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©  Method  for  maintaining  a  snow  surface. 

©  The  surface  maintaining  method  has  the  step  of 
dehumidifying  air  present  adjacent  the  snow  surface 
to  avoid  frosting  of  water  content  in  the  air  on  the 
surface.  According  to  the  invention  there  is  provided 
a  method  of  maintaining  a  snow  surface,  character- 
ized  by  the  step  of: 

Fl  G.I 

dehumidifying  air  (AT)  adjacent  above  a  snow 
surface  (13a)  by  means  of  a  dehumidifying  means 
(7,28)  to  restrict  frosting  of  water  content  present  in 
said  air  (AT)  on  said  snow  surface  (13a)  thereby  to 
maintain  said  snow  surface  (13a)  in  a  good  skiing 
condition. 
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BACKGROUND  OF  THE  INVENTION 

1  FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  of 
forming  an  artificial  snow  surface  and  an  ice 
crusher  machine  used  in  the  method.  The  invention 
also  relates  to  a  method  of  maintaining  a  snow 
surface. 

2  DESCRIPTION  OF  THE  RELATED  ART 

According  to  one  conventional  method  (e.g.  the 
Japanese  laid-open  utility  model  gazette  No.  63- 
113866  and  U.S.P.  2,676471,  to  be  hereinafter  re- 
ferred  to  as  conventional  method  1)  of  forming  an 
artificial  snow  surface,  water  and  compressed  gas 
(mainly,  air)  both  sufficiently  refrigerated  are 
sprayed  through  a  nozzle,  such  that  the  sprayed 
mixture  is  frozen  by  adiabatic  expansion  at  an 
atmosphere  under  the  freezing  point  temperature  to 
be  formed  into  fine  ice  particles  and  then  the  ice 
particles  are  accumulated  to  form  a  snow  surface. 

According  to  another  conventional  method 
known  from  e.g.  the  Japenese  published  patent 
gazette  No.  61-31393  (to  be  hereinafter  referred  to 
as  the  conventional  method  2),  ice  cubes  are  pre- 
pared  and  these  cubes  are  crushed  by  means  of 
an  ice  crusher  machine  to  be  rendered  into  fine  ice 
particles.  Then,  these  particles  are  sprayed  around 
to  be  accumulated  for  forming  a  snow  surface. 

According  to  a  still  further  conventional  method 
known  from  the  Japanese  laid-open  patent  gazette 
No.  56-133566  (to  be  hereinafter  referred  to  as  the 
conventional  method  3),  a  weter-receiving  bank  as 
an  ice-making  bank  is  constructed  along  a  skiing 
slope.  Under  a  below-freezing  point  temperature, 
water  is  frozen  on  the  ice-making  bank  to  form  an 
ice  surface  thereon.  Then,  this  ice  surface  is  crush- 
ed  off  by  a  crusher  into  fine  ice  particles  and 
concurrently  therewith  the  ice  particles  are  scat- 
tered  about  onto  the  skiing  slope  beside  the  ice- 
making  bank  to  form  an  artificial  snow  surface. 

According  to  a  further  conventional  method  (to 
be  hereinafter  referred  to  as  the  conventional  meth- 
od  4),  an  ice  layer  is  formed  on  a  skiing  slope  by 
sprinking  water  under  a  below-freezing  point  tem- 
perature.  Then,  the  formed  ice  layer  is  crushed  by 
means  of  a  roller  equipped  with  a  sieving  machine 
driven  on  the  layer  to  form  the  layer  into  fine  ice 
particles. 

The  Japanese  PCT-laid-open  patent  application 
No.  62-503118  (PCT/AU86/00158)  discloses  a  still 
further  method  (to  be  hereinafter  referred  to  as  the 
conventional  method  5).  According  to  this  method, 
mixture  of  water  and  surface-activating  agent  is 
stirred  to  foam.  And,  this  foam  is  laid  out  on  a 
skiiing  slope  to  be  frozen  at  a  below-freezing  point 

temperature.  Thereafter,  a  roller  is  driven  on  the 
frozen  foam  in  order  to  crush  it  into  ice  particles 
forming  a  snow  surface. 

The  above-identified  PCT  application  discloses 
5  a  further  method  (to  be  hereinafter  referred  to  as 

the  conventional  method  6).  According  to  this 
method,  the  above-described  foam  generated  by 
stirring  the  mixture  of  the  water  and  surface-activat- 
ing  agent  is  laid  out  on  a  flexible  grating  preliminar- 

io  ily  refrigerated  by  a  freezer  unit,  so  that  the  foam  is 
frozen  in  the  grating.  Thereafter,  a  roller  is  passed 
on  the  frozen  foam  to  crush  it  into  ice  particles 
forming  a  snow  surface. 

The  above-described  conventional  methods 
75  have  drawbacks  to  be  specifically  described  next. 

The  conventional  method  1  has  the  significant 
shortcoming  of  requiring  a  great  amount  of  energy 
for  realizing  and  maintaining  the  below-freezing 
point  atmosphere  regardless  of  the  current  climate 

20  condition. 
The  conventional  method  2  has  the  problem  of 

requiring  a  great  amount  of  labor  and  costs  for  the 
transport  of  the  ice  cubes  separately  prepared. 

The  conventional  method  3  has  the  problem  of 
25  requiring  a  significant  amount  of  space  for  con- 

structing  the  water-receiving  surface  along  the  ski- 
ing  slope.  The  conventional  method  4  suffers  the 
problem  that  the  roller  often  fails  to  pulvarize  the 
ice  layer  into  sufficiently  small  particles.  Further,  if 

30  a  fine  sieve  is  used  to  select  fine,  i.e.  good  ice 
particles  alone,  there  will  occur  a  great  amount  of 
waste  of  the  unused  particles.  Conversely,  if  a 
rough  sieve  is  used  for  the  sake  of  economy,  there 
will  occur  significant  quality  deterioration,  i.e. 

35  roughness  in  the  obtained  ice  particles. 
With  the  conventional  methods  5  and  6,  the 

snow  surface  is  formed  by  pulverizing  the  frozen 
foam  by  means  of  the  roller.  Accordingly,  the  resul- 
tant  snow  surface  tends  to  be  too  compacted  and 

40  hard  which  provides  a  skier  with  an  uncomfortable 
and  unnatural  skiing  feel,  as  compared  with  a  snow 
surface  formed  by  natural  snow. 

