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Abstract:

Mechanical properties and low cycle fatigue are two factors that must be considered in developing

new type steel for shock absorption. Process capability and process control are significant factors in achieving

the purpose of research and development programs. Often-used evaluation methods failed to measure process

yield and process centering; so this paper uses Taguchi loss function as basis to establish an evaluation method

and the steps for assessing the quality of mechanical properties and process control of an iron and steel manu-

facturer. The establishment of this method can serve the research and development and manufacturing industry

and lay a foundation in enhancing its process control ability to select better manufacturing processes that are

more reliable than decision making by using the other commonly used methods.
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INTRODUCTION

There are many manufactured tools and prod-
ucts for daily use that are fabricated by iron such
as: ironmongery, iron plate, iron strap, iron
These
products improve the living conditions of our
life. To achieve the various use goals and give
special functions to iron, other alloy elements
are added into iron to produce alloy steel, used

to manufacture cars, trains, motorcycles, ma-

wire, iron stairs and other iron works.

chines, steel bridges, steel structures, etc.
However, to achieve the different required pur-
poses of a steel product> heat treatment proce-
dure such as quenching and tempering can be
used to increase the strength of steel. The key
points of these production processes are the tech-
niques of puddling and heat treatment after
crushing. In order to promote the shock absorp-
tion capability of structures; new steel for con-
struction are developed, such as: low yielding
ratio steel, narrow yielding stress variation steel
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and low yielding stress steel ( Chang et al.,
1997) . Especially, mechanical properties of low
yielding stress steel are suitable for producing
metallic dampers ( Bergman et al., 1987;
Dowrick> 1996). The precise and accurate me-
chanical properties of newly developed Low
Yielding Strength Steel (LYS) must be strictly
analyzed to produce the most suitable product for
the use objective of shock absorption. The pur-
pose of this research is to develop an analytical
method for production management of LYS in the
process of manufacturing to judge whether the
mechanical properties meet the required standard
or not.

This paper uses analysis and evaluation
method of process capability of machinery made
products to implement process control effectively
in order to improve the manufacturers’ ability of
process control and mechanical properties esti-
mation. Researchers who devoted studies to
analysis and evaluation of process capability in-

1986; Chan et al.> 1988; Chou
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and Owen, 1989; Boyles (1991) Pearn et al .
1992; Boyles, 1994; Greenwich and Jahr-
Schaffrath, 1995; Chen> 1998. Their research
achievements included: satisfactory ratio of pro-
duction process, loss function of production pro-
cess and indices of production process capabili-
ty. They are convenient and effective tools for
evaluating the production process capability and
performance based on the concept of the Taguchi
loss function ( Boyles, 1991, defined as L(X)
= (X — T)?. X stands for the characteristics of
a certain product and T represents the target val-
ue. The quality loss of the product obviously is
at minimum when L (X)) = 0. Boyles (1991)
pointed out that the expected value of the loss
function represents process capability. The larg-
er the value of process capability, the smaller
the average loss and vice versa. A second time
loss function was developed for calculating the
difference between expected and tested tensile
strength of LYS based on Taguchi loss function,
with greater value indicating the tested tensile
strength of LYS is higher than the expected ten-
sile strength of LYS, which will result in lower
low cycle fatigue. Insufficient yielding strength
of LYS will occur if the tested tensile strength of
LYS is smaller than the expected tensile strength
of LYS. The paper employs this function to es-
tablish a best evaluation method for assessing the
process capability and production management of
low yielding strength steel in the manufacturing
process.

EVALUATION  FORMULA-MANUFACTURING
PERFORMANCE INDEX OF SHOCK ABSORP-
TION STEEL

In the Taguchi Loss Function, 7 represents
the tested tensile strength of low yielding strength
steel (LYS) and E the expected tensile strength
of LYS. When X = T — E, X is enhanced when
the value is close to 0. In other words, the pro-
cess control ability of LYS will depend on wheth-
er the tested tensile strength of LYS is higher or
lower than the expected tensile strength of LYS.
Thus, the difference between expected tensile
strength of LYS FE and tested tensile strength of
LYS T should not exceed d the greatest tolerable
value. We hope that the expected tensile
strength of LYS can fall into the tolerable range
CL,U>.U=T+ d is the upper limit and L = T

— d is the lower limit. We use X? as the ex-
pected value since X could be a positive or neg-
ative value. The index for evaluating the process
control ability of the manufacturing performance
of shock absorption steel can be expressed as fol-
lows:

Loss = ECX?) = Cuy )? + (i )? 1>

It is obvious that this evaluation index Loss
is similar to the Taguchi Loss function’ s ( Kane,
1986) expected value. The closer the ey )?
value is to 0, the more accurate the manufactur-
ing ability and mechanical performance of LYS.
When the value of the tested tensile strength of
LYS is close to the expected value, a small val-
ue of (oy)? will be produced. High degree of
accuracy and precision result from a smaller in-
dex value and the expected value generated. In
order to accurately evaluate the manufacturing
performance of LYS manufacturers, the natural
evaluation method is proposed in this paper. The
statistical inference is discussed as follows:

