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Abstract 
This paper presents a study towards designing an attribute sampling plan on Quick Switching Conditional Repetitive Group Sampling System (QSCRGSS)-2 indexed through Average Outgoing Quality (AOQ), Average Outgoing Quality Level (AOQL) and its Operating Ratio (OR). Tables are provided with numerical illustrations for newly developed plan for its various plan parameters. 
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Introduction

Statistical Quality Control is widely used in industry to ensure customer satisfaction due to mass production of products and services. Acceptance sampling was widely used to test the quality of the product towards reduction of variability in process and product where variation is measured by statistical methods. An important field of statistical quality control is acceptance sampling. It is used as either to accept or reject products under sample inspection when 100% inspection is not possible. The primary objective of sampling inspection is to reduce the cost of inspection while at the same time assuring the customer to an adequate level of quality for the items being inspected under identical conditions for both the producer and consumer. 
This paper presents a situation to implement two sampling plans are to be considered and converted in to a new repetitive sampling plan for attributes. These are Quick Switching System as base plan and Conditional Repetitive Group Sampling Plan as reference plan to propose a new sampling plan as Quick Switching Conditional Repetitive Group Sampling System (QSCRGSS)-2. Sampling plan is widely used in government sector and industry for controlling the quality of shipment of components, supplies and final products (e.g. life of electric bulbs, tensil strength and hardness of steel casting etc.,). Similar situations can be thought over the time where the quality of the product improves with decrease in the value of inspection cost.
Quick Switching System

Dodge (1967) proposed a new sampling inspection involving normal and tightened inspection plans is usually referred as two-plan system. Later, Romboski (1969) studies a Quick Switching System, switching to tightened inspection when the rejection comes in the normal inspection. Due to instantaneous switching between normal and tightened plans, this system is referred as ‘Quick Switching System (QSS)’. Romboski (1969) has further studied the merits and demerits of switching rules of QSS when it is compared with two-plan system (m, d). The rule of QSS is retained at m=1 where as tightened rule is made when d>1.Two natural choice for tightened rule for d=2, d=3 etc., which are designed as QSS-2, QSS-3 and QSS-d. Schilling (1981) has mentioned the switching rules employed in the system are simple and the condition for application for system
has evolved. 
Conditional Repetitive Group Sampling (CRGS) plan

The concept of Repetitive Group Sampling (RGS) plan was introduced by Sherman (1965) in which acceptance or rejection of a lot is based on the repeated sample results on the same lot. Soundararajan and Ramasamy (1986) has tabulated values for the selection of RGS plan indexed through (AQL, AOQL), (p0, h0) and (p*, h*). Gauri shankar and Mohapatra (1993) has developed a new repetitive group sampling plan designated as Conditional Repetitive Group Sampling plan in which disposal of lot on the basis of repeated sample results is dependent on the outcome of the inspection of the immediate preceding i lots. Further they derived the formulae for OC and ASN function.  


Devraj Arumainayagam (1991) has studied QSS-1 with RGS plan as reference plan. Further Suresh and Kaviyarasu (2008) have studied QSS-1 and QSS-2 with Conditional RGS Plan as Reference plan indexed with Acceptable Quality Level (AQL), Limiting Quality Level (LQL), Indifference Quality Level (IQL) and AOQL. This paper provides a new procedure for selection of QSS-3 with Conditional RGS plan indexed through certain basic out quality levels, which are tailor made for industrial shop floor applications.
Designation


QSCRGSS-2 (n; u1, u2; v1, v2​) refers to a Quick Switching System of type 2 where the normal CRGS plan has a sample size n and acceptance number u1, u2 (u1 < u2) and the tightened CRGS plan has a sample size n and acceptance number v1, v2 (v1< v2, v1≤ u1 and v2 ≤ u2). 

Operating Procedure

The Quick Switching Conditional Repetitive Group Sampling plan-2 is carried out through the following steps: 
Step 1: Draw a random sample of size n and test each unit for conformance for the 

      specified requirements. 

Step 2: Under normal inspection, inspect the plan under Conditional  Repetitive 
             Group Sampling plan with the parameters n, u1 and u2. If lot is accepted,
             continue step 2 otherwise step 3.

      Step3: Under tightened inspection, inspect the plan under Conditional Repetitive
                 Group Sampling plan with the parameters n, v1 and v2.  If a lot is accepted, 
                 Continue step 3 for next two lots and go to step 2, otherwise step 3.

