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Research Status and Development Trend of Hydraulic Control System
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Abstract: Problems of the hydraulic system of multi-legged walking robot are focused, such as large energy loss, relatively
single structure, and complex control strategy. Status of the hydraulic control system of multi-legged walking robot is
analyzed in two aspects, i.e. hydraulic system and control strategy. Firstly, the hydraulic system is separately elaborated from
pump unit, hydraulic manipulator and hydraulic control structure. The pump unit is introduced from the power source and the
structure of oil circuit. The applications of different hydraulic manipulators are briefly described according to the structure
classification, the integration and the special functions. The hydraulic control structure is classified into the valve control
system and the pump control system. Secondly, the system control strategies for the free space and the constrained space

are introduced. The development directions of the hydraulic system of multi-legged walking robot include miniaturization,

weight reduction, energy saving, noise suppression, leakage reduction, and improvement of the control strategy.
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Fig.1 The structure of the integrated hydraulic actuator
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Fig.5 Hydraulic system used in the multi-legged walking robot

r ks

.—08 H ]
LOB—H‘-— Pl ¥V
PN [" R+ )+
EER I S — b
u%é%;__mmm A (0 LR Ve gl

Nri=NR

<i; I e LN

KL

K6 Ml aedR It Lk & 4t IR 2
Fig.6 Schematic of the double-stage energy-supplying
hydraulic system

Xue 4R H 7 BT REVRHE LS TR R 58, AT LARE
IR OB, e R Ra s, Wk 6 s Bl
Z BT N R HIEE L M IARERE
&%, AR NERRN SRR, JFH 1 AN NRE SR
FAtGe: REREREHTKN ARG RCE
REVE. PR R RG> T R AR, K
AR R, KRR RE R RN FRR S T
50%, {H Z 580 B fE T s 1 V)i 37 A i B R
A, EROEERA, RMESCHLT R .

BIATRBERGEHE TR REHA
AR, A AR d v T % R 1R
KA B AL G frl IR B LE A1), Guglielmino 5542 Hi H
e T O 1) 4 Bl B e Qi A8 4 2% Chydraulic buck

converter, HBC) =Ml % 2 BATHLER N, WK 7 fr
BT i EG R I, HBC RGuAH EL T8 A 1R
ARG LUATRE 75%, TEIMWs g A HE ()&
P, IFHNREAL, ERHAAMES, WEARE
K, MELLRFH T Z AT 2L A P8 [EFF, Zhang
S Ab B R O oS AR B L i, R R IR
PWM  (Jlik 5 BE R 1D A5 5 o 23 Loty g 1A
H I FLEEAT I A, AT SEEIE R g B
)T, kD AN BT LA R ). Peng S5 L
P IR R E 2 B LA N T T R
oW, k8 Bk WO GBI R LB, HlaE NiEfT
TEAT DS AUNIRS N E 240 (K 8(c)) 3K
AL T R R G AlPE = T 34% F149%. 4 Fp
B RAGRT: (1) FBERETIRAS (E 8(b).
(d) HAHE PG Q) B RN R
ARG (E8@). (b)) WhELEEAEENINE: (3)
MR RE S, TR B T E R,
WERSG (K 8(c) (d)) RFEHE.

Uik
7. .4
—O—
i AN
¥ el I
Pye el i N
N 3 n L
w 3 -
Py e 1 —e—1 i)
- | T
N§
1
e

7 o e R A % i B
Fig.7 Schematic of the hydraulic buck converter
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Fig.9 Pump-controlled hydraulic system of the six-legged

walking vehicle ASV

S A 3R B 14 RE A2 LA N 5 40 S P 55 S 422 ik (1)
— I EARAR. N TR LEE NS A Sl 5Ty
H) [ Im) BR 2l PE e, Kaminaga 25 F R 4% R G0 E
WREC IR AR, 2 RG AR EAL BT IR DL
RSB AR, 10 Bros W Hodr, fA] ik LIS

MR RGURIE, FERRIEHI AL, BAR AT
BUNRREES 1, IREPAT SR A RE R . &
LIS UERT, T AOHRAT & B A BN I 1 BE 4R 020
BRECIROE AR 1 64%, B A RUF i .

WLk .
K10 REWIERGRTT R E

Fig.10 Joint structure of the pump-controlled hydraulic system
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J£77 6.9 MPa [ REFI T2 220 W, LR 15V )
HLAE, WIE 12 7R 1901, Alfayad 2550 iF—Fh i 4
FSC ) 2R 10— AR PR B 7, R DAt 9 2 1 R /)
A7 A T H], R <F 80 mmx40 mm x40 mm, Jf
HL i 5 I B 2% B A % DL 20 mm/s (13 FE DR 3))
35 kg 1) 97 %K, 167681,

é | |
Kl 12 HEPU fm L5 B 3 775
Fig.12 HEPU highly integrated hydraulic power source

