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terized  in  claim  1.  Specifically,  the  present  inven- 
tion  is  concerned  with  a  defrost  control  system 
wherein  the  differential  pressure  is  measured 
across  the  outdoor  coil  during  a  plurality  of  time 

5  controlled  operations  such  as  90  minutes  of 
elapsed  compressor  operation  time,  and  the  high- 
est  differential  pressure  attained  during  a  time 
controlled  operation  is  used  to  control  the  length 
of  normal  total  compressor  operations  in  a 

10  pressure  controlled  operation  before  a  defrost 
cycle  is  accomplished.  The  heat  pump  is  operated 
for  an  extended  time  period  which  is  selected  to 
be  long  enough  that  frosting  would  occur  under 
any  adverse  conditions  and  the  differential  pre- 

75  sure  at  the  end  of  that  timed  operation  is 
measured  and  stored  in  a  memory.  For  subse- 
quent  operations  in  between  the  periodic  time 
controlled  operations,  the  normal  operation  of  the 
heat  pump  is  accomplished  from  the  space 

20  thermostat  in  pressure  controlled  operation  until 
the  differential  pressure  across  the  outdoor  coil 
due  to  frost  reaches  a  value  of  that  stored  in  the 
memory.  At  that  time  a  defrost  cycle  is  com- 
menced.  The  differential  pressure  used  for  ter- 

25  minating  the  normal  cyclic  operation  to  start  the 
defrost  cycle  is  updated  by  periodic  time  con- 
trolled  operations.  Further  details  and  preferred 
features  of  the  invention  are  described  in  the 
subclaims  and  can  be  derived  from  the  following 

30  description  of  a  preferred  embodiment  shown  in 
the  drawings: 

Figure  1  is  a  schematic  drawing  of  a  refrigera- 
tion  heat  pump  system  having  an  outdoor  coil 
differential  pressure  sensing  apparatus; 

35  Figure  2  shows  the  time  controlled  operation  to 
establish  the  highest  differential  pressure; 

Figure  3  shows  the  normal  pressure  controlled 
operation  using  the  established  differential 
pressure  from  the  operation  shown  in  Figure  2; 

40  Figure  4  describes  the  updating  of  the  differen- 
tial  pressure  values  by  interposing  a  time  con- 
trolled  operation  cycle  between  the  normal  auto- 
matic  control  cycles; 

Figure  5  shows  the  establishment  of  a  new 
45  differential  pressure  value  during  a  normal  oper- 

ation; 
Figure  6  is  a  recognition  of  a  faulty  operation 

upon  a  sudden  change  in  the  basic  differential 
pressure  after  the  completion  of  a  defrost  oper- 

50  ation; 
Figure  7  is  a  data  sampling  curve  for  normal 

operation;  and 
Figure  8  is  a  data  sampling  curve  of  periodic 

operations  (of  a  cumulative  time  operation)  show- 
55  ing  the  indication  of  a  fault. 

Referring  to  Figure  1,  a  conventional  refrigera- 
tion  heat  pump  apparatus  is  shown  having  a 
refrigeration  compressor  10  and  an  indoor  coil  11 
through  which  air  is  blown  by  a  fan  12  for  heating 

60  and  cooling  a  space  13.  An  outdoor  coil  14  has  a 
fan  15  fdr  blowing  outdoor  air  through  the  coil  to 
either  lose  or  gain  heat.  A  space  or  room  thermos- 
tat  20  is  connected  to  control  the  refrigeration 
compressor.  Such  a  refrigeration  heat  pump 

65  system  is  shown  in  US  —  A—  31  15  018. 

Description 

The  invention  refers  to  a  defrost  control  system 
for  a  refrigeration  heat  pump. 

There  are  many  systems  for  controlling  the 
defrost  operation  of  the  outdoor  coil  of  a  refriger- 
ation  heat  pump  apparatus.  Experience  has  tradi- 
tionally  found  on  heat  pumps  that  a  time  defrost 
initiated  cycle  once  every  60  or  90  minutes  of 
elapsed  compressor  run  time  is  optimum  for  the 
worst  case  when  the  outdoor  temperature  is 
below  freezing.  The  amount  of  frost  during  this 
worst  condition  is  such  that  the  blockage  of  the 
outdoor  coil  is  approximately  75%.  During  times 
when  the  outdoor  conditions  are  such  that  the 
outdoor  coil  does  not  become  this  blocked,  that 
is,  low  outdoor  humidity,  or  during  cold  weather, 
such  frequency  of  defrost  cycling  is  more  often 
than  required.  While  the  air  pressure  drop 
through  an  outdoor  coii  when  the  coil  is  blocked 
with  frost  has  been  used  for  a  defrost  control 
system  such  as  shown  in  US  —  A  —  30  77  747, 
31  07  499,  30  62  019  and  30  66  496  often  a  large 
pressure  drop  exists  through  the  outdoor  coil 
when  the  coil  is  free  of  frost.  This  might  be  caused 
by  foreign  contamination  such  as  dirt,  leaves  or 
paper,  such  things  as  coil  design,  that  is  thin 
spacing,  thin  geometry  and  surface  area  of  the 
coil  and  the  fan  characteristics  which  affects  this 
pressure  drop.  The  pressure  drop  also  may  be 
quite  small  as  in  the  case  of  a  high  Energy 
Efficiency  Ratio  (EER)  heat  pump  where  the  out- 
door  coil  might  be  relatively  large.  Further,  the 
pressure  drop  can  be  varied  from  unit  by  the 
outdoor  cabinet  design  which  includes  leakage  of 
air  that  may  bypass  the  coil. 