Thus, the Quick Switching Conditional Repetitive Group Sampling Systems (QSRGSS)-2 are characterized with six parameters namely, n, u1, u2, v1, v2, and i. Here, it may be observed that when u1 = u2 = v1 = v2, and i = 0 the resulting plan is reduced to Repetitive Group Sampling plan due to Sherman (1965). Further, the Quick Switching Conditional Repetitive Group Sampling plan-3 is applicable to a stream of lots and not for isolated lots.
Operating Characteristics Function

Based on Sherman (1965), Romboski (1969), Arumainayagam (1991) and Jayalakshmi (2009) the expression for OC function of QSCRGSS-2 is given by, 

                            Pa (p) = 
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Where,
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and

PT = 
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Glossary

N = lot size

n = sample size

p = incoming quality of the submitted lot

Pa (p) = Probability of Acceptance

PN = probability of acceptance under normal inspection

PT = probability of acceptance under tightened inspection

u1 and u2 = acceptance numbers under normal inspection

v1 and v2 = acceptance numbers under tightened inspection

ho = relative slope of the OC curve at p0
α = Consumer risk and β = producer risk

P0.95, P0.50 = the lot or process quality for which the probability of acceptance is 0.95 and 0.50 etc., for given sampling plan

i = clearance interval

PL = Average Outgoing Quality Limit (AOQL) and Pm = Quality at which AOQL occurs

Designing QSCRGSS-2 for different parameters

Designing systems for given AQL and AOQL
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Table 2 can be used to design a QSCRGSS-2 indexed by AQL and AOQL. For example, given AQL = 5.1% (α= 0.05) and AOQL = 7.04% one can compute AOQL / AQL = 7.04 
/ 5.1 = 1.38039. From the table 1 the value of AOQL / AQL closest to the desired value is 1.3704. This value corresponds to u1 = 1, u2 = 4, v1 = 1, v2 = 3, i = 2 and np1 = 0.690.                                                    

        Figure 1: AOQ curve for QSCRGSS-2 Plan
Determining the value of AOQL of a given system

Table 1 can be used to obtain the values of AOQL and pm for a given system. For example, QSCRGSS-2(63; 3, 8; 3, 6) when i = 1, from table 1, corresponding to these entry plan parameters one can get nAOQL = 2.4880 and npm = 3.1061. So AOQL = nAOQL / n = 2.4880 / 63 = 0.03949 and pm = npm / n = 3.1061 / 63 = 0.04930.

Conversion from one set of parameters to the other


Table 1 can be used to convert the given set of parameters to another familiar equivalent set. For example, for given AQL = 0.05, α = 0.05, LQL = 0.09 and    β = 0.10, from the Table one can fix the QSCRGSS-2 plan as n = 55, u1 = 3, u2 = 4, v1 = 2, v2 = 3 when i = 1. Corresponding to these entry parameters, one can find the following values from tables.

np1 = 1.808

npm = 2.2551

nAOQL = 1.8198

np0 = 2.2954

h0 = 1.8461

From these values, one can find the equivalent parameters of QSCRGSS-2 as follows:

1. AQL (α = 0.05) = 0.05, AOQL = nAOQL / n = 1.8198 / 55 = 0.03308
2. IQL = np0 / n = 2.2954 / 55 = 0.04173
Thus, for given (AQL, 1-α) and (LQL, β), other equivalent parameters were (AQL, AOQL) and (p0, h0) are (0.05, 0.03308) and (0.04173, 1.8461).

Designing Systems given p1, α, p2 and β

Table 3 can be used to design Quick Switching Conditional Repetitive Group Sampling System (QSCRGSS)-2, when two points on the OC curve (p1, 1- α) and (p2, β) are given. To design a QSCRGSS-2 the operating ratio (OR) = p2 / p1. From table 3, one can determine the value of OR which is nearer to the desired ratio. Corresponding to the selected OR values of u1, u2, v1, v2 and np1 when i = 1. The sample size is determined by dividing np1 by p1. 

 
For example, let p1 = 0.05, α = 0.05, p2 = 0.395 and β = 0.10, calculate the Operating Ratio (OR) = p2 / p1 = 0.395 / 0.05 = 7.9. From the table 3 the value of OR for α = 0.05 and β = 0.10 which is the nearest to the desired ratio is 8.0731. Corresponding to this selected OR values are u1 = 1, u2 = 2, v1 = 0, v2 = 1 when i = 1 and np1 = 0.372. The sample size is obtained as n = np1 / p1 = 0.372 / 0.05 = 7.44 ~ 7. The desired system is QSCRGSS-2(7; 1, 2) for normal and (7; 0, 1) for tightened case when i = 1.

Construction of Tables

The expression for probability of acceptance of Quick Switching Conditional Repetitive Group Sampling System (QSCRGSS)-2, under the assumption of Poisson model, the composite OC function is given by equation (1) with
PN = 
[image: image4.wmf](

)

(

)

(

)

(

)

i

u

x

x

np

u

x

u

x

x

np

x

np

u

o

x

x

np

x

np

e

x

np

e

x

np

e

x

np

e

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

-

+

å

å

å

å

=

-

=

=

-

-

=

-

1

1

2

1

0

0

0

!

