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A Study on Speed Control of Hydrostatic Transmission
Using High Speed Solenoid Valve

Sung-Hwan Park,* Jin-Kul Lee**

ABSTRACT

This study deals with controlling the speed of Hydrostatic Transmission (HST) system

through the control of pumping stroke of positive displacement pump using high-speed sole-
noid valve controlled by digital closed loop PWM method. The method which was done in this
study is as follows: First, we modified original positive displacement pump and designed
pumping stroke control system of HST by using the high-speed solenoid valve, Second, after
experimenting static and dynamic characteristics on each signal flow, we identified system
parameter of approximated model. Finally, to control the speed of HST, we controlled the
angle of the swash plate of positive displacement pumn by controlling the pressure in the con-
trol cylinder chamber, Test which was carried out in the labsiatuiy shows that transient and
steady state response could be improved by PID controller.

Key Words : Hydrostatic Transmission (F&3€34]), Digital Control(4Z€A¢), PWM Con-
trol(B~E #= Ao]), High-Speed Solenoid Valve(2&AAPdH)

. M8

ul

guel 7E ¢ 2E

24 $2 TERAZ g AH8HC gon f4 <
AN 2 Fo2 HE WO}

FEEIY RUAEHY 2P, FEHISL FYR
B A &3 Aol gdta ANxgld HPL&w B
RS HGAIHA FHE Agdss AXQ £4d
%44 (Hydrostatic Transmission, ©/% HS3T)e
3719 IRTERA, FEE 1A, ¥ ZE A,

* 2ugsta AAvgdTA

= pidigtw FUAAFNG R AT EE T AKY)

148

ez k. olHE HSTY Ads& HSTE F
At AFHEd fFERee 49 &34 AP
wek A,

Fhde FERZG REEHY B 2H Aol
THEY dEdoldE AMgeta, HST9 #exa &



-z A] 2129 M7E (19959 74)

o wa ARE LAXAGME SYREHS 1& 7
FAA L, 28 $AZRANAE AL FEAA A
o2 FEY(EHN) AE Pk Ro] gAY
o, a2y olgEe AopydMye fgHEd #¢
2 3 B3 Aort «f94 dZHlHA E
EA4A 02 doju}y] wjie] HSTY BE AF
X A%7le 24 v mgd FHEA EE3e Ao
ZEsA

TH, AT A 2 AFEHIFE Jlee ARZ2
g A7 71% 2 HEAAANA 53 45E
AA A3, mlo]AR HHEE o &3l Az Az
7F BEstn AR-EA HEA 714 (mechanics) & A&
B 2 (glectronics) & 2 B Aodts 49 W=
Y X (mechatronics) 71€°] F4=2 TAsn 9l
oV oolohte FW Vg FAEd el ez
FdrEe] P4 £4% d&FoR FHEE A EA
St 719 Ade] AAFPRE FHLE o F3
Ha YA ofA A 2EAQ WA HE22 Sih

E dFdAM e 7He] AFstn A=t sy
WEAA el Hold g Feje] WHQ a&AAEE
£ FYatd 99 (Saw-toothed Carrier Wave) &
o] &g NHE Hzg 2P AojgozH, P 7}
H43E Hog P 42E d£5FeE HFEL YA
gAY 5 e ARG AdAAdE dAgd, =
7 AzAGeLd G 5 2 T8 A4S 5%
of 34 mdg FYstn, velzbd HST 5404
2Hle) gy D FgE 7 SAS Ndstux
-?{]:q_. 3. @

2. FUXMEEA (Hydrostatic Transmission) &
T4

2 dydA ez e fgagdAe M
FAE Fig, 13 2ok Alzde] FAN vekdold
BHE ALE AL ded] YA 9 d5AL 243
43 Aeold EZ AME (Torque Convertor) 5% ©]
4% HDT (Hydrodynamic Transmission) ] 713 <]
Avtd Aoz 2 d79 A& HST(Hydrostatic
Transmission) 8 #2712 ) ©

FEHAZN2E g .5WI AE71q
AZ" E&fFo] 0~28 (em’/rev)d 7MR4%Y o
~F HEE Y Aze AHgERen, ¢ 15949 E

149

- Hydraulic line
—— Electric line brake
equipmentl

=

tacho generator directional

coptrol

coptrolier
IBM PC/AY
Tniel, 80488

control
cquipment Y valve

g=high speed

comple- ¢
solenoid

mentary
‘pump N
Fig. 1 Configuration of HST system

valve

4370 Tllem'/rev)d HLEE S AFoo|EHZ A}
2319}, £33 PSPy HIo AlRFAge] A
de 291% 39y n&AABEE o7 ALEIElE, 3
LA b E fFFFE Y59 L5kW)e A
7l dFEE A4EE W9 HEE dxe BX #9
THY oz A4

FH, HASEE QA7) A3t fgEed 27
g #Ad AT EAE AEF (Flexible coupling)
£ o] &3ld EzAUFlHE dASArt, Bize
FEEE F28 gAdAas) BYY23E ABE
€ Biolz FXZ 1AL

FhAgEy aAE Pxo] Agzt Aojg AT AA
& Fig, 2914 RE Hlsl Zo] n&AAMWLE o] &3
o AR Aojddy e gE€E Aoz A
ol ¥tg ~X&i HYL o|F AHAA Alge 4
A7t 23 EXRFE EFIEE TAEey,”
AR ALY 7)7d AT ALE Table 190
vehgsid, -

