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@  Horizontal  honing  machine. 

  A  horizontal  honing  machine  for  large  and  small  stroke 
lengths  comprises  a  frame  with  a  guiding  bar  and  a  linearly 
driven  sled  (4)  with  a  motor  (5)  for  the  rotating  motion  of  the 
honing  head  (6).  The  drive  of  the  sled  (4)  is  moved  by  a 
direct  current  motor  (1)  with  servo  control  and  transistor 
adjustment,  whereby  the  speed  and  point  of  reversal  of  the 
motion  of  the  sled  (4)  in  the  stroke  are  almost  independent 
from  the  load  of  the  honing  head  (6)  and  are  accurately 
repeating. 



The  i n v e n t i o n   r e l a t e s   to  a  h o r i z o n t a l   honing  machine  for  working  up  c i l i n -  

d r i c a l   bores ,   for  which  a  very  good  q u a l i t y   of  the  worked  su r face   and  a 

high  accuracy  of  measure  are  r e q u i r e d ,   such  as  for  example  are  r e q u i r e d  

for  c i l i n d e r   walls   of  h y d r a u l i c   and  pneumatic  i n s t a l l a t i o n s .  

The  honing  a c t i v i t y   is  e f f e c t e d   by  means  of  s t r i p s   of  g r i n d i n g   m a t e r i a l ,  

placed  upon  the  c i r c u m f e r e n c e   of  a  d i l a t a t a b l e   bearer   (honing  head) ,   which  

is  moved  s i m u l t a n e o u s l y   a x i a l l y   and  r o t a t i o n a l l y   by  a  sled  in  the  b o r e  

whereby  a  s p i r a l   g r ind ing   process   in  both  d i r e c t i o n s   to  and  fro  is  t a k i n g  

p l a c e .  

Thus  the  p o l i s h i n g   grooves  are  formed  in  a  c rosswise   manner .  

In  order  to  ob ta in   an  e x a c t l y   p a r a l l e l   bore,   the  r e v e r s a l   motion  of  t h e  

axia l   dr ive   is  most  c r i t i c a l .  

Any  s l a c k e n i n g   of  speed  or  s t a g n a t i o n   of  the  ax ia l   motion  with  regard  t o  

the  c o n t i n u o u s l y   r o t a t i n g   motion  wi l l   cause  a  local   i n c r e a s e   of  g r i n d i n g  

off  more  m a t e r i a l ,   such  that   the  bore  wi l l   become  l o c a l l y   w i d e r .  

H o r i z o n t a l   honing  machines  with  a  sled  for  large  s t roke   lengths   (of  1000 

mm  up  to  10.000  mm)  are  known,  wherein  the  ax ia l   dr ive  of  the  sled  i s  

c a r r i e d   out  e i t h e r   h y d r a u l i c a l l y   or  e l e c t r o m e c h a n i c a l l y .  

The  d i s a d v a n t a g e   of  a  h y d r a u l i c   dr ive  of  the  sled  is  the  fact  that  this   r e -  

qui res   an  excess  of  i n s t a l l e d   power,  in  order  to  be  enabled  to  d e l i v e r   t h e  

power  peak  for  fas t   r e v e r s a l .  

Consequen t ly ,   the  output   e f f i c i e n c y   of  the  h y d r a u l i c   drive  is  p o o r .  
The  d i s a d v a n t a g e s   of  the  known  e l e c t r o m e c h a n i c a l   d r ives   of  the  sled  a r e  

the  chang ing -ove r   time,  which  is  too  long,   and  the  i n e r t i a   momentum  of  t h e  

moving  a c c e s s o r i e s ,   r e s u l t i n g   in  a  r e v e r s a l   motion,  which  is  too  s low.  

Both  systems  show  a  less  a ccu ra t e   r e v e r s a l   point   mainly  at  high  s p e e d ,  

which  means  that   the  honing  process   cannot  be  c a r r i e d   out  with  the  o p t i m a l  



s p e e d .  

To  a  major  extent   this   app l i e s   to  the  honing  of  b l ind  b o r e s .  

