21

2 (COMMON

CAUSE) (SPECIAL CAUSE)



X-R ,

X-S

21

(SPECIAL CAUSE)

19



211 X-R
X -R
1 100
2.
1 2
2 5
“ ” Hk"
3 X
4. X X = (X,+X2+X3+ +Xn )/
5 R R
R = X( ) - X ( )
6 X X
(k)
X = (X, + X2+ X3+ ......... + XKk) / k
7 R

R = (Rj + R2+ r3+ ..RK) / k

20



A2 ,D4 , D3

10

A2

1.880

1.023

0.729

0.577

0.483

0.419

0.373

0.337

0.308

21

D4

3.267

2.575

2.282

2115

2.004

1.924

1.864

1.816

1.777

CL

UCL

LCL

CL

ucCL

LCL

1T 4 n,.

1 ounmi' 1, J

(2528 )

= d4r

= d3r

LI

D3

0.076

0.136

0.184

0.223

X + a2r

X -a2r

2



Varible Control Chart X & R ( Average & Range) Figure

Part Name Operation Sample Size Unit of Measurement
USL = Parameter Department
Specification SL=
LSL = Machine Gage
*\ Date )
(Time} 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17.00 18:00 19:00 20:00 21:00 22:00 23:00 24:00 1:00 2:00 3:00 4:00 5:00 6:00
( Operator)
(Shift)
1
2
Samples 3
4
5
Sum
X-bar
Range
UCLX = CLX = LCLx =

2.2 X bar - R



21.2

2.2

(Recurring Cycles)

X Chart

R Chart

23



(Trend )

2.3

24

X Chart

( Two Populations )

R Chart

24



(Lot$

25

X Chart R Chart

SPEC

(Stratification or Lack of Variability)

X Chart

R Chart

25



( Runs or Jump level or Shift)

2.6

X Chart

Cp 1Cpk

1]
~

Cp

Cp (USL- LSL)/ 6G

R Chart

26



2.2

27

usL = Upper Spec. Limit

Lst = Lower Spec. Limit

6 CI = Capability ( 515G )

(usL- x)/3C , cpl = (x-usL)/3CT
Min (Cpu 1Cpl) ; Process Capability

Cpu
Cpk

(Repeatability and Reproducibility Study)

R&R ( Repeatability and Reproducibility Study )

( Repeatability ) ( Reproducibility )
2
R&R Study
( Gage )

( Operators )

( Within the sample )

1 CALIBRATION

STABILITY

N

3. REPEATABILITY

4. LINEARITY



2.7

POSSIBLE SOURCES OF PROCESS VARIATION

Larry B. Barrentine ( 1991 ) Concepts for R&R study

Gage R&R Study
( CALIBRATION )

10

% R&R

28



Repeatability and Reproducibility Report
Part No. & Name :

Device Name Date
Characteristic Device No. Performedby
Specification Device Type
Operators A B C D
Samples  1sttrial 2ndtrial 3rd trial Range 1sttrial 2ndtria 3rd trial Range 1sttrial 2nd tria 3rdtrial Range 1sttrial 2nd tria 3rd trial Range
1
2
3
4
5
6
7
8
9
10
Total
Ra Rb Rc Rd
Sum Sum Sum Sum
Xa Xb Xc Xd
Ra #Trials D4 (“) (D4 =ucL * Max X
Rb 2 3.27 Min X
Rc 3 2.58 X ) = T m
Rd 4 2.28 ( )
Sjjm

* Limit of individual R's Circle those that are beyond this limit. Identify the cause and correct.
Either a.) repeat these readings 1using the same operator and unit as originally used lor
.) discard value and re-average and recompute R and the limiting value CLr from the remaining observations.

Measurement Unit Analysis *

% Tolerance Analysis
Repeatability -  Equipment Variation (E.V)**

Ev = R)IXKL Trials 2 3 4 % E.V = 100 [(E.V)/ (Tolerance)]
= ( x ( ) KL 456 305 250 = 100X ( ) (
$BEv= EV
Reproducibility - Appraiser Variation (A.V)*
AV I (Xdff X 4K2p HEVIV(n.r)l Trials 2 3 4 %AV = 100 [(A.V)/ (Tolerance)]
. -0 K K2 365 270 230 = 100X (  )/( )

f27]

Repeatability & Reproducibility (R&R)

