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Study on lightweight structure design and material optimization
of mechanical arm
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Abstract

Lightweight robotic arm design and material optimization are important research directions to improve the performance of robot
system.Due to the complex structure and large quality,the traditional mechanical arm affects the movement accuracy and energy
consumption efficiency,and the lightweight design can effectively improve these problems.This paper focuses on the design
method,material selection and manufacturing technology of lightweight mechanical arm.First,analyze lightweight design principles
and explore the role of topology optimization and finite element analysis in structure optimization.Secondly,the performance
requirements of lightweight materials are studied,and the application of high strength metals,composite materials and new materials
in the mechanical arm is discussed.Finally,the advanced manufacturing technology,including additive manufacturing,composite
molding and assembly precision control. Through systematic research,it provides theoretical support and technical basis for the
lightweight of the mechanical arm,promotes the development of high-performance mechanical arm,and improves its application value
in industrial and special operations.

Keywords

robotic arm; lightweight design; topology optimization; composite materials; additive manufacturing

B RELEWIIT S EUTR
5k
MR AR R AR AT], P - V75 FisL 211100

=

PR e AR EHARNR RGN BEARARRN ELATT @, BAIRE REHILER. RERK, PrEshthE
LRea Rk, BRABOTRG A AR EZ LRI, A LE IR B EEMEI R MR B RR SR AR,
B, SAERERI RN, SR EAMEACEA PRASAT A EMEAC TR . LR, RS ERR, 3T
RHRELE, AEMHAMAMBEIRE PO LR, RE, EEABAEMNRIL, QEEMHHE, LEHHRAER
FEAREIERFRA, B RRBRAR, AVRA 2T NRBILL TR, R RAIRE O, LA
T b B FPAE Ak o 0 5 A A,

KA
WA, eI AL, A e i

158

WU B B RGOS, £ TALEIE, A
SRR LT HLEE NSRS Z R B2 I b S 2
1, SHUMESHEEIRERE . RERECR I (IRE ) S sE
Ko HEENME RS TR A B ORRG], R R
ok Bk, SRR, BRI R R K EST
HoRTEEME, BRI, MR RIS ST 24 A
HOE s, AR IR AR A B R M Aok
MRHECSTE, BRI REEa 4 . BET4E bt

[EZE ] kiF (1986-) , B, PESIHEZA, MM
T, Iielh, MBIBIENR.

LA R SN B PHE T, DRI s R EEE
B HIERARTTHE, HEMHIEME SRR T2k RE,
MBS SR BT AT BE .
2 M EREN SR TE
2.1 BEZHREM 5N R

U (i R 2 AP R B O RIS A PR A5 A
SRREL. WURERIRRENE, DA R LRI T Bl AR EL
Ko AP FTEZEMERIRER, REREST . RV
HISRITIE, B SR D AR IR )
B PRoREERIELRIEE R i R RS R R RR, #fR
TERCEE PRI AR A ZE AN . RS AT F T IRALRE 1Y
IREIMAR , BRI RGRE M. 57 A o T
MR RIS 2AE DL N AN, TR BRI E ARG A

19



RFAFETR - 5£01%5 - F 06 - 2024 F 11 A

IR BaMB R R A U O sl n , 2 mts e
FHzHfaE . iGN AR IR, SR E . YERER
FRAS RO, ROV UE EERiuaf TR RN R R EA L
ok W,
2.2 MM ERSRN T E

M BT B L BT B R R, L
MU/ NS N R 2 D TR, B T BT
T, AT, R T AT R
o T MHIEZIH, B A BRIT ok RO B At b
Ko FERAAESRT MR Lt — R S s B (i T LA
T, HEE MR AR RE DRINIEE 311 LS RIS
OSR]I RE R, SRS bR RIS NIEE,
e SR R R 2
2.3 HIHE X T 5EH SR RS

KT EEMF RIS OB, kit E
SRR EH AR B A B . AT B A T
RE . W OEATE R SR Ay, B R
MEBRESESE, RN RS E . 2SO
REMEIEICHERRITE, TRms AR Hd D IR R 5 i
faf o FEFFO b A SR RS, USRS
TRIEAGUHIEGE, R TRl WEE 50445
R DR, RN R . RA—
el T =D B E R, PEIRERRT AT B 5
W, SRR ARG bR TR
3 MHEREN AL REE
3.1 BEUMMAEREE K SR EFEIRE

