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As manufacturing industry tries to grapple the often-
conflicting objectives of increasing product variety
and reducing the production costs, one of the strate-
gies oft contemplated is component standardization
or using common components. However, developing
and using standard components may sometimes push
the overall costs actually higher. This paper proposes
an evaluation model for decision making in the con-
text of component standardization. First, it discusses
various types of costs to be considered for selecting
desired components. Then the paper presents a spe-
cific case study in which some purchasing parts are
considered for standardization. An evaluation model
is developed for the relevant costs of the case. The
solution and sensitivity analysis are presented and
discussed.

Keywords: Cost evaluation, component standardization, com-
ponent commonality, product redesign

INTRODUCTION

Rapid technological changes, increased globaliza-
tion and variability in customer tastes are some of
the common phenomena experienced by today’s
manufacturing enterprises. Product proliferation

*Corresponding Author: E-mail: nagarur@ait.ac.th
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is an inevitable consequence in such an environ-
ment. Companies can nodonger follow the Henry
Ford’s strategy of manufacturing large volumes

of standardized products to capture market share

and earn high profits. However, increase in a
product variety degrades the performance of a
manufacturing system. Excessive product mix
in a manufacturing system creates both man-
agerial and operational complexities resulting in
poor performance which would lead to increased
product costs.

Component standardization (in the present
paperitis also addressed as component common-
ality) is one of the powerful strategies proposed
by various researchers and practitioners to solve
the problems associated with product variety.
This strategy results in smaller number of stan-
dardized evaluation models by considering all
the relevant costs which are important in making
a decision on component standardization. Also
we point out other decision areas to be reviewed
when making a decision in similar situations.
Finally, we formulate our models to analysis a
real life case, and the methodology is illustrated
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with real data. These models and the decision
framework are however applicable in a general
way to other cases as well.

DECISION MAKING ENVIRONMENT FOR
COMPONENT STANDARDIZATION

In this section, we qualitatively discuss the
costs to be considered which would provide
the basis for formulating the evaluation model
for our case study to achieve the component
standardization. The components can be basi-
cally divided into two groups in evaluating the
cost: purchased components and manufactured
components. More often, the components pass
through the component inventory after purchas-
ing or manufacturing and then are sent to the
assembly as shown in Figure 1. The component
inventory cost is common to both purchased
and manufactured components and affects the lot
size decision in purchasing and manufacturing.
The costs involved in purchasing, manufacturing
and inventory are basically running costs and
are measured as cost per period (monthly cost,
annual cost, etc.). In addition to these costs, when
the common component is a new design, a one
time design and reconfiguration cost should be
considered.

Manufacturing Plant

Purchasing

Supplier parts

Manufacturing

Component inventory

Inventory Costs

The component inventory cost can be divided
into two major categories: cycle inventory cost
and safety stock cost. The cycle inventory cost
of a component depends on the order quantity.
Under economic order quantity policy, there is
a possibility of reducing the cycle inventory cost
since total order quantity for the standardized
component is usually less than the sum of the
quantities ordered for unique components. The
safety stock mainly depends on factors such as
service level, and review policy. It is generally
held that component standardization reduces the
safety stock cost by risk pooling. In the literature,
the safety stock benefits to assemble to order
systems are widely discussed. However, it can
be seen that even for produced to stock systems
there are benefits due to standardization when the
system maintains both component and product
inventories. Van Donselaar and Wijngaard (1987)
and Van Donselaar (1990) deal with the inventory
problem of common component in divergent
systems where stock points are maintained at
both component and product level. They derive
simple equations for safety stock under integral
reorder rule in which inventory level of both
componentand product are considered in placing
an order. Even though integral reorder rule
assures the optimal inventory level, this is
rarely used in practice due its computational
complexity. In practice, it can be seen that many

Assembly

Praduet invantory

FIGURE1 Total Production System.
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manufacturing systems maintain safety stocks of
components and products individually. Safety
shuwk cost of the component can be reduced even
i1 thewse situations by standardization.

'urchasing Costs

I"urchasing related costs mainly consist of three
imajor components: purchasing cost (price), order
voml ind transportation cost. Quantity discount
{5 a4 major issue of component standardization
{ii b considered in the context of purchasing
¢uomt, Large quantity orders through component
standarcdization lower unit costs. On the other
fiand, additional material and processing for
the standardization also affect the costs of the
component. In the literature relevant to quantity
dincounts, different types of discount models
are discussed. “All units” and “incremental
duantity” discount models are the ones widely
useil in practice. The specific type of quantity
discount offered by the suppliers has great impact
ofi component cost. Hence it is important to
vopsider the form of quantity discount when
svaluating the cost of standardized component.

The second component of purchasing costs,
pridering cost, if taken as cost per order, is
generally independent of the order quantity. It is
iible to reduce the total ordering costs through
coriponent standardization avoiding frequent
prdders because of smaller component variety.

