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(54)  Power  tool. 

A  power  tool  comprising  a  motor  (2);  a  rotatable  output shaft  (16)  drivable  by  the  motor  and  adapted  to  carry  a  tool 
(20);  means  (30)  for  generating  a  first  electrical  signal 
representing  the  torque  applied  to  the  output  shaft;  means (40,41)  for  generating  a  second  electrical  signal  representing the  angular  rotation  of the  output  shaft;  and  means  (100)  for 
processing  the  signals  whilst  the  tool  is  in  operation  to 
monitor  the  angle  (8, -  @2)  through  which  the  drive  shaft 
rotates  whilst  the  applied  torque  rises  from  a  predetermined 
threshold  value  (T,)  to  its  greatest  value  (T2)  and  for 
generating  an  indicator  signal  if  the  said  angle  (@1 -  @2)  and 
the  greatest  value  (T2)  both  lie  between  respective  predeter- 
mined  maximum  and  minimum  values  (@3,  @4,  T3,  T4),  and  for 
storing,  in  order,  a  predetermined  number  of  values  of  the 
signals  read  at  periodic  intervals,  and  means  (110)  for 
displaying  the  stored  values. 



This  i n v e n t i o n   r e l a t e s   to  power  t o o l s .  

Power  t o o l s ,   such  as  those  used  in  the  assembly  o f  

motor  v e h i c l e s ,   comprise  a  motor,  which  is  u s u a l l y   d r i v e n  

p n e u m a t i c a l l y ,   and  an  output   shaf t   r o t a t a b l e   by  the  motor  and  

which,  in  use,  c a r r i e s   a  tool   for   engaging  a  connec tor ,   for   example 

a  hexagonal   socket .   In  many  i n s t a n c e s   it   is  r equ i red   tha t   t h e  
connec to r   should  be  t i g h t e n e d   to  a  p rede te rmined   torque.   In  a  

c o n v e n t i o n a l   p n e u m a t i c a l l y - d r i v e n   power  t o o l ,   the  torque  a p p l i e d  

by  the  tool   to  the  connector   w i l l   be  d i r e c t l y   p r o p o r t i o n a l   to  t h e  

p r e s s u r e   of  a i r   used  to  drive  the  too l .   In  order  to  allow  t h e  

app l i ed   torque  to  be  c o n t r o l l e d   t h e r e f o r e   some  power  t o o l s  

i n c o r p o r a t e   a  p re s su re   con t ro l   valve  which  a l lows  the  p r e s s u r e  

applied  to  the  tool   to  be  v a r i e d .   In  o p e r a t i o n ,   the  too l   is  a p p l i e d  

to  a  connec tor   and  the  connector   is  r o t a t e d   u n t i l   no  f u r t h e r  

r o t a t i o n   occurs .   The  ope ra to r   then  assumes  that   the  j o i n t   has  b e e n  

f a s t e n e d   to  the  r equ i red   t i g h t n e s s .   Other  power  t o o l s  

i n c o r p o r a t e   a  torque  d e t e c t o r   which  a u t o m a t i c a l l y   shuts  off  t h e  

dr ive   motor  when  the  p rede te rmined   torque  l eve l   is  d e t e c t e d .   I n  

g e n e r a l ,   however  the  user  cannot  judge  the  qua l i t y   of  a  j o i n t  

s o l e l y   by  the  f ac t   that   a  inquired  torque  has  been  c o r r e c t l y  

a p p l i e d   to  the  connector .   For  example,  a  damaged  t h r ead   may  have  

p reven ted   the  connector   from  p rope r ly   f a s t e n i n g   the  j o i n t .  
A  number  of  con t ro l   systems  have  t h e r e f o r e   been  p r o p o s e d  

in  which  the  v a r i a t i o n   of  app l ied   torque  with  the  angula r   r o t a t i o n  

of  the  connec tor   is  monitored  e l e c t r o n i c a l l y   to  enable  the  user  t o  

de termine   p o s i t i v e l y   whether  a  good  j o i n t   has  been  formed.  F o r  

example  B r i t i s h   Pa tent   S p e c i f i c a t i o n   No.  1526948  d i s c l o s e s   a  power 

tool   having  a  con t ro l   system  which  d e a c t i v a t e s   the  tool   only  when 

the  ra te   of  change  of  torque  with  angle  of  r o t a t i o n   has  d e c r e a s e d  

by  a  p rede te rmined   amount.  This  system  however  r e q u i r e s   t h e  

connec t ion   to  be  t i g h t e n e d   to  the  region  of  the  y ie ld   poin t   of  one 

the  e lements   of  the  f a s t e n e r .   In  some  connec t ions   t i g h t e n i n g   t o  



the  y i e l d   point   may  not  be  a p p r o p r i a t e .   For  example  c o n n e c t o r s  

i n c o r p o r a t i n g   a  spr ing   washer  may  not  r e q u i r e   t i g h t e n i n g   to  t h e  

maximum  torque  p o s s i b l e .  

B r i t i s h   Patent   S p e c i f i c a t i o n   No.  1527185  d i s c l o s e s  

a  power  tool  compris ing  a  motor;  a  r o t a t a b l e   output  s h a f t   for  c a r r y i n g  

a  tool   and  dr iven  by  the  ;notor;  means  for  g e n e r a t i n g   a  f i r s t   e l e c t r i c a l  

s igna l   r e p r e s e n t i n g   the  torque  appl ied  to  the  output   s h a f t ;   means  f o r  

g e n e r a t i n g   a  second  e l e c t r i c a l   s igna l   r e p r e s e n t i n g   the  angular   r o t a t i o n  

of  the  output   sha f t ;   and  means  for  p r o c e s s i n g   the  f i r s t   and  second 

s i g n a l s   whi l s t   the  tool  is  opera ted   to  de termine   the  angle  through  which 

the  dr ive   shaf t   r o t a t e s   whi l s t   the  app l ied   torque  r i s e s   from  a  

p r e d e t e r m i n e d   t h r e s h o l d   value  to  i t s   g r e a t e s t   value  and  for  genera t ing   an 

i n d i c a t o r   s igna l   i f   the  said  angle  and  t h e  s a i d   g r e a t e s t   value  both  l i e  

between  r e s p e c t i v e   p rede te rmined   maximum  and  minimum  v a l u e s .  

The  o p e r a t i o n   of  th is   power  tool   is  based  on  the  o b s e r v a t i o n  

tha t   in  all   wel l - formed  j o i n t s   of  a  p a r t i c u l a r   type,  once  a  t h r e s h o l d  

to rque   app l i ed   to  the  connector   has  been  exceeded,  the  r a t e   of  change 

of  app l i ed   torque  with  r e spec t   to  angular   r o t a t i o n   of  the  connector  i s  

s u b s t a n t i a l l y   the  same.  Consequently,   once  these  t i g h t e n i n g  

c h a r a c t e r i s t i c s   of  a  p a r t i c u l a r   j o in t   have  been  de te rmined ,   they  can  be  

used  as  a  r e f e r e n c e   aga ins t   which  the  q u a l i t y   of  a l l   s i m i l a r   j o in t s   can  

be  t e s t e d .   The  tool  can  t h e r e f o r e   be  used  to  make  a  wide  v a r i e t y   o f  

d i f f e r e n t   types  of  j o in t   whether  or  not  the  j o i n t   is  to  be  t i g h t e n e d  

to  y i e l d   p o i n t .  



Although  the  power  tool  of  B r i t i s h   Patent  S p e c i f i c a t i o n  

No.  1527186  can  be  used  to  check  the  t i g h t e n i n g   c h a r a c t e r i s t i c s   o f  

d i f f e r e n t   j o i n t s ,   i t   does  not  permit  the  permanent  r e c o r d a l   of  t h i s  

i n fo rma t ion ,   for  use,  for  example,  for  q u a l i t y   c o n t r o l ,   or  for  r e s e a r c h  

i n v e s t i g a t i o n s .  

