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@  METHOD  OF  INTERNAL  CHILLING,  AN  APPARATUS  THEREFOR,  AND  INTERNALLY  CHILLED  PRODUCTS. 

  Internally  chilling  aluminium  alloys,  FRM,  steel,  Ti 
alloys,  Ni  alloys,  Co  alloys  and  the  like  by  the  use  of  alumi- 
num  alloys.  In  internally  chilling  highly  strong  materials 
such  as  ferrous  ones  or  the  like  by  the  use  of  aluminum 
alloys,  the  alfin  method  has  heretofore  been  employed  not 
to  leave  non-plated  portions  by  plating  of  aluminum.  It  re- 
quires,  however,  cumbersome  operation  and  increased 
cost.  This  invention  improves  the  above  defects  by  employ- 
ing  vibration  plating  instead  of  said  aluminum  plating,  and 
by  forming  a  uniformly  plated  layer  with  exellent  junction 
properties.  The  invention  is  adaptable  to  engine  parts  such 
as  cylinder  heads,  pistons,  etc.,  as  well  as  to  gears. 



T e c h n i c a l   f i e l d  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  i n s e r t i o n ,   w h e r e i n  

an  a l u m i n u m   a l l o y ,   an  FRM,  s t e e l ,   a  Ti  a l l o y ,   an  Ni 

a l l o y ,   a  Co  a l l o y   or  t he   l i k e   i s   i n s e r t e d   in  an  a l u m i n u m  

a l l o y .  

B a c k a r o u n d   A r t  

A l u m i n u m   a l l o y   c a s t i n g s   have  the   a d v a n t a g e s   o f  

b e i n g   l i g h t w e i g h t ,   b e i n g   u s a b l e   in  d i e - c a s t   c a s t i n g ,  
m o l t e n - m e t a l   f o r g i n g ,   and  l o w - p r e s s u r e   c a s t i n g ,   a n d  

h a v i n g   a  h i g h   p r o d u c t i v i t y .   H o w e v e r ,   s i n c e   t h e y   h a v e  

l o w e r   s t r e n g t h ,   t h e y   have   l o w e r   wear  r e s i s t a n c e ,   and  t h e  

l i k e ,   t h a n   i r o n   c a s t i n g s ,   and  t h e i r   a p p l i c a t i o n   r a n g e   i s  

l i m i t e d .  

In  view  of  the   a b o v e   s i t u a t i o n ,   a  h i g h - s t r e n g t h  

m a t e r i a l ,   such   as  an  i r o n - b a s e d   m a t e r i a l ,   i s   i n s e r t e d   a t  

a  p o r t i o n   of  an  a l u m i n u m   a l l o y   c a s t i n g   wh ich   r e q u i r e s  

h i g h   s t r e n g t h .   H o w e v e r ,   when  s i m p l e   i n s e r t i o n   i s   p e r -  

f o r m e d ,   fo r   e x a m p l e ,   when  an  i r o n - b a s e d   m a t e r i a l   i s   i n -  

s e r t e d   in  an  a l u m i n u m   a l l o y ,   a  n o n - w e l d e d   p o r t i o n   r e -  

m a i n s   at  t he   i r o n - a l u m i n u m   a l l o y   b o u n d a r y .  

S i n c e   the   i r o n - a l u m i n u m   a l l o y   b o u n d a r y   r e m a i n s  

n o n - w e l d e d ,   a  s t r e n g t h   of  i n s e r t i o n   p r o d u c t   is   n o t  

s u f f i c i e n t .  



As  a  m e t h o d   of  e l i m i n a t i n g   such   a  n o n - w e l d e d   p o r -  

t i o n   and  d i f f u s i o n   w e l d i n g   the   i r o n - a l u m i n u m   b o u n d a r y ,  

a l p h i n e   t r e a t m e n t   i s   known.   The  a l p h i n e   t r e a t m e n t ,   h o w -  

e v e r ,   r e q u i r e s   a  g r e a t   d e a l   of  l a b o r ,   and  i n c r e a s e s   t h e  

c o s t   and  w e i g h t   of  t h e   r e s u l t a n t   m a t e r i a l .  

D i s c l o s u r e   of  I n v e n t i o n  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   an  i n s e r t   made  

of  m a t e r i a l   such   as  an  a l u m i n u m   a l l o y ,   an  FRM,  s t e e l ,   a 
Ti  a l l o y ,   an  Ni  a l l o y ,   a  Co  a l l o y   or  t he   l i k e   i s   s u b j e c -  

t e d   to  a  p r e - t r e a t m e n t ,   such   as  w a t e r   r i n s i n g ,   d e g r e a s -  

i n g ,   p i c k l i n g ,   d r y i n g ,   and  the   l i k e .   The  i n s e r t   i s   t h e n  

d i p p e d   in  a  p l a t i n g   b a t h ,   and  i s   p l a t e d   w h i l e   o s c i l l a t -  

ing   an  o s c i l l a t i n g   p l a t e   a r r a n g e d   n e a r   t he   i n s e r t   in  t h e  

p l a t i n g   b a t h .   S u b s e q u e n t l y ,   t h e   i n s e r t   i s   i n s e r t e d   i n  

an  i n s e r t e e ,   s u c h   as  an  i n s e r t e e   c o m p o s e d   of  an  a l u m i n u m  

a l l o y .  

The  p l a t i n g   b a t h   i s   o s c i l l a t e d   to  r e m o v e   t h e   s u r -  

f a c e   o x i d e   of  t h e   i n s e r t   and  to  form  a  u n i f o r m   p l a t i n g  

l a y e r .   The  i n s e r t   i s   i n s e r t e d   in  an  i n s e r t e e ,   s u c h   a s  

a n   a l u m i n u m   a l l o y ,   w i t h   t h e   p l a t i n g   l a y e r   b e t w e e n   t h e m .  

N e x t ,   t h e   i n s e r t   and  t h e   i n s e r t e e   a r e   c o m p l e t e l y   w e l d e d  

t o g e t h e r ,   and  a  d i f f u s i o n   w e l d i n g   r e g i o n   i s   f o r m e d  

b e t w e e n   t h e   two  m a t e r i a l s .  

The  i n s e r t   and  i n s e r t e e   m a t e r i a l   a r e   s e c u r e l y  

b o n d e d   t o g e t h e r ,   and  an  i n s e r t e d   a r t i c l e   h a v i n g   a  s a t i s -  

f a c t o r y   s t r e n g t h   can  be  m a n u f a c t u r e d .   S i n c e   t h e   p l a t i n g  

b a t h   need   o n l y   be  o s c i l l a t e d ,   t he   m a n u f a c t u r i n g   p r o c e s s  
i s   e a s y ,   and  the   c o s t   i s   l o w .  

