41

(Dimensions) , (Visual
Defects)
(Tolerance) Variable Data

Attribute Data

WING 0323 ¢ 0.002
BEARING HOLE 0.5002 +0.006 , - 0.000
ARM 1 0045 + 0.001

ARM 3 0101 + 0.001
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CRACK
WING ARM
10
BENT ARM - ARM
BENT WING - WING

HARD BURR

LOOSED BURR - HARD BURR
CONTAMINATION

BROKEN CRIMP

SHORT CRIMP - SHORT CRIMP

SCRATCH

CONFIGURATION

POROSITY -
T ,mi



BEARING HOLE

CRIMP

SWAGE HOLE

41

CASTING ARM.

WING

LOCTTTE HOLE

ARM

64



411

(Variation) 2
Variation Measurement Variaionfl

( Process Variation )

SPC (Statistical Process Control)

( Measurement Variation )

412

4.2

65

Process



66

PROCESS FMEA (Process Failure Mode and Effects Analysis)
3

(INPUT) > (OUTPUT)

- METHODS, TECHNOLOGY
MACHINES, MAN

42



67

4.2

421 SPC

411
SPC ( Statistical Process Control )
SPC
SPC
SQE (Supplier Quality Engineer)

SPC ‘

SPC



QC 5

(Critical Dimensions)

.

Gage R&R  Study
(Repeatability and Reproducibility
Study)

SPC

41

. 2539

. 2539

. 2539

L.

20 .

L.,

20 ..

. 2539

. 2539

2539

2539

SPC

.. 2538



2
Statistical Process Control
25 26 . . 2538
14
QC SPC
SPC
6
. 2539 SPC
SPC
QC

60%

69



2
( )

1 8

2 12

3 8

4 9

5 1

Quality Engineer

SPC

1 BEARING HOLE DIAMETER

(DIM 0.5002 + 0.0006

-0.0000 )

2. WING HEIGHT

(DIM. 0.323 + 0.002 )

10

%

6 14 70 %

6 18 90 %

4 12 60 %

5 14 70 %

2 13 65 %

6 17 85 %

CASTING ARM Supplier

3
- BEARING
BEARING
ARM
WING
WING



(DIM. / / OQoT’-A-)

BEARING HOLE DIAMETER

(DIM 0.5002 + 0.0006

- 0.0000

WING HEIGHT

DIM. 0.323 + 0.002

(DIM. //0.001" -A-)

WING THICKNESS

(0.085 +/- 0.005

)

)

)

CASTING ARM

DATUM -A-

GageR & R Study

AIR GAUGE

HEIGHT GAUGE

CMM

VERNIER 1

MICRO METER

0.00005

0.0001

0.000001 '

0.001

0.0001

71



7

1 2 3 4 5 6 7 8 9 10 11 12

1 2 3 4 5 6 7 8 9 10 n 12

3 14 15 16 17 18 19 20 22 22 23 24

4.2

BEARING HOLE DIAMETER
1 AIRGAUGE PROBE
2. 1

3. AIRGAUGE PROBE

WING HEIGHT
1 FIXTURE
2. HEIGHT GAUGE
FIXTURE ,

WING
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3

1 FIXTURE

2 CMM

3 (PROBER CMM
4. 5
5

WING THICKNESS

1 VERNIER
2
3
VERNIER % Repeatability = 26.58%
MICROMETER
1 MICROMETER
CUTTON BUD
2
3
4,



Equipment

CA#

Measure by

Tolerance
No. 1st
1 0.50065
2 0.50070
3 0.50065
4 0.50060
5 0.50035
6 0.50075
7 0.50065
8 0.50040
9 0.50065
10 0.50045
11 0.50050
12 0.50060

Avg.(R1,R2)

Ucl

Gage Repeatability & Reproducibility

Air Gage

Thongtip 1Busarin

0.0006

Operator#!

2nd
0.50070
0.50070
0.50070
0.50065
0.50035
0.50075
0.50060
0.50040
0.50065
0.50045
0.50050
0.50060

Avg.

3rd Range
0.50065 0.00005
0.50065 0.00005
0.50070 0.00005
0.50065 0.00005
0.50035 0.00000
0.50070 0.00005
0.50060 0.00005
0.50040 0.00000
0.50065 0.00000
0.50050 0.00005
0.50050 0.00000
0.50065 0.00005
0.50058 0.00003

X1 R1

(R1+R2)/2

0.00002
Avg.(R1,R2) X2.57
0.00006

Equipment Variation (E.v.)

Sigma E.v

E.V

% E.V.

Avg.(R1,R2)/d2
Avg.(R1,R2)1.693
0.000015

6 X Sigma E.v.
0.000089

E.V. X 100/Tolerance
14.77 %

Repeatability & Reproducibility (R&R)

Sigma R&R

% R&R

Ucl

Product
Cell#
Spec
Date

1st
0.50070
0.50065
0.50070
0.50065
0.50040
0.50070
0.50065
0.50040
0.50065
0.50045
0.50050
0.50060

R(X1,X2)

Casting Arm  -3630

0.5002" + .0006 - .0000

Operator#2

2nd
0.50070
0.50065
0.50070
0.50065
0.50035
0.50070
0.50065
0.50040
0.50065
0.50045
0.50050
0.50060

Avg.

