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Most companies aim to reduce costs by minimizing procedures, one of which is to reduce quality

costs using statistical control. This research compares the application of the mean chart with range

chart to control the quality of the output. The traditional method and the target dimension method

were applied using the Minitab-17 program and Excel-13 program. Two properties have been

studied applied to the lathe machine for gas cylinder neck product. After the statistical adjustment

in the two methods, the ability of the face turning (0.69) and the external turning process for length

(0.608) were estimated in both ways,and the process indicators were also studied. The target

dimension chart can be used to group more than one product into a single chart.

Keywords: statistical control processes, control chart, target dimension method, process

capability indicators.

1. Introduction

Statistical quality control is a powerful
group of problem- solving tools which
is useful in achieving process stability
and improving capability through the
reduction of variability [7]. One of the

most commonly used statistical tools is

Control charts introduced by Shewhart,
no two products are exactly alike. This
is so because the process that produces
these products has many causes of
variability [3]. The Control charts are
effective tools for analysis of the

variation of repetitive processes. In
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generic process, two different kinds of
variations. Chance variations they are
the noise of a production system and are
uncontrollable variations. And another
type assignable variations they can be

properly identified and controlled [6].

2. Control Charts Principles

A control chart is widely used in
industry as a graphical technique to
monitor the output of the process in
which  statistics computed from
measured values of a certain process
characteristics are plotted versus time
measurement,and two other horizontal
lines, an upper line called the upper
control limit (UCL), and a lower line for
the lower control limit (LCL) [2].The
upper and lower control limits are set at
+3 standard deviation, are shown in the

figure (1).

)i
(27
">

Quality characterristic
|

1
3
a
3
a
s
5
e
-
~

T
Sample number

Fig .1 Quality Control Charts Structure
[7]

In computing Xbar and range charts the
most common control charts used in
measuring continuous data. Special
causes occurr that has changed the
operating characteristics of the process.
By identifying and eliminating these
special causes [5].

Calculated subgroup average by
applying the following equation [1].

Calculate the grand average subgroups

by applying the following equation [4].
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Thus, X Would be used as the center
line on a control chart.To construct the
control limits, an estimate of the

ranges of m samples [1].

Ri=Max (X1, ---, Xjm)-Min(X;1, ---, Xim)

And the range average calculated from

below equation [1]

R = T e 4)
Calculate the trail control limit for x
Chart by applying the following

equations [7]:

UCLy = X+A, R e, (5)
Centerline=X  .ooeevvveeennn, (6)
LCLg = X—A, R .ol (7)
Where:

UCLy = upper control limits for X bar

chart.

LCLg = lower control limit for X bar
chart.

A, = Constant can be from table (1) for
Subgroup (m) size.

Calculate the trail control limit for R

Chart by applying the equations [7]:

UCLg = D, R

D,,D; = Constant can be from the
table (1).

An estimate of the inherent common
cause's standard deviation may be

calculated as follows [1].

Where:

0 = Estimated common cause standard
deviation of the process.

R = Average of the k subgroup ranges.
d, = Constant can be from table (1)

for Subgroup (m) size.
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Table .1 Coefficients for Control Charts
for Variables [7]

X-bar Chart Constants | For Sigma | R-Chart
estimated | Constants

Sample A, Az d, D5 D,
Size =m

2 1.88 2.659 | 1.128 0 3.267
3 1.023 1.954 | 1.693 0 2.575
4 0.729 1.628 | 2.059 0 2.282
5 0.577 1.427 | 2.326 0 2.115

3. Short Run Control Chart

Mass production lot sizes are generally
large and constructing a control chart is
not difficult. Now day's trend
manufacturing is to produce small lot
sizes or use short production run for
flexible manufacturing using job shop
system. Therefore some modification to
conventional control charts. Cullene
and Both introduced a control chart
called the Deviation from the Nominal
Method (DNOM) can be expressed by
the following equation that apply and

called target dimension chart[4].

Xi = Mi_ TA

Where:

X;= Number of Deviation from
Nominal

M;=The actual sample measurement

T,= Target value of Process

4. Process capability Analysis

In the field of quality control, process
capability is used to compare the output
of a process to the specification limits
of the product to be produced .Process
capability index (PCI) is widely used to
measure the inherent variability of a
process and thus reflect its performance
[8].

