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Description 

This  invention  relates  to  electrical  power  measur- 
ing  devices. 

More  especially  the  invention  relates  to  electrical 
power  measuring  devices  of  the  kind  employing 
throughout  electronic  devices,  i.e.  avoiding  the  use  of 
mechanical  devices  such  as  a  Ferraris  disc  and  asso- 
ciated  gearing. 

Such  devices  are,  of  course,  suitable  for  fabrica- 
tion  in  integrated  circuit  form,  but  some  device  archi- 
tectures  are  less  suitable  for  such  fabrication  than 
others. 

One  such  device  in  which  voltage  and  current  in- 
puts  are  both  converted  into  delta  sigma  pulse  sig- 
nals,  and  the  delta  sigma  pulse  signals  multiplied  to 
provide  an  output,  is  described  in  WO-A-86/03302.  In 
another  such  device  described  in  EP-A-0296968,  a 
current  signal  representative  of  the  product  of  voltage 
and  current  inputs  is  used  to  provide  a  pulse  signal 
having  a  frequency  related  to  the  product,  and  the 
pulses  counted,  the  multiplication  being  controlled  by 
a  digitally  coded  signal  indicating  the  direction  of  flow 
of  the  current  input. 

It  is  an  object  of  the  present  invention  to  provide 
an  electrical  power  measuring  device  whose  architec- 
ture  is  such  as  to  render  the  device  particularly  suit- 
able  for  fabrication  in  integrated  circuit  form. 

According  to  the  present  invention  there  is  provid- 
ed  an  electrical  power  measuring  device  comprising: 
input  means  for  producing  first  and  second  analogue 
signals  respectively  representative  of  the  instantane- 
ous  values  of  the  voltage  and  current  supplied  to  a 
load;  modulator  means  for  producing  in  response  to 
one  of  said  first  and  second  analogue  signals,  a  signal 
which  during  periods  of  equal  duration  has  a  first  or 
a  second  value  such  that  the  ratio  of  the  number  of  the 
periods  of  the  first  value  to  the  number  of  periods  of 
the  second  value  over  an  interval  varies  with  the  val- 
ue  of  said  one  of  the  first  and  second  analogue  sig- 
nals;  converter  means  for  producing  a  digital  signal 
representative  of  the  value  of  the  other  of  said  first 
and  second  analogue  signals;  and  accumulator 
means  responsive  to  the  outputs  of  the  modulator 
means  and  the  converter  means  to  produce  an  output 
signal  of  the  device  characterised  in  that  said  digital 
signal  comprises  two  digitally  coded  signals  which  are 
respectively  representative  of  the  magnitude  and  po- 
larity  of  said  other  of  said  first  and  second  analogue 
signals  during  each  said  period,  and  in  that  said  ac- 
cumulator  means,  during  each  said  period,  accumu- 
lates  said  digitally  coded  signal  representative  of 
magnitude  in  a  sense  dependent  on  the  values  of  the 
output  of  the  modulator  means  and  said  digitally  cod- 
ed  signal  representative  of  polarity. 

One  electric  power  measuring  device  in  accor- 
dance  with  the  invention  will  now  be  described,  by 
way  of  example,  with  reference  to  the  accompanying 

drawings  in  which:- 
Figure  1  is  a  block  schematic  diagram  of  the  de- 
vice; 
Figure  2  is  a  diagram  illustrating  one  possible 

5  form  of  a  sigma  delta  modulator  forming  part  of 
the  device;  and 
Figure  3  illustrates  a  modification  of  the  device. 
Referring  to  Figure  1,  the  device  includes  a  vol- 

tage  sensor  1  and  a  current  sensor  3  which  respec- 
10  tively  produce  analogue  outputs  Vv  and  Vi  respec- 

tively  representative  of  the  instantaneous  values  of 
the  voltage  and  current  supplied  to  a  load  (not  shown) 
from  an  alternating  current  electricity  supply  (not 
shown). 

15  The  voltage  representative  output  of  the  sensor  1 
is  applied  to  an  analogue-to-digital  converter  5  where- 
in  it  is  sampled  at  regular  intervals  under  control  of 
pulses  derived  from  a  clock  pulse  generator  7  to  pro- 
duce  a  binary  coded  digital  representation  of  the  mag- 

20  nitude  of  the  output  of  the  sensor  1  ,  and  hence  of  the 
instantaneous  value  of  the  voltage  supplied  to  the 
load,  and  a  further  bit  representative  of  the  polarity  of 
the  voltage. 

