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  A  method  of  making  a  hollow  working  tool  for 
the  treatment  of  a  predetermined  shaped  portion  of  a 
workpiece,  and  particularly  a  hollow  inductor  for  use 
in  inductive  heat  treatment  of  a  workpiece.  The 
method  comprises  casting  a  solid  blank  (B)  which 
has  an  external  profile  which  corresponds  with  the 
required  external  profile  of  the  inductor  (1)  e.g.  the 
tooth  space  (11)  between  two  adjacent  gear  teeth - 
(10),  the  blank  being  made  of  an  electrically  conduc- 
tive  material  having  a  relatively  low  melting  point  and 
and  being  (a)  cast  in  a  shape  having  an  external 
profile  which  is  undersized  in  a  predetermined  man- 
ner  relative  to  the  required  external  profile  of  the 
inductor  or  (b)  subsequently  reduced  in  size  so  as  to 
provide  this  undersized  external  profile.  A  thick  me- 
tallic  coating  is  applied  to  the  undersized  external 
profile  of  the  blank  so  as  to  provide  a  composite 
structure  having  an  external  profile  which  corre- 
sponds  with  the  required  external  profile  of  the  in- 
ductor  (or  which  is  worked  subsequently  to  provide 
this  profile). 

the  coating  is  made  of  a  material  having  a  sig- 
nificantly  higher  melting  point  than  that  of  the  cast 
material  forming  the  blank,  and  is  of  sufficient  thick- 
ness  to  provide  a  rigiod  structure  upon  subsequent 
removal,  by  heating,  of  the  material  forming  the  cast 
blank. 



This  invention  relates  to  a  method  of  making  a 
hollow  working  tool  for  the  treatment  of  a  predeter- 
mined  shaped  portion  of  a  workpiece,  the  tool 
having  a  predetermined  external  profile  which  cor- 
responds  generally  with  the  shaped  portion  of  the 
workpiece  which  is  to  be  treated  by  the  working 
tool. 

the  present  invention  has  been  developed  pri- 
marily,  though  not  exclusively,  in  relation  to  the 
manufacture  of  a  hollow  inductor  for  use  in  an 
induction  hardening  machine. 

Current  methods  of  making  an  inductor  for  use 
in  an  induction  hardening  machine  involve  fabrica- 
tion  of  the  component  parts  of  the  inductor  by 
skilled  craftsmen,  and  this  imposes  significant  lab- 
our  costs,  and  also  means  that  very  painstaking 
work  is  involved.  Accordingly,  there  exists  a  need 
to  provide  a  simpler  method  of  making  inductors 
involving  lower  tabour  costs,  and  yet  providing 
easily  reproducible  manufacture  to  suit  particular 
workpieces  which  are  to  be  subjected  to  inductive 
hardening. 

Inductors  are  used  for  hardening  workpieces 
made  of  metals  and  metal  alloys.  In  this  specifica- 
tion,  the  term  "inductor"  is  used  to  define  an  actual 
element,  through  which  electrical  current  passes, 
and  a  magnetic  intensifier  incorporated  in  the  in- 
ductor,  to  cause  eddy  currents  to  be  induced  in  the 
adjacent  metal  of  the  workpiece. 

The  method  of  this  invention  is  particularly 
suitable  for  making  inductors  to  be  used  for  the 
hardening  of  gear  teeth,  though  it  should  be  under- 
stood  that  the  method  has  many  other  applications 
for  making  hollow  working  tools  for  the  treatment  of 
a  predetermined  shaped  portion  of  a  workpiece,  in 
which  the  tool  is  formed  with  a  predetermined 
external  profile  which  corresponds  generally  with 
the  shaped  portion  of  the  workpiece  which  is  to  be 
treated  by  the  working  tool.  In  addition,  the  method 
has  applciation  in  the  manufacture  of  hollow  con- 
ductors  of  intricate  construction  and  closely 
toleranced  dimensions,  when  required. 

In  our  co-pending  patent  applciation  No. 
8417700  (published  specification  GB  2  143  854A), 
there  is  disclosed  a  method  and  apparatus  for 
induction  hardening  of  gear  wheels.  An  induction 
hardening  machine  is  provided  which  includes  an 
inductor  which  is  caused  to  traverse  along  the  gap 
defined  between  an  adjacent  pair  of  gear  teeth  of  a 
gear  in  order  to  carry  out  induction  hardening.  The 
process  is  carried  out  according  to  a  carefully 
controlled  set  of  operating  parameters,  in  order  to 
achieve  the  formation  of  a  surface-hardened  layer 
along  the  working  surfaces  of  the  gear  teeth,  which 

provides  enhanced  operating  performance  of  the 
gear  wheel  so  as  to  be  able  to  operate  satisfac- 
torily  for  prolonged  periods  of  time  under  arduous 
loading  conditions.  One  of  the  crucial  parameters  in 
a  successful  operation  of  the  process  concerns  the 
size  and  positioning  of  the  inductor  within  the  gear 
tooth  space. 

