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» Set your Mobile Phones to Silent
» Respect your colleagues — no private

conversations [ 2
« Be on time W ﬁ %
Fifle -
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Introduction to SPC for Variable Data
Process Control by Variables
Process Capability

Case Studies
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INTRODUCTION
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STATISTICAL PROCESS CONTROL

Use of Statistical It is the process To optimize a
Tools and Methods that ‘creates’ process, one has
variation to be in control

of its variation

MFE 3100 — Quality Management and Control © E.Francalanza

© E. Francalanza



MFE3100
Quality Management and Control m
o’

A BRIEF HISTORY OF SPC Ds

« Shewhart believed that there
were 2 variations in a
process:

— Variations which were ‘Natural’
and inherent to the process.

(Common Causes of
Variation)
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STATISTICAL PROCESS
CONTROL

HOW?
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Collection
Plan

Today’s Lecture

Collect Analyze
Data Plot Data Data

-

Make &
Implement
Decisions

N
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SPC: -
k Use of Mean and Range
value] Charts Upper and Lower
Control Limit to detect
special causes of variation \_
UGl
Common causes )\
J
LCL
Time
State of Statistical Control Process out of Control
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PROCESS CONTROL BY
VARIABLES
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1. Collect Data

STEEL ROD LENGTH EXAMPLE
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= Minitab - Untitled

J File Edit Data Calc 5tat Graph Editor Tools

J_D New... Cirl+ N

J & Open Project... Ctrl+ 0

™ [ SaveProject Ctrl+5
Save Project As...

Open Worksheet that
contains data

Project Descripticn...

E Open Worksheet...

ﬂ Save Current Worksheet
Save Current Worksheet As...
Worksheet Description...
Close Worksheet
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SAOMPLE RATA - STEEL RQR LENGTH .
EXAMPLE |

i c1 cz c3 ca
Sample1 ‘lSampIe 2| Sample 3| Sample4‘
1 144 146 154 146
2 | 151 150 134 153
3| 145 139 143 152
Ta | 154 145 152 148
5 | 157 153 155 187
"6 | 157 150 145 147
7 149 144 137 155
[ 8 141 u7 149 155 J
T 58 =0 s L] —
10 145 143 152 154
1 | 151 150 154 183
n | 155 145 152 148
/ 13| 152 146 152 142 Each reading
14 144 160 150 149 .
15 | 150 146 148 157 consists of 4
20 readings IACHELY B 1“8 149 samples of 4
17 155 150 153 148
taken at TR 1 BT 149 1o seperate parts.
regular 18| 153 155 149 151 Hence sample
. 20 155 142 150 150 -
lntervals, = 146 156 148 160 sizeis 4
ex. Every 15 | 152 7 156 154
; 2 143 156 151 151
minutes of | 151 152 157 149
production E R 140 167 151
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1. Collect Data
2. Calculate: X & R for

each sample b=
C1 Samplel Statistic
- - C2 Sample2 " Sum ™ Median
Minitab - Lectured_Project. MPJ - [Worksheet 13 =]
2 : - = - €3 Sample3 {* Mean ™ Sum of squares
| Eile Edit Data| Calc Stat Greph Editor Tools Win C4  Sampled = o R
J =& | =1 ‘ 4 & @ Colculator.. ‘ & £ Minimum £~ N nonmissing
“7 — " Maximum M missing
| =3 Row Statistics.. L " Range
& c } TT Standardize. | C5
Samplel 5¢ —— —— 2 n
- 144 Make Battemed Dats — fnput veriobics:
o 151 Make Mesh Data... f— Sample1-Sample4 -
3 145 31} Make Indicator Variables... L
4 184 Set Base...
| 5 | 157 Random Data 3 ﬂl Store resultin: Ics
| 6 | 157 Probability Distributions »
7 143 TS EEEEE— Help | oK | Cancel |
8 141 Matrices »

