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Abstract: Since the development of a strong platform architecture is considered a
competitive advantage for companies and is effective in improving the future
generations of the product, therefore there is a need for a kind of diversified product
design that simultaneously manages the costs and supply chain process and thus help to
develop the architecture of the product platform. In this research, the design for vareity
(DFV) method and two generational variety index (GVI) and coupling index (CI) are
used to measure a product architecture and by using the quality improvement function
(QFD) and the design structure matrix ( DSM), design indicators for variety are
identified and ranked. Also, the DFV approach is simultaneously modeled with the
categories of design for cost (DFC) and design for supply chain (DFSC) and a
mathematical model applied to the development of the product platform architecture is
obtained, which seeks to diversify the product and reduce costs and Supply chain
process management. The case study of the current research is the phased array antenna
system, in which the problem is solved using one of the new optimization techniques
(LP metric) and GAMS software. After the implementation of the model, its validation
was carried out and considering three objectives including the total cost and the
evaluation score (competence) of the suppliers and the objective of variety and the seven
main parameters of the model, sensitivity analysis and other comparisons and results.
A review is provided. Regarding the comparison of the goals with each other, the
findings show the inverse relationship of the total cost goal with the variety and the
evaluation score goals and the direct relationship between the two variety and the
evaluation score goals. Also, the results of the sensitivity analysis showed the higher
effectiveness of the goal of variety among the investigated parameters, and the
evaluation score (competence) of suppliers and the total cost were ranked next.

Keywords: Product Platform, Design for Vareity (DFV), Design for Cost (DFC),
Design for Supply Chain (DFSC), Phased array antenna system
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1. Introduction

Companies are required to meet their customers' various needs to remain competitive.
Offering products based on consumer demands and specific customer needs is one of
the ways to dominate the market. Most companies try to acquire customers by
categorizing their products for families and offering different platform-based products.
On the other hand, market complexities and customers' growing needs for new and
diverse products at a low cost have made manufacturers face a new challenge, based on
which they have to produce and supply a wide range of diversified products within a
short period. Under such circumstances, excessive production factors, including the
required raw materials, production items, and collections, lead to many complications
at the managerial and operational levels. Design for X (DFX) refers to a formal
approach to optimizing a specific aspect of a design or product, where the X variable
represents the items of focus. Different DFX methods are mapped and clustered in a
collaborative scheme, and interactions and links between them are detected [1]. Design
guidelines usually recommend approaches and techniques to help generate and apply
know-how to control, improve, or even innovate product features. DFX is a potential
management approach to coordinate and manage requirements [2]. Accordingly, some
strategies are needed to simultaneously consider DFV, DFSC, DFC, and others in a
hybrid model for product design improvement.

2- Research Implementation Process

The research implementation process includes six phases as follows:

Phase 1-Determine the QFD structure

Phase 2- Create the QFD matrix and determine the range of changes

Phase 3- Compute the GVI

Phase 4- Create a DSM matrix and determine the CI-R and CI-S

Phase 5- Data analysis and DFV calculation

Phase 6- The development of the model that, after mathematical modeling, the solution
of the hybrid model obtained for the architecture of the product platform includes the
factors of Design for Variability (DFV) (obtained in the previous 5 steps), Design for
Cost (DFC) and Design for Supply Chain ( DFSC) and validation and sensitivity
analysis of the model is done using case study data by new techniques such as Lp metric
and with the help of Gems software.

3.Assumptions, signs and mathematical symbols of the problem

The model's assumptions are as follows:1-The parameters are definite. 2-The study's
model is a multi-product one. 3-Platforms are defined in multiple ways. 4-Discounts are
included for procuring components from suppliers. 5-It is possible to purchase
components from domestic and foreign suppliers. 6-The cost of component
procurement from each supplier is known. 7-The production capacity is limited. 8-It is
possible to replace product components.

