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Model Detection of Enamel Rater Value Data

Kobe University
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Abstract

The inside of a metallic can filled with some drink is usually coated with a macro-molecular film to suppress the progress of corrosion.
The degree of its coating is evaluated by so-called Enamel Rater Value (shortly, ERV) of a quick electrical stress test. ERV is
nonnegative-valued, and its small value is desirable for coating. Our objective here is to examine distributional shapes of ERV data
sets coming from typical manufacturing processes of aluminium cans under control. The data sets are left-censored and roughly
classified into two groups according to specifications of coating. But, they have a notable common feature that each distribution of
them is anti J-shaped with a very high peak near the origin and also an extremely spread tail. Four statistical distributions, including the
generalized Gamma, have been adopted to fit the data sets fo examine their performance. The best one is a new power normal family
introduced by one of the authors (Isogai [3]). The second one is the generalized Gamma, but it has a serious computational problem.
Finally it is also shown that our new power normal family gives us clear information about distributional shapes of the ERV data..

(Received April 6, 2007)
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HEREVE ETEHINTNRBTIVIZTL CF, PIVIZULZTIVI EREET5) i, RESORSERE
B < B TE TREDNERA SND@EIL[T]). BHE LTI AIFIR SN TAZRNS, ZOBRAHRE
DFUED/=DITHEADMGBATEIRA SN, TF AV L—%—{# (Enamel Rater Value,2A FERV &309) DEH
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HEHTETIVEFHALT, TS OERVF—Y OEAHICEE L TR/ B SR ST 5.
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TV, EREEED 2 E—ANSERENTWS. EHid, IV — 20 - EROMILT, O]
BEETRREDHKI1 /3 &L, Yk, REUE, HRI, SE - NERER, RoF T - IS0V TMITAIE
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AL | F— & b | Milic | n(7—4%%) | n, (EQEDEED | n, (OIED{EE)
i | AGE) 01 |500 23 477

A(E) 01 |[500 240 260
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B({&) 01 |500 471 29
3 | (=) 001 | 1425 1425 0

E() 001 | 480 454 26

= EEEOROEREH, K BREOERVSRER

#2 EREEHEOT—5 2y FOEAHER

Tty | AE) | ACK) | B(R) | BAE) | B(&) | E(IK)
SESE 0.0628 | 8.6008 | 0.1188 | 4.1802 | 0.3553 | 1.0704
HHOLE 0 0 0 16 018 |0.155
R 04323 | 13.537 | 02989 | 7.0199 | 0.7296 | 2.2678
FiJ5:3 98429 | 2.7699 | 6.0401 | 3.3782 | 11.749 | 6.4509
RE 118.17 | 12.723 | 49.570 | 14.420 | 191.12 | 72.202
B IME 0 0 0 0 001 |0

BAE 6.5 1034 |33 517 |1437 | 318
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(1) Product/34i
1 2x
F, =]l — - 1+— -1 0,p >0, 0
W (x) 1+2x¢ﬂexp ¢(/+<p/3 )] (x=20,¢>0,8>0)
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2x
FR(x)=1—exp —qo( 1+——1) (x20,<p>0,ﬂ>0)
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W EEZLND. 180 TV TIVERMEIEE M EORIR B MIERESURE LT, — Wb >~k
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NI & 2R

2. T RN X B LA

RIETTIY, REERHETORCE R DERINAMIEERD LIF TERVT—4 GBI 85 2 LaE X k. O
TIHBLEEEAT, T—YERET> T ITEEI VS8, FHOEORE U TARFE WA RFIE
B E > TT Y ITHAI D LE2ERD. RFREDEDEHENT A TV EERA 2R 0NF
ERSIRE LT, FiRFIER S i (sogai [3) AT 5.