/

!

/

!

/

1

!

/

 

       (4)

PT = 
[image: image5.wmf](

)

(

)

(

)

(

)

i

v

x

x

np

v

x

v

x

x

np

x

np

v

o

x

x

np

x

np

e

x

np

e

x

np

e

x

np

e

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

-

+

å

å

å

å

=

-

=

=

-

-

=

-

1

1

2

1

0

0

0

!

/

!

/

!

/

1

!

/


                   (5)

For various assumed values of u1, u2, v1, v2, i and Pa (p) the equation (1) is solved with the equation (4) and (5) one can get the np using iteration techniques c++ computer program may be programmed and values are obtained. Utilizing the np values tabulated for different values of u1, u2, v1, v2 and i. From table 1 and 2 the various outgoing quality levels and Operating Ratio values are calculated for different α and β values are given. Assuming nAOQ = np * Pa(p), value of np which maximizes nAOQ was obtained by the method of successive approximation and these values (npm) together with nAOQL( = npm*Pa(pm)) appear in table 1 to 4.

Conclusion

Acceptance sampling is a technique which gives a better solution to the problems faced by the industry. Acceptance sampling itself does not improve quality, but whenever the lot is rejected it indicates the instability of the production process. Acceptance sampling is a cost efficient one and only an admissible method which is used for destructive and costly tests which provides quick results. Sampling plans are necessary to provide the disposal of defective products made, while efforts are activated to control the process. In that Quick Switching System and Conditional RGS Plan have wide potential applicability in industries to ensure a high standard of quality attainment and increased customer satisfaction. Here, an attempt is made towards the concept of Quick Switching Conditional Repetitive Group Sampling System (QSCRGSS)-2 in which disposal of a lot is on the basis of normal and tightened plans. Poisson unity values have been tabulated for a wide range of plan parameters. The present development would be valuable addition in the literature and a useful device to the quality practitioners. The concept of this article may be of assistance to quality control engineers and plan designers in the development of further plans.
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Table-1: Operating Ratio values for QSCRGSS-2 (n; u1, u2; v1, v2) when i = 1

	u1
	u2
	v1
	v2
	p2 / p1 for α = 0.05
	p2 / p1 for α = 0.01

	
	
	
	
