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(57)  A  cable  guide  mechanism  for  evenly  winding 
a  cable  for  an  electric  powered  vehicle  onto  an 
on-board  reel  having  a  cable  guide  that  is  recip- 
rocated  across  the  reel  to  neatly  and  closely 
wind  the  cable  onto  the  reel.  The  cable  guide  is 
driven  by  a  drive  linkage  to  reciprocate  in  pro- 
portion  to  rotation  of  the  take-up  reel.  The  drive 
linkage  includes  a  lever  having  a  fixed  pivot  end 
and  a  free  end  attached  to  the  cable  guide.  An 
eccentric  crank  driven  by  the  rotation  of  the 
take-up  reel  is  attached  to  a  connecting  rod  that 
connects  the  end  of  the  crank  to  an  inter- 
mediate  point  on  the  lever  arm.  Accordingly,  the 
range  of  reciprocation  of  the  cable  guide  is 
substantially  greater  than  the  diameter  of  the 
path  swept  out  by  the  crank,  and  the  drive 
linkage  may  be  contained  in  a  compact  pack- 
age. 
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TECHNICAL  FIELD 

This  invention  relates  to  apparatus  for  evenly 
winding  cable  onto  a  take-up  reel,  and  more  particu- 
larly  to  such  apparatus  for  reciprocating  a  cable  guide 
on  an  electric  vehicle. 

BACKGROUND  OF  THE  INVENTION 

Electric  vehicles  powered  by  trailing  cables  are 
used  in  underground  mining  operations  where  inter- 
nal  combustion  vehicles  are  unsafe,  and  battery  pow- 
ered  vehicles  are  impractical.  To  avoid  dragging  the 
entire  cable,  a  cable  reel  is  typically  mounted  on  the 
vehicle  to  pay  out  and  take  up  cable  as  the  vehicle 
moves  away  from  and  toward  the  power  source  to 
which  the  cable  is  connected.  Although  the  mining  ve- 
hicle  is  operated  to  remain  facing  generally  away  from 
the  direction  of  the  trailing  cable  to  avoid  treading  on 
its  own  cable,  the  vehicles  must  maneuver  around 
corners  and  over  sloped  obstacles.  Consequently, 
the  trailing  cable  may  extend  at  an  angle  substantially 
offset  vertically  or  horizontally  from  the  rear  of  the  ve- 
hicle.  This  causes  the  cable  to  wrap  unevenly  about 
the  cable  reel,  risking  snags  and  resulting  in  a  looser, 
more  random  wrap  of  cable  about  the  reel.  Because 
space  is  at  a  premium  in  underground  mining  vehi- 
cles,  the  larger  reel  required  to  accommodate  a  loose- 
ly-wrapped  length  of  cable  is  disadvantageous. 

Various  mechanisms  have  been  employed  to  re- 
ciprocate  a  guide  to  effect  a  more  uniform  wrap  of 
cable  or  other  material  on  a  reel.  A  conventional  ball 
reverserof  the  type  employed  in  fishing  reels  is  func- 
tionally  suitable,  but  is  prohibitively  expensive,  partic- 
ularly  forsuch  large-scale,  heavy  duty  applications  as 
mining  vehicles.  In  addition,  the  harsh  and  abrasive 
environment  in  which  mining  vehicles  operate  is  likely 
to  damage  a  precisely  machined  ball  reverser. 

Although  unknown  in  applications  for  winding 
electrical  cable  in  a  closely  coiled  configuration,  a 
conventional  reciprocating  block  such  as  shown  in 
U.S.  Patent  No.  2,650,036  to  Berkepeis  has  been 
used  as  a  reciprocating  thread  guide.  This  apparatus 
employs  a  conventional  crank  and  connecting  rod  as- 
sembly  for  converting  rotational  motion  into  recipro- 
cating  linear  motion  of  a  generally  sinusoidal  nature. 
Such  a  mechanism  is  unsuitable  for  a  mining  vehicle 
because  it  is  undesirably  bulky.  The  entire  mecha- 
nism  extends  well  beyond  the  planar  ends  of  the 
spool  on  which  the  wire  is  being  wound;  the  crankdisk 
alone  must  have  at  least  as  large  a  diameter  as  the 
desired  reciprocating  range  of  the  guide. 

