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In this paper, we study on the two-dimensional warranty policy of automobiles with a multi-level structure sold
under the Korean Lemon Law. The Korean Lemon Law is a warranty law that allows consumers to request an
exchange or refund from the manufacturer in the event of repeated failures and long repair times within one year
or 20,000 km of driving distance after purchase. From a manufacturer's point of view, it is important to
determine an appropriate warranty unit to minimize the total warranty cost within the warranty period of the
Korean Lemon Law. The total warranty cost of automobiles with a multi-level structure is estimated by
simulation considering the complexity of the mathematical model. Also, numerical examples are studied to
investigate the effect of the model parameters on the warranty cost.
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Table 1. Definition of Symbols Used in Multi-level Structure
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Category Symbol Definition
N . .
Component I\_j Unit at the lowest level in the system structure trees
Module Unit at the intermediate levels in the system structure trees
System A Unit at the highest level in the system structure trees

Warranty unit

Units for counting the number of defects

Replacement target

Units subject to replacement

AND Gate

Series structure
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Figure 1. An Example of a Multi-level Structure Model
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Table 2. Definition of Model Parameters
Type Definition Type Definition
r Usage rate R, Accumulated repair time
T, Warranty period R, Accumulated repair cost
D, Warranty mileage E, Total warranty cost
1) Warranty period of Korean Lemon Law G, Repair cost of minor parts
D, Warranty mileage of Korean Lemon Law 1, Repair cost of major parts
t Accumulated use time P Labor cost
D Accumulated mileage G Tax
1 Accumulated number of major defects for refund Py Car price
Gy Accumulated number of minor defects for refund d Mileage of refund time
(o4 Refund cost
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Figure 2. Two-dimensional Warranty Period
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Figure 3. Example of Warranty Units in a System

Table 3. Two Sample t-test for Model Verification about Repetition Number

r Number of repetitions | Average warranty cost

Standard deviation

Standard error Significance probability

05 60,000 5,499,536.66 2,693,383.40 10,995.69 0450
80,000 5,500,268.50 2,687,745.76 9,502.61
NP AF R A Yol B EIFTL FEFA AFSHATE A 9 Matlab R2019a% A B o] A& 7)dslal 387 -& AMD
S e 2 AT £ 7 B,& A48 Ryzen 5 3600 6-Core Processor @ 3.59GHz, “1] ZJ(RAM)
on, 7% A3 <Table 3>} 20] 79 850] 048022 7|5 32GB°1E} <Table 4>9} <Table 5> FA AP A3 Ynt
7Hd o] A s o} W35 60,000 .2 & it F3 T aFEe AEA Holn
o« AE7HA HO HHE 312 60,000 7} 80,0001 9] & H 5.1 AFLE 9] Wstol] wle & HFHZu| L BA
HEH &2 AR 2E& Aot
« 7 A, HEE3S 60,000 2 80,000 9] F H AA A HWH FAAGAN A= A5 A EE r S 05TE1
HZH 89 A7 o2 Aot 3477}11 14 ST A BSdelo] B F JaHIu &
oy HPESIS 60,000M 9] F W R ZE 4 6“:} AHEE ro] 0.5 ~ 2.0 TN BEH LE “/H‘l«]
oyt HHE3I5 80,000 9] & B F R § o%%i%ﬂo <Figure 4>9F o] ABF FAE HolA
gowA 7 AREY F JWEZHI%—S— A2 et Two
Hy: iy = pyy Hyopg # piy (4) Sample T-Test= O ASE 2 F A HSH Go] &2A 4
TS Aee el vl 8o AL FEES Bo & BE
919 AHEE 7 0.7 1.8& A eSO 7, <Table 6> 20|
5. =x| o)A o E 0,058 W= A 02 Yeyth ol A& ol
055E 2077 9 & HFRZ0 8L 2ty 8 4 9t
gy g olA Az REH &2 22 HFT7IHF AHEE 0] 20ETH & A4 16l 2%Hm o] 3HE T
A AT A7) 7 W AERFe 24 ‘;g Autaiare] A3l e AFSAEA, Y g & o] RE(1d)H BEA T
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Table 4. Input Data of Minor Parts

