5514 R K F 224 CA RFHF RO No. 1
2009 4F 1 H Journal of East China Normal University (Natural Science) Jan. 2009

XEHE1000-5641(2009)01-0104-07

R AR FRIER KB IEX FRFE AT = HEE

BEL, PIAE

CHIL T RIR S Gt S 8ea2a ke, Fu 310018)

WE: £ SA B A BB I 10 R 5 1 A X AR R E AR R T
P Al X R AR 25 B 4 (E I R D (R 5 I o TR B B S T I B A R R L R
T1.5 A b AR AR 22 000 2 R B BSR4 e 4 (AR e — 1) AR 1 [ B R T
PRSH 2 B 55— T 1) SRS T PR A o A bR T s ok R R e AR A — A D e B AR
KEW: BHIE; AENREEAR R DIREE  ARXFRPERIK

RESES: 0213.1 XERARIREG: A

X charts with asymmetric sample sizes for
detecting asymmetric losses

GUO Bao-cai, SUN Li-rong

(College of Statistics and Mathematics , Zhejiang Gongshang University , Hangzhou 310018, China)

Abstract; In some production systems, upward and downward shifts of processes may cause
different losses. To meet the need of quality control in these situations,this paper proposed two
X charts with asymmetric sample sizes. A Markov chain method was used to obtain their statisti-
cal properties. Numerical results indicate, for the shifts of less than 1.5 process standard deria-
tion from the mean, that using asymmetric sample sizes is more efficient in detecting the shifts in
one direction, while without missing the shifts in the other direction. Using the warning limit
may speed up in detecting the shifts in one direction.
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x1 ASSX EIMLE R (vy=3,n,=5)

Tab.1 E(N;) of X charts with asymmetric sample sizes

8
1 1
! " 0 0.25 0. 50 0.75 1.0 1.5 -0.25 =0.50 -0.75 -1.0 -1.5
9 1 370.4 101.43  16.91 5.09 2.57 1.57 152.22 45.52 17.53 9. 00 4,91
8 2 370.4 108.63 19.70 5. 86 2.79 1.52 151. 50 48.07 19. 65 9. 85 3.25
7 3 370.4 116.58 23.30 6.97 3.15 1.49 147.27 45,25 17.42 7.76 2.18
5 5 370. 4 133.16 33.40 10.76 4,50 1.57 133.16 33. 40 10. 76 4,50 1.57

F2 ASSX AWML R(v=3,n,=5)
Tab.2 E(M,) of X charts with asymmetric sample sizes

é

n ny
0 0.25 0.50 0.75 1.0 1.5 -0.25 =0.50 =0.75 -1.0 -1.5
9 1 1852 685.5 135.0 40.1 18.3 9.8 571.2 139.2 46. 8 22.3 11.1
8 2 1852 687.7 142.9 42.8 19.0 9.1 598.5 158.3 57.1 26. 8 9.8
7 3 1852 685. 4 151.3 45.9 19.9 8.5 625.2 169. 3 60. 4 26. 4 8.6
5 5 1852 665. 8 167.0 53.8 22.5 7.8 665. 8 167.0 53.8 22.5 7.8
®3 ASSX EMLER(v=3,n,=5)
Tab.3 #n of X charts with asymmetric sample sizes

é

n ny
0 0.25 0.50 0.75 1.0 1.5 -0.25 =0.50 -0.75 -1.0 -1.5

9 1 5 6. 758 7.983 7.878 7.121 6.242 3.752 3.058 2.670 2.478 2.261
8 2 5 6.331 7.254 7.304 6. 810 5. 987 3. 950 3.293 2.906 2.721 3.015
7 3 5 5.879 6. 494 6.585 6.317 5.705 4,245 3. 741 3. 467 3. 402 3.945
5 5 5 5. 000 5. 000 5. 000 5. 000 5. 000 5. 000 5. 000 5. 000 5. 000 5. 000
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Fig. 1 An asymmetric sample size X chart with a single warning limit
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x4 FEny=1T WASS X EIY& 8 (vy=3,n,=5)

