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[ecture Outline
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¢ Control Charts

¢ Control Charts for Attributes

¢ Control Charts for Variables

¢ Control Chart Patterns

+ SPC with Excel and OM Tools

¢ Process Capability
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Basics of Statistical

Process Control

¢ Statistical Process Control

(SPC)

= monitoring production
process to detect and
prevent poor quality

¢ Sample

s Subset of items produced to
use for inspection

¢ Control Charts

= process is within statistical
control limits

\rv
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Basics of Statistical
Process Control (cont.)

¢ Random ¢ Non—Random

s Inherent in a process s Special causes

» depends on » identifiable and
equipment and correctable
machinery, = include equipment out of
engineering, operator, adjustment, defective
and system of materials, changes in
measurement parts or materials,

s natural occurrences broken machinery or

equipment, operator
fatigue or poor work
methods, or errors due
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SPC 1n Quality Management

* SPC

a tool for identifying problems in
order to make improvements

= contributes to the TQM goal of
continuous improvements
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Quality Measures:
Attributes and Variables

+ Attribute

m a product characteristic that can be
evaluated with a discrete response

s good — bad; yes — no
+ \/ariable measure

» a product characteristic that is
continuous and can be measured

» welght — length
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SPC Applied to
Services

¢ Nature of defect is different In
Services

¢ Service defect is a failure to meet
customer requirements

¢ Monitor time and customer
satisfaction
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SPC Applied to
Services (cont.)

¢ Hospitals

= timeliness and quickness of care, staff responses to
requests, accuracy of lab tests, cleanliness, courtesy,
accuracy of paperwork, speed of admittance and
checkouts

¢ (Grocery stores

= Waiting time to check out, frequency of out—-of-stock
items, quality of food items, cleanliness, customer
complaints, checkout register errors

+ Airlines

s flight delays, lost luggage and luggage handling, waiting
time at ticket counters and check—in, agent and flight
attendant courtesy, accurate flight information, passenger
cabin cleanliness and maintenance
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SPC Applied to
Services (cont.)

¢ Fast—food restaurants

= Wwaiting time for service, customer complaints,
cleanliness, food quality, order accuracy,
employee courtesy

¢ Catalogue—order companies

s order accuracy, operator knowledge and courtesy,
packaging, delivery time, phone order waiting time

¢ |nsurance companies

= Dilling accuracy, timeliness of claims processing,
agent availability and response time
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Where to Use Control Charts

¢ Process has a tendency to go out of control

¢ Process is particularly harmful and costly if it
goes out of control

¢ Examples

= at the beginning of a process because it is a waste
of time and money to begin production process
with bad supplies

s before a costly or irreversible point, after which
product is difficult to rework or correct

s before and after assembly or painting operations
that might cover defects

= before the outgoing final product or service is
delivered
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Control Charts

¢ A graph that

, ¢ Types of charts
establishes control

limits of a process = Attributes
¢ Control limits e p—Chart
= upper and lower bands e C—chart
of a control chart .
» Variables

e mean (x bar — chart)
e range (R—chart)
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Process Control Chart

Upper

Out of control
\

control
limit

Process
average

Lower

control
limit

4 5 6 7 8 9

Sample number

10
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Normal Distribution

9|5%

z 99.74% —

30 26 1o p=0 10 20 30
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A Process Is 1n

Control If ...
1. ... no sample points outside limits
2. ... most points near process average
3. ... about equal number of points above
and below centerline
4. ... points appear randomly distributed
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Control Charts for
Attributes

= p-chart
= uses portion defective in a sample

= c-chart

= yses number of defective items in
a sample
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p-Chart

UCL=p + z5,
LCL=p - zc,
Zz = number of standard deviations from
process average
p = sample proportion defective; an estimate

of process average
c, = standard deviation of sample proportion

p
p(1-p)
Cp = n
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Construction of p-Chart

NUMBER OF PROPORTION
SAMPLE DEFECTIVES DEFECTIVE

1 6 .06

2 0 .00

3 4 .04

20 18 18
200

20 samples of 100 pairs of jeans
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Construction of p-Chart (cont.)

— total defectives
P~ Ttotal sample observations

UCL =0.190

LCL =0.010

=200/20(100) = 0.10

. p(1-p) _ 0.10(1 - 0.10)
UCL—p+z'J — -0.10+3,\/ =

~_ [p(-B) 0.10(1 - 0.10)
"C"'p'”/ n '0'10'34/ 100
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0.20

0.18 UCL =0.190

Construction| ; e
of p-Chart
(cont.)

