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Abstract

Purpose: In many industrial processes, there are situations where simultaneous monitoring and control of two or
more dependent variables are necessary. In such cases, univariate control of quality characteristics can be misleading
when considered independently. In the classical approach, when a quality characteristic falls outside the specified
technical limits, the quality loss is regarded as a cost. All products within the technical limits of the quality
characteristic are assumed to have similar quality, regardless of the deviation of the quality characteristic from its
target value. However, it is essential to distinguish between products that fall within the technical limits of the

quality characteristic, as any deviation from the target value incuts a proportional loss.

Methodology: This paper introduces, for the first time in the literature, a reflected normal loss function to
determine the average cost of producing non-conforming products when two quality characteristics are evaluated.
In summary, this study focuses on the statistical-economic design of a multivariate T?-Hotelling control chart with
multivariate variable sampling intervals in the presence of a reflected normal multivariate loss function
(RNLMVSIT?). Additionally, a sensitivity analysis is conducted to examine the effects of time and cost parameters

on the design parameters and the average cost.
Findings: The results demonstrate the satisfactory performance of the proposed models.

Originality/Value: This paper introduces, for the first ime in the literature, a reflected normal loss function to

determine the average cost of producing non-conforming products when two quality characteristics are evaluated.

Keywords: Statistical-economic design, T?-hotelling control chart, Markov chain, Reflected normal multivariate
loss function.
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Figure 2- Comparison of VSIT2 and FRST2 control charts based on the normal reflection loss function.
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Table 1- Process input parameter levels in sensitivity analysis.
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Figure 3- The effect of input parameters on the average cost per unit of time and the average number
of false alarms.

Table 2- Statistical-economic design of the FRST? control chart based on the
normal reflection loss function.

d Kk h n ANF AATS E(A)
042 1344 241 129 05 51 841.64

0.46 1344 241 106 0.5 51 793.03
052 1344 241 85 05 51 749.57
058 1344 241 68 05 51 714.32

0.72 1343 242 44 05 51 665.86
053 1341 244 83 05 51 743.83
056 13.44 241 73 05 5.1 724.67
06 1344 242 63 05 5.1 704.03
0.65 13.44 242 53 05 5.1 684.56
0.77 43.13 242 38 05 5.1 653.05
0.64 1343 242 55 05 5.1 688.86
0.67 1343 242 52 05 5.1 680.58
0.7 1343 242 47 05 5.1 670.53
0.74 1343 242 42 05 5.1 659.94
0.85 1343 242 32 05 5.1 640.28
0.76 13.43 242 40 05 5.1 655.97
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Table 3- Statistical-economic design of VSIT? control chart based on normal reflection loss function (m=2).

Aalol =Y Jgde
Table 2- Continued.

d kK h n ANF AATS E(A)

078 1343 242 38 05 51 652.13
081 1343 242 35 05 51 647.00
084 1343 242 32 05 51 641.12
093 1343 243 27 05 51 628.97
1 1342 243 23 05 51 621.21
101 1342 243 22 05 51 620.23
103 1342 243 22 05 51 618.69
106 1342 244 21 05 51 616.70
112 1342 244 18 05 51 611.88

