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The ultimate process goal
Processes are meeting customer needs (based on specifications), 
stable, and on-target with minimum variation and an adequate 
measurement system
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Problem statement
A quality or manufacturing manager oversees multiple processes and 
wants to evaluate the process health to identify areas for improvement

In light of the ultimate process goal…

- What set of indices is best to assess performance? 

- How can these indices be used to quickly evaluate many processes?

- Can these indices provide clues to the type of improvement needed?
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Start with Ppk
Ppk is a good indicator of actual process performance compared to 
specifications because it considers the long-term variability and the 
process average.
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𝑃𝑝𝑘=
𝑚𝑖𝑛(𝑈𝑆𝐿− ҧ𝑥,ҧ𝑥−𝐿𝑆𝐿)

3𝜎𝐿𝑇

LSL

ҧ𝑥

USL

3sLT

Rule of Thumb Ppk

Adequate >1.33

Marginal 1.00-1.33

Poor <1.00



Three reasons for an unhealthy process

Ppk poor

Process is unstable 
(special causes)

Process is off-target

Process is not capable 
(common cause)
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Stable?
The Stability Index (SI) is the ratio of the long-term standard 
deviation to the short-term standard deviation
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𝑆𝐼=
𝜎𝐿𝑇

𝜎𝑆𝑇
=

𝐶𝑝𝑘

𝑃𝑝𝑘
=

𝐶𝑝

𝑃𝑝

short-term

long-term

Rule of Thumb SI

Adequate <1.25

Marginal 1.25-1.50

Poor >1.50

SI = 1.70



Off-target?
The Target Index (TI) is the number of short-term standard 
deviations the process average is from target
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𝑇𝐼=
ҧ𝑥−𝑇

𝜎𝑆𝑇
=3(𝐶𝑝−𝐶𝑝𝑘)

ҧ𝑥

T

Rule of Thumb TI

Adequate <0.5

Marginal 0.5-1.0

Poor >1.0

TI = 1.0



Common cause capable?
Cp is a good indicator of potential process performance because it 
only considers the short-term variability due to common cause
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𝐶𝑝=
𝑈𝑆𝐿−𝐿𝑆𝐿

6𝜎𝑆𝑇

LSL USL

6sST

Rule of Thumb Cp

Adequate >1.33

Marginal 1.00-1.33

Poor <1.00



Three reasons for an unhealthy process

Actual Process 
Performance (Ppk)

Stability Index (SI) ςwork on 
special causes

Target Index (TI) ςmove process 
to target

Potential Capability (Cp) ςreduce 
common cause variation
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Connecting to process capability and 
performance indices
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Ppk

Cpk

CpSI
TI

Actual
Performance

Potential
Performance



Example
17 quality measures to evaluate the process health

Where are the biggest improvement opportunities?

What type of improvement is required?
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Summary report
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Process performance graph
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4D process performance graph
Graph 
Marker

TI Cp

Adequate Adequate

Adequate Not Capable

Above Target Adequate

Above Target Not Capable

Below Target Adequate

Below Target Not Capable

Ppk

SI

Cpk = 1.33



y17
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4D process performance graph
Graph 
Marker

TI Cp

Adequate Adequate

Adequate Not Capable

Above Target Adequate

Above Target Not Capable

Below Target Adequate

Below Target Not Capable

Ppk

SI

Cpk = 1.33



y11

18



What about the measurement system?
When the process is not capable (Cp < 1.33), a frequent next step is 
to understand how much of the variability is due to the 
measurement system
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𝜎𝑡
2=𝜎𝑝

2+𝜎𝑚𝑠
2

𝜎𝑡−observedstandarddeviation

𝜎𝑝 −processstandarddeviation

𝜎𝑚𝑠−measurementsystemstandarddeviation



Percent of variation due to the 
measurement system
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%𝑀𝑆=
𝜎𝑚𝑠

2

𝜎𝑡
2 𝑥100

What should we use for st?
sST or sLT?

%𝑀𝑆=
𝜎𝑚𝑠

2

𝜎𝑆𝑇
2 𝑥100

Percent of the short-term 
(common cause) variability due 

to the measurement system
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Impact of measurement on capability
How good could the process be if there was no measurement 
variability?