Table (1): Description of indices and decision variables and model parameters

Indexes
i,i’,l | component
j Product
k Supplier
p Platform

Decision variables
Xijr | If component i of product j is purchased from supplier k 1 and zero otherwise
Viip If component i is selected to produce product j on platform p 1 and zero otherwise
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Ry;,; | 1f component i' can be replaced instead of component i in product j 1 and zero
Zpi If component i is used on platform p 1 and zero otherwise

Ly If product j uses platform p 1 and zero otherwise

P, If platform P is used 1 and zero otherwise

D; If there is demand for product j 1 and zero otherwise

Hji Amount of component i purchased from supplier k

U;jp | Production rate of product j with component i on platform p

Parameters
SCyij | The cost of purchasing component i of product j from supplier k
SD;j | The discount amount of supplier k for the purchase of component i of
DI, Distance from supplier k
TCy The transportation cost of component i from supplier k
MC;; | The production cost of product j with component i
CAP; Production capacity of Product j
DE; Demand of product j
M A big number
C, The cost of producing platforms
COy, The selection score of the supplier k from which the component i is
CRy;,; | The cost of replacing component i* instead of component i in product j
VA; Criteria for the need to redesign the component i
GVI, The Generational Variety Index of component i
CI_R; | The Coupling Index — Receiving of component i
CI_S; | The Coupling Index — Supplying of component i

4. Mathematical model of the problem

In this section, according to the mentioned assumptions, signs and symbols, the
mathematical model of the problem is presented.

mln21 = ZZZZSCU}( 'Xijk'Zpi'ij'Hik
i j k »p

- ZZZZ SDyjie - Xijic- Zopi- Lpj Hye + Z DI .TCp- Xt
i j k p k

+ZC,,.P,, +ZZMCij.Vijp.Zpi.ij.UUp (1)
P i

+ ZZZCRiirj-Riirj
i j

]

Eg. (1), as the first objective function, seeks to minimize total costs by mitigating SC
costs, including component procurement, product manufacturing, supplier selection
(supply path or transportation cost), and product platform, and to minimize DFV,
including component replacement or redesign cost.

maxZ, = %; X COy - Xiji (2)
Eqg. (2), as the second objective function, seeks to maximize supplier selection's
evaluation score (qualification-based) which is related to the supply path selection.
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minZ3 =Zi Zil Z] VAi'Riilj (3)
Eg. (3), as the third objective function, seeks seeks to reduce the need to redesign parts
in the category of design for variety.

Va, = cI RG-‘:—ICiI S; (4)
_RiF+CIS5)

As for Eq. (4), the higher the GVI, the more redesign is needed. High CI-R and CI-S in
a component imply that the component (part) should not be redesigned as much as
possible because it influences other internal components. Therefore, VA; (the need for
redesign criterion) is defined as Eq. (5) to determine the component or part with the
highest priority for replacement.

Xi Vip=1 Vi (5)
Constraint (5) indicates that each component can be selected only once.
i Xijg=1 Vi (6)

Constraint (6) suggests that each component is provided only once from each supplier
per product.

Xijk S Vijp VL']'k (7)
Constraint (7) implies that a component is purchased from the supplier if selected.

Hik SMlek Vp,i,j,k (8)
Constraint (8) represents that if a component is not purchased from the supplier, it will
have no optimum value.

Uijp SMXl]k Vp,i,j,k (9)
Constraint (9) indicates that if a product component is not purchased from a supplier, it
will be impossible to manufacture the product.

Constraint (10) signifies limited production capacity.

Uijp 2 DE; vp,i,j (11)
Constraint (11) represents the limited supply of product demand.

Uijp < M.V, vp,i,j (12)
Constraint (12) suggests that it is impossible to manufacture the product if a component
is not selected.

Zi Zi’ Riilj = 1 Vl, i’ (13)
Constraint (13) shows that each component can be used only once in place of another
product component.

Riilj < Vijp Vp, l.,l.’,j (14)
Constraint (14) signifies that if a component is not selected, it will be impossible to
replace it.

2p Lyj < D; vj (15)
Constraint (15) denotes that the platform is used to manufacture a product if that product
is in demand.

Ly; <P, vp.J (16)
Constraint (16) shows that if the corresponding platform is not used, the product also
cannot use that platform.

Zi Lpj 2 B Vp 17)
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Constraint (17) indicates that the platform is not established if it is not assigned to any
product. Otherwise, if the platform p is established, it can be used to manufacture
diversified products, which is represented as a Constraint (18).

Y Lyj<P.M vp (18)
D, <DE; Vj (19)

D;.M = DE; vj (20)
Constraints (19) and (20) represent the demand for product j.

Uijp < M. Zy; vp, i, j (21)
Constraint (21) signifies that it is impossible to produce the component if it does not
exist in the platform.