Transportation cost is also a major cost com-
ponent involved in purchasing. Large quantity
ardern lower the transportation cost per unit
through quantity discounts similar to the price
ditantity discounts. So component standardiza-
tionr recduces the transportation cost through
gpuantity discounts. Jucker and Rosenblatt (1985),
Lippiman (1969) and Hwang et al. (1990) among
others describe the different types of transporta-
tions quantity discounts models. Using these
mioddels it can be seen that transportation cost
i renluced through larger lot sizes resulting from
component standardization.

Manufacturing Costs

The costs incurred in manufacturing can be
identified as production cost, setup cost and
work-in-process cost. The material and process-
ing costs come under production cost. Processing
cost depends on the labor, tooling, machine, etc.
If the standardized component is a new design,
then the costs of design needs to be included
in the cost of the component. A standardized
component tends to be more costly due to its
multifunctionality. The production cost of a com-
ponent depends on its attributes. At early design
stage, it is not possible to determine the exact cost
for each standardized components since there
are many possible combination for standardized
components and the detailed design is not avail-
able, and hence at this stage it is very difficult
to get a good estimate of production cost. A par-
ticular manufacturing method used to produce
it also effects the production cost. Learning and
forgetting also affect the production cost of a
component. Larger lot sizes and less interrup-
tions resulted by component standardization can
reduce the production cost of components (Perera
et al., 1999).

Setup cost is another important cost to be
considered in manufacturing phase. Component
standardization reduces the number of setups
and changeovers resulting in lower setup cost.
Work-in-process cost can also be major cost factor
in manufacturing, which is affected by compo-
nent standardization decisions. Reduced vari-
ety achieved through component standardization
can substantially reduce the WIP inventories.

Design and Reconfiguration Cost

In general, component standardization or compo-
nent commonality problems consider the situa-
tion where two or more components are replaced
by a common or component which can satisfy
the requirements of all the components replaced,
and this standardized component is usually a
new component. However, we have experienced
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the situations where the common component
not necessarily is a new one; one of the exist-
ing components can be used as a standardized
component. If the standardized component is
not an existing component, in addition to above
mention costs, design cost and reconfiguration
cost should be considered. More often, some
of the facilities such as dies, fixtures, etc. used
for existing components cannot be used for the
new standardized components. These facilities
should be replaced by new facilities or recon-
figured to suit the standardized component. In
such situations, the cost of new facilities or cost of
reconfiguration should be taken into account. If
any existing facility is obsolete the salvage value
also should be considered in the analysis. This
cost is applicable for both manufacturing and
purchasing components. In the case of manufac-
turing, the applicability of cost is obvious. In the
case purchasing, if the component is manufac-
tured according to the specifications given by the
company, (i.e. design is provided to supplier) the
design cost is applicable.

Assembly Cost

Assembly cost of a particular component type
depends on the general characteristics of the
type as a whole, and on the specific character-
istics of the individual variants. In this study,
the cost is divided into two categories: functional
(fixed) cost and variety cost. Functional cost is
the cost related to performing assembly of a par-
ticular component type, which depends on the
general characteristics of the type and is inde-
pendent of the number of component variants
of that particular component. Variety cost, which
depends on individual characteristics of the vari-
ants, is incurred due to number of changeovers,
number of tools, etc., and it depends on the num-
ber of variants of the component. In making a
component standardization decision, due con-
sideration should be given to the variety cost

of assembly since the standardization decision
affects this cost.

Modification Cost of Related Components

The components in a product have several kinds
of relationship with each other in terms of
assembly, alignment, dimensional concordance,
etc. So, some of the other componentsina product
may also have to be modified to accommodate the
new standardized components, If there going to
be any change in the cost of these components
due to modified design it should be taken into
account in making a decision on standardization
as mention above. The modification cost can
be divided into two major categories: one time
design and reconfiguration cost, and running
cost which includes change in cost of material,
processing, inventory etc.

4

Logistic Decisions to be Considered in
Component Standardization

In standardizing the components, it is important
analyze the logistics issues connected to the
supply of the component, This is due to the fact
that the standardization increases the demand
of individual component, necessitating careful
study of make or buy decisions, choice of
manufacturing method, and choice of suppliers.
When the demand for a component increases g

more often, marginal cost or incremental cost
(additional cost per unit) for manufacturing costs
is smaller than the marginal costs for purchasing.
Then, it may be economical to produce a compo-
nent in house rather than buying from external
supplier if there is enough capacity, The make-or-
buy decision can be made by comparing sum of
running cost and periodic equivalent design and
reconfiguration cost at each case, The economy of
manufacturing method which is used to produce
a component may change with the production
volume. As an example, at a low demand rate
it is more economical to produce a metal part
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by machining rather than casting to avoid larger
fixed cost such as setup cost, die cost, etc. But at a
high demand rate it is economical to produce the
same part by casting. Therefore it is necessary to
analyze the alternative manufacturing methods
from an economic point of view for standard-
ized components. Another important decision to
make about component is the choice of a supplier.
Since different suppliers offer different quantity
discounts, prices, lead times, etc. the suppliers
who provide the unique components may not
be economical for the standardized components.
The suppliers need to be re-evaluated for the
standardized component.