According  to  the  p resen t   i n v e n t i o n ,   there   is  p rov ided   a  power 
tool   compris ing   a  motor;  a  r o t a t a b l e   output   shaft   d r i v a b l e   by  the  moto r  

and  adapted  to  c a r ry   a  too l ;   means  for  g e n e r a t i n g   a  f i r s t   e l e c t r i c a l  

s ignal   r e p r e s e n t i n g   the  torque  appl ied  to  the  output  s h a f t ;   means  f o r  

g e n e r a t i n g   a  second  e l e c t r i c a l   s ignal   r e p r e s e n t i n g   the  angular   r o t a t i o n  

of  the  output  s h a f t ;   and  means  for  p r o c e s s i n g t h e   s i gna l s   whi l s t   the  t o o l  

is  in  o p e r a t i o n   to  de termine   the  angle  through  which  the  dr ive   s h a f t  

r o t a t e s   whi l s t   the  app l i ed   torque  r i s e s   from  a  p r ede t e rmined   t h r e s h o l d  

value  to  i t s   g r e a t e s t   value,   and  for  g e n e r a t i n g   an  i n d i c a t o r   s i g n a l  

i f   t h e  s a i d   angle  and  the  said  g r e a t e s t   value  both  l i e   between  r e s p e c t i v e  

p rede te rmined   maximum  and  minimum  va lues ,   c h a r a c t e r i s e d   in  tha t   t h e  

means  for  p r o c e s s i n g   the  s i g n a l s   comprises  means  for  s t o r i n g ,   in  o r d e r ,  

a  p r ede t e rmined   number  of  values  of  the  s i g n a l s   read  at  p e r i o d i c   i n t e r v a l s  

and  in  that   means  is   p rovided  for  d i s p l a y i n g   the  s to red   v a l u e s .  

The  s t o r e d   va lues   may  be  d i sp l ayed   on  any  s u i t a b l e   medium,  f o r  

example  a  v i sua l   d i s p l a y   un i t ,   or  a  p r i n t e r ,   and  are  then  a v a i l a b l e  

for  examinat ion   as  a  fu l l   record  of  the  - . i s to ry   of  the  j o in t   t i g h t e n i n g  

p r o c e s s .  

The  e l e c t r i c a l   s ignal   r e p r e s e n t i n g   torque  can  be .  genera ted   in  any 
s u i t a b l e   way,  but ,   for   s i m p l i c i t y ,   a  s t r a i n   gauge  is  p r e f e r a b l y   u s e d .  

Where  the  output   sha f t   is  r o t a t a b l e   in  a  housing  to  which  the  motor  i s  

f ixed,   i t   is  c o n v e n i e n t   to  secure  the  s t r a i n   gauge  to  the  h o u s i n g .  

The  e l e c t r i c a l   s igna l   r e p r e s e n t i n g   the  angular   r o t a t i o n   of  the  o u t p u t  

shaft   p r e f e r a b l y   comprises   a  t r a i n   of  e l e c t r i c a l   pu l ses ,   the  frequency  o f  

which  va r i e s   in  accordance   with the  r a t e   of  r o t a t i o n   of  the  output  s h a f t ,  

and  a  counter   for  coun t ing   the  pu l ses ,   The  t r a i n   of  pu lses   may  b e  

genera ted   by  any  means,  for  example  a  



gradua ted   ro to r   dr iven  by  the  motor  and  an  e l e c t r o / o p t i c a l   o r  

e l e c t r o / m a g n e t i c   sensor   for  s ens ing   the  movement  of  the  g r a d u a t i o n s  

on  the  r o t o r .  

The  i n d i c a t o r   s igna l   may  be  used  to  g e n e r a t e   a  v i s i b l e   o r  

audib le   i n d i c a t i o n   of  the  q u a l i t y   of  the  j o in t   and /o r   to  ac tuate   a  

marking  system  for  the  connec to r ,   as  d e s c r i b e d   in  B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  2052333  and  A p p l i c a t i o n   No.  8 1 0 4 2 1 6 .  

The  means  for  p r o c e s s i n g   the  s i g n a l s   p r e f e r a b l y   compr i se s  
r e a d i n g   the  level   of  the  f i r s t   s igna l   at  p r e d e t e r m i n e d   i n t e r v a l s ,  

means  for  s t o r i n g   s i g n a l s   r e p r e s e n t i n g   the  l eve l   of  the  f i r s t   s i g n a l ,  

means  for  upda t ing   the  s t o r e d   s igna l   with  subsequent   s i g n a l s  

r e p r e s e n t i n g   l eve l s   of  the  f i r s t   s igna l   c o r r e s p o n d i n g   to  h i g h e r  

t o rques ,   and  means  for  comparing  the  s to red   s i g n a l   with  s i g n a l s  

r e p r e s e n t i n g   th reshold ,minimum  and  maximum  torque   v a l u e s .  

The  comparison  of  the  s t o r e d   s igna l   with  the  s i g n a l s   r e p r e s e n t i n g  

maximum  and  minimum  torque  value  i n d i c a t e s   whether  the  maximum 

app l i ed   torque   is  wi th in   the  r e q u i r e d   l i m i t s .   The  c o m p a r i s o n  o f  

the  s t o r ed   s ignal   with  the  s igna l   r e p r e s e n t i n g   the  t h r e s h o l d   v a l u e  

i n d i c a t e s   whether  or  not  the  t h r e s h o l d   torque  has  been  exceeded .  

The  means  for  p r o c e s s i n g   the  s i g n a l s   p r e f e r a b l y   also  compr i ses  

means  for  reading   the  l e v e l s   of  the  second  s igna l   at  p e r i o d i c  

i n t e r v a l s ,   means  for  de t e rmin ing   d i f f e r e n c e s   between  c o n s e c u t i v e  

l e v e l s   of  the  second  s igna l   and  means  for  summing  the  d i f f e r e n c e s  

wh i l s t   the  level   of  the  f i r s t   s i g n a l   i n c r e a s e s   from  a  l e v e l  

c o r r e s p o n d i n g   to  the  t h r e s h o l d   torque  value  to  a  l e v e l   cor responding   t o  

the  minimum  torque  v a l u e .  



A  p r e f e r r e d   embodiment  of  the  i n v e n t i o n   will   now  b e  

desc r ibed ,   by  way  of  example  only,  with  r e f e r e n c e   to  the  d r awings ,  

in  w h i c h : -  

Figure  1  is  a  graph  showing  the  torque  c h a r a c t e r i s t i c s   o f  

a  c o n n e c t i o n .  

Figure  2  is  a  c r o s s - s e c t i o n   through  a  power  tool   in  a cco rdance  

with  the  i n v e n t i o n .  

F igures   3  and 4  are  block  diagrams  shoeing  the  con t ro l   system 

of  the  power  tool  of  Figure  2. 

F igures   5,6  and  7  are  flow  char ts   i l l u s t r a t i n g   the  o p e r a t i o n   o f  

the  con t ro l   system  of  Figures   3  and  4 .  

In  Figure  1  the  so l id   l ine   is  a  graph  showing  the  v a r i a t i o n  



of  the  torque  T  a p p l i e d   by  a  power  tool   to  a  c o n n e c t o r ,   such  as  a  

th readed   nut  and  bo l t   with  the  angle  of  rotat ion @.  In  the  reg ion   A 

of  the  graph,  the  a p p l i e d   torque  remains  at  a  low,  r e l a t i v e l y  

uniform  level   w h i l s t   the  nut  runs  f r e e l y   down  the  b o l t .   In  t h i s  

s e c t i o n   of  the  graph,  the  appl ied   torque  never  exceeds  a  t h r e s h o l d  

value  Tl.  In  the  r eg ion   B,  the  nut  encoun te r s   r e s i s t a n c e   as  i t  

engages  the  surface   of  the  component  which  is  be ing   secured .   A f t e r  

pass ing   the  point   (@0,T1),  the  torque  r i s e s   to  a  peak  value  T2,  
between  a  maximum  value  T 4  and  a  minimum  value  T3.  At  th is   p o i n t ,  

(@1,  T1)  the  power  too l   is  d e a c t i v a t e d ,   and  the  a p p l i e d   torque  f a l l s  

to  zero  in  accordance  with  the  c h a r a c t e r i s t i c   i l l u s t r a t e d   in  t h e  

r eg ion   C  of  the  graph,   the  i r r e g u l a r i t i e s   in  the  l ine   being  c a u s e d  

by  the  i n e r t i a   of  the  power  tool   and  the  r e s i l i e n c e   in  the  c o n n e c t i o n .  

If  the  j o i n t   has  been  made  p r o p e r l y ,   the  c h a r a c t e r i s t i c s   o f  

reg ion   B  of  the  graph  are  such  t h a t , a f t e r   the  torque  has  e x c e e d e d  

the  t h r e s h o l d   value  T1,  i t   r i s e s   to  i t s   peak  l e v e l   T 2  w i t h i n   a  

p rede t e rmined   angula r   r o t a t i o n   from  the  po in t   (@0)  at  which  t h e  

t h r e s h o l d   torque  T4  was  exceeded,   (@1 -  @0). 

