
(19) J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets (11) E P   0  8 6 0   5 0 8   A 1  

(12) EUROPEAN  PATENT  A P P L I C A T I O N  
published  in  accordance  with  Art.  158(3)  EPC 

(43)  Date  of  publication:  (51)  int.  CI.6:  C22C  9 / 0 2  
26.08.1998  Bulletin  1998/35 

(86)  International  application  number: 
(21)  Application  number:  96928696.2  PCT/JP96/02429 

(22)  Date  of  filing:  29.08.1996  (87)  International  publication  number: 
WO  97/08352  (06.03.1997  Gazette  1997/11) 

(84)  Designated  Contracting  States:  •  ISHIKAWA,  Katsuji 
DE  FR  GB  Oyama  Factory  of  Komatsu  Ltd. 

Tochigi-ken  323  (JP) 
(30)  Priority:  29.08.1995  J  P  220375/95  •  OHKAWA,  Satoshi; 

Construction  Equipment  Research 
(71)  Applicants:  Kawasaki-shi;  Kanagawa-ken  Kanagawa-ken 

•  KOMATSU  LTD.  (JP) 
Minato-ku,  Tokyo  107  (JP)  .  KONISHI,  Akiko; 

•  Akashi  Gohdoh  inc.  Construction  Equipment  Research 
Ishikawa.ken  924  (JP)  Kawasaki-shi  ;  Kanagawa-ken  21  0  (JP) 

(72)  Inventors:  (74)  Representative: 
•  HAMASAKA,  Naoji;  Grunecker,  Kinkeldey, 

Manufacturing  Engineering  Stockmair  &  Schwanhausser 
Hirakata-shhi;  Osaka-fu  573  (JP)  Anwaltssozietat 

•  SAITO,  Hideaki  Maximilianstrasse  58 
Oyama  Factory  of  Komatsu  Ltd.  80538  Munchen  (DE) 
Tochigi-ken  323  (JP) 

(54)  MATERIAL  FOR  SLIDING  SURFACE 

(57)  A  material  for  a  sliding  surface  has  a  composi-  to  10.0  Wt%  of  Zn  and  remainder  of  Cu. 

CO 
o  
LO 
o  
CO 
CO 
o  
Q_ 
LU 

tion  range  consisted  of  9.0  to  15.0  Wt%  of  Sn,  8.5  to 
1  1  .0  Wt%  of  Pb,  less  than  or  equal  to  13  Wt%  of  Ni,  3.0 

CORROSIVE  MASS  LOSS  CHARACTERISTICS  BY 
Bl  0DEC0MP0SABLE  OIL F I G .   I 

3 
\  o 3 

1  0 

1  5 

B1 ®  Al  (  DEVELOPED  MATERIAL  I  ) 
A  Bl  (BRASS  TYPE  U 
□  B2(  BRASS  TYPE  2) 
O  C  (  BRONZE  TYPE  ) 

0  80  90  100  110  120  130  140  150 
TEMPERATURE  (°C) 

Printed  by  Xerox  (UK)  Business  Services 
2.16.3/3.4 



EP  0  860  508  A1 

Description 

TECHNICAL  FIELD 

5  The  present  invention  relates  to  a  material  for  a  sliding  surface  employed  in  sliding  parts  and  so  forth  of  a  hydraulic 
equipment,  having  a  superior  sliding  ability  and  demonstrating  a  superior  corrosion  resistance  against  a  biodecompos- 
able  oil. 

BACKGROUND  ART 
10 

Hydraulic  equipments,  such  as  a  hydraulic  pump,  a  hydraulic  motor  have  the  large  number  of  parts  sliding  in  con- 
tact  with  oil,  for  example,  a  cylinder  block,  a  valve  plate,  a  cradle,  a  piston  shoe  and  so  forth.  Particularly,  the  sliding  sur- 
faces  thereof  are  formed  of  materials  which  has  a  superior  sliding  ability. 