The  clock  pulse  frequency  is  of  course  high  com- 
25  pared  with  the  a.c.  supply  frequency,  e.g.  66  kHz  for 

a  50  Hz  supply. 
The  current  representative  output  of  the  sensor  3 

is  applied  to  a  sigma  delta  modulator  9.  The  modulator 
9,  under  control  of  pulses  from  the  clock  pulse  gen- 

30  erator  7,  produces  an  output  which  during  each  clock 
pulse  period  has  a  first  or  second  value,  i.e.  '0'  or  '1', 
dependent  on  the  magnitude  of  the  output  of  the  sen- 
sor  3,  and  hence  on  the  instantaneous  value  of  the 
current  supplied  to  the  load.  When  the  instantaneous 

35  value  is  zero  the  modulator  output  has  values  of  0  and 
1  during  alternate  clock  periods.  When  the  instanta- 
neous  value  progressively  increases  from  zero  in  one 
sense  the  modulator  output  has  a  value  T  progres- 
sively  more  often  than  a  value  '0'.  Similarly,  as  the  in- 

40  stantaneous  value  progressively  increases  from  zero 
in  the  other  sense  the  modulator  output  has  a  val- 
ue  '0'  progressively  more  often  than  a  value  '1'. 

The  voltage  magnitude  representative  output  of 
the  A-D  converter  5  is  supplied  to  an  accumulator  11 

45  and  the  voltage  sign  representative  output  bit  is  sup- 
plied  to  one  input  of  an  exclusive  -OR  gate  13.  The 
output  of  the  modulator  9  is  supplied  to  the  other  input 
of  the  gate  1  3. 

The  accumulator  11  is  arranged  to  add  the  vol- 
50  tage  magnitude  representative  output  of  the  conver- 

ter  5  to,  or  to  subtract  it  from,  the  count  in  the  accu- 
mulator  11  in  dependence  on  the  output  of  the  gate 
13,  once  during  each  clock  period.  As  a  result,  the 
count  in  the  accumulator  11  changes  in  any  given  in- 

55  terval  by  the  output  of  the  converter  5  times  the  num- 
ber  of  times  more  in  that  interval  that  the  output  of  the 
modulator  9  had  one  value  rather  than  the  other.  The 
count  in  the  accumulator  11  thus  changes  at  a  rate 
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representative  of  the  sum  of  the  products  of  the  in- 
stantaneous  voltage  and  current  supplied  to  the  load 
at  the  instants  of  sampling  the  voltage,  i.e.  at  a  rate 
representative  of  the  power  supplied  to  the  load. 

The  accumulator  11  produces  an  output  pulse 
each  time  the  count  of  the  accumulator  11  exceeds  a 
predetermined  value,  the  count  of  the  accumulator  11 
then  being  reset.  The  reset  operation  comprises  re- 
ducing  the  count  of  the  accumulator  by  a  predeter- 
mined  amount,  not  to  zero.  This  avoids  loss  of  the 
data  represented  by  the  amount  by  which  the  accu- 
mulator  count  exceeds  the  predetermined  value  at  re- 
set.  The  output  of  the  accumulator  11  thus  comprises 
a  train  of  pulses  whose  pulse  rate  is  representative  of 
the  power  supplied  to  the  load.  This  pulse  train  is  typ- 
ically  supplied  to  a  counter  (not  shown)  to  provide  a 
measure  of  the  energy  supplied  to  the  load. 

An  arrangement  of  the  form  shown  in  Figure  1 
has  the  advantage  that  a  sigma  delta  modulator  of 
sufficient  dynamic  range  to  accommodate  likely  vari- 
ation  in  the  current  supplied  to  the  load  can  be  fabri- 
cated  in  integrated  circuit  form  so  as  to  occupy  a  rel- 
atively  small  area.  Moreover,  a  sigma  delta  modulator 
gives  an  output  in  the  form  of  a  single  bit  stream  which 
can  very  easily  be  combined  with  a  digital  represen- 
tation  of  voltage  to  produce  a  power  representative 
signal  using  an  accumulator,  which  can  also  be  fabri- 
cated  in  integrated  circuit  form  so  as  to  occupy  a  rel- 
atively  small  area.  In  addition  the  accumulator  filters 
out  all  but  the  required  d.c.  power  component  and 
acts  as  a  d.c.  power  to  frequency  converter. 

