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Abstract

The synchronous control of robotic arms is of great significance in industrial automation, as it can
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improve production efficiency and accuracy. This article gradually carries out circuit analysis ex-
periments through project-based experimental methods. Firstly, a comprehensive analysis was
conducted on the objectives and technical requirements of synchronous control for robotic arms,
and a detailed design plan was formulated. Subsequently, a control system was designed using an-
alog circuits and multiple experiments were conducted to verify its performance and reliability.
During the experimental process, the circuit design was continuously optimized, and ultimately the
synchronous control of the robotic arm was successfully achieved through analog circuits, demon-
strating the advantages of fast response and smooth control. This study not only applies the circuit
analysis knowledge learned in the classroom to practical situations, but also effectively enhances
students’ debugging and troubleshooting abilities.

Keywords

Project-Based Experiment, Robotic Arm, Synchronous Control, Circuit Analysis

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. IRABRITEER
1.1. ARAE

AT TE IR T2 2 Py T AU P s SER LR () (720 i) SR U 76 2 I 3 5 P ) A A
Kt 5% WAE I KRG, BEEh RGEmNE T ERA Y, RES KL T s,
JEHFREAE 5 EAARIE W BIZ BRI DU T, JF HARID A e B AT S il I BTN RIS, Jl I8 5
REFAFANBANTC F, WRBNHAT B TT, AR RIS R B R AR EvE . Ledh, B L i)
(RTIFERSVE AL A5 AR IR 58 B A8 v 5 Btk

1.2. ALEHNHENHBE SR

AT H LI BT IS B R TR R LS FD i H R GE, W B2 R RSB it H ] i e
RAFFIR[1]o FENUE 2 M U, & LA 7 sCOAE AT 1 . PR WU B i R 8
A XA AR 7225 TR, S Sas 7R R AR, (R Revs B MERR 2
BB a3 . AL B AR E S i i, HIVESE Ll g i Y, SCE U (04, IR
HLER AT B RE T o IX R BT A4 1l VA B A Dol B S ATHLEE N BRI 2 N, R THERAE R
AUKEE, [ D 48 45 35 2 2T AR AR IR

KA AL, AFRRT. BbsE. RE&EMR. BRI, 2RI EME g
HIMSTA 2], $em 7 EREsE. 250, IR 7 el R B 5 92(3]. 27T OBE H&,
BIRARR T H 2N 50 B0 759 S 2 TeAL VT Al (0 SR 6 3 B 5 4], 4 S DAL UM TR B 42 101 R 4t
B ERATE TT R 1R S P AN 1 12

2. R
2.1. BRI SCEBH
FEFEAT 9200 2 BT, 75 4 Wt [R5 45 b U () B SRR S RS R, 3B IEshyt el RS R R

DOI: 10.12677/airr.2025.141002 15 NILERESHLE AT


https://doi.org/10.12677/airr.2025.141002
http://creativecommons.org/licenses/by/4.0/

)|

i[5 P2 25 o AT AT AORURR B S B, R A2 R D P ik (i FUdt o B SRR AL H B AE
HAms A, 7R S R RS

2.2. BERTIERESH

NE555 H N B 1 prs, €F 3 NMEEMREREE. 6 55 Mgk — M H ORI FH
BN, TR 208 SO A8 A R B SR AR R S, 24 6 S SN 2/3 VCC I, R
UHIANA 0, 24 6 SE I HEAIKT 23 VCC I, REGHIAA 15 2 55 BER: R — Mg FHOR 2 1
BN, (RIS Z I8 STBOR SR O R E) SR AR S B, 4 2 55K HAL/NT 1/3 VCC |, S i
BIAN 1, 252 S5l IHRAIRT 1/3 VCC I, S S AN 0o 2H A5l 4L th 45 R W& 1. Hix
THAEE I 2 S5 A 6 5 5 NER R SR, PRy “NESS5 (RS .

8 VCC

J- 4 RESET
-
6 THRES + R 3 0UT
5 CONT -
>_

2 TRIG I .

7 DISCH

|
Figure 1. Simplified internal structure diagram of NE555
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Figure 2. Circuit design process
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Figure 3. Potentiometer in Proteus simulation
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Figure 4. A physical image of a remote control (left) and a robotic arm (right) at an equal scale
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Figure 5. Signal processing module in Proteus simulation
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Figure 6. The capacitance charge discharge curve (blue) in Proteus simulation corresponds to the rectangular wave output
(yellow)
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Figure 7. Corresponding waveform when potentiometer resistance is 21%
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Figure 8. Corresponding waveform when potentiometer resistance is 52%
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Figure 9. Physical picture of circuit soldering
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Figure 10. Adjusting the potentiometer to control the steering angle in Proteus simulation
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Figure 11. System integration debugging
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Figure 12. Comparison of new and old parameters of R2 and R3 during circuit debugging
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