CHAPTER VII

EVALUATION OF THE IMPROVEMENT
AFTER FMEA IMPLEMENTATION

7.1 Introduction

In this thesis, quality as shipped (QAS) and customer complaint as the indicators for
demonstrating the improvement after FMEA implementation. The comparison of QAS between
before and after implementation are shown from figure 7.1 to figure 7.35. In August, September
and October 1997 are the three months of before implementation. And in April, May and June
1998 are the three months after implementation.

For the improvement on customer complaint items in manufacturing area is shown in
figure 7.36 Basically, comparison of customer complaint items in manufacturing area is between
before and after FMEA implementation. From April 1997 to October 1997 was the period of :
before FMEA implementation. From Apnl 1998 to October 1998 was the penod of aﬁer FMEA
~ implementation. : :

7.2 Quality as shipped (QAS)
‘ " Currently, Molex Thailand use QAS and part per million concept to measure the quality of
product before they are shipped to the end customers. For QAS, sampling plan is applied to
gather defects of the product in each lot at the final gate which is before packing process, then
comparison with the number of detection is considered. For the whole month, Molex Thailand
gather all information for both number of defects and number of detection to make a part per
million in each month.

For each lot, if it is more than acceptance level at the final gate, Molex Thailand will sort
100% of thut batch and then sumrmarize the quantity of defects and then divided by the total
_mumber of detection. Molex Thailand use this concept for each type of defect and show in the
" table and demonstrate as a graph for the whole month as well,
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7.3 Comparison QAS between before and after FMEA implementation

In this thesis, QAS comparison before and after FMEA implementation are shown as the
following. From Chapter I1I, there are five part number which are selected to implement FMEA
technique and they will be evaluated by using QAS.

7.3.1 Part 889-4941 for wrong color wire be assembled

From figure 7.2 to figure 7.4 show all significant QAS of quality criteria in August,
September and October 1997 respectively. This period is before FMEA implementation. From
figure 7.5 to figure 7.7 show all significant QAS of quality criteria in April, May and June 1998
respectively which is the period of after FMEA implementation.

In figure 7.1 show the comparison between before and after FMEA implementation in
wrong color wire be assembled quality criteria for part 889-4941. Before FMEA implementation
QAS of wrong color wire be assembled are 500 ppm, 533 ppm and 450 ppm in August,
September and October 1997 respectively, After FMEA implementation in April, May and June
1998, QAS of wrong color wire be assembled quality criteria are all zero.

'y



Comparision betwed., before and after FMEfimplementation
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Figure 7.1- QAS comparison between before and after FMEA implementation for
"'wrong wire color be assembled" of Part number 889-4941
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Figure 7.2- QAS of all quality criteria in August 1997 for 889-4941
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Figure 7.3- QAS of all quality criteria in September 1997 for 889-4941
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Figure 7.4- QAS of all quality criteria in October 1997 for 889-4941
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Figure 7.5- QAS of all quality criteria in April 1998 for 889-4941
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Figure 7.6- QAS of all quality criteria in May 1998 for 889-4941
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Figure 7.7- QAS of all quality criteria in June 1998 for 889-4941
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7.3.2 Part 889-4859 for wire alternation

From figure 7.9 to figure 7.11 show all significant QAS of quality criteria in August,
September and October 1997 respectively. This period is before FMEA implementation. From
figure 7.12 to figure 7.14 show all significant QAS of quality criteria in April, May and June 1998
respectively which is the period of after FMEA implementation.

In figure 7.8 show the comparison between before and after FMEA implementation in
wire alternation quality criteria for part 889-4859. Before FMEA implementation, QAS of wire
alternation are 625 ppm, 500 ppm and 500 ppm in August, September and October 1997
respectively. After FMEA implementation in April, May and June 1998, QAS of wire alternation
quality criteria are 200 ppm, 200 ppm and O ppm respectively.
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Comparision betwee’. before and after FMEA .mplementation

in"Wire alternation” issue for P/N 889-4859
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Figure 7.8- QAS comparison between before and after FMEA implementation for
"wire alternation” of Part number 889-4859
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Figure 7.10- QAS of all quality criteria in September 1997 for 889-4859
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Figure 7.12- QAS of all quality criteria in April 1998 for 889-4859
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Figure 7.13- QAS of all quality criteria in May 1998 for 889-4859
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Figure 7.14- QAS of all quality criteria in June 1998 for 889-4859
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7.3.3 Part 889-5034 for terminal bent

From figure 7.16 to figure 7.18 show all significant QAS of quality criteria in August,
September and Qctober 1997 respectively. This period is before FMEA implementation. From
figure 7.19 to figure 7.21 show all significant QAS of quality criteria in April, May and June 1998
respectively which is the period of after FMEA implementation.

