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A study on the production process and wear life distributions

¥ 2.1 BHHo|m sre ¢4=E A=

A8 S A(%) A8 S A (%)
s Tl Tz T3 Ty Ts s Ty Xz T3 Ty Ts
1 49 53 57 58 58 16 51 46 49 55 52
2 48 46 51 47 52 17 57 57 54 62 56
3 48 49 43 46 51 18 58 57 58 53 64
4 54 51 47 46 46 19 58 54 52 57 52
5 53 54 48 46 49 20 62 63 59 67 63
6 41 40 45 44 42 21 59 54 52 60 61
7 44 48 50 48 49 22 58 57 55 60 69
8 47 60 49 50 46 23 64 64 59 56 62
9 50 55 51 56 67 24 54 64 53 57 54
10 44 50 49 45 54 25 54 49 62 67 61
11 57 58 68 53 50 26 60 58 64 52 59
12 55 51 53 52 51 27 60 61 58 59 59
13 55 56 56 66 68 28 60 58 64 57 57
14 55 52 53 57 55 29 58 57 56 62 63
15 51 46 48 49 56 30 59 60 64 65 63
1 4 1
£ 60 — 1 A o UCL=60.14
% /A /\\/ \////\ Mean=54.79
Ex 50 — - Y LCL=49.45
& T v
%]
40— T T T
Subgroup 0 10 20 30
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o
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: /\/\ /\
g A, \///\v
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0o LcL=0
LsL usL
Process Data
usL 75.0000 ! ! Wit
Target . | [
LsL 35.0000 | | Overall
Mean 54.7933 I I
Sample N 150 } }
StDev (Within) 4.08071 | |
StDev (Overall) 6.31100 1 1
I I
Potential (Within) Capability | |
cp 1.65 | |
cPu 1.66 | |
cPL 1.63 [ o
Cpk 1.63 { T T T {
com 35 45 55 65 75
Overall Capabilty Observed Performance Exp. "Within" Performance Exp. "Overall" Performance
Pp 1.06 PPM < LSL 0.00 PPM < LSL 0.51 PPM < LSL 855.40
PPU 1.07 PPM > USL 0.00 PPM > USL 0.30 PPM > USL 682.82
PPL 1.05 PPM Total 0.00 PPM Total 0.82 PPM Total 1538.22
Ppk 1.05
a9 2.2 4580 R X - R A= 8 3454 E4

487



488 Hong Yeon Woong

(caliper)o]l 2] o] 25 el ey 13 3.2+ Haola sj=9] siitxolth. AAE ul2
A7k vhEEA 7% (LA 25mm)o] ELFEA G RE A s AVL shu), B RE v}
o) £ A AL, BARFL AFY JBL RIS s, 4 (Shlm)% AEA sk do) A
HE g9 ZoEs s A5e 7
ZS At AF S w3 sty 184 (grooving)< u}‘lzﬂ/] Oit'b\} fﬂ 22 ;q 7 Oﬂ‘{;}’ SFEA=
B9 D RS Fole Re Bk 19 A W Eelol=s) RS ARAE, W Sel
Fow A} P vAE FRolth. dudew W 21
.- 0l S e npEASe e AE, S5, W X SO We ANS, Yrie
4, Yol =, e 2 (rotor) 374, Aeg, AQF Folth.

ZH-EH02 03

de ©u mole

2% 3.1 faz Bygola AxH 1Y 3.2 Heela HE HiEE

Hyol=z ghold W vl=o] A U SHE T AET A0 521 F AT 9 2o
7V %A, AR 270 MM E el ko] 7t Y] wiiel of ] 7FA] AlFe oY AR 27| tish &
2 59 tolE & g 5dte] Hedtojor & 1oz Alg )

3.2. Hyo]|z J|= njy flole]e] B4

Beeo]a sz £HAIYE ol tho]u 2 uE (dynamometer) Al@71E ARE-SH= W, KS R
1117 (2004)9] w2 AXAIE (road test)WH H AAAEZA (use condition)o| A Al&d= WY 5
Al 7] ek thelURuE AP 45 THETEAE O AXAEHE <k SgAgos Fou)
H BEE AAAEZRZA A vt wle g2 A7kl AQE W, AR et 38ES 18 E]

ole & wxol glrk.
2 3.1 AHEEZgA Ao Byo]a = 7 (km)
51600, 51800, 52700, 53700, 56800, 59200, 61300, 66200, 76400

