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QUALTIY CONTROL

d Quality control (QC) is a procedure or set of procedures intended to
ensure that a manufactured product or performed service adheres
to a defined set of quality criteria or meets the requirements of the

client or customer.

J When broken down, quality control management can be
segmented into four key components to be effective: quality
planning, quality control, quality assurance, and quality

improvement.
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QUALTIY LEVELS
(J From the top down these levels are:
Quality Management (QM)
Quality Assurance (QA)

Quality Control (QC)
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QUALTIY IMPORTANCE

*

Reduces maintenance
expenses

Results in improved
service levels

Importance

of Quality
Assurance

UNIT - IV |EM - 201HS4T04

Results in fewer defects

Ensures compliance
with standards

Reveals weaknesses in
processes & procedures
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SQC

 Statistical quality control (SQC) is the use of statistical
methods to measure and improve the quality of
manufacturing processes and products. The term "statistical

process control" is often used interchangeably.

1 SQC uses three scientific techniques, namely (i) sampling
inspection, (ii) analysis of the data, and (iii) control charting. It
can be divided into following three broad categories
namely (i) descriptive statistics, (ii) statistical process control,

and (iii) acceptance sampling.
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SQC

1 The three categories of SQC are traditional statistical tools,

acceptance sampling and statistical process control (SPC).

d The main purpose of Statistical Quality Control is to derive
statistical techniques which would help us in separating the
assignable causes of variation from the chance causes of
variation, thus enabling to take actions whenever assignable

causes are present in the production process.
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— SQC - APPLICATONS

 Statistical quality control (SQC) is the use of statistical tools
and technigues to monitor and maintain product quality in
industries such as food, pharmaceuticals and many

manufacturing environments.
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ATTRIBUTE SAMPLING

 Attribute sampling is defined as the method of measuring
quality that consists of noting the presence (or absence) of
some characteristic (attribute) in each of the units under
consideration and counting how many units do (or do not)
possess it. Steps for attribute sampling: Define objective,
characteristics that indicate compliance, and deviations.
Define population. Define sampling unit. Define 3 variables

that determine sample size. Select and test the sample.
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ATTRIBUTE SAMPLING

 Attribute sampling refers to a statistical sampling tool used by
the auditors to analyze the features of a particular population
and determine whether the internal controls placed by the
management are working effectively or not. In this sampling,
a particular activity is chosen as a sample and internal

controls for the same are tested.
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— ATTRIBUTE SAMPLING - EXAMPLE

d An audit is a time-consuming process, and it is not possible for
the auditors to conduct a test for 100% transactions. It is due
to this reason that sampling tools are used by the auditors.
One such sampling process is attribute sampling in which the
audit chooses a particular control area and applies sampling
to check the attributes of the control area so as to ensure
whether controls placed are working efficiently or not. Once a
process is chosen, the same is checked for the accuracy

of internal controls.
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ATTRIBUTE SAMPLING - EXAMPLE

Attribute Sampling

Audit Objective

Population

Sample

Effectiveness of
Iinternal Controls y

v —_
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ATTRIBUTE SAMPLING - EXAMPLE

(d Eye color is an attribute of a person, while screen size is an
attribute of a smart phone or TV. In computing and computer
programming, an attribute is a changeable property or
characteristic of some component of a program that can be

set to different values.
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SINGLE SAMPLING

d A sampling inspection scheme in which a decision to accept
or reject an inspection lot is based on the inspection of a
single sample. A single sampling plan consists of a single
sample size with associated acceptance and rejection
number(s).A sampling plan in which a decision about the
acceptance or rejection of a lot is based on a single sample
that has been inspected is known as a single sampling plan.
For example, suppose a buyer purchases cricket balls in lots of

500 from a company manufacturing cricket balls.

Aditya Engineering College (A)




Aditya Engineering College (A)

i
——

— SINGLE SAMPLING - EXAMPLE

1 A buyer purchases cricket balls in lots of 500 from a company
manufacturing cricket balls. To check the quality of the lots, the
buyer draws a random sample of size 20 from each lot and
takes a decision about accepting or rejecting of the lot on the
basis of the information provided by this sample. Since the
buyer takes the decision about the lot on the basis of a single

sample, this sampling plan is a single sampling plan.

v —
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o SINGLE SAMPLING - STEPS

d Step 1: We draw a random sample of size n from the lot
received from the supplier or the final assembly. Step 2: We
inspect each and every unit of the sample and classify it as
defective or non-defective. At the end of the inspection, we
count the number of defective units found in the sample.
Suppose the number of defective units found in the sample is
d. Step 3: We compare the number of defective units (d) found
in the sample with the stated acceptance number (c). Step 4:
We take the decision of acceptance or rejection of the lot on

the basis of the sample.




