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Figure 1 Top-acting hooks and Down-acting Hooks
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Figure 2 Virtual prototype of hook lifting robot
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Table 1 Parameters of the hook lifting robot D-H

XA, d, a,,  a_/(°) 77 5 [
1 0 d, 0 90 0~800 mm
2 0 d, 0 90 0~750 mm
3 0 d, 0 90 0~800 mm
4 0, 0 0 0 -180° ~ 180°
5 0 0 90 -90°~90°
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Figure 7 Control system hardware architecture
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Figure 8 Control system software architecture diagram
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Figure 9 Schematic diagram of coupler

profile measurement
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Figure 10 Principle diagram of sensor-based measurement

for the coupler handle
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B F 2 R AR ER 85 AP B AR LA L B ] 5] AL
ARl IR 8] LA % 25 3 47 I 0] 47 B L 4% N 75 22 AE 60 s
PN 92 AR B A 55, LA R 2R 7 R . SRR AE R W,
37 150 B4 (0 ST 2 R Ry 25 s T 408 A1 80 1 5 2 I Sy
30 s, [AlF, AR 5E 5 PLC RGESEBL T J2m % 4,
T W A A Tl O LR, O 0 SRR L I B R 45 Al
s AT T AR B AT T SR RIS o 25 O 2 1
TURZEAT A G5 RANIE 13 RO 14 BT

E.

z

jg-

&

B30k | X RS AY,

% — - YHEHAEAL
-40r — - Z ARk
ol — R

0 5 10 15 20 25

i o/s
13 SHEMAETL

Figure 13 Variation of torque of each axis of high hook
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Figure 14 Variation of moments in each axis of

the low hook
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Table 1 Maximum torque values for each axis during
operation of the hook lifting robot
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Design of a Hybrid Active-Passive Control Robotic System for Coupler Unhooking

in Thermal Power Plant Wagon Tippers

QIU Yi, GUO Liubing, LIANG Jie

(School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; To address the issues of harsh environmental conditions, high labor intensity, and safety risks in manual
hook removal operations at thermal power plant tipper unloading systems, this paper proposed a tipping machine
hook removal robot with a hybrid active-passive control configuration. First, the mechanical structure of the robot
was designed, consisting of three active moving joints, one active rotating joint, one passive moving joint, and one
passive rotating joint. The movement adaptability of the passive structure was analyzed using a graphical method,
and the forward and inverse kinematic models of the entire system were established using the D-H method, provi-
ding a theoretical foundation for motion control. In terms of the control system, a hardware architecture was de-
signed, and a hook handle recognition algorithm was proposed, based on measurement data from a linear laser dis-
placement sensor. This algorithm was used to obtain the position information P;(x,,z,)between the end effector and
the hook handle, enabling precise positioning and gripping of the hook handle. A pilot test was conducted to verify
the effectiveness of the proposed solution. The results showed that out of 50 hook removal operations, the robot a-
chieved a 100% success rate, with all joint torques remaining within the rated limits. The average time for high-po-
sition hook removal was 25 seconds, while it was 30 seconds for low-position hooks, both meeting the production re-
quirements. The maximum instantaneous torque at each joint was 62. 1 N-m, which accounted for only 43. 7% of
the system’s limit, demonstrating sufficient safety margin. The experimental results reflected the robot’s adaptive a-
bility to handle trajectory uncertainties of hooks, allowing it to accommodate deviations in the path of different mod-
els or variations of the same model. Furthermore, the precision of the proposed recognition algorithm was validated.

Keywords: hook-unloading robot; active-passive hybrid configuration; D-H method; line laser displacement sensor



