
4  
 

 

 

3 

 5 

 

4.1  
  (Actuator Arm)

 

 

 A  
   

(Isopropyl alcohol: IPA) 

(Bonding Jig) 

4.1  4.2  

           

 

 

 

 

 

 

 

 
4.1  



34 

 

     

 

 

  

 

 

           

           

           

           

           

           

           

           

  

 

 

 4.2 A  

 

 

           
1 2 

3  (Clamp lock) 4, 5 
6 

4.3 

 

 1 

1.  (Arm) 

2.

3.

  

 

 

(Jig) 

(Clamp lock) 

 (Coil) 

 

 

 

 

 

 

4.
 

5.
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4.
3 

35 

 

 

 1
 

1 
2 

2 
3 

3 
4 

4 
5 

5 
  6

 

2 
6 

7 1 7 
1 

1 

8 
9 

5 
4 

10
 

6 
11

 
7 

12
 

8 
13

 
9 

2 
3 

 2
 

 3
 

 4
 

 5
 

 6
 

1 
2 

 3
 

 4
 

 5
 

 6
 

7 

 1
 

 2
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4.2  

1  527 1 

80,000 42,160,000 

403,457 
 

 

              = 

 

     

    =  

 

    = 104.50  

 

104.50  
 

1.011 1.006 

1  1.03  

1.32 

1.03 

1 1 

0.26 

0.19   

 0.0012 
0.0011   

 42,160,000 

403,457 
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A 116.48  
79.48

0.35   0.14 

   0.029 

0.012   

  

 

A 

 

 

4.2.1  
 2 

116.48, 79.48

 (%)  

 

    

(% ) = 

 

           = 

      

          =    46.55 % 

 46.55 

2 2 
 

( ) 
 

X 100 

116.48  79.48 

79.48 
X 100 
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4.1

150.00, 141.67, 

83.33 3 
 46.55, 36.84, 28.16, 

2 

 9.09, 0.50  

1  

 

4.1  

  %  

 

1.  

( /  ) XXX XXX 0.50 1 

2.  

( /  ) XXX XXX 28.16 2 

3.
( /  ) XXX XXX 36.84 2 

4.

( / ) XXX XXX 83.33 3 

5.  

( / ) XXX XXX 9.09 1 

6.  

( / ) XXX XXX 46.55 2 

7.  

( / ) XXX XXX 150.00 3 

8.  

( / ) XXX XXX 141.67 3 
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4.2.2  

3 4

1.011 1.006 

16.16  ( )

700,344

 

 

  = ( - ) x   

     x   

 

        = (1.011  1.006) x 700,344 x 16.16  

         = 4202.06  

 

 (%)  =                     

                                                                

 

 (%)  =   

 

        = 7.33   

 7.33 

2 1

4.2 

3 2.34  2 

 

1 9.04, 17.44  15.63  1
  

    

56,587.80 

772,423.40 

X 100 

 
X 100 
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 4.2  
 

 

   %  

 

1.  

( / ) XXX /  XXX XXX XXX 7.33 

 

1 

2.  

( / ) XXX /  XXX XXX XXX 32.34 

 

2 

3.
( /

) XXX 

/

 XXX XXX XXX 19.04 

 

 

1 

4.  

( / ) XXX / XXX XXX XXX 15.63 

 

1 

5.  

( / 
) XXX 

/
XXX XXX XXX 0.62 

 

1 

6.
( /

) 
 

XXX 

/
 XXX XXX XXX 17.44 

 

1 

7.  

( / ) XXX 

/
 XXX XXX XXX 6.66 

 

1 

8.  

( / ) XXX /  XXX XXX XXX 0.94 

 

1 

XXX  

 
4.2.3  

(Quantity, Q) (Effect, E ) 
 (Distribute, D) 2.1 

2 5 
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3 3 

2  
 

 =  Q × E × D    

    =  3x3x2 

    =  18 
 

QED  18 2 

3

4. 3 3

 3 

 

 
 

4.3  

 
4.2.4  

4. 4

 

 

Q E D  

(Q*E*D ) 

 

1. ( ) XXX 3 2 1 6 2 

2. ( ) XXX 2 1 1 2 1 
3. ( ) XXX 3 2 3 18 3* 

4. ( ) XXX 3 3 1 9 3* 

5. ( ) XXX 3 3 2 18 3* 

6. ( ) XXX 2 2 2 8 2 
7. ( ) XXX 2 2 1 4 1 

8. ( ) XXX 2 2 1 4 1 
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3

2  6 2

 