HURE R B B T 2RI &2 ) RIS R 2 A5 1Y
A, WIEEAIMAME, DUSERIfaeEBsiTiER. %5
SRR, BRI IEER 7.8 glom?, MERE SN
2.7 glem®, FJUHEE 65%. Lhom A AL W EE o e T AR
MR NREREBE S, A4S S MR E R A
1500 MPa/(g/em?®), FEERASHEE 3 (50 Lo 55 HERESZAN
NUBET ORI Ay, G S5 IER A 600 MPa, &
HEER 26, 1BE TN T NREt:. P

R E TNIEE, $5440 70 GPa, MRRET4ERGSHE &4t
EIATIK 150 GPa, ERE/MIAIT RSN 4565 R
FE. SREE. WIEE. 55 A . PEREMAIURIhaEDD, wItk
TERTERERS, BEENURE R B R A P
32 EREEEMMERENEMPNA

R & R EHE R B UM i B H R, 18
T PR P AP e R P S B B RS i Ak, BRA &R R
wHNREERE, 7 2RS4 EIRMEER]E 500 MPa,
FLEm AU TR 65% TR [A I (R R m AR ERBE D, &
ERNHBER 4.5 gem?, FLEIEE 40%, {H38E AT 1000
MPa, i F UM SR BB AL, dnoe TR Eomas i,
BEiith T R 25 Ay, SEA SRS EINE 1.8 glom?,
ERBRNEEEE, (BPrimiiii s, FERAREEL
BURER ARSI AN, (EEERERIN A, DA
XY B ARBEES A5 1400 MPa, 3 F T35 SEAN s NI B 1Y ST
R, ERNEDBER R RAR . SREA STEART S
SRR E, HEE b ES IR A SIEIK 10%, (ERIEEER
155 20%, ELEPR T EbERENUME . R & o n A
AURAC THURE AR ERE D, hIRF T AR ENEE
Rk, AR AR R ) TR T2
3.3 RIS HIE T EREEMELL

NUBE R RS R UK EE RS, IRTEE RS
T 2GRN, DB R B ERES R AR . S
BEERARGRERE T2 RABIERE, H D rEE 2
1.5 mm, [FRMEIERE AT 500 MPa., 45444 L
MepERR, (HiBERBAY - T HaERAR, nIEREIRn T
AR IR S fe e Bk, (555 aiRTt 30%. #E
GBI TERS B, FRAEESEE T 280 bakeE,
PLEREAEEE, (H M REIRT 15%. BRETAEE S ATEHD
SEE: AR e s F NI RSN =S Ty VAl SRS ol P G v =
FIFHRIEEE 85%, WU I TEERIEA e rEae, &5
VERCAPESHIE T2, RIXGERIREIERA, R ER R
(easFa ) TRRE FIVE, Bt ORI rT Rt A e Eis
7, FEEILE L.

F1WBREUMBIERSHEN LSRR HE

W Bl TR

SRR K REL

iy g/em? MPa/(g/cm?) MPa GPa 109K LLE SN
TG 7.8 {8 300 210 12 R i A S A
e 2.7 R 300 70 22 R BT, SRR
Hirg: 4.5 =1 600 110 8.6 s RBAREGBOL . T
BhHE 1.8 ek 200 45 26 e (FERmEGE) FEINE . ARk
TR AME 15-1.6 1500 500 150 L5 s SRS ME . R
RIS S 25 = 350 80 20 R e REA U S
LI AR 7.8 feh= 1000 190 12 RIF jearellliswa s