,g}

=
B

DOUBLE SAMPLING

1 To clear a decision about acceptance or rejection of a lot
cannot be taken on the basis of a single sample. The decision of
acceptance or rejection of a lot is taken on the basis of two
samples. If the first sample is bad, the lot may be rejected on
the first sample and a second sample need not be drawn. But if
the first sample is neither good nor bad and there is a doubt
about its results, we take a second sample and the decision of
acceptance or rejection of a lot is taken on the basis of the

evidence obtained from both the first and the second samples.
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DOUBLE SAMPLING - EXAMPLE

1 A buyer purchases cricket balls in lots of 500 from a company.
To check the quality of the lots, the buyer and the company
decide that the buyer will draw two samples of sizes 10 (first
sample) and 20 (second sample) and the acceptance numbers
for the plan are 1 and 3. The buyer takes two samples and
makes the decision of acceptance or rejection of the lot on the
basis of two samples. Since the decision of acceptance or
rejection of the lot is taken on the basis of two samples, this is

a double sampling plan.

v —
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X BAR & R CHART WITH SOLVED NUMERICAL

Sample Screw 1 Screw2 Screw3d Mean (x-bar) Range (R)
I 0.276 0.238 0.261 0.258 0.038
2 0.249 0.263 0.234 0.249 0.030
3 0.264 0.255 0.258 0.259 0.009
4 0.255 0.279 0.269 0.268 0.024
5 0.262 0.273 0.234 0.256 0.039
6 0.268 0.267 0.270 0.268 0.003
7 0.266 0.244 0.270 0.260 0.026
8 0.232 0.261 0.278 0.257 0.046
9 0.242 0.277 0.253 0.257 0.035
10 0.246 0.253 0.236 0.245 0.017
11 0.279 0.230 0.235 0.248 0.049
12 0.238 0.243 0.237 0.239 0.005

Average: 0.255 0.027

Calculate the 3 control limits for X-bar and R charts based
on the first 12 samples reflecting the process before any
problems were denounced.
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X BAR & R CHART WITH SOLVED NUMERICAL

x-double-bar = 0.255
R-bar = 0.027

From page 310 (CJA):
A: = 1.023

D3 = 0

D;,=2.574

So, calculate the control limits (as explained in book on pages 760ft.):
X-bar-chart

UCLy = x-double-bar + A, x R-bar = 0.255 + 1.023 (0.027) = 0.283
LCLx = x-double-bar - A, x R-bar = 0.255 - 1.023 (0.027) =0.228

R-chart
UCLg =Dy x R-bar = 2.574 x 0.027 = 0.069
[LCLg =D; x R-bar=0x 0.027 = 0.000

V —
V —

UNIT - IV |EM - 201HS4T04 18 A



X BAR & R CHART WITH SOLVED NUMERICAL

Aditya Engineering College (A)

¥-bar

0.300

X-Bar Chart

0.290

0.280 ———

0.270 '... *
g:ﬁg .L( ‘/.\.?\ f

A N

0.240 "“.\..J "h f ®
0.230 _____________________________j" '{__
0.220 w
0.210
0.200 ' , ' ' ' r ' , , ' , , ' ' ' '

1 2 3 4 5 & T 8 9 10 11 12 13 14 15 16 17 18

Sample Number

—i— Mean (x-bar) Center - === UGCL -===LCL
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X BAR & R CHART WITH SOLVED NUMERICAL

r-bar

0.090

R Chart

0.080
0.070 -
0.060

0.050

I! \\. f/.

;Rg f\

\ /

"n.‘ “

0.040
0.030 .\\
0.020 \/

A
¥

0.010
ﬂuﬂu L} ! L ! L} ! ! L L} ! L ! L3
1 2 3 B 7 & 9 10 11 12 13 14 15 16 17 18
Sample Number
—— Range (R) Cenlar - === LCL -===LCL
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size of 4.

Sample

65

2
63

Measured values

3
25

54

54

25

25

25

66

14

54

34

37

54

36

35

67

10

12

65

36

36

37

37

10

12

12

14

36

36

35

24

(¥ e T W T e R 3 I OO I Y

36

46

35

36

38

=
-

46

36

34

25

|_'i
=

12

67

25

22

|_'i
[

22

33

12
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~ XBAR & SCHART WITH SOLVED NUMERICAL

A packing organization monitoring the performance of a packing
machine, each container should weigh 35 |b, during the Measure
phase, the project team performed the process capability study and
identified that the process is not capable(less than one sigma). In
Analyze phase collected 12 sets of container weights with a subgroup
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X BAR & S CHART WITH SOLVED NUMERICAL

Measured values Sample xp
Sample 1 2 3 4 Average(N)