= number of parts ="
= number of trials =_

R&R =/(E vEj_[AVE 6 R&R = R&R/5.15

% R&R = 100 [(R&R)/(Tolerance)
=/ < M = ( )/5.15 = ( )¥(

*E.VandA.V are based upon predicting 5.15 (99% of the area under the normal distribution curve. )
**The Ki 1factors are only appropriate it (#operators) X (#samples) is greater than 15. If not, refer to table on back of this form.
***|f a negative value is calculated under the square root sign 1or if there is only one operater lthen A.v =0

2.3 % R&R

Larry B. Barrentine ( 1991 ) Concepts for R&R study

29



“repeatability’

30

“equipment variation (E\V)”

Clev. = RI/d2
EV = 515 R/d2
EV = &kl .R ; kI = 515/ d2
%EV = EV (100)/TOLERANCE
() kI FACTOR
2 4.56
3 3.05
4 2.50
16 d2
“reproducibility” “appraiser variation (A.V)”
(7 operator average = R/d2 = X diff/ d2
de* d2
(» Operator average = X diff [ d2*
5.15 <7 operator average = 515 X diff /d2* ; k2 = 515/ d2*
= k2. X diff
OPERATORS k2FACTOR
2 3.65
3 2.10
4 2.30
AV V ( Xdiff. k2 ¢ - (EV ft nr ; =
%AV 100 ( AV / TOLERANCE ) r =

%R&R =

100 ( R&R )/ TOLERANCE ;

R&R : v ewva+ Av2

crear = R&R/5.15



2.3 FAILURE MODES & EFFECTS ANALYSIS (FMEA)

FMEA

FAILURE MODES

( FAILURE MODES )

2.3.1 FMEA
FMEA .. 1950
. 1960
1972 , North American Automotive Operations Ford Motor
training program FMEA
FMEA
L
2,

3

Reliability



4,
( Subcontractors and Suppliers) FMEA

23.2 FMEA

FMEA

FMEA

1 Design FMEA

2. Process FMEA :

3. Product FMEA 2
Modes)

4. Transfer FMEA :
PROCESS FMEA
PROCESS FMEA 24
L (Title block)
(Product)

FMEA
(Process/Operation)

32

(Potential Failure



- (Planning Reference)
- (Date)
- (Revision)

2. PROCESS DESCRIPTION / FUNCTION

3. POTENTIAL FAILURE MODE

BENT CRACKED
MISSING GROUNDED
BROKEN HOLE MISSING

COTAMINATION COMPONENT MISSING
4. POTENTIAL EFFECT ( ) OF FAILURE
Local effects
Next higher level effects

End user effects

5. SEVERITY OF THE EFFECT

6. POTENTIAL CAUSE(S) OF FAILURE

TIGHT/LOOSE
MISALIGNED
TEST FAILURE

etc.

2.5



(Set up)

7. OCCURRENCE

- SPC (Statistical Process Control)
2.6

- (Process Capability)

8. CURRENT CONTROLS

- Procés control (SPC), Process Capability studies,Gage
R&R studies, Tolerance build-up studies, Product audit, Designed experiments,Continous
sampling, Product testing.

9. DETECTION

2.7
10. RISK PRIORITY NUMBER (RPN)

RPN = OCCURRENCE x SERVERITY x DETECTION



11. ACTION PRIORITY
RPN

12 CORRECTIVE ACTION

13. RESPONSIBILITY AND DUE DATE

14. ACTION TAKEN

15,16,17 RESULTING SEVERITY, OCCURRENCE AND DETECTION

18, RESULTING “RPN".

- RPN

i 790A7fe)c

35



PROCESSFMEA

Process Description”

CD

function

Potential

Failure Mode

CD

Product : Cj_3
Subsystems

Drawing or Spec. Reference :

Seventy Occurrence - Detection —- — RPNs OX Xp
Potential Potential 0 Current D RPN Action Priority Corrective Responsibility
Effects of Failure Cause(s) of Failure Controls Action & Date due
ch T CD <7) CD )@ CD CD CD
2.4 PROCESS FMEA

* John Best ( 1993 ) Potential Failure Mode & Effects Analysis

Date :

Action

Taken

14C

FMEA No.
Page of

Rev :

Ré»sulting
0 D RPN

17



SEVERITY EVALUATION CRITERIA

Severity of Effect Ranking

Minor :

-Unresonable to expect that the minor nature of this failure would cause 1
any real effect on the overall performance of disc drive , or on a

subsequent process or operation. Customer will probably not notice the

failure.

Low :

-Very limited effect to local process , no effect on downstream process 2

, ho effect on customer.

