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A Study on the Parameter Estimation
of the Cumulative Hazard Paper

B T

ABSTRACT

This paper studies the estimation of hazard parameters, which have a close relation with product
reliability characteristics in reliability test.

Among the many kinds of estimation methods, hazard Probability Paper(HPP) is commonly used.
The HPP is very convenient, but it has a great disadvantage in estimation accuracy by plotting
method. It is very difficult to get the same results even if one use the same data several times.

A computer program for the regression method is used for the parameter estimation to reduce
these errors.

Especially, the computer graphic program was written in GW~BASIC 3.22 language and a couple
of running examples for user's reference appears in the appendix part.
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k= - L &t 2 PROBLEM 1 LE B LT B L Lt 2t T

INPUT FAILURE TIME ;

40.00000 100.00000 110.00000 160.00000
190.00000 250.00000 290.00000 320.00000
350.00000 390.00000 420.00000 490,00000
590.00000 630.00000 730.00000 800.00000
940, 00000 1060.00000 1260.00000 1770. 00000

GAMMA 1S _ZERO.
ALPHA & BETA WILL BE ESTIMATED

—————————————— PRELIMINARY WOREK --~m-c-—m-~-m-

N - 20 K=~ 0 L
b(i)~1/(N~-i+1) X(i)=1n t~r
i t
1 40,00000
2 100, 00000
3 110,00000
4 160, 00000
5 190, 00000
6 250,00000
7 290,00000
8 320,00000
9 350, 00000
10 390,00000
11 420,00000
12 490,00000
13 690,00000
14 630,00000
15 730,00000
16 800,00000
17 940,00000
18 1060.00000
19 1260,00000
20 1770.00000
SRR RRRAERARRESREEE RESULT #*#kx2 *% *hkd L)
ALPHA = 1711.805 BETA = 1.173
GAMMA =~ 0.000 ETA - 572,218
REGRESSION LINE : Y = ~2.045385 + 1.172577 X
RELIABIL]TY AT ORIGINAL DATA RELIABILITY AT OTHER POINTS
INPUT DATA R(T) T 1 M E R(T)
40.00000 0.95680 100.00000 0.87868
100.00000 0.87868 500.00000 0.42584
110,00000 0,.86535 1000.00000 0.14597
160.00000 0.79899 1500.00000 0.04524
190,00000 0, 75994 2000.00000 0.01307

#‘tt***ttt#ﬁt#ttt##&tt#t#t**tt##*#t#ittt##*#t“‘**#‘#tt#t‘tt‘#t
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DIDIIIIIINNNNNIININIGY HAZARD PAPER
REGRESSION LINE : ¥ =  -2.845385 + 1.172577 X In H(t)
, ; 2.0
GAMMA=  ©.880 ER
( GIVEN )
— i 0.0
BETA = 1.173 \.,\\vv\\ 4-1.0
ALPHA=EXP( 2.845)x|, i
16~ (BETA x 2 ) +-2.0
= 1711.885
- 4-3.0
4-4.0
4-5.0
| 4-b.0
L 1 | I | N PP PP | NP PN [P P [EPPEPETSl EPEE B
-1.0 0.0 1.0 2.0 3.0 4.0 5.0
In t t x 108
|
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L ST TF TR B PROBLEM 2 wd—k=  wk-k=  =k—k=

INPUT FAILURE TIME ;

190.00000 200.00000 210.00000 220.00000
230.00000 240.00000 250.00000 260.00000
270.00000 280.00000 300.00000 310.00000
330.00000 360.00000 400.00000

