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Quality Control (QC) is a set of statistical methods used to monitor the quality
of products and services, ensure their compliance with required specifications, and
reduce defects.
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« Reducing defective products. Y S (ymid .
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Lowering production costs. 5 5ual gla e i Y1 ISl oo i)«

Improving customer satisfaction.
Detecting production problems at an early stage.
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+ Monitoring the weight of flour bags in Baghdad factories,| = o505 o=~

« Testing fat content in local dairy products. has b V) Sl A e o

« Monitoring pipe thickness in plastic manufacturing plants. EER R

« Inspecting the quality of bottled mineral water filling. Aanall lall Agnd 32 52 o

Types of Quality Control
Quality Control is generally divided into two main types:
Process Quality Control

This type aims to monitor the production process during operation to ensure
stability and detect deviations early, preventing the production of large quantities
of defective products.
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It relies on statistical tools such as:

« Statistical Control Charts

« Analysis of variance and deviations
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2 ) Acceptance Quality Control
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This type is applied after production is complete, when product samples are
inspected to determine whether the entire production batch should be accepted or

rejected.

It relies on:

« Acceptance Sampling methods
. Statistical inspection plans
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Additional Classification (Based on Data Type)

» Variables Control: such as weight, length, and volume.

« Attributes Control:such as defective / non-defective.
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A control chart typically consists of three main lines:

« Center Line (CL): Represents the process mean.
« Upper Control Limit (UCL).
« Lower Control Limit (LCL).

When data points fall within the control limits and follow a random pattern, the
process is considered to be under statistical control. However, the appearance of
points outside the limits or non-random patterns indicates a problem that requires

intervention and corrective action.
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Mean Chart (X—Chart)
Concept of the Mean Chart (X-Chart)

The Mean Chart is one of the statistical control charts used to monitor the
arithmetic mean of a production process over time, ensuring process stability and
detecting any abnormal changes that may affect quality.

This chart is used when the data are numerical (quantitative data), such as:

« Product weight
« Length orsize
« Production time

Idea of the Chart
Periodic samples are taken from the production line, then:

1. The mean of each sample is calculated.
2. These means are plotted on a graph.
3. The values are compared with the control limits.

If all points fall within the limits and follow a random pattern = the process is
under statistical control.
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Example: Aaulall aasll
An increase in the average weight of bottles above the standard value.
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B ) Basic Formulas

Overall Mean

Average Range

_SR,
k
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Upper Control Limit

UCL=X+A,R

or

UCL—)=(+3§
B Vn

Lower Control Limit

UCL=X - A,R

or
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EX: The following table shows the sample means X and sample standard deviations
(S) for six subgroups taken from a production process. Each subgroup has a sample
size of n=4

Sample Xbar S
1 50 2
2 52 3
3 49 2
4 51 1
5 48 2
6 55 2
Compute X and S.

Compute UCL, CL, and LCL.
Identify any out-of-control subgroup(s) and explain

Step-by-step solution (with calculations)
1) Compute the grand mean of means

90+ 52 +49+51+48+55 305

X = =~ =50.833
6 6
2) Compute the average standard deviation
- 2434+2414+2+2 12
6 6
3) Compute control limits (n = 4)
3(2 6
UCL = 50.833 + L = 50.833 + — = 53.833
V4 2
3(2)
LCL = 50.833 — —= = 50.833 — 3 = 47.833
V4
Final:
. CL=50.833
. UCL =53.833

« LCL=47.833
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Out-of-control point
:Subgroup 6 has Xg = 55, and
55>53.833=0ut of control

X Control Chart using UCL = X + (3 S)/¥n (n=4)

52
" /\

Sample (Subgroup} Number

Sample Mean (X)

Example: with 7 subgroups, each with n = 4 measurements, constructed so that
each subgroup mean X equals 100, plus the control chart plot.

Subgroup | Measurements (n=4) X |S
1| [98, 100, 102, 100] 100 | 1.632993
2 | [97, 101, 103, 99] 100 | 2.581989
3 | [96, 104, 100, 100] 100 | 3.265986
4| [99,101, 98, 102] 100 | 1.825742
5 | [95, 105, 100, 100] 100 | 4.082483
6 | [97, 103,99, 101] 100 | 2.581989
7 | [98, 102, 100, 100] 100 | 1.632993

Compute each subgroup mean X
For any subgroup:
. Iy + T2 + T3+ Ty 400

X; = = = 100
1 4
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So all subgroup means are:
X, =Xy == X7 =100
Compute the grand mean X

ST, Xi 100 + 100 + 100 + 100 + 100 + 100 + 100

X = = — 100
7 7
Compute subgroup standard deviations Si and average S
(Using sample standard deviation for each subgroup.)
The computed average is:
S = 2.5149
Compute control limits (n = 4)
= 35 3(2.5149 7.5447
UCL=X + = 100 + —(—) = 100 + > = 103.7723
Vn Vi
- 35
LCL=X—- — =100 —3.7723 = 96.2277
LD
Final Limits

« CL =100.0000
« UCL =103.7723
o« LCL =096.2277

Interpretation

All subgroup means are exactly 100, and:
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96.2277<100<103.7723

The process mean is in statistical control (based on the X-chart).
X Control Chart (Graph)

104 4

102 A

100

Subgroup Mean ()

96 1

X Control Chart (UCL = X + 3 S/ +n), n=4, 7 Subgroups

9B 1

T T T T T T T
1 2 3 4 5 6 7
Subgroup Number

Subgroup|4 Measurements|(Sum|| X Std. Dev. (S)
1 0, 0, 200, 200 - |{400 | 100 115.470
2 5,5, 195,195 {400 | 100 109.697
3 10, 10, 190, 190 || 400 | 100 103.923
4 20, 20, 180, 180 | 400 || 100 92.376
5 30, 30, 170, 170 || 400 || 100 80.829
6 40, 40, 160, 160 (| 400| 100 69.282
7 60, 60, 140, 140 | 400 || 100 46.188
We use:
- 35 = 38
UOL-X%—E, LCL_X_ﬁ
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Compute the grand mean X
All subgroup means are 100, so:
X =100

Compute subgroup standard deviations Siand average S

Using sample standard deviation for each subgroup, the computed average is:

S = 88.2521

Compute control limits (n = 4)

L3 . lr' 2 . A4 €
UCL = 100 + S88:2521) _ .00 2647563 _ )00 a0es
V4 2
3(88.2521)
T =i = — 100 — 132.3782 = —32.3782
V4
Final Limits

« CL =100.0000
« UCL =232.3782
« LCL=-32.3782

3) Interpretation

«Onthe X chart, all points are exactly at 100, so everything appears “in
control”.

« But the within-subgroup variation is huge (values like 0 and 200 in the same
subgroup).
7 alainl sy Ulee NS chart sl R-chart e X-chart Wyl el 480 ),
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4) Plots (Displayed Above)

« X Control Chart (shows all means at 100)
« Subgroup S values plot (high standard deviations showing very large

variation)
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