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Abstract

In order to solve the problems of low efficiency and potential safety hazards caused by manual op-
eration in the troubleshooting of functional components and hardware, this paper introduces the
function, structure and troubleshooting status of networked hydraulic support controller. In this
paper, the working principle of the electro-hydraulic control system is analyzed, and a power-on
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hardware self-test system is proposed to carry out “three-level classification” of each functional
component of the controller. The self-test system is classified according to the influence degree of
each functional component of the hydraulic support controller on other equipment on the working
face, and different treatment methods are adopted for different levels of abnormalities in the self-
test process, so as to significantly reduce the influence of the self-test system on the operating state
of the working face without increasing the safety risk. Through performance tests carried out on
the experimental platform of industrial-grade hydraulic support controllers, it has been manifested
that the hardware self-checking system boasts a relatively short response time and imposes a fairly
insignificant impact on the working efficiency of the working face.
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NI BE AR, TSRS R E R BRI KSE, 2020 4F 3 A EZR R EERCS HAD 7 4
HERA T T IMPET B R B RIE SR [1][2]. X— S Z ARG, BT 2aeibiEn
FREIR Tolb i ot & R R A% ORIV SO 2R s ) R 2 R RBIZRR TR RE. %45
R T [3] e YU S SR P RS T 4 R B T S B R e AN M s R R AR v, LA ] R
SEORRME. DIRERAL. S W SR G A R 4] BRI AR B A b AR B R R G RO S SR
Hl g0 T4 AR A= 24 AR BRI EE, X W TAE & Ge i 5 o Ak
e RIS AT ) et SRR e M E ZE ) J)[5] [6].

H AP 26 B S A 28, AF SRR AR I =AU SeB 4, )8 5 AR N SO 2R 8n1E, 48|
NERHL SR A BNHER RIS . AR A% 18 A5 A CAR T W A MO I AT o W S 484l o il
FRAT T S 2R AN SEIS ORI 58 i 1 TAF T & P AR IR . Jodk i 4% LA ACBR A 5 e 8] 1) B IBG HLd[ 7] [8], W
SR Ay 5 IX e %l E WP K. CANL BR BUK. RS-485. RS-232. ZIGbee. ¥ . &40 LF. L4k
G2 M, SMECNER[9]-[11].

HAT, V52 0% S 2045 1) 48 AR A A AN S 12 AT SR AN TR, X 25 Bl IR A IR Bl 8 EA T
XTLEAERAE A A o (HIXPh N Tl B e 0T, BOREm 7 TAR I B A= 2 ik 25l AN T #
PR RIATE R R . TR SCZE BT B A RS0 RES 0 3 J2 T M 2, AR & s AT i A vh (]
AER E A PR AL E, FRIEIS A B TP ST B, s A AR IS T AR e Y 2 4k
2. W ARAE X REHIBR G AR R

™ U S Al Ok B AN R B & AR B S EIR 2 1E 5, LA AE 5 i T b3
ST, AT SRECEEAS TAR R S T SRIENL TN G345 B o @it et i Sk e R, i
i A8 R 1 SI I 428 1) S R 2R G0 S IOV s S R AR e Al A2 ] o AR KRER™ A 7 1R SEBR 1 LR AR K,
P2 0T LA B B R B s A, USRI, SRR A P IR

2.1, WEZZEIEHISSER
VR B w2 I D RE LR a0 1] 1 P H R BEAME R & B AL IR I B 3% 2 LUK (BR LA ).
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Figure 1. Schematic diagram of the hardware of the hydraulic support
controller peripherals of the fully mechanized mining face
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Figure 2. Schematic diagram of the hardware self-test
item of the hydraulic support controller
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T SC AR 28K FH MCU 8 VR il 48 R i il %, 3CRF 32 MB PI47. 16 MB 41 FLASH
i1 256 MB [ii] 2517 fitf NandFLASH FI eeprom 571 % . KH 12 A B0 ##5 (ADC), CREAH LUK
1. CAN M2k, 12C BZRF0 SPI S £k 3 2 LU K RS-485 £l RS-232 £ [I(UART), MR CHE 3 B A1 5 B%
R R 11 DL J2— AN RS-485 fE KA 4R 2 11 .