CASE STUDY

The concepts expressed in the above section were
applied to a real life situation. The company
concerned was experiencing a price competition
together with complicated production control
problems. They were interested in the possibil-
ity of reducing the complexity by component
atandardization.

Problem Description

e company is a sanitary fitting manufactur-
ing company and the case study was carried
out for a product group consisting two sisters
products namely, single lever faucet and single
lever shower which are high growing products.
Fach product has a number of series, models
and options such that the single lever faucet
haw 16 variants and the single lever shower has
26 variants. Even though these products main-
tained certain degree of component standardiza-
tion, preliminary studies (marketing and design)
showed the potential for some of components to
be further standardized if it would be economi-
cally viable. The component called cartridge used
for mixing hot and cold water is a possible can-
didate for standardization, which bears 28—31%

«— Lever

H3

H2

«— Mixer

H1

FRONT VIEW

Hot water inlet

Cold water inlet

BOTTOM VIEW
FIGURE2 Diagram of Cartridge and Major Dimensions.

TABLEI Existing Variants of Cartridge

Variant index 1 2 3 4

Part no. 34033 34057 34050 34058

cost of the single lever faucet and 18-21% cost
of single lever shower. The technical managers
expect that a significant portion of the manufac-
turing cost could be saved by standardizing the
cartridge. A general design of the cartridge is
shown in Figure 2.

Presently, four variants of the cartridge are
used to serve the single lever faucet, and single
lever shower as in Table 1.

Standardization Feasibility of Variants of
the Cartridge

By studying the design goals and constraints
of the product variants which are served by
the above variants of the cartridge, it is found
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TABLEII Feasible Alternatives of Standardized Cartridge
Variants

Variantindex 5% =5(1,2) 6=5(1,2) 7=5(3,4) 8=S5(3,4)

Part no. 34033 34057 34050 34058

*5 = 5(1, 2) means that variant 5 is a standardized variant of variants 1
and 2.

that the following sets of component variants are
technically feasible to be standardized.

(i) variants 1 & 2
(i) variants 3 & 4

In each case it is possible to use one of the exist-
ing parts as a standardized variant with modifica-
tion of the main body or some sub-components.
This option seems to be more economical than
using an entirely new component part as a
standardized variant since such an entirely new
component requires modification of all the bodies
of the product group which would require higher
capital investment than the former case. The num-
ber of parts to be modified depends on the choice
of standardized component. Feasible alternatives
of the standardized cartridge variants are shown
in Table IL. It is to be noted that the part used
as component variant 1 is referred to as variant 5
when it is considered to be used as a common
component to replace variants 1 and 2. Similarly
parts used as variants 2, 3 and 4 are referred to
as variants 6, 7, and 8 respectively when they are
considered as common components.

Now, the problem faced by the decision-maker
is whether components need to be standardized
and if they are to be standardized which of the
new standardized variants should be selected.
In other words one has to select an optimal
set of component variants among 1 to 8, for
all the products that are originally served by
variants 1 to 4.

A Model to Evaluate Component
Standardization

In this section, we formulate a cost model
which is useful to management to determine

whether the standardization is cost effective,
and if so which variant to be used as the
common component. Such decisions would be
based on the total costs to the system under
different options. Mathematically it would be a
combinatorial optimization problem. However,
since the options or the decisions are so few in
the present case, the solution would be obtained
simply by enumerating the total costs under
different variants, and selecting the variant or
variant combination that yields the minimum
value. In enumerating the total costs, it would
be assumed that the system would be operated
under optimal conditions for each scenario, and
so the cost components would be computed
for such optimal conditions. For example, in a
scenario where two components are standardized
by a common component, the optimal lot size that
yields the minimum total running (periodic) cost,
which includes purchasing costs and inventory
costs, is computed and the vendor whose supply
yields this minimuwm costs is selected for the
supply of the component.

The main stages of the total system, which are
useful to identify the cost drivers influencing the
periodic component cost, and hence the com-
ponent standardization decision, were shown in
Figure 1.

As explained earlier, we can identify three
major types of costs related to the components
considered for standardization: purchasing cost,
or manufacturing cost, inventory cost and assem-
bly cost. In addition to these costs, since some?
of the related parts are to be modified to accom-
modate the new standardized components, the
relevant modification cost should be considered.
For the case considered, the components are
obtained from suppliers, and so manufacturing
costs are not considered. Similarly, since only
the existing component parts are considered to
be used as the common components, design and
reconfiguration cost are not applicable. All the
applicable costs are expressed as per period costs
or as periodic equivalent costs for comparison,
period being the basic time unit for planning and
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which in the present case, is taken as a month.
The costs considered for the evaluation are pre-
sented below.

The following notations are used to in the
expressions developed in this section.