In figure 7.15 show the comparison between before and after FMEA implementation in
terminal bent quality criteria for part 889-5034. Before FMEA implementation, QAS of terminal
bent are 467 ppm, 800 ppm and $00 ppm in August, September and October 1997 respectively.
After FMEA implementation in April, May and June 1998, QAS of terminal bent quality criteria
- are 83 ppm, 100 ppm and 100 ppm respectively.
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Comparision betweén before and after FMEA implementation

in"Terminal bent" issue for F/N 889-5034
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Figure 7.15- QAS comparison between before and after FMEA implementation for
"terminal bent" of Part number 889-5034
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115

vosBrfmunsmuemuam u. mimsTvscriugedm 1 adew @fiur 5 vouRonuuinvoaenIn o, mIsie Tofou )
QAS Mejor Defect Montiily (Hamess) . QAP Major Dafact Monthly
400 A 500 |
«on
m .
g fifi H
. &= 300 -
{a |3
R E 2o
2 g
100 o
. . K. . : .. . . L.
Wrong oxlour wie be o i oo e oot s o Sde ot TTL 1 .t of st
.

Figure 7.19- QAS of all quality criteria in April 1998 for 889-5034
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Figure 7.20- QAS of all quality criteria in May 1998 for 889-5034
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Figure 7.21- QAS of all quality criteria in June 1998 for 889-5034



118
7.3.4 Part 889-0692 for wire is out off housing
From figure 7.23 to figure 7.25 show all significant QAS of quality criteria in August,
September and October 1997 respectively. This period is before FMEA implementation. From

figure 7.26 to figure 7.28 show all significant QAS of quality criteria in Apnl, May and June 1998
respectively which is the period of after FMEA implementation.

In figure 7.22 show the comparison between before and after FMEA implementation in
wire is out off housing quality criteria for part 889-0692. Before FMEA implementation, QAS of
wrong color wire be :ssembled are 600 ppm, 500 ppm and 500 ppm in August, September and
October 1997 respect.vely. After FMEA implementation in April, May and June 1998, QAS of
wire is out off housing quality criteria are all zero.
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Comparision betwee(. before and after FMEA .mplementation

in"Wire is out of housing" issue for P/N 889-0692
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Figure 7.22- QAS comparison between before and after FMEA implementation for
"wire is out off housing" of Part number 889-0692
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Figure 7.27- QAS of all quality criteria in May 1998 for 889-0692
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Criteria Defect (QAS)
. Hamess. 42,0 PP
1._ |Altemation housing - e -2l 200)
2. |Terminal bent - 2 - 200
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g 4. [Unlocked . - -1 100
i 5. . ol.
E G. 0y
Criteria Defect (QAP)
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2. |One side crimped 234 344
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Figure 7.28- QAS of all quality criteria in June 1998 for 889-0692
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-7.3.5 Part 889-4529 for unlocked
From figure 7.30 to figure 7.32 show all significant QAS of quality criteria in August,
September and October 1997 respectively. This period is before FMEA implementation. From
figure 7.33 to figure 7.35 show all significant QAS of quality criteria in April, May and June 1998
respectively which is the period of after FMEA implementation. -

In figure 7.29 show the comparison between before and after FMEA implementation for
unlocked quality criteria for part 889-4529. Before FMEA implementation, QAS of unlocked are
600 ppm, 500 ppm and 500 ppm in August, Septemter and October 1997 respectively, After
FMEA implementation in April, May and June 1998, QAS of unlocked quality criteria are all
Zero.
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Comparision between pefore and after FMEA fr-nplementation
in"Unltocked" issue for P/N 889-4529

PPM (QAS)

700 1

. 8600 ﬂ—:
500 ‘

H\

400
: Before FMEA

After FMEA

300 [——1auGe7-0CTo7)