SUMMARY  OF  THE  INVENTION 

The  primary  objects  of  the  invention  are  to  pro- 
vide:  A  cable  reel  level  wind  mechanism  that  over- 
comes  the  above  stated  disadvantages  of  the  prior 

art. 
A  mechanism  as  aforesaid  which  is  sufficiently 

compact  so  that  it  does  not  occupy  substantial  space 
in  addition  to  the  volume  of  the  cable  reel,  and  par- 

5  ticularly  which  does  not  extend  substantially  beyond 
the  end  plates  of  the  cable  reel. 

A  mechanism  as  aforesaid  which  may  be  afford- 
ably  manufactured  and  which  is  ruggedly  constructed 
for  extended  use  in  harsh,  abrasive  environments. 

10  According  to  the  present  invention,  the  above  ob- 
jects  are  achieved  by  providing  a  cable  reel  level  wind 
mechanism  having  a  take-up  reel,  a  cable  guide  mov- 
able  over  the  cable  reel,  a  small  diameter  eccentric 
crank  rotationally  driven  with  the  cable  reel,  a  lever 

15  connected  at  one  end  to  the  cable  guide  and  at  the 
other  end  to  a  fixed  pivot,  and  a  connecting  rod  con- 
nected  between  the  crank  and  an  intermediate  point 
on  the  lever.  Because  the  connecting  rod  is  attached 
to  the  lever  at  an  intermediate  point  closer  to  the  pivot 

20  than  is  the  cable  guide,  the  cable  guide  is  reciprocat- 
ed  through  a  substantially  wider  range  of  motion  than 
the  diameter  of  crank  rotation. 

The  foregoing  and  additional  features  and  advan- 
tages  of  the  present  invention  will  be  more  readily  ap- 

25  parent  from  the  following  detailed  description  which 
proceeds  with  reference  to  the  accompanying  draw- 
ings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
30 

FIG.  1  is  a  side  view  of  the  present  invention  as 
installed  on  a  mining  vehicle. 

FIG.  2  is  a  side  view  of  the  embodiment  of  FIG. 
1. 

35  FIG.  3  is  a  top  view  of  the  embodiment  of  FIG.  1  . 
FIG.  4  is  a  detailed  fragmentary  perspective  view 

of  the  drive  linkage  of  the  embodiment  of  FIG.  1  . 

DETAILED  DESCRIPTION  OF  A  PREFERRED 
40  EMBODIMENT 

FIG.  1  shows  a  mining  vehicle  10  having  an  aft- 
mounted  seat12foran  operator  14.  A  reel  housing  16 
is  attached  at  the  rear  of  the  vehicle  so  that  the  op- 

45  erator  14  may  sit  astride  an  upper  portion  18  of  the 
housing  with  the  operator's  feet  resting  on  a  lower 
portion  20  of  the  housing.  A  cable  reel  level  wind 
mechanism  24  is  contained  within  the  housing  16  and 
serves  to  pay  out  and  take  up  a  trailing  power  cable 

so  26  that  is  connected  to  provide  electric  power  to  the 
vehicle. 

As  shown  in  FIG.  2,  the  cable  reel  level  wind 
mechanism  24  is  mounted  within  the  reel  housing  16 
with  a  cable  reel  28  journaled  for  rotation  on  a  hori- 

55  zontal  axis  fixed  to  the  vehicle.  The  reel  includes  end 
plates  30  that  are  spaced  apart  to  define  the  length 
of  the  reel.  A  reel  sprocket  wheel  32  is  fixed  to  one  of 
the  reel  end  plates  30  to  rotate  therewith.  A  motor 
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sprocket  wheel  34  is  mounted  in  planar  alignment 
with  the  reel  sprocket  32  to  rotate  with  a  motor  shaft 
36.  Adrive  chain  40  engages  the  reel  sprocket  32  and 
motor  sprocket  34  to  provide  proportional  rotation 
thereof. 