Indices

l products

i variants of component considered for
standardization (existing or
standardized)

i related parts to be modified

Parameters

A total assembly cost associated with
considered component type per period

Al fixed assembly cost independent of

number of variants
variable assembly cost
savings of assembly cost due to
standardized variant i
purchasing cost of quantity Q; of
variant i
13 demand of product 1 per period, period
being the time unit for planning
demand of variant i per period
equivalent design cost of variant i per
period
L one time investment for modifying
partj
By, one time design cost of variant i
N company interest rate per period
hj unit holding cost of variant i per period
ML} cycle inventory cost of variant i per
period
safety stock cost of variant i per period
I increased periodic cost of part j due to
modification
3 safety factor of the safety stock for
given service level
replenishment lead time of variant i

total modification cost of related parts of
variant i per period

MR equivalent design and reconfiguration
cost of modified part j per period

N expected life of time of products

NV number of variants of component type

considered for standardization

N; number of original variants which could
be replaced by variant i

O; order cost of variant i per order

oG total order cost of variant i per period

PG total purchasing cost of variant i
per period

Q order quantity of variant i

R review period

SS; safety stock of variant i

TG total transportation cost of variant i
per period

Ti(Q;) transportation cost of quantity Q;

of variant i

TPC;  total running (periodic) cost of
variant i

TSC;  total cost of variant i per period

V; salvage value of equipment which
are obsolete due to modification of
part]j

o service level

o3, demand variance of variant i

o2, demand variance-of product 1

o, lead time variance of variant i

o coefficient of demand correlation
between product 1 and I’

Sets

M; set of parts to be modified to

accommodate variant i
SPi set of products served by
variant i

Inventory Costs

The component inventory cost can be divided
into: cycle inventory cost and safety stock cost.
The cycle inventory is the inventory turnover per
cycle and its average value equals the expected
demand per period of replenishment cycle. The
cycle inventory cost of component variant i
per period can be approximated as follows,
independent of inventory policy.

HCS(Q) = 1Qhy (1)
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The safety stock mainly depends on factors
such as service level, review policy, etc. As men-
tioned before, the case company maintains two
stock points, one each for components and fin-
ished products. Presently, the component stock
maintains a component safety stock proportional
to the standard deviation of the demand of com-
porent triggered by the assembly station, which
is computed as k times the standard deviation
due to component demand and replenishment
lead time. Under this situation, reorder levels of
the component stock and final product stocks are
not coordinated and individual reorder rule is
adopted by the both stock points to trigger an
order from the previous station.

The safety stock cost of variant i is expressed
as follows.

HC{ = SSihy (2)

where, S5 = kO‘i (3)

The safety factor k depends on the service level
of component i and assuming that the demand of
component is normally distributed, the safety
factor k is determined such that ¢(k) = a. o
depends on the inventory review policy and

can be expressed as follows (see, for example,
Peterson and Silver, 1979):

2_ 2 2 2
oi” = oLy + Dyoy;
for continuous review policy (4)
2_ 2 2 2

for periodic review policy  (5)

where, D; = Z Dy (6)
1eSPi
UDiz = Z 012)1
1eSPi
+2 > phonioty 7)
1eSPi I>1

The value expressed in Equation (7) gives the
variance of the sum of demands when the
demands are correlated, and can be obtained
from any standard textbook on statistics.

The company uses the continuos review policy
and hence the Equation (4) is applicable in
this case.

Purchasing Related Costs

The three categories of purchasing related costs
are analyzed:

Purchasing cost (buying cost): The purchasing
cost of variant i per period can be expressed as

PCi=C(Q)| g ®
Qi

In the above expression, we consider that
purchasing cost depends on the order quantity.
This representation is relevant when the quantity
discounts are available.

Ordering cost: The ordering cost per order is
generally independent of the order quantity.
The order cost of variant i per period can be
expressed as

Qi

Transportation cost: Similar to purchasing cost,
transportation quantity discounts are also possi-
ble. The transportation cost of variant i per period
can be expressed in general as

0C, =0, P‘J ©)

TC, = Ti(Q) m 10)
4

Q

Assembly Cost

The assembly cost related to a particular compo-
nent type can be considered as the sum of a fixed
amount for the type as whole and a variable cost
due to the variety in the type that depends on the
number of variants, and is expressed as follows:

A=A"+ AYNV (11)

It is possible to reduce the assembly cost by
using the standardized component variants and
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saving of assembly cost due to standardized
variant i can be expressed as

ACS =A"(N; - 1) (12)

[t should be noted that this saving could be
treated as a negative cost.

Out of above two assembly cost categories,
variety cost (A") is the important cost for the
component standardization decision. By esti-
mating how much assembly cost (variety cost)
increases (decreases). by adding (reducing) a
component variant to (from) the system, it
is possible to determine the variable assem-

bly cost.