The common PCI including Cp, Cpk,
Cpu, Cpl and Cpm are widely used in
practice, they can expressed by the

following equations [9].

cp=2k (12)

60

Where:
USL=Upper Specification Limit

LSL=lower Specification Limit
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o = Standard Deviation can get from
R/d,.

0 = Estimated common cause standard
deviation of the process.

R = Average of the k subgroup ranges.
d, = Constant can be from table (1)

for Subgroup (m) size.

_ USL—u

Cpu R RRRRRRRPRRE (13)
Cpl=—2 (14)
Cpk = 2RWSL-RISLZl) (15)

30

Where :

@ = Process mean

USL—LSL
Cpm =

5. Practical Application

To cover the market need and produce
competitive products for international
products.Figure (2) shows the gas

cylinder neck sample. This part is

Fig.2 Gas Cylinder Neck Sample

The Dimensions and tolerances of the
raw material for gas cylinder neck steel
(37-2) which is shown in figure (3-a),
all these dimensions are in millimeter
unit.

Manufacturing Stagesfor Collect Data:
Stage One: Face Turning Process

After cutting work piece length reduces
+0

from (28mm) to (26-1 mm) by face

turning shown in figure (3-b).

Stage Two: External Turning Process

At this stage, achieve length dimension

+0
(16-1mm), , figure (3-c) shown the

final dimension these processes.
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Readings (mm)
al oo 7 /, S.N
gl ,// X, X, X3 X, Xs
' e ‘ [1 ][ 2590 || 25.10 || 2598 |[ 26 ][ 2555
; ; [2 ][ 2596 || 25.99 || 25.84 || 25.61 ]| 25.60
= = - - [3 ][ 2555 || 25.88 || 25.27 || 2552 || 25.41
g & g & g [4 ][ 25.40 || 25.79 || 25.18 || 25.90 || 25.64
o [5 ][] 25.90 || 25.88 ][ 2552 ][ 25.76 || 25.86
b 520 c H e [6 ][ 2561 || 2513 ][ 25.87 ][ 25.94 |[ 25.03
e [7 ][ 2557 || 25.65 || 25.79 || 2557 || 25.81

[8 ][ 25559 || 25.50 || 25.94 || 2531 || 25.43
[9 ]| 2561 || 2545 ]| 2567 ][ 25.81 || 2562
[10 ][ 2573 || 25.94 || 25.42 || 25.70 || 25.01
[10] [12 ]| 2564 || 2586 ]| 2521 ][ 2571 || 25.29
[12 ][ 25.97 || 25.79 || 25.69 || 25.74 || 25.92
[13 ][ 2569 || 25.50 ]| 25.69 ][ 25.69 || 25.90
shown in the table (2) and (3) . [1a ][ 2556 |[ 2539 |[ 25.87 |[ 25.48 |[ 2547
[15 ][ 25.75 || 25.65 ][ 25.55 ][ 25.69 ][ 25.16

Fig .3 Technical Path of Manufacturing

Data collecting for the two process

Summary of statistics calculating are
[16 ]| 25.8¢ || 2530 ]| 25.73 || 25.45 ][ 25.33

illustrated in table (4) constructed by [17 ][ 2518 |[ 2510 J[ 2561 [ 2571 [ 2547
) o ) [18 ][ 2530 || 25.94 ]| 25.73 ][ 25.89 || 2562
using Minitab -17 software. Figures (4) [19 ][ 25.0 |[ 25.65 |[ 2569 |[ 25.68 ][ 25.91

[20 ][ 25.73 || 25.23 ]| 25.64 ][ 25.65 || 2567
[21 ][ 25.41 || 2573 ]| 25.69 ][ 25.21 || 2587

state. Table (5) and (6) convert data by [22 |[ 2543 |[ 2586 |[ 2573 |[ 2566 |[ 2567

and (5) show that process in control

[23 ][ 2529 || 25.62 ]| 25.87 ][ 25.75 || 25.45
[2a ][ 25.94 || 25.29 || 25.45 || 25.76 || 25.13

short run method. Table (7) shows [25 |[ 25.88 || 25.90 || 25550 |[ 2573 || 25.66

using Microsoft Excel- 2013 to the

summary calculations for data in a short

run method, figures (6) and (7) for the Table .3 Collection Data for External
’ Machining Characteristic by Length

DNOM method. Equations (12), (13),

(14), (15) and (16) are applied to find S.N

PCI as explain in table (8).

