERSEE. MUMLS W i A b 5 2 1
ST SR MG S B3k, 2012, 02: 75-78

FEGE, W ZutR S WREEA T RGN E
77 3 N A [T]. T SOML AR R i R g8, 2012, 05:
1071-1076

TGS, B, BPK. BT R B R R AL iE T

SRRHECRRE LN ). TRV G R S, 2014, 09:
2127-2133.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Mori M., Fujishima M., Inamasu Y., Oda Y. A study on
energy efficiency improvement for machine tools [J]. CIRP
Annals-Manufacturing Technology, 2011, 60 (1): 145-148.

Mativenga P. T., Rajemi M. F. Calculation of optimum cutting
parameters based on minimum energy footprint [J]. CIRP
Annals-Manufacturing Technology, 2011, 60 (1): 149-152.

Abele E, Braunb S, Schraml P. Holistic Simulation
Environment for Energy Consumption Prediction of Machine
Tools [J]. Procedia Cirp, 2015, 29: 251-256.

RS 2SR 0 K S, T Petri PR Fid i AR R FE
BUEME S BT (1] THEVLE RS R4, 2012, 18
(12): 27232735

BEAEMR, B, BERE BT IS 0 R i A R
HEEF S5 [J]. WL TR, 2011, 28 (06): 639-644.

Li W, Zein A, Kara S, et al. An investigation into fixed energy
consumption of machine tools [M] //Glocalized Solutions for
Sustainability in Manufacturing. Springer Berlin Heidelberg,
2011: 268-273.

FAZK. T A0 o B AL L2 AR T RE AR AL I VT
A [D]. BWBEHE K2, 2016.