Referring  now  to  Figures  1  to  3  of  the  accom- 
panying  drawings,  there  is  shown  schematically  an 
inductor  for  use  in  an  induction  hardening  machine, 
of  the  general  type  which  is  disclosed  in  more 
detail  in  GB  specification  No. 2  143  854A  to  which 
attention  is  drawn.  Figure  1  is  a  perspective  view  of 
the  inductor  and  a  connector  block  assembly  for 
mounting  in  an  induction  heating  head.  Figure  2  is 
a  perspective  view  of  the  inductor  during  fabrica- 
tion,  but  before  a  magnetic  intensifier  has  been 
fitted  therein.  Figure  3  is  a  sectional  elevation 
showing  the  arrangement  of  the  inductor  as  it  tra- 
verses  along  the  gear  tooth  space,  and  also  shows 
the  clearances  at  the  root  and  along  the  flanks  of 
the  adjacent  gear  teeth  which  define  the  gear  tooth 
space. 

Referring  now  to  Figure  1,  this  shows  an  induc- 
tor  which  comprises  a  copper  fabrication  1  enclos- 
ing  a  magnetic  intensifier  2.  The  inductor  is  sup- 
ported  via  copper  pipes  4  from  connector  blocks  5, 
which  may  be  secured  to  the  induction  heating 
head  (not  shown)  of  the  apparatus.  The  size  of  the 
inductor  will  be  determined  by  the  tooth  gap  space 
defined  between  a  pair  of  adjacent  teeth  of  a  gear 
wheel  which  is  to  receive  induction  hardening,  and 
necessarily  the  inductor  1  will  be  of  a  relatively 
small  size.  However,  the  inductor  is  shown  in  an 
enlarged  perspective  view  in  Figure  2,  which  illus- 
trates  the  complexity  of  the  copper  fabrication  1, 
which  obviously  gives  rise  to  considerable  manu- 
facturing  difficulties  of  assembly  for  the  actual  size 
(smaller)  of  the  inductor  than  that  shown  in  Figure 
2.  The  inductor  basically  comprises  two  hollow 
triangular  end  sections  6  whciha  re  connected  at 
their  apices  by  a  conduit  7.  Annealed  copper  plate 
is  used  for  the  manufacture,  as  copper  is  the 
preferred  material  of  construction  in  order  to  con- 
duct  the  high  level  of  alternating  current  required 
for  induction  heating.  The  entire  fabrication  is  hol- 
low  so  that  the  cooling  water  can  pass  down  one 
pipe  8,  via  one  end  section  6,  apical  conduit  7, 
second  end  section  6  and  out  via  the  second 
copper  pipe  8.  As  the  hardening  operation  is  con- 
ducted  under  mineral  oil  for  particular  reasons, 
including  heat  transfer  and  rate  of  cooling,  the 
leakage  of  cooling  water  from  the  inductor  cannot 
be  tolerated.  As  disclosed  in  more  detail  in  GB 



Specification  No. 2  143  854A  for  satisfactory  induc- 
tion  hardening  it  is  essential  to  carefully  control  a 
number  of  different  operating  parameters,  including 
particularly  control  over  the  clearances  between  the 
external  profile  of  the  inductor  and  the  adjacent 
surfaces  of  the  gear  tooth  flanks  and  root.  Referring 
now  to  Figure  3,  this  shows  a  clearance  which  is 
approximately  constant  around  the  root,  i.  e.  A'  to 
A'.  Thereafter,  from  A  to  B,  the  clearance  between 
the  inductor  side  and  the  gear  flank  progressively 
increases.  Moreover,  the  centre  line  of  the  inductor 
is  located  as  near  to  the  centre  line  of  the  gear 
tooth  space  as  possible. 

After  fabrication  of  the  inductor  (copper  fabrica- 
tion  1  and  magnetic  intensifier  2),  the  sides  and 
apex  are  carefully  profiled  to  achieve  the  required 
clearances,  as  shown  in  Figure  3. 

A  person  skilled  in  the  art  will  readily  appre- 
ciate  the  level  of  skill  required  to  make  an  inductor, 
as  shown  in  Figures  1  to  3,  by  fabrication,  and  also 
the  time  consumed  in  the  manufacture.  As  a  new 
inductor  is  required  for  each  new  gear  tooth  profile 
and  size  of  gear  tooth  space,  the  time  (and  hence 
cost)  of  manufacture  is  a  significant  on-cost  to  the 
commercial  exploitation  of  the  induction  hardening 
process  which  is  disclosed  in  our  GB  specification 
No. 2  143  854A.  In  order  to  enhance  the  technical 
and  commercial  advantages  of  the  process  and 
apparatus  disclosed  in  our  GB  specification  No. 2 
143  854A,  it  would  be  advantageous  to  provide  a 
cheaper  method  having  at  least  the  same  accuracy 
of  manufacture  of  the  inductor,  as  the  previously 
employed  manual  fabrication  techniques.  Further- 
more,  the  existing  techniques  necessarily  have  a 
lower  limit  to  the  size  of  inductor  which  can  be 
made  to  the  required  accuracy,  and  hence  gears 
below  a  certain  physical  size  cannot  currently  be 
induction  hardened  with  currently  available  induc- 
tors,  using  the  process  and  apparatus  disclosed  in 
our  GB  specification  No. 2  143  854A. 

As  indicated  above,  the  present  invention  has 
been  developed  primarily  with  a  view  to  providing 
an  improved  method  of  manufacture  of  an  inductor 
for  use  in  an  induction  hardening  method  and  ap- 
paratus,  though  the  invention  is  not  limited  to  man- 
ufacture  of  such  hollow  working  tools,  and  has 
application  to  the  manufacture  of  other  hollow 
working  tools  in  which  it  is  necessary  to  provide  a 
carefully  controlled  predetermined  external  profile. 

