o A AH, A33A A63, pp. 607~613, 2009 607
(St==3 DOI:10.3795/KSME-A.2009.33.6.607
=1 ) 3 o 3 £z dl
H43} 710e HED A olf A2 o] FEE P

=
v o3 Alej7]e] o] 5% ZA
- - * _ ke
15" MAMs ™. Zoig". ol
(2009 3¢ 129 42009 59 4L 54,2000 59 8 AALgR)

Gain Parameter Determination for the Feeding Speed and Skew Controller of Media

Key Words :

Transport System using Optimization Technique

Ho-Young Cha, Sun-Ho Bum, Min-Soo Kim and Soon-Geul Lee

Media Transport System("} ] ©]<%
System(&©] ©]%

sh
Abstract

In this paper, we made a simple paper feeding system which is one of MTS (media transport system) and
controllers. The plant has a flexible paper and two driving rollers and two driven rollers. The control system
has two conventional PID controllers. Skew angle and feeding speed of MTS deteriorate the quality of
feeding system. In order to control a feeding speed and skew of feeding paper, we control rotational velocity
of two driving rollers. Therefore, this controller has two inputs and two outputs as MIMO (multi-input and
multi-output) system. The control inputs were the feeding speed and the skew displacement of the paper. The
control outputs were the rotational velocity to each driving roller. To find appropriate PID gains of two
controllers, we proposed an optimization technique. We assume the system variables and performance of a
whole system as follows. PID gains of two controllers for skew and feeding speed are system variables.
System performance is both skew and feeding speed. We simulates to making mathematical correlation using
global Kriging interpolation. To find appropriate value of system variables, optimization method is simulation
in sequence as following method. First, the optimization solver simulates with DOE (design of experiment)
tables to find correlation equation of both system variable and performances. Then, the solver guesses the
appropriate values and simulates if the system variables are appropriate or not. If the result of validation
doesn’t satisfy the convergence and iteration tolerance, the solver makes a new Kriging models and iterates
this sequence until satisfy the tolerances.
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Fig. 6 Paper velocity result of simulation
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Fig. 7 Paper velocity result of simulation

Initial skewing angle - 3.0 deg
Simulation end time : 3 gec

Tracing line of center

Fig. 9 Initial skew angle is 3.0 (degree).

HAx 15 T2 HEo XM FolE Eu
ujAe] IS FEIAYY, Folo HEAH
Aoy 7178 ZHsslHA QA7 A wgko 2 w3l
3 olF A H£Eg Fo] o]Fo] HIUTH

5. 2 &

2 oAM= A o]E AlZ=E A wlA) 2
L9 HENFE Ao F IYSS HoFAL
2 A BT ujA] o]F A" gAY
MTT3D =2 RU"S dozy, LAkl gk &

=
FE gAEkla, ol wek-rE 7|y H A3} 7
HE HEs MIMO Al=gle] Alo7]e] o] 54k
T g&For FT £ &S Aottt g
a1, HlEE o] 15 molA e HH o] 5o,
H|EYZbo] 3.0 =2 AE A7l 7tedS H
Qozn, AAR Aol AANE YZstAr).



612 2.

Oil

7|

o

2 =32 2008 U Aistu a2 o
o1st Ak
FSEnkl

(1) Simpson, Timothy W., Mauery, Timothy M., Korte,
John J., and Mistree, Farrokh, 2001, “Kriging Models
for Global Approximation in Simulation-Based
Multidisciplinary ~ Design = Optimization,”  AI4AA
JOURNAL, Vol. 39, No. 12, pp. 2233 ~ 2241

(2) Lee, Jae-Hun, Kang, Ji-Ho, Hong, Chang-Sun and
Kim, Chun-Gon, 2003, “Optimum Design of
Composite Structures Using Metamodels,”  The
Korean Society for Composite Materials(KSCM), Vol.
16, No. 4, pp. 36~44

(3) Cha, Ho-Young, Yun, Duk-Jin, Rhim, Sungsoo and
Lee, Soon-Geul, 2007, “Development of Paper
Feeding Speed Control System Using Co-Simulation
Tool,”  Proceedings of the ASME(IETC/CIE),
September 4-7, 2007, Las Vegas, Nevada, USA

(4) Kim, Min-Soo, Cho, HuilJe, Lee, Soon-geul, Choi,
Jinhwan and BAE, DaeSung, 2007, “DFSS and Robust
Optimization Tool for Multibody System with Random
Variables,” Journal of System Design and Dynamics,
Vol.1, No.3, pp. 583~592

(5) Kim, M-S, Kim, C-W, Kim, J-H and Choi, JH, 2008,
“Efficient Optimization Method for Noisy Response of
Mechanical Systems,” Proceedings of the | MECH E
Part C Journal of Mechanical Engineering Science,
Vol. 222, No. 1, pp.2433~2439

(6) Kim, Min-Soo, 2008, “Guideline and Basic Theory
for RD/AutoDesign,” FunctionBay, Inc.