The  conventional  method  5  further  suffers  the 
same  problem  of  the  method  1,  i.e.  the  problem  of 

45  requring  an  enormous  amount  of  energy  for  artifi- 
cially  creating  the  below-freezing  point  atmosphere 
regardless  of  the  natural  climate. 

Taking  the  above-described  states  of  the  art 
into  consideration,  the  primary  object  of  the 

50  present  invention  is  to  provide  the  method  of  for- 
ming  an  artificial  snow  surface  with  such  improve- 
ment  as  to  achieve  energy,  cost  and  space  econo- 
mies  and  a  snow  surface  of  good  quality.  The 
second  object  of  the  present  invention  is  to  provide 

55  a  method  for  effectively  maintaining  the  snow  sur- 
face  formed  by  the  above-described  method  of  the 
invention.  The  third  object  of  the  present  invention 
is  to  provide  an  ice  crusher  machine  useful  in  the 
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implementation  of  the  invention's  method  of  for- 
ming  an  artificial  snow  surface. 

SUMMARY  OF  THE  INVENTION 

For  accomplishing  the  above-noted  object,  a 
method  of  forming  an  artificial  snow  surface,  ac- 
cording  to  the  present  invention,  comprises  the 
steps  of: 

spraying  water  onto  a  floor  incorporating  a  re- 
frigerating  means; 

freezing  the  water  by  said  refrigerating  means 
to  form  an  ice  layer  on  the  floor; 

shaving  a  surface  of  said  ice  layer  to  generate 
artificial  snow  consisting  of  fine  ice  particles;  and 

forming  an  artificial  snow  layer  having  an  artifi- 
cial  snow  surface  by  leaving  the  shaved  snow  on 
the  remain  of  the  ice  layer  in  the  course  of  said 
shaving  step. 

Functions  and  effects  of  the  above-described 
method  will  be  described  next. 

For  forming  on  the  floor  an  ice  layer  as  a 
source  for  artificial  snow,  the  sprayed  water  is 
directly  refrigerated  to  freeze  by  means  of  the 
refrigerating  means  incorporated  in  the  floor.  Ac- 
cordingly,  the  method  can  save  energy  required  for 
freezing  the  sprayed  water,  as  compared  with  the 
conventional  methods  1,  3,  4  and  5  which  freeze 
the  sprayed  water  or  foam  by  way  of  the  at- 
mosphere  whose  temperature  forcibly  controlled 
below  the  freezing  point  by  refrigerating  a  great 
amount  of  ambience  air. 

Further,  the  ice  layer  as  the  snow  source  is 
directly  formed  by  refrigerating  the  water  sprayed 
on  the  floor  where  the  ice  layer  is  to  be  formed. 
This  is  advantageous  for  significantly  saving  the 
labor  and  costs  required  for  transporting  the  ice 
cubes  as  the  snow  source  from  its  factory  to  the 
final  destination  which  is  the  case  with  the  conven- 
tional  method  2.  Further,  in  comparison  with  the 
conventional  method  3  where  the  ice-making  bank 
has  to  be  installed  along  the  entire  great  length  of 
the  skiing  slope  where  the  artificial  snow  is  to  be 
spread,  the  method  of  the  present  invention  can 
eliminate  the  space  required  solely  for  installing  the 
ice-making  bank,  since  the  snow  surface  per  se  is 
utilized  as  the  ice-making  surface.  Thus,  the  meth- 
od  of  the  present  invention  consequently  achieves 
significant  installment  space  ecomony. 

Regarding  the  quality  of  obtained  artificial 
snow,  according  to  the  invention's  method,  the 
artificial  snow  is  generated  by  shaving  the  surface 
of  the  ice  layer  and  the  shaved  ice  is  left  on  the 
remain  of  the  ice  layer,  such  that  the  invention's 
method  can  provide  snow  with  finer  and  better 
quality,  when  compared  with  the  conventional 
method  4  where  the  roller  is  used  for  crushing  the 
ice  layer.  Further,  there  occurs  no  waste  in  the  use 

of  the  snow-source  ice,  and  the  method  can  pro- 
vide  good-quality  snow  in  a  constant  and  stable 
manner.  Moreover,  when  compared  with  the  con- 
ventional  methods  5  and  6  where  the  snow  is 

5  formed  by  crushing  frozen  foam  by  means  of  a 
roller,  the  artificial  snow  obtained  by  the  present 
invention  will  have  fine  and  good  quality  almost  as 
good  and  fine  as  natural  snow. 

Consequently,  the  invention  has  achieved  its 
io  intended  object  of  providing  the  method  of  forming 

an  artificial  snow  surface  with  such  improvement  as 
to  achieve  energy,  cost  and  space  economies  and 
a  snow  surface  of  good  quality. 

A  method  of  maintaining  the  artificial  snow 
is  surface  obtained  in  the  above-described  manner, 

according  to  the  present  invention,  is  characterized 
by  the  step  of: 

dehumidifying  ambient  air  present  adjacent 
above  the  snow  surface  in  order  to  present  water 

20  content  in  the  ambient  air  from  frosting. 
Functions  and  effects  of  this  method  will  be 

described  next. 
In  conditioning  the  ambience  air  present  adja- 

cent  above  the  snow  surface,  the  method  prevents 
25  frosting  of  the  air  on  the  snow  surface  (i.e.  transfer 

of  the  heat  from  the  air  to  the  snow,  such  that  the 
method  can  prevent  also  disadvantageous  increase 
in  the  load  in  the  refrigeration  of  the  snow  surface. 
Especially,  the  refrigerating  machine  inevitably  suf- 

30  fers  low  operation  efficiency  in  refrigerating  the 
snow  surface  because  the  machine  has  to  provide 
a  very  low  temperature  for  this  purpose.  Therefore, 
such  effective  prevention  of  increase  in  the  load 
can  achieve  significant  reduction  in  the  running 

35  cost  of  the  system. 
According  to  one  preferred  embodiment  of  the 

present  invention,  an  adsorption  type  dehumidify- 
ing  device  is  used  as  the  dehumidifying  means. 

