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Experimental Investigation on PWM control of Power-shift
Transmission Hydraulic System

Zof®E - oM - 2P M - Ol K A
D. C. Kim, J. K. Lee, Y. S. Kang and J. C. Lee
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Abstract: The mgor system of an agricultural power-shift tractor is the transmission, using power-shift. Because
the transmission performance depends on the hydraulic control system, the most important aspect of the
optimization is the design of the hydraulic control system. This study was conducted to improve a pressure
modulation characteristics of the power-shift transmission hydraulic system. It has been tried to replace an
exiging pressure modulation method with a digitad control by using HSSV(High Speed Solenoid Vave). The
performance of the PWM control system in power-shift hydraulic transmission has been evduated by means of

experiment.

1.M B

9] A ZE(power-shift) EZES A 7]&e
FAANZEE o] &3 F¢ HETo|H, 53] #5 Al
of7]e] o3 EE Y] W& JFo] ZAHFHDZE o]
3 3t A7 s HA AAsE Aol M T835
oV @A RYAZEE META 5l T E
4 73] g wsS wAE] A% AT ¥ =
go] A& Hi AR & VIAH FEAY =
Foz o|Folzl ey WHE o|&3t=H 1
A3 Qo sAw AH FEARS o] &3 RE

dolg WH=Z= HH ot =4
AL eH,

© 4%e A% 2 uFY WaE 2es, /17
o

Aad 2000 69204, AL 1 2000 8¢ 7Y

AREFIAAD): FEEWNAF) Y71 T4

E-mail : dckim@tym.cokr Tel : 041-851-7741

ANE, oA+, 2 @ TEFEAILAEF)
FTdNedTA

ojAH: AW 7|A - A-FA-F -

322 Aosts W 7LE ZY A (mechatronics) 7
o FEeg v g o9 e oA
o] AEaE AF MET7|dAE AFHds ¢
& Aofste= 710l oW NTEHAUA T EHEH Y
& N2z 85" A2 gl
Sk Aol e tiA ¢t ' m&HAY
&3t o] Atk 1SAAMEE TR
MEHBEE B2 Hw3 AZE 48z
BRG 714 WA At} 3 1 540
of RIZFstA| ekom Aojwgo] 1heksty] wEol
o HAA oY A §oE Fo] AR
Atk T o &2A FZo ABAE Ao, s
AH O XA e AFa ©E7] BEola
59 tgAe] 5 ofe Hopol AHgHT Yt
B Ao s gAZE WL A2EY PWM
AE fs dAE Fejo el 283 1& M
PEE o] &ttt FHAZE WE7] PWM Ao

g

]

oot

N
B o om

>
D3

=

o I
i
o

Ljﬂ,—‘l-o
2o m ko> o2 = X

I

N

AzEE AL B3, 4 ANE FARAT =
W 4P T3l Aol B4 BHSL RS
o

2. PWM HIJAIZE H& AlAH A3
21 TRAIZE WL Alay

_10_



13 23 Z¢x F5A o3
&L Fig. 29 2o

Fig. 194 #27} €99 2kl b2 g9 =s
st A %lx}ﬂ o7 ZAHI o e

5 Z7lel FUAE QWA AT, OFE
golEle] Aol Tuw 2o AEoree
YA A, olm 2A L FEE
srsz B0 oz f27 92
o oumag ENeA Y vz A2 W
155 ke 87k ol

[e)

=

KR
=
[e]

2

<

22 PWM MO A|AEL M7

& A WHE o] &3 HYSAZE ®¥E 9FY
Aol A2®'lE JiEstr] skl EFEE PWM Al
= TSR AN ZE EHE Y {95 HEF

< AW 2 A& Aojste M E(shuttle)F
HETS Alojets 9] ZE(shift) 28 %], &5
< Fg3k= PTO(power take off)E& X7} o.M,
5 ! AZE FYA9 ES Aot

