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Description 

The  present  invention  relates,  in  general,  to 
methods  for  treating  the  surface  of  a  slide  movable 
member.  In  particular,  the  invention  relates  to  a 
method  for  treating  the  surface  of  a  rotational  shaft 
used  in  a  fluid  compressing  apparatus. 

In  recent  years,  a  wide  range  of  air  condition- 
ing  capacity  in  an  air  conditioning  system  has  been 
desired  to  meet  the  demand  for  air  conditioning  as 
a  result  of  changes  in  house  structures.  To  achieve 
such  a  desire,  an  inverter  unit  is  used  in  the  air 
conditioning  system  to  expand  the  rotational  speed 
of  the  compressor.  The  rotational  speed  of  the 
compressor  is  widely  changed,  as  compared  with 
the  air  conditioning  apparatus  which  is  operated 
with  a  conventional  commercial  frequency,  i.e.,  60 
Hz,  and  furthermore  the  compressor  is  operated  at 
an  increased  air  conditioning  load  because  of  the 
increase  in  the  space  to  be  air-conditioned  at  one 
time.  Thus,  high  wear-resisting  and  adhesion-resist- 
ing  abilities  of  the  rotational  shaft  of  the  compres- 
sor  are  required  to  endure  the  above-described 
operational  conditions.  The  rotational  shaft  trans- 
mits  a  driving  force  from  a  driving  section,  i.e.,  a 
motor,  to  a  compressing  section  and  is  under  a 
high  temperature  caused  by  a  slide-contact  with 
bearings. 

At  a  high  speed  rotation  of  the  compressor,  a 
pressure-velocity  value  thereof,  a  so-called  PV  val- 
ue,  increases  and  a  risk  of  adhering  the  rotational 
shaft  against  the  bearings  also  increases. 

On  the  other  hand,  if  the  rotational  speed  of  the 
compressor  is  decreased,  the  amount  of  lubricating 
oil  supplied  to  slide  contacting  portions  between 
the  main  shaft  portion  of  the  rotational  shaft  and 
the  main  bearing  and  between  the  auxiliary  shaft 
portion  of  the  rotational  shaft  and  the  auxiliary 
bearing  is  reduced  and  a  bearing  load  character  as 
a  dynamic  pressure  bearing  also  is  decreased. 
Thus,  a  metal  contact  between  the  rotational  shaft 
and  the  bearings  is  increased  and  the  wear  of  the 
rotational  shaft  or  the  bearings  may  progress. 

A  phosphate  treatment,  a  molybdenum  disul- 
fide  treatment,  and  a  boron  nitridation  treatment  are 
well  known  as  a  method  for  enhancing  the  slide- 
moving  ability  of  the  bearing.  Such  treatments  form 
a  specific  layer  on  the  surface  of  the  rotational 
shaft.  The  above-described  treatments  improve  the 
adhesion-resisting  property  of  the  rotational  shaft  at 
the  operation  of  an  increased  load  condition  and 
also  improve  the  initial  fitting  between  the  rotational 
shaft  and  the  bearings. 

However,  the  above-described  treatments  form 
a  relatively  soft  specific  layer  on  the  surface  of  the 
rotational  shaft  or  the  bearings.  Thus,  in  the  com- 
pressor  driven  by  the  inverter  unit,  if  the  operation 
of  the  compressor  is  maintained  for  a  relatively 

long  period  at  a  low  operational  speed  by  which  an 
amount  of  lubricating  oil  supplied  to  both  the  rota- 
tional  shaft  and  the  bearings  tends  to  be  insuffi- 
cient,  the  wear  of  the  rotational  shaft  or  bearings 

5  may  be  caused  by  the  load  fluctuation  of  the 
rotational  shaft  or  the  decrease  in  the  thickness  of 
the  lubricating  oil  film  formed  between  the  rota- 
tional  shaft  and  the  bearings. 

To  avoid  the  above-described  problem  of  the 
io  rotational  shaft  or  the  bearings,  the  use  of  a  ma- 

terial  having  a  high  hardness,  or  the  enhancement 
of  the  surface  hardness  of  the  rotational  shaft  by  a 
surface  treatment  are  effective.  However,  the  high 
hardness  of  the  material  has  a  drawback  in  its 

75  mechanical  processing. 
On  the  other  hand,  a  high  frequency  quench- 

ing,  a  cementation,  a  nitridation  treatment,  a 
boronidation  treatment  (treatment  with  boron),  a 
siliconizing,  etc.,  are  known  to  enhance  the  hard- 

20  ness  of  a  metal  surface.  However,  the  above-de- 
scribed  treatments  are  carried  out  at  a  fairly  high 
temperature.  For  example,  the  temperature  of  the 
cementation  is  about  780  °  C,  and  the  temperature 
of  the  nitridation  treatment  is  between  five  and  six 

25  hundred  degrees  centigrade  (°C). 
When  the  basic  material  is  treated  under  such 

a  high  temperature,  the  deformation  of  the  basic 
material  may  occur.  Thus,  the  above-described 
surface  treatments  are  carried  out  in  a  limited  field. 

30  It  is  difficult  to  apply  such  a  surface  treatment  to 
parts  used  in  a  compressor,  in  particular,  to  a 
rotational  shaft  which  has  a  complicated  figure,  and 
requires  a  high  accuracy  of  parts  less  than  several 
linn  (micron). 

35  Another  surface  treatment  may  be  an  ion 
nitridation  treatment.  Since  the  ion  nitridation  treat- 
ment  is  carried  out  at  a  relatively  low  temperature, 
as  compared  with  other  nitridation  treatments, 
changes  in  the  dimensional  accuracy  is  small  be- 

40  fore  and  after  the  ion  nitridation  treatment  is  per- 
formed.  Thus,  the  ion  nitridation  treatment  is  suit- 
able  for  slide-movable  parts  on  which  a  precision 
finishing  is  performed.  However,  such  an  ion 
nitridation  treatment  is  unsuitable  for  parts,  e.g.,  a 

45  rotational  shaft,  having  a  slit  or  a  complicated  struc- 
ture. 

In  such  an  ion  nitridation  treatment,  a  glow 
discharge  is  carried  out  in  a  furnace  in  which  a 
nitrogen  gas  or  a  gas  mixing  a  nitrogen  gas  with  a 

50  hydrogen  gas  is  filled  at  an  atmospheric  pressure 
of  1  ~  10  (torr)  (130-1300Pa).  During  the  glow 
discharge  in  the  furnace,  if  the  surface  of  a  work 
piece  (at  a  cathode  side)  on  which  the  surface 
treatment  is  performed  is  substantially  flat,  the  glow 

55  discharge  occurs  uniformly  in  the  furnace.  How- 
ever,  if  a  slit  (depressed  portion)  or  the  opening  of 
a  hole  is  formed  in  the  surface  of  the  work  piece,  a 
voltage  potential  is  concentrated  at  the  edge  or  the 
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corner  of  the  slit  or  the  opening,  and  an  abnormal 
discharge,  i.e.,  a  so-called  hollow  cathode  dis- 
charge  phenomenon,  tends  to  occur.  In  the  hollow 
cathode  discharge  phenomenon,  if  opposite  sur- 
faces  exist  in  parallel  to  one  another  in  the  work 
piece,  an  intensive  glow  discharge  occurs  between 
the  opposite  surfaces.  As  a  result,  the  nitridation  on 
the  opposite  surfaces  is  promoted,  as  compared 
with  other  portions  of  the  work  piece.  However,  the 
temperature  of  the  opposite  surfaces  of  the  work 
piece  increases  excessively  and  thus  a  heat-de- 
formation  on  the  opposite  surfaces  also  increases. 
Finally,  the  opposite  surfaces  of  the  work  piece  are 
excessively  deformed  or  melted  under  the  influ- 
ence  of  the  heat.  Thus,  a  dimensional  accuracy  in 
the  work  piece  is  greatly  decreased. 

Occurrence  of  the  hollow  cathode  discharge 
depends  on  a  degree  of  vacuum  pressure  in  the 
furnace  and  the  diameter  of  a  hole,  the  width  of  a 
slit  or  the  size  of  a  gap.  In  general,  the  hollow 
cathode  discharge  tends  to  occur  if  a  degree  of 
vacuum  pressure  in  the  furnace  is  decreased  and 
also  if  the  diameter  of  the  hole  is  constant  over  the 
entire  length  of  the  hole. 

Patent  Abstracts  of  Japan,  vol.  8,  No.  93  (C- 
220)[1530]  discloses  a  surface  hardening  and 
nitriding  method  of  steel  material.  The  parts  of  the 
hardened  material  are  subjected  to  stress  relieving 
annealing.  The  parts  are  then  subjected  to  a  soft 
nitriding  treatment  (soft  nitriding  at  580-61  0°C)  and 
an  oxide  film  treatment. 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  enhance  the  wear-resisting  ability  and 
the  adhesion-resisting  ability  of  a  rotational  shaft 
used  in  a  fluid  compressing  apparatus. 