3rd
0.50070
0.50065
0.50070
0.50065
0.50040
0.50065
0.50060
0.50035
0.50065
0.50045
0.50050
0.50060
0.50058

X2

Range
0.00000
0.00000
0.00000
0.00000
0.00005
0.00005
0.00005
0.00005
0.00000
0.00000
0.00000
0.00000
0.00002

R2

ABS(X1-X2)

1.4E-06

Ucl

Appraiser Variation (A.v.)

Sigma A.v.

AV.

% A.V.

= SQR ((Sigma E.V)A2 + (Sigma A.V.)A2)

0.000015

= Sigma R&R X6 X 100/Tolerance

43

14.82 %

% R&R

R(X1,X2)/d2
R(X1,X2)/1.128

0.000001

6x Sigma A.v.

0.000007

A.V. X 100/Tolerance
%

1.23

R&R Status

< 10%

:10-20% = Good

:20-30% = Accept
= Reject

1 >30%

= Excellent



Gage Repeatability & Reproducibility

Equipment Height Gage
CA# CF 10002
Measure by Ramai 1Suwimol
Tolerance 0.004
Operator#!
No. 1st 2nd 3rd Range
1 0.3228 0.3228 0.3226 0.0002
2 0.3227 0.3226 0.3227 0.0001
3 0.3229 0.3228 0.3230 0.0002
4 0.3228 0.3227 0.3228 0.0001
5 0 3230 0.3231 0.3231 0.0001
6 0.3229 0.3228 0.3229 0.0001
7 0.3226 0.3227 0.3226 0 0001
8 0.3231 0.3230 0.3230 0.0001
9 0.3231 0.3230 0.3231 0.0001
10 0.3224 0.3225 0.3226 0.0002
11 0.3228 0.3229 0.3228 0.0001
12 0.3230 0.3231 0.3231 0.0001
Avg. 0.32284 0.00013
X1 R1
Avg.(R1,R2) = (R1+R2J/2
= 0.00012
Ucl = Avg.(R1,R2) X2.57
= 0.00030
Equipment Variation (E.v.) ]
Sigma E.v - Avg.(R1,R2)/d2
Avg.(R1,R2)1.693
= 0.000069
E.V - 6 x Sigma E.v.
= 0.000413
% E.V. - E.V. X 100/Tolerance

10.34 %

Repeatability & Reproducibility (R&R) J

Sigma R&R

% R&R

43

0000070

10.44 %

% R&R

Ucl

= Sigma R&R x 6 x 100/Tclerance

Product
Cell#
Spec
Date

1st
0.3228
0.3228
0.3230
0.3227
0.3231
0.3229
0.3227
0.3229
0.3231
0.3225
0.3228
0.3231

R(X1 ,X2)

Operator#2
2nd 3rd Range Ucl
0.3227  0.3227 0.0001
0.3227 0.3228 0.0001
0.3229 0.3230 0.0001
0.3227 0.3228 0.0001
0.3232  0.3231 0.0001
0.3230 0.3228 0.0002
0.3226  0.3226  0.0001
0.3228 0.3229  0.0001
0.3231 0.3231 0.0000
0.3225 0.3224  0.0001
0.3230 0.3229  0.0002
0.3231 03230 0.0001
Avg. 0.32286 0.00011

X2 R2
= ABS(X1-X2)
= 1.1E-05

Casting Arm  -3630

0.323" +/- 0.002"

Appraiser Variation (A.v.)

Sigma A.v.

AV.

% A.V.

SQR ((Sigma E.V)A + (Sigma A.V.)A2)

R(X1,X2)/d2
R(X1,X2)/1.128
0.000010

6x Sigma A.v.
0.000059

A.V. x 100/Tolerance

1.48 %
R&R Status |
:<10% = Excellent
/ 10 20% = Good
:20-30% = Accept
:>30% = Reject

5



Equipment

CA#

Measure by

Tolerance
No. 1st
1 0.083
2 0.084
3 0.085
4 0.083
5 0.083
6 0.083
7 0.083
8 0.084
9 0.083
10 0.084
1 0.083
12 0.083

Avg.(R1,R2)

Ucl

Equipment Variation (E.v.)

Sigma E.v

E.V

% E.V.

