Introduction to Statistical
Process Control (SPC)



Brewer’s Toolbox
* Foundational knowledge

 Measurement/analyses

» SPC should be in your foolbox!!!



Statistical Process Control

 Stafistical technigques to signal unusual
events

» On-going study of a process



Why do we use SPC?

 When to act ...

and when not to



Why do we use SPC?

AcCting on a process that statistically
requires no action is bad

Deming calls it “fampering” with the
Process

You can only increase the variation in the
process by “tampering”

Knockout density example



Why do we use SPC?

» Reduce variability

o Raw materials
o Process methods (specific gravity, tfemp control)
o Packaging (il volumes, dissolved O,)

* Precision of the process
O Equipmen’r (maintenance, recalibration)
O Analyses (alcohol, VA, SO,)
o Lab QA (technician fraining)



Precision vs. Accuracy

@ © @ @

accurate and precise precise but not accurate accurate but not precise not accurate or precise



Review of Statistical Concepts

Population Sample
 Parameter  Statistic
o Population o Sample
characteristic characteristic
o Calculated from o Calculated from
all possible only members of
measurements the sample.
« “truth” « estimate




Population

Sample

.

Inference



Summarizing Data

e Center - Mean
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Summarizing Data

» Spread -Standard Deviation
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Summarizing Data
» Spread —Range

X - X

MAX min



» Histograms — Distribution of data
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Normal Distribution as a Model
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Normal w/Different SD
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Normal Distribution Properties

#+3 JD=BBW %

34.1% 34.1%

| 13.6%




Central Limit Theorem

Sampling Demo

Take home message --

1.The mean of the sampling distribution is
the mean of the population distribution

So...
We can use the sample mean for an
estimate of the population mean



Central Limit Theorem

2. The standard deviation of the sampling
distribution Is called the standard error

O

Jn

3. The sampling distribution is normally
distributed regardless of the shape of the
population distribution.



So what has this got to do with SPC?

« A variable in a process that confinues to
be described by the same distribution
over time is “In control”

time -



Disturbances to the Process
e Shiff in mean




More Disturbances

« Add Variabllity
o Common Cause vs. Assignable Cause

o Assignable Cause variation adds to
Common Cause variation.

A process with assignable variation is said
to be operating “out of control’.



Added Variability
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Control Charts

It we have a sfable process
« Sample (25-30 or more)

o dSize¢ Frequencye

* Model our process with a normal curve
o X-bar, conftrol Limits (+/- 3 SD)

« Compare new measurements



Phases of Control Charting

* Phase | — Setting up conftrol limits

o Start with process you believe is in
control

o Sample, Model (calculate CLs), Graph

* Phase Il - Monitor process
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Control Chart of Stable Process

X-Bar Chart
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Sensitizing Rules

4 of 5 points beyond |1 o
6 points increasing (decreasing)
Run of 8 on one side of the center line

2 of 3 points outside 2a but still within

conftrol limits

14 points alternating up and down.



Sensitizing Rules
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Patterns - Trends
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Patterns - Cycles
« Systematic change
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Trial Type of Brewlog Change krushing Water Temp “ -
Control L
Limits Single click a point on the chart to highlight the corresponding data in the table to the right. Double click a point on
l the chart to investigate details about the point.
UCL USL
0.21 l 0.15
1 (ot
(1 Fr
Target

R
| ] ﬁfi
Jhx \L[I&{A/ A \ ]’HA:L w v

- LSL

LCL
" ©

-Outside Control Limits DRun of 8 or More on One Side of the Mean
[] 14 or More Alternating Up and Down D 6 or More Increasing or Decreasing




Patterns- Mixture
Two or more overlapping distributions

. the chart to investigate details about the point.
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Patterns - Lack of natural variability

X-Bar Chart
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Types of Control Charts

Variable chart are for measurements on @
continuous scale

« xbar, R and S charts are variable charts
e |-MR Charis

Atiribute charts are charts for non-
continuous or discrete data.

* P Monitors proportion nonconforming,
constant n

e NP Monitors proportion, varying n



xbar-R Control Chart

« Xbar-R charts are valuable for monitoring
discrete samples over time by evaluating
several samples each time at certain
fime infervals

« Common example would be packaging/
packaged product measurements (e.q.,
package fill volumes, dissolved O2 and
any finished packaged product
analyfical measurements)



xbar-R Control Chart

Xbar

o Center line = X o (tThe mean of the
means)

o UCL = Xborbor T AQ*Rbor
oLCL = Xbarbar ~ AQ*Rbor

o R4 IS The mean range
o UCL =D5* Ry,
o LCL=D, * Ry




Simulating Data in Excel Control Chart

= NORMINV ( probability, mean, std_dev )

=NORMINV (RAND(), 12, 0.5)

RAND() randomly generates a proportion
between O and |

® nstructor/Advisor Teaching Seminar G.Shellhammer, 6/14/15 ®



J

Sampling --“Rational Subgroups’

 Each sample contains only common
cause variation from a stable process

« Observations within a sample are
Independent

» Spacing of samples (frequency) minimize
within sample variation and maximize
between sample variation



Putting it together

1. What will happen to our control chart if
we have assignable cause variation
within our Phase I sampling? Why?

2. What will happen if our Phase I samples
are not independent? Why?



I - MR Chart

o Center line = x,,, (mean of the measures)
o UCL =X, + 2.66*Mr,,
o LCL =X, +2.66*"MR,,

MR
o Moving Range =[x — X, |



I - MR Chart

Sampling variable data at a single point
N fime

Need to compare apples to apples (e.q.,

same point in the process comparing two
batches)

Very common for any analytical result
from a tank

Fermentation vessels, maturation vessels,
bright beer tanks, etc.



