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Abstract

Under the impetus of green manufacturing concepts, mechanical structure design is evolving towards dual optimization in terms of
lightweighting and environmental performance. Lightweighting not only effectively reduces product weight and enhances energy
efficiency but also significantly decreases material consumption and environmental pollution. By optimizing structural forms,
selecting high-performance green materials, and implementing modular integrated design, resource utilization can be maximized
while minimizing pollution emissions. At the same time, improving environmental performance requires embedding an ecological
assessment system throughout the product’s entire lifecycle to achieve comprehensive green management from source control to end-
of-pipe treatment.

Keywords

green manufacturing; mechanical structure; lightweight design; environmental performance; ecological protection

FEHEESTHVMENEEXSIMRIEEAR
i FI5E 1REAR
B EMEE ARG AIRAE, RE - 1IL7R §5 266000

=

EHERER AN T, IMEMZT EGRZ TS FTBREERERILT LR, BEURAESAHZLEK R E,
RBIRAAKT, TRRBZRIMHBERLE R FTLE A, BEIHRAERBE, A SRAEZEMH R BT E KX
W, TEILFRAD R FZRAE F LB Z I, SIE R, ARG N R T B G AP HAE ST
WA, AT IMOR K4 5 KB e B AR ARG EE I,

ES 40
BEHE; MRS H; BRI, R, ASRY

1818

2 G B A A TR IRV DIRIRT SR s B
HEE, T M 5 B 5 A 5 e R R R Y T
%o VEXHIFEIR AP IR, ARSI CTHRE
B TR S A A PO OFRTT . (R0 T
ESF, HURSSHIRRACRIUATL T HHEAT2 SRENERTHY
RS, FERY IR IR R A .
i, BRIt R OURIR T HERsh], i Al 4
He i A AR 2 T, AR SO T B O FR A SE R,
TN KR R R OB S TR IR, R
NGRS RGP S TR R B AR O ME

[1EEEN] 3 (1995-) , 8, DEIFEREA, K
B, T2h, MBREEEAHR,

40

2 ZBHIEESINNESEEZE

S FE IR TALATHSR BRI LTS, 72 5
AL T RS S PR 5 P A 25U R B
NS AT EIERRE T, BEPURS G BRI, HER
AR, ERPRIRT DR, TR R
T BRI AR, R ARk
%, BEPHRRER . BIETE . SR SIRE S 4
B, SIS E AR ORISR . S RN
St BRIRERER I STS R, BRIER T BT
ISR IR, AR BR ARSI T T2
B Bk, BEmRAR
3 M L5 BN KRR BB E SRR RS
3.1 B F A AT AR RIE R

AERLIREE Ao, PP RHE R VERIMHRE S PR B
FURDREREIFA. S B bR LR RS D
BRI T 23BN, HAR R AR, PRI



EEEHERE - $06% - $ 06 # - 2025 F 06 A

BEPEAL R EIE TR n ARV E . AP RE R . Ay ST
B FTIOI R EUE  R RE W S S S FE B (S
F B pE N AR B B BRI S D, R d=ay
JEREAN AR EE Ffa e N o
3.2 RENIZITHRMEARIMEL SIhEEER
FEAETHHOR S ISR S BRI OB R 2 —,
CEV M E A BB, BERS AR e D ERERTTR
WU RS, TEREIEE TR, W BEsd i
FNEfL, PTAEREFMEESIIUIIELS, FERE. NIES
MBS RIS EEEVE, ThREERSIT It — Rl 20L S
Al RUDEEREPRTIANRERE R A, SEENAE R LhRERI £2
TEE.
3.3 AT B A 5T RIENMEH PR ARER
G R RFER RREDK IR, nI B A S a] B
BHEVUSISE IR = BmE . RRFHEZ SR
EEER G S RS BRI E Bk EE . I TA]TT
S5AEKITFERS, BEBATIRGS IR B AR
. XEMEHESIT S TS B R ARG RN, AIAFRIIE
JIEEVERERECT S A S R AR A s . [FIRT,
A e e e, B B Tk b R A i
KRR, B ASENa TR, B AVHEFTERZSSTH
n s TR,

BErE

[RATFH TR YR

R LR BRIEEM

B 1 mEEREFHNEeHiETZRE

4 BEIZIT I IMR M BE BT R 18 28 30 M
41 WG EXT e IR E FE S HE R R HIE A
USSR E (E v T R B A BE R O T By, B
PN S S I BRI HAE AR @ (Lieshe
it eI, SCIERAI BT R R AR N
BLE, PIAREFIRIN TR RREIR Sk smie . ek,
R SETHTIT, SHRENEETERITREL, WD
AR R HRES B DSZH . HE E A SRS AR
REVRIVEETRIR, SMERGR. I TRERESEmkERES 2
BT 20520, SEAa0sEE nT MIFSK et o, 7EfliE S

Rz A A B AR T BRI P R RIE A .
4.2 SRR LEIBS F B ISR P RHEREE
e GRS RS, SRYHEHEIARMER T AmAHE,
RN S T 2R T )T, @i S s
OWPEHE B SN TR, RIEA AT REK . S
SRR AR, SRR . SRR
PAEHE . IR TSRS m T L 20EMe, R Eiam A
EYRAHER SHER. R, SashsE T2 5BE SR
fERE, AHEBUATRUt RS, BUEEREREN. W5
YRR S R HEOR N, SEBD 5 9 2 i
2950, MImRIEHE BB A= MR A A R AL o
4.3 MRRIME R £ £ o FH R B EHRE
SR ANMUDUE AU R, e
Ft e tEan R RIS A (R AR R . S5Misi w5
[P AT MO AL, A B TR (RIS By
RO SRES BB A FIXERE . 7 (i PR ARSI
W EFF MR, TR TIREAaS4eR AL, Wb
PR SREIRIVEE A Ay AT AT n R S5 AE %
Ty AR R R B PR S T AP, HE
BEREBAT MBI RS L, BRI N RIAER
1, SEBDAU ™ REMESTE R 2RI, W AT
il A RS SRR AR T

