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Abstract

Warranty and insurance are equally essential for a technological system to cover repair/replacement
costs of all types of losses, i.e., natural wear/tear or unexpected external force/accidents. This paper
examines the sensitivity and profitability of a stochastic model whose defects may cover under conditional
warranty/insurance. The system user may extend the warranty period by paying an additional price. As
a result, the system functions in normal warranty, extended warranty, and during non-warranty periods.
If a system fault occurred is covered under warranty conditions, the manufacturer is responsible for all
repair/replacement costs during normal/extended warranty which otherwise are paid by the insurance
provider if covered under an insurance claim, or else, the user is responsible for the entire cost when
coverage of fault neither falls in warranty conditions nor under the insurance policy. Using Markov and
the regenerative process, various measures of system effectiveness associated with the profit of the user
and the manufacturer are examined. Relative sensitivity analysis of the profit function and availability
has been performed for all periods.

Keywords: Extended Conditional Warranty; Sensitivity Analysis; Profit; Insurance Cover

1. INTRODUCTION

Competitors add and offer new features to advertise their products in today’s continuously
expanding technological landscape. Offering a warranty on a system can be very beneficial to
a company’s growth. It relieves buyers’ concerns, demonstrates the system’s reliability, and is
promotional. A warranty is a formal promise issued to the user for the free repair or system
replacement if it fails. Researchers have focused their attention on warranty systems, policies,
and warranty expense management in the past few decades [1-3,6]. Generally, warranties cover
the cost of failures that are defined in the contract at the time of purchased. Taneja [12] described
the reliability analysis of a system with predetermined warranty conditions. Further, this work
has extended to warranty period and non-warranty period [9-11]. Many systems have enormous
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maintenance costs and are operated for long periods. Manufacturers are offering the option of
extending the warranty period with an additional charge to avoid the cost of repair/replacement
for an extensive period. Jack and Murthy [4] proposed the idea of employing a game-theoretic
technique to determine the length and duration of an extended warranty based on the consumer’s
risk attitude. Padmanabhan and Rao [7] estimated the basic warranty time to be three years, a
smart option for the increasing demand for long-term service contracts. Rinsaka and Sandoh [8]
discussed an extended warranty in which the manufacturer replaces the system after the first
failure and only performs minor repairs on subsequent failures. They also examined the optimal
pricing for such an extended warranty.

However, financial protection is provided by insurance and warranty both against unpredictable
damage or loss. There is a thin strip between them. While insurance protects against unintentional
damage or loss, warranty protects against defective parts. Purchasing both at the same time is
likely advantageous since it provides peace of mind in knowing that including insurance covers
accidental damages, the warranty will cover faulty parts, effectively including the majority of
faults/accidents that emerge in a technical system. Lutz and Padmanabhan [5] investigated the
impact of impartial and independent insurance providers on manufacturer price strategy.

The cost analysis of an insured system with an extended conditional warranty is yet to be
investigated. This paper proposes a model for a system with a conditional normal/extended
warranty and long-term insurance which is structured as follows. Section 2 discusses the
system’s assumptions and description of the model. Section 3 describes the notations used in
the analysis. Section 4 covers the system’s stochastic modelling. The profitability measures and
profit functions for the user, manufacturer, and insurance provider are drafted in Sections 5, 6,
7. Section 8 describes the sensitivity and relative sensitivity functions of availabilities and profit
functions. Section 9 illustrates the above measurements using fixed parameter values that follow
an exponential distribution. Section 10 concludes the study with interpretations.

2. ASSUMPTIONS AND SYSTEM CHARACTERIZATIONS

Following are the characterizations and suppositions used in the analysis of considered system:

1. The system consists of a single insured unit dividing its whole lifetime into three periods,
i.e. normal warranty, extended warranty, and non-warranty periods.

2. The manufacturer or insurance provider inspects the failed system to assure

(a) Whether system'’s flaws are covered by a warranty, an insurance claim, or neither.

(b) Whether the system can be repaired or needs to be replaced.
3. In the case of normal and extended warranty periods, if an inspection indicates that
(a) the defects are within the warranty domain, then the manufacturer bears the re-

pair/replacement costs

(b) the fault is covered by insurance, the repair/replacement costs are covered by the
insurance company.

(c) the defects are not covered by warranty or insurance, the user is responsible for all
costs.

4. During the non-warranty period, the insurance provider or the user is solely responsible for
repair/replacement costs as the case may be.