HNEERRONTBEF, , (x ) AERS O D 2T

(OFIRFIER A
1(/x)° , 1 1
i) =] (oo
TEHEND. TOIE 6 — 0 DESMEEEMAGETSS. T 6 —1/3 DEXUITA T

)

IZ, LT 6 —=1/3 OEEITE, ¥ 72 OMfE534 (ohnson & Kotz [6]518)
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n
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RHEEAVBSITLTUBBIEC|S| < V3125, HENDEBIL T3 Z & bB. HERDHICHiz

FNP(x)=q)

Fyp (x) =1-exp

Fyp (x) = exp

BIEFRZIT> THZD, 6 OEENEFIGEVHCEOHRASEECENS. f6->T, 6 OHEEEIINTL S
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RBIEHRITEIBAZISEBITHT 2R E LTI, #EEORIERES Lz, 22T 6 2k o1
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THERVAWAT LD 0127257 0EE ENEREER IO SN TWIUSERVAMWA TS 01272 53188) I2oWTE
2295, AIEDIRATIROES MEF B0 ET)), BEORR TROED HHERETT IV EMESR. 753, ERV
PIEDMELUNMERLUIZNWT—ZIZDWTI, BETETINETBUINETINORFNELBEDT, 158907
DRI E & U TERDHS.

1. {1580 EF))

NERBESIERICBA SN TWTHERVAIEIZARDES SIRETS. ZORETERVA 01273501, EHAIBRORM
i c KO TDEDOKTHBEEZZS.

ST, KEE n DK x,x,,..,x, BEASNELT, HHOLDIZELD ny BO x 230, EOOD n,

(=n-n,)BD x BETHZETS. x,,x,,...,x, OFEFEENSESNDIERESK LI

L=[E@IT] £,

imng+1
THEZLN5. 0 ORIETER 6 %

dlogL d ~ 0
=n,—log F,(c) + —1lo x,)=0
T "M l08F@)+ Y —logf, (x)

i=ng+1

ZRENTKDS. ZIT, ny=0 OEFSAERVT—F BTN TEORIITHGL T3,

2. B&ETIV

BN TAHHBREBEE IR INTNS EZIIINEICRIER L EZEZERVAI01Z/20, NERAIZRH DEES
IZIXERVANEIZ 2D HRGET 5.
REGDEHEERIHERER 7 ZEBATSE,

Z =0 < NEREIZRMEEL = ERV =0
Z =1< NEBBIZRKMEAE D= ERV >0

EESZENTES. Z DEISHIIDNTIE
Pr(Z=1)=p (>0),Pr(Z=0)=1-p (>0)

ETB. IHITHEREIX THRUZERVICOWT, KEEHIBBBEDORIHTEERERE [, (x) T, TOH

BESCE F, (x) THT. 72721 6 1RMERET S,

ZZ T, ERVA0 SHIESINS EBEDETH ZEUHE ¢ ZHNWT, ERICEHISNSERVEIERTR Y TEL,
X COFEROBEFREFANSEE

{Z=O}U{O<X<c}={Y=O}
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{X = c} = {Y = X}
Pt/ SO N ARYY

T, UEDIRRADTT, kE&Sn OEE y,y,,...y, BEASNEELT, MHEOEDIEIID n, 0
y 750, BOD n, (=n-n)) D y BETHo72ETH. TDEE, y,y,,..,y, OFRFFHEEEENSME

SNBIUERMK [T

Z‘ = (1"p. )no:ﬁl [P.fa. (yi )]
(-2 (5" T] £o(%)

i=ng+1

THAS5NS(sogaietal. [5]). 72721

p' =p(1-F,(c))

£ (»)

fat(y)=1_F0 (C)

(y=e)

LWz ZIT, n,>08&Up=1DLETL, JUERK [T MTEN0EFNORERKL BT
EEFBELTBL. i, ng=00FHIE, p=1&T5. ZO&EECH, JUEBHK [ AHTHH0DEFIVORE

KL &5, T—5ty hOE @ 1% n, =0 DBETHE.
B p & 6 ORIHEERERDBIDOIEIEREEL &

12 B FIRFEN TR ZMEHIER N T LA,

4. SYROBEYEORR

228 TIRAR = = DOMER MiiRatio M, Product/Mh, —WALH > <9h, BLUOEEERIEDHRFIERIFZS
LADDFMTDONT, FIBYIDEFINERESETINEZANWT, 21HOTF—y 2y MU TIIOEREEE 3, &£
41T7RY. ZOWRICIIAOHEBOUEDOB IME & RS ORESEEZ R L TW5.
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BHATB U0 ETFIN EEEETINOHERETD. k3 ER4OADMBIUEDEEZ TS E, T—F v b
A (B ZBWT, U0 EFINEESETINVOENTRIZIRNTVS. BEETFIVOBEEIHSNTR.