The  broken  l i n e   in  Figure   1  i l l u s t r a t e s   the  v a r i a t i o n  

app l i ed   torque  with  angu la r   r o t a t i o n   in  the  case  of  a  t h r e a d e d  

connec t ion   having  a  f a u l t y   th read .   The  torque   begins   to  r i s e  

e a r l i e r   as  a  r e s u l t   of  the  r e s i s t a n c e   to  the  t r a v e l   of  the  n u t  

caused  by  the  f a u l t y   t h r ead .   The  r a te   of  i n c r e a s e   of  the  t o r q u e  

wiin  angular   r o t a t i o n   is  however  sma l l e r   than  fo r   the  good  j o i n t ,   so 

tha t   the  p e a k  .   torque   T   is  achieved  a f t e r  a   much  g r e a t e r   a n g l e ,  

of  r o t a t i o n   measured   from  the  point   (@2)  at  which  the  t h r e s h o l d  

torque  T1 has  exceeded.   Hence,  good  j o i n t s   can  be  d i s t i n g u i s h e d  

from  bad  j o i n t s   by  mon i to r ing   the  app l i ed   torque  and  a n g u l a r  

r o t a t i o n   of  the  connec to r ,   and  by  d e t e r m i n i n g   whether   the  a p p l i e d  

torque  exceeds  a  minimum  des i r ed   value  w i t h i n   a  p r e d e t e r m i n e d   a n g u l a r  

r o t a t i o n   a f t e r   exceed ing   the  t h r e s h o l d   v a l u e .  

The  p a r t i c u l a r   t h r e s h o l d   va lues   and  a n g u l a r   r o t a t i o n s   w i l l  

vary  for  each  type  of  connec to r .   Thus,  a  c o n n e c t i o n   i n c o r p o r a t i n g  

a  spr ing   w a s h e r  w i l l   r e q u i r e   a  l a r g e r   angula r   r o t a t i o n   to  a c h i e v e  

i t s   maximum  torque  than  that   r e q u i r e d   by  a  s i m i l a r   connec t ion   w i t h o u t  



a  spr ing   washer.   A d d i t i o n a l l y ,   m a n u f a c t u r i n g   t o l e r e n c e s   wi th in   t h e  

connec t ion   wil l   cause  a  v a r i a t i o n   wi th in   narrow  l i m i t s   of  t h e  

p r e c i s e   angle  of  r o t a t i o n   at  which  any  d e s i r e d   torque  is  a c h i e v e d .  

In  p r a c t i c e   t h e r e f o r e   for  each  type  of  connect ion ,   a  r a n g e  

of  app l i ed   torque   values  from  a  d e s i r e d   minimum  T3 to  a  d e s i r e d  

maximum  T 4 a n d   a  range  of  angular   r o t a t i o n s   from  a  des i r ed   minimum 

@3 to  a  d e s i r e d   maximum  @4,  measured  with  r e f e r e n c e   to  the  po in t   @°. 

at  which  a  t h r e s h o l d   torque  is  exceeded,  is  r e q u i r e d   to  i d e n t i f y   a l l  

good  c o n n e c t i o n s .   This  range  of  va lues   is  i d e n t i f i e d   by  t h e  

r e c t a n g u l a r   area  G  in  Figure  1. 

R e f e r r i n g   now  to  Figures   2  to  5 ,  a   power  tool  1  which  u t i l i s e s  

these  p r i n c i p l e s   i s  i l l u s t r a t e d .   The  power  tool  1,  which  is  i n  t h i s   i n s t a n c e  

s u i t a b l e   is  a  hand held tool for  use  in  a s s e m b l y - l i n e   p roduc t i on   of  mo to r  

v e h i c l e s   comprises   a  pneumatic  motor  2  of  c o n v e n t i o n a l  

c o n s t r u c t i o n   not  shown  in  d e t a i l .  

The  pneumatic  motor  is  d r iven   from  an  a i r   supply  l ine   which 

i nc ludes   a  p r e s s u r e   con t ro l   value  which  pe rmi t s   the  maximum  p r e s s u r e  

app l i ed   to  the  motor  to  be  set  to  a  d e s i r e d   value.   Since  t h e  

maximum  torque   app l ied   by  the  motor  w i l l   vary  in  d i r e c t   p r o p o r t i o n  

to  the  maximum  appl ied   p r e s su re   ad jus tment   of  the  p r e s su re   c o n t r o l  

value  a l lows  the  maximum  torque  of  the  motor  to  be  s e l e c t e d .  

The  pneumatic   motor  2  has  a  dr ive   shaf t   3  which  is  c o u p l e d  

c o a x i a l l y   to  a  f i r s t   i n t e r m e d i a t e   shaf t   4  by  a  sp l ined   connec t ion   5 .  

The  i n t e r m e d i a t e   shaf t   4  is  r o t a t a b l y   mounted  in  the  housing  6  of  t h e  

tool   by  b e a r i n g s   7,  8  and  is,  in  tu rn   coupled  c o a x i a l l y   to  a  s e c o n d  

i n t e r m e d i a t e   shaf t   10  by  means  of  a  s p l i n e d   connec t ion   12. 



The  second  i n t e r m e d i a t e   shaf t   is  r o t a t a b l y   mounted  in  t h e  

housing  6  in  needle   b e a r i n g s   13  and  t e r m i n a t e s   in  a  bevel  g e a r  

14  which  meshes  with  a  f u r t h e r   bevel  gear  15  secured  to  a  h o l l o w  

output  shaft   16  a r ranged   at  r i gh t   angles  to  the  second  i n t e r m e d i a t e  

shaft   10  and  r o t a t a b l y   mounted  in  b e a r i n g s   17,  18  in  the  end  p o r t i o n  

19  of  the  housing  6.  A  dr ive   socket  20  is  removably  mounted  in  a  
conven t iona l   manner  on  the  end  of  the  output   shaft   16  for  engagement  

with  a  connector ,   i n d i c a t e d   s c h m a t i c a l l y   as  a  hexagonal  b o l t  

head  22. 

A  marking  un i t   23  is  mounted  on  the  end  p o r t i o n   19 

of  the  housing  6.  The  d e t a i l s   of  the  c o n s t r u c t i o n   of  the  m a r k i n g  

uni t   23  are  d e s c r i b e d   in  our  B r i t i s h   Pa tent   A p p l i c a t i o n   No.  8104216 .  

B r i e f l y ,   the  marking  un i t   23  inc ludes   a  s t y l u s   24  which  i s  

r e c i p r o c a b l e   by  a i r   p r e s s u r e   wi th in   the  hol low  cent re   of  the  d r i v e  

shaf t   16.  A  marking  f l u i d   is  fed  to  the  s t y l u s   so  tha t ,   when  t h e  

t ip   of  the  s t y l u s   c o n t a c t s   the  bol t   head  22,  marking  f l u i d   i s  

depos i t ed   t h e r e o n ,  



i n d i c a t i n g ,   for  example  for  q u a l i t y   con t ro l   pu rposes ,   that   the  b o l t  

head  22  has  been  t i g h t e n e d   to  the  c o r r e c t   t o r q u e .  

The  marker  unit   23  is  ope ra ted   by  t h e  

con t ro l   system  i l l u s t r a t e d   in  F igures   3  and 4.  The  c o n t r o l   sys tem 

ope ra t e s   from  two  sensor   s i g n a l s .   The  f i r s t   sensor   s igna l   i s  

gene ra t ed   by  a  s t r a i n   gauge  30  mounted  on  the  housing  6  a d j a c e n t  

the  second  i n t e r m e d i a t e   shaf t   10.  

The  s t r a i n   gauge  30  comprises   four  t r a n s d u c e r s   31 

cemented  in  two  d i a m e t r i c a l l y   opposed  pa i r s   on  to  the  e x t e r i o r   o f  

the  housing  6.  As  i n d i c a t e d   in  Figure   3,  the  t r a n s d u c e r s   31  a r e  

connected  t o g e t h e r   in to   a  b r i d g e .   A  r e f e r e n c e   vo l tage   is  a p p l i e d  

across   the  b r idge   from  a  power  supply  32.  T o r s i o n a l   r e a c t i o n  

fo rces   a p p l i e d   to  the  housing  6  as  a  r e s u l t   of  a p p l i c a t i o n   of  a  

torque  load  to  the  output  shaf t   l6  wi l l   cause  the  r e s i s t a n c e s   o f  

the  t r a n s d u c e r s   to  a l t e r ,   the reby   caus ing  a  change  in  the  v o l t a g e  

across   the  b r idge .   This  vo l tage   is  amp l i f i ed   in  an  a m p l i f i e r   33 

and  conver ted   to  an  analogue  cu r r en t   s igna l   in  a  v o l t a g e - t o - c u r r e n t  

i s o l a t i o n   a m p l i f i e r   34.  The  conver s ion   of  the  vo l tage   s ignal   i n  

the  b r idge   to  an  analogue  c u r r e n t   s igna l   r enders   the  s ignal   l e s s  

s e n s i t i v e   to  i n t e r f e r e n c e   from  ex t raneous   sources .   The  e f f e c t  o f  

i n t e r f e r e n c e   is  f u r t h e r   reduced  by  p o s i t i o n g   the  power  supply  a n d  

a m p l i f i e r   c lose  to  the  power  t o o l .  

