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Introduction

The focus of this presentation is on:

« Concepts and Understanding

« What is Statistical Process Control?

* The meaning of various basic statistics

« Elements and interpretation of control charts

« Understand common causes and special causes of variation

 How understanding different types of variation helps direct our problem solving
« Understand the difference between control limits and specification limits

« Become aware of the various types of control charts

« Displaying variation using Box & Whisker plots

» Ideas on “Putting it all together” for comprehensive monitoring of performance
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STATISTICAL

PROCESS Statistical Process Control
CONTROL
SIPOC Model
SUPPLIERS InPUTS Process Ourputs CUSTOMERS
EQUIPMENT NEXT IN LINE
METHODS
MATERIALS INTERNAL
PEOPLE
ENVIRONMENT EXTERNAL
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STATISTICAL

rrocess  Basic Statistics To Describe Population
CONTROL

POPULATIONS
Samples are taken to estimate what the population looks like.

Populations can be described by:
LOCATION / CENTRAL TENDENCY

« Mean = average value

* Median = middle value

SPREAD / DISPERSION

« Range = maximum — minimum z (xf — :?)2
« Standard Deviation S =

n—1
SHAPE

« Skewness = how symmetric
* Kurtosis = how “pointed”
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STATISTICAL

Location - Different Means

PROCESS
CONTROL
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STATISTICAL

rrocess — Different Spreads (Standard Deviation)

CONTROL

NORMAL DISTRIBUTIONS - DIFFERENT SPREADS

100

80 _|
F 60 _
R
E
Q
U
E 40 |
N
C
Y

20

0 - I I I ¥

6 7 8 9 10 11 12 13 14

MEASUREMENT

GQC - Statistical Process Control Concepts 1-Oct-2015



STATISTICAL . . .
rrocess  Normal Distribution

CONTROL
AREA UNDER STANDARD NORMAL DISTRIBUTION
50
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STATISTICAL H,’sfogram / Percentiles

PROCESS .
conmo. & Box and Whiskers
35 1
Minimum 10.0
25th Percentile  155.5
30 - | Average 172.0

50th Percentile  180.0
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STATISTICAL

rrocess  {Understanding Variation
‘ CONTROL

UNDERSTANDING VARIATION

Variability exists, we expect items to vary!

We need to understand variability.

Statistics helps describe and understand variability.

Types of Causes of Variation

COMMON CAUSES

= usual variability, nothing unusual, part of the "system’
= lots of things each having a small impact

SPECIAL CAUSES

= something out of the ordinary, unusual

= smaller number of things having a large impact

1
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STATISTICAL

rrocess " Control” = predictable without excursions
CONTROL

In Control Not In Control
Predictable What Next?

Vet
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STATISTICAL

rrocess  Efements of a Control Chart

CONTROL

Control Charts
Elements X Lin e
CENTRE LINE 150 ror et
cg xRS 155 <o e vt s e e s et e it o — — — — —_— {—— ——— t— UCL=154.8
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SAMPLE

Control limits, in the context of Control Charts, are calculated from the
data reflecting expected variability. They represent “Bounds of Belief”.

Specification limits are set by the Customer and represent what are
the desired outcomes from your process.
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STATISTICAL

PROCESS Types of Control Charts

CONTROL

CONTINUOUS DATA
eg temperature, weight, tensile strength
X-bar and R chart ( mean and range )
X-bar and S chart ( mean and standard deviation )
X and Rm chart ( individual and moving range )
M and R chart ( median and range )
ATTRIBUTE DATA
eg broken/not broken, good/bad
P chart ( proportion )
NP chart ( proportion number )
C chart ( count)
U chart ( count per unit )
SPECIAL CHARTS
EWMA chart ( exponentially weighted moving average )
CUSUM chart ( cumulative sum)
BOX chart ( Box and Whisker plots )
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STATISTICAL

rrocess  Guidelines For Assessing “Control”.
CONTROL

A process is considered to be in a state of statistical control if none of the following
rules are violated.