B r i e f   D e s c r i p t i o n   of  D r a w i n g s  

F i g .   1  i s   a  s e c t i o n a l   view  of  a  p l a t i n g   d e v i c e   u s e d  

in  E x a m p l e   1  of  t he   p r e s e n t   i n v e n t i o n ;   F i g .   2  shows   a 

t a p e r e d   s h a f t   m a n u f a c t u r e d   by  t he   m e t h o d   of  E x a m p l e   1 ;  

F i g .   3  i s   a  m i c r o p h o t o g r a p h   (x  100)  of  a  b o u n d a r y   p o r -  
t i o n   b e t w e e n   i n s e r t   and  i n s e r t e e   of  an  i n s e r t e d   a r t i c l e  

m a n u f a c t u r e d   by  t h e   m e t h o d   in  E x a m p l e   1  of  t he   p r e s e n t  

i n v e n t i o n ;   F i g .   4  i s   a  m i c r o p h o t o g r a p h   (x  100)   of  a  b o u -  

n d a r y   p o r t i o n   b e t w e e n   i n s e r t   and  i n s e r t e e   of  an  a r t i c l e  



of  a  C o m p a r a t i v e   E x a m p l e   o b t a i n e d   by  i n s e r t i n g   an  i n s e r t  

in  an  i n s e r t e e   w i t h o u t   p l a t i n g   the   f o r m e r   [ t h e   a r t i c l e  

c o r r e s p o n d i n g   to  t he   n o n - p r e h e a t e d ,   no  t r e a t m e n t   s e c t i o n  

f o r   the   C o m p a r a t i v e   E x a m p l e   in  t he   t a b l e ] ;   F i g .   5  i s   a  

m i c r o p h o t o g r a p h   (x  100)   of  a  b o u n d a r y   p o r t i o n   b e t w e e n  

p i s t o n   main  body  13  and  a n t i - w e a r   r i n g   12  of  a  p i s t o n  
of  E x a m p l e   2;  F i g .   6  i s   a  s e c t i o n a l   view  of  mold  19  i n  

E x a m p l e   5;  F i g .   7  i s   a  m i c r o p h o t o g r a p h   (x  100)   of  a  

b o u n d a r y   p o r t i o n   b e t w e e n   s t e e l   w i r e   14  and  a l u m i n u m  

a l l o y   20  of  t e s t   p i e c e   N o .  4   of  E x a m p l e   5;  F i g .   8  i s   a  

m i c r o p h o t o g r a p h   (x  100)  of  a  b o u n d a r y   p o r t i o n   b e t w e e n  

s t e e l   w i r e   14  and  a l u m i n u m   a l l o y   20  of  t e s t   p i e c e   N o .  6  
of  E x a m p l e   5;  F i g .   9  i s   a  s e c t i o n a l   v iew  of  an  e n g i n e  

c o n n e c t i n g   rod  of  E x a m p l e   5;  F i g .   10  i s   a  p e r s p e c t i v e  

view  of  cam  18  of  E x a m p l e   6;  F i g .   11  i s   a  s e c t i o n a l   v i e w  

of  a  cam  s h a f t   of  E x a m p l e   6;  F i g .   12  i s   a  s e c t i o n a l   v i e w  

of  a  p i s t o n   of  E x a m p l e   7;  F i g .   13  i s   a  s e c t i o n a l   view  o f  

a  c y l i n d e r   head   of  E x a m p l e   4;  F i g .   14  i s   a  s e c t i o n a l  

view  of  an  e n g i n e   i n c l u d i n g   a  c y l i n d e r   head   of  E x a m p l e   8 ;  

and  F i g .   15  is   a  f r o n t   view  of  a  r o c k e r   arm  of  a n  
i n t e r n a l   e n g i n e   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n .  

B e s t   Mode  of  C a r r y i n g   Out  t he   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way 
of  i t s   E x a m p l e s .  

E x a m p l e   1 

An  i n s e r t   i s   p r e p a r e d   f rom  J I S A 2 0 2 4 S   a l u m i n u m  

a l l o y .  

The  i n s e r t   is   s u b j e c t e d   to  c l e a n i n g / d r y i n g ,   i . e . ,   a 

p r e - t r e a t m e n t   in  t he   o r d e r   of  r i n s i n g   w i t h   w a t e r ,   d e -  

g r e a s i n g ,   r i n s i n g   w i t h   w a t e r ,   p i c k l i n g ,   r i n s i n g   w i t h  

w a t e r ,   and  d r y i n g   by  a  p r e - t r e a t m e n t   d e v i c e .  

P l a t i n g   is   t h e n   p e r f o r m e d   in  p l a t i n g   d e v i c e   1  s h o w n  

in  F i g .   1 .  

P l a t i n g  d e v i c e   1  c o n s i s t s   of  s o l d e r   m e l t i n g   f u r n a c e  

2  and  u l t r a s o n i c   wave  o s c i l l a t o r   3.  F u r n a c e   2  c o n s i s t s  

of  s o l d e r   t a n k   5  c o n t a i n i n g   p l a t i n g   b a t h   4  at  i t s   u p p e r  

p o r t i o n ,   and  h e a t i n g   s e c t i o n   ( h e a t i n g   c o i l )   6  a r r a n g e d  



b e l o w   t a n k   5  f o r   h e a t i n g   i t .   One  of  o s c i l l a t i n g   p l a t e s  

8  b r a n c h i n g   in  a  Y - s h a p e   i s   f i x e d   to  o s c i l l a t i o n   h o r n   7 

of  o s c i l l a t o r   3,  and  t h e   o t h e r   p l a t e   8  i s   d i p p e d   i n  

p l a t i n g   b a t h   4  in  t a n k   5.  I n s e r t   m a t e r i a l   9  i s   i n s e r t e d  

b e t w e e n   two  o s c i l l a t i n g   p l a t e s   8  and  i s   l o c a t e d   w i t h   a  

gap  of  1 . 0   mm  w i t h   r e s p e c t   to  two  p l a t e s   8  by  t h e   s u r -  

f a c e   t e n s i o n   of  t he   p l a t i n g   b a t h .  

I n s e r t   9  i s   p l a t e d   u n d e r   t h e   f o l l o w i n g   c o n d i t i o n s :  

1.  P l a t i n g   b a t h   c o m p o s i t i o n . . . m o l t e n   a l u m i n u m  

s o l d e r   [ e u t e c t i c   Z n - 5 A l   a l l o y   (95%  Z n  -   5%  A l ) ;   m e l t i n g  

p o i n t   =   3 8 0 ° C ]  

2.  U l t r a s o n i c   o s c i l l a t i o n   c o n d i t i o n s . . . o s c i l l a t i o n  

f r e q u e n c y :   18  kHz,  a m p l i t u d e :   20  µm,  a p p l i c a t i o n   t i m e :   2 

to  3  s e c  

3.  P l a t i n g   b a t h   t e m p e r a t u r e . . . 4 0 0   to  4 2 0 ° C  

4.  P l a t i n g   f i l m   t h i c k n e s s . . . 5 0   µm 
5.  P l a t i n g   t i m e . . . 7   m i n  

I n s e r t   9  p l a t e d   w i t h   Zn-5A  a l l o y   i s   s e t   in  a  m o l d  

of  a  c a s t i n g   d e v i c e   ( n o t   s h o w n ) .   M o l t e n   AC4B  a l u m i n u m  

a l l o y   i s   g r a v i t y - c a s t   as  an  i n s e r t e e ,   t h e r e b y   m o l d i n g  

t a p e r e d   s h a f t   10  shown  in  F i g .   2.  T a p e r e d   s h a f t   10  c o n -  

s i s t s   of  AC4B  main  body  11  and  i n s e r t   9 .  