Readings (mm)

Xy X X3 X4 X5

[ 1 ][ 1588 ][ 1549 || 1529 ][ 1570 |[ 15.84 |

[ 2 ][ 16 ][ 159 || 1580 ][ 1571 || 1598 |

Table.2 Data for Face Turning Characteristic [3 |[1575 |[ 1569 |[ 1568 |[ 1595 |[ 1598 |
to Length
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[ 4 ][ 159 ][ 1554 || 1555 |[ 1588 || 16 || [[ 22 ]| 25.822 J[ 028 ][ 15646 J[ 08 ]
[ 5 |[ 1576 |[ 16 ][ 1563 |[ 1565 |[ 1602 || |[_13_]| 25.694 [l o4 ][ 1566 ][ o058 ]
[6 |[ 1582 |[ 1605 |[ 1522 |[ 1548 |[ 1601 || |[24 1| 25.554 | o048 |[ 15652 || o078 |
[7 |[1504 |[ 157 |[ 1564 |[1567 |[ 1599 || |25 1| 2556 |Loso J[ 1563 ][ o059 |
[2 |[ 16 |[ 159 |[ 1580 |[ 1571 |[ 1508 || |[_26_1| 25.53 | oss [ 15718 [ os7 |
[3 ][ 1575 |[1560 |[ 1568 J[ 1595 J[ 1508 || |22l 25414 || o61 || 1542 || o075 |
[a [ 159 |[ 1552 |[ 1555 |[ 1588 |[ 16 | IEEH 25.696 | o064 J[ 15354 [ o067 |
[5 |[1576 |[ 16 |[ 1563 |[ 1565 |[ 1602 | IECH | 25.606 |[ o8t J{ 154 J[ o8 |
[ 6 || 1582 ][ 1605 || 1522 ][ 15.48 |[ 1601 | (20 || 25.238 |[[os |[ _1s362 [ oot ]
[ 7 ][ 1594 ][ 157 || 1564 ][ 1567 |[ 1599 | [2 ]| 25,82 |Loss ||_1sers || 002 |
[ 22 ]| 25.67 || 043 J| 15618 || 093 ]
[ 8 || 1566 || 15.44 || 1599 ][ 1596 |[ 1597 |
[ 23 ]| 25.596 [[ os8 |[ 1565 ][ o064 |
[ 9 |[ 1574 ][ 1532 ][ 15.67 || 15.22 || 1532 ]
[ 24 ]| 25.514 || o81 J[ 15368 |[ 063 ]
[[10 |[ 1559 || 1588 || 1548 || 1567 || 1547 |
[ 25 ]| 25.734 [l o4 J| 1555 [ o053 ]
[11 ][ 1561 ]| 16 ][ 1596 || 1524 || 1597 | — — — —
[[12 |[ 15.87 || 1597 || 15.18 || 1598 || 1523 | | X ” R ” X ” R |
[[13 ][ 1556 || 16.05 || 15.66 || 15.47 ][ 1556 | l 22.6216 |[osei6 || 156301 | 06376 |
[1a |[ 1519 |[ 1597 |[ 1576 |[ 1566 |[ 1568 | Oxbar-R Oxbar—-R
[[15 ][ 1562 || 1566 || 15.84 || 1525 || 1578 | T 1 G |
[[16 || 1577 || 1574 || 15.99 || 1597 || 1512 |
Xbar-R Chart of Face Turning for Gas Cylinder Neck
26.0
Table .4 Summary of Results for A AL AN . .
2 — - - £ He56206
_ ?_ac . ™ v e Y9 9 ]
Calculations ( X and R) Values . " N = _
13 5 T 3 %
Face Turning to Length External Turning to Length .
S.N 12 UCLe],187
I | S | A % 5
;ae P 00 A O -~ et - ass
1 25.706 0.9 15.64 0.59 Zeas ¥ % YW AS e
oo KL=0
[ 2 ]| 25.8 [[ 039 |[ 15878 ][ o029 | g SaE ’ :
[ 3 ]| 25.526 || o61 J[ 1581  |[ 03 ]
[a ] 25.582 [ 072 [ 15774 ][ o046 | Figure .4 Xbar-R chart Approved for
[ s ] 25.784 || 038 J[ 15812 |[ 039 ] Face Turning
[ 6 ]| 25.516 || oo1 J[ 15716 || o083 |
[72 I 25.678 || 024 J[ 15788 ][ 035 ]
HEN 25.554 || 063 J| 15804 |[ o055 |
HE 25.632 Il 036 ][ 1546 ][ o052 ]
[ 10 ]| 25.74 || o52 J| 15618 || o041 ]
[22 ]| 25.542 || o65 J[ 15756 || o076 |
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.

