http://ansinet.com/itj ISSN 1812-5638

INFORMATION
TECHNOLOGY JOURNAL

ANSIlzet

Asian Network for Scientific Information
308 Lasani Town, Sargodha Road, Faisalabad - Pakistan




Information Technology Jownal 12 (21): 6325-6329, 2013
ISSN 1812-5638 / DOL 10.3923/1t).2013.6325.6329
© 2013 Asian Network for Scientific Information

Reliability Evaluation of Collaborative Product Design Process
Considering Redesigning Activities

Tao Yang and Yu Yang
State Key Lab of Mechanical Transmission, Chongging University,
400030, Chongging, China

Abstract: During the product design phase, due to various factors and random failures, input materials
processed might be defective and would be less than input amount. Tn order to increase the output, defective
products are usually formed as a reverse product flow and redesigned. However, these activities would cause
an increment of the design capability and processing time for the design entities. The objective of this research
1s to propose a reliability evaluation model and solution methed that would determine the reliability for the
product design phase with reverse logistics product re-designing activities. The evaluation model contains
design capability and processing tiume two aspects and the whole system reliability can be derived afterwards.
Finally, a case study is presented to illustrate the usefulness of the proposed approach.
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INTRODUCTION

Product design phase is one of the most important
processes and as much as 75% of the cost of a product 1s
being committed (Hsu and Trene, 1998).Therefore, it is a
crucial 1ssue to measure the capability of a Product
Design Phase (PDP) and determine whether it can satisfy
customers’ orders or not. The reliability analysis 1s one of
the essential roles to be researched. In recently vears, a
consistent growing number of studies have been
published (Golomski, 1995; Chin et «l, 2008,
Liang et al., 2008; Sanchez and Rong, 2011; Rathod et af.,
2012; Cardoso et al., 2013). However, the reliability
analysis of the PDP is still far from being totally studied.
The product manufacturing network is composed by a
number of production activities. It contamns two kinds of
logistic activities, Forward Logistics (FL.) and Reverse
Logistics (RL). Dwring the design phase, in order to
ensure quick delivery of good quality products, these
defects products are usually repared or reworked and
formed a reverse product flow (Lin and Chang, 2012).
Once 1t occurs, the processing capability and time of the
related design entities will increased and may cause a
huge lost if it was not well-considered. So, how to
evaluate the products design phase with re-designing
activities has becoming an mmportant issue.

MODEL CONSTRUCTION

Assuming that the product design work A can be
finished by one design entity 1% in order to produce

sufficient products for the customers’ demand d under the
exists of the DSR, and complete the product design work
under the delivery time T'. Firstly, the amount of input
materials (I) should more than the output quantity (O).
Then, calculate the outputs (O). The outputs consist of
different types of products: (1) The input and output flow
without the existence of RL. activities, as shown in Fig. 1;
(2) The input and output flow with the RL activity, as
shown in Fig. 2. From the above two conditions, we can
get that the design processing time of case (2) 1s
obviously more than case (1). Suppose that the design
work can be fimshed under the given time T'.We attempt
to obtain the relationship between I, O and d fulfilling O=>d
and T<T'. For the simplest case with only one design
entity, once the value of DSR and output (O) are
determined, the input (I) and (T") can be easily obtained.
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Fig. 1: Design work without RI. activities
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Fig. 2: Design work with RT activity
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Fig. 3: Product design with four design entities

Take the PDP with four design entities for example. In
Fig. 3, we can see there are T units of raw materials
entering design entity 1* and IxDSR,, units of WIDPs
outputting from design entity 1¥, meanwhile, there are t,,
units of time were consumed during this phase.
Afterwards, T<ESR,, umits of WIDPs entering design
entity 2* and IxDSR,,»<DSR,, umits of WIDPs outputting
from design entity 2*. Still, there are t,, units of time were
consumed during this design phase. Without considering
the RT activities, O = IxDSR,,XDSR,, D8R, xD SR, umits
of successful design product outputting from design
entity 4* Simultaneously, there are Yt (i = 1, 2, 3, 4) units
of time were comsumed. In order to satisfy the
customer’s demand O and the demanding delivery time T,
the input I and t, should be meeting the following two
objectives:

Objective function 1:

*Izd li[DSR,,, (1)