C o m p a r a t i v e   E x a m p l e  

I n s e r t   m a t e r i a l s   were   m o l d e d   f rom  J I S A 2 0 2 4 S   m a t e -  

r i a l   and  were   r e s p e c t i v e l y   s u b j e c t e d   to  n o n - t r e a t e d   Zn 

p l a t i n g ,   Sn  p l a t i n g ,   k a n i g e n   p l a t i n g ,   and  m o l t e n   a l u -  

minum  s o l d e r   p l a t i n g .   T h e r e a f t e r ,   e a c h   m a t e r i a l   w a s  

i n s e r t e d   in  AC4B  a l u m i n u m   a l l o y   to  m a n u f a c t u r e   a  t a p e r e d  

s h a f t   ( s i m i l a r   to  E x a m p l e   1 ) .  

The  w e l d i n g   p e r f o r m a n c e   and  p r e s e n c e / a b s e n c e   o f  

i n s e r t   l o s s   in  E x a m p l e   1  and  t he   C o m p a r a t i v e   E x a m p l e  

were   t e s t e d .   The  o b t a i n e d   r e s u l t s   a r e   shown  in  T a b l e   1 .  



As  can  be  s e e n   from  t h i s   T a b l e ,   E x a m p l e   1  p r o v i d e s  

b e t t e r   r e s u l t s   t h a n   the   C o m p a r a t i v e   E x a m p l e ,   and  no  

i n s e r t   l o s s   i s   e x p e r i e n c e d .  

When  a  c o m p a r i s o n   is   made  b e t w e e n   a  m i c r o p h o t o -  

g r a p h   of  x  100  ( F i g .   3)  of  a  t e x t u r e   at  the   b o u n d a r y  



b e t w e e n   i n s e r t   9  and  main  body  11  of  E x a m p l e   1  and  a  

m i c r o p h o t o g r a p h   of  x  100  ( F i g .   4)  of  t he   b o u n d a r y   b e -  

t w e e n   t h e   i n s e r t   and  t h e   main  body  of  t he   C o m p a r a t i v e  

E x a m p l e   o b t a i n e d   w i t h   no  t r e a t m e n t   and  no  p r e h e a t i n g ,  

no  n o n w e l d e d   p o r t i o n   i s   o b s e r v e d   b e t w e e n   t h e   i n s e r t   a n d  

t he   main  body  in  E x a m p l e   1,  w h e a r e a s   a  n o n - w e l d e d   p o r t i o n  
i s   p r e s e n t   b e t w e e n   t h e   two  m a t e r i a l s   in  t h e   C o m p a r a t i v e  

E x a m p l e :   T h e r e f o r e ,   t h e   p r o d u c t s   of  t h e   C o m p a r a t i v e  

E x a m p l e   a p p a r e n t l y   have   low  s t r e n g t h .  

The  i n s e r t   i s   s u b j e c t e d   to  u l t r a s o n i c   o s c i l -  

l a t i o n   w h i l e   m o l t e n   a l u m i n u m   s o l d e r i n g   i s   p e r f o r m e d ,  

t h e r e b y   r e m o v i n g   t h e   o x i d e   l a y e r   f o r m e d   on  t h e   s u r f a c e  

of  t h e   i n s e r t   and  f o r m i n g   a  u n i f o r m   e u t e c t i c   l a y e r   o f  

a l u m i n u m - a l u m i n u m   s o l d e r .   The  e u t e c t i c   l a y e r   has   a  l o w  

m e l t i n g   p o i n t ,   e a s i l y   m e l t s   in  an  i n s e r t e e   m o l t e n   a l u -  

minum  a l l o y   b a t h ,   and  m i x e s   t h e r e w i t h .  

E x a m p l e   2  

An  a n t i - w e a r   r i n g   of  a  p i s t o n   f o r   a  d i e s e l  

e n g i n e   was  p r e p a r e d   as  an  i n s e r t .   F o l l o w i n g   t h e   s a m e  

p r o c e d u r e s   as  in  E x a m p l e   1,  Z n - 5 A l   s o l d e r   was  m e l t e d  

and  u s e d   to  p l a t e   t he   r i n g ,   t h e   p l a t e d   r i n g   was  s e t   i n  

a  m o l d ,   and  AC8A  a l u m i n u m   a l l o y   as  an  i n s e r t e e   w a s  

i n j e c t e d   i n t o   t he   mold  to  form  a  p i s t o n .   The  c a s t i n g  

t e m p e r a t u r e   was  7 0 0 ° C .   The  a n t i - w e a r   r i n g   c o n s i s t e d  

of  ADCI0  a l u m i n u m   a l l o y   in   w h i c h   an  S i3N4  p o w d e r   w a s  

d i s p e r s e d .   A  m i c r o p h o t o g r a p h   (x  100;  F i g .   5)  of  a  t e x -  

t u r e   a t   a  b o u n d a r y   b e t w e e n   a n t i - w e a r   r i n g   12  and  p i s t o n  

main  body  13  c a s t   f rom  AC8A  a l u m i n u m   a l l o y   r e v e a l s   t h a t  

no  n o n w e l d e d   p o r t i o n   r e m a i n s   b e t w e e n   a n t i - w e a r   r i n g   12  

and  p i s t o n   main  body  13,  and  t h a t   t h e   two  m a t e r i a l s   a r e  

c o m p l e t e l y   w e l d e d .  

E x a m p l e   3  

A  c y l i n d e r   l i n e r   of  ADC10  a l u m i n u m   a l l o y   in  w h i c h   a n  

S i3N4   p o w d e r   was  d i s p e r s e d   was  p r e p a r e d ,   and  was  p l a t e d  
w i t h   a l u m i n u m   a l l o y   s o l d e r   u s i n g   Zn-5A!   a l l o y   as  in  E x a m -  

p l e   1.  The  o b t a i n e d   c y l i n d e r   l i n e r   was  s e t   in  a  m o l d ,  

and  m o l t e n   a l u m i n u m   a l l o y   was  i n j e c t e d   i n t o   t h e   mold  t o  



c a s t   a  c y l i n d e r   b l o c k   main  b o d y ,   t h e r e b y   o b t a i n i n g   a  c y -  
l i n d e r   b l o c k   in  wh ich   t he   c y l i n d e r   b l o c k   i s   i n s e r t e d   i n  

the   c y l i n d e r   b l o c k   main  b o d y .  

The  b o u n d a r y   b e t w e e n   the   c y l i n d e r   b l o c k   main  b o d y  

and  the   c y l i n d e r   l i n e r   was  c o m p l e t e l y   w e l d e d .  

