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WARRANTY CONCEPT ROLE AND USES

+ Contractual agreement
+ Established on sale of product
+ Establishes

* Buyer responsibility

* Limitations

* Seller liability

1. Protection for buyer -
— Remedy on failure of item
— Assurance of performance
This is important as customers cannot
assess a new product.

Many countries have warranty legislation
to ensure this.




ROLE AND USES PRODUCT WARRANTY

2. Protection for Seller * Nearly every kind of product is sold with
— Specifies Buyer responsibilities warranty (Consumer Non-durables,
— Limits liability Consumer Durables, Software,
— Limits cost Commercial and Industrial Products,
3. Marketing tool and Defense Acquisition)
— Signal quality * Many different kinds of warranty policies
are offered

— Differentiate from others

FREE REPLACEMENT POLICY PRO-RATA POLICY
The manufacturer agrees to repair or The manufacturer agrees to refund a
provide replacements for failed items free fraction of the purchase price should the
of charge up to a time W from the time of item fail before time W from the time of
the initial purchase. The warranty the initial purchase. The buyer is not
expires at time W after purchase. constrained to buy a replacement item.
(Denoted as FRW Policy.) (Denoted as PRW Policy.)
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WARRANTY COST ANALYSIS

* Offering warranty results in additional
costs to the manufacturer due to
servicing claims over the warranty period

* The cost depends on

- Product reliability
— Warranty duration and terms
— Actions taken (repair, replace, refund etc)

MODELLING

+ Simple versus Detail models: See the next
two slides

¢+ The simple model is adequate for the
cost analysis of FRW and PRW policy for
an existing product

* The detail model is needed for new
product yet to be developed

SIMPLE MODEL

Product Characteristics
‘Warranty

Product
Performance




DETAILED MODEL
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SOME NOTATION

C,: seller’s average cost per item

C,: average repair cost

C,: buyer’s cost of item (selling price)

F(t): Failure distribution for the item

M(t): Renewal function associated with F(t)

(Obtained from tables — See Warranty Cost
Analysis by Blischke and Murthy)

FRW POLICY

NONREPAIRABLE ITEMS
Average cost per unit sold = ¢, M(W)
REPAIRABLE ITEMS
Repaired items are “good-as-new” (true for
Case-1)
Average cost per unit sold = c, M(W)

PRW POLICY

Average cost per unit sold = ¢, [F(W) -
/W]

(ur = Average time to failure of all items
that fail with lifetimes less than T)
Formulas for p, are given in Warranty
Cost Analysis book
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CASE: AIRCRAFT WINDSHIELD

From Chapter 13 of

PROBLEM

* Item supplied without warranty

» Customers requests two-year
warranty

* Select warranty terms (duration —

Warranty Cost Analysis time or flying hours)
» Asess warranty costs
WINDSHIELD FAILURES DATA FOR MODELLING

Windshield has several layers of material,
including a very strong outer skin with a
heated layer just beneath it, all laminated
under high temperature and pressure.

Failures result from damage or delamination of
the non-structural outer ply, or failure of the
heating system.

These failures do net result in damage to the

aircraft, but do result in replacement of the
windshield.

¢ Failure data: Time to failure

« Censored data: Items have survived for
this length

* This makes the estimation problem a bit
more difficult




Fallure Time Service Times
o i 2w e oMy 1z s MODELLING
0.309 1.899 2.610 3.478 0.150 1.580 2.670
oss Aol rem s om  ime e
e e e . 1es » Data: 88 failure times & 65 service times
1248 2,010 2.688 3.924 0.487 1.963 . . - .
o gm am o am o am s * Repairable item: Repaired back to new
{::’g Toy  ve e oAt A 4 o * WPP Plot used to select the model
1. 2135 2.962 4255 1.003 2137 3.500 . . . . R
L% a2 4 o0z e * Mixture Weibull distribution fits the data
s am M sw e zm0 s best (See next slide)
1.619 117 4485 5 . - - -
L ams e s Lo zas s » Ignoring the few early failure (by treating
1632 . 4.602 . X . .
v §§ SSE e 1262 :13.3 $140 them as outliers) the two-parameter
. .. X 1368 . .
Weibull is a good fit ( Shape parameter > 1)

o 1. FRW, W = 5000 fl. hrs.

