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Abstract

In order to improve the control performance of the actuator position in the maintenance of the
hydraulic excavator and reduce the impact and vibration of the actuator, a fuzzy algorithm was
designed to optimize the parameters of the actuator position PID controller and reduce the impact
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and vibration during the operation by using quintic polynomial trajectory planning. Firstly, the
kinematics model of excavator is established to determine the position and pose relationship. Se-
condly, the trajectory design of excavation conditions in channel maintenance work is carried out,
and the mathematical relationship between hydraulic cylinder displacement and bucket, boom
and bucket rod joint Angle is obtained. Then, according to the system model of the mining robot,
with the hydraulic cylinder of the boom as the controlled object, the PID control and fuzzy adap-
tive control are simulated. Through simulation analysis, compared with PID control, the steady-
state error and response time of fuzzy adaptive control are reduced, and the response time is re-
duced by 36%, which verifies the advanced nature of fuzzy PID control algorithm.

Keywords

Mining Robot, Trajectory Control, Quintic Polynomial, Fuzzy Algorithm

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

BEEBUR TR B MAWIUR B, 2HHLMIER H s B, Ak s ey, A THER K,
HIRER, TR, BTHAKPFRZRARRE, SECRE TR S EE DURIE— SO AR M .
DAL I 55 0T A2 SR ML I B A AT IR AN PAT AU BEAT 450, SeBls U, $Rm e i hs . BESEE
FAEN, B ST S PAT I RS S [1] . F 2R AT B v, IR BTk 45 S Hdk A7 i
s sl Gtk B Retbiz T i oes2].

IXZ S AT T 29I RGBS N /3BT o 55 SCSCHERF 90 38 4% S0 R e A0 A8 S 7 i
G EIbRE PSO Bk, MIiHEE 1 PSO Hyk 2R REe ), ik T PSO HIkFaN Rl s il il &, I
SERTET RGN AR . 230 IPSO ik, SPSO HiEA PM i K I, 1PSO S5 AE 2 40 N sk J
B VERETT RIS, JFRE0E SIS & i Fs RS BE[3]. XK A T WO S [4] 14k PID A B Al ik &
gr, FHBGHEIEMRAE S U N R LA, I PID S 845 /A IR 5 G0 T8 f 13 B AR T
o, PREIEHI AR RIARE M, I ST M 1S B AL B S SRR RS I A AR [4]. 6 T2 IR T3
J IR P AN ) 1) AL, DTSRI AR A RBF A28 4 (OS5 I A S E0k B, 32 /0 R S8R5 i P e RV M 2
WG REW, iZ T PID ff], EFZHEHL T B 7 B A E AR E[5]. 28U 20k
I FERN R ZADNB, AN A TR 2 T AR R R B . MR SR BRI FE L R 2% A, T
HAEAS /N B BT oV () B s IR FE AR . R R BRI D7 32:, AR I e 2 B 464 SR R RS/ B I e v
I IRBCR BEARH U IR S A ol i 7, 3RS R AR PR E, KBS m[6]. AIEREEXT AT LA AP i
U TE T RO PID #5125, KD dk LT A% 3 s BB X &, Jl I simulink 30038 2 15 R AL
5 BP-PID [7] [8] 7 %t L, BRAIE 1Bk PID o 538 5 5 R [9]

A SCRHZRALAE N AT FLRBZE AR, 38 G R D ISR I Jd SR i 7 A AR S AN AR, X248 AL
fERIE BARIR . BRI AR X BAT T AT 4R, {8 L A B U H 8 ORI 55

2. {RBEE S RIETHRBT
2.1, ZIRRENERE
WVl 1 T St LA DA 1 PR IR WP G 0 ) o 2 VPR G 9530 () E L

DOI: 10.12677/mo0s.2023.126511 5628 e RSE TR


https://doi.org/10.12677/mos.2023.126511
http://creativecommons.org/licenses/by/4.0/

HIE E

BT e DL SRR A, 6,,0,,6,,0, 77 NI, B, SHAF, R, o Nt
WA A AE . 24801 D-H 4445 R TS SN2 RS S8R 1R 57 A R AR s i RIA 3K,
(1) s

