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Research on Automatic Binding Devices for Anchor Net in Coal Mine
Excavation Working Faces
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Abstract: To enhance the efficiency and quality of anchor net binding. an automatic anchor net bind-
ing device was designed. Based on TRIZ, the structural design of handheld actuators, power driving de-
vices and flexible shaft transmission mechanism was carried out, and a 3D model of the automatic anchor
net binding device was established. A model of a brushless DC motor commutation speed control system
was established. It is verified that the motor response speed and output torque meet the binding require-
ments. Torsion angle of the flexible shaft was analyzed. The maximum torsion angle is as 49. 560°, while
the motor operation lag time is as 0. 017s. A prototype was made based on the design parameters, and the
average binding time for 10 sets of anchor net binding tests ia as 1. 8s. The actions of each mechanism of
the device are consistent with the simulation results.

Key words: bolting with anchor net; brushless DC motor; flexible shaft; theory of inventive problem
solving(TRIZ)
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Fig.1 Function model of anchor net automatic

Wk

binding device
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Fig.2 Schematic diagram of the overall structure of the

anchor net automatic binding device

¥ 32 B AR LG | B ) AR AL (SR L ALA LT
LR ST R S L AR . TR AT g8 Ah e
FELIA 5 i v, TP SRR SR 0 T A . R S R AR
i AR TR 2 B0 B A 1 B A R AR T
TFRARA . LR GIER N E T F R AT & K
5T Ok B IR BN B AR S 1 i L o8
BN . AR A7 FL 22 S5 30 22 £ M) S
O RIEL 2 BV R e 5% AL Em . 3
2 128 ML R 2% 101 Ak 5 5 Xk 2 A% 0 B ) 9 S R R
H TR I fth A | 5 [ R ET [ 5 L B 1R 8l

eI

TEL RHIR

RFLHLI

3 FRATHRENTER
Fig.3 Schematic diagram of handheld

actuator structure
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Fig.4 Schematic diagram of binding mechanism

binding anchor net
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Fig.5 Schematic diagram of power drive

device structure
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Fig.6 Schematic diagram of the structure of the flexible

shaft transmission mechanism
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Fig.7 Unfolding diagram of single-layer transmission

flexible shaft spiral spring
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Fig.8 Multi layer transmission flexible shaft winding

mechanism diagram
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Fig.9 Equivalent displacement cloud chart of flexible

shafts with different lengths
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Fig.11 Control scheme for brushless DC motor
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Fig.12 Block diagram of brushless DC motor
control system
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Fig.13 Input shaft load torque curve during

wire feeding
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Fig.14 Stress contour of the cutting process of the
lashing wire
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Fig.15 Input shaft load torque curve in the

shredding process
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Fig.16 Stress contour diagram of the twisting process

of the binding wire
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Fig.17 Torque curve of input shaft load during

wire twisting
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Fig.18 Simulation model of brushless DC motor speed control system
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Fig.21 Comparison curve of output angle
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Fig.23 Transmission flexible shaft torque and torsion
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Tab.5 Experimental test results of soft shaft torsion

angle and output torque )
L/ (Nem)
KB /mm
0 0.05 0.10 0.15 0.20
250 0 1.1 2.0 3.1 4.0
500 0 1.8 3.9 5.7 7.9
750 0 2.9 5.8 9.1 12.0
1000 0 4.2 7.8 11.9 16.0
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Tab.6 Torsional stiffness of flexible steel wire shafts

with different lengths after experimental data fitting
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PHRE AL B AL S R A T AT A% .
24 FT 7 B LK Bl 2% 3 Ao AR A% I A 5 1R B A
A

RIE RS FREMTE

IEAREE RS L3
El24 $#HMBEHPHEEXRTS
Fig.24 Anchor net automatic binding device

experimental platform
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Fig.25 Torque\speed curve of the motor during the

binding experiment process
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Fig.26 Experimental test effect of anchor net binding
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Tab.7 Anchor net lashing efficiency and lashing

quality parameters
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Fig.27 Underwater anchor network binding

test results
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