One  suitable  form  for  the  sigma  delta  modulator 
9  of  Figure  1  is  shown  in  Figure  2. 

The  modulator  of  Figure  2,  which  is  a  second  or- 
der  sigma  delta  modulator,  includes  a  first  integrator 
21  comprising  an  operational  amplifier  23  and  feed- 
back  capacitance  25,  the  amplifier  23  having  its  pos- 
itive  input  grounded. 

The  output  of  the  current  sensor  3  is  connected 
to  one  fixed  contact  of  a  two-way  switch  27  whose 
movable  contact  is  connected  via  a  capacitor  29  to  the 
movable  contact  of  a  second  two-way  switch  31  which 
has  one  fixed  contact  connected  to  the  negative  input 
of  the  amplifier  23  and  the  other  connected  to  ground. 
The  other  fixed  contact  of  the  switch  27  is  selectively 
connectable  to  a  negative  reference  voltage  -Vref  or 
a  positive  reference  voltage  +Vref  by  way  of  a  third 
two-way  switch  33,  the  two  reference  voltages  being 
of  equal  magnitude. 

It  will  be  appreciated  that  the  switches  27,  31  and 
33,  and  further  switches  described  below,  whilst  be- 
ing  illustrated  and  described,  for  simplicity,  as  having 
mechanical  contacts,  will  in  practice  be  electronic 
switches  and  implemented,  for  example,  in  MOS  tech- 
nology  form. 

The  output  of  the  integrator  21  is  connected  to 
one  fixed  contact  of  a  fourth  two-way  switch  35  whose 
movable  contact  is  connected  via  a  capacitor  37  to  the 

movable  contact  of  a  fifth  two-way  switch  39. 
One  fixed  contact  of  the  switch  39  is  connected 

to  the  negative  input  of  a  second  operational  amplifier 
41  which  forms  with  a  feedback  capacitance  43  a  sec- 

5  ond  integrator  45,  the  positive  input  of  the  amplifier41 
and  the  other  fixed  contact  of  the  switch  39  being 
grounded.  The  other  fixed  contact  of  the  switch  35  is 
selectively  connectable  by  way  of  a  sixth  two-way 
switch  47  to  either  the  negative  reference  voltage  - 

10  Vref  or  the  positive  reference  voltage  +Vref,  operation 
of  the  switches  33  and  47  being  phased  so  that  the 
reference  voltages  applied  to  switches  27  and  35  are 
of  opposite  polarity. 

The  output  of  the  integrator  45  is  connected  to  the 
15  positive  input  of  a  comparator  49  whose  negative  in- 

put  is  grounded.  The  output  of  the  comparator  49  is 
temporarily  stored  in  a  clocked  latch  51  ,  whose  output 
constitutes  the  output  of  the  modulator.  The  switches 
27,  31,  35  and  39  are  controlled  in  synchronism  by 

20  clock  pulses  derived  from  the  generator  7  so  as  to  be 
in  the  positions  shown  in  Figure  2  during  each  of  one 
set  of  alternate  clock  periods  and  their  other  positions 
during  each  of  the  other  set  of  alternate  clock  periods. 
The  switches  33  and  47  are  operated  in  dependence 

25  on  the  output  of  the  latch  51,  being  in  the  positions 
shown  in  Figure  2  when  the  latch  output  is  '0'  and 
their  other  positions  when  the  latch  output  is  '1'.  The 
capacitors  25,  29,  37  and  43  are  all  of  the  same  value. 

In  operation,  with  a  zero  voltage  input  from  the 
30  current  sensor  3,  the  circuit  rapidly  assumes  a  state 

wherein  the  capacitors  29  and  37  each  charge  and 
discharge  during  each  pair  of  successive  clock  peri- 
ods  by  the  same  amount  so  that  output  of  the  compar- 
ator  49  changes  state  during  each  clock  period  and 

35  the  output  of  the  latch  51  is  alternately  '0'  and  '1'  dur- 
ing  successive  clock  periods.  When  the  inputfrom  the 
current  sensor  3  has  a  finite  value  the  capacitor  29 
and  hence  the  capacitor  37  charges  during  clock  per- 
iods  when  the  switches  27,  31  ,  35  and  39  are  in  the 

40  positions  shown  in  Figure  2  by  more  or  less  than  they 
charge  in  the  other  clock  periods.  As  a  result,  the  com- 
parator  49  will  periodically  not  change  its  state  during 
a  clock  period  and  the  latch  51  will  periodically  remain 
in  the  same  state  for  two  successive  clock  periods, 

45  this  phenomenon  occurring  more  frequently,  the 
greater  the  magnitude  of  the  modulator  output. 

