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LESSON: Capability Analysis

- A Capability Analysis gathers and analyzes data to see how well a process meets customer
specifications

« As we gather data for our processes, we must continue to ask: “Is our process capable of
meeting these specifications and to what extent?”

Here are some examples of specifications for some of my Six Sigma class projects:

- Time between ordering and receiving food at Chauncey’s is at most 10 minutes
«  Electricity use in Percopo Hall is at most x kilowatt hours between 2 a.m. and 6 a.m.

«  Honeysuckle invasive plant pulling time is at most 4 minutes for a “medium-sized”
(circumference at base ™5 to 7 inches) plant using The Honeysuckle Popper (tool for pulling
honeysuckle plants)

«  Weight of hand towel waste in Crapo bathrooms is at most y grams
«  Who typically sets the specification limits?
- How do we define a “defect” in a process?

- The output of a capability study is a Capability Ratio. There are several different capability ratios,
the most common being Cp, Cpk, Pp, Ppk, and Cpm. The difference between them is how they
estimate the process standard deviation o. In general, a capability ratio is defined as:

Voice of Customer

Capability Ratio =

Voice of Process

LSL USL

Voice of Process

Voice of Customer
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Example 1. Which of these two processes, whose histograms are in blue, produces fewer defects?
Which of these two has a higher capability ratio? [Higher capability ratio = Better Process = Less
Defectives]
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. Two important aspects of the distribution of a process: center and spread

- If specifications are too tight and a process is unable to meet them, what can we do?

Let’s give the capability ratio a statistical definition with the appropriate notation. So, using USL, LSL, and
o (as an estimate of the process standard deviation), create a formula for the capability index Cp.
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e Voice of Customer Specification Spread
C, = Capability Index = =2P P =

Voice of Process Process Spread

Measure of “Voice of Process”: If the process is in-control, the process standard deviation o can be
estimated using the pooled standard deviation S, the mean standard deviation s, or the mean range R
(the one we’ve been using):
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What is a “good” value for Cp?

Cp values:

Specification

Natural variation

(a)

Specification

Natural variation

(c)

Specification

T

Natural variation

"y

(b)

Specification

Matural variation

el

(d)
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Cp > 1 means that the process variation is less than the specification, however, defects might be made
if the process is not centered on the target value.

Cp =1 means that the process is just meeting specifications. A minimum of 0.3% defects will be made
and more if the process is not centered.

Cp <1 means the process variation exceeds specification, and a significant number of defects are

being made.

Example 2. Process Capability: The Goodman Tire and Rubber Company periodically tests its tires for

tread wear under simulated road conditions. Twenty subgroups, each containing three radial tires, were
chosen from different shifts over several days of operation, see Lesson15_Treadwear_WaitTimes_DATA.
The specifications for a tire are 30 +10 hundredths of an inch. How capable is the process given the data
collected below?

Subgroup|Shift 1 Tread Wear | Shift 2 Tread Wear |Shift 3 Tread Wear|
1 31 42 28
2 26 18 35
3 25 30 34
4 17 25 21
5 38 29 35
18 40 29 31
19 18 29 28
20 22 34 26
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(a) Is this a “good” subgrouping plan?
Why or why not?

Xbar-R Chart of Average Tread Wear of Tires Across Three Shifts

40 UCL=40.83

(b) Before checking capability, 0 /\ /\ A A /\/\ o
what should we first consider? 2 V\/ \/ V \/ \

(c) The “correct” control charts 1 7 s 1 S T R A
. . Subgroup
(not necessarily subgrouping plan)
to use are Xbar-R — why? * UoL-2935

(d) Let X be the tread wear for a tire. o N /\R e i
What are the mean and standard \\‘/‘\/\// \/

deviation of X as estimated from the 0 (-0

1 3 5 7 9 1 13 15 17 19

Xbar-R charts? St

Sample Mean

LCL=17.50

Sample Range

(e) Are the individual data points from a normally distributed population?
Is there dependency in the data?