The  second  sensor  s i g n a l   is  gene ra t ed   by  a  s l o t t e d   disc  4 0 ,  

mounted  c o a x i a l l y   on  the  f i r s t   i n t e r m e d i a t e   dr ive   shaf t   4 , w h i c h  

i n t e r r u p t s   beams  of  i n f r a - r e d   l i g h t   pass ing   between  four  e m i t t e r s  

41  and  t h e i r   r e s p e c t i v e   d e t e c t o r s   42.  In  the  embodiment  i l l u s t r a t e d ,  

the  disc  40  has  90  r a d i a l   s l o t s   and  the  four  pa i r s   of  e m i t t e r s   a n d  
a r e  

d e t e c t o r s   41,  42 / spaced   c i r c u m f e r e n t i a l l y   around  the  disc  40.  Each 

.  e m i t t e r   and  d e t e c t o r   pa i r   is  connected  with  a  r e s p e c t i v e  

a m p l i f i e r ,   one  of  which  is  i l l u s t r a t e d   at  43,  so  tha t   the  o u t p u t  

from  the  a m p l i f i e r   i n c r e a s e s   when  the  s igna l   from  i t s   a s s o c i a t e d  

d e t e c t o r   42  dec reases   and  vice  ve rsa .   Since  each  d e t e c t o r   r e s p o n d s  

to  the  passage  of  both  edges  of  every  s lo t   of  the  disc  40  t h r o u g h  

the  beam  of  i n f r a - r e d   l i g h t   from  i t s   a s s o c i a t e d   e m i t t e r ,   the  o u t p u t  

from  each  of  the  four  a m p l i f i e r s   43  is  in  the  form  of  a  sine  wave 



with  a  per iod  equal  to  2   of  r o t a t i o n   of  the  d i sc   40.  The 

ou tpu t s   from  the  four  a m p l i f i e r s   43  are  each  fed  to  a  r e s p e c t i v e  

level   t r i g g e r   44  and a   monostable   c i r c u i t   45  which  genera te   a  

p o s i t i v e   square  pulse  for  each  ha l f   cycle  of  the  sine  wave.  The 

four  t r a i n s   of  pu lses   are  then  fed  to  an  OR  gate  46.  The  r e l a t i v e  

c i r c u m f e r e n t i a l   spacing  of  the  e m i t t e r / d e t e c t o r   p a i r s   is  such  t h a t  

the  four  t r a i n s   of  pu l se s   are  out  of  phase  with  each  o ther   by  1 4 

of  one  cycle  so  tha t   the  output   from  the  OR  gate  46  wil l   cons i s t   of  a  
t r a i n   of  square  pu l ses   with  a  spacing  equal  to  1 2°  of  r o t a t i o n   of  t h e  

disc  40,  and  t h e r e f o r e   of  the  output  shaft   16.  The  g e n e r a t i o n   of  a  

s i n u s o i d a l   output   from  the  emi t t e r   and  d e t e c t o r   p a r i s   i s  

p a r t i c u l a r l y   convenien t   in  tha t   the  t r i g g e r   l e v e l s   of  the  l e v e l  

t r i g g e r s   44  may  be  a d j u s t e d   to  produce  pu lses   at  p o i n t s   e a r l i e r   and 

l a t e r   in  each  ha l f   cycle  to  compensate  for  i n a c c u r a c i e s   in  t h e  

r e l a t i v e   c i r c u m f e r e n t i a l   p o s i t i o n i n g   of  between  the  e m i t t e r / d e t e c t o r  

p a i r s .  



The  t r a i n   of  pulses   from  the  OR  gate  46  is  fed  into  a  

d i f f e r e n t i a l   d r i v e r   47.  This  produces  equal  and  oppos i t e   v o l t a g e  

s i g n a l s   at  two  outputs   thus  reducing   the  noise  s e n s i t i v i t y   of  t h e  

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

Figure   4  i l l u s t r a t e s   a  f u r t h e r   par t   of  the  c i r c u i t r y   o f  

the  c o n t r o l   system.  In  th is   diagram  the  th ick  l ines   r e p r e s e n t   8 -  

channel   connec to r s   for  the  t r a n s m i s s i o n   of  8 - b i t   d i g i t a l   s i g n a l s .   I n  

the  p a r t   of  the  system  i l l u s t r a t e d   in  Figure   3)  the  sensor  s i g n a l s  

are  conve r t ed   in to   forms  which  are  r e l a t i v e l y   i n s e n s i t i v e   to  n o i s e  

and  i n t e r f e r e n c e .   The  pa r t   of  the  system  i l l u s t r a t e d   in  F i g u r e  4  

can  t h e r e f o r e   be  sa fe ly   p o s i t i o n e d   remote  from  the  power  tool   1 

i t s e l f .  

R e f e r r i n g   to  the  f i r s t   sensor  s i g n a l ,   genera ted   by  t h e  

s t r a i n   gauge  30,  the  analogue  cu r ren t   s igna l   from  the  i s o l a t i o n  

a m p l i f i e r   43  is  fed  into  a  d i f f e r e n t i a l   a m p l i f i e r   50,  which  c o n v e r t s  

the  c u r r e n t   s igna l   into  a  vo l tage   s igna l ;   thence  to  a  gain  c o n t r o l  

51  in  which  the  vo l tage   s igna l s   are  set  to  f a l l   w i th in   a  d e s i r e d  

range;  and  thence  to  an  a n a l o g u e - t o - d i g i t a l   (A/D)  c o n v e r t e r   52  w h i c h  

produces  an  8 - b i t   d i g i t a l   s i gna l   r e p r e s e n t a t i v e   of  the  torque  a p p l i e d  

to  the  output   shaf t   6.  The  A/D  c o n v e r t e r   52  is  connected  via  a n  

8 -channe l   l ine   to  an  output   con t ro l   53  which  allows  the  d i g i t a l  

s igna l   of  the  A/D  conve r t e r   52  to  be  r e a d .  



The  second  sensor  s i g n a l ,   gene ra t ed   by  the  s l o t t e d   d i s c  

40, is  also  fed  into  a  d i f f e r e n t i a l   a m p l i f i e r   55,  which  c o n v e r t s  

the  vol tage  pulses  in to   u n d i r e c t i o n a l   p u l s e s ,   which  are  then  s h a p e d  

in  a  pulse  shaper  56  and  fed  into  a  counter   57.  In  the  embodiment  

i l l u s t r a t e d ,   the  counter   57  is  an  8 - b i t   coun te r   giving  a  c a p a c i t y  

of  256  counts.   The  counter   57  is  connected  by  an  8-channel   l i n e   t o  

an  output  con t ro l   58  which  al lows  the  count  in  the  counter   57  to  b e  

r e a d .  

The  r equ i r ed   values   for  the  minimum,  maximum  and  t h r e s h o l d  

torques   T3,  T4,  T1,  can  be  s e l e c t e d   for  the  p a r t i c u l a r   c o n n e c t i o n  

under  c o n s i d e r a t i o n   by  th ree   thumbwheel  swi tches   61,  62,  63 ,  

r e s p e c t i v e l y .   Each  of  these  thumbwheel  swi tches   feeds  a  d i g i t a l  

s igna l   r e p r e s e n t a t i v e   of  the  r e q u i r e d   to rque   l eve l   into  a  r e s p e c t i v e  

output   control   64,  65,  66.  A  f o u r t h   thumbwheel  switch  67  a l l o w s  

the  s e l e c t i o n   of  a  d e s i r e d   angular   r o t a t i o n   (measured  from  the  p o i n t  

at  which  the  t h r e s h o l d   torque   T1  is  exceeded  (  @1 -  60))  w i t h i n  

which  the  des i r ed   torque   must  be  ach ieved   and  feeds  a  d i g i t a l   s i g n a l  

r e p r e s e n t a t i v e   of  t h i s   value  into  an  output   con t ro l   68.  I t   s h o u l d  

be  noted  t h a t ,   if  d e s i r e d ,   the thumbwheel  switch  67  and  output  c o n t r o l  

68  could  be  r ep laced   by  two  s i m i l a r   swi tches   and  c o n t r o l s ,   one  o f  

which  allows  the  s e l e c t i o n   of  a  minimum  angu la r   r o t a t i o n   (@3-@0)  t h e  

other   of  which  allows  the  s e l e c t i o n   of  a  maximum  angular   r o t a t i o n  

(@4 -  @0).  In  most  j o i n t s   however,  p rovided  tha t   the  r e q u i r e d   t o r q u e  

range  is  s p e c i f i e d ,   the  range  of  angular   r o t a t i o n   wi th in   which  t h e s e  

values   are  achieved  in  good  connec t ions   always  f a l l s   w i th in   f i x e d  

angular   r o t a t i o n   on  e i t h e r   side  of  a  mean  va lue .   In  the  p r e s e n t  

embodiment  of  the  i n v e n t i o n   t h e r e f o r e ,   the  c o n t r o l   system  i s  

programmed  to  c a l c u l a t e   from  a  p r e d e t e r m i n e d   mean  value  the  maximum 

and  minimum  values  of  the  angular   r o t a t i o n   a f t e r   the  t h r e s h o l d  

torque  T1  has  been  exceeded  w i th in   which the  minimum  torque  must  b e  

exceeded.  This  s i m p l i f i e s   the  s e t t i n g   of  the  con t ro l   sys t em.  