Repeatability

Sigma R&R

% R&R

43

Gage Repeatability & Reproducibility

Digital Vernier Product Casting Arm  -3630
M - 0018 Cell#
Butsaba 1lLadda Spec 0.085" +/- 0.005"
0.01 Date
Operator#l Operator#2
2nd 3rd Range  Ucl 1st 2nd 3rd Range Ucl
0.083 0.083 0.000 0.0830 0.0840 0.0830 0.001
0.083 0.082 0.002 X 0.0830 0.0830 0.0840 0.001
0084 0.084 0.001 0.0840 0.0840 0.0840 0.000
0083 0.083 0000 0.0830 0.0830 0.0830 0.000
0.083 0.083 0.000 0.0850 0.0830 0.0850 0.002
0.085 0.083 0.002 X 0.0830 0.0830 0.0840 0.001
0 083 0.083 0.000 0.0830 0.0840 0.0830 0.001
0.084 0.084 0.000 0.0830 0.0830 0.0830 0.000
0.083 0.083 0.000 0.0840 0.0830 0.0830 0.001
0.083 0.082 0.002 X 0.0820 0.0830 0.0830 0.001
0.083 0.083 0.000 0.0840 0.0830 0.0840 0.001
0.084 0.084 0.001 0.0830 0.0830 0.0820 0.001
Avg. 0.0833  0.0007 Avg. 00833 0.0008
X1 R1 X2 R2
(R1+R2)/2 R(X1,X2) ABS(X1-X2)
0.00075
Avg.(R1,R2) x 2.57 2.8E-05
0.00193

Appraiser Variation (A.v.)

= Avg.(R1,R2)/d2 Sigma A.v. = R(X1,X2)/d2
Avg.(R1,R2)1.693 = R(X1,X2)/1.128
= 0.000443 = 0.000025
= 6 x Sigma E.v. AV. = 6x Sigma A.v.
= 0.002658 = 0.000148
= E.V. X 100/Tolerance % A.V. = A.V. x 100/Tolerance
= 26.58 % = 1.48 %
& Reproducibility (R&R) R&R Status
= SQR ((Sigma E.V)A2 + (Sigma A.V.)A2) <10% = Excellent
= 0 000444 10-20% = Good
= Sigma R&R x 6 x 100/Tolerance 20-30% = Accept
= 26.62 % >30% = Reject

% R&R ()



Gage Repeatability & Reproducibility

Equipment Digital Micrometer
CA# M - 0059
Measure by Nit 1Thongtip
Tolerance 0.01
Operator#1
No. 1st 2nd 3rd Range Ucl
1 0.0838 0.0838 0.0840  0.0002
2 0.0837 0.0839 0.0839  0.0002
3 0.0851 0.0851 0.0851 0.0000
4 0.0839 0.0840 0.0840  0.0001
5 00838 0.0841 0.0840  0.0003
6 0.0850 0.0848 0.0849  0.0002
7 0.0839 0.0840 0.0837  0.0003
8 0.0850 0.0849 00851 0 0002
9 00839 0.0838 0.0834 00005
10 0.0834 0.0832 0.0833 0.0002
11 0.0839 0.0833 0.0838 0.0006
12 0.0840 0.0836  0.0837 0.0004
Avg. 0.08408 0.00027
X1 R1
Avg.(R1,R2) (R1+R2)/2
0.00024
Ucl Avg (R1,R2) x 2.57

0.00062

Equipment Variation (E.v.)

Sigma E.v =

E.V =

% E V. =

Repeatability &

Sigma R&R =

% R&R

43

Avg.(R1,R2)/d2
Avg.(R1,R2)1.693
0.000143

6 x Sigma E.v.
0.000856

E.V. x 100/Tolerance
8.56 %

Reproducibility (R&R)

0.000145

= Sigma R&R x 6 x 100/Tolerance

8.72 %

% R&R

Product
Cell#
Spec
Date

1st
0.0839
0.0839
0.0852
0.0839
0.0839
0.0849
0.0836
0.0850
0.0834
0.0837
0.0836
0.0834

R(X1 ,X2)

Casting Ami  -3630
8= § 0.005"
Operator#2
2nd 3rd Range Ucl
0.0838 0.0838 0.0001
0.0838 0.0839 0.0001
0.0852  0.0852 0.0000
0.0839 0.0839 0 0000
0.0840 0.0840 0.0001
0.0851 0.0846 0 0005
0.0838 0.0837  0.0002
0.0850 0.0850 0.0000
0.0839 0.0833  0.0006
0.0840 0.0836  0.0004
0.0833 0.0834 0.0003
0.0834 0.0837 0.0003
Avg. 0.08405 0.00022
X2 R2
ABS(X1-X2)
3.1E-05

Appraiser Variation (A.v.)

Sigma A V.

% A.V.

SQR ((Sigma E.V)A2 + (Sigma A.V.)A2)

R(X1,X2)/d2
= R(X1,X2)/1.128
= 0.000027

= 6x Sigma A.v.
= 0.000163

A.V. x 100/Tolerance

1.63 %
R&R Status
/ :<10% = Excellent

:10-20% = Good
:20-30% = Accept
:>30% = Reject



24

USL
LSL

Xi

SPC

2539

7. R&R study

(Cpk)

Standard Deviation (S.D)
Upper Spec Limit

Lower Spec Limit

SPC

(Calibration)

= min (USL '»JLX -LSL)
30

© S.D= V[ (Xi-xf] /1 (-)

;i =1,2,3,4 ...,

8



Bearing hole dia.

