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Abstract

In this study, a collaborative robot was developed to address the safety and efficiency issues in
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traditional prison meal delivery. The key transmission system of the robot was analyzed using
finite element analysis, and the entire machine was designed using Solidworks software. A com-
bination of modal analysis and transient dynamic simulation analysis was used to investigate
the nonlinear dynamic characteristics of the gear transmission system in the rotational module
of the robotic arm. The results showed that the first eight orders of the gear system’s natural
frequency were far higher than the resonance frequency, with a maximum deformation of 1.729
mm and a maximum stress value of 723.1 Pa under different torque inputs. Based on the Hertz
theory, the fatigue strength limit of the gear contact surface was obtained to be 6.3258 MPa,
which is lower than the material yield strength. Compared with the finite element analysis re-
sults, the device meets the engineering design requirements in terms of strength, stiffness, and
dynamic response, providing a theoretical basis for future research and optimization. The pro-
totype has been successfully debugged, and the results are promising, with broad application
prospects.
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Figure 1. Food delivery robot physical model
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Figure 2. Sketch of the motion scheme of each module of the robot
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Table 1. Calculated torque parameters for each joint
F 1 HEXTHETHESH

KATHIR R E e (rpm)  FHLAUE TR (kW) TR A3 L BT i LA (N-M)
TS 3000 0.75 40 95.5

G- P 3000 0.4 30 38.2
e %% KT 3000 0.4 100 127.3
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Table 2. Rotary joint motor torque calculation parameters
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Figure 3. Gear train assembly drawing
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Figure 4. Finite element analysis process
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Figure 5. Simplified model of a gear system
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Figure 6. Gear assembly meshing diagram
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Figure 7. Gear system modal vibration patterns
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Figure 8. Gear transmission system stress-strain distribution cloud map
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Figure 9. Gear meshing unit stress variation curve
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FEAE, u Nkistt.
Horhaiik RE Z, 2 F DL BRI R E MVERA b p XERR2Z N I RIRE R, TH A SN

1

Oy

®)

Ze= | )
\/7[( —H +1_ﬂ2J
El E2
M ECI NI, BT AR(T) T
E
Z = |——— 8
£ Zﬁ(l—pz) ®
Mk Fe A AN A, HOY R R R
2EE,
HAEE R Z, 2 L5 B A X BT 15 55 2mr iR m, THE A L R T A FE ¢, it A S
WIR[19]:
4-¢,
Zs - 3 (10)
£, =(1.88—3.2(iiincosﬂ (11)
Zl ZZ

34.2. ARMENNTES SR
ARIHHFRI N RE S SHI T BUE WM AHIET v 106.1 N-M, K, =1, §EitHEAN
b=mxz , Hihfesim=2, A%z WHE08, Mb=16, JKaFE ik /25, Md =mxz,
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MRl 2%

N 50 mm, MBI z, N 85, ML u v 25/85, WifEaH MR E, =206 GPa, E,=210GPa, Akt
WAL 10 5 10 909 029, WM AREZ, 1, Weosp N 1. EENMTN, ¥ LRSH HARNAN
(8)~ (9)- (10). (11)it5, BRI L E MM E E~207.98 GPa , #it R¥ Z, ~6, EAEARMZ, ~0.8729 .
¥ EIRHIRRNAT(6), RAFHEE R RS0 s By 55 5 FE AR IR AT ALy -

2x1x106.1 y 25/85+1
1.6x50x50  25/85

~6.3258 MPa

oy :2.5><6><0.8729\/

THE AR B Z VAL ) R G efulup 55 s AR R 6.3258 Mpa, KTk B /) 355 MPa, iz I
SCHR R IR A e K% AR, 77 723.1 Pa. e BRAR ST 0T, RN R AL S RGUAT & TAESR RS

4, g5ig

MRAEHLEE N TARVEE 5 S R UME S ST /oK, W — s EALER N, SO AL A RIS S5
5125755, FIA Solidworks e BN BT HUME SR oC/RITAIT I, 1 Bkl v de 2R SR R i)
FEON EE R A IR AR Bh 45 #3847 Abaqus (5 =BT, BiE 15 H I IRE IR LU i A 4R o [
PR AF N ER s 19 BIE 5 14 58 R PO AR A8 SRSy E AN (R BGOSR A I, S
BRICOT S AR L E R, 15 A AR AL Fe A 82 ) 78 1A #E A 5 25 70 FE IR I SR KD 2598, IATRE T 59 W PRI T
FORHE BRI, HAZ i T 007 32 15 21 1 AR dhe KB 77

gr b, AWETTH AT Qe AR LA NEELI S A BT AR LN TS, X AU B A 4T 115
HSLG, KR EE RS PR BT s b, BURE & oS TR ) — 2B AU SR it 1 B A

SE K
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