Therefore   a  s o l u t i o n   was  i n v e s t i g a t e d   to  remove  these  a d v a n t a g e s .  
A  thorough  r e sea rch   r e s u l t e d   in  a  machine,  with  which  the  above  d i s a d v a n -  

tages  are  obvia ted   to  a  c o n s i d e r a b l e   e x t e n t .  

The  h o r i z o n t a l   honing  machine  with  dr iven  sled  for  large  and  small  s t r o k e  

l eng ths ,   compris ing  a  frame  with  a  guiding  bar  and  with  a  l i n e a r l y   d r i v e n  

sled  with  a  motor  for  t h e  r o t a t o r y   motion  of  the  honing  head  is  c h a r a c t e -  

r ized  according   to  the  sub jec t   i n v e n t i o n ,   in  that   the  dr ive  of  said  s l e d  

is  moved  by  a  d i r e c t   cu r r en t   motor  with  servo  con t ro l   and  s o l i d s t a t e   t r a n -  
s i s t o r   ad ju s tmen t ,   whereby  the  speed  and  the  r e v e r s a l   point   of  the  mot ion  

of  the  sled  in  the  s t roke   are  almost  independant   from  the  load  and  a r e  

a c c u r a t e l y   r e p e a t i n g .  

For  said  c o n t r o l l i n g   three  systems  are  a p p r o p r i a t e .  

The  c o n t r o l l i n g   can  be  e f f e c t e d   by  means  of  a  th reephase   t h y r i s t o r   c o n -  

v e r t o r .  

With  this   a  three  phase  a l t e r n a t i n g   t ens ion   is  r e c t i f i e d ,   whereby  t h e  

pulse-frequency  ranges  from  150-300  Hz. 

The  c o n t r o l l i n g   can  also  be  e f f e c t e d   by  a  d i r e c t   cu r ren t   t r a n s i s t o r   r e g u -  
l a to r   in  combinat ion  with  a  b r u s h l e s s   synchrone  motor  having  pe rmanen t  

magnets  at  the  ro to r   and  coi ls   at  the  s t a t o r .  

The  cu r r en t   fed  to  the  co i l s   is  e l e c t r o n i c a l l y   commuted. 

The  p r e f e r r e d   embodiment  is  a  t r a n s i s t o r   with  pulse  width  m o d u l a t i o n .  

With  this   device  the  a l t e r n a t i n g   t ens ion   is  f i r s t   r e c t i f i e d   and  s u b s e q u e n t -  

ly  equably  chopped.  
The  t ens ion   at  the  ro to r   c o l l e c t o r   connec t ions   is  i n f l u e n c e d   by  v a r y i n g  

the  width  of  the  p u l s e s .  

The  frequency  of  the  pulses  ranges  from  about  1000  to  10.000  Hz. 

With  this   device  a  motor  with  permanent  magnet  and  a  b u i l t - i n   t a c h o - g e n e -  

r a to r   is  u s e d .  

I n  t h i s   manner  the  d r iv ing   power  is  provided  by  a  closed  c i r c u i t   f o r  

speed  r e g u l a t i o n   having  short   r e a c t i o n   p e r i o d s .  

Thereby  the  set  speed  and  the  r e v e r s a l   of  the  motion  are  independent   from 

load  and  very  a c c u r a t e .  

The  swi tch ing   over  of  the  s e r v o  c o n t r o l   can  be  e f f e c t e d   by  a  sequence  o f  

s igna l s   which  are  i n t roduced   according  to  a  p rese t   programme  for  c o n t i n -  

uous  p roduc t ion   t a s k s .  

The  axia l   speed  during  the  honing  process   ranges  between  about  10  and 

40  m/min. 



The  power  drive  used  in  accordance  with  the  i nven t ion   renders   the  p o s s i -  

b i l i t y   to  r e t a r d   the  sled  with  the  honing  head  at  an  ax ia l   speed  of  30 

m/min,  to  e f f e c t   the  r e v e r s a l   wi thout   p e r c e p t i b l e   s t a n d s t i l l   and  to  b r i n g  
it  to  the  set  speed  in  the  r eve r se   d i r e c t i o n   again  wi th in   1/3  s e c o n d .  

