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Abstract: This paper presents a control method for the performance improvement of a proportional solenoid

actuator using a Pulse Width Modulation (PWM) signal. It is very difficult to obtain excellent response

performance from a proportional solenoid actuator using a simple proportional controller with no PWM signal

or dither because the mass and structure of a proportional solenoid actuator changes according to the

application target, friction force in the proportional solenoid tube, operating force and displacement range.

To solve the above problems, first, a controller with a PWM function for experimenting with attraction force

characteristics was designed and manufactured. Secondly, an experimental setup for solenoid performance

measurement with a force sensor and a displacement sensor was also manufactured. The attraction force

characteristics according to the frequency and duty ratio variations of a PWM signal were tested and the

relationships among the frequency, duty ratio, plunger mass and friction characteristics were analyzed.

Finally, response characteristics improvements for proportional solenoid actuators are discussed.
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Fig. 2 Experimental setup for proportional solenoid
actuator
Table 1 Specification of proportional solenoid
actuator
Plunger
] ] $17.82*%41L | Rated current 1[A]
dimension
Stroke 3.2[mm] Rated resistant | 10.8[<2]
Coil turns 1180 Plunger mass | 107.6[g]

2 AFolAe H9E 242 [[mm], 2[mm], 3[mm],
PWM F3+45 712} 100[Hz], 200[Hz], 300[Hz], FE]
HE Z}2}; 35[%), 50[%], 75[%]2) AFERolA 28-S
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Fig. 3 Step response characteristics
(plunger displacement: 3[mm], PWM frequency:
100[Hz], duty ratio: 35[%))
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Disp 35%] | S0[%] | 75[%] | 35(%] | S0[%] | 75[%] | 35(%] | S0[%] | 75[%]
1[mm] 30.95 25.90 18.65 3245 23.45 17.05 17.05 33.40 24.30
2[mm] 16.55 14.55 10.85 11.45 20.35 15.10 11.35 21.20 15.15
3[mm] 6.15 13.45 7.40 10.50 8.90 7.70 10.30 8.45 7.00

catoje - HE=Z 2016.9 O1



HiE Ao} Eemol=

24

N}
S
)

—— Input signal
——=Input voltage

20

o
S
Y]

=)
©
o
©

Y]
@
o

IS
=)

Input signal[V]
-~

1 -

I -

\

T

T

1

| .

J P

T ¢

|

]

|

]
IerutvoItage[V]

1)
Force[kgf] & Current[A]

o
o
©

A
)
<1
o

-8 -40 -16
0.12 0.14 0.16 0.18 0.20 0.22
Time[s]
Fig. 9 Experimental results using commercial
electrical amplifier(PWM frequency: 180[Hz],

plunger displacement: 3[mm])

WM 413

2 s

s~}

32 Hg&EeelEE ey AT 9

, WEIRIS] Hargko] 100%d o] Eel= it
4. 4 =

o] =M HFEAAE &dolze Ts

3k 7% ?i:rLi, AA - AZeE v &g o=

% -, TEH 2 7}Ex} H 2] ol

FEAY A ﬂl |42 WHelel F9F

=

=3
=
54

o il oX

2 10 o & o

T A%E optE the

N F{E
_1>~
o
4
o?‘:’
ol
¢
o
R
re

Az Fag W3l FEH WE g 7k

7] w9 elell wEbA Hlfﬂ]ﬂol Feld EAo)
DAR A = FHol SAeHH, WH LA = HZ
o] FEH] W9 AAS flsted @S Bt 24+
g FQa7) 9ot

2) Ao HlElEEcolEE PWM  FoRpTL
100[Hz], 7}F&A+ 9] M7} 2[mm] o] ol A ﬁ;}axd

ol mlelsh=s §99
< Fdte] FRlEATh

3) Bt g BAE feixe REEE 53 ©]
2343 pWM A5 Fuleel SEH]
AE A st B2 AP @
AgEH, 8 38 FF Ao AlxH] Azl
Aol EAL zAEI, HlE & ol A AS
A Aol B3 QLE Za7t itk

g < 3= )

o] =29 Adh= AdINTI SN T (A 5

52 Journal of Drive and Control 2016. 9

=
Q

AFoolele] SHA B AT

o

10063469) ©.% o] Fo1 5 &< WU},

References

1) Vickers, "Industrial hydraulics manual", Vickers, pp.
14-1~14-10, 1989.

2) Achim greis, "Electromagnetic actuators",
magnete GMBH, pp. 39~47, 2000.

3) S. N. Yun, D. W. Yun, "Performance improvement

Thomas

strategy of solenoid valve and magnetic material
technique”, Journal of the KFPS, Vol. 6, No. 3, pp.
28~34, 2009.

4) N. Ye, A. Jutard,
"Models of a pneumatic PWM solenoid valve for
engineering applications", Transactions of ASME,
Vol. 114, pp. 680~688. 1992.

5) J. Badertscher, K. A. Cunefare, A. A. Ferri,
"Braking impact normal dither signals",
vibration and acoustics, Vol. 129, pp. 17~23, 1991.

6) Gert G. Roeker,
control

S. Scavarda, M. Betemps,

Journal of

"A digital switching hydraulic

valve with pulse-modulated control",
Proceedings of the 45th national conference on
fluid power, pp. 195~205, 1992.

7) Jack L Johnson,

systems for industrial motion control", Milwaukee

"Design of electrohydraulic

school of engineering, pp. 82~83, 1995.

8) Parker,
Proportional and
http://insidepenton.com/machinedesign/BruceBesch-Int
roElectrohydraulic.pdf, 2016.

9) R. B. Walters,
control systems", Elsevier applied science, London,
pp. 173~178, 1991.

10) Rexroth Bosch  Group,

"Introduction to Electro-hydraulic

Valves",

Servo

"Hydraulic and electro-hydraulic

“Valve amplifier for

proportional  directional valves and proportional
pressure  valves”  https://dc-kr.resource.bosch.comy/,
2016

11) Y.H. Jeong and T. J. Park, “THD analysis of a
hydraulic servo valve using CFD”, Journal of the
Korean Society for Fluid Power and Construction
Equipment, Vol. 11, No.1, pp.8~13, 2014.

12) D. M. Kim et al,
of Analytical Model of the Main Control Valve”,
Journal of Drive and Control, Vol.12, No.2,
pp.39~48, 2015

“Development and Verification