5. Transition time distributions have been taken as arbitrarily and the random variables that
are involved are independent.

The system is depicted in Figure 1. The number of replacements, the availability, and the expected
busy period are all calculated. The profit functions are assessed. The sensitivity analysis is also
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Figure 1: System description

performed for availability in three different time zones, as well as the manufacturer’s and user’s
profit functions. Numerical estimates are based on exponential distributions. Various results are
drawn about profitability and sensitivity.

3. NOMENCLATURE

The following is the nomenclature for different probabilities/transition densities:

Ep system state at time t=0
Pw/Pw probability that a fault is approved/ not approved
under warranty conditions.
r/r probability that the fault is repairable or incurable,
and that the system should be replaced.
P/ Pet/ Pex probability of a system failure within
the normal/extended /non-warranty period.
ps/Ps probability that the fault is covered or not covered
under the provisions of the insurance policy.
fu(t) p.d.f. of failure time.
i"(t)/i%(t) p.d.f. of the repairman’s inspection
time as contracted by the manufacturer/insurance provider.
(1) /g (t) /g% (t) p.d.f. of the repair time
during normal/ extended/ expired warranty period
W (t) /heE(t) /he* (t) p.d.f. of the replacement time
during normal/ extended/ expired warranty period
Ak;(t) probability that the system is operational at time t it is given

that Eg = i during warranty period k=N/T/X".
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IK;(t) probability that the repairman of manufacturer or insurance

company is busy in inspection at time t it is given that Ey = i
during warranty period ‘k’.

BK!"(t)(BKkY(t)) probability that the repairman of manufacturer is busy for
repair/replacement when charges are borne by
manufacturer or insurance provider (user) itself at time t
it is given that Ey = i during warranty period ‘k’.

RK}" () (RKY(t)) expected number of replacement upto time t, when
expenses are borne by manufacturer or insurance provider
(user), given that Ey = i during warranty period ‘k’.

The states of the system are specified by the following notations:

Ok operational unit in warranty period ‘k’.

Fk; failure unit under inspection by manufacturer
in warranty period ‘k’.

Fkps failure unit under inspection by insurance
provider in warranty period ‘k’.

FMgrn(FMgpn)/FMgr(FMgpr) failure unit under repair(replacement) in

normal/extended warranty period, for which

charges are to be paid by manufacturer.
FSgi/FSrpk failure unit under repair/replacement in

warranty period ‘k’, for which

charges are to be paid by insurance provider.
FURy/FUgrpx failed system under repair/replacement in

warranty period ‘k’, for which

expenses are to be borne by user itself.

where k stands for normal(N), extended(T), expired(X).

4. StocHASTIC MODEL

h(t) m

(FMgy)
P, Tim()

psTiE(t)

9% ()

perif(t)
FTis)

O Operative State
L J

Regenerative Point

Figure 2: State transition diagram

Figure 2 illustrates the transition between several stages of the system. The state space is
made up of the regenerative states, S={0, 1, 2, ..., 23}, where O={0, 17, 23} is operative state spaces
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and F=(1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 18, 19, 20, 21, 22} is failed state space
respectively. From figure 2, it may be observed that when system enters into a new state there
is no continuation of inspection, repair and replacement from the previous state and hence at
each time point, the process restarts probabilistically and thus the corresponding state where the
system enters becomes the regenerative state. Further, it may also be observed that future state
is independent of past and it depends only on present, thereby satisfying the Markov property.
Therefore, the state transitions satisfy the Markov process and form the regenerative points. Thus,
regenerative point technique is used to find various characteristics of the system.

The transition densities g;;(t) are:

q01(t) = fu(t), q12(t) = pori™(t),  q13(t) = pori™(t) q14(t) = poi™(t),
qa5(t) = psri®(t), qae(t) = psti(t), qa7(t) = psri®(t), qas(t) = psti®(t),
qa0(t) = g"(t qs0(t) = h"(t), gs0(t) = g"(t), qeo(t) = " (t)
q70(t) = g"(t), qso(t) = h"(t) qo9(t) = fuwl(t), 9,10(t) = powri™(t),
9911(t) = poti™ () qoaa(t) = Pui™(t),  qu213(t) = psri®(t),  quaa(t) = ps7i* (1),
quoas(t) = Psri*(t),  quaae(t) = Bs7°(t),  quoaz(t) = g (¢) qi1,17(t) = B (t),
q13,17(t) = g% (t), q14,17(t) = h°(t) q1517(t) = g°(t), q16,17(t) = h°(t)
70,18(t) = fu(t), T17,18(t) = fu(t), 7179(t) = fu(t) q18,19(t) = psri(t),
q820(t) = psri®(t),  qusp1(t) = ps7i*(t),  qusaa(t) = Psri®(t),  quop3(t) = §°*(t)
Go023(t) = &%(t),  qo123(t) = h¥(¢) q22,23(t) = h*(t), q23,18(t) = fu(t),

