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Vacuum  cleaners. 

@  A  vacuum  cleaner  has  a  power  brush  (30)  which 
projects  dirt  particles  directly  into  a  specially  formed 
and  located  vacuum  nozzle  (142)  in  such  a  manner 
that  low  air  consumption  can  be  used.  The  vacuum 
nozzle  has  an  inlet  (70)  extending  along  the  full  axial 
length  of  the  power  brush.  Inclined  grooming 
brushes  (52)  may  be  provided  to  eliminate  wheel 
tracks.  The  front  wall  (28)  forwardly  of  the  power 
brush  may  be  modified  to  provide  front  edge  clean- 
ing.  A  cordless  upright  vacuum  cleaner  may  ad- 
vantageously  be  provided  having  a  cleaning  perfor- 
mance  comparable  with  that  of  mains  powered  up- 
right  cleaners. 
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This  invention  relates  to  vacuum  cleaners  in 
general.  It  is  particularly  applicable  to  upright  vacu- 
um  cleaners,  and  has  special  application  to  cord- 
less  upright  vacuum  cleaners. 

There  are  various  types  of  vacuum  cleaners, 
for  example,  upright  models,  so  called  cylinder 
models,  upholstery  cleaners,  handheld  conve- 
nience  models,  etc.  Many  of  these  are  corded  and 
powered  from  a  remote  electrical  source  of  power, 
e.g.  house  mains  supply.  Some  are  battery  op- 
erated,  i.e.  cordless.  Different  models  consume  dif- 
ferent  levels  of  power  depending,  inter  alia,  on  size, 
type,  purpose,  etc.  However,  in  general,  corded 
vacuum  cleaners  are  considerably  more  powerful 
and  effective  than  cordless  models. 

Even  though  vacuum  cleaners  have  been  con- 
tinually  developed  and  improved  for  over  50  years, 
there  are  still  deficiencies  in  many  and  room  for 
further  improvement,  such  as,  for  example,  in  the 
areas  of  performance,  power  consumption,  cost  to 
manufacture,  etc.  This  applies  to  both  corded  and 
cordless  vacuum  cleaners,  but  is  particularly  ap- 
plicable  to  cordless  models. 

The  present  invention  is,  in  general,  concerned 
with  improving  the  performance  of  vacuum  clean- 
ers  and/or  reducing  the  power  consumption  used 
for  a  particular  performance. 

According  to  one  aspect  of  the  invention,  a 
vacuum  cleaner  has  a  body  with  a  handle,  the 
body  containing  a  vacuum  nozzle  and  a  brush 
rotatable  about  an  axis  parallel  in  use  to  a  surface 
to  be  cleaned.  The  nozzle  has  an  inlet  extending 
parallel  to  the  brush  axis  and  is  spaced  from  but 
adjacent  the  brush,  the  inlet  extending  for  the 
length  of  the  brush  along  its  axis,  being  directed 
towards  the  brush,  and  being  adjacent  the  surface 
to  be  cleaned.  The  nozzle  has  an  air  passageway 
communicating  with  and  extending  from  the  inlet, 
after  at  most  an  initial  section  adjacent  the  inlet  the 
passageway  having  a  constant  cross-sectional 
area.  It  also  has  means  for  rotating  the  brush  about 
its  axis  to  sweep  dirt  directly  from  the  surface 
being  cleaned  to  and  through  the  inlet  into  the 
passageway,  and  means  for  sucking  air  through  the 
inlet  and  the  passageway. 

The  initial  section  may  increase  in  cross-sec- 
tional  area  from  the  constant  cross-sectional  area 
of  the  passageway  to  the  inlet.  This  advantageous- 
ly  allows  larger  objects  to  be  picked  up,  e.g.  ciga- 
rette  ends,  while  maintaining  an  overall  good  air 
speed  through  the  passageway  as  a  whole. 

A  dust  container  may  be  disposed  in  a  casing 
or  housing  pivotally  connected  to  a  base  containing 
the  brush,  the  handle  being  connected  to  and  ex- 
tending  upwardly  from  this  casing  or  housing. 

The  vacuum  cleaner  may  be  cordless  and  in- 
clude  a  rechargeable  battery  for  powering  the  air 
sucking  means  and/or  the  brush  rotating  means. 

Preferably,  the  inlet  has  a  cross-sectional  area 
which  does  not  cause  the  air  speed  to  drop  below 
500  feet  per  minutes  (152  meters  per  minute),  for 
example  not  greater  than  five  times  the  constant 

5  cross-sectional  area  of  the  passageway.  Along  an 
initial  part  of  the  vacuum  nozzle,  where  the  air 
velocity  is  low,  the  nozzle  preferably  is  inclined 
upwardly  in  the  downstream  direction  at  an  angle 
of  20  degrees  or  less,  and  the  nozzle  side  walls 

w  preferably  incline  inwards  at  an  angle  of  45  de- 
grees  or  less. 

Preferably,  the  air  sucking  means  draws  air 
through  the  constant  cross-sectional  area  of  the 
passageway  at  an  air  velocity  of  about  or  at  least 

75  2,000  feet  per  minute  (610  meters  per  minute),  with 
the  air  being  drawn  through  the  inlet  at  an  air 
velocity  of  at  least  one  fifth  thereof,  for  example 
one  quarter  thereof. 

Advantageously,  the  brush  may  have  only  bris- 
20  ties  extending  therefrom,  and  these  bristles  impart 

kinetic  energy  to  the  swept  dirt  to  propel  this  direct 
through  the  initial  section  of  the  passageway. 

For  improved  edge  cleaning,  the  brush  may  be 
disposed  immediately  adjacent  but  rearwardly  of  a 

25  front  wall  of  the  body,  this  front  wall  being  resil- 
iently  yieldable  rearwardly  to  enable  the  brush  to 
sweep  the  edge  of  the  surface  abutting  a  room  wall 
when  the  front  wall  is  pushed  against  this  room 
wall. 