	α=0.05

β=0.10
	α=0.05

β=0.05
	α=0.05

β=0.01
	np1for α=0.05
	α=0.01

β=0.10
	α=0.01

β=0.05
	α=0.01

β=0.01
	np1 for α=0.01 

	0
	2
	0
	1
	10.3123
	13.3188
	20.4260
	0.2255
	23.2542
	30.0337
	46.0605
	0.1000

	0
	3
	0
	1
	10.1569
	13.1152
	20.1138
	0.2290
	23.1435
	29.8843
	45.8313
	0.1000

	0
	3
	0
	2
	10.2639
	13.1633
	20.1182
	0.2290
	23.3873
	29.9938
	45.8413
	0.1005

	0
	4
	0
	3
	10.3490
	13.2113
	20.1248
	0.2290
	23.5813
	30.1032
	45.8562
	0.1005

	1
	2
	0
	1
	3.8547
	4.9158
	7.5147
	0.6130
	6.3180
	8.0572
	12.3171
	0.3739

	1
	3
	0
	1
	3.3241
	4.2307
	6.4653
	0.7125
	4.9394
	6.2865
	9.6071
	0.4794

	1
	3
	1
	2
	4.9328
	5.9938
	8.3770
	0.7925
	7.9458
	9.6548
	13.4938
	0.4919

	1
	4
	1
	2
	4.7219
	5.7368
	8.0179
	0.8280
	7.5919
	9.2236
	12.8911
	0.5149

	1
	4
	1
	3
	4.7417
	5.7372
	8.0046
	0.8295
	7.6375
	9.2411
	12.8931
	0.5149

	1
	5
	1
	2
	4.6823
	5.6887
	7.9506
	0.8350
	7.5552
	9.1790
	12.8288
	0.5174

	1
	5
	1
	4
	4.7324
	5.7058
	7.9435
	0.8360
	7.6451
	9.2177
	12.8327
	0.5174

	2
	3
	1
	2
	3.2989
	3.9862
	5.5629
	1.1935
	5.0968
	6.1587
	8.5946
	0.7725

	2
	4
	1
	3
	2.8235
	3.3963
	4.7310
	1.4035
	4.0190
	4.8342
	6.7340
	0.9860

	2
	5
	1
	3
	2.6847
	3.2276
	4.4956
	1.4770
	3.7496
	4.5078
	6.2787
	1.0575

	2
	6
	1
	3
	2.6441
	3.1827
	4.4305
	1.4980
	3.6913
	4.4432
	6.1853
	1.0730

	2
	6
	1
	5
	2.6534
	3.1720
	4.4008
	1.5095
	3.7293
	4.4582
	6.1851
	1.0740

	2
	7
	1
	4
	2.6393
	3.1612
	4.3939
	1.5115
	3.7058
	4.4385
	6.1693
	1.0765

	2
	7
	1
	6
	2.6521
	3.1658
	4.3861
	1.5150
	3.7305
	4.4532
	6.1697
	1.0770

	2
	7
	2
	3
	3.4483
	4.0680
	5.4272
	1.5490
	4.9479
	5.8371
	7.7875
	1.0795

	2
	7
	2
	5
	3.4710
	4.0721
	5.4177
	1.5520
	4.9878
	5.8515
	7.7853
	1.0800

	3
	4
	1
	3
	2.3623
	2.8134
	3.9065
	1.7000
	3.2849
	3.9122
	5.4322
	1.2225

	3
	4
	2
	3
	2.9624
	3.4831
	4.6421
	1.8110
	4.3458
	5.1095
	6.8098
	1.2345

	3
	5
	1
	2
	2.1582
	2.5713
	3.5750
	1.8575
	2.7318
	3.2546
	4.5250
	1.4674

	3
	5
	2
	3
	2.5909
	3.0451
	4.0584
	2.0714
	3.5147
	4.1309
	5.5054
	1.5269

	3
	6
	1
	2
	2.0660
	2.4560
	3.4133
	1.9455
	2.5536
	3.0357
	4.2188
	1.5739

	3
	6
	1
	5
	2.0198
	2.3837
	3.2948
	2.0164
	2.5250
	2.9800
	4.1190
	1.6129

	3
	6
	2
	5
	2.4353
	2.8465
	3.7833
	2.2224
	3.2566
	3.8065
	5.0592
	1.6619

	3
	7
	2
	4
	2.3869
	2.7961
	3.7218
	2.2589
	3.1699
	3.7133
	4.9426
	1.7009

	3
	8
	3
	6
	2.9664
	3.4211
	4.4202
	2.2729
	3.9897
	4.6012
	5.9450
	1.6899

	4
	6
	2
	3
	2.0727
	2.4176
	3.2153
	2.6149
	2.6196
	3.0555
	4.0638
	2.0689

	4
	6
	2
	5
	2.0349
	2.3624
	3.1338
	2.6834
	2.6115
	3.0318
	4.0217
	2.0909

	4
	7
	3
	6
	2.2764
	2.6179
	3.3802
	2.9724
	2.9491
	3.3914
	4.3790
	2.2944

	5
	7
	2
	6
	1.7626
	2.0190
	2.6827
	3.1579
	2.4606
	2.8187
	3.7452
	2.2619


Table-2: Operating Ratio values for QSCRGSS-2 (n; u1, u2; v1, v2) when i = 2

	u1
	u2
	v1
	v2
	p2 / p1 for α = 0.05
	p2 / p1 for α = 0.01

	
	
	
	