N T AE G R 24 AR S 2 i R R A 28 490 A W B B PR R, D) 5 2 DA i e )
JR A O Sz 24 i) 2% (O RSB 1 ALY PR AT VA A 8 o B0 S 205 il 2R A 1 9 A 1) 6 L0 BB G
HB AL BRSNS B RN BRI FEE. ARG B EmE 2 Fix.
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B FHERES . HIEHEE RS FLASH I IEMEA—E, W EL CPU ks &; CPU BRI
RA TN, WS At 2 2 BEE S, IR = AN R, S 7E i 2% iR S R CPU Mk,
FEIFJa PHBCIRAS LA TAETH P IS5 & 7= A T4k

Bk b 2 b EE R AR A 1 R R G0 T N VR SRR R AR A l: GPIO. SPIL 12C. UART. CAN
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Figure 3. Schematic diagram of Flash and memory self-test
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TR AR, RAM g AT H R AN AR RO ARS 2 () A 23 B =3 18], W] DO R3S BEAS R 776 e b oS B 0 B
BE AT RS, DR IREUETE 1R AU SE R M 828 MCU B9, HAS 7 SOl H A7 i T Flash
Ho BRSOy BOOT 51 SRR RN FRE P AN 73 MR LR 3N, ALHEAR 58 M BOOT 4]
SREFFITUGIAT, H5 Flash o (RE P BLEMT FF N B EIA R A A AE X8 e — D 3Ra, AbERgs 2 H 3hik
e 2 SR P I T AR AT o

g AR AR AR R G L HR 3R BEAT B A . RO BREIEE N A7 Flash. NandFlash Al
EEPROM [RS8 i FH X 38 P9 BE LA 20 HH — HLg 8 /A7 DOEAT B 5 I X — S R AR 6 152
AT X AR — 2k, RIS A A i 5 S R A R A i R o SR IR (1 B A LA
ULV T R G PEA T SEE, B DR B AEIB AT h OB HE I IO 1R

Table 1. Indicator table of hardware fault self-check items
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TG & SDRAM BEE AT 10 MB/s, S RT 20 MB/s, BEALE R X 325 T iR
B EEPROM Bl KT 2 KB/s, 5K T 10 KB/s, FALH X EE iR
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ke 4 ZIGBee ZIGbee i F iR AFT Boot WA REUR T

HME H O R AR UID SRBUR D

HMEE P U A K B BEAE BAT IEH G

Thig it RTC B 15 RARIUR T, HACT& HYE

HME A SR - P B IR B IR

3) il AR F EE I REMIHLAMA F A

TR LA 2 T 2 MM %, FEAE RIS . SIS R S E S
PEHREE , 1EHIXEeAME I &P A AR, W S 2845 il 488 0 75 22 1 W GPIO. SPI. 12C. UART.
CAN HI M Z5i8 4582 o Jrid S AN IR T A #AE A 150 % 1 CPU 7 A Flash, 30 A0 FR A 4% e 15 45
Zigbee FIME A SENLIBIE W, LARAMERTENE F NS 8 46 . X Se i & R 5 35 1 HET AL,
W AN AT R R 5 LA B A — N R B Th AR A T .

XEeTh e AR TR BT N AW — SRR IMER & R b S AL U S, —3K
J& CPU S54MER &% — B BUHATIIRE BLAN . flln, ZHNLR & IS SMESERT 8. Flash #1
EEPROM 35 ot K5 22 b A A B2 U IR SE I A A . BRI 5, Al L R & AR 7415, %
O M 2 SR HOH o ORAFE IR V2% 1P A X RS B4 5 A2 SRk I e 2 S ECHG H ) I [ A4 B[], Flash 0
PR E bk XIS LG B 405 2, EEPROM 32 B H R i 1 B 1) i FH B8

T BB 4 RS AL 4 i e | B AR R AT IS 2 1 | R8s ER AT IS 2 11 (B 46 RS-485, RS-232 Al
12C " J& TTL 5 ). Zigbee @S WA BEHH AR LF dE S, HIjge A3 2@t CPU 5
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HMEV AR BEE MM UGHEAT DB R SE B . 4, 35 4 B b AP B AL RO B R B 5 15
FE T AL B IX TSR W A5 e e RS S5 e S B R K D RS 15 7 o [RIAE A it m AR S A5 470
B4 DAL R AT @SB O M ThEE A . 17 Zigbee MBS AEHL, W (S IEBLAIICAN LF JW (5 BiH 1 2h
AE EAS U 75 2 CPU 3l I 5 5 B 50) N2 D REASE DROB A, G 6 EL ] P R A 5 M8 15 3 R SRty R I T
o A I LERE A A, FRATTAT AR ORI SCAE AL BR 35 | b A7 107 R 5 A E A 1 Dh RE IE A
IFu DR BN SR 8 RGO AT S . I T IRIE R G IR R 84T LR M B RGN RE B R
2, RIS T R A AR A 2 e Orb . AEEAE L A Ik R 48 0 A 2 it H A fE bR e 1
FIs o