30  According  to  another  aspect  of  the  present 
invention,  there  is  provided  a  vacuum  cleaner  for 
cleaning  carpet,  comprising  a  base  having  a  handle 
connected  thereto  for  manipulating  the  vacuum 
cleaner  over  the  carpet,  means  for  collecting  dust 

35  and  dirt,  a  power  rotated  brush  disposed  in  the 
base  for  sweeping  the  carpet,  the  brush  being 
rotated  about  an  axis  parallel  to  the  surface  of  the 
carpet,  a  vacuum  nozzle  located  adjacent  the  brush 
and  connected  to  the  collecting  means,  the  brush 

40  sweeping  dust  and  dirt  from  the  carpet  in  a  dis- 
charge  direction  directly  towards  an  inlet  of  the 
nozzle,  means  for  sucking  air  through  the  inlet  to 
convey  swept  dust  and  dirt  into  the  collecting 
means  and  power  rotation  of  the  brush  vibrating 

45  the  carpet  and  producing  a  theoretical  location  of 
maximum  amplitude  of  carpet  vibrations  spaced 
from  the  axis  in  the  discharge  direction,  and  inlet 
being  spaced  in  the  discharge  direction  from  this 
theoretical  location. 

50  This  theoretical  location  is  spaced  a  distance  d 
from  a  line  of  contact  of  the  brush  with  the  carpet 
directly  beneath  said  axis,  and  preferably  the  inlet 
is  spaced  a  distance  D  equal  to  at  least  2d  from 
such  line  of  contact.  The  inlet  may  advantageously 

55  be  spaced  a  distance  in  the  range  2d  to  3d  from 
such  line  of  contact. 

According  to  yet  another  aspect  of  the  present 
invention,  there  is  provided  a  cordless  vacuum 
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cleaner  having  a  handle  connected  to  a  body  for 
pushing  the  body  in  a  forward  direction  over  a 
surface  to  be  cleaned  and  for  pulling  the  body  in  a 
rearward  direction  over  the  surface.  The  body  con- 
tains  a  power  driven  brush  rotatable  about  an  axis 
parallel  to  the  surface  to  be  cleaned  with  a  vacuum 
nozzle  located  adjacent  the  brush,  and  the  brush 
being  disposed  immediately  adjacent  but  rearwar- 
dly  of,  a  front  wall  of  the  body.  The  front  wall  is 
resiliency  yieldable  rearwardly  when  the  body  is 
pressed  forwardly  against  a  room  wall  to  enable 
the  brush  to  contact  and  sweep  the  surface  to  be 
cleaned  at  an  edge  location  thereof  abutting  the 
room  wall. 

Advantageously,  the  front  wall  may  comprise  a 
deformable  skirt  connected  along  an  upper  edge  to 
the  vacuum  cleaner  body  and  having  a  free  lower 
edge.  However,  the  front  wall  may  comprise  a 
movable  element  which  is  biased  to  normally  ex- 
tend  forwardly  over  the  brush,  but  on  being 
pressed  forwardly  against  the  room  wall  retracts 
relative  to  the  body  to  expose  the  brush  to  the 
room  wall. 

According  to  yet  a  further  aspect  of  the  present 
invention,  there  is  provided  a  vacuum  cleaner  com- 
prising  a  body  containing  a  power  driven  brush 
having  bristles,  means  connected  to  the  body 
pushing  the  body  forwardly  and  pulling  the  body 
rearwardly  over  a  surface  to  be  cleaned,  the  body 
having  a  front  wall  which  is  normally  spaced  from 
and  extends  downwardly  over  a  front  portion  of  the 
brush,  and  the  front  wall  being  resiliency  yieldable 
rearwardly  relative  to  the  body  when  the  body  is 
pushing  forwardly  against  a  room  wall  to  expose 
the  brush  at  a  junction  of  the  wall  with  the  surface 
and  enable  the  bristles  to  sweep  the  junction  to 
remove  dirt  therefrom. 

Preferably,  upon  rearward  yielding  of  the  front 
wall  the  bristles  contact  and  sweep  down  a  bottom 
part  of  the  room  wall  at  the  junction. 

According  to  a  further  aspect  of  the  invention, 
there  is  provided  a  vacuum  cleaner  comprising  a 
body  with  a  handle  connected  thereto  for  man- 
ipulating  the  body  in  a  forward  and  rearward  direc- 
tion  over  a  surface  to  be  cleaned,  the  body  con- 
taining  a  power  rotated  brush  arrangement,  a 
grooming  brush  arrangement,  and  a  vacuum  noz- 
zle.  Wheels  support  the  body  for  movement  over 
the  surface.  The  power  brush  arrangement  extends 
transversely  across  the  body  at  one  end  thereof, 
and  the  grooming  brush  arrangement  extends 
transversely  across  the  body  at  an  opposite  end 
thereof.  The  wheels  are  disposed  between  the 
power  brush  and  the  grooming  brush  arrangements 
in  the  forward  and  rearward  direction,  and  the 
wheels  are  located  transversely  inwards  of  trans- 
versely  outermost  ends  of  the  power  brush  and 
grooming  brush  arrangements,  the  location  of  the 

wheels  relative  to  the  brush  arrangements  enabling 
the  brush  arrangements  to  brush  out  all  wheel 
marks  on  the  surface  being  cleaned  regardless  of 
whether  the  vacuum  cleaner  is  manipulated  for- 

5  wardly  or  rearwardly. 
Preferably,  two  grooming  brushes  are  each  in- 

clined  to  the  power  brush  at  an  angle  in  the  range 
5  to  20  degrees. 

Advantageously,  there  may  be  two  freely  rotat- 
w  able  grooming  brushes  equally  but  oppositely  in- 

clined  to  the  power  brush  at  an  angle  of  10  de- 
grees,  the  grooming  brushes  being  rotated  by  the 
forward  and  rearward  manipulation  of  the  vacuum 
cleaner  over  the  surface  being  cleaned. 

75  According  to  another  aspect  of  the  invention  , 
there  is  provided  a  vacuum  cleaner,  comprising;  a 
body;  and  a  power  brush  rotatably  mounted  said 
body  for  sweeping  a  surface  to  be  cleaned,  said 
brush  having  outwardly  extending  bristles  charac- 

20  terised  by:  a  vacuum  nozzle  mounted  in  said  body 
for  connection  to  a  source  of  vacuum,  said  nozzle 
having  an  elongated  slot-like  inlet  opening  being 
located  adjacent  said  brush  and  directed  in  said 
direction  towards  those  of  said  bristles  momentarily 

25  in  contact  with  said  surface  when  in  the  act  of 
performing  said  sweeping,  said  direction  extending 
from  said  those  of  said  bristles  through  said  inlet 
and  through  said  initial  portion. 