H,: Data is from a normally distributed population H_: Data is NOT from a normally distributed population

Probability Plot of Tread Wear for all Data

Normal

99.9

Mean 29.17

o StDev  7.342

N 60

-l AD 0492
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@ 40
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Tread Wear for all Data

(f) Compute Cp by-hand: Cp=
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(g) Compute Cp using Minitab’s Process Capability Sixpack:
Stat > Quality Tools > Capability Sixpack > Normal

Process Capability Sixpack Report for Average Tread Ware of Tires Across Three Shifts

Xbar Chart Capability Histogram
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Compute Cp using Minitab’s Capability Analysis: Stat > Quality Tools > Capability Analysis > Normal

Process Capability Report for Average Tread Ware of Tires Across Three Shifts

LSL UsL
Process Data ' ' — Overall
LsL 20 ' ' ———— Within
Target * | |
usL 40 | | Overall Capability
Sample Mean  29.1667 I I Pp 045
Sample N 60 | | PPL  0.41
StDev(Overall) 7.37311 | | PPU 0.49
StDev(Within) 6.73361 | | Ppk 0.41
| | Cpm *
| | Potential (Within) Capability
| | Cp 0.50
| | CPL 045
| CPU 0.54
Cpk 045
12
Performance
Observed Expected Overall Expected Within
PPM < LSL 150000.00 106886.54 86704.65
PPM > USL 100000.00 70875.18 53825.12
PPM Total 250000.00 177761.72 140529.76

Problem: The index Cp does not take what into account?
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Draw a picture of a process with the same LSL and USL as the left plot and has the exact same capability
index Cp, but the customer would NOT appreciate the resulting product.
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So, we need another capability index that accounts for the centering of the distribution of the process.

o min[Cp,, Cp J» Where

= C:

pl pu

Example 3. Suppose your company makes McDonald’s fries and the specification limits for salt content
is between 4.1% and 5.0% for the customer to be happy. You have compiled actual salt content data for
the last several weeks and have determined that salt content is independent and normally distributed
with mean i = 4.4% and standard deviation 6 = 0.2%.

(a) Determine the capability of the salt process to meet customer specifications by calculating Cpk and

then Cpk. Draw a picture of the situation and include the Voice of Customer (VOC) and Voice of
Process (VOP) spreads.

(b) How could we increase the value of C 7 C 7?
pk pk

(c) Can Cpkand Cpk be the same value? What does Cpkequaling Cpk mean?

(d) Will Cpk always be less than or equal to Cpk?
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(e) Is it possible for Cp to be negative? If so, when would this happen? Can Cpk be negative? If so, when
would this happen?

Capability Analysis ASSUMPTIONS

1. What must be true about our process before we can perform a capability analysis?

2. What other assumption must we check that I've clearly alluded to in the graphics that I've created
this lecture?

3. Other assumption we should check?

. If these assumptions are not met, we can still perform a capability study, but the indices will likely
be meaningless.

Example 4. | have been able to collect data for waiting times at the Eastern House Restaurant for
mealtimes starting at 7 p.m. The manager wanted to improve customer satisfaction related to customer
waiting for their meals. The lower specification of 10 minutes was established to increase beverage
sales. The manager found if the wait time was less than 10 minutes people wouldn’t order a second
drink. The upper specification was 16 minutes because manager started to receive complaints when
wait time went over 16 minutes. If the manager could decrease the variation in wait time, then she could
better predict how long people would have to wait for tables and how many customers she could serve
in one evening.

Let’s first make a control chart of the wait time per table data. What control chart do we want to build?
(a) I turned on all 8 “out of control rules” (one point beyond 3 sigma control limits, 6 in a row trending up
or down, 2 of 3 within 1 sigma control limit on same side of chart, etc.) Is the process “stable”

(i.e. in-control)?

I-MR Chart of Eastern House Wait Times (min)
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(b) Is the data normally distributed?

You are performing the following hypothesis test:

H,: Data is from a normally distributed process

H_: Data is not from a normally distributed process

Percent

(c) Autocorrelation plot:

www.minitab.com

Autocorrelation

Probability Plot of Eastern House Wait Times (min)
Normal

Mean 13.51
StDev  0.4652
N 30
AD 0.312
P-Value 0531
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Eastern House Wait Times (min)

Autocorrelation Function for Eastern House Wait Times (min)

(with 5% significance limits for the autocorrelations)

Lag
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(d) Have we met the assumption to run a capability study with normality?