HE A 2|4 24

2] 7 (Kriging)= &4 XAzt Al st F3+
ol dlolg] BZHY oty Ao 487 e
HFA}

o2 zoJH ). Krige += Sacks ¢} oJ# A}
AFE Aol a8 A8 A
= Ko g BARE o gt
ALY e, AHFE B4 2=
o I A3 aRL Aoy o] ©

3 A5 A8E A 27HE D.G Krige
=
]

O o o o X
(o]

£

o webd, A% mue s7mde Wi
2 2o 49 2 5 9
y=Xp +z(x) (A-1)

R

)

1o z

}\.
A=

m

ol

a9

y7F 2AkstE 2dlold, XB = ok B
s Rdoltt, 18] z(x) = N(0,0%) 9
£ Zte 7F9AIRE (Gaussian)o] 9] glolth.
AR Xp 7t e AAFI e Ak HaE

A z(x) = AH9ste AxE dExs] #sko]
MEF #A n, & AP

2(x) 9] FRAFBo] thest o] FoiAm,

o
o

R )
18 Ho

Cov [ z(x,)z(x,) ]= o’R | R(x;,x;) ] (A-2)

R & Zdadola, R(x,,x;) =
(n,) Arolel Zdastaeltt, R2 noxn o i3
4 (Symmetric matrix) ©]™, ™Z3} (Diagonal term) =

S 1 otk B dHEs R(x,x )7 A

glott, 7H-Algt Bgle] F ALgE

uEs
T AEY

2

R(X,,X,) =exp {iﬂ, ‘xf —x’jﬂ (A-3)
I=1

0, & Ao AaAF (Correlation parameters) ©]
o gelehAl 22 x o] gkl A, y(x)9] kg0l
PO = Tt el 2As B

F(x)=X@B+r (MR (y-X(x)B)  (A-4)

X9 F= @& {x,,X,,...,X, } o FH9E
= o ol Foxi

r(x)" =[R(x,x,),R(X,X,), ..., R(x,x,)] (A-5)

Wge FAmdel AFE oy
¥ 4 sl

3 o] 2

B=X"R'X)"{X'Ry} (A-6)

WA JeAS 6, =

Agel7] 9)stel, A
dolEle] W7} ohy,

o, 1 o ~
2 =n—(y—XB)TR '(y-XB) (A7)



A28 PP A 8F A o Axge o FEE 2 wEH Alolvle] oSgk A4 613

aejER, ARAF 0, thedl A o  awA, (W)L 0 o) HiL, PL3 % PL4 T}
8 AR ol = Fde BRItk SAO 16 ~SAO 18 & KW,
B BAS A% FAELS T HolET.
min(det R(0))""5(0) (A-8)
No | PLI PI 2 PI 3 PI_4 Violation
=, 1| 18449394 | 10698283 | 32516719 | 33504229 | 23148277
2 | 93110079 | 091145761 | 16508907 | 3.1160553 | 9.6225255
max—l[ns In(5(0)*) + In(det R(0))]  (A-9) 3| 18460145 | 10926217 | 33454787 | 34472545 | 23386962
L) 4 | 1sas7001 | rosas2i | 33296922 | 34236867 | 2.33029
5 | 13846314 | 66050882 | 28147349 | 15324105 | 19.851462
07} m7 mES AAss] 93 oW el ), 6 | 29503762 | 5590861 | 65376792 | 9.0111065 | 34.494683
A40 ez mEe oo walE A k-3 7 | 11580453 | 14333999 | 21401586 | 35274466 | 12.413913
416 T4el 24 854 (Unconstraint optimization 8 | 40500404 | 5147513 12036 | 9.6668541 | 45047977
9 | 1osoni2 | 11317472 | 35044283 | 33551001 | 24811284
problem)® 3 ETh 10 | 23790399 | 1278531 | 40603166 | 35314088 | 3.0576309
11 | 1104781 | 20059883 | 20473798 | 5.1960998 | 12453858
b= el Az o 12 | 042531773 | 28865802 | 17089122 | 020191867 0.
F5-B: 2 XM=t 8 0l 13 | 041708034 | 293858e-02 | 16845368 | 021065355 0.
14 | 50392665 | 15851762 | 80.685849 | 33846078 | 51377901
el el A3 Aol 2 e A 15 | 039252414 | 3.58705¢-02 | 16480717 | 030448703 0.
== Hdgsilth PLL ~ PL4 = 44 ¥ ~VY, = 16 | 042107747 | 291393¢02 | 17374121 | 020507168 0.
LFERATH Violation & ZF A A SAO| A Alokz7 17 | 043214314 | 256743¢-02 | 16456025 | 024981503 0.
o1 2 (15)2] S|P )| Folvt HH&s}t A 18 | 041758216 | 29143702 | 17128228 | 020195182 0.




