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ABSTRACT

In this paper, it is accomplished to design a control method for such an actuation system of
simplified ON/OFF mechanism with actuation command limit. First of all, based on experimental data,
the modeling works for nonlinear/linear actuation dynamics are performed, which are govern by PWM
command as a control input. Using the linearized model, a classical PI control method is designed to
satisfy the aimed control performance requirements, and a control algorithm is proposed to realize the
required control performance in the effective control region through resolving the issue for the PWM
command limit which reduces the control performance. Finally, through control simulations, the design
method is verified and the corresponding control performance improvement is evaluated.
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controller.

7 AoE 9% Aol TFEE Fg 29 Bow,
9% 9 4375 Y= YA 59 U=

W owT = 5o

ON/OFF #|¢]7](ON/OFF Controller)=
el SH X Zolo] mE PWM Ao AsE
Aale 24% Idstn Jod, PWM 4l

o
ox of

g 757 A5e A% FF 9YL 7S
do. FuE 757 Ao ON Ase +
57 B4e] $%& OFF: AFe 99 sz
395,

3l A3 ON/OFF A& Z

3. Mo M= M A ZE 2 Ho] 2Rl ME

31 Ao A5 A 718 PE AE

TE719 7§ 545 dotetal PWM AlolE
53 75 34 A2 Ao} e v
A3l oo PWM Alze g 757 €9 =
A Adng ot ddd PWM A5 %9

L2
N

)
AN Jm

i ox M 2
jQ, o oft &

WA, CF 0.5 Hz, DR 24%(PWM W& A7t
ON 21& Hf&o] 24%4S 2vghHe] PWM H
goll o3k 75719 NIz &9 542 Fig. 3

Stroke (normalized)

Time (sec)

Fig. 3 Actuation stroke for CF 0.5 Hz and DR 24%.

Stroke {normalized)

%]
o~
[=2]
[== 7 T N,
.
o
.
[a%]

Time (sec)

Fig. 4 Actuation stroke for CF 4.0 Hz and DR 23%.

Ak NG FHo] nE Ty Z&
ztolo] wel DRe] 50% %Y 7Z-$ole vl
E52 Hit PFAY} Fol=e 4
< 53 gelstsh
349, Fig. 4= 553 %L% Pré}
CFE 4 Hz, DRS 23%% &
=3 CF7} 0.5 Hzl Ao ®la) =
Zolges AT
fg L DRY % VSA7} 351
5| =319t CE7F AR wah T+

FolE ot 7% g%
al

o b

lo X o mlm
O s i _I\ﬁ,
nﬁﬁl U
fr
o
oo ol
(o i
=
< o
X8
o)
i o
¥
Og(:",
%
O
o 2

o
iz}

ORI WALy >R < W A )

e o

o
o 4t & ot

A}

QL

b4t

°

4>
=
12



20

Value
4 Hz (fixed)

determined by
control logic

Control
scheme
fixed
variable

PWM

Table 1. Control scheme for PWM parameter.
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Table 2. Actuator model parameters.

Model . Variation
Notation .
Parameter (Operation status)
Time
T 7,(OFF) / 7,(ON)
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Table 3. Model parameter determination. Table 4. PI control gain.
Parameter Value Remark Gain type Value
T 0.065 (sec) Proportional, X, 24
e 0.065 (sec) . Integral, X; 0.01
Upss 0.14 (-) normalized
v, 018 () normalized Table 5. Expected response characteristics.
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Table 6. Control strategy.
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Division Condition
method
Input
PI control .
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ON/OFF Input
control saturation
. ON/OFF
Region 2 -
control
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Fig. 13 Simulation results for PI + ON/OFF control :
stroke velocity (top), ON/OFF BIT command
(bottorn).
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