1 |65]63]55| 54 59.3 575 |-375] 425 | 525 | | 3306 | 1406 | 1806 | 2756
2 |54]55]|55] 55 548 075 | -025]-025]-025] | 056 | 006 | 006 | 006
3 |66|14[54] 34 420 2400 | 28.00|12.00| 8.00 | | 576.00| 784.00 | 144.00| 64.00
4 |37|54)36] 35 405 350 [1350| 4.50 | 550 | | 12.25 | 18225 | 2025 | 30.25
s |67/10|12] 65 385 2850 | 2850 | 2650 2650 | 812.25| 81225 | 702.25] 702.25
§ |36]36]|37| 37 365 050 | 050 | -050|-050] | 025 | 025 | 025 | 025
7 |10]12] 12| 14 120 200 | 000 | 000 [-200] | 400 | 000 | 000 | 400
8 |36]36]35) u 128 325|325 |-225] 875 | | 1056 | 1056 | 506 | 7656
9 |36|46[35| 36 383 225 [ 775 | 325 | 225 | | 506 | 6006 | 1056 | 596
10 |38|46|36| 34 385 050 |-750 | 250 | 450 | | 025 | 5625 [ 625 [ 2025
11 |55|12(67] 55 473 775 3525|1975 | -7.75 | | 60.06 | 124256 | 350.06| 60.06
12 |22]|22|33] 12 23 025 | 025 [ 1075|1025 | 006 | 006 |11556] 10506

Total 4625

X 38.54

7 | 10.08

UNIT - IV IEM - 201HS4T04

22

V' —
W —




Aditya Engineering College (A)
X BAR & S CHART WITH SOLVED NUMERICAL

X bar chart: UCLg = X+ 3= =X+ A,S

Jn X bar chart: UCL, =+ A5 = 38.54 + 1.628 = 10.08 = 54.96
— E — —_
Lllg=x—3== X— 435 LCL; = ¥ — A,5 = 38.54— 1.628 « 10.08 = 22.13
S chart  UCLs = ByS Schart  :UCLgs = B,S = 2.266 = 10.08 = 22.85
LCLs = B,S _
LCLs = B,5=0
— S Chart
ar Chart 450
70.0
30,00
60.0 UCL=54.96
25,00 UCL=22.85
50.0 |
40.0 Avg Xbar=38.54 20.00
30.0 1500
LCL=22.13
20.0 10.00
10.0 5.00
°.° o‘w
1 2 3 4 5 6 7 8 9 101112 1 2 3 4 5 6 7 8 9 1011 12

V —
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NP CHART WITH SOLVED NUMERICAL

Smart bulbs Inc is a famous LED bulb manufacturer. The supervisor
drew a randomly constant sample size of 200 bulbs every hour and
reported the number of defective bulbs for each lot. Based on the
given data, prepare the control chart for the number of defectives
and determine whether the process is in statistical control.

Control charts for
attributes

cchart uchart

(Number of defects) (Number of defect/unit)

i
'

p chart E np chart
(Percentage defectives) E
I
I

V —
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NP CHART WITH SOLVED NUMERICAL

Sample Number of defective

ot Size in the sample (np)

1 200 4

2 200 8

3 200 5

4 200 5

5 200 4

5 200 8

7 200 2 _xnp

8 200 1 np = %

9 200 9

10 200 B = xnp

11 200 8 P = S n

12 200 1 - — =
13 200 2 UCL,, =np +3np(1—p)
14 200 9 . = -
15 200 2 LCL,, = np — 3ynp(1—p)
16 200 3

17 200 9

18 200 5

19 200 2

20 200 7

_  Totalnumber of defectives
np =

Number of lots sampled

V. i

VW —
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NP CHART WITH SOLVED NUMERICAL
e nooflotsk=20

e 2np=105
e Zn=4000

Compute p = total number of defectives / total number of samples =Znp/Zn =105/4000=
0.0263

« 1-§=0.9738

Calculate centreline np = total number of defectives/no of lots = Znp/k =105/20 = 5.3

Calculate the upper control limit (UCL) and the lower control limit (LCL)

UCL,,=np+3np(1—p) =53+ 3V53%0.9738 = 12.03
LCL,,=np =3 np(1—P) =53 —3V53+09738==15=10

il
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NP CHART WITH SOLVED NUMERICAL

np chart
UCL=12.03

M PNes
Y UYL

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

——Numberof defectiveinthesample (np) =——np ——UClnp ——ILClnp

o
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P CHART WITH SOLVED NUMERICAL

ABC Manufacturing produces thousands of tubes every day. A
Quality inspector randomly draws samples for 20 days and reports
the defective tubes for each sample size. Based on the given data,
prepare the control chart for the fraction defective and determine
the process in statistical control.