It  is  another  object  of  the  invention  to  provide  a 
method  for  treating  the  surface  of  a  rotational  shaft 
used  in  a  fluid  compressing  apparatus  without 
causing  a  heat  deformation. 

It  is  still  another  object  of  the  invention  to 
perform  an  ion  nitridation  surface  treatment  to  the 
surface  of  a  rotational  shaft  without  causing  a  hol- 
low  cathode  discharge  phenomenon. 

According  to  the  present  invention,  there  is 
provided  a  method  for  treating  the  surface  of  a 
rotational  shaft  used  in  a  fluid  compressing  appara- 
tus,  the  shaft  having 

at  least  one  lateral  hole  formed  in  a  portion  of 
said  rotational  shaft,  wherein  said  at  least  one  hole 
has  a  diameter  which  is  between  3  and  20  mm, 

and/or  having 
at  least  one  depressed  portion  formed  in  a 

circumferential  surface  of  said  rotational  shaft, 
wherein  the  width  of  said  at  least  one  depressed 
portion  is  between  3  and  20  mm, 

and/or  having 
an  oil  passage  having  a  large  diameter  path 

formed  in  said  rotational  shaft, 

the  method  including  the  steps  of: 
providing  the  rotational  shaft  made  of  an  iron- 

containing  metal  having  a  transformation  tempera- 
ture; 

5  annealing  the  rotational  shaft  at  a  temperature 
selected  between  a  first  temperature  equal  to  a 
prescribed  temperature  determined  by  adding 
about  50  degrees  centigrade  to  a  temperature  of  a 
subsequent  ion  nitridation  treatment  and  a  second 

io  temperature  equal  to  the  transformation  tempera- 
ture  of  the  iron-containing  metal; 

forming  an  iron  nitride  layer  in  the  surface  of 
the  rotational  shaft  by  performing  the  ion  nitridation 
treatment  at  a  temperature  between  450  degrees 

is  centigrade  and  550  degrees  centigrade;  and 
forming  a  phosphate  layer  on  the  iron  nitride 

layer  of  the  surface  of  the  rotational  shaft,  wherein 
the  at  least  one  hole  and/or  the  at  least  one  de- 
pressed  portion  and/or  the  large  diameter  path  is 

20  masked  when  the  ion  nitridation  treatment  is  per- 
formed  to  form  the  iron  nitride  layer  on  the  surface 
of  the  rotational  shaft. 

The  method  may  further  comprise  the  sub 
steps  of  exhausting  air  in  a  furnace  in  which  the 

25  rotational  shaft  is  disposed,  flowing  a  prescribed 
gas  selected  from  an  ammonia  gas,  a  nitrogen  gas 
and  a  mixture  of  a  hydrogen  gas  and  a  nitrogen 
gas  into  the  furnace,  intermittently  applying  a  pre- 
scribed  DC  voltage  between  the  rotational  shaft 

30  and  the  wall  surface  of  the  furnace  so  that  the 
rotational  shaft  acts  as  a  cathode  and  the  wall 
surface  of  the  furnace  acts  as  an  anode  to  form  an 
ion  sheath  on  the  surface  of  the  rotational  shaft, 
increasing  the  temperature  of  the  rotational  shaft, 

35  executing  the  ion  nitridation  treatment  to  the  sur- 
face  of  the  rotational  shaft,  and  decreasing  the 
temperature  of  the  rotational  shaft  to  the  tempera- 
ture  at  which  an  oxidation  of  the  rotational  shaft 
does  not  progress,  as  an  inert  gas  is  entered  into 

40  the  furnace. 

BRIEF  DESCRIPTION  OF  THE  ACCOMPANYING 
DRAWINGS 

45  These  and  other  objects  and  advantages  of  this 
invention  will  become  apparent  and  more  readily 
appreciated  from  the  following  detailed  description 
of  the  presently  preferred  embodiment  of  the  in- 
vention,  read  in  conjunction  with  the  accompanying 

50  drawings,  wherein: 
FIGURE  1  is  a  cross  sectional  side  view  of  a 
rotary  type  fluid  compressor  with  an  accumula- 
tor; 
FIGURE  2  is  an  enlarged  cross  sectional  seg- 

55  mentary  view  of  a  rotational  shaft  shown  in  FIG- 
URE  1; 
FIGURE  3  is  a  flow-chart  showing  a  surface 
treatment  of  one  embodiment  of  the  present 
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invention; 
FIGURE  4  is  a  flow-chart  showing  a  detailed 
process  of  an  ion  nitridation  treatment  shown  in 
FIGURE  3; 
FIGURES  5(a),  5(b),  5(c),  and  5(d)  are  explana- 
tory  views  illustrating  the  surface  treatment 
shown  in  FIGURE  3; 
FIGURE  6  is  a  cross  sectional  segmentary  view 
showing  the  surface  state  of  a  rotational  shaft; 
FIGURE  7(a)  is  a  graph  showing  an  amount  of 
the  wearing  depth  of  each  slid-contact  portion  of 
the  rotational  shaft  and  the  bearing  shown  in 
FIGURE  1  after  1000  hours  operation; 
FIGURE  7(b)  is  a  graph  showing  the  surface 
roughness  of  each  slide-contact  portion  of  the 
rotational  shaft  and  the  bearing  after  1000  hours 
operation; 
FIGURE  8  is  a  graph  showing  a  relationship 
between  a  hollow  cathode  discharge  occurring 
voltage  and  the  diameter  of  a  hole  or  the  width 
of  a  slit  when  the  pressure  in  the  furnace  is 
varied; 
FIGURE  9  is  an  explanatory  view  showing  mask- 
ing  elements  and  portions  of  rotational  shaft  to 
be  masked  in  a  second  embodiment  of  the 
invention; 
FIGURE  10  (a)  is  a  segmentary  perspective 
view  showing  one  example  of  the  second  em- 
bodiment; 
FIGURE  10  (b)  is  a  segmentary  perspective 
view  showing  another  example  of  the  second 
embodiment; 
FIGURE  11  is  a  partly  cross  sectional  segmen- 
tary  view  showing  rotational  shaft  with  a  masking 
rod  in  a  third  embodiment;  and 
FIGURE  12  is  an  enlarged  view  showing  a  rela- 
tionship  between  the  opening  edge  of  rotational 
shaft  and  a  curved  depressed  portion  formed  in 
the  masking  rod  in  the  furnace. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Preferred  embodiments  of  the  present  inven- 
tion  will  now  be  described  in  more  detail  with 
reference  to  the  accompanying  drawings. 

Referring  to  FIGURE  1,  a  fluid  compressing 
apparatus  21  includes  a  driving  unit  23  located  at 
an  upper  portion  in  a  casing  25  and  a  compressing 
unit  27  arranged  at  a  lower  portion  in  casing  25. 

Driving  unit  23  includes  a  motor  29  composed 
of  a  stator  29a  and  a  rotor  29b.  Compressing  unit 
27  includes  a  pair  of  cylinders  31a  and  31b.  A 
rotational  shaft  33  fixed  to  rotor  29b  extends 
through  the  pair  of  cylinders  31a  and  31b  and  is 
rotatably  supported  by  both  a  main  bearing  35 
disposed  at  the  upper  side  of  the  pair  of  cylinders 
31a  and  31b  and  an  auxiliary  bearing  37  disposed 

at  the  lower  side  of  the  pair  of  cylinders  31a  and 
31  b.  A  main  shaft  portion  33a  of  rotational  shaft  33 
is  supported  by  main  bearing  35  and  an  auxiliary 
shaft  portion  33b  thereof  is  supported  by  auxiliary 

5  bearing  37.  A  portion  of  rotational  shaft  33  exposed 
in  one  of  the  cylinders  31a  is  provided  with  a  first 
crank  39a  and  a  portion  of  rotational  shaft  33 
exposed  in  the  other  cylinder  31b  is  provided  with 
a  second  crank  39b.  A  first  roller  41a  is  fixed  on 

io  the  outer  surface  of  first  crank  39a  and  a  second 
roller  41b  also  is  fixed  on  the  outer  surface  of 
second  crank  39b.  A  partition  plate  43  is  interposed 
between  the  pair  of  cylinders  31a  and  31b.  Thus,  a 
first  compressing  chamber  45a  is  defined  by  main 

is  bearing  35,  partition  plate  43  and  one  of  the  cyl- 
inders  31a.  A  second  compressing  chamber  45b 
also  is  defined  by  auxiliary  bearing  37,  partition 
plate  43  and  the  other  cylinder  31b.  A  pair  of  intake 
openings  47a  and  47b  is  respectively  formed  in  the 

20  corresponding  outer  surface  of  the  pair  of  cylinders 
31a  and  31b.  One  end  of  a  pair  of  pipes  49a  and 
49b  is  inserted  into  the  corresponding  intake  open- 
ings  47a  and  47b  and  the  other  end  thereof  is 
inserted  into  an  accumulator  51  ,  which  separates  a 

25  liquid  refrigerant  and  a  gaseous  refrigerant. 
A  first  valve  cover  53a  is  formed  at  main  bear- 

ings  35  and  a  second  valve  cover  53b  also  is 
formed  at  auxiliary  bearing  37  to  temporarily  re- 
ceive  therein  a  pressurized  refrigerant  output  from 

30  each  compressing  chamber  45a,  45b. 
As  shown  in  FIGURE  2,  an  oil  passage  55  is 

formed  in  rotational  shaft  33  along  its  longitudinal 
direction.  The  lower  end  portion  37a  of  auxiliary 
bearing  37  and  the  opening  33a  of  the  extended 

35  end  of  rotational  shaft  33  is  closed  with  a  plate  57. 
Outer  surface  of  plate  57  is  supported  by  second 
valve  cover  53b  to  receive  a  force  of  rotational 
shaft  33  in  a  thrust  direction.  An  oil  intake  opening 
59  is  formed  at  the  center  of  plate  57  to  supply  a 

40  lubricating  oil  stored  in  casing  25  to  each  slide- 
contact  portion  of  rotational  shaft  33  through  oil 
passage  55  formed  in  rotational  shaft  33. 

