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A generation method for the cutting height template of the shearer drum based on

working condition triggering

LI Zhongzhong, YAO Yupeng
(Beijing Tianma Intelligent Control Technology Co., Ltd., Beijing 101399, China)

Abstract: In order to solve the problem of low precision in drum height adjustment caused by different
working conditions during the working process of the shearer, a generation method for cutting height template of
the shearer drums based on working condition triggering is proposed. The method preprocesses and extracts
features from historical sensor data of the shearer, selects 5-dimensional feature data that affect the adjustment of
drum height, including cutting motor current, cutting motor temperature, pitch angle, roll angle, and traction
speed. The method constructs a compensated echo state network (C-ESN) model for generating drum cutting
height templates. The method establishes a working condition triggering mechanism, inputs real-time data from
the shearer sensors into the C-ESN model. The method uses testing error as the judgment criterion to recognize the
current working condition of the shearer as normal area, triangular coal area, or abnormal working condition.
Finally, the C-ESN model generates the corresponding drum cutting height template. When the testing errors in
both the triangular coal area and the normal area are greater than the threshold, transfer learning method is used to
correct the parameters of the cutting height template with small testing errors to ensure the precision of the cutting
height template under abnormal working conditions. The experimental results based on actual data of on-site coal
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mining machines show that compared with the actual cutting height, the maximum errors of the left and right

drum cutting height templates in the normal area are 11.47 cm and 9.96 cm, respectively, and in the triangular coal

area are 12.91 cm and 7.94 cm, respectively.The results can meet the practical requirements of engineering.

Compared with traditional echo state network and radial basis function network models, the precision of the C-

ESN model has been improved by 54% and 57% in the normal region, and by 10% and 69% in the triangular coal

region, respectively.

Key words: shearer; drum height; cutting height template; compensating echo state network; trigger of

working conditions; transfer learning
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Fig. 3 Generating process for cutting height template of shearer drum
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Table 3  Partial values of cutting height template

PR /em

147 S07 B4 2 (A A e /MR 224 0.019 em, B KR 2 » hy/em hyfem
115 em, 7 28 5 —126 53 B AL 2 [A] i) e /N i 22 265.0 175.1
4 0.05 em, Fe KIRZEN 11.5 em. TR 75 BE AR AR 28 2579 1827
BE W35, 48 2338 179.4

b & AN [R) TG, A A A VR B R L ) 78 68 2428 1827
o BEASL R, A5 B ALK = B, aniEl 8 iR . R, A2 8 2409 179.0
A R T A R B A v R A L — SO, R 108 276 1886
P BT TR B, 2k R DX T, 22 Zi f:;; iiz

AR A LA v B ] 8Ca) FNIEL 8 TR . RI




« 150 -

5 8k

% 50 %

R E R KR 2N 9.96 em, /MR £ N
0.19 cm, £ VR = B RIR 220 11.47 em, Fe/MRAZE
4 0.05 em. Y fih A& = A XS T AU, 22 AR
LR R sCoO M (DR, Al F W, LR
R A ORAR 2% 12,91 em, Fx /MR 2% 4 0.009 5 cm,
AR A B R KR 2E N 7.94 em, B /N IR 22N
0.019 cm. I/ B2 55 H0R) = B ELAT v B A — S0k,
KE T C—ESN B A g i FUNR L 24 5 T80, 4=

2.1 ¢

A O 14 v R AR, W R TR S PR A AR oK
il e S E DL, 25 A VR T A v B A BT 8Ced NI
B 8D TR Rl i, K] 5 ) s B R B
B —EUE . RS IR 2E R 4.1 em, £EXTAE
AR T, B MAE 73 %124 0.015 #10.007, [ iR%%
SRS 2 2 ML e 08 B8 o SO (S U o
B 1 )7 0 S T o