Iron and steel works can establish a smallest
expected value of Loss based on the production
management, process capability, technical staff
and manufacturing control system. Sample X is
a random variable since mechanical performance
is affected by the tested tensile strength of LYS.
Assume Xil’ X,jzy I Xm, 1 =1,2. The 1
and 2 of i symbolize different manufacturing pro-
cess of LYS. The average values are p; and u,
and variance values are o7 and 3. The normal
distribution will be X; ~ NCyy5 671 and X, ~ N
(125 63D . The estimation is very accurate when
the average value p; is close to the target value
T. It is known that the target value should be 0,
when the tested and expected tensile strength of
LYS are the same. The smaller the ¢% value is»
the higher the degree of precision from the view-
point of variance of estimation. The loss function
of the manufacturing control capability of LYS is
defined as:

3 62+(;¢—T)2

p (2)

Loss; =

The loss function of the manufacturing con-
trol capability of LYS by natural evaluation
method can be defined as follows:
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. 3\/S%+(}—T)2

SS; = d
Yl

X; —(ZXU)/n’ ’—(ZXU

resent the sample mean and variance of the as-

(3

} )?/n; rep-

sessed tensile strength for each manufacturing
process of LYS.

d represents the greatest tolerable value of
tensile strength of LYS. Table 1 summarizes the
above-mentioned formulas .

Table 1 Sample data for the tested tensile strength of LYS

Sample Average Variance Estimator
Xl’ P X” — VX Z()(/ _X)2 iIOSS- — 3 Sz+(X_ T)Z
X = =T : d
n n
The probability density function of Loss  wheres

(Vinnman and Kotz, 1995) is

21 nl2 CIL
ﬁoas (x) = Wexp(

Z;{( AC?

2
36x2) /(i!I‘(% + L))}x > 0
where
C;=Vnd/los A, =V nCpu; — Tlo,
Boyles(1991) and Pearn et al. (1992) stated
that assuming normality Zn) (X; — Tlo; is dis-

Jj=1
tributed as non-central chi-square distribution
with n degrees of freedom and non-centrality pa-
rameter A; . The r-th moment about zero of Loss;

- (335)

s

ECLoss; "

e 220 -
S ) (5 )
(5)
Particularly,
Ci

E(zossi) = (

5y [eh (R /2))
M

7=0 J:

i) /r(5 )

2

(6
. C; \
ECLoss; )* = (le) .
= A 12 2
je i
Zg{ j! Xn+2j—2} N
Var(zossi) = E(zossi )2 [E(iossi)]z (8

The quantity v;  Loss;/Loss; )* is approxi-
mately distributed as chi-square distribution with
v; degrees of freedom, denoted by Xz Co; )

_ n,(l +[(#1 — T)/Ui:lz)z
YT T w2l Cpy — o, P

Since the process parameters p; and o; are un-

known, v; is also unknown, but can be estimat-
ed by calculating the values v; from the sample.

Where>

- _ n(1+L X, —1)/S; P)?
T+ 2lx = 1/S P

EXAMINATION OF INDEX OF MANUFACTUR-
ING CONTROL OF LOSS

Loss; is an easy to understand and apply for-
mula. The estimating ability can be determined
by calculating the average value p« and variance
o based on tested value and expected value of
tensile strength of LYS. Tested value is comput-
ed according to the tested tensile strength of
LYS. Therefore, this paper will make use and
revise the nominally-the-best-type evaluation

step of Chou et al.(1989) .

1. Examination of index of control manufacturing of
Loss
This paper will establish evaluation steps and
standards based on the evaluation steps of Chou

et al . (1989) . Assume the null hypothesis and
alternative hypothesis can be expressed as fol-
lows:

Hy: Loss, = Loss, C(good ability to control
manufacturing ) ;

H,: Loss, s« Loss, (bad ability to control
manufacturing )

Statistical evaluation formula can be ex-
pressed as follows:
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ZOSS 1 2
=|= 9
Loss
2
If v; is used to estimate v;» then ( Loss;/ lA,ossi D is
very similar to XQ( v, )/ v, . Statistical examination
of F' showed that it is similar to F-distribution
with v; and v, degrees of freedom when Loss; =
{.0552 . For level a test, assuming F < F,,Cv,,
v;) or F>F,_,,Cv,, v;), null hypothesis is re-
jected and alternative hypothesis is favored. F,
Cvys vy denotes the lower ath percentile of the
p

F-distribution with v, and v; degrees of freedom.
2. Establish evaluation steps and standards

The method described above was examined
statistically to evaluate the mechanical properties
of LYS. Steps and standards are established here
for clearer understand of the evaluation manufac-
turing process.