3. WRAREXREHRAG AR
3.1 LHBEHBERTRLE

AN AR IS S AR ) B A B G U 1) L LR E R T SERRAE R, SRR AR
TS SO & LS IR — BRI R GUERAE AT 2 H TS 2 A UE . BRI, RSO SO i 45
E o E R AR R R =R SR BRI SR ) 4% o B AR
A TARFRE T RGeS, xF b A BRI R b Y A A A e o AT 20 SR B

B R AR R R, USRS R U B E R . R R IR A
£, W TARTE P HLE T R HoRE, IR LRk 2s .

RS AR SRR R, WU SR AR B S . R RV R, WA AR
T %5 RS, %I SO IR A 2 N A BUIR S

BRGSO ISREEE R, RGURIER A3, R R AR R 2% 8 i 5 RS

BR T “ =037 ARERAL, WU SR s 2 A I B R i A e R SR 1R B R A
b R & A SR DL AR H SRR A 7E NandFlash 1 LB . o, 1R 10 F AT 45 FOR 1 o
Mok A&, T 45 R & R B R AR P I B AR SR S H - IFEsRAE H B . il R JE & M T
A=FAKRHIH .

3.2. FHEEHBERRHEEIT

TR S AR 98 F AR AR B ER A BT BT RN s YRR SCER IR AE b LR B2 1 e i AR
RGBTV, BEEX B RBITYIGE . [EEERNZXAVIGAE RN T boot INEFI R
FAFEFP RN 2 18], X FEREG T EA BT T3, DABRARRR P 22 42 KUK

WG SE G, RS s, . Flash. P77, EEPROM. AD #E#utbib, Z#df. B4,
B R IRE 2% . CAN. LK. ZIGbee. T4 . LF KA. 1&/&28M1 NandFlash K VGATHELE E 46
HARYE AR R SHRERE L “ = 2720387 SRmG, NS 5] S5 20 0 i P kA7 AR (=] Ay A 38

S5t e AN o () R S 5 o BT WO SR A 25 00 J3 AR, BEL LBV S B s ) 8 R P A2 I
B, ol TAETE B2 FRIER & SIS RAZABES, MILRIFE A AR TAEm M H
Az 7 SRt A AR o

TV S AR A fdd B AR, BRI T4 R AR E H A H . A
PEERRARNE 4 Fros. WORSCAMEHI & B Al B Riiid Bk vt BIRTECRIESR R TAEIH 2 42 11
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Figure 4. Flow chart of the hardware self-test software powered
on the bracket controller
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Figure 5. The actual scene diagram of the hardware self-check
experimental platform for the hydraulic support controlle
B 5 REXRIEHREHERIBRFEIRE

SKIGRW], ARG IAN 7] S Z A 1 S5 0 I BT 5 1)1 25 FE A (AR e v 80 7 T s o ) 15 531
Az BOSPAEERH Y 317 B (N BBl 2AF), IR R O 13.5 AP (A S Al R s ),
BURGRALAT 4 Dy 7.8 PO L HEL B HE N RS P in 28 5 1)

Table 2. Experimental result table for hardware fault self-check

2. EHEIEERSIRERE

[ RS i 1 B v P oy 2 Wi [ I} )
1 B RTC B[R] Sy 53 5 1H Hh ] 2% 11.4s
2 &2 Flash 243 X 1) & S B Bobm &AL 7 A 2% 1435
3 e S LRI AR % (1 EEPROM {4 7 3 AR 30.8s
4 AR S 2R /R I 5% 1) EEPROM {8 7% 14 HhE 2% 1535
5 TGk AD BEHUE R AT SPI S S 41 F ] 2% 12.6s
6 R R R B I AR I RS-232 (5 5 T BRI EIESS 14.3s
7 KRB AT AL R B 19 SPI {5 58 1 Hr 2 136
8 TRLR R R IR DR B 2R 1Y RS-485 {550 S 4=E/ 325s
9 KL LE CAN Z 0554 HhE 2% 13.2s
10 R R LR W I 55 248 rhE 2% 135s
11 KA O A S ) RS-232 5 52 1 BIRR 6.9
12 NandFlash U X 35 4 #5 £ 425 N 7 E BIRK 8.8s
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(S e

ST U AN R B 2 B3 R AR I A7, B M e TR R S £ RGN TR ok 2 7 e AR A S
BOK o AU BAR AR 5 8 ) B A R ] I [R) B UK . SRTT, 7.8 AV 1K) L F A T 36F 3R A Fr)
PREE P RN K o S8 TR v % i 7 <5 25 1 s 5 2 AT A e B SR B A H S, B s SR i
i WA R a0 6 Frn.