In  a  practical  embodiment  of  the  circuit  of  Figure 
2,  the  circuit  is  preferably  made  fully  differential  to 
maximise  power  supply  rejection  and  charge  injection 

so  cancellation. 
Since  the  transfer  function  of  each  of  the  integra- 

tors  21  and  45  of  Figure  2  may  be  expressed  using  the 
Z  transform  notation  as  H(z)  =  1/(1-z-1),  the  transfer 
function  of  the  whole  modulator  is: 

55  Y(z)  =  X(z)  +  (1  -  z-1)2  Q(z) 
where  Q(z)  is  the  quantisation  noise  introduced  by 
the  comparator  49.  Thus  the  spectrum  of  the  single 
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bit  digital  signal  at  the  output  of  the  modulator  con- 
sists  of  the  desired  signal  plus  quantisation  noise 
modified  by  the  noise  transfer  function  (NTF),  (1- 
z"1)2.  The  NTF  is,  in  fact,  a  high  pass  filter  function 
which  for  power  supply  frequencies  f  well  below  the 
clock  frequency  fc  =  1/T  approximates  to  (2rcfT)2.  If 
the  clock  frequency  is  great  enough,  the  amplitude  of 
quantisation  noise  within  the  signal  bandwidth  be- 
comes  very  small  and  high  resolution  is  attained.  This 
technique  is  known  as  oversampling  noise  shaping. 

In  sigma  delta  modulators  used  in  communication 
systems,  the  bit  stream  from  the  modulator  is  passed 
through  digital  filters  which  reject  the  quantisation 
noise  and  give  a  high  resolution  multi-bit  output  at  a 
lower  sampling  frequency.  In  such  systems  the  band- 
width  is  many  kHz  and  a  linear  phase  response  must 
be  maintained.  Hence  the  digital  filters  occupy  a  large 
area,  much  more  than  the  modulator  itself.  In  a  device 
according  to  the  present  invention  no  such  filtering  is 
required  because  the  quantisation  noise  is  rejected 
by  the  accumulator  after  the  voltage/current  multipli- 
cation  required  for  power  measurement  has  been 
performed. 

The  voltage  and  current  sensors  1  and  3  may  take 
various  forms.  For  example  the  voltage  sensor  may 
comprise  a  voltage  divider  connected  across  the  sup- 
ply  and  the  current  sensor  may  comprise  a  so-called 
current  shunt  in  a  supply  lead,  i.e.  a  very  small  value 
resistor  in  a  supply  lead.  Alternatively  a  sensor  1  or  3, 
more  especially  current  sensor  3,  may  be  of  the  kind 
which  provides  an  output  proportional  to  the  differen- 
tial  of  the  sensed  quantity.  It  will  then,  of  course,  be 
necessary  either  to  integrate  the  differential  repre- 
sentative  output,  or  the  output  of  the  other  sensor  pri- 
or  to  further  processing. 

Figure  3  illustrates  a  modification  of  the  device  of 
Figure  1  for  use  with  a  differential  output  current  sen- 
sor.  In  this  modification  the  current  sensor  output  is 
applied  to  one  fixed  contact  of  a  two-way  switch  53 
whose  movable  contact  is  connected  via  a  capacitor 
55  to  the  movable  contact  of  a  further  two-way  switch 
57  having  one  fixed  contact  connected  to  the  negative 
input  of  an  operational  amplifier  59.  The  amplifier  59 
forms  an  integrator  61  with  a  feedback  capacitor  63, 
the  positive  input  of  the  amplifier  59  and  the  other 
fixed  contact  of  the  switch  57  being  connected  to 
ground.  The  output  of  the  integrator  61  is  fed  to  the  in- 
put  of  the  sigma  delta  modulator  9,  e.g.  of  the  form 
shown  in  Figure  2.  The  output  of  the  modulator  9  is  fed 
to  an  up/down  counter  65  whose  output  is  fed  to  an 
adder  67.  The  output  of  the  modulator  9  is  also  fed  di- 
rectly  to  the  adder  67.  The  sum  of  the  inputs  to  the  ad- 
der  67  is  fed  to  a  digital  to  analogue  converter  69 
whose  output  is  connected  to  the  other  fixed  contact 
of  the  switch  53. 

