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FOREWORD

The SPC Reference Manual, 2™ Edition * was developed by the
Statistical Process Control (SPC) Work Group, sanctioned by the FCA
US LLC/Ford/General Motors Supplier Quality Requirements Task
Force, and under the auspices of the Automotive Industry Action Group
(AIAG). This manual is an introduction to statistical process control. It is
not intended to limit evolution of SPC methods suited to particular
processes or commodities. While these guidelines are intended to cover
normally occurring SPC system situations, there will be questions that
arise.

This SPC Short Run Supplement is a guideline developed to address one
such situation — short run production, which is identified by processes
which do not have the production volume to readily apply the approaches
identified in the SPC Reference Manual, 2™ Edition.

The purpose of the SPC Short Run Supplement is to provide an approach
with examples to short run SPC. Through discussion of the fundamental
tools and advocacy of a back-to-basics approach, this document presents
the subject matter in a straightforward manner to benefit a majority of
applications.

This document is not intended to supplant the SPC Reference Manual but
to supplement and simplify its contents when a short run application is
called for.

1 FCA US LLC, Ford Motor Company, and General Motors, Statistical Process Control (SPC), 2" Edition, AIAG:

July 2005
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1 GETTING STARTED — SHORT RUN PROCESSES

When getting started in applying process control to any process, the goal
is to move from the analysis of the process to the maintenance (process
control) as quickly as possible by applying the tenets of “CQI-25 SPC
Quick Start Guide”.

Because a short run process does not have the production volume to
readily apply the approach in the CQI-25, the question becomes “how do
I make this transition with a limited production?”

For long run production volumes we can determine the process location
and spread (mean and standard deviation) from the significant production
run. For short run processes we need to find a substitute for this
information to set up process control parameters until we can produce a
sufficient volume of parts to calculate them directly from the process.

(Long Run Process) Short Run Process

Development of Initial Use Pre-Production
Process parameters

Activities

Use surrogate process
or target parameters

Control Limits

Applied after the
collection and analysis
of 20+ subgroups of
data

Applied immediately,
developed from target
information

Recognizing instability

Standard rules apply

Deeper investigation
needed for indication of
special causes

Figure 1. Table with Comparison between Normal and Short Run Processes

For the process mean the only alternative is to establish a process target.
If a target is not specified for the characteristic, it is most often taken to
be the nominal or midpoint of the process specifications.

Documergts

Document Shérin_g Hub

Copyright Automotive Industry Action Group
Provided by IHS Markit under license with AIAG
No reproduction or networking permitted without license from IHS

Full document details: AIAG CQI-26 2016

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/aiag-cqi-26-2016
http://www.avadocuments.com/doc/aiag-cqi-26-2016

CQI-26
SP(CgShort Run Supplement AIAG)

Version 1, Issued 2/2016 Insight. Expertise. Results.

For the process variation, two choices are available:

e Use the variation of a documented surrogate process
o Determine a standard deviation from a target performance

Target P, = USL — LSk

O _Target
USL — LSL
6+ Target P,

-+ Oprocess — GP—Target -

e To calculate the control chart parameters, the underlying
assumption for a DNOM (Difference or Deviation from
Nominal) Chart is that all the process standard deviations
need to be statistically the same. Consequently use the
following:

R

calc — dz o

process
Where d, is based on the subgroup size.

Key Concept
These values will be used for determining the control limits

for the DNOM chart or the plot points and the control limits
for the standardized chart:

DNOM Chart
plotpoint = X — £,

Centerline =0

Forn>2
UCLX =0 + AZ Iicalc LCLX =0- Az Iicalc
Forn=1
UCL, =0+ E,R_, LCL, =0 - E,R_,
For the Range Chart:
UCLR = I:?calc D4 LCLR = I:_zcaIcD3
Standardized Chart (X Chart)
X -
plotpoint = 2~ Haget
calc
0 Documents
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Centerline =0
UCL, =3 LCL, =-3

Standardized Chart (Range Chart):

plotpoint = _i

calc

Centerline =1

UCL, =D, LCL,=D,

Use of these charts would follow the same rules as given in the Quick

Key Concept Start Guide (CQI-25). However, since the parameters are based on
historical or target values, caution should be taken in interpreting the
charts.

Example

Scenario: The supplier has a contract to produce a specialty widget for a
limited production vehicle for the next year. The total volume will be
120 units paced over the year.

