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ADE7754 Watt-hour signal path
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Total Watt-hour Signal Path
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Total Watt-hour Signal Path
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Total Watt-hour Signal Path

2 independent Total Watt-Hour signal paths:
AENERGY

LAENERGY (accurate if only one phase is selected)

Bit3-5 of WATMODE register (0x0D) select input phases for

AENERGY register and CF pulse output

Bit0-2 of WATMODE register (0x0D) select input phases for

LAENERGY register

Frequency output CF generated based on AENERGY
configuration

Bit2 of OPMODE register (0x0A) enable/disable CF output
Under same conditions: AENERGY = LAENERGY/4

Reverse active power information per phase available in

bitC-E of CFNUM register (0x25)
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LAENERGY accumulation

Principle: Accumulation of the Active Energy over N half line cycles (<65535)

If bit A of IRQMASK register (0x0F) is set => IRQ goes Low when finished
Benefits:

Cancel the ripple frequency effect (2 x line freq) in Energy Measurement
Shorten calibration time

Sampling time of Energy measurementin Line accumulation mode
N
ENERGY

t

Instantaneous

1
iAverage Power
Power

! ¥

Line Voltage
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LAENERGY configuration

%

Bit4-6 of MMODE Register (0x0B) select input phases for ZX count
LINCYC register (0x13) define the # of half line cycles

Bit0-2 of WATMODE register (0x0D) select input phases for L AENERGY
register

Phase selection For ZX detection
L for Line accumulation Jl
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Gain calibration:

Meter to meter gain adjustment

Phase to phase input gain matching
Pulse output rate

Wh/LSB constant

CF gain adjustment:

CF=CF.. x CFNUMI11:0] [1 N WGAI]Yz
CFDEN[11:0] 2

[11:0])

AENERGY/LAENERGY Gain adjustment:

AENERGY = AENERGY,, , x : x [1 +
WDIV[11:0]

WGAIN[11: 0])

212
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CF(Hz) = LAENEI_QGY % LI U x WDIV ><[1+WGj
4 x Accumulation Time(s) CFDEN

212

With A Smds) = i S0 U e Homas
2 x # of phase selected

Line Period can be read from the ADE7754: Period register (0x07)
Phase input selected with Bit0-1 and 4-6 of MMODE register (0x0B)
Bit weight: 2.4us/LSB at CLKIN=10MHz (T, «n/24)

Line Period(s) = Period Register x2.4-107°
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AENERGY is an Energy register
One constant is sufficient to convert it to Wh

Wh=AENERGY xWh/LSB constant

To calibrate Wh/LSB constant:
Known integration time
Known Load (W =V x )

Wh/LSB constant can be determined with LAENERGY test:

A ccumulation time(s)
X

w
Wh constant = 3600
/LSB LAENERGY /4

Where Accumulation time is given by Eq. 2
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Watt-Hour GAIN calibration example:

Procedure
Set zero crossing phase detection Yesi
for line active energy accumulation '
and Phase A for Period Measurement Reset interrupt status register
(MMODE register) Addr. Ox11
Addr. OxOB =0x10 Phase A

l No
Set phase A for

line active energy accumulation
(WATMODE register)

Yes
Addr. OxOD = 0x024 Phase A -
Read LAENERGY register
l Addr. O0x03
Set Phase A input ¢
@ test voltage and current )
- other phases inactive Read PERIOD register

’ Addr. Ox07

@ No Set CFDEN and AWG registers
Addr. 0x26 and 0x19
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Watt-Hour GAIN calibration example:

Configuration
Phase A| Phase B | Phase C
MMODE (0x0B) 0x10 0x21 0x42
WATMODE (0x0D) 0x24 0x12 0x09
LINCYC (0x13) 0d200
MASK (0xO0F) 0x0400
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Watt-Hour GAIN calibration example:
CF calibration

Gain adjustment by comparison with expected CF frequency
- With 3200 imp/kWh ; ltest = 10A ; Vtest = 240V ; Line freq = 50Hz