An  adjustable  tensioner  mechanism  42  includes 
a  tensioner  sprocket  44  to  maintain  the  drive  chain  40 
under  tension.  The  tensioner  42  is  preferably  extern- 
ally  accessible  to  facilitate  necessary  adjustments.  A 
rotation  counter  48  includes  a  counter  sprocket  50  for 
engaging  the  chain  to  detect  movement  thereof.  The 
counter  thereby  indicates  to  the  operator  14  via  a  dis- 
play  (not  shown)  the  amount  of  cable  remaining.  Al- 
ternatively,  a  vehicle  controller  (not  shown)  may  be 
connected  to  the  counter  to  prevent  the  vehicle  from 
being  driven  past  the  range  of  its  cable. 

A  cable  guide  mechanism  52  is  slidably  mounted 
for  reciprocation  and  pivoting  on  a  guide  shaft  54  that 
is  fixed  to  the  vehicle  in  a  transverse  horizontal  orien- 
tation.  The  cable  guide  52  includes  a  pair  of  opposed 
parallel  chassis  plates  56  that  are  interconnected  at 
their  upper  ends  by  a  pair  of  transverse  plates  58.  An 
inner  bumper  59  attached  to  the  housing  and  an  outer 
bumper  portion  60  of  the  reel  housing  16  are  posi- 
tioned  with  the  transverse  plates  58  received  there- 
between  to  limit  the  pivoting  action  of  the  cable  guide 
52  by  contact  with  the  bumpers. 

As  shown  in  FIG.  3,  the  motor  shaft  36  is  connect- 
ed  to  a  hydraulic  motor  64  that  is  fixed  to  the  vehicle. 
The  motor  is  preferably  of  a  GEROLER  type,  such  as 
Model  103-1537  manufactured  by  CHAR-LYNN.  The 
motor  is  interconnected  with  the  vehicle  hydraulic 
system  (not  shown)  to  provide  a  generally  consistent 
torque  so  that  the  cable  is  maintained  at  a  predeter- 
mined  tension  at  all  times,  regardless  of  whether  the 
cable  is  paying  out  or  reeling  in.  The  shaft  36  includes 
a  coupling  66  to  accommodate  any  misalignment.  The 
shaft  36  enters  a  gearbox  68  attached  to  the  vehicle 
and  having  a  rotatable  crank  or  eccentric  drive  shaft 
72  extending  vertically  downward  therefrom.  Aworm 
gear  mechanism  (not  shown)  contained  within  the 
gearbox  interconnects  the  motor  shaft  36  to  the  ec- 
centric  drive  shaft  72  so  that  the  motor  drive  shaft 
makes  numerous  rotations  for  every  single  rotation  of 
the  eccentric  drive  shaft. 

As  further  shown  in  FIG.  3,  the  reel  end  plates  30 
are  closely  received  between  vertical  plate  portions 
of  the  reel  housing  upper  portion  18. 

As  shown  in  FIG.  4,  a  drive  linkage  74  operably 
connects  the  eccentric  drive  shaft  72  to  the  cable 
guide  mechanism  52  so  that  rotation  of  the  eccentric 
drive  shaft  causes  reciprocation  of  the  cable  guide 
mechanism.  The  drive  linkage  74  includes  a  lever  or 
pivot  arm  76  having  a  pivot  end  78  attached  to  a  fixed 
frame  portion  82  of  the  vehicle  to  pivot  about  a  pivot 
point  84  on  a  vertical  axis.  The  pivot  arm  76  has  an 
opposed  free  end  84  that  is  connected  at  a  ball  joint 
86  to  a  guide  arm  90  that  is  pivotally  attached  to  the 

guide  axle  54,  but  otherwise  constrained  between  a 
pair  of  cable  guide  bushings  92,  which  slide  freely  on 
the  guide  axle,  and  to  which  the  chassis  plates  56  are 
attached. 