According  to  one  aspect  of  the  invention  there 
is  provided  a  method  of  making  a  hollow  working 
tool  for  the  treatment  of  a  predetermined  shaped 
portion  of  a  workpiece,  the  tool  having  a  predeter- 
mined  external  profile  which  corresponds  generally 
with  the  shaped  portion  of  the  workpiece  which  is 
to  be  treated  by  the  working  tool,  and  the  method 

comprising: 

casting  a  solid  blank  which  has  an  external  profile 
which  corresponds  generally  with  the  required  ex- 
tern_al  profile  of  the  tool,  the  blank  being  (a)  cast  in 
a  shape  having  an  external  profile  which  is  under- 
sized  in  a  predetermined  manner  relative  to  the 
required  external  profile  of  the  tool  or  (b)  subse- 
quently  reduced  in  size  so  as  to  provide  this  under- 
sized  external  profile; 

applying  a  thick  metallic  coating  to  the  undersized 
external  profile  of  the  blank  so  as  to  provide  a 
composite  structure  having  an  external  profile 
which  corresponds,  or  which  is  subsequently 
worked  so  as  to  correspond  with  the  required  ex- 
ternal  profile  of  the  tool,  the  coating  being  of  suffi- 
cient  thickness  to  provide  a  rigid  structure  upon 
subsequent  removal  of  the  material  forming  the 
cast  blank ;  and 

removing  the  cast  material  from  the  composite 
structure,  thereby  forming  the  hollow  working  tool 
with  the  required  external  profile. 

Preferably,  the  coating  is  made  of  a  material 
having  a  significantly  higher  melting  point  than  that 
of  the  cast  solid  blank,  and  the  cast  material  is 
removed  from  the  composite  structure  by  the  ap- 
plication  of  sufficient  heat  to  melt  the  cast  material, 
which  may  then  be  poured  out  of  the  composite 
structure.  However,  it  is  not  essential  for  the  coat- 
ing  to  have  much  higher  melting  point  than  the 
case  material  and  other  means  than  the  application 
of  heat  material  and  other  means  than  the  applica- 
tion  of  heat  may  be  employed  in  order  to  remove 
the  cast  material  e.g.  chemical  means,  which  selec- 
tively  dissolve  the  cast  material  and  leaves  the 
thick  coating  substantially  intact. 

It  is  preferred  that  the  thick  metallic  coating  is 
applied  by  electrodeposition,  in  which  case  conve- 
niently  the  cast  material  which  forms  the  blank  is 
metallic.  However,  electrodeposition  is  not  the  only 
means  which  may  be  adopted  to  form  the  thick 
metallic  coating.  Furthermore,  when  the  coating  is 
formed  by  electrodeposition,  the  cast  material  does 
not  have  to  be  metallic,  as  other  materials,  such  as 
specialised  electrically  conductive  plastics  materi- 
als,  may  be  used  as  the  core  on  which  the  elec- 
trodeposition  of  the  metallic  coating  takes  place.  In 
addition,  the  cast  material  may  even  be  non-con- 
ductive,  provided  that  a  conductive  film  is  applied 
onto  its  external  surface  in  order  to  promote  elec- 
trodeposition  of  the  coating  thereon. 



The  method  according  to  the  invention  is  par- 
ticularly,  though  not  exclusively,  suitable  for  making 
a  hollow  workign  tool  in  the  form  of  a  hollow 
inductor  for  use  in  an  induction  hardening  machine. 

Therefore,  according  to  a  further  aspect  of  the 
invention,  there  is  provided  a  method  of  making  a 
hollow  inductor  for  use  in  inductive  heat  treatment 
of  a  predetermined  shaped  portion  of  a  workpiece, 
by  traversing  the  inductor  along  the  surface  of  the 
shaped  portion,  the  inductor  having  an  external 
profile  which  corresponds  generally  with  the 
shaped  portion  of  the  workpiece,  and  the  method 
comprising: 

casting  a  solid  blank  which  has  an  external  profile 
which  corresponds  generally  with  the  required  ex- 
ternal  profile  of  the  inductor,  the  blank  being  made 
of  an  electrically  conductive  material  having  a  rela- 
tively  low  melting  point  and  being  (a)  cast  in  a 
shape  having  an  external  profile  which  is  under- 
sized  in  a  predetermined  manner  relative  to  the 
required  external  profile  of  the  inductor,  or  (b) 
subsequently  reduced  in  size  so  as  to  provide  this 
undersized  external  profile;  . 

electrodepositing  a  thick  metallic  coating  on  the 
undersized  external  profile  of  the  blank  so  as  to 
provide  a  composite  structure  having  an  external 
profile  which  corresponds,  or  which  is  subsequent- 
ly  worked  so  as  to  correspond  with  the  required 
external  profile  of  the  inductor,  the  coating  being 
made  of  a  material  having  a  significantly  higher 
melting  point  than  that  of  the  cast  material  forming 
the  blank  and  being  of  sufficient  thickness  to  pro- 
vide  a  rigid  structure  upon  subsequent  removal  of 
the  material  forming  the  blank;  and 

heating  the  cast  material  to  liquid  form  and  remov- 
ing  the  liquid  cast  material,  thereby  forming  the 
hollow  inductor  with  the  required  external  profile. 