When there is a “large” difference between Cp and Cp*, it indicates 
there is an opportunity to work on the measurement system
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𝐶𝑝∗=
𝑈𝑆𝐿−𝐿𝑆𝐿

6𝜎𝑝
=

𝐶𝑝

1−
%𝑀𝑆

100



Connecting to process capability and 
performance indices
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Ppk

Cpk

CpSI
TI

Actual
Performance

Potential
Performance

Cp*
%MS

Potential
Performance 

without 
measurement 

system variability
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Process potential graph

Cp* = 1.33

Potential capability 
with no measurement 

variability
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Process potential graph

Cp* = 1.33

Cp** = 1.33
Potential capability 

with no process 
variability

Potential capability 
with no measurement 

variability

Cp* < 1.33
Cp** < 1.33

𝐶𝑝∗∗=
𝑈𝑆𝐿−𝐿𝑆𝐿

6𝜎𝑚𝑠
=

1

𝑃𝑇𝑅
=

𝐶𝑝

%𝑀𝑆

100
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Process potential graph

Process and Measurement
Must improve both process and 

measurement to achieve Cp=1.33

Desired State
Cp>1.33 with
an adequate

measurement system

Measurement
Consider improving 

measurement for increased 
sensitivity to detect process 

changes

Measurement
Improve measurement for increased 
sensitivity to detect process changes

Process
>80% of variation due 

to the process and 
should be initial focus

Process and Measurement
Process is still majority of

variation and measurement is 
greater than desired

Measurement
>50% of variation due to the 

measurement and should be initial focus

Improve 
measurement

Improve 
process



Example continued
In the earlier example, there were four quality measures with a 
Cp<1.33
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%MS Cp* Cp**

50 1.06 1.06

12 0.93 2.51

63 1.67 1.28

33 1.44 2.05
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Process potential graph

Process and Measurement

Desired State Measurement Measurement

Process Process and Measurement Measurement

y08

y17

y06

y02

Improve 
measurement

Improve 
process

Cp 0.75

%MS 50

Cp* 1.06

Cp** 1.06

Cp 0.87

%MS 12

Cp* 0.93

Cp** 2.51

Cp 1.02

%MS 63

Cp* 1.67

Cp** 1.28

Cp 1.18

%MS 33

Cp* 1.44

Cp** 2.05



Special Cases
- Two-sided specification with an off-center target

- One-sided specification with a defined target

- One-sided specification without a defined target

Ppk – use Ppl or Ppu for one-sided cases

SI – not affected

TI – not affected if target defined
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𝑃𝑝𝑘=𝑃𝑝𝑙=
ҧ𝑥−𝐿𝑆𝐿

3𝜎𝐿𝑇

𝑃𝑝𝑘=𝑃𝑝𝑢=
𝑈𝑆𝐿− ҧ𝑥

3𝜎𝐿𝑇

LSL only

USL only



Two-sided specification with an off-
center target
For Cp calculation, need to ensure that the common cause variability 
is sufficient for the minimum of USL-T or T-LSL
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𝐶𝑝=
𝑚𝑖𝑛(𝑈𝑆𝐿−𝑇,𝑇−𝐿𝑆𝐿)

3𝜎𝑆𝑇

LSL T

ҧ𝑥

USL

3sST



One-sided specification with a defined 
target
Cp needs to consider the distance between T and LSL or USL and T.
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𝐶𝑝=
𝑇−𝐿𝑆𝐿

3𝜎𝑆𝑇

LSL T

ҧ𝑥

3sST 𝐶𝑝=
𝑈𝑆𝐿−𝑇

3𝜎𝑆𝑇

LSL and defined 
Target



One-sided specification without a 
defined target

If a target cannot be defined, use Cpk in place of TI and Cp.  The process 
location effect and the short-term capability effect become “confounded” 
when there is not a defined target.
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𝐶𝑝𝑘=𝐶𝑝𝑙=
ҧ𝑥−𝐿𝑆𝐿

3𝜎𝑆𝑇

LSL

ҧ𝑥

3sST

LSL only

𝐶𝑝𝑘=𝐶𝑝𝑢=
𝑈𝑆𝐿− ҧ𝑥

3𝜎𝑆𝑇



Special cases summary
Case Actual 

Performance
Stability Target Potential Performance

Two-sided specs 
with centered 
target

Ppk SI TI Cp

Two-sided specs 
with off-center 
target

Ppk SI TI 𝐶𝑝=
𝑚𝑖𝑛(𝑈𝑆𝐿−𝑇,𝑇−𝐿𝑆𝐿)

3𝜎𝑆𝑇

One-sided specs 
with a defined 
target

Ppl or Ppu SI TI 𝐶𝑝=
𝑇−𝐿𝑆𝐿

3𝜎𝑆𝑇
𝑜𝑟

𝑈𝑆𝐿−𝑇

3𝜎𝑆𝑇

One-sided specs 
without a defined 
target

Ppl or Ppu SI
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𝐶𝑝𝑙=
ҧ𝑥−𝐿𝑆𝐿

3𝜎𝑆𝑇
𝑜𝑟𝐶𝑝𝑢=

𝑈𝑆𝐿− ҧ𝑥

3𝜎𝑆𝑇



Conclusions / Take Home Message
The right set of process indices and graphs can quickly identify 
improvement opportunities as well as the type of improvement 
needed
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Ppk

Cpk

CpSI
TI

Actual
Performance

Potential
Performance Cp*

%MS
Potential without

measurement error

Process meeting
customer 

specifications?

stable?

On target? Common cause 
capable?

Impact of 
measurement?  

Focus on process or 
measurement?
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Thank you

Questions?