Stat > Quality Tools > Capability Sixpack > Normal

Process Capability Sixpack Report for Eastern House Wait Times (min)
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Stat > Quality Tools > Capability Analysis > Normal

Process Capability Report for Eastern House Wait Times (min)

LSL uUsL
Process Data \ , | Overall

LsL 10 ! \ Il ———_ Within
Target * \ L I
usL 16 \ ! I Overall Capability
Sample Mean 135106 | | f [ Pp 213
Sample N 30 \ I PPL  2.49
StDev(Overall) 0.469257 [ I PPU 1.77
StDev(Within) 0.428271 [ I Ppk 1.77

| | Cpm *

‘ ' Potential (Within) Capability

} : cp 233

| | CPL 2.73

| | CPU 1.94

‘ | Cpk  1.94

\ I

\ I

\ I

\ I

Performance
Observed Expected Overall Expected Within
PPM < LSL 0.00 0.00 0.00
PPM > USL 0.00 0.06 0.00
PPM Total 0.00 0.06 0.00

« P and P are quite like Cp and Cpk. | think you may be able to tell from the above graphic.

- P and Ppk are computed using the “overall” standard deviation of the process (black solid line)
and Cp and Cpk are computed using the “within” standard deviation of the process
(red dotted line).

Thus, the capability ratios Pp and Ppk have the same formulas as Cp and Cpk, except the process
standard deviation is computed differently. That is, o is computed using “long term” variation of the
process, and not the “short term” variation as in Cp and Cpk.

Voice of Customer __ (USL-LSL)
Voice of Process 60

P, = Capability Index =

Py = min{Py;, Pp.}, where

_ (P—LSL) _ (USL-f)
P 36 pu 3G

In the above formulas, o is the variation for all the data. This is the formula that you are used to compute
standard deviation in Engineering Stats I:

k-1

0= overall standard deviation

where k is the number of trials.

When the within and overall standard deviations are similar, then Cpk and Ppk are similar, too. Within and
overall standard deviation tend to be the same when the process is in-control.
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Going full circle: Capability Indices and Sigma Levels

Process Capability Report for Average Tire Tread Ware Across Three Shifts
(using 95.0% confidence)

LsL usL
Process Data ; ; — Overall
LSL 20 | | ~___ Within
Target * | |
usL 40 | | Overall Capability
Sample Mean  29.1667 | | Z.Bench 0.92
Sample N 60 | | ' ’
StDev(Overall) 7.37311 | | ;BI'_;T ZBench ?'gi
StDev(Within) 6.73361 : : ZUSL 147
| | Ppk 0.41
I | Cl for Ppk (0.30, 0.53)
[ I Cpm *
| | Potential (Within) Capability
ZBench 1.08
LB for Z.Bench 0.50
ZLSL 1.36
Z.USL 1.61
Cpk 0.45
12 24 30 36 42 Cl for Cpk (0.32, 0.59)
Performance
Observed Expected Overall Expected Within
PPM < LSL 150000.00 106886.54 86704.65
PPM > USL 100000.00 70875.18 53825.12
PPM Total 250000.00 177761.72 140529.76
Distribution Plot Distribution Plot
Normal, Mean=29.1667, StDev=6.73361 Normal, Mean=29.1667, StDev=6.73361
0.06 0.06
0.05 0.05
0.04- 0.04
2 2
§ 003 § 003
(=) o
0.02 0.02
0.01 0.01
0.08670 0.05383
0.00 - 0.00
20 29.17 29.17 40
X X
Sigma Levels: Left tail: 222217 ~ _1 361 Right tail: 222217 ~ 1 609
6.73361 6.73361
PPM: ~86,705 PPM: ~53,825
Long Term Sigma: Long Term Sigma
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1.5 3 66,807 Long Term | Short Term | Defects

1.4 29 80,757 | Sigma Level | Sigma Level | Per Million
1.3 28 96,800 1.9 34 28,717
1.2 27 115,070 1.8 33 35,930
1.1 26 135,666 1.7 3.2 44,565

1.6 3.1
1.5 3

Mayberry, Ppk: Episode 1 (published on Minitab Blog, 8/27/12)
Making intuitive sense of capability output

In this episode, Sheriff Andy Taylor uses cars and parking spaces to explain process capability to
Deputy Barney Fife.

