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(54)  Keyboard  musical  instrument  featuring  an  electronic  device  for  detecting  the  percussion 
mode  of  sound  generating  elements 

(57)  A  keyboard  musical  instrument  wherein,  by 
means  of  a  respective  transmission  mechanism  (1), 
each  key  (2)  strikes  a  corresponding  sound  generating 
element  (19).  The  instrument  presents  a  device  (34)  in 
turn  presenting  a  number  of  sensors  (40),  each  for  gen- 
erating  a  signal  depending  on  the  movement  of  a  termi- 
nal  actuating  member  (12)  of  each  transmission 
mechanism  (1),  and  an  electronic  musical  note  genera- 

tor  (35)  employing  as  input  signals  the  electric  signals 
supplied  by  the  sensors  (40).  In  the  event  the  instrument 
is  a  piano,  the  actuating  member  (12)  whose  movement 
is  detected  by  the  sensor  is  conveniently  formed  by  a 
portion  of  the  hammer  (11)  striking  the  piano  strings 
(19). 
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Description 

The  present  invention  relates  to  a  keyboard  musical 
instrument  featuring  an  electronic  device  for  detecting 
the  percussion  mode  of  sound  generating  elements  of  s 
the  instrument. 

In  particular,  but  not  exclusively,  the  musical  instru- 
ment  to  which  the  present  invention  relates  is  a  piano. 

As  is  known,  one  of  the  most  important  keyboard 
musical  instruments  is  the  so-called  mechanical  or  10 
acoustic  piano,  in  which  each  key  causes  a  hammer  to 
strike  one  or  more  steel  strings  stretched  on  a  frame. 
When  struck,  the  strings  produce  a  vibration,  which  in 
turn  produces  a  corresponding  musical  note  which  is 
amplified  by  a  sound  box.  The  volume  of  the  notes  is  is 
modulated  according  to  the  pressure  applied  by  the 
player  to  the  keys,  and  which  produces  a  predetermined 
operating  speed,  i.e.  a  predetermined  movement,  of  the 
key.  In  particular,  when  light  or  strong  pressure  is 
applied,  the  key  respectively  produces  a  soft  or  loud  20 
sound. 

Each  key  is  connected  to  the  respective  hammer  by 
a  complex  mechanism  which  varies  according  to  the  type 
of  piano  (grand  or  upright),  but  which  in  any  case  pro- 
vides  for  a  further  movement  of  the  hammer  depending  25 
not  only  on  the  movement  but  also  on  the  initial  position 
of  the  key  (at  rest  or  in  motion)  and  on  other  settings 
made,  for  example,  using  the  pedals. 

An  accomplished  pianist,  therefore,  does  not  simply 
press  the  key,  but  combines  operation  of  the  keys  with  30 
the  various  settings,  strikes  the  key  repeatedly  in  rapid 
succession  to  produce  a  "trill",  presses  the  key  before  it 
returns  fully  to  the  idle  position  to  produce  a  "repeat" 
note,  or  presses  a  series  of  keys  to  produce  a  "slur". 

Numerous  instruments  resembling  the  traditional  35 
mechanical  piano  are  now  produced,  and  by  which 
sound  is  generated,  not  (or  at  least  not  only)  by  vibrating 
the  strings,  but  with  the  aid  of  electronic  devices,  which 
are  inserted  inside  a  traditional  piano  or  a  simpler  instru- 
ment  simulating  mechanical  operation  of  the  keys,  or  are  40 
set  up  externally  and  connected  electrically  to  the  instru- 
ment. 

Such  devices  provide  for  generating  "soft"  or  "loud" 
sounds  by  means  of  a  wide  range  of  electronic  tech- 
niques  (all  of  which,  however,  involve  detecting  the  pres-  45 
sure  exerted  on  the  key)  so  that  the  resulting  sound 
resembles  as  closely  as  possible  that  produced  by  a  sim- 
ilarly  operated  mechanical  piano. 

According  to  the  known  technique,  such  devices 
present  sensors  of  various  types  (spring  contacts,  con-  so 
ductive  rubber,  optical,  etc.)  for  determining  the  speed  of 
respective  keys,  e.g.  by  measuring  the  time  taken  by  the 
key  to  activate  two  sensors  a  given  distance  apart. 