All  of  these  systems  have  a  common  deficiency 
in  that  the  systems  need  to  be  tailored  to  a 
particular  heat  pump  design  and  to  the  particular 
weather  conditions.  The  present  invention  is 
directed  to  a  control  system  which  overcomes  the 
need  of  special  factory  calibration  or  field  adjust- 
ment  on  a  demand  defrost  control. 

DE  —  A  —  2520319  describes  a  control  system 
according  to  the  general  portion  of  claim  1.  It 
describes  a  method  and  apparatus  for  defrosting 
the  evaporator  of  a  compressor  operated  heat 
pump,  whereat  the  evaporator  comprises  a  fan 
and  a  heat  exchanger  through  which  air  is  blown 
by  the  fan.  The  pressure  differential  of  the  air  flow 
across  the  heat  exchanger  is  detected,  and  the 
flow  direction  of  the  heat  pump  is  reversed  when 
the  pressure  differential  reaches  a  predetermined 
value.  The  temperature  at  the  last  defrostable 
parts  of  the  heat  exchanger  is  sensed,  and  the 
reversion  of  the  medium  flow  within  the  heat 
pump  is  terminated  as  soon  as  the  sensed 
temperature  exceeds  0°C. 

It  is  a  main  object  of  the  invention  to  provide  a 
control  system  which  responds  to  the  actual 
formation  of  frost  on  the  outdoor  coil  and  simul- 
taneously  reduces  the  number  of  defrost  cycles  in 
order  to  save  energy  and  to  interrupt  trie  heat 
pump  operation  as  seldom  as  possible.  These 
objects  are  achieved  by  the  invention  as  charac- 



0  147  8 2 5  

the  compressor  would  operate  a  cumulative  time 
until  PB  were  reached.  Obviously,  if  the  ambient 
temperature  and  humidity  conditions  are  such 
that  frost  doesn't  develop,  the  total  compressor 

5  run  time  could  be  inadequate. 
At  definite  intervals,  the  automatic  pressure 

controlled  cycle,  using  PB  for  termination,  is 
interrupted  by  a  time  controlled  operation  cycle  of 
90  minutes  to  update  the  memory  with  a  new 

10  differential  pressure  signal  for  defrost  operation. 
In  Figure  4,  the  automatic  cycle  is  interrupted  by  a 
90  minute  time  controlled  operation  update  and  a 
new  differential  pressure  signal  Px  is  obtained  for 
subsequent  automatic  cycles  and  a  new  time 

15  period  t2. 
Under  certain  high  humidity  conditions,  it  is 

possible  that  the  normal  time  cycle  to  reach  a 
defrost  pressure  Px  as  shown  in  Figure  5  is  time  td 
or  less  than  90  minutes.  This  could  be  used  to 

20  initiate  a  time  controlled  operation  of  90  minutes 
to  establish  a  new  pressure  signal  PY. 

Upon  a  drastic  change  in  the  pressure 
measured  after  a  90  minute  time  and  the  defrost 
cycle  was  started,  a  detection  of  an  abnormal 

25  deviation  or  faulty  condition  can  exist.  As  shown 
in  Figure  6,  the  normal  automatic  control  is 
making  use  of  a  differential  pressure  of  PY;  how- 
ever,  after  a  cleared  or  defrosted  coil,  the  differen- 
tial  pressure  signal  Ps  is  obtained  rather  than  Po. 

30  Such  would  trigger  an  alarm  device  40  as  a 
normally  cleared  coil  should  indicate  a  pressure 
differential  of  Po. 

The  data  for  the  various  operations  of  the  90 
minute  time  cycle  could  be  stored  in  the  memory 

35  for  each  time  cycle  and  a  curve  of  pressure  drop 
established  with  conventional  computer  averag- 
ing  technique  as  shown  in  Figure  7.  Any  time  a 
pressure  was  measured  to  be  outside  the  normal 
range  (such  as  due  to  a  gust  of  wind)  it  would  be 

40  rejected  to  not  influence  the  system  operation. 
While  it  is  understood  that  the  normal  oper- 

ation  of  a  heat  pump  consists  of  several  oper- 
ations  making  up  the  cumulative  compressor 
operating  time,  the  buildup  of  ice  or  frost  on  the 

45  outdoor  coil  is  gradual.  An  additional  buildup 
takes  place  in  each  cycle.  The  pressure  drop 
across  the  coil  thus  increases  with  each  individual 
operating  "on"  cycle  as  shown  in  Figure  8.  After  a 
complete  build  up  of  frost  on  the  coil  exists  to 

so  reach  the  differential  pressure  PY  which  pre- 
viously  was  established  by  a  timed  operation, 
control  apparatus  32  initiates  a  defrost  operation. 
As  shown  in  Figure  8,  a  drastic  change  in  the 
pressure  curve  took  place  in  the  last  "on"  cycle  at 

55  50  which  could  have  been  the  result  of  a  foreign 
blockage  of  the  outdoor  coil.  The  microprocessor 
would  sense  this  drastic  change  when  comparing 
such  pressure  build-up  with  the  stored  data  of 
Figure  7.  Appropriate  action  such  as  alarm  40 

so  could  be  taken. 
While  temperature  sensor  25  is  used  to  termi- 

nate  the  defrost  operation  through  control 
apparatus  32,  the  time  required  for  defrosting  coil 
14  would  be  measured  by  a  timing  unit  in  control 