The following 7 “Rules” describe conditions which indicate a possible change in the
process.

The rules provide an agreed, objective method to decide if the process may have
changed and may need to be adjusted or if the process has not changed and should

be left alone.
v
Rule 1 /\ A AN A //\\
POINT BEYOND x— y ¥ \/ E
CONTROL LIMITS
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STATISTICAL
PROCESS
CONTROL

Exceptions Rules 2 - 4

Rule 2

RUN - 8 POINTS INA
ROW ON ONE SIDE OF
CENTRE LINE

Rule 3

TREND - 6 POINTS IN A
ROW INCREASING OR
DECREASING

Rule 4

FOURTEEN POINTS IN A
ROW ALTERNATING UP
& DOWN
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STATISTICAL

rrocess  Exceptions Rules 5 - 7

CONTROL

Rule 6 M M A\ /\ /
B S U\

Rule 7 AVFAW/R N\ X
LACK OF VARIABILITY x"')( *—{ V \—x
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STATISTICAL C'ase #1

PROCESS
CONTROL

) by Week
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STATISTICAL C'ase #2

PROCESS
CONTROL

Daily Calls (Blue Stream) by Week
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STATISTICAL c‘ase #3

PROCESS
CONTROL

X-bar & S chart (3 lines) by 6 Days
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STATISTICAL Case #4

PROCESS
CONTROL

Metal Flow - Crucibles by Shift
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STATISTICAL C'ase #5

PROCESS

_CONTROL Box & Whisker Charts by Day Of Week

# staff available in Yellow Stream

Box Plot Comparison By Day Of Week

1 Pilot 2 Stable 3o Limits:
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STATISTICAL

rrocess T echnical Overview - Word A3 Mini Plots

CONTROL

Pt Henry Potroom Weekly Process Indicators %S Pt Henry Potroom Weekly Process Indicators %S

— e T T T [ S e Factors affecting
NTIEY R | e | e | et | [ 0 [ e pot temperature:
— e o == | = »- | e 1 Pot Voltage
| | e iy | Py WY, Ay - Line Current
T | e e e | T e e e g - Bath Composition
e e | T | St [T | i | - Metal Level
it - Bath Level

IS - e —— - « . ’
e | N -1 romflll [ = | - Pot “Noise
e e 157058, N ; = = % . # :'4 , .
e _— o SN —~— el [ ey | o T P TRy _ A d F I
e, o~ i woRraren i 2 o nO e a.l UreS
g | o | = | s . ~~ | -Anode Loading
Production
i - e el o o Nowro Sy ."""‘Z ———e ——— - X % 23
— AN i s

S || —— — = | e Small plots of a
— ‘ | e e ———— range of variables
: : —— R =T make it easier to
=== | Tt | ot | b | il | o | ek | = see any common
- - | trends.

* Double sided A3 paper with 28 metrics per page.
* Printed and reviewed daily by potroom process engineer.
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STATISTICAL

PROCESS Managemen'l' Review
CONTROL

 Managers’ Monday morning meeting.

 Managers and technical resources from across smelting departments.
» Catalyst for development: Major Process excursion

* Look outside one’s own department!

« 53 KPIs from 566 Metrics:
Greenmill (4),
Bakes (10)
Anode Bar Repair (1)
Rodding (2)
Electrode (4)
Customer Supplier Survey (2)
Potrooms (27)
Compressed Air (1)
Power (1)
Fuel (1)

