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A M"Series” curve is generated on probabilit'y paper (such as Weibull paper)
whenever the individual data points represent random occurrences of two
or more modes of failure, or two or more failing cAoﬁ:ponants of an assembly
eonsisting of such components in series.

The "Series" curve, thersfore, repressnts ASSEMBLY failurea for
SERIES |

an assembly consisting of components in .
@ For example, look ati FIGURE 1 below.
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FIGURE 1

In this illustration, component (1) and component (2) are in series,
and thelr weibull lines are straight. The assembly Weibull plot,

howaver, is not straight, but is representad by the dotted "Sorieg"

curva,



DRI STATISTICAL BULLETIN
Volume 11 February , 1982
Bulletin 8 Page 2

when the Weibull lines for (1) and (2) are straight, bul intersecting,

the "Serles® curve cannol be STRAIGHT .

@ When the Weibull lines for (1) and (2) are straight, but parallel,

(FIGURE 2), the "Series" ourve is also __STRAIGHI _» and of the

sams WEIBULL SLOPE .
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@ A "Series" ocurve is always to the LEFT of all componsnt curves.
lat Fl(x) = CDF of (1)

let Fz(x) = CDF of (2)

Then the CDF of the assembly “Series" curve is

What rule is used?

The proDIICT rwle for the RERIJAPILITY of components in SERIES .

suppose Fy(x) = 1 - ExP( -(x/g)%)

(b,> b,)
ad Fy(x) = 1 = EXP(=(x/g ™) a1

If these two Weibull components (or modes of failure) are in series,
then the "Series" curve formula is
j{ b bz
1 B% ( ) ' =
A - - 1 -
Fx) = 1 ©, .

This H3srles" curve has the following special properties:

o

FROPERTY I ¢ The two component lines intersect at abscissa
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(:::) FROPERTY IT ¢ The point of maximum curvature on the "Series" curve

has absclssa
I

éi b2 b2 - b1

. R%bi

where A is the positive root of the cuble

o P g A 2 2 2 2
(1%1);\ + (1+2b1-b1b2)ﬁ + (bibz"?bz"”?k -(1+b2)=0.
A good empirical formula for }_ is

A

1 =+ (bz 'bl)

PROPERTY III : The minimum radius of curvature (P ) at the point of

maximum curvature on the assembly curve is given by the

formula

i

E1+bf)g%)2b1*2(i+b )(—-)bi()'? +(1+b)(§)2bj 2
4 L
ot T

where xl = Absecissa of the point of maxiwum curvature (as given above ).

¢ =
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PROFERTY IV 3 The slope of the assembly curve at the point of maximum

curvature is given by the formula

SLOFE = _l-b + ! b
I+A | 1 I+ A 2

where A is defined as in @ .

PROPERTY V 1 The slope of the segment joining (xo,yo) and (x.l,yi),

i.0., the segment joining the intersection point and the point of

maximum curvature, is given by the formula

LOG(L = A )
LoGA

SLOFE = b:2 + (bi'bz)

where /1 is defined as in @ %
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Some other special relatlonships are

: by b
bi b2 . i 2
9; ﬁ - —
‘ 6
b
5 / By
— - i B 2
éll - A b~ bl ﬁ
/
" / b, b
X\ = —— [f )
. b, H—= bz =Dy
0 s, | 4
Z 25 "1 I
| [ , 3/2
+1 + (b,) +D 2]
Minirmum radius of curvature = e = (A ‘ ( 12 2)
A A+ 1), - b1)2
NOTE $ X, = absolssa of the intersection point
x = abseissa of the point of maxdmum curvature

7\ was defined in @ .
(bz > bl)