The  above  known  devices  present  several  draw- 
backs.  55 

In  particular,  many  of  the  characteristics  of  the  notes 
generated  by  the  strings  of  a  traditional  piano,  and  espe- 
cially  those  produced  by  the  skill  of  the  pianist,  cannot 
be  determined  on  the  basis  of  the  operating  speed  of  the 

keys,  so  that  the  pianist  must  to  some  extent  adapt  his 
touch  accordingly,  and  experiences  a  distinct  difference 
from  the  piano  keyboard  to  which  he  is  accustomed. 

Moreover,  such  devices,  by  detecting  the  movement 
of  the  keys,  fail  to  provide  for  a  satisfactory  performance 
comparable  with  that  obtainable  from  a  traditional  piano. 

It  is  an  object  of  the  present  invention  to  provide  a 
keyboard  musical  instrument  featuring  a  straightforward 
electronic  device  for  detecting  the  percussion  mode  of 
sound  generating  elements,  and  designed  to  overcome 
the  aforementioned  drawbacks  typically  associated  with 
known  devices. 

According  to  the  present  invention,  there  is  provided 
a  musical  instrument  comprising: 

a  keyboard  in  turn  comprising  a  number  of  keys, 
each  corresponding  to  a  respective  note,  and  each  oper- 
ated  manually  to  effect  a  first  movement  determined  by 
the  player;  and 

a  number  of  transmission  mechanisms,  each  con- 
trolled  by  a  respective  key  on  said  keyboard,  and  each 
presenting  a  terminal  actuating  member  effecting  a  sec- 
ond  movement  dependent  only  partly  on  said  first  move- 
ment; 

characterized  in  that  it  comprises  an  electronic 
device  presenting  a  number  of  sensors,  each  for  detect- 
ing  the  movement  of  a  respective  said  terminal  actuating 
member,  and  generating  an  electric  signal  depending  on 
said  second  movement. 

A  preferred,  non-limiting  embodiment  of  the  present 
invention  will  be  described  by  way  of  example  with  refer- 
ence  to  the  accompanying  drawings,  in  which: 

Figure  1  shows  a  schematic  side  view  of  part  of  a 
keyboard  musical  instrument  in  accordance  with  the 
present  invention; 
Figure  2  shows  a  larger-scale  detail  of  Figure  1  . 

Number  1  in  Figure  1  indicates  one  of  the  percussion 
mechanisms  of  a  known  upright  acoustic  piano.  Mecha- 
nism  1  is  activated  by  a  key  2  corresponding  to  a  respec- 
tive  note,  and  which  comprises  the  outward-facing  arm 
of  a  rocker  arm  lever  3  pivoting  on  pivot  4,  normally 
guided  by  members  5,  and  resting,  when  idle,  on  a  fixed 
stop  6.  The  arm  of  lever  3  on  the  opposite  side  to  key  2 
activates  a  piston  7  forming  part  of  mechanism  1  ,  and 
which  in  turn  controls  a  support  8  pivoting  about  axis  9. 

By  means  of  an  escapement  mechanism  10,  sup- 
port  8  activates  a  corresponding  hammer  indicated  as  a 
whole  by  1  1  .  More  specifically,  hammer  1  1  comprises  a 
cam  portion,  hereinafter  referred  to  as  core  12,  pivoting 
on  a  pin  1  3,  and  a  portion  of  which  is  covered  by  a  wear- 
proof  seal  1  5  (Figure  2)  which  is  pushed  by  a  vertical  rod 
14  of  mechanism  10. 

Hammer  1  1  also  comprises  a  head  or  core  1  6,  and 
a  rod  17  connecting  core  1  2  to  head  1  6;  and  head  1  6 
presents  a  hard-felt-covered  tip  1  8  by  which  it  strikes  one 
or  more  steel  strings  19  for  acoustically  generating  the 
note  corresponding  to  key  2.  Rod  17  normally  rests 
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against  a  supporting  guide  21  ,  as  indicated  by  the  con- 
tinuous  line  in  Figure  1. 

When  key  2  is  pressed,  piston  7  rotates  support  8  of 
mechanism  10  about  axis  9,  and  rod  14  provides  core 
1  2  with  sufficient  energy  to  rotate  hammer  1  1  anticlock-  5 
wise,  with  a  so-called  escapement  movement,  into  the 
position  shown  by  the  dotted  line  in  Figure  1  .  As  can  be 
seen,  at  least  part  of  the  movement  of  hammer  1  1  is 
effected  independently  of  that  of  lever  3  of  key  2.  By 
means  of  felt  1  8,  hammer  1  1  strikes  the  corresponding  n 
strings  19  to  generate  the  relative  note,  and  then 
bounces  back  into  the  idle  position  to  allow  strings  19  to 
vibrate  freely. 