65  apparatus  32.  An  excessive  defrost  time  may 

A  pair  of  pressure  probes  21  and  22  on  the  inlet 
and  outlet  side  of  the  outdoor  coil  14  are  con- 
nected  to  a  pressure  responsive  device  23  provid- 
ing  an  output  signal  at  24  indicative  of  the 
differential  pressure  or  air  flow  restriction 
through  coil  14.  One  probe  may  be  used  with  an 
ambient  pressure  responsive  means  at  some 
location  as  done  in  US—  A—  30  66  496.  While  dif- 
ferential  air  pressure  is  used,  any  condition  which 
changes  indicative  of  the  restriction  of  air  flow  or 
the  formation  of  frost  may  be  used  to  determined 
the  need  for  a  defrost  operation,  for  example,  fan 
motor  current,  compressor  motor  current,  dif- 
ferential  temperature  between  coil  temperature 
and  outdoor  air  temperature,  weight  change  of 
coil  when  ice  accumulates,  or  any  condition 
which  changes  as  frost  accumulates  on  coil  14.  A 
temperature  sensor  25  is  connected  to  a  tempera- 
ture  responsive  device  or  defrost  termination' 
control  device  30  having  an  output  indicative  of 
the  outdoor  coil  temperature  at  31  as  is  also 
shown  in  US  —  A  —  30  66  496.  A  microprocessor 
control  apparatus  32  of  a  conventional  type  is 
connected  to  control  the  refrigeration  compressor 
through  circuit  33  for  a  defrost  operation.  The 
method  of  defrosting  the  outdoor  coil  can  be  any 
conventional  method  such  as  reversing  the  oper- 
ation  of  the  system  to  apply  heat  to  outdoor  coil 
14. 

The  refrigeration  apparatus  having  outdoor  coil 
14  is  run  for  obtaining  heat  to  space  13  for  a 
predetermined  total  time  period  which  either  is 
continuous  operation  or  cyclic  operation  to  have  a 
cumulative  operating  time.  If  the  conditions  are 
right  for  defrost,  that  is,  the  outdoor  temperature 
is  low  enough  and  the  humidity  is  high  enough,  a 
frosting  of  the  outdoor  coil  will  occur  to  block  the 
air  flow  through  the  coil  and  a  signal  indicative  of 
the  differential  pressure  is  provided  between 
probes  21  and  22.  Referring  to  Figure  2,  three  time 
controlled  operations  or  cycles  of  90  minutes  total 
cumulative  compressor  run  time  are  initially 
made  when  the  system  is  placed  in  operation.  At 
the  end  of  each  90  minute  operation,  a  defrost 
cycle  is  started  which  could  take  5  or  10  minutes 
to  melt  the  frost  or  ice  from  coil  14.  The  defrost 
cycle  would  be  terminated  by  control  apparatus 
32  when  sensor  25  reached  a  certain  temperature 
indicative  of  all  frost  or  ice  being  melted.  The 
highest  differential  pressure  or  pressure  value  PA, 
PB  and  Pc  indicative  of  an  airflow  restricted  coil  is 
measured  for  the  three  operations  and  the  high- 
est  differential  pressure  PB  is  retained  or  stored  in 
the  microprocessor  memory. 

For  subsequent  automatic  cycles  or  pressure 
controlled  operations  of  the  refrigeration  com- 
pressor,  the  operation  time  period  before  defrost- 
ing  takes  place  is  as  shown  in  Figure  3  as  t1f  V  
and  t/'.  The  compressor  is  run  for  a  total  oper- 
ation  whether  it  be  a  series  of  individual  oper- 
ations  for  a  total  cumulative  compressor  run  time 
or  one  continuous  operation  until  the  differential 
pressure  reaches  the  previously  stored  differen- 
tial  pressure  PB. 

The  times  t,,  V  and  t,"  may  not  be  all  equal  as 
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indicate  too  much  frost  was  allowed  to  build  up 
on  the  coil  to  lose  operation  efficiency.  Should  the 
time  to  completely  defrost  coil  14  be  excessive 
(being  determined  by  the  time  needed  to  raise  the 
temperature  of  sensor  25  to  a  predetermined 
temperature)  the  pressure  controlled  operation 
could  be  shortened  by  a  reduction  in  the  terminat- 
ing  differential  pressure  (such  as  from  Px  back  to 
PB  in  Figure  4).  Lower  pressure  controlled  oper- 
ation  cycles  could  be  selected  to  eliminate  an 
inefficient  operation. 

Assuming  that  the  present  control  system  were 
installed  on  a  refrigeration  heat  pump  as  shown 
in  Figure  1,  upon  initial  operation  of  the  heat 
pump,  the  control  system  must  establish  the 
optimum  operation  time  which  can  take  place 
before  a  defrost  cycle  is  commenced.  The  arbit- 
rary  time  operation  has  been  selected  as  90 
minutes  but  could  vary  depending  upon  the 
design  of  the  heat  pump  and  the  geographical 
area  in  which  the  heat  pump  was  to  be  used. 
Initially  the  control  apparatus  32  allows  the  heat 
pump  to  operate  for  90  minutes  either  con- 
tinuously  or  for  90  minutes  of  total  cumulative 
time.  Assuming  the  conditions  of  humidity  and 
outdoor  temperature  are  such  to  cause  frost  to 
form  on  the  coil,  at  the  end  of  the  90  minute 
period  of  time  controlled  operation,  as  shown  in 
Figure  2,  a  differential  pressure  would  be  reached 
depending  upon  the  restriction  of  air  flow  through 
the  coil  14  and  is  shown  as  PA.  This  differential 
pressure  PA  is  stored  in  the  memory  of  the 
microprocessor  and  the  control  apparatus  32 
would  then  initiate  a  defrost  cycle  by  a  conven- 
tional  defrosting  operation  to  remove  the  existing 
frost  from  coil  14.  After  the  defrost  operation 
which  might  require  several  minutes  of  time 
(shown  in  Figure  2  as  defrost  operation  time 
between  the  90  minute  cycles),  another  time 
controlled  operation  of  90  minutes  is  started. 
After  three  such  operations  for  the  90  minute  time 
controlled  operation,  the  highest  of  the  three 
differential  pressures  PB  is  selected  and  stored  in 
the  memory. 