Preferably,  a  median  plane  through  the  inlet 
30  opening  and  extending  parallel  to  the  direction  of 

the  passageway  and  to  the  rotational  axis  of  the 
power  brush  intersects  the  bristles  momentarily  in 
sweeping  contact  with  the  surface  to  be  cleaned. 

The  elongated  slot-line  opening  is  preferably  at 
35  least  ten  times  as  long  as  it  is  wide. 

The  direction  of  the  passageway  is  preferably 
inclined  relative  to  the  surface  to  be  cleaned  at  an 
angle  no  greater  than  20  degrees. 

The  nozzle  initial  portion  may  have  sidewalls 
40  which  converge  in  the  direction  of  the  passageway 

from  the  inlet  and  are  each  inclined  relative  to  the 
direction  at  an  angle  no  greater  than  45  degrees. 

Other  objects,  features  and  advantages  of  the 
present  invention  will  become  more  fully  apparent 

45  from  the  following  detailed  description  of  the  pre- 
ferred  embodiment,  the  appended  claims  and  the 
accompanying  drawings. 

In  the  accompanying  drawings,  in  which  like 
reference  characters  indicate  like  parts:- 

50  Figure  1  is  a  perspective  view  of  a  cordless  full 
performance  upright  vacuum  cleaner  according 
to  the  invention; 
Figure  2  is  an  underneath  view  of  the  vacuum 
cleaner  of  Figure  1  ; 

55  Figure  3  is  a  vertical  section  of  the  vacuum 
cleaner  on  the  line  3-3  of  Figure  2  but  oriented 
upright  as  in  Figure  1; 
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Figure  4  is  a  perspective  view  of  the  lower 
portion  of  the  vacuum  cleaner  of  Figure  1  illus- 
trating  access  to  the  battery  in  a  pivotal  battery 
compartment; 
Figure  5  is  a  side  view  of  the  vacuum  cleaner  of 
Figure  1  showing  the  dust  container,  with  asso- 
ciated  dust  filter,  pivoted  rearwardly  for  access 
thereto; 
Figure  6  is  a  simplified  perspective  view  show- 
ing  the  underside  of  the  vacuum  cleaner  but 
with  the  grooming  brushes  in  a  modified  dis- 
position; 
Figure  7  is  a  diagrammatic  simplified  vertical 
section  through  the  forward  portion  of  the  base 
of  the  vacuum  cleaner  of  Figure  1  ; 
Figure  8  is  a  diagrammatic  simplified  bottom 
plan  view  of  the  same  forward  portion  as  shown 
in  Figure  7; 
Figure  9  is  a  wiring  schematic  of  the  vacuum 
cleaner  of  Figure  1  ; 
Figure  10  is  a  graph  illustrating  how  vibration 
amplitude  of  the  carpet  changes  with  distance 
from  the  power  driven  brush,  and  shows  the 
position  of  theoretical  location  of  maximum  am- 
plitude; 
Figure  11  is  a  diagrammatic  simplified  vertical 
section  similar  to  Figure  2  (but  from  the  op- 
posite  side)  of  a  preferred  modification  to  facili- 
tate  edge  cleaning  next  to  a  wall; 
Figure  12  is  a  section  similar  to  Figure  11  of 
another  modification  for  edge  cleaning,  and 
Figure  13  is  a  section  similar  to  Figures  11  and 
12  of  yet  a  further  modification  for  edge  clean- 
ing. 
The  preferred  embodiment  of  the  invention  is 

illustrated  mainly  in  Figures  1  to  9  with  Figure  6 
showing  a  grooming  brush  modification.  Figures 
11,12  and  13  show  three  modifications  of  the  front 
of  the  base  for  edge  cleaning,  the  modification  of 
Figure  1  1  being  the  preferred  embodiment. 

The  preferred  embodiment  is  a  cordless  up- 
right  vacuum  cleaner  which  is  powered  by  a  re- 
chargeable  battery.  The  advantage  of  a  battery 
powered  cleaner  is  the  absence  of  a  power  cord 
which  limits  manoeuvrability,  freedom  of  use,  and 
operating  area.  However,  upright  vacuum  cleaners, 
to  perform  satisfactorily,  have  traditionally  required 
considerable  power  of  a  level  which  has  made 
operation  via  cord  from  house  mains  electrical  sup- 
ply  necessary.  The  cordless  vacuum  cleaner  of 
Figures  1  to  9  has  been  specially  developed  to 
operate  off  a  reasonably  compact  battery  source 
and  yet  provide  a  carpet  cleaning  performance 
compatible  with  existing  mains  operated,  corded 
upright  vacuum  cleaners.  It  achieves  this  perfor- 
mance  while  consuming  considerably  less  power 
than  conventional  corded  upright  vacuum  cleaners. 

Although  all  the  features  of  the  preferred  em- 
bodiment  combine  to  provide  a  superior  cordless 
upright  vacuum  cleaner,  several  of  the  features 
both  individually  and  in  different  combinations  are 

5  advantageously  applicable  to  other  kinds  of  vacu- 
um  cleaners  to  improve  the  performance  and/or 
reduce  the  power  requirements  thereof. 

Figure  1  shows  a  front  perspective  view  of  the 
cordless  vacuum  cleaner  according  to  the  invention 

w  which  has  an  upwardly  and  rearwardly  extending 
handle  20  and  a  body  22.  The  body  22  comprises 
a  base  24  and  a  dust  compartment  casing  26 
pivotally  connected  to  and  extending  upwards  from 
a  central  portion  of  the  base  24.  The  handle  20  is 

75  rigidly  secured  to  the  top  casing  26  and  extends 
upwardly  therefrom. 

Figure  2  illustrates,  in  somewhat  simplified 
fashion,  the  underneath  of  this  vacuum  cleaner. 
The  base  24  has  a  front  wall  28;  rearwardly  of,  and 

20  immediately  adjacent  to,  this  wall  28  is  located  a 
power  brush  30  rotatable  about  a  horizontal  axis. 
The  brush  has  at  least  two  helically  curved  rows  of 
bristles  32,  34.  The  brush  30  extends  substantially 
the  full  width  of  the  base  24  and  is  rotatable 

25  mounted  in  a  front  brush  cavity  36.  A  belt  pulley  38 
is  rigidly  mounted  on  the  brush  30  near  one  end, 
the  pulley  38  passing  through  the  bristle  rows  32, 
34.  A  belt  40,  passes  around  and  drives  the  pulley 
38.  However,  it  is  preferred  to  locate  this  pulley  at 

30  one  extreme  end  of  the  power  brush  arrangement. 
Rearward  of  the  brush  30,  and  communicating 

with  the  rear  of  the  brush  cavity  36,  is  a  vacuum 
nozzle  42.  The  nozzle  42  has  an  inlet  which  ex- 
tends  transversely  across  the  base  24  for  the 

35  length  of  the  brush  30.  The  nozzle  42  rapidly 
decreases  in  width  rearwardly  and  is  connected  at 
its  narrower  rear  end  44  to  a  flexible  tube  46. 

