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ABSTRACT

This paper presents a self-levelling system for a mass, which undergoes a severe acceleration, with

integrated displacement feedback control. After a general description of such a system, theoretical

analysis is investigated to design an active control device. The self-levelling system can be used to

reduce the

“quasi-static” deflection while isolating the “dynamic” vibration. A computer simulation

model of 45kg with two air spring mounts is considered to predict the performance of the control

system. Important control parameters were acquired to meet the requirement of the system. The results

showed the controller can reduce the displacement of the mass to the level of about 1/5 after control.

Thus the self-levelling system can be applied usefully to reduce the displacement of a mass which

experiences a high g dynamics.
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Fig. 1 Schematic diagram of the self-levelling system

1318/812 23S 383

rr

sGGoN FHSW, ALEZ A 97 F,(9) 9}
o] W9l W,(5)Alole) HEEsE ohed 2ol
B

W, (s) _ N
F,(s)

ms® +cs® +ks+g, @

b, M AE gede] ZFHA e uW, &
£:=0, ZAel AR MR A7 “HH(static)”
2] wg el 2 ofet At

if g =0 &)

AL BT FAWAT Fah, WAR =
W] A5Y W) $FE A @t do| BN,

=0 if 0 4
oS F,Goy B @

A, =8 Aejrle) My Ezoz o «f
A g RN E BAS T 5 o

WO AR o A AEe ZTRAHOZ oA o)
A ¥ov g Routh-HurwitzBE P& o] &3 <
AN 2AL ANsE ghgo] dojAud,

g, <ckim TE g, <2wk. )
40 T
{
30
|
N
2} ‘f‘.
A
10+ y
<
30
'—‘;‘g 0 ——= A/_’./'
g |01 -7
ot -
-
- a=09
20 e
e
b
a0}

.40 " "
10* 10" 10° 10"
Q=alo,

Fig. 2 Normalized mass displacement per unit force
against frequency with ¢'=0.1 and norma-

lized feedback gains of O(solid), 0.1(dashed)
and 0.9(dotted)

2F/418 A A 12 &, 2008



ATIaY A29e 93
o (& AHloT, o, =VkimE BAFIS
o, Zad, BAY WNAR 0|5 olefst To)

Hel @ & k.

&
2w,k

5, g= Aoje) °]'7b/“% Zt7] YA a<1
& TEdo} gt JMEE LFoE A% A} F
H[o] WY Alo]e] 761—%5}% FaedEd o #
o] & HEeto]d(effective compliance)E 7]&
g 4 ek

_ (o) _ 1 o
CF,(jo) 1-Q+2j(Q-A/Q) 7

7N Q=w/w,& BAY Fgsoly, A (1)
Fok "2 Fig. 20 vebdled, oldf #53 7
HAulE ¢=0.12 MR8 AFse AE =y
°]52 1=0, 0.1, 090]1:]— Fig. 2 olgja AojA
2899 £44 ¢ AAeld] o3 L2 5
9Jee HAFE) gy o] AAEE AojelE 2

7t F7ve8 Aot AEEHA FE wo] HlEA X
Fo| 343 F7HH0] AFAAZAY FHE Fol
FAEE vehdo

zZ Azguzy A HYHE sow Aol
B3AM FdFoTY “F2(dynamic)” IEE A3
AZIEA BAY dddoez ufj$ e Fulgo

\_

R

Position sensor

“AH(static)” WHAE F2ATE
HE FE AEEeldavt daHA
A4 Fusgddis

Ze
#-n, c9
stiffness)<

el

B = Ao 7

w2}

Aol

T Q<13
C=-0/2j002 &
FE 7 (effective

z7ksHA |k FAFASE (Q=1)9A

' C=1/2j51-2)7} Hol & 7usl vy
¥ = o8 7astA "ok

3. XA 2EHY
3.1 d=3dy RMoALH ZHY
o] AelXe Fig.3% 22 ¥4 AzHdye
A% A= Ao} Axge] XEYE . oA

208) SHEES 7H) A% mo] 43 B HALE
w3592 1 olg WAHE cwos Azdd
3¢ A% AN zgel,

WO Fig. 39 F=¥ TI7h Ya W vl
oh, $EPAAE ofdlst Lol FolL,

mib+(c, +c, YW+ (k, +k, )w—(c, 2, —c,2,)0

_(klzl —k2€2)9=Fm
10 +(c, 2 +c,02)0+ (k2 + k, 02)0— (¢, —c b ,)W
—(kl ~k ) yw=M_

®)

44 2AZUHA e
Eolth, % wlgE XA

ow F,3 M,
SRl 93 54

o
L
x

\_

Position sensor

—

Non-linear m=90kg Non-linear
Junction function
N . .
»
gn/s - l 4——{ gu/s}—
A 4 k, i < kz

y
\:XX;%\X XXX(\X Oy »«’X(X‘ \‘Xfég(gt( )?())))(g X%&y y’gg“ 2N
G E  OE OI CX ARCY e z}< LONPeG
’e 2
£