A  second  advantage  of  the  drive  accord ing   to  the  i n v e n t i o n   is  the  f e a t u r e  

that   with  an  equa l ly   remaining  ad jus tment   of  the  speed  of  the  ax ia l   mo t ion  

a  very  a c c u r a t e l y   set  point   of  r e v e r s a l   of  the  sled  is  ob ta ined ,   which  

is  p r a c t i c a l l y   independent   from  the  ax ia l   load  and  which  wi l l   be  r e p e a t e d  

c o n t i n u a l l y   with  e x a c t n e s s .  

This  is  of  g rea t   importance  in  p r a c t i c e ,   for  example  for  the  honing  o f  

bores  with  b l ind   b o t t o m s .  

It  appeared  to  be  p o s s i b l e   to  make  use  of  the  optimal  speed  of  the  s l e d  

also  for  the  honing  of  b l ind   b o r e s  a n d   in  this   r e spec t   to  hone  even  at  a 
d i s t a n c e   of  2  to  3  mm  only  from  the  b o t t o m .  

The  power  i n s t a l l e d   for  the  dr ive  is  15  kW  at  the  u t m o s t .  

The  drive  is  d e l i v e r i n g   only  the  power  which  is  to  be  used  at  any  moment. 

During  the  r e v e r s a l   the  peak  charge  to  drag  and  to  s t a r t   running  up 
is  consumed  and  during  the  f u r t h e r   uniform  speed  of  the  s t roke   only  t he  

power  for  the  motion  of  the  honing  head  through  the  piece  of  work  i s  

consumed. 

There fore   the  t o t a l   e f f i c i e n c y   of  the  e l e c t r i c a l   dr ive  is  becoming  h i g h e r  

than  tha t   of  c o n v e n t i o n a l   s y s t e m s .  

The  drive  with  con t ro l   accord ing   to  the  i n v e n t i o n   enables   to  make  t h e  

r e v e r s a l   of  the  sled  a c c u r a t e l y   also  in  case  of  high  axia l   speed  (40m/min) ,  

so  that   during  the  honing  of  b l ind   bores  the  optimal  speed  can  be  a p p l i e d .  

The  servomotor   has  a  low  i n e r t i a   momentum  and  it   can  endure  the  h i g h  

s t r e n g t h s   of  c u r r e n t   during  short   per iods   which  are  neces sa ry   for  the  s t a r t  

of  running  up  and  for  the  dragging  o p e r a t i o n s .  

Because  of  these  high  speeds  o b t a i n a b l e   with  the  said  drive  the  machine  i s  

also  a p p r o p r i a t e   for  honing  by  means  of  novel  c u t t i n g   m a t e r i a l s ,   such  as  

boron  n i t r i d e   (The  use  of  boron  n i t r i d e   is  desc r ibed   i . a .   in  " W e r k s t a t t  

und  B e t r i e b " ,   Ed.  H a n s e r , 1 1 6 , ( 1 9 8 3 ) , n r . 6 ,   p.399  a . f . ) .  

The  i n v e n t i o n   is  f u r t h e r   e l u c i d a t e d   on  the  bas is   of  the  enclosed  d rawings  

1 and  2. 

Figure  1  shows  in  par t   a  schematic   c r o s s p e c t i o n   of  the  i n s t a l l a t i o n   a c c o r -  

ding  to  the  i n v e n t i o n .  

Therein   (1)  is  the  se rvomotor ,   (2)  a  t a c h o g e n e r a t o r ,   (3)  a  r e d u c t o r ,  

(4)  the  s l ed ,   (5)  the  motor  for  the  r o t a t o r y   d r ive ,   (6)  the  honing  head  

with  the  honing  stone  (7)  in  the  piece  of  work  ( 8 ) .  



Figure  2  shows schemat ica l ly   the  e l e c t r i c a l   con t ro l   c i r c u i t   of  the  i n s t a l -  

l a t i o n .  

(1)  is  the  se rvomotor ,   (2)  the  t a c h o g e n e r a t o r ,   (9)  a  p o t e n t i o m e t e r ,   (10)  a 

Reed- re l ay ,   (11)  a  g r a d i e n t   g e n e r a t o r ,   (12)  a  servo  a m p l i f i e r ,   (13)  an 

i n t e r n a L c u r r e n t   c i r c u i t .  