Proportion defective
o
S
|
|
|

0.02 LCL = 0.010

2 4 6 8 10 12 14 16 18 20
Sample number
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c-Chart

UCL=c+ zo

_ = : o) =1/5
LCL=c-zc, ¢
where

¢ = number of defects per sample
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c-Chart (cont.)

NUMBER
OF

SAMPLE | pEreCTS
1 12
2 8
3 16
15 15
190

Number of defects in 15 sample rooms

T 12.67
UCL =c + zo,
=12.67 + 34/12.67
= 23.35
LCL =c - zo,
= 12.67 - 34/ 12.67
=1.99
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24

UCL = 23.35

21

c-Chart
(cont.)

Number of defects

3 LCL=1.99

2 4 6 8 10 12 14 16
Sample number

Copyright 2009 John Wiley & Sons, Inc. 3-22



Control Charts for
Variables

= Range chart ( R-Chart )

= uses amount of dispersion in a
sample

= Mean chart ( x -Chart )

" uses process average of a
sample
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x-bar Chart:
Standard Deviation Known

UCL = )=(+ <05, LCL = 3(' <05

X+t X+ ... X,
n

Il

where

X = average of sample means
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x-bar Chart Example:
Standard Deviation Known (cont.)

Observations (Slip-Ring Diameter, cm)

Sample k 1 2 3 4 5 X

1 5.02 501  4.94 4.99 4.96 4.98
2 5.01 503  5.07 4.95 4.96 5.00
3 4.99 500  4.93 4.92 4.99 4.97
4 5.03 491 5.0l 4.98 4.89 4.96
5 4.95 492 503 5.05 5.01 4.99
6 4.97 506  5.06 4.96 5.03 5.01
7 5.05 501  5.10 4.96 4.99 5.02
8 5.09 510  5.00 4.99 5.08 5.05
9 5.14 510  4.99 5.08 5.09 5.08
10 5.01 498  5.08 5.07 499 503
50.09
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x-bar Chart Example:

Standard Deviation Known (cont.)

—  50.09
X == =501
UCL = ¥ + zo-
= 501 + 3(.08//10)
= 5.09
LCL = X — zo-
5, 10
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x-bar Chart Example:
Standard Deviation Unknown

UCL = X+ AR LCL = X- AR

where

Xx = average of sample means
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C OIltI'O 1 Eamp:e Size Factor fﬂrf-[:halt I;]a:ctnrs for I-'I-L'I&a:rt
Limaits

2 1.88 n 1.27
3 1.02 0 2 57
4 073 0 2.28
= 0.58 0 2.11
B 0.48 0 2 00
7 0.42 0.08 .o
g 037 014 1,86
9 0.34 018 1.82
10 2.31 0.22 1.78
11 0.29 0.26 1.74
12 027 0.28 1.72
13 0.25 0.21 160
14 0.24 0.23 1.67
15 0.22 0.25 165
16 .21 0.36 .64
17 2.20 0,38 1,62
18 1.19 0.29 161
19 1.19 0.40 1,60
20 048 0.41 .50
H D.A7 0.43 1.58
22 .17 0.43 1.57
23 1.16 0.44 1.56
24 0.18 0.45 1.55
25 0.15 0.46 1.54
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x-bar Chart Example:
Standard Deviation Unknown

OBSERVATIONS (SLIP- RING DIAMETER, CM)

SAMPLE k 1 2 3 4 5 X R
1 5.02 5.01 494 499 496 498 0.08
2 5.01 5.03 5.07 495 496 5.00 0.12
3 499 5.00 493 492 499 497 0.08
A 5.03 491 501 498 489 496 0.14
5 495 492 5.03 5.05 5.01 499 0.13
6 497 5.06 5.06 496 5.03 5.01 0.10
7 5.05 501 510 496 499 5.02 0.14
8 5.09 510 5.00 499 5.08 5.05 0.11
9 514 510 499 5.08 5.09 5.08 0.15
10 5.01 498 5.08 5.07 499 5.03 0.10

50.09 1.15
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x-bar Chart Example:
Standard Deviation Unknown (cont.)

— SR 1.15
R=—= — =0.115
k 10
= 2X 5009
X = ” 10 =5.01cm

UCL =x+ A,R =5.01 + (0.58)(0.115) = 5.08
LCL=X-A,R=5.01-(0.58)(0.115) = 4.94

Retrieve Factor Value A,
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X- bar
Chart
Example
(cont.)