-t 2. FRW, W =2 years, calendar time

3. PRW, W =5000 fl. hrs.
-

-3 ") 4. PRW, W =2 years

-4 s (Average usage rate: 3061 flight hours per

g year)
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WARRANTY COSTS

Costs: C,=89000 C,=3$17500 C,=$5400

CASE: MICROWAVE ANTENNAS

Policy Estimated Cost
1 $15,669
2 18,978
3 13,300
4 16,098
MICROWAVE ANTENNAS SOME CHALLENGES

» Used for sending and receiving
microwave signals
¢ Major Components
— Crystal Receiver
— Crystal Transmitter
— 2Mb card
— 2Mb PCM card

Sold in lots (size varying from 1 - 100)
Sold with 3 year FRW policy
Failed items returned in batches

No information about
— the time at which the item was put in use
— the time at which the item failed
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Manufacturing Cost Data

Customer | Number | Labour | Miteral | Ovethead | Direc | Tolal | Avarage Repair Cost Data
order | of Sy Cost | Cot |Recovered|Expmses| Cog | Cost
ofSysems ecor = otper Repair | Nomber | Lubour | Mulctial | Overhead | Diret | Totdl | Average
Mumbe | wBach | O ® ® ® & |Sysem@®) N
Yob of Cost Cot | Recovered | Expenses| Cost | Cost per
034-1605 | 2 1329 | 11474 | 925 S| 13732 | 6866.00 '
Number | FuiledParts | ($) ©® ® ® (3) | sysem(3)
G3a-i616] 24 18155 | 131811 | 12355 | 1035 |(63356] 680650
a7Ts8| 2 2665 | 11940 | 1865 0 | 16470 | 8235.00 034-W348 ‘ 0 435 161 ° 826 | 20650
034-1805] 38 | 30600 | 178243 | 21415 0 |230258] 605942 034-W335 1 & o 62 0 M3 | 14500
CZEED 1800 | 10250 | 1260 0 | 13310 | 665500 034-W354 2 108 2 75 0 185 | 9250
056.1576| 4 7812 | 29448 | 1966 0 | 34226 | 835650 034-WaTH 1 54 ) 37 [ 91 91.00
I 3966 | 27528 | 2778 0 | 34270 | 856750 040-R215 1 63 [ aa o 107 | 107.00
0721955 | 2 1238 | vaiez | 67 0 | 20867 | 10843 50 GA0-W2A1 1 ) ) Y] ) 107 | 10700
0991429 | 100 | 72900 | 529900 | 51100 | 7100 |361000] 6610.00 S0 W3z 3 i 2 75 o TR Y
1061682 | 16 T4180 | 132379 | 9928 | 1386 |(37873| 9861.06
. Survival Records
Failure Records
Qustamer | Despatch | Number | Dateof | Age(Days)at
Repair Failure | Cusomer | Despatch | Age | Serial No
Tob Due of Datr | Date ofData
Job# Date Job# Date | (Dwys)
R Number Systems | Collection | Callection
[040-W285] 9/16/94 | 040-1145 | 7/14/93 | 429 (1
1961306 | 7/30/3 2 (13 679
196-RM4 | 5PB5 | 196-1306 | 73093 | 642 | 1376
1961322 | 9N1M3 2 23 636
j040-W376] WES5 | 040-1168 | 9720/53 | 534 | 1396
3351336 | 924193 2 65/5 623
jos0-W376] NEB5 | 040-1168 | 9720/93 | 534 | 1397 —————
| 040-1358 | 102983 | 2 65P5 3
os0-W3T6[ JRSs | 040-1168 | 9720/93 | 534 | 1398 ——
040-1359 | 1072993 | 2 HI5 588
[0+0-W376] VRS | 040-1168 | 972093 | 34 | 1300
040-1360 | 102993 | 2 69R5 B3
[040-W232[ 7/11/94 | 040-1359 | 1072953 | 285 | 1359
040-1361 | 102993 | 2 RIS 588
040-W252] 7/11/94 | 040-1360 | 1072953 | 255 | 1498
034-1393 | 111283 | 10 RS 574