 

 = (W1 × ) + ( W2 × ) + ( W3 

   × ) 
 

W1 = 

  W2 = 

  W3 =  

 

= (3 x 2) + (3 x 1) + (2 x 3) 

     = 15 
 

15

13

12

11 7 

 

  

(  W1 ) = 2 

 

( W2 ) =3 

 

( W3) = 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. 1 2 1 3 2 2 7 5 

2.  2 4 2 6 1 2 12 3 

4.4   
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4.3  

 

  

4.3.1  
A 2551

 

 4.4 

 

 

 

 

 

 

 

 

  

(  W1 ) = 2 

 

( W2 ) =3 

 

( W3) = 2 

 

 

 

 

 

 
 

 

 

 

 

 

3. 2 4 1 3 3 6 13 2 

4.  3 6 1 3 3 6 15 1 

5.  1 2 1 3 3 6 11 4 

6. 3 6 1 3 2 4 13 2 

7.  3 6 1 3 1 2 11 4 

8.  3 6 1 3 1 2 11 4 

4.4  ( ) 

 

 

 

 

  

   

              
                

                    

 4.4 A 
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4.3.2 
2551  (Yield) 

A 

6  

1  (Swage pad) 

 (Loose burr)  

2 (Catch stop) 

(Dent)  

3  (Pivot hole) 

4 3 

4  (Scratch)  

5 (Window) 

 

2 (Catch stop)

  
6 2551 4.5 4.5

 

 

 

 

 

 

 

 

 

 

 

 

 

4.5 

Swage pad 

Catch stop 

Catch stop 

Window 
Pivot hole 

1 

2 

3 

5 

4 
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4.5 6 2551  

  

(%) 
  

 

( ) ( ) 

 

(%) 

 

( ) ( ) 

 

(%) 

2 

 

 

 

579,190 

 

2,381 0.41 

 

 

 

1,084,872 

   

0.41 

3 1,522 0.26 1,053 0.10 0.18 

1 914 0.16 1,210 0.11 0.14 

2 896 0.15 1,099 0.10 0.13 

5 807 0.14 905 0.08 0.11 

4   977 0.09 0.09 

  6,520   5,244  1.06 

 

4.5 2

2

(Stop line) 

 

 

2
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4.3.3  

 4.6, 4.7  

 

 
4.6  

 

 
4.7  
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170 

4.8 

 

 

 

 

 

 

 

 

 

 

 

4.8  
 

 2 

  

 1 

170 

4.9

 1.61 
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 4.9  

 

 4.3.4  
  1  

 (55 ) 8 0,000  

1 4.10 

 

 
 4.10  

 
 
 
 
 
 
 
 

4.10  
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4.11  

 
 
 
 
 

 
 
 
 
 

                4.11  
 

 
4.12  

 

 
 

 
 
 
 
 

              
                

  4.12  
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4.3.5   
 (Isopropyl alcohol, IPA) 

 
   (   

, 2552) 

  

 4.13  
 

 

 

 

 

     

 
 
 
 

 4.13  
 

4.4  
 

(  , 2547)   
 4.4.1   
 

4.6  

3 
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  2 

 

 2 

 

2 

 

1 

 

 4.4.2   

2 

 

  2 

 

 3 

 

3 

3 
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 4.4.3  
3 

  2 

 

 3 

 

2 

 

3 

 

 4.4.3 /   
 

3 

2 

1   
4.6
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4.6  

( )* 
  

( )  
** 

 

CT 

/

 

1. 3 2 3 3 11 1 

2.  

 

2 2 2 2 8 3 

3. 2 3 3 3 11 1 

4.

 

2 3 2 2 9 2 

5.  

 

1 3 1 1 6 4 

* 1 =   **  1 =

  2 =                   2 =  

  3 =                    3 =  

 

4.5 
4.5.1 

 
4.14   
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 4.14  
 

 4.5.2  

4.15

  (Bonding Jig)  

 

 

 

 

 

/
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 4.5.3  

4.16

 

 

 

 

 

4.15  
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4.16  
 

4.7  

 

(Check sheet) 

 
 
 

 

 
 

 
 



57 

 

 4.7  

 

 

  

 

1.
1.1 

1.2 

 

 

 

 
/ 

 
/ 

 

 

 

 

 

 

2.  

2.1  

2.2  

 

 

 

 

/ 
/ 

 

 

 

 

 

 

3.  

 3.1 

 

3.2

 

 

 
 
/ 
 

 

 

 

/ 

 

 

4.   /   
5.  /    
 
4.6 

( ) 
4. 8
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 4.8  
   

 

  

1.  

