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Abstract: The target costing technique, mathematically discussed by Sauers, only uses the C,
index along with Taguchi loss function and X -R control charts to setup goal control limits. The
new specification limits derived from Taguchi loss function is linked through the C, value to
X -R control charts to obtain goal control limits. In this study, the target costing technique is ex-
ploited by further considering the reflected normal loss function and the C,, index together with
X -S control charts to setup goal control limits. Finally, an example is provided to illustrate how
the target costing technique works.

Keywords: target costing technique; process capability index; loss function; control chart; goal

control limit.
1. Introduction

Sauers has stated that the Japanese compa-
nies tend to use target costing technique to
determine the price of products [1, 2]. By
starting with the anticipated acceptable mar-
ket price, the companies subtract the desired
profit margin to obtain a target manufacturing
cost. Then, design and manufacturing engi-
neers are responsible to bring the product into
being at this cost. Obviously, price can be
driven down to the process level, and con-
tinuous improvement can be acted by relent-
lessly improving product quality from cost
consideration [2-4].

When the target costing technique is used,
the specification limits are derived from Ta-
guchi loss function or other types of applica-
ble loss functions. Later, the derived specifi-
cation limits are linked through a predeter-
mined capability index value, either obtained
from the original data or given by manage-

ment, along with the conventional control
charts to setup goal control limits [1, 2].
Therefore, goal control limits form the foun-
dation for directed continuous improvement
efforts by considering the price from the mar-
ketplace.

This study only focuses on the “nominal-
the-best” of Taguchi loss function, and the
formula is as follows:

Ly)=k(y-T), (1)

where L(y) is the average or expected loss
over all customers, & is the quality loss coeffi-
cient, and 7 is the target value. Consider a
component with product specification limits 7
+ A, and let 4, be the expected or long run

average costs occurred for products with the
specification limits 7'+ A, then k becomes

A
sz—g. )
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By incorporating Eq. (2), Eq. (1) is expres-
sed as follows:

Ly)=-L(y-T). 3)

The loss to society is minimized when the
products are produced at the target value.
Moreover, as the product is away from the
target value, the loss increases. In contrast to
Taguchi loss function with infinite maximum
loss, Spiring [5] has pointed out that things
such as production resources, cost of identifi-
cation, scrap or rework and liability generally
have a maximum loss. In fact, the traditional
loss function with an infinite maximum loss is
inadequate to describe the loss associated
with a product characteristic. Therefore, Spir-
ing [5] has developed the reflected normal
loss function to provide a quantifiable maxi-
mum loss and magnitude of losses associated
with extreme deviations from the target value.
The formula and figure of this reflected nor-
mal loss function are provided in Eq. (4) and
Figure 1.
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where y represents the quality measurement,
K is the maximum-loss parameter, 7 is the
target value, and y is a shape parameter, de-
fined as A/4, where A is the distance from
the target value to the point where K first oc-
curs. The target value, shape, and maximum-
loss parameters can be customized to meet
practitioners’ requirements.

The property of the reflected normal loss
function is asymptotic to the maximum loss
incurred only at too. The term of y= A/4 en-

sures that the loss function at the points 77+ A
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will be 0.9997K =~ K. The expected loss asso-
ciated with the reflected normal loss function
1S

E(L0) =K K| exp(— %}f(y)dy, (5)
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Figure 1. The reflected normal loss function

where f(y) is the associated probability den-
sity function. If the quality characteristic fol-
lows a normal distribution with a mean of
and a standard deviation of o, the expected
loss becomes

1
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where the minimum is incurred at ¢ = 7. The
applications of the reflected normal loss func-
tion in practice can be seen in [6].

The target costing technique, mathemati-
cally discussed by Sauers [1], is very limited
in its development and applications. This
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technique only incorporates Taguchi loss
function, X -R charts, and the c, index to

setup goal control limits. To strengthen and
broaden the target costing technique in prac-
tice, this study considers both Taguchi and
reflected normal loss functions and takes into

account the C, index on X -S charts to form

goal control limits. Section 2 reviews X -S
charts and the C, and Ce indices. The ex-

ploited target costing technique with the
“nominal-the-best” of Taguchi loss function

and Spiring’s loss function, the ¢, index, and

X -S charts are discussed in Section 3. An ex-
ample using Taguchi loss function and the

¢, index on X -S charts to setup goal control

limits is illustrated in Section 4. Finally, con-
clusions are drawn in Section 5.