The  method  according  to  the  further  aspect  of 
the  invention  is  particularly  useful  in  making  a 
hollow  inductor  for  use  in  induction  hardening  of 
gear  teeth  to  provide  surface  hardening  of  the 
working  surfaces  of  the  gear  teeth,  and  also  to  a 
significant  depth  below  the  surface,  in  which  the 
inductor  is  caused  to  traverse  along  the  gap  de- 
fined  between  each  pair  of  adjacent  teeth  during 
the  induction  hardening  process.  An  inductor  made 
by  the  method  according  to  the  further  aspect  of 
the  invention  can  have  its  external  profile  made  to 
accurate  requirements  concerning  clearances  be- 
tween  the  external  profile  of  the  inductor  and  the 
flank  and  root  surfaces  of  the  gear  teeth,  which  is 

one  of  a  number  of  important  parameters  to  be 
carefully  controlled,  to  achieve  satisfactory  surface 
hardening,  as  taught  by  the  disclosure  in  GB  speci- 
fication  No. 2  143  854A. 

When  the  method  is  used  to  make  an  inductor 
for  surface  hardening  gear  teeth,  conveniently, 
though  not  essentially,  the  blank  is  cast  in  situ  in 
the  gap  defined  between  a  typical  pair  of  adjacent 
gear  teeth  of  the  gear  which  is  to  be  induction 
hardened.  Preferably,  the  material  from  which  the 
blank  is  cast  is  an  alloy  having  a  melting  point  in 
the  range  70  to  80°C,  so  that  the  cast  material  can 
readily  be  removed  from  the  composite  structure - 
(formed  by  application  of  the  metallic  coating 
thereon)  by  the  use  of  very  hot  water. 

One  preferred  method  of  making  a  hollow  in- 
ductor  for  use  in  induction  hardening  machines 
comprises  the  following  steps: 

1.  Forming  a  blank  of  the  profile  of  the 
component  in/around  which  the  inductor  is 
required  to  fit,  the  blank  being  cast  from  a 
substance  with  a  relatively  low  melting  point, 
and  the  substance  being  electrically  conduc- 
tive  when  in  the  solid  form; 

2.  The  solidified  blank  is  removed  from  the 
component; 

3.  Surface  material  is  removed  from  the  cast 
blank  selectively  in  order  to  provide  a  re- 
quired  level  of  undersize  on  all/some  se- 
lected  surfaces  or  areas  of  the  blank  to  pro- 
vide  an  undersized  blank; 

4.  The  undersized  blank  is  electroplated  with 
a  coating  of  metal  or  metals  and/or  alloy  or 
alloys,  to  provide  a  thick,  mechanically 
strong  coating; 

5.  At  least  part  of  the  surface  of  the  thick 
mechanically  strong  coating  is  removed  se- 
lectively  to  provide  a  smooth,  uniform  sur- 
face  to  required  dimensions;  and 

6.  The  cast  material  forming  the  blank  is 
removed  from  the  composite  structure  of 
blank  and  coating,  by  the  gentle  application 
of  heat,  whereby  the  cast  material  melts  and 
is  poured,  or  otherwise  removed,  from  inside 
the  coating,  leaving  a  mechanically  strong 
shell  of  the  required  dimensions,  to  be  as- 
sembled  into  an  inductor  for  use  in  induction 
hardening  of  the  surface  of  the  component. 



Additionally,  the  working  surface  of  the  compo- 
nent  which  is  to  be  treated  by  the  inductor  may  be 
covered  with  a  lining,  prior  to  casting  of  the  blank 
therein,  to  reduce  the  amount  of  cast  material 
which  has  to  be  removed  to  form  the  undersized 
blank. 

Preferably,  the  lining  is  of  variable  thickness 
and/or  held  out  of  contact  with  the  working  surfaces 
of  the  component,  to  further  reduce  the  amount  of 
cast  material  which  has  to  be  removed  from  the 
blank  in  the  formation  of  the  undersized  blank. 

The  material  from  which  the  blank  is  cast  is  an 
alloy  having  a  melting  point  in  the  range  of  70  to 
80°C  in  the  preferred  method  referred  to  above, 
and  conveniently  an  alloy  based  on  the  metal  bis- 
muth  may  be  used.  Alloys  with  a  melting  point  in 
the  range  of  70  to  80°C  will  be  molten  in  very  hot 
water,  thereby  facilitating  the  subsequent  removal 
of  the  cast  material  from  the  composite  structure. 

In  the  formation  of  an  inductor  by  a  method 
according  to  the  invention,  it  is  preferred  that  the 
blank  is  electroplated  with  a  metallic  coating  of 
copper  or  copper/nickel  alloy.  The  electroplating 
may  be  done  in  alternating  layers  of  copper  and 
copper/nickel  to  improve  the  electrical  and/or  me- 
chanical  properties. 

Further,  it  will  be  evident  that  the  blank  which 
is  actually  electroplated  may  be  composed  of  more 
than  one  blank  which  has  been  cast  and/or  other- 
wise  produced  separately,  and  subsequently  joined 
together  in  an  electrically  conductive  manner.  Fur- 
thermore,  sections  of  the  blank  may  be  removed, 
to  produce  the  required  shape  of  blank  which  is  to 
be  electroplated. 

