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Abstract

To address the issues of scratching and dropping of workpieces with smooth and vulnerable surfaces,
such as power battery covers, during handling and transfer processes, this paper presents the design
of a vacuum suction cup-type robotic end-effector. Utilizing SolidWorks Simulation, the study con-
ducts three-dimensional modeling, static stress analysis, modal analysis, and lightweight optimiza-
tion design for the end-effector. First, a finite element analysis (FEA) is performed on the initial de-
sign scheme. In this analysis, the material selected for the end-effector is 6061 aluminum alloy. Un-
der an equivalent working load of 23.52 N, the initial design exhibits a maximum stress of 5.167 Mpa,
a maximum displacement of 0.0286 mm, and a safety factor of approximately 10.68. This indicates
that the structure possesses a substantial safety margin and offers potential for lightweight optimi-
zation. Subsequently, with the objective of minimizing mass and constraints of maximum stress not
exceeding 27.5 Mpa and maximum displacement not exceeding 0.1 mm, parametric optimization is
carried out on the thickness of the mounting plate, the thickness of the support bracket, and the
width of the elongated hole in the flange. The optimization results show that with a mounting plate
thickness of 6 mm, a support bracket thickness of 6 mm, and a flange elongated hole width of 26 mm,
the mass of the end-effector is reduced from 0.61 kg to 0.43 kg, achieving a mass reduction of 0.18 kg,
corresponding to a reduction rate of approximately 29.5%. The optimized design yields a maximum
stress of 9.551 MPa and a maximum displacement of 0.09077 mm, both of which meet the specified
design constraints. The results demonstrate that the optimized design achieves significant weight
reduction while ensuring structural strength and stiffness, thereby meeting the engineering applica-
tion requirements for high-speed handling of power battery covers.
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Figure 1. Overall structure of the robotic arm
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Figure 2. Specific structure of robotic arm end effectors
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Figure 3. Process flowchart
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Table 1. Parameters of each component of the gripper structure
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Figure 4. Mesh division model
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Table 2. Mesh model comparison
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Figure 5. Static stress analysis plot
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Table 4. Natural frequencies and mode shapes for different orders
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Figure 6. 1~6 Mode shape plot
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Table 5. Parameter changes

Fs5. RETESY

S e/ mm I K/mm K /mm
BRI 22 26 2
LR E 6 10 2
SCBRERE 6 8 1

4.4.2. SR

AT LG 27 FSEUA A TR BTSRRI AN RN, B iw
BB 6 mm. SCARJEEEN 6 mm. 722 KALTEE N 26 mm [¥)75 RAE NG E A BT T . E 7 E
N 0.43 kg, FECIRALETRILE T %10 0.61 kg Jik/b T 0.18 kg, T E KL R 29.5%. ik Ja i KM 18 9.551
MPa, /NFARALZIHAE 27.5 MPa; Fc KA N 0.09077 mm, /N FIALLIHRAE 0.1 mm. UL )G 454 %4 &
LN 5.77, i s ER . RAPERERT LA 6 Fis.

Table 6. Structural performance comparison

6. MALLEEHIMEREXTEL

T H Ak wi RN AR I,

Fitt/kg 0.61 0.43 Wb 0.18 kg
T2/ % - 29.5 B SR
£ KR 71/MPa 5.167 9.551 N 85%, 1H/NF 27.5 Mpa
AR/ mm 0.02860 0.09077 ¥, {H/AT 0.1 mm
TR 10.67 5.77 AT 2 B TSR

4.4.3. thiextte

PRAK i 22540 ol 2 B PRI o ERRACAN 5 e R R R S RS 3514 BT, H 3 S5 R i e i 2 A
I KN 179.551 Mpa A SR VFRY. 17 27.5 MPa 1] 34.7%, e KA 0.09077 mm A SR VA 0.1 mm (1] 90.77%.
B, ek 5 77 RAEARIESE# 22 AN EE ORI ATIR T, I TARMERE, B3 T HREMTHH T,
XTI BRHLAR N = B TG, AR AT 28 5T & I PR RE A IR/ ML N AR I S Rig s &, AR T3
ARG nykakm B fg I AE AR e M. R, PRAKJE 5 AR LIRS B AR TR AN
5. &g

HNL I BT SRR, AR R AR 23 52 N AR T, AR AT RI4G T3 S KN /1 5.167 MPa,  #ix
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IR 55

KA 0.02860 mm, i KRAEH 0.00004161. AN FJiE/NT 6061 564 R 5EEE 55.15 MPa, %4>
AL 10.67, ULRAYIUA L5 2 5 T AW BR . (HAIGA T R4 2B R, RIS M — e MR
TR, BAF—DREARIAR .

ST R R, RIgPATERET 6 BYREIE %N 290.33 Hz & 809.93 Hz, FHH—BhEAG %N
290.33 Hz. A3 T ML A E BUSCE 2 1) 5 ZRATRhIE ), 0B g5 M 78 1R W TAE &R R A Lk
T REMER N, B BT shAs e .

DA & d /N AL B bR, DU KR AN 27.5 MPay S KA AT 0.1 mm LR EAE, X2
WRIEE . SO ERE 2 K AL E AT S . LSS R, M2 28BN 6 mm. SCZREJE N 6
mm. {55 KILTEEN 26 mm B, KIgHATEREEH 0.61 kg FEIKE 0.43 kg, JKE 0.18 kg, JRERLN
29.5%.

SR AT R, G RRAL G BN /1N 9.551 MPa, /NTF RRVFR /1 27.5 MPa; St KAkl
0.09077 mm, /NF VAR 0.1 mm; 24 2L N 5.77. SR, AL HRKN R KA E
B, ARAT AT 1 vE Se VRS RN, 10 B DI AK 7 735 12 5 PS5 RT F8E 240 SR PR Bl b A s B A1 T 5 ) i

ZELRTIR, AL AR PAT 2R LE CRAIE 4504 2 A VEFI NI R (A48 N SE 8l 7 B Bk s, A R TR
HLAS N R RIS SR &, 48 AU T8 2l e S AT ARG BE o iz Ak J7 800 DR I SBERE AL G A sk
I E PR BT R

SE K

(11 5k&Mr. AT A s b EA = LB TP R R [T]. BHAESE, 2016, 8(14): 176+211.

[2] Z=Ws, BR4E%, T8, BT, ETEARE RSB RRAHD]. LR TIEER, 2016(19): 284.

[3] Mol RESISR, ROCE, BRTE, RS, BN YU T T A B O R S o). R,
2023, 33(3): 47-52.

[4] Wil F2, skigd, Blzeik, &)1 T ANSYS MR TE&H RN & HER A,
2021(11): 50-52.

[5] &R WYAHEMEEHLE NG ABEE T SO 7T D] [t A0 3], B sUBURHEIR, 2015.
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