2. X -Scharts and the C, and C,, indices

Control charts can be used to indicate if
any special cause of variation is present in a
process. Smith [7] has pointed out that if the
charts indicate a source of variation occurs,
the chart patterns would provide hints to the
causes of the variation, and the workers can
use the hints along with their experiences to
identify and eliminate the source of variation.
When all of the special causes of variation are
eliminated from the process, then the process
is said to be in statistical control.

Two types of control charts are typically
seen in the text: variables and attributes con-
trol charts. X and S control charts are one of
the most commonly seen and applied vari-
ables control charts in practice. The formulas
of X and S charts are as follows:

UCL(S)= B, S, (7
CL(S) = S, (8)
LCL(S)= B, S, ©)

=5 =3
UCL(X)= X +3-Z = X +3

Jn cln
=X+ 4,5, (10)
CL(X)= X, (11)
and
LCL(})=?—3i=?—3 s

Jn c\n
=X - 4,5, (12)

where UCL, CL, and LCL stand for upper
control limit, center line, and lower control
limit, respectively, S is the average of the
sample standard deviation, x is the average
of the subgroup average, o = S/c,, n is the
sample size of the subgroup, and B,, B,, 4,,
and c, are constant and can be found in the

text of Smith [7].

When the process is in statistical control,
the next step is to conduct process capability
analysis to determine how good the measure-
ments are especially compared with the speci-
fication limits. The C ) and C, indices are the

two commonly used indices for process capa-
bility analysis when the process data are nor-
mally distributed. Furthermore, the ¢ index

measures the relationship between the process
spread and the specification limits. On the
other hand, the C, index measures the loca-

tion shift of a process with the specification
limits. In fact, the C, index is more sensitive

than the ¢ index in detecting the shift of the

process mean [8, 9].
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The expressions of the C, and Co indices

are
Cp _ USL - LSL _ A’ (13)
60 30
and
C, =min(C,.C,)
=min(USL_’u,’u_LSL)
30 30
T+A)— —(T-A
:mm(( +A) # K ( )), (14)
30 30

where USL, T, and LSL are the upper specifi-
cation limit, target value, and lower specifica-
tion limit, respectively, and 2A is the distance
between USL and LSL. In Egs. (13) and (14),
4 1s the mean which is the sum of the numeri-
cal values of the measurement divided by the
number of items examined, and o is the stan-
dard deviation which is the square root of the
average squared deviates from the mean.

Typically, ¢ and o are usually unknown,
and estimations from the sample data are re-
quired. Thus, Egs. (13) and (14) can be re-
vised as follows:

¢ _USL-ISL _ A 15)

AN N

60 30

and

Cpk :min(Cpu,Cpl)

. USL-X X-LSL
= min ( —, —)
3o 3o
—min (LAY X=T=8)) 0 4
30 3o

where X is computed from X control chart.

In Egs. (15) and (16), g can be replaced by
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E/ c, if X -S charts are applied prior to proc-
ess capability analysis [7, 10].

3. The exploitation of the target costing
technique

If a quality improvement program is im-

plemented, and the average loss of L(y) using
Taguchi loss function is expected to be AL(y)

= L(»)=k(A), where 0<h <1, then A is

A'ZW/& A D)y PLG) (17)
k V4, 0\ 4,

The ¢, and ¢, values can be directly com-

puted from the raw data. If the management
decides to maintain the . value from the raw

data with the specification limits 7 + A, ¢,
based upon Eq. (16) is written as follows:

A T+A —? ?— T-A
¢ o = min (LHA) (r=4)

), (18)

5
A

30 30
where o is the new standard deviation to

achieve the 6' o value. The 3‘ incorporating
Egs. (17) and (18) becomes

. :min((T+A')—X’ X—(T-N)

)

3C 3C

" )s (19)
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where o is greater than or equal to zero. On
the contrary, if Spiring’s loss function is con-
sidered, the mathematical relationship is as
follows: Suppose a quality improvement pro-
gram is implemented, the general loss is re-
duced to L,(y) = hK with the specification

limits 7+ A, where 0 < 4 < 1. Then the loss
function L,(y) at the point y, where (y -T )2

= (A' )2 , becomes

L (y)=hK= K{l - exp[— S(ALZ)}} (20)

and

_ =N oy A [=In(l-A
A= 3 In(1- %) 21/—(2 j. 21)

If the management decides to maintain the

quality level at the ¢, value with the specifi-
cation limits T+ A, o , based upon Egs. (18)

and (21), is as follows:

.
A ? A )

36pk

~_ (T_i /1n(h2— D,
- )- (22)

3Cpk

When g is known from either Eq. (19) or Eq.