The  invention  will  nwo  be  described  in  more 
detail,  by  way  of  example  only,  with  reference  to 
the  accompanying  drawings  in  which: 

Figure  1  is  a  perspective  illustration  of  an 
inductor  and  connector  block  assembly  for 
mounting  in  an  induction  heating  head,  the 
inductor  being  a  typical  example  of  a  hollow 
working  tool  which  can  be  made  by  a  meth- 
od  according  to  the  invention; 

Figure  2  is  a  perspective  view  of  the  assem- 
bly  of  the  inductor,  and  prior  to  the  fitting  of 
a  magnetic  intensifier  therein; 

Figure  3  is  a  sectional  elevation  showing  the 
required  clearances  between  the  external 
profile  of  the  inductor  and  the  adjacent  work- 
ing  surfaces  of  a  pair  of  gear  teeth  which  are 
to  undergo  induction  hardening; 

Figure  4  is  a  sectional  elevation  of  a  first 
stage  of  a  method  according  to  the  invention 
for  making  the  inductor  shown  in  Figures  1 
to  3; 

Figure  5  is  a  sectional  elevation,  similar  to 
Figure  4,  illustrating  an  alternative  first  meth- 
od  stage; 

Figure  6  is  a  sectional  elevation,  similar  to 
Figure  5,  illustrating  a  further  alternative  way 
of  carrying  out  the  first  stage;  and 

Figure  7  illustrates  an  alloy  blank  formed  by 
any  of  the  first  method  stages  shown  in 
Figures  4  to  6,  prior  to  electroplating  of  a 
metallic  coating  thereon. 

In  Figures  1  to  3,  there  is  shown  an  inductor 
which  is  suitable  for  use  in  the  induction  hardening 
method  and  apparatus  which  is  disclosed  in  more 
detail  in  our  published  GB  specification  No. 2  143 
854A.  Figures  1  to  3  have  already  been  described 
in  more  detail  in  the  introduction  to  this  specifica- 
tion. 

A  method  according  to  the  invention,  for  mak- 
ing  the  inductor  shown  in  Figures  1  to  3,  will  now 
be  described  in  more  detail  with  reference  to  Fig- 
ures  4  to  7  of  the  accompanying  drawings.  To  form 
the  inductor  1,  there  is  first  formed,  by  casting,  a 
solid  blank  which  has  an  external  profile  which 
corresponds  generally  with  the  required  external 
profile  of  the  inductor,  the  blank  being  (a)  cast  in  a 
shape  having  an  external  provile  which  is  under- 
sized  in  a  predetermined  manner  relative  to  the 
required  external  profile  of  the  inductor  or  (b)  sub- 
sequently  reduced  in  size  so  as  to  provide  this 
undersized  external  profile.  Following  the  formation 
of  the  cast  solid  blank  with  the  undersized  external 
profile,  a  thick  metallic  coating  is  applied  so  as  to 
provide  a  composite  structure  having  an  external 
profile  which  corresponds,  or  which  is  subsequent- 
ly  worked  so  as  to  correspond  with  the  required 
external  profile  of  the  inductor.  The  coating  is 
made  of  a  material  having  a  significantly  higher 
melting  point  that  that  of  the  cast  solid  blank,  and 
is  of  sufficient  thickness  to  provide  a  rigid  structure, 
upon  subsequent  removal  of  the  material  forming 
the  cast  blank.  Thereafter,  the  cast  material  is 
heated  to  liquid  form  and  then  is  removed  from  the 
composite  structure,  thereby  forming  the  hollow 
inductor  with  the  required  external  profile. 

Referring  to  Figure  4,  there  is  shown  the  for- 
mation  of  a  cast  solid  alloy  blank  B  in  the  tooth 
space  defined  between  a  pair  of  adjacent  gear 
teeth  10  of  a  gear  which  is  to  be  induction  har- 
dened.  The  blank  B  is  cast  in  a  low  melting  point 



alloy,  and  a  range  of  low  melting  point  alloys  is 
well  known,  the  exact  melting  point  being  deter- 
mined  by  varying  the  proportions  of  the  alloying 
constituents.  For  the  present  application,  an  alloy 
having  a  melting  point  of  70  to  80°  is  ideal,  and 
alloys  having  melting  points  in  this  range  are  fre- 
quently  based  on  the  metal  bismuth.  An  alloy  with 
a  melting  point  in  this  range  will  be  molten  in  very 
hot  water. 

The  blank  B  with  a  profile  of  the  gear  tooth 
space  can  be  obtained  by  placing  blanking  plates 
at  each  end  of  the  tooth  space,  and  filling  the 
casting  mould  formed  thereby  with  a  molten  alloy 
of  the  type  referred  to  above.  Figure  4  is  a  sec- 
tional  elevation  of  the  results  achieved  by  this 
casting  process.  It  is  not  necessary  to  use  a  space 
on  the  actual  gear  to  form  the  casting  mould. 
Frequently,  "test  arcs"  of  teeth  are  machined  in 
order  to  ascertain  the  exact  parameters  for  har- 
dening,  prior  to  hardening  the  actual  gear  wheel. 
One  of  the  spaces  on  a  test  arc  could  readily  be 
used  instead,  to  form  the  required  casting  mould. 
Alternatively,  a  piece  of  another  material,  e.  g.  a 
non-metallic  substance,  such  as  Tufnol  (Registered 
Trade  Mark)  could  be  specially  prepared  on  the 
gear  cutting  machine  to  give  the  required  profile, 
for  use  as  the  casting  mould.  It  may  be  appro- 
priately  undersized,  if  required. 