Mean sojourn time (y;) in state i, i € S is given as
Ui= fooo t (corresponding p.d.f. of time for moving from i’ state) dt
Defining m;j= fooo tq;;(t)dt, contribution to mean sourjoun time, we have

mm :/o f%l(f)de/O tf(t)dt = o
myp + my3 + myy :/o tqlz(f)df+/0 f%a(t)df‘i‘/o tq14(t)dt

- / tpori™ (1)dt + / tpoFi™ (1)dt + / tpi™ (1) dt
0 0 0

[ee)
= [t
0
=M
Similarly,
Mpg = Mp,18 = Mo, mpo = M2
m3o = U3 Mys + Mye + Myy + Mg = pa;
mso = Us; Mo = He
M7y = Wy, mgy = Us
My 10 + M9 ,11 + Moy 12 = Ho; M10,17 = H10
Mmi1,17 = M115 M12,13 + M12,14 + M12,15 + M12,16 = K12,
mi3,17 = H13 Mi4,17 = 14,
m15,17 = H15 mMi6,17 = Hi6s
miz9 = M17,18 = Y17 mig,19 + Mig0 + M1g21 + M1g 20 = His;
mM19,23 = H19 mM0,23 = H20;
MmMp1,23 = H21 Mp2,03 = U22;
mMp318 = H23

In the following sections, several system profitability measures are achieved.
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5. SYSTEM AVAILABILITY

1. During Extended Warranty Period

By definition of AT;(t), i=0, 9, 10, 11, 12, 13, 14, 15, 16, 17 (defined in Section 3) and the
transitions that occurs during the extended warranty period, we have

ATo(t) = Fulf) + /Ot oo (1) ATo (£ — u)du
= My(t) + qoo(t) © ATy(t)

)

The term on L.H.S. of eq” (1) denotes that the system is operational at time t given that
= 0. The first term on R.H.S. indicates that the system will remain in state 0 rather than

transitioning to another state.The second term denotes that the system transitions from

state 0 to state 9 in time u<t and and then continues operational for t-u time from state 9

onwards.

Similarly the other recurrence relations are:

ATo(t) = go,10(t) © AT1o(t) + 99,11 (f) © AT11(t) + qo,12(t) © ATr2(t)
ATyo(t) = qr017(t) © ATi7(t)
ATy (t) = quia7(t) © ATiz(t)
ATio(t) = qi2,13(t) © ATi3(t) + gi2,14(f) © ATra(t) + q12,15(t) © ATi5(t) + q12,16(t) © ATie(t)
ATi3(t) = qu317(t) © ATi7(t)
ATi4(t) = quan7(t) © ATi7(t)
ATi5(t) = q1517(t) © ATi7(t)
ATi6(t) = q1617(t) © ATi7(t)
ATh7(t) = Mz (t) + qa7,0(t) © ATo(t)
2
Solving eq"(1)-(2) for AT (s), where AT (s) = L[ATy(t)], we have @
N Ki(s
ATg(s) = T1((5§

Ki(s) = Mj(s) + 900(5)99,10 () 10,17 (8) Mi7(5) + G090 (5)q9,11 (5)q71,17(5) M7 (s)
— 1179(5)99,10(5) 910,17 (5) Mo (8) — 417,0(5)99,11(5)971,17(5) Mg (s)
+ 700(5)79,12(8) 912,13 (5)9713,17(5) M17(5) + 909(5)99,12 () (8)q14,17(s) Mi7(s)
— 7179(5)99,12(8) 712,13 (5)913,17(5) Mo (5) + 900 (5)99,12(8) 12,15 (8) 415,17 (5) M7 (s)  (3)
— 717,0(5)95,12(5) 712,14 (5) 774,17 (5) M (5) + 909 (5) 95,12 (5) 12,16 (5) 16,17 (5) M7 (5)
— 7179(5)99,12(8) 912,15 (5) 915,17 (5) M () — 417,0(5)99,12(5) 912,16 (5) 16,17 (5) Mg ()