3200 x10 x240

CF, ..oy = =2.1333Hz
g 1000 x 3600

ADE7754 CF frequency:
LAENERGY = 38760 with LINCYC = 200
Period register = 8336 => Accumulation time = 2.0006s

38760 x 2
CF(Hz) = = 4843.45H
) = 8336 x2.4-10° X200 ?| From Eq. 1
Gain adjustment: CFDEN, WGAIN ( \
2.1333
. WGAIN =| 222" —1|x2"% =1

CFDEN =INT[4843 45) =2270 484345 |~

2.1333 5270
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Watt-Hour GAIN calibration example:
Wh/LSB calibration

When CF is calibrated, AENERGY and LAENERGY registers
will give the same value from design to design

LAENERGY =38760 x(l—z%j =38751

With Itest = 10A ; Vtest = 240V and accumulation time = 2s
Wh/LSB constant from previous test:

240 x10x8336x2.4-10"° x200
Wh/LSB = =0.2753-10°Wh/LSB
3600X3875% From Eq. 3
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Offset calibration for:

Outstanding performances over wide dynamic range (10,000:1)

2 measurements at PF=1 needed:
Nominal current for reference: |,

Lowest current specified for correction: I,

LAENERGY, xI, —LAENERGY, x1
Energy Offset = NERGY, x/, NERGY, x1,

11_12
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ADE7754 provides Active Power offset correction per phase
APOS is added each time the Total active power is accumulated

in AENERGY (every CLKIN/4)
LAENERGY Offset == ‘;fOS Eq. 5
Where n is the number of times APOS jEsNERaGgg]ed within a period of time
n— LlNcyzi ;}:;CLKIN /4 51@
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At 10A, with LINCYC=200: LAENERGY=38751

At 10mA, with LINCYC=200 => LANERGY=39
1 LSB variation at this level => 2.5% error

LINCYC is too small to make an accurate offset compensation

With LINCYC=10320 at 10mA => LANERGY=2041=LAENERGY,

1 LSB variation represents .05% error
At 10A: LAENERGY=1999528=LAENERGY

2041x10-1999528 x0.01
Energy Offset = . .

=41
10-0.01
n=10320*Line Period/2/(CLKIN/4)=258082560
28 28
APOS:_EnergyOffsetxZ _ 41x2 _
n 258082560

From Eq. 4

19/49 Calibration and use of ADE7754



Phase calibration for:
Compensation of phase shift from CT to CT

2 Measurements needed:
Nominal current @ PF=1: W1
Nominal current @ PF=0.5 Inductive Load: W2

Enor =22 il
rror = W/
2

(E
Phase Error(o) = —Arcsm( rror]

NE)
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ADE7754 provides phase calibration per phase:
ADE7754’s phase calibration is a time delay:
Delay = PHCAL register x1.2 us

1

P o (@) :D (@)
hase Correctlon( ) elay x360° x e (s)

Dynamic range: +/-0.34° at 50Hz

Period can be measured with ADE7754’s Period register
Period (s) = PERIOD register x 2.4us

Phase Correction (O) = —Phase Error

E PERIOD Register x 2
— PHCAL Register = Arcsin( rror) X VD et x

NE) 360°
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Watt-Hour PHASE Calibration: Example

At 10A, PF=1 ; 50Hz with LINCYC=200
PF=1: LAENERGY=38751

PF=0.5 Inductive: LAENERGY = 19442

19442 38751/ 0
5751 =0.344%

Error =

) ) 44
Phase Error(o) = —Arcsin [O UE ) =—0.11°

V3

PHCAL Register =0.11 x 833366O:< 2 _

From EqQ. 6

From Eq. 7
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ADE7754 RMS: Theory of operation

RMS Offset
&K

=]

LPF

&
-
+
RMS

ADC ﬁ)_,&_,\/_

The input is squared in a digital multiplier

v2(t) = +/2.V sin(wt) x v/2.V sin(wt) = V2 — V2 . cos(2at)