Modification Cost of Related Components
Caused by Standardization

Total cost of modification can be divided into
two cost categories: one time design and recon-
figuration cost of modified part and change in
running cost. Total modification cost of related
parts per period due to standardized variant i
can be expressed as follows:

MC; = > MRG;j + > IG; (13)
jeMi jeMi

By considering the time value of money
discounting factor, periodic equivalent design
and reconfiguration cost of the modified parts
¢ith be expressed as
f(1+ HN
(L+£) } (19)

Total Cost of Component Variant Relevant to
Component Standardization

Total cost of a component variant can be divided
into several categories. The running (periodic)
component cost which is usually known as com-
ponent cost consists of purchasing and inventory
cost. This cost is useful to determine the economic
order quantity and to select the component sup-
plier. As mentioned above other costs are design
cost, modification cost of related parts and assem-
bly cost (savings).

Total cost of component variant i, which is
relevant to component standardization decision
can be expressed as

TSC; = TPC; + MC; — ASC; (15)
where,
TPCI = PC] + OCI + TCI + HCCi + HCSi

(periodic component cost) (16)

EVALUATION AND SELECTION OF
COMPONENT VARIANTS OF THE
CARTRIDGE

There are eight variants of cartridge to be
evaluated as in Table IIl. Out of these cartridge
variants, the optimal combination of variants
should be selected.

Costs and Other Relevant Data

The costs are given in Baht, the local currency
in Thailand in which the company of the case
study is located. At the time of the analysis,
1 US. Dollar is equivalent to approximately
40 Bahts.

TABLE Il Cartridge Variants to be Evaluated

ardanl index 1 2 3 4

5=95(1,2) 6 =5(1,2) 7 =5(3,4) 8=5(3,4)

fno, 34033 34057 34050

34058

34033 34057 34050 34058
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Purchasing and Inventory Details of Cartridge

Order cost/order = 2000 Baht

Fixed transportation cost=10000 Baht (min
1000 items)

Variable transportation cost = 5 Baht/item
(over 1000)

Interest = 26% per year

Holding cost = 0.26* (capital cost per unit per
year)

Service level = 99.9%

Order policy: continuous review and economic
order quantity (R,Q) policy

There are two possible vendors for purchasing
the cartridge; details of the prices are given in
Tables IV and V.

Lead time:

Vendorl: mean = 1.25 months; std. dev.
0.5 months

Vendor2:
0.5 months

Il

mean = 1 months; std. dev.=

Modification Cost of Related Components

To accommodate the standardized component
variants for the products, the bodies of some

TABLE IV Prices of Cartridge Vendor 1 (All Unit Quantity
Discount)

Quantity Part number (Variant)

34033 34057 34050 34058
(1&5) Q&6 (B&7  (4&8)

1000-5000 199.50* 197.75 190.75 189.50
5000-10000 197.13 195.40 188.40 187.23
above 10000 195.51 193.80 186.94 185.71

*Prices in Baht (per/item).

TABLEV Prices of Cartridge Vendor 2 (All Unit Quantity
Discount)

Quantity Part number (Variant)

34033 34057 34050 34058
(1&5) (&6 (B&7)  (4&8)

1000-10000 198.75 196.50 190.50 189.00
above 10000 194.78 192.57 186.25 185.22

*Prices in Baht (per/item).

of the products should be modified. Based on
the information provided by the case company,
modification costs of the related components are
estimated. When analyzing the product design
the most significant modification cost is design
and reconfiguration cost of the related compo-
nents and no significant periodic cost is added
or reduced to/from the modified component
since there are no major modifications of the
components which demand different material
and processing. However, for the robustness of
the decision some sensitivity analysis is later car-
ried out.

The one time investment for modification
and salvage value of the equipment due to
modification are shown in Table VI.

Assembly Cost Savings

/

For the case company, there is no significant
benefit to the assembly costs from reducing the
number of component variants as the assembly
stations are flexible and the change over cost is
negligible. The contribution of marginal assembly
cost is small compared to other costs involved and
hence can be neglected in making a decision on
component standardization.

Demand Data of Cartridge Variants

Based on the product demands, monthly demand
and demand variance of the above compo-
nent variants are calculated and presented in
Table VII. It is to be noticed that the demand for
the common component would be the sum of
the demands of the individual components it is
replacing. For example, the demand for variant 5
is the sum of the demands of variants 1 and 2.
Further, it is assumed that there is no correlation
between the demands of products.
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TABLE VI Parts to be Modified Due To Standardized Variants and Respective Costs*

Variant Part no. to be Description Investment for Salvage
index modified modification value
5 12039-2, 12040-1, New cores 9500*4 0
12041, 12042-1 = 38000
6 12012-1, 12013-1, New cores 9500*8 0
12026-2, 12036-2, = 76000
12014, 12020-1,
12034, 12038
7 12051 New core 9500 0
34059 Modify die and new core 18625 0
Total 28125 0
8 12015, 12016, New cores 9500*3 0
12017 = 28500
*(Costs are in Baht).
TABLE VII  Demand of Cartridge Variants
At ihdex 1 2 3 4 5=5(1,2) 6=5(1,2) 7 = 5(3,4) 8=5(3,4)
) (34033) (34057 34050) (34058) (34033) (34057) (34050) (34058)
etnand 1563 796 199 44 2359 2359 243 243
il vir, 15345 4567 877 100 19912 19912 977 977
lon and Sensitivity Analysis Order cost,
D
‘ction, models formulated in Section 3.2 OC = 06
lata presented in Section 4.1 are used
he most economical cartridge variants. Transportation cost,
¢re are two vendors for the cartridge, it
e to find the most economical vendor D

variant. (In the analysis, it is assumed
lenishments are uncoordinated among
Ige variants)