*
q12,14

Ti(s) =1~ 4T7,9(S)‘7;,11(S)QT1,17(5) - QT7,9(5)11;,12(S)QT2,13(S)‘7T3,17(5)
- 4T7,9(5)43,12(5)9f2,14(5)9711,17(5) - qf7,9(5)q3,12(3)‘ﬁ2,15(S)QT5,17(S)

— 017,0(5)49,12(5)912,16(5) 916,17 (5) — 417,9(5)49,10 () 410,17 (5)
= DTy (s)(say)
The system’s steady state availability is evaluated using Abel’s lemma as:
NT} (0
ATy = lim sAT; (s) = (0 _ NT ()

DT¥(0) DT
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Differentiating eq” (4) w.r.t. s,

(s) — 0729(5)@,11 (s)
- ”lg,lo(s)ﬂo,n(s)) - 5]27/(5)‘7;,11 s)q 1,6(5) —1q 8/(5)‘7;,11(5)%1,6(5)

DTy (s) = Ti1,6'(5)(—q67(5)9711(5) — q68(5)q5.11
(s)ai 6

710,11(8)q11,6 () (6)
)
(

- ‘729/(5)‘7;,11(5)‘ﬁ1,6(5) - ‘12,10/(5)

— 7,11 (5)911,6(5)967(s) — 45,11 (s)

- 43,11/(5)4T1,6(5)qg9(5) - ‘7?0,11/(5)’7?1,6(5)‘7
Taking lim s — 0 in egq” (3) and (6), we get

QTL&(S)‘?ZS s
2,11 s)

NTy = p17(pwr + pul + Pwpst + Puwpst + PwPst + PwPs’) — po(puw?
+ puT + Pwpst + Pwps” + PwPst + Pwps’ — 1) )
= W17

DTy = moj2(pst + psT + Pst + PsT) + g 10 + Mo 11 + Pwhi2 + PuwlMio17
+ Puwfmi1,17 + PwPst™i317 + PwPst™Mia17 + PwpPst™is17 + PwPsTMie17

- _ — _ ®)
= 17 + o + HroPw? + H11Pwl + H12Pw + H13PwPs? + H1aPwPsT + Hi5PwpPs?
+ H16PwpPs”
2. During Normal Warranty Period
Similarly, steady-state availabilities during normal warranty period are given as
NN;
ANy = ——;
No = 5 N, ©)
where
NN = po,

DNy = po + 1 + pwriz + puThs + Pwla + PwpPstis + PwpPstie + PwPst Uy + PwPsT U

3. During Non Warranty Period
Proceeding as above case, the steady-state availability during expired warranty period is:

NX;
AXy = —— 1
0= DX, (10)
where
NXq = p23, DXy = pas + Psti19 + pstiiao + psth21 + PsTha

6. ExPECTED Busy PERIOD AND NUMBER OF REPLACEMENTS

Using the definitions of Ik;, Bk!" and Bk},i € S (defined in section 3) and the identical steps
outlined in the preceding section, the expected time a repairman spends inspecting, repairing, or
replacing a failed system in different warranty periods is given as:

Tko = P2 BKY = B Bl = B k=N, T, X.
where

NN, = p1 + pwpas NT; = pg + Pwii2; NX; = ps;
NN3 = purpia + puTH3 + Pupstis + PupPsThe;

NT3 = puritio + pwtii1 + PwPstH13 + PwPsTHia; NX3 = psriioo + psTha1;

NNy = Pupstiy + PwPsTUs; NTy = pwpstitis + PwPs’Hie; NXy = Psrpt19 + PsTia;
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Furthermore, the expected number of replacements for three warranty periods in steady-state,
according to the definitions of Rk}" and Rk{,i € S (specified in section 3), are:

RK! = B Rkl = B; k=N, T, X

where,

NNs5 = puT + PwpsT; NTs = pu? + PuwpsT; NXs = ps1;
NNg = Pupst; NTe = pupst; NXe = pst;

7. CosST-BENEFIT ANALYSIS

The financial analysis aids both the maker and the consumer in identifying the variables that may
result in long-term loss. In this section, we created profit functions to do a cost estimate. A profit
function is a mathematical relationship between a system’s total output and total expenditure.
Thus, profit functions in steady-state are:

Profit to System and Insurance Provider

PM =CP+EP— MP+SP — CMl(pnINo + pgtITo) — CS1(pnIN0 + pet I'Ty + pexIXO)