Xbar-R Chart for External Turing of Length tor Gas Cylinder Neck |21 Il -0.59 ” -0.27 ” -0.31 ” -0.79 ” -0.13 I

o Pee ue [22 ][ 057 |[ 014 |[ 027 |[ -032 |[ -033 ]

f,_” - 2 . i al Pt ¥15630

; - » [23 || 071 |[ -038 ][ -0.13 ][ -0.25 ]| -0.55 |

LIRERY - L

L — - et [24 ]| -0.06 || -0.71 || -0.55 || -0.24 || -0.87 |
) 5 T a 1" _-.,,.‘.:.Ip 1 17 " xn 3 =

. [25 ][ 012 ][ 01 ][ -05 ][ 027 || -034 ]

3 - 5 7 7 — - L g3y

B e “l Table.6 DNOM for External Turning to
A Length Process

Figure .5 Xbar-R chart Approved for N Readings (mm)
External Turning of Length Cx, I x [ % [ x. |[ xs

[1 ]| 012 ][ -051 |[] -071 || -03 ][ -0.16

(2 ]| o || 01 |] -02 || -0.29 || -0.02

Table.5S DNOM for Face Turing Process

[3 ][ -025 ][ -031 || -0.32 || -0.05 ]| -0.02

| Readings (mm) [4 ]| -01 || 046 || 045 ][ -012 ][] o

S.N

Lx I X |[ % J[ % [ Xs [5 |[-024]] o || -037]] -035][ 0.02

[+ [ 01 [ 09 J[-002][ o ][-045 [6 |[ 018 ][ 005 |[ 078 |[ -052 |[ 001

(2] (o0s | o0 | 016 | [ 039 | 0a 7] (oo 1 [os ][ 05 | [ 05 | [om

(5] [0 | (012 | 073 | [0s4 | [oss [ [Cose ] [os6 ] o0t | [00s | 003

[4 ]| -06 |[ -021 ][ -0.82 ][ -01 ][ -036 [9 || 026 ][ -0.68 ][ -0.33 ][ -0.78 ]| -0.68

[s || 01 ][ -012 ][ -0.48 ][ -0.24 ]| -0.14 [10 |[ -0.41 ][ -0.12 || -052 ]| 033 ][ -0.53

[6 || -039 ] -0.87 || -0.13 || -0.06 || -0.97 [12 |[ -039 ]| o || -0.04 || -076 ]| -0.03

[7 ][ 043 ][ -035 || -0.21 |[ -0.43 ]| -0.19 [12 |[ 013 ][ -0.03 | -0.82 ][ -0.02 ][ -0.77

(8 || 041 ][ -05 ][ -0.06 ][ -0.69 ][ -0.57 [13 |[ -0.44 |[ 005 ][ -034 ][ -0.53 || -0.44

[10 |[ -0.27 |[ 006 |[ 058 ][ 03 |[ -0.09 [15 || -038 || -034 || -0.16 || -0.75 ]| -0.22

[11 ][ 036 |[ 014 |[ 079 |[ -029 |[ 071 [16 ]| -0.23 |[ -0.26 || -0.01 ][ -0.03 || -0.88

[12 || -0.03 || -0.21 || -0.31 || -0.26 || -0.08 [17_|[ -034 |[ -077 |[ -024 || -056 || -0.99