However,  in  the  hydraulic  equipment  such  as  the  hydraulic  pump,  the  hydraulic  motor  and  so  forth,  petroleum  oil  is 
15  typically  used.  While  the  petroleum  oil  shows  good  lubricating  characteristics,  such  oil  cannot  be  decomposed  in  the 

natural  world  to  be  a  cause  of  environmental  contamination. 
For  example,  a  construction  machine  can  be  inspected  and  repaired  in  the  open  outdoors  such  as  a  construction 

site  or  so  forth.  Upon  inspection  and  repair  of  the  hydraulic  equipment  such  as  the  hydraulic  pump,  the  hydraulic  motor 
or  so  forth,  if  the  oil  therein  drops  on  the  ground,  the  oil  is  not  decomposed  to  contaminate  the  environment. 

20  Therefore,  there  has  been  known  oil  added  with  an  ability  of  decomposition  by  bacteria  (biodecomposability)  so  as 
to  be  naturally  decomposed  in  the  natural  world  in  order  to  avoid  an  environment  pollution.  When  such  biodecomposa- 
ble  oil  is  used  in  the  hydraulic  equipment,  a  problem  is  encountered  in  lowering  a  durability  of  the  hydraulic  equipment 
due  to  a  corrosion  of  the  material  for  the  sliding  surface. 

Therefore,  the  inventors  have  made  an  extensive  study  for  causes  why  the  biodecomposable  oil  causes  the  corro- 
25  sion  of  the  material  for  the  sliding  surface  and  found  that,  many  of  biodecomposable  oils  are  with  a  vegetable  oil  base 

and  sometimes  added  with  an  extreme-pressure  additive  such  as  sulfur  (S)  for  the  purpose  of  prevention  of  a  baking, 
since  such  S  causes  a  solving  out  of  Cu  from  a  lead-bronze  type  material  (Cu-Sn-Pb  type),  it  can  be  a  cause  of  the  cor- 
rosion,  and  that  a  brass  type  (Cu-Zn  type)  material  is  much  less  corrosive  against  the  same  biodecomposable  oil. 

While  it  is  unknown  about  a  clear  cause  of  difference  between  corrosion  resistivities  of  the  lead-bronze  type  mate- 
30  rial  and  the  brass-type  material  against  the  biodecomposable  oil,  it  is  possible  that  a  presence  of  zinc  is  effective  for  the 

prevention  of  a  sulfur  attack. 
Further,  when  sliding  characteristics  of  the  lead-bronze  type  material  and  the  brass-type  material  are  compared, 

since  the  brass-type  material  has  higher  hardness  and  strength,  a  better  sliding  characteristics  is  achieved  under  the 
high  bearing  pressure,  whereas  when  the  bearing  pressure  is  relatively  low,  the  lead-bronze  type  material  having  a  rel- 

35  atively  low  hardness  which  causes  a  higher  conformability,  is  rather  effective.  The  conformability  represents  a  charac- 
teristics  to  increase  a  contact  area  with  a  counterpart  material  by  causing  a  local  abrading  upon  sliding.  In  case  of  the 
relatively  soft  lead-bronze  material,  an  anti-bearing-pressure  ability  can  be  increased  as  a  result  of  lowering  of  a  local 
bearing  pressure  due  to  the  local  abrading. 

From  the  foregoing,  it  has  been  found  that  not  only  superior  corrosion  resistivity  against  the  biodecomposable  oil 
40  but  also  good  conformability  are  necessary  for  the  material  for  a  sliding  surface. 

Therefore,  the  present  invention  is  worked  out  in  view  of  the  foregoing  problems.  It  is  an  object  of  the  present  inven- 
tion  to  provide  a  material  for  a  sliding  surface  superior  in  the  corrosion  resistivity  and  the  conformability. 

DISCLOSURE  OF  THE  INVENTION 
45 

The  inventors  has  reached  the  present  invention  as  a  result  of  various  experiments  for  obtaining  a  material  for  a 
sliding  surface  superior  in  the  corrosion  resistivity  and  the  conformability. 