Obviously,  if  the  compressor  were  started  dur- 
ing  a  period  when  the  outdoor  temperature  was 
high  or  the  humidity  was  very  low,  it  is  very 
possible  that  no  frost  would  occur  on  the  coil  14 
after  the  90  minutes  of  operation,  and  the  dif- 
ferential  pressure  would  be  very  low.  As  will  be 
mentioned,  the  time  controlled  operation  is 
periodically  repeated;  therefore,  if  no  frost 
existed  on  the  first  time  controlled  operation,  a 
later  time  controlled  operation  may  provide  a 
differential  pressure  signal  due  to  frost  occurring. 
Obviously,  if  the  preliminary  timed  periods  occur 
while  the  outdoor  temperature  is  such  that  no 
frost  forms  on  the  outdoor  coil  there  would  be  no 
increase  in  the  differential  pressure  during  the 
timing  period.  In  this  case  the  differential 
pressure  would  be  arbitrarily  set  at  some  low 
value  for  preliminary  defrost  initiation. 

Subsequent  operations  of  the  heat  pump  will 
not  be  time  controlled  but  will  be  a  pressure 
controlled  operation  determined  by  the  length  of 

time  needed  for  the  pressure  differential  across 
the  coil  14  to  reach  the  value  of  PB  previously 
selected  as  the  highest  differential  pressure  for 
the  time  controlled  sampling. 

5  As  shown  in  Figure  3,  subsequent  operations 
would  have  times  t1f  V  and  t/',  this  being  the 
time,  whether  it  be  continuous  operation  of  the 
compressor  or  the  sum  of  the  several  cycles  of 
operation,  to  build  up  frost  on  the  outdoor  coil 

10  until  a  quantity  of  frost  existed  to  develop  the 
pressure  differential  PB.  At  the  end  of  each  oper- 
ation  period  t1f  V  and  t,"  (which  could  be 
different),  a  defrost  operation  takes  place.  After 
the  termination  of  the  defrost  operation,  the 

75  differential  pressure  across  the  coil  returns  to  Po 
and  another  series  of  operations  of  the  heat  pump 
takes  place  for  the  time  t/  until  the  pressure 
across  the  coil  again  built  up  to  PB. 

Shown  in  Figure  4  is  the  continuation  of  the 
20  cycles  shown  in  Figure  3,  each  having  the  time 

period  of  t,  established  by  the  time  necessary  to 
obtain  the  pressure  differential  PB.  Figure  4  also 
shows  the  updating  time  control  cycle  of  90 
minutes  which  would  be  periodically  interposed 

25  by  the  microprocessor  time  control  and  control 
apparatus  32.  It  is  noted  that,  with  this  90  minute 
cycle,  a  new  differential  pressure  is  established 
due  to  different  frosting  conditions  (which  may  be 
due  to  different  outdoor  temperature  and  humid- 

30  ity  conditions)  existing  in  the  90  minutes  of 
operation.  This  new  pressure  differential  Px  now 
is  stored  in  the  memory  of  the  microprocessor  in 
place  of  the  previous  differential  pressure  value 
PB  and  the  system  now  reverts  to  the  normal 

35  pressure  control  operation.  After  the  defrost  oper- 
ation,  the  compressor  operation  would  take  place 
in  a  different  period  of  t2  which  would  be  required 
before  the  frost  on  the  coil  resulted  in  a  pressure 
differential  of  Px.  Subsequent  cycles  having  a 

40  pressure  controlled  operation  determined  by  the 
new  pressure  Px  continues  until  another  time 
controlled  90  minute  cycle  was  interposed  to 
upgrade  the  stored  differential  pressure  value. 

As  the  microprocessor  time  control  and  control 
45  apparatus  continue  to  update  the  stored  differen- 

tial  pressure  which  is  required  before  a  defrost 
operation  is  initiated,  the  heat  pump  control 
apparatus  32  is  continually  adjusted  to  have  the 
longest  operating  time  possible  before  a  defrost 

so  operation  is  brought  about  for  the  given  outdoor 
air  temperature  and  humidity  conditions.  Such  a 
control  apparatus  minimizes  the  number  of 
unnecessary  defrost  operations  which  occurs  in 
the  prior  art  time  control  defrost  apparatuses.  For 

55  example,  if  a  strict  time  control  defrost  operation 
were  used,  a  defrost  cycle  would  be  started  every 
90  minutes;  however,  using  the  present  inven- 
tion,  a  defrost  operation  may  not  occur  for  many 
hours  of  operation.  Assuming  that  a  differential 

60  pressure  of  Px  across  the  outdoor  coil  were 
needed  for  the  initiation  of  a  defrost  cycle,  and  the 
outdoor  temperature  were  quite  high  and  the 
outdoor  humidity  were  quite  low,  it  is  possible 
that  frost  would  not  form  and  the  compressor 

65  would  continue  under  the  pressure  controlled 
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is  blown  by  a  fan  (15)  for  extracting  heat  from 
outdoor  air  and  defrost  means  for  periodically 
heating  the  outdoor  coil  to  remove  the  frost, 
condition  responsive  means  (21  —  23)  responding 

5  to  the  air  flow  through  the  outdoor  coil  (14),  and 
control  means  (32)  for  controlling  the  heat  pump 
(10)  dependent  on  the  output  signal  of  said 
condition  responsive  means,  characterized  in  that 

a)  the  control  means  (32)  is  adapted  for  periodi- 
10  cally  operating  the  heat  pump  (10)  for  a  predeter- 

mined  total  time  period  sufficient  to  bring  about 
the  frosting  of  the  outdoor  coil  (14)  under  pre- 
determined  outdoor  ambient  air  conditions, 
whereby  a  value  of  said  condition  (PA,  PB,  Pc)  is 