1.1 

 
1.2  

 

 

3 

 

 

3 

 

1 

 

 

2 

 

1 

 

 

2 

 

5 

 

 

7 

 

/ 
 

 
/ 
 

2.
 

2.1
 

2.2  

 

3 

 

3 

 

1 

 

1 

 

1 

 

1 

 

5 

 

5 

 

/ 
 
/ 

3.  

 3.1
 

3 

 

 

2 

 

 

2 

 

 

7 

 

 

/ 
 

4. 3 2 2 7 / 

 
 

10-15   3   ( )  

    5-9 2   ( ) 
   0-4 1   ( ) 

 

7-9 3   ( )  

    4-6   2   ( ) 
   0-3   1   ( ) 



59 

 

 

7-9 3   ( )  

    4-6   2   ( ) 
   0-3   1   ( ) 
 

4.7  
 

 

 

 
4.7.1 :  

 

 

 1.  
     

240 99.50% 

1  2 99.16% 

  

 

  2.  
  1) 

4.17 

4.18 
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 2) 

4.19 

      2.1)  D 4 

 E 5  

  

      2.2)  H 8

G 7 

 

        2.3) J  10 

 

  -  H 8     
  - D 4  

                   2.4) 

 4.17   4.18  
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5.
E 

11
. 

 
 

 

 

6.
 

F 

8. 
 

    
 H

 

9.
 I 

 10
.

 

    
 J 

 

4.
 

 D
 

7. 
 G

 
3.

 C
 

2. 
 B

 
1. 

 A
  

 

     
     

     
IR

 

 

 

4.
19
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2

1 2551 4.20   
 

 

 

 

 

 

 4.20  

, 

 4.21 

4.22  

 

 

 

 

 

 
 
 

  (Corrective 

action) 1 

2 4.23 2  1 4.24 

4.21                     4.22 
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0.41% 0.025% 

 2,193X1 

 X1  (

)

2,287 94  
 

 

   = (   ) x   

   = (2,287  94) X1 

   = 2,193X1 

 4.23  1 2         

4.24  2 1       

1 

2 

1 

2 
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           4.7.2 :   
 
/

   

 

4.25 

4.9  

 

  

 

 

 

 

 

 

 

 

4.25  

 

 

1) 4, 6, 7  

2) 4 

 

      

1 
4 

6 

3 

5 

7 

2 
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4.9  
     

 

(ECRS) 

  

1 1 1 - -  

2 2 2 - -  

3 3 3 - -  

4 4 - - 4 E,R,S 

5 5 5 - -  

6 6 - - 6 E,R  

7 7 - - 7 E,R 

 

4.25 4.9

1,2,3,5 1,2,3,5 

4, 6, 7 4, 6, 7 

  (R=Rearrange)

4, 6, 7 

 (E=Eliminate) 4 

(S = Simplify) 

  
1, 2, 3 

1, 2, 3 

4, 5 6 

 

4.26 
 

1 
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4.

26
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 1
 

1 
4 

2 
5 

3 
4 

6 
7 

5 
8 

5 
6 

7 1 7 
1 

1 

3 
2 

2 
3 

6 
11

 
7 

12
 

8 
13

 
9 

2 
4 

 2
 

 3
 

 4
 

 5
  6
 

3 
 2

 
 1

 
 4

 
 5

 
 6

 
 7

 

 1
 

 2
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0.48 % 

0.15 % 4.10 

 4,107X1 

5,244 

1,137   
 

   = (   ) x   

   = (5,244 - 1,137) X1 

   = 4,107X1  
 

4.10

  

 

( ) 

 

( ) 

% 

 

 

( ) 

 

( ) 

% 

 

1 1,084,872 1,210 0.11 762,351 69 0.009 

2 1,084,872 1,099 0.10 762,351 258 0.034 

3 1,084,872 1,053 0.10 762,351 153 0.020 

4 1,084,872 977 0.09 762,351 301 0.039 

5 1,084,872 905 0.08 762,351 356 0.047 

5,244 0.48  1,137 0.15 

 

 4.7.3 :
 

 170 
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  (Oven cycle time)  
 (Cycle time)

9     

  (Feed rate) 

(Pitch) 10 (

)  

(Capacity of oven) 

11 ( )  
(Output) 95 % (

, ) 12 
4.11 

 

       Vc =  

   Lc =   

   S =  (Jig)  (Jig) 