	α=0.05

β=0.10
	α=0.05

β=0.05
	α=0.05

β=0.01
	np1for α=0.05
	α=0.01

β=0.10
	α=0.01

β=0.05
	α=0.01

β=0.01
	np1 for α=0.01 

	0
	2
	0
	1
	13.7198
	17.8356
	27.4140
	0.0600
	31.7921
	41.3293
	63.5248
	0.0725

	0
	3
	0
	1
	13.6416
	17.7300
	27.2518
	0.0600
	31.7990
	41.3293
	63.5248
	0.0725

	0
	3
	0
	2
	13.6564
	17.7330
	27.2518
	0.0600
	31.8334
	41.3362
	63.5248
	0.0725

	0
	4
	0
	3
	13.6682
	17.7359
	27.2517
	0.0600
	31.8610
	41.3431
	63.5248
	0.0725

	1
	2
	0
	1
	4.2217
	5.4209
	8.3067
	0.3240
	6.7952
	8.7254
	13.3704
	0.3445

	1
	3
	0
	1
	3.8181
	4.9004
	7.5078
	0.3700
	5.7413
	7.3686
	11.2894
	0.4080

	1
	3
	1
	2
	5.7232
	6.9773
	9.7578
	0.3805
	9.2773
	11.3102
	15.8175
	0.4195

	1
	4
	1
	2
	5.5957
	6.8218
	9.5404
	0.3865
	9.0613
	11.0469
	15.4492
	0.4295

	1
	4
	1
	3
	5.5952
	6.8176
	9.5335
	0.3865
	9.0672
	11.0481
	15.4492
	0.4295

	1
	5
	1
	2
	5.5756
	6.7974
	9.5062
	0.3870
	9.0508
	11.0341
	15.4312
	0.4300

	1
	5
	1
	4
	5.5788
	6.7939
	9.5044
	0.3870
	9.0624
	11.0364
	15.4394
	0.4300

	2
	3
	1
	2
	3.4684
	4.2049
	5.8751
	0.7220
	5.2678
	6.3865
	8.9231
	0.7440

	2
	4
	1
	3
	3.1019
	3.7581
	5.2502
	0.8370
	4.3947
	5.3244
	7.4384
	0.8925

	2
	5
	1
	3
	3.0118
	3.6485
	5.1354
	0.8620
	4.2180
	5.1097
	7.1922
	0.9300

	2
	6
	1
	3
	2.9915
	3.6234
	5.1002
	0.8660
	4.1893
	5.0742
	7.1423
	0.9365

	2
	6
	1
	5
	2.9854
	3.6132
	5.0847
	0.8660
	4.1913
	5.0726
	7.1385
	0.9370

	2
	7
	1
	4
	2.9820
	3.6100
	5.0808
	0.8665
	4.1875
	5.0694
	7.1347
	0.9375

	2
	7
	1
	6
	2.9816
	3.6081
	5.0770
	0.8665
	4.1879
	5.0677
	7.1309
	0.9380

	2
	7
	2
	3
	3.9396
	4.6591
	6.2199
	0.8700
	5.6581
	6.6914
	8.9331
	0.9410

	2
	7
	2
	5
	3.9404
	4.6560
	6.2153
	0.8700
	5.6634
	6.6919
	8.9331
	0.9410

	3
	4
	1
	3
	2.4672
	2.9585
	4.1204
	1.1590
	3.3509
	4.0182
	5.5962
	1.1865

	3
	4
	2
	3
	3.0615
	3.6081
	4.8431
	1.1855
	4.4293
	5.2201
	7.0068
	1.2075

	3
	5
	1
	2
	2.2904
	2.7448
	3.8227
	1.3120
	2.9007
	3.4762
	4.8413
	1.3715

	3
	5
	2
	3
	2.7744
	3.2691
	4.3604
	1.3645
	3.7457
	4.4137
	5.8871
	1.4280

	3
	6
	1
	2
	2.2251
	2.6646
	3.7105
	1.3585
	2.7729
	3.3204
	4.6239
	1.4360

	3
	6
	1
	5
	2.1957
	2.6265
	3.6564
	1.3675
	2.7442
	3.2826
	4.5698
	1.4530

	3
	6
	2
	5
	2.6617
	3.1339
	4.1794
	1.4205
	3.5527
	4.1830
	5.5785
	1.5070

	3
	7
	2
	4
	2.6378
	1.6281
	4.1434
	1.4320
	3.5083
	2.1654
	5.5108
	1.5255

	3
	8
	3
	6
	3.2638
	3.7848
	4.9027
	1.4310
	4.3939
	5.0952
	6.6001
	1.5220

	4
	6
	2
	3
	2.1756
	2.5466
	3.3901
	1.9040
	2.7388
	3.2058
	4.2677
	1.9699

	4
	6
	2
	5
	2.1495
	2.5143
	3.3469
	1.9125
	2.7229
	3.1850
	4.2397
	1.9829

	4
	7
	3
	6
	2.4476
	2.8310
	3.6645
	2.0224
	3.1607
	3.6557
	4.7320
	2.1229

	5
	7
	2
	6
	1.8415
	2.1297
	2.8247
	2.4159
	2.1994
	2.5436
	3.3737
	2.4924


Table-3: Operating Ratio values for QSCRGSS-2 (n; u1, u2; v1, v2) when i = 3

	u1
	u2
	v1
	v2
	p2 / p1 for α = 0.05
	p2 / p1 for α = 0.01

	
	
	
	