A  grooming  brush  cavity  48  at  the  rear  end  of 
the  base  24  contains  a  pair  of  grooming  brushes 

40  50.  The  grooming  brushes  50  are  oppositely  in- 
clined  to  the  axis  of  rotation  of  the  power  brush  30 
at  an  angle  of  about  10  degrees.  Together  the 
grooming  brushes  50  extend  the  full  width  of  the 
base  24,  with  each  brush  50  inclined  rearwardly 

45  towards  the  centre  of  the  cavity  48,  i.e.  the  two 
grooming  brushes  50  form  a  shallow  V  pointing 
rearwardly.  Each  grooming  brush  50  has  a  mul- 
titude  of  radially  extending  bristle  tufts  52.  The 
brushes  50  are  freely  rotatable  about  their  respec- 

50  tively  inclined  central  axis,  with  their  inner  ends 
rotatably  mounted  in  a  central  bracket  54. 

The  base  is  supported  and  rolls  on  two  pairs  of 
freely  rotatable  wheels  56,  58.  The  front  pair  of 
wheels  56  are  disposed  just  rearward  of  the  power 

55  brush  30,  and  the  rear  pair  of  wheels  58  are 
disposed  just  forwardly  of  the  grooming  brush  ar- 
rangement  50.  Thus,  the  wheels  56,  58  are  dis- 
posed  between  the  power  brush  and  grooming 
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brush  arrangements  in  the  forward  and  rearward 
direction  of  movement  of  the  vacuum  cleaner.  Also, 
the  support  wheels  56,  58  are  all  disposed  trans- 
versely  inwards  of  the  transversely  outermost  ends 
of  the  power  brush  30  and  the  grooming  brushes 
50.  During  pushing  and  pulling  movements  of  the 
base  24  over  a  cut-pile  carpet,  the  support  wheels 
56,  58  will  make  wheel  marks  or  wheel  tracks  in 
the  pile  of  the  carpet.  However,  regardless  of 
whether  the  base  24  is  being  moved  in  the  forward 
or  the  rearward  direction,  the  rear  grooming 
brushes  50  or  the  front  power  brush  30,  respec- 
tively,  will  automatically  brush  out  any  such  wheel 
marks  leaving  the  carpet  uniformly  groomed.  The 
grooming  brushes  are  not  power  rotated,  but  rotate 
due  to  their  inclined  disposition;  forward  or  rear- 
ward  movement  of  the  base  24  causes  both 
grooming  brushes  to  rotate  by  engagement  of  their 
bristle  tufts  52  with  the  carpet  being  cleaned;  the 
inclined  arrangement  of  each  grooming  brush  50 
causes  each  brush  to  effect  a  sweeping  action  on 
the  carpet  (as  opposed  to  a  simple  rolling  action). 
In  this  way,  the  grooming  brushes  50  positively 
sweep  the  carpet  without  being  power  driven 
(except  by  the  backward  and  forward  movement  of 
the  vacuum  cleaner).  The  angle  of  inclination  of  the 
grooming  rollers  is  chosen  to  provide  an  effective 
sweeping  action  without  offering  too  much  resis- 
tance  to  forward  and  rearward  manual  manipulation 
of  the  vacuum  cleaner.  An  angle  to  the  transverse 
direction  (i.e.  to  the  axes  of  the  power  brush  30 
and  the  wheels  56,  58)  in  the  range  5  to  20 
degrees  has  been  found  satisfactory,  with  10  de- 
grees  being  a  good  compromise  between  effective 
sweeping  and  low  movement  resistance. 

Figure  3  is  a  vertical  sectional  view,  again 
somewhat  simplified  for  ease  of  understanding. 
The  power  end  60  of  the  casing  26  is  of  semicir- 
cular  shape  and  has  a  coaxial  pivot  pin  62  on  each 
side  joumalled  in  a  socket  64  formed  in  the  base 
24.  An  electric  motor  66  is  housed  in  the  forward 
portion  of  the  base  24  and  has  a  drive  pulley  68 
over  which  engages  the  belt  40  to  rotate  the  power 
brush  30.  The  vacuum  nozzle  42  has  a  single  inlet 
70  communicating  with  the  front  brush  vicinity  36 
at  the  lower  edge  of  the  rear  thereof.  As  can  be 
seen,  the  inlet  70  is  spaced  just  behind  the  brush 
30  with  the  nozzle  42  extending  rearwardly  from 
the  brush  30  substantially  tangential  thereto.  The 
nozzle  42  so  extends  rearwardly  at  an  upward 
inclination  through  an  opening  in  the  casing  lower 
end  60  to  its  connection  inside  the  casing  26  with 
the  flexible  tube  46.  The  flexible  tube  46  turns 
upwards  and  is  connected  a  short  tubular  pipe  72 
securely  supported  in  the  casing  26.  The  flexible 
tube  46  flexes  to  accommodate  pivotal  movement 
of  the  casing  relative  to  the  base  24  about  the 
pivots  62.  The  upper  end  of  the  short  pipe  72 

communicates  with  an  inlet  duct  74  extending  in- 
side  a  dust  container  76.  A  resilient  gasket  78  seals 
the  inlet  of  the  inlet  duct  74  against  the  discharge 
end  of  the  pipe  72.  An  upwardly  pivoting  flap  valve 

5  80  is  biased  downwardly  to  normally  close  the 
discharge  end  of  the  inlet  duct  74.  A  filter  bag  82, 
pervious  to  air  but  impervious  to  dust,  is  disposed 
in  and  across  the  top  of  the  dust  container  76.  The 
upper  wider  end  of  the  filter  bag  82  is  formed  with 

w  a  supporting  frame  84  and  is  removably  sealed  in 
place  by  peripheral  gaskets  86.  The  lower  rear  end 
of  the  dust  container  has  downwardly  extending 
projections  88  which  removably  engage  in  sockets 
in  the  casing  26  to  allow  pivoting  of  the  dust 