The SQUARE of the RMS value is extracted from VZ(t) by an LPF
The square root of the output of the LPF gives the true RMS value
An offset correction is provided to cancel noise and offset

contributions from the input
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ADE7754 RMS Register Reading

Since the LPF is not perfect, ripple noise from 2» term is present in

the rms measurement

Synchronize rms reading with zero crossings of voltage input from

each phase to minimize this noise effect

Full scale

Calculate the average of reading at these 3 points

RMS

-5 Phase A

.
.,
3
"
)

3
oA ,
K .
T
N

— % Phase B
N w
A I
!
\ N T Y 2N Phase C
N /7 '1'.,.._“ o I\ _ / “"'t..""‘
STATUS[5:0]=10h L :‘_’
o
>
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ADE7754 RMS Reading Micro Routine
Flowchart

Set configuration registers
ZX Selected
Addr. 0x0B - MMODE = 0x70

'

Set interrupt Mask
for Zero crossing of Phase A+ B + C
Addr. OxOF = 0x0380

!

Reset interrupt status register
Addr. Ox11

e

No
Yes;

Read VrméA or IrmsA
Addr. Ox2C ; 0x29

'

Reset interrupt status register
Addr. 0x11
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Voltage and Current Channels

+ Voltage RMS Datapath

VRMSOS[11:0]

o] | | [ 12R2°]

LPF3 +
Voltage é) 24 vRMs
Input C 3 ’ D\— >\

¢ Current RMS Datapath

IRMSQS[11:0]
lsen [ | [L[2[2']°]
LPF3 +
Current 24 |RMS
Input b(%)_'ll\_ \/_—/—>
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Voltage RMS compensation is performed after the square root:
Vs =V,nso + 64X VRMSOS

rms

where V., is the rms measurement without offset correction
Voltage rms calculation is linear from FS to FS/20

To measure the Vi, s offset (VRMSOS), measure rms values at two
different voltage levels (e.g. V, ,inat @Nd V. ominail 10)

VRMSOS = 1 2 Vl X Vrms2 _V2 X Vrmsl Eq 8
64 V2 _I/l )

where V.4 and V., are rms register values without offset correction for input V, and
V, respectively
Note: To minimize noise, synchronize each reading with zero

crossing of voltage input in each phase and take the average of
these readings
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Current RMS Offset Compensation

Current RMS compensation is performed before the square root:
1., =1ms0” +32768x IRMSOS
rmso 1S the rms measurement without offset correction

Current rms calculation is linear from FS to FS/100

To measure the I;,g offset (IRMSOS), measure rms values at two
different current levels (e.g. I, and | __,/100)

where |

2 2 2
IRMSOS = 1 % Il >(IrmSZ _12 ><Irmsl ?
32768 -1 Eq. 9

rms2 are rms register values without offset correction for input I, and I,

where | ., and |
respectively

Note: To minimize noise, synchronize each reading with zero

crossing of voltage input in each phase and take the average of
these readings
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Voltage RMS offset correction: Example

Error (% of reading)

30/49

1.40%

1.20%

1.00%

0.80%

0.60%

0.40%

0.20%

0.00%

-0.20%

N\, Without offset compensation

\\

N

\\

I~

With offset compensation
\

—

10.0

100.0
Voltage channel (V)
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Current RMS offset correction: Example

Error (% of reading)

2.00%
1.00% — With offset compensation
\\\
—-\ —
0.00% \
// SN
-1.00%
-2.00% // Without offset compensation
-3.00%
-4.00%
-5.00%
0.1 1.0 10.0 100.0

Current Channel (A)
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ADE7754 VA-Hour Signal Path

Enable/Disable

Bit0 reg. 0x0A
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Current signal ( ) E

Multiplier
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Voltage signal
v(t)
YAMOD bit 5 reg x0E kit 4 req x0E

bit 3 req x0E

» RMS

X >
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hit 7 req x0E bit 6 reg x0 READ

