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Calibration Procedure Overview

Watt-Hour calibration

Gain Calibration Note: This presentation is designed to
Phase Calibration use APCF, VARCF & VACF to
Offset Calibration calibrate the meter.
Reactive Power A reduced calibration time can be
Gain Calibration realized if a full digital calibration is
i i used in combination with the Line
Offset Calibration Cycle Accumulation Mode.
IRMS
Offset Calibration
VRMS

Offset Calibration

Apparent Power Calibration
Gain Calibration
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ADE7758 (Phase A) Watt-hour signal path

AIGAIN[11:0]

APCFNUM[11:0]

AWG[11:0]
M ool Lo 4»%_' AWATTOS[11:0] —
v A i) I%FE APCFDEN[11:0]
PHCAL[6:0] WATTHRI[15:0]
HPF Enable/Disable
Bit0 reg. 0x013 WDIV[T7:0]

Default — Enabled

Integrator Enable/Disable
Bit7 reg. 0x0D
Default — Disabled

LPF2: Enable/Disable

Step 1: Enable APCF
Pulses Bit 2 reg. 0x13 -
Setto 0

Bit1 reg. 0x13
Default - Enabled

APCF: Enable/Disable
Bit 2 reg. 0x13

Default - Disabled

Step 2: Disable Phase B & C

contribution to APCF

Bit 3, Bit 4 reg. 0x16 — Set to 0
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Watt-Hour Calibration Procedure

Gain Calibration

Set APCFNUM(0x45) & APCFDEN(0x46) to the default values to
perform a coarse adjustment on the imp/kWh ratio.

Measure %error in APCF from Reference Meter (Ib, PF=1.0)
Calculate AWG (0x2A) adjustment

Phase Calibration

Measure %error in APCF from Reference Meter (Ib, PF=0.5)

Calculate phase error & compensate with APHCAL (0x3F)
Offset Calibration

Measure %error in APCF from Reference Meter (Imin, PF=1.0)

Calculate offset error & compensate with AWATTOS (0x39)
Repeat for Phase B & C
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Watt-Hour GAIN Calibration

Use gain calibration for:

Meter to meter gain adjustment & APCF output rate calibration
Wh/LSB constant

APCF gain adjustment:

APCF = APCF. . x APCFNUMI11:0] ( 1 XWGILL: 0]]
lnmal APCFDEN[I 1 : O] 212

XxWATTHR Gain adjustment:

XWATTHR = xWATTHR, ,,, X————x (1 FRUCE 01)
WDIV[7:0] 2
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Watt-Hr calibration:
Estimating APCFNUM & APCFDEN (1)

Determine APCF

expected & APCF

For a meter design with

3200 imp/kWh; Itest = 10A; Vtest = 240V; Line freq = 50Hz; PF=1

nominal

APCF.

expected ~

~3200x10%240

1000 x 3600

x Cos(¢p)=2.1333Hz

from the meter design
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Estimating APCFNUM & APCFDEN (2)

APCF __..ina IS determined by the signal amplitude on the current
& voltage inputs when ltest & Vtest are applied.
For our example we will assume that
o Viest = 1/2 CH2 FS input
o ltest = 1/12 CH1 FS input

APCF =~ 16kHz when one phase has full scale inputs.

APCF,,,, =16kHzx V4 x V. = 667Hz

Measure the APCF frequency with

APCFNUM=APCFDEN=xWG=WDIV=0 on a sample set of meters
to find the best value for your design
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Estimating APCFNUM & APCFDEN (3)

Calculate the APCFDEN with this equation from the ADE7758

APCFNUM[11:0] [ T xWGI11: 0]j
rominal = APCFDENT11: 0] 212

First, do a coarse adjustment of the APCF output frequency and
therefore use only APCFDEN. (xWG =0 & APCFNUM = 0)

APCFDEN = INT

Note: A zero “0” written to the APCFNUM/APCFDEN/xWG
register is forced to “1” to avoid a divide by “0”.
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Watt-Hr calibration:
Measure CF error and calculate the xXWG setting

With the meter at Itest & Vtest, measure the error in CF.
For example: CF error = -3.07%

One Isb change in xXWG (12 bits) changes the WATTHR
register by 0.0244% and therefore APCF by 0.0244%.