Sheriff Taylor: What's wrong, Barney?

Barney: Someone spilled alphabet soup all over my capability output! Wait till | catch the practical joker
who did this! They’ll be sorry!!

Sheriff Taylor: That’s not alphabet soup, Barney. Those are capability indices.

Barney: | don’t see any indices, Andy. | just see a big mess of letters: Cp, Pp, Cpk, Ppk, Cpm, PPM...
LMAQ!

Sheriff Taylor: LMAO is not part of capability output, Barney. At any rate, the indices help you evaluate
whether your process is meeting your customer requirements.

Barney: Well, my customers don’t require random letters of the alphabet. | wish they did. It'd be a lot
easier to satisfy ‘em.

Sheriff Taylor: OK, let’s try to break this down for you, Barney. Should we start with Pp?
Barney: No thanks, | just went a couple minutes ago... ha, hal

Sheriff Taylor (sighing): Hmm... this might be harder than | thought. OK, let’s try an analogy. Think of the
variation of your process as a car.

Barney: What kind of car?

Sheriff Taylor: Depends. If your process has a lot of variation, you might think of it as a long, stretched-
out limousine, like this:
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Barney: Oh boy, that’'s what | call a lottttt-a-car!

Sheriff Taylor: Well, Barney, it's a lot of process variation. But suppose your process doesn't produce
much variation. In that case it might be more like a small sports car, like this:

Barney: Boy, would | love to drive a zippy little process like that!

Sheriff Taylor: Wouldn’t we all. Now, you need a parking space to park your car in, don’t you Barney?
Barney: You're darn tootin’ | do! I'd like a space right on Main Street Mayberry.

Sheriff Taylor: Well, your parking space is determined by your customer requirements—in other words,

the specification limits for your process. Those limits are the parking space that your car—your
process—needs to fit into:

LSL uUsSL

_a“1

o
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Barney: Well, duh, | get that. You ain’t talkin’ to a rock, ya know. But what does that have to do with all
those darn p’s in my output?

Sheriff Taylor: Well, Barney, Pp, for example, is just the ratio of the parking space to the length of
the car.

Barney (excited): | get it! So Pp just tells me how many cars | can get into my parking space!

Sheriff Taylor: You got it, Barney. It's how many times your process spread fits into your specification
spread. So the smaller the car, or the larger the parking space, in relation to each other, the higher the
value of Pp and the more capable the process is.

Barney: Eureka! So all those p’s stands for parking!

Sheriff Taylor: Well... | guess you could say that, Barney. But don’t forget about the c’s in the output, too,
like C .
p

Barney: Just when | was getting a handle on things, you got to spring something new on me!

Sheriff Taylor: Don’t worry, Barney. If you understand Pp, you understand Cp. They’re the same
ratio—the specification spread to the process spread. The only difference is that Cp is calculated
using the short-term variation of the process—the variation within subgroups—while Pp is
calculated using overall variation of the process. Cp tells you the short-term (or potential) capability,
and Pp tells you the long-term, actual capability.

Pp=1

The parking space fits one car, exactly. The
distance between the specification limits equals
the process variation,

The process is technically capable.

But this snug fit doesn’t give you any wiggle room.

> Pp =2
The parking space could fit two cars. The distance

between the specification limits is twice the
process variation.

The process is very capable,

Pp =05
The parking space only fits “half” a car. The
process {car) is twice as long as the specification
limits (parking space) for it.

You couldn’t park your car without smashing cars
In adjacent parking spaces.

The process is not capable.

www.minitab.com

14


http://www.minitab.com

Capability Analysis Minitab E®

Barney (bored, playing with gun): Are ya done with your anomaly?

Sheriff Taylor: “Analogy,” Barney. Yes, | think that’s probably enough for one day. Why do you ask?
Barney: Because | got real work to do!

Sheriff Taylor: Real work?

Barney: Writing parking tickets, Andy! While we’ve been yapping, every Tom, Dick, and Harriet in
Mayberry’s been out there parking illegally on Main Street!
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