Mean

5.10

5.08

5.06

5.04

5.02

5.00

4.98

4.96

4.94

4.92

UCL =5.08

LCL =4.94

2 3

4 5 6
Sample number
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R- Chart

UCL = D,R LCL = D,R
_ 2R
R=—%

where

R = range of each sample
k = number of samples
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R-Chart Example

OBSERVATIONS (SLIP-RING DIAMETER, CM)

SAMPLE k 1

5.02
5.01
4.99
5.03
4.95
4.97
5.05
5.09
5.14
5.01

O oo NOOGTL A OWON -

-
o

2

5.01
5.03
5.00
4.91
4.92
5.06
5.01
5.10
5.10
4.98

3

4.94
5.07
4.93
5.01
5.03
5.06
5.10
5.00
4.99
5.08

4

4.99
4.95
4.92
4.98
5.05
4.96
4.96
4.99
5.08
5.07

5

4.96
4.96
4.99
4.89
5.01
5.03
4.99
5.08
5.09
4.99

X

4.98
5.00
4.97
4.96
4.99
5.01
5.02
5.05
5.08
5.03

R

0.08
0.12
0.08
0.14
0.13
0.10
0.14
0.11
0.15
0.10

50.09

1.15
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R-Chart Example (cont.)

UCL = D,R=2.11(0.115) = 0.243

LCL = D,R=0(0.115) = 0

Retrieve Factor Values D; and D,
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R-Chart Example (cont.)

0.28

0.24
0.20
0.16 >
0.12
0.08
0.04

UCL = 0.243

@
o
c
@

14

1 2 3 4 5 6 7 8
Sample number
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Using x- bar and R-Charts
Together

= Process average and process variability must be
in control

* |tis possible for samples to have very narrow
ranges, but their averages might be beyond
control limits

» |tis possible for sample averages to be in control,
but ranges might be very large

* |tis possible for an R-chart to exhibit a distinct
downward trend, suggesting some nonrandom
cause is reducing variation

Copyright 2009 John Wiley & Sons, Inc. 3-36



Control Chart Patterns

Run

sequence of sample values that display same characteristic

Pattern test

determines if observations within limits of a control chart display a
nonrandom pattern

To identify a pattern:

8 consecutive points on one side of the center line

8 consecutive points up or down

14 points alternating up or down

2 out of 3 consecutive points in zone A (on one side of center line)

4 out of 5 consecutive points in zone A or B (on one side of center
line)
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Control Chart Patterns (cont.)

UCL

UCL

LCL

Sample observations
consistently below the
center line

LCL

Sample observations
consistently above the
center line
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Control Chart Patterns (cont.)

UCL

LCL

UCL

Sample observations

consistently increasing LCL

Sample observations
consistently decreasing
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Z.ones for Pattern Tests

UCL 3 sigma =)=(+A2I3

2 sigma = X+ % (AZE)

1 sigma = X+ % (AZE)

Process
average

1 sigma = X- %(AZE)

2 sigma = X- %(AZE)

LCL 3 sigma = X- A,R

1 2 3 4 5 6 7 8 9 10 11 12 13
Sample number
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Performing a Pattern Test

SAMPLE x  ABOVE/BELOW UP/DOWN ZONE h

4.98
5.00
4.95
4.96
4.99
5.01
5.02
5.05
5.08
5.03

O 00O N O O A WN =
>>>> | wmowwwm
occcccooc |
W>O0OOO0O>TPIP>PO

-
o
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Sample Size Determination

= Attribute charts require larger sample sizes
= 50 to 100 parts in a sample

= Variable charts require smaller samples
= 2to 10 parts in a sample
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SPC with Excel

E? Microsoft Excel - Exhibit3.1.5PC.xls

) Fle Edt Vew Inset Fomat Toos Data Window Hep ! LB X
DY SRY fB-F - - @ =-5 3l W B/ U EEEES%, @8 FEFE _-d-A-,
B aTDmE g¥lgE v - 1 L . 1 A
5 [ s Click on“ChartWizard