The  outer  end  of  support  8  is  fitted  with  a  brake  22, 
which  cooperates  with  the  tip  23  of  a  counter-hammer  n 
24  fitted  to  core  12,  and  which  engages  tip  23  during  its 
return  stroke  to  brake  the  oscillation  of  hammer  11. 
Counter-hammer  24  is  connected  by  an  elastic  brace  26 
to  a  hook  27  also  fitted  to  support  8;  which  brace  26  per- 
mits  hammer  1  1  to  be  operated  repeatedly  to  produce  a  2t 
"trill",  i.e.  the  same  note  repeated  in  rapid  succession. 

The  inner  end  of  support  8  is  fitted  with  an  appendix 
or  spoon  28  for  activating  a  vibration  damping  element 
29  pivoting  on  a  fixed  pin  30.  Element  29  terminates  at 
the  top  with  a  pad  25  with  a  felt  covering  31  ,  and  is  nor-  2t 
mally  pushed  by  a  spring  32  so  that  felt  31  rests  against 
and  dampens  the  vibration  of  strings  1  9,  as  shown  in  Fig- 
ure  1. 

When  support  8  is  rotated  anticlockwise  by  piston  7, 
spoon  28  detaches  felt  31  slightly  from  strings  19,  and  3< 
keeps  it  in  this  position  until  key  2  is  released.  Depending 
on  the  time  lapse  between  release  and  the  next  operation 
of  key  2,  "repeat"  notes,  "slurs"  and  other  technical 
effects  may  be  produced  by  the  player.  Moreover,  the 
force  with  which  each  hammer  1  1  strikes  strings  1  9  may  3t 
be  further  adjusted  by  adjusting  the  position  of  guide  21 
to  move  hammers  1  1  closer  to  strings  1  9.  This  is  a  known 
adjustment  which,  on  a  traditional  piano,  is  made  by 
operating  the  "loud"  pedal. 

The  movement  of  hammer  1  1  therefore  depends,  4t 
not  only  on  the  movement  of  key  2  as  operated  by  the 
player,  but  also  on  other  characteristics  including  the 
type  of  piano,  the  volume  provided  for  by  the  "loud"  pedal, 
the  repeat  operating  frequency  of  key  2,  the  time  lapse 
between  release  and  the  next  next  operation  of  key  2,  « 
and,  in  general,  the  initial  position  of  the  hammer  or  key 
(at  rest  or  in  motion)  when  it  is  operated. 

According  to  the  present  invention,  the  piano 
described  above  also  comprises  a  device  34  for  detect- 
ing  the  force  with  which  strings  19  are  struck,  as  st 
described  in  detail  below.  More  specifically,  device  34 
comprises  an  electronic  musical  note  generator  or  syn- 
thesizer  35  controlled,  via  a  number  of  electric  connec- 
tions  36,  by  a  number  of  sensors  40,  each  relative  to  a 
respective  hammer  11.  In  a  manner  not  shown,  synthe-  5i 
sizer  35  may  be  connected  selectively  to  a  loudspeaker 
37  or  a  headset  38,  and  presents  known  volume  and  tone 
control  knobs. 

To  operate  device  34  independently  of  the  piano, 
e.g.  to  enable  the  player  to  practise  in  silence  using  head- 
set  38,  the  piano  also  features  a  muting  device  39,  which 
is  not  essential  as  regards  the  present  invention,  and 
which  comprises  a  bar  41  with  a  felt  covering  42  and 
located  between  strings  1  9  and  rods  1  7  of  hammers  1  1  . 

Bar  41  is  fitted  to  a  pair  of  arms  43  pivoting  on  two 
pins  44,  and  is  normally  set  to  the  Figure  1  position  in 
which  it  does  not  affect  the  movement  of  hammers  1  1  . 
Arms  43  may  be  controlled  in  any  known  manner  to  set 
bar  41  to  the  position  shown  by  the  dotted  line  in  Figure 
1  ,  in  which  felt  42  of  bar  41  arrests  hammers  1  1  just 
before  they  strike  strings  19,  and  so  prevents  strings  19 
from  producing  the  respective  note. 