When  the  adsorption  type  humidifying  device 
40  is  used,  there  occurs  increase  in  the  temperature 

of  the  processed  air  in  association  with  its  de- 
humidifying  operation.  This  temperature  increase 
can  be  effectively  utilized  for  preventing  excessive 
refrigeration  of  the  snow  surface  due  to  absorption 

45  of  heat  from  the  ambience  air,  which  tends  to  occur 
during  the  winter  season.  Such  excessive  refrigera- 
tion  of  the  snow  surface  will  result  in  deterioration 
in  the  quality  of  the  snow.  Then,  the  prevention  of 
excessive  refrigeration  can  provide  the  skier  with 

50  comfortable  and  smooth  skiing  feel. 
Further,  a  cooling  type  dehumidifying  device 

can  be  also  used  as  the  dehumidifying  means. 
When  this  cooling  type  dehumidifying  device  is 

used,  there  occurs  decrease  of  the  temperature  in 
55  the  processed  air.  Accordingly,  the  device  can  ef- 

fectively  restrict  transfer  of  the  heat  from  the  am- 
bience  air  to  the  snow  surface,  which  heat  transfer 
often  occurs  during  the  summer  season.  Thus,  in 
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this  case  too,  the  snow  surface  can  be  maintained 
at  good  skiing  condition  through  the  prevention  of 
frosting  of  water  content  present  in  the  ambience 
air  on  the  snow  surface,  and  further  much  energy 
can  be  saved  through  prevention  of  melting  of  the 
snow. 

In  combination  of  the  above  two  cases,  it  is 
also  conceivable  to  selectively  employ  the  adsorp- 
tion  type  dehumidifying  device  when  the  ambience 
air  is  at  a  relatively  low  temperature  and  to  use  the 
cooling  type  dehumidifying  device  when  the  air  is 
at  a  relatively  high  temperature. 

With  this  arrangement,  the  use  of  the  adsorp- 
tion  type  dehumidifying  device  provides  the  advan- 
tage  of  restricting  excessive  refrigeration  of  the 
snow  surface  during  the  winter  season  while  the 
use  of  the  cooling  type  dehumidifying  device  pro- 
vides  the  advantage  of  restricting  the  heat  transfer 
from  the  ambience  air  to  the  snow  surface  during  a 
warm  season.  Thus,  such  selective  use  between 
the  two  types  of  dehumidifying  devices  can 
achieve  both  the  comfortable  skiing  feel  and  the 
running  cost  reduction. 

Further,  it  is  conceivable  to  control  the 
humidyfing  means  so  as  to  equate  a  vopor  pres- 
sure  of  the  snow  surface  with  a  vopor  pressure  of 
the  ambience  air. 

With  this  further  arrangement,  it  becomes  pos- 
sible  to  avoid  frosting  phenomenon  on  the  snow 
surface  which  would  otherwise  occur  when  the 
vapor  pressure  of  the  ambience  air  is  higher  than 
that  of  the  snow  surface.  In  this  manner,  through 
the  prevention  of  frosting  on  the  snow  surface  as 
well  as  of  water-vaporization  from  the  snow  surface 
both  of  which  impair  smoothness  of  the  snow  sur- 
face,  the  snow  surface  can  be  maintained  at  a 
good  skiing  condition  more  reliably  and  effectively. 

In  particular,  when  the  snow  surface  is  gen- 
erated  by  forming  a  snow  layer  containing  solid 
particles  of  e.g.  resin  material,  with  such  water- 
vaporization  from  the  snow  surface,  the  deteriora- 
tion  in  the  smoothness  of  the  snow  surface  takes 
place  very  significantly,  since  the  soild  particles 
become  exposed  on  the  surface  to  the  ambience. 
Accordingly,  the  above-described  prevention  of  wa- 
ter-vaporization  from  the  snow  surface  will  be  very 
much  appreciated  in  such  case. 

An  ice  crushing  machine  usuable  for  forming 
an  artificial  snow  surface,  according  to  the  present 
invention,  comprises: 

a  propelling  means  for  propelling  a  machine 
body  on  an  ice  layer  or  an  artificial  snow  surface; 
and 

a  shaving  blade  attached  to  the  machine  body 
for  shaving  a  surface  of  said  ice  layer. 

Functions  and  effects  of  the  features  will  be 
described  next. 

According  to  the  above-defined  characterizing 
features  of  the  present  invention,  as  the  machine 
body  is  propelled  by  the  propelling  means  on  the 
ice  layer  or  the  artifical  snow  surface,  the  shaving 

5  blade  mounted  on  the  machine  body  shaves  the 
surface  of  the  ice  layer  to  render  it  into  fine  ice 
particles  forming  artificial  snow.  As  the  propelling 
machine  leaves  behind  the  shaved  snow  particles 
on  the  remain,  i.e.  unshaved  portion,  of  the  ice 

io  layer,  the  machine  can  form  an  artificial  snow  sur- 
face  of  a  desired  area  on  the  ice  layer. 

With  use  of  this  ice  crushing  machine,  the 
afore-described  method  of  the  present  invention 
can  be  conducted  very  easily  and  efficiently. 

is  Preferably,  the  shaving  blade  has  its  shaving 
edge  oriented  along  the  thickness  of  the  ice  layer. 

This  preferred  arrangement  renders  the  propel- 
ling  direction  of  the  machine  body  normal  to  the 
shaving  direction  of  the  shaving  blade,  thus  en- 

20  abling  the  propelling  operation  and  the  shaving 
operation  of  the  machine  to  be  functionally  in- 
dependent  of  each  other.  That  is,  these  operations 
can  take  place  without  one  being  adversely  af- 
fected  by  the  other. 

25  Further,  it  is  conceivable  to  arrange  the  shaving 
blade  to  effect  the  shaving  in  a  direction  slanted 
relative  to  the  thickness  direction  of  the  ice  layer. 
As  compared  with  an  arrangment  where  the  shav- 
ing  edge  of  the  blade  is  placed  in  parallel  with  the 

30  suface  of  the  ice  layer,  the  slanted  blade  edge 
arrangement  has  the  advantage  that  the  cutting 
depth  gradually  increases  adjacent  a  lower  end 
thereof  so  that  a  larger  amount  of  artificial  snow 
can  be  generated. 