5  A  crank  arm  or  eccentric  drive  bar  94  is  fixed  to 
the  drive  shaft  72  and  has  a  free  end  98  that  carries 
a  drive  point  100  through  a  circular  path  101  having 
a  predetermined  limited  diameter.  A  connecting  rod 
102  having  a  first  end  106  and  a  second  end  108  is 

10  pivotally  attached  at  its  first  end  106  to  the  drive  point 
100  of  the  drive  bar  94  and  at  its  second  end  108  to 
an  intermediate  drive  point  or  attachment  point  112  on 
the  pivot  arm  76.  To  provide  a  wide  reciprocation  of 
the  cable  guide  52  while  maintaining  a  compact 

15  mechanism  having  a  short  crank  or  drive  bar  94,  the 
intermediate  attachment  point  112  is  positioned  close 
to  the  pivot  point  84  at  a  distance  of  preferably  be- 
tween  one-half  and  one-quarter  the  overall  length  of 
the  pivot  arm  76.  Thus,  the  motion  of  the  eccentric 

20  drive  is  amplified  by  several  times. 
The  entire  drive  linkage  74,  and  particularly  the 

eccentric  crank  arm  94,  is  received  between  the  vert- 
ical  plate  portions  of  the  reel  housing  upper  portion 
1  8.  Because  the  reel  end  plates  30  are  proximate  the 

25  housing  upper  portion  18,  the  drive  linkage  74,  includ- 
ing  substantially  all  of  the  gear  box  68,  is  contained 
between  imaginary  planes  defined  by  the  reel  end 
plates  30. 

Asfurthershown  in  FIG.  4,  the  cable  guide  mech- 
30  anism  52  includes  a  pair  of  horizontal  plates  114  at- 

tached  to  the  chassis  plates  56  and  spaced  apart  to 
receive  therebetween  a  pair  of  spaced-apart  vertical 
guide  rollers  116.  A  pair  of  horizontal  guide  rollers  120 
are  rotatably  mounted  on  horizontal  axles  122  re- 

35  ceived  between  the  chassis  plates  56.  The  horizontal 
guide  rollers  120  are  each  dual-flanged  with  a  periph- 
eral  channel  between  the  flanges  and  having  a  sem- 
icircular  profile  sized  to  closely  receive  the  cable  26. 
The  guide  rollers  120  are  mounted  in  alignment  with 

40  each  other  so  that  their  respective  flanges  are 
spaced  apart  by  only  a  small  distance  substantially 
less  than  the  cable  diameter.  An  essentially  closed 
circular  path  is  thereby  defined  by  the  peripheral 
channels  of  the  adjacent  guide  rollers  so  that  the 

45  cable  may  not  escape  the  channel.  To  accommodate 
a  range  of  angular  positions  of  the  trailing  cable  26, 
the  horizontal  guide  rollers  120  may  be  slidably 
mounted  on  the  horizontal  axles  122,  thereby  avoid- 
ing  lateral  pressure  between  the  cable  and  the  rollers 

so  120. 

OPERATION 

As  the  vehicle  1  0  drives  forward,  cable  26  is  paid 
55  out,  causing  the  cable  reel  28  to  rotate.  This  rotation 

drives  the  drive  chain  40,  which  rotates  the  motor 
drive  shaft  36.  The  gearbox  68  converts  the  drive 
shaft  rotation  into  a  much  slower  rotation  of  the  ec- 

3 
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centric  drive  shaft  72.  The  circular  motion  of  the  ec- 
centric  drive  bar  94  is  converted  to  a  cyclical  pivoting 
motion  of  the  pivot  arm  76.  This  cyclical  motion  is  ap- 
proximately  sinusoidal,  but  not  precisely  so  due  to  the 
finite  length  of  the  drive  bar  102.  Accordingly,  the 
cable  guide  mechanism  52  reciprocates  on  the  guide 
axle  54  with  a  complete  reciprocation  cycle  occurring 
during  the  period  in  which  two  complete  layers  of 
coiled  cable  are  unwound  from  the  cable  reel  28. 

Similarly,  when  the  vehicle  is  driven  in  reverse  so 
that  cable  is  rewound  onto  the  reel,  the  cable  guide 
52  reciprocates  to  follow  a  position  approximately 
aligned  with  the  coil  of  cable  currently  being  wound 
onto  the  reel.  Consequently,  the  coils  of  cable  will  be 
neatly  and  closely  wound  without  spaces  therebetw- 
een  and  without  the  last  coil  prematurely  wrapping 
atop  the  previous  coil  to  form  a  second  layer  before 
the  first  layer  is  entirely  formed  across  the  entire  reel. 

