Journal of the Korean Society of Marine Engineering, Vol. 40, No. 6 pp. 527~534, 2016 ISSN 2234-7925 (Print)
J. Korean Soc. of Marine Engineering (JKOSME) ISSN 2234-8352 (Online)
http://dx.doi.org/10.5916/jkosme.2016.40.6.527 Original Paper

(Received May 18, 2016 ; Revised July 9, 2016 ; Accepted July 19, 2016)

Design of a synchronization controller for non-rail mobile rack

using repetitive control method

Hwan-Seong Kim' - Jin Park® - Yun-Su Ha'
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Abstract: The non-rail mobile rack, which is used for cargo storage, can improve the storage capacities of logistics centers.
Furthermore, it has the advantage that it can be used in traditional logistics centers without making any changes or renovation,
such as installing rails. However, when the rack is operated by separated drive actuators mounted on the left and the right
wheels, precise position control of the wheels is necessary even if the unbalanced cargo weight on the rack would affect the
control. Therefore, internal synchronization control for position tracking between the left and right wheels on the non-rail mobile
rack is necessary in this study. In addition, external synchronization control for realizing the same straight movements between
mobile racks is necessary.

For the internal and the external synchronization control, we propose a synchronization control algorithm based on the repetitive
control theory. An internal synchronization control algorithm with repetitive control theory requires the application of the robust
servo control method owing to parameter variations. In this case, we can set up the gains for the robust servo control system
by considering the cargo variations on the mobile rack. Furthermore, for developing the external synchronization control algo-
rithm, we use a double repetitive control system to perform synchronization control between mobile racks. The efficiency of
the proposed control algorithm will be verified by simulation and experimental results. The proposed algorithm can be easily
applied in the industry.
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Table 1: Parameters of mobile rack
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Figure 2: Servo System considering parameter variations
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Figure 3: Step response of robust servo control system
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Figure 5: Step response of Repetitive Control system

o 100 200 300

3.3 BHEFIO1A B 0|88 S7I5Hof

oAl EoIEACAE s 5 7 ol
o) vhsE] 5 Selolng Heba, vhrle] FAARE
o gste] Eelolnst AolE Faje] vrEle] 7

p

1:k i)

5
ar
1

Lo

Aol 7|53HES ek o F 915 o] Fee] F7)sAolof
= uEse 94% Agh FREm, sk 7}
oEUY TERS B ISk o], 9E5he
Ytk olgeta] e 1S ke o gt

33.1 S7|3HH|0f &

UF-g7|skell wkEl e} S0 BE
o] @ol 7lelIA] &= Fite] FERE AduE e
A HB=, o]F nfaH=E a1, 1A

A AR sHES Pk 5, o= AT

% ol AREEE 9] Fo1she 74 8o sAzyt 3
& olelo] QIrhel ol HA| sEe] T ol U,
A8 WRAR o c1eln 84 ol o)Al as

2 98 SETED 1) AN 2} 9] A4yt 3
Furt dobA)7] dRe] o) ez sk Aol
BE Sl FAF FEL Aold] 0xE 27

o] E718 WEAoAS AgAr, Aols AL

oL

ARt 78 ALY FERY 4F AT Aole] A7)
wo] Zo5 Aolt}. AW oAV oL T8 A7

% 4% A%s A%s AANA AT Sxe) e
gl At obrE 0AE AT HAw Folse
areAe] oam 18] 23e Aolzh ol Y Aolth
1 A 4 01531 SAActed

#5134 AAE Tk B ol 15hel o5

D DD IR
530



R Ao} 71 o] &7 FAE ol d F7]skAlo ] A

332 7|50 YDEE 333 S7|3tH|0f AlEg0|M
F713HA0] darE]Fol A= Figure 63 o] UH-57]3F 2 371 57138k Ao °L5131%% Fale], 9 olFHe F
EAEE SAROE WARAE TANES BY) o W AL 490 9 A4S FFE 4+ Ars Aclsin
o), slEo] sleiaAas aEste] Alyg|eEz A, 7t 2} e}, Al EH0]4S MATLABS o] &3&lo] Al BE#o]HdS
Ao s EaH o g ghEA|oAlE st AlEwEold g3, 57138} AolE AL M T2 o] A¥A
< dY3h, o|wj o] wHEA|ojA| 9] FHetu|ElE At ES itk g vl ES gt
( Start )
\ 4
Operate mobile rack Y
+ Comparison of encoder
Collect encoder data of data
mobile racks +
+ Decide | master and 3
Comparison of encoder | _ slave mobile rack
data A v
v *>| Calculate control error ](—
Decide master/slave +
m0b|]+e rack | Save control error ‘
—){ Calculate control error ‘ *
| Calculate control input ‘

v

‘ Save control error ‘ |

v

‘ Calculate control input ‘

Operate motor ‘

Operate motor

Distance(m)
[

: i - i i i i
0 100 200 300 400 500 600 700 800
Time (sec)

Figure 7: Control response of Repetitive Controller without Synchronized Control Algorithm

otz o] ste] 2] #4078 A63(2016.7) 531



Distance(m)

[ —
< +

: T G
1 L 1
0 100 200 300

i i i i
400 500 600 700 800

Time (sec)

Figure 8: Control response of Repetitive Controller with Synchronized Control Algorithm
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