The  output   c o n t r o l s   53,  58,  64,  65  66  and  68  are  a l l  

connected  by  a  common  8-channel   input   bus  70  to  an  input  i n t e r f a c e  

card  71  which  r e l a y s ,   via  an  8 -channe l   l i ne   72,  the  s i g n a l s  o n   t h e  

input   bus  70  to  one  input   port   of  a  4 - p o r t   input   and  output  gate  7 3 .  



The  o ther   input   port   of  the  gate  73  is  connected  by  a  

s e p a r a t e   8-channel   l ine   74  to  the  input  i n t e r f a c e   card  and  r e c e i v e s  

c a l i b r a t i o n   and  d i s p l a y   s i g n a l s   from  a  f u r t h e r   8 -channel   bus  76 

which  is  connected  to  c a l i b r a t i o n   and  d i sp lay   con t ro l   s w i t c h e s .  

The  gate  73  i n c l u d e s   two  output  por t s ,   which  are  c o n n e c t e d  

by  s epa ra t e   8 -channel   l i n e s   77,  78  to  an  output  i n t e r f a c e   card  80 .  

The  output   card  80  i n c l u d e s   a  decoding  c i r c u i t   which  decodes  s i g n a l s  

on  one  of  the  output   l i n e s   77  from  the  gate  73  and  t r a n s m i t s   t h e  

r e s u l t i n g   address   s i g n a l s   to  the  output  con t ro l s   53,  58,  64,  65,  66 

and  68  along  six  address   l i ne s   81  i n t e r c o n n e c t i n g   the  output  i n t e r f a c e  

card  80  and  the  output   c o n t r o l s .   Three  a d d i t i o n a l   address  l ines   81 

are  connected  to  r e s p e c t i v e   l a t c h e s   82,83  and  84.  One  la tch   82 

c o n t r o l s   the  o p e r a t i o n   of  a  set  of  seven  i n d i c a t o r   lamps  86  and  t h e  

marker  unit   23,  the  o the r   two  l a t c h e s   83,  84  con t ro l   the  X-  and  Y- 

i npu t s   to  an  o s c i l l o s c o p e   91  .  Each  l a t ch   is  also  c o n n e c t e d  

to  the  output  i n t e r f a c e   card  80  via  a  common  8-channel   output  bus  85, 

to  which  s i g n a l s   are  fed  from  the  second  output  por t   of  the  gate  73 

along  the  8-channel   l i n e   78 .  

The  l a t ch   82  has  e ight   output  channels   co r re spond ing   t o  

each  d ig i t   of  the  8 - b i t b y t e s   s to red   t h e r e i n .   Seven  on  the  c h a n n e l s  

are  connected  via  r e s p e c t i v e   a m p l i f i e r s   87  to  the  i n d i c a t o r   lamps 

86.  The  e ighth  channel  from  the  l a tch   82  is  connected  via  a n  

a m p l i f i e r   to  a  d r i v e r   for  a  so leno id   which  c o n t r o l s   the  supply  o f  

a i r   to  the  marker  uni t   23 .  

The  two  l a t c h e s   83,  84  are  each  connected  to  a  r e s p e c t i v e  

d i g i t a l   to  anologue  (D/A)  c o n v e r t e r   89,90,  the  ou tpu t s   of  which  a r e  

a m p l i f i e d   and  fed  to  the  X  and  Y  c o n t r o l s   of  the  osc i l loscope   9 1 .  



E l e c t r i c a l   s i g n a l s   are  fed  to  and  r e c e i v e d   from  the  gate  73 

by  an  8 -b i t   m ic rop roces so r   100  along  an  8 -channe l   l i ne   101.  The 

micro  p rocessor   100  r e c e i v e s   i n s t r u c t i o n   input   s i g n a l s   a long  
l ine   101  from  a  cont ro l   programme  s to red   in  a  p rogrammable  

r e a d  -   only  memory  (PROM)  105,and  s u p p l i e s   s i g n a l s   to,  and 

r e c e i v e s   s igna l s   from a  random  access   memory  (RAM)  106  along  l i n e  

101.  

The  s torage  c a p a c i t y   of  the  RAM  106  is   a l l o c a t e d   to  two  ma in  

f u n c t i o n s .   A  jo in t   memory  s e c t i o n   of  the  RAM  106  s t o r e s   d a t a  

concerning   the  t o r q u e / a n g l e   of  r o t a t i o n   c h a r a c t e r i s t i c s   of  t h e  

jo in t   and  comprises  four  areas   each  capable  of  s t o r i n g   256  8 - b i t  

b y t e s .   The  i n fo rma t ion   s to red   in  t h i s   area  is  used  to  generate  a  

permanent  record  of  the  t i g h t e n i n g   c h a r a c t e r i s t i c s   of  the  j o i n t .  

If  a  permanent  record  of  the  j o i n t   is  not  r e q u i r e d ,   t h i s   part   o f  

the  RAM  106  can  be  d i spensed   with,   t o g e t h e r   with  the  o s c i l l o s c o p e  

91  and  the  p r i n t e r   110.  A  s c r a t c h   pad  s e c t i o n   of  the  RAM  106  s t o r e s  

working  date  r e l a t i n g   to  the  j o i n t   and  is  used  to  gene ra te   a  s i g n a l  

i n d i c a t i v e  o f   the  q u a l i t y   of  the  j o i n t .   The  s c r a t c h p a d   includes  a  

memory  for  s t o r i n g   d i g i t a l   va lues   c o r r e s p o n d i n g   to  the  t o r q u e  

and  angle  values  set  by  the  o p e r a t o r   on  the  thumbwheels  61 ,62  

63  and  67,  s imi la r   values   c a l c u l a t e d   dur ing  c a l i b r a t i o n   of  t h e  

system,  and  actual   values   read  dur ing   o p e r a t i o n   of  the  s y s t e m ,  

as  desc r ibed   l a t e r .   The  s c r a t c h   pad  also  i n c l u d e s   a  jo in t   p o i n t e r ,  

which  is  incremented  by  the  c o n t r o l   programme  as  d e s c r i b e d   l a t e r  

to  allow  the  256  s torage   u n i t s   in  each  of  the  four  areas   of  t h e  

jo in t   memory  to  be  addressed   in  sequence;   a  25.6-count  jo in t   memory 

counte r ;   s torage   f a c i l i t i e s   for  two  stop  f l a g s ;   a  256  count  loop 

counter ;   a  stop  counter  and  s t o r a g e   f a c i l i t i e s   for  i n f o r m a t i o n  

concern ing   the  s t a tus   of  the  i n d i c a t o r   lamps  8 5 .  



The  o p e r a t i o n   of  the  con t ro l   system  w i l l   now  be  d e s c r i b e d .  

The  system  is  f i r s t   c a l i b r a t e d   using  the  sequence  of  s t e p s  

i l l u s t r a t e d   in  the  f l o w c h a r t   i l l u s t r a t e d   in  F igure   5.  The  e v e n t s  

d e s c r i b e d   below  cor respond  to  the  numbered  boxes  shown  in  the  f l o w -  

cha r t .   The  power  supply  to  the  system  is  f i r s t   switched  on  ( 0 0 1 ) .  