Oil  passage  55  is  formed  in  rotational  shaft  33 
so  that  it  has  a  large  diameter  path  55a  extending 

45  from  opening  33a  to  a  mid-portion  above  the  loca- 
tion  of  first  crank  39a  and  a  relatively  small  diam- 
eter  path  55b  from  the  mid-portion  to  the  upper 
end  thereof.  The  upper  end  portion  of  large  diam- 
eter  path  55a  corresponds  to  a  location  at  which 

50  rotational  shaft  33  is  rotatably  supported  by  main 
bearing  35  to  supply  a  sufficient  amount  of  lubricat- 
ing  oil  to  each  slide-contact  portion  of  rotational 
shaft  33.  A  conventional  oil  pump  mechanism  61  is 
provided  in  large  diameter  path  55a  of  oil  passage 

55  55  to  ensure  a  sufficient  supply  of  lubricating  oil  to 
the  upper  end  of  rotational  shaft  33. 

A  first  lateral  hole  63a  is  formed  in  a  portion  of 
rotational  shaft  33  corresponding  to  main  bearing 

5 
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35  to  supply  lubricating  oil  from  large  diameter 
path  55a  to  main  bearing  35  therethrough.  A  sec- 
ond  lateral  hole  63b  is  formed  through  first  crank 
39a  to  supply  lubricating  oil  from  large  diameter 
path  55a  to  the  surface  of  first  crank  39a  thereth- 
rough.  A  third  lateral  hole  63c  also  is  formed 
through  second  crank  39b  to  supply  lubricating  oil 
from  large  diameter  path  55a  to  the  surface  of 
second  crank  39b  therethrough.  The  above-de- 
scribed  rotational  shaft  33  is  made  of  an  iron  sys- 
tem  metal  material.  The  iron  system  metal  material 
may  be  foundries,  e.g.,  a  flaky  graphite  cast  iron,  a 
spheroidal  graphite  cast  iron,  etc.,  a  steel,  e.g.,  a 
nitrified  steel,  a  carbon  steel,  etc.,  or  an  iron  sys- 
tem  sintered  material. 

A  surface  treatment  to  the  above-described 
rotational  shaft  33  will  now  be  described. 

As  shown  in  FIGURE  3,  an  annealing  process 
for  eliminating  a  distortion  (hereinafter  referred  to 
as  an  annealing  process)  is  performed  on  rotational 
shaft  33  at  a  prescribed  temperature  in  step  ST1a. 
An  internal  stress  is  caused  by  a  difference  in  the 
cooling  speed  of  each  different  portion  of  rotational 
shaft  33  when  rotational  shaft  33  is  cast  .  Thus, 
with  the  annealing  process,  such  an  internal  stress 
is  eliminated.  A  processing  distortion  in  rotational 
shaft  33  by  a  rough  machining  process  also  is 
eliminated.  The  prescribed  temperature  is  located 
between  a  temperature  obtained  by  adding  50  de- 
grees  centigrade  (°C)  to  an  ion  nitridation  treat- 
ment  temperature,  e.g.,  450  ~  550  degrees  centi- 
grade  (°C),  and  a  transformation  temperature  of 
the  above-described  iron  system  metal  material. 
The  annealing  may  be  carried  out  in  an  atmo- 
sphere  of  an  inert  gas  or  in  the  air. 

After  the  annealing  process  is  completed,  rota- 
tional  shaft  33  is  taken  out  from  the  furnace.  Thus, 
an  oxidation  progresses  in  the  surface  of  rotational 
shaft  33.  This  oxidation  occurs  in  the  surface  of 
rotational  shaft  33  which  is  annealed  not  only  in  the 
air  but  also  in  an  inert  gas.  An  oxide  produced  in 
the  surface  of  rotational  shaft  33  causes  the  loading 
or  the  glazing  of  a  grinding  wheel  during  the  grind- 
ing  process,  and  thus  the  grinding  ability  of  the 
grinding  wheel  is  decreased.  In  addition,  the  oxida- 
tion  layer  formed  in  the  surface  of  rotational  shaft 
33  causes  unevenness  of  the  surface  of  rotational 
shaft  33,  and  a  concentration  of  discharge  may 
occur  during  the  sputtering  process  resulting  in  a 
prolonging  of  the  period  of  the  sputtering  process. 
Thus,  the  wire-buffing  is  carried  out  on  the  surface 
of  rotational  shaft  33  to  remove  the  oxidation  layer 
from  the  surface  of  rotational  shaft  33  in  step  ST1  b. 

The  ion  nitridation  treatment  is  carried  out  on 
rotational  shaft  33  in  step  ST1c.  Detail  processes  of 
the  ion  nitridation  treatment  are  shown  in  FIGURE 
4.  The  ion  nitridation  treatment  includes  a  vacuum 
exhaustion  process  (step  ST2a),  a  sputtering  pro- 

cess  (step  ST2b),  a  temperature  increase  process 
(step  ST2c),  a  nitridation  process  (step  ST2d)  and 
a  temperature  decrease  process  (step  ST2e).  In 
the  vacuum  exhaustion  process  (step  ST2a), 

5  rotational  shaft  33  is  disposed  in  the  vacuum 
reaction  furnace,  and  the  exhausting  operation  is 
carried  out  at  an  order  of  less  than  0.1  (Torr) 
(13Pa).  At  this  time,  no  air  leakage  from  the  vacu- 
um  reaction  furnace  should  be  confirmed. 

io  In  the  sputtering  process  (step  ST2b),  an  am- 
monia  gas,  a  nitrogen  gas  or  a  mixture  of  the 
ammonia  gas  and  the  nitrogen  gas  is  entered  into 
the  vacuum  reaction  furnace.  DC  voltage  is  inter- 
mittently  applied  between  rotational  shaft  33  and 

is  the  wall  surface  of  the  vacuum  reaction  furnace  at 
an  interval  of  several  usee  ~  several  hundreds 
msec.  In  this  case,  rotational  shaft  33  acts  as  a 
cathode  and  the  wall  surface  of  the  vacuum  reac- 
tion  furnace  is  grounded.  However,  the  above-de- 

20  scribed  DC  voltage  is  applied  between  rotational 
shaft  33  and  the  wall  surface  of  the  vacuum  reac- 
tion  furnace  so  that  the  wall  surface  of  vacuum 
reaction  furnace  acts  as  an  anode.  During  the  sput- 
tering  process,  ammonium  ions  or  nitrogen  ions 

25  impinge  on  the  surface  of  rotational  shaft  33  to 
clean  the  surface  of  rotational  shaft  33.  Oil  on  the 
surface  of  rotational  shaft  33  is  driven  out  and  is 
exhaused  to  the  outside  of  the  reaction  region,  e.g., 
the  vacuum  reaction  furnace.  Thus,  the  discharge 

30  is  stably  generated  between  rotational  shaft  33  and 
the  wall  surface  of  the  vacuum  reaction  furnace 
and  the  thin  ionic  sheath  is  finally  formed  on  the 
entire  surface  of  rotational  shaft  33. 

In  the  temperature  increase  process  (step 
35  ST2c),  the  applied  DC  voltage  and  the  pressure  in 

the  vacuum  reaction  furnace  are  gradually  in- 
creased  to  increase  the  impinging  energy  and  the 
increase  of  impinging  ions  results  in  an  increase  in 
the  temperature  of  rotational  shaft  33. 