(0.5002" - 0.5008")
(0.5002” - 0.5008" )
(0.5002" - 0.5008")
(0.5002" - 0.5008")

(0.5002" - 0.5008")

(0.3217- 0.325")
(0.3217- 0.325")
(0.3217- 0.325")
(0.3217- 0.325")

(0.321"- 0.325")

(0" - 0.001")
(O - 0.001")
(©-0001")
(0” - 0.00")

(0" - 0.00")

Cpk > 133

2539  Cpk

LSL.

20

20

20

20

20

10
10

10

4.4

USL

80
80

80

8

3

g & 8 8

10

10

10

Cpk
133

g b~ W

X-bar

43.45
43.20
45.05
43.75

42.30

30.89
31.50
29.75
29.96

29.92

3.32
3.10
3.22
331

3.08

SD

331
3.30
4.05
321

2.60

2.27
2.18
2.68
2.86

2.60

110
126
121
124

135

Cpk

2.36
2.35
2.06
247

2.86

2.80
2.83
2.46
2.32

2.55

2.03
183
187
1.80

171

I8



ITEM MACH. #

© 0o N o o A W DN R

NN NN R =
RO NRSISobREEREERELB

0 N O O DN W N R 0 N O P WN R 0N O g 0N R

DIM
DIM
DIM
DIM
DIM
DIM
DIM
DIM

4.4

CRITICAL PARAMETER CONTROL

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

on
on
on

on
on
on

0.0 6
0. 06
0.0
0.0
0.0
0.0
0.0
0.0 6

o O O O O

DIM
DIM
DIM
DIM
DIM
DIM
DIM
DIM

0.00 BEARING
0.00 BEARING
0.00 BEARING
0.00 BEARING
0.00 BEARING
0.00 BEARING
0.00 BEARING
0.00 BEARING

0.323" +/-
0.323" +/-
0.323" +/-
0.323" +/-
0.323" +/-
0.323" +/-
0.323" +/-
0.323" +/-

DIM /I 0.
DIM /I 0.
DIM /1 0.

DIM /1 0.
DIM /I 0.
DIM // 0.001
DIM /1 0. 1

1
1
1
DIM //0. 1
1
1

CPK

2

N N N N DN NN

HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE

MAY 13-19 MAY 20-26

2.433
2.240
2.293
2.084
1.705
2.274
1.779
1.809
2.734
2.782
2.673
2.559
2.186
2.937
2.724
2.408
1.934
1.552
1.764
1.738
1.901
1.770
2.079
1.637

CPK EVALUATION

1.265
1.310
1.548
1.549
1.474
1.523
1.390
1.293
2.450
1.258
2.167
2.335
1.668
2.096
2.047
1.809
1.660
1.838
1.890
1.676
2.268
2.130
2.232
2.145

MAY 27- JUN 2

1.992
1.599
2.106
1.427
1.218
1.964
1.443
1.332
2.106
1.980
2.043
2.464
1.962
2.124
2.063
1.992
2.079
1.852
1.741
1.844
1.980
2.177
2.082
2.079

2539

JUN 3-9

2.347
2.413
2.322
2.192
1.580
1.939
1.912
1.796
2.067
2.072
2.178
2.517
1.958
2.098
2.348
2.051
1.757
1.746
1.770
1.970
1.940
1.705
1.954
1.864

REMARK



4.2.2

SPC

Process FMEA ( Failure Mode and Effects Analysis )

Process FMEA

Process FMEA

Process FMEA

1 (Customer)
Supplier Quality Engineer ( SQE ) 1
2 ( Supplier)
Process Engineering Manager 1
Quality Engineer 1
Production Manager 1
Program Manager ( QA Manager ) 1

( Potential Problems )



1 10
( OCCURRENCE )
SPC
4.6 10
4.7

(Defective Parts per Million)

RPN (Risk Priority Number)

RPN= Ox xD :

FMEA

PROCESS FMEA

4.8

O : Occurrence

D

. Severity

. Detection

4.9

10

RPN

82

4.5

Cpk

DPPM

( RPN )



REMOTE -

VERY LOW :

LOW :

MODERATE -

HIGH :

]

VERYHIGH -

*

OCCURRENCE EVALUATION CRITERIA
Cpk
1 100000000 Cpk> 2.0 1
1 1000000 Cpk> 167 2
1 20000  Cpk> 133 3
1 3,000 Cpk > 1.0 4
1 1,000 Cpk < 10 5
1 400 6
1 40 !
20 8
1 8 9
1 2 10

4.5

John Best (1993) Potential Failure Mode & Effects Analysis

83



MINOR :

LOW :

(SEVERITY EVALUATION CRITERIA)

MODERATE :

HIGH :

EXTREME :

(STOP SHIP) 9

10

(PURGE OUT)

*

4.6
John Best (1993) Potential Failure Mode & Effects Analysis



DETECTION EVALUATION CRITERIA

VERYHIGH :

HIGH :

1 10000

1 5000

1 2000

1 1000

MODERATE :

LOW :

1 500

1 200

1 100

1 20

VERY LOW :

*

47

John Best (1993) Potential Failure Mode & Effects Analysis

DPPM

100

200

500

1000

2000

5000

10000

20000

50000

100000

10

85



(ARM)