76800, 77800, 80800, 81100, 82000, 82000, 82400, 84000, 87700
93400, 98000, 98000, 101000, 114000, 118000

E 312 Axle] BEo)a =S % iﬁF 199430l A5 0] 1997d0] TEHE KAke] 28 $84
2RE @59 2479 BHo]a dj= £ HolEE LA R Qg Aotk KA x}‘“*% H] g 5
A 2E"o A 1997 o] AL x}ek EH/J—OE 7+ zApeo) A x 2 FH e o] B = 7=
A% 6ElE 9l FEH90H, 100kmolshe] 7 ARSI _,Muaummw R
ot wpRAFTEA o] ARE sj=o] BAE Al o] Aoldtt] o] Hiola sj=E AAAREZ A

N3l Be A7ko] £ 8% 7] wj&o|t}.



N
N

!

o

5 R
o mu o,

E 3.2 e $¥ AgE va
B R* RISEY pt
K-S74  x* A4
3 958 -270.276 .929 .991
Z A 2E .932 -270.902 .889 1996
285 2lol & 941 -270.491 .880 .989
REIARALE .893 -270.889 .854 .996
3R glol & 934 -271.297 731 1996
B2EIORT 931 -270.064 .813 1990
10 g
09
08 i N o
07 -
06 = > /
0 = -
%05 H -
4 2 -
04 S 5
034 P ©
02 .'.
01 10 h
L
004 *
0 20000 40000 60000 80000 100000 km
4]00 72000 104000 136000
Km
19 3.3 AFERE 1% 3.4 ZFFEA A
100 100
z 7
£ K
g u=7 $305E4, o-1.1042E+4 E /
R g 7
'Y ad s A
50 ®
" : 10 ‘
<3
- 5
10 /-.
5
1 1booo 1 200000
40000 72000 104600 Km 136000 s
39 3.5 2A2F 54 By 39 3.6 2525 ofol& &E7 bR
32 & 319 WIS ol§] AEF WFEEoL WFEERNY Heola d=t F
9L ¢ % glth E 2% 37 DB AL AFRE, BALYRE, RIARAAYRE
kv A kv A kv A =] 2 5
o RE, 3R g8 BRI 9 2IAFRE thste] 2AAS (RS 2ILETSG

A study on the production process and wear life distributions

489



490 Hong Yeon Woong

Kolmogorov-Smirnov(K-S) 47 % 7tolAls A= 449 7225 (pgh)e Hekd Zojt. 2
F(R)He 2ARA2E 222 AT voA] £27 BF 0931 o)1, 2=, S
7 R B A7 A9 glae € 5 Sk K-S A3 FhelAly AAAE o4 =
F7h RS niEegs Agettia & 5 gloy A, 24 B 2R gto
A A 220 pgh Bk §2 & 5 Aot FHHoR Adety AgfEEs 22 2 4
of Bxo Ado] A er ¢sitta T 4 Qlrk. 28 3.4~3.62 #5H vESHS ASE
A, BEALESEEA] Y 285 gho]BEE Aol 95% AlFthet A Rl g RFoltt.

E 3.32 AEE, 285 golERE B 2RI 2AANE Uehdth. A

o o

i

PES 8%
Aol vl G e £YUSE Teste] B A5 e (lefi-tail) o] L} 59 B2
% (low percentile) & 4§ o) FokT Aolth. BALYREE PFREY THAAZ £ X7
249 88 P(X < 0) o 00] ok A9olE A8A AFF 98 27U WS £ S4L
Teste] AFRES) 2AXGREE Nelola Y REZ B ANAL = FEE B
P(X <0) =0 0] =% FA5EL $PAAE T Zolth. 17 22004 Bekko] 349 Hg4e
Amste neela e £He] AEE FY 4 9L Ao BUHM, o] A9 AFEE BE 2AAY
EES AgolE GAHOE 29 FYRAL WA 8L Aot