Once  the  alloy  has  solidified,  the  blank  B  is 
removed  from  the  gear  tooth  space.  It  is  probable 
that  differential  contraction  on  cooling  will  break  the 
bond  between  alloy  and  gear  teeth,  but  if  this  is  not 
the  case,  a  gentle  tap  on  the  end  of  the  blank 
should  serve  equally  well.  Surface  treatment  of  the 
gear  teeth,  e.  g.  polish,  grease,  etc.  may  also  be 
used  to  facilitate  the  removal  of  the  blank. 

Having  obtained  the  blank  B  the  section - 
(Figure  4)  must  be  reduced  in  size,  initially  by  the 
removal  of  the  thick  layer  equivalent  to  the  required 
clearance  (as  shown  in  Figure  3),  but  then  further 
by  a  suitable  amount  to  allow  for  subsequent  elec- 
troplating.  A  variety  of  methods  may  be  used  for 
reducing  the  blank  in  size,  some  of  which  are  as 
follows:- 

i)  Mechanical  methods,  e.  g.  machining,  fil- 
ing,  grinding,  buffing,  etc. 

ii)  Chemical  methods,  e.  g.  dissolution  in 
acids,  etc. 

iii)  Electrical  methods,  e.  g.  spark  erosion, 
etc. 

iv)  Electrochemical  methods,  e.  g.  dissolu- 
tion  in  an  electrolyte. 

v)  Thermal  methods,  e.g.  'painting'  the  sur- 
face  with  a  brush  dipped  in  boiling  water. 

To  achieve  the  required  final  dimensions  one, 
or  more,  of  the  above  methods  may  be  used. 

In  order  to  reduce  the  volume  of  alloy  to  be 
removed,  either  or  both  of  the  following  approaches 
may  be  adopted,  i.e. 

i)  cast  the  alloy  before  final  machining  (prior 
to  induction  hardening)  of  the  gear  space  is 
complete,  or 

ii)  line  the  space  so  that  the  alloy  does  not 
actually  contact  the  metal  of  the  gear  teeth 

The  casting  may  be  performed  at  an  intermedi- 
ate  stage  in  the  machining  process.  By  choosing 
the  optimum  stage  in  the  machining  process  for 
casting,  the  volume  of  alloy  which  must  subse- 
quently  be  removed  may  be  reduced  to  a  mini- 
mum. 

Thus,  the  tooth  space  11  of  an  essentially 
finished  machined  gear  may  be  lined  with  a  lining 
membrane  12,  as  shown  in  Figure  5.  The  lining  12 
may  be  metallic,  e.g.  an  annealed  copper  sheet 
bent,  and  gently  worked  to  the  profile  of  the  gear 
teeth  10.  To  allow  for  the  changing  clearances 
between  inductor  1  and  gear  teeth  10  (Figure  2), 
lining  12  may  be  moved  away  from  the  addendum 
of  gear  teeth  10,  e.g.  by  wedges  13  as  shown  in 
Figure  6.  Non-metallic  linings  12  could  also  be 
used.  The  thickness  of  lining  12  would  be  such  as 
to  minimise  subsequent  alloy-removal  from  the 
blank. 

When  the  alloy  has  solidified  and  been  re- 
moved  from  the  gear  space,  it  will  be  reduced  in 
size,  if  necessary,  to  the  final  dimensions  by  one, 
or  more  of  the  methods  previously  outlined.  the 
advantages  of  casting  the  alloy  along  the  full  width 
of  a  gear  tooth  are  that  several  blanks  makes  it 
easier  to  hold  during  machining  operations.  One 
method  of  alloy  removal  after  casting  could  be:- 

i)  machine  full  length  of  blank  to  required 
dimensions. 

ii)  mark  positions  of  magnetic  intensifier  cut 
outs  and  remove  unwanted  metal. 

iii)  mark  positions  of  pipes,  and  drill  holes. 

iv)  cut  the  blank  into  individual  lengths. 



Separately  from  this  work,  undersized  rods  will 
be  cast  from  the  same  alloy.  The  rods  will  be  cast 
in  an  'H'  section  (20,  Figure  7),  using  conventional 
techniques,  i.e.  running  liquid  alloy  into  a  hot 
mould,  allowing  to  cool  and  separating  the  two 
halves  of  the  mould  to  remove  the  casting. 

When  the  individual  alloy  blanks  have  been 
prepared  according  to  the  sequence  above,  the  H- 
shaped  rod  assembly  20  may  be  fitted  by  pushing 
the  ends  of  the  rods  into  the  holes  previously 
drilled  in  the  blanks.  The  rods  are  then  secured 
into  the  holes  by  careful  use  of  a  cool  brazing 
torch.  Alternatively,  an  artist's  paint  brush,  dipped 
in  boiling  water  and  then  applied  to  the  joint  may 
well  create  sufficient  local  heating  to  fuse  the  two 
components.  Figure  7  shows  the  completed  alloy 
blank.  The  cut  out  22  is  for  subsequent  insertion  of 
the  magnetic  intensifier  2  (Figure  1). 