E x a m p l e   4 

A  r o o f   member  f o r   c o n s t i t u t i n g   a  r e f r a c t o r y   c o m -  
b u s t i o n   c h a m b e r   w a l l   of  a  c y l i n d e r   head   was  p r e p a r e d   f r o m  

an  FRM  h a v i n g   a  g r e a t   t h e r m a l   f a t i g u e   s t r e n g t h   ( i . e . ,  

c o n t a i n i n g   l o n g   c a r b o n   f i b e r   and  J I S A 6 0 6 1   a l u m i n u m   a l l o y  

as  a  m a t r i x ) .   N e x t ,   f o l l o w i n g   the   same  p r o c e d u r e s   a s  
in  E x a m p l e   1,  t he   r o o f   member  was  p l a t e d   w i t h   a l u m i n u m  

a l l o y   s o l d e r ,   the   p l a t e d   r o o f   member  was  s e t   in  a  m o l d ,  
and  an  a l u m i n u m   a l l o y   as  an  i n s e r t e e   was  i n j e c t e d   i n t o  

t h e   mold  to  c a s t   a  c y l i n d e r   main  b o d y .   T h u s ,   as  shown  i n  

F i g .   13,  r o o f   member  32  was  i n s e r t e d   in  c y l i n d e r   h e a d  

main  body  31  to  c o m p l e t e   c y l i n d e r   head   3 3 .  

In  t h i s   c a s e ,   no  n o n - w e l d e d   p o r t i o n   was  o b s e r v e d   b e -  

t w e e n   the   r o o f   member  and  t h e   c y l i n d e r   head   main  b o d y ,  

and  the   two  m a t e r i a l s   were   c o m p l e t e l y   w e l d e d   to  e a c h  

o t h e r .  

E x a m p l e   5 

3 .0   mm  d i a m e t e r   w i r e s   of  SUS630  s t e e l   and  MASIC 

s t e e l   were   p r e - t r e a t e d .   T h e r e a f t e r ,   e ach   w i r e   was  p l a t e d  
w i t h   a l u m i n u m   s o l d e r   u s i n g   £ A l m i t   AM350£  as  J I S Z 3 2 8 1   a l u -  

minum  s o l d e r .   A f t e r   p r e h e a t i n g   each   w i r e   14  to  3 0 0 ° C ,  

i t   was  s e t   in  mold  19  shown  in  F i g .   6,  and  AC4B  a l u m i n u m  

a l l o y   20  k e p t   at  700°C  as  an  i n s e r t e e   was  i n j e c t e d   i n t o  

the   mold  to  p r e p a r e   a  c a s t i n g .   R e f e r e n c e   n u m e r a l   21  

d e n o t e s   a  s u p p o r t   j i g   fo r   h o l d i n g   s t e e l   w i r e   14  in  m o l d  

19.  J IS   t e n s i l e   s t r e n g t h   t e s t   p i e c e   (No.   4)  15  ( i n d i -  

c a t e d   by  the   a l t e r n a t e  t w o   l o n g   and  one  s h o r t   d a s h e d   l i n e  

in  F i g .   6)  was  cu t   from  e a c h   c a s t i n g   w i t h   w i r e   14  as  t h e  

c e n t e r ,   and  each   t e s t   p i e c e   was  s u b j e c t e d   to  a  t e n s i l e  

s t r e n g t h   t e s t .   Each  t e n s i l e   s t r e n g t h   t e s t   p i e c e   15  had  a 
s i z e   of  7  ( d i a m e t e r )   x  32  mm  at  a  p a r a l l e l   p o r t i o n   t h e r e -  

of  ( m a r k e d   d i s t a n c e :   25  m m ) .  A   chuck   p o r t i o n   t h e r e o f   h a d  



t h r e a d s   of  M12  and  P l . 5   so  as  to  e l i m i n a t e   t he   i n f l u e n c e  

of  c h u c k i n g   on  t he   i n s e r t e e   in  the   t e n s i l e   s t r e n g t h   t e s t .  

The  p l a t i n g   c o n d i t i o n s   and  t he   r e s u l t s   of  t he   t e n -  

s i l e   s t r e n g t h   t e s t   a r e   shown  in  T a b l e   2  b e l o w .  





The  t e s t   r e s u l t s   r e v e a l   t h a t   a  u n i f o r m   p l a t i n g  

l a y e r   can  be  o b t a i n e d   by  p l a t i n g   an  i r o n - b a s e d   i n s e r t e e  

w i t h   a l u m i n u m   s o l d e r   u n d e r   u l t r a s o n i c   o s c i l l a t i o n ,   a n d  

w i t h   such   a  u n i f o r m   p l a t i n g   l a y e r ,   t he   i n s e r t   and  t h e  

i n s e r t e e   (AC4B)  a r e   c o m p l e t e l y   w e l d e d   t o g e t h e r   a t   t h e i r  

b o u n d a r y ,   as  can  be  s e e n   f rom  t he   x  100  m i c r o p h o t o g r a p h  
of  t h e   t e x t u r e   in  F i g .   7.  Note  t h a t   F i g .   7  c o r r e s p o n d s  
to  t e s t   p i e c e   N o .  4   in  T a b l e   2 .  

In  t h e   C o m p a r a t i v e   E x a m p l e   t e s t   p i e c e   ( t e s t   p i e c e  

N o .  6 )   w h i c h   was  n o t   s u b j e c t e d   to  u l t r a s o n i c  o s c i l -  

l a t i o n ,   many  n o n - w e l d e d   p o r t i o n s   r e m a i n e d   in  t h e   b o u n -  

d a r y   b e t w e e n   t h e   i n s e r t   and  i n s e r t e e ,   as  can  be  s e e n  
f rom  t h e   m i c r o p h o t o g r a p h   (x  100)   in  F i g .   8 .  

E x a m p l e   5  

MASIC  s t e e l   w i r e   16  h a v i n g   a  d i a m e t e r   of  4 . 0   mm  w a s  

s u b j e c t e d   to  p l a t i n g   w i t h   a l u m i n u m   s o l d e r   u n d e r   t he   s a m e  
c o n d i t i o n s   as  t e s t   p i e c e   N o .  4   in  E x a m p l e   4.  A f t e r   t h e  

w i r e   was  p r e h e a t e d   to  3 0 0 ° C ,   i t   was  s e t   in  a  mold  a n d  

ADC10  a l u m i n u m   a l l o y   was  c a s t   by  t h e   n o n - p o r o u s   d i e   c a s t  

m e t h o d ,   t h e r e b y   m o l d i n g   c o n n e c t i n g   rod   17  f o r   an  a u t o -  

m o b i l e   e n g i n e   as  shown  in  F i g .   9 .  