The  servomotor  (1)  has  low  i n e r t i a   momentum  and  it  can  endure  high  c u r r e n t s  

during  short   pe r i ods ,   which  are  necessa ry   for  s t a r t   and  d r a g g i n g .  

The  t a c h o g e n e r a t o r   (2)  is  mounted  upon  the  shaf t   of  the  servomotor   ( 1 ) .  

The  r educ to r   (3)  has  a  low  i n e r t i a   momentum  too  and  i ts   c o n s t r u c t i o n   i s  

with  i n c o n s i d e r a b l e   p l a y .  

At  the  console  for  the  ope ra to r   of  the  device  a  p o t e n t i o m e t e r   (9)  is  moun- 

ted,  which  d e l i v e r s   a  t ens ion   l i n e a r l y   p r o p o r t i o n a l   with  the  angle  o f  

a d j u s t m e n t .  

This  ad jus t ed   value  is  switched  over  to  the  servo  a m p l i f i e r   (12)  by  means 

of  the  Reed- re l ay   (10)  with  mercury  c o n t a c t s ,   which  have  a  swi tch ing   d e l a y  

of  about  2  m i l l i s e c o n d s .  

The  s igna l   of  the  ad jus t ed   value  is  fed  into  the  g r ad i en t   g e n e r a t o r   ( 1 1 ) ,  

which  t rans forms   a  n o n - l i n e a r   s igna l   into  a  value  of  t ens ion   i nc lud ing   o r  

d e c l i n i n g   l i n e a r l y   with  t ime,  and  thus  provides   for  uni formly  a c c e l e r a t i n g  

s t a r t   and  uni formly  r e t a r d e d   dragging  r e s p e c t i v e l y   of  the  motor  ( 1 ) .  

The  t a c h o g e n e r a t o r   (2)  at  the  shaf t   of  the  motor  (1)  d e l i v e r s   a  t e n s i o n  

i n c r e a s i n g   l i n e a r l y   with  speed  of  r o t a t i o n   and  the  p o l a r i t y   of  which  depends 

from  the  d i r e c t i o n   of  r o t a t i o n .  

This  s igna l   of  the  t a c h o g e n e r a t o r   pursuant   to  the  g r ad i en t   g e n e r a t o r ( 1 1 )   i s  

compared  with  the  ad jus t ed   v a l u e .  

The  s e r v o a m p l i f i e r   (12)  con t ro l s   the  cu r ren t   and  the  t ens ion   for  the  mo- 

tor  (1)  in  such  a  manner,  that   the  measured  s igna l   of  the  t a c h o g e n e r a t o r  
is  c o n s i s t e n t   with  the  ad jus t ed   va lue ,   whereby  the  con t ro l   c i r c u i t   f o r  

the  ra te   of  speed  is  c l o s e d .  

If  the  axia l   speed  of  the  motor  (1)  would  a l t e r   as  a  consequence  of  t h e  

forces  of  honing  and  of  mass,  the  system  wi l l   i n s t a n t a n e o u s l y   react   and 

d e l i v e r   a  t ens ion   and  a  r o t a t o r y   moment  a p p r o p r i a t e   to  reduce  the  speed  

into  the  previous  s i t u a t i o n .  

An  i n t e r n a l   cu r r en t   c i r c u i t   (13)  is  added  to  provide  for  a  feed-back  s i g -  

nal  in  order  to  obta in   a  p r e c i s e   ad jus tment   of  the  r o t a t o r y   moment. 

The  drive  renders   the  p o s s i b i l i t y   to  enable  the  sled  and  a l l   the  a c c e s s o -  

r ies   connected  with  it   as  well   as  the  honing  equipment  to  move  to  and  f r o ,  

with  a  speed  of  40  m/min. 

The  sled  sha l l   stop  in  it   at  the  end  of  the  s t roke  f l e x i b l y   and  a c c u r a t e l y  



r e a c c e l e r a t e   wi thout   n o t i c e a b l e   s t a n d s t i l l .  

The  s t roke   depth  is  about  10.000  mm. 

The  d i sp lacemen t   length  is  about  13.000  mm. 