	α=0.05

β=0.10
	α=0.05

β=0.05
	α=0.05

β=0.01
	np1 for α=0.05
	α=0.01

β=0.10
	α=0.01

β=0.05
	α=0.01

β=0.01
	np1for α=0.01 

	0
	2
	0
	1
	16.2751
	21.1723
	32.5480
	0.1680
	38.3821
	49.9312
	76.7591
	0.0600

	0
	3
	0
	1
	16.2178
	21.0977
	32.4334
	0.1690
	38.3821
	49.9312
	76.7591
	0.0600

	0
	3
	0
	2
	16.2213
	21.0977
	32.4334
	0.1690
	38.3904
	49.9312
	76.7591
	0.0600

	0
	4
	0
	3
	16.2213
	21.0977
	32.4334
	0.1690
	38.3904
	49.9312
	76.7591
	0.0600

	1
	2
	0
	1
	4.5047
	5.7907
	8.8740
	0.5545
	7.2159
	9.2759
	14.2147
	0.3240

	1
	3
	0
	1
	4.1683
	5.3581
	8.2096
	0.6135
	6.3201
	8.1240
	12.4475
	0.3700

	1
	3
	1
	2
	6.2797
	7.6579
	10.7157
	0.6800
	10.2243
	12.4682
	17.4466
	0.3805

	1
	4
	1
	2
	6.1849
	7.5423
	10.5538
	0.6955
	10.0656
	12.2746
	17.1757
	0.3865

	1
	4
	1
	3
	6.1800
	7.5363
	10.5454
	0.6960
	10.0656
	12.2746
	17.1757
	0.3865

	1
	5
	1
	2
	6.1751
	7.5303
	10.5371
	0.6980
	10.0526
	12.2588
	17.1535
	0.3870

	1
	5
	1
	4
	6.1702
	7.5243
	10.5287
	0.6985
	10.0526
	12.2588
	17.1535
	0.3870

	2
	3
	1
	2
	3.6054
	4.3733
	6.1103
	1.1300
	5.4256
	6.5811
	9.1950
	0.7220

	2
	4
	1
	3
	3.3043
	4.0081
	5.6000
	1.2645
	4.6801
	5.6769
	7.9316
	0.8370

	2
	5
	1
	3
	3.2361
	3.9253
	5.4844
	1.3025
	4.5444
	5.5122
	7.7016
	0.8620

	2
	6
	1
	3
	3.2215
	3.9076
	5.4596
	1.3115
	4.5234
	5.4868
	7.6660
	0.8660

	2
	6
	1
	5
	3.2162
	3.9011
	5.4506
	1.3155
	4.5234
	5.4868
	7.6660
	0.8660

	2
	7
	1
	4
	3.2149
	3.8995
	5.4484
	1.3165
	4.5208
	5.4836
	7.6616
	0.8665

	2
	7
	1
	6
	3.2135
	3.8979
	5.4461
	1.3175
	4.5208
	5.4836
	7.6616
	0.8665

	2
	7
	2
	3
	4.2532
	5.0309
	6.7169
	1.3515
	6.1181
	7.2369
	9.6621
	0.8700

	2
	7
	2
	5
	4.2519
	5.0289
	6.7142
	1.3525
	6.1187
	7.2369
	9.6621
	0.8700

	3
	4
	1
	3
	2.5445
	3.0556
	4.2564
	1.6115
	3.4247
	4.1127
	5.7289
	1.1590

	3
	4
	2
	3
	3.1453
	3.7073
	4.9452
	1.7470
	4.5102
	5.3161
	7.0912
	1.1855

	3
	5
	1
	2
	2.3818
	2.8620
	3.9868
	1.7370
	3.0235
	3.6331
	5.0609
	1.3120

	3
	5
	2
	3
	2.9068
	3.4261
	4.5702
	1.9280
	3.9186
	4.6187
	6.1610
	1.3645

	3
	6
	1
	2
	2.3326
	2.7990
	3.8990
	1.7895
	2.9241
	3.5087
	4.8877
	1.3585

	3
	6
	1
	5
	2.3159
	2.7786
	3.8706
	1.8160
	2.9052
	3.4857
	4.8555
	1.3675

	3
	6
	2
	5
	2.8197
	3.3232
	4.4328
	2.0114
	3.7644
	4.4367
	5.9182
	1.4205

	3
	7
	2
	4
	2.8027
	3.3031
	4.4061
	2.0289
	3.7342
	4.4010
	5.8707
	1.4320

	3
	8
	3
	6
	3.4649
	4.0208
	5.2090
	2.0489
	4.6694
	5.4185
	7.0198
	1.4310

	4
	6
	2
	3
	2.2316
	2.6304
	3.5088
	2.4799
	2.8083
	3.3101
	4.4154
	1.9040

	4
	6
	2
	5
	2.2342
	2.6168
	3.4842
	2.5119
	2.8188
	3.3016
	4.3960
	1.9125

	4
	7
	3
	6
	2.5681
	2.9727
	3.8484
	2.7414
	3.3147