BURR IN GROOVE/SLOT
BURR ON FIN
BURR IN SWAGE HOLE
LOOSE BURR
BENT ARM
BIG CHAMFER
BIG SWAGE HOLE
SMALL SWAGE HOLE
HOLE MISALIGNMENT
SHORT CRIMP
BROKEN CRIMP
GROOVE WIDTH
POROSITY
CRACK ARM
. BEARING

BURR IN LOCTITE HOLE
BURR IN BEARING HOLE
NO CHAMFER
SMALL BEARING HOLE
BIG BEARING HOLE

48

(Severity)

co o1 Jd4 o1 o1 4 Nd 4 ow oo oo N o

— N B~ 9~



NON CONCENTRICITY
MISSING LOCTITE HOLE
NO THREAD IN HOLE

NO STEP IN HOLE
POROSITY

CRACK

. (WING)
BURR ON WING
BENT WING
SMALL WING
WING HEIGHT
POROSITY
CRACK WING

48

CASTING ARM

(Severity)

o U1 o —~N4 —J —

coO OO oo —~ oo



PROCESS FMEA

Process Description

function

CASTING PROCESS :

Casting operation

o~

Product Casting arm
Subsystems
Drawing or Spec. Reference  59497-001 Date: 03/08/96
Severity Occurrence | Detection i RPN = O x
Potential Potential Potential 0 Current D RPN Action Priority Corrective Responsibility Action
Failure Mode Effects of Failure Cause(s) of Failure Controls Action & Date due Taken
Burr in slot Loose wire 7 -Casting temperature 2 -With control 4 56
and pressure out panel & check
of control sheet
Loose wire 7 Die not cleaned 6 -Automatically 3 126 Die preventive Engineering
clean every cycle maintenance Sep-96
time of casting
Crack Broken part 8 -Casting temperature 2 -With control 4 64
and pressure out panel & check
of control sheet
-With stress
relief process
Incompleted Fail coil 7 -Casting temperature 2 -With control 56
wing bonding and pressure out panel & check
of control sheet
Short/Broken Wiring problem 5 -Casting temperature 2 -With control 4 40
crimp and pressure out panel & check
of control sheet
Wiring problem 5 -Handling problem 4 -QC audit 3 60
5 pcs/cavity/ hr.

PROCESS FMEA
RPN

9

45 -48

FMEA .01/96
Page 1lof4

Rev A

Resulting

ODRPN



PROCESS FMEA

Process Description” Potential

function Failure Mode
Casting operation Porosity
Tumbling operation Short/Broken
crimp
Stress relief Crack arm
MACHINING PROCESS
Milling hom Burr and
Loose burr
Small wing

49

Severity
Potential
Effects of Failure

Broken part

Wiring problem
at E-Blk assembly

Broken part

-Disk scratched
-Hiting magnetic
pole
Fail coil

bonding

8

5

8

8

7

Product : Casting arm

Subsystems

Drawing or Spec. Reference : 59497-001
Occurrence Detection
Potential 0 Current

Cause(s) of Failure Controls

-Casting temperature 2 -With control

and pressure out panel & check

of control sheet

Machine vibrating 2 25-30 minutes of
vibration

2 465+15 degree F

time over
Improper Temp.
Control in oven control panel

and check sheet

Cutting tool worn 4 Preventive

out maintenance every

1000-1600 hrs.
Setting part position 2 Fixs part with

fixture

PROCESS FMEA ()

D RPN Action Priority

2

i

64

20

64

96

28

RPN = O x

x D

Corrective

Action

Responsibility

& Date due

FMEA 01/96

Page 2of4

Date : 03/08/96 Rev: A

Action

Taken

Resulting

ODRPN



PROCESS FMEA

Process Description - Potential
function  Failure Mode

Loctite hole Missing hole
Burr in loctite
hole

Bearing/Boring hole Burr in hole

Small bearing
hole

Big bearing
hole

Not the hole

concentric

4.9

Product Casting arm

Subsystems

Drawing or Spec. Reference : 59497-001

Severity Occurrence
Potential Potential

Effects of Failure Cause(s) of Failure

Not able to apply 7 Human error
loctite to
the bearing
Not able to apply 7 Drilling tool
loctite to worn out
the bearing
Bearing struck in 7 Drilling tool
hole worn out
Unusable for 7 Drilling tool worn ou
bearing
installation
Bearing moved 7 Drilling tool
worn out

Head position out 7 Setting part at
in E-Block assy machine

PROCESS FMEA ( )

j

0

2

Detection
Current
Controls

Provide instructio
per PI - 005
QC audit-QI1-005
Preventive
maintenance
every500-800hrs.
Preventive
maintenance
every500-800hrs.

Preventive
maintenance
every500-800hrs.
Preventive
maintenance
every500-800hrs.
Fixs part with

fixture

D RPN Action Priority

5 70
3 84
3 84
3 84
3 84
2 28

FMEA 01/96
Page 3of4

Date : 03/08/96 Rev: A

Action Resulting

Taken 0 D RPN



PROCESS FMEA

Process Description™"* Potential

function  Failure Mode

Groove slot Groove width

out of spec.