The  switches  53  and  57  are  operated  in  synchron- 
ism  by  clock  pulses  derived  from  the  generator  7  so 
as  to  be  in  the  positions  shown  in  Figure  3  during  one 

set  of  alternate  clock  periods  and  in  their  other  posi- 
tions  during  the  other  set  of  alternate  clock  periods. 

The  integrator  61,  of  course,  serves  to  convert 
the  current  sensor  output  to  a  current  which  varies 

5  with  the  value  of  the  current  supplied  to  the  load. 
The  feedback  path  comprising  the  up/down  coun- 

ter  65,  adder  67  and  D-A  converter  69  serves  as  a  low 
pass  filter  to  keep  the  integrator  61  stable  at  d.c.  en- 
suring  that  the  mean  level  of  the  output  pulse  stream 

10  from  the  sigma  delta  modulator  9  is  zero.  This  serves 
to  eliminate  the  effects  of  any  offsets  in  amplifier  59 
or  in  any  of  the  components  of  the  modulator  9. 

The  two  effective  integrators  61  and  65  would, 
without  additional  precaution,  form  an  oscillator  at 

15  some  particular  frequency.  The  connection  bypass- 
ing  counter  65  serves  as  a  feed  forward  connection 
which  effectively  provides  a  resistive  feedback  path 
between  the  'integrator'  output  and  input  and  thereby 
modifies  the  effective  phase  shift  to  prevent  loop  os- 

20  dilation. 
The  analogue  equivalent  of  the  aforemen- 

tioned  'integrator'  is  an  operational  amplifier  with  re- 
sistive  input  and  capacitor  feedback.  The  aforemen- 
tioned  feed  forward  connection  that  bypasses  coun- 

25  ter  65  serves  the  same  function  as  the  feedback  re- 
sistor  in  parallel  with  the  feedback  capacitor  of  the 
analogue  equivalent  that  would  be  necessary  for  DC 
stabilisation. 

By  way  of  clarification  it  is  pointed  out  that  the 
30  switch/capacitor  combinations  27/29/31,  35/37/39 

and  53/55/57  in  Figures  2  and  3  simulate  resistors  in 
known  manner,  this  technique  being  known  as  switch- 
ed  capacitor  technology.  This  technique  has  the  ad- 
vantage,  when  used  in  integrated  circuits,  that  better 

35  matching  can  be  obtained  between  the  values  of  a 
pair  of  capacitors  e.g.  25  and  29  than  between  the  ef- 
fective  values  of  a  resistor  and  a  capacitor. 

40  Claims 

1.  An  electrical  power  measuring  device  compris- 
ing:  input  means  (1,  3)  for  producing  first  and  sec- 
ond  analogue  signals  (Vv,  Vj)  respectively  repre- 

ss  sentative  of  the  instantaneous  values  of  the  vol- 
tage  and  current  supplied  to  a  load;  modulator 
means  (9)  for  producing  in  response  to  one  of 
said  first  and  second  analogue  signals  (Vv,  Vj),  a 
signal  which  during  periods  of  equal  duration  has 

so  a  first  or  a  second  value  such  that  the  ratio  of  the 
number  of  the  periods  of  the  first  value  to  the 
number  of  periods  of  the  second  value  over  an  in- 
terval  varies  with  the  value  of  said  one  of  the  first 
and  second  analogue  signals  (Vv,Vi);  converter 

55  means  (5)  for  producing  a  digital  signal  represen- 
tative  of  the  value  of  the  other  of  said  first  and 
second  analogue  signals  (Vv,  Vj);  and  accumula- 
tor  means  (11)  responsive  to  the  outputs  of  the 

4 
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modulator  means  (9)  and  the  converter  means  (5) 
to  produce  an  output  signal  of  the  device  charac- 
terised  in  that  said  digital  signal  comprises  two 
digitally  coded  signals  which  are  respectively  rep- 
resentative  of  the  magnitude  and  polarity  of  said 
other  of  said  first  and  second  analogue  signals 
(Vv,  V|)  during  each  said  period,  and  in  that  said 
accumulator  means  (11),  during  each  said  period, 
accumulates  said  digitally  coded  signal  represen- 
tative  of  magnitude  in  a  sense  dependent  on  the 
values  of  the  output  of  the  modulator  means  (9) 
and  said  digitally  coded  signal  representative  of 
polarity. 