The  j o i n t   memory  and  the  input   and  output   i n t e r f a c e   cards  71  and  80 

are  then  enabled  (002);  the  s c r a t ch   pad  and  the  j o i n t   p o i n t e r   are  s e t  

(003);   and  the  s c r a t c h p a d   memory  is  brought   to  zero  (004).   No 

f u r t h e r   ac t ion   occurs  u n t i l   the  ope ra to r   i n d i c a t e s   tha t   he  is  r e a d y  

to  c a l i b r a t e   the  system  (005).   When  a  "ready  to  c a l i b r a t e "  

s i gna l   is  r ece ived   along  l ine   76,  a  coded  address   s i gna l   is  s u p p l i e d  

to  the  output   i n t e r f a c e   card  along  l ine   77.  This  s i g n a l   is  decoded  

in  the  output  i n t e r f a c e   card  80  and  is  passed  along  the  a p p r o p r i a t e  

address   l ine   81  to  the  output   con t ro l   53  of  the  AD  c o n v e r t e r   52 

S imu l t aneous ly   a  coded  address   s igna l   is  passed  a l o n g  

l ine   78  via  the  output  i n t e r f a c e   card  80  to  the  common  output  bus  85 

t o g e t h e r   with  an  address   code  s ignal   along the  address   l ine   81  to  t h e  

l a t c h   82  c o n t r o l l i n g   the  o p e r a t i o n   of  the  i n d i c a t o r   lamps,  with  t h e  

r e s u l t   tha t   t h e  f i r s t   of  the  seven  lamps  85  is  i l l u m i n a t e d ,   i n d i -  

c a t i n g   tha t   the  power  too l   should  be  al lowed  to  run  f r e e l y   ( 0 0 6 ) .  
running   f r e e l y  

When  the  power  t o o l  i s  t h e   j o in t   memory  counte r   is  set  to  255  (077)  and 

succes s ive   d i g i t a l   s i g n a l s   r e p r e s e n t a t i v e   of  to rque   in  the  A-D 

c o n v e r t e r   57  are  t r a n s m i t t e d   s e q u e n t i a l l y   to  the  s c ra t chpad   memory  and  

accumulated  t h e r e i n .   This  procedure  is  r e p e a t e d   u n t i l   at  l eas t   32 

counts  have  been  r e ce ived   in  the  counter  57  (009)  and  the  count  i n  

the  j o i n t   memory  counter is  zero  (010).   The  value  of  the  accumulated  t o r q u e  

s igna l   in  the  scratchpad  memory  is  then  d iv ided   by  256  to  produce  a  

d i g i t a l   s ignal   r e p r e s e n t a t i v e   of  a  zero  a p p l i e d   torque  (011).   T h i s  

s igna l   is  then  i n c r e a s e d   by  a  p rede te rmined   o f f s e t   so  as  to  avo id  

the  gene ra t i on   of  s i gna l s   r e p r e s e n t i n g   nega t ive   torque  (012). 



The  r e s u l t i n g   value  is  then  s to red   in  the  s c r a t chpad   memory  and  a  

coded  output   s ignal   is  fed  along  the  common  output  bus  85  to  t h e  

l a tch   82  t o g e t h e r   with  an  address   s igna l   along  the  address   l ine   81 

connected  t h e r e t o   so  as  to  i l l u m i n a t e   a  second  one  of  the  lamps  85,  

i n d i c a t i n g   tha t   the  system  is  ready  for  use  ( 0 1 3 ) .  

The  sequence  of  s t eps   fo l lowed  in  using  the  too l   t o  

f a s t e n   a  connec t ion   is  i l l u s t r a t e d   in  the  flow  chart   shown  in  Fig.  6 .  

When  the  d e s i r e d   minimum  to rque   T31  maximum  torque  T4,  a n g u l a r  

r o t a t i o n -   @  and  t h r e s h o l d   torque  T,  have  been  set  on  t h e  

thumbwheel  swi tches   61,  62,  63  and  67,  the  output  c o n t r o l s   64,  65,  

66  and  68  are  addressed  in  t u r n .   The  s i g n a l s   r e p r e s e n t i n g   t h e i r  

values   are  t r a n s m i t t e d   along  the  input   bus  70,  and  p r o c e s s e d   f o r  

s to rage   in  the  s c r a t chpad   memory  (014-017) .   In  these   s t eps ,   t h e  

d i g i t a l   s i g n a l s   in  the  output   con t ro l   r e p r e s e n t i n g   the  torque   l e v e l s  

T,  T3  and  T4  are  expressed   r e l a t i v e   to  the  d i g i t a l   value  o f  

from  zero  torque   de termined  dur ing   the  c a l i b r a t i o n .   The  s i g n a l  

r e p r e s e n t i n g   the  de s i r ed   angu la r   r o t a t i o n   @  is  f u r t h e r  

p rocessed   (018)  to  gene ra te   maximum  and  minimum  angular   r o t a t i o n  

values   @  min  and @  max  wh ich   are  also  s to red   in  t h e  

s c r a t c h p a d   memory. 
The  loop  counter   in  the  s c r a t c h p a d   memory  is  set  to  255  and 

the  j o i n t   p o i n t e r   is  i nc remented   (019) .   The  output  c o n t r o l   53  of  t h e  

AD  c o n v e r t e r   52  is  then  add re s sed   and  the  sampled  to rque   value  i s  

s to red   in  the  s c ra t chpad   memory  (020)  and  in  the  f i r s t   of  t h e  

four  areas  of  the  jo in t   memory.  The  output  con t ro l s  o f   the  c o u n t e r s  

are  also  addressed   and  the  sampled  values   of  the  angular   r o t a t i o n  



s to red   in  the  sc ra tchpad   and  in  the  second  of  the  four  areas   i n  

the  j o i n t   memory  (C21).  The  sampled  torque  value  is  t h e n  

compared  with  the  l a s t   sample  torque  value  s tored  in  the  s c r a t c h p a d  

memory  (022)  and,  i f   it  is  g r e a t e r   than  the  s tored  value,   i t   i s  

s u b s t i t u t e d   t h e r e f o r   (C23).  The  torque  value  is  then  compared  w i t h  

the  minimum  torque  value  T3  (024)  and  i f   i t   is  equal  to  or  g r e a t e r  

than  t h i s   value,   a  count  f l ag   in  the  s c ra t chpad   is  r e s e t  

(025) .   In  the  i n i t i a l   s tages   of  the  t i g h t e n i n g   of  the  c o n n e c t i o n  

(pa r t   A  of  the  graph  of  Figure  1)  the  minimum  torque  value  T3 
will   not  be  reached.   Stage  (025)  will   t h e r e f o r e   be  b i p a s s e d   and  

the  count  f lag   t h e r e f o r e   remains  u n s e t .  

The  i nc rea se   in  the  to rque   val ue   over  the  l a s t   t o r q u e  

value  is  then  c a l c u l a t e d   and  s to red   in  the  t h i r d   area  of  t h e  

j o in t   memory  (026)  and  the  increment   in  the  angular   r o t a t i o n  

over  the  l a s t   value  is  c a l c u l a t e d   and  s to red   in  the  f ou r th   a r e a  

of  the  j o i n t   memory  ( 0 2 7 ) .  

The  count  f lag   is  then  i n t e r r o g a t e d   ( 0 2 8 ) . I n   t h e  

i n i t i a l   s tages   of  the  t i g h t e n i n g   the  count  f lag   is  not  s e t ,  

s ince  the  minimum  torque  T3 has  not  been  exceeded.  In  t h i s   c a s e ,  
the  next  stage  (029)  is  b i p a s s e d .   A  stop  f l a g  

set  dur ing   a  l a t e r   stage  of  the  p r o c e s s i n g   is  then  i n t e r r o g a t e d   ( 0 3 0 ) .  

In  the  i n i t i a l   s tages  of  the  t i g h t e n i n g   t h i s   stop  f lag   wi l l   not  b e  

set,   in  which  case  the  torque  value  is  compared  with  the  t h r e s h o l d  

value  T1  (031) .   If  t h i s   value  has  not  been  exceeded  the  next  s t e p  

(032)  is  b ipas sed   and  the  second  stop  f l ag   is  again  i n t e r r o g a t e d   ( 0 3 3 ) .  

In  the  i n i t i a l   s tages  of  t i g h t e n i n g   t h i s   second  stop  f l ag   wil l   not  b e  

set ,   in  which  case  the  next  two  s tages   (034,  035)  are  also  b i p a s s e d .  

The  loop  counter   is  then  decremented  (036)  and  the  l eve l   of  the  l o o p  

counter   de termined  (037).   If   the  loop  counter   is  not  at  zero,  t h e  

cycle  of  events   from  stage  (019)  is  r e p e a t e d .   In  t h i s   way  the  maximum 

torque   and  angular   r o t a t i o n   va lues   d e t e c t e d   in  256  cycles   w i l l  

accumulate   in  the  s c r a t chpad   memory  t o g e t h e r   with  a  set  of  256  v a l u e s  

in  the  j o i n t   memory  for  the  a b s o l u t e   values   of  the  torque  and  a n g u l a r  

r o t a t i o n   and  of  increments   over  the  r e s p e c t i v e   p rev ious   v a l u e s ( s e e   s teps   20, 



21,  26,  27).  If  256  such  se ts   of  values   should  accumulate  in  the  j o i n t  

memory  without   the  t h r e s h o l d   torque  value  T  being  exceeded,  the  j o i n t  

loop  count  will  be  decremented  to  zero  ( s t e p   036).  At  t h i s   t ime ,  

the  system  r epea t s   the  cycle  of  events  from  step  (014)  ( s t ep   037).  T h i s  

ensures   tha t   any  changes  which  may  have  been  made  to  the  torque  and 

angular   r o t a t i o n   values  T1,  T3,  T4  and  @  are  taken  into  a c c o u n t .  