40  In  the  nitridation  process  (step  ST2d),  the 
nitridation  temperature  is  set  at  450  ~  550  degrees 
centigrade  (°C).  The  iron  elements  which  are 
driven  out  from  the  surface  of  rotational  shaft  33  by 
nitrogen  ions  are  joined  to  other  nitrogen  ions  to 

45  adhere  on  the  surface  of  rotational  shaft  33,  as  an 
iron  nitride.  Thus,  a  chemical  compound  layer  is 
formed  on  the  surface  of  rotational  shaft  33  by  the 
progress  of  the  above-described  adhesion.  At  this 
moment,  iron  elements  joined  to  the  nitrogen  ions 

50  are  not  sufficiently  adhered  on  the  surface  of  rota- 
tional  shaft  33  if  the  nitridation  temperature  is  low. 
In  addition,  a  diffusion  layer  produced  by  diffusing 
a  part  of  nitrogen  of  the  iron  nitride  adhered  on  the 
surface  of  rotational  shaft  33  toward  the  inside  of 

55  rotational  shaft  33  also  is  rarely  formed  in  the 
surface  of  rotational  shaft  33.  If  the  nitridation  pro- 
cess  is  carried  out  at  a  temperature  less  than  450 
degrees  centigrade  (°C),  the  wear-resisting  ability 

6 
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of  rotational  shaft  33  is  unsatisfied.  If  the  nitridation 
temperature  is  excessively  low,  the  form  of  the 
chemical  compound  layer  and  the  diffusion  layer 
on  the  surface  of  rotational  shaft  33  is  insufficient, 
as  described  above,  and  the  composition  of  the 
chemical  compound  layer,  e.g.,  a  y  '-phase  and  e- 
phase  ratio,  is  changed. 

On  the  other  hand,  if  the  nitridation  tempera- 
ture  is  greater  than  550  degrees  centigrade  (°C), 
the  nitridation  to  rotational  shaft  33  progresses  suf- 
ficiently.  However,  it  is  difficult  to  maintain  an  accu- 
racy  in  the  deformation  of  less  than  several  urn 
which  is  generally  required  of  the  rotational  shaft  of 
the  fluid  compressing  apparatus. 

In  the  temperature  decrease  process  (step 
ST2e),  the  temperature  of  rotational  shaft  33  is 
decreased  to  a  temperature  at  which  no  oxidation 
on  the  surface  of  rotational  shaft  33  progresses, 
and  the  oxidation  of  the  surface  of  rotational  shaft 
33  is  avoided  by  flowing  an  inert  gas,  e.g.,  nitrogen 
gas,  into  the  vacuum  reaction  furance. 

As  shown  in  FIGURE  3,  the  removing  process 
is  carried  out  after  the  above-described  ion  nitrida- 
tion  process  has  been  completed  to  remove  the 
unreacted  remains  in  the  surface  of  rotational  shaft 
33  (ST1d).  The  unreacted  remains  include  a  defec- 
tive  nitrified  portion  of  rotational  shaft  33  and  the 
outer-most  surface  layer  of  rotational  shaft  33 
which  has  not  been  densified  during  the  ion  nitrida- 
tion  process.  During  the  above-described  tempera- 
ture  decrease  process  of  the  ion  nitridation  treat- 
ment,  since  rotational  shaft  33  is  disposed  in  the 
atmosphere  in  which  nitrogen  gas  remains  under  a 
temperature  of  400  ~  500  degrees  centigrade  (  °  C) 
for  a  constant  period,  the  defective  nitrified  portion 
is  formed  in  the  surface  of  rotational  shaft  33. 
However,  if  the  vacuum  reaction  furnace  is  evacu- 
ated  immediately  after  the  nitridation  process  is 
carried  out  to  avoid  the  above-described  defective 
nitrified  portion,  the  densification  in  the  surface  of 
rotational  shaft  33  is  not  completed  and  the  surface 
of  rotational  shaft  33  is  rough,  as  compared  with 
the  surface  of  rotational  shaft  33  before  the  nitrida- 
tion  process  is  carried  out.  Thus,  such  unreacted 
remains  in  the  surface  of  rotational  shaft  33  are 
removed.  In  step  ST1d,  a  ball  burnishing,  a  so- 
called  barrel  polishing,  is  performed  on  the  surface 
of  rotational  shaft  33,  for  example.  After  the  remov- 
ing  process  (step  ST1d)  is  carried  out,  a  phosphate 
film  forming  process  is  executed  in  step  ST1e.  The 
phosphate  film  forming  process  may  be  a  conven- 
tional  manganese  phosphate  treatment. 

The  above-described  surface  treatment  will 
now  be  described  in  more  detail  with  reference  to 
FIGURE  5. 

Base  metal  101  shown  in  FIGURE  5(a)  may  be 
an  iron  system  metal  material,  e.g.,  foundries,  a 
steel  or  an  iron  system  sintered  material.  When  the 

above-described  ion  nitridation  treatment  is  per- 
formed  on  the  surface  of  base  metal  101,  a  chemi- 
cal  compound  layer  103  is  formed  on  the  surface 
of  base  metal  101  and  an  unreacted  remains  105 

5  also  is  produced  in  the  outer-most  surface  of 
chemical  compound  layer  103,  as  shown  in  FIG- 
URE  5(b).  A  diffusion  layer,  i.e.,  a  nitrogen  diffusion 
region,  107  is  also  produced  in  base  metal  101. 
The  above-described  chemical  compound  103  is 

io  composed  of  a  7  '-phase  (Fe+N)  and  an  e-phase 
(Fe2~3  N).  If  a  mixture  of  a  nitrogen  gas  and  a 
hydrogen  gas  is  used  and  the  compositional  ratio 
thereof  is  50%  :  50%  when  the  ion  nitridation 
treatment  is  carried  out,  a  large  number  of  areas  of 

15  chemical  compound  layer  103  become  a  7  '-phase. 
If  a  ratio  of  the  nitrogen  gas  is  increased,  chemical 
compound  layer  103  is  a  mixture  state  of  a  7  '- 
phase  and  an  e-phase. 

When  chemical  compound  layer  103  is  mainly 
20  formed  by  the  ion  nitridation  treatment,  the  thick- 

ness  of  chemical  compound  layer  103  is  set  at 
about  one  ~  several  urn,  and  the  thickness  of 
diffusion  layer  107  is  set  at  about  ten  urn.  After 
chemical  compound  103  is  formed,  unreacted  re- 

25  mains  105  of  the  outer-most  surface  of  chemical 
compound  layer  103  are  removed,  as  shown  in 
FIGURE  5(c).  If  unreacted  remains  105  are  not 
removed,  unreacted  remains  105  cause  the  adhe- 
sion  between  rotational  shaft  33  and  bearings  35 

30  and  37.  If  the  phosphate  film  is  formed  on  chemical 
compound  layer  103  without  removing  unreacted 
remains  105,  the  phosphate  film  tends  to  be  peeled 
from  chemical  compound  layer  103.  Base  metal 
101  is  dipped  into  a  phosphate  treating  liquid,  e.g., 

35  a  manganese  phosphate  treating  liquid,  after  un- 
reacted  remains  105  are  removed,  and  is  dried  to 
form  phosphate  film  109  on  the  surface  of  chemical 
compound  layer  103,  as  shown  in  FIGURE  5(d). 

If  a  spheroidal  graphite  cast  iron  is  used  as  a 
40  base  metal,  the  oscillational  rotation  of  rotational 

shaft  33  caused  by  a  high  frequency  driving  of  the 
fluid  compressing  apparatus  is  decreased  because 
of  a  high  stiffness  thereof.  Since  the  wear-resisting 
ability  of  base  metal  101  is  enhanced  by  the 

45  above-described  surface  treatment,  the  stiffness 
and  the  manufacturing  cost  of  a  material  of  the 
base  metal  is  preferentially  considered  rather  than 
the  wear-resisting  ability  of  the  material  when  the 
material  of  the  base  metal  is  determined.  Thus,  a 

50  STKM  (Carbon  Steel  Tube  for  Machine  Structural 
Purposes)  provided  in  the  Japanese  Industrial 
Standard  G  3445  may  be  used  as  a  base  metal.  A 
SCM  (Chromium  Molybdenum  Steel)  provided  in 
the  Japanese  Industrial  Standard  G  4105  may  also 

55  be  used  as  a  base  metal. 
As  described  above,  the  temperature  of  the  ion 

nitridation  treatment  is  low,  as  compared  with  that 
of  other  nitridation  treatments,  e.g.,  a  sulfonitrizing 
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treatment,  a  gas  soft  nitriding  treatment,  etc.  Thus, 
when  the  ion  nitridation  treatment  is  performed, 
changes  in  the  dimensional  accuracy  are  mini- 
mized  before  and  after  the  surface  treatment  is 
executed.  In  addition,  a  polishing  of  the  hardened 
outer-most  surface  of  the  base  metal  is  not  needed 
after  the  nitridation  treatment  is  performed.  Select- 
ing  a  usable  rotational  shaft  from  a  plurality  of 
nitrified  rotational  shafts  also  is  not  needed  after 
the  final  polishing  and  the  ion  nitridation  treatment 
are  performed.  The  rotational  shaft  on  which  the 
ion  nitridation  treatment  is  performed  has  a  good 
wear-resisting  property  and  also  a  high  mass-pro- 
ductivity.  Furthermore,  since  the  phosphate  film  is 
formed  on  the  surface  of  chemical  compound  layer 
103  of  rotational  shaft  33  after  unreacted  remains 
105  of  chemical  compound  layer  103  are  removed, 
the  adhesion  between  rotational  shaft  33  and  bear- 
ings  35  and  37  is  avoided.  The  abrasion  of  the 
surface  of  rotational  shaft  22  caused  by  the  slide- 
contact  between  rotational  shaft  33  and  bearings  35 
and  37  is  also  avoided.  An  initial  fitting  of  rotational 
shaft  33  to  bearings  35  and  37  also  is  enhanced. 
This  is  because  the  phosphate  film  is  relatively 
soft,  as  compared  with  chemical  compound  layer 
103. 