2.  A  device  according  to  Claim  1  wherein  said  mod- 
ulator  means  (9)  comprises  a  sigma  delta  modu- 
lator. 

3.  Adevice  according  to  Claim  1  or  Claim  2  wherein 
said  accumulator  means  (11)  accumulates  said 
digitally  coded  signal  representative  of  magni- 
tude  in  a  sense  dependent  on  the  output  of  an  ex- 
clusive  -OR  gate  (1  3)  having  as  inputs  the  output 
of  the  modulator  means  (9)  and  said  digitally  cod- 
ed  signal  representative  of  polarity. 

4.  A  device  according  to  any  one  of  the  preceding 
claims  wherein  said  one  of  said  first  and  second 
analogue  signals  (Vj)  is  representative  of  the  in- 
stantaneous  value  of  the  current  supplied  to  the 
load. 

5.  A  device  according  to  any  one  of  the  preceding 
claims  wherein:  said  one  of  said  first  and  second 
analogue  signals  (Vv,Vi)  is  proportional  to  the  dif- 
ferential  of  the  one  of  the  instantaneous  current 
and  voltage  which  it  represents;  and  either  said 
one  of  said  first  and  second  signals  (Vv,  VJ  is  ap- 
plied  to  the  input  of  said  modulator  means  (9)  or 
said  other  of  said  first  and  second  signals  (Vv,  VJ 
is  applied  to  said  converter  means  (5)  via  an  in- 
tegrator  means  (61). 

6.  A  device  according  to  Claim  5  wherein  said  one 
of  said  first  and  second  signals  (Vv,  VJ  is  applied 
to  the  input  of  said  modulator  means  (9)  via  said 
integrator  means  (61),  and  the  device  includes  a 
low  pass  filter  characteristic  feedback  path  be- 
tween  the  output  of  the  modulator  means  (9)  and 
the  input  of  said  integrator  means  (61). 

7.  Adevice  according  to  Claim  6  wherein  said  feed- 
back  path  comprises  an  up/down  counter  (65) 
and  a  digital  to  analogue  converter  (69). 

8.  A  device  according  to  Claim  7  wherein  a  further 
feedback  path  extending  directly  between  the 
output  of  the  modulator  means  (9)  and  the  digital 

to  analogue  converter  (69)  is  provided. 

Patentanspruche 
5 

1.  Anordnung  zum  Messen  elektrischer  Leistung, 
enthaltend  eine  Eingangseinrichtung  (1,  3)  zum 
Erzeugen  eines  ersten  und  zweiten  analogen  Si- 
gnals  (Vv,  Vi),  die  jeweils  die  Momentanwerte  der 

10  Spannung  und  des  Stroms  am  Verbraucher  dar- 
stellen,  eine  Modulatoreinrichtung  (9),  die  in  Ab- 
hangigkeit  von  einem  der  ersten  und  zweiten 
analogen  Signale  (Vv,  Vi)  ein  Signal  erzeugt,  das 
wahrend  Perioden  gleicher  Dauer  einen  ersten 

15  odereinen  zweiten  Wert  in  einer  Weise  annimmt, 
dali  sich  das  Verhaltnis  der  Anzahl  der  Perioden 
des  ersten  Werts  zu  der  Anzahl  der  Perioden  des 
zweiten  Werts  uber  einen  Zeitabschnitt  mit  dem 
Wert  des  einen  der  ersten  und  zweiten  analogen 

20  Signale  (Vv,  Vi)  andert,  eine  Umsetzereinrich- 
tung  (5)  zum  Erzeugen  eines  digitalen  Signals, 
das  den  Wert  des  anderen  derersten  und  zweiten 
analogen  Signale  (Vv,  Vi)  darstellt,  und  eine  Ak- 
kumulatoreinrichtung  (11),  die  ansprechend  auf 

25  die  Ausgange  der  Modulatoreinrichtung  (9)  und 
der  Umsetzereinrichtung  (5)  ein  Ausgangssignal 
der  Anordnung  erzeugt, 
dadurch  gekennzeichnet, 
daft  das  digitale  Signal  zwei  digital  codierte  Si- 

30  gnale  umfalit,  die  jeweils  den  Betrag  und  die  Po- 
laritat  des  anderen  derersten  und  zweiten  analo- 
gen  Signale  (Vv,  Vi)  wahrend  jederderartigen  Pe- 
riodedarstellen,  und  dali  die  Akkumulatoreinrich- 
tung  (11)  wahrend  jeder  derartigen  Periode  das 

35  den  Betrag  darstellende  digital  codierte  Signal  in 
einem  Sinn  akkumuliert,  der  von  den  Werten  des 
Ausgangs  der  Modulatoreinrichtung  (9)  und  des 
die  Polaritat  darstellenden  digital  codierten  Si- 
gnals  abhangt. 