GAMMA IS GIVEN. ( GAMMA = 170.0 )
ALPHA & BETA WiLL BE ESTIMATED

- -9 =5 -0
X(i)=1la t-v H(i) 2 h(i)
h(i) In t-v In H(i)
1 0.06667 0.69315 -2.70805
2 0.07143 1.09861 -1.97981
3 210. 00000 0.07692 1.38629 -1.53703
4 220.00000 0.08333 1.60944 -1.20948
5 230.00000 0.09091 1.79176 -0,94351
6 240.00000 0.10000 1.94591 -0.71486
7 250.00000 0.11111 2.07944 -0.51021
8 260,00000 0.12500 2.19722 -0.32107
9 270.00000 0.14286 2.30259 ~0.14130
10 280.00000 0.16667 2.39790 0.03430
11 300.00000 0.20000 2.56495 0.21099
12 310.00000 0.25000 2.63906 0.39534
13 330.00000 0.33333 2.77259 0.59786
14 360.00000 0.50000 2.94444 0.84080
15 400.00000 1.00000 3.13549 1.19943
Ahkkhksrhhkhbrhhritrrsks R E S UL T bt
ALPHA =~ 1650, 733 BETA = 1,565
GAMMA - 170.000 ErTA - 109.475
REGRESSION LINE : Y =~ -3.744056 + 1.564514 X
RELIABILITY AT ORIGINAL DATA RELIABILITY AT OTHER POINTS
INPUT DATA R(T) T 1 M E R(T)
190.00000 0.93242 200.00000 0.87638
200.00000 0.87638 250.00000 0.54217
210.00000 0.81304 300.00000 0.27024
220.00000 0.74569 350.00000 0.11338

230.00000 0.67685 400.00000 0.040
t*#***t*t***###***#*##t**##t******#*##*##**#*#‘**###‘##*##*##**
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REGRESSION LINE : ¥ =  -3.744856 + 1.564514 X In H(t)
, 20
GAMMA= 170.000 3
( GIVEN )
. ! 0.0
BETA =  1.565 - . R
. | 4-2.0
ALPHA=EXP( 3.744)x| - ) 4-3.0
18~ (BETA x 1 ) ;
= 1550.733 4-4.0
4-5.0
_ 4-b.0
NPT NPT S TP EP PR T UT Y DU BV DU R SO U PN U WA SPETT R
-2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0
In t t x 10
i
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-k  =koke =k k= PROBLEM 3 I T e
INPUT FAILURE TIME ;

1800.00000 2000.00000

1400.000 00
0 00 4000.00000 5000.00000

00 1600.0
2400.00000 3000.0

NOSD = 5
ALPHA , BETA & GAMMA WILL BE ESTIMATED

—————————————— PRELIMINARY WORK ---m----omo-os

L=-8

N -8 K - 99
h(i)=1/(N=i+1) X(i)=in t-v

1 0 0

2 0 1.

3 0 1

4 0 1.

5 0. 2

6 0. 2, .

7 4000.00000 0.50000 3.30729 0.54108

8 5000.00000 1.00000 3.61929 0.99984

* RESULT s#tkekkbnkex *

ALPHA = 651,953 BETA = 0.900
GAMMA - 1268.900 ETA - 1336.441

WARNING : THE FAILURE DATA MAY NOT SUIT WEIBULL DISTRIBUTION
REGRESSION CURVE : Y ~ -0.001 X*2 + 0.902 X - 2.336

RELIABILITY AT ORIGINAL DATA RELIABILITY AT OTHER POINTS
INPUT DATA R(T) T 1 M E R(T)
1400. 00000 0,88369 1500.00000 0.81384
1600.00000 0.75221 2000. 00000 0.55936
1800.00000 0.64681 .2500.00000 0.39505
2000.00000 0.55936 3000.00000 0.28300
2400, 00000 0.42293 3500.00000 0.20469
3000.00000 0.28300 4000.00000 0.14912
4000.00000 0.14912 4500,.00000 0.10927
5000.00000 0.08045 $000_00000 0,08045

* L2 2 EARRKRRRRRRRREREKEERRRRKAEERREREEE




154 #HT

SOIIIIIIIIIIIIIIIIID HAZARD PAPER €L LLLLLLLLLLLLLLLLLLKL

REGRESSION.CURVE : ¥ = -8.891 X*2 + 8.982 X - 2.336 In H(t)

n m-=

GAMMA= 1268.988 ER
( ESTIMATED VALUE )

° i 0.0

BETA = 9 .900 \\\ s 5-1.0

ALPHA=EXP( 2.334)x . 4-a.0
10~ (BETA x 2 )

= 651.953 , 4-3.0

4-4%.0

4-5.0

» YWARNING : THE FAILURE DATA MAY NOT SUIT WEIBULL DISTRIBUTION » M-r.n
...._;..._...._>>>-|_I-.......th...-.p»l.l_.L..._...Er.._.._Fh._...L

2.0 -1.0 0.0 1.0 a.0 3.0 %.0 5.0
In t t x 169
[ |
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