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A machine which is subject to repeated breakdowns and repairs and (or)
replacements of some particglar component must be evaluated by using what is known

&5 non-debited renewal theory. Conventional nonedebited renewal theory assumes that

each renewal simply restores the defective part (component) to the same status
it had when the machine was new. The theory is called non-debited because the

part is not charged with the age of the machine, but goes back to age zero.

However, what conventional theory does not account for is the real situations
in which the repair process is not 100% effective, or in which the replacement
part is better or worse than the original part (or the part employed in the

preceding repair job).

The purpose of this bulletin is to provide an analytical procedure for

handling such problems, in which repair effectiveness and design improvements

must be considered.
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TAKING INTO ACCOUNT THE REFPAIR EFFECTIVENESS FACTOR

Let 2 Repair Effectiveness Factor

Iet ﬂl = Characteristic Life of the part when correctly installed

Then ) ﬂ , = Actual Characteristic Life of the part with REPAIR EFFECTIVENESS

FACTR A .

Assuming NON~DEBITED RENEWAL with the part having a WEIBULL SIOFE b , we

can state that for a service time X & ﬁ, hours @

b
FAILURES PER MACHDNE = ”j"%"‘ | (x éﬁi)

s 1/b
C Ax = 1 + (2 - 1) X

However, for servics times X — 1511 hourss

FAILURES PER MACHINE _

(x>5;)

NOTE: "Failures" refers to failures of the particular part_only.

proc ety
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TAKING DESIGN IMPROVEMENT INTO ACCOUNT

Iet a part be improved between the original installation and the first

replacement, such that the part exhibits a new characteristic life ﬂz =K ﬁ 1 ?

where K~ 1 , and 5’ { = Original Characteristic Life of the part.

( K <1 would indicate that the new part is inferior to the original part.)

Assuming NON-DEBITED RENEWAL with the part having a Weibull slops b  ( unchanged

for the improved part) , we can state that for a service time X < 9 1 hourss

b
FAILURES PER MACHINE = ( ¥ ) (x < :91)
K. 7,
1/
where K = 1 <+ K ~ i X
* V4
1
For X >/. hourst FAILURES PER MACHINE = £ = X

1 7

NOTE$ "failures" refers to failures of the particular part only.
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TAKING INTO ACCOUNT BOTH REPAIR EFFECTIVENESS AND DESIGN IMPROVEMENT AT REPLACEMENT

Let A = Repair Effectiveness Factor
Let K = Design Improvement Factor
Assuming NON-~DEBITED RENEWAL , with a part of Welbull slope b (unchanged

for the improved part) , we can state that for service times X < q ( where

ﬁ . is the Characteristic Iife of the original part in the new machine)

A f. 2, 1

b
FAILURES PER MACHINE X ) (x =/ )
X

where /) = 1 + (Ai/;: 1 ) p ¢

| ki -
Ao=t t / !
x i
For service times X — é’ . ! FATLURES PER MACHINE = X
AK Oy

NOIEs "Failures" refers to failures of the particular part only.