With  a  speed  in  the  s t roke   of  30  m/min  which  occurs  qui te   o f t en ,   each  t h e  

dragging  and  the  a c c e l e r a t i n g   d i s t a n c e s   should  not  be  in  excess  of  40  mm. 

The  fo l lowing   c a l c u l a t i o n   demons t ra tes   the  f avourab le   r e s u l t s   with  s l e d  

speeds  up  to  40  m/min. 

C a l c u l a t i o n s   for  the  f r e q u e n t l y   used  speed  of  30  m/min  and  with  a  d r a g g i n g  

d i s t a n c e   of  40  mm  are  as  f o l l o w s :  

E f f i c i e n c y   of  the  s led  g u i d a n c e :  

ba l l   bea r ings (   "2"  90%) 

R e d u c t o r :  

r e t a r d a t i o n   f ac to r   2  =   11 .0  

mass  i n e r t i a   momentum  3,   =  1 .971.   1 0   Kgm2 
y ie ld   2  =   92% 

d iv ide r   c i r c l e   of  chain  wheel  d ia .=  0.152  m. 

Permanent  magnet  m o t o r :  

(pos.  1,  with  t a c h o g e n e r a t o r )  

mass  i n e r t i a   momentum:  I2  = 0.026  kgm2 

s t r e n g t h   of  cu r r en t   taken  up=  1.22  Amp/Nm 

cu r ren t   peak,  max.  =  140  Amp 

max.  cont inuous   torque  =  30  N m .  

Servo  a m p l i f i e r :  

s t r e n g t h   of  c u r r e n t ,   admiss ib le   of  short   d u r a t i o n =   50  Amp. 

s t r e n g t h   of  cu r ren t   c o n t i n u a l l y  c h a r g e a b l e   (at  100  V 

t ens ion   at  motor)  =  32  Amp. 

Axial  honing  fo rce ,   max.:  Fa  =  about 1500  N 

The  load  occu r r ing   with  the  servomotor   for  running  up: 

The  running  up  and  dragging  r e s p e c t i v e l y   of  the  sled  is  uniformly  a c c e l e -  

ra ted   and  un i formly   r e t a r d e d   r e s p e c t i v e l y .  

With  a  sled  speed  a d j u s t e d   at  30  m/min  the  s t a r t i n g   d i s t a n c e   and  the  d r a g -  

ging  d i s t a n c e   are  both  40  mm. 

S  =  40  mm  =  0.040  m. 



V  =  30  m/min  = 0.50  m / sec  

S  =  0.5.  V.t  with  uni formly  a c c e l e r a t e d   r u n n i n g .  

speed  of  r o t a t i o n   of  the  servo  m o t o r :  

Angle  a c c e l e r a t i o n   of  the  servo  moto r :  

=  452.3  r a d / s e c 2  

Mass  i n e r t i a   momentum  of  mass  moving  to  and  f r o :  

33  c a l c u l a t e d   r e l a t i n g   to  the  speed  of  r o t a t i o n   of  mo to r :  

Total  of  mass  i n e r t i a   momentum: 

Motor  t o r q u e  r e q u i r e d   f o r  s t a r t   w i t h  h o n i n g   head  l o a d l e s s :  

Dynamic  s t a r t   cu r r en t   J d  yn=  
22 .76 .1 .22   =  27.77  Amp. 

Motor  torque  requi red   for  maximal  axial   honing  f o r c e :  



S t a t i c   motor  c u r r e n t :  

Maximal  load  of  the  servo  moto r :  

Uniformly  a c c e l e r a t e d   s t a r t i n g   of  the  honing  machine  with  s t roke   depth  o f  

10.000  mm,  under  fu l l   load  of  honing  head,  up  to  30  m/min  in  0.16  s e c :  

= 27.77  +  15.27  =  43.04  Amp. 

The  maximum  torque  is  hard ly   h igher   than  the  con t inuous ly   admiss ib le   t o r -  

que  of  30  Nm. 

The  maximum  motor  c u r r e n t   is  c o n s i d e r a b l y   lower  than  the  admiss ib le   peak  

of  140  Amp. 

Thus  the  servo  motor  has  s u f f i c i e n t   r e se rve   s t r e n g t h .  

