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A Simulation Study on Handshake Location in an AS/RS with
Twin Cranes for Mixed-model Production in an Automotive Plant

Jeongtae Park - Bosung Kim - Taehoon Lee - Seonghwan Lee - Soondo HongJr

This study analyzes the effect of a handshake location of an AS/RS with twin cranes for mixed-model
production line at an automobile plant. Implementing a handshake operation has the advantage for preventing
route interference between twin cranes that operate without crossing into each other’s working areas. However
the handshake operation requires additional unloading and loading processes to retrieve assembly parts beyond
the handshake area. Therefore the decision regarding the handshake location is crucial to improve efficiency of
storage and retrieval operations. Simulation results show that the handshake operation with the optimal handshake
location reduces the average response time of storage requests to 87% compared to non-handshake operation.

Key words : Automotive plant, Mixed-Model production, Twin crane AS/RS, Simulation
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Fig. 1. Automated storage and retrieval system for
automotive assembly line
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Fig. 2. Automated storage and retrieval system with
separated I/O depots and twin crane
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Fig. 3. AS/RS-SDTC operational strategies: (a) With
handshake; (b) Without handshake
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Table 1. Specifications of AS/RS-SDTC

Factor Value
Number of aisles 1
Number of bays 50
Number of tiers 6
Number of types of parts 1
Pick up/deposit time 10 (sec)
S/R crane speed Length, Height : 0.4 (m/s)
Safety distance 3 (m)
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Fig. 4. AS/RS-SDTC simulation model
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Table 2. Experimental factors of simulation

Factors Levels
AS/RS-SDTC With handshake,
operational Without handshake,
strategy Passing crane
Available

{5,6,7,8}, {6,7,8,9}, ... ,{43,44,45,46}

handshake area

4.3 AZ2|0|1M HIIX|®

AJEH|o] A H7IX F= AS/RS-SDTCS] A9 715
E{(Crane utilization), H+ YL 24 S A 7HAverage
Response time of storage requests), &2l 7+ ZZ7Hd
314 (Number of interference)©|tHTable 3).

2 Qo) 2ele] FEES (3 AUATHFFA
IHI(ZF ZGAI7H*x1000.2 A ol5tH %A Handshake $]
b 91t 39 Wsold § AN 2l
23 AL AE5H7] Y3l o), Pick-up Y Deposit
Qe 2Eelo] Helazol go] BT
?:]_J_ _9_14 .Q_EP/\V]-_Q_ 31:17]-3}._‘: o] [¢] ‘— a]o
A A Zg|ol 27} LMoz Zhelslo] oF
B0 ofo] the i 2ls] A
P] gigtolck. Zajel 7 ARy s
§= With handshake 2% 2Fo]|A] ELEﬂ ]
2 39 9 f7|AIE A RIS A
s 2] figtolth

o
i
S o

O
2 o
—E_EL
=

>~
o,
iy
o)
S| ox
i3

d

lﬂJ o
L Y
Yﬂ

ol lu

o N ol oxl oxt Y
S
S
ok
rir
o
o

Table 3. Performance metrics

Response variables Units

Crane utilization %

Average response time of storage requests sec
Number of interference times
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Table 4= With handshake -£-%)712Fo]|A] Handshake
AAAgE SRt AlEdelA %‘%‘é#‘ﬂﬁk Handshake
area(bay)+= Handshake O =2 AlS-E= BayQ Ag
S 9usit}. Avg. Utill.(%)3} Avg. Util2.(%)+= Average
utilization of crane 1,224] & AF|21Q| F+# M55
oJu|gtt}. Gap.Util. (%) Gap of utilization 24 F
S8jel 7 75 Aole] Wuighs ojulsikGap Ut
| Avg Util1.-Avg Util2.]).

AAAINE F3) Handshake X7} Yz dof A4
s 29 19 7R Ee] S7IskH, AR AOF
s 2820 29 7HsE] S7I5ISITE )= Handshake
Ao whet Q1] AWt AR, oo whet
=1#|219] Handshake 2F{RI=7}F GoFs w7] o]k
2]Z Handshake 9A]+= Gap.UtiL (%) 2433t {24,
25,26,27} 0] 7153t Handshake $J2] = =gl 7F 7}
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Table 4. Simulation results for different handshake area

Handshake area | Avg.Utill. | Avg.Util2. | Gap.Util.
(bay) (%) (%) (%)
{20,21,22,23} 42.48 57.68 15.20
{21,22,23,24} 44.47 55.38 1091
{22,23,24,25} 46.41 53.15 6.75
{23,24,25,26} 48.31 50.95 2.64
{24,25,26,27} 50.31 48.88 143
{25,26,27,28} 52.48 46.78 5.70
{26,27,28,29} 54.49 44.70 9.79
{27,28,29,30} 56.58 42.56 14.02
{28,29,30,31} 58.77 40.55 18.22
{29,30,31,32} 60.76 38.50 2225

O
AS/RS-SDTC Oqﬁ%}t}j_ AARA] B EAL Q)5|
Handshake & 4~3)5}+= With handshake(Best solution) -
o2k, HandshakeS 4:3J5}4] &= Without handshake
LA, A9l 7t 7Ho] HHAYSIA] &= Passing crane
-G 7HEro] AARGS v 3ttl. With handshake(Best
solution) &% #2F2] Handshake 2}¢]9]*|+= Table 45
Fastol EAeQl 2t 7hsE AfolE 2431 24,25,
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Table 5. Simulation results for AS/RS-SDTC operational
strategies

AS/RS-SDTC Al | Ayl Avg. Avg.

operational (se0) (times) Utill Util2
strategies (%) (%)
With

handshake 12.04 64.98 50.31 48.88
(Best solution)

Without
handshake

Passing crane 8.60 0.00 45.87 45.35

93.10 116.72 53.16 48.74
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