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@ First day on the job..
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Head i f G VARIABLES CONTROL CHART
r information i
eaae (0] atio X - MR CHART Quality measure o Chart no.
Product / Service L B Process RPestaurant Specification limits
User name Joan Eogere Location T Measurement device Sales receipt@ Unit of measure $1.000
DATE Aug B |Aug 12 |Aug 19 |Aug 26| Sep 2 | Sep 9 [Sep 16 |Sep 25'66p 50| Oct7 |Oct14 |Oct 21 |Oct 28| Nov4 | Nov1l |Nov18& |Nov 25| Dec 2 | Dec 9 | Dec 16 | Dec 23 |Dec 30| Jan 6 | Jan 13 |Jan 20
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Six-Way Analysis

Individuals Histogram
UCL = 40415, CL = 4.0004, LCL = 3.9552 7. el —
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Normal Probability Plot Probability statistics
. 1 Standard deviation 0.015
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03— UCL 2 p Value 0.591
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0.03- 0
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401- k“}q Cpm 111 ¢ @ O v
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1Mean 004 Within Sigma(e) Upper Spec  4.05
Sigmal(e) 0.0137 Target Spec 4
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- Specifications
3.97-
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@ New Employee Onboarding
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@ Introducing.. The 5 Step plan
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Meeting Customer
Requirements

Efficiency and
Improvement




@ l. Learn “What we do”




@ Pretend with us..
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We make Paddles

Each Paddle has 30 dimples to catch beads

These paddles are designed to capture 7 red beads on each dip into a bucket full of both red and white beads.



@ We're all different..
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@ Maybe it doesn’t fit all?
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What don’t they know?
What do they know?

Experience with Quality?

Experience with Manufacturing?

Experience with our products?



@ 2. Inspection
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2>

SYSTEMS

“These parts have to be made to
print”

“We cannot ship non-conforming
parts to the customer”

“Let’s make sure all our data is In
spec’
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In the case of our Red-Bead Paddle Factory..




@ What do you do with the bad ones?

In manufacturing, how

much money Is spent/|lost aygs
each year in the form of $8 iri I I 1018

waste?



@ #1 Contributor to the waste..
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We hired you to find and quarantine the

defects.

The customer receives all good paddles.

Everyone is happy!




@ Prevention over Inspection
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s Investing in
Preventative
Measure

Implementing Statistical Exclusively responding
Process Control to bad product

The
mist
o

OPTIMUM

+

COSTS INVOLVED

FREQUENCY OF PROCESS INTERVENTION

s Total Cost Prevention Cost e INSpection Cost



@ 3. Understanding Variation
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LINDERSTANDING
VARIATION
HE KEY TO

" MANAGING

o SRTOTAGR L

' N “NYTIOA
SEGOND EDITIUN

Statistical Process Control (SPC) is the use of statistical tools to
monitor production processes in order to prevent defective
product.

Organizations that implement an SPC program move beyond
the costly quality control method of inspecting for waste.

An SPC program allows manufacturers to identify the
possibilities for product flaws early so that they can prevent
producing scrap.



@ Find the Special-Cause Variation
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CONTROLLING

Treating special-cause variation as common-cause
(Failing to make changes when they were necessary)

CONTROLLING

Treating common-cause variation as special-cause
(Making changes when none were necessary)




@ X-MR Control Chart
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Whenis it used?

Answer “yes” to each of the following:

— Do you need to assess the variability in the system?

— Can the data be collected or does a collection of data already
exist?

— Is the time order of the data preserved?
— Is the data in variables format?
— Is the data collected in subgroups of one?



@ Pen and paper!
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@ X-MR Control Chart
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A How s it made?

. Complete the header information.
Record the data.

Calculate the moving ranges.

Calculate the overall averages.
Calculate the control limits.

Scale the control chart.

Draw the average line and control limits.
Plot the values on the control chart.
nterpret the control chart.

OCONOSOThWN
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How is it made?
. Complete the header information.
2. Record the data.
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How is it made?

3. Calculate the moving ranges.
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How is it made?

4. Calculate the overall averages.
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How is it made?

5. Calculate the control limits.
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How is it made?

6. Scale the control chart.
7. Draw the average line and control limits.
8. Plot the values on the control chart.




X-MR Control Chart

SYSTEMS
T ?f: e o o

HOW is it mCId e? g l,:, LELy> & Individual Valuss and Moving Range Chart ERT JIM %
?hf%?rrr?(gacli%tr? the header E{?’m“’““"_ e e )
2. Record the data. i~ At b dC AL AL AL /A58t ACAIT I, |
3. Calculate the moving ranges. pE=== Se===c———==c== =_———
4. Calculate the overall averages. ” = =
5. Calculate the control limits. 2.3 E 2N £ / =
6. Scale the control chart. — < N
7. Draw the average line and = f ==
control limits. =
8. Plot the values on the control
chart. .