Fig. 3 Schematic diagram of an integrated displacement feedback system for self-levelling control

T

28/A 184 4123, 200841/1319



o] 4 A

0 1 0 0
_k1+k2 R ki, —k,t, ¢l —c,t,
A= m m m m
0 0 20 , Z1 , 1
kit —kt, cli—-ct, kii+kt; cli+c )
1 I I 1

B=[0 1/m 0 0;0 0 0 1/I]

A A £2us) wih we e 2o

w=w—£,0 w,=w+/l,0 )
q7)4 wE FASHHAAY FAMYelt). Fig.
33 2o % A9 U % Ale e AR 27

Negeld 2 54 ATE obdhel ejudsate
variable) |2 & 7}530H?.

() = Ax(f) + Bu(?) (10)

o7l x& AHEs 98, ue gE¥HH . 1
g Azd dE A9 FERsdy BE 2 (1)
3} Zo] ztzt Fo7inh

Nadle] ZuE Vi ofdel Zo] RAYTh

w(t)
_ [wm®] 1 0 -2 0]Ww)
o)

(12)

4714 C+ &9 EH?'L AlzEe] AFejgEo|tt
Fig. 39] Al&¥dl] dig HEE A3 F =
WS ALA7E, ‘%‘JQ“—W ut primary force f$}
J=w o5 PH KE FF secondary forced] ¥
oz yehdt} &,

u@) =f()-K .Ey(t)dt 13)

oy K=[g, 0,0 gl2A &%E & w}REY F
% %& A4k

3.2 37|22 ZE3
Fig. 49t #o] 239 3pio] dAd 7122

& AT A AZEPE FAFES FY
Aojng 3 23 23718 IF EE WE
A7tk ErlAZYe AL A BAZu

&3 go] EE€r®.
k=k +k, 14

A71Q k& 17 AAdelm, k& F7UHA A
A9l ofefe) aazM FAEH,

_rh4,

o rE B9 Mg, A2 223 @
Vil 2339 WEAZeln asln BE 2

= g Fiddes 428 g A a
b 24Hg7] BARRE GG §7)22

FESY, P E e 2ol FoNHY,

m,d

<= Compressed Air Supply

> Released Air Vent

Fig. 4 Schematic diagram of an air spring system

1320/4=2ASX S T3 =2 2/A4 18 8 A 12 3, 2008



Asxedyg Alx

Output
(Valve Operation)

1

-A

Input
4 Displacement)

1 A: Critical Displacement
- 1: Air Supply Valve Open
~1: Air Vent Valve Open

Fig. 5 Nonlinear function “dead-zone and sign” for
control valve operation

4 ke 7R B AE7) g /s2A 2YY €
A&E ol 4714 ndBAY $7| L2
9 3719 FEAYE FES FdT I
g & ARREE, IVIHEAY, 2B H 37
T 293 548 T¥e TY Aoz
sz o]Fo|th

3.3 IYHojwe =P

-‘-7]/\3“’401] agte] I8 FHEAY wiEAT)
E FgAEEY F&4L Ad¥F(linean) o2 EH
Y JhestA T AR FAFEES v AE A (nen
linear) &2 Fig. 5% Zo| “dead-zone & sign 5
2 rdgsigich

o] g4 A A (critical displacement) AP
o] WSl -A<w<tAdAE HEI} HH o] GlA]
2k QAR ol Wt wAsH B e A
"ot AAdz B FAAL2 A=3 HoERE
dEE 402 AR PHAsHe ZdE2XA
A Aojlire] FA& EARITE o] Rdle]
T AR o] Fow uwdd MAFlx “"‘:‘7}
nsA FHEA Hi, L I8 FREA &%
37 "t

4. AXAM FT Y BN

41 =XAN Y Fe

Table 12 AZHLY A 2He] FAAT 2 £4
g 93 AFd 2de] E53 54A otk X*x}%}
ng}l 2 Ago] Axy] & ke =294
Age 4 85E von HolgHew %ﬂé

98 9%

A9 A v=d] Ao AT

Table 1 Physical properties of the control model

Mass m=45kg
Damping ratio ¢=01
Natural frequency Jo=77Hz

Stiffness k=Qnf,)* -m =52665N/m
Damping c=¢-2\mk =217.7kg/s
Mount type 2 air springs
{=4,+¢, 125m=066m+0.59m
Position Mass=45kg Position
¥ sensor sensods
Controll Controller
& . &
Valve Valve
. .- —
Alrspring Airspring
# 1250mm A

Fig. 6 Self-levelling of a mass with two springs and
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Fig. 7 Matlab Simulink model for self-levelling control
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Fig. 14 Reponses before (thin line) and after control
(thick line) with the selected parameters.
Upper: Transient responses of W, W, and
6. Lower : Effective compliances
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