Constraint (22) indicates that if the product does not use the platform, it is impossible
to produce it on the corresponding platform.

Zpi < Ly; vp,ij (23)
Constraint (23) suggests that there is no need for a component in the platform if the
product does not use that platform.

Viip < Zpi vVop,ij (24)
Constraint (24) indicates that if there is no component in the platform, it is impossible
to select that component for product manufacturing.

Vijp < Zpi vop, i;j (25)
Eqg. (25) signifies the range of binary decision variables.
Vijp < Zpi Vp, l,] (26)

Eq. (26) represents the range of integer decision variables.

5- Operational stages of Research Implementation

This study investigated the Phased array antenna system. Therefore, the components of
this product were considered. These components included five main modules extracted
during meetings, interviews with industry experts, and reviewing relevant literature, as
shown in Table (2).

Table 2- Phased array antenna system components [3]

Row [ Abbreviated signs Main components
1 S Servo
2 C Control & Process section (Processor card)
3 T/R TRM & Phase shifters
4 A Antenna array
5 P Power section

Customer needs and their relationship with engineering criteria are listed according to
table (3).
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Table (3): Customer requirements and related engineering criteria
Engineering Metrics

Customer requirements

Number of operations

per second
Mean Time Between

Failures(hours)

Number in operation
Unit cost ($)

Muilli per second
Dots per inch

Rapid scanning of the surrounding environment |X
and detection of targets

The ability to perform several different X
operations

High resistance to anti-electronic operations and X
detection

The quality of radar images
Reliability to achieve results X
Low cost X

Table (4) shows the QFD matrix. "X" indicates that the component can influence the
EMs [4].

Table (4): QFD matrix
Components
w
ki
Y=
5| 5| g &
Engineering Metrics o ° @ S S
> S 2 @ &
@ A = c e
[%2) 5] o S )
o =2 =
E q c )
a s < a
o
|_
MiTTi per second X X X X
Number of operations per second X X X X
Number in operation X X
Dots per inch X X X X
Mean Time Between Failures(hours) X X X X X
Unit cost (%) X X X X X

The calculation of GVI is shown in table (5).

WWw.pgprec.ir S Sy 0 9 (owidien &) il



Masoud Merati, Mahdi Karbasian' Abbas Toloie Ashlaghi and Hassan Hale 193

Table (5): Calculation of GVI

Components
wn
2
=} = >
Engineering Metrics 3 & o é
o — 1 © | &}
S| S 2! « &
ol @ = s =
n e o S D
S) o < %
a s < a
o
|_
Milli per second 1|3 3 9
Number of operations per second 319 3 3
Number in operation 3 6
Dots per inch 6 1 6
Mean Time Between Failures(hours) 3 1 3 1
Unit cost ($) 3 1 3 1
GVI 19(20| 6 30 5

Table (6) shows the DSM matrix with CI-S and CI-R calculations related to this study.

Table 6- Calculation of design structure matrix (DSM) and determination of CI-R
and CI-S

Components supplying specifications
= A A
Components receiving specifications S s S| 8
o — n = 3+ (5] x
> o 9] © 8 0
S |2 |8E || 2 =
218 =6 | g 2 ©
= o |5 o
a — < a
Servo 14 12 71 14 47
Processor card 7 7 7 12 33
I RIVI & Pnase SNITers 12 14 47
7 | V¢
Antenna array 7 14 7 Ve )
Power section 7 12 7 7 33
CI-S 33| 54 33 28 | 54

Rank the components in order from highest to lowest GV value. These components are
more likely to change during the product platform's lifespan due to external stimuli.

Table (7) shows the Phased array antenna results.

Table (7): GVI index
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Component GVI
Antenna array 30
Processor card 20

Servo 19
TRM & Phase shifters 6
Power section 5

For each component,as shown in Table (8), add CI-R and CI-S to the GIV to obtain the
indices involved in the DFV.

Table (8): DFV index

Component GVI CI-R CI-S
Antenna array 30 47 33
Processor card 20 33 54

Servo 19 47 33
TRM & Phase shifters 6 42 28
Power section 5 33 54

6. Research model solution method

In this research, library studies were first conducted and a mathematical model was
developed based on the studies. The multi-objective model was solved and validated
using the LP-metric method and GAMS software.

6.1. Model validation using LP-metric method

To determine the validity of the model, Pareto diagrams are used, which is the Pareto
diagram of the total cost target and the evaluation score as an example shown in graph

().