6.1.3 FLZSFHMRAIRH

Semini 251 il AISiMg & & HI/E R E 4, B
AR HUEREL BRI L% S JER
KHAMMHER A, BAEER, EERNMR A, W
K13 o 1991 Bl Asswad 25 {5 FH BT B 04 LB 41 4 1
VR R GTARFNGE ZE4T, ol BiE BiE g5 2
e, BRI T B AR RS R R ) AR SRS R
RURESAT 85, fEHLA AN PR T &= ks 28 kg 170

K13 S SRS B
Fig.13 Hydraulic manifold with additive manufacturing
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I H s Rk =AM AR B B RS, XN RAR
BRI TR ESR. BT, AR
TEEBEAUT U7 (D) IBRE RS 45 1,
W6l WHHR. ) EMERG kR E. W
B B A E R A AN Z R et 4 Wik
{14 ik ek AR TBCIH Sk - 1 0 R R e Ik o 1 R A PR AR Ak
P/ NE IR R, PRmEACE, TR
Z RN AN ER A Bihs By, X
RENHLE R K TR RG T % T RE, &
R ML, Kr= e R g I, AT LA
FHLEE N HI RS H, 7E COMET-IV ' B A M
FHU2L(3) 3% I B R P sk, B AR AR R
SRR RGN, B, Du i H—F 7
BRI 7y, I Y LA 98 JAE 1 A ) IR FE P L A T
M RGERIE F7, B T70% WUERE, T HAHE
L P iR P U710,

6.3 [FERMEAFOR

I P 2 YR SR B ML N — AN T B . K
fromde R BRI T IHAE R R, IF HARS) 2 5o i
AKERE, XIHLES NI HISCR 2 AR, TR L
WAR3), Guglielmino 2&iHit Hlgs N 2 01 B A #E
WEMRZRAIE, WNESRNE R RS) 7.
Amundson 5 15 B [ 8 52 1) 75 2, TR USRS o2 A
RPVRAPLEE R, Dk 3h 77 UR 5 A 87 dBA %
i3] 78 dBA [,

MR R G 5 AN — A B RERG. R H
R A AT R, ELS YedRss, R T RE R
GUI AR SE M. O T /N R R AR
(1) f55, Yang 55X KR FEAL A N L R EAT
PiER T, HEWEMEEAT T X, BR84S

i 04,

64 FEBEREZENNA

IREES U 59 S EA L TS WNDAR <5 SR tE s T AP S
R T WU 2 P AT AL NI IS s i it B Y
B EIEAMOE T R Ay, i v RN R E R
Wik 5, I 7 VR AT Ok, 153 1 S
PElRE L. HRHT R R e Ik R 2 MR U7 =
(1) #=iil#s CnPID) Ak, U1, Stojanovic %
K 2 Fi 07 A2 2 g BEE ST U T PID 45 848 2 4
P T AT 2 AL B R R BE L ok, i
% (bat algorithm, BA) #H Lt T 14555 (genetic
algorithm, GA). i % & ZH % (cuckoo search
algorithm, CS) Fki¥#f5H % (particle swarm op-
timization, PSO) HAA HA4F MM MERE. (2) R4
BRI AP F A B B G TH 5 A3, BRI 2 (AL 4%

52 ) D7 VA A B R BN A,
PR B A RE A MU0 B, Lu 2545 m)
PR M 2% (radical basis function neural network,
RBENN) i v Hs $0AT 8% I i A58 1% 22 A A0 T3,
HBVNEBEIVE SN Rr SR A A EE b b 2 (O e
FH 2 T B 15 1 28 0 5 35 5% bR 2 (barrier Lyapunov
function, BLF) IF I JL&# 4 U7,

7 %51 (Conclusion)

AT R AT 38 P 4 1) 54 1
X2 R BAT g N R 40 1) R R DUIR HEAT 1) 3R,
ST T 2 R AT LA NTUE R G 4 ) SR
BEMHRH T H K ETT 1A,

(1) Z 2 BATHLE N RGEAERZYE Ea] Plik
PN PURHLE R RE R R, 0 RN AR =
WHIEF b, TR EIAT S b, BERPAT I BTN
Rk, T HIEE SRR R, SRR
(R Z 2 i G LN W S S B ot N o 07
RO ER I, — SR R PAT Bt A . 7
WEAERI A b, 4% 2 40 5 A v R e )57 3 52 A
EHEE, RERFAAEENBCE, BEERER
G AT LA SR SR R ST RE.

(2) Z AT HLAE N S 0E v Lo N H A
[H) 32 B 4% ) 1 29 ] 25 (B a2 sh 4% ). B R 2 [A]iE )
e, SR 2 MR iR iR R i Oy
%, BRSNS T TERE. 2R A R)E sh e i) 32 2
WIEHEPUEHIA S/ BIRAES, S5 HEE
JSE RN R AU 53 A S 70, AT DA DR At ] B () 3 s
PERE.

(3) Z R BATHLE NWE RGN K& T7 A 36
INBLER EEAL, TTRERRAE. BRARME A, IR DA R
A H RS B gk, @i vk B R, R RS
I ErL-a ER AT/ =TI D W NP P SR N
BEEIME 2 R PATHLER NS AR B2 R A
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