	3.8369
	4.9672
	2.0224

	5
	7
	2
	6
	1.8956
	2.1979
	2.9166
	2.9769
	2.2620
	2.6227
	3.4803
	2.4159


Table-4: Calculation of AOQL values for QSCRGSS-2(n; u1, u2; v1, v2) when i = 1

	u1
	u2
	v1
	v2
	npm
	Pa(npm)
	nAOQL
	AOQL/p1 forα=0.05 
	np1 for

 α=0.05

	1
	3
	1
	2
	1.2566
	0.7863
	0.9881
	1.2468
	0.7925

	1
	4
	1
	2
	1.2742
	0.7929
	1.0103
	1.2202
	0.8280

	1
	4
	1
	3
	1.3475
	0.7844
	1.0570
	1.2743
	0.8295

	1
	5
	1
	2
	1.2925
	0.7888
	1.0195
	1.2210
	0.8350

	1
	5
	1
	4
	1.3986
	0.7763
	1.0858
	1.2988
	0.8360

	2
	3
	1
	2
	1.5366
	0.8135
	1.2501
	1.0474
	1.1935

	2
	4
	1
	3
	1.6353
	0.8496
	1.3893
	0.9899
	1.4035

	2
	5
	1
	3
	1.6725
	0.8574
	1.4341
	0.9710
	1.4770

	2
	6
	1
	3
	1.6897
	0.8577
	1.4493
	0.9675
	1.4980

	2
	6
	1
	5
	1.7242
	0.8562
	1.4762
	0.9779
	1.5095

	2
	7
	1
	4
	1.7220
	0.8556
	1.4734
	0.9748
	1.5115

	2
	7
	1
	6
	1.7344
	0.8550
	1.4829
	0.9788
	1.5150

	2
	7
	2
	3
	1.9500
	0.8532
	1.6637
	1.0740
	1.5490

	2
	7
	2
	5
	2.0255
	0.8559
	1.7337
	1.1171
	1.5520

	3
	4
	1
	3
	1.8788
	0.8541
	1.6047
	0.9439
	1.7000

	3
	4
	2
	3
	2.2433
	0.8379
	1.8797
	1.0379
	1.8110

	3
	5
	1
	2
	1.9308
	0.8828
	1.7045
	0.9176
	1.8575

	3
	5
	2
	3
	2.3011
	0.8725
	2.0077
	0.9692
	2.0714

	3
	6
	1
	2
	1.9931
	0.8916
	1.7770
	0.9134
	1.9455

	3
	6
	1
	5
	2.0698
	0.8909
	1.8441
	0.9146
	2.0164

	3
	6
	2
	5
	2.4566
	0.8801
	2.1622
	0.9729
	2.2224

	3
	7
	2
	4
	2.4544
	0.8820
	2.1648
	0.9583
	2.2589

	3
	8
	3
	6
	2.7408
	0.8852
	2.4261
	1.0674
	2.2729

	4
	6
	2
	3
	2.6911
	0.8927
	2.4023
	0.9187
	2.6149

	4
	6
	2
	5
	2.7877
	0.8914
	2.4850
	0.9261
	2.6834

	4
	7
	3
	6
	3.2121
	0.8956
	2.8768
	0.9678
	2.9724

	5
	7
	2
	6
	3.1665
	0.9069
	2.8716
	0.9494
	3.0246

	5
	7
	3
	6
	3.5699
	0.8984
	3.2073
	1.0351
	3.0985

	5
	7
	4
	6
	3.8375
	0.8956
	3.4369
	1.0883
	3.1579


Table-5: Calculation of AOQL values for QSCRGSS-2(n; u1, u2; v1, v2) when i = 2

	u1
	u2
	v1
	v2
	npm
	Pa(npm)
	nAOQL
	AOQL/p1 forα=0.05 
	np1 for

 α=0.05

	1
	3
	1
	2
	1.2602
	0.7230
	0.9111
	2.3945
	0.3805

	1
	4
	1
	2
	1.2452
	0.7360
	0.9164
	2.3710
	0.3865

	1
	4
	1
	3
	1.2952
	0.7281
	0.9430
	2.4398
	0.3865

	1
	5
	1
	2
	1.3952
	0.6681
	0.9322
	2.4088
	0.3870

	1
	5
	1
	4
	1.2792
	0.7417
	0.9487
	2.4514
	0.3870

	2
	3
	1
	2
	1.4292
	0.8206
	1.1728
	1.6244
	0.7220

	2
	4
	1
	3
	1.4792
	0.8472
	1.2532
	1.4973
	0.8370

	2
	5
	1
	3
	1.4659
	0.8661
	1.2696
	1.4729
	0.8620

	2
	6
	1
	3
	1.4892
	0.8593
	1.2797
	1.4777
	0.8660

	2
	6
	1
	5
	1.5192
	0.8511
	1.2930
	1.4931
	0.8660

	2
	7
	1
	4
	1.5198
	0.8504
	1.2924
	1.4915
	0.8665

	2
	7
	1
	6
	1.5196
	0.8520
	1.2947
	1.4942
	0.8665

	2
	7
	2
	3
	1.7592
	0.8497