   N =  

    = 20.5 ,  95% 

 (Oven Cycle Time) =                                                      ... (9) 

(Feed Rate)           =                                                 ... (10) 

 (Capacity of Oven)  =                Feed Rate x 60                        (11) 

 (Output) =  x x     ) 

 

 

 

Lc 

Vc 
Vc x N 

S 
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4.11 

 ( / )  170 180 190 

( ) XXX XXX XXX 

( ) XXX XXX XXX 

( ) XXX XXX XXX 

  

( IR Cycle Time ) 

47 44 42 

 

(Feed Rate / ) 

XXX XXX XXX 

 

( Capacity of oven   / ) 

XXX XXX XXX 

 

(Output   95%  / ) 

XXX XXX XXX 

 

4.11 170 

 2 180, 190  

  6 

4.27 

 4.28   
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4.27  

 

 

 

 

 

 

 

 

 

 

 4.28  

 190 1 

6    

  

 180 

(Arm coil Bonding force)  

 

1 2 3 4 5 6 

:                  
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47 43  

4.12 

 

4.12  

( / ) 

 ( ) 

1 2 3 4 5 6 

170 

( )       

180 

      

190 

     

 

170 

38,969 73.05 

9  180 

4.29 23,208 41.65 

5 13  

 

    (Productivity)  =                                                                      

    

           =                                     
           

           =   533  

 

         =  

                     

       = 557  

Output 

Input 

38,969 

73.05 

23,208 

41.65 
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4.29 180  

 

170  180 

533 557 4.30

5,412X1 

  X1

 ( ) 10.25 

22  

 

  = (  )  

     x x  x  

 
  = (557 - 533) x 10.25 x 22 x X1 

 

    = 5,412X1  

 

1.61 

1.64 
 

 

 

 



73 

 

 

 

 

 

 

 

 

 

 

 

 4.30  

4.7.4 :
           

         2 

1 210 2 270  4.31 

 

 

 

 

 

 

 

 

 4.31  
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 4.32 

 

 

 

 

 

 

 

 

4.32  

 

4.33, 4.34 1  

          
           
            

 
          

           
           
     

 

  4.33  
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       4.34    
 

 1) 
1 

 90,604.80 /  0.014 

6  14, 15, 16  

 
  1  = 1000 x 1    ..... (14)   
  

=  x         )   

                                 

 ( )  =                                                                ) 

 

   
4.7.5 :  

 

24 2 4

, V ( ), 

 ( ),  4.13   

 

 

( ) 



76 

 

4.13 

  

A   
B V   

C ( ) 
 D ( ) 0.2 0.8 

 

 (Response) (Arm Coil Bonding 

Force) 
 

 
 

1)  
 32 

5 4.14  
4.14  

 

 

 

 

 

( ) A  

 

B 

 

C  

( ) 

D  

( ) 

1 13 -1( ) -1( ) 1( ) 1(0.8) 86.90 

2 18 1( ) -1( ) -1( ) -1(0.2) 85.63 

3 10 1( ) -1( ) -1( ) 1(0.8) 79.57 

4 29 -1( ) -1( ) 1( ) 1(0.8) 75.60 

5 1 -1( ) -1( ) -1( ) -1(0.2) 81.06 

6 16 1( ) 1( ) 1( ) 1(0.8) 99.22 

7 20 1( ) 1( ) -1( ) -1(0.2) 111.71 

8 9 -1( ) -1( ) -1( ) 1(0.8) 82.16 

9 17 -1( ) -1( ) -1( ) -1(0.2) 79.34 
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( ) 
A  

 

B 

 

C  

( ) 

D  

( ) 