The  r e s u l t a n t   c o n n e c t i n g   rod  17  e x h i b i t e d   a b o u t   50% 

i m p r o v e m e n t   in  s t r e n g t h   as  c o m p a r e d   to  t h a t   when  a  s i m i -  

l a r   w i r e   was  n o t   i n s e r t e d   in  MASIC  s t e e l .   The  MASIC 

s t e e l   and  ADC10  m a t e r i a l   were   c o m p l e t e l y   w e l d e d   t o g e t h e r  

t h r o u g h   t h e   a l u m i n u m   s o l d e r .  

E x a m p l e   6 

I n t e r n a l   e n g i n e   cams  18  shown  in  F i g .   10  were   m a d e  

by  an  i r o n - b a s e d   s i n t e r e d   a l l o y .   The  s i d e   and  i n n e r  

c i r c u m f e r e n t i a l   s u r f a c e s   of  cams  18  were   p r e - t r e a t e d   a n d  

p l a t e d   a f t e r   t he   same  p r o c e d u r e s   as  in  E x a m p l e   1.  A f t e r  

a l u m i n u m   s o l d e r - p l a t e d  c a m s   18  were   p r e h e a t e d   to  3 0 0 ° C ,  

t h e y   were   s e t   in  a  mold  f o r   c a s t i n g   an  i n t e r n a l   e n g i n e  

cam  s h a f t ,   and  ADC10  a l u m i n u m   a l l o y   was  i n j e c t e d   i n t o  

t he   mold  and  c a s t   by  t he   d i e   c a s t   m e t h o d ,   t h e r e b y   m o u n t -  

i ng   cams  18  on  s h a f t   19,   as  shown  in  F i g .   1 1 .  

Cams  18  and  s h a f t   19  were   c o m p l e t e l y   w e l d e d   t o g e -  



t h e r   t h r o u g h   the   a l u m i n u m   s o l d e r .  

E x a m p l e   7 

D i e s e l   e n g i n e   a n t i - w e a r   r i n g   21  of  N i - r e s i s t   c a s t  

i r o n   was  p l a t e d   w i t h   a l u m i n u m   s o l d e r   in  t he   same  m a n n e r  

as  t e s t   p i e c e   N o .  4   in  E x a m p l e   5.  A f t e r   t he   a n t i - w e a r  

r i n g   was  p r e h e a t e d   to  3 0 0 ° C ,   i t   was  s e t   in  a  m o l d ,   a n d  

ADC10  a l u m i n u m   a l l o y   was  i n j e c t e d   by  g r a v i t y   c a s t i n g   t o  

mold  d i e s e l   e n g i n e   p i s t o n   22  as  shown  in  F i g .   1 2 .  

The  a n t i - w e a r   r i n g   and  ADC10  a l u m i n u m   a l l o y   w e r e  

c o m p l e t e l y   w e l d e d   t o g e t h e r   t h r o u g h   the   a l u m i n u m   s o l d e r .  

E x a m p l e   8 

A  c y l i n d e r   l i n e r   was  m o l d e d   w i t h   ADC10  a l u m i n u m  

a l l o y   in  w h i c h   an  S i 3 N i 4   p o w d e r   was  d i s p e r s e d .   In  t h e  

same  p r o c e d u r e s   as  in  E x a m p l e   1,  t he   c y l i n d e r   l i n e r   w a s  

p r e - t r e a t e d   and  p l a t e d   w i t h   p u r e   z i n c   u n d e r   u l t r a s o n i c  

o s c i l l a t i o n . .   The  p l a t i n g   c o n d i t i o n s   were   as  f o l l o w s :  

The  z i n c - p l a t e d   c y l i n d e r   l i n e r   was  i n s e r t e d   i n t o   a  m o l d ,  

and  m o l t e n   a l u m i n u m   a l l o y   (ADC10  a l l o y )   was  i n j e c t e d  

i n t o   t he   mold  to  mold  c y l i n d e r   b l o c k   35,   in  w h i c h  

c y l i n d e r   l i n e r   34  was  i n s e r t e d   as  shown  in  F i g .   1 4 .  

The  b o u n d a r y   b e t w e e n  t h e   c y l i n d e r   l i n e r   and  t h e  

c y l i n d e r   b l o c k   was  c o m p l e t e l y   w e l d e d .  

E x a m p l e   9 

I n t e r n a l   e n g i n e   cams  were  p r e p a r e d   from  an  i r o n -  

b a s e d   s i n t e r e d   a l l o y   as  in  E x a m p l e   6.  The  cams  w e r e  

p r e - t r e a t e d   and  t h e n   p l a t e d   w i t h   p u r e   z i n c   f o l l o w i n g   t h e  

same  p r o c e d u r e s   as  in  E x a m p l e   8.  A f t e r   t he   cams  w e r e  

p r e h e a t e d   t o  3 0 0 ° C ,   t h e y   were  s e t   in  a  mold  and  ADC10 

a l u m i n u m   a l l o y   was  i n j e c t e d   to  c a s t   a  cam  s h a f t   in  w h i c h  

the   cams  were  i n s e r t e d ,   by  the   d i e   c a s t   m e t h o d .  

When  the   b o u n d a r y   b e t w e e n   the   cams  and  cam  s h a f t  



was  e x a m i n e d ,   t h e   two  m a t e r i a l s   were   c o m p l e t e l y   w e l d e d .  

The  z i n c   p l a t i n g   b a t h   t e m p e r a t u r e   was  5 0 0 ° C ,   t h e  

p l a t i n g   t i m e   was  5  m i n u t e s ,   and  t he   u l t r a s o n i c   o s c i l -  

l a t i o n   a p p l i c a t i o n   t i m e   was  5  s e c o n d s .  

In  t h e   a b o v e - d e s c r i b e d   E x a m p l e s ,   t he   u l t r a s o n i c  

o s c i l l a t i o n   f r e q u e n c t y   i 9   18  kHz.  H o w e v e r ,   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ,   t h e   u l t r a s o n i c   o s c i l l a t i o n   f r e -  

q u e n c y   can  be  w i t h i n   a  r a n g e   of  1  to  1 , 0 0 0   kHz,  and  p r e -  

f e r a b l y   1  to  100  kHz.   When  t h e   u l t r a s o n i c   o s c i l l a t i o n  

f r e q u e n c y   i s   b e l o w   1  kHz,   t h e   r e p e a t i n g   number   w i t h i n   a 

u n i t   t i m e   i s   s m a l l ,   t h e   o x i d e   f i l m   f o r m e d   on  t h e   s u r f a c e  

of  t h e   m a t e r i a l   to  be  p l a t e d   c a n n o t   be  r e m o v e d ,   c o m p l e t e  

p l a t i n g   c a n n o t   be  p e r f o r m e d ,   t h e   p l a t i n g   l a y e r   i s   e a s i l y  

p e e l e d   o f f ,   and  a  u n i f o r m   p l a t i n g   l a y e r   c a n n o t   be  f o r m e d .  