Control charts for
attributes

-----------------

¢ chart u chart
(Number of defects) (Number of defect/unit)

p chart

| np chart
(Percentage defectives) ‘

--------------------------

V' —
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Lot

Sample Number of defective

Size

in the sample (np)

1 1250 18
2 1300 15
3 1350 13
4 1200 16
5 1050 8
6 1050 6
7 1200 18
8 1100 14
9 1000 22
10 600 12
11 1350 13
12 1250 19
13 1200 33
14 1100 20
15 1050 20
16 950 20
17 1560 22
18 1150 17
19 1230 19
20 1100 21
5 Total number of defectives

" Total number of items sampled

Aditya Engineering College (A)

P CHART WITH SOLVED NUMERICAL

_ ¥n
"=k
__Xnp
P=~5n

[, _
1_

UCL, =P+ 3 |'p(' —P)
\ n

P
1_

LCL, = p— 3 ||P(_ —P)
\ mn

* Where np = number of defectives in the sample
* k=number of lots

* n=sample size

UNIT - IV |EM - 201HSATO4
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e P CHART WITH SOLVED NUMERICAL

Sample Number of defective in Defaective Rate
Size the sample (np)
1 1250 18 0.01440
2 1300 15 0.01154
3 1350 13 0.00963
4 1200 16 0.01333
S 1050 8 0.00762
= 1050 = 0.00571
7 1200 18 0.01500
8 1100 14 0.01273
9 1000 22 0.02200
10 600 12 0.02000
11 1350 13 0.00963
12 1250 19 0.01520
13 1200 33 0.02750
14 1100 20 0.01818
15 1050 20 0.01905
16 950 20 0.02105
17 1560 22 0.01410
18 1150 17 0.01478
19 1230 19 0.01545
20 1100 21 0.01909
23040 346

Calculate each subgroup’s non-conformities rate= np/n
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P CHART WITH SOLVED NUMERICAL

* nooflotsk=20

* N=2n/k=23040/20=1152

Compute P = total number of defectives / total number of samples =Znp/zn =346/23040 =
0.01502

» 1-p=0.98498

Calculate the upper control limit (UCL) and low control limit (LCL). Since the sample sizes are

unequal, the control limits vary from sample interval to sample interval.

.
UCL,=p+3 ’@

-
LCL,=P—3 ’p—{ - P)

V —
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P CHART WITH SOLVED NUMERICAL

Number of
defective in
the sample

(Np)

Defective
Rate

Sample

Size

1 1250 18 0.01440 0.01502 | 0.02534 | 0.00470
2 1300 15 0.01154 0.01502 | 0.02514 | 0.00490
3 1350 13 0.00863 0.01502 | 0.02495 | 0.00509
4 1200 16 0.01333 0.01502 | 0.02555 | 0.00448
5 1050 8 0.00762 0.01502 | 0.02628 | 0.00376
) 1050 6 0.00571 0.01502 | 0.02628 | 0.00376
7 1200 18 0.01500 0.01502 | 0.02555 | 0.00448
8 1100 14 0.01273 0.01502 | 0.02602 | 0.00402
S 1000 22 0.02200 0.01502 | 0.02656 | 0.00348
10 600 12 0.02000 0.01502 | 0.02991 | 0.00012
11 1350 13 0.00963 0.01502 | 0.02495 | 0.00509
12 1250 19 0.01520 0.01502 | 0.02534 | 0.00470
13 1200 33 0.02750 0.01502 | 0.02555 | 0.00448
14 1100 20 0.01818 0.01502 | 0.02602 | 0.00402
15 1050 20 0.01905 0.01502 | 0.02628 | 0.00376
16 850 20 0.02105 0.01502 | 0.02686 | 0.00318
17 1560 22 0.01410 0.01502 | 0.02426 | 0.00578
18 1150 17 0.01478 0.01502 | 0.02578 | 0.00426
19 1230 19 0.01545 0.01502 | 0.02542 | 0.00461
20 1100 21 0.01909 0.01502 | 0.02602 | 0.00402
23040 346

UNIT - IV |EM - 201HSATO4
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P CHART WITH SOLVED NUMERICAL

p chart
0.035
0.030
0.025 L e e 5

0.020

0.015 /\ \_"4
0.010 \/\/\/ \/ P =0.01502
0.005

o w‘.—_'\/\——-v\,

1 2. 3 4 5 6 7 838 9 1 N 12 13 14 35 1o 37 13 9 N

—Defectiverate ——p —e—UCLp —o—ILClp

Interpret the chart: The proportion of defectives on day 13 is higher than the upper control
limit (UCL). Therefore the process is out of control. Black belts or statisticians to identify the
root cause for the cause and take appropriate corrective action to bring the process under

control.
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