Gang slitting Burr

Bent arm

Swage hole Small swage
hole
Big swage

hole

Swage hole

misalignment

Burr in hole

4.9

Severity
Potential
Effects of Failure

Wiring problem at

E-Block assy
Disk scratched

Disk scratched

Swaging problem

at E-Block assy

Swaging problem
at E-Block
assembly

Swaging problem
at E-Block
assembly

Swaging problem
at E-Block

assembly

8

Product : Casting arm

Subsystems

Drawing or Spec. Reference : 59497-001
Occurrence Detection
Potential (0] CuiTent

Cause(s) of Failure Controls

Setting part at 2 Fixs part with
machine fixture
Cutting tool worn out 4 Preventive

maintenance

500-800 hrs.
100% check with

dial gauge

Handling problem 4

Drilling error 2 Provide instructio

per PI-009

Drilling tool 4 Preventive
worn out maintenance
500-800 hrs.

Drilling tool 4 Preventive
worn out maintenance
500-800 hrs.

Drilling tool 4 Preventive
worn out maintenance

500-800 hrs.

PROCESS FMEA ( )

D RPN Action Priority

2 20
3 96
1 32
5 70
3 84
3 84
3 84

FMEA 01/96
Page 4 of4

Date : 03/08/96 Rev: A

RPN =0x xD

Corrective Responsibility Action Resulting

Action & Date due Taken O D RPN



92

CASTING
ARM 3 . 2539 *
DPPM
() () () (Defective Part per Million)
413153 61525 1124 18269
305004 37119 662 17835
278092 34259 17 21994
4.10
( . .2539) BURR CONTAM POROSITY BIG CHIP
CHAMFER
DPPM DPPM DPPM DPPM DPPM
867 10045 - - - - 87 1008
599 10440 51 889 - - 47 819
904 14693 69 1122 39 634 46 748
465 12527 35 943 62 1670 - - 29 781
596 17397 38 1109 - - 36 1051 21 613

410

* CASTING ARM



DPPM

43

Burr

Contam

Porosity Chip Bent Wing Broken Crimp
Big Chamfer Bent Arm Incomplete others
DEFECTS

80

60

40

20

PERCENT (%)



94

43

“burr” 19%
BURR
- BURR ON ARM 842 6335 DPPM
- BURR IN GROOVE 815 6132 DPPM
- BURR IN LOCTITE HOLE 189 1422 DPPM
- BURR IN BEARING HOLE 119 892 DPPM
1965 14785 DPPM
BURR

BURR ON ARM BURR IN GROOVE
MACHINING ~ BURR IN BEARING HOLE & LOCTITE HOLE

(Steady State)

5 - 80%

411 PROCESS FMEA
412



PROCESS

FAILURE MODE

1. Burronarm

2. Burringroove &

Burr in loctite hole

3. Burrin bearing hole

DPPM IMPROVEMENT

PRODUCT CASTING ARM  -3630
CURRENT CORRECTIVE ACTION
DPPM

122 1. Change slide-insert mold.
2. Implement 100% manual

deburring

0 1. Mold preventive maintenance
2. Implement 100% manual

deburring

276 1. Deburring with rimmer after

milling the slot.

411

WHEN

On going
Sep 2'96

Sep 2'96
Sep 2'96

Sep 2796

LOCATION

WHO

Prasit

Bundit

Prasit

Bundit

Prasit

Sep2-8
278

937

1013

PROJECTED DPPM

DATE

Sep 30'1996

REMARK

Sep9-15 Sepl16-22 Sep23-29 Sep30-Octb

66

585

0

941

122

276

0
(Target)

(Target)

(Target)



FMEA 01/96

Product ~ Casting arm
PROC ESS FM EA Subsystems Page 1of4
Drawing or spec. Reference : 59497-001 Date: 09/9//96 Rev B
Severity Occurrence ] Detection i [ RPN=0x xD
Process Description Potential Potential Potential (0] Current D RPN Action Priority Corrective Responsibility Action Resulting
function Failure Mode  Effects of Failure Cause(s) of Failure Controls Action & Date due Taken O D RPN
CASTING PROCESS :
Casting operation Burr in slot Loose wire 7 -Casting temperature 2 -With control 4 56
and pressure out panel & check
of control sheet
Loose wire 7 -Die not cleaned 6 -Automatically 3 126 Die preventive Engineering R 7 4 2 56
clean every cycle maintenance Sep-96
time of casting

Crack Broken part 8 -Casting temperature 2 -With control 4 64

and pressure out panel & check

of control sheet
-With stress
relief process
Incompleted Fail coil 7 -Casting temperature 2 -With control 4 56
wing bonding and pressure out panel & check
of control sheet
Short/Broken Wiring problem 5 -Casting temperature 2 -With control 4 40
crimp and pressure out panel & check
of control sheet
Wiring problem 5 -Handling problem 4 -QC audit 3 60
5 pcs/cavity/ hr.