40 
2.  Anordnung  nach  Anspruch  1,  bei  der  die  Modula- 

toreinrichtung  (9)  einen  Sigma-Delta-Modulator 
enthalt. 

45  3.  Anordnung  nach  Anspruch  1  oder  Anspruch  2, 
bei  der  die  Akkumulatoreinrichtung  (11)  das  den 
Betrag  darstellende  digital  codierte  Signal  in  ei- 
nem  Sinn  akkumuliert,  der  vom  Ausgang  eines 
Exklusiv-ODER-Glieds  (1  3)  abhangt,  das  als  Ein- 

50  gange  den  Ausgang  der  Modulatoreinrichtung  (9) 
und  das  die  Polaritat  darstellende  digital  codierte 
Signal  hat. 

4.  Anordnung  nach  irgendeinem  dervorangegange- 
55  nen  Anspruche,  bei  der  das  eine  der  ersten  und 

zweiten  analogen  Signale  (Vi)  den  Momentan- 
wert  des  dem  Verbraucher  zugefuhrten  Stroms 
darstellt. 

5 
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5.  Anordnung  nach  irgendeinem  dervorangegange- 
nen  Anspruche,  bei  der  das  eine  der  ersten  und 
zweiten  analogen  Signale  (Vv,  Vi)  proportional 
zum  Differential  des  von  ihm  dargestellten  mo- 
mentanen  Stroms  oder  der  von  ihm  dargestell-  5 
ten  momentanen  Spannung  ist  und  dali  entwe- 
der  das  eine  der  ersten  und  zweiten  Signale 
(Vv,  Vi)  an  den  Eingang  der  Modulatoreinrich- 
tung  (9)  gelegt  ist  oder  das  andere  der  ersten 
und  zweiten  Signale  (Vv,  Vi)  an  die  Umsetzer-  10 
einrichtung  (5)  uber  eine  Integratoreinrichtung 
(61)  gelegt  ist. 

6.  Anordnung  nach  Anspruch  5,  bei  der  das  eine  der 
ersten  und  zweiten  Signale  (Vv,  Vi)  an  den  Ein-  15 
gang  der  Modulatoreinrichtung  (9)  uber  die  Inte- 
gratoreinrichtung  (61)  gelegt  ist  und  die  Anord- 
nung  zwischen  dem  Ausgang  der  Modulatorein- 
richtung  (9)  und  dem  Eingang  der  Integratorein- 
richtung  (61)  einen  Ruckfuhrweg  mit  einer  Tief-  20 
palifiltercharakteristik  enthalt. 

7.  Anordnung  nach  Anspruch  6,  bei  der  der  Ruck- 
fuhrweg  einen  Vor/Ruckwartszahler  (65)  und  ei- 
nen  Digital/Analog-Umsetzer  (69)  enthalt.  25 

8.  Anordnung  nach  Anspruch  7,  bei  der  ein  weiterer 
Ruckfuhrweg  vorgesehen  ist,  der  sich  direkt  zwi- 
schen  dem  Ausgang  der  Modulatoreinrichtung 
(9)  und  dem  Digital/Analog-Umsetzer  (69)  er-  30 
streckt. 