IA m E@ HFF EMABLED

T
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AVEMSOS

WRITE
CONFIGURATION

READ
Waveform
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® I

AIRMS0OS

-

o
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Total VA-Hour Signal Path

WAMOD

bit 7 reg x0E bit 6 reg xDi

Current PGA

bit 5 reg x0E

hit 4 req x0E

bit: 3 reg x0E

bitD req 0x04&

READ
COMFIGURATION

WRITE
COMFIGURATION

READ
Wawefarm

O

CAPGAIN
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APPARENT
ENERGY REGISTER

READ

Line Apparent Energy Register

READ

Apparent Energy Regisker

RESET

Apparent Energy Regisker

Continuously READ
Apparent Energy Regisker




Total VA-Hour Signal Path

YAMOD bit 5 reg x0E bit 4 reg x0E

bit 3 req =0 bitD reg 0x04

bit 7 reg x0E kit & reg x0 READ WRITE
EE - 0: Phase Bj 0: Phase Cj I CONFIGLRATION COMFIGLURATION

RE&D
‘Wareform

e
o

Current Piah AAPGATN
IA [Eg HFPF EMABLED

< aDC
pc

A

N

lvw

Phase B disabled

Phase C disabled
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WADIY

APPARENT
EMNERGY REGISTER

READ
Line Apparent Energy Register

READ
Apparent Energy Register

RESET
Apparent Energy Register

Continuously READ
Apparent Energy Register




2 independent Total Apparent hour signal paths:
VAENERGY
LVAENERGY (see VAR)

Bit3-5 of VAMODE register (0x0E) select input phases for

VAENERGY register

Bit0-2 of VAMODE register (0x0E) select input phases for

LVAENERGY register
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LVAENERGY accumulation

Principle: Accumulation of the Apparent Energy over N half line cycles (<65535)

If bit A of IRQMASK register (0x0F) is set => IRQ goes Low when finished
Benefits:

Cancel the ripple frequency effect (2 x line freq) in Energy Measurement
Shorten calibration time

ENERGYSampling time of Energy measurementin Line accumulation mode
h

t

Apparent

1
iAverage Power
Power

! ¥

Line Voltage
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LVAENERGY configuration

Bit4-6 of MMODE Register (0x0B) select input phases for ZX count
/ LINCYC register (0x13) define the # of half line cycles

Bit0-2 of VAMODE register (0x0E) select input phases for LMAENERGY
register

Phase selection For ZX detection
L for Line accumulation Jl

bit 4 reg x0B  bit S reg x0B  bit & req x0B

S .

Line active energy

Line Accumulation
# of Half Line Cvcles

2455535

I Line apparent

accurnulation . . ) energy accumulatio

Phase selection Line Active Energy Line Apparent Energy’ Phase selection
bit Z reqg x0D

bit Z reg x0E

bit: 1 rei *0E

bit 0 reg x0E

bit 1 rei w00

bit 0 reg 0D

100000 Ackive ot

Reactive
bitS req Ox0C

A
o o

150000

200000
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Gain calibration for

Meter to meter gain adjustment
Phase to phase input gain matching

VAh/LSB constant

VAENERGY/LVAENERGY Gain adjustment:

VAENERGY =VAENERGY,

initial X X
VADIV[11:0]

1 [ VAGAIN|[11:0]
1+

212

)

Eq. 10
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Conversion of VAENERGY value to VAh

VAENERGY is an Energy register

One constant is sufficient to convert it to VAh

VAh=VAENERGY xVAh/LSB constant

To calibrate VAh/LSB constant:
Known integration time
Known Load (VA=V__ x|

rms)

VAh/LSB constant can be determined with LVAENERGY test:

VA % A ccumulation tzme(s)

3600

VAh constant =
/LSB LVAENERGY

Where

Line Period(s) = Period Register x2.4-107°

Eq. 11
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VA-Hour GAIN calibration example:
Procedure

Calibration of VA-Hour GAIN should be done after RMS
offset corrections

Calibration of VA-Hour GAIN can be done at the same time
as Watt-Hour GAIN calibration

Program VAMODE and WATMODE to the same value
Read LAENERGY and LVAENERGY
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VA-Hour GAIN calibration example:
VAQ/LSB calibration

