Chance and Assignable Causes of Quality Variation

(variability)

(unavoidable causes)

(acceptable level) (statistical quality control)

"chance causes"
chance causes

chance causes

3
1 (improperly adjusted machines)
2. (operator errors)
3 (defect raw material)
chance causes
(unacceptable
level) chance causes "assignable
causes" assignable causes

(out of control)

assignable causes



assignable causes

(Control chart)
(Control chart)

(Control chart)

(Control chart) - ' '

(Hypothesis Testing)

"hypothesis"

"hypothesis testing”

(statistical hypothesis) probability

distribution (random variable)

(p) 2500 psi

HO: (I= 2500 psi
H, * 2500 psi M
HO: = 2500 psi null hypothesis H, * 2500 psi
alternative hythesis 2500 psi two-
sided alternative hythesis one-sided alternative hythesis
HO: |i= 2500 psi

H : > 2500 psi (2)



hypothesis (population)
(distribution) hypothesis (sample)
null  hypothesis (2500 psi

(verify)
(test of a hypothesis) "
null hypothesis
(@) 10
sample mean X je > 2550 psi X < 2450 psi
2500 psi null  hypothesis
HO: = 2500 psi alternative hythesis H,
X 2550 psi 2450 psi (critical region)
(rejection region) 2450 < X < 2550
psi null hypothesis HO = 2500 psi [2450,2550]

(acceptance region)
null hypothesis

type | errors (a) type
Il errors (P) 1



2-1
HO is True
Accept HO No error
Reject HO type | errors (a)

null hypothesis ,

null hypothesis type
Il errors (p)
a = P (type | errors) = p (reject HOHO is true) (3
p = P (type Il errors) = p (accept HOHO is false) (4
power of the test
Power = 1-p = p (reject HOHO is false) (5
power of the test null hypothesis
(Control chart)
(Control  chart)
2-1
(Control chart) center line
( chance causes )
2 (upper control limit UCL)

(lower control limit  LCL)
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HO is False
type Il errors (p)

No error

type | errors (a)



assignable cause

(Sample quality characteristic)

2-1 (Control chart)

(systematic) (nonrandom)
18 20

center line UCL 2 control limit

(random pattern)

(control chart) (hypothesis testing)

(failing to reject)

(rejecting)

(hypothesis testing) type | error
(control chart) ( )
type " error (control chart) (

) operating-characteristic
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curve (control chart) type Il error

(control chart)

(mean)
(standard deviation) aw
center line, upper control limit lower control limit
UCL = +kow
Center line =
LCL = - kow
k control limit center line standard deviation
units Dr. Walter A
Shewhart " Shewhart control charts "
X

systematic pattern

2. assignable causes



2-2
3 assignable causes
assignable causes
cause)
(mean) (standard deviation)

nonconforming)

(capability of the process)

1. Variables control charts
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assignable causes

'variable'

1

(root

(fraction
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central tendency
(variability) X chart '
central tendency sample range sample standard
deviation process variability
. Attributes control charts

(defect)
(sample size) (control  limit)
(frequency of sampling)
type Il error
3
L
(productivity) scrap
(rework)
( )
"do it right the
first time"
3.

common causes (abnormal variation)
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process performance
"if it isn't broken, don't fix it"

4,
]
5.
(Choice of Control Limits)
center ling
type | error
assignable causes
type Il error
center line
type | error type 11 error
X chart P=T4 a-=
0.0045 3 sigma
(normal distribution) standard normal table
type | error 0.0027
21 10,000 3 sigma
0.00135 -
3 sigma
ucL =74 +3(0.0045) = 74.0135
Center line =74

Lo = 74 - 3(0.0045) = 73,9865



2-3
0.001
309 aw
UCL
Center line
LCL

2-4

3 sigma
type | error

type | error
center line  UCL LCL

=74 + 3.09(0.0045) =74.0139
=74
=74 - 3.09(0.0045) =73.9861

0.001 probability limits 2-4

type | error
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0.001



probability limit
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3 sigma type | error 0.001
3 sigma
k a
Warning Limit on Control Charts
' 2 2-5
(outer limits) 3 sigma
assignable causes
(inner  limits) 2 sigma "warning
limit" probability limit action limits
0.001 limits warning limits 0.025 limits
warning limits action limits

warning limits

warning limits



UCL = 1" + XTW

UWL = Kv + 2aw

Center line =
(Sample quality characteristic)
LWL - - - 2aW
LCL = - LW
2-5 warning limits

(Sample Size and Sampling Frequency)

(Sample Size and Sampling Frequency)

assignable causes
automatic sensing

automatic sensing
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average run length (ARL) ARL
ARL
ARL = 1p
P jc chart
3 sigma p = 0.0027
@
ARL = 1/p 1/0.0027 = 370
ARL jc chart

(out of control signal) 310

(Analysis of Patterns on Control Charts)

The Western Electric Handbook (1956)
(nonrandom  pattern)

I} 3 sigma
. 2 sigma warning limits
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3 1 sigma center line
4, 8 center line
center ling
upper warning limit lower warning
limit

assignable  cause

L
8

center line
3 2 sigma warning limits
4, 1 sigma
. (Unusual) (nonrandom)
6. warning limit  control limt

1 assignable cause

2 sigma warning limit
assignable cause
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