1=1

Constraints: Equation 2 tries to guarantee that do not
exceed the maximal capacity that each design entity can
provide:

I1=C,
IxD8R,, =C,yy (2)

IxDSR,, % DSR,, <Cs,
IxDSR, , x DSR,, x D8R, <C,,

Objective function 2:

Et,# =T’ 3

Constraints: Equation 4 tries to guarantee that do not
exceed the product processing time that each design
entity predetermined:

t, DTy, by < DTos tag < Do 1oy < DTy 4

— 5 Forward flow sesessea» Reverse flow

The above analysis is about product flow without RL
activities. Tn reality, RL activities are essential for
satisfying customers” demands and reducing production
cost. Consider the DPs outputting from design entity3*
are re-designed starting from design entity2*. Here:

» {9 represents the FL activities

+  £,% indicates the forward input flow processed by
each design entity

» % represents the RL activities. We use the graphical
technique revised the product design network as
shown in Fig. 3. In order to satisfy the customer’s
demand O and T, the mput [ and t, should be meet
the following two objectives
Objective function 3:

I= d/{ﬁDSRI# {1+ DSR ,,DFR )} (5)
i=l

Constraints: Equation 6 tries to guarantee that do not
exceed the maximal capacity that each design entity can
provide:

P <, ©)
Objective function 4:

a4

Tt L) =T M

Constraints: Equation 8 tries to guarantee that do not
exceed the product process time that each design entity
pre-determined:

xt, +t), <DT, (8)
Based on the above examples, we can generalize the

objective function 3 and 4. Assume that there are n design
entities in the PDP, each design entity have an equal
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DSR,=DSR and given demand d and delivery time T, the
relationship between I, O, d, DSR, nand T" are as follows:

£ = I DR &)

£ =% i:[DSR'# (10)

fic:\f.f—k‘) —IxDSRHHDER (11)
80 E[DSR(#DFRJ. x ﬁ[Dsm (12)

Equations 9, 10 and 11, 12 are all represent the input
flows that would be designed for design entity i,
especially, Eq. 9,10 is for the FT, activities while Eq. 11,12
1s for the RL activities. The generalized objective function
(3%) and (4*) are as below:

Objective function 3%*:

12d/(DSR" + DSR™DFR) (13)

n 1 n
Izd/[l;[DSRt#ﬂ;[DSR.#DFRJxE[DSRtJ (14)

Constraints: Equation 15 tries to guarantee that do not
exceed the maximal capacity C, that each entity can
provide:

(RJ*, 1%

£ +1y =Cy (15)

Objective function 4*:

Z“;(t1#+t;#)5T' (16)
i=l

Constraints: Equation 17 tries to guarantee that do not
exceed the product process time that each design entity
pre-determined:

by +thy <DT,, (17)

According to the above Hq. 9-14, we can get the
value of parameters T and Cj,. In this study, we study the
problem where the product design processing times
follow expeonential distributions (Cai and Zhou, 2000).
Consider the following case: A number of inputs /WTDPs
are to be sequential processed non-preemptively on each

design entity and the processing times are independently
with each other and exponentially distributed with mean
0, The probability density function of' t, 1s:

={ as)
Yoo if t<0

Mean product design processing time 1s 1/0; units of
time. So, the expected product designing processing time
ti = t.for design entity i* is:

R GRS A (Y 19)

RELIABILITY EVALUATION

Given the customer’s demand d, DSR;, and the design
processing time distributions f(t,) (i=1,2,3,... ,n) for each
design entity, according to assumption 4 that for each
design entity i* the values of the working capacity y, and
design processing time x, are random variables. In order to
satisty the customer’s demand d under the amount time
T'. we should follow the constraint (20) as below:

{Yl >, (20)

t, < (x1 ‘yl)
Where:

¥, 2C, v, eNY, x =D, > x, =T

i=1

1=1,2 3 ..., n, (xy;) means the processing time x,;under v,
units of materials are processed.