10 27 -1( ) 1( ) -1( ) 1(0.8) 104.05 

11 28 1( ) 1( ) -1( ) 1(0.8) 101.42 

12 19 -1( ) 1( ) -1( ) -1(0.2) 98.93 

13 2 1( ) -1( ) -1( ) -1(0.2) 78.31 

14 22 1( ) -1( ) 1( ) -1(0.2) 80.75 

15 32 1( ) 1( ) 1( ) 1(0.8) 98.81 

16 8 1( ) 1( ) 1( ) -1(0.2) 94.11 

17 7 -1( ) 1( ) 1( ) -1(0.2) 94.30 

18 30 1( ) -1( ) 1( ) 1(0.8) 81.16 

19 3 -1( ) 1( ) -1( ) -1(0.2) 97.84 

20 6 1( ) -1( ) 1( ) -1(0.2) 79.63 

21 25 -1( ) -1( ) -1( ) 1(0.8) 74.15 

22 12 1( ) 1( ) -1( ) 1(0.8) 100.75 

23 26 1( ) -1( ) -1( ) 1(0.8) 73.60 

24 4 1( ) 1( ) -1( ) -1(0.2) 97.69 

25 31 -1( ) 1( ) 1( ) 1(0.8) 85.35 

26 5 -1( ) -1( ) 1( ) -1(0.2) 71.31 

27 11 -1( ) 1( ) -1( ) 1(0.8) 100.33 

28 21 -1( ) -1( ) 1( ) -1(0.2) 79.19 

29 15 -1( ) 1( ) 1( ) 1(0.8) 101.82 

30 24 1( ) 1( ) 1( ) -1(0.2) 85.03 

31 14 1( ) -1( ) 1( ) 1(0.8) 81.69 

32 23 -1( ) 1( ) 1( ) -1(0.2) 80.17 

 

4.14  ( ) 
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 4.35

4.36 
 
 

 

 

 
  
  4.35   

 

 

 

 

 

4.36  

2)  
  

4.37  (Normal Probability Plot)

 4.15 

95 % B  V  C BC P-

Value 0.000, 0.048, 0.036  
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4.37  
4.15 

 
  
  
  
     
  
  
  
      
 
 
 
 
 
 
 
 

Source SS df MS F P-value 

A 41.81 1 41.81 1.202 0.289 

B 2476.11 1 2476.11 71.180 0.000 
C 159.78 1 159.78 4.593 0.048 
D 31.17 1 31.17 0.896 0.358 

A*B 7.34 1 7.34 0.211 0.652 

A*C 6.98 1 6.98 0.201 0.660 

A*D 19.32 1 19.32 0.555 0.467 

B*C 182.02 1 182.02 5.232 0.036 
B*D 32.74 1 32.74 0.941 0.347 

C*D 114.55 1 114.55 3.293 0.088 

A*B*C 0.70 1 0.70 0.020 0.889 

A*B*D 1.79 1 1.79 0.051 0.824 

A*C*D 10.32 1 10.32 0.297 0.593 

B*C*D 0.11 1 0.11 0.003 0.956 

A*B*C*D 17.83 1 17.83 0.513 0.484 

 Pure Error         556.61 16 34.79  
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 3)   
  
(Residual Analysis) 4.38 

 
 
 

 
 
 

           
           
           
           
           
           
         

4.38  

4) 
(Analysis of Variance; ANOVA) 

4.16  
 

Residual

P
er

ce
nt

1050-5-10

99

90

50

10

1

Fitted Value

R
es

id
ua

l

1009080

10

5

0

-5

-10

Residual

Fr
eq

ue
nc

y

840-4-8

12

9

6

3

0

Observation Order

R
es

id
ua

l

3230282624222018161412108642

10

5

0

-5

-10

Normal Probability Plot of the Residuals Residuals Versus the Fitted Values

Histogram of the Residuals Residuals Versus the Order of the Data

Residual Plots for Bonding force
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4.16  
Source SS Df MS F P-value 

B 2476.11 1 2476.11 82.42 0.000 

C 159.78 1 159.78 5.32 0.029 

B*C 182.02 1 182.02 6.06 0.020 

 Pure Error         841.2 28 30.04 841.2  

 

B V  (-1) V  
(+1) V   (Qualitative variable)

V V  (Box plot) 

V V 

4.39 

  
 

 

 

 

 
 
 
 
 
 
 

4.39  (Box plot) 

V  V  

 

Ar
m 

Co
il B

on
din

g f
orc

e 

CuringNo curing

110

100

90

80

70

Boxplot of No curing, Curing (Box plot) V V 
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5)  

 
V 

 
  1.   

  2. V  
 25 

0.010 (  10X 2 ) 
 4.40, 4.41    

 

 

 

 

 

4.40  

 
 

 

 

 

 

4.41  

 

(Steepest Descent) 

 

 

Recess

Arm Coil
Epoxy  

Recess

Arm Coil
Epoxy  
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 4.42 

4.17 
  
      4.17 

 ( ) ( ) 
 96.01 
 98.26 

94.61 

 
 
 
 
 

 
 
 
 
 

V 

 

6)  
186,208 

 127,880  

 

(1).  
 179,520 ** 

  

4.42 



84 

 

 2 152 

                    = 2 x 152 x 22  
                     = 6,688 

186,208  

(2). R1  R2 
 R1 

 R2  

 

= x  

       = 127,880  ** 

                     (** ) 