When  t h e   u l t r a s o n i c   o s c i l l a t i o n   f r e q u e n c y   e x c e e d s  

1 , 0 0 0   kHz,  t h e   p l a t i n g   b a t h   c a n n o t   f o l l o w   o s c i l l a t i o n   o f  

t h e   o s c i l l a t i o n   p l a t e ,   and  t h e   p l a t i n g   b a t h   i s   p e e l e d  

f rom  t h e   s u r f a c e   of  t h e   o s c i l l a t i o n   p l a t e   to  c a u s e   c a v i -  

t a t i o n ,   w h i c h   d a m a g e s   t h e   o s c i l l a t i o n   p l a t e .  

In  t h e   a b o v e - d e s c r i b e d   E x a m p l e s ,   t h e   p l a t i n g   f i l m  

t h i c k n e s s   i s   s e t   to  be  50  µm  or  100  µm.  A c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ,   t h e   p l a t i n g   f i l m   t h i c k n e s s   i s  

p r e f e r a b l y   w i t h i n   a  r a n g e   of  5  to  300  µm,  and  in  p a r t i -  

c u l a r ,   30  to  100  µm.  When  t h e   p l a t i n g   f i l m   t h i c k n e s s   i s  

b e l o w   5  µm,  w e l d i n g   w i t h   t h e   a l u m i n u m   a l l o y   d u r i n g   t h e  

i n s e r t i o n   p r o c e s s   i s   i n c o m p l e t e .   S i n c e   a  c o m p l e t e   w e l d -  

ing   b e t w e e n   t h e   i n s e r t   and  i n s e r t e e   can  be  a c h i e v e d   w i t h  

p l a t i n g   f i l m   t h i c k n e s s e s   of  300  µm  or  l e s s ,   p l a t i n g   e x -  

c e e d i n g   a  t h i c k n e s s   of  300  µm  i s   s u p e r f l u o u s .  

In  t h e   a b o v e - d e s c r i b e d   E x a m p l e s ,   t he   a m p l i t u d e   o f  

t h e   o s c i l l a t i o n   p l a t e   was  20  µm.  The  a m p l i t u d e   i s   p r e -  

f e r a b l y   w i t h i n   a  r a n g e  o f   5  to  35  µm.  When  t he   a m p l i -  

t u d e   i s   l e s s   t h a n   5  µm,  s u f f i c i e n t   e n e r g y   c a n n o t   b e  

a p p l i e d   to  t he   p l a t i n g   b a t h ,   t he   o x i d e   f o r m e d   on  t h e  

s u r f a c e   of  t he   i n s e r t   m a t e r i a l   c a n n o t   be  r e m o v e d ,   and  a  

u n i f o r m   p l a t i n g   l a y e r   c a n n o t   be  f o r m e d .   H o w e v e r ,   w h e n  

t h e   a m p l i t u d e   e x c e e d s   35  µm,  t he   p l a t i n g   b a t h   c a n n o t  



f o l l o w   movemen t   of  t he   o s c i l l a t i o n   p l a t e ,   and  c a v i t a t i o n  

may  c a u s e   damage   to  t he   o s c i l l a t i o n   p l a t e .  
In  t he   a b o v e - d e s c r i b e d   E x a m p l e s ,   t he   d i s t a n c e   b e -  

t w e e n   the   o s c i l l a t i o n   p l a t e   and  the   p l a t i n g   s u r f a c e   o f  

the   i n s e r t e e   was  0 . 1   mm.  H o w e v e r ,   t he   d i s t a n c e   can  b e  

0 .5   mm  or  l e s s   to  a l l o w   the   p r e s e n c e   of  t he   p l a t i n g   b a t h  

b e t w e e n   the   o s c i l l a t i o n   p l a t e   and  the   i n s e r t .   When  t h e  

d i s t a n c e   e x c e e d s   0 .5   mm,  w a v e  f o r c e   of  the   p l a t i n g   b a t h  

a p p l i e d   by  o s c i l l a t i o n   of  t h e   o s c i l l a t i o n   p l a t e   i s   n o t  

s u f f i c i e n t l y   t r a n s m i t t e d   to  the   i n s e r t ,   and  a  u n i f o r m ,  

s t r o n g   p l a t i n g   l a y e r   c a n n o t   be  f o r m e d .  

In  t he   a b o v e - d e s c r i b e d   E x a m p l e s ,   t he   p l a t i n g   b a t h  

c o m p o s i t i o n   was  Zn-Ai   a l l o y   or  p u r e   z i n c .   H o w e v e r ,   a n y  
a l u m i n u m   s o l d e r   a c c o r d i n g   to  J I S Z 3 2 8 1 ,   SAL-BQZ,  o r  
SAL-CRZ  can  be  u s e d .   In  a d d i t i o n ,   a  c a d m i u m - s i l v e r  

a l l o y   [Cd:   95%,  Ag:  5%  (by  w e i g h t ) ] ,   a  t i n - z i n c   a l l o y  

[Sn :   85%,  Zn:  15%  (%  by  w e i g h t ) ] ,   or  t he   l i k e   can  a l s o  

be  u s e d .  

In  t he   a b o v e - d e s c r i b e d   E x a m p l e s ,   t he   i n s e r t   m a t e -  

r i a l   was  an  a l u m i n u m   a l l o y ,   s t a i n l e s s   s t e e l ,   h i g h t r e n g t h  

s t e e l ,   c a s t   i r o n ,   an  FRM  (an  a l u m i n u m   a l l o y   c o n t a i n i n g  

c a r b o n   f i b e r ) ,   or  an  i r o n - b a s e d   s i n t e r e d   a l l o y .   How- 

e v e r ,   i r o n   s t e e l   ( i n c l u d i n g   s t a i n l e s s   s t e e l   o r  

h e a t - r e s i s t a n t   s t e e l ) ,   a  t i t a n i u m   a l l o y ,   a  n i c k e l   a l l o y ,  

a  c o b a l t   a l l o y ,   an  FRM  u s i n g   an  a l u m i n u m   or  z i n c   a l l o y  

as  a  m a t r i x ,   or  t he   l i k e   can  be  u s e d .  

In  t he   a b o v e - d e s c r i b e d   E x a m p l e s ,   i n t e r n a l   e n g i n e  

c o n s t i t u e n t   p a r t s   such   as  a  c y l i n d e r   h e a d ,   a  c y l i n d e r  

b l o c k ,   a  cam  s h a f t ,   a  p i s t o n ,   or  a  c o n n e c t i n g   rod  w e r e  

p r e p a r e d .   H o w e v e r ,   c o n s t i t u e n t   p a r t s   such   as  a  c r a n k  

s h a f t ,   a  r o c k e r   arm,   an  a u t o m o b i l e   s u s p e n s i o n   p a r t  

( e . g . ,   a  s u s p e n s i o n   a r m ) ,   a  d i f f e r e n t i a l   g e a r   c a r r i e r ,  

a  d i s k   b r a k e   c a l i p e r ,   and  v a r i o u s   g e a r s   can  a l s o   b e  

p r e p a r e d .  