A  material  for  a  sliding  surface  according  to  the  present  invention,  has  a  composition  range  consisted  of  9.0  to  15.0 
Wt%  of  Sn,  8.5  to  1  1  .0  Wt%  of  Pb,  less  than  or  equal  to  13  Wt%  of  Ni,  3.0  to  10.0  Wt%  of  Zn  and  remainder  of  Cu. 

so  The  reason  of  the  composition  range  in  the  material  for  a  sliding  surface  of  the  present  invention  will  be  discussed 
hereinafter. 

Cu-Sn-Pb 
These  components  are  basic  components  of  the  lead-bronze  material  and  the  following  upper  and  lower  limits 

55  of  the  composition  ranges  are  set  for  certainly  providing  sliding  abilities. 

Sn:  9  to  1  5  Wt%,  Pb:  8.5  to  1  1  .0  Wt% 
Sn  is  a  basic  element  of  a  lead-bronze.  9  Wt%  required  for  strengthening  a  crystal  of  Cu  is  set  as  the  lower 
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limit,  and  15  Wt%  for  being  completely  solved  into  Cu  is  set  as  the  upper  limit. 
Pb  is  also  a  basic  element  of  a  lead-bronze.  8.5  Wt%  for  certainly  providing  a  workability  in  cutting  is  set  as  the 

lower  limit.  According  to  increasing  of  Pb,  a  strength  tends  to  be  lowered.  In  order  to  certainly  maintain  the  strength 
(hardness)  of  the  sliding  material,  the  upper  limit  is  set  at  1  1  Wt%. 

5 
Zn 

This  element  is  an  essential  element  for  improving  the  corrosion  resistance.  The  effect  thereof  becomes 
remarkable  at  greater  than  or  equal  to  3  Wt%.  On  the  other  hand,  when  the  additive  amount  exceeds  1  0  Wt%,  zinc 
is  easily  changed  to  zinc  oxide  to  make  the  possibility  of  causing  a  material  defect  high.  For  the  foregoing  reason, 

10  the  additive  amount  is  set  at  10  Wt%  at  maximum. 

Ni 
Ni  is  an  element  preventing  a  segregation  of  Pb  and  contributing  for  an  improvement  of  strength.  When  it 

exceeds  3  Wt%,  the  hardness  is  increased,  and  on  the  other  hand,  the  conformability  with  the  counterpart  sliding 
15  member  is  lowered.  Therefore,  in  order  to  certainly  obtain  the  conformability,  3  Wt%  is  set  as  maximum. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  present  invention  will  be  understood  more  fully  from  the  detailed  description  given  herebelow  and  from  the 
20  accompanying  drawings  of  the  preferred  embodiment  of  the  invention,  which,  however,  should  not  be  taken  to  be  limi- 

tative  to  the  present  invention,  but  are  for  the  explanation  and  the  understanding  only. 
In  the  drawings: 

Fig.  1  is  a  graph  showing  corrosive  mass  loss  characteristics  of  a  developed  material  1  and  other  material  by  a  bio- 
25  decomposable  oil; 

Fig.  2  is  a  graph  showing  corrosive  mass  loss  characteristics  of  a  developed  material  2  and  other  material  by  a  bio- 
decomposable  oil; 
Fig.  3  is  a  graph  showing  corrosive  mass  loss  characteristics  of  a  developed  material  3  and  other  material  by  a  bio- 
decomposable  oil; 

30  Fig.  4  is  a  graph  showing  a  limiting  bearing  pressure  and  an  abrading  amount  between  a  bronze  type  material  and 
the  developed  material  1  at  a  sliding  speed  of  4  kg/sec; 
Fig.  5  is  a  graph  showing  a  limiting  bearing  pressure  and  an  abrading  amount  between  a  bronze  type  material  and 
the  developed  material  1  at  a  sliding  speed  of  10  kg/sec; 
Fig.  6  is  a  section  of  a  hydraulic  pump; 

35  Figs.  7A,  7B  and  7C  are  sections  respectively  showing  sliding  parts,  in  which  the  material  for  a  sliding  surface  is 
welded,  in  the  hydraulic  pump; 
Fig.  8  is  a  section  of  a  hydraulic  motor;  and 
Fig.  9  is  a  section  of  a  cylinder. 