35  Still  further,  the  shaving  blade  can  have  its 
shaving  edge  oriented  substantially  normal  to  the 
direction  of  the  thickness  of  the  ice  layer. 

With  this  further  arrangement,  through  the  sub- 
stantial  agreement  between  the  propelling  direction 

40  of  the  machine  body  and  the  shaving  direction  of 
the  blade,  it  becomes  possible  to  effectively  utilize 
a  portion  of  the  propelling  force  of  the  machine 
body  for  the  shaving  operation.  Thus,  in  this  case 
too,  a  large  amount  of  artificial  snow  can  be  effi- 

45  ciently  generated  through  the  movement  of  the 
mechine  body  on  the  ice  layer. 

Further,  and  other  objects,  features  and  effects 
of  the  invention  will  become  more  apparent  from 
the  following  more  detailed  description  of  the  em- 

50  bodiments  of  the  invention  with  reference  to  the 
accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

55  Figs.  1  through  5  illustrate  one  preferred  em- 
bodiment  of  the  present  invention;  in  which, 

Fig.  1  is  a  view  showing  a  construction  of  a 
system  of  an  indoor  artificianl  skiing  slope, 

4 
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Fig.  2  is  a  partially  cutaway  plane  view  of  an  ice 
crushing  machine, 
Fig.  3  is  a  front  section  of  the  ice  crushing 
machine, 
Fig.  4  is  an  enlarged  section  of  a  shaving  blade, 
and 
Fig.  5  is  a  plane  view  illustrating  an  operation  of 
the  ice  crushing  machine, 
Figs.  6  and  7  illustrate  an  ice  crushing  machine 
relating  to  a  further  embodiment  of  the  present 
invention,  with  Fig.  6  being  a  partially  cutaway 
plane  view  and  Fig.  7  being  a  front  section  of 
the  machine,  respectively, 
Figs.  8  and  9  illustrate  an  ice  crushing  machine 
relating  to  a  still  further  embodiment  of  the 
present  invention,  with  Fig.  8  being  a  partially 
cutaway  plane  view  and  Fig.  7  being  a  front 
section  of  the  machine,  respectively, 
Figs.  10  and  11  illustrate  an  ice  crushing  ma- 
chine  relating  to  a  still  further  embodiment  of  the 
present  invention,  with  Fig.  10  being  a  side 
section  and  Fig.  11  being  a  front  section  of  the 
machine  of  this  embodiment,  respectively,  and 
Fig.  12  is  a  view  illustrating  a  system  relating  to 
a  still  further  embodiment  of  the  present  inven- 
tion. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Preferred  embodiments  of  the  present  inven- 
tion  will  now  be  described  in  details  with  reference 
to  the  accompanying  drawings. 

Fig.  1  shows  a  construction  of  an  indoor  skiing 
slope.  Reference  numeral  1  denotes  a  housing. 
Numeral  2  denotes  a  sloped  floor  incorporating  a 
heat  insulating  means.  Numeral  3  denotes  a  refrig- 
erating-medium  pipe  embedded  substantially  over 
the  entire  surface  of  the  sloped  floor  2.  Numeral  4 
denotes  a  refrigerating  machine  for  refrigerating  a 
refrigerating  medium  (brine)  to  e.g.  -  14  to  -  22 
degrees  in  Celsius.  Numeral  5  denotes  an  air- 
conditioner.  Numeral  6  denotes  a  cooling  coil  (for 
circulating  cooling  water  at  +  5  to  +  7  degrees  in 
Celsius.  Numeral  7  denotes  a  dehumidifying  unit 
incorporated  in  the  air-conditioner  5.  Numeral  8 
denotes  an  air  passage  for  combining  an  indoor  air 
AT  introduced  through  an  air  intake  opening  9  with 
an  outdoor  air  introduced  an  outdoor-air  flow  pas- 
sage  10  and  introducing  this  combined  air  into  the 
air-conditioner  5  and  then  feeding  the  conditioned 
air  into  the  ineterior  of  the  housing  through  an  air 
outlet  opening  11.  Numeral  12  denotes  an  air  ex- 
haust  passage  for  exhausting  the  indoor  air  AT  by 
an  amount  corresponding  to  the  amount  of  the 
introduced  outdoor  air. 

For  forming  a  snow  surface  13a,  an  appropriate 
amount  of  water  is  sprayed  over  an  entire  surface 

of  the  sloped  floor  2.  Then,  the  sprayed  water  is 
frozen  by  the  refrigerating-medium  pipe  3.  These 
operations  are  repeated  to  form  a  multiplicity  of 
thin  ice  layers  on  the  sloped  floor  2  until  an  ice 

5  layer  14  having  a  predetermined  thickness  (a)  is 
obtained. 

The  amount  of  the  water  sprayed  at  one  time 
should  be  so  controlled  that  the  water  will  imme- 
diately  freeze  on  the  sloped  floor  2  without  falling 

io  off  the  floor. 
Further,  the  predetermined  thickness  (a)  of  the 

ice  layer  14  preferably  ranges  between  100  and 
150  mm. 

After  the  formation  of  the  ice  layer  14,  a  self- 
15  propelling  type  ice  crusher  machine  15  is  driven  on 

the  entire  surface  of  the  ice  layer  14.  As  the 
machine  15  being  propelled,  the  machine  15 
shaves  a  surface  of  the  ice  layer  14  to  generate 
artificial  snow  consisting  of  fine  ice  particles.  At  the 

20  same  time,  as  the  propelling  machine  15  leaves 
behind  the  generated  artificial  snow  on  the  remain 
of  the  ice  layer  14,  an  artificial  snow  layer  13  is 
formed  on  the  ice  layer  14,  such  that  these  layers 
13  and  14  together  form  the  snow  surface  13a. 

25  The  dimension  of  the  particle  of  the  artificial 
snow  can  be  varied  through  adjustment  of  a  shav- 
ing  depth  of  a  rotary  shaving  blade  18a  relative  to 
the  ice  layer  14,  in  order  to  obtain  such  snow 
particle  as  most  suitable  for  skiing. 

