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@ualily Measure and Analyzing Periormance

Process definition and components

3.1 Definition of a process
An activity using resources to transform input into output (tangible/
intangible)
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Process objectives

S.M.A.R.T. objectives
Tools for making goals a reality
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Types oi Control
'
Input ~ ———p  Processes ——p  Output
Feedforward Concurrent Feedback
control \ control \ control \
Anticipates Corrects problems Corrects problems
problems as they happen after they occur
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I' - Normal distribution

U It links frequency distribution to probability distribution

0 Has a Bell Shape Curve and is Symmetric

U Symmetrical shape around mean value

0 Mean = Mode = Median

f U 68.26 % of Values in the area mean £ 1 Std
A e
| 56.2%

9E4%
%.7%

0 95.44 % of Values in the area mean + 2 Std

0 99.73 % of Values in the area mean + 2 Std
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Process Behavior - Normal distribution

Row ff = 1000

- 68 of data —

95Y% of data
/

I I /_,/ 997% of data N
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| Number of reading = 1000 ‘ | Number of reading = o




Analyzing Performance

Process Limits

A simple view of Process Control and Process Capability

O Process control - refers only to the “voice of the process” - looking at the process using an
agreed performance measure to see whether the process forms a stable distribution over
time.

O Process capability - measures the “goodness of a process’ - comparing the voice of the
process with the ‘voice of the customer’. The voice of the customer here is the
specification range (tolerance) and/or the nearest customer specification limit.
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Analyzing Performance

Process Limits

What is the difference between specification limits and control
limits?

Control Limits

Specification Limits

Voice of the Process

Voice of the Customer

Values calculated by Process

Values defined by user

UCL & LCL

USL & LSL
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What is the process capability

Process Control 7\
Note- no reference to —,«A \;
pees! Process Capability /"
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@ualily Measure and Analyzing Periormance

Common causes of variation

Also called random or
uncontrollable causes of variation
causes that are random in

occurrence and are inherent in all
processes management,

If only natural (common) causes of
variation are present, the output of a
process forms a distribution that is
stable over time and is predictable
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Sources of Variation

Assignable causes of variation A

Also called special causes of
variation the result of External
sources outside the system
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Prediction

Must be detected, and corrective
action must be taken to remove
them from the process

Fre g iherncy

If assignable causes are present,
the process output is not stable
over time and is not predicable
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Sources of Variation

Total Process Variation:

Total Process | |  Common Assignable
Variation [~| Cause Variation [f| Cause Variation
|

= Variation is natural; inherent in the world
around us

* Notwo products or service experiences
are exactly the same

= With a fine enough gauge, all things can
be seen to differ
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Sources of Variation

Common Cause Variation:

Total Process | |  Common Assignable
Variation [ | Cause Variation * Cause Variation
|

Common cause variation
* naturally occurring and expected

* the result of normal variation in
materials, tools, machines, operators,
and the environment
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Sources of Variation

Assignable (Special) Cause Variation:

Total Process | |  Common A Assignable
Variation || Cause Variation | | Cause Variation
Special Causes: . — 1
Five M & E Special cause variation
1. Man » abnormal or unexpected variation
2. Material )
3. Machine * has an assignable cause
4. Methods » variation beyond what is considered
3. Measurement inherent to the process
6. Environment
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1 SPC- Statistical Process Control Tools

The seven major tools are (7 SPC Tools):

1. Flow Chart EZ_TT“

2. Check Sheet oo

3. Cause and Effect Diagram

4. Histogram N

5. Pareto Chart <

. Scatten

— 6 Scatter Dlagram Diagram
<7
7. Control Chart . <. «_ TR
on LA L > I ;hj i
O @ & H' - ] X
Geoaeriow B Causs & Effect “Sdy | Pareto Anaiysis

ualily Measure and Analyzing Periormance

Performance analyzing — Tools (7 - lll: Tools )
@

Analyze Distribution ) x(Analvze Distribution Measure capability
Check Sheets J 'L Histogram Cp and Cpk

\ 4

Performance Analysis
Control Charts

Standardize the process

[ Redesign and J

A
7
CI )
Studying the correlation Analysis the causes Select the effect
Scatter Diagram Fish bone Diagram parameter Pareto Chart
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1- Collect Data - check sheet

| Frequency Check Sheet | | Measurement Scale Check Sheet |
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Analyzing Performance

2- Analyze Distribution - Histogram

Skewness > 0

= Kurtosis > 0

1 Types of Distributions

1- mean = median = mode (symmetric) £y
2- mean > median > mode (+ ve skewed) T
3- mean < median < mode (- ve skewed) | -,

—l_\ ! Kurtosis = 0 3 :II Py tsE Ty

Mad: Median Mean I Skewness = 0 Kurtosis < 0 Mesyznert

Positively skzwd or rigké-skewed

Skewness < 0

|
N
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2- Analyze Distribution - Histogram

Histogram: Days to Receive Order
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d- Measure capability Gp Gpk

LSL USL LsL UsL
LUSL = Upper (3) (b)
Slpelmﬂcatmn Frocess sasily mests Frocess comfortahly
Limit AT e
specification limits mests specification limits
LSL = Lower
Specification LSL L3S0 LsL UsL
Lirnit
(€ (d)
Process only just meets Process does nat meet
specification limits. specification limits.
Any shift or spread will There are many failures
reslt in failures
LaT
.‘_{{’_: NS (S (MRS (RS (MR (NS (NS (MRS (NG (M (MRS (AR (MRS (RS (NS (MRS (RGN (A
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@uality Measure and Analyzing Periormance