9. Interpret the control chart.

,*
i
I

‘:l"

)
b

[A]

S8

6 7 (] 8 10 " ” 3 " % % ” " L] a 2 2 a 2 =



@ X-MR Control Chart
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9. Interpret the control chart.

* Basic rules for interpretation
—Any point lying outside the control limits.
—Run of seven points:
» Seven or more points in d row above or below the

center line.
» Seven or more points in a row going in one direction, up
or down.
— Any non-random pattern, including the following typical
cases:

» Too close to the average.
» Too far from the average.
» Cycles.
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Rules for: Western

Rules for: Hughes

Mame

Beyond limits

2 of 3 beyond 2 sigma
4 of 5 above 1 sigma
4 of 5 below 1 sigma
& above centerline

& below centerline

MName

Beyond limits

2 of 3 above 2 sigma

2 of 3 below 2 sigma

3 of 7 above 2 sigma

3 of 7 below 2 sigma

4 of 10 above 2 sigma

4 of 10 below 2 sigma

7 above centerline

7 below centerline

10 of 11 above centerline
10 of 11 below centerline
12 of 14 above centerline
12 of 14 below centerline
{ ascending

7 descending

Rules for: Shewhart

MName

Beyond limits

2 of 3 above 2 sigma
2 of 3 below 2 sigma
4 of 5 above 1 sigma
4 of 5 below 1 sigma
8 above centerline

& below centerline

Rules for: Juran

NﬁmE
Beyond limies
2 of 3 abaye 2 sigma
2af2 below 2 sigma

4 of 5 aboye 1 sigma

4afs below 1 sigma
9 above centerling

9 below centerfipe

G ascending

5 descang; ng

8 beyond 1 sigma




@ Characteristics of the normal distribution
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95.44%
68.26%

— [ — -
160 +10 20 +20

68% 95%

Since +/- 3 sigma = 99.73%, each
tail of the curve has the remaining
0.135% of data

-30 +30
100%
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@ 4. Meeting Customer Requirements
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Capable

Capable- Meaning:

Capable : Adjective. The ability to be competent.
Being able to do something well.




@ Capability indices

« Control charts are not designed for
comparisons to a specification

« Capability analysis allows you to assess your
ability to meet customer needs

« Capability analysis brings together the process
limits (+/- 3 sigma) and specification limits

|
' the
'
the

The two voices:




@ Meeting Specifications
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« We need the paddles to catch 7 red beads per dip
We understand common-cause variation, so...

« 2 red beads is our minimum acceptable amount

« 12 red beads is our maximum acceptable amount

USER: \
_CUSTOMER
PRSSWORD: \

EXPECTATIONS




The Capability Study!
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REPORT CARD

USL

Basic Statistics
102 data values
Maximum 1.6310
Mean 162
Median 1.63
Minimum 1.6207
Sigma of the individuals ~ 0.00

Dpm (e) 23
Performance Statistics
Pp 139
Ppk 1.38
Capability Statistics
Cﬁ 141
Cpl 140
Cpm 1.39
Specifications
Upper Spec 1.633
Target Spec 1.625
Lower Spec 1617
Sigma Lines (e)
+3.0 Sigma 163
-3.0 Sigma 162
Out-of-spec
Above 0.00%
Below 0.00%
Total 0.00%
| Footnotes |

‘ (e) = Uses Estimated sigma ‘




Cp and Cpk

SYSTEMS
PROCESS CAPABILITY INDICES cpk ==~ =1
:pla‘f Ix o
SRR 1. Summarize process potential
| Cp= LoL-Lob @step to meet two-sided specification
.Ptal" 6x o Qrew limits.
::t:g 2. Cpk is a penaliy factor for the
@cw fﬂm;tlﬁ; I:;::;“ m:iﬂnlm process's being off nominal.
limits. Cpk
4 12 I Process out of control P I Process out of control
. * deviation too high 12412 » average off nominal
=+ 1.1 = average off nominal
: 1.0+ 1.0
T 10 0.840.8
LSL USL LSL
F 0.6 0.6
e 04404
- 0.7 1
_l_ . 02402 o

© The Red Road © The Red Road
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|
b LS
|

|
Capable Marginal | usL Not Capable

/ / v

/ /’;i\\ //

|
(€ Tolerance Range
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@ What do we learn?

« Calculate £,,.,.and Z

lower

L ypper= 2.65 > 0.0040 > 0.4%

Z, . =316 0.00079 > 0.08%

We expect 0.4% + 0.08% of data to
be outside the specification limits.