30  Depending  on  the  necessity,  the  ice  crusher 
machine  15  is  driven  on  the  ice  layer  14  or  on  the 
formed  snow  layer  13  while  shaving  the  surface 
thereof  for  a  plurality  of  times.  With  these  repeated 
operations,  the  snow  layer  13  gradually  increases 

35  in  its  thickenss  (here,  the  afore-mentioned  snow 
surface  denotes  such  layer  having  its  air  content 
increased  due  to  the  transformation  of  the  ice  into 
the  fine  particles  in  comparison  with  the  ice  layer 
14). 

40  The  thickness  (b)  of  the  snow  layer  13  prefer- 
ably  ranges  between  20  and  50  mm. 

Incidentally,  it  is  conceivable  to  mix  a  surface- 
activating  agent  or  a  water-swelling  material  in  the 
water  to  form  the  ice  layer  14  for  the  purpose  of 

45  facilitating  the  generation  of  the  aritificial  snow  by 
shaving  the  ice  layer.  However,  with  such  mixing 
material  ,  there  occurs  reduction  in  the  heat  trans- 
mission  ratio  of  the  ice  layer  14,  which  results  in 
decrease  in  the  refrigerating  temperature  neces- 

50  sary  for  the  refrigerating-medium  pipe  3  to  prevent 
melting  of  the  snow  layer  13  on  the  ice  layer  14. 
For  this  reason,  there  will  inevitably  occur  increase 
in  the  device  costs  as  well  as  in  the  running  costs, 
in  addition  to  the  cost  of  the  mixing  material  per  se. 

55  Accordingly,  it  is  more  economically  advanta- 
geous  if  water  without  such  additive  is  used  as  the 
water  to  be  sprayed  for  the  formation  of  the  ice 
layer  14. 

5 
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If  such  additive  is  to  be  used,  such  material 
should  be  selected  as  is  inexpensive  and  as  will 
cause  only  minimal  reduction  in  the  heat  transmit- 
ting  ratio  in  the  ice  layer  14.  Alternately,  such 
reduction  in  the  heat  transmission  ratio  can  be 
restricted  by  employing  an  additive  consisting  of 
very  small  particles  to  reduce  the  amount  of  the  air 
present  in  the  ice  layer  14. 

The  formation  of  the  ice  layer  14  and  the 
prevention  of  melting  of  the  ice  layer  14  and  the 
snow  layer  13  are  effected  by  means  of  refrigera- 
tion  via  the  refrigerating-medium  pipe  3  as  de- 
scribed  above.  In  this  connection,  if  the  ambience 
temperature  (i.e.  the  outdoor  air  in  this  embodi- 
ment)  is  relatively  high  and  a  large  amount  of  heat 
can  enter  the  housing  (mainly  during  the  summer 
season),  a  cooling  coil  6  is  operated  to  cool  the 
indoor  air  to  provide  skiers  with  comfortable  at- 
mosphere  as  well  as  to  help  the  refrigerating-me- 
dium  pipe  3  to  prevent  melting  of  the  snow  surface 
13a. 

In  conditioning  the  indoor  air  AT,  in  addition  to 
the  cooling  of  the  air  AT  by  means  of  the  cooling 
coil  6  when  the  ambient  temperature  is  high,  be- 
cause  the  indoor  air  AT  becomes  moist  by  the 
breaths  of  the  skiers  and  by  the  introduction  of  new 
outdoor  air,  the  dehumidifying  unit  7  is  operated  to 
dehumidify  the  moisted  indoor  air  AT  so  as  to 
maintain  the  dew  point  of  the  indoor  air  AT  below 
the  temperature  of  the  snow  surface  13a  ranging 
between  -  2  and  -  3  degrees  in  Celsius  thereby  to 
maintain  good  skiing  condition  of  the  snow  surface 
13a. 

The  construction  of  the  ice  crusher  machine  15 
will  be  particularly  described  with  reference  to  Figs. 
2  and  4. 

The  machine  15  includes  a  machine  body  15a 
mounting  a  pair  of  right  and  left  sledges  16  and  a 
pair  of  right  and  left  propelling  wheels  17  as  a 
propelling  means  for  propelling  the  machine  body 
15a  on  the  ice  layer  14  or  the  snow  surface  13a. 
This  propelling  means  need  not  be  mounted  to  the 
machine  body  15a.  Instead,  it  is  conceivable  to 
propel  the  machine  body  15a  by  means  of  a  sepa- 
rate  propelling  means.  Further,  to  a  lower  portion  of 
the  machine  body  15a,  there  are  attached  rotary 
shaving  blades  18A  as  a  blade  means  for  shaving 
the  surface  of  the  snow  surface  14. 

The  propelling  wheels  17  serve  to  propel  the 
machine  body  15a  straightway  when  these  wheels 
17  are  rotated  at  a  same  speed  in  a  same  direc- 
tion.  Also,  when  these  wheels  17  are  rotated  at 
different  speeds  or  directions,  these  wheels  17 
serve  to  steer  the  machine  body  15a. 

The  plurality  of  shaving  blades  18A  are  ar- 
ranged  in  a  radial  pattern  on  a  lower  face  of  a 
rotary  disc  rotatable  about  a  vertical  axis  P  extend- 
ing  substantially  normal  to  the  ice  layer  14.  As 

these  blades  18A  are  driven  to  rotate  via  the  rotary 
disc  19  by  a  motor  20,  the  rotating  blades  18A 
shave  or  cut  the  surface  of  the  ice  layer  14  by  a 
certain  depth  and  the  cut  ice  as  artificial  snow  is 

5  sent  radially  outwards  to  be  left  on  the  remain  of 
the  ice  layer  14. 