75  container  76  rearwardly  out  of  the  casing  26  (as 
shown  in  Figure  5).  A  handle  90  is  provided  adja- 
cent  the  upper  edge  of  the  rear  wall  of  the  con- 
tainer  76  to  be  grasped  by  an  operator  to  effect 
this  pivoting.  A  manually  pivotal  latch  92  normally 

20  retains  the  dust  container  76  in  position  as  shown 
in  Figure  3,  but  upward  pivoting  of  the  latch  92 
about  its  pivot  94  releases  the  container  76  for 
rearward  pivoting.  The  upper  edge  of  the  container 
76  is  inclined  forwardly  and  downwardly  relative  to 

25  the  casing  26,  thus  enabling  this  upper  edge  to 
assume  a  substantially  horizontal  disposition  when 
the  dust  container  76  is  pivoted  rearwardly  a  full 
open  position  as  shown  in  Figure  5.  An  electric 
motor  96  and  fan  98  driven  thereby  are  mounted 

30  as  a  unit  at  the  tope  of  the  casing  26  just  above  the 
dust  filer  82.  The  fan  sucks  air  in  through  the 
nozzle  inlet  70,  through  the  nozzle  42,  flexible  tube 
46,  pipe  72,  duct  74,  flap  valve  80,  container  76, 
and  dust  bag  82,  and  then  discharges  the  air 

35  through  exhaust  vents  100  at  the  tope  of  the  side 
of  the  casing  26. 

Any  dust,  dirt  or  other  debris  entrained  in  the 
air  sucked  in  through  the  nozzle  42  is  separated 
from  the  air  stream  in  the  dust  container  76  and 

40  collects  in  the  bottom  of  the  container  76.  Some 
dust,  lint,  etc.,  may  adhere  to  the  convex  surface  of 
the  filter  82  requiring  cleaning  or  replacement  of 
the  filter  from  time  to  time. 

A  manually  operated  switch  102  simultaneously 
45  switches  both  motors  66  and  96  on  or  off.  A  battery 

compartment  104  is  disposed  in  a  front  portion  of 
the  casing  26  below  the  dust  container  76  and 
above  the  base  24.  A  rechargeable  battery  106  is 
located  in  the  battery  compartment  104  which  is 

50  forwardly  pivotal  about  a  pivotal  axis  108  to  provide 
access  to  the  battery  as  shown  in  Figure  4. 

Figure  4  shows  the  battery  compartment  104 
pivoted  forwardly  to  expose  the  battery  106  for 
inspection  or  removal,  a  strap  110  being  provided 

55  on  the  battery  106  to  facilitate  lifting  the  battery 
106  out  of  its  compartment  and  handling  the  bat- 
tery  generally.  The  battery  is  arranged  to  automati- 
cally  plug  into  the  electric  circuitry  of  the  vacuum 
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cleaner  upon  being  dropped  fully  into  the  compart- 
ment  104;  likewise,  the  battery  is  automatically 
disconnected  when  lifted  out  the  compartment  104. 
A  suitable  rechargeable  battery  is  a  12  volt  lead 
acid  battery.  Preferably,  the  battery  is  removed 
from  the  vacuum  cleaner  for  recharging;  however,  a 
recharging  unit  could  be  incorporated  in  the  vacu- 
um  cleaner  if  desired,  such  unit  needing  to  be 
temporarily  connected  by  a  cord  to  an  electrical 
outlet  while  recharging  is  being  performed. 

Figure  6  is  a  simplified  perspective  view  of  the 
underside  of  the  base  24.  The  support  wheels  56, 
58  can  be  seen  fully  inboard  of  the  power  brush  30 
and  the  grooming  brush  arrangement  50.  The  inlet 
70  of  the  vacuum  nozzle  42  can  be  seen  extending 
the  whole  length  of  the  power  brush  parallel  thereto 
but  spaced  rearwardly  by  a  distance  D  from  the 
central  vertical  plane  of  the  power  brush  30  (i.e.  the 
vertical  plane  passing  through  and  containing  the 
axis  of  rotation  of  the  brush  30). 

Figures  7  and  8  are  diagrammatic  illustrations 
of  the  relationship  between  the  power  brush  30  and 
the  vacuum  nozzle  42,  and  of  the  shape  of  the 
nozzle  42.  The  power  brush  30  is  rotated  in  the 
direction  of  the  arrow  122  in  Figure  7  so  that  it 
sweeps  rearwardly  directly  towards  the  nozzle  inlet 
70.  Dirt,  dust,  etc.,  being  swept  from  a  carpet  C  by 
the  bristle  row  34  is  projected  from  the  brush  30 
along  the  direction  of  the  arrow  124  directly  into 
and  through  the  nozzle  inlet  70.  The  kinetic  energy 
imparted  by  the  rotating  brush  30  to  the  dirt  and 
other  debris  causes  this  material  to  be  projected 
not  only  through  the  nozzle  inlet  70  but  some 
distance  along  the  nozzle  42  as  indicated  by  the 
extent  of  the  arrow  124.  As  can  be  seen,  the  arrow 
124  is  substantially  tangential  to  the  rotating  brush 
30  and  at  least  the  initial  portion  of  the  nozzle  42  is 
aligned  with  this  tangential  direction.  In  this  way, 
not  only  is  the  dirt  projected  mechanically  partway 
up  the  nozzle  42,  but  the  nozzle  does  not  cause 
the  dirt  to  change  direction  as  viewed  in  Figure  7 
(although  it  may  as  viewed  in  Figure  8)  during  this 
projected  movement.  This  helps  provide  good  pen- 
etration  of  the  dirt  up  the  nozzle  by  the  kinetic 
energy  imparted  to  the  dirt  by  the  brush  30.  It 
should  be  particularly  noted  that  no,  or  relatively 
little,  air  flow  is  needed  to  transport  the  dirt  into 
and  through  the  initial  portion  of  the  nozzle  42.  It 
should  also  be  noted  that  the  direction  of  the  arrow 
124,  and  so  the  nozzle  42,  is  inclined  upwardly  (in 
the  rearward  direction)  to  the  carpet  C  at  an  acute 
angle  y,  of  about  20  degrees.  Angle  y  is  preferably 
20  degrees  or  less,  particularly  for  any  initial  por- 
tion  of  the  nozzle  42  through  which  the  air  velocity 
is  1  ,500  feet  per  minute  (457  meters  per  minute)  or 
less.  Further,  the  distance  D  between  the  central 
vertical  plane  126  of  the  brush  30  and  the  vertical 
plane  128  through  the  nozzle  inlet  70  is  also  a 

factor  affecting  maximum  projection  of  the  dust 
particles  up  the  nozzle  42  by  the  bristles  34,  as  will 
be  explained  later  with  reference  to  Figure  10. 