A ] c D E F G H I J K Q R 5 T e
1 Example 3.1. Construction of a p-Chart to construct COI’ltl’O] Chﬂl‘t 7
2
3 Proportion Number of - & i =
4  Sample | Defective P ucL LCL | Defectives | _p= 0.10_ | / 14 3 SQRT(I4 (1 14)/ 100)
5 0 010 | 019 | ool | | UCL= | 0.9 1
B 1 0.06 0.10 0.19 0.01 6 LCL= 0.01 +— | = _— e e
7| 2 0.00 010 | 013 | oot 0 =14 3 SQRT(H' (1‘14)/100)
8 3 0.04 010 | 019 | o001 4
9| 4 0.10 010 | 013 | oot 10
0 5 D.06 010 | 013 | oo 6 025
1 6 0.04 0.10 0.19 0.01 4
2] 7 0.12 010 | 019 | o001 12 -
13| 8 0.10 010 | 018 | oot 10 021 Meh=ile
14 9 D.08 010 | 018 | oo 8
15 10 0.10 010 | 013 | oo 10 é
B 11 0.12 010 | o018 | o001 12 015
17 12 0.10 010 | 019 | oo 10 3 -
18 13 0.14 0.10 0.19 0.01 14 p= 010
19 14 0.08 0.10 0.19 0.01 8 g 01 {=====
2 15 0.06 010 | 019 | 001 6
2| 18 0.16 010 | 019 | oot 16 =
2|17 0.12 010 | 019 | o001 12 0.5 1
23 18 0.14 010 | 013 | oot 14 \ LCL =001
24 19 0.20 0.10 0.19 0.01 20
%5 2 0.18 010 | 019, | 001 18 0 +—¥- —————————— —
2% 200 1 2 3 45 6 7 8 9 1011121314 1518171818 20
27 1 Sample Humber
3
2
0

Column values copied
from 15 and 16
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SPC with Excel and OM Tools

E3 Microsoft Excel - Exhibit3.2.5PC.xls

) e Edt Vew Insert Fomat TJook Data Window el ) -8 X
DEEY SRY twBR-C - - |QE-4K BSwer -7 A 10 - BZ7U EESIES$%, 43 FEE I--4A-,
BEaaatE Inalr I
E2 - e
_ A B | ¢ | b [ E | F G L V| L M N 0 P Q R [3 T u Y | =

1 Xbar and R Charts OM Student - Examples 3.4 and 3.5 ul
2]

3 |input: Quiput; Table Values

4 No. of samples [0 ] X-Bar_| Range N 5

5 Samplesize | 5 | UCL 508 | 0.24 Az | 0577 Input the ohservations for each

6| Mean 501 | 0.12 D3 0.00 [ e itt the green shaded cells. ]

7] |LCL 4.94_| 0.00 Di_| 2115

8

[} Observations Calculations Xbar Chart R-chart Controf Chart Factors for Xbar and R Charts

Mean | Upper
Sample Xm.rcha:tfomml.as Sample | Factor, | Range, | Lower Range,

10 Sample 1 2 3 4 5 Mean | Range | UCL LCL UCL LCL ICL=%-A R size, n A2 04 D3

1 _12 5.02 I 494 | 499 | 49 | 498 | 008 08 | 494 | 0243 [i ¥ 2 1.88_| 3.268 D

12 2 501 3 | 507 | 495 | 496 | 500 | 0.12 08 | 494 | 0243 0 3 1023 | 2574 0

13 3 4.99 00 | 493 | 492 | 499 | 497 | 0.08 08 | 494 243 0 - - 4 0729 | 2.282 0

14 4 503 | 491 01 | 498 | 489 | 496 [ 0.4 | 508 | 494 | 0243 | © UCL=x+ 4R 5 | 0577 | 2115 0

15 5 495 | 492 .03 | 505 | 501 | 499 [ 0.13 508 | 494 | 0243 0 6 0.483 | 2.004 0

16 3 497 | 506 06 | 49 | 503 | 502 [ 0.10 508 | 494 | 0.243 [i R-chart formulas 7 419 | 1.924 0.076

17 7 505 | 501 | 510 | 4965 | 499 | 502 | 0.14 | 508 | 494 | 0.243 0 LOL=DR 8 373 | 1.864 0.136

18 09 10 | 500 | 499 | 508 05 | 011 | 508 | 494 | 0.243 [V : 9 337 | 1.81E 0.184

19 14 .10 499 508 500 .08 0.15 508 494 0.243 0 L= D"ﬁ 10 777 0.223

20 10 01 | 498 | 508 | 507 | 498 03 | 010 | 508 | 494 | 0243 0 1 265 | 1.744 0.256

