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Analytical Models for the Throughput Capacity of Single Carouselt

Suk —Chul Rim*

ABSTRACT

Carousel systems can be classified into unidirectional and bidirectional carousel, depending

on the hardware structure. Bidirectional carousels again can be classified into reversible and

rreversible carousel, depending on whether the reversal of direction is allowed or not dur-

ing the process of an order. In this study, single carousel served by one operator is con-

sidered. Analytical models for the rotation distance to process an order of size n are devel-

oped for unidirectional and irreversible bidirectional cases. For reversible bidirectional and

Nearest Neighbor Heuristic cases, simulation results of the average rotation distance are

presented. Since the throughput capacity of carousel systems also depends upon the picking

time of the operator:

order size; and the rotation speed of carousel, the model considers

the above three factors to express the throughput capacity of single carousel systems.
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2.2.3 Nearest Neighbor Heuristic {NNH)

Nearest Neighbor Heuristic2 F¢jz}le]l &)
AR ZRE B @Aglo] 71 7h7te]l A%
FEE AHste AL 9Este iy, n=2
3¢ NNHE 343y A8 45 1 A9t
33 stk FtE dE2 9 399 NNH A
S e sdAYE closed forme 2 ;ng
T glolA HFE Algdolde AMEst sleid
o] HaFgAANE SHsAY 5 ngtol o
A (0,1)Atel9) FE Al HAAMD §F o8

749 0 ERY QA2 AFHT, AR



SR R4
CE 1) Order sizeOff 2 SEYAMY Fiaid B3| XM
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order 3 & 3 A A 3
size < s 3
d w FWO
(n) B A g 4 A g 49 N N HY
1 0.5000(98.9) 0.2500(-0.1) 0.2514 0.2514( 0)
2 0.6667(58.4) 0.5000(18.8) 0.4208 0.4208( 0)
3 0.7500(41.4) 0.6250(17.9) 0.5303 0.5364(1.2)
4 0.8000(34.0) 0.7000(17.6) 0.5970 0.6057(1.5)
5 0.8333(25.0) 0.7500(12.5) 0.6666 0.6804(2.1)
6 0.8571(22.8) 0.7857(12.5) 0.6982 0.7133(2.2)
7 0.8750(18.7) 0.8125(10.2) 0.7373 0.7535(2.2)
8 0.8889(16.8) 0.8333( 9.1) 0.7638 0.7765(1.7)
9 0.9000(14.5) 0.8500( 8.2) 0.7858 0.7978(1.5)
10 0.9091(12.9) 0.8636( 7.3) 0.8050 0.8160(1.4)
11 0.9167(12.0) 0.8750( 6.9) 0.8187 0.8311(1.5)
12 0.9231(10.9) 0.8846( 6.3) 0.8325 0.8430(1.3)
13 0.9286( 9.4) 0.8929( 5.2) 0.8490 0.8592(1.2)
14 0.9333( 9.2) 0.9000( 5.3) 0.8547 0.8648(1.2)
15 0.9375( 8.3) 0.9063( 4.7) 0.8655 0.8758(1.2)
16 0.9412( 7.8) 0.9118( 4.4) 0.8735 0.8817{(0.9)
17 0.9444( 7.1) 0.9167( 4.0) 0.8816 0.8885(0.8)
18 0.9474( 7.1) 0.9211( 4.1) 0.8849 0.8937(1.0)
19 0.9500( 6.3) 0.9250( 3.5) 0.8937 0.9011(0.8)
20 0.9524( 6.3) 0.9286( 3.6) 0.8959 0.9036(0.9)
21 0.9546( 5.7) 0.9318( 3.2) 0.9030 0.9095(0.7)
22 0.9565( 6.0) 0.9348( 3.6) 0.9025 0.9094(0.8)
23 0.9583( 5.0) 0.9375( 2.7) 0.9129 0.9185(0.6)
24 0.9600( 4.8) 0.9400( 2.7) 0.9157 0.9223(0.7)
25 0.9615( 4.9) 0.9423( 2.7) 0.9171 0.9237(0.7)
26 0.9630( 5.0) 0.9444( 2.9) 0.9178 0.9251(0.8)
27 0.9644( 4.6) 0.9464( 2.6) 0.9224 0.9276(0.6)
28 0.9655( 4.3) 0.9483( 2.4) 0.9257 0.9312(0.6)
29 0.9667( 4.5) 0.9500( 2.6) 0.9255 0.9321(0.7)
30 0.9677( 3.9) 0.9516( 2.1) 0.9317 0.9365(0.5)
n
(1) E[Z] = Ty
2n—1
(2) E[Z2] = o2

(3), (4) : AFH Al Ealolde A
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(4) Nearest Neighbor Heuristic
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3 1.8182 1.9672 2.0975 2.0886
4 2.0000 2.1053 2.2259 2.2152
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