Dstermination of Economic Order Quantities
anid Perfodic Costs

Feonomic order quantities and total periodic
(monthly)  costs  of cartridge variants are
caleulated based on purchasing and inventory
detalls,

Total monthly cost of purchasing part

TPC = PC + OC + TC + HCE + HC®

I'urchasing cost, PC = P.D (at price P)

TC = [FT +(Q — Q")VT]6

where, FT = fixed transportation cost, VT =
variable transportation cost, and Q' = minimum
order quantity (variable transportation cost is
charged above Q)

Holding cost, HC® = iQh

Safety stock cost, HC® = SS.h

TPC =P.D + og +[FT+(Q - QO)VT]C%
+1Qh+Ssh (17)

at economic order quantity,

d(TPC) _
aQ -~
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Economic order quantity at price P,

T-Q°-
Q*:\[Z(OH: hQ VT)D as)

This is somewhat different from traditional
EOQ formula, because the transportation cost is
included here. However, since there are quantity
discounts and minimum order quantity con-
sideration, economic order quantity derived in
Equation (18) cannot be used without considering
these aspects.

For example, in Figure 3, in case 1 economic
order quantity derived in Equation (18) Q" is less
than the minimum order quantity, QO. In this
case, it is required to purchase a quantity of Q.
Similarly in case 2, it is more economical to buy
quantity of Q' due to quantity discounts.

For comparison purposes, we use total costs,
expressed as monthly equivalents. The costs are
obtained under two categories. All the monthly
or periodic costs such as holding costs and
transportation costs are directly included into
the category Total Periodic Costs (TPC), and one-
time costs like modification costs are converted
to their monthly equivalent costs and then
added to the Total Periodic Costs to get the
Total Costs. For converting the one-time costs
the planning horizon, that is in this case, the
estimated remaining life of the product is needed.
A remaining life of 3years is taken for the
analysis, as it is the best estimate according to the

Total Cost

Q Q° Order Quantity
Case 1

Total Cost

company. However, the analysis is also carried
out for different values to give a complete picture.

An important assumption that was made for
the comparison is that any decision or policy will
be formulated and carried out under optimal
conditions. Hence the relevant costs that are
derived represent optimal costs for each situation.
Based on this assumption, the order quantities
used for all the scenarios are their respective
economic order quantities (EOQ).

For computation, the Total Periodic Costs is
considered first, and the EOQ that minimizes this
cost is derived and the Total Periodic Costs at this
EOQ is calculated. Then the monthly equivalent
costs of one-time costs are calculated and added to
the Total Periodic Costs to obtain the Total Costs.

The data concerning the price for the two
vendors is presented in TablesIV, and V, and
the demand is shown in Table VIL From these
data, Economic Order Quantities, and the cor-
responding Total Periodic Costs are derived for
each vendor. The vendor, whose Total Periodic
Cost is minimum, is selected as the supplier
for that component, to the given scenario. The
selected vendors, the respective EOQ’s, and costs
are presented in Table VIIL It may be recalled
that variants 1, 2, 3, and 4 represent the existing
components, and are specified as 5, 6,7, and 8
respectively when they are used as new stan-
dardized components. The results in Table VIl
show that it is more economical to purchase the
variants 1, 2, 3, 4, 7 and 8 from vendor 2, whereas
it is more economical to purchase variants 5 and

Q® @+ Q@ Order Quantity
Case 2

FIGURE 3 Total Cost vs Order Quantity.

¢
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TABLE VIII  Periodic Costs of Cartridge Variants Under Selected Vendor (in Baht/ Month)
1 2 3 4 5 6 7 8

(34033) (34057) (34050) (34058) (34033) (34057) (34050) (34058)
310,646 156,414 37,820 8,316 465,030 460,949 46,182 45,927
1,387 984 398 88 944 944 486 486
11,282 6,440 1,990 440 14,154 14,154 2,430 2430
HC 4,854 3,444 2,059 2,048 10,678 10,584 2,059 2,049
HCH 10,529 5,311 1,321 306 15,706 15,568 1,596 1,587
TRC 338,697 172,593 43,588 11,197 506,511 502,198 52,753 52,478
Lot size 2,254 1,618 1,000 1,000 5,000 5,000 1,000 1,000
Vendor 2 2 2 2 1 1 2 2
Unit Price 198.75 196.5 190.05 189.00 197.13 195.40 190.05 189.00

6 from the vendor 1. So, when variants 1 and 2
are standardized and are used as the standard-
ized component variants (i.e. as variants 5 and
6), changing the vendor from 2 to 1 is economi-
cal. This is a case in point where the component
standardization necessitates the contemplation of
changes in the overall logistics decisions. Further
analysis in this section is based on the selected
vendors. However, in actual implementation, the
vendor selection is also based on additional fac-
tors such as vendor reliability, quality, etc. At the
computed level of EOQ, the other periodic costs
are calculated and these values can be seen in the
same Table VIIL.