(11)
— CMz(pnBNén + pgtBTg)n + pexBXgl) — CM3(anN6n + petRT6n + ngRXgl)
Profit to System User
PU = Ro(PnANQ + pgtATO + pexAXO) — CUz(pnBNg + PgtBTg + pngX(')‘) (12)

— CU3(pnRNY + petRTY + pexRX§) — CP — EP — SP

where,
CP= Expenses of purchasing the system
MP= Manufacturing cost of the system
EP= Expenses of extending the warranty period
SP= Expenses associated with insuring the system
Ro= Revenue generated by the system.
CM; /CS1= Expenses incurred by the manufacturer/insurance provider in hiring a repairman for
inspection.
CM;(CU,)= Expenses incurred by the manufacturer or insurance company (user) in engaging a
repairman for repair/replacement.
CM;3(CU3)= Expenses incurred when a system is replaced, which are covered by the manufacturer
or the insurance company (user).

All of the costs listed above are per unit time.

8. SENSITIVITY ANALYSIS

Sensitivity analysis is an approach that examines whether a parameter has a high or low influence
on the derived measures. Due to the wide range of numerical values for various parameters,
relative sensitivity analysis is performed to compare the effects of various parameters. A relative
sensitivity function is a standardized version of a sensitivity function.The sensitivity (A, drs)
and relative sensitivity functions (z,, zrs) for availabilities (ANp, ATy, AXp) and profit functions
(PM,PU) are defined using the eq"s (5), (9), (10), (11) and (12) and stated as follows:

J(Ak At
Ay = ( arO) ; Zok = Arlﬁo k=N,T, X (13)
and (P 5
S T
Ors = %; Zrs = %; s=UM (14)

where r is the parameter
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9. REesurLTts AND DiscussIioNs

The system characteristics determined in the preceding sections 5-8 are illustrated numerically in
this section. Assume that all of the distributions are exponentially distributed and their probability
density functions are as follows:

folt) = Awe ™0, i (t) = e, # () = e
() = Bue P, B = pre P, R (E) = ape ™! (15)
get(t) — lxte—zxtt’ gex(t) — ocxe_“xt, hex(t) — ‘Bxe—ﬂxt

Consider the fixed value of parameters as

Pw = 0.7, 7w =03, pp = 02, pet = 0.3, pex = 05,7 = 0.7,7 = 0.3, ps = 0.8, 75 = 0.2,
Aw = 0.0005, 7, = 1.5,7s = 1.2,y = 0.5, = 0.4, B, = 0.02, B; = 0.02, a = 0.25,
Bx = 0.01,CP = 150, EP = 15,SP = 20, MP = 120, Ry = 500, CM; = 80, CM, = 100,
CMjz = 15,000,CS; = 90, ClI, = 120, ClU3 = 15,000.

(16)

9.1. Variation in Profit Functions

The profit function has been graphically represented as a function of various parameters in this
section. Figure 3 shows the change in manufacturer’s profit (PM) versus v. and A.,. Profit falls

60~ -

a0 p,=05 -

Ty

60

Figure 3: Manufacturer’s Profit (PM) for varied Ay and ps

rapidly as Ay and ps rises.

The variation occured in user’s profit (PU) due to changes in Ry and 7 is depicted in Figure 4.
Profit begins to rise as Ry rises, and as 7 rises, profit declines. Figure 5 shows the decrease in
profit differential (PU-PM) versus SP and MP. As SP rises, the profit margin narrows, whereas
as MP rises, the profit margin widens. Lower/upper bounds for a system’s profitability can also
be determined, few of them mentioned are:

1. PM > 0if Ay < 0.018 for ps = 0.5.
2. PU > 0if Ry > 150 for 7 = 0.1.
3. PU > PM if SP < 132 for MP=100.

Lower/upper limits for other parameters can be interpreted in the same way.
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Figure 4: User’s Profit (PU) for varied Ry and 7

250 [

200 == MP=100 |
—— MP=120

MP=150
150 -

PU-PM

| I
60 80 100 120 160° 180

-100 —

-150
SP

Figure 5: Difference of Profit (PU-PM) for varied SP and MP

9.2. Numerical Calculations for Sensitivity Analysis

We compute the sensitivity analysis for profit functions and availabilities in this section by treating
all transition densities as exponential and having fixed parameter values as stated in eq" (15) and
eq" (16) respectively.