The  nearly  sinusoidal  motion  of  the  cable  guide 
is  adequate  to  provide  neat  and  compact  winding  be- 
cause  of  the  tendency  of  the  cable  to  form  closely 
wound  coils  as  long  as  the  cable  is  not  excessively 
angularly  offset  from  the  perpendicular  to  the  reel 
axis.  Accordingly,  the  reciprocation  range  of  the  cable 
guide  need  not  equal  full  the  length  of  the  cable  reel 
between  the  end  plates  30.  A  ball  reverser,  it  should 
be  noted,  would  provide  an  unnecessarily  precise 
alignment  of  the  cable  guide  with  the  coil  being 
wound  without  any  functional  advantage. 

EXAMPLE 

In  the  preferred  embodiment,  the  reel  has  a 
length  or  distance  between  the  reel  end  plates  30  of 
10.5  in.  so  that  with  a  cable  diameter  of  1.05",  there 
are  1  0  closely  wound  coils  formed  in  a  single  layer  of 
cable  wound  on  the  reel.  Accordingly,  the  gearbox 
mechanism  has  a  drive  ratio  of  40:1  to  provide  a  single 
rotation  of  the  eccentric  crank  arm  94  for  every  40  ro- 
tations  of  the  motor  shaft  36;  the  motor  sprocket  34- 
to-reel  sprocket  32  drive  ratio  is  2.22:1.  Consequent- 
ly,  the  reel  rotates  18  times  for  a  single  cable  guide 
reciprocation.  The  drive  bar  94  has  an  effective  length 
of  1.18  in.  The  connecting  rod  102  has  an  effective 
length  between  its  pivot  axes  of  3.47  in.  The  pivot  arm 
76  has  an  effective  length  of  9.28  in.  with  the  second 
end  108  of  the  connecting  rod  102  mounted  at  the  in- 
termediate  attachment  point  112,  which  is  spaced 
apart  from  the  pivot  arm  pivot  point  84  by  2.32  in.  Ac- 
cordingly,  the  free  end  84  of  the  pivot  arm  sweeps  out 
a  path  that  reciprocates  the  cable  guide  52  over  a 
range  of  9.44  in.  The  hydraulic  motor  is  continuously 
powered  to  provide  a  torque  of  474  in.-lb.  so  that  the 
cable  remains  undera  tension  in  the  range  of  212  lbs. 
to  289  lbs. 

While  the  mechanism  is  described  as  employing 
a  hydraulic  motor,  it  is  contemplated  that  a  spring  or 
other  elastic  energy  storage  mechanism,  or  an  elec- 

tric  or  other  motor  may  be  employed  to  maintain  cable 
tension. 

Thus,  having  illustrated  and  described  the  princi- 
ples  of  my  invention  by  what  is  presently  a  preferred 

5  embodiment,  it  should  be  apparent  to  those  persons 
skilled  in  the  art  that  the  illustrated  embodiment  may 
be  modified  without  departing  from  such  principles.  I 
claim  as  my  invention  not  only  the  illustrated  embodi- 
ment,  but  all  such  modifications,  variations  and  equiv- 

10  alents  thereof  as  come  within  the  true  spirit  and 
scope  of  the  following  claims. 

Claims 
15 

1  .  A  mechanism  for  evenly  winding  cable  onto  a  reel 
comprising: 

a  take-up  reel; 
a  cable  guide  movable  through  a  range  of 

20  motion  relative  to  the  reel  for  guiding  the  cable 
evenly  onto  the  reel; 

an  eccentric  drive  for  rotating  a  drive  point 
in  a  circular  path; 

a  drive  linkage  operably  connecting  the 
25  drive  point  of  the  eccentric  drive  to  the  cable 

guide  so  that  the  range  of  motion  of  the  cable 
guide  is  greater  than  the  diameter  of  the  circular 
path  of  the  drive  point. 

30  2.  The  mechanism  of  claim  1  wherein  the  eccentric 
drive  is  operably  connected  to  the  take-up  reel  to 
rotate  proportionally  therewith. 

3.  The  mechanism  of  claim  2  including  a  worm  gear 
35  mechanism  connecting  the  eccentric  drive  to  the 

take-up  reel. 