15  measured  at  the  end  of  said  period,  and  to  control 
the  heat  pump  (10)  between  said  periodic  total 
time  period  controlled  operations  for  normal 
operations  for  time  periods  extending  until  said 
condition  responsive  means  (21  —  23)  responds  to 

20  said  value  (PA,  PB,  Pc),  and  subsequently  to 
operate  the  defrost  means  to  remove  the  frost 
from  said  outdoor  coil;  and  in  that 

b)  memory  means  are  provided  for  storing  said 
value  of  said  condition  (PA,  PB,  Pc)  at  the  end  of 

25  said  predetermined  time  period. 
2.  Control  system  according  to  claim  1,  charac- 

terized  in  that  the  condition  responsive  means 
includes  two  pressure  sensors  (21,  22)  measuring 
the  differential  pressure  across  the  outdoor  coil 

30  (14). 
3.  Control  system  according  to  claim  2,  charac- 

terized  by  said  control  means  (32)  performing 
several  of  said  total  time  controlled  operations  of 
said  heat  pump  (10),  and  means  (32)  for  selecting 

35  the  most  significant  or  highest  differential 
pressure  (PB)  of  said  several  operations  for 
storage  in  said  memory. 

4.  Control  system  according  to  claim  2  or  3, 
characterized  by 

40  c)  said  normal  operations  of  the  heat  pump  (10) 
comprising  a  number  of  individual  operations 
each  of  which  increases  the  degree  of  frost  build 
up  on  the  outdoor  coil  (14)  to  establish  a  higher 
differential  pressure  at  the  end  of  each  said 

45  individual  operations; 
d)  second  memory  means  being  connected  to 

or  a  part  of  said  control  means  for  storing  values 
(Pa/  Pb'  pc»  Pq)  of  a  plurality  of  differential 
pressures  from  earlier  operations; 

so  e)  detector  means  for  detecting  whether  or  not 
the  differential  pressure  of  a  present  operation 
deviates  from  the  stored  values; 

f)  alarm  means  (40)  connected  to  said  control 
means  (32)  and  responding  if  said  deviation  (50, 

55  Ps)  exceeds  a  predetermined  value. 
5.  Control  system  according  to  one  of  the 

preceding  claims,  characterized  in  that  said  con- 
trol  means  (32)  and  said  memory  is  formed  by  a 
microprocessor  (32). 

60  6.  Control  system  according  to  one  of  the 
preceding  claims,  characterized  by 

g)  space  temperature  responsive  means  (20) 
adapted  to  control  the  heat  pump  (10)  upon  a 
need  for  heat  in  a  space; 

65  a')  the  control  means  (32)  being  adapted  for 

operation  for  many  hours  without  the  initiation  of 
a  defrost  cyc le . .  

In  addition  to  the  storing  of  the  differential 
pressure  in  the  memory  of  the  microprocessor, 
the  90  minute  time-cycle  would  be  stored,  and  if 
any  particular  pressure  controlled  operation  cycle 
were  less  than  90  minutes,  such  as  shown  In 
Figure  5  as  td,  the  microprocessor  would  know 
that  a  new  value  of  the  differential  pressure 
should  be  used  to  replace  the  previous  differential 
pressure  of  Px  which  was  reached  in  less  than  90 
minutes.  Thus  a  pressure  controlled  run  would  be 
transposed  into  a  time  controlled  run  as  the 
microprocessor  would  then  continue  the  oper- 
ation  of  the  compressor  for  a  90  minute  period  to 
establish  a  new  differential  pressure  of  PY. 

Each  time  a  defrost  operation  takes  place,  the 
pressure  differential  across  the  coil  should  return 
to  the  normal  pressure  of  Po  as  shown  in  the 
previous  Figures  2  —  6.  Let  us  assume  that  a 
pressure  controlled  run  t3  was  accomplished  and 
a  PY  differential  pressure  which  previously  was 
established  was  reached  in  the  total  time  of 
operation  of  t3.  After  the  defrost  operation  took 
place  and  the  coil  was  cleared  of  frost,  if  the 
pressure  upon  the  initiation  of  a  new  operation  of 
the  compressor  did  not  return  to  Po  but  to  Ps, 
control  apparatus  32  knows  that  a  fault  condition 
occurred.  This  possibly  could  take  place  if  leaves 
blew  into  coil  14  or  paper  or  snow  would  cover 
the  coil  to  restrict  the  air  flow  through  the  coil.  In 
any  event,  with  an  unrestricted  coil,  the  pressure 
should  be  Po  and  not  being  Po  but  Ps,  control 
apparatus  32  brings  about  an  alarm  at  40. 

The  representative  curve  of  Figure  7  is  made  up 
by  the  different  sampling  points  for  a  predeter- 
mined  number  of  previous  time  controlled  oper- 
ations  and  each  subsequent  operation  of  the  heat 
pump  is  averaged  with  the  previous  group  of 
operations.  Should  the  pressure  fall  outside  of  the 
given  characteristic,  such  pressure  signal  is 
rejected  as  not  being  consistent  with  the  average. 
For  example,  if  a  pressure  signal  were  taken  just 
as  a  gust  of  wind  hit  coil  14,  it  is  possible  for  a 
pressure  signal  to  be  completely  away  from  the 
norm  and  should  not  be  used  as  a  control 
pressure  signal. 