C,= USL-LSL
6s

Pp= USL-LSL
6sp

1 2
CAPABILITY |PERFORMANCE
Short Term Long Term
In Control Not in Control
Pooled std dev Total / overall std dev

compares
How  spec range

a much (tolerance) Cp Pp
variability o process

widtl
how close
How process
centre is to C P

centred  nearest pk Pk

spec limit
Cou=_ X-LSL Coiw =_USL-X
3s 3s
Pu= XLSL Pu,= USLX mP>
3sp 3sp
NEFY (NEES (NS (N \ N NS (NEF WEY (NESYS (WSS (NS (NES

Cp = min {Cpy, Coid

Ppk =min {Pka' Ppku}
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4- Process Gapability Analysis

Use Minitab output whenever
possible, since it combines the \

uUsL

indexes with a  graphical
representation of the process:
actual sample, estimated short
term capability and estimated long

term performance /

O Also use as a rule of thumb

the following chart

¢® |k P ok m w

<1.00 <100 <13 <13

Yelow(OK) | 10013 | 100-18 | 1167 | 13147 m i i i‘ E
>1.3 >13 > 167 >167
u

| (Cpk x 3) +1.5 = sigmh

LSL
Cp=1 Cp=15 Cp=2
wou woow uw
30 36 aso * ase 66 * 6o
Wt (s, (W (Mars (Wads (M (Nads (Mass (3
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Performance Analysis — Control Charts

+3 sigma I
/ /| epidyda
rd
\ } Nomind
LY \ N\, [] Bl ki
. Lo
- 3 sigma ..
Assignable el adlall
caseslicy )
1 2 fdls / 3
Samples

CHARACTERISTIC

I

¢
/ :
L7 (NER WARNING AT (W)
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Performance Analysis - Gontrol Charts

""""" 1 =" T
B27% |95k | 9973%
a
|
__________ [P s
(N (M (N

Special Causes

ucL

Gommon Causes

Comman Causes

LCL
Special Causes
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m One point is more than 3 standard

deviations from the mean |

@ Nine (or more) points in a row are on the

same side of the mean

N @ U \/
4

Inference: Some prolonged bias ewiszs.
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@ualily Measure and Analyzing Periormance

m Six (or more) points in a row are

continually increasing (or decreasing)

U Y

g
)

This i dirzctional 2nd the position of the mean and size of the

standard deviation do not affect this rule.

m Fourteen (or more) points in a row alternate

it

ey

in direction, increasing then decreasing

W O AL -
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Inference: Thiz much escillation /s beyond noise.

This is directional and the position of the mean and size of the
standard deviation do not affect this rule.
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@uality Measure and Analyzing Periormance

€
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Two (or three) out of three points in a row
are more than 2 standard deviations from
the mean in the same direction.
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Inference: There is 2 medium tendency for samplas to be
mediumiy out of control.

The side of the mean for the third point is unspacifiad.

M e e ac

Four (or five) out of five points in a row
are more than 1 standard deviation from
the mean in the same direction.
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Inference: There is 2 strong tendency for samples to be
siightiy out of control. The side of the mea n for the fifth point is
unspecified.
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m Fifteen points in a row are all within 1

standard deviation of the mean on either
side of the mean

e e

R a K Pap
YV ¥V S ® W W
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Inference: With 1 standard deviation, greater vanation
would be expecred.

Eight points in a row exist with none within

1 standard deviation of the mean and the
points are in both directions from the mean

oL

Inference: Jumping from above to below whilst missing the first
srandand devianion band is rarely random.
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Analyzing Performance

Performance Study - Control Chart

Xbar/R Chart for Data

Special
causes act \

39> 7l Lladl NES NP JaQ

10 - 1 - ucL control Limits lagall
s o \ /\\ / Wlline Ahis o AS) dzgs JaOd
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UCL / LCL = Control Limits | 5252
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Frequency
g

I ital Fese

Pareto Chart

-*
-

Can't Change Background
Can't Open the File

Found a Bug

Can't Save Changes

Don't Have Excel

Doesn't Work in OpenOffice

F 80%

F B0%

F40%

F20%

Problem
Useful Bany

0%

——Curnulative  ------- Cut Off %

r 100%

Cumulative %
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Analysis the root cause - Fish bone diagram

Measwrement Munterials Mothods

Lab amor Fpred materints \'l; Anabytical procadure

A
h Gupplarh,  City  ySupglier 1 =) %
%, %;1‘-., Track B, F"Bnl.-%%‘\ﬂupplif z & %@
T

59 ;

Sobvond conlaminabicn Lab sodvnt conbamination

N
e,

Iran in
Praduct

Emvirenment
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Studying the correlation between Input with the output - Scatter diagram

Scatter Diagram - How do | use it? - Corelation

Degrees of correlation: Sia of JI sl sl smgs o Q

1 1 n
' '|Il Y .' ' N f ( Positive , Negative ) ol paill on Lol
'
I|ll| A : |'l I||h |'

AT PR A ; s LLaM ol sy Lladl K Ja0)

Nona Low High Pertact

s ol 853 lia o msgy boladdl S Jald
Types of correlation: Lls @

fogay 48,lhis Outliers Llas gl usgs Jald
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Redesign process (Flow Chart )

fl Monitor the Inputs, Resources,
Outputs & Feedback associated with

a system process

Easily identify how an action item fits
into the process of the system




