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Introduction

Fuzzy control charts based on a-cuts

A new approach to fuzzy control charts: direct
fuzzy approach

A numerical example for number of
nonconformities
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Fig. 1. Representation of a sample by trapezoidal and/or triangular fuzzy numbers: (a) Trapezoidal (a,b,c.d) and (b) triangular (a.b.b.d).
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CL* = (@*,b,¢.d") = (CL?,CL,,CL5, CL%) (10)

LCL* = CL* = 3\/CL* = (@*,b,¢,d") - 3\/(a*,b,e,d*) = (@ -3V, b= 3ve,e - 3vb,a* - 3Va)
— (LCL* LCL,, LCL;, LCL?) (11)

UCL® = CL* + 3\ CL* = (@, b,e,d") +34/(a*,b,e.d*) = (¢ +3va,b+3Vh,c+ 3Ve,d* + 3V
= (UCL?, UCL,, UCLs, UCLY) (12)
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mode transformatlon

m RS g
[] Smod,jﬁ CL,LCL,UCL'&PT

Smod,j = [bj, ]
CLmod fmod(CL) — [CI-” CL3]

LCL, oy = CL,g — 31/CLoog = [ CL, — 3/CL,), (CL; — 3,/CL5) ]
UCL,os = CLyoy + 3v/CLog = [(CL2 +3,/CL,), (CL; + 3,/CLy) ]

N B2 2P F Fa el g
N % 3u7 £ B 9 5% % System Reliability Lab.

[LCL,, LCL,]

'UCL,, UCL5]







B BARIRITL > 4 FARP BEX ¥ F B=lpE o %
Reg By AP

0, for b; = UCL;
Soe, for (LCL, < by < UCLs) A (¢; > UCLy)
fi=19 1, for (b, = LCLy) A (¢; < UCLs) (18)

b for (b; < LCLy) A (LCLs < ¢; < UCLs)

cj—hf ?
0 for ¢; < LCL,

\ 7

JEEEX]

(in-control, for f =1 (b; = LCL; A¢; < UCL;)
out-of-control, for f =0 (b; = UCL; V¢; < LCL,)

Process control = :
< rather in-control, for f§, = f§

(19)

} otherwise

\ rather out-of-control, for f, < f8
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Ievel fuzzy mldrange transformatlon
m O-level#s T ¥a(midrange) i 3

1

m HPTop g s

cL* = o (L) = CLit CLi _ CLi+ CLy +[(CLa — CLy) = (CL; = CLy)|

mr mr D 5
LCL?M - CL:nr -3 CL:nr (23)
UCL,, =CL; +3,/CL (24)
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Fig. 4. Samples (S;,j = 1.2,...,7) resulting in two types of different decisions for « = 0.50: 8, S5, S5, Sg. S7: “out-of-control™ (x-level

fuzzy midrange (@) of §,. S5. S5. S, and S5 outside the control limits), S5, 54 “in control” («-level midrange of S5 and S, are inside the
control limits).
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in-control, for LCL, < S, < UCL,,
Process control = / (25)

out-of-control, otherwise
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median transfo
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CLiwa = farea(CL) = 7(CL{ + CLy + CLy + CL)) (27)
LCL g = CLlieg = 31/ Clg (28)
UCL? , = CL* , +3,/CL* (29)
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Fig. 6. Samples (5;./=1,2,....7) resulting in two types of different decisions for o= 0.50: 5§, 85, 85, Ss, S5 “out-of-control” (a-level

fuzzy median (@) of §;, S5, Ss, Sg, and S5 outside the control limits), S5, S4: “in control” (the «-level fuzzy medians of S5 and S, are inside
the control limits).



. r 4
m-control, for LCL_ 4 < S84 J S

< UCL;
Process control = { med (30)

out-of-control, otherwise
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dlrect fuzzy approach

B L BRAFLERA AL FEDE
EHok > % (Direct fuzzy approach ; DFA)
m g% T :E:,;};J R Ao T

CL* = (&, b,¢,d*) = (CL?, CL,,CLs, CLY)

(10)

LCL* = CL* —3\/CL* = (@,b,¢,d") - 3\/(a*,b,e,d*) = (@ -3Vanb-3Ve e~ 3Vhd - 3Va)
— (LCL?, LCL,, LCLy, LCLY) (11)

UCL* = CL* +3\/CL* = (&, b,¢,d*) + 3\/(51,5,5,31) - (a’+ 3var b +3Vb, ¢+ 3V, d* + 3\/5)
— (UCL?, UCL,, UCL,, UCL?) (12)
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Fig. 7. Ilustration of the possible areas outside the fuzzy control limits at



Eq. A-U3
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Fig. 8. Flowchart to compute the area of a fuzzy sample (a.b, ¢, d) falling outside the fuzzy control limits. (See appendix for the equations)



m The sample area above the upper control
limits » Ao

m sample area falling below the lower control
limits » 4,

m the total area outside the fuzzy control limits >

L U
Aauf - Aauf + Aaut
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Table 2

Number of nonconformities for 30 subgroups

Sample no.

