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PWM Control of Hydraulic Motor Systems
Using High Speed Solenoid Valves

A E H(RAYY JAZTRL), 0] F A (AYd A%Y)
D. T. Kim (Kyungil Univ.), Y. S. Lee {Graduate School, Kyungil Univ.)

ABSTRACT

The micro electronic control technology with developing microcomputers make great contribution to
electrohydraulic control systems. The electrohydraulic pulse control simplifies in conjunction with power
electronic amplifier and high speed operated solenoid valves. It is necessary to valves to convert electronic
pulse signal to hydraulic pulse flow as fast as possible. This study deals with the speed control of an oil
hydraulic motor operated by two way high speed solenoid valves. The valves acts as converters of
electronic-pulse signals to hydraulic power. By constructing systems in which a hydraulic motor is operated
by two solenoid valves, the pulse with modulation method (PWM ) has adopted as the speed control of
hydraulic motor systems. The static and dynamic characteristics of the systems are investigated by the
experiment. It is clarify that a hydraulic motor operated PWM show good performance as a control

component, achieving accurate velocity control.
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Fig. 1 High speed solenoid valve

Table 1 Specification of solenoid valve
Max.pressure 17.5MPa
Valve Max. flow 8 /min
spec. Rated flow 3 i/min
Flow configuration [ normal closed
| Rated Voitage 12/24 V
Solenoid " ted Current | 2.4112 A
Spec. Permissibl
vcﬁ;agIZSlﬂu%tuation =10%
Max. switchover .
Perfor- frequency 3,000cycle/min
mance ON tlme 4~6(<10) ms
OFF time 1.6~2.5(<10) ms
Operating| Max. oil temp. -20~90TC
condition | Viscosity 10~300cSt
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Fig. 3 Flow characteristics vs duty ratio
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Fig. 5 Block diagram of control systems



3.2, a¥aEn % U@

3.2.1 AK/TXAL 54

Fig. 6 (a)& 2Ax3E 9T A, 49X &
Wale] wE WHY {FF-4Y $F EH4E 4
B Aotk FFUFL 40barelw, X3y
(BB E7Y¢¥Y)2 AL3x gt PWM H
£30te] F71E 80mselth Fig. 6(a)dlA HEE&
o] 55%¢%1 AL, PWM Aoi7]9 &7 HAdA
Agre) 5VE LAIA FAHE T £H kol
o ARy ¥ WBES AESHA FHH, F
7} 80msol 22 oF 44ms B WHI I /¥
o] ZuA Hrh wely WxEol FNESE
WHE Biaste FFS SV o)AL Fig 3
9 Al AE A el ek Table 1el4, 8
B ON/OFFAl9l ON #}zte] # & 5ms, OFF4]
7ol 2msolr] W e, BHy 2 wWRuE
449 uf $FA T mrl o)HF FEIE W

P:40bar, Ts : 80ms, duty ratio : 55% Q: 1.8 Umin

50

pwm {voit] error input [volt]

p1-p2 [bar]
o
(=]

p 1 [bar]
b
o

p 2 [bar]
(=]
(=]

-10.0 i I 1 I 1
50
time [ms] - some

Fig. 6 (@) The measured waveforms
for constant error input

Mi(dead time)3+ X1 A12H(dead time)S Eol
£ Aol Fadltt, FYRE IHASF AdAE
fEeE AMEo WHO HHANES A3ty
o] @Alel 23} AFE i3 wiASle SEA
€ FAAH

w3 dHr ZAFdeE ¢ FEYY P2
40bar2 A9l YA, WEHEFUYY Pre
WE It FAle FABA A, o) 9
ZFEF9Y P 3t 7Y Pyo xol, § WEe
A FARE} dp7t FoHeHA B

Fig. 6(b)+ 15Hz8] AHdIAE 2AHIZE
PWM =oj7le] Q13 BS99 AFatgold,
FAHA FYPak XA Fe) wel EHEAE
TR T PWM Aozl £HArt. 48 ¥
2 At wHrl 49 o ¢ 16msBE, 2Y
W ¢ 3ms P& A de] HAEPh EF B}
48 E74Y gY¥e] A A I v
E (overshoot)o] 2AYS & & Yt

Error input signal : sin wave 15 Hz , Ps : 40 bar

error input [volt]
N oo
n =
|

é '

pwm [voit]

p1- p2 {bar]

p 1 [par]
[
(o
(=]

50.0 —_
00 l L ! | i
10.0 — —_
H_ha
- | : .