We use R, represents the product design reliability of
the design entity 1%, For the purpose of reaching the
customer demand d, design entity 1* should processed
at least y,=I wnits of raw materials, the probability of
design entity 1% process y, units raw materials under its
design capability 1s denoted as P, that is P, =P (y,,).
Besides, Py, represents the probability of design entity 1*
process y, units raw materials under the processing time
x,, that is, Py =P(t,<(x;, ¥.)). So, reliability of the design
entity 1%

Ri=P{yyi=1)xP(t <(x|y,)) = Peoyn Py (21)

Using R, represents the reliability of the whole
product design work:

R, ][R, (22)

i=1
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COMPUTATIONAL STUDY

In this section, we take the cermet product surface
design as an example for the reliability analysis of the
product design phase with RIL activities. The design
phase consists of four steps as below:

*  Step 1: Surface treatment of the cermet

¢ Step 2: Add a swface treatment agent

¢ Step 3: Pattern decoration

*  Step 4:High-temperature treatment with 1400°C-1700.

During the design process, design works were
assigned to four design entities in Fig 3 that has to satisfy
the customer demand d = 30 within 5 dates. The DP
output from Step 3 returned to Step 2 for re-designing, the
design capacity distribution of each design entity is
shown in Table 1. We can calculate out the parameters [,
and t, as follows:

Table 1: Capacity distribution of each design entity
Design entity Capability  Pe, Design entity  Capability Pey

1# 0 0001 3 0 0.005
DSR=0.95 DSR=0.95 7 0.005
12 0.01 14 0.01
24 0.02 21 0.01
36 0.969 28 0.015
35 0.955
2¢ 0 0.001 4% 0 0.001
DSR=0.95 7 0.005 DSR=0095 8 0.005
14 0.005 16 0.005
21 0.01 24 0.01
28 0.015 32 0.979
35 0.964

Table 2: Results of stepl and step2

Design entity

Input flow 1* il 3 4

i, [4B] 3516 33.40 31.73 30.15

£ R, 3820 ) 0 1.59 1.51 1.43

I 2y  [351¢] [34.99] [33.24] [31.57]

t, (imin) 1384.6 1093.8 1093.8 1391.3

Table 3: Time distribution for each design entity’s processing
Processing Design Processing

Design entity time PTy entity time PTy

1# 0 0.001  3# 0 0.001

DSR =095 200 0.001 DSR=095 100 0.001

1,=36 400 0.005 I,=35 300 0.002

t =1384.6 600 0.005 t;=10938 500 0.003
800 0.01 700 0.015
1000 0.015 900 0.02
1200 0.015 1100 0.958
1400 0.948

2% 0 0.001 0 0.001

DSR =095 100 0.001  4# 200 0.002

;=35 300 0.002 DSR=095 400 0.002

t; =1093.8 500 0.002 L=32 600 0.01
700 0.01 1, =1391.3 800 0.01
900 0.015 1000 0.015
1100 0.969 1200 0.015

1400 0.945

s Step 1: Determine the input amount of raw materials
I and the amount of mnput flow L for each design
entity. However, the eventually exact amount of
output products would be an mteger, so, we can
obtan (1,, [, I, L) = (36, 35, 35, 32)

»  Step 2: Determine the time parameters t for each
design entity, the results of the amount of each
product design entity input flow T, T, and t; are shown
in Table 2

¢ Step 3: In order to satisfy the customer demands
from product quantity (d) and delivery time (T") two
aspects, we will not only evaluate the design
capability of each design entity which was required
for meeting the customer needs for products, but
also evaluate whether these products can be
completed in a given time or not. The product design
processing time distribution Pr; = P(t,..ome) of each
design entity 18 shown in Table 3

»  Step 4: Based on the above obtamns, according to Eq.
21 and 22, the cermet product design process
reliability R, is derived as follows:

R, = P(y,236)*P(1400<(x,|36)<DT,) P, *Py,=
0.969x0.948 = 0.919
R,=0.921; R, = 0.924; R, = 0.925
R~R,*Ry*R,*R, = 0.7234

CONCLUSION

In this study, 1t has proposed a reliability evaluation
model for the product design phase with forward and
reverse product flows where design capability and the
processing time sfor each design entity were explored
under a certain amount of customers products demand
and product delivery time context. The model application
shows the reverse logistics during design process may
result in an increment of the design capacity and
processing tune for each design entity, whether the
design capability and product processing ability can
satisfies the demand and delivery time becomes a key
problem to the whole design system reliability. Based on
the analysis, the manager could conduct the sensitivity
analysis to investigate the most important design entity
in design phase and to improve the design work to be
more reliable.
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