As  shown  in  FIGURE  6,  when  diffusion  layer 
107  is  finally  obtained  on  rotational  shaft  33,  the 
thickness  of  chemical  compound  layer  103  is  set  at 
less  than  1  urn,  and  the  thickness  of  diffusion  layer 
107  is  set  at  about  30  to  100  urn.  The  above- 
described  diffusion  layer  107  and  chemical  com- 
pound  layer  103  are  once  formed  on  the  surface  of 
base  metal  101  (rotational  shaft  33)  by  the  ion 
nitridation  treatment.  Then,  the  above-described  re- 
moving  process  is  performed  to  remove  chemical 
compound  layer  103  including  the  outer-most  layer 
of  diffusion  layer  107.  After  that,  the  phosphate  film 
109  is  formed  on  the  surface  of  diffusion  layer  107. 
Since,  diffusion  layer  107  is  relatively  soft  com- 
pared  with  chemical  compound  layer  103,  a  post 
processing  can  be  performed  to  base  metal  101 
after  diffusion  layer  107  is  formed  in  the  surface  of 
base  metal  101  . 

Experiments  were  carried  out  by  samples 
made  by  the  above-described  processes.  A  sphe- 
roidal  graphite  cast  iron  was  used  as  a  base  metal. 
The  annealing  process  was  performed  on  a  rota- 
tional  shaft  at  600  degrees  centigrade  (°C)  for  2 
hours  after  an  initial  processing  (e.g.,  a  lathe  pro- 
cessing)  was  carried  out  to  the  base  metal  to  make 
the  rotational  shaft. 

After  that,  the  ion  nitridation  treatment  was  car- 
ried  out.  The  rotational  shaft  was  disposed  in  an 
atmosphere  of  ammonia  (N2  :  H2  =  1  :  3),  and  was 
maintained  under  a  glow  discharge  of  500  ~  1000 
V  at  500  degrees  centigrade  (°C)  for  about  5 
hours.  Thus,  a  3  urn  chemical  compound  layer  and 

a  20  urn  diffusion  layer  were  formed  on  the  surface 
of  the  rotational  shaft.  The  removing  process  was 
carried  out  for  several  minutes  to  remove  the  un- 
reacted  remains  of  the  outermost  surface  of  the 

5  chemical  compound  layer.  Then,  the  manganese 
phosphate  treatment  was  further  performed  on  the 
chemical  compound  layer  of  the  rotational  shaft  to 
form  a  manganese  phosphate  film  on  the  surface 
of  the  chemical  compound  layer  at  several  urn.  In 

io  the  rotational  shaft  obtained  by  the  above-de- 
scribed  processes,  a  deformation  of  the  surface 
thereof  was  less  than  several  urn.  A  practical  ex- 
periment  was  carried  out  in  a  fluid  compressing 
apparatus  using  the  above-described  rotational 

is  shaft.  The  fluid  compressing  apparatus  was  op- 
erated  at  different  first  and  second  conditions  de- 
scribed  hereinafter.  In  the  first  condition,  the  fluid 
compressing  apparatus  was  operated  intermittently 
for  1000  hours  under  a  high  load  state.  The  driving 

20  frequency  was  30  Hz.  The  output  pressure  of  the 
fluid  compressing  apparatus  was  20  kg/cm2  and 
the  suction  pressure  thereof  was  4kg/cm2.  In  the 
second  condition,  the  fluid  compressing  apparatus 
was  operated  continuously  for  1000  hours  under  a 

25  liquid  back  state  in  which  a  liquid  refrigerant  is 
taken  into  the  fluid  compressing  apparatus.  The 
driving  frequency  was  135  Hz.  The  output  pressure 
of  the  fluid  compressing  apparatus  was  10  kg/cm2 
and  the  suction  pressure  thereof  was  6  kg/cm2. 

30  Results  of  the  experiment  are  shown  in  FIGURES 
7(a)  and  7(b). 

FIGURES  7(a)  and  7(b)  show  relative  slide- 
moving  characteristics  of  main  and  auxiliary  shaft 
portions  33a  and  33b  of  the  rotational  shaft  33  and 

35  main  and  auxiliary  bearings  35  and  37  shown  in 
FIGURE  1.  FIGURE  7(a)  shows  an  amount  of  each 
wear  depth  of  main  and  auxiliary  shaft  portions  33a 
and  33b  and  main  and  auxiliary  bearings  35  and 
37.  FIGURE  7(b)  shows  each  surface  roughness  of 

40  main  and  auxiliary  shaft  portion  33a  and  33b  and 
main  and  auxiliary  bearings  35  and  37.  In  FIG- 
URES  7(a)  and  7(b),  the  geometrical  symbol  (A) 
indicates  results  of  a  first  experiment  in  which  the 
rotational  shaft  treated  by  the  ion  nitridation  pro- 

45  cess  was  used  under  the  above-described  first 
condition.  The  geometrical  symbol  (O)  indicates 
results  of  a  second  experiment  in  which  the  rota- 
tional  shaft  treated  by  the  ion  nitridation  process 
was  used  under  the  above-described  second  con- 

50  dition.  The  geometrical  symbol  (a)  indicates  results 
of  a  third  experiment  in  which  the  conventional 
rotational  shaft  which  is  not  treated  by  the  ion 
nitridation  process  was  used  under  the  first  con- 
dition,  and  the  geometrical  symbol  (•)  also  in- 

55  dicates  results  of  a  fourth  experiment  in  which  the 
conventional  rotational  shaft  was  used  under  the 
second  condition  for  the  purpose  of  the  compari- 
son. 
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As  can  be  seen  in  FIGURES  7(a)  and  7(b),  with 
the  use  of  the  rotational  shaft  treated  by  the  ion 
nitridation  process,  the  wear  amount  of  the  rota- 
tional  shaft  is  decreased  and  the  surface  roughness 
thereof  also  is  improved,  as  compared  with  the  use 
of  the  conventional  rotational  shaft. 

The  rotational  shaft,  the  surface  of  which  has 
diffusion  layer  107  shown  in  FIGURE  6,  was  prac- 
tically  made  by  the  following  conditions. 

The  ion  nitridation  treatment  was  carried  out  on 
the  rotational  shaft  after  the  annealing  process  was 
performed  on  the  rotational  shaft,  similar  to  the 
above-described  processes  by  which  the  chemical 
compound  layer  finally  remains  on  the  surface  of 
the  rotational  shaft.  The  rotational  shaft  was  dis- 
posed  in  an  atmosphere  of  ammonia  (N2  :  H2  =  1  : 
1)  and  was  maintained  under  a  glow  discharge  of 
500  ~  1000  V  at  550  degrees  centigrade  (°C)  for 
15  hours.  Thus,  about  a  2  urn  chemical  compound 
layer  and  about  a  70  urn  diffusion  layer  are  respec- 
tively  formed  in  the  surface  of  the  rotational  shaft. 
The  removing  process  is  carried  out  to  remove  the 
chemical  compound  layer  and  a  part  of  the  diffu- 
sion  layer  from  the  rotational  shaft.  In  this  case,  the 
chemical  compound  layer  and  a  part  of  the  diffu- 
sion  layer  at  a  thickness  of  15  urn  from  the  surface 
of  the  rotational  shaft  were  removed.  As  a  result, 
the  surface  hardness  of  the  rotational  shaft  showed 
about  500  ~  600  by  the  Vickers  hardness  test. 
Thus,  the  surface  hardness  of  the  rotational  shaft 
was  enhanced,  as  compared  with  the  base  metal, 
the  surface  hardness  of  which  is  about  300  in  the 
Vickers  hardness.  The  phosphate  film  of  several 
linn  was  finally  formed  on  the  diffusion  layer  of  the 
rotational  shaft. 

In  the  above-described  rotational  shaft  on 
which  the  diffusion  layer  and  the  phosphate  film 
are  formed,  a  high  accuracy  in  the  processing 
similar  to  that  of  the  conventional  iron  cast  rota- 
tional  shaft  can  be  achieved.  Furthermore,  a  greatly 
improved  initial  fitting  and  an  enhanced  wear-resist- 
ing  property  of  the  rotational  shaft  were  observed 
when  the  rotational  shaft  was  used  in  a  fluid  com- 
pressing  apparatus. 