MFE 3100 - Quality Management and Control Francalanza

D=

+ a1 | c2 [ 3 [ 4 [ o5 [ o6 |
Samplel Sample? Samole 3 Sample d_Mean |_Range. | —
I 144 146 154 146 14750 10 |\ Calculate: X& R
7 51 50 T 53 14700 i)
3 139 143 152 14475 13 for each sample
n 154 145 162 148 150.00 B
5 157 153 155 157 155.60 4
3 157 150 145 47 14975 12
|7 | 149 144 137 185 146.25 18
EN 141 147 149 165 148.00 14
9 158 160 149 156 163.25 9
10 145 148 152 154 14975 9
1 151 150 154 153 152.00 4
12 155 145 152 148 150.00 10
| 13| 152 146 152 142 148.00 10
11 144 160 150 149 150.75 16
15 150 145 148 157 150.25 11
16 147 144 148 49 147.00 5
| a7 | 185 150 153 148 15150 7
13 157 148 149 153 15175 9
19 153 155 149 151 152.00 6
20 156 142 150 150 149.25 13
21 146 156 148 160 15250 14
2 152 147 158 154 18275 1
B 143 156 151 151 150.25 13
N 151 152 157 149 15225 8
MFE 3100 — 2 15 140 7 151] 15050 7 © E.Francalanza
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STEPS IN ASSESSING PROCESS D
STABILITY )

1. Collect Data
2. Calculate: X & R for

[ Minitab - Lectured_Project.MPJ - [Worksheet 13 =]
File Edit Data| Calc Stat Graph Editor Tools Win

- ct £:0 Standardize..

each sample SiElE S

1 144

3. Calculate: =

- The PrOCeSS Mean ({(;‘Eu;r%\r;arddewauon E%‘EE’\;SWEQS
(Mean of Means) o e
— The Mean Range ptvanses [
_e |

(Average Value Of Storeresutin: [ (Optional)

Ranges)
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SAMPLE DATA — STEEL ROD LENGTH
EXAMPLE L

+ c1 c2 c3 c4 c5 C6
Sample1| Sample 2| Sample 3| Sample 4 | Mean Range
1 144 146 154 146 | 14750 10
2 151 150 134 153 | 147.00 19
3 145 139 143 152 | 144.75 13
4 154 146 152 148 | 150.00 8
5 157 153 155 157 | 155.50 4 &~
6 157 150 145 147 | 14975 12 Calculate:
7 149 144 137 155 | 146.25 18 . The Process Mean
8 141 147 149 156 | 148.00 14
9 158 160 149 156 | 153.25 9 * The Mean Range
10 145 148 152 154 | 149.75 9 -
1 151 150 154 153 | 15200 4 S
12 155 145 152 148 | 15000 10
13 152 146 152 142 | 14800 10
14 144 160 150 149 15075 16 Results for: Rod_Example.MTW
15 150 146 148 157 | 150.25 11
16 147 144 148 149 | 147.00 5 Mean of C5
17 155 150 153 148 | 15150 7
Mean of C5 = 150.1
18 157 148 149 153 | 15175 9
19 153 155 149 151 | 152.00 6
20 185 142 150 150 | 149.25 13 Mean of Range
21 146 156 148 160 | 152.50 14
2 152 147 158 154 | 15275 iR Mean of Range = 10.8
23 143 156 151 151 | 15025 13
24 151 152 157 149 | 15225 ]
MFE 3100 - D 184 140 7 181\ 15080 ﬁ © E.Francalanza
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STEPS IN ASSESSING PROCESS D
STABILITY ]

| 5.9

1. Collect Data
2. Calculate: X & R for each sample
3. Calculate:

— The Process Mean (Mean of Means)

— The Mean Range (Average value of Ranges)
4. Plot these values on:

I. Mean Chart

lI. Range Chart

and examine the charts for any possible Trends

MFE 3100 - Quality Management and Control © E.Francalanza

w3 MEAN & RANGE CHARTS D=
B =
T P [ gy -
|l e
;. H : HE Plot of Means
1 e
gl LTI T LT e = OO L e
— T % mmyEE saiEs i o
Plot of Ranges H =
R s
= e
it et o :
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PROCESS CONTROL - TRENDS D=