Calibration of VA-hour GAIN to get a pre-determined value
V=240V ; I=10A ; 50Hz ; LINCYC = 200
LVAENERGY ¢ ence = LVAENERGY .., ,=10582
PERIOD register = 8336 => Accumulation time = 2.0006s

240 x10x2.0006
VAh constant = =1.26-107"*
/LSB 3600 x 10582 From Eq. 11

Calibration of BVAGAIN to get to this value:
LVAENERGY .. g initia=10558

With BVAGAIN=9 => LVAENERGY,,,.,s=10581  From Eq. 10
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Reactive Power calculation (VAR)

The reactive power is defined in the IEEE Standard
Dictionary 100-1996 under the energy “magner” as:

Reactive power =iVn -1, -Sin(con)

n=1

where V_and | are respectively the voltage and current rms
values of the nt" harmonics of the line frequency, and ¢ is the

phase difference between the voltage and the current nt
harmonics.

Active power =§:Vn -1, -cos(g,)
Note: n=1
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Reactive Power calculation

The implementation of the reactive power definition can be

done by introducing a 90° phase shift on one channel at any
frequency — Hilbert Transform

v(t) = «E.V.sin(a)t)

i(t) = \E.I.sin(a)tJr o) :T> I'(t) = —+/2.l.cos(awt + 6)
Hilbert transform

VAR(t) = v(t)-i'(t) =V -1 -sin(@) - V -1 - sin(2wt + 6)
Reactive Power i

e DC part of the instantaneous reactive
power: V.l.sin(0)
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ADE7754 Reactive Power: Theory of
operation

A low frequency low pass filter introduces a 89° phase shift
at any frequency

In the ADE7754, the Reactive Power calculation is processed by
using a frequency Low-pass filter @ 2Hz (LPF1)

HPE LPF1

|—>|_':—>|1r

MULTIPLIER
LPF2

I: ; > Reactive Power

Signal - P

24

f

Instantaneous Reactive
Power Signal - p(1)
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BitS5 Register Ox0C =0
LVAENERGY configuration

Bit4-6 of MMODE Register (0x0B) select input phases for ZX count
/ LINCYC register (0x13) define the # of half line cycles

TPhase selection For ZX detection
L for Line accumulation .l

bit 4 req x0B  bit Sreq x0B  bit & req x0B

Line Accurmulation
of Half Line Cycles

2465535

§/

Line active energy

= Line apparent

accurmulation . . ) energy accurmulation

Phase selection Line Active Energy Line Apparent Energy | rhase selection
bit 2 reg x0D

bit Z reg x0E

bit 1 rei *0E

bit: 1 rei *00

bit 0 reg x0D

100000 Ackive ar

Reactive
hitS req Ox0C

o o

150000

200000

bit 0 reg x0E
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Bit5 Register 0x0C = 1
LVARENERGY configuration

Reactive energy accumulated in LAENERGY
ive energy accumulated in LVAENERGY

f WATMODE register (0x0D) select input phases for LAENERGY
and LVAENERGY registers

Phase selection for 2 detection

for Line accumulation . .
. . ; Line Accumnulation
bit 4 req x0B  bitSreqx0E  bit & reg <06 # of Half Line Cycles

“\ fios535 _

h{ne Reactive Energi,-'/) ( Line Active Energy P

Line active energy
accumulakion
Phase selection

bit: 2 reg =00

bit 1 req =0D 150000
- iznnnun

Ackive ar
Reactive
bitS reg 0x0C

1

bit 0 req =00
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Reactive Energy Measurement

Sign of Reactive Energy can be directly read from the
LVARENERGY[23:0]

The sign of LVARENERGY indicates inductive or capacitive
loading

Proposed Method to measure Reactive Energy and Power
Factor including harmonics:

Using synchronous VAh and Wh data
Varh = V(VAh2 — Wh2) = \(LVAENERGY? - LAENERGY?)
PF = sign(LVARENERGY) * LAENERGY/ LVAENERGY
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