20



RFAFETR - 5£01%5 - F 06 - 2024 F 11 A

4 BENHIES R AREVHE R F
41 BEXEHNSUHIETZIERE

MBI A S R s T 2k P TR s Bk p 45
FAlRE S . MPEMREE A R M REER i Tk &5, W THL
PR TR E S RS P, TR . ISR,
SRR TR AR MR, 1% T 2RSS &T 0
PN TS B EITE £0.01 mm YN, [FRED 30% 19FF
BHEEE, FEHE SRR B B XA R = A
Hk, WU BRI S v i T R A B %
TF, B RO E BB AR R B . ZEAEH TS
SRS GO, BERSECRAFEAR IR 500 MPa L F[F]
Bf, HEEER /DA 1.5 mm, FPEFIHZRER 90%, EHIE
EEERST R R A . TV i i S R S
SERRTTERA Y, RHERE &M, BBEER AT
Rt 1ZRARBEISTE 900°C 1= T SeBl B Juit i -0
EAE IS, RIS A ate s 25%, EEIE AW
HREEDREE A 1% T 2R SRR = S MY
85%, [FINHE/ D ESUEE S E ARG I8, iR pE
1% 50%, AEHE & T 2 m B AR T () ZE R (. 1T
AHEERFIE T2, aILIEREN U E R b A ks BRI
FERIRIRT, S ABREE R SRR A A =k, AL
B AH SRR O m ] TR B
4.2 EEMRIEENEBENFIERL

SEMER R HIE S 2 R g T2,
MEEHEE RN TREEE, DLSOlEsg s, (RE BEERRR et A
(IR . PR RERR B ARGE F TR E S0k}, &
JTANE 1.5 MPa, FLBREFERE 1% LUF, 25 EREI5R
& 20%., WIS EEEIER A (RTM ) AR AT SZENE 22 LA
CERI) B R i, AT AR R EATIR 65%, FRETIENI
FE15%. Ezhizz (AFP) FIEzNEET (ATL) BoARATH]
BT B ES 0.2 mm, W0 F THISIRE, #2
ARSI I S . OBl E VAR AT It A
{LIREE 50%, /DRI ], AT g . EAMEY
T RER S r=A 4y EFER], A AEIREIHBEIE A
AIBEARIIEI T 30%, Wb R, REEREGEE S Ra
0.8 wm, EAMEERRIGEBI ISR GRS T Ik
REAIMI AN, WFRAE T HlERA, SR S

B2 A M,
4.3 M BRENDHFHEEREEES

PHUE B B (A R SRR AE  E e N Hos sl it RE |
FaE AR A ar, FEUREHERERC A 2 AR A GT AT 52
PERYSCHE, S REREI R AN = AAFRIERNL (CMM) AT
HISHEEB R SHRZE S £0.005 mm, $& 5580 — 5k,
HeEMAS A TR, B mE, B
BERCR 7] 50%, M1k 2R SE RER R b AR
les N B sl R R N iRE , (US55
HIRISTABEERRTT 30%, $EmBe il R, T EE & f
B S &R ARG SRR T R R S UOEEEE & 775,
RS G iR 40%, BERERIMENER . ShEEE
Fefsdlia iR TS RS BT, ISR TApLEs
A WU HURRABE T AL Ae A\ ST R A8 B iy e S

5 #5i%

PSRRI EIEmtERE . FEIRBERETR T2
Wil BEDD I B AT 1A] . il A S HEisat, SR ML
1. BIRTCHHTETE:, AR NI ARTBREE A R ke D
o EaRESEME EEMEGITEA RN, EHUR
BB N A SRR . Jeitdhs T 2461
PSR, FEIRE SIS, HREEh
BRGSO S EN UM E R ikt
BREE, WRESBEARIIRREE. BREERNE R
AT TR ) TR, hin THE TlkdlE . fi
MR MBS EUIRAI R VG . ARSI R R RER]
BRI, BEANBE S EE L2 E RN AR K
E.
S 3k
[1] S ARAR AU T AN USRS 5120, F TR,
21 R4 XFEIL T Altair Inspire (LR F TS L AL
AT F A 3DITEN IS [T L TAE,
[3]  HHIHER XUPRAS BRFAE, R A 6l 23 A UMV S 10N T 2
BAERI RS2 FRRIUA[I]. T RF41,2024,45(12):2009-2023.
[4]  FHRE REEA, M, 0K A SRS AR O U i s i
5T IR 5 401,2024,55(24):36-39.
[5]1 KAME, ESEHK, 4% 5T Altair InspirelfI iR 28 A KB
AEE L[] NI LS BC PR, 2024,(24):89-91.

21