-May require local rework. 3

Mederate :

-Failure causes customer dissatisfaction , in the form of annoyance. 4

-Failure notice by customer requires correction. 5

-Customer notice slight performance deterioration. 6

High:

-Disc drive inoperable or fails to meet performance criteria. 7

-May cause disruption to subsequent processing lassembly or test 8

operations.

Extreme :

-Stop ship required. 9

-Product safety or liability issue. 10
25 A ( SEVERITY )

* John Best ( 1993 ) Potential Failure Mode & Effects Analysis



OCCURRANCE EVALUATION CRITERIA

Probability of Failure Possible Failure rate Approximate Ranking
DPPM Capability

Remote :
-Failure is unlikely. No known failure <1 in 100,000,000 Cpk £ 2.0 1
associated with almost identical process. <0.002
Very Low :
-Process is in statistical control.Only isolated <1l in 1,0 ,000 Cpk £ 1.67 2
failure associated with similar process. <1
Low : 1in 20,000 Cpk >. 1.33 3
-Process is in statistical control. <50
Moderate : ,
-Process in statistical control but with 1in 3000 Cpk 10 4

isolated failures

-Previous processes have experienced 1in 1000 Cpk < 1.0 5
occasional failure or out-of-control conditions. 1in 400 6
High :

-Process not in statistical control. Similar 1in 40 7
processes have experienced problems. 1lin 20 8
Very High 1 1in 8 9
-Failure is almost inevitable. lin2 10

2.6 ( OCCURRENCE )

* John Best ( 1993 ) Potential Failure Mode & Effects Analysis



DETECTION EVALUATION CRITERIA

Likelihood that control will detect failure

Very High :

-The process automatically detects failure
-Controls will almost certainly detect the existence

of a failure.
High:
-Controls have a good chance of detecting the

existence of a failure.
Moderate :

-Controls may detect the existence of a failure.

Low :

-Controls have a poor chance of detecting the failure.

Very Low :

-Controls will probably not detect the failure.

-Controls can not or will not detect the failure.

2.7

* John Best ( 1993 ) Potential Failure Mode & Effects Analysis

Probability of a
failure shipping

1lin 10,000

1in 5,000

1in 2,000

1in 1,000

1in 500
1in 200

lin 100

1lin 50

1lin 20

lin 10

DPPM

100

200

500

1,000

2,000
5,000

10,000

20,000

50,000

100,000

( DETECTION )

Ranking

10

39



24

100%

(Spot-check Inspection)

(Certification )

(Acceptance Sampling)

241

(Mass Prodcution)

(Batch)

(Attribute)

- (Lot by Lot)

(Varible)

- (Lot by Lot)

(Lot)



24.2

MIL-105 E, Dodge-Romig

MIL-STD-414
(Lot or Batch)
MIL-STD-105 E
(Defects) (Defective)
(Defects)

(Nonconformance of the unit of product)

(Critical Defcet)

(Major Defect)

(Minor Defect)

4



42

= X 100
(Defective)
3
(Critical Defective)
(Major Defective)
(Minor Defective)
= X 100
24.3 MIL-STD-105E
(Random)
(Sample)
(Sampling)

(Sample Size)

(Single Sampling Plan)

(Double Sampling Plan)



( Multiple Sampling Plan)

(Average Sample Size)

(Acceptable Quality Level ; AQL)

AQL AQL

AQL 10%

( Defective )

AQL 10% (Defects)
24.4
(Performance) 1
(Operating Characteristic ; OC-Curve) 2
(Average
Outgoing Quality Limit ; AOQL ) ( Average Outgoing Quality ;
AOQ ) 3

(Average Sample Size ; ASS)

1 (0C curve)



AQL
AQL ,» (Producer’

d (Alpha)

LQ LTPD (Lot Tolerance Percent Defective)

LQ
,» (Consumer Risk) p (Beta)
2.8 (0C Curve)
2. (AOQL)

( Incoming Quality ; 1Q )

Risk)

(Lot)

44



(Outgoing Quality , OQ)

100%
(0Q) 0

" (Average Outgoing Quality , AOQ)

AOQ
2.10 AOQ (
5%)  AOQ
A
59 aoq
100%
AOQ AOQ “
” (Average Outgoing Quality Limit ; AOQL)
*
* ( 2538)

MIL-STD 105E



(IQ)

2.10

29

AOQ ( Average Outgoing Quality )

(2538 )

MIL-STD 105E

(©Q) =0

Q) =P
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