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ABSTRACT:

In this paper we present a maintenance policy imgiroves the fleet reliability and enhance its parfance. The goal
is to determine an optimal maintenance strategth@context of the means of transportation. To détl this prob-
lem, we apply a preventive maintenance strategly aviminimal repair. In this strategy, we consideattthe crossed
distance and the climatic conditions have an infleesin the failure rate.

The transport missions are planned for the purpafseducing maintenance and transport costs. Tloeegfthe routing
distance will be minimized and will contribute tothe determination of the failure rate.

An analytical model was developed to determinepimal vehicle routing distance as well as a minimenaintenance
costs. In order to illustrate this model, a numatiexample will be presented

KEYWORDS: Maintenance Policy, supply chain, vehicle routimglgem, integrated maintenance.

ducing environment constraints and creation a bek
1 |INTRODUCTION tween transport plan and maintenance plan.

The reminder of this paper is as follow : preséotabf
The economical development requires companies to bghe literature review related to maintenance inpgujn
more reactive and organized in front of a compatiti chain in section 2; introduction of the problensgttion
market. 3;.in section 4 development of the analytical iotee 5
The challenge is how to satisfy customers' demavitts description of the optimization phase of our st
a high quality level and minimum costs. So, being a finally the numerical example in section 6.
pioneer company in the market requires a managed su
ply chain with minimum dispenses. In this contekie 2 LITERATURE REVIEW
notion of the supply chain will be highlighted.
Industrials manage their supply chain from the [zion Many researchers devoted their studies to devetp o
to the delivery. This management covers the coardin mal maintenance strategy. The purpose is to reduce
tion between supply and demand and organizes producmaintenance costs using the reliability of the eyst

tion, storage and distribution. (Nakagawa, 1981; Murthy and Nguyen, 1981). We can
In this paper, we will highlight the means of trpoda- take the example of maintenance age type and iypek
tion that companies dispose to deliver their présluc (Barlow and Hunter, 1960). After that, studies fatate

In fact, controlling the means of transport conité to a new integrated maintenance strategies which itake
minimize dispenses and increase benefits. Indistria account the influence of production rates in theigq
manage their fleet by planning the delivery scheduld ment failure rate under subcontracting and rewacti
the maintenance plan in order to reduce transpustsc  constraints (Hajej andl., 2012).

Having a fleet well maintained guarantee a highelev In the same context, (Dellagi, 2006), presentsrdae-i
service and provide the respect of the deliveryedate. grated maintenance in a subcontracting contexttate
Therefore, they gain several customers. the subcontractor unavailability, Improved Mainteca
Companies try, usually, to lower their vehicles tiogl Policy (IMP) was developed to find the appropridee
costs by minimizing distances, optimizing the rogti  lay of the preventive maintenance task to avoid los
planning and also by reducing maintenance costs-ind order.

pendently. From here comes the convenience of-intro
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In fact, applying integrated maintenance in thepbup
chain improve the production quality and contribtde
organize the workforce too. That's what (Gang ahd
2006) present. Their idea consists in using anutiooi-
ary algorithm to optimize the preventive mainter&nc
plan and the allocation of qualified workforces twi
minimum dispense.

Instead of the production sector, maintenance ypaotiay
impact energy efficient of the means of transpantat
That is what (Vujanovic andl, 2012) indicate in their
article. Having an efficient maintenance policy tin
utes to decrease fleet' energy dispenses. By findih

the links between maintenance and environment @f th
means of transport, the researchers prove that the

maintenance plan has the most important actionhen t
energy efficient in the means of transportation.

3.2 PROBLEM DESCRIPTION

We consider one factoryretailer and clients associat-
ed to each retailer. We have one delivery-truckctvhi
charged to do the distribution products.

Figure 1: Routing cycle

(Friesz and Fernandez,1979), explored a dynamicWe suppose the following hypotheses for our routing

maintenance plan consecrated to the means of tbetasp
tion. They showed thattlie quality of the equipment is
determined by the natural factors the rate of usd the
maintenance investments'he aim is to find an optimal
maintenance policy which respect all this circumsés.
This study highlights the impact of the naturaltéadn
the deterioration of the system.

(Schutz, 2009) covers the aspect of the influeri@nai-
ronmental constraints in the maintenance plan waiha
sector. It consists on organizing the transporn pgla
order to establish a maintenance plan. This maamtes
plan should match with all the missions.

To conclude, we notice that many studies are intece
in the problem of the transport routing and treatdhe
economic aspect by minimizing the transport cosid a

cycle:

e the truck capacity is limited,

« all clients are satisfied and delivered on time,

« the truck is charged from the first client to the
last one and it discharges products client by cli-
ent.