412 PROCESS FMEA



PROCESS FMEA

Process Description,- Potential

function Failure Mode
Casting operation Porosity
Tumbling operation Short/Broken
crimp
Stress relief Crack arm
MACHINING PROCESS
Milling hom Burr and
Loose burr
Small wing

4.12

Product  Casting arm
Subsystems
Drawing or Spec. Reference : 59497-001
Severity Occurrence 1 Detection
Potential Potential 0 Current
Effects of Failure Cause(s) of Failure Controls
Broken part 8 -Casting temperature 2 -With control
and pressure out panel & check
of control sheet
Wiring problem 5  Machine vibrating 2 25-30 minutes of
at E-Blk assembly time over vibration
Broken part 8 Improper Temp. 2 465+15 degree F

Control in oven control panel

and check sheet

-Disk scratched 8 Cutting tool worn 4 Preventive
-Hiting magnetic out maintenance every
pole 1000-1600 hrs.
Fail coil 7 Setting part position 2 Fixs part with

bonding

fixture

PROCESS FMEA ( )

D RPN Action Priority

64

20

64

96

28

Corrective

Action

QC audit of
5 pcs/MC/hr

Responsibility

& Date due

QA
Sep'96

FMEA 01/96
Page 2o0f4
Date 09/9/96 Rev: B
Action Resulting
Taken 0 D RPN
8 4 1 32



Process DescriptioO"” Potential

function  Failure Mode

Loctite hole Missing hole

Burr in loctite
hole
Burr in hole

Bearing/Boring hole

Small bearing

hole

Big bearing

hole

Not the hole

concentric

4.12

Severity
Potential
Effects of Failure

Not able to apply
loctite to
the bearing
Not able to apply
loctite to
the bearing
Bearing struck in

hole

Unusable for
bearing
installation

Bearing moved

Head position out

in E-Block assy

PROCESS FMEA ( )

7

7

7

Product :

Subsystems

Drawing or Spec. Reference :

Occurrence

Potential

Cause(s) of Failure

Human error

Drilling tool
worn out

Drilling tool
worn out

and improper

Drilling tool worn ou

Drilling tool

worn out

Setting part at

machine

Casting arm

o

4

2

59497-001

Detection
Current
Controls

Provide instructio
per Pl - 005
QC audit-Ql1I-005
Preventive
maintenance
every500-800hrs.
Preventive
maintenance

every500-800hrs.

Preventive
maintenance
every500-800hrs.
Preventive
maintenance
every500-800hrs.
Fixs part with

fixture

r- RPN =0 x

RPN Action Priority

70

84

84

84

84

28

x D
Corrective

Action

QC audit of
5 pcs/MC/hr

New designed
tool deburring
with rimmer

after miling

FMEA 01/96
Page 3o0f4
Date : 09/9//96 Rev: B
Responsibility Action Resulting
& Date due Taken o D RPN
QA 7 4 1 28
Sep'96
Engineering Control groove 7 4 1 28
Sep'96 & chamfer
0.002 - 0.010"

inside the hole



Process Description--"" Potential

function  Failure Mode

Groove slot Groove width

out of spec.

Gang slitting Burr

Bent arm

Swage hole Small swage
hole
Big swage

hole

Swage hole

misalignment

Burr in hole

4.12

Severity [
Potential
Effects of Failure

Wiring problem at 5

E-Block assy
Disk scratched 8

Disk scratched 8

Swaging problem 7
at E-Block assy
Swaging problem 7
at E-Block
assembly
Swaging problem 7
at E-Block
assembly
Swaging problem 7
at E-Block
assembly

Product : Casting arm

Subsystems

Drawing or Spec. Reference : 59497-001
Occurrence j Detection
Potential (¢} Current

Cause(s) of Failure Controls

Setting part at 2 Fixs part with
machine fixture
Cutting tool worn out 4 Preventive

maintenance

500-800 hrs.
Handling problem 4 100% check with
dial gauge
Drilling error 2 Provide instructio
per PI-009
Drilling tool 4 Preventive
worn out maintenance
500-800 hrs.
Drilling tool 4 Preventive
worn out maintenance
5 -800 hrs.
Drilling tool 4 Preventive
worn out maintenance

5 -8 hrs.

PROCESS FMEA ( )

D RPN Action Priority

20

96

32

70

84

84

84

RPN = O x

x D

Corrective

Action

Change slide
insert mold

FMEA 01/96
Page 4 of4
Date 09/9/96 Rev: B
Responsibility Action Resulting
& Date due Taken 0 D RPN
Enginering 8 4 1 32
Sep'96
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( SUPPLIERS )
50 DPPM
( Average Outgoing Quality ; AOQ )
AOQ

AOQ

( Lot )
( Average Outgoing Quality Limit ; AOQL )

44 AOQ
* Nicholas L. Squeglia (1994) Zero Acceptance Sampling Plans (C=0)

100
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( Lot Acceptance Testing )

( Lot by Lot )
SQE ( Supplier Quality Engineer )

0.65%AQL
04% AQL 1C =0 ( Zero Acceptance Number Sampling Plan )
(Lot) 400 600 ()
4.13 %A0QL Acceptance Number
(C=0) AOQL  0.47% 4700
DPPM 04% AQL 1C =0
13 . 2539
10000 30000 DPPM
so DPPM
4.13 400 DPPM 0.025%
AQL , C =o 414 500
100 % 400 - 600

CASTING ARM



INDEX VALUES
[ASSOCIATED AjQ.L.(%)]

010 015 025 040 063 10 15 23 40 65 10 15 25

LOT SIZE AOQL.