Design analysis (including DFMEA and p-diagrams?) has identified
function A as a significant requirement. This is associated with the
product characteristic PC-A which has been designated as a special
characteristic. To assure that this characteristic is on target with
acceptable variation, it was decided to use short run control charts to
monitor and control the process.

The specification for PC-A is 50 + 1 with a target Pp, Ppk of 1.67. Since
this is the first time the supplier is using this process they do not have
any historical or surrogate products to use as a basis for the charts. The
control chart was based on the target values:

Centerline =0

Target P, = USL - LSL
GP—Target
o . o usL-LsL 2 _ 0.1996 = 0.2
* * ~ Process P—Target 6* Target Pp 6*167 . .
Since the sigma of the process is equal to O process = R&alc
2

2FCA US LLC, Ford, GM, Potential Failure Mode & Effects Analysis, 4" Edition, AIAG, June 2008
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It was decided to use an Individuals and Moving Range Chart (i.e., ny=1
and nyz= 2):

Ruae = Uy O process = 1.1284 * 0.2 = 0.22568

With:
Centerline = 0

UCL, =0+ E,R

calc I—CLx =0- EZ Rcalc

UCL, =0+ 2.660 * 0.22568 = 0.6003
LCL, =0 - 2.660 * 0.22568 = —0.6003

UCLR = caIcD4 LCLR = caIcD3

UCL, =0.22568*3.267 = 0.7373 LCL; =0
and

plotpoint = x, — 50

Unknown to the team, the actual process P, = 2 and process
average = 49.65.

When production started, the team began plotting the measurement
results on the I-MR chart based on the target values. Since the points
were inside the control limits the production continued without
adjustment.

. Documents

_____ Document Sharing Hub
Copyright Automotive Industry Action Group
Provided by IHS Markit under license with AIAG Licensee=/, User=,

No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: AIAG CQI-26 2016


http://www.avadocuments.com/doc/aiag-cqi-26-2016
http://www.avadocuments.com/doc/aiag-cqi-26-2016

CQI-26
AIAG) SPC Short Run Sup?lement

Insight. Expertise. Results. Version 1, Issued 2/2016

The results of the first month’s production were:

I-MR Chart for month 1
UCL=0.6003
0.50
% 0.25-
2
_‘S; 0.00 Centerline=0
i -0.25-] v/\//\\ /
-0.50
T T T T T T T T T T LCL=-06003
1 2 3 4 5 6 7 8 9 10
Observation
0.8
UCL=0.7375
g 0.6
“é, 0.4 /
L .//‘/\ ‘_\/ MR=0.2257
0'07 T T T T T T T T T T LCL:O
1 2 3 4 5 6 7 8 9 10
Observation
Figure 2. Example of an | - MR Chart
Digging Deeper
Analysis of the results show that the process is off target but appears to
have acceptable variability
Even though the sample size is small, a capability analysis was
performed:
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Process Capability Report for month 1
LSL Target UsL
Process Data Overall

LSL 49 B e Within

Target 50 —

usL 51 Overall Capability

Sample Mean  49.6539 Pp 177

Sample N 10 PPL 116

StDev(Overall) 0.188499 PPU  2.38

StDev(Within)  0.181475 Ppk 116
Cpm 0.81

Potential (Within) Capability
Cp 184
CPL 120
CPU 247
Cpk 120
492 495 498 501 504 50.7 510
Performance
Observed Expected Overall Expected Within

PPM < LSL 0.00 26116 157.10

PPM > USL 0.00 0.00 0.00

PPM Total 0.00 26116 157.10
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Figure 3. Process Capability Report for Month 1 Data

This reinforced the conclusions arrived at from the control charts.
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The team adjusted the center of the process by 0.35 for the second
month’s production and got the following results:

I-MR Chart for month 2
UCL=0.6003
0.50
3
2 025 /\
>
3 o000 r/.\\/ —* | Centerline=0
=z
:_E‘ -0.25-
-0.50-]
LCL=-0.6003
T T T T T T T T T T
11 12 13 14 15 16 17 18 19 20
sample
0.8
UCL=0.7375
o 067
2
&
F) 0.4- /—\
>
<] py S— VT
2 02 / v\/ —s | MR=0.2257
0.0 LCL=0
T T T T T T T T T T
1 12 13 14 15 16 17 18 19 20
sample
Figure 4. 1 — MR Chart of process after adjustment
With the capability analysis of the same data showing:
Process Capability Report for month 2
LSL Target UsSL
Process Data Overall
LSL 49 @\ e Within
Target 50 —
usL 51 Overall Capability
Sample Mean  49.9271 Pp 177
Sample N 10 PPL 164
StDev(Overall) 0.188185 PPU 190
StDev(Within)  0.197752 Ppk 164
Cpm 164
Potential (Within) Capability
Cp 169
CPL 156
CPU 181
Cpk 156
492 495 498 501 504 507 510
Performance
Observed Expected Overall Expected Within
PPM < LSL 0.00 0.42 138
PPM > USL 0.00 0.01 0.03
PPM Total 0.00 0.42 141