21 Mean 01 0115 12 266 | 1.716 0.284

2| 3 249 | 1.692 0.308
23| 4 235 | 1671 0329

24 X-Bar Range 15 223 | _1.652 0.348

25| 16 212 | 1636 0.364

% | 810 030 17 203 | 1.621 0.379

2 ! e 18 194 608 0.392

2 &6 N 025 19 187 | 1596 0.404

29| ; / e 20 180 | 1.585 0.414

30 500 A i 21 173 _| 1575 0.425

A 57 [« \._/ foss " 2 | 0167 | 1.566 0.434
R %4 w 23| 0162 | 1567 0.443 -
B ' artd 2 » " 54 | 057 | 1548 0.452

all 00 v ¥ 2% | 0.153 | 1541 0459

35| 005

?- 485 — —— — 000

= 1 2 3 4 5 8§ T 8 9 10 1 2 3 4 5 & 7 & 8 10

9 sample Sample

40|

1]
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Process Capability

¢ Tolerances

m design specifications reflecting product
requirements

¢ Process capability

m range of natural variability in a process—
what we measure with control charts
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Process Capability (cont.)

Design
Specifications
A
' 4 B

(a) Natural variation
exceeds design
specifications; process
is not capable of
meeting specifications
all the time.

Process

Design
Specifications
A
' 4 N

(b) Design specifications
and natural variation the

same; process is capable
of meeting specifications
most of the time.

Process
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Process Capability (cont.)

(c) Design specifications
greater than natural
variation; process is
capable of always
conforming to
specifications.

(d) Specifications greater
than natural variation,
but process off center;
capable but some output
will not meet upper

specification.

Design
Specifications
A
N
Process
Design
Specifications
P A

Process

Copyright 2009 John Wiley & Sons, Inc.
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Process Capability Measures

Process Capability Ratio

tolerance range
p process range

upper specification limit -
lower specification limit

6o
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Computing C |

Net weight specification = 9.0 oz + 0.5 oz
Process mean = 8.80 oz
Process standard deviation = 0.12 oz

upper specification limit -
lower specification limit

P 6

O
1l

9.5-85
6(0.12)

=1.39
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Process Capability Measures

Process Capability Index

r
x - lower specification limit

. . 3 ’
C,x = minimum ° -
upper specification limit - x
30
. o
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Computing C

Net weight specification = 9.0 oz £ 0.5 oz
Process mean = 8.80 oz
Process standard deviation = 0.12 oz
ro_ N
“x - lower specification limit
C,« = minimum 36 -
upper specification limit - x
30
\ v
r D
- 8.80-8.50 9.50-8.80
= minimum : =0.83
3(0.12) 3(0.12)
\ o
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Process Capability
with Excel

£ Microsoft Excel - Exhibit3.3.Process Capability. xls
) Fle Edk Vew Insert Fogmat Jools Data Window Help

DEER GRY I BB-C v-c- @ -4% @S100% - D e T
[ @ 4 g .
DIE A =MIN((D12-(D13-D14))/(3"D15)) ((D13+D14)-D12)/G"D15)))
A B c D E F G H [ J K

'Examples 3.7 and 3.8: Process Capability

Process Capability Ratio:
Upper limit = 95
Lower limit=] BS5
Standard dewiation=| 0.12

é

:

E |

: S —(D6-D7)/(6°D8)
i

13

5

Process Capabilty Index:
Process mean=| 8.80
Design target =| 9.00
Tolerance range=| 0.50

Standard deviation=| 0.12
i Cot =0 see formula bar
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Process Capability
with Excel and OM Tools

EX Microsoft Excel - Exhibit3.4.ProcessCapability. xis

@] Be ER Yew Insert Fomat Took Dsta Window Hep I—
NSeEY SRY L ad-d - @ EZ - E 0o - ) A ~10 - B U EET
o L T R R -

H35 - A

A B C D E F G H | J K L M

1 Process Capability OM Student - Examples 3.7 and 3.8
2
3 3500 + =——Procass distribution
4 \Input Design target=| 9.00 :
5 Design tolerance {(+'<=| 050 3000 1 Upper Spec Link
B 2500 + e Lovwer Spec Limit
7 Process mean=| B.80
8 Process standard deviation =] 0.12 2,000 + - = = Mean
9 1500 +
10 nput the design target and
11 tolerance. the process mearn 1.000 +
}g and standar d deviation. o5 4
14 0.000 ey : T ' . \
15 6200 8400 6600 6600 S000 9200 9400 9800
16 Outpue: Upper spec limit=| 9,50
17 Lower spec limit=| 8.50
18 Provess Capability Ratio
19 Cp = 139 upper specilication limit = lower specilication limit
20 Cok =|__0.83 G =8 - =
21
22 Provess Capability Index
g G iR T — lower :tr:‘a:it'u“.itiun. upper sqx*c:i:‘:ltiml -X
% ; .
26
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