(22) depending upon the type of the loss func-
tion used, the general format of the goal con-

trol limits for X -S charts are

'
AN

- = O
UCL(X)= X +3°2
Jn
- ?+3Lw(iffngéﬂ)
i 53¢
_3Cn (23)
X3 L XTE8) e e s 6
\/; 3Cpk
CL(X)= X, (24)
LCL()_()=?—33—
Jn
X s LI e <0
\/; 3Cpk
X o3 L X028 et S 6

(25)

UCL(S)= B, S = B,c, &
T+A)-X .~ o«
By, THO "X e < 0

3Cpk

B, c, w (£ Cp>Cpy  (26)
3C

CLS)=S =c, 0
qu (1f 6pu S 6pl)
3Cpk
X—(T-A) ..~ _»
c4¥ (if Cpu > Cpi) (27)
3Cpk
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and

'
A

LCL(S)= B,S = B, c, o

(T+A)-X ..~

- B3 C4 (lf Cpu S 6pl)

X=T=A) e s Gy (28)

In summary, the target costing technique,
originally mathematically discussed by Sauers
[1], has been exploited by further considering
the C,, index as well as both Taguchi and the

reflected normal loss functions. Specifically,
the C,, index provides much more informa-

tion about the process. In addition, the advan-
tage of applying the reflected normal loss
function provides alternatives to measure the
quality loss of a particular product character-
istic. Obviously, the exploited target costing

technique is more universal by taking into ac-
count the C,, index as well as Taguchi and

the reflected normal loss functions.
4. An example

To demonstrate how the target costing
technique is practical, the data from Gitlow,
Oppenheim, and Oppenheim [11] are used
and provided in Table 1. Assume the values
of USL, T, and LSL are to be 2.45, 2.10, and
1.75, respectively. The UCL, CL, and LCL of
S chart using Egs. (7)-(9) are 0.189, 0.109,
and 0.031, respectively; whereas the respec-

tive UCL, CL, and LCL values of X chart
using Eqs. (10)-(12) are 2.227, 2.12, and
2.013, where & = S/c, = 0.112, ¢, = 0.9727,
A4, =0.975, B, =0.284,and B, =1.716 for n
= 10. Since the process is in statistical control,

the 6,, and 6pk values using Egs. (15) and
(16) are 1.04 and 0.98.

Table 1. The data from Gitlow, Oppenheim, and Oppenheim [1]

Subgroup Sample size for each subgroup (n = 10) X S

1 2.08 [226 |213 |194 [230 |2.15 |[2.07 |202 [222 |2.18 |2.14 0.111
2 214 202 214 | 194 |230 |208 |194 |212 |215 |236 |2.12 0.137
3 230 |2.10 |220 |225 |205 |195 |2.10 |2.16 |237 |198 |2.15 0.136
4 201 210 |215 | 197 |225 |212 |2.10 | 190 |2.04 |208 |2.07 0.098
5 206 | 212 | 198 |2.12 |220 |2.02 |219 |2.03 |2.02 |2.09 |2.08 0.074
6 214 | 222 | 218 |227 |217 |226 |2.15 |2.07 [2.02 |236 |2.18 0.099
7 207 |205 | 197 |205 |216 |202 |202 |214 |2.07 |2.00 |2.06 0.059
8 208 | 231 |212 |218 |215 |217 |198 |2.05 |2.00 |226 |2.13 0.107
9 213 | 190 | 212 204 |240 |212 |2.15 |201 |230 |2.14 |2.13 0.141
10 213 | 216 |212 222 |212 |207 |204 |228 |212 |210 |2.14 0.070
11 224 234 1240 |226 |213 |215 |208 |202 |205 |218 |2.19 0.125
12 225 | 191 | 196 |204 | 193 |208 |229 |242 |210 |2.00 |2.10 0.170
13 203 |2.10 |224 |220 |225 |203 |206 |219 |213 |220 |2.14 0.084
14 2.08 [ 192 | 214 |220 [2.02 |2.04 |[1.94 |2.05 [212 |2.06 |2.06 0.086
15 2.04 [ 214 218 |2.12 [200 |2.02 [2.05 |234 [212 [2.05 |2.11 0.101
16 1.92 [210 [213 |2.02 [193 |217 [224 |198 [234 [212 |2.10 0.136
17 212 230 |[2.01 |220 [2.11 |193 [2.02 |225 [205 [210 |2.11 0.115
18 1.98 230 [231 |212 [208 |210 [2.15 |235 [212 |2.26 |2.18 0.121
19 2.08 [212 | 211 |222 [200 |195 |[215 |2.14 [228 |231 [2.14 0.113
20 222 (205 | 193 |2.08 [215 |227 [195 |211 [212 [2.10 |2.10 0.106
Total 42.43 2.189
Average 2.12 0.109
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Suppose the target costing technique is ap-
plied, 4, is $10 and A equals 0.35. The qual-