(Acceptance number ~ all cagca am)

218 2.8
9k 13 038 21 49
160 23 037 14 31 59
2610» 041 11 21 39 66
511090 005 033 074 14 24 42 48
9 to 0.05 021 049 090 16 26 28 31
151 to 2*0 005 016 033 060 10 L7 17 18 27
281 to 500 004 0.1 022 0.3» 066 06» 071 12 17 22
) to 1200 002 0.04 0.0» 0.13 0.26 0.43 046 047 075 I 13 19
1201 103200 002 0.03 0.06 o011 0.7 028 0.» 031 049 068 056 10 16
3201 10 20,000 0.03 0.04 0.07 o011 o.11 0.1» 019 031 042 054 073 096 13
10,001 to 33,000 0.03 o004 0.07 012 012 012 0.19 027 0.34 048 061 0.80 I
35,001 to 130,000 0.03 0.03 0.07 0.07 0.08 012 0.17 022 0.» 038 0.» 0.66 092
[»,001 to 300.000 0.03 0.03 0.05 0.05 0.08 011 0.14 0.18 0.24 031 041 057 092
500.001 aod over 0.03 0.03 0.03 0.05 0.07 0.08 0.12 0.5 0.19 0.26 0.36 057 092
413 AOQL c=0

40

—
o w©—
©O co —I

e N T oD

W WIS PO O —go

—
o

65 100
138 138
159 159
108 169
6.6 lis
69 88
59 11
51 6.0
40 52
33 46
2.8 41
24 41
25 41
25 41
25 41
25 41

* Nicholas L. Squeglia (1994) Zero Acceptance Sampling Plans (C=0)

C=» SAMPLING PLANS

INDEX VALUES
(ASSOCIATED AQLS)

oo 015 025 040 065 10 15 25 40 65 10 s

LOT SIZE SAMPLE SIZE
2108 .
9t0 15 * 13 8
16t0 25 20 B .
2610 2 0 13 8
51 t0 90 o T 2 0 B
9 to o o s 15 800 M R 20 B L

151 to 280 ot 0o s L 15 80 » R0 AN
281 1o 500 ot o 315 200 125 80 » 48 4T 29 a
to 1200 ° 800 500 315 200 15 8 B 73 4 U U

100103200  12» 800 500 315 200 15 120 116 73 S3 &£
3201 10 10000 12» 800 500 315 200 1% 189 116 8 68 O B
10,001 t0 35000 12» 800 500 315 300 294 189 13 108 77 60 46

35,001 to IM.000 12» 800 HO 490 476 294 218 170 1B 96 74 56
150,001 to 500,000 12» 800 7» 715 476 345 270 200 156 119 90 64
500.001 uk) over  12» 1200 ... 715 556 435 303 244 189, 143 .. 64

"Indicates enure kM must be inspected
NOTE: Tht Acceptance Number in all cases is ZERO

414 00

40

6.5 100

7]
©wWww© o~ o

-
@
©

* Nicholas L. Squeglia (1994) Zero Acceptance Sampling Plans (C=0)



(Lot)

MODEL / PART DESCRIPTION

-3630 / CASTING ARM

DRAWING REVISION
GIP REVISION
DATE OF GIP REVISED

INITIATOR

GIP REVISION

415
CASTING ARM

Supplier Quality Engineer
4.15

GENERAL INSPECTION PLAN (GIP)

Page | of2
PART NUMBER GIP NO. :
59497-001 MSR 001
SOMNUK
DESCRIPTION DATE APPROVED
APPROVED BY
INITIAL RELEASE 12/3/%

103
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Page 2 0f2

ITEM SAMPLE CHARACTERISTIC SPEC. EQUIP./ACCU. REMARK
1 32 PARALLELISM ON DATA A 0.001" max DIAL GAGE/0.0001"
2 32 ARM HEIGHTS 0.101" +/- 0.005 DIAL GAGE/0.0001"

0.291" +/- 0.005 DIAL GAGE/0.0001"

0.465" +/- 0.005 DIAL GAGE/0.0001"

3 32 WING HEIGHT 0.323" +/- 0.002 DIAL GAGE/0.0001"
4 R TOP HEIGHT 0.480" +/- 0.005 HEIGHT GAG E/0.0001"
5 32 BEARING HOLE 0.5002" + 0.0006 AIR GAGE / 0.00005"
- 0.0000
6 R SWAGE HOLE 0.109" +/- 0.0003 PIN GAGE
7 3R THEARD HOLE 0-80 UNF 2B THEARD GAGE
8 0.4% AQL VISUAL INSPECTION 10X SCOPE
o
GIPNO.  MSR 001 REV. : A_
PIN & 59497-Q01

415
CASTING ARM ( )
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