A  blade  edge  18a  formed  at  a  lower  edge  of 
each  shaving  blade  18A  is  inclined  with  an  outer 
portion  thereof  relative  to  the  radius  of  the  rotary 

io  disc  19  being  formed  higher  than  an  inner  portion, 
such  that  the  blade  edge  18a  when  used  shaves 
the  ice  layer  14  with  an  inclination  relative  to  the 
direction  of  the  thickenss  of  this  ice  layer  14.  With 
this  arrangement  in  operation,  the  inclined  blade 

is  edges  18a  cut  deeper  at  the  lower  sides  thereof. 
As  a  result,  the  blade  edges  18a  can  cut  deep  with 
one  shaving  action  thereby  to  efficiently  generate  a 
large  amount  of  artificial  snow. 

Incidentally,  the  angle  (A)  of  the  inclination  (i.e. 
20  the  inclination  angle  provided  for  smooth  sending 

of  the  generated  artificial  snow  outwards  relative  to 
the  radius  of  the  rotary  disc  19)  between  the  radius 
of  the  rotary  disc  19  and  the  shaving  blade  18A 
preferably  ranges  between  15  and  25  degrees. 

25  Further,  the  scooping  angle  (B)  of  the  shaving 
blade  18A  preferably  ranges  between  20  and  40 
degrees.  The  clearance  angle  (C)  of  the  shaving 
blade  18A  preferably  ranges  between  5  and  10 
degrees. 

30  The  shaving  blades  18A  are  replaceable  when 
necessary.  Also,  at  a  center  of  the  radial  pattern 
arrangement  of  the  shaving  blades  18A,  there  is 
attached  a  cylinder  member  21  for  preventing  intru- 
sion  and  resultant  clogging  of  the  generated  artifi- 

35  cial  snow. 
The  rotation  speed  of  the  rotary  disc  19  is 

adjustable  by  an  inverter  control  on  the  motor  20. 
Through  this  adjustment  of  the  rotation  speed,  the 
quality  of  the  artificial  snow  is  adjusted. 

40  The  above-described  ice  crusher  machine  15 
is  operated  by  a  wireless  remote  control  operation 
effected  from  an  indoor  monitor  room  R.  By  this 
remote  control  operation,  the  shaving  blades  18A 
are  driven  at  a  predetermined  speed  to  shave  the 

45  surface  of  the  ice  layer  14  while  the  machine  15  is 
propelled  at  a  predetermined  propelling  speed  over 
the  entire  surface  of  the  ice  layer  14  or  the  snow 
surface  13a,  thereby  to  form  a  large  area  of  the 
snow  layer  13  having  a  predetermined  thickenss 

50  (b)  which  consequently  forms  the  snow  surface  13a 
(i.e.  skiing  slope). 

Some  other  embodiments  of  the  invention  will 
be  specifically  described  next. 

(a)  The  refrigerating  means  incorporated  in  the 
55  floor  2  is  not  limited  to  the  brine  refrigerating- 

medium  pipe  3.  Various  other  types  of  refrig- 
erating  systems  can  be  employed.  For  instance, 
it  is  conceivable  to  employ  such  refrigerating 

6 
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system  as  freezes  and  prevents  melting  of  the 
snow  surface  13a  by  refrigerating  the  air  imme- 
diately  above  the  snow  surface  13a. 
(b)  As  mentioned  hereinbefore,  the  water  to  be 
sprayed  over  the  floor  2  to  form  the  ice  layer  14  5 
thereon  can  contain  various  kids  of  additives 
depending  on  the  convenience. 
(c)  The  ice  crusher  machine  for  shaving  the 
surface  of  the  ice  layer  14  to  form  the  artificial 
snow  consisting  of  fine  ice  particles  is  not  limit-  10 
ed  to  the  self-propelling  type  ice  crusher  ma- 
chine  15  disclosed  in  the  foregoing  embodi- 
ment.  It  is  possible  to  employ  other  types  of 
machines,  one  of  which  will  be  particularly  de- 
scribed  later.  is 
(d)  The  invention's  method  of  forming  an  artifi- 
cial  snow  surface  can  be  used  also  for  forming 
an  artificial  snow  surface  outdoors. 
(e)  The  snow  surface  13a  to  be  formed  by  the 
method  of  the  invention  is  not  limited  to  the  20 
above-described  snow  surface  sloped  in  one 
direction.  Instead,  it  is  also  possible  to  form  a 
snow  surface  with  many  ups  and  downs  for  use 
in  the  practice  of  the  Nordic  type  skiiing  or  a  flat 
snow  surface.  25 
(f)  With  respect  to  the  construction  of  the  ice 
crusher  machine  of  the  invention,  the  foregoing 
embodiment  dislcoses  the  propelling  means  for 
propelling  the  machine  body  15a  comprised  of 
the  combination  of  the  sledges  16,  and  the  30 
propelling  wheels  17.  Instead,  the  propelling 
means  can  be  a  crawler  type  propelling  device. 
Further,  the  machine  can  be  of  a  manually  pro- 
pelled  type  instead  of  the  self-propelled  type 
disclosed  in  the  foregoing  embodiment.  35 
(g)  In  the  ice  crusher  machine,  the  shaving 
blades  for  shaving  the  surface  of  the  ice  layer 
14  can  be  of  various  types  to  be  described  next. 

(i)  As  shown  in  Figs  6  and  7,  a  cylinder 
member  22  is  coaxially  attached  to  the  lower  40 
face  of  the  rotary  disc  19  which  is  similar  to 
the  one  used  in  the  foregoing  embodiment. 
On  an  outer  periphery  of  this  cylinder  mem- 
ber  22,  there  are  attached  a  plurality  of  shav- 
ing  blades  18B  having  blade  edges  18b  ex-  45 
tending  outwards  along  the  radius  of  the  disc 
19.  The  motor  20  is  used  for  rotating  the 
rotary  disc  19  so  that  the  blades  18B  cut  the 
ice  layer  14  in  the  direction  normal  to  the 
direction  of  the  thickness  of  the  layer  14  (i.e.  so 
the  direction  in  parallel  with  the  propelling 
direction  of  the  machine  body  15a).  Further, 
with  this  shaving,  the  generated  artificial  snow 
is  sent  outwards  relative  to  the  radius  of  the 
rotary  disc  19  to  be  left  on  the  ice  layer  14.  55 

A  reference  numeral  23  denotes  a  bottom 
plate  for  closing  a  lower  terminal  end  of  the 
cylinder  member  22  for  preventing  intrusion 

and  resultant  clogging  of  the  generated  artifi- 
cial  snow  in  the  member  22. 