A Run Above or Below the Process Mean Value
(Defined by 7 points in a row)

MFE 3100 — Quality Management and Control © E.Francalanza

D=

A Rising or Falling Trend
(Defined by 7 points in a row)

A

|
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MEAN & RANGE CHARTS D
RANGES FOR ROD LENGTH EXAMPLE ’

Time Series Plot of Range

20.0

NN
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wv

Sample Range

MEAN & RANGE CHARTS D
MEANS FOR ROD LENGTH EXAMPLE 8

/\ M A

c
m
$
9 150.0 7
3 \/ v
)
[9/]

147.5 1

145.0

2 4 6 8 10 12 14 16 18 20 22 24
Index
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STEPS IN ASSESSING PROCESS D
STABILITY ]

1. Collect Data
2. Calculate: X & R for each sample
3. Calculate:

— The Process Mean (Mean of Means)
— The Mean Range (Average value of Ranges)

4. Plot these values and examine the charts
for any possible Trends

5. Calculate the values and plot the control
limits (UCL & LCL) on the charts

MFE 3100 — Quality Management and Control © E.Francalanza

CONTROL LIMITS Dr

Frequency
B

Distribution /

of sample
means 7 Upper

\ &
Individuals- \ limit
population
distribution

MFE 3100 — Quality Management and Control © E.Francalanza
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ALTION ANR WARNING UNESFRR . .
MEAN CHARTS |

Upper and Lower Control Limits (UCL & LCL)

I

_ Sample size N Cantrol limit coefficients
Vel X + AZR Average chart Range chart
n A D; D,
1.880 0 3.267

i | e 0 [ R

1.023 0 2.574
* 0.729 0 2282
_ ~ 3 0.577 0 2114
The ConstantA, is

chosen dependent on
the sample size

MFE 3100 - Quality Management and Control © E.Francalanza

ACTION ANR WARNING LINESFRB .
RANGES CHARTS |

Upper and Lower Control Limits (UCL & LCL)

R

Sample size Control limit coefficients
Average chart Range chart
n A_‘ Dj D;
2 1.88 0 3.267
3 ﬁ 0 2.574
4 0.729 0 2.282
5 0.577 0 2.114
MFE 3100 — Quality Management and Control © E.Francalanza

14

© E. Francalanza



MFE3100
Quality Management and Control

MEAN PLOTS IN MINITAB D=

= Minitab - Untitled
Eile Edit Data Calc| Stat Graph Editor Tools Window Help

|
|SE(& i Eswe VG Qed | CBEOIE R GEE B 4|
I | e ' CIXIQ[x ToON » i

ANOVA »

DOE 3
Control Charts ) B3% Box-Cox Transformation...
T lity Tool 3
Results for: Rod_E Quality Tools Variables Charts for Subgroups » % Xbar-R...
Reliability/S | 3
Mean of C5 eliability/Surviva Variables Charts for Individuals » % Kbar-5...
Multivariate 3 Attributes Chart 3
ributes Charts L
Mean of C5 = 150.1 Time Series » B % I-MR-R/S (Between,/Within)...
- Time-Weighted Charts 3
Tabl 3
tebles Multivariate Charts | FEE
Mean of Range Nonparametrics 4 =N
Mean of Range = 10. EDZ: ' ;E G
Power and 5ample Size »
ﬁ Zone...