As  the  t i g h t e n i n g   process   approaches   the  end  of  s ec t i on  A   o f  

the  graph  in  Figure  1,  the  torque  values   begin   to  i n c r e a s e   and 

e v e n t u a l l y   exceed  the  t h r e s h o l d   to rque   T1.  T h e r e a f t e r ,   when  s t a g e  

(031)  is  reached  in  the  next  process   cycle ,   the  count  and  stop  f l a g s  

are  set  (C32).  In  add i t ion ,   the  stop  coun te r   in  the  s c r a t c h p a d   memory  i s  

se t .   The  stop  counter   has  a  number  of  c o u n t s - e q u a l   to  or  g r e a t e r   t h a n  

the  number  of  increments   in  the  torque  and  angular   r o t a t i o n   during  t h e  

remainder   of  the  j o in t   ( i . e .   pa r t s   3  and  C  of  the  graph  in  Figure  1 ) .  

The  stop  f lag   is  i n t e r r o g a t e d   (033)  and,  since  i t   is  now  s e t ,  

the  stop  counter   is  decremented  by one  count  (034).   Af ter   d e t e r m i n i n g  

tha t   the  count  in  the  stop  counter   is  g r e a t e r   than  zero  (035)  t h e  

cycle  con t inues   as  desc r ibed   p r e v i o u s l y .  

In  each  cycle  t h e r e a f t e r ,   when  the  count  f lag  is  i n t e r r o g a t e d  

at  s tage  (C28),  the  increment  in  angular   r o t a t i o n   in  tha t   cycle  i s  

s tored  in  the  sc ra tchpad   memory  and  summed  with  s u c c e s s i v e   i n c r e m e n t s  

(C29).  This  accumulated  value  t h e r e f o r e   r e p r e s e n t s   the  angular   r o t a t i o n  

of  the  connec t ion   since  the  t h r e sho ld   to rque   was  exceeded .  

As  the  t i g h t e n i n g   process   approaches   the  end  of  s e c t i o n   B  o f  

t h e  g r a p h   of  Figure  1,  the  minimum  torque   T3  is  reached,   w h e r e -  

upon,  a f t e r   s tage   (024)  in  the  next  p rocess   cycle ,   the  count  f lag  i s  

unset  (025) .   When  the  count  f lag   is  i n t e r r o g a t e d   at  s tage  (028)  and 

found  to  be  unset ,   the  next  s t a g e  i s   b i p a s s e d   so  tha t   no  f u r t h e r   r o t a t i o n a l  

increments   are  added  to  t h e  a c c u m u l a t e d   value  in  the  s c ra t chpad   memory. 
The  accumulated  value  of  angular   r o t a t i o n  



t h e r e f o r e   r e p r e s e n t s   the  value  ( @ 3 - @ 0 )   in  Figure  1. 

The  peek  torque  T  is  reached  when  the  pneumatic  motor  i s  

swi tched   off  by  i t s   own  con t ro l   system  and  the  app l ied   torque  t h e n  

decrease  .   in  accordance  with  the  c h a r a c t e r i s t i c s   of  part   C  of  t h e  

graph  in  Figure  1.  

Throughout  t h i s   l a s t   par t   of  the  t i g h t e n i n g   process ,   t o r q u e  

and  angular   r o t a t i o n   values  con t inue   to  be  accumulated  in  t h e  

j o i n t   memory  on  each  cycle,   and  the  count  in  the  stop  counter  i s  

decremented  on  each  cycle  ( s t age   34).  When  the  stop  counter  r e a c h e s  

zero  no  f u r the r   data  is  s to red ,   and  the  s to red   data  in  the  s c r a t c h -  

pad  memory  is  used  as  a  ba s i s   for  a  d e c i s i o n   as  to  the  q u a l i t y  

of  the  joint   ( s tage   0 3 5 ) .  

The  flow  chart   of  the  d e c i s i o n   p rocess   is  i l l u s t r a t e d   i n  

F i g u r e  7 .  

When  a  zero  count  is  d e t e c t e d   in  the  stop  counter ,   a  

coded  s ignal   is  t r a n s m i t t e d   along  the  common  output  bus  85 

to  the  l a tch   82  t o g e t h e r   with  an  address   s igna l   along  the  l ine  81 

a s s o c i a t e d   t he rewi th   so  tha t   the  f i r s t   lamp  85  i n d i c a t i n g   that  t h e  

system  is  "ready",   is  turned  off   ( 0 3 8 ) .  

The  value  of  the  maximum  d e t e c t e d   torque  T  s t o r e d  

in  the  sc ra tchpad   memory  at  s tage  (023)  in  the  p roces s ing   c y c l e  

is  compared  with  the  c o r r e c t e d   value  of  the  maximum  des i red   t o r q u e ,  

T4  also  s tored  in  the  s c r a t c h p a d   memory  (039) .   If   th i s   value  i s  

exceeded,  a  coded  output  s igna l   is  passed  along  the  common  o u t p u t  

bus  85  to  the  l a tch   82,  t o g e t h e r   with  an  address   s ignal   so  that  a  

t h i r d   i n d i c a t o r   lamp  is  i l l u m i n a t e d ,   i n d i c a t i n g   that   the  maximum 

a p p l i e d   torque  is  too  high  (040) .   The  c o n d i t i o n   of  t h i s   lamp  i s  

also  recorded  in  the  s c r a t c h p a d   memory. 



If  T4  has  not  been  exceeded,  s tage  (040  is  b i p a s s e d   and 

the  maximum  torque  is  compared  with  the  c o r r e c t e d   value  of  t h e  

minimum  de s i r ed   torque  T3  (041).   If  t h i s   value  has  not  b e e n  

reached  a  four th   lamp  85  is  i l l u m i n a t e d   i n d i c a t i n g   tha t   the  maximum 

appl ied   torque  is  too  low  (042).   The  c o n d i t i o n   of  t h i s   lamp  i s  

also  r ecorded   in  the  s c r a t c h p a d   memory. 

If   T3  has  been  exceeded,  the  accumula ted   value  of  t h e  

angular   r o t a t i o n   (@1 -  @0)  is  compared  with  the  minimum  angle  @  min 

(043) .   If   the  accumulated  value  for  the  angular   r o t a t i o n  

is  lower  than  the  minimum  angle,  the  next  stage  is  b i p a s s e d ,   and  a  
f i f t h   lamp  85  is  i l l u m i n a t e d   i n d i c a t i n g   an  i n c o r r e c t   slope  in  p a r t  

B  of  the  t i g h t e n i n g   c h a r a c t e r i s t i c s   (045) .   If   the  accumulated  v a l u e  

for  the  angular   r o t a t i o n   is  g r e a t e r   than  the  minimum  angle,   i t   i s  

compared  with  the  maximum  des i r ed   angle  @  max  (0 .44 ) .   I f  i t   is  g r e a t e r ,  
the  f i f t h   lamp  85  is  i l l u m i n a t e d   (045) .   I f   i t   is  smal le r ,   s t a g e  

(045)  is  b i p a s s e d .   The  c o n d i t i o n   of  the  f i f t h   lamp  is  r e c o r d e d  

in  the  s c r a t c h p a d   memory. 

The  c o n d i t i o n s   of  the  i n d i c a t o r   lamps  are  then  i n t e r r o g a t e d  

(C46)  and  i f   they  i n d i c a t e   tha t   an  u n s a t i s f a c t o r y   j o i n t   has  b e e n  

made,  the  next  two  s tages   are  b i p a s s e d .   If   i n t e r r o g a t i o n   of  t h e  

cond i t ion   of  the  i n d i c a t o r   lamps  i n d i c a t e s   tha t   a  s a t i s f a c t o r y   j o i n t  

has  been  made,  a  s ix th   i n d i c a t o r   lamp  85  is   i l l u m i n a t e d   ( 0 4 7 ) ,  

a  re lay   for  the  so leno id   c o n t r o l l i n g   the  marker  uni t   23  i s  

opera ted   and  a  r e l ay   t imer  is  i n i t i a t e d   (048) .   A  t imer   for  the  l amps  

35  is  then  i n i t i a t e d   (049) .   The  r e l a y   t imer   is  then  i n t e r r o g a t e d  

(050)  and  i f   i t   is  not  at  the  end  of  i t s   cycle,   the  next  s t a g e  

is  b i p a s s e d .   I f   the  r e l a y   t imer  is  at  the  end  of  i t s   cycle,   the  r e l a y  

for  the  so leno id   is  switched  off   (051) .   The  lamp  t imer   and  r e l ay   a r e  

then  i n t e r r o g a t e d   ( 0 5 2 ) .  