11500
11000
10500
10000
9500
9000

evaluation score
(qualification-based)

*o

L 2%

*

0"

s

12400000 12450000 12500000 12550000 12600000 12650000

total cost

Figure 1- Pareto diagram of total cost objective and evaluation score
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6.2. Sensitivity analysis

This section addresses the sensitivity analysis of the model's parameters. Seven
parameters (i.e., component purchase cost, discount rate, component transportation
cost, production cost, production capacity, product demand rate, and component
replacement cost) were analyzed, and their effects on the model's three objectives were
investigated. For example, in table (9) and graph (2), the results of the sensitivity
analysis of purchase cost are presented.

Table (9): Sensitivity analysis of purchase cost

Purch evaluation score [replaceabil| The amount The amount of The amount of
Total R - - - .
ase | .o (qualification- ity of change in change in change in
cost based) (variety) cost evaluation score replaceability
0% |125 9298 485
10% | 127 9155 501 0.01565 0.01538 0.03299
20% | 131 8851 527 0.02487 0.03321 0.0519
30% | 135 8394 571 0.0326 0.05163 0.08349
40% | 140 7822 635 0.03968 0.06814 0.11208
50% | 147 7109 711 0.04678 0.09115 0.11969

- e
.
e

=—¢—The amount of change in cost

0.08

=— The amount of change in

0.06 evaluation score

——The amount of change in

replaceabili
0.04 4 P ty

0.02

0% 10%% 20%

Figure (2): Purchase cost sensitivity analysis chart

30% 40%6

Now it is necessary to compare the effectiveness of each parameter of each goal. For
example, in Table (10) and Graph (3), the results related to the total cost objective are
displayed, and the results for other objectives will be examined further.

Table 10- Comparing the effectiveness of the parameters of the total cost objective

total | purchase | discount | transportation | production | production | demand [ replacement
cost cost rate cost cost capacity rate cost

10% | 0.015654 | 0.012353| 0.01444 0.014346 0.01229 0.009771| 0.014135
20% | 0.024867 | 0.02538 | 0.026841 0.027912 0.024312 [0.022935( 0.02595

30% | 0.032599 | 0.034674| 0.035613 0.041492 0.033161 [0.033309( 0.035017
40% | 0.039675 [0.041343| 0.048343 0.054001 0.046037 [0.042263( 0.043203
50% | 0.046781 10.050931| 0.056659 0.061437 0.056625 [0.050344( 0.052524
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Figure (3): Comparison diagram of the effectiveness of the parameters of the total cost
objective

7. Conclusion

In this research, a hybrid model for the architecture of the product platform was
presented, taking into account the indicators of cost, supply chain and diversity of the
product and in order to improve these indicators. Also, method of the design for variety
and two indices of generational variety and coupling index were used to measure a
product architecture, and by using the quality improvement function and design
structure matrix, the design indicators for variety were identified and ranked and solved
model, validation and sensitivity analysis were done and the results and applied analysis
were obtained. Regarding the comparison of the goals with each other, the findings
show the inverse relationship of the total cost goal with the variety goals and the
evaluation score and the direct relationship between the two variety goal and the
evaluation score goal. The results of the performed sensitivity analysis indicate the
higher effectiveness of the goal of variety compared to other goals of the investigated
parameters (part purchase cost, discount amount, transfer cost, product production cost,
production capacity, product demand level and the cost of replacing parts). This
effectiveness was observed in the seven analyzes performed, and the same repeating
pattern was that the goal of variety is more effective than the other two goals. It is worth
considering that it can be seen in the increase of transfer cost and production cost and
replacment cost that in the very high increase of these parameters, variety is very close
to the evaluation score and total cost. Therefore, it can be said that by increasing the
amount of parameters, we can see a decrease in the slope of the variability change. The
evaluation score (competence) of suppliers and the total cost are also in the next ranks.
Also, the maximum reaction of the total cost to the increase of the parameters, whether
positive or negative, is at a low level. Regarding the evaluation of the effectiveness of
the parameters of the goals, it can be briefly stated that in the comparison of the
effectiveness of the parameters of the total cost goal, the production cost has the most
effectiveness of the total cost, while in terms of the evaluation score, the replacement
cost has the most effect. Regarding variety, the amount of discount plays the biggest
role.
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