Figure 5. Process Capability Report for Month 2 data after adjustment
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Some team members were concerned that the estimated indices were
much better than the first month’s results. They were reminded that the
confidence interval for a sample of size 10 is large and that this estimate
is only an initial indicator of the process capability.

Since the control chart indicated an acceptable process the team kept the
current target for subsequent production.

Over the next 2 months the data collected showed:

I-MR Chart for month 2-4

UCL=0.6003
0.50

e, Am A

Centerline=0
SRTaEa .

-0.25

Individual Value

-0.50

LCL=-0.6003

sample

UCL=0.7375

Moving Range
o
H

LCL=0

ARANRVANT AV

sample

Figure 6. 1 — MR Chart for first 3 months after adjustment

The control chart for individuals shows that the plotted values are
“hugging” the centerline; e.g. no points are located in the 2 — 3 sigma
bands of the control chart.
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I-MR Chart for month 2-4
2 3 4
: : UCL=0.6003
0,50 T e 0456
° 1 '
g ' '
= 0.25A-----------A ----------------- J--/A\- -------------------- J-,’K ------------------------ 0.228
© 1 1
> ] 1
g 0.00-| ;/\V 2 LIV a—e 2 /\ Centerline=0
LA s
3 .0_25:""“““““\'/'&(%“: """""""""""""" 1TTTTTTT T e -0.228
B E SRaRtELE LR R B GBGRGECEEEEEEEEREREREREEEE -0456
: : LCL=-0.6003
T T T T T T T T T T
1 14 17 20 23 26 29 32 35 38
sample
2 3 4
0.8 T T
: : UCL=0.7375
o 06 H H
o 1 1
= 1 ]
& H H
VA | /\ /\ A
£ ' :
> ] ] —_
2 02 / V\/L‘: \/ W / v\ MR=0.2257
0.0 : : LCL=0
T T T T T T T T T T
1 1 17 20 23 26 29 32 35 38
sample

Figure 7. 1 — MR Chart for first 3 months after adjustment with sigma zones

The capability analysis shows the process capability exceeds the target

capability of 1.67.
Process Capability Report for months 2-4
LSL Target USL
Process Data i Overall

LSL 49 0y e Within

Target 50 m

usL 51 Overall Capability

Sample Mean  49.9757 Pp 187

Sample N 30 PPL 183

StDev(Overall) 0.178041 PPU 192

StDev(Within)  0.177413 Ppk 183
Cpm 185

Potential (Within) Capability
Cp 188
CPL 183
CPU 192
Cpk 183
T T =T T T T T
492 495 498 501 504 50.7 510
Performance
Observed Expected Overall Expected Within

PPM < LSL 0.00 0.02 0.02

PPM > USL 0.00 0.00 0.00

PPM Total 0.00 0.03 0.02

Figure 8. Process Capability Report of adjusted process

This means that the indication of an “out of control” signal is caused by
the fact that the control limits were based on estimated values not actual
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values. However the team now has sufficient samples to use the data to
calculate the control limits. This yielded the following analysis.

I-MR Chart for month 2-4 using actual data

0.50

0.25- A
0.00 - ‘/\

)\/\)—/\ .-//\ A

Individual Value

-0.25-

-0.50

v

\ 7 NS

17 20 23

26 29 32 35 38
sample

0.60 |

0.45-

0.30

Moving Range

0.15-

\/\/\J

VV\NW\

0.00

T
20

sample

UCL=0.508

X=-0.024

LCL=-0.557

UCL=0.6539

MR=0.2001

LCL=0
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Figure9.1-MR C

hart using process parameters

The data now “fills” the control limits as expected. So the team will
continue with these control limits. Below is the result after 6 months of

production
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I-MR Chart for month 2-6 using historical parameters

UCL=0.508

Moving Range
o
w
o

0.50
- /\ //\ /\ A\
©
>
T 0.00 ./\A /.\‘ )‘A A Py AH m A. X=-0.024
00 SRV AW IR AR VR
T -025
-050 LCL=-0.556
1 6 n 16 21 26 31 36 41 46
Observation
UCL=0.6536
0.60

o A h/\ /\ A .. /\/\ /\/\/\ -

0.00
1

R ARAT RMVALVTRAARTVEN

At least one estimated historical parameter is used in the calculations.