More  s p e c i f i c a l l y ,   a  r o c k e r   arm  c o n s i s t s   of  c h i p   3 7  

of  an  i r o n - b a s e d   s i n t e r e d   a l l o y   and  r o c k e r   arm  main  b o d y  

36  of  an  a l u m i n u m   a l l o y ,   and  c h i p   37  is  in  s l i d a b l e  



c o n t a c t   w i t h   a  cam,  as  shown  in  F i g .   15.  A  Zu-A£  a l l o y  

or  t h e   l i k e   i s   p l a t e d   on  t h e   o u t e r   s u r f a c e   of  c h i p   3 7  

u n d e r   u l t r a s o n i c   o s c i l l a t i o n ,   and  i s   i n s e r t e d   in  r o c k e r  

arm  main   body  3 6 .  

In  t h e   c a s e   of  a  s u s p e n s i o n   arm,   s t e e l   i s   i n s e r t e d  

in  t h e   l o n g i t u d i n a l   d i r e c t i o n   t h e r e o f ,   a  b u s h ,   as  a  

mount   p o r t i o n   of  t he   arm  to  t he   v e h i c l e   b o d y ,   and  a  

j o i n t   member  to  a  w h e e l   a r e   i n s e r t e d ,   t h e   o u t e r   s u r f a c e  

of  t h e   w i r e   i s   p l a t e d   by  t he   m e t h o d   of  t he   p r e s e n t   i n -  

v e n t i o n ,   t h e   j o i n t   s u r f a c e   b e t w e e n   t h e   s t e e l   o u t e r  

c y l i n d e r   of  t h e   bush   and  t he   j o i n t   member  i s   p l a t e d   by  

t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,   and  t he   t h r e e  

m e m b e r s   a r e   i n s e r t e d   in  an  a l u m i n u m   a l l o y   to  p r e p a r e   a  

s u s p e n s i o n   a r m .  

In  t h e   c a s e   of  a  d i f f e r e n t i a l   g e a r ,   t h e   m e t h o d   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   u s e d   in  t h e   same  m a n n e r   as  f o r  

a  moun t   bush   to  t h e   v e h i c l e   body  and  a  s u s p e n s i o n   a r m .  

A  w i r e ,   an  FRM  or  t h e   l i k e   i s   i n s e r t e d   by  t h e   m e t h o d   o f  

t h e   p r e s e n t   i n v e n t i o n .  

In  t h e   c a s e   of  a  g e a r ,   a f t e r   an  FRM  f o r m e d   in  a 

r i n g   fo rm  i s   p l a t e d   by  t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n -  

t i o n ,   t h e   FRM  i s   i n s e r t e d   in  an  a l u m i n u m   a l l o y   to  p r o -  
v i d e   a  g e a r   e l e m e n t .   The  FRM  i s   t h e n   c u t   to  form  g e a r  
t e e t h .  

As  t h e   c a s t i n g   m e t h o d   f o r   i n s e r t i n g   an  i n s e r t  

p l a t e d   by  t h e   m e t h o d   of  t he   p r e s e n t   i n v e n t i o n   w i t h   an  i n -  

s e r t e e ,   a n y  o n e   of  s a n d   mold  c a s t i n g ,   mold  g r a v i t y   c a s t -  

i n g ,   l o w - p r e s s u r e   c a s t i n g ,   d i e - c a s t i n g ,   m o l t e n   m e t a l  

f o r g i n g   and  t he   l i k e   can  be  u s e d .  

In  t h e   a b o v e - d e s c r i b e d   E x a m p l e s ,   when  the   i n s e r t   i s  

an  i r o n - b a s e d   m a t e r i a l ,   i t   i s   p r e h e a t e d  

b e f o r e   i n s e r t i o n .   H o w e v e r ,   p r e h e a t i n g   i s   no t   a l w a y s  

n e c e s s a r y ,   and  can  be  p e r f o r m e d   a t   400°C   or  l o w e r .  

W h e t h e r   or  no t   to  p e r f o r m   p r e h e a t i n g   can  be  d e t e r m i n e d  

in  a c c o r d a n c e   w i t h   t h e   m a t e r i a l   of  the   i n s e r t   u s e d .  

In  t h e   a b o v e - d e s c r i b e d   E x a m p l e s ,   p l a t i n g   i s   p e r -  
f o r m e d   w h i l e   u l t r a s o n i c   o s c i l l a t i o n   i s   a p p l i e d   to  t h e  



p l a t i n g   b a t h .   The  gap  b e t w e e n   t he   i n s e r t   and  i n s e r t e e  

is   s e t   to  be  0 .1   mm.  H o w e v e r ,   the   gap  can  be  0 .5   mm  o r  

l e s s :   t he   p l a t i n g   b a t h   need   o n l y   be  p r e s e n t   b e t w e e n   t h e  

two  m a t e r i a l s .   H o w e v e r ,   i f   t he   gap  i s   0 . 5   mm  or  l e s s ,  

o s c i l l a t i o n   a p p l i e d   to  t he   p l a t i n g   b a t h   by  t he   o s c i l -  

l a t i o n   p l a t e   i s   r e f l e c t e d   by  t he   i n s e r t .   The  r e f l e c t e d  

wave  i s   a m p l i f i e d   w i t h   t he   o s c i l l a t i o n   e n e r g y   by  t h e  

o s c i l l a t i o n   p l a t e ,   and  the   a m p l i f i e d   e n e r g y   r e a c h e s   t h e  

s u r f a c e   of  the   i n s e r t   to  r e m o v e   the   o x i d e   on  the   s u r f a c e  

of  t he   i n s e r t   and  to  form  a  u n i f o r m   p l a t i n g   l a y e r .   How-  

e v e r ,   i f   t he   gap  e x c e e d s   0 .5   mm,  the   wave  r e f l e c t e d   by 

the   i n s e r t   i s   a t t e n u a t e d .   Then ,   even   i f   t he   a t t e n u a t e d  

r e f l e c t e d   wave  i s   a m p l i f i e d   by  the   o s c i l l a t i o n   p l a t e ,  

t he   o s c i l l a t i o n   wave  c a n n o t   have   s u f f i c i e n t   o s c i l l a t i o n  

e n e r g y .   T h e r e f o r e ,   o x i d e   on  the   s u r f a c e   of  t he   i n s e r t  

m a t e r i a l   c a n n o t   be  c o m p l e t e l y   r e m o v e d ,   a  u n i f o r m   p l a t i n g  

l a y e r   c a n n o t   be  f o r m e d ,   and  a  n o n - w e l d e d   p o r t i o n   i s  

f o r m e d   b e t w e e n   the   i n s e r t   and  i n s e r t e e .  

I n d u s t r i a l   A p p l i c a b i l i t y  

The  p r e s e n t   i n v e n t i o n   can  be  a p p l i e d   to  t he   m a n u -  

f a c t u r e   of  c y l i n d e r   h e a d s ,   p i s t o n s ,   c o n n e c t i n g   r o d s ,   cam 

s h a f t s   p i s t o n s ,   and  c y l i n d e r   b l o c k s ,   of  e n g i n e s ,   c r a n k  

s h a f t s ,   r o c k e r   a r m s ,   s u s p e n s i o n   a r m s ,   d i f f e r e n t i a l   g e a r  

c a r r i e r s ,   d i s k   b r a k e   c a l i p e r s ,   and  v a r i o u s   g e a r s .  