4.  The  mechanism  of  claim  1  wherein  the  drive  link- 
age  includes  a  pivot  arm  having  a  fixed  pivot  point 

40  and  a  free  end  attached  to  the  cable  guide. 

5.  The  mechanism  of  claim  4  wherein  the  drive  link- 
age  further  includes  a  connecting  rod  operably 
connecting  the  eccentric  drive  to  a  drive  point  on 

45  the  pivot  arm,  such  that  rotation  of  the  eccentric 
causes  cyclical  pivoting  of  the  pivot  arm. 

6.  The  mechanism  of  claim  5  wherein  the  drive  point 
is  separated  from  the  pivot  point  by  a  first  dis- 

50  tance,  and  the  free  end  is  separated  from  the  piv- 
ot  point  by  a  second  distance  greater  than  the 
first  distance,  such  that  the  cyclical  motion  of  the 
eccentric  drive  is  amplified  to  create  a  wider  mo- 
tion  by  the  arm  free  end. 

55 
7.  The  mechanism  of  claim  1  wherein  the  eccentric 

drive  is  operably  connected  to  the  take-up  reel 
such  that  the  cable  guide  moves  in  response  to 

4 
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rotation  of  the  reel. 

8.  An  electric  vehicle  powered  by  a  trailing  cable 
connected  to  a  power  source  comprising: 

a  cable  reel  rotatable  on  an  axis; 
a  reel  controller  for  turning  the  reel  to  take 

up  and  pay  out  cable  as  the  vehicle  moves  toward 
and  away  from  the  power  source; 

a  cable  guide  mounted  to  the  vehicle  for 
relative  movement  with  the  cable  reel  over  a 
range  of  motion; 

a  crank  arm  for  moving  a  drive  point  in  a 
circular  path; 

a  drive  linkage  operably  connecting  the 
drive  point  to  the  cable  guide  so  that  the  range  of 
motion  of  the  cable  guide  is  greater  than  the  di- 
ameter  of  the  crank  arm  circular  path. 

9.  The  vehicle  of  claim  8  wherein  the  cable  guide  is 
pivotally  mounted  to  accommodate  a  wide  range 
of  angular  dispositions  of  the  cable  relative  to  a 
first  cable  portion  extending  between  the  reel 
and  the  guide  to  reduce  binding  and  frictional  for- 
ces  at  the  guide. 

1  0.  The  vehicle  of  claim  9  wherein  the  cable  guide  ro- 
tates  on  an  axis  generally  parallel  to  the  cable 
reel  axis. 

11.  The  vehicle  of  claim  9  wherein  the  cable  reel  piv- 
ots  on  a  generally  horizontal  axis. 

12.  The  vehicle  of  claim  8  wherein  the  crank  arm  is 
operably  connected  to  the  cable  reel  to  rotate  at 
a  proportionate  drive  ratio  therewith. 

13.  The  vehicle  of  claim  12  including  a  worm  gear 
mechanism  operably  connecting  the  eccentric 
drive  to  the  take-up  reel. 

14.  The  vehicle  of  claim  8  wherein  the  drive  linkage 
includes  a  lever  having  a  fulcrum  and  having  a 
free  end  operably  connected  to  the  cable  guide. 

15.  The  vehicle  of  claim  14  wherein  the  drive  linkage 
further  includes  a  connecting  rod  operably  con- 
nected  to  a  drive  point  on  the  pivot  arm,  such  that 
rotation  of  the  crank  arm  causes  cyclical  pivoting 
of  the  lever. 

16.  The  vehicle  of  claim  8  wherein  the  drive  linkage 
is  connected  to  drive  the  cable  guide  in  a  gener- 
ally  sinusoidal  motion  in  response  to  rotation  of 
the  reel. 

17.  The  vehicle  of  claim  8  wherein  the  reel  controller 
is  operably  connected  to  the  reel  to  rotatably  bias 
the  wheel  with  a  preselected  torque  such  that  the 

reel  maintains  sufficient  tension  to  take  up  cable 
as  the  vehicle  moves  at  maximum  speed  toward 
the  trailing  cable. 

5  18.  The  vehicle  of  claim  8  wherein  the  reel  controller 
includes  a  hydraulic  motor. 
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