Observation

Figure 10. I — MR Chart of production using process parameters
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Note that caution must be used when identifying out of control signals
when using Short Run Charts, especially if the parameters are based on
target information. Control charts were developed to assist in
differentiating between common and special causes of variation. As seen
above, by using target information this differentiation may not be
straightforward.

Once we have shown that the process we want to control is stable for a
single part, we can use the DNOM Chart for ongoing control of multiple
parts.

Remember, once the control limits have been established, they should be
changed only if the process is improved through improvement actions.
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2 SHORT RUN CONTROL CHARTS WITH EQUAL
VARIANCES

DNOM X & R Charts

Another Short Run SPC situation to consider is an application for J.I.T.
inventory which results in small lot sizes with frequent changeovers to
support the O.E.M.s who have many part numbers for similar types of
product run over the same equipment at a supplier. The usual approach
for a supplier was to have a control chart for each part number when they
were running large lots of material for extended periods of time.

However, with small lot sizes run over the same machine, this process
control monitoring method is not the most effective and efficient way to
evaluate the real time performance of the process. One method that can
be used in order to reduce the number of control charts is to have just one
control chart for all of the various part numbers run on the machine.
Since the different part numbers could have different nominal values, the

resulting scale on the traditional X & R Control Chart would have to be
constructed to accommodate all of these values.

As you can see in the following graph, it appears that we have numerous
instances of the process being out of control if the actual average part
value is plotted. Also note that the Range Chart shows that the process
variation is stable for all of the part numbers.
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Traditional Xbar-R Chart
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Figure 11. Example of a traditional X-bar — R Chart

The DNOM X & R Chart was developed to help solve the potential
problem when parts with different nominal values are plotted on the
same chart. The DNOM X & R Chart is best used when the following
conditions are met:

a) The subgroup size is constant;
b) The Average Range of the different part numbers are similar;

c) The nominal print specification is the target for each distribution
process center.

With the DNOM X & R Chart we are able to still monitor the process

with a single Control Chart as we changeover to the different part
numbers. This is accomplished by translating the average of the sub-
group data as the difference from the part nominal value. Thus the part

specification nominal value becomes the zero value on the DNOM X
control chart. If we take the data from figure 11 and translate the data
into the difference of each sub-group average actual data value from its
nominal print specification value, the resulting chart would look like the

following DNOM X & R (figure 13).
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plotpoint = X, — nominal

_ 0, when getting started
Centerline = ) .
average of plotpoints, ongoing control

Where the average of plotpoints comes from the initial study which
shows the process is stable.

Forn>2

UCL, = centerline + A R LCL, = centerline — A R

R = Average Range over all the subgroups

However, before we analyze the different part numbers on the same chart
for statistical control, we must check that process variation for all of the
part numbers are approximately equal. All the parts displayed on the
same DNOM Chart must have the same (similar) variation. If one of the
part numbers has a large difference in the variation then we need to
exclude it from the DNOM Chart. (Other options will be discussed later)

A quick check of the variation for the part number is to compare the ratio
of the R-Bar from this part number to the overall R-Bar for all of the part
numbers including the suspected part number.

If the ratio for the suspected part number is less than 1.3 we can consider
that the variations are statistically the same and can include those part

numbers on the DNOM X & R Chart 3.

For example: Let’s calculate the ratio for each of the above part
numbers* and check to see if we need to exclude that part number from

the DNOM X & R Chart.

Ratio for R, =2.917/2.639 = 1.11

Part Mean R-Bar N

A 3411 2917 18 . =
B 1383 2333 18 Ratio for R, =2.333/2.639 = 0.88

C 49.67 2.667 18

Ratio for R, =2.667/2.639 = 1.01

Conclusion: All of the ratios do not exceed 1.3; hence we can plot the
part numbers on one chart.

If the ratio is greater than 1.3, we have the following options:

1) Reduce the process variation for that part number such that the ratio
will be less than 1.3;

* Ellis R. Ott, Process Quality Control: Troubleshooting And Interpretation of Data, McGraw
Hill Higher Education (1975)

* See Appendix A for the data set
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