* empty returns from the last client to the factory
The ultimate aim of this study is to determine atiroal
maintenance strategy taking an optimized routinki-ve
cle, crossed distance factor and climatic condtrain
account. So, we will resolve sequentially this peafin
two step.

The first step presents routing vehicle optimizatioy
the minimizing of the total transport cost.
In order to determine an optimal transport cyctfrthe

delays, (Eckhart and Rantalab, 2012; lannone,2012)factory to the last client, we define a set of ahl

without taking in account the maintenance costshef
vehicle.

3 PROBLEM STATEMENT

3.1 MOTIVATION

According to the previous works, the minimizatioh o
the transport dispenses are treated in two stepes fifist

step is the optimization of vehicle routing: distas and
cost minimization.

linked to problem:

i: retailer

j: client

nr : number of retailer

r: routing's number

nG: number of client associated to retailer

Ci: transport cost from the factory to retailer
Xi: transported quantity from the factory to retailer
Cj: transport cost from retailéito clientj

Xij: quantity from the retaildrto clientj

U;: transfer cost between the factory to retdiler

The second step is the improvement of maintenancedi: distance between factory and retailer

policies. So, the maintenance of the means of piante-
tion is developed separately from the problem & th
vehicle routing.

But the integrated maintenance proves that it ieffin
cient method to reduce maintenance costs, for ebeamp
in aeronautic or reducing energy' dispenses ircoimext
urban transportation. In addition, it improves Hesevice
quality too.

However, in this paper we propose to join the notid
the maintenance and the routing planning togetbenf

Ujj: transfer cost between retailezlient

d; : distance between client j associated to retaiferd
factory

Ujg+1) : transfer cost between two successive clients

dig+1) : distance between two successive clients

Unci: transfer cost between the last client and thiofgc
dnci: distance between the last client associatedttilee
i and factory.

8, the distance of the routirrg

Mc: corrective maintenance cost

common optimization and using environmental factors Mp: preventive maintenance cost

like the crossed distance and the climatic condtrai

¢c: Average number of failures over the vehicle iyt
A(t) : the nominal failure rate

The transport objective function is as follow:
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Ct = Min[ [XiZ:(C; X; + Uj dj + Upgj dpeii + Uip diy +

Z]n=C11 Gy Xjj + Zjnzciz_l(Uj(j+1) djg+1) + ZES}. Cik Xu )1/ [ i bx+b In ( Z b1Xj+b2y]-)
i— = X +; i —In e
My di + dog + dig + T djga)] SRR
y=1 jen(t)
This function regroups all the transport costsdtrthe oL oL
routings. The objective is to obtain the minimastdnce —=0;—=0
that the truck will cross. ox dy

After the determination of the risk function forcka

Once the transport problem is optimized, the sec@ ! ° i -
por-P P . journey r. The function of the failure rafg is:

consists in optimizing the maintenance strategy.

The maintenance policy adopted is well known ierét A (67) = G(Xp, vr) * A(Y)

ture as preventive maintenance strategy with mihima

repair. The preventive maintenance adopted is @3um |t means that in every journeythe failure rate has a

to be perfect, the unit is then considered as gmodew.  gifferent value ok, andys,.

However, when a failure occurs between two suceessi

preventive maintenance actions, a minimal repa#iopAC  The characteristic of a periodic maintenance strate
will take place to maintain the system during therent gy,(Schutz,2009), is the constant crossed distanae

period. As consequence, the failure rate is undistll we calculated to define after how many kilometees w
In this policy, we assume that the repair and @pf@nt || have the preventive maintenance task to realo

times are negligible. o __ the expression of this distance is :
The maintenance optimization consists in deternginin
the number of preventive maintenance actions tovao yoros,

— r=

the transport 's plan. The originality of our studyto
take the influence of the type of crossed distarmtthe
climatic condition on the degradation degree of the
means of transportation into account, consequentty,
the average number of failuge and the total mainte-

Nmp

The expression of the average number of failurahées
summation of the average number of failures forheac

nance costs Cm interval n:
Our purpose is to minimize the objective functidn o Nmpwf(n)  (Tr_1+o
maintenance costs per unit of distance expresstal-as b= T Eelim [ A (Ddt (Schutz,2009)
low:
Before the determination afc, we identify the routing
Cm = MIN] [Mc ¢c + Mp (Nmp - 1] that start and finish s(n) and f(n) in each intérva
2y di + dng + dig + XS djga .
( . lifn=1
4 ANALYTICAL MODEL ' Z §y=2(m—1)*A
y=1
This section presents the mathematic model of our s(n) = 4501‘1&0“ of r else
maintenance strategy which is based on an optimum ! e
routing . The method of optimized journey will beep L Z §y<(n—1)*A
sented in the next paragraph. y=1
The following model covers the maintenance strategy
We remind that in our study we take into accourn tw dim(nr) if n = Nmp
factors, the crossed distance (x) and the clinadindi- Zr 5. >nxA
tion (y)on the degradation degree of the meansawmist y=1
portation. Formally, we traduce these constrairtsab f(n) = < solution of else
effect on the failure rate. r-1
The variablex,andy, have 3 different levels that pre- Z 8, <nxA
sent the influence level of the constraint. y=1