Step 1: Determine the a-risk (normally set
to 0.05), thus revealing the chance of rejecting
atrue H, .

Step 2: Take sample from each assessed ten-
sile strength and calculate the sample mean X;

= (EXU )/n; and sample variance S =
=1

(Zin — X%/ n; of suffix i for i=1,2

j=1 A A

' Step 3: Calculate the values of v;5 Loss;>
and test statistically F'> where

n, (1 + [(X, = T)/S; P)?

A

v = ’
1 +2[CX;, — /S, P
A 37 8T+ (X, — T
Loss; = ,
d;
Zossl 2
F = 240552

Step 4: Decision rule: L

(DK F o, vps<sF<F,_ (0,0,
then conclude Loss; = Loss, .

2 If F< F,,(C {;2, 1;1 D5 then conclude
Loss| > Loss, .

B If F> F_,( {}2, {11 ), then conclude
Loss| < Loss, .

CASE STUDY

A case study showed the applicability of this
evaluation process. The mechanical properties of
LYS are designed as 1). Yielding strength of
LYS is only one third yielding strength of often-
used steel A36, 2). Low cycle fatigue of LYS is
4.5 times that of often used steel A36. The test-
ed results revealed that higher yielding strength
of LYS resulted in lower low cycle fatigue. On
other hand, the lower tensile strength LYS is not
suitable for installation as metallic dampers and
shock absorption accessories. In order to select
better manufacturing process for LYS, the ra-
tios, shown in Table 2, based on a mill report of
the mechanical properties of the two steels were
followed. Each numerical test represents the me-
chanical properties yielding strength of steel in
each stove of different manufacturing process.
The yielding strength of A36 steel is 36 kgf/
mm’ . In order to avoid too much difference be-
tween tested vyielding strength and expected
yielding strength, the ratio of yielding strength of
LYS and A36 is 0.333 and should not be exceed
by more than 0.025. According to the provision
of this specification, the target value 7> the
greatest tolerable value d> the upper limit U and
the lower limit L are stipulated as 0. 333,
0.025, 0.358 and 0.308 respectively.

Table 2 The tested values of different manufacturing process of LYS
(Ratio of yielding strength of LYS and A36)

Old manufacturing process

New manufacturing process

0.353 0.323 0.363 0.378
0.333 0.335 0.354 0.364
0.375 0.368 0.337 0.351
0.321 0.331 0.341 0.339
0.313 0.322 0.376 0.361
0.355 0.315 0.361 0.341
0.367 0.343 0.323 0.334
0.320 0.351 0.337 0.361

0.332 0.341 0.336 0.343
0.331 0.323 0.349 0.338
0.343 0.336 0.353 0.328
0.326 0.343 0.327 0.349
0.319 0.336 0.319 0.325
0.349 0.328 0.328 0.348
0.355 0.327 0.329 0.327
0.329 0.348 0.367 0.355
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The testing procedure is as follows:

Step 1: Determine the sample size n; = n,
=32 of each assess for different manufacturing
process of LYS, with the significance level set at
0.05.

Step 2: From Table 2, calculate the values
of X;» X,» S?, and S%, where

Yll
\
DXy
j=1

X, = = 0.01219,
n,
22Xy
X, = £=L— = 0.00709,
np
DXy - X2
S = = = 0.110397,
ny
NX, - X,
S3 = L= = 0.011788.
ny

Step 3: Calculate the values of v, v,,
Loss|»> Loss,> and the test statistically F'» where

n](l + [(X] - T)/S]]2)2

v = - = 32.00464,
1+2[CXx, — TS, T
~ n2(1 + [(Xz - T)/52]2)2
vy = = 34.43373,
1+20CX, — TS,
. 3787 + (X, — T)?
Toss, = v ‘+d ! = 84.8896,
1
. 3783 + (X, — T)?
TLoss, = v S} +d 2 — 58.6391,
2
Foss.\2
Fo= ( 0‘”") = 2.0956
Loss,

Step 4: Calculate F,)( ;2 ; 131 ) =
Fo0s5(34.43, 32.00) =0.5044,

Fy_opnC ’A’z’ ’A’] )= Fy95(34.43, 32.00) =
2.0037.

F>F,( ;2, 17] ), then conclude Loss; <
Loss, . It means that the new manufacturing pro-
cess is the better manufacturing process of LYS
for the designed purpose and better than the old
manufacturing process.

CONCLUSIONS

The ability to analyze the better manufactur-
ing process of low yielding strength steel is a fac-
tor for deciding whether the production goal can
be reached and whether the manufacturing pro-
cesses can be proceed smoothly. This paper pre-
sents a method developed by authors for evaluat-
ing the better manufacturing process,
method for evaluating the control capability of

and a

steel in the manufacturing process of an iron and
steel works. Decision makers can quickly under-
stand the analysis of the mechanical properties of
LYS from the evaluation steps. Information can
be utilized in process control for production im-
provement in the future.
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