40  BASE  MODE  FOR  IMPLEMENTING  THE  INVENTION 

The  preferred  embodiment  of  a  material  for  a  sliding  surface  according  to  the  present  invention  will  be  discussed 
hereinafter  with  reference  to  the  drawings. 

In  the  following  table  1  ,  chemical  compositions  of  materials  for  a  sliding  surface  (developed  materials  1  ,  2  and  3) 
45  according  to  the  present  invention  and  comparative  materials  (brass  type  materials  1  and  2,  bronze  type  material),  with 

which  corrosion  resistance  tests  were  performed,  are  shown. 

TABLE  1 

Chemical  Compositions  of  Tested  Materials 

Sign  Sn  Pb  Ni  Si  Zn  Fe  Cu 

Developed  Material  1  A1  12.57  9.99  1.48  0  3.39  0.060  Remainder 

Developed  Material  2  A2  12.30  9.65  1.45  0  5.14  0.070  Remainder 

Developed  Material  3  A3  12.12  9.51  1.43  0  6.84  0.080  Remainder 

Brass  Type  Material  1  B1  5.00  5.00  0  5.00  0  Remainder 

3 
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TABLE  1  (continued) 
Chemical  Compositions  of  Tested  Materials 

Sign  Sn  Pb  Ni  Si  Zn  Fe  Cu 

Brass  Type  Material  2  B2  0  0  3.0  1  .0  30.0  1  .0  Remainder 

Bronze  Type  Material  C  13.00  9.50  2.00  0  1.00  0.30  Remainder 

As  the  developed  materials,  three  kinds  respectively  containing  different  Zn  amount  were  tested.  Also,  as  compar- 
10  ative  examples,  two  kinds  of  brass  type  materials  and  one  kind  of  bronze  type  material  are  tested.  As  a  testing  method 

of  corrosion  resistance,  test  pieces  are  dipped  in  vegetable  oil  as  biodecomposable  oil  which  was  heated  and  held  for 
240  hours  at  a  plurality  of  predetermined  temperatures,  and  variations  of  weights  of  test  pieces  before  and  after  the  dip- 
ping  were  evaluated. 

As  a  result,  as  shown  in  Figs.  1  ,  2  and  3,  it  has  been  found  that,  in  comparison  with  the  base  material  (sign  C)  as 
15  the  conventional  lead-bronze  type  material,  the  developed  material  has  been  significantly  improved  on  the  corrosion 

resistance  under  an  environment  of  higher  than  or  equal  to  1  00  °C,  and  has  a  corrosion  resistance  comparable  with  the 
brass  type  material. 

Next,  in  Figs.  4  and  5,  there  is  shown  results  of  constant  speed  friction  abrasion  test  performed  for  the  conventional 
bronze  type  material  (C)  and  the  developed  material  1  with  setting  a  sliding  speed  V  at  two  levels  of  4  and  10  m/sec. 

20  The  testing  method  was  a  measure  of  the  abrasion  amount  with  sliding  test  pieces  formed  into  a  pin  shaped  configura- 
tion  on  a  disc-shaped  disc  (SCM420H,  a  carburizing  hardened  material)  under  a  condition  of  a  constant  load  and  con- 
stant  rotation  speed  and  a  limiting  bearing  pressure  causing  a  baking  while  the  load  was  gradually  increased.  The 
testing  condition  are  as  follows. 

25  (Constant  Speed  Friction  Abrasion  Test  Condition) 

(1)  Counterpart  material:  SCM420H 
(2)  Lubrication  Oil:  80  °C 
(3)  Sliding  Speed:  4  m/sec,  10  m/sec 

30  (4)  Load  Condition:  In  a  bearing  pressure  region  higher  than  or  equal  to  200  kg/cm2,  the  load  was  increased  per 
50  kg/cm2  after  testing  for  5  minutes  at  a  constant  load. 