In  the  above-described  construction  of 
this  further  embodiment,  the  scooping  angle 
(D)  of  the  shaving  blade  18B  preferably 
ranges  between  20  and  40  degrees. 
(ii)  As  shown  in  Figs.  8  and  9,  as  auxiliary 
shaving  blades,  a  pair  of  shaving  blades  18A 
(substantially  the  same  as  those  in  the  first 
embodiment)  having  downwardly  oriented 
blade  edges  18a  are  attached  with  180  de- 
gree  displacement  therebetween  to  the  lower 
face  of  the  rotary  disc  19.  In  addition,  as 
main  shaving  blades,  a  plurality  of  shaving 
blades  18B  having  shaving  edges  18b  ex- 
tending  radially  outwards  are  attached  to  the 
lower  face  of  the  rotary  disc  19  adjacent  the 
outer  periphery  of  the  disc  19.  In  operation, 
as  the  auxiliary  shaving  blades  18A  cut  the 
ice  layer  14  along  its  thickness  to  support 
sinking  movements  of  the  main  blades  18B 
into  the  surface  of  the  ice  layer  14,  the  main 
blades  18B  cut  the  ice  layer  14  in  the  direc- 
tion  normal  to  the  thickness  direction  of  the 
layer  14  (i.e.  in  parallel  with  the  propelling 
direction  of  the  machine  body  15a).  In  associ- 
ation  with  the  shaving  actions  of  the  blades, 
the  generated  artificial  snow  is  sent  outwards 
(i.e.  rearwardly  of  the  machine  body  15a  rela- 
tive  to  the  propelling  direction  of  the  machine 
body  15a)  to  be  left  on  the  remain  of  the  ice 
layer  14. 
(iii)  As  shown  in  Figs.  10  and  11,  the  plurality 
of  shaving  blades  18A  are  attached  to  a  ro- 
tary  drum  24  rotatable  about  an  axis  Q  ex- 
tending  substantially  in  parallel  with  the  ice 
layer  14,  so  that  the  blades  18A  rotate  about 
the  axis  Q  to  shave  the  surface  of  the  ice 
layer  14. 

A  reference  numeral  25  denotes  a  handle 
for  an  operator, 

(h)  A  further  embodiment  of  the  inventions 
method  of  maintaing  the  snow  surface  will  be 
particularly  described  next. 

As  shown  in  Fig.  12,  the  system  includes  an 
adsorption  type  dehumidifying  unit  28  and  a 
dumper  mechanism  33  for  selectively  providing 
two  conditions,  i.e.  a  condition  for  causing  the 
combined  air  comprised  of  the  indoor  air  AT 
introduced  through  the  air  intake  opening  10  and 
the  outdoor  air  to  pass  through  the  air-con- 
ditioner  5  and  a  further  condition  for  causing  the 
combined  air  to  pass  through  the  dehumidifying 
unit  28. 

Melting  of  the  snow  surface  13a  is  restricted 
by  maintaining  the  snow  surface  13a  at  a  pre- 
determined  low  temperature  (ts)  (e.g.  -  2  to  -  3 
degrees  in  Celsius)  throughout  the  year  through 
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the  refrigeration  by  the  refrigerating-medium 
pipe  3  on  the  ice  layer  14  and  the  snow  layer 
13.  With  this,  the  snow  surface  13a  can  be 
maintained  at  a  good  skiing  condition.  Further,  if 
the  ambience  temperature  (the  outdoor  tempera-  5 
ture  in  the  present  case)  is  relatively  high  and  a 
large  amount  of  heat  tends  to  enter  the  building 
interior  (mainly  in  the  summer  season),  the  cool- 
ing  coil  6  is  operated  with  the  dumper  mecha- 
nism  33  being  switched  over  for  the  air  passage  10 
through  air-conditioner  5,  thereby  to  provide 
comfortable  indoor  atmosphere  for  the  skiers 
and  also  to  restrict  melting  of  the  snow  surface 
13a  in  cooperation  with  the  refrigeration  by  the 
refrigerating-medium  pipe  3.  is 

In  conditioning  the  indoor  air  AT,  in  addition 
to  the  cooling  of  the  air  AT  by  means  of  the 
cooling  coil  6  when  the  ambient  temperature  is 
high,  because  the  indoor  air  AT  becomes  moist 
by  the  breaths  of  the  skiers  and  by  the  introduc-  20 
tion  of  new  outdoor  air,  with  the  dumper  mecha- 
nism  33  switched  over  for  the  air  passage 
through  the  air-conditioner  5,  the  cooling  type 
dehumidifying  unit  7  is  operated  to  dehumidify 
the  moisted  indoor  air  AT.  Alternately,  the  ad-  25 
sorption  type  dehumidifying  unit  28  is  operated 
with  the  dumper  mechanism  33  being  switched 
over  for  the  air  passage  through  this  unit  28.  In 
either  case,  the  operation  is  effected  so  as  to 
maintain  the  dew  point  (tp)  of  the  indoor  air  AT  30 
below  the  temperature  (ts)  of  the  snow  surface 
13a  (i.e.  to  maintain  the  condition:  tp   ̂ ts,  in 
other  words,  to  maintain  the  vapor  pressure  of 
the  indoor  air  AT  lower  than  the  vapor  pressure 
of  the  snow  surface  13a),  thereby  to  avoid  frost-  35 
ing  of  the  moist  on  the  snow  surface  13a  con- 
sequently  to  maintain  a  good  skiing  condition  of 
the  snow  surface  13a. 

The  selective  uses  of  the  cooling  type  de- 
humidifying  unit  7  and  the  adsorption  type  de-  40 
humidifying  unit  28  will  be  particularly  described 
next. 