The  completed  alloy  block  (Figure  7)  is  now 
placed  in  a  bath  of  electrolyte  and  plated  with 
copper.  A  chemical  etching  is  sometimes  used 
before  electroplating  to  clean  the  alloy  surfce  and 
so  encourage  deposition  of  a  uniformly  thick  layer. 
As  the  blank  is  a  metallic  alloy  it  will  be  electrically 
conducting.  The  cross  bar  on  the  H-shaped  rod 
assembly  20  serves  two  functions.  They  are  firstly 
to  provide  rigidity  to  the  two  vertical  rods  and 
secondly  to  improve  the  flow  of  electrical  current 
over  the  blank  so  that  a  more  uniform  deposition 
takes  place.  Because  the  alloy  block  is  an  irregular 
shape,  various  known  techniques  may  be  adopted 
to  obtain  a  coating  of  as  uniform  a  thickness  as 
possible.  Such  techniques  could  include  the  use  of 
multiple  anodes,  agitation  of  the  electrolyte,  spe- 
cial, additives  in  the  electrolyte,  specially  chosen 
current  densities,  etc. 

After  a  suitable  period  of  electroplating,  an 
adequate  thickness  of  copper  and/or  other  metal(s) 
or  alloys(s)  will  have  been  deposited.  Then  the 
block  is  removed  from  the  electrolyte,  washed  and 
checked  dimensionally.  The  copper  surface  of  the 
inductor  is  now  smoothed  to  remove  'high  points' 
and  give  the  final  dimensions.  This  operation  would 
probably  be  done  carefully  by  a  craftsman  using  a 
file  or  scraper;  however,  as  the  copper  surface  is 
well  supported,  careful  handling  on,  for  example  a 
grinding  wheel,  may  be  possible.  Once  the  sides  of 
the  cut-out  have  been  smoothed,  the  magnetic 
intensifier  (2)  may  be  fitted  and  smoothed  to  the 
final  dimensions  at  the  same  time  as  the  rest  of  the 
inductor. 

When  final  dimensions  are  achieved,  the  H- 
shaped  rods  20  are  cut-off  along  the  plane  AA.  The 
component  is  now  placed  in  boiling  water  and 
allowed  to  thoroughly  heat  through.  When  the  alloy 
has  melted,  it  may  be  run  out  via  one  of  the  copper 

pipes  which  have  formed  around  the  H-shaped 
rods  20.  It  is  possible  that  gentle  air  or  water 
pressure  may  have  to  be  applied  to  one  copper 
pipe,  in  order  to  cause  the  molten  alloy  to  run  out 
of  the  other.  Once  the  inductor  is  free  of  alloy,  it 
will  be  pressure  tested  to  check  for  leaks  and 
dimensionally  checked.  It  will  then  be  incorporated 
into  the  complete  inductor  assembly,  as  shown  in 
Figure  1. 

The  advantage  of  the  method  disclosed  herein 
is  that  inductors  may  be  more  easily,  cheaply  and 
accurately  manufactured  than  by  the  existing  fab- 
rication  techniques.  For  example,  inductors  for 
helically  cut  teeth  could  be  made  as  easily  as 
those  for  cross-cut  teeth,  whereas  the  fabrication 
method  would  be  much  more  complex  for  helically 
cut  teeth.  Also  smaller  inductors  could  be  made 
with  the  fabrication  method,  so  extending  down- 
wards  the  size  range  of  gears  which  can  be  har- 
dened  by  the  method  and  apparatus  disclosed  in 
our  GB  specification  No.  2 143  854A. 

While  it  is  preferred  that  the  cast  blank  B  is 
made  of  electrically  conductive  material,  to  enable 
the  subsequent  application  of  the  metallic  coating 
thereon  by  electrodeposition,  this  is  not  essential  to 
the  invention.  Other  electrically  conductive  casting 
materials  may  be  used,  such  as  speciallised  elec- 
trically  conductive  plastics  material.  Alternatively, 
non-conductive  cast  materials  may  be  used,  such 
as  waxes  and  polymers,  provided  that  an  elec- 
trically  conductive  film  is  applied  thereon,  to  form  a 
cathode  surface  on  which  the  electrodeposited  me- 
tallic  coating  may  be  applied. 

A  method  of  making  a  hollow  working  tool  (1)  for 
the  treatment  of  a  predetermined  portion  (10,11)  of 
a  workpiece,  the  tool  having  a  predetermined  exter- 
nal  profile  which  corresponds  generally  with  the 
shaped  portion  of  the  workpiece  which  is  to  be 
treated  by  the  working  tool,  and  the  method  com- 
prising: 

casting  a  solid  blank  (B)  which  has  an  external 
profile  which  corresponds  generally  with  the  re- 
quired  external  profile  of  the  tool,  the  blank  being - 
(a)  cast  in  a  shape  having  an  external  profile  which 
is  undersized  in  a  predetermined  manner  relative  to 
the  required  external  profile  of  the  tool  or  (b)  sub- 
sequently  reduced  insize  so  as  to  provide  this 
undersized  external  profile; 

applying  a  thick  metallic  coating  to  the  undersized 
external  profile  of  the  blank  so  as  to  provide  a 



composite  sructure  having  an  external  profile  which 
correpsonds,  or  which  is  subsequently  worked  so 
as  to  correspond  with  the  required  external  profile 
of  the  tool,  the  coating  being  of  sufficient  thickness 
to  provide  a  rigid  structure  upon  subsequent  re- 
moval  of  the  material  forming  the  cast  blank ;  and 

removing  the  cast  material  from  the  composite 
structure,  thereby  forming  the  hollow  working  tool 
with  the  required  external  profile. 