ZZTldp DEANEF0.48 £72D, ERV0EIRBBEDHEIWNSTHEZEERLTVS, —F, A @) %

BRI DF =ty MIOWTIE, p=1THH, HEY0EFNERATFNOEIEILIITRAD. K
DFEITIL, FTEPOETINTEBL S TH A, BAMIIESET )V TR0 LEIBH D EEX5N5.

%3 fFIBYIDETINTD 4 DD L DHTHER

(ER ORI B DR BOUE D/ MiE & R OHEEH)

T—#ty ;| RatioZMfi | ProductZ3 i | —RALH <040 | FiRF IR
A(15) 181.5 119.2 116.2 119.1
B=53¢9 | B=0.1056 | N=5.87 N =5.4e-5
¢=11e-7 | ¢=0.005 | m=2.94 G =7.1333
k=0.0041 8 =0.4
AR 1601.9 1651.7 1369.4 1456.9
B=29c6 | f=1626 |n=6638 n=1.522
¢ =3.6e7 | ¢=0.006 |m=2.87 G =4.200
k =0.04 § =0.4
B(=) 195.5 192.9 191.1 184.6
B =0.0563 | B=0.1394 | n=5.86e-22 | n=0.0593
$=0.71 | =081 |m=0.091 G =0.7750
k =69.4 8 =-0.2680
B({£) 1164.8 1173.3 1166.9 1167.5
B=08512 | p=4.616 |n=0.033 1 =1.8430
$=024 | =038 |m=031 o =1.7025
k =3.59 8 =0.1523
E(=) -143.7 -146.5 -281.2 -303.8
B =0.2657 | f=03434 | n=288¢-23 | n=0.1734
®=350 | ¢=329 |m=0.094 G =0.9575
k =115.1 8 =-0.1013
E() 312.1 323.7 307.3 306.8
B=0.0664 | p=1.412 |m=7.89%-12 1 =0.1630
$=0.073 | 9=0.073 | m=0.11 G =2.3034
k =14.9 8 =0.0143

I etq 1310% Z7R9.




4 BEETFINTOADONHIT L DM ER
(EWMOBHEIZADOHBILEOR/NMEEBEROHEE)

F—4 % v & | Ratio 747 | Product 734 | —M L H > <040 | FiRXFEHRGAA
Al#) 118.2 119.2 116.2 118.2
B=1.16c-7 | B=00968 |n=5874 n= 0316
¢=126e-7 | ©=0.0064 |m=2.945 G=242
p=0.073 p=0921 | k=0.0041 5=0.4
p=1 p =0.087
AlE) 1277.4 1277.4 1268.3 1262.4
B=17.81 f=17.81 | m=2133 n=19.26
¢=1.09+8 | @=57le+7 | m=1.340 G=0.771
p =0.482 p=0482 | k=0.892 8 =0352
p =0.480 p =0.485
B(#&) 195.5 192.9 191.4 184.6
$=00557 | $=01374 |n=1.98¢-16 n= 0.0593
¢=07161 | ©=08184 |m=0.1133 6 =0.774
p=1 p=1 k =44.19 6 = -0.268
p=1 p=1
BUE) 1164.8 11733 1166.9 1167.5
B=08439 | B=4524 |n=00326 n= 1858
9=02419 | 9=03855 |m=03127 6 =1.700
p=1 p=1 k =3.604 8=0.154
p=1 p=1
E(&) -143.7 -146.5 -281.2 -303.8
B=02657 | B=03434 |m=2.88¢-23 1 =0.1734
@ =3.50 @ =3.29 m =0.094 G =0.9575
(p=1) (p=1) k =115.1 6 =-0.1013
®=D P=1
E(f£) 312.1 323.7 307.0 306.8
B=00441 | B=1430 |m=121e-18 1=0.1623
®=0.0475 | $=0.0609 | m=0.0833 0 =2.303
p=1 p=1 k =27.14 8=0.013
p=1 p=1
1 :etq IH10%&RT.