Tab.4 E(N,) of X charts with asymmetric sample sizes

n,  ny k 9

0 0.25 0.5 0.75 1.0 1.5 -0.25 -0.5 -0.75 -1.0 -1.5
1 5 0.56 370.4 79.75 9.56 3.41 2.28 1. 81 147.78  40.64 17.28 11. 86 8.74
2 15 0.61 370.4  80.00 9.54 3.37 2.23 1.76 149.97 42.87 18.61 12.56 8.32
5 5 0.84 370.4  82.60 9.78 3.35 2.19 1.65 154.03 47.07  20.15 11.99 6.25

£S5 fEn,=2T WASS X BI&E R (v=3,n,=5)

Tab.5 E(N,;) of X charts with asymmetric sample sizes

n  my k 0
0 0.25 0.5 0.75 1.0 1.5 -0.25 -0.5 =0.75 -1.0 -1.5
1 9 0.16 370.4 103.56 17.25 5.13 2.57 1.54 151.98 47.97 19. 80 10.13 3. 46
1 15 0. 67 370. 4 82. 80 9.83 3. 40 2.36 1.73 149.57 45.46 20. 46 11.82 4,35
2 9 0.18 370.4  103.62 17.26 5.13 2.57 1.54 152.37 48.47 20.12 10. 28 3. 46
2 15 0.73 370. 4 83. 41 9. 86 3.37 2.19 1.68 151.71  47.88 21.74 12.17 4,25
5 9 0.32 370.4  104.09 17.37 5.14 2.58 1.52 153. 11 49,45 20. 61 10. 38 3. 36
5 15 1.03  370.4 88.05 10.42 3.39 2.15 1.56 154.86 51.25 22.40 11.52 3.67
F6 FEny=3T WASS X EIRI& R (v=3,n,=5)
Tab.6 E(N,) of X charts with asymmetric sample sizes
é
n  ny k
0 0.25 0.5 0.75 1.0 1.5 =0.25 -0.5 =0.75 -1.0 -1.5
1 9 0.32 370.4 106.58 17.80 5.20 2. 60 1.52 148.68 45.65 17.69 7.88 2.36
1 15 0.79 370. 4 86.93 10.28 3.46 2.24 1. 69 147.46 44.064 18.03 8.32 2.74
2 9 0.37 370.4 106.85 17.86 5.21 2.59 1.51 149.23  46.28 17.98 7.98 2.36
2 15 0. 87 370. 4 88. 11 10. 39 3.43 2.19 1.63 149.28  46.45 18. 65 8.43 2.69
5 9 0. 67 370.4 108.76 18.38 5.28 2.61 1.47 149.76  47.02 18.19 7.98 2.26
5 15 1.28 370. 4 96.23  11.70 3.55 2.18 1.49 150.78  47.79 18.57 8.18 2,37
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Tab.7 E(N,) of X charts with asymmetric sample sizes

0
noon k
0 0.25 0.5 0.75 1.0 1.5 -0.25 =-0.5 -0.75 -1.0 -1.5
1 9 0.67 370.4 115.19 19.78 5.49 2.67 1.51 136.02  34.17 10. 82 4. 45 1. 69
1 15 1.06  370.4 98.58 11.95 3.72 2.34 1. 65 135.86  34.05 10. 78 4.51 1. 83
2 9 0.79 370.4 116.76 20.28 5.56 2.67 1.48 136.19  34.34 10. 87 4.48 1.67
2 15 1.19  370.4 102,06 12.57 3.76 2.29 1.56 136.46  34.41 10. 86 4.53 1.78
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Tab.8 Optimal E(N,) of X charts with asymmetric sample sizes

0 0. 25 0.50 0.75 1. 00 1.50

ny 30 30 27 18 10

ny 1 3 6 5 4

n3 1 1 1 2 5

k 1. 085 1.215 1.457 1.193 1.376
E(Ny) 53.55 5.73 2.92 2.13 1.42
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