oz A HE B 35 AR REE Pol A8 SolBREL AFALEN gols] my

o

(T8 5, 2004) B 2HjololE] (T8, 2005)9} tlEo] Hefo|a sjeo] +HRE2E AT - e

% 3.3 #x9 4
EE = HeFAA  95% AP
B E B4 78612 (71087, 86137)
xE=Ax 19214 (14175, 24960)
SpolERE PAR S 4.5675 (3.3667, 6.1966)
Az gy 86044 (78428, 94400)
EA2YEET YgARS 78305 (70530, 86081)
A r$ 11042 (7943, 15352)
3.3. B4 A3le] &g
Bola = nfRsg AL BS4HE A3 AL AAVE 52 Hoke A2 8 FHo= 3
th. 53] E349S AT s JAA AF T 100p% 7F 2 UE AIAA WEASE Bioop = ARESE
th. 714 p (0 < p < 1)E AFY TLEV AZEE 55 st AAs=d T8 £ 4%
0.01 =+ 0.1, 7]A ££2] 4<% 0.05 =+ 0.10 52 Fg3r}
E 339 FHE AqEEe EAAHEZAA S49 &9 47 0.000022}F 0.00083% wl-¢- Fo=
SpolE Bxo} tEo] Hiola HE9 Y HEHFE S A= AT 4 vt ST

=
® 34%= Al 71A =29 By, Bs, Bio $HS FA3% Aoty AFEES By, Bs , Bio $%°] t}
2 F BEx w3ty =4 F4=%en, Byea By 82 Al 714 £x BF
50

Aol s AAAEEAANA Lol 28 582 Bilo]a s AR E o]§ste] Heo]
= JEEZ, 2 4 Hiola v& nix



A study on the production process and wear life distributions

491

# 3.4 WES £ 4
5291 (%) VIR EE HEeArFkm) — 95% AFH 7T
ARz 34855 (20369, 49342)
1.0 284 glo|BRY 31428 (22176, 44540)
BEAAERE 27564 ( 9085, 46043)
AAEE 47674 (36131, 59216)
5.0 285 glo|BRE 44906 (35153, 57364)
EArERE 45791 (32518, 59065)
ARz 54507 (44352, 64663)
10.0 2R gfo]BRE 52571 (43011, 64255)
EAAERE 54042 (42858, 65226)
HolB S & dWshe Z2ler Yeyth & A7 2= Bola sj=e] AAVE 9 B7ee] 44
R Heflol2 M=) wAR7) A% Sol 282 5 9g Aol
FFolle 1ol 7t B AAAGE A thF APASE Fleted CoxE 5& HgaA,
chol ikl Al g oLt AXpA ol e 9} Washe A7 7t 2Pk
FaEd
ofefel (2002). Tla3 Heold = 1 4o AF A, <A=xAEAF B =85>, 10, 199-205.
FAS (2005). AEAE WA7)0) AL HE LGl B3 AT, <o E| AR 732>, 16, 383-389.
FAS, VEW (2004). sho]v] REIS) A1y A7 <F=E| o] E| A WA A >, 15, 49-57.

B3 g0 A A

KS R 1117 (2004). <5&x1% Bgola ARAFHE>, A AAE 7|€EFY.

Kubota, M. Hamabe, T. Y. Nakazono, Fukuda, M. and Doi, K. (2000). Development of a light brake rotor:
A design approach for achieving an optimal thermal, vibration and weight balance. JSAE Review, 21,
349-355.

Terhech, M. Menory, R. R. and Hensler, J. H. (1995).
under dry sliding conditions, Wear, 180, 73-78.

Vries, A. and Wagner, M. (1992). The brake judder phenomenon, SAE Technical Paper Series, Society of
Automotive Engineers, 920554(SP-914), 25-33.

The friction and wear of automotive gray cast iron



Journal of the Korean Data & St o] 8 B 3}3] 7]
Information Science Society
2009, 20(3), 485-492

A study on the production process and wear life

distributions of brake pads for passenger cars

Hong Yeon Woong!

School of Management, Dongyang University
Received 28 January 2009, revised 11 May 2009, accepted 18 May 2009

Abstract

In this paper, we studied process capability analysis for brake-pad manufacturing
system and considered Weibull, normal and logistic distributions for density estimation
of wear life of brake pads for a passenger car with a real data. These three distributions
are seem to work well. Estimated percentiles of brake pads can be used to evaluate the

design criteria and customers’ need for brake pads.

Keywords: Brake pads, density estimation, field data, normal distribution, Weibull

distribution.
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