« “Time Shift” of data to when material goes to potrooms
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STATISTICAL

rrocess  Key Performance Indictors on Intranet

CONTROL

@ GREENMILL PT HENRY Updated=31JUL14 4:40 % v B v @& v Pagev Safetyv Toolsv @~
. PT HENRY KEY Process Indicators (same as Test)
Links to [ALLJ[KPIS][KPs Test] SITE:[AMBIENTI[POWER][FUEL][AIR](GAS] GREENMILL{GREENMILLJ(GROUND BUTTS)[BUTTS FINESJIGREEN MiX)
> BAKES:[FO][F1][F2)[F3][F4)[PIT TEMP]INSIDE FLUJ[OUTSIDE FLU]J[CORES][STICKING] RODDING:[CAST IRON][ANODE BAR][ROD]J[OEE][INV][CSA]
POTROOMS:[LOJ[L1][L2)[L3][HF J[AE)[FEED][OPERATION|[TEMP][BATH CHEM][LIQ LVL][PURITY][MISC][EXTRAS][PRODN][ALUM](BLD150][CRUC][DPHASE]
other pages : : :
Cusum
GREENMILL ) = ‘i 1
Green Anode Density TGT= LSL= gmice XLSX WWP&L f
USL= BOX L/
GREENMILL ) , \
Number of Greenmill Sieve Samples LSL= num XLSX BOX I __1_‘_.51'59,'&!‘; '!rM" Fg.arlﬂ
com TG ﬂ@m@ﬁﬂ-& J\/H/Q
Mix Pitch Percent TGT= LSL= e 1
USL= % XLSX BOX =Y
AL P Y e 1
GREENMILL LA el b B LA e
Coke Blend Rate % XLSX BOX T f ]
| {
BAKES ALL FIRES f - r/"‘;'
Pit Temp Avg TGT= C XLSX BOX I )
It [
BAKES ALL FIRES R N T
Pit Temp Std Dev C XLSX BOX i M[‘-\
|
T T
BAKES ALL FIRES ...u . \
Pits With Temp < USL= . XLSX BOX (AN TP P W Y T
Gas Meters IM; \
Bakes Gas Meter Daily Average m3 XLSX BOX [
BAKES ALL FIRES T | /\,/\W I
TOTAL Opacity USL= . XLSX BOX 1

« Miniature plots for quick scanning. X chart and Cusum chart (Click to enlarge)
 Menu via links to web pages for each class of metric.
» Links to Excel data (XLSX) and Box plots
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STATISTICAL
PROCESS
CONTROL

Long Term Charts Over 3 Years by Week

Mean of tamp_

BAKES ALL FIRES : Pits With Temp < USL= - X Chart

7 day plot (Potroom Equivalent Date) of Proportion of Pits with Tump <
POTROOM REFS (
procass_id=F _0

i|||.rr|.l|i| I|.IF[.llilliII[.H|.IIi m |.‘Il.llilll.lll.l'|ill il Il.‘l'illill"lliﬂil I|.rl|.1 Iill'rrl‘”ill"li[‘lli IIiII[‘HI‘IIiII |.rll.ll ill"lll‘l‘lillillll.“'il Illll-ll'i1lilll-rl|.1 Ii |||r.r|.l-|
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2102102102102103210210210210211021021021021032102102102
11223 445666799011 2333455677881 123345566788900034456678

WEEKLY DATA STATUS a8 W FUL A A & WTD
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Going Forward . . . . .

Today's focus was understanding the Concepts of Statistical Process Control.

The Appendix in the following pages provides more details.

Use control charts to monitor your process metrics.
Make the charts readily available to all personnel.
Base your decisions on data with an understanding of variability.

Build in a formal periodic review of performance metrics.

Start small and grow/evolve where there is demand / biggest pay back!

GQC - Statistical Process Control Concepts 1-Oct-2015
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STATISTICAL Append ix

PROCESS
contro. ~ — Cusum Chart Part 1 of 2
BAKES ALL FIRES : Pits With Temp < USL= = CUSUM
7 day plot (Potroom Equivalent Date) of Proportion of Pits with Temp <
POTROOM REFS ( - — )

al .

£ .