Data used in MATLAB program for analysis

Batch | Batch | Ageof Number of Pailure
Number | Size | Batch ( Failures in Batch | Times
N T 5
642

679

636

[7<]

538

wl Wl w| wf»
w| o] o]l of =] »

j
t
2
3
s
s

88 253
350

3 2 ) 3 233

354

PARAMETER ESTIMATES

+ Manufacturing Cost per Item, C, =
$7316.18

* Repair Cost per Item, C, = $143.94

* Weibull scale parameter, A(= 1/n) =
0.43233

* Weibull shape parameter, g = 1.57479

£ 1.00 -

Time (Years)

#0.15

Time (Years)




Warranty Servicing Cost for different Warranty Periods.

[Wamaaty]  Expecwed | Warmanty | W arracty Sarvieing Cost

Pasied | Number of Fuilures | Sarvising 83 2 parceniage of
(Year) | in Worrsnty Peried | Cost(5) |  the manufacture cost

v MW) &*M(W)

[} 027 3843 053

2 080 11448 1.56

3 151 21678 296

4 237 34102 456

s 337 48481 662

[3 449 645.78 883

REPAIR COST PER ITEM vs NUMBER
OF ITEMS RETURNED

Repair Cost per itam (8)
g
8

10

¥

15

Number of items

WARRANTY SERVICING COSTS FOR
DIFFERING REPAIR COSTS

[Warranty| Repair | Repair Cost | Repais Comt | Repair Cout
Paiod | Cost |plusl Standed | plus2 Standard | plus3 Standerd]

Deviation Devistions Devistions

(Yous [$10094] 323887 $1381 $428.75

) %7 Oz T14.47

7 [ 1448 | 185% 26549 341.00

3 | 21678 | 35877 50276 545.75

4 | 3410z] 56595 790.89 {015z

3 | 4451|8042 112390 #4355

6 6578 | 107193 497,69 52364

WARRANTY SERVICING COSTS FOR
VARYING SCALE PARAMETER A

[Waraty

99.9% 9% 95% Point 93% 99% 99.9%
Period | Confidence | Confidence | Confidence | Estimste | Confidence | Comfidence | Confidence
Interval for A | Intarvl Sor 2 | Tnarval for A for Intaval foc A | Intervl for A | Interval foc 3
Lower Limit | LowerLimit | LowerLimit Y Upper Limit | UpperLimit | Upper Limit

(Yeurs) 0.42293 042499 042674 0.43233 043791 0.43968 044172

1 3712 3741 3765 3843 21 39.46 39.78

2 110.59 11143 1213 11448 11682 117.56 118.42

3 0942 21101 21238 21678 m21 22261 22424

4 32943 33193 33410 34102 34799 350.19 35278

5 46814 4170 47477 48461 494.52 49764 501.28

6 62334 628.58 63268 645.78 63898 663.15 668.00




WARRANTY SERVICING COSTS FOR
VARYING SCALE PARAMETER §

[Waranty] . 995% 9% 95% Pamt 5% 9% 5%
Puiod | Confidmce | Coofidnce | Confdence | Edinmte | Coofidece | Confidence | Confidece
Intervl for B | Inkerval forp | Interval for B ™ Tnterval for B | Inbervel for | Interval e
Lower Limit | Lower Limit | LowerLimit [ Uppor Limit | UpperLimit | Upper Limit
(vewd | 156540 156744 136920 157479 158038 15m14 158418
i 373 3867 3861 A3 £F1] 19 3613
2 1463 1146 11457 1144 11438 11433 1432
3 21625 2637 7647 7678 EYAT) 71730 21731
] 3927 339.65 998 3102 4306 239 34278
3 e e @5z (71 5670 w36 [rE)
G 64003 127 64233 578 CIr:) 65032 65158