As  Figure  8  illustrates,  the  nozzle  inlet  70  ex- 
5  tends  along  the  full  length  of  the  brush  30,  so  that 

dust  particles,  etc.,  are,  in  underneath  plan  view, 
projected  in  straight  lines  rearwardly  into  the  nozzle 
inlet  70  along  the  full  length  of  the  row  of  bristles 
34  (as  each  bristle  tuft  in  the  row  moves  to  a 

w  position  opposite  the  nozzle  inlet  70).  The  arrows 
130  indicate  the  parallel  directions  in  which  all  dust 
particles,  etc.,  are  projected  by  the  brush  bristles 
into  the  nozzle  inlet  70. 

As  can  be  seen  in  Figures  8  and  2,  in  plan 
75  view  the  vacuum  nozzle  42  reduces  in  width  from 

its  inlet  70  to  the  flexible  tube  46.  As  can  be  seen 
in  Figures  7  and  3,  the  vacuum  nozzle  42  in- 
creases  in  its  height  dimension  (i.e.  the  dimension 
in  a  transverse  plane  at  right  angles  to  the  nozzle's 

20  rearward  length)  as  it  extends  rearwardly  from  its 
inlet  to  the  flexible  tube  46.  This  increase  in  height 
dimension  is  arranged  so  that  the  cross  sectional 
area  of  the  vacuum  nozzle  remains  constant  (after 
an  initial  section)  and  is  substantially  equal  to  the 

25  cross-sectional  area  of  the  flexible  tube  46,  the 
pipe  72  and  the  duct  74.  In  this  way,  the  speed  of 
the  air  drawn  by  the  fan  98  through  the  air  pas- 
sageway  comprising  the  nozzle  42,  tube  46,  pipe 
72  and  duct  74  remains  substantially  constant.  By 

30  arranging  for  the  vacuum  air  to  keep  a  substantially 
constant  speed,  the  power  requirements  of  the  fan 
98  can  be  reduced. 

As  the  nozzle  42  has  its  greatest  width  at  its 
inlet  70,  it  will  also  have  its  smallest  height  at  this 

35  location.  It  has  been  found  that  the  height  at  the 
inlet  70  can  become  too  small  to  allow  larger 
pieces  of  debris  to  readily  enter  the  nozzle  42.  For 
example,  larger  debris  such  as  cigarette  ends, 
small  stones,  chips  of  wood,  etc.,  need  to  be 

40  readily  picked  up  when  vacuuming.  For  this  pur- 
pose,  it  has  been  found  necessary  to  increase  the 
height  of  the  nozzle  inlet  70  As  can  be  seen  in 
Figure  7,  the  initial  section  132  of  the  nozzle  42  is 
maintained  constant  in  height  dimension  so  in- 

45  creasing  the  nozzle  cross-sectional  area  along  said 
section  132  in  the  forward  direction  (i.e.  in  the 
direction  opposite  to  the  arrow  124).  In  this  way, 
the  height  of  the  nozzle  inlet  70  is  increased,  but 
so  is  the  cross-sectional  area  of  this  inlet.  If  the 

50  initial  section  132  is  kept  fairly  short  in  length,  and 
the  cross-sectional  area  of  the  inlet  70  kept  to  no 
more  than  about  four  times  the  constant  cross- 
section  area  of  the  remainder  the  nozzle  42  after 
the  initial  section  132,  it  has  been  found  that  good 

55  cleaning  performance  is  still  maintained  and  larger 
pieces  of  debris  are  readily  picked  up  and  passed 
through  the  nozzle  inlet.  It  is  believed  that  the 
mechanical  projection  of  dirt  etc.,  by  the  rotating 
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brush  30  through  the  initial  section  132  (as  illus- 
trated  by  the  arrow  124)  is  a  major  action  in  en- 
abling  good  performance  to  be  achieved  even 
though  the  air  speed  through  the  nozzle  initial 
section  132  is  lowered  by  the  increase  in  cross- 
sectional  area  at  that  location. 

In  the  initial  part  of  the  nozzle  42,  it  has  been 
found  that  the  shape  of  the  side  walls  of  the  nozzle 
(as  viewed  in  Figure  8)  is  critical  where  the  air 
velocity  is  less  than  1,000  feet  per  minute  (305 
meters  per  minute).  In  Figure  8,  due  to  the  con- 
stant  height  dimension  of  the  initial  section  132 
(Figure  7)  of  the  nozzle,  the  first  portion  up  to  a 
distance  G  from  the  inlet  70  has  flowing  through  it 
in  use  air  at  such  a  velocity,  when  the  air  velocity 
through  the  downstream  section  of  the  nozzle  and 
the  tube  46  is  about  2,000  fee  per  minute  (610 
meters  per  minute).  The  shape  or  curvature  of  the 
nozzle  side  walls  over  this  distance  G  should  make 
an  angle  x  with  the  sides  of  the  base  24  (which 
sides  are  parallel  to  the  arrows  130)  which  is  not 
greater  than  45  degrees,  and  is  preferably  less 
than  45  degrees.  This  is  to  prevent  the  dirt  par- 
ticles  etc  having  any  tendency  to  bounce  out  of  the 
nozzle  inlet  70  upon  striking  the  nozzle  side  walls 
when  the  air  velocity  is  low.  At  higher  air  velocity, 
the  situation  is  more  forgiving  and  dirt  particles, 
etc.,  rebounding  from  the  nozzle  side  walls  are 
carried  by  the  higher  velocity  air  along  in  the  air 
stream.  The  distance  G  is  preferably  kept  to  about 
1  .2  inches  (3  cm)  or  less.  As  can  be  seen  in  Figure 
8,  in  the  downstream  part  of  the  nozzle  42  after  the 
distance  G,  at  places  the  nozzle  side  walls  are 
more  sharply  inwardly  curved  and  have  an  angle  x 
which  is  greater  than  45  degrees;  however,  at 
these  places  the  air  velocity  is  at  or  approaching 
2,000  feet  per  minute  (610  meters  per  minute). 