	1.4948
	1.7182
	0.8700

	2
	7
	2
	5
	1.7892
	0.8546
	1.5291
	1.7576
	0.8700

	3
	4
	1
	3
	1.7692
	0.8546
	1.5119
	1.3045
	1.1590

	3
	4
	2
	3
	2.1192
	0.8464
	1.7938
	1.5131
	1.1855

	3
	5
	1
	2
	1.8192
	0.8779
	1.5971
	1.2173
	1.3120

	3
	5
	2
	3
	2.1492
	0.8735
	1.8773
	1.3758
	1.3645

	3
	6
	1
	2
	1.8492
	0.8862
	1.6388
	1.2063
	1.3585

	3
	6
	1
	5
	1.8792
	0.8855
	1.6640
	1.2168
	1.3675

	3
	6
	2
	5
	2.2392
	0.8757
	1.9609
	1.3804
	1.4205

	3
	7
	2
	4
	2.2385
	0.8768
	1.9626
	1.3705
	1.4320

	3
	8
	3
	6
	2.4792
	0.8819
	2.1865
	1.5280
	1.4310

	4
	6
	2
	3
	2.5692
	0.8885
	2.2828
	1.1989
	1.9040

	4
	6
	2
	5
	2.5685
	0.9004
	2.3127
	1.2093
	1.9125

	4
	7
	3
	6
	2.9592
	0.8957
	2.6506
	1.3106
	2.0224

	5
	7
	2
	6
	2.9792
	0.9082
	2.7058
	1.2730
	2.1256

	5
	7
	3
	6
	3.3492
	0.9028
	3.0238
	1.3156
	2.2984

	5
	7
	4
	6
	3.6192
	0.9005
	3.2591
	1.3490
	2.4159


Table-6: Calculation of AOQL values for QSCRGSS-2(n; u1, u2; v1, v2) when i = 3

	u1
	u2
	v1
	v2
	npm
	Pa(npm)
	nAOQL
	AOQL/p1 forα=0.05 
	np1 for

 α=0.05

	1
	3
	1
	2
	1.2563
	0.6920
	0.7248
	1.4531
	0.6800

	1
	4
	1
	2
	1.1753
	0.7320
	0.7683
	1.4526
	0.6955

	1
	4
	1
	3
	1.1823
	0.7381
	0.7784
	1.5187
	0.6960

	1
	5
	1
	2
	1.1873
	0.7273
	0.7643
	1.4606
	0.6980

	1
	5
	1
	4
	1.1573
	0.7528
	0.7945
	1.5545
	0.6985

	2
	3
	1
	2
	1.3823
	0.8165
	0.8416
	1.1063
	1.1300

	2
	4
	1
	3
	1.3973
	0.8447
	0.8820
	1.0987
	1.2645

	2
	5
	1
	3
	1.4073
	0.8490
	0.8898
	1.1010
	1.3025

	2
	6
	1
	3
	1.4123
	0.8488
	0.8908
	1.1051
	1.3115

	2
	6
	1
	5
	1.4173
	0.8493
	0.8927
	1.1222
	1.3155

	2
	7
	1
	4
	1.4223
	0.8468
	0.8906
	1.1192
	1.3165

	2
	7
	1
	6
	1.4171
	0.8499
	0.8936
	1.1255
	1.3175

	2
	7
	2
	3
	1.6823
	0.8409
	0.8720
	1.2310
	1.3515

	2
	7
	2
	5
	1.7223
	0.8388
	0.8727
	1.2818
	1.3525

	3
	4
	1
	3
	1.6973
	0.8608
	0.8836
	0.9958
	1.6115

	3
	4
	2
	3
	2.0623
	0.8449
	0.8633
	1.0760
	1.7470

	3
	5
	1
	2
	1.7362
	0.8825
	0.9095
	0.9813
	1.7370

	3
	5
	2
	3
	2.0656
	0.8717
	0.8973
	1.0413
	1.9280

	3
	6
	1
	2
	1.7612
	0.8869
	0.9184
	0.9930
	1.7895

	3
	6
	1
	5
	1.7712
	0.8882
	0.9240
	1.0155
	1.8160

	3
	6
	2
	5
	2.1162
	0.8756
	0.9092
	1.0750
	2.0114

	3
	7
	2
	4
	2.1112
	0.8779
	0.9116
	1.0670
	2.0289

	3
	8
	3
	6
	2.3512
	0.8787
	0.9066
	1.1841
	2.0489

	4
	6
	2
	3
	2.4662
	0.8943
	0.9162
	0.9687
	2.4799

	4
	6
	2
	5
	2.4862
	0.8948
	0.9211
	0.9893
	2.5119

	4
	7
	3
	6
	2.8312
	0.8932
	0.9210
	1.0494
	2.7414

	5
	7
	2
	6
	2.8812
	0.9093
	0.9315
	1.0200
	2.8154

	5
	7
	3
	6
	3.2362
	0.9026
	0.9250
	1.1005
	2.9145

	5
	7
	4
	6
	3.5112
	0.8989
	0.9178
	1.1545
	2.9769
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