}—- 50ms -—-—|

p 2 [bar]

-10.0 |
time [ms]

Fig. 6 (b) The measured waveforms
for sinusoidal error input



3.2.2 QYATH 9N4 HOHO 54

Fig. 7¢ WEEE 50%E YYHA FA8
AeelA, FIYLY Fel WE FYEHY
#8459 FAFE JEbd Aol o u @
By} 239 HJESe IA 2mms 23 E
Agstedl PR fFol AYRE Y FIHE
% 9ok RS T4SE WHE ON/OFF
A FURHY JASE Aelss AL,
YE7E @ds) 2AE Aol FUEHe &7
Ho® FFHYO RoEE AR AW
By s EH ETREAA o] wA
t Ag BAS st dAstgc 239
F 5ol wet Ao B4 o) Wiy WE 23 A
A, HBA AW GAANFE THstd o} B
oh =R B8 E3% 3% Q=CA rVdpz =4
¢ 4 ek ZEdE $a8 A dfe) =E
AA o} mpFEAle) & 23 AJEute] Rtz =}
£817] wEel A9 Fra} yejeln, wE 23
8 Pyx02 1€ 4 ok mekd 3ol
FobAw #UREIRS] RS dp,,=Py— Py)
7t Z7hske] EIggel Zleln, Ak C & S
Hx072), AE APEA, ¢ & WAtk 1
PR RRsh A4, £HQY 2 sH4ete
71&717F e o) WA $H o A

E% Fig. 79 4¥AT] oY ASsy9
e & Fig. 8(a), (b)ol AAlstach. ¥z
2 FF¢™40bar, 70barel, HEEO 75%9
Ao dg Roleh,

1800.0 .

I . T T 15.0

B motor speed

12000 — -1 10.0

Q [min]

600.0 @ flow rate —Is0

motor speed [rpm]
T

0.0 l 1 1 L 0.0
0.0 200 40.0 60.0

pressure [bar]

Fig. 7 Steady state characteristics of
hydraulic motor speed system

Ps : 40 bar ,pwm :75% ,Q : 7.6 Umin

Ir 1

it I

40 Il | Il | 1 | Il

5
et

b
o

g
!

»
2
I

» -
8 8
o <

a
o

p2-p 3 [parjmotor speed [rpm) pwm {[volt] error input [voit]
g
j

]
=]

p 2 [bar]
8
o

-~
8o
(-X-1

p 3 ar]
3
=)

1 1 1 ] L
- 50ms -+

o
o

time [ms]
(a) Resuit for 40bar, duty ratio 75%
6.0 — —_
L Ps:70bar,pwm:75% ,Q:7.3 Umin |
5.0

e

IJLI
b

-

PP I T TR
6.0

p 2 - p 3 [barjmotor speed (rpm] PWM [voit] error input {volt]

p 2 [bar]

p 3 [bar]

0.0

R |— 50ms —|
time [ms]

(b) Result for 70bar, duty ratio 75%

Fig. 8 The measured waveforms
open loop control



Fig. 9 (a), ()& ZF3F¢™¥ 70bardd A,

FHREY Aol AT ARE Ao AS
A3olrt, Fig. 9914, ATRE AEZsye
command 41&, PWMA|ej7ej4e] RHFF
ON/OFF A3, F94E2H - E7d0A49 49
23 A%, FYERH 479 ¢YEoy R &7
Y A¥E viebdeh Fig. 9(a)e BHE7 93
3 €Y AEdA £3H R ¥EE B2 F 8
9 B FA4eln, Fig. 9(b)x (a)s 2ol
WH7L $H3] Y A PEHE £HO
E ON/OFF #3< wE3de o $454&
A& Bolrt, J=HE 7 BE, APAA
% A= upsl Zo] PWMAIo718] £¥43
ON/OFFdl wg #4Red sAd4+9 U5
4L MdgE & + Ak

4. 8 B
2 AFANE AGEHY HHS AiA
PWMACE 75 T4AXEEE she, 4]
299 54 2 $540 Ug d¥"ez 7
Estach A¥AH, 9540 F=eY B4 4
B LEAELE ol £ PWUAL A
FEF AeYFS dehin, & Aoy f1
A P e
54 % ON/OFF AdAzd ZHdd B8y

o Wetel BEY oFolk.

(1) Tanaka, H., Trans. Jpn. Soc. Mech.
Eng., (in Japanese), Vol. 50, No.457, (C)
p. 1594, 1984

(2)Muto,T.,, Suematsu,Y., JSME Int. J.
Serieslll, Vol. 33, No.4 p. 641, 1990

(3)Muto.T., et al, JHPS (in Japanese),
Vol. 19, No. 7, p. 564, 1988

(4)Koyanagi, Y., et al, JHPS (in
Japanese), Vol. 18, No. 2, p. 57, 1987

P : 70 bar , motor speed : 1360 pm

Lid

5
R AR

T
I E)

g
1

2]
2

%

p2 - p3 fbar] motor speed [rom] pwm {volt]  command [voit]
o 8
o =]

33
oo
1

p 2 [bar]
8
(-]

T

p 3 [bar]
3 8o
o oo

o
o

L I 1
t——— 50m8 --—j

time {ms]
(a) Result for transient impulse input
6.0 —  P:70bar, motor speed : 1360 rpm -
50
40

3.0
6.0

command [volt]

lLiJl'lw
C_

3.0

0.0
1500 —_

1000 — \ If \ a ~

500 . L L
40.0

0.0

p2 - p3 [bar] motor speed [rpm] pwm [volt]

— 50ms -

time [ms]
(b) Result for repeated impulse input

Fig. 9 The measured waveforms
for closed-loop control



