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Position Control Strategy of Parallel Digital Valve-Controlled System

Based on Uniform Switching Method
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College of Mechanical and Electrical Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing, 210016

Abstract: To solve the problems of large positioning error of the parallel digital valve-controlled system
at low speed condition under PNM (Pulse Number Modulation) control strategy, a compound control strategy
is proposed, in which a differential PWM (Pulse Width Modulation) controller is adopted at low speed and a
model-based PNM controller is adopted at other conditions. Due to the influence of the tracking trajectory and
the position error, the difference among number of switchings of valves in one DFCU (Digital Flow Control
Unit) actually exists and is further enlarged by PWM signals. These issues cause that the fatigue wear degree
of different valves and the structural characteristics of the valve port of different valves are different, which
affect the system control accuracy. Therefore, a uniform switching optimization based on the circular sliding
method is proposed to reduce the difference among number of switchings of valves. Finally, the comparative
results conducted by simulation and experiments demonstrate that, when tracking the trajectory of a
fifth-order polynomial curve, with the proposed control strategy, the average and minimum positioning error
of the hydraulic cylinder are reduced from 0.528 mm and 0.221 mm to 0.032 mm and 0.003 mm, respectively,
and the degree of equal distribution of switchings among the valves is significantly improved.

Key words: digital hydraulic; digital flow control unit; uniform switching; differential PWM

0 3l MIZIR, BRI IR R A AERCR AR A R L&
PUMNG R 2255 1Al il T80y WU SEAE e m R

R A IR R G B A i A s FE A ARl SRR A0S, B0 O AR AT BB AU

B MR MBI EESIRAAT  AREARI—AMEET7 R, He ik R gl
V2 L FHTI E pl T 52 30 B A £ R R 45 4 R 1

(1%

HEEWH: BRARBH#ES (F45 51575258)

Wi ks H $1:2019-05-15



B U T AE

BSOS s, B ¥
5 “BUIEEDE " IhRE, A Tl 4.0 B RBL,

BT s R G EE 3 AW, —HKEU
D) B AR SR R AR I R A, 5
— R DA BRIE SR AR IR 1 B 7 4% R
5 S S e D O o = S (A | =TT o
PESEIR S, 23T E NS 1)

FE] M 3E AU RS B TR 2% Matti Linjama 7E
2003 A E B T 0T IR & 95 ) T (Digital
Flow Control Unit, DFCU) 5, Jidid 5256 56iE
T DFCU (a4 HEEl, 7Rk ehl b Hg T 2148
Af¥) PNM(Pulse Number Modulation)#2 il sk Sz i
THE ST S TR 2P Miika Paloniitty 254
PWM(Pulse Width Modulation) 1 PFM(Pulse
Frequency Modulation))s; FHl #4518 4w 5% DFCU
I S IR B AR SR SR B A Y, R
— PRGN G2 h SR DA S I 22 AN T 5 1 1 32 &) D) 46
I, BB TR — BT mA IR, &
DI g R RO ] py 2= s AR AR F 2 A H
A IR RIS VR R L, RN AR PWM {3
A LS VRO ST PR AR sV e b A L
X} DFCU ¥l R4, Wih—FpAr B P 6 25 A0
BT AN R BRI R g, A GEmE 7k
J 5 HEut 42504 il PCM(Pulse Code Modulation)
B A PWM Her sk KR R g,
H PCM HUv | T E E AR T, PWM H7 i
M REMm AT

ALVE 1, A TRIEE R PWM. PFM 135
55 PNM (5544, JFRHIE] DFCU ke
IR, (AT PWM FIl PEM [ RR4E
YEF, Gy nl e e gk FOOF % I BE 43 5 i) it . T
KIALE S AR TR G BE 4, — 7 1T 1) 1 45
FIRFEZ BRI, 3G B RS B RS, 5 —
7 TH AR A T 55 1 i D 46 0 50RE 22 50K HHE DL i
W, 38 BEAN [FIF O IR (048 7 i 22 e 1t R, AN
TlaHgedr . & B, AT AR SCER[11]
A b, $5 tH — o B ) S . 7R IROK
MO, SRS IUA SCHEAR R 4 7%, R
FET B PNM #2550 AR T T,
I P A DFCU 1) 2 Bt 5 5K S 6L 1)
WoE L. &S SRS DFCU A 2 il P14 5
ZEFR ORI A @, SR — AR TR B 1)
IO Ak HEWE 43 5 PNM R Z 3 PWM 15 53t
1T, DA i SR R ) 3 R E I 3 A 38 S

1 AREFREARGRFER

2

Bt 5 H A 3% R g i 1 s, R
H AN EE 405 DFCU iR 6T, 1% 55 dmhs
DFCU tH 8 MHIFI A& I IS IR Rk, @it Xt 8
AT 2 R iy T LA EA 5] 25 Bm = 0 4

Mass

>17; L
2 = [Tz prFeu
"o [ 17 | N=8
" T e[Iee L1

DFCU
4
Bl REgFEEE

Fig.1 Schematic diagram of the system
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