—a— IR - - PR 20 m+é&i§ﬂ%§ HLk v RE
o I\
LT (R T
ot (W AL 1]
E 18 Jwr‘ ““’*y 'Ar g M I
=0 ||t AT AN
o TR
| \l | "y
o L D LA L [
LSr ﬂ i‘ Sl RS T3
22 R S P 14 : 1.6 S P
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
i E] 25 /min )25 /min fis} [8] 2 /min
(a) TEH DI 7R o ML g 32 (b) TEH DA VR AT AL i 2 () =S A0 TR R A R g 2
24 ¢ S 28 ¢ 20 N
—u— Bkl v 1 —a— IR | A i L Fk v
22r [ 270l h
ol e | il 20 S e ﬁﬂ#
E g N o1 E s E 1800 NN IRTIY
et (R Y I N A = P T UYL Y P TR
26l | E’h“;r‘ W I&;J;ﬁ;‘*\f ."‘M V| 204 251 tf ;q"")‘}l’ﬂv ‘d’\]m( -"\gjelfo s i) )
1.4 I»\,,I | v l 23 | i‘i ”M‘
12} 22 tor
1.0 R S PH S 2.1 R S PR 15 TR S P
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
I [E] 25 /min )25 /min i} [] 2 /min
(d) =R DA A o L 25 2 (e) S TOLZe VR e ML g B2 (f) S TOUA VR FRTHLR e 2
K8 ARG B
Fig. 8 Planning height of left and right drums
44 FREEAE L R S TEH, £ X4, C-ESN i MAE 5 NRMSE

X TE 7 DX IR = i 0 DX, 0 R AR ) S
™ 4 (Radial Basis Function, RBF) "' ESN fl C-
ESN #EA7%F HL 92 00, 25 5 WL 3¢ 4 M3k 5. PFMHR 4%
MAE 5 NRMSE #/)n, & BI @B MG, 3K 4
A& Y, 5 T ESN, C-ESN 7Ei% 2% I B A M2k
H, 5 RBF W 4% A Lt , C—ESN A9 B A5ORS 5 8 i, A
MAE K&, fiIR Bk B e T+ T 54% F1 57%. M
F 4 RIBEIE 5 KRR R X 1L
Table 4 Comparison of drum height errors in normal areas of

different models

LY R NRMSE MAE e KR ZE/em
LR 0.566 0.039 15.356
RBF -
AR 0.444 0.035 25.442
KRR 0.383 0.025 12.815
ESN N
AR 0.376 0.037 22.707
JETRTE 0.338 0.023 9.956
C-ESN N
ARG 0.164 0.016 11.471

53 24 0.009, 0.073, #H# T RBF 5 ESN, ¥ J& 43 %l
PTFT 10% 5 69%., C—ESN il i3 5] A iR il
i, AR TR

5 IR = f RV 4 25 BE 2 0T L
Table 5 Comparison of drum height errors in triangular coal regions

of different models

Y R NRMSE MAE K w2 /em
JETR T 0.434 0.025 24.078

RBF -
FRE 0.267 0.010 36.704
IR 0.372 0.040 24.368

ESN N
Py Gl 0.221 0.029 15.366
LR 0.140 0.018 12.910

C-ESN N
FIRE 0.073 0.009 7.940
5 #ig
1) HEH T T 00 fh A B SR MLV T AR B v

BEMR A= T ¥k, 1507 175 18T 22 Tl R 28 X f v B2
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FLA A 52 i, 6 A ) T 00 6 SR JE L AT s 4 1)
PEATERASE, 5 ) [ 3 N AT VR B e B H Y

2) fgEE T C-ESN BEAY, fE R A v 5] A K15 Bl
i, B sm TR RN RS e M, BRI T @R B, IR B I
T 2 2 HIL ) 07 T SR R AL 38 0 o R o o R 0 S
T

3) T B R IEHL L BR B 1 SL 0 45 R,
7 SC AT 7 9 e X AN TR) T, L AR v R R )
AR A, S RIRZEN 129 ecm, /MR ZEH
0.009 5 cm, REAE I /& TRESLPREK .
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