From  Fig.  4  (in  case  of  the  sliding  speed  of  4  m/sec)  and  Fig.  5  (in  case  of  the  sliding  speed  of  10  m/sec),  it  can  be 
appreciated  that,  in  comparison  with  the  conventional  bronze  material  (C),  the  abrasion  amount  and  the  limiting  bearing 

35  pressure  of  the  developed  material  (A1  material),  to  which  3  Wt%  of  Zn  is  added,  is  comparable  level. 
Next,  one  example  of  the  sliding  part  using  a  copper  type  material  for  a  sliding  surface  according  to  the  present 

invention  will  be  discussed. 
As  shown  in  Fig.  6,  in  a  hydraulic  pump,  there  are  cylinder  block  3  having  a  cylinder  bore  2  in  which  a  piston  1  is 

slidably  inserted,  a  valve  plate  4  sliding  on  the  cylinder  block  3,  a  cradle  5,  a  piston  shoe  6  and  so  forth. 
40  Then,  these  show  the  copper  type  materials  for  a  sliding  surface  according  to  the  present  invention  are  welded  on 

an  inner  surface  2a  of  the  cylinder  2  of  the  cylinder  block  and  a  valve  plate  sliding  surface  3a,  as  shown  in  Fig.  7A,  on 
a  sliding  surface  4a  of  the  valve  plate  4,  as  shown  in  Fig.  7B,  and  on  a  sliding  surface  5a  of  the  cradle  5,  as  shown  in 
Fig.  7C. 

On  the  other  hand,  as  shown  in  Fig.  8,  the  sliding  parts  are  also  a  cylinder  block  10,  a  valve  plate  1  1  ,  a  bearing  12, 
45  a  center  ball  1  3  and  so  forth  of  a  hydraulic  motor. 

Furthermore,  as  shown  in  Fig.  9,  the  sliding  parts  is  a  bushing  21  slidably  guiding  a  piston  rod  20  of  a  cylinder. 
As  set  forth  above,  the  material  for  a  sliding  surface  according  to  the  present  invention  is  superior  in  corrosion 

resistance  in  the  biodecomposable  oil,  and  has  good  conformability  with  the  counterpart  member. 
Although  the  invention  has  been  illustrated  and  described  with  respect  to  exemplary  embodiment  thereof,  it  should 

so  be  understood  by  those  skilled  in  the  art  that  the  foregoing  and  various  other  changes,  omissions  and  additions  may  be 
made  therein  and  thereto,  without  departing  from  the  spirit  and  scope  of  the  present  invention.  Therefore,  the  present 
invention  should  not  be  understood  as  limited  to  the  specific  embodiment  set  out  above  but  to  include  all  possible 
embodiments  which  can  be  embodied  within  a  scope  encompassed  and  equivalents  thereof  with  respect  to  the  feature 
set  out  in  the  appended  claims. 

55 
Claims 

1  .  A  material  for  a  sliding  surface  having  a  composition  range  consisted  of  9.0  to  1  5.0  Wt%  of  Sn,  8.5  to  1  1  .0  Wt%  of 
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Pb,  less  than  or  equal  to  13  Wt%  of  Ni,  3.0  to  10.0  Wt%  of  Zn  and  remainder  of  Cu. 

A  material  for  a  sliding  surface  having  a  composition  range  consisted  of  12.57  Wt%  of  Sn,  9.99  Wt%  of  Pb,  1.48 
Wt%  of  Ni,  3.39  Wt%  of  Zn  and  remainder  of  Cu. 

A  material  for  a  sliding  surface  having  a  composition  range  consisted  of  12.30  Wt%  of  Sn,  9.65  Wt%  of  Pb,  1.45 
Wt%  of  Ni,  5.14  Wt%  of  Zn  and  remainder  of  Cu. 

A  material  for  a  sliding  surface  having  a  composition  range  consisted  of  12.12  Wt%  of  Sn,  9.51  Wt%  of  Pb,  1.43 
Wt%  of  Ni,  6.84  Wt%  of  Zn  and  remainder  of  Cu. 
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