@ 5. Efficiency & Process Improvement
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Choose
One
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= (5.3 S
s WAl ke k ¢
'\Z:ZHH _ POWERED BY .
m; \,Q"l LCL" Zzg Individual Values and Moving Range Chart Than u}_ = s ] pack Red Beads n Paddle
o R No - S oEiaa | Individuals
m ) l m’% UCL = 1260715, Mean = 7.44444, LCL = 228174, **
=T ' = L 7
Time |(5: 00[%:00[$.00/2:08] 10:011:00 18000 | 00 | 2200 w%mlsm L. [ 7o | %00 [4i00 [16°00] o] 1200] [
! | 1 [ | | d
B + — ‘ 1 10
Values | ? 7 ‘— u Q_ﬁ | |
e AN B JUAE 30 WF 2 | K 3 ¥ 1 7.5 Mean
"ﬂ 1 2 3 “ 5 L T 8 0 " 2 B “ L] % ” - " 2 kil z 2 * 5 ’
It] : —= === V
g" 2 — = = —_ = >
e AN s == 25
PR = 2EN = / '
o == S NGT Moving range
" =, = UCL = 6.34376, Mean = 1.94118, LCL (none), **
=4 600t -~ -~ - """ """ " -« -
L = — 5
= = 4
= : = 3
Lgsgﬁ; , Mean \ A / \
¢ , £ = 1 \o/- \0
P = === * :
& 4 1 T 1 T T 1 T T T T T T T 1 T 1 1 T
N \ 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
e : > 7N =—cS—_=—=—
& ) 2= == TE=

One
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Oh...Now | get it |

White Beads Red Beads

Six-Way Analysis

Individuals
UCL = 12,607, Mean = 7.444, LCL = 2.282, **

Histogram

3 5 7 9 11

Moving range

Normal Probability Plot Statistics

UCL = 6.344, Mean = 1.941, LCL (none), ** Probability statistics
| Standard dewviation 2.121
61 UCL Anderson-Darling statistic 0.424
| p Value 0.318
5|
4
5 JAN /\ [\
5 Mean
7 !
0- 25 5 75 10
Run chart Capability Summary
] Overall Sigma Values
10- Sigma(i) 2.21 Sigmal(i) +3 Sigma(i) 13.806
T Pp 0.786 L 2 + + -3 Sigma(i)  1.083
] Ppk 0.716 +3 Sigma(e) 12.607
- Dpm 20,968 -3 Sigma(e) 2.282
7.5 Cpm  0.768
] Specifications
] 'n'l_."ithin N Sigmale) . Upper Spec 12
5_ Sigmale) 1.721 - - Target Spec 7
J Cp 0963 Lower Spec 2
cpk o0.882
] Dpm 4837
251 | Specifications !
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18




Describe the Process:
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We have a process that is behaving predictably O s 8

Individuals Histogram

with only common-cause variation present. pae . _suiven-tMsicszmn | T

Our Cp being ~ 1.00 means that our specification — v
spread is about the same size as our process 5 _
spread. wd B B B B

Moving range Normal Probability Plot Statistics
UCL = 6.344, Mean = 1.941, LCL (none), **

1S
B

Probability statistics
Standard deviation 2.121

Based on these specs, though, our data is not X o5 iyt
perfectly centered around the target. i-MeA A /\ s /\

IVAS A
Therefore, our process spread bleeds beyond the § s T —
specification spread. We are incapable of ) | S -]
meeting the requirements of our customer. _ta p;:,;
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White Beads Red Beads

O ptl O n 1 : Six-Way Analysis

Individuals Histogram
UCL = 12,607, Mean = 7.444, LCL = 2.282, ** 7
. . . e - — — — — — — — — 6
Reduce sources of variation. Invest energy in A A ~ 3
4
the process to find ways to more consistently pull 7 Mean — V, 5
24
7 (or nearly 7) red beads. . :
st . 3 5 7 9 11
Moving range Normal Probability Plot Statistics
__ UCL=b63#Mean=1941LCltnone) | Prabability statistics _
6{UCL 14 Andersi‘rirlg:::\ges:::t\%?i: g.lg;
- . 5] 52 p Value 0.318
Option 2: B r
N -0.53
5 Mean /\ N / \ 1;:
Loosen the specifications. 1 \/ vV \/\/ v Vi~
o 25 5 75 10
Run chart Capability Summary
10 ?;rrr::n 2121 Sigma(i) _53%
Pp 0786 * + + -3 Sigma(i) 1.083
Ppk 0716 +3 Sigma(e) 12.607
e 2222 —
- Specifications
Within Sigmate) Upper Spec 12
5- Sigma(e) 1.721 S Target Spec 7
Cp 0968 Lower Spec 2
cpk 0882
Dpm 4837
a5 Specifications
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18




@ Notice what we're not talking about?
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Inspect more parts

Contain the Defects

Hire more inspectors
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It’'s all about Prevention!

f ,}i’i ?&%



@ In Summary
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Variation * i ‘
Pre\/t'\on |

Meeting Customer

—ciency and Requirements
icien

Improvement




%N Thank you, Quality Digest
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https://community.pgsystems.com/

www.pgsystems.com | 800-777-3020 | sales@pgsystems.com