Figure  8  shows  the  cumulative  time  operation 
of  the  compressor  for  a  pressure  controlled  oper- 
ation  as  frost  builds  up  on  the  coil  until  a  differen- 
tial  pressure  across  the  coil  reaches  a  value  of  PY. 
This  type  of  operation  takes  place  during  any  of 
the  previously  mentioned  operations.  In  Figure  8 
a  specific  jump  at  50  in  the  last  "on"  operation  is 
shown.  The  microprocessor  could  sense  this  con- 
tinuous  sudden  change  and  provide  an  alarm  or 
indication  that  a  possible  fault  occurred,  such  as 
paper  blowing  on  the  coil,  or  something  to  indi- 
cate  a  higher  differential  pressure  rather  than 
frost. 

Claims 

1.  Control  system  for  a  refrigeration  heat  pump 
(10)  having  an  outdoor  coil  (14)  through  which  air 
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2.  Regelsystem  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dalS  die  Zustandsfiihlerein- 
richtung  zwei  Druckmesser  (21,  22)  umfaftt, 
welche  den  Differenzdruck  an  der  AulSenschlange 

5  (14)  messen. 
3.  Regelsystem  nach  Anspruch  2,  dadurch 

gekennzeichnet,  dal3  die  Steuereinrichtung  (32) 
mehrere  hinsichtlich  ihrer  Gesamtzeit  gesteuerte 
Betriebsperioden  der  Warmepumpe  (10)  ausfuhrt 

10  und  eine  Einrichtung  (32)  den  wichtigsten  Oder 
hochsten  Differenzdruck  (PB)  der  verschiedenen 
Betriebsperioden  zwecks  Speicherung  im  Spei- 
cher  auswahlt. 

4.  Regelsystem  nach  Anspruch  2  oder  3,  dadurch 
15  gekennzeichnet,  date 

c)  die  Normalbetriebsperiode  der  Warmepumpe 
(10)  eine  Anzahl  einzelner  Betriebsperioden 
umfaSt,  von  denen  jede  die  Eisbildung  auf  der 
AulSenschlange  (14)  verstarkt  und  am  Ende  jeder 

20  dieser  einzelnen  Betriebsperioden  den  Differenz- 
druck  erhoht; 

d)  ein  zweiter  Speicher  an  die  Steuereinrichtung 
angeschlossen  oder  ein  Teil  hiervon  ist,  und  die 
Zustandswerte  (PA,  PB,  Pc,  Po)  mehrerer  Differenz- 

25  driicke  vorangehender  Betriebsperioden  spei- 
chert; 

e)  ein  Detektor  feststellt,  ob  der  Differenzdruck 
der  gegenwartigen  Betriebsperiode  von  den 
gespeicherten  Werten  abweicht; 

30  f)  an  die  Steuereinrichtung  (32)  eine  Alarmvor- 
richtung  (40)  angeschlossen  ist  und  anspricht, 
sobald  die  genannte  Abweichung  (50,  PB)  einen 
vorgegebenen  Betrag  iiberschreitet. 

5.  Regelsystem  nach  einem  dervorangehenden 
35  Anspriiche,  dadurch  gekennzeichnet,  dalS  die 

Steuereinrichtung  (32)  und  der  Speicher  durch 
einen  Mikroprozessor  (32)  gebildet  sind. 

6.  Regelsystem  nach  einem  dervorangehenden 
Anspriiche,  dadurch  gekennzeichnet,  dalX 

40  g)  ein  Raumtemperaturfuhler  (20)  die  Warme- 
pumpe  (10)  bei  Warmebedarf  im  Raum  in  Gang 
setzt; 

a')  die  Steuereinrichtung  (32)  periodisch  die 
Warmepumpe  in  die  Lage  versetzt,  durch  den 

45  Raumtemperaturfuhler  (20)  bei  Warmebedarf  ein- 
geschaltet  zu  werden; 

a")  die  Steuereinrichtung  (32)  an  den 
Raumtemperaturfuhler  (20)  angeschlossen  ist  und 
die  Warmepumpe  (10)  zwischen  den  hinsichtlich 

50  der  Betriebsdauer  gesteuerten  periodischen 
Betriebsperioden  wahrend  einer  zweiten  Gesamt- 
zeitperiode  steuert,  die  soiange  lauft  bis  die 
Zustandsfiihlereinrichtung  auf  den  genannten 
Druckwert  (Ps)  anspricht  ehe  die  Abtaueinrichtung 

55  zum  Abtauen  der  AulSenschlange  eingeschaltet 
wird. 

7.  Regelsystem  nach  einem  dervorangehenden 
Anspriiche,  dadurch  gekennzeichnet,  daft  die 
Zustandsfiihlereinrichtung  eine  DruckmeBein- 

60  richtung  (21  —  23)  ist,  die  auf  einen  Druck  anspricht, 
der  eine  vorgegebene  Restriktion  des  Luftstroms 
durch  die  AufSenschlange  (14)  anzeigt. 

8.  Regelsystem  nach  Anspruch  7,  dadurch  ge- 
kennzeichnet,  dalS 

65  a')  die  Zustandsfiihlereinrichtung  (21  —  23)  ein 

periodically  allowing  the  heat  pump  to  operate 
upon  a  call  for  heat,  by  said  space  temperature 
responsive  means  (20); 

a")  the  control  means  (32)  being  connected  to 
said  space  temperature  responsive  means  (20) 
adapted  to  control  the  heat  pump  (10)  between 
periodic  time  controlled  operations  for  operations 
for  a  second  total  time  period  extending  until  said 
pressure  responsive  means  responds  to  said  value 
(Ps)  of  said  pressure  before  the  defrost  means  is 
operated  to  remove  thefrost  from  the  outdoor  coil. 

7.  Control  system  according  to  one  of  the 
preceding  claims,  characterized  in  that  the  condi- 
tion  responsive  means  is  a  pressure  responsive 
means  (21  —  23)  adapted  to  respond  to  a  pressure 
indicative  of  a  predetermined  restriction  of  airflow 
through  the  outdoor  coil  (14). 