A  second  embodiment  of  the  present  invention 
will  now  be  described. 

FIGURE  8  shows  changes  in  the  voltage  (a 
hollow  cathode  discharge  occurring  voltage)  at  dif- 
ferent  pressures  in  a  reaction  furnace  when  a  diam- 
eter  of  hole  or  a  width  of  slit  of  the  rotational  shaft 
is  varied  in  the  ion  nitridation  treatment.  In  FIGURE 
8,  a  solid  curve  PR1  shows  changes  in  the  hollow 
cathode  discharge  occurring  voltage  when  the 
pressure  in  the  reaction  furnace  is  ten  and  several 
(Torr)  (e.g  1300-2600Pa),  and  a  solid  curve  PR2 
shows  changes  in  the  hollow  cathode  discharge 
occurring  voltage  when  the  pressure  in  the  reaction 
furnace  is  several  (Torr)  (e.g  130-1300Pa).  A  solid 

curve  PR3  also  shows  changes  in  the  hollow  cath- 
ode  discharge  occurring  voltage  when  the  pressure 
in  the  reaction  furnace  is  one  (Torr)  (130Pa).  A 
range  between  Ra  and  Rb  shows  changes  in  the 

5  voltage  in  each  pressure  described  above  when  the 
temperature  in  the  reaction  furnace  is  maintained  at 
450  ~  580  degrees  centigrade  (  °  C). 

As  can  be  seen  in  FIGURE  8,  the  voltage  drop 
occurs  within  a  range  of  3  ~  20  mm  in  relation  to 

io  the  diameter  of  hole  or  the  width  of  slit  of  the 
rotational  shaft  even  if  the  pressure  in  the  reaction 
furnace  is  varied.  Thus,  a  hollow  cathode  discharge 
phenomenon  occurs  in  the  rotational  shaft  having 
the  hole  or  the  slit  of  the  above-described  range 

is  when  the  ion  nitridation  treatment  is  performed  on 
the  surface  of  the  rotational  shaft. 

As  shown  in  FIGURE  9,  first,  second  and  third 
lateral  holes  63a,  63b  and  63c  are  formed  in  rota- 
tional  shaft  33.  In  general,  the  inner  diameter  of 

20  first  lateral  hole  63a  is  3  ~  20  mm.  A  first  de- 
pressed  portion  121a  is  formed  in  a  circumferential 
surface  above  first  crank  portion  39a  of  rotational 
shaft  33.  A  second  depressed  portion  121b  also  is 
formed  in  a  circumferential  surface  between  first 

25  and  second  crank  portions  39a  and  39b.  In  general, 
the  width  of  first  and  second  depressed  portions 
121a  and  121b  is  about  3 -20   mm. 

In  this  embodiment,  a  bar-shaped  masking  pin 
123  is  inserted  into  first  lateral  hole  63a  as  shown 

30  in  FIGURE  10(a)  to  avoid  occurrence  of  the  hollow 
cathode  discharge  phenomenon.  The  diameter  of 
the  top  portion  of  masking  pin  123  is  slightly  small- 
er  than  that  of  first  lateral  hole  63a  and  the  diam- 
eter  of  the  remaining  portion  of  masking  pin  123  is 

35  substantially  the  same  as  that  of  first  lateral  hole 
63a.  Thus,  masking  pin  123  is  easily  inserted  into 
or  taken  out  from  first  lateral  hole  63a. 

First  and  second  ring-shaped  masking  collars 
125a  and  125b  are  fitted  into  the  corresponding 

40  first  and  second  depressed  portions  121a  and 
121b,  as  shown  in  FIGURE  10(b).  Thus,  the  hollow 
cathode  discharge  phenomenon  which  would  occur 
in  first  and  second  depressed  portions  121a  and 
121b  can  be  avoided.  First  ring-shaped  masking 

45  collar  125a  has  an  inner  diameter  slightly  smaller 
than  the  outer  diameter  of  first  circumferential  de- 
pressed  portion  121a.  Second  ring-shaped  masking 
collar  125b  also  has  an  inner  diameter  slightly 
smaller  than  the  outer  diameter  of  second  circum- 

50  ferential  depressed  portion  121b.  First  and  second 
ring-shaped  masking  collars  125a  and  125b  re- 
spectively  have  a  slit  127a,  127b  traversing  the 
surface  thereof.  Thus,  first  ring-shaped  masking 
collar  125a  is  elastically  attached  to  first  circum- 

55  ferential  depressed  portion  121a  by  forcibly  ex- 
tending  collar  125a  from  slit  127a.  Second  ring- 
shaped  masking  collar  125b  also  is  attached  to 
second  circumferential  depressed  portion  121b  by 

9 
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the  same  operation  as  described  above.  First  and 
second  ring-shaped  masking  collars  125a  and  125b 
are  preferably  made  of  a  spring  steel.  A  third 
depressed  portion  121c  formed  in  a  circumferential 
surface  of  rotational  shaft  33  just  below  second 
crank  portion  39b  may  be  covered  with  a  ring- 
shaped  masking  collar  (not  shown)  similar  to  the 
above-described  first  and  second  ring-shaped 
masking  collars  125a  and  125b  if  the  width  of  third 
depressed  portion  121c  is  greater  than  3  mm. 

With  the  above-described  embodiment,  a  hol- 
low  cathode  discharge  does  not  occur  because  of 
the  masking  elements,  e.g.,  pin  or  collar.  The  tem- 
perature  of  the  surface  of  rotational  shaft  33  defin- 
ing  first  lateral  hole  63a  does  not  excessively  in- 
crease  during  the  ion  nitridation  treatment  and  the 
temperature  of  each  surface  of  rotational  shaft  33 
defining  first  and  second  depressed  portions  121a 
and  121b  does  not  also  increase  in  excess.  Thus,  a 
partial  heat  deformation  does  not  occur  in  the  sur- 
face  of  rotational  shaft  33. 

A  third  embodiment  of  the  present  invention 
will  now  be  described.  In  this  embodiment,  a  rod 
151  made  of  a  material  similar  to  that  of  rotational 
shaft  33  is  used  to  avoid  a  hollow  cathode  dis- 
charge  occurring  in  large  diameter  path  55a  of  oil 
passage  55  formed  in  rotational  shaft  33.  Rod  151 
is  inserted  into  large  diameter  path  55a  when  the 
ion  nitridation  treatment  is  performed,  as  shown  in 
FIGURE  11.  In  addition,  a  curved  depressed  por- 
tion  151a  is  formed  in  the  circumferential  surface  of 
rod  151  opposite  to  the  inner  edge  of  rotational 
shaft  33  to  maintain  a  suitable  distance  between 
the  surface  of  rod  151  and  the  opening  edge  of 
large  diameter  path  55a. 

In  this  embodiment  also,  a  hollow  cathode  dis- 
charge  occuring  in  large  diameter  path  55a  of 
rotational  shaft  33  is  avoided  by  rod  151  inserted  in 
large  diameter  path  55a.  The  temperature  in  the 
surface  which  defines  large  diameter  path  55a 
does  not  increase  excessively.  Thus,  a  partial  heat 
deformation  does  not  occur  in  the  surface  of  rota- 
tional  shaft  33  which  defines  large  diameter  path 
55a.  In  addition,  since  a  suitable  distance  is  main- 
tained  between  the  surface  of  rod  151  and  the 
opening  edge  of  large  diameter  path  55a  by  curved 
depressed  portion  151a  of  rod  151,  nitrogen  ions 
are  uniformly  implanted  into  the  outer  surface  of 
rotational  shaft  33  including  an  edge  surface  por- 
tion  153  of  rotational  shaft  33  shown  in  FIGURE  12. 
The  wear-resisting  ability  of  edge  surface  portion 
153  of  rotational  shaft  33  is  enhanced,  and  thus 
edge  surface  portion  153  of  rotational  shaft  33 
maintains  a  smooth  rotation  against  plate  57  shown 
in  FIGURE  2  for  an  extended  operational  period. 

In  the  above-described  embodiment,  if  the 
pressure  in  the  furnace  in  which  the  ion  nitridation 
is  carried  out  is  regulated  at  a  suitable  value,  the 

use  of  masking  pin  123  is  not  required. 
The  present  invention  has  been  described  with 

respect  to  specific  embodiments.  However,  other 
embodiments  based  on  the  principles  of  the 

5  present  invention  should  be  obvious  to  those  of 
ordinary  skill  in  the  art.  Such  embodiments  are 
intended  to  be  covered  by  the  claims. 