MFE 3100 - Quality Management and Control © E.Francalanza

MEAN PLOTS IN MINITAB D=

Xbar Chart =]
C1  Samplel Observations for a subgroup are in one row of columns: ;I
C2  Sample2
C3  Sample3 Sample1-Sample4 A
C4 Sample4
C5  Mean
C5 Range =
Scale. .. | Labels... |
Multiple Graphs... | Data Options... | Xbar Options. .. |
Help | oK | Cancel |

15
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MEAN & RANGE CHARTS D
MEANS FOR ROD LENGTH EXAMPLE |

I Chart of Mean

158
UCL=157.14

156

154 4

. i A 7 Ve
4 VY

146

Individual Yalue

144

LCL=143.06

142 4

1 3 5 7 9 11 13 15 17 19 21 23 25
Observation
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PLOTS IN MINITAB D=

E Minitab - Lectured_Project.MPJ - [Worksheet 13 ***]
J@ File Edit Data Calc | Stat Graph Editor Tools Window Help

J@u|§|%g| Basic Statistics ’|®?ﬂ“‘@@® »@%||@|Jﬁ|_g
Regression 3 ﬁ
[ - A x|a DO - l10]
J ANOVA 3 | | Q J |T T N
i c1 2 o v| 5 | s | c7 | cs c9 c10 c1
1 Sam;:l;j Sal'np:‘: Control Charts | B5% Box-Cox Transformation... |
i ot
3 145 12 eliabilty/Surviva ' Variables Charts for Individuals » | 22 Xbar-S...
Multivariate 3
4 154 14 - Attributes Charts » = i
5 = I-MR-R/5 (Between/Within)...
5 157 qg  TimeSeries " Time-Weighted Charts p
6 157 15 1= ] ' Multivariate Charts > %E Abar..
1 g g Mereeemeric VT .
EDA 3 ==
3 141 14 = 148.00 14 = S
9 158 4E Power and Sample Size ¥ | 153 25 9 =
Zone...
10 145 148 152 154 14975 9 =

MFE 3100 — Quality Management and Control © E.Francalanza
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PLOT OF RANGES Ds

R Chart =]
C1  Samplel IObservations for & subgroup are in one row of columns: ;I
C2 Sample2
C3  Sample3 Sample 1-5ample4 -
C4  Sample4
C5 Mean
Cé Range o
Scale... | Labels. .. |
Multiple Graphs. .. | Data Options... | R Options... |
Help | oK | Cancel |
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MEAN & RANGE CHARTS D=
RANGES FOR ROD LENGTH EXAMPLE )

I Chart of Range
254
UCL=22.88
20
L]
3 154
m
>
D 10 \/\/ V X=10.8
=
)
=
54
04
LCL=-1.28
1 3 5 7 9 11 13 15 17 19 21 23 25
Observation
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PROCESS CAPABILITY

PROCESS CAPABILITY Dr

» Once the process is brought under
statistical control by detecting and
eliminating special causes of variation, its
performance is predictable

* |Its capability to meet customers’
expectations can now be assessed.

 For this, we need measures which express
the relationship between the specified
tolerance (allowed deviation from the
nominal) and the process variability.

MFE 3100 — Quality Management and Control © E.Francalanza
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D=

Tolergnce{
Supplier cuwxm, fi;r):]ai(t:éflcatlon
E ; o am Supplier Cupability
\['] !I g : J, [ |
( |r i ) : 1| Partg oyt pf
Frequequ\ik Frequency : | specifciation
L] b
: tu]1

- 4
7_..51 —-

I 1
150 \Mﬂ/ Tn
: + Capable Process
140 150 160 J'Hst E %\e%rocess
—= ot aBa e Process

MFE 3100 — Quality Management and Control © E.Francalanza

D=

N.B. A process can be in control
but not be capable

A state of
)_ statistical control

STATISTICAL A
PROCESS CONTROL VS. PROCESS CAPABILITY

CONTROL LIMITS VS, SPECIFICATION LIMITS

MFE 3100 — Quality Management and Control © E.Francalanza
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* Process Capability
IndeX.C _ Tolerance  USL — LSL

P 6o B bo
. Or USL— X
Or' _— Note:
Cop = 30 The upper and lower
Pk & specification limits (USL &
X — LSL LSL) are defined as the
3o tolerances of the dimension.
* Where USL & LSL are the 8
upper and lower C,x is used for one sided or
Speciﬁcaﬂon limits non-symmetrical tolerances.