8.  Control  system  according  to  claim  7,  charac- 
terized  by 

a')  the  condition  responsive  means  (21  —  23) 
having  an  output  indicative  of  a  frost  free  coil, 

a")  the  control  means  (32)  being  adapted  for 
initiating  a  defrsot  cycle  and  measuring  a  time 
needed  to  receive  said  output, 

h)  comparison  means  comparing  said  time  to  a 
predetermined  time  value,  and 

j)  said  control  means  (32)  being  responsive  to 
said  comparison  means  to  decrease  the  predeter- 
mined  operation  time  of  said  heat  pump  if  the  time 
needed  for  defrost  is  greater  than  said  predeter- 
mined  time  value. 

Patentanspriiche 

1.  Regelsystem  fur  eine  Warmepumpe  (10)  mit 
einer  AulSenschlange  (14),  durch  welche  von 
einem  Geblase  (15)  Luft  geblasen  wird,  um  der 
AuSenluft  Warme  zu  entziehen,  sowie  mit  einer 
Abtaueinrichtung  zum  periodischen  Heizen  der 
AulSenschlange,  um  deren  Vereisung  zu  entfer- 
nen;  ferner  mit  einer  auf  den  Luftstrom  durch  die 
AulSenschlange  (14)  ansprechenden  Zustands- 
fiihlereinrichtung  (21  —  23);  sowie  mit  einer 
Steuereinrichtung  (32)  zum  Steuern  der  Warme- 
pumpe  (10)  in  Abhangigkeit  vom  Ausgangssignal 
der  Zustandsfiihlereinrichtung,  dadurch  gekenn- 
zeichnet,  dalS 

a)  die  Steuereinrichtung  (32)  die  Warmepumpe 
(10)  periodisch  fiir  eine  vorgegebene  Gesamtzeit- 
spanne  in  Betrieb  setzt,  welche  ausreicht,  um  unter 
vorgegebenen  AuBenluftzustanden  eine  Eisbil- 
dung  auf  der  AulSenschlange  (14)  zu  bewirken, 
wobei  ein  Zustandswert  (PA,  PB,  Pc)  am  Ende  der 
Zeitspanne  gemessen  und  die  Warmepumpe  (10) 
zwischen  den  genannten  periodischen,  hinsicht- 
lich  der  Gesamteinschaltdauer  gesteuerten, 
Betriebszustanden  wahrend  Zeitperioden  im  Nor- 
malbetrieb  soiange  betrieben  wird,  bis  die 
Zustandsfiihlereinrichtung  (21  —  23)  auf  die 
genannten  Zustandswerte  (PA,  PB,  Pc)  anspricht, 
und  anschlieBend  im  Abtaubetrieb  arbeitet,  um 
die  AulSenschlange  abzutauen;  und  dalS 

b)  ein  Speicher  vorgesehen  ist,  um  den  genann- 
ten  Zustandswert  (PA,  PB,  Pc)  am  Ende  der  vorge- 
gebenen  Zeitspanne  zu  speichern. 
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cooperations  individuelles,  dont  chacune  aug- 
mente  le  degre  de  constitution  du  givre  sur  le 
serpentin  exterieur  (14),  de  fagon  a  creer  une 
perte  de  charge  plus  elevee  a  la  fin  de  chacune 
desdites  operations  individuelles; 

d)  un  deuxieme  moyen  de  memoire  est  rac- 
corde  audit  moyen  de  regulation,  ou  en  fait  partie, 
pour  memoriser  les  valeurs  (PA,  PB,  Pc,  Po)  d'une 
pluralite  de  pertes  de  charge  provenant  d'opera- 
tions  anterieures; 

e)  un  moyen  de  detection  permet  de  detector  si 
la  perte  de  charge  d'une  operation  en  cours 
s'ecarte  des  valeurs  memorisees; 

f)  un  moyen  d'alarme  (40)  est  raccorde  audit 
moyen  de  regulation  (32),  et  repond  si  ledit  ecart 
(50,  PB)  depasse  une  valeur  predeterminee. 

5.  Systeme  de  regulation  selon  I'une  des 
revendications  precedentes,  caracterise  en  ce  que 
ledit  moyen  de  regulation  (32)  et  ladite  memoire 
sont  constitues  d'un  microprocesseur  (32). 

6'  Systeme  de  regulation  selon  I'une  des 
revendications  precedentes,  caracterise  par 

g)  un  moyen  sensible  a  la  temperature 
ambiante  (20),  adapte  de  fagon  a  reguler  la 
pompe  a  chaleur  chaque  fois  que  Ton  a  besoin  de 
chaleur  dans  un  local  donne; 

a')  le  moyen  de  regulation  (32),  adapte  de  fagon 
a  permettre  a  la  pompe  a  chaleur  de  fonctionner 
periodiquement  chaque  fois  que  Ton  a  besoin  de 
chaleur,  grace  au  moyen  sensible  a  la  tempera- 
ture  ambiante  (20); 

a")  le  moyen  de  regulation  (32),  raccorde  audit 
moyen  sensible  a  la  temperature  ambiante  (20),  et 
adapte  de  fagon  a  reguler  la  pompe  a  chaleur  (10) 
entre  les  operations  periodiques  regulees  pen- 
dant  un  certain  temps,  pour  lui  permettre  de 
marcher  pendant  une  deuxieme  periode  de  temps 
total  s'etendant  jusqu'a  ce  que  ledit  moyen  sensi- 
ble  a  la  pression  reponde  a  ladite  valeur  (PB)  de 
ladite  pression  avant  que  le  moyen  de  degivrage 
ne  soit  actionne  pour  eliminer  le  givre  du  serpen- 
tin  exterieur. 