d Kk w h; h, n ANF AATS E(A) PS

042 1372 4/42 0/41 2/30 82 0/50 1/50  771/00 8/4%
046 1375 4/24 0/32 2/30 64 0/50 1/50  729/62 8/0%
052 13.77 4/08 0/25 2/32 49 0/50 1/50  694/63 7/3%
058 13.78 3/94 0/19 2/33 38 0/50 1/50  667/73 6/5%
072 1379 3/77 0/12 2/36 24 0/50 1/50  632/99 4/9%
053 1377 4/05 0/24 2/32 47 0/50 1/50  690/25 7/2%
056 1378 3/98 0/21 2/33 41 0/50 1/50  675/48 6/8%
06 1378 3/90 0/17 2/34 35 0/50 1/50  660/13 6/2%
065 1379 3/83 0/15 2/35 29 0/50 1/50  646/08 5/6%
077 1379 3/73 0/10 2/38 20 0/50 1/50  624/25 4/4%
064 1379 385 0/15 2/35 30 0/50 1/50  649/15 5/8%
067 1379 3/82 0/14 2/35 28 0/50 1/50  643/26 5/5%
07 1379 3/79 0/12 2/36 25 0/50 1/50  636/22 5/1%
074 1379 3/75 0/11 2/37 22 0/50 1/50  628/92 4/7%
085 1373 3/87 0/10 2/42 17 0/50 1/50  616/14 3/8%
076 1379 3/74 0/10 2/37 21 0/50 1/50  626/23 4/5%
078 1378 3/76 0/10 2/39 20 0/50 1/50  623/63 4/4%
081 1373 3/87 0/10 2/42 19 0/50 1/50  620/37 4/1%
084 1373 3/87 0/10 2/42 18 0/50 1/50  616/66 3/8%
093 13/72 3/89 0/10 2/43 14 0/50 1/50  609/01 3/2%
1.0 13/71 3/91 0/10 2/43 12 0/50 1/50  604/12 2/8%
101 13/71 3/91 0/10 2/43 12 0/50 1/50  603/50 2/7%
1.03 13/71 3/91 0/10 2/43 12 0/50 1/50  602/53 2/6%
1.06 13/71 3/92 0/10 2/44 11 0/50 1/50  601/28 2/5%
112 13/70 3/94 0/10 2/44 10 0/50 1/50  598/24 2/2%
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Table 4- The effect of model input parameters on the control chart RNLMVSIT?Z.

Run T, T, a; a, az ag A 8, & A A A Ve V2 Yz Kk w h, h, n ANF AATS E(A)