MFE 3100 - Quality Management and Control © E.Francalanza

INTERPRETING CAPABILITY INDEXES  L2r

* Cx<1 Not Capable — Non Conforming
Output

Co =1 Not Really Capable — Any Change
will give a Non Conforming Output

Co=1.33 Not Satisfactory
Co=1.5 Not Satisfactory
Co=1.67 Promising

Cox>=2 High Level of Confidence

MFE 3100 — Quality Management and Control © E.Francalanza
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PROCESS CAPABILITY - MINITAB D=

B Minitab - Lectured_Project.MPJ
| File Edit Data Calc| stat Graph Editor Tools Window Help

|GE (&3 By Becsmic g Qed | CBEOSE wnE| CEM| B A 2R
T Regression 4 ﬁ
— I =SEEY EEENEETE
J—' ANOVA b | | 4 “T r A
o DOE v
Process Capability __ ol chars i’
4 tun .
Reliability/S |
Results for: Works AR AT L Bareto Chart..
Multivariate »| % Cause-and-Effect...
Mean of Mean Time Series

»
#5 Individual Distribution Identification...
Tables -

Mean of Mean = 150. {7 Johnson Transformation...

N et 3
EDA v
Xbar Chart of Mear Capability Sixpack ¥ | [ Between/Within...

Power and Sample Size

Ny
\it] Nonnormal...

Gage Study »
LN
vy Attribute Agreement Analysis.. i) LTS s (ot
orksheet 13 ™ E Multiple Variables (Nonnarmal)...
I " = = ) 1 Acceptance Sampling by Attributes... & Binomial
Acceptance Sampling by Variables y | Ll B
Sampleﬂ SampIeZ‘ Sample 3| Sampl L‘ﬂl Poisson
1 144 146 154 * i Multi-Vari Chart... ~
2 151 150 134 * |~ Symmetry Plot...
EN 150 134 | Symmetry —

MFE 3100 - Quality Management and Control E.Francalanza

PROCESS CAPABILITY - MINITAB D=

Capability Analysis (Normal Distribution) =]

Cl1 Samplel Data are arranged as Box-Cox...

C2  Sample2 ™ Single column: I

C3 Sample3 Estimate...

C4 Sampled Subgroup size:

C5 Mean Opftions...

C6 Range {use a constant ar an ID calumn) R ———
Storage...

* Subgroups across rows of: 4

Sample1-5ample4 -

Lower spec: I 145 [~ Boundary
Upper spec: I 155 [~ Boundary
Historical mean: I (optional)
Select |
Historical standard deviation: I (optional)
QK

Help | Cancel
MFE 3100 — Quality Management and Control © E.Francalanza
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ROD LENGTH PROCESS CAPAPBILITY L2

+ Process Capability of Samplel, ..., Sampled EI@
Process Capability of Samplel, ..., Sample4
LsL usL
Process Data | — | —— Within
15 145 | | — — overal
e 158 | | Potental (Within] Capabiity
Sample Mean  150.1 | P | G 03
Sample N 100 | | CPL D34
StDev(Within)  5.07389 CPU 032
StDev{Cversl) 503623 | Cpk 032
Overall Capability
Pa 033
PRL 034
PRU 032
Pok 032
cm  *
7 T T T T T
135 140 145 150 155 160
Observed Peformance | | Bp, Wihin Prformance. | [ Exp, Overall Peformance
PPM <LSL 13000000 || PPM < 1SL 15741341 || PPM <LSL  155610.87
PPM > USL 14000000 || PPM > USL 16709016 || PPM > USL 16528919
PPM Totsl 27000000 | | PPM Towl  324503.58 || PPM Toml  320500.08
MFE 3100 - Quality Management and Control © E.Francalanza
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CASE STUDY D=

FRIDGE DOOR

LIGHT SWITCH B
\
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CASE STUDY D=

Housing
Problem 1:

Housing locating
holes are misaligned

Plunger
Problem 2:
Housing and Socket
\ are not alligning
roperl
Socket properly
MFE 3100 — Quality Management and Control © E.Francalanza

PROBLEM 1 D=

Housing Location Housing locating holes are misaligned

B Part Information

Part Material:
PBT

. Process:
Dim 1 Injection Moulding

Injection Moulding Machine:
2

1
i
1
1
I
i
I
i
I
I
I
! Specification: 20+/-0.2

—
|
'

MFE 3100 — Quality Management and Control © E.Francalanza
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DATA ANALYSIS Ds

1. Calculate: X & R for each sample
Fmemsmmie o0 2. Calculate:

23 I I = —+ The Process Mean (Mean of
Sample1| Sample2 Sample3 |
20.30 20.20 19.90 _ Means)
1975] 2040] 2030 — R The Mean Range (Average value of
19.86 20.05 2013
20.10 20.20 19.98 Ranges)

1950 2020, 210 3. Plot these values and examine the

2010 19.90 2030

1955 1970 1972 charts for any possible Trends

ST FROEF 4. Caleulate the values and plot the
; control limits (UCL & LCL) on the
charts

5. Check Process Capapbility

NG AREIEAT N

MFE 3100 — Quality Management and Control © E.Francalanza

DATA ANALYSIS:
HOUSING LD

R Chart of Samplel, ..., Sample3
0.8 4 ‘
0.7 4
Xbar Chart of Samplel, ..., Sample3
0.6 4 20.3
- “ UCL=20.2758
8 0.5 e
g Process Capability of Mean
0.4 u/
2 L5t usL
£ 03/ Process Data | | —— within
o T s 19.8 — = Cverall
0.24 = . : : Fosnisl (Wienin) Capsbity =
Sample Mean  19.9842 | | G L5 *=18.8842
Sampie N cPL L33
0.14 StDev(Within)  0.0442328 I I CPu Le3
StDev(Overal) 0.174199 | | Cok 138
.04 —| | | Ovesall Capabity
| | Pp 038
1 | | PPL 035
PPU 041
| | Ppk 035
| | Cpm = LCL=19.6925
- | 1 .
,-f | -~ 7 8
- | [
19.68 19.80 19.92 20.04 20.16 20.28 20.40
Observad Exp. Within Bp. Ovessll
PPM < LSL  250000.00 BPM < LSL 1567 PPM < LSL 14520538
PPM = USL 0.00 PPM » USL 053 PPM = USL 10767173
PPM Toml  250000.00 PPM Towsl 16,20 PPM Toml 252877.11
MFE 3100 — Quality Management and Control © E.Francalanza
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PROBLEM 2 D=

Problem:
Interfrence between
Housing Dim 2 and
Socket Dim

Housing Specification: 2.0+/-0.2
Socket Specification: 2.4+/-0.2

MFE 3100 - Quality Management and Control © E.Francalanza

DATA ANALYSIS D=

e

B Housing_Dim2.MTW
+ Cc1 Cc2 c3 c4 Cc5 C6 (o Ccs8
Sample1| Sample2 Samplel
210 212 219
213 2.08 2.05
215 2.06 207
218 222 217
215 220 225
213 2.08 2.05
223 210 219
2.25 214 221

[ socket_Dim.MTW ==

4 c1 Cc2 C3 Cc4

Sample1| Sample2 Samplel
230 232 219
232 218 2.05
215 226 238
218 235 220
223 230 225
213 215 2.35
223 235 219
225 2.3 221

MFE 3100 — Quality Management and Control © E.Francalanza

D;wea--ldambum—h

-
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PROCESS CAPABILITY
ANALYSIS L

LSL USL LSL

/i
o L
1.800 1.875 1.950 2.025 2.100 2.175 2.250 21 209 23
Housing Socket
MFE 3100 — Quality Management and Control © E.Francalanza
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 During this lecture we have seen:
« SPC by Variables
* Process Capability
* Practical Exercises using Minitab

MFE 3100 — Quality Management and Control © E.Francalanza
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