[13 || 031 ][ -05 ][ -031 ][ -031 ]| -01 [18 |[ -059 |[ -067 |[ -033 |[ -064 |[ -2

[14 || -044 || -061 || -0.13 || -0.52 || -0.53 [19 |[ o |[-035|[ -088 || -088 || -0.89

[20 || -0.93 || -0.58 || -0.82 || -0.02 || -0.84

[15 || -0.25 || -0.35 || -0.45 || -0.31 || -0.84

[16 |[ 016 |[ 07 |[ 027 |[ 055 |[ 067 [21 ][ 002 ][ -013 |[ -0.92 |[ 056 || o

[17 |[ 082 |[ 09 |[ 039 |[ 029 |[ 053 [22 || -0.05 || -036 |[ -03 || -0.22 ]| -0.98

[8 |[ 07 |[ 006 |[ 027 |[ o1z |[ 038 [23 ][ -031 |[ 013 |[ -0.29 ][ -0.25 |[ -0.77

[24 || -0.46 || 048 |[ -0.97 || -0.3a ]| -0.91

[19 |[ -09 ][ -035 || -0.31 |[ -0.32 ]| -0.09

I
|
|
|
|
|
|
|
|
|
[9 || -039 ]| -055 || -0.33 || -0.19 ]| -0.38 | [14 || -0.81 || -0.03 || -0.24 || -0.34 || -0.32
|
|
|
|
|
|
|
|
|
|
|

[20 |[ 027 |[ 077 |[ 036 |[ 035 |[ 033 [25 || 033 |[ -0.45 || -0.24 || -0.46 || -0.77
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Table.7 Summary of Results Short Run

Xbar-R Chart for Face Turning Process (DNOM)

Method o
Face Turning to External Turning to f o AR A _;"\\ N
Subgroup Length (SR) Length (SR) 1 VYN ey TN
I e I x Qe 4| | T
[ 1 ][-0294 [|[oo ][-036 [[o59 |
bl A ,
T2 e e Jem Jow ]| [Elal e eada
| 3 ||-0474 |lo61 ][-0.19 [l[o3 | ) ‘
| 4 |[-0418 ]lo72 |[-0226 Jloss || | == = = = " s
[ 5 ][-0216 |[o38 [][-0188 ]lo39 |
Figure.6 Xbar-Rgp Chart Approved for
| 6 |[-0484 |[oo1 ][-0284 ]lo.s3z |
[ 7 ][0322 ][o2a ][-0212 ][o35 | Face Turning Process
| 8 | | -0.446 | | 0.63 | | -0.196 | | 0.55 | Xbar-R Chart for External turning of lenght (DNOM)
[ 9 |[-0368 ]lo36 |[-0546 ]lo52 | o Poen ot a
P — et tos
[ 10 [[-0.26 [l[o52 ][-0382 |[o41 | o Y N \-.\‘,.-
[ 112 ][-0458 |[o65 |[-0244 ]lo76 | o
[ 12 |[017s  |[o28 |[03s54 |[os | o
[ 13 |[-0306 |[oa ]l-034 ]loss | r . . P
[ 14 ][-0446 |[048 ][-0348 ]lo78 | 1N\ 8
[ 15 ][04a ][os9 ][-037 [[o59 ] R
[ 16 |[-047 [[o54 ][-0.282 ]los7 |
| 17 I | -0.586 I | 0.61 I | -0.58 I | 0.75 I Figure.7 Xbar-RSR Chart Approved for
[ 18 ][-0304 |[o6a ][-0646 ]lo67 | External Turning of Length Process
L 19 |[-0394 |[osr |[[-06 [lo.89 | Table .8 Summary Result of PCI
[ 20 |[-0416 |[o5 |[-0638 ]loo1 |
[ 21 |[o0418 |[oes |[0326 |[0o2 | bt i
| 22 |[033 [[043  |[-0382 [[093 | % Traditional Short Run
[ 23 J[o404 ][oss ][-035 |[oea || | 2 External External
= Face Turning Face Turning
| 24 | | -0.486 I | 0.81 I | -0.632 I | 0.63 I = Turning to Turning to
[ 25 |[-0266 ]loa ][-045 [[053 | Length Length
= — = — C . . . .
| = ” = ” = ” = | p 0.69 0.608 0.69 0.608
0.518 0.449 0.518 0.449
| -0.37536 || 0.5616 || -0.36992 || 0.6376 |
| P | | P | 0.862 0.766 0.862 0.766
Xbar—R Xbar—R
| 0.241445 I | 0.274119 I Cpi 0.518 0.449 0.518 0.449
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0.361 0.373 0.361