The comparison of periodic costs is shown
in Table IX, as savings in the costs if the
common components are used. The savings
for variant 5, for example, would represent its
savings compared to the variants 1 and 2, which
it is to replace. From the figures it can be seen
that for all the standardized components, there is
a positive saving in TPC. This is in line with the

TABLEIX Savings of Periodic Cost Due to Standardization
(in Baht/Month)

Variantindex. 5=5(1,2) 6=5(1,2) 7=53,4) 8= (3,4)

(Part no.) (34033)  (34057)  (34050)  (34058)
PC 2,031 6,112 —46 209
ocC 1,427 1,427 0 0
TC 3,568 3,568 0 0
HCE -2380  -2.287 2,048 2,059
HC® 134 272 30 39
TPC 4,779 9,092 2,082 2307

general belief that if the purchasing costs of the
standardized component are not too high, then
there could be considerable efficiency in terms of
costs in all phases of operations. In this particular
case, there were savings in purchasing costs (PC)
also due to quantity discounts. It may be pointed
out that the savings in certain categories may be
higher than the savings th total inventory related
costs, which as noted, has been the main subject
of analysis in literature. In the case study, the
savings in cycle inventory costs were sometimes
even negative due to larger lot sizes prompted by
quantity discounts.

Periodic Equivalent Modification Cost

The one-time (present) expenses are now con-
verted to periodic (monthly) equivalent costs to
be compatible with the Total Periodic Costs. For
the case study, there is only one cost in this
category, the modification costs of related parts.
Based on one-time costs shown in Table VI, their
monthly equivalents are computed for different
values of remaining product life and are pre-
sented in Table X.

Since, there are no major modifications of
the related parts, it is assumed that there is
no periodic incremental cost. However, in the
preceding section sensitivity analysis will be
carried out to investigate the robustness of the
decision.
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TABLE X Monthly Equivalent Modification Cost of Related
Components (Baht/Month)

Selection of Component Variants

The selection of component variants is now done

Product life Variant no. and part no. used as .
(months) standardized component variant based on the total costs. In the case of existing
5 p - P variants (1, 2, 3, and 4), the applicable cost is only
34033 34057 34058 34050  the periodic component cost (TPC).
. - 361 5019 117 Sum of total cost of variants1 and 2=
12 3,630 7060 2687 2,3 511290 Baht/month
18 2,572 5,144 1,904 1,929 Sum of total cost of variants 3 and 4 = 54785
24 2,047 4,094 1,515 1535  Baht/month
30 1,736 3472 1,285 1,302 .
2% 1531 3062 1133 1148 These cos'ts are co?fnpared with the tF)tal costs
0 1,387 2,774 1,027 1040  of standardized variants. The comparison con-
48 1,281 2,563 948 91  centrates on total costs based on a remaining life
54 1,201 2401 889 900 of 3 years, as it is the most expected value. It can
60 1,138 2,275 842 853 oy . . .
be seen that it is economical to standardize vari-
ants 1 and 2 and use variant 6 (part no. 34057) as
the common component, and also to standardize
variants 3 and 4 and use variant 8 (part no. 34058)
Total Cost as the common component. It may be stressed
that the even though the savings in this case is
' o only as little as 1% of the total cost, it would
The total cost is the sum of Total Periodic Costs  pe much higher in ‘terms of profit, and in any

(expressed per month) and the monthly equiva-
lent costs of one-time costs. Since the equivalent
modification cost varies with the expected life
of the products, the relevant total cost of the
standardized variants varies with the lifetime of
products. Table XI shows total costs of standard-
ized component variants. The total costs are, of
course, very high, for low values of remaining

case, the above selection is recommended only if
a purely economic criterion is used as the sole
criterion.

The Table XI also provides necessary infor-
mation for the decision-makers to achieve the
standardization decision under various remain-
ing life periods of the product group. As would be
expected, standardization option becomes more

product life. attractive as the assumed value of remaining life
TABLE XI Total Costs of Standardized Variants and Optimal Set of Variants for Different Remaining Life Times ¢

Remaining Total cost (Baht/month) Optimal set Total
hfeh 5=5(1,2) 6=5(1,2) 7-5(,4) 8=5(.4) of variants Bsavmgsh
(months) 34033-common 34057-common 34050-common 34058-common (B/month)

6 513,333 515,842 57,803 57,595 1,234 0

12 510,141 509,458 55,440 55,201 3,4,6 1,832

18 509,083 507,342 54,657 54,407 6,8 4,326

24 508,558 506,293 54,269 54,013 6,8 5,769

30 508,247 505,670 54,038 53,780 6,8 6,626

36* 508,042 505,260 53,886 53,626 6,8 7,189

42 507,898 504,972 53,780 53,518 6,8 7,584

48 507,792 504,761 53,702 53,439 6,8 7,876

54 507,711 504,599 53,642 53,378 6,8 8,097

60 507,648 504,474 53,595 53,331 6,8 8,270

*Expected remaining life of the product group by the company.
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increases. In fact, this option becomes more eco-
nomical for as little as 12 months in the case
of the first group, and 18 months in the case of
second group of components. Considering the
fact that the most expected value for remaining
life is 36 months, it can asserted that the risk
in decision making in favor of the standardized
component is not high as far the assumption
about the remaining life is concerned.