Proportion Nonconforming
o Center Line = p

oUCL=p+3*V

oLCL=p-3*

p*x(1—p)
n

\

p*(1—p)
n

p-Charts



p-Charts

« Attribute data (go/no go) for varying
sample sizes

* Monitors proportion defective
« Can be useful for micro or sensory results

o Proportion of micro positive results in o
week

o Proportion of sensory panelists

identifying a sample as not true to
brand



Out of .Control

Now whatele



Pareto Chart
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Pareto Chart — Collect

Error Type Frequency |Percent |Cumulative %
\Wrong Supplier 67 46.5 46.5|
Excess Count 24 16.7 63.2|
Too Few Count 17 11.8 79
\Wrong Size 10 6.9 81.9
Wrong Sterile Instrument Set 10 6.9 88.8
Missing Item 8 5.6 94 .4
Damaged Item 6 4.2 98.6
Other 2 1.4 100
TOTAL 144 100




Pareto Chart for defect
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Pareto Chart

» Parefo charts are very helpful in
identitying where to focus energy to
address out-of-control condition and/or
drive improvement when using attribute
data

« Examples of Pareto charts would include
number of micro positive results by area
of process or number of No go's on
sensory panel by flavor defect
identification



Cause and Effect Diagrams

Machines Methods Measurements

cause cause

cause

Effect

cause cause

cause cause cause

Mother Nature Materials Man Power

Anthar Paca Nlnimhar NMata



ASBC Fishbone Dia

STRATEGIES TO CONTROL BEER pH

Altering Wort Buffering Capacity |

Bardey adjuncis (+) % Adjunct in formulation ()

Cartahydrate syrups (-) Malt nitrogen content (+)

Krausening (+) High gravity brewing (+)

Altered malt mill setings (+/-) FANTSN Ratio (+)

Unmahed wheat agjuncts (+) Dark malt {-)

FAN (+) Under modified malts {-)

Phytase/Phasphatase Activity (+) apt. at pH > pryT
5.0, 50 - 55°C (122 - 131°F). roto rest (+)

Poor wetting of mak during period of
phosphatase actaity (<)

Two row < six row (less protein &
less phasphatase activity).

| Instaliaton of grant increased |

| Adjusting WortpH |

Carbanate addition (+) [ Mait storage areas expased to ammonia vapors will increase wort pH. |

Process changes to decrease malt color will increase pH

baer pH by 0.15 units. ...Jess soluble protein buffering at lower pKa's.

Akak addition (+) Mineral acid additicn (-)

Lactic acid bacteria acidification (-)

Gypsum additicn (-) Dibasic addition (+)

"Assimilated Yeast™ . lower pH's reachad when propagate and
pitch with this method.

Carisberg type yoast (), Tubarg (+)

Agitation (<) ~

Temperature (-}

Reduced yeast growth (+)

\Zm_x

pH (Sapporo).. larger the yeast, higher the pH.

In aging. pH little changed in middie upper regions of tank, but
bottorn can rise from 4.1 to 5.0 over 40 days. Likewise FAN from
60 to 700 ppe in bottom, aspecially low MW nitrogan!

Kirsop: 30% of the increase in [He] of fermenting wort
could not be attributed to known causes such as organic

Factors Reduced yeast uptake of basic amino acids from wort, uptake of acidic
Which pitching rate (+) amine acids, proguction of CO; or adsorption of primary
s phosphate.....the remaining 30% driven by ATPase
Promote train (+/-) — and proton gradient!
Growth _ Yeast strain, with cell volume directly carrelating with |

A 4

Beer pH

Per hardness ir

wart pH
Alkalinity (+)

Hardnaess ()

Addition of caldum sulfate ()
Water acidification to neutralize alkalinity (<)
Socdium carbanate addition (+)
Ash addition (+)
Temperary hardness decreases wart pH
Calcium/Magnesium cantent in dough-in & sparge water (-}
Addition of gypsum (-)

Highly alkaline water to slurry post-farmantation hop extract addition, e.g. with
sodium carbonate, sodium bicarbonate or calcium carbanate (+)

| Adjusting Yeast Acidity Production

Altering Brewing Water Alkalinity | ASBC No. XXb

(Casey;
June/05)

grams



NBB Brewmaster Ready

Validate method and measurement with
Measurement System Analysis/Gage R&R

Select appropriate control chart and plot
at least 25 points

Validate data - remove errors (e.g., fat
finger data or wrong brand)

Document out-of-control action plan
(living document)



Just Do It

People are resistant to change/change is
Nara

‘here are many, many formats, details and
rules that can be debated

There are many things that are measured

Pick a few crifical parameters on which you
would want to take action

Start charting — formats and rules will evolve
and improve over time and more
measurements will be identified




SPC II
* Process Capability Analysis
oSpec Limits vs. Control Limifs

. Gage R&R Analysis

(partition measurement variability)
olnstrument— Repeatability

oMeasurement Process —
Reproducibility



Thank youl!