5 £RIMERIPMNA THREHETHER
S
5.1 BB R I B ) & 4N 15 4R
SIS RN RNUM™ S At N S i R — B AR
AR, WENRTEEAR . e BRI M LR ST
MRFR . AETIET AT R EFRIR A BIERHERCE . B3R
R AFWRHEEDKCE . Al B R SR XS 5
OEER, B EFRESLIDTST . flE S A TR
SRR RNRATE R Z AR A LRI SRR, RAR
PSR RS ARRTRAS, RIHEAR
B RV S A . 2R RARID IR E AU B 5280t
S ERMIBAES S, EABCRHE S E R R
RIE
52 &EF LCA ( £ FHTM ) WA BHRIESIINE
A APPSR A R Gt TR, e
SR MR TR . G sk, SRR
SR TIR AR . LCA T — M B REIRN
Koo HEBC RS R GRS B T A b, TERkiReER
RIS KRS, ISR R BRIV MRS TRENE . e
HIESTERIT LCA T e[RRI & U iaTy, ARt
B2, MIFEKIUERIT 5 T2, X—J5ER &4, =l
USRI LSS, AR HIEROR SRR THIERY,

41



EEEHERE - $06% - 506 # - 2025 F 06 A

RIERF RS EINES SRS EESE T A
5.3t it A SR MPBFHEES RIGHLH

Rl T A= A M O B A AR AR 2R ] SEERR AL %
TSGR SIETIN S RSt . (E B2 &
Pode 5 2R, R R A SE E I R
REJRYHEE . 1S AR S BIR 5 IS HRPRR fEM, $2T TR 5R
BRSSO EREE, RO A5 R S4TSR
RIS e 2 & i R e SN O AR A Z R N irss == SN )
AR e IS IR BRI, iRt ERAE
Z HVRAIAR N IVERE TUIERE T, AAS RS E AR IIL
W= P AR R
6 FEHIEXZE THEENEE A I FHLE
6.1 LR THE B RS G FTKE

HEARZY PR H 2 BN B A S R S S S IR s),
B RGO AZ RN (] E SR AT AR . 7R RIR
T, BRI SEhRE SR ATt
TN SRS PR IRPTIRR . £ T ZEH, Safhs
SRR IRARRE . 55, R AT T2ZEOR, HemiH)
EREESASYERE. ASERBESA PG, MR
REVESREHUE LA R, ST BRI
SIS EADGEIR T AR S, RIS RS &
AIEN ISR, eSS A R HBOREERF S,
&l 2 AE ISR RSO

FeflErREHTIENXR

geIr - - oo RBFE
BN, Bee > : AT
ST, AR BB, NEFFES
RSB, AR
BT ’\I f

seER /" - mesmE
RHREBAERNE BRI SHETER
BRSBTS, REARTH, MBS
BTRERKAT Zaires P EEWNESHME.

EHERHE

B 2 REfEERERIN

6.2 B TEREFHENT RS HFRANRF A
BRI S BRI i B ] Pt . m S
MeERTEE, SRR SR AR RV RTHESR

42

TESS SRR, B ARRAECANE bR O SR
BFestity, W IRE R RIF R, A, FEH
RS R R B R R B TR AT BN AR T
735, HRITAIHHIERCR . IR R RN S SR e
HERRED, Mo “HISE— A —ERET EMER, 1R
THATRTEPR AR SR . TEIZHER b, AR
BT, THHUREISS BRRRE AR T IS S,
6.3 EHRBEARELEESREMRAU LR

SR HIEROR RS R AR T RER B LRE D 5 A
BN PERVEIASIEES, AR AR e BOR PRk
AR . TERAEEAE, NG LS, B
(55 NS S K e S0 D2 S Thvai= e SO s N v a8 N
EEA S ARG AR AR, BIEBOR R Y RIS (it
ERRGRAEEgE, B Sa RS RIS . IR
CRESUARAEIL ™ SEREZR B IBTTHSREIEBCR S FBL, 12
THREFRE N R . BRI\ LRFR A 31, ifo
SIS AR RS, SRS SRR
bz
7 &5k

LR S B I A S AU S i E A S MR
AR THEUE T RS R AESNEIRT12) . REifb 553
EHIE RS, Bl 5SS ER AR b
[ RE. WML IR R S 2 ay R BRI HIL
Hil, SEEHEEARCGE TR TR AR Rk R, thA
HESINRERIEA T HEIE. A RN FFSBR AT 2R A
S5, ThSSENSEEHA DR AZREE, &
ek, B EAHEATERR, BT S ERE
A,

S 3k
[1] St 22 s S e IR R SE I PR R B R R[] R

i 5 520,2025(05):71-72.

[2] ISk (0 PR FE LA A L LR e 2

TS HIE[I] A E RS T4 11,2025(05):87-89.

[3] R IETER GBS R S A = il % R SR 5T

DB Tl se s Bk,2025,15(01):25-27+78
[4] PEELELIAMRECRE ™5 R T /KR SIS ML skt R S 5

LT AT HTI] S KT TR 12,2024(12):129-131.