X= C.I.(Ll + 1,0 + Ly + L4czs4)
y= 8 (Lt L, + LSy +LyS,)
2=Db +L,8, + L3Sy + LSy
0=0,+6,+06,

€]

X1 ¢ =c0s6; c,=c086,; Cpy=C0S(0,+6;); S, =SiNG,; Cp,=C0S(0,+0,+6,); s,=sin6,;
Sy =SiN(0,+6,); Sy, =sin(6,+6,+6,)

Figure 1. Excavator model construction
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Table 1. Kinematic parameter table in D-H coordinate system
= 1 D-H iR THEFSHE

KT ai/m di/m ai () 6/()
0.55 0.7 /2 ~180, 180
2 1.48 0 0 -50, 75
3 08 0 0 ~140,-36
4 0.43 0 0 ~130, 32
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Figure 2. Cartesian space mining waypoints
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Table 2. Transformation from Cartesian space to joint space
2. HRRZEEE X EE TSR
RIEE(x, Y, 2) () SHFFC) 2H()
(2.4,0,0.5) 24.74 —50.64 —81.09
(2.3,0,0.02) 3.71 —-41.53 -91.18
(1.9,0,-0.3) —12.96 —45.5 —1155
(1.6, 0,-0.3) -9.4 ~73.08 -95.1
(1.2, 0,-0.02) -11.1 -108 -99.4
(1.1,0,-0.5) -10.1 -146 -94.2
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Figure 3. Curve of joint angle and time
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Figure 4. Change curve of angular velocity and time
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Figure 5. Curve of angular acceleration and time change
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Figure 6. Trajectory fitting in Cartesian space
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Figure 7. Flow chart of hydraulic system
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Figure 8. Fuzzy PID structure diagram
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i3 59[-0.04, 0.04], PID 3 MZE%E &= IR I835 N3, 3]-

(3) Wit JE A, Wt =AM TE R 8 B B IR KAk iy N\ A2 5 A A L AR B ) SR S

(4) WM BRI RN, e AR B RS2 KR, FH IF-THEN U, 41 “If Aand
BthenC” , @ T ZHAK, AK; FIAK, PRRAHL I 2 1) % 4 4 3~5 FioR .

(5) HEATHOMIHEREE N N A8 & I B AR(E AT SO0, H e A it B 3R 8 FE o AR HR AR 4 il I 22,
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Table 3. Fuzzy rule control table of AK,
= 3. AK, FRHIFL N4z 2=

E

EC

NB NM NS Z0 PS PM PB
NB PB PB PM PM PS Z0 Z0
NM PB PB PM PS PS Z0 NS
NS PM PM PM PS Z0 NS NS
Z0 PM PM PS Z0 NS NM NM
PS PS PS Z0 NS NS NM NM
PM PS Z0 NS NM NM NM NB
PB Z0 Z0 NM NM NM NB NB

Table 4. Fuzzy rule control table of AK;
T 4. AK; BRI SR
E

EC

NB NM NS Z0 PS PM PB
NB NB NB NM NM NS Z0 Z0
NM NB NB NM NS NS Z0 Z0
NS NB NM NS NS Z0 PS PS
Z0 NM NM NS Z0 PS PM PM
PS NM NS Z0 PS PS PM PB
PM Z0 Z0 PS PS PM PB PB
PB Z0 Z0 PS PM PM PB PB
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Table 5. Fuzzy rule control table of AKy
= 5. AKy FORHIFL 412

E

EC

NB NM NS Z0 PS PM PB
NB PS NS NB NB NB NM PS
NM PS NS NM NM NM NS Z0
NS Z0 NS NM NM NS NS Z0
Z0 Z0 NS NS NS NS NS Z0
PS Z0 Z0 Z0 Z0 Z0 Z0 Z0
PM PB NS PS PS PS PB PB
PB PB PM PM PM PS PB PB
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Table 6. Parameters of the simulation model
= 6. HERENEZIMESH

iRe) 1B
K 0.22 AV
K, 0.76 m?/s
Ky 1.07 x 10" N/m?
A 1.26 x 10 *m?
¢ 0.11
@, 286.4 rad/s
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