1.  An  i n s e r t i o n   m e t h o d   c h a r a c t e r i z e d   in  t h a t   a n  

i n s e r t   i s   d i p p e d   in  a  p l a t i n g   b a t h   a f t e r   t h e   i n s e r t   i s  

p r e - t r e a t e d ,   t h e   i n s e r t   i s   p l a t e d   w h i l e   an  o s c i l l a t i o n  

p l a t e   a r r a n g e d   in  t he   p l a t i n g   b a t h   and  n e a r   t he   i n s e r t   i s  

o s c i l l a t e d ,   and  t h e   p l a t e d   i n s e r t   i s   i n s e r t e d   in  an  a l u -  

minum  a l l o y .  

2.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   i n s e r t   i s   o s c i l l a t e d   by  o s c i l l a t i o n   o f  

t h e   p l a t i n g   b a t h .  

3.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   p r e - t r e a t m e n t   c o m p r i s e s   t h e   s t e p s   o f  

r i n s i n g   t h e   i n s e r t   w i t h   w a t e r ,   d e g r e a s i n g   i t ,   r i n s i n g   i t  

w i t h   w a t e r ,   p i c k l i n g   i t ,   r i n s i n g   i t   w i t h   w a t e r ,   and  d r y i n g  

i t .  

4.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   p l a t i n g   b a t h   c o n s i s t s   of  a l u m i n u m  

s o l d e r .  

5.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   p l a t i n g   b a t h   c o n s i s t s   of  p u r e   z i n c .  

6.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   p l a t i n g   b a t h   c o n s i s t s   of  a  c a d m i u m -  

s i l v e r   a l l o y .  

7.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   t he   p l a t i n g   b a t h   c o n s i s t s   of  a  t i n - z i n c  

a l l o y .  

8.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   a f t e r   t h e   i n s e r t   i s   p l a t e d ,   t he   i n s e r t   i s  

p r e h e a t e d   to  a  t e m p e r a t u r e   of  400°C  or  l o w e r ,   and  i s   i n -  

s e r t e d   in  an  a l u m i n u m   a l l o y .  

9.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   t he   p l a t i n g   l a y e r   f o r m e d   on  a  s u r f a c e   o f  

t h e   i n s e r t   has   a  t h i c k n e s s   of  5  to  300  u m .  

10.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   o s c i l l a t i o n   f r e q u e n c y   i s   1  t o  

1 , 0 0 0   k H z .  



11.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   a  gap  b e t w e e n   t he   o s c i l l a t i o n   p l a t e   a n d  

the   i n s e r t   i s   0 .5   mm  or  l e s s .  

12.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   t he   i n s e r t   i s   made  of  the   m a t e r i a l   s e l e c -  

t e d   from  t he   g r o u p   c o n s i s t i n g   of  an  i r o n - b a s e d   m a t e r i a l ,   a 

t i t a n i u m   a l l o y ,   a  n i c k e l   a l l o y ,   a  c o b a l t   a l l o y ,   an  a l u m i -  

num  a l l o y ,   an  FRM  h a v i n g   an  a l u m i n u m   a l l o y   as  a  m a t r i x ,  

and  an  FRM  h a v i n g   a  z i n c   a l l o y   as  a  m a t r i x .  

13.  An  i n s e r t i o n   m e t h o d   a c c o r d i n g   to  c l a i m   8,  c h a r a c -  

t e r i z e d   in  t h a t   t he   i n s e r t   i s   made  of  an  i r o n - b a s e d  

m a t e r i a l .  

14.  An  i n s e r t i o n   m e t h o d   c h a r a c t e r i z e d   in  t h a t   an  i n -  

s e r t   i s   p l a t e d   w h i l e   a  p l a t i n g   b a t h   i s   s u b j e c t e d   to  u l t r a -  

s o n i c   o s c i l l a t i o n ,   t he   p l a t e d   i n s e r t   i s   i n s e r t e d   i n t o   a n  

a l u m i n u m   a l l o y ,   and  the   i n s e r t   and  the   a l u m i n u m   a l l o y   a r e  
d i f f u s i o n - w e l d e d .  

15.  An  i n s e r t i o n   m e t h o d   c h a r a c t e r i z e d   in  t h a t   an  i n -  

s e r t   i s   d i p p e d   in  a  p l a t i n g   b a t h   a f t e r   t he   i n s e r t   i s   p r e -  

t r e a t e d ,   t he   i n s e r t   i s   p l a t e d   w h i l e   an  o s c i l l a t i o n   p l a t e  

a r r a n g e d   in  the   p l a t i n g   b a t h   and  n e a r   t he   i n s e r t   i s   o s c i l -  

l a t e d ,   and  the   p l a t e d   i n s e r t   i s   i n s e r t e d   in  an  i n s e r t e e  

e s s e n t i a l l y   c o n s i s t i n g   of  an  a l u m i n u m   a l l o y .  

16.  An  i n s e r t i o n   a p p a r a t u s   c h a r a c t e r i z e d   by  c o m p r i s -  

ing   a  p r e - t r e a t m e n t   d e v i c e   f o r   p r e - t r e a t i n g   an  i n s e r t  

m a t e r i a l ,   a  p l a t i n g   d e v i c e   f o r   p l a t i n g   t he   i n s e r t   w h i l e  

o s c i l l a t i n g   a  p l a t i n g   b a t h   w i t h   an  o s c i l l a t i o n   p l a t e ,   a n d  

a  c a s t i n g   d e v i c e   f o r   h o l d i n g   the   p l a t e d   i n s e r t   in  a  m o l d  

and  i n j e c t i n g   an  a l u m i n u m   a l l o y   i n t o   t he   mold  to  o b t a i n   a  

c a s t i n g   in  wh ich   the   i n s e r t   i s   i n s e r t e d .  

17.  An  i n s e r t i o n   a p p a r a t u s   a c c o r d i n g   to  c l a i m   1 2 ,  

c h a r a c t e r i z e d   in  t h a t   a  gap  b e t w e e n   the   o s c i l l a t i o n   p l a t e  

and  the   i n s e r t   i s   0 .5   mm  or  l e s s .  

18.  An  i n s e r t i o n   a r t i c l e   c h a r a c t e r i z e d   by  c o m p r i s i n g  

an  i n s e r t ,   a  p l a t i n g   l a y e r   f o r m e d   on  a  s u r f a c e   of  t h e  

i n s e r t   w h i l e   o s c i l l a t i n g   a  p l a t i n g   b a t h ,   and  an  i n s e r t e e  

c o n s i s t i n g   of  an  a l u m i n u m   a l l o y   wh ich   i s   d i f f u s i o n - w e l d e d  



to  t h e   i n s e r t   t h r o u g h   t h e   p l a t i n g   l a y e r .  
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