When  a  brush  is  power  rotated  on  a  carpet,  it 
has  been  noticed  that  the  carpet  is  vibrated  in  the 
area  of  the  brush.  With  an  all  bristle  brush  such  as 
the  brush  30,  this  is  probably  accentuated  by  sepa- 
rated  rows  of  bristles  32,  34  successively  implant- 
ing  upon  the  carpet  even  though  each  row  is 
helically  disposed.  The  amplitude  of  these  vibra- 
tions  at  different  distances  from  the  brush  and  at 
different  brush  speeds  were  investigated.  Figure  10 
illustrates  the  results  of  the  investigation.  The  vibra- 
tion  amplitude  was  determined  by  measuring  the 
movement  of  grit  (e.g.  sand)  on  the  carpet  while 
being  vibrated  by  rotation  of  the  brush  30  at  a 
stationary  location. 

Figure  10  shows  three  curves  obtained  by  plot- 
ting  vibration  amplitude  numbers  against  distance 
from  the  line  of  contact  of  the  rotating  brush  with 
the  carpet.  The  vibration  amplitude  numbers  are 
readings  of  measurement  instrument  and  not  di- 
rectly  representing  inches  or  centimetres.  The 
three  curves  represent  brush  speeds  of  2025  rpm, 

1650  rpm,  and  1275  rpm.  The  2025  rpm  curve  is 
plotted  with  squares,  the  1650  rpm  curve  with 
crosses,  and  the  1275  rpm  curve  with  circles.  All 
three  curves  show  poor  vibration  amplitude  for- 

5  wardly  of  the  brush  (the  positive  distance  num- 
bers).  All  three  curves  show  a  peak  vibration  am- 
plitude  at  approximately  the  same  location  of  0.5 
inch  (1  .3  cm)  rearwardly  of  the  brush  contact  line, 
with  2025  rpm  curve  peaking  highest. 

w  This  suggests  that  to  impart  maximum  vibration 
amplitude  to  the  dirt  particles,  the  nozzle  inlet  70 
should  be  located  0.5  inch  (1  .3  cm)  rearward  of  the 
contact  line  of  the  roller  30  with  the  carpet,  i.e.  in 
Figure  7  the  distance  D  should  be  0.5  inch  (1.3 

75  cm).  This  was  tried  and  then  the  vibration  of  par- 
ticles  observed  as  the  nozzle  location  was  varied. 
Surprisingly  it  was  found  that  the  location  in  each 
instance  providing  the  maximum  vibration  ampli- 
tude  was  at  about  1.2  inches  (3  cm)  rearward  of 

20  the  brush  contact  line,  that  is,  maximum  vibration 
amplitude  was  achieved  at  D  equals  1.2  inches  (3 
cm).  It  has  been  found,  therefore,  that  if  the  peak 
vibration  amplitude  given  by  the  curves  of  Figure 
10  is  called  the  theoretical  location  of  maximum 

25  amplitude  of  carpet  vibrations,  the  nozzle  inlet 
should  be  spaced  rearwardly  from  this  theoretical 
location.  The  nozzle  inlet  should  preferably  be 
spaced  two  to  three  times  the  distance  from  the 
brush  as  the  theoretical  location  of  maximum  am- 

30  plitude. 
With  such  rearward  spacing  of  the  nozzle  inlet 

for  actual  maximum  vibration  amplitude,  maximum 
kinetic  energy  due  to  carpet  vibration  is  transmitted 
to  the  dust  particles.  This  kinetic  energy  generally 

35  tends  to  increase  the  kinetic  energy  directly  im- 
parted  to  the  dust  particles  by  the  brush  bristles, 
and  so  aids  the  speed  and  distance  many  of  the 
particles  travel  along  the  arrow  124  in  Figure  7. 
This  in  turn  enables  less  air  flow  to  be  used  to  pick 

40  up  the  dust  particles.  An  air  speed  of  2,000  feet 
per  minute  (610  meters  per  minute)  or  higher  is 
desirable  for  conveying  dust  particles,  etc.,  in  a 
suspended  state.  As  the  fan  power  required  in- 
creases  with  the  cube  power  of  the  column  of  air 

45  being  displaced,  for  lowest  fan  power  consumption 
the  minimum  volume  of  air  should  desirably  be 
conveyed  at  2,000  feet  per  minute  (610  meters  per 
minute). 

With  the  embodiment  of  Figures  1  to  9,  a 
50  highly  efficient  upright  vacuum  cleaner  was  created 

with  a  power  brush  speed  of  2,000  rpm  and  a  fan 
created  maximum  air  flow  of  28  cubic  feet  per 
minute  (0.8  cubic  meters  per  minute).  The  power 
consumption  of  the  fan  was  50  Watts  and  the 

55  power  consumption  of  the  power  brush  95  Watts, 
giving  a  total  power  consumption  of  145  Watts. 
When  tested  against  a  leading  consumer  mains 
powered  upright  vacuum  cleaner,  the  vacuum 
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cleaner  of  the  present  invention  had  a  generally 
comparable  performance  with  regard  to  both  over- 
all  cleaning  and  pickup  of  grit  and  embedded  dirt, 
while  using  only  about  20  percent  of  the  input 
power  of  the  mains  unit. 

The  present  invention  had  made  it  possible  for 
a  cordless  upright  vacuum  cleaner  to  effectively 
compete  performance-wise  with  mains  powered 
corded  upright  vacuum  cleaners.  Further,  with  the 
low  power  consumption  facilitated  by  the  present 
invention,  a  battery  powered  cordless  vacuum 
cleaner  as  described  can  operate  for  sufficient  time 
to  vacuum  several  rooms  before  requiring  rechar- 
ging. 