The  cooling  type  dehumidifying  unit  7  op- 
erable  to  cool  the  processed  air  while  dehumidi- 
fying  it  is  used  when  the  ambience  temperature  45 
is  high  and  a  large  amount  of  heat  tends  to 
enter  the  building  interior  (mainly  during  the 
summer  season),  so  that  the  cooled  and  de- 
humidified  air  is  effectively  used  for  maintaining 
comfortable  indoor  atmosphere  by  restricting  in-  so 
trusion  of  the  heat  into  the  interior.  Further,  this 
type  of  dehumidifying  unit  is  used  also  for  re- 
stricting  transfer  of  the  heat  from  the  indoor  air 
At  to  the  snow  surface  13a  thus  aiding  the 
prevention  of  melting  of  the  snow  surface  13a.  55 

Incidentally,  in  the  operation  of  the  air-con- 
ditioner  5,  on  some  occasions,  both  the  cooling 
type  dehumidifying  unit  7  and  the  cooling  coil  6 

are  operated;  and  on  other  occasions,  only  one 
of  these  is  operated,  depending  on  the  particular 
temperature  load  and  humidity  load  present. 

In  contrast  to  the  above-described  cooling 
type  dehumidifying  unit  7,  the  adsorption  type 
dehumidifying  unit  28  in  which  there  occurs 
increase  in  the  processed  air  in  association  with 
the  dehumidifying  operation  is  used  when  the 
ambience  temperature  is  low  (mainly  during  the 
winter  season)  so  as  to  effectively  utilize  the  air 
temperature  rise  associated  with  the  dehumidify- 
ing  operation  for  restricting  excessive  reduction 
in  the  indoor  air  temperature  thereby  to  maintain 
comfortable  indoor  atmosphere. 

Refering  more  particularly  to  the  dehumidi- 
fying  operation,  in  this  dehumidifying  operation 
by  either  the  cooling  type  dehumidfying  unit  7 
or  the  adsorption  type  dehumidifying  unit  28,  the 
unit  is  so  controlled  as  to  equate  the  vapor 
pressure  of  the  snow  surface  13a  with  the  vapor 
pressure  of  the  indoor  air  AT.  With  this  further 
arrangement,  it  becomes  possible  to  restrict 
both  frosting  on  the  snow  surface  and  water- 
vaporization  from  the  snow  surface  which  impair 
smoothness  of  the  snow  surface. 

Another  unillustrated  refrigerating  machine 
than  the  refrigerating  machine  4  is  connected  to 
the  cooling  coil  6  of  the  air-conditioner  5.  More 
particularly,  the  use  of  the  aforementioned  re- 
frigerating  machine  4  which  does  no  have  a 
good  coefficient  of  performance  because  of  the 
requirement  for  producing  a  very  low  tempera- 
ture  for  preventing  of  melting  of  the  ice  layer  14 
and  the  snow  layer  13  is  limited  for  this  purpose 
of  refrigerating  the  ice  layer  14  and  the  snow 
layer  13,  so  that  this  refrigerating  machine  4  can 
be  of  a  relatively  small  capacity  to  save  energy 
consumption. 

(i)  As  the  dehumidifying  means,  only  either 
the  cooling  type  dehumidifying  unit  or  the 
adsorption  type  dehumidifying  unit  can  be 
employed.  Further  alternately,  any  other  type 
of  dehumidifying  unit  can  be  used, 

(j)  Instead  of  dehumidifying  the  entirety  of  the 
indoor  air  AT  as  described  in  the  foregoing 
embodiments,  it  is  also  conceivable  to  dehu- 
midify  only  a  portion  of  the  air  present  within  an 
appropriate  altitude  range  from  the  snow  surface 
13a. 
(k)  The  snow  surface  13a  can  be  formed  of  the 
artificial  snow  generated  by  the  various  methods 
described  hereinbefore  and  can  also  be  formed 
of  natural  snow. 
(I)  The  use  of  the  snow  surface  formed  by  the 
method  of  the  present  invention  is  not  limited  to 
the  use  of  skiing.  The  surface  can  be  used  for 
any  other  application. 

8 
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The  invention  may  be  embodied  in  other  spe- 
cific  forms  without  departing  from  the  spirit  or 
essential  characteristics  thereof.  The  present  em- 
bodiments  are  therefore  to  be  considered  in  all 
respects  as  illustrative  and  not  restrictive,  the  5 
scope  of  the  invention  being  indicated  by  the  ap- 
pended  claims  rather  than  by  the  foregoing  de- 
scription  and  all  changes  which  come  within  the 
meaning  and  range  of  equivalency  of  the  claims 
are  therefore  intended  to  be  embraced  therein.  10 

Claims 

1.  A  method  of  maintaining  a  snow  surface,  char- 
acterized  by  the  step  of:  is 

dehumidifying  air  (AT)  adjacent  above  a 
snow  surface  (13a)  by  means  of  a  dehumidify- 
ing  means  (7,28)  to  restrict  frosting  of  water 
content  present  in  said  air  (AT)  on  said  snow 
surface  (13a)  thereby  to  maintain  said  snow  20 
surface  (13a)  in  a  good  skiing  condition. 

2.  A  method  as  defined  in  claim  1,  characterized 
in  that: 

said  dehumidifying  means  comprises  an  25 
adsorption  type  dehumidifying  unit  (28). 

3.  A  method  as  defined  in  claim  1,  characterized 
in  that: 

said  dehumidifying  means  comprises  a  30 
cooling  type  dehumidifying  unit  (7). 

4.  A  method  as  defined  in  claim  1,  characterized 
in  that: 

said  dehumidifying  means  comprises  an  35 
adsorption  type  humidifying  unit  (28)  when  an 
ambience  temperature  is  relatively  low  while 
said  dehumidifying  means  comprises  a  cooling 
type  dehumidifying  unit  (7)  when  the  ambience 
temperature  is  relatively  high.  40 

5.  A  method  as  defined  in  any  one  of  claims  1 
through  4,  characterized  in  that: 

said  dehumidifying  means  (7,28)  is  so  con- 
trolled  as  to  substantially  equate  a  vapor  pres-  45 
sure  of  said  snow  surface  (13a)  with  a  water- 
vaporization  pressure  of  said  air  (AT). 

6.  Apparatus  for  maintaining  a  snow  surface  in- 
cluding  the  use  above  a  snow  surface  of  de-  so 
humidifying  means  comprising  an  adsorption 
dehumidifying  unit  (28)  and/or  a  cooling  de- 
humidifying  unit  (7). 

9 
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