According  to  the  present  invention,  sensors  40  con- 
trolling  synthesizer  35  provide  for  detecting  the  move- 
ment  of  hammer  11.  More  specifically,  a  respective 
sensor  40  is  located  at  core  1  2  of  each  hammer  1  1  ,  for 
determining  the  speed  of  core  1  2  during  both  the  forward 
and  return  stroke  of  hammer  1  1  . 

Since  it  is  the  speed  of  hammer  1  1  that  normally 
determines  the  characteristics  of  the  note  produced  by 
strings  1  9,  sensor  40  is  therefore  capable  of  causing  syn- 
thesizer  35  to  electronically  generate  the  same  note  with 
the  same  characteristics  determined  by  the  speed  of 
hammer  1  1  ,  so  that  the  player  experiences  the  same 
response  as  on  a  traditional  piano,  between  the  pressure 
applied  to  the  keys  and  the  characteristics  of  the  notes 
produced  by  synthesizer  35. 

Each  sensor  40  may  comprise  a  pair  of  pho- 
toswitches  46  (Figure  2)  located  a  given  distance  apart 
and  for  determining  the  passage  of  part,  e.g.  an  edge,  of 
core  1  2  ;  and  may  advantageously  comprise  a  capacitive, 
resistive  or  inductive  transducer,  or  any  other  means  for 
detecting  the  speed  of  a  mechanical  element. 

The  advantages  of  the  control  device  according  to 
the  present  invention  will  be  clear  from  the  foregoing 
description. 

In  particular,  it  provides  for  detecting  the  speed  of 
the  actual  moving  part  on  which  the  sound  produced  by 
the  strings  depends,  as  opposed  to  the  movement  of  the 
key  by  which  the  above  movement  is  produced,  and  as 
such  for  supplying  the  synthesizer  with  more  accurate 
information  concerning  the  volume  desired  by  the  player. 

Moreover,  it  provides  for  achieving  the  same 
response  as  on  a  traditional  piano,  between  the  pressure 
applied  by  the  player  to  the  keys  and  the  characteristics 
of  the  notes  produced.  Application  of  the  present  inven- 
tion,  in  fact,  has  been  found  to  provide  for  a  much  more 
faithful  reproduction  of  the  same  performance  on  a  tra- 
ditional  piano,  particularly  as  regards  "trills",  "repeat" 
notes,  "slurs",  rapid  repeat  operation  of  the  same  key, 
and  even  operation  of  the  "loud"  pedal. 

Clearly,  changes  may  be  made  to  the  musical  instru- 
ment  incorporating  device  34  as  described  and  illus- 
trated  herein  without,  however,  departing  from  the  scope 
of  the  present  invention. 
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For  example,  sensor  40  may  be  so  located  as  to 
detect  the  speed  of  rod  1  7  or  head  16  of  hammer  1  1  ,  as 
opposed  to  the  speed  of  core  12. 

Though,  in  the  above  application,  device  34  (Figure 
1)  is  incorporated  in  an  upright  piano  with  a  muting  sys- 
tem,  it  may  of  course  be  applied  to  any  type  of  piano,  e.g. 
a  grand  piano,  or  to  any  other  type  of  musical  instrument 
in  which  the  movement  of  the  part  striking  the  sound  gen- 
erating  element  does  not  depend  entirely  on  the  move- 
ment  of  the  key. 

The  musical  instrument  may  even  comprise  only  the 
keyboard  and  relative  percussion  mechanisms,  with  no 
sound  generating  elements,  i.e.  may  be  a  "hybrid"  instru- 
ment  featuring  a  traditional  mechanical  and  an  electronic 
sound  generating  section,  in  which  case,  sensor  40 
would  be  so  located  as  to  determine  the  speed  of  a  con- 
trol  element  with  the  same  movement  as  core  12  in  Fig- 
ure  1. 

Claims 

1  .  A  musical  instrument  comprising: 
a  keyboard  in  turn  comprising  a  number  of 

keys  (2),  each  corresponding  to  a  respective  note, 
and  each  operated  manually  to  effect  a  first  move- 
ment  determined  by  the  player;  and 

a  number  of  transmission  mechanisms  (1), 
each  controlled  by  a  respective  key  (2)  on  said  key- 
board,  and  each  presenting  a  terminal  actuating 
member  (1  2)  effecting  a  second  movement  depend- 
ent  only  partly  on  said  first  movement; 

characterized  in  that  it  comprises  an  elec- 
tronic  device  (34)  presenting  a  number  of  sensors 
(40),  each  for  detecting  the  movement  of  a  respec- 
tive  said  terminal  actuating  member  (12),  and  gen- 
erating  an  electric  signal  depending  on  said  second 
movement. 