Revendications 
35 

1.  Appareil  de  mesure  d'energie  electrique, 
comprenant  un  dispositif  d'entree  (1,  3)  destine 
a  produire  un  premier  et  un  second  signal  analo- 
gique  (Vv,  Vi)  representatifs  respectivement  des 
valeurs  instantanees  de  la  tension  et  du  courant  40 
transmis  a  une  charge,  un  dispositif  modulateur 
(9)  destine  a  produire,  a  la  suite  de  I'un  des  pre- 
mier  et  second  signaux  analogiques  (Vv,  Vi),  un 
signal  qui,  pendant  des  periodes  de  durees  ega- 
les,  a  une  premiere  ou  une  seconde  valeurde  ma-  45 
niere  que  le  rapport  du  nombre  des  periodes  a  la 
premiere  valeur  au  nombre  des  periodes  a  la  se- 
conde  valeur  dans  un  intervalle  varie  avec  la  va- 
leur  du  signal  precite  parmi  le  premier  et  le  se- 
cond  signal  analogique  (Vv,  Vi),  un  dispositif  50 
convertisseur  (5)  destine  a  produire  un  signal  nu- 
merique  representatif  de  la  valeurde  I'autre  des 
premier  et  second  signaux  analogiques  (Vv,  Vi), 
et  un  dispositif  accumulateur  (11)  commande  par 
les  signaux  de  sortie  du  dispositif  modulateur  (9) 
et  du  dispositif  convertisseur  (5)  et  destine  a  pro- 
duire  un  signal  de  sortie  de  I'appareil,  caracterise 
en  ce  que  le  signal  numerique  comprend  deux  si- 

gnaux  codes  numeriquement  qui  sont  represen- 
tatifs  respectivement  de  I'amplitude  et  de  la  po- 
larite  de  I'autre  des  premier  et  second  signaux 
analogiques  (Vr,  Vi)  pendant  chaque  periode,  et 

5  en  ce  que  le  dispositif  accumulateur  (11),  au 
cours  de  chaque  periode,  accumule  le  signal 
code  numeriquement  qui  est  representatif  de 
I'amplitude  dans  un  sens  qui  depend  des  valeurs 
du  signal  de  sortie  du  dispositif  modulateur  (9)  et 

10  du  signal  code  numeriquement  representatif  de 
la  polarite. 

2.  Appareil  selon  la  revendication  1,  dans  lequel  le 
dispositif  modulateur  (9)  estun  modulateur  sigma 

15  delta. 

3.  Appareil  selon  la  revendication  1  ou  2,  dans  le- 
quel  le  dispositif  accumulateur  (11)  accumule  le 
signal  code  numeriquement  representatif  de 

20  I'amplitude  dans  un  sens  qui  depend  du  signal  de 
sortie  d'une  porte  OU-exclusif  (1  3)  ayant,  comme 
signaux  d'entree,  le  signal  de  sortie  du  dispositif 
modulateur  (9)  et  le  signal  code  numeriquement 
representatif  de  la  polarite. 

25 
4.  Appareil  selon  I'une  quelconque  des  revendica- 

tions  precedentes,  dans  lequel  le  signal  precite 
parmi  le  premier  et  le  second  signal  analogique 
(Vi)  est  representatif  de  la  valeur  instantanee  du 

30  courant  transmis  a  la  charge. 

5.  Appareil  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  le  signal  precite 
parmi  les  premier  et  second  signaux  analogiques 

35  (Vv,  Vi)  est  proportionnel  a  la  difference  de  celui 
du  courant  et  de  la  tension  instantanes  qu'il  re- 
presents,  et  le  signal  precite  parmi  les  premier  et 
second  signaux  (Vv,  Vi)  est  applique  a  I'entree  du 
dispositif  modulateur  (9)  ou  I'autre  des  premier  et 

40  second  signaux  (Vv,  Vi)  est  applique  au  dispositif 
convertisseur  (5)  parl'intermediaire  d'un  disposi- 
tif  integrateur  (61). 

6.  Appareil  selon  la  revendication  5,  dans  lequel  le 
45  signal  precite  parmi  les  premier  et  second  si- 

gnaux  (Vv,  Vi)  est  applique  a  I'entree  du  dispositif 
modulateur  (9)  parl'intermediairedu  dispositif  in- 
tegrateur  (61),  et  I'appareil  comprend  un  trajet  de 
reaction  negative  caracteristique  de  f  iltre  passe- 

50  bas  entre  la  sortie  du  dispositif  modulateur  (9)  et 
I'entree  du  dispositif  integrateur  (61). 

7.  Appareil  selon  la  revendication  6,  dans  lequel  le 
trajet  de  reaction  negative  comprend  un 

55  compteur-decompteur  (65)  et  un  convertisseur 
numerique-analogique  (69). 

8.  Appareil  selon  la  revendication  7,  dans  lequel  un 

6 
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trajet  supplemental  de  reaction  negative  dispo- 
se  directement  entre  la  sortie  du  dispositif  modu- 
lateur  (9)  et  le  convertisseur  numerique-analogi- 
que  (69)  est  present. 
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