At  a  sled  speed  of  40  m/min  the  same  maximum  charge  takes  place  but  it  i s  

l a s t i n g   only  40 30 .  0.16  =  0.21  s e c .  

Servo  a m p l i f i e r :  

The  short   d u r a t i o n   s t a r t i n g   cu r r en t   of  43.04  Amp  is  amply  lower  than  t h e  

t o l e r a b l e   value  of  50  Amp. 

The  cu r r en t   s t r e n g t h   of  15.27  Amp.  r equ i red   during  the  uniform  speed  o f  

s t roke   is  about  50%  of  the  cu r r en t   s t r e n g t h   of  32  Amp.,which  is  c o n t i n u o u s -  

ly  t o l e r a b l e .  

The  s e r v o - a m p l i f i e r   is  t h e r e f o r e   s u f f i c i e n t l y   ample  of  c o n s t r u c t i o n .  

Accuracy  of  con t ro l   of  the  servo  drive  s y s t e m :  
The  i n f l u e n c e   of  the  mass  i n e r t i a   of  the  servo  motor  is  c o n s i d e r a b l y   h i g h -  

er  than  that   of  the  sled  plus  the  r o t a t i n g   drive  plus  the  honing  equ ipmen t .  

The  load  e f f e c t e d   by  the  honing  force  is  r e l a t i v e l y   low. 

Consequent ly   this   drive  renders   an  accu ra t e   r e v e r s a l   which  is  almost  i n d e -  

pendent  from  honing  f o r c e .  

Experiments   have  been  performed  in  order  to  determine  the  accuracy  o f  

r e v e r s a l   with  the  h o r i z o n t a l   honing  machine  accord ing   to  the  i n v e n t i o n  

with  a  s t roke   depth  of  2500  mm: 
Drive  of  the  s l e d  :   permanent  magnet  motor  with  s e r v o - a m p l i f i e r  

Piece  of  work:  T u b e  φ 1 9 5 .  φ 2 1 5 ,   l eng th  960   mm,  Steel   35. 



Honing  head:  ANR  250  type  with  support   c a g e .  

Honing  s tones :   4  only,  W  47  A  45 

Honing  o i l :   MAN  841.5  type  with  about  15  1 /min .  

C i r c u m f e r e n t i a l   speed:  Vrot=  52  m/min 

Speed  in  the  s t roke :   30  and  40  m/min; 

see  t a b l e s .  

The  r e s u l t s   of  the  exper iments   are  r epor t ed   in  the  t ab les   I  and  I I .  

Measurements  have  been  made  with  gauge  with  0.01  mm  divided  scale   and 

5  mm  s t roke   d e p t h .  

The  values  of  r e s u l t s   of  runs  2 , 5 , 6 , 7   and  8  have  been  rounded  off  t o  

0.05  mm,  the  values  of  runs  9,10  and  11  have  been  rounded  off  to  0.1  mm. 

Measurements  have  been  made  under  d i f f e r e n t   load  cond i t i ons   and  at  two 

success ive   days  in  order  to  examine  the  i n f l u e n c e s   of  prolonged  s t a n d s t i l l  

per iods   and  of  cool ing   down. 

From  the  f i r s t   run  u n t i l   a f t e r   run  8  no  ad jus tment   whatsoever   of  the  ma- 

chine  had  been  a l t e r e d .  

For  the  augmenta t ion   of  the  speed  in  the  s t roke   from  30  to  40  m/min  t h e  

gauge  has  been  d i sp l aced   because  then  the  running  out  d i s t a n c e   of  t h e  s l e d  

was  l o n g e r .  

With  a  speed  in  the  s t roke  of  30  m/min  the measured  spread  of  the  point   o f  

r e v e r s a l   was  2.21  mm  at  the  h i g h e s t w h i l e   the  load  of  the  honing  f o r c e  

was  varying  from  0  to  1.02 kW . 

With  a  s t roke   speed  of  30  m/min  and  the  same  load  the  measured  spread  was 

0.7  mm. 

When  the  s t roke   speed  was  augmented  to  40  m/min,the  spread  values  were  t h e  

same  as  with  a  speed  of  30  m/min. 