If   both  are  not  at  the  ends  of  t h e i r   cyc les ,   the  sequence  o f  

o p e r a t i o n s   is  r epea t ed   from  step  (050) .   As  a  r e s u l t ,   i f   a  

s a t i s f a c t o r y   jo in t   has  been  produced,   the  bo l t   head  22  will  have 

been  marked  by  the  marker  unit   23.  If   an  u n s a t i s f a c t o r y  j o i n t  

has  been  produced  the  bol t   head  wil l   not  be  marked,  and  an  i n d i c a t o r  

l i g h t   will   show  the  reason  for  f a i l u r e   of  the  j o i n t .   I f   b o t h  

the  r e l a y   t imer  and  the  lamp  t imer  have  completed  t h e i r   t i m i n g  

cyc l e s ,   a l l   the  i n d i c a t o r   lamps  85  are  switched  off   ( 0 5 3 ) .  

The  f i r s t   lamp  is  then  switched  on  again  (054)  i n d i c a t i n g   that   t h e  

system  is  ready,  the  two  f l a g s   are  reset   and  the  maximum 

torque   count  and  angular   r o t a t i o n   count  c l e a r e d   from  the  s c r a t c h p a d  

(055) .   The  cycle  t h e r e a f t e r   con t inues   from  stage  (G.14),  a l l o w i n g  

ano the r   jo in t   to  be  made. 

If  i t   is  d e s i r e d   to  ob ta in   a  w r i t t e n   record   of  the  mark ing  

of  the  c o n n e c t i o n  ,   the  i n f o r m a t i o n   accumulated  in  the  jo in t   memory 

dur ing   the  making  of  the  connec t ion   can  be  supp l i ed   v ia   the  second 

l a t c h   to  a  p r i n t e r   110.  The  p r i n t e r   is  o p t i o n a l l y   a c t i v a t e d   a f t e r  

s tage   (052)  of  the  cycle  and  may  for  example  be  supp l i ed   wi th  

i n s t r u c t i o n s   to  p r i n t   out  the  app l i ed   torque ,   angular   r o t a t i o n  

( 0 3  -   O0),  whether  connec t ion   was  good,  or  i f   not  the  reason  f o r  

i t s   f a i l u r e .  

In  a d d i t i o n   or  a l t e r n a t i v e l y ,   the  accumulated  data  in  t h e  

j o i n t   memory  may  be  d i sp l ayed   on  the  o s c i l l o s c o p e .   For  example, 

a f t e r   stage  (052),  the  whole  f  the  i n f o r m a t i o n   accumulated  i n  

the  j o i n t   s tore   may  be  supp l ied   in  sequence  to  the  l a t c h e s   for  t h e  

X  and  Y  dr ives   of  the  o s c i l l o s c o p e   the reby   p roduc ing   a  g r a p h i c a l  

a n a l y s i s   of  the  j o i n t .  

Although  the  power  tool   d e s c r i b e d   above  is  a  hand  held  t o o l  

s u i t a b l e   for  p roduc t i on   l ine   assembly,   of  motor  v e h i c l e s , i t   will  be 

a p p r e c i a t e d   that   the  i n v e n t i o n   is  a p p l i c a b l e   to  other   types  of  power 

too l ,   e .g.   f ixed  t o o l s .  



1.  A  power  tool  compr i s ing   a  motor;  a  r o t a t a b l e   output   s h a f t  

d r i v a b l e   by  the  motor  end  adapted  to  carry  a  t oo l ;   means  f o r  

g e n e r a t i n g   a  f i r s t   e l e c t r i c a l   s igna l   r e p r e s e n t i n g   the  to rque   a p p l i e d  

to  the  output   sha f t ;   means  for  g e n e r a t i n g   a  second  e l e c t r i c a l   s i g n a l  

r e p r e s e n t i n g   the  angular   r o t a t i o n   of  the  output  s h a f t ;   and  means  f o r  

p r o c e s s i n g   the  s i g n a l s   wh i l s t   the  tool  is  in  o p e r a t i o n   to  d e t e r m i n e  

the  angle  through  which  the  d r ive   shaft   r o t a t e s   w h i l s t   the  a p p l i e d  

torque  r i s e s   from  a  p r e d e t e r m i n e d   th resho ld   value  to  i t s   g r e a t e s t  

value,   and  for  g e n e r a t i n g   an  i n d i c a t o r   s ignal   i f   the  sa id   angle  and  t h e  

said  g r e a t e s t   value  both  l i e   between  r e s p e c t i v e   p r e d e t e r m i n e d   maximum 

and  minimum  va lues ,   c h a r a c t e r i s e d   in  that  the  means  for  p r o c e s s i n g  

the  s i g n a l s   comprises  means  for  s t o r ing ,   in  order ,   a  p r ede t e rmined   number 

of  va lues   of  the  s i g n a l s   read  at  pe r iod i c   i n t e r v a l s   and  in  that   means  i s  

p rov ided   for  d i s p l a y i n g   the  s t o r ed   v a l u e s .  

2.  A  power  tool  a c c o r d i n g   to  Claim  1  wherein  the  means  f o r  

g e n e r a t i n g   the  f i r s t   e l e c t r i c a l   s igna l   comprises  a  s t r a i n   gauge .  

3.  A  power  tool   a c c o r d i n g   to  Claim  2  wherein  the  output  shaft   i s  

r o t a t a b l e   in  a  housing  and  the  s t r a i n   gauge  is   mounted  on  the  h o u s i n g .  

4.  A  power  tool  a c c o r d i n g   to  any  one  of  Claims  1  to  3  where in  

the  means  for  g e n e r a t i n g   the  second  s ignal   compr ises   means  for  g e n e r a t i n g  

a  t r a i n   of  p u l s e s   the  f requency   of  which  va r i e s   in  accordance   with  t h e  

r a t e   of  r o t a t i o n   of  the  ou tput   sha f t ,   and  a  coun te r   for   count ing  the  p u l s e s .  

5.  A  power  tool   a c c o r d i n g   to  Claim  4  wherein  means  for  g e n e r a t i n g  

the  t r a i n   of  pu l ses   comprises   a  s l o t t e d   d i s c  and .  a   o p t i c a l   s e n s o r .  

6.  A  power  tool   a c c o r d i n g   to  any one  of  Claims  1  t o  4   f u r t h e r  

compr i s ing   means  for  marking  the  connector   engaged  by  the  tool ,   the  s a i d  

marking  means  be ing  operable   in  response   to  the  i n d i c a t o r   s i g n a l .  



7.  A  power  tool   accord ing   to  any  one  of  claims  1  to  6  where in  

the  means  for  p r o c e s s i n g   the  s i g n a l s   comprises   means  for  reading  t h e  

l eve l   of  the  f i r s t   s i g n a l   at  p r ede t e rmined   i n t e r v a l s ,   means  for  s t o r i n g  

s i g n a l s   r e p r e s e n t i n g   the  level   of  the  f i r s t   s i g n a l ,   means  for  u p d a t i n g  

the  s to red   s igna l   with  subsequent   s i g n a l s   r e p r e s e n t i n g   levels   of  t h e  

f i r s t   s ignal   c o r r e s p o n d i n g   to  h igher   t o rques ,   and  means  for  comparing  t h e  

s to r ed   s ignal   with  s i g n a l s   r e p r e s e n t i n g   the  t h r e s h o l d ,   minimum  and 

maximum  torque  v a l u e s .  

8.  A  power  tool   accord ing   to  any  one  of  Claims  1  to  7  wherein  t h e  

means  for  p r o c e s s i n g   the  s igna l   comprises   means  for  reading  the  l e v e l s  

of  the  second  s igna l   at  p e r i o d i c   i n t e r v a l s ,   means  for  d e t e r m i n i n g  

d i f f e r e n c e s   between  c o n s e c u t i v e   l e v e l s   of  the  second  s ignal   and  means 

for  sunning  the  d i f f e r e n c e s   whi l s t   the  l eve l   of  the  f i r s t   s ignal   i n c r e a s e s  

from  a  level   c o r r e s p o n d i n g   to  the  torque   t h r e s h o l d   value  to  a   l e v e l  

c o r r e s p o n d i n g   to  the  minimum  torque  v a l u e .  

9.  A  power  tool   accord ing   to  any  one  of  c laims  1  to  8  wherein  t h e  

means  for  d i s p l a y i n g   the  s to red   values   comprises   a  v i sua l   d isplay  u n i t  

and/or   a  p r i n t e r .  
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