The results for sensitivity and relative sensitivity functions for availabilities and profit functions
(specified in section 8) are shown in Tables 1, 2 and 3 respectively. The absolute value of both the
functions is considered for various conclusions.

It has been confirmed that

1. The availability of three alternative warranty times (ANy, ATy, AXp) is substantially influ-
enced by A,. Variation in s and 7, on the other hand, appears to have the slightest
effect.

2. The profit functions PM and PU are both quite sensitive to CP and Ry.

3. A relative change in PU and PM is caused by variations in ClU3; and CMj3.
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Table 1: Relative Sensitivity Analysis of Availabilities w.r.t. different rates

Parameter Sensitivity Analysis Relative Sensitivity Analysis
(A Ay

(1’) Ar = (870) Zr = Tzr
Normal Warranty Period

Aw -1982.8 -1

YTm 2.1842 %1074 3.3047 % 1074

Vs 1.0239 % 10~* 1.2393 % 10~*

. 0.0014 7.0606 * 104

Bu 0.3686 0.0074

Extended Warranty Period

Aw -17.3586 -0.0088

T 2.1835 %1074 3.3042 x 1074

Vs 1.0235 % 104 1.2390 x 104

o 0.0021 8.4742 %1074

Bi 0.3685 0.0074
Expired Warranty Period

Aw -32.53 -0.0165

(y 0.0054 0.0014

Bx 1.4508 0.0148

Vs 3.3583 % 104 4.0977 +10~*

Table 2: Relative Sensitivity of Manufacturer’s Profit w.r.t. different rates/costs

Profit for System Manufacturer

Parameter Sensitivity Analysis Relative Sensitivity Analysis
(") oy = %5 7 =%
Aw —5.5312 % 103 -0.0445
Ym 0.0251 6.0533 104
Vs 0.0266 5.1320 % 1074
ay 0.0253 2.0338 %104
B 6.7710 0.0022
at -0.0014 —9.0035 %10
Bi -0.2475 —7.9585 % 107>
Ny 0.2118 8.5131 % 104
Bx 56.7230 0.0091
CM; —2.2718 % 10—4 —2.9220%10~*
CS; —4.3206 % 10—4 —6.2519 % 104
CM; -0.0081 -0.0130
CM;3 —1.2890 %104 -0.0311

CP 1 24117

EP 1 0.2412

MP -1 -1.9293

SP 1 0.3216

Furthermore, the order in which input variables effect availabilities (A7, Agt, AgY) and profit

functions (P™,P") are
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* Availability(ANg): Aw>Bn> 00>V >s.

Availability(ATp): Aw>Br>0>Ym>Ys.

Availability(AXg): Aw>Bx>ax>s.

Profit Function(P™):CP>MP>SP>EP>A4,>CM3>CMp> By >Bn >0, >CS1>
Ym>Ys >CM1 >y >,3t>0€t.

Profit Function(P"): Rg>CP>SP>EP>Ay> x> B> Pn>ax >CUz >y >0 > >
a,>CU,.

Table 3: Sensitivity and Relative Sensitivity of User’s Profit w.r.t. different rates/costs

Profit for System User

Parameter Sensitivity Analysis Relative Sensitivity Analysis

(") 5=25" 7= %
Aw —1.3446 % 10° -0.0218

Xy 1.4179 0.0012

Bx 379.7890 0.0123

¥s 0.1094 4.2598 + 104
T 0.0546 2.6575 %1074
ay 0.1396 2.2649 % 1074
B 37.3800 0.0024

o 0.3270 42442 %1074
Bi 56.0506 0.0036

Ry 0.9874 1.6020
CU, -0.0019 —7.3982 % 107°
ClUs —1.9213%10°° —9.3514 %1074
CcP -1 -0.4867

EP -1 -0.0487

SP -1 -0.0649

10. CONCLUSION

The sensitivity and economic analysis of the insured system operating under normal warranty,
extended warranty, and no warranty conditions were explored in this study. Various profitability
indicators and profit functions for the user, manufacturer, and insurance provider have been
drafted using Markov and regenerative techniques. After that, the measures are assessed using
numerical calculation in which the transition density follows an exponential distribution. For sys-
tem profitability, lower/upper bounds of the measures involved have been identified. The failure
rate has significant influence on availability and profit, whereas the inspection rate has the least.
Revenue and cost pricing also significantly impacts the system’s profit. This research gives op-
timum analysis regarding benefits for the user, the manufacturer as well as the insurance provider.
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