- 0.373

6. Results and Discussion

6.1 (Traditional Method)

6.1.1 Face Turning process

From table (4) shown approved control
limit result for characteristics under
study the following notice:

1. The calculated dimension (?)
decrease from the target dimension (X)
by 0.3754 .

2. In both charts the control limit
inside the specification limit this good
in statistically.

3. The difference between UCLg
and USL equal to (0.120) where
o equals 0.241445,
different LCLx and LSL equal (1.240).
From the result of PCI in the table (8)

and the

we can notice:

1. The value of Cp equals 0.69 which
gives an indication that process, not
capable because the process

dispersion 1s outside the range

specified.

2. The value of Cpk equals 0.518
indicating the process means not
centered and shifted toward the
upper specific limit because Cpk<Cp
3. The Cpm value equals 0.373 this
mean Cpm<Cp that the process mean
is shifted away from the target value.
6.1.2 External Turning to Length
Process
From table (4) shown approved control

limit result for characteristics under

study the following notice:

1. The calculated dimension (i)

decreases  from the target
dimension (X1) by 0.3699 .
2. The control Ilimit inside the

specification limit this good in the
statisticly.

3. The difference between UCLi and
USL equal to (0.008 o) wher g =
0.27411, and the different LCLg
and LSL equal (0.950).

From the result of PCI in the table (8)

we can notice:
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()

4. The value of the Cp=0.608 which
gives an indication that process, not
capable because the process
dispersion is outside the range
specified..

1. The value of Cpk =0.449 this
means the process mean not equal
target value and shifted toward the
upper specification limit because
Cpk<Cp.

2. The value Cpm <Cp this mean
there is a shift in the process mean
away from the target value.

6.2 (Short Run Method)

From table (7) shown results for

calculation of approved control limit,

though data are treated in a short run
manner and apply control charts show :
1. All operations were the average
mean shift towards the lower
specification limits this appears too
in the table (4) and about the same

amount of deviation .

2. The mean range and mean deviation

were identical with traditional and

short run methods.

3. Table (8) show summary Result for
process capability index in Short
Run method is the same magnitude

for PCI with traditional method

7. Conclusion

1. Minimizing the number of control
chart by use (DNOM) method, which
collect properties of the group in one
chart lead to reducing costs compared
with traditional method.

2. The Cp value of two processes under
study was less than one, is mean not a
capable process to achieve

specifications limit and need more

control to reduce parts defect.

3. The value of Cpk and Cpm for two
processes smaller than one too, 1s mean
it need to re-install the machine from
time to time, resulting reducing
dispersion shifted from process mean to

be closer to target value.
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4. The
(DNOM) can be employed as an

target dimension charts

alternative to traditional.
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Symbols Description Average of the &
constant for X subgroup averages
converting the for the x-bar chart
A, average range to Process Capability
three standard errors Index , used when
for the X-bar chart Cp USL and LSL are
constant for Relevant
d, converting the Process Capability
average range to an Cok Index , used when
estimate of sigma P USL and LSL are
constants for Relevant
converting the Process Capability
Ds;, D, | average range to Index , Used When
three sigma limit for Cpu USL and p are
the R chart see in Relevant
Number of subgroup Process Capability
k used in calculation of Index , Used When
control limit Cpl LSL and p are
Subgroup size , Relevant
N number Qf . Process Capability
observations in a Cpm |Index , Used ,when u
subgroup and T are Relevant
Range Of th? o Standard Deviation
R, observation in the ith Estimated common
subgroup for the R . cause standard
chart g deviation of the
R Average of the k process
subgroup ranges 60 Process spread
T Process target value 1 Process Mean
of the process mean og? | Process Variance
X Reading Value
Average of the ith
7 subgroup
L observations for the
x-bar chart
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