1 0/16 0/75 2 3 500 800 0.001 0.75 1 3 1 0/8 12 1 0.3 13.75 4.24 0.32 2.30 64 0.50 1.50 89/897
2 0/16 0/75 2 5 1000 1000 0.01 15 3 10 3 215 1.9 1.6 0.8 10.62 3.53 0.10 2.35 8 0.25 1.50 37/1799
3 0/16 0/75 2 12 1500 1200 0.1 25.2 45 15 5 4 2.7 2.5 1 9.76 3.84 0.10 1.70 4 0.05 1.10 77/2558
4 0/16 0/75 2 3 500 800 0.001 15 3 10 3 4 2.7 2.5 1 1371 3.92 0.10 2.44 9 0.50 1.50 92/1699
5 0/16 0/75 2 5 1000 1000 0.01 25.2 45 15 5 0/8 12 1 0.3 1174 3.80 0.10 242 4 0.13 1.50 73/2761
6 0/16 0/75 2 12 1500 1200 0.1 0.75 1 3 1 215 1.9 1.6 0.8 4.69 2.85 0.52 2.00 29 0.50 1.50 56/866
7 0/16 0/75 8 3 500 1000 0.1 0.75 3 15 5 0/8 1.9 1.6 1 9.68 4.26 0.10 2.02 11 0.04 1.25 22/2597
8 0/16 0/75 8 5 1000 1200 0.001 15 45 3 1 215 2.7 2.5 0.3 13.57 4.30 0.10 2.54 5 0.50 1.50 78/544
9 0/16 0/75 8 12 1500 800 0.01 25.2 1 10 3 4 12 1 0.8 9.26 3.42 0.10 2.32 7 0.50 1.50 20/1939
10 0/16 2 2 3 500 1200 0.01 0.75 4/5 10 5 2/5 12 25 0.8 13.12 4.03 0.10 2.46 6 0.07 1.50 10/1765
11 0/16 2 2 5 1000 800 0.1 15 1 15 1 4 1.9 1 1 6.74 3.32 0.10 1.93 13 0.20 137 40/2493
12 0/16 2 2 12 1500 1000 0.001 25.2 3 3 3 0/8 27 2.5 0.3 13.74 3.84 0.10 241 6 0.50 1.50 27/569
13 0/16 2 8 3 1000 1200 0.001 25.2 3 3 5 4 1.9 1 0.8 1354 4.42 0.10 2.56 7 0.50 1.50 38/499
14 0/16 2 8 5 1500 800 0.01 0.75 45 10 1 0/8 27 2.5 1 9.06 3.84 0.10 2.46 5 0.50 1.50 71/4250
15 0/16 2 8 12 500 1000 0.1 15 1 15 3 2/5 12 2.5 0.3 5.54 3.24 0.10 2.05 11 0.33 1.50 78/2382
16 0/16 2 8 3 1000 1200 0.01 0.75 1 15 3 4 27 2.5 0.3 9.28 3.42 0.23 2.27 45 0.50 1.50 39/2609
17 0/16 2 8 5 1500 800 0.1 15 3 3 5 0/8 12 2.5 0.8 9.43 4.20 0.10 2.38 8 0.04 1.50 57/593
18 0/16 2 8 12 500 1000 0.001 25.2 45 10 1 2/5 1.9 1 1 13.65 4.07 0.10 2.48 4 0.50 1.50 90/1883
19 077 0/75 8 3 1000 800 0.1 25.2 45 3 3 2/5 12 1.6 1 10.66 5.12 0.10 2.56 5 0.02 1.50 94/617
20 077 0/75 8 5 1500 1000 0.001 0.75 1 10 5 4 1.9 2.5 0.3 13.74 4.27 0.32 231 64 0.50 1.50 99/1864
21 077 0/75 8 12 500 1200 0.01 15 3 15 1 0/8 27 1 0.8 9.25 3.43 0.10 2.32 7 0.50 1.50 78/5340
22 0/7 0/75 8 3 1000 1000 0.1 25.2 1 10 1 0/8 2.7 2.5 0.8 6.12 3.67 0.10 1.01 7 0.50 0.64 51/4076
23 0/7 0/75 8 5 1500 1200 0.001 0.75 3 15 3 2/5 1.2 1 1 13.67 4.03 0.10 2.47 12 0.50 1.50 33/2929
24 0/7 0/75 8 12 500 800 0.01 15 4/5 3 5 4 1.9 1.6 0.3 9.19 3.56 0.10 237 4 0.50 1.50 98/556
25 0/7 0/75 2 3 1500 1000 0.001 15 4/5 15 1 4 1.2 1.6 0.8 13.67 4.03 0.10 2.47 5 0.50 1.50 40/2750
26 0/7 0/75 2 5 500 1200 0.01 25.2 1 3 3 0/8 1.9 25 1 10.79 3.55 0.10 2.35 8 0.23 1.50 31/549
27 0/7 0/75 2 12 1000 800 0.1 0.75 3 10 5 2/5 2.7 1 0.3 4.63 2.83 0.63 2.04 6 0.50 1.50 31/1777
28 0/7 2 8 3 1500 1000 0.01 15 1 3 5 2/5 2.7 1 1 9.67 3.61 0.10 2.38 17 0.39 1.50 40/579
29 0/7 2 8 5 500 1200 0.1 25.2 3 10 1 4 1.2 1.6 0.3 5.75 3.66 0.10 1.35 5 0.44 0.88 47/1589
30 0/7 2 8 12 1000 800 0.001 0.75 4/5 15 3 0/8 1.9 25 0.8 13.68 4.01 0.10 2.46 6 0.50 1.50 78/2636
31 0/7 2 2 3 1500 1200 0.1 15 4/5 10 3 0/8 1.9 1 0.3 6.35 341 0.10 0.93 3 0.50 0.61 06/1668
32 0/7 2 2 5 500 800 0.001 25.2 1 15 5 2/5 2.7 1.6 0.8 13.73 3.87 0.10 242 10 0.50 1.50 25/2616
33 0/7 2 2 12 1000 1000 0.01 0.75 3 3 1 4 1.2 25 1 9.33 3.29 0.10 2.27 9 0.50 1.50 38/600
34 0r7 2 2 3 1500 800 0.01 25.2 3 15 1 2/5 1.9 2.5 0.3 9.22 3.50 0.10 2.35 5 0.50 1.50 91/2667
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36 07 2 2 12 1000 1200 0.001 15 1 10 5 0/8 12 1.6 1 13.78 3.76 0.10 2.39 20 0.50 1.50 26/1970
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