A\
\

—{ARPRILOB-JUNESS)— |

200 | = -
100 | == --m__\: R ——
0 = - -

‘l
Month | Aug 97. Sep 97

LN : '
| Oct 97 !April 98 ' May 98 |June 98

PPM = 600 | 500

500

S0 o1 o

Figure 7.29- QAS comparison between before and after FMEA implementation for
"unlocked" of Part number 889-4529
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Tigure 7.30- QAS of all quality criteria in August 1997 for 889-4529
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Figure 7.31- QAS of all quality criteria in September 1997 for 889-4529
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Figure 7.33- QAS of all quality criteria in April 1998 for 8894529
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7.4 Comparison customer complaint items in manufacturing area between before and after
FMEA implementation
In this thesis, comparison between before and after FMEA implementation of customer
complaint items in manufacturing is shown in figure 7.36. In this figure 7.36 show the customer
compiaint items in manufacturing area in 1997 and 1998,

In table 7.1 show the number of customer complaint items in manufacturing area in April,

May, June, July, August, September and October 1997 against 1998 by monthly. In 1997 is the
period of before FMEA implementation and in 1998 is the period of after FMEA 1mplementatlon%

Table 7.1- Customer complaint items in manufacturing area in 1997 against 1998

Monthly customer complaint items in manufacturing area  In 1997 In 1998
April 6.0 4.0
May 50 3.0
June 3.0 20
July - 40 3.0
August _ 5.0 20
September "\ 50 2.0
- October " , 40 . - 20
Total 32.0 180 -
Average 457 2.57

Percentage improvement is 43.76

Source: The figure of customer complamt items in manufactunng in 1997 and 1998 are shown in -
Appendix E
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Improvement on Customer complaints after FMEA implementation

ot B

Customer complaint items in manufacturing a‘r‘ea-b?f

N W R OO N

Customer complaint items in maunfacturing arsa in 1?9?

~ Customer complaint items in maunfacturing area in 1988

- April May . June July Aug Sep O

1 Before FMEA  After FMEA l
implemented implemented i

Figure 7.36- Comparison of customer complsaint items in manufacturing area
between before and after FMEA implementation
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7.5 Standard procedure for product quality improvement
After FMEA implementation, FMEA team come out the standard procedure which have
been described in seven cases as following

Case I: Standard procedure for setting up crimping machine

This standard procedure help to reduce the following quality criteria
1. Terminal bent

2. Wire is out off housing

3. Unlocked

Case II: Standard procedure for preventive maintenance level Il and level II
This standard procedure help to reduce "Unlocked"

Case III; Standard procedure for crimping specification and tolerance analysis
This standard procedure help to reduce "Wire is out oft housing"

Case IV: Standard procedure for tighten sampling plan and reduced sampling plan
This standard procedure help to reduce the following quality criteria

1. Wrong wire color be assembled

2. Terminal bent

3. Unlocked

Case V: Sfaﬁdard"prooedufe for continuity test '
This standard procedure help to reduce "Wire alternation"

~ Case VI. Standard procedure for color checker .
- This standard procedure help to reduce "Wrong wire color be assembled"

- Case VII: Standard new carton
This standard ptocedure help to reduce "Terminal bent
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Case I Standard procedure for setting up crimping machine
This standard can be applied to crimping process which is described as following.

1 Assembly the applicator on the bolster plate and lock by screws
2 Put the terminal to guide feed of applicator and lock it
3 Turn on power supply 220V and ensure pilot lamp is light

4 Start electric motor at output 300W and rotate fly wheel .n the direction given by
V-belt.

5 Push foot switch one time.
6 Check the punch, terminal and anvil are aligned
7 Insert wire and crimp terminal

8 Check with Molex specification. If the crimping is out off specification, turn the locked
nut. _

9 Adjust the crimping height by turning adjust dial with adjust handle 0.03 mm per scale.
If crimping height is too low, adjust to the left. If crimping height is too height, adjust to the right

10 When crimping is under specification, lock the nut softly and fix screw at position "A"
and "B" strongly

11 Then fix the locked nut strongly again

Case IT; Standard procedure for peventive maintenance of level I and level ITI

FMEA team review level II and level III of preventive maintenance and come out the
criteria which needed to be checked and inspected. Those criteria for both level Il and level ITI of
preventive maintenance are shown as following

1 Level II of preventive maintenance
There are five main things that must be checked for level II of preventive maintenance and
they are listed out as following

