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Introduction

m Brief background information on traditional
Shewhart X-bar control chart and DS X-bar
control charts Is provided.

m [t’s devoted to the methods for constructing
the DS and TS X-bar control charts.

m Computational results in comparing the
efficiency of TS with DS charts are provided.
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Shewhart X bar control chart

m Suppose that the mean of x iIs 1 and the standard
deviation (SD) is ¢

m The following three parameters that characterize
the Shewhart X-bar control chart are:

UCL=yu +ko LCL =y -ko,

where UCL is the upper control limit, CL is the
centre line or the process average, LCL is the lower
control limit and k is the distance of the control
limits from the centre line and Iis expressed as a
multiple of ~.
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Figure 1. Shewhart X-bar control chart.
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DS X bar control chart

The design of a DS X-bar chart involves determining
flve parameters.

m nl =Sample size of the first sample
m n2 = Sample size of the second sample

m L1 and -L1= limits on the first sample within which
the process is said to be in control

m L2 and -L2 = limits on the second sample within
which the process is said to be in control

m L and -L = limits on the first sample beyond which
the process is said to be out of control
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Figure 2. Graphic view of the DS X-bar chart.

-? HfEE~F1 £10 @y
v 3 & 9 % % System Reliability Lab.




B =
B =
2

"2'%

¢

i,
-

2

o &) =
NG

. Daudin’s DS X-bar control procedure

(I) Take an initial sample of size n,. Calculate the mean of the sample 7.

X, — o .
(2) If ——L0 Jies in the range [—L,, [,]. the process is in control.

o/

i .
(3) r L= H0 ies in the range (—oo,—L] or [L, +o0). the process is out of
/M
control.
X, — .
(4) IF——lies in the range (—L,—[.y) or (L, L). take a second sample of size

G’fﬁ
1, and calculate the sample mean X,.
mXy +mXa
1+
Xy —po _ X1 — o

(6) If -1 < Sy < —[Ljor L {m{—\/”_l

" Y — g Y — g
afv/ny + 1 afn +m

else the process is in control.

i et s
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(5) Calculate the total sample mean } = al the second stage.

< [ and

< —[, or

> [, then the process i1s out of control,




De3|gn of DS X bar control Chart

using genetic algorithm

m To solve the problem of an optimal
design of a DS X-bar control chart using
a systematic and robust method, the

optimization problem is reformulated as
follows:
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H}i? , +1y P[] € Li|u = 11g], (1)
mypa

subject Lo

P [oul of control|g = pg| < o, 1e.

L= {B[L1] — B[ L]} - [ {{I}[ ;_\FT] @[—c-f-z—:L.-"E]}cpi:}ati .

P [in control|g = p,] = 3 (for a given intended shift &), i.e.

{B[L) + 64| — P[=L + &}
+1;J{@Liz+nﬁ—:ﬁzq—i{—dg+ﬁﬁ—:f§ﬂ}ﬂjd:£ﬁ (3)

J-ei; | Fiy | i3
n. = 1,integer, for i = 1,2 (4)
L=1, (5]
Ly =Ly =1y, (6)
Ly =1,=1,, (7]
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Implementatlon of GA

m The optimization model (1-7)

'h

IR g oY N R

By T e :-11* _:j_:;.:-— SR,

IS set up in an Excel

spreadsheet and solved by the GA in Evolver.

m The operation of the GA invo
(1) Create a random initial so
(2) Evaluate fithess, I.e. the 0

ves following steps:
ution;

njective function that

minimizes the average sample size when the

process is in control;

(3) Reproduction and mutation; and

(4) Generate new solutions.
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Developed of TS X- bar control chart

The design of a TS X-bar control chart involves
determining the following parameters

n1 = Sample size of the first sample

n2 = Sample size of the second sample

n3 = Sample size of the third sample

L, L1 = limits at the first stage

L2, L3 = limits at the second stage

L4 = limits at the third stage
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[The following procedure 1s proposed.

(1) Take an initial sample of size nl. Calculate the sample mean X|.

X, — L .
(2) 1f —L—L0 jies in the range [—/.,, 1], the process is in control.
af 1 1] '

X — . .
(3) If U} ’HD lies in the range (—oo,—1] or [L,4o0c), the process is out of
control.
, —
(4) It } £o lies in the range (—[..—71L,) or (L,, L). take a second sample of
o

S1ZE 71, d[‘ld calculate the sample mean Y,

-_ ”1?14‘”2?2

(5) Calculate the total sample mean } = e al the second stage.
"y 1=
X — uo Xy — g - Y — g
o) If - <« ——<—[,0orl|<———< [, and if < —[5 or
{ a1 : L™ o umy ol + 1, .
Y — i = I3, then the process is out of control.
gf'rq.-'.f!l + Fia

\_
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X, — T, —
(TYIf —F <= =L 20 -y, o0or i, < —L_F0

—_— —_— .. and
v 7V i
fo = Y Mo = F then the process is in control
PV e '
X, — X, —
(&Y If —7F. = -1 - Ho = —d., or {, = ! o < F._. and if
o f /7

(2)

T/

¥o— ¥ o—
— ., = $0 < — ., or F, = =it <= {4, then take the third
a1y + g oy + s
sample of size »; and calculate the sample mean X5.