2.  A  method  according  to  claim  1,  in  whichthe 
coating  is  made  of  a  material  having  a  significantly 
higher  melting  point  than  that  of  the  cast  solid 
blank,  and  the  cast  material  is  removed  from  the 
composite  structure  by  the  applciation  of  sufficient 
heat  to  melt  the  cast  material  which  is  then  poured 
out  of  the  composite  structure. 

3.  A  method  according  to  claim  1,  in  which  the  cast 
material  is  removed  from  the  composite  structure 
by  chemical  means. 

4.  A  method  according  to  any one  of  the  preceed- 
ing  claims  in  which  the  thick  metallic  coating  is 
applied  by  electrodeposition. 

5.  A  method  according  to  any one  of  the  preceed- 
ing  claims,  in  which  the  cast  material  which  forms 
the  blank  is  metallic. 

6.  A  method  according  to  any one  of  the  preceed- 
ing  claims,  in  which  the  blank  is  made  of  elec- 
trically  conductive  plastic  material. 

7.  A  method  according  to  any one  of  the  preceed- 
ing  claims,  in  which  the  blank  is  made  of  non- 
conductive  material,  and  a  conductive  film  is  ap- 
plied  to  the  external  surface  of  the  non-conductive 
material  so  as  to  promote  electrodeposition  of  the 
coating  thereon. 

8.  A  method  according  to  any one  of  the  preceed- 
ing  claims,  in  which  the  hollow  working  tool  com- 
prises  a  hollow  inductor  for  use  in  an  induction 
hardening  machine. 

9.  A  method  of  making  a  hollow  inductor  (1)  for  use 
in  inductive  heat  treatment  of  a  predetermined 
shaped  portion  (10,11)  of  a  workpiece,  by  travers- 
ing  the  inductor  along  the  surface  of  the  shaped 
portion,  the  inductor  having  an  external  profile 
which  corresponds  generally  with  the  shaped  por- 
tion  of  the  workpiece,  and  the  method  comprising: 

casting  a  solid  blank  (B)  which  has  an  external 

profile  which  corresponds  generally  with  the  re- 
quired  external  profile  of  the  inductor,  the  blank 
being  made  of  an  electrically  conductive  material 
having  a  relatively  low  melting  point  and  being  (1) 
cast  in  a  shape  having  an  external  profile  which  is 
undersized  in  a  predetermined  manner  relative  to 
the  required  external  profile  of  the  inductor,  or  (b) 
subsequently  reduced  in  size  so  as  to  provide  this 
undersized  external  profile; 

electrodepositing  a  thick  metallic  coating  on  the 
undersized  external  profile  of  the  blank  so  as  to 
provide  a  composite  structure  having  an  external 
profile  which  corresponds,  or  which  is  subsequent- 
ly  worked  so  as  to  correspond  with  the  required 
external  profile  of  the  inductor,  the  coating  being 
made  of  a  material  having  a  significantly  higher 
melting  point  than  that  of  the  cast  material  forming 
the  blank  and  being  of  sufficient  thickness  to  pro- 
vide  a  rigid  structure  upon  subsequent  removal  of 
the  material  forming  the  blank;  and 

heating  the  cast  material  to  liquid  form  and  remov- 
ing  the  liquid  cast  material,  thereby  forming  the 
hollow  inductor  with  the  required  external  profile. 

10.  A  method  according  to  claim  9,  for  making  a 
hollow  inductor  intended  for  surface  hardening  of 
gear  teeth,  in  which  the  blank  is  cast  in  situ  in  the 
gap  (11)  defined  between  a  typical  pair  of  adjacent 
gear  teeth  (10)  of  the  gear  which  is  to  be  induction 
hardened,  or  a  model  of  a  typical  pair  of  adjacent 
gear  teeth. 

11.  A  method  according  to  claims  9  or  10,  in  which 
the  working  surface  of  the  component  which  is  to 
be  treated  by  the  inductor  is  covered  with  a  lining - 
(12),  prior  to  the  casting  of  the  blank,  to  reduce  the 
amount  of  cast  material  which  has  to  be  removed 
subsequently  to  form  the  undersized  blank. 

12.  A  method  according  to  claim  11,  in  which  the 
lining  is  of  variable  thickness  and/or  held  out  of 
contact  with  the  working  surface  of  the  component, 
to  further  reduce  the  amount  of  cast  material  which 
has  to  be  removed  subsequently  to  form  the  blank. 

13.  A  method  according  to  claims  9  to  12,  in  which 
the  blank  is  cast  in  an  alloy  having  a  melting  point 
in  the  range  70°  to  80°C. 

14.  A  method  according  to  claim  13,  in  which  the 
alloy  is  based  on  bismuth. 

15.  A  method  according  to  any one  of  claims  9  to 
14,  in  which  the  blank  is  electroplated  with  a  metal- 



lic  coating  of  copper  or  copper/nickel  alloy. 

16.  A  method  according  to  claims  9  to  15,  in  which 
a  cut-out  (22)  is  formed  in  the  composite  structure, 
and  a  magnetic  intensifier  (2)  is  fited  in  said  cut-out 
after  removal  of  the  cast  material. 
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