Claims 
10 

1.  A  method  for  treating  the  surface  of  a  rota- 
tional  shaft  (33)  used  in  a  fluid  compressing 
apparatus  (21),  the  shaft  (33)  having 

at  least  one  lateral  hole  (63a,  63b,  63c) 
is  formed  in  a  portion  of  said  rotational  shaft  (33), 

wherein  said  at  least  one  hole  (63a,  63b,  63c) 
has  a  diameter  which  is  between  3  and  20 
mm, 

and/or  having 
20  at  least  one  depressed  portion  (121a, 

121b,  121c)  formed  in  a  circumferential  surface 
of  said  rotational  shaft  (33),  wherein  the  width 
of  said  at  least  one  depressed  portion  is  be- 
tween  3  and  20  mm, 

25  and/or  having 
an  oil  passage  (55)  having  a  large  diam- 

eter  path  (55a)  formed  in  said  rotational  shaft 
(33), 

the  method  including  the  steps  of: 
30  providing  the  rotational  shaft  (33)  made  of 

an  iron-containing  metal  having  a  transforma- 
tion  temperature; 

annealing  the  rotational  shaft  (33)  at  a  tem- 
perature  selected  between  a  first  temperature 

35  equal  to  a  prescribed  temperature  determined 
by  adding  about  50  degrees  centigrade  to  a 
temperature  of  a  subsequent  ion  nitridation 
treatment  and  a  second  temperature  equal  to 
the  transformation  temperature  of  the  iron-con- 

40  taining  metal; 
forming  an  iron  nitride  layer  in  the  surface 

of  the  rotational  shaft  (33)  by  performing  the 
ion  nitridation  treatment  at  a  temperature  be- 
tween  450  degrees  centigrade  and  550  de- 

45  grees  centigrade;  and 
forming  a  phosphate  layer  on  the  iron 

nitride  layer  of  the  surface  of  the  rotational 
shaft  (33),  wherein  the  at  least  one  hole  (63a, 
63b,  63c)  and/or  the  at  least  one  depressed 

50  portion  (121a,  121b,  121c)  and/or  the  large 
diameter  path  (55a)  is  masked  when  the  ion 
nitridation  treatment  is  performed  to  form  the 
iron  nitride  layer  on  the  surface  of  the  rota- 
tional  shaft  (33). 

55 
2.  A  method  according  to  claim  1  further  includ- 

ing  the  step  of  removing  an  oxide  film  pro- 
duced  by  the  annealing  step  from  the  surface 

10 
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of  the  rotational  shaft  (33)  before  the  iron 
nitride  layer  is  formed. 

3.  A  method  according  to  claim  1  or  2  further 
including  the  step  of  removing  unreacted  resi- 
due  produced  by  the  iron  nitride  layer  forming 
step  from  the  surface  of  the  iron  nitride  layer 
of  the  rotational  shaft  (33)  before  the  phos- 
phate  layer  is  formed. 

4.  A  method  according  to  claim  3,  wherein  the 
iron  nitride  layer  includes  a  diffusion  layer  and 
a  chemical  compound  layer  formed  on  the 
diffusion  layer,  and  the  chemical  compound 
layer  is  removed  when  the  unreacted  residue 
is  removed  to  expose  the  diffusion  layer. 

5.  A  method  according  to  any  preceding  claim, 
further  comprising  the  sub  steps  of  exhausting 
air  in  a  furnace  in  which  the  rotational  shaft 
(33)  is  disposed,  flowing  a  prescribed  gas  se- 
lected  from  an  ammonia  gas,  a  nitrogen  gas 
and  a  mixture  of  a  hydrogen  gas  and  a  nitro- 
gen  gas  into  the  furnace,  intermittently  apply- 
ing  a  prescribed  DC  voltage  between  the  rota- 
tional  shaft  (33)  and  the  wall  surface  of  the 
furnace  so  that  the  rotational  shaft  (33)  acts  as 
a  cathode  and  the  wall  surface  of  the  furnace 
acts  as  an  anode  to  form  an  ion  sheath  on  the 
surface  of  the  rotational  shaft  (33),  increasing 
the  temperature  of  the  rotational  shaft  (33), 
executing  the  ion  nitridation  treatment  to  the 
surface  of  the  rotational  shaft  (33),  and  de- 
creasing  the  temperature  of  the  rotational  shaft 
(33)  to  the  temperature  at  which  an  oxidation 
of  the  rotational  shaft  (33)  does  not  progress, 
as  an  inert  gas  is  entered  into  the  furnace. 

6.  A  method  according  to  any  preceding  claim, 
wherein  the  rotational  shaft  (33)  has  an  open- 
ing  edge  portion  (153)  and  the  oil  passage  (55) 
is  masked  by  an  elongated  rod  (151)  tightly 
inserted  into  the  oil  passage  (55)  through  the 
opening  edge  portion  (153). 

7.  A  method  according  to  claim  6,  wherein  the 
elongated  rod  (151)  has  a  curved  depressed 
portion  (151a)  at  the  circumferential  surface 
thereof,  and  the  elongated  rod  (151)  is  inserted 
into  the  oil  passage  (55)  so  that  the  curved 
depressed  portion  (151a)  is  disposed  opposite 
to  the  opening  edge  portion  (153)  of  the  rota- 
tional  shaft  (33). 

Patentanspruche 

1.  Verfahren  zum  Behandeln  der  Oberflache  einer 
Drehwelle  (33),  die  in  einer  Fluidverdichterein- 

richtung  (21)  verwendet  wird  und  umfaBt: 
mindestens  ein  sich  quer  erstreckendes 

Loch  (63a,  63b,  63c),  das  in  einem  Abschnitt 
der  Drehwelle  (33)  ausgebildet  ist,  wobei  das 

5  mindestens  eine  Loch  (63a,  63b,  63c)  einen 
Durchmesser  zwischen  3  und  20  mm  hat; 
und/oder 

mindestens  einen  tieferliegenden  Abschnitt 
(121a,  121b,  121c),  der  im  Kreisumfang  der 

io  Drehwelle  (33)  ausgebildet  ist,  wobei  der  min- 
destens  eine  tieferliegenden  Abschnitt  zwi- 
schen  3  und  20  mm  breit  ist;  und/oder 

einen  Oldurchgang  (55)  mit  einem  im 
Durchmesser  groBen  Pfad  (55a),  der  in  der 

is  Drehwelle  (33)  ausgebildet  ist; 
wobei  das  Verfahren  die  Schritte  aufweist: 
Bereitstellen  der  Drehwelle  (33),  die  aus 

einem  eisenhaltigen  Metall  mit  einem  Urn- 
wandlungstemperatur  hergestellt  ist; 

20  Tempern  der  Drehwelle  (33)  bei  einer 
Temperatur  und  zwar  zwischen  einer  ersten 
Temperatur,  die  gleich  einer  Vorschriftstempe- 
ratur  ist  und  die  man  bestimmt,  indem  man 
etwa  50  °C  auf  die  Temperatur  einer  nachfol- 

25  genden  lonenaufstickungsbehandlung  addiert, 
und  einer  zweiten  Temperatur,  die  gleich  der 
Umwandlungstemperatur  des  eisenhaltigen 
Metalls  ist; 

Ausbilden  einer  Eisennitridschicht  in  der 
30  Oberflache  der  Drehwelle  (33),  wobei  die  lo- 

nenaufstickungsbehandlung  bei  einer  Tempe- 
ratur  zwischen  450  °  C  und  550  °  C  erfolgt;  und 

Ausbilden  einer  Phosphatschicht  auf  der 
Eisennitridschicht  in  der  Oberflache  der  Dreh- 

35  welle  (33),  wobei  das  mindestens  eine  Loch 
(63a,  63b,  63c)  und/oder  der  mindestens  eine 
tieferliegende  Abschnitt  (121a,  121b,  121c) 
und/oder  der  im  Durchmesser  groBe  Pfad 
(55a)  abgedeckt  sind,  wenn  die  lonenaufstik- 

40  kungsbehandlung  erfolgt,  so  dal3  auf  der  Ober- 
flache  der  Drehwelle  (33)  eine  Eisennitrid- 
schicht  ausgebildet  wird. 

2.  Verfahren  nach  Anspruch  1,  das  vor  der  Aus- 
45  bildung  der  Eisennitridschicht  zudem  den 

Schritt  umfaBt:  Entfernen  eines  Oxidfilms,  der 
beim  Temperschritt  entstand,  von  der  Oberfla- 
che  der  Drehwelle  (33). 

50  3.  Verfahren  nach  Anspruch  1  oder  2,  das  vor  der 
Ausbildung  der  Phosphatschicht  zudem  den 
Schritt  umfaBt:  Entfernen  von  Resten,  die  bei 
der  Eisennitridschichtbildung  nicht  umgesetzt 
wurden,  von  der  Oberflache  der  Eisennitrid- 

55  schicht  der  Drehwelle  (33). 

4.  Verfahren  nach  Anspruch  3,  wobei  die  Eisenni- 
tridschicht  eine  Diffussionsschicht  und  eine 
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chemische  Verbindungsschicht,  die  auf  der 
Diffussionsschicht  ausgebildet  ist,  aufweist  und 
zum  Freilegen  der  Diffusionsschicht,  wenn  die 
nicht  umgesetzten  Reste  entfernt  werden,  die 
chemische  Verbindungsschicht  entfernt  wird. 