ity loss coefficient k is 4, /A’ = 10/0.35% =
81.63. If the company decides to reduce the

cost by 10 percent with the 6 o+ value of 1.00,
then A becomes 0.33, L(y) = 0.9(10) = 9 =

81.63A° . The value of & applying Eq. (19)
18

& = min ((210+033)-2.12  2.12-(2.10-033))

3(1.00)
= min (0.103, 0.117) = 0.103

3(1.00)

The goal control limits for both X -S charts
using Egs. (23)-(28) are

UCL(X)=x +30 =2.12+30.103
Vn V10
=2218
CL(X)= X =2.12
LCL(X)= X —30 =2.12—30.103
Jn Jio
=2.022
UCL(S)= B,S = B,c, o
= (1.716)(0.9727)(0.103) = 0.172
CL(S) =5 = ¢, o =(0.9727)(0.103)
=0.100
and

LCL(S)= B, S = B,c, o
= (0.284)(0.9727)(0.103) = 0.028

If the target costing technique is applied by
reducing the 10% cost and achieving the ¢,

value of 1.00, the standard deviation becomes
smaller, i.e., from 0.112 to 0.103. Thus,
tighter goal control limits are formed to en-

sure all of the average ( )_() and standard de-
viation (S) values should be within the goal
control limits.

If the (/}pk value is to be improved from the

current 1.00 to 1.25, the goal control limits
are determined as follows:

' min (2104033 -2.12  2.12-(2.10-033)
3(1.25) 3(1.25)
=min (0.083, 0.093) = 0.083

A
(o2

UCL(X)=x +39_=2.12+3008
Jn J10

Il
[\

199
CL(X)= X =2.12

A

LCL(X )= x —3%_ =2.12-30083
Jn V10
=2.041
UCL(S)= B,S = B,c, o
= (1.716)(0.9727)(0.083) = 0.139

CL(S)= S =c, & =(0.9727)(0.083)
= 0.081
and
LCL(S)= B, S = B,c, o
= (0.284)(0.9727)(0.083) = 0.023

Clearly, the standard deviation becomes much
smaller, i.e., from 0.103 to 0.083. The S val-
ues in subgroups 9 and 12 are above UCL(S).
Therefore, a corrective action should be taken.
If Spiring’s loss function is applied, the pro-
cedure is very similar. As long as the reflected
normal loss function discussed in Egs. (20)

and (21) is determined, and & is computed
by Eq. (22), the goal control limits of X -S
control charts will be established. The target
costing technique can be applied to both re-
duce the cost and improve the process per-
formance at the same time. It can also be used
by either reducing the cost or improving the
product quality. As a result, the company can
become more competitive in the marketplace.
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5. Conclusions

This study exploits the target costing tech-

nique by further considering the ¢, index,
both Taguchi and the reflected normal loss
functions, and X -S control charts. The new
specification limits derived from either Ta-
guchi or Spiring’s loss function is linked
through the ¢, value to X -S charts to obtain

goal control limits. The philosophy of the tar-
get costing technique is to relentlessly im-
prove product quality and reduce costs such
that a more robust product would be more
competitive in the marketplace. Finally, an
example is demonstrated to show how the tar-
get costing technique can be applied in prac-
tice.
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