Figures  11  to  13  illustrate  modifications  to  the 
front  of  the  base  24  to  enable  edge  cleaning  to  be 
performed  at  the  front  of  the  vacuum  cleaner  - 
particularly  without  the  need  to  increase  air  flow  or 
power  consumption.  In  Figure  11  the  front  wall  28 
is  made  resiliency  flexible  and  is  at  the  top  integ- 
rally  or  separately  attached  to  the  base  24.  The 
front  wall  28  extends  down  in  front  of  the  brush  30 
as  a  skirt  which  in  normal  use  is  spaced  a  small 
distance  from  the  surface  of  the  rotating  brush  30. 
When  the  base  24  is  pushed  forwardly  against  the 
bottom  of  a  wall  136  (or  the  like),  the  thin  front  wall 
28  flexes  rearwardly  and  engages  against  the  sur- 
face  of  the  brush  30.  This  causes  the  brush  bristles 
to  be  deformed  against  the  inside  surface  of  the 
flexed  wall  28,  but  enables  these  bristles  to  spring 
forward  beyond  the  front  wall  28  as  the  bristles 
pass  from  the  restraining  effect  of  the  wall  28  to 
the  edge  of  the  carpet  138  below.  In  this  way,  the 
bristles  sweep  down  the  lowest  part  of  the  wall  136 
and  then  rearwardly  through  the  carpet  138  at  its 
junction  with  the  bottom  of  the  wall  136.  Thus,  the 
dirt,  etc.,  at  the  junction  between  the  carpet  and  the 
wall  is  projected  rearwardly  by  the  brush  bristles 
into  and  along  the  vacuum  nozzle  42  without  re- 
quiring  additional  air  flow. 

Figure  12  illustrates  another  embodiment  in 
which  the  front  wall  28  is  replaced  by  an  arcuate 
cover  140  mounted  in  the  base  24  for  pivotal 
movement  about  the  rotational  axis  of  the  power 
brush  30. 

The  cover  140  is  resiliency  biased  to  pivot 
forwardly,  i.e.  clockwise  in  Figure  12,  so  that  it 
normally  extends  over  the  front  of  the  brush  30  in 
the  same  manner  as  the  front  wall  28  in  Figures  2 
and  3.  However,  upon  being  pushed  against  the 
bottom  of  the  wall  136,  the  cover  140  retracts  into 
the  base  24,  against  its  resilient  bias,  to  the  re- 
tracted  pivotal  position  shown  in  Figure  12,  In  this 
position,  the  brush  bristles  sweep  down  the  lowest 
part  of  the  wall  136  and,  as  in  the  embodiment  of 
Figure  1  1  ,  effectively  clean  the  edge  of  the  carpet 
138  without  requiring  additional  air  flow.  Figure  13 
illustrates  a  third  embodiment  for  front  edge  clean- 

ing  in  which  a  front  guard  142  is  resiliency  urged  to 
a  forward  extended  position  by  an  adjustable 
spring  144.  This  embodiment  functions  similarly  to 
the  above  embodiments  for  edge  cleaning. 

5  As  will  be  appreciated,  the  present  invention  is 
applicable  to  power  brush  vacuum  cleaners  in  gen- 
eral,  however  powered,  to  improve  their  perfor- 
mance  and/or  reduce  their  power  consumption. 
However,  it  will  be  realised  that  the  present  inven- 

w  tion  represents  a  major  advance  in  cordless  upright 
vacuum  cleaners. 

As  it  will  now  be  appreciated,  the  preferred 
embodiments  of  the  present  invention,  in  its  various 
aspects,  provide  efficient  air  flow  with  minimum  air 

75  consumption,  reduced  power  consumption  but  with 
effective  cleaning  performance,  improved  carpet 
grooming,  and  improved  front  edge  cleaning. 

The  above  described  embodiments,  of  course, 
are  not  be  construed  as  limiting  the  breadth  of  the 

20  present  invention.  Modifications,  and  other  alter- 
native  constructions,  will  be  apparent  which  are 
within  the  spirit  and  scope  of  the  invention  as 
defined  in  the  appended  claims. 

25  Claims 

1.  A  vacuum  cleaner  having  a  body  (22)  contain- 
ing  a  power  driven  brush  (30)  having  bristles 
(32,  34),  means  (20)  connected  to  said  body 

30  (22)  for  pushing  said  body  forwardly  and  pull- 
ing  said  body  rearwardly  over  a  surface  to  be 
cleaned,  and  said  body  (22)  having  a  front  wall 
which  is  normally  spaced  from  and  extends 
downwardly  over  a  front  portion  of  said  brush 

35  (30),  characterised  in  that  said  front  tall  (28; 
140;  142)  is  resiliency  yieldable  rearwardly  rel- 
ative  to  said  body  (22)  when  said  body  is 
pushed  forwardly  against  a  room  wall  to  there- 
by  expose  said  brush  (30)  at  a  junction  of  said 

40  wall  (136)  with  said  surface  (138)  and  enable 
said  bristles  (32,  34)  to  sweep  said  junction  to 
remove  dirt  therefrom. 

2.  The  vacuum  cleaner  of  Claim  1  ,  wherein  upon 
45  rearward  yielding  of  said  front  wall  (28)  said 

bristles  (32,  34)  contact  and  sweep  down  a 
bottom  part  of  said  room  wall  at  said  junction. 

3.  The  vacuum  cleaner  of  Claim  1  or  2,  wherein 
50  said  front  wall  (140)  is  retractable  into  said 

body  (22). 

4.  The  vacuum  cleaner  of  Claim  1,  2  or  3, 
wherein  said  front  wall  comprises  a  moveable 

55  element  (140;  142)  which  is  biased  to  normally 
extend  forwardly  over  said  brush  (30),  but  on 
being  pressed  forwardly  against  the  room  wall 
(136)  retracts  relative  to  said  body  (24)  to 
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expose  said  brush  (30)  to  the  room  wall  (136). 

5.  The  vacuum  cleaner  of  Claim  3  or  4,  wherein 
said  element  (14)  moves  pivotally  about  said 
brush  (30).  5 

6.  The  vacuum  cleaner  of  Claim  1,  wherein  said 
front  wall  (28)  comprises  a  deformable  skirt 
(28)  which  contacts  and  presses  against  said 
bristles  (32,  34)  when  said  front  wall  (28)  yields  w 
rearwardly  relative  to  said  body  (22). 

7.  The  vacuum  cleaner  of  Claim  1,  wherein  said 
front  wall  comprises  a  deformable  skirt  (28) 
connected  along  an  upper  edge  to  said  body  75 
(24). 

8.  The  vacuum  cleaner  of  any  preceding  claim, 
including  a  battery  (106)  supported  by  said 
body  (22)  for  providing  electrical  power  for  20 
rotatably  driving  said  brush  (30). 

9.  The  vacuum  cleaner  of  any  preceding  claim, 
including  an  electrically  driven  fan  (98)  sup- 
ported  by  said  body  for  applying  vacuum  in  25 
the  vicinity  of  said  brush  (30). 
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