E2  E@OHEE, p=1 ZHEETHILENZVWOT, (1)EDFTHERLTVS.
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T, RATOA (&) DHEEITDONVT, RaticETF IV TIHTEYIND EFIINK D BREGETINOHITESEOTEE

EEDRSN, p =0.073 EVSEBERV=0DEDT T SBHE NS Ty DATRRILE B < KL TV,

—7, Products i &—RHEH > 4RI DNTIE, 13Ep =1 THo T, BTN EFINERETFINDEISL,
A (&) DTF—F DA ERKRL TN SEE0NEN, SINFERSHRIIOVWTE, BEETFINETEY0E
FILOERT DN TIIAEDEIEIIZND, p =0.087 EWSENESNT—F DHFFRIE B < KikL TS,

BRIRIZ, WODSHOBEEIEOLETH DA, R4NSEE &) LOOBRAITE, MOOAHOESEICEN
FEREABEITZNERDNS. LML, K3 (k4) OE (B) OREENSIE, FIRFIEEMRbESTE
MRWEIITRAS.
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2. MRy Mk BmiatEorkEt
FIEFHNTQQ TOv FERWT, FIRFERMIC DN TT— I \OBEA AN -HEERT. BT
HIHQQ Ty POFMIED, ETHBERVT— DIFFHARE y, v, 'y, , ELEEE, F(y) =

i/ (n, +1) (i=12,..n,) BT 5 EAWT, 5.y, BIRTE. TIT § WF-shsRek

(@)
0 DHEIETHS. H2ICREEFIUCET BHAFERMOREERT.

R2M5, BIEERAT, HAFESMIMEHEL TWD I EMIND. £IT, BHOZDOMMIEL
T, BBk 30070y MERIZICEAS, 355, Poductdi&E—RHUEH > TR~ FERMTOR
BLEIRSNEVD, RatioMintT—5 Ly NE(R)DREDBEE R HA TS 2 EA%hD. BUR)DH
DL DFMIETEIDNTIE, b3 UL ETHS.

o 2.8 5 7.5 1o 12.5 1§ 17.5 a0 60
Quantile Quantile

RatioZ} 4 _ Product734f

1} 10 20 30 40 50 60 70
Quantile

—RACH >~

B3 F—&tv bEIR)ITHTSQQ7 Oy ~
3. BONDERS

(@) E(R)DATIDNT, KEDWHFEEN SIEERD T TH 2 EDIEHEZIT T\, £ 3 EF4DEREND,

—ACH > <A TIIKOEMNZZISA ETH D, FARFIERSATILS DEAVITGENEEZEZ NS, FDI &I
LD, B&DEROTNEERERALZZ EITi> TS,

) BHLH > HAAOBHHEROPIZ, REREN OEMNIEAE 0 ERAREINDHOINLOEETS. JHud
FRROBERNTY 2> T, RERREEFEL2D. £/, FEETICROBN Z & HSEDFFTOH THRIERINT NS,

OFINFIERMMODORE 6 DEFETH DA, £R3IBLUEAT, EE)EBE)D § ORENRILTHY,

E (B , BUDBLTAMR)D 6 ORFEIRUCTHSIENS, BRMOHMHNTEOEEIH SEVWERERO B D
DERVT—F O DORINEL D ZENTAEINS. UL, A@ITONTIE, MMOBEAIEDMENTE Y EREE
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DERVOSMEN 6 ORFEAETSHS. ZIT, % 3OHBHVETIVT, & OEEHNLTAG) OEEE
ZHRDE, 5§ =-0.1 OFHZ, AOMEBAEDR/IME=11938, 7; =1.1e —4,5 =3.4666 /21D, FEEMNT

EREEDSIZN. & DEDREIZED> THEREINEDSRWEME, A OF—% D TIEDERVER
DHOM, n=500DFT 2 3ELAVEL HEDHEEEATEN =3O/ & B D,
KAORBETINTORABOEAST, & OEEEHLTAGDESEEHAN: 6 =-01 O, A

DMEREDRME=1194, 7 = 0.0825,0 = 2.1532, p=0.091 &720, BAENIEAELDERNT EH
IIMD. BEEPEDABRNC S ML SRV KB : DDERV DA O R B 2 AR A O & h .

5 EK&®

ERVT—% D5 AEFRDIDIZ, FTBEDEFIINERESETFINEND 2BEO A ERL, 4 DOMHRSY
Ali Products)fi, RatioZ3ffi, —ALT > <5, FINFIEENE LT, FhoomEatERiLE Boh
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