Sensitivity Analysis

In the above analysis, we have assumed that all
the data are certain and accurate. However, we
recognize that the information available may be
uncertain and inaccurate due to estimation errors
and unforeseeable future fluctuations. Therefore,
itis important to carry out sensitivity analysis for
check the robustness of the decision. Sensitivity
analysis has been carried out for three types of
costs, keeping the value of the remaining life at 3
years. The costs are:

(i) Periodic costs (i.e. order cost, transportation
cost, holding cost, and price)
(ii) Incremental running cost of modified parts
(iii) One time modification cost for modified
parts.

Sensitivity analysis was done for periodic costs
and incremental costs for a range of —10%
to +10% of error of estimated values. In the
case of one time modification cost, the range
was from —80% to +80% of error of estimated
value. The broader range for this third case
reflects the sentiments of the management that
it is very hard to get an accurate estimate of
the modification cost. According the results,
the decisions made on the basis of estimated
costs are less sensitive to the periodic cost
and one time modification cost. However, the
decisions are sensitive to the running costs of
modified parts. If the costs of modified parts
increase, variants5 and 7 should be used as
the standardized variants instead of variants 6
and 8. This is due to the fact that variants 5
and 7 require only a few parts to be modified,

TABLE XII  Sensitivity Analysis of Costs of Cartridge Vari-
ants (1+2),5and 6

Type of error Range analyzed Decision

—10%-10% Variant 5 can be used
as the standardized
component for whole
range analyzed

% Change in —10% to 2.5%: variant 6
cost in modified should be used as the
parts standardized
component 2.5% to 10%
variant 5 should be

% Error in
periodic cost

~10%-10%

used as the
standardized
component
% Error in one —80%-80% Variant 5 can be used
time as the standardized
modification component for whole
cost range analyzed

TABLE XIII  Sensitivity Analysis of Costs of Cartridge Vari-
ants (3+4),7 and 8

Type of error Range analyzed - Decision

—10%-10% Variant 7 can be used
as the standardized
component for whole

range analyzed

% Error in
periodic cost

% Change in —10%-10% —10% to 1%: variant 8
cost in modified should be used as the
parts standardized

component 1% to 10%
variant 7 should be

used as the
standardized
component
% Error in one —80%-80% Variant 7 can be used
time as the standardized
modification component for whole
cost range analyzed

at low costs, to accommodate them as the
standardized components. The corresponding
results are shown in Table XII for variants 1 and
2, and in Table XIII for variants 3 and 4.

CONCLUSIONS

For decisions regarding using common compo-
nents so as to achieve cost efficiency in presence
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of product variety, relevant costs need to be
analyzed. The bulk of the past research studies in
component standardization have given empha-
sis to safety stock benefits only, however, some
other benefits such as quantity discounts, savings
in order cost and transportation costs, manufac-
turing related costs etc., need to be considered. At
the same time decision-makers need to be aware
that component standardization efforts may have
adverse effects on total costs, due to high costs
of components, designs, and any modification
to designs of other components necessitated by
the introduction of common parts. Hence any
decision making based on costs need to consider
the total costs to the system with or without the
common components. This paper has shown the
modeling approach to some of the most signifi-
cant cost components in the total costs. Relevant
situations and mathematical formulas were pre-
sented to obtain these costs.

A case study was presented to test the viabil-
ity of the approach. It was found that for the
case, manufacturing costs are irrelevant as the
parts of interest are purchased parts. Besides the
well established benefits of decrease in costs of
safety stocks, there could be significant savings
in other costs like quantity discounts, order costs,
and transportation costs. However, it should be
noted that the benefits of standardization may
not simultaneously occur in all the categories of
costs. Costs of some categories may even go up.
As shown in Table IX, when the variants 5 and
6 are used, savings of cycle inventory costs are
negative, under economic order quantity. This
is due to the fact that purchasing larger lots
with quantity discount is more beneficial, but
larger lots would increase the cycle inventory
costs. For standardization decisions, the man-
agement should be ready to change its existing
suppliers and sources to achieve cost effective-
ness. Standardization would result in larger lots,
and that may show that the company may be bet-
ter off manufacturing the part as opposed to the
current practice of outsourcing, and vice versa.
Or the larger lots may show that the company

needs to change the suppliers. For the company
in case study, it shows that the actual supplier
in terms of costs, would depend on the com-
ponent chosen as the standard component. If
the company is striving for overall efficiency in
an well-coordinated way, it should be aiming
at reducing the overall costs for any decisions
pertaining to commonality.
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