2 .
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© .
I.llilllll IillIllII.iIliI-III;Ii.lliIIl.llIilIl.llI.I.II'lIll.I-IiI.li-lI.I.lI.iIIiIlI.II-IiIll\lI.iIl.iI.II;Ii.IIiII-.II;illll.;I.l.ll‘llIll.l-lillilllillfll.lillI|I|I|||;illlllIllll‘lllill"ll‘llll
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tf1T1911111111111111111111111111111111111111111111111111
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314445667 8808891123 3455667 8890003445667 88890012223667882939

Subgroup Sizes: n=1

Parameters; He= 6=1 =005

WEEKLY DATA STATUS »® ® FUL A A A WTD

* The Cusum chart accumulates the difference from the nominal value.
 The Cusum chart is very useful for picking up when a sustained shift occurs.
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STATISTICAL Append ix

CONTROL - CLISLIm Char"l' PClr"|' 2 Of 2
BAKES ALL FIRES : Pits With Temp < USL= - CUSUM
7 day plot (Potroom Equivalent Date) of Proportion of Pits with Temp <
POTROOM REFS ( )
proce  _id=F_0
S &
o
— P S
1
(=N
£
]
k>
E
3
o —
=
(&)
7] ‘Draw straight lines. S A
'Points of intersection indicate process shift.
1 '['iIITIIIT'IIT]II'['iIIT'iIIT'III'['iIITIITiIIT]IIIIIITIIITIII'.[-III-II.ITI-II.TI;IIIIITIIITIIIIII'[IIITIIITIIIIIIITIIIIIITIII]IIITIIITIII IliIIITIIITIIIIIIITIiiTIIIIII'[IIITI
22222222222222222222222222222222222222222222222222222
ooooo0OOO0OOQOOOOOOODOOODOOOOOOOODOOOODOOOODODOOOOOOOOOOOODOODOOOD
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00000111 00 0O0O0O0DO0O0O0O0OODDO1T 11 1000000000O0O00O01T1T11000000O00O00
7789901121123 4456678890012212334556778990122122344506¢6
0210210210211 0210210210210321021021021022102 02102102
34445667 88989081123 3455667 888000344566 78889001222366788¢8
Subgroup Sizes: n=1
Parameters: M= 6=1 a=0.05

WEEKLY DATA STATUS ®®®FUL & AN WTD
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STATISTICAL Appe”dl'x

PROCESS . .
conrror - Components of Variation

Manufactured products have 3 components of variation.

When designing a sampling and measurement plan, these components need to be
considered.

WITHIN PIECE:

A characteristic measured at multiple points on the same part may be different at each point.

For example, the coating weight across the width of a sheet of metal may vary slightly.

PIECE TO PIECE WITHIN A LOT:
A characteristic measured on many parts from the same lot may be different on each part.
For example, the gauge from several coils from the same lot may vary.

LOT TO LOT:

Typically, a characteristic of the product will vary from shift to shift, day to day, setup to
setup, etc.

GQC - Statistical Process Control Concepts 1-Oct-2015
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STATISTICAL Appe”dl'x

PROCESS . . .
control = Data Collection Considerations

« Data collected for establishing the control limits must be gathered and recorded
according to a prescribed plan.

 The process must be sampled using a predetermined frequency and sample size.
* An absolute minimum of 15 sets of data are needed to establish control limits, preferably
25 sets.

« The sets of data must span enough production time so that the natural variation
associated with the process or machine will be observed.

Acknowledgements:
Some of the material used in this presentation has been sourced from materials prepared by

Michael Mazu and by Greg Peterson.
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STATISTICAL Appe”dl’x

\ cowro. - Crea ting Control Charts

« CoOMMON STEPS TO CREATE ANY CONTROL CHART:
» Collect data.

« Calculate appropriate statistics.

* Plot the appropriate statistics in time sequence.

« Calculate appropriate control limits.

« Draw control limits on the control chart.

» Check for control.

« If process is in control, establish an ongoing plan.

« If process is out of control then
(a) find causes,
(b) adjust process and
(c) collect more data.