1.1 Swivel arms and Grippes
There are ten things that needed to be inspected

1 Swivel cylinder
2 Bush holder



3 Swivel bush

4 Shock absorber

5 Rod eyes

6 Tie bar bush

7 Grooved ball bearings
8 Gripper finger

9 Lever

10 Tension of tooth belt

1.2 Measuring unit and cutter block
There are five things that needed to be checked

1 Knock out blades

2 Center cutter

3 Strippers

4 Measuring roller

5 Check proper function of piece counter

1.3 Pneumatic unit _
There are four things that needed to be checked

- 1 Air regulator at 6 bar

2 Lubricator unit (oil level) 1 drop/5min
* 3 Pressure limit switch

4 Air filter

1.4 Electric parts

1 Clean thé,gﬁeiic cont-actor
2 Clean filter

3 Clean relay

4 Check all sensor

1.5 Others

1 Clean the entire machine
2 Lubricate all moving part

138
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2 Level III of preventive maintenance
There are five main things that must be checked for level III of preventive maintenance
and they are listed out as following

2.1 Swivel arms and grippers
There are eleven things that needed to be checked

1 Dismantle and clean the swivel arms and gripper i
2 Check bush holder '
3 Swivel bush

4 Shock absorber

5 Rod eyes

6 Tie bar bush

7 Swivel cylinder

8 Grooved ball bearings

9 Gripper finger

10 Lever

11 Tension of tooth belt

1.2 Measunng unit and cutter block -
There are seven things that needed to be checked -

1 Knock out blades

2 Center cutter
-3 Strippers
-4 Measuring roller

5 Check proper function of piece counter : :

6 Dismantle and clean the cutter block - o - .
7 Dismantle and clean measuring unit '

1.3 Pneumatic unit
There are four things that needed to be checked

1 Air regulator at 6 bar

2 Lubricator unit (oil level) 1 drop/Smm '
3 Pressure limit switch

4 All control values

1.4 Electric parts
There are six things that needed to be checked
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1 Clean magnetic contactor

2 Clean filter

3 Clean relay

4 Check all sensor

5 Check carbon bush of the drive motor
6 Clean drive motor

1.5 Others

1 Clean the entire machine
2 Lubricate all moving part

Case III; Standard procedure for crimping specification and tolerance analysis

This analysis can be a guideline to determine new crimping specification of any new
terminal of hamess wire assembly. Result of this analysis can be able to modify crimping
specification when quality problem has been occurred. This analysis is to enhance determination
of customer specification.

1 Crimp specification
There are two parts that needed to be analyzed for crimping specification. F 1rstly, itis the
strip length and secondly, it is crimp height. Figure 7.37 show the picture of stripped wire and
crimped wire.

EXTRUDED
WIRE

,— END OF INSULATION [ STRIP LENGTH

4 f.j % 3

INSULATION BARREL
CONDUCTOR BARREL ‘

Figure 7.37- Stripped wire and crimped wire
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1.1 Strip length for crimping terminal
In figure 7.37 show the picture of stripped wire.

1.1.1 Criteria that needed to be considered
1 Extrude wire from conductor barrel
2 Position of insulation end between conductor barrel and insulator barrel

1.1.2 Define the nominat strip length which considered from insulation end point. This

end point should be located in the middle between conductor and insulator barrel. And the
end of extrude wire should be in the middle between conductor barrel and end of mating zone. In
figure 7.38 shows the position of insulation end and the position of extrude wire. In this figure
7.38 show the improperly crimped wire '

1.1.3 Define the strip length's tolerance. Consideration of the range between conductor
and insulator barrel is a must.

1.1.4 Cut and strip the wire according to the dimension and tolerance which was setin
step 1.1.3 and'1.1.4 by using the upper limit number and lower limit number and then verify the
_ strip length by practical crimping with wire 50 as.to be able to adjust the tolerance again.

OF INSWLATION - )
EXTRUDED . ' \ \ .
\—l l_ END OF INSULATION : _3

. | / a / /msuunou BARREL
: - ' CONDUCTOR BARREL

INSULATION BARREL

CONDUCTOR BARREL

Figure 7.38- Example of improperly crimped wire
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1.2 Crimp height
There are two type of improperly crimped wire.

1.2.1 Conductor crimped height

1 To evaluate the conductor crimp height, it is needed to refer to crimp strength of the
terminal which has the same specification. For board-in terminal, it is needed to consider PCB
hole as well because PCB hole is a j-art to limit the crimp height.

2 Prepare strip wire and then crimp the wire with different crimp height to test the crimp
strength. Result of that the upper and lower specification of crimping specification can be
identified.