The factors appear in the failure rate throughsh fiinc-

tion G, y,), (Cox, 1972) : After that we resolve the following system to fitfie

crossed distance.,, for each routing in each interval n :
G(Xr! YT) = ebl*xr"'bz*YT
8,; if s(n) # r # f(n)

But to determinéb; andb, which present the weighting SM s (1) %A if %
coefficients related to the distance and the ciicnedn- Orn= 2= Or (?(n)—l) i ’ ifs(n) =r # f(n)
straint, we should resolve the partial derivatehef par- L nxA—Y 2078 ; if s(n) # r = f(n)
tial likelihood L* (Lyonnet,2000): Aj; ifs(n) =r = f(n)
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We noted that the average number of the failure raf

Reliability data

changes in every journgy However, the reliability must
be continuous.
For this reason, we establish a functional agge in

Degradation law Weibull distribution
shape parametefi=2
scale parameterg=600

order to insure this continuity:

Corrective maintenance Mc=2000mu
cost

0; ifr = s(n)
Tyn = G(Xr,Yr)

Preventive maintenance | Mp=500mu
cost

R_l[R(tr)]G(xr+1rYI‘+1) withtr = 1,1, + 0y

Cost data

Using the this model allow us to start the optiriza

transport cost from the Ci=4mu
factory to retailer

step in the next section.

transport cost from retailen Cj=4 mu
i to clientj

5 OPTIMIZATION

According to the objective functions, the optiminat

transfer cost between the | Ui= 3 mu
factory to retailer

phase will be in tow steps: the first one consistepti-
mizing the transport routing minimizing the trangpo
costs. The second step consists in determiningpptie

transfer cost between re- | Uj=4 mu
taileri clientj

mal number of preventive maintenance actions to d
over the transport routing minimizing the total ntar

transfer cost between two | Ujj+1y =4 mu
successive clients

nance cost by time unit.
The aim of the routing optimization is to define thco-

transfer cost between the | Unci= 7 mu
last client and the factory

nomical delivery order from the factory to all cite for
each retailei. In this optimization we take into account

Routing problem data

Number of routing | Nr=10

the charge that the trucks transport all over thging.
The optimization method is presented in the follogvi
diagram:

Table 1: Example's data

For the determination of;tand b, the weighting coeffi-

cients related to the distance and the climaticstramt,
we use the different distance constraint leveluinction
of the distance in kilometer and also the climatin-
straint level in function of the temperature:

10,1000] 11000,2000]| ]12000,3000
Km Km 0] Km

d;, g Optimization of the routing
nr, ng vehicle problem and mini
Xi, Xjj :‘|> mization of the transpor
G, G cost
Ui, Uj,
Ujg+1) ,Unci

Ct*, §;

X 1 2 3

Optimization of the
maintenance' costs

Table2: Distance constraint levels

15°,30°] | [-5,15]; ]-30°,-15];
130,45] 145,50]
y 1 2 3

Cm*, Nmp*

6 NUMERICAL EXAMPLE

Table 3 : Climatic constraint levels

The results of the first step of the optimizationgram
are:

A numerical example is presented in this sectioorier

i 1 2 3 4 5 6 7 8

10|

to illustrate the effectiveness of the analyticabdel

5y | 998 | 1216 1184 1196 696 1394 1147 8§70

1277

093

developed in the previous sectidrhe rest of numerical
data is summarized in the following table:

Table4: Routing distances

The optimal transport cost Ct* is 20.93 um/Km.
After the calculation partial like-hood L*, we finthe
value of h and b for x, and y :
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b:=0.0763
b,=0.0234
To determine the "local" Cm*, we should find thetiop
mal number of the preventive maintenance .The Vello

ing graphic shows the evolution of the maintenance

cost/Km.

For the maintenance cost we obtain:
Cm*= 13,667

Nmp*= 4

The evolution of the maintenance cost/Km in
function of the preventive maintenance

number

0 1 2 3 4 5 6
Number of the preventive maintenance task

60,000

40,000
20,000

0,000

Total Cost of maintenance

7 CONCLUSION

In this paper, we present an integrated maintenamce
the supply chain. We established sequentially th&- o
mal routing distance as well as the optimal numidfer
preventive maintenance action to do over the tramsp
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our study consists in taking two significant fastanto
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account: the type of crossed distance and the tiima Murthy D. N. P.andD. G. NGUYEN,1981Optimal
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