GQC - Statistical Process Control Concepts

1-Oct-2015
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STATISTICAL
PROCESS
CONTROL

Appendix

- Charts for Variables & Attributes

CONTROL CHARTS FORVARIABLES

Usedin pairs: one chart for controlling the average
performance and one chart for controlling the variability of the
process. Typical pairs:

- X-Barand Range control charts
- X-Barand Standard Deviation control charts
- Individuals and Moving Range control charts

Variables Chart Centre |Lower Limit Upper Limit
line

X-Bar (with R) X |X-AR X + AR

X-Bar (with S) X |X-Azs X +A3s

Median (with R) M |M-115A;R M+115 AR

Individual X |X-BEpMR X + E)MR

Range B |D3R D4R

Stand. Dev. s |B3s Bys

where:

X = the average of the results

X =the average of the averages (the grand average)
M = the grand median

R =the average range

s = the average standard deviation

MR = the average moving range

CONTROL CHARTS FORATTRIBUTES

Attributes Chart Centre Lower Limit Upper Limit

line
% Defective P |p_3Y (P(1-Pyn) [P+ 3V (P(1-P)n)
# Defectives nP |np_3v mP-P)|nP + 3V (nP(1-PY)
# Defects c 5_3J_{E) E+3J—(E)
Defects/unit T 3I{gm) T+ 3\;_(5;.—.}
where:

p = the average proportion defective

np = the average number of defectives

c = the average number of defects
u = the average number of defects per unit

GQC - Statistical Process Control Concepts
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STATISTICAL
PROCESS
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Appendix
- Control Chart Formulae & Factors

CoNTROL CHART FORMULAE

TABLE OF CONTROL CHART FACTORS

Variables Chart Centre |Lower Limit Upper Limit n Az Az E> Bs B4 D3 Dy
line 2 [1.880 [2659 [ 2660 |0.000 [3.267 |0.000 |3.267
X-Bar (with R) % [RAE T + AR 3 [1.023 [1954 [1772 [0.000 [2568 [0.000 [2574
4 [0729 [1628 [1.457 [0.000 [2.266 [0.000 2282
X-Bar (with S) X |X-Ass X+ A3s 5 0577 [1427 [1290 [0000 [2089 [0000 [2114
— —— — 6 |0483 [1287 [1.184 [0.030 [1.970 [0.000 | 2.004
Median (withR) | M |M-1.15AR M+ 115 AR 7 |0419 [1182 |1.109 [0118 | 1.882 | 0.076 | 1.924
dvidual % |[X-EME <+ MR 8 0373 [1.099 [1.054 [0185[1.815 [0.136 | 1.864
- - - 9 (0337 [1.032 [1.010 0239 [1761 [0.184 [ 1816
Range r |DsR D4R 10 [0.308 [0975 [0075 [0284 [1716 [0223 [ 1777
- - - 11 (0285 [ 0027 0321 [1679 |0256 [1.744
Stand. Dev. s |Bss Bas 12 [0.266 | 0.886 0354 [1646 (0283 [1717
Attributes Chart Centre [Lower Limit Upper Limit 13 gs;g g:?g gig; :;Si ggg; :ggg
_ - 15 0223 [ 0789 0428 [ 1572 |0347 [1653
% Defective P |p_3d (1-pyn) [P+ 3V (B-Pyn) 16 (0212 [0763 0448 [ 1552 [0363 | 1637
P — T — — 17 (0203 [0.739 0466 | 1534 |0378 [ 1622
eleclives n? |np-3v nP(1-P)|nP + 3V (nP(1-P)) 18 [0.194 |0.718 0482 | 1518 |0.391 | 1608
_ 19 [0.187 [ 0.698 0497 [ 1503 0403 [1597

# Defects = = = =
© Je-3v @ <+37 @) 20 | 0.180 | 0.680 0510 [1.490 [0.415 | 1585
: - | _ _ _ 21 10173 [0663 0523 [ 1.477 |0425 [1575
Jetedsiunt P sl Em  jwesd @) 22 [0167 | 0647 0534 | 1466 |0434 | 1566
23 |0.162 [0633 0545 | 1.455 | 0443 [1557
24 10157 [0619 0555 | 1.445 | 0451 [ 1548
25 10135 [0.606 0.565 | 1.435 | 0459 |1.541
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