Won Young Yun

Part name Part repair cost Labor Av.era.ge A'verage .re[?anr Scale parameter | Shape parameter
cost repair time time deviation
Minor part 1 50,000 20,000 1.0 0.0 50,000 1.31
Minor part_2 55,000 20,000 1.5 0.1 50,000 1.32
Minor part_3 60,000 20,000 2.0 0.2 50,000 1.33
Minor part 4 65,000 20,000 2.5 0.3 50,000 1.34
Minor part_5 70,000 20,000 3.0 0.4 50,000 1.35
Minor part 6 75,000 20,000 3.5 0.5 50,000 1.36
Minor part_7 80,000 20,000 4.0 0.6 50,000 1.37
Minor part_8 85,000 20,000 4.5 0.7 50,000 1.38
Minor part 9 90,000 20,000 5.0 0.8 50,000 1.39
Minor part_10 95,000 20,000 5.5 0.9 50,000 1.40
Minor part 11 100,000 20,000 6.0 1.0 50,000 1.41
Minor part_12 105,000 20,000 6.5 1.1 50,000 1.42
Minor part_96 525,000 20,000 48.5 9.5 50,000 2.26
Minor part_97 530,000 20,000 49.0 9.6 50,000 2.27
Minor part 98 535,000 20,000 49.5 9.7 50,000 2.28
Minor part_99 540,000 20,000 50.0 9.8 50,000 2.29
Minor part_100 545,000 20,000 50.5 9.9 50,000 23
Table 5. Input Data of Major Parts
. Average Av.erage Scale Shape
Part name Part repair cost |Labor cost oo repair time
repair time . parameter parameter
deviation
Major part_1 200,000 20,000 51 10 100,000 1.31
Major part_2 210,000 20,000 51.5 10.1 100,000 1.32
Major part_3 220,000 20,000 52 10.2 100,000 1.33
Major part 4 230,000 20,000 52.5 10.3 100,000 1.34
Major part_5 240,000 20,000 53 10.4 100,000 1.35
Major part_6 250,000 20,000 53.5 10.5 100,000 1.36
Major part_7 260,000 20,000 54 10.6 100,000 1.37
Major part_8 270,000 20,000 54.5 10.7 100,000 1.38
Major part 9 280,000 20,000 55 10.8 100,000 1.39
Major part_10 290,000 20,000 55.5 10.9 100,000 1.40
Major part 11 300,000 20,000 56 11 100,000 1.41
Major part_12 310,000 20,000 56.5 11.1 100,000 1.42
Major part_96 1,140,000 20,000 98 19.4 100,000 2.25
Major part_97 1,150,000 20,000 98.5 19.5 100,000 2.26
Major part 98 1,160,000 20,000 99 19.6 100,000 227
Major part_99 1,170,000 20,000 99.5 19.7 100,000 2.28
Major part_100 1,180,000 20,000 100 19.8 100,000 2.29
L AEE o BHE REDS T HLESH & BES AL Ak shAI R S| oA = 2 Apol € BolaL Sl =H),
& EE‘r o EoH <Figure 5> ol A &2 B, di - AE TS 18 gASTRANAE REEF #ES
RES FEUI 4L RER REVIE ST ANE B wrho Bels) dRolth 121 FRE M Est A
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Table 6. Two Sample T-test for Usage 0.7 and 1.8
Number of Average . Standard error of the Significance
r .. Standard deviation .
repetitions warranty cost mean probability
0.7 60,000 5,510,710.39 2,272,896.24 11,136.58 0.441
1.8 60,000 5,508,358.40 2,719,470.37 11,102.19 ’
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Figure 5. Average Repair and Refund Costs in Different Usage(r)
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Table 7. Probability of Refunds in Module Warranty Units

r 0.5 2.5 3.4
The probability of refund due to a major defect 3.26% 1.71% 0.45%
The probability of refund due to a minor defect 0% 0% 0%
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Figure 6. Average Warranty Cost in Different Reliability (»=0.5)
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Figure 7. Average Warranty Cost in Different Scale Parameters (usage(r)=2.0)
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Table 8. Average Repair and Refund Costs of Warranty Units

Module unit Part unit
" Average repair cost Average refund cost Average repair cost Average refund cost
0.5 17,786,663 41,946,965 20,803,895 41,847,635
2.0 17,766,446 39,626,214 20,808,805 39,317,051

Table 9. Average Number of Minor and Major Failures for Warranty Units

Module unit

Part unit

T Average number of minor

failure failure

Average number of major

Average number of minor | Average number of major

failure failure

0.5 14.8 4.7

17.0 54

2.0 14.7 4.7

16.9 5.4
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Figure 8. Average Warranty Cost in Different Scale Parameters (usage(r)=3.5)
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