3. AAEe By o BEE

Fig. 13 #o] 7A€ HSTA 2" A5 d4g
A2 wet FEA L F5A HAYS 53 =2dFS
Pzigloh

Fig, 2014 Aojddde T35 A%< Q, A4



g% o)ald

Table 1 Specifications of experimental apparatus

Intel / Hydraulic Pump
Instrutnens Specification | Mamufacturer 80486 % It
- | control cylinder
Electric Motor | 1160 [rpmd, 75 kW] | HYO SUNG \\
A
Hydraic Pump | 028 fem¥/rev] ucHa yoke |
L
A
Hydraulic | Hydraulic Motor 71 lan¥rev] NOP Lo
system VOV . l._.__._.l
High Speed | max. Pres I750gs/en) .
Saleroid Valve | max. Flow &{L/min] NACHI B /)
V4
Relief Val 10~350 | UCHIDA - el i
e Dhgserm REXROTH_ | Il_ reaction spring //
. —— e e s a e
? _sw" max, +10 (V] KYOWA, —— : Hydraulic Line
Anmlifier w1 Electric Line
Amplifier and T e . . , . . .
sensar | Pressure Sensor | max 100 (kgr/em®] | BOLDWIN Fig. 2 Configuraion of axial piston pump contrel unit
Velocity Sensor FEEDBACK
Controller w":lManlfae CPU 8 (MiLz1 LEM # &R 2-03 (on-off) A|TAAASAelo)
Fig. 3@ Jerd RA\A szgzxe ¢ 9~10
Constant DC - =
Power | e ;uw Loazoy zow | TAGASAGO (ms)E n&AAEEY -89 (on-time) 8.8 4%
Suemy Supsly ED Laborstoxy % glow, Fig, 3beH YV SE(off)E
m T anpe T 2 _—w:;;: vehd A Akl FAAEHE Eold AR Al
Converter %5 [V] Range 79l % 10(mslE 2E-ElY (off-time) o8 23T
Measurems HEWLETT o 3’1:} (8)
T .
i Qesilloscobe 100 [MHz] PAC

1.0

A9 ASS #3FL QHx 3, nLAAYEE §
Fate fFe eada {IFTFA 8 ol 4
1), @) 2] 28 £ glen, 2&AdAYES 7)
TEH AQ (em) & 4 @) 2o

0.)= CA® 2~ 20) ® RN @2@3’ o

lc{A)

5 (@) Characteristic of the high-speed solencid valve on time
Q,(t) = C,AQ0), | ;(li(t) -F) 2) 15.0 : ,
A(t)=m y,(f)sin 6(d - y,(t)sin O cos 0)  (3) 1003 HE
5.0 qrommm -
1A, G BEEAY 282 4%, y0)E Zoo |
Lot

BB xgel W9 (em), 4 FEERY HFHA (em), 50
0= ABIge AT4E, p= F5He L= (kgrs/
em?), Poe FE9E (kgi/cm”) 283 P AR :
AAAA Wl ¥ (kgi/cm? & Vet “o. p oD g

Fig. 3=),0E n&dAgne YeFdo] WHAE
9 2R @AY oAz &t Fdeelzy A
F A4z VR AT A7|AEE o83y FF Fig. 3 Characteristics of the high-speed solencid valve

(b) Characteristic of the high-speed solenoid valve off time
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gt Foltt
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V,(em®/rev)E 4 ()3} 2},
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Fig. 4 Control piston free-body diagram
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Table 2 Parameters of the system used in computer

simulation
Paramentres Value Dimemsion
Dy 485 cm’/rad
Hydrmulic Pump T 008 :
Hydraufic Motor Dn 113 em®/rd
Inertia Load Jn 0032 kers'-cm
Velocity Sersar K, 00762 V-s/rad
Flow rate gain Ki -47.14 emVkgrs
Flow-load
ot y.2 546 cmhars
pEgREe gam
d 057 cm
i 0.2 cm
High Speet |~ Ym
Solencid Valve T 2 ms
T 63 s
m 015 kgr-=/cm
[ 350 kgy-cm/s
Control Cylinder
k “38 kg/em
As 24505 om®

AHERZE ®0]7|2f &

7hE 88y AR Hxel A@7 Aojy]2A A/D,
D/O¥E/1E AAE sixd AFHE Ag3inon,
Aol =7 e CZzady A= FASAT A
B9 Aojrle /fYRHY #3FA S 0,5 A
NAgeR Ak gaddclHe A3 ke, g o
=RJEEAM AMgatgen, AlRe ZAze 4 (16)%
Zo] 2% AF 7 2FUE Kp, 79 23441359
& Aozt YA =g FASFHAL o M)A
dEo g E9d FAddest dAsinz i
e AAL £84 FHE A% (AN L
PIDAA71E TAs PWMHHeZ a&dA8EgE
TEHEE dA g, @

e(z)=r(z)-Kw,(2) (16)
_ Tz T,(z-1)
wz)=K,(1+ I-1) + pos ) e(z) a7
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Fig. 11 Simulation results of P control system
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Fig. 12 Experimental results of PID control system
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