A pproximately
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20-30
512

20-24

48
3644
11-15
10-13

50-52
38-41




Table 3
Fuzzy number (a.b, ¢, d) representation of 30 subgroups

No. a b ¢ d
1 25 30 30 35
2 15 20 30 35
3 4 5 12 15
4 3 6 6 8
5 32 38 38 45
3] 16 20 24 28
7 3 4 8 12
8 27 36 44 S0
9 9 11 15 20

10 7 10 13 15

11 3 6 6 10

12 27 32 32 37

13 11 13 13 15

14 39 50 52 55

15 28 38 41 45
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m The fuzzy modes, a-level fuzzy midranges,

and a-level fuzzy medians of the fuzzy
control limits 4,2 4. % 4

Table 4

Control limits and their representative values based on fuzzy mode, fuzzy midrange, and fuzzy median

Fuzzy number Fuzzy transformation method

a b ¢ d Mode Midrange (a = 0.60) Median (x = 0.60)
CL 18, 13 22, 67 26, 93 32,07 [22.67,26.93] 2495 24 88
LCL 1, 15 7, 10 12, 65 19, 29 [7.10,12.65] 10.05 9.96
UCL 30, 91 36, 95 42,5 49, 05 [36.95,42.50] 38.95 39.79
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m fuzzy mode, a-level fuzzy midrange, and a-

level fuzzy median;+

Table 5

A
~»

Decisions based on fuzzy mode, fuzzy midrange, and fuzzy median (x = 0.60, f = 0.70)

FNR= R I A

S; Smod, B; fmod,; decision ey S 390 decision fraad ! frzd ¥ decision
1 30 30 100.00 In control 30.00 In control 30.00 In control

2 20 30 100.00 In control 25.00 In control 25.00 In control

3 5 12 70.04 Rather in control 8.90 Out of control 8.70 Out of control
4 6 6 0.00 Out of control 5.80 Out of control 5.90 Out of control
5 38 38 100.00 In control 38.20 In control 38.10 In control

b 20 24 100.00 In control 22.00 In control 22.00 In control

7 4 &8 22.56 Rather out of control 6.60 Out of control 6.30 Out of control
8 36 44 81.28 Rather in control 39.40 In control 39.70 In control

9 11 15 100.00 In control 13.60 In control 13.30 In control
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Table 8

Comparison of alternative approaches: Fuzzy mode, fuzzy midrange,

j fmoa,; decision S0 decision
1 In control In control
2 In control In control
3 Rather in control Out of control
4 Out of control Out of control
5 In control In control
6 In control In control
7 Rather out of control Out of control
8 Rather in control In control
9 In control In control
10 In control In control
11 Out of control Out of control
12 In control In control
13 In control In control
14 Out of control Out of control
15 In control In control




fuzzy median, and DFA (o = 0.60 and f = 0.70)

faa?? decision DFA (2= 0.60) decision
In control In control
In control In control
Out of control Rather in control
Out of control Rather out of control
In control In control
In control In control
Out of control Rather out of control
In control Rather in control
In control In control
In control In control
Out of control Rather in control
In control In control
In control In control
JQVGOL 2 g ’H‘fil%[i”‘ F1¥ Out of control Out of control
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m 40 %k A3 32DFA(85.81%)2 Z_5 "Rather in
control” > e H {4 m—f;vz:uj Z_% out-of-control”

Table 7

Decisions based on direct fuzzy approach (= 0.60, f = 0.70)

S; a b ¢ d* Area out Sample’s area i DFA decision

1 28 30 30 32 0.00 0.80 100.00 In control

2 18 20 30 32 0.00 4.80 100.00 In control

3 4.6 5 12 13.2 0.44 3.12 85.81 Rather in control

-

g’%ﬁl:‘_ ZHpHAF1IEIERFERE
N % 327 £ B F 5% % System Reliability Lab

=~/




Id

m T

Process control = ¢

SR
i

)
K

R AT E AR

( in-control, 0.85 <f, <1
rather in control, 0.60 < f; < 0.85
rather out of control, 0.10 < f; < 0.60

| out-of -control, 0 < ﬁj < 0.10
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