T

A
=]
=

pa o ofl
p)
Red
ot
N
O}ﬂ

o
of
b
o

rlr
2}

4.3 2eAE WEeZ PWM
ANd B7Fe Fete PWM
Aol Alz® A Tee

to
(
ofr
ol
O S
= i)
gy o >z
o
ﬂ' —l [1_1>_L y
= Xl
_O‘L
= lﬂ
T
IS
wW

2 rlo
=Y
i)

ot
2
2
=
[
]
o
%P %
e
o
o ’
l
f
X
o
oot
2

~
2

T4 B
e = o w2 F

(i,
v}
Z Qo R o do oM iy M oJE [z o= mY

Lo o

I
o
2
&
[-40
flo
e
iy
ol
z{
ro ot i

)
Iz
flr
&
=
w
8
my)
S
fru
)
S

ol
o
iy
( Hj
it
=
o
r>~
o
D
= lH >
o of
o 3
=
(=]

N O

N' A0 =

3 =

o
=)
A=)
w2l
P
_O‘L
&
o
L
2

[

30

£ oo I

[

&

L

N,

rJ

2

o

bt Ao
ol

CRL
o
=}
A
o
offt
ot
=3
rr
Fo g
o
o
inss
=2

lo lo & X
NI
g
S
N
2 B 8oy T o

w©e 1 rr

lo

M Ho
2
el
oX, bt
o ]
off
r rok
s
i)
ox
ol
o
f
b

2 7 ¢
Qoo 43 Dot Aok

Pressure sources

Shift Viv

I

= M W

L1

Accumulator
Tank
Fig. 1 Hydraulic control system for power-shift
transmission clutch
P
rg ’7
. |
5 [
@
£ Py
/'/
P //"'
p e

time (s}

Fig. 2 Required clutch pressure profile

3. PWM LA ZE

AN
s AAE A

o

31.1 2%l FF AR

Fig. 4= 284 F3} AQ AA 9 =252 #
o BHE oldste FA d¥SE TEAIL, 2
A7 AEA 28959 w9

BN eRA EdE B9l A ¥ TE
332 2S99 ¥ 2930 Eavgg
PmAAE el B Fe SHFES sgon,

_11_



SHIAZE WE7] A 29 PWM Aol 48 A7

d¥F9 T5EE B FEHe L9HZY FHEF Zolth Table 12 WfUEH FAF) Al e
F 2 Al o8 AAHH, Y5 BopFe €8] 3 U3, Fig. 7 2YA frdAol AzEe AT A
ZiH ol Aol ofsf dAyI TEE YE o

Accumulator F

Clutch F

®7
)

Lud e
ay Viv

! Accumulator R

]

4.

=

[1] ClulchR
Fig. 3 Proposed PWM hydraulic control system of
power-shift shuttle — A
312 D% M Wo ofEC H “JM
Fig. 5 €92 S&HAMY, of #88o|6, A|of SIS
WHE FHE fehalel sUZtelH, Fig. 6& v —{ I
UED URe $UHEE SASE Zolth Fig 6 | {00 P
oA &AW | 7149} FgAo Y 1AE o) F g R Y
S PWM WS Ao e dAGE ¥ 7 |
d g 5 o BE?&, HERE FAH 1574488 W TS W 14 WUTTEA W DA
F7kst] AHES 79 e Ao E glo 47H9] al < D) ) Qo
FUANRY olgdel - EA gAY dee |

Ly |

= X.“o.]/\]v)_\_EélE thers Al 2 LHEsly] 93 Fig. 6 Hydraulic circuit of clutch control manifold

Drive Hyd. Motor LoﬂdérégcgétvMotor
45¢¢/Re i
Max. RPM 2v599 Max. RPM 2,500
200N-m  at 300bar 300M-m at 300 bar
Flow rate: 130 LPM Flow Rate: 160LPM S
A
D_w— Test Clutch 451D%<D
Torque Meter TO;?)‘(‘]: Meter L 4
—m
2002 - | & 10~315bar
RPM Sensor RPM Sensor - O 2var
Control Valve Block
I
L1
Main Port Pliot Supply Dynamo Port T port

Flow Rate: 130 LPM Max.
Fig. 4 Schematics of clutch testing device

_12_



Table 1 Specification of hydraulic component

Component Specification
High speed Valve g?i; :; 11%(1)1;2:
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