7.  Systeme  de  regulation  selon  I'une  des 
revendications  precedentes,  caracterise  en  ce  que 
le  moyen  sensible  aux  conditions  est  un  moyen 
sensible  a  la  pression  (21  —  23)  adapte  de  fagon  a 
repondre  a  une  pression  indiquant  une  restriction 
predeterminee  du  debit  de  I'air  traversant  le 
serpentin  exterieur  (14). 

8.  Systeme  de  regulation  selon  la  revendication 
7,  caracterise  par 

a')  le  moyen  sensible  aux  conditions  (21  —  23), 
dont  le  signal  de  sortie  indique  un  serpentin 
exempt  de  givre, 

a")  le  moyen  de  regulation  (32),  adapte  de 
fagon  a  declencher  un  cycle  de  degivrage  et  a 
mesurer  le  temps  necessaire  a  ia  reception  dudit 
signal  de  sortie, 

h)  un  moyen  de  comparaison,  qui  compare  ledit 
temps  a  un  temps  predetermine,  et 

j)  ledit  moyen  de  regulation  (32),  sensible  audit 
moyen  de  comparaison,  pour  diminuer  le  temps 
de  marche  predetermine  de  ladite  pompe  a  cha- 
leur  si  le  temps  necessaire  au  degivrage  est 
superieur  audit  temps  predetermine. 

fur  eine  eisfreie  Schlange  charakteristisches 
Ausgangssignal  liefert; 

a")  die  Steuereinrichtung  (32)  einen  Abtauzy- 
klus  in  Gang  setzt  und  die  zeitspanne  bis  zum 
Empfang  dieses  Ausgangssignals  milSt;  5 

h)  ein  Vergleicher  diese  Zeitspanne  mit  einer 
vorgegebenen  Zeitdauer  vergleicht; 

j)  die  Steuereinrichtung  (32)  vom  Vergleicher 
beaufschlagt  wird  und  die  vorgegebene  Betriebs- 
dauer  der  Warmepumpe  verringert,  falls  die  zum  to 
Abtauen  benotigte  Zeit  langer  ist  als  die  vorgege- 
bene  Zeitdauer. 

Revendications 
1.  Systeme  de  regulation  pour  une  pompe  a  15 

chaleur  a  refrigeration  (10)  possedant  un  serpen- 
tin  exterieur  (14)  a  travers  lequel  de  I'air  est 
envoye  par  un  ventilateur  (15),  pour  extraire  la 
chaleur  de  I'air  exterieur,  et  un  moyen  de  degi- 
vrage  destine  a  chauffer  periodiquement  le  ser-  20 
pentin  exterieur,  pour  en  eliminer  le  givre,  un 
moyen  (21  —  23)  sensible  aux  conditions 
ambiantes,  qui  est  sensible  a  I'ecoulement  de  I'air 
traversant  le  serpentin  exterieur  (14),  et  un  moyen 
de  regulation  (32)  destine  a  reguler  la  pompe  a  25 
chaleur  (10)  en  fonction  du  signal  de  sortie  dudit 
moyen  sensible  aux  conditions  exterieures, 
caracterise  en  ce  que 

a)  le  moyen  de  regulation  (32)  est  adapte  de 
fagon  a  faire  marcher  periodiquement  la  pompe  a  30 
chaleur  (10)  pendant  une  periode  de  temps  total 
predeterminee  suffisante  pour  provoquer  le 
givrage  du  serpentin  exterieur  (14)  dans  des 
conditions  predetermines  de  I'air  ambiant  exte- 
rieur,  ce  pour  quoi  une  valeur  desdites  conditions  35 
(Pa.  Pb/  Pc)  est  mesuree  a  la  fin  de  ladite  periode, 
et  a  reguler  la  pompe  a  chaleur  (10),  entre  ces 
marches  periodiques  regulees  pendant  la  periode 
de  temps  total,  pour  permettre  des  marches 
normales  pendant  des  periodes  de  temps  s'eten-  40 
dant  jusqu'a  ce  que  ledit  moyen  sensible  aux 
conditions  ambiantes  (21  —  23)  reponde  a  ladite 
valeur  (PA,  PB,  Pc),  et  ensuite  a  faire  marcher  le 
moyen  de  degivrage  pour  eliminer  le  givre  dudit 
serpentin  exterieur;  et  en  ce  que  45 

b)  des  moyens  de  memoire  sont  prevus  pour 
stocker  ladite  valeur  de  ladite  condition  (PA,  PB,  Pc) 
a  la  fin  de  ladite  periode  de  temps  predeterminee. 

2.  Systeme  de  regulation  selon  la  revendication 
1,  caracterise  en  ce  que  le  moyen  sensible  aux  so 
conditions  ambiantes  comprend  deux  capteurs 
de  pression  (21  —  22)  qui  mesurent  la  perte  de 
charge  dans  le  serpentin  exterieur  (14). 

3.  Systeme  de  regulation  selon  la  revendication 
2,  caracterise  en  ce  que  ledit  moyen  de  regulation  55 
(32)  execute  plusieurs  desdites  operations  de  la 
pompe  a  chaleur  (10)  regulees  pendant  le  temps 
total,  et  un  moyen  (32)  destine  a  selectionner  la 
perte  de  charge  (PB)  la  plus  significative  ou  la  plus 
elevee  desdites  plusieurs  operations,  pour  60 
stockage  dans  ladite  memoire. 

4.  Systeme  de  regulation  selon  la  revendication 
2  ou  3,  caracterise  en  ce  que 

c)  lesdites  operations  normales  de  la  pompe  a 
chaleur  (10)  sont  constitutes  d'un  certain  nombre  65 
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