INFO/UTEST [2024-08-16 15:27:41] [ TESTINFO ] [unit ] SDRAM_Wr: 24.69 MB/s

INFO/UTEST [2024-08-16 15:27:41] [ OK ][unit ] (test_sdramSpeedTest:47) is passed
INFO/UTEST [2024-08-16 15:27:41] [ TESTINFO ] [unit ] SDRAM_Re: 11.24 MB/s

INFO/UTEST [2024-08-16 15:27:41] [ PASSED ] [result ] testcase (usercode.test.sdram)

INFO/UTEST [2024-08-16 15:27:41] [---------- ] [ testcase ] (usercode.test.sdram) finished

INFO/UTEST [2024-08-16 15:27:41] [---------- ] [ testcase ] (usercode.test.eeprom) started

INFO/UTEST [2024-08-16 15:27:42] [ OK ][unit ] (test eepromSpeedTest:28) is passed
INFO/UTEST [2024-08-16 15:27:42] [ TESTINFO ] [unit ] EEPROM_Wr: 13.16 KB/s

INFO/UTEST [2024-08-16 15:27:42] [ OK ][unit ] (test_eepromSpeedTest:41) is passed
INFO/UTEST [2024-08-16 15:27:42] [ OK ][unit ] (test eepromSpeedTest:53) is passed
INFO/UTEST [2024-08-16 15:27:42] [ OK ][unit ] (test_eepromSpeedTest:55) is passed
INFO/UTEST [2024-08-16 15:27:42] [ TESTINFO ] [unit ] EEPROM _Re: 13.16 KB/s

INFO/UTEST [2024-08-16 15:27:42] [ PASSED ] [result ] testcase (usercode.test.eeprom)
INFO/UTEST [2024-08-16 15:27:42] [---------- ] [ testcase ] (usercode.test.eeprom) finished
INFO/UTEST [2024-08-16 15:27:42] [---------- ] [ testcase ] (usercode.test.backinfo) started
INFO/UTEST [2024-08-16 15:27:42] [ OK ][unit ] (test_backupinfoTest:8) is passed

INFO/UTEST [2024-08-16 15:27:42] [ OK ][unit ] (test_backuplinfoTest:9) is passed

INFO/UTEST [2024-08-16 15:27:42] [ OK ][unit ] (test_backupinfoTest:11) is passed
INFO/UTEST [2024-08-16 15:27:42] [ TESTINFO ] [unit ] FW-DEFAULT : V3.5

INFO/UTEST [2024-08-16 15:27:42] [ TESTINFO ] [unit ] DLM-DEFAULT: V4.4

INFO/UTEST [2024-08-16 15:27:42] [ PASSED ] [ result ] testcase (usercode.test.backinfo)
INFO/UTEST [2024-08-16 15:27:42] [---------- ] [ testcase ] (usercode.test.backinfo) finished
INFO/UTEST [2024-08-16 15:27:42] [---------- ] [ testcase ] (usercode.test.analog) started

INFO/UTEST [2024-08-16 15:27:43] [ TESTINFO ] [unit ] LOCK: 2.97 V Machine current :283.35 mA
INFO/UTEST [2024-08-16 15:27:43] [ TESTINFO ] [unit ] STOP: 2.97 V Analog current : 0.24 mA
INFO/UTEST [2024-08-16 15:27:43] [ TESTINFO ] [unit ] A2 : 0.00 V Analog voltage :11.91V
INFO/UTEST [2024-08-16 15:27:43] [ TESTINFO ] [unit ]B2 : 0.00 V Digital current : 68.60 mA
INFO/UTEST [2024-08-16 15:27:43]) [ TESTINFO ] [unit ] C2 : 0.00 V Valve current : 0.00 mA
INFO/UTEST [2024-08-16 15:27:43] [ TESTINFO ] [unit ]D2 : 0.00 V Valve voltage : 0.00 V
INFO/UTEST [2024-08-16 15:27:43] [ TESTINFO ] [unit ]1E2 : 0.00 V

Figure 6. Log diagram of hardware self-check upon power-on of the support controller
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