5.  Verfahren  nach  irgendeinem  vorhergehenden 
Anspruch,  das  weiterhin  die  Unterschritte  urn- 
faBt: 

Saugen  von  Luft  in  einen  Ofen,  in  dem  die 
Drehwelle  (33)  angebracht  ist, 

Einstromenlassen  eines  vorgeschriebenen 
Gases  in  den  Ofen,  das  gewahlt  wird  aus  der 
Gruppe  mit  Ammoniakgas,  Stickstoffgas  und 
einer  Mischung  aus  Wasserstoffgas  und  Stick- 
stoffgas, 

Anlegen  mit  Unterbrechungen  einer  vorge- 
schriebenen  Gleichspannung  zwischen  der 
Drehwelle  (33)  und  der  Wandoberflache  des 
Ofens,  so  dal3  die  Drehwelle  (33)  als  Kathode 
und  die  Wandoberflache  des  Ofens  als  Anode 
wirken  und  Ausbilden  einer  lonenhulle  auf  der 
Oberflache  der  Drehwelle  (33), 

Erhohen  der  Temperatur  der  Drehwelle 
(33), 

Ausfuhren  der  lonenaufstickungsbehand- 
lung  von  der  Oberflache  der  Drehwelle  (33), 
und 

Senken  der  Temperatur  der  Drehwelle  (33) 
auf  eine  Temperatur,  bei  der  die  Oxidation  der 
Drehwelle  (33)  nicht  fortschreitet,  wobei  ein 
Inertgas  in  den  Ofen  eingebracht  wird. 

6.  Verfahren  nach  irgendeinem  vorhergehenden 
Anspruch,  wobei  die  Drehwelle  (33)  ein  Off- 
nungs-Kantenteil  (153)  hat  und  der  Oldurch- 
gang  (55)  von  einer  langlichen  Stange  (151) 
abgedeckt  ust,  die  durch  das  Offnungs-Kant- 
enteil  (153)  dicht  in  den  Oldurchgang  (55)  ein- 
gesetzt  wird. 

7.  Verfahren  nach  Anspruch  6,  wobei  die  langli- 
che  Stange  (151)  an  ihrem  Kreisumfang  einen 
gekrummten,  tieferliegenden  Abschnitt  (151a) 
aufweist,  und  die  langliche  Stange  (151)  so  in 
den  Oldurchgang  (55)  eingesetzt  ist,  dal3  der 
gekrummte,  tieferliegende  Abschnitt  (151a)  ge- 
genuber  dem  Offnungs-Kantenteil  (153)  der 
Drehwelle  (33)  angeordnet  wird. 

Revendicatlons 

1.  Un  procede  pour  traiter  la  surface  d'un  arbre 
rotatif  (33)  utilise  dans  un  appareil  de  com- 
pression  de  fluide  (21),  I'arbre  (33)  presentant 
au  moins  un  trou  lateral  (63a,  63b,  63c)  forme 
dans  une  partie  dudit  arbre  rotatif  (33),  dans 
lequel  ledit  trou  (63a,  63b,  63c)  a  un  diametre 

compris  entre  3  et  20  mm, 
et/ou  presentant 
au  moins  une  partie  en  creux  (121a,  121b, 
121c)  formee  dans  une  surface  circonferentiel- 

5  le  dudit  arbre  rotatif  (33),  dans  lequel  la  largeur 
de  ladite  partie  en  creux  est  comprise  entre  3 
et  20  mm, 
et/ou  presentant 
un  passage  d'huile  (55)  presentant  un  trajet  de 

io  grand  diametre  (55a)  forme  dans  ledit  arbre 
rotatif  (33), 
le  procede  comprenant  les  operations  consis- 
tant  a  : 
prevoir  de  realiser  I'arbre  rotatif  (33)  en  un 

is  alliage  metallique  a  base  de  fer  presentant  une 
temperature  de  transformation  ; 
proceder  a  un  recuit  de  I'arbre  rotatif  (33)  a 
une  temperature  choisie  entre  une  premiere 
temperature  egale  a  une  temperature  prescrite 

20  determinee  en  ajoutant  environ  50  degres  cen- 
tigrades  a  une  temperature  d'un  traitement  de 
nitruration  ionique  ulterieur  et  une  seconde 
temperature  egale  a  la  temperature  de  trans- 
formation  de  I'alliage  metallique  a  base  de  fer  ; 

25  former  une  couche  de  nitrure  de  fer  a  la  surfa- 
ce  de  I'arbre  rotatif  (33)  en  effectuant  le  traite- 
ment  de  nitruration  ionique  a  une  temperature 
entre  450  degres  centigrades  et  550  degres 
centigrades  ;  et 

30  former  une  couche  de  phosphate  sur  la  cou- 
che  de  nitrure  de  fer  de  la  surface  de  I'arbre 
rotatif  (33),  ou  I'orifice  (63a,  63b,  63c)  et/ou  la 
partie  en  creux  (121a,  121b,  121c)  et/ou  le 
trajet  de  grand  diametre  (55a)  sont  masques 

35  quand  le  traitement  de  nitruration  ionique  est 
effectue  pour  former  la  couche  de  nitrure  de 
fer  sur  la  surface  de  I'arbre  rotatif  (33). 

2.  Un  procede  selon  la  revendication  1,  compre- 
40  nant  en  outre  I'operation  consistant  a  retirer 

une  pellicule  d'oxyde,  produite  par  I'operation 
de  recuit,  de  la  surface  de  I'arbre  rotatif  (33) 
avant  que  soit  formee  la  couche  de  nitrure  de 
fer. 

45 
3.  Un  procede  selon  la  revendication  1  ou  2, 

comprenant  en  outre  I'operation  consistant  a 
retirer  un  residu  n'ayant  pas  reagi,  produit  par 
I'operation  de  formation  de  la  couche  de  nitru- 

50  re  de  fer,  de  la  surface  de  la  couche  de  nitrure 
de  fer  de  I'arbre  rotatif  (33)  avant  que  soit 
formee  la  couche  de  phosphate. 

4.  Un  procede  selon  la  revendication  3,  dans 
55  lequel  la  couche  de  nitrure  de  fer  comprend 

une  couche  de  diffusion  et  une  couche  de 
compose  chimique  formee  sur  la  couche  de 
diffusion,  la  couche  de  compose  chimique 

12 



21  EP  0  441  630  B1  22 

etant  retiree  quand  le  residu  n'ayant  pas  reagi 
est  retire  pour  mettre  a  nu  la  couche  de  diffu- 
sion. 

5.  Un  procede  selon  une  revendication  preceden-  5 
te  quelconque,  comprenant  en  outre  la  sous- 
operation  consistant  a  extraire  I'air  d'un  four  ou 
est  place  I'arbre  rotatif  (33),  faire  ecouler,  dans 
le  four,  un  gaz  present  choisi  a  partir  d'ammo- 
niac  gazeux,  d'azote  gazeux  et  d'un  melange  10 
d'hydrogene  gazeux  et  d'azote  gazeux,  appli- 
quer  par  intermittence  une  tension  de  courant 
continu  prescrite  entre  I'arbre  rotatif  (33)  et  la 
surface  de  paroi  du  four  de  sorte  que  I'arbre 
rotatif  (33)  agit  comme  cathode  et  que  la  surfa-  is 
ce  de  paroi  du  four  agit  comme  anode  pour 
former  une  gaine  d'ions  sur  la  surface  de  I'ar- 
bre  rotatif  (33),  augmenter  la  temperature  de 
I'arbre  rotatif  (33),  executer  le  traitement  de 
nitruration  ionique  sur  la  surface  de  I'arbre  20 
rotatif  (33),  et  diminuer  la  temperature  de  I'ar- 
bre  rotatif  (33)  a  la  temperature  a  laquelle  une 
oxydation  de  I'arbre  rotatif  (33)  ne  progresse 
pas,  au  fur  et  a  mesure  qu'un  gaz  inerte  est 
introduit  dans  le  four.  25 

6.  Un  procede  selon  une  revendication  preceden- 
te  quelconque,  dans  lequel  I'arbre  rotatif  (33) 
presente  une  partie  de  bord  d'ouverture  (153) 
et  dans  lequel  le  passage  d'huile  (55)  est  mas-  30 
que  par  une  tige  allongee  (151)  inseree  a  force 
dans  le  passage  d'huile  (55)  par  I'intermediaire 
de  la  partie  de  bord  d'ouverture  (153). 

7.  Un  procede  selon  la  revendication  6,  dans  35 
lequel  la  tige  allongee  (151)  presente  une  par- 
tie  courbe  en  creux  (151a)  a  sa  surface  peri- 
pherique  et  dans  lequel  la  tige  allongee  (151) 
est  inseree  dans  le  passage  d'huile  (55),  de 
sorte  que  la  partie  courbe  en  creux  (151a)  est  40 
placee  a  I'oppose  de  la  partie  de  bord  d'ouver- 
ture  (153)  de  I'arbre  rotatif  (33). 
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