The  augmenta t ion   of  the  r o t a t i o n a l   load  is  r e s u l t i n g   from  the  i nc rease   o f  

the  speed  in  the  s t r o k e .  

From  the  expe r imen ta l   runs  and  the  measured  values  it   appears  that   w i t h  

the  machine  accord ing   to  the  i nven t ion   an  important   p rogress   with  r e s p e c t  

to  the  known  systems  of  c o n s t r u c t i o n   has  been  a t t a i n e d .  







1.  H o r i z o n t a l   honing  machine  for  large  and  small  s t roke   l eng ths ,   c o m p r i s i n g  

a  frame  with  a  guiding  bar  and  a  l i n e a r l y   dr iven  sled  with  a  motor  f o r  

the  r o t a t i n g   motion  of  the  honing  head,  c h a r a c t e r i z e d   in  that  the  d r i v e  

of  the  sled  is  moved  by  a  d i r e c t   cu r r en t   motor  with  servo  con t ro l   and 

t r a n s i s t o r   a d j u s t m e n t ,   whereby  the  speed  and  the  point   of  r e v e r s a l   o f  

the  motion  of  the  sled  in  the  s t roke   are  almost  independent   from  t h e  

load  of  the  honing  head  and  are  a c c u r a t e l y   r e p e a t i n g .  

2.  Honing  machine  accord ing   to  claim  1,  c h a r a c t e r i z e d   in  that   the  s e r v o  

con t ro l   comprises  a  three  phase  t h y r i s t o r   r e g u l a t o r .  

3.  Honing  machine  according  to  claim  1,  c h a r a c t e r i z e d   in  that   the  s e r v o  

con t ro l   comprises  a  d i r e c t   cu r r en t   t r a n s i s t o r   r e g u l a t o r   with  e l e c t r o n i c  

commutation,   whereby  a  b r u s h l e s s   synchrone  motor  with  permanent  magnets  

at  the  r o to r   and  with  windings  at  the  s t a t o r   is  u s e d .  

4.  Honing  machine  accord ing   to  claim  I,  c h a r a c t e r i z e d   in  that   the  s e r v o  

con t ro l   comprises  a  p u l s e - w i d t h - m o d u l a t e d   t r a n s i s t o r   r e g u l a t o r .  

5.  Honing  machine  accord ing   to  one  of  the  claims  1  through  4,  c h a r a c t e r i z e d  

in  that   the  swi tch ing   over  of  the  servo  con t ro l   is  e f f e c t e d   by  a  s e q u e n -  

ce  of  s i g n a l s w h i c h   is  fed  into  in  accordance  with  a  programme  f o r  

cont inuous   p roduc t ion   t a s k s .  

6.  Honing  machine,   compris ing  a  l i n e a r l y   dr iven  sled  (4)  with  a  motor  ( 5 )  

for  the  r o t a t i n g   motion  of  the  honing  head  (6)  with  honing  stone  ( 7 ) ,  

c h a r a c t e r i z e d   in  that   the  motion  of  the  drive  of  the  sled  (4)  is  e f f e c t e d  

by  a  d i r e c t   cu r r en t   motor  (1)  with  servo  c o n t r o l ,   t a c h o g e n e r a t o r   ( 2 )  

and  r e d u c t o r   (3),   whereby  the  e l e c t r i c a l   r e g u l a t i o n   comprises  a  p o t e n -  
t ionmete r   (9),   which  d e l i v e r s   a  t ens ion   l i n e a r l y   p r o p o r t i o n a l   to  t h e  

ad jus tment   angle ,   a  Reed- re lay   (10)  and  a  s e r v o - a m p l i f i e r   (12)  w i t h  

g r a d i e n t   g e n e r a t o r   (11)  and  i n t e r n a l   cu r ren t   c i r c u i t   (13)  for  a c c u r a t e  

r e g u l a t i o n   of  the  r o t a t i o n a l   momentum. 

7.  A  method  for  the  h o r i z o n t a l   honing  of  bores ,   c h a r a c t e r i z e d   in  that   a 
machine  according   to  one  of  the  claims  1  through  6  is  u s e d .  



8.  A  product  obta ined  by  the  use  of  means  according  to  the  method  a c c o r -  

ding  to  claim  7. 
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