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Abstract: To address the issues of low integration, lengthy on-site commissioning cycles, and
inefficient fault localization in conventional electric control systems for coal mine drilling rigs, a
digital direct-drive electro-hydraulic control system for coal mine drilling rigs is designed. A
distributed architecture is adopted, and a dual-channel isolated CAN bus communication network
is constructed. Data service and edge computing modules, multi-source heterogeneous data

acquisition boards, and digital valve-based drive circuits are developed. A dedicated
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communication protocol is established, along with algorithms for bus online monitoring, sensor
fault diagnosis, and variable-triggered control command transmission. Remote networking and
IAP remote upgrade technologies are integrated to enable remote system commissioning and
maintenance. The system is applied to various types of mine drilling rigs. Compared with
traditional electro-hydraulic control systems, the average commissioning cycle is shortened by
approximately 50%, the fault identification rate for conventional electric control systems under
non-power-short-circuit conditions reaches 100%, and after-sales service frequency is reduced by
about 50%. This study effectively enhances the digitalization level and system maintainability of
electrically controlled drilling rigs, offering a feasible solution for the digital upgrade of mining
drilling rigs.
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Fig.1 Overall scheme of the digital direct-drive electro-hydraulic control system

3




RGTAERBET: (1) ZUEEBIRER (CLUNRFCRERD 7TTRE & LM REGH
55, SAH)EEE CAN2 BEREERT Linux FIEFERS 510558 (LU fRF
Linux 8 o (2) Linux BIHARHT R B4 B 2l SOB R 348 <, IR EEHLIE T T
ST IR A B TR S A AR B AR T R I R, B CAN2 RIR BRI, (3)
WA B S H, Kok CANT BB AR Sh Bdfmilind CAN2 2 A 28 A0 W A 20 1
[ o 465 At 50 Rl )4 ) 0 LS 210 3L PWML SR 2 105 b Ak, BRBIAGE K B - IR IR S

S E CAN A% 2 Linux B, HT RG0URES 5 #0504

TERGBYETT I, 456 LARIN N N 558 S I Bl M BOR, SBIn R Gt ia 47 ks a A2 s
B, HATXFRFAEBERSWESE. RN, BT AP ZEEFALEAR, ity
B A 58 R SRR P L BT, Wik R GRS R AEIRES

2 WfF ARGt SR

T RGBS YR, ZIREE R, FE RS 5SS EEE, IRsh k. B
PRGBSO FE PR AR RS K 2, 1895 “ it B — B E— R E— T E—i 2"
I ] B84 o
2.1 BHFIERE S5

FHL R 2 (R B 2 ) R Gi R e 1S AT IO LR, & FE I FE IR 20 FC R X HR T R S8 A AR R A 38 e
i\ WAL BB IVE R L EE . KRGHEIFESE T R 2 fiow, Frpss X s oh g%
HLEE, WX IO A 2 R,

W R L K Eegy

iz
B WL R
[y % .
g AC 127V H Y8 DC 24V IRFHR
127V DC 24V

g
aﬁ

v + v v

Bl 2 2 AR gt i Bl s A

Fig.2 Power distribution diagram of the control system
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Table 1 Interface types and quantities for multi-source data acquisition board
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Table 2 Interface types and quantities of the drive board
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Table 3 Communication protocol of the data acquisition system

CAN L€ A
ID DO DI D2 D3 D4 D5 D6 D7
0x200 AL UL M RI ¥ CAN RS485
0x311 All AI2 Al3 Al4
0x312 Al5 Al6 Al7 AI8
0x313 AI9 AI10 Alll RI1
0x314 ull UI2 uI3 Ul4
0x315 uls ul6 ul17 UI8
0x316 uI19 U110 ulll RI2
0x317 DI SDI1 SDI2 SDI3




0x318 CAN120 CANI121 CANI123 CAN124
0x319 CAN125 CAN126 CAN127 CANI128

0x31A RS485-1 RS485-2 RS485-3 KR AL R S D
0x31B  HJiL & L W i L I 2 BT O F e 2 I FL DA ¢ o e

ROV R P A P B A B A L RS S AR BRI b 12 A2 ADC #EH b3 )5,
B 12 AR TR, 2 BITEAEAE ATL-ATLL. UIL-UILL L RI1 AT RI2 i, 8 BIF LR
5 DL R P (T 2% A AR I A7 i 7E DI, SDIL- SDI3 ST 3 B TF K855 78 H A I [ Py
AL L ()

WAEARQ), ZHITA BT St B R R, maaEH M
BAIEAE SR TF R AL R RA AL, B 8 > CAN SRR IEAR A 4 /> RS485 4Kt
WHEL . Hi CAN120-CAN128 Fs KA CANT #22 LU F][) ID A 0x120-0x128 ] CAN
RRAL AR I R8s . RS485-1 &2 RS485-3 AR AEMR RS485 2 I H2U 3 1) 3 4> RS485 1%
SRR 1A R
3.2 fRRRERHPRISHT S B LIRS E

RAEM AR A 1 ALY WA AT A B DR3P B, WA IR At 1 el R T B AR A
Wik, brRENCERE, HESHARG)-(6). Hrr, A (3)FI4)5 7 FH T I i AR S
e 5 T s, A 3(S) T 0 L A R T L R R R e, A3 X(6)N(7) 43 I T
DT P BEL S R A R 5 T R o SR P R T G0 T PR A O v ) T L A TR T
B, it BNt a] N ur, B 2 AUL , 35 AUL =0 BX aur, > aur, TR . 78 RERFE P
PSR W R, S A AN DR B T, W AHER A A, RIAr A
FRIREE R HE T, FARYE R 3 th gy A B, AR ot 2 )R IR I I CAN B4R & H 25 .
20x(2"-1)xR,..

Al >
ST (3
AIYSZ.SXQ -DxR,,. 7
’ 1000xV, .,
U1x>5><(2 -D 5)
Vref+
5x2"
RI <
* R, +5 (6
RI> 1000x 2 7

"R, +1000
A ar R x B R OB TR o, N x RS E RO RO x B

HHER DR E: R, SREREMEE, Q; v, 3 ADCHIRIIESHHIE, V; n

N ADC 1y #, BN EG R, AZHERMIE, Q.



[cangriebminn ] | BBHEZAL e

A 4
| mpimcaNDD |

| sgmio g |

v
BRI [ ki
R A

A 4

> g | | &Fomm —
Bl 7 CAN i 2 i I i e i 7 S A HE 1]

Fig.6 Algorithm flowchart for CAN bus sensor fault diagnosis
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Table 4 CAN bus communication protocol of the explosion-proof digital valve
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Fig.9 Human-machine interface
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Fig.10 ZDY10000LDK Narrow-Body Remote-Controlled Directional Drilling Rig
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Fig.13 Comparison of commissioning cycles of drilling rigs with different electro-hydraulic control systems
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Table 6 Statistics of electronic control system fault identification and diagnosis
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Fig.14 Comparison of after-sales service frequency of drilling rigs with different systems
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