My X i T F T
Calculate the total sample mean T8 = ——1 rizA2 + 77343
stage. ] + 2 4+ iy

at the thard

X, — X, —
(10) If —7 < —L = < —[,or I} <—! = < .. and if

a1 a /)
?—f_iﬂ ?_.It'!’ﬂ
—I3 < < —f, 0or [y < =< [5. and if
TRV AV
T—Jun T—HD

—_—— < — [, O —— > [.4. then the process is out of
o+ + oy iz + s

control; else the process i1s in control.

A TS X-bar chart 1s given in figure 3.
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Figure 3. Graphic view ol the TS X-bar control chart.
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Comparison of TS X-bar chart with DS
X-bar chart

m The decreased percentage of the expected
average sample size was calculated using:

E(N) e — E(V)
Decrease = ( ( ]”f* __ ( ]‘”*) x 100%, .
E{N)ps
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Chart Decease
Lype ﬁLRLD ﬁLRLJ[lE) iy Mz My .lr] ! .Ir.g .Ir], .|r4 fl:"l.) Yo
DS 3704 1.186(283) 1 2 — 181 5.0 2.77 — — 1.14 1.8
TS | 1 1 1.62 3.07 1.5 3.35 2.%6 1.12

DS 3000 1.222(283) 1 2 — 190 5.0 2.85 — — 1.12 3.6
TS | I 1 1.79 3.0 1.8 3.01 293 1.08

DS 3704  1.186(2) 2 3 — 1.74 5.0 2.85 — — 2.25 7.6
TS 2 1 1 1.76 3.00 1.8 3.69 2.006 2.08

DS 500,00 1.222(2) 2 3 — 1.82 5.0 2.94 — — 2.21 2.7
TS 2 2 1 1.80 3.00 1.8 3.39 285 2.15

DS 3704 1.186(1.79) 2 4 — 1.37 5.0 2.90 — — 2.68 13.8
TS 2 2 1 147 3.00 1.5 3.3 287 2.31

DS 3000 1.222(1.79) 2 5 — 145 5.0 2.98 — — 2.59 9.3
TS 2 2 2 149 3.00 1.47 4.51 2.81 2.35

Ds 3704 1.186(163) 2 6 — 1.22 3.0 2.87 — — 3.33  20.7
TS 2 2 3 1.23 3.32 1.55 3890 2497 2.64

Ds 5000 1.222(163) 2 6 - 1.31 3.0 2.96 — — 3.14 16.6
TS 2 2 3 1.34 3.07 1.56 3.14 2.8BR 2.62

DS 3704 1.186(1.51) 3 6 — 1l.61 5.0 286 — — 3.76 10.6
TS 3 3 2 1.57 3.00 1.8 3.61 2.8l 3.36

DS 3000 1.222(1.51) 3 6 - 1l.61 5.0 2.96 — — 3.64 9.3
TS 3 3 2 l.ee 3.0 1.5 3.86 2.R7 3.30
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370.0  1.186(1.41) 1.32 5.0 2.88 - 4.30

3 7 - X
3 3 4 141 3.0 .61 407 286 4.17
500.0  1.222(1.41) 3 7 - 141 5.0 2.97 X - 4.11
3 3 5 148 3107 1.8 344 239 3.63
370.4  1.186(1.33) 4 7 - 154 50 2.88 X - 4.87
4 4 3 1.63 3.00 .66 3149 2.84 4.47
5000  1.222(1.33) 3 9 - 131 5.0 2.95 = - 4.72
3 3 4 132 372 .68 3.56 2.82 3.83
3704 L1.186(1.26) 4 9 — L[.44 5.0 286 - - 3.53
4 4 6 149 3.3 .78 3.09 291 4.77
300.0  1.222(1.26) 4 9 - 1.53 5.0 2.95 X - 5.14
4 5 4 159 3.0 1.8 339 297 4.62
370.4  1.186(1.15) 5 10 — 147 5.0 2.87 X - 6.42
5 & 3 155 3.0 1.8 357 289 5.60
5000  1.222(1.15) 5 10 - 1.55 5.0 296 - - 6.21
5 5 6 143 336 18 3.81 298 5.90
370.0 1.186(0.89) 8 17 - 141 5.0 2.88 = - 10.69
8 10 5 1.49 3 .67 3.18 272 9.438
5300.0 1.222(0.89) & 18 - 1.53 5.0 2.95 X - 10.28
8 5 7 L1.34 3.085 L7101 374 276 8.68

Table 1. Results of a comparison between the TS and DS charts.
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Conclusions

m The results showing that TS charts were more

efficient in terms of minimizing the average sample
size. There is a decrease in the expected average
sample size for the TS control scheme compared
with the DS scheme.

The TS scheme requires more time for decision-
making than the DS scheme since the number of
the sampling stage is larger. For cases where the
statistical efficiency is more important than the time
required for decision-making.
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