3 After getting the middle value of crimp height, do insert into housing or print
circuit assembly board (PCB) to test quality criteria.

1.2.2 Insulator crimped height

1 To evaluate insulator crimp height, type of wire and its application are the major thing
to be considered. For example, UL 1015 has double insulator, UL 1617 is thicker
than UL 1607. See figure 7.39. The thickness of insulator will limit the tolerance of insulator
crimp height. In figure 7.39 show the cross section of wire and show the good crimped wire and
bad crimped wire.

INSULATION BARREL CROSS SECTION

Figure 7.39- Insulator barrel cross section
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2 To verify defined insulator crimp height specification, do adjust the tooling by using
sample of crimped wire as an signal to adjust. Figure 7.40 show the maximum insulator crimp

height and minimum insulator crimp height.

MAXIMUM INSULATION
CRIMP HEIGHT

NINEA S 5dLu"wN
CRIMP HEIGH !

CONOUCTOR

Figure 7.40- Insulator barrel cross section

3 After define insulator crimp height specification, do insert into housing or PCB to
conform final specification or customer specification. S :

‘1.3 Analysis wire -lgngth'é tolerance -
There.are two parts to-be considered

1.3.1 Check the capability of cutting machine whether to be able to meet customer
required specification or not

1.3.2 Consider the tolerance of the customer requirement specification and split the
assembied part into components and add the tolerance of alt components which has the same

direction as follow

1 Crimping position tolerance
2 Strip length tolerance
3 Cut wire tolerance

When measure the wire length after insertion into housing, the wire need to be pulled a bit
to get the lance hit the locking lance in the housing, so this tolerance will not be considered.
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Case IV: Standard procedure for tighten sampling plan and reduced sampling plan

Samples must be taken randomly from the submitted lot according to the C=0 sampling
plans with switching rule. Whenever the sampling plan was done and found only one reject part,
Molex Thailand will reject the whole lot and Molex Thailand wili sort the whole lot in house
before that lot be shipped to customer.

_ 1 The starting inspection point for any part number is normal level at AQL = 0.1 with
C=0, See table 5.1 for sampling plan vith C=0

2 Condition for normal level (AQL = 0.40 with C=0) to reduced level (AQL = 0.10
with C=0) This will be effective when the bellowing condition is exist.
2.1 Five consecutive lots are accepted

3 Condition for reduced level (AQL = 0.4 with C=0) to normal level (AQL = 0.1 with
C=0) Thus will be effective when any one of the bellowing condition is exist.

3.1 Any lot was rejected

3.2 Irregular production

For example, there is no production in the last 10 consecutive workmg days -
3.3 After ten lots was inspected

4 Condition for normal level (AQL =0.1 with C=0) to tightened level (AQL =0.04
‘with C=0) This will be effective when the bellowmg condition is exist

4.1 Two of five consecutive lots was rejected - - .

5 Condition for tightened level (AQL = 0.01 with €C=0) to Normal level (AQL = 0.1

with C=0) This will be effective when the bellowing condition is exist

5.1 Five consecutive lots accepted

Case V: Standard procedure for continuity test
1 Choose the suitable continuity tester for the harness which will be tested

2 Connect the chosen continuity tester to power supply and check its function. This is to
make sure that it is functional
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3 Connect one end of hamess with the mating connector and do the same thing with
another end of harness

4 If the signal is active, that harness wire is accepted. But if the signal is not active, that
harness will be rejected that needed to be reworked

Case VI: Standard procedure for color cable checker

1 Turn on color cable checker

2 Wait five minutes

3 Set number of wire to be checked

4 Press reset bottom

5 Press clear bottom to clear memory

6 Slicie wire to the guide

7 Check the result with table 7.2

‘8 If the reject was found, it will has sound. Press reset bo_ftqm to stop that sound |

9 When checking is completed as much as assigned , there will be Beep Beep sound



Result
accept

reject
color orientation

reject
no of wire

Speed error
for both good
and defect part

Table 7.2- Result of checking

Light signal
Green

Red

Red

Yellow

Case VII: Standard new carton -
Molex Thailand change the thickness of carton from three layers to five layers which are

- shown in figure 7.41 and 7.42 respectively -

Sound
Beep sound three times

Continue Beep sound
high frequency

Continue Boo sound
low frequency

Continue Boo sound

Counter

auto count

press reset

press reset

press reset

Figure 7.41- 3 layers carton
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