2.  An  instrument  as  claimed  in  Claim  1  ,  characterized 
in  that  said  device  (34)  comprises  an  electronic 
musical  note  generator  (35)  employing  as  input  sig- 
nals  the  electric  signals  generated  by  said  sensors 
(40). 

3.  An  instrument  as  claimed  in  Claim  1  or  2,  character- 
ized  in  that  each  said  sensor  (40)  comprises  a  pair 
of  photoswitches  (46)  a  given  distance  apart  and 
facing  a  respective  said  terminal  actuating  member 
(12). 

4.  An  instrument  as  claimed  in  Claim  1  or  2,  character- 
ized  in  that  each  said  sensor  (40)  comprises  a 
capacitive,  resistive  or  inductive  transducer. 

5.  An  instrument  as  claimed  in  any  one  of  the  foregoing 
Claims,  characterized  in  that  it  comprises  a  guide 
(21)  for  establishing  the  rest  position  of  said  terminal 
actuating  member  (12)  of  each  said  transmission 
mechanism  (1),  and  for  affecting  said  second  move- 

ment  in  such  a  manner  as  to  affect  the  volume  of  the 
notes. 

6.  An  instrument  as  claimed  in  any  one  of  the  foregoing 
5  Claims,  characterized  in  that  it  comprises  means 

(41)  for  damping  the  percussion  speed  of  said  ter- 
minal  actuating  member  (12)  of  each  said  transmis- 
sion  mechanism  (1),  and  for  affecting  said  second 
movement  in  such  a  manner  as  to  produce  a  "mut- 

10  ing"  effect. 

7.  An  instrument  as  claimed  in  any  one  of  the  foregoing 
Claims,  characterized  in  that  said  second  movement 
comprises  a  component  depending  on  the  operating 

15  frequency  of  the  corresponding  key  (2)  on  said  key- 
board. 

8.  An  instrument  as  claimed  in  one  of  the  foregoing 
Claims,  characterized  in  that  said  second  movement 

20  comprises  a  component  depending  on  the  speed  at 
which  the  corresponding  key  (2)  on  said  keyboard  is 
released  after  being  operated. 

9.  An  instrument  as  claimed  in  one  of  the  foregoing 
25  Claims,  characterized  in  that  each  of  said  transmis- 

sion  mechanisms  (1)  comprises  a  member  (14)  acti- 
vated  by  the  corresponding  key  (2)  on  said 
keyboard,  and  which  pushes  said  terminal  actuating 
member  (12)  in  such  a  manner  that  at  least  part  of 

30  the  movement  of  said  terminal  actuating  member 
(1  2)  is  effected  independently  of  that  of  said  key  (2). 

1  0.  An  instrument  as  claimed  in  any  one  of  the  foregoing 
Claims,  characterized  in  that  each  said  terminal 

35  actuating  member  (12)  comprises  a  cam  portion 
(1  2)  of  a  hammer  (11);  said  hammer  (11)  also  com- 
prising  a  head  (16)  for  striking  at  least  one  corre- 
sponding  string  (19),  and  a  rod  (17)  connecting  said 
cam  portion  (12)  to  said  head  (16);  and  each  said 

40  sensor  (40)  detecting  the  traveling  speed  of  said 
cam  portion  (1  2)  during  both  the  forward  and  return 
stroke  of  said  hammer  (11). 

1  1  .  An  instrument  as  claimed  in  Claim  1  0,  characterized 
45  in  that  a  brake  member  (22)  provides  for  braking  the 

return  stroke  of  said  hammer  (1  1),  and  is  connected 
to  the  hammer  (1  1)  by  a  brace  (26)  permitting  repeat 
operation  of  the  corresponding  key  (2)  in  rapid  suc- 
cession. 

50 
1  2.  An  instrument  as  claimed  in  Claim  1  0  or  1  1  ,  charac- 

terized  in  that  it  comprises  a  muting  device  (39) 
which  may  be  set  to  arrest  the  stroke  of  said  ham- 
mers  (11)  shortly  before  the  respective  head  (16) 

55  engages  the  corresponding  said  string  (1  9). 

13.  An  instrument  as  claimed  in  one  of  the  foregoing 
Claims  from  9  to  12,  characterized  in  that  it  com- 

20 
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prises  individual  means  (31)  for  damping  the  sound 
produced  by  said  strings  (19). 
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