Use only the xXWG adjustment to perform the fine adjustment
(meter to meter) and have previously

Set APCFDEN = 313 and APCFNUM = 0 (actually = 1).

APCF —3.07%

xW — error __

©0.0244%  0.0244%
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Watt-Hour GAIN calibration:
Wh/LSB calibration

When APCEF is calibrated, xXWATTHR registers will have the

same Wh/Ilsb from meter to meter, if the meter constant and
the APCFNUM/APCFDEN ratio remain the same.

1 APCFNUM(11:0]
Wh/ _ AWG[11:0]
isb—, APCF,,, APCFDEN 1 AWATTOS[11:0]
1000 . APCENUM  WDIV % APCF
For the example above: - APCFDEN[11:0]
WATTHR[15:0]
Wh = 1 = 1 :24 1 -
Isb 3200 313 140064~ 0107 wolvr
4 x X X —
1000 1 1

To change the Wh/LSB constant, Change WDIV: If WDIV = 500,
Wh/LSB =0 .1248
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Use phase calibration for:
Compensation of phase shift from CT to CT

Measure CF_, , at Ib and PF=0.5 Inductive

Phase Error(°) = —Arcsin ( CFQ””‘”) Eq. 6
J3
ADE7758 provides phase calibration for each Phase:

ADE7758’s phase calibration is a time delay with different weights in the positive
& negative direction

+Delay = xPHCAL register x1.2us
—Delay = xPHCAL register X2.4us

xPHCAL[6:0] Dynamic range: +1.36° & -2.72° at 50Hz;

Note: Most CTs have Phase Lead — and because the ADE7758 PHCAL is introduced into

the voltage channel, PHCAL will typically be negative, therefore we will focus on
negative delays
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Phase Correction (°) = Delay x360° X L XxPHCAL x2.41sx360° X

Period (S)

1

Perio

d(s)

Period can be measured with ADE7758’s PERIOD (0x10) register

Note: LCYCMODE [bit 7] needs to equal 1 to get PERIOD
Period (s) = PERIOD register x 9.6us

Phase Correction (°) = xPHCAL x2.4 s x360° % :
PERIOD x9.6us

Phase Correction (O) = —Phase Error

2.4,LLS>< 360°
9.6us PERIOD

xPHCAL x

= Arcsin [EWOF]

J3

— xPHCAL Register = Arcsin Error " 9.6us " PERIOD Register
J3 2.4us 360°
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A 50Hz meter, measures 0.215% error at Ib & PF=0.5
Inductive

J3

At 50Hz the PERIOD register = 2083d

xPHCAL Register =—0.07°x 9.6/1s y 2083
2.4us  360°
xPHCAL Register = —1.62 = —2

Phase Error(o) = —Arcsin[o'ooms] —_0.07°| From Eq 6
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Watt-Hour OFFSET Calibration (1)

Use power offset calibration for:

Outstanding performance over wide dynamic range (1,000:1)
Measure CF at Imin & PF=1

error

APCF, ... =(LPF)x LIy X 127 X AR eq. 1
4 2 APCFDEN
APCF. - LPF+xWA€TOS ><CLKIN>< 127 XAPCFNUM eq. 2
s 2 4 2 APCFDEN

Let Q represent the timing for simplification of the equation

CLKIN 1

1
— X —— X —
< 4 2% 4
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Watt-Hour OFFSET Calibration (2)

Therefore APCFNUM

_ APCFmeasured
APCF,, ... =(LPF)xQx PCFDEN and LPF = o e
APCFDEN
Substituting LPF into eq 2
APCFDEN
APCE seasirea X~ gt xWATTOS APCFNUM
APCF;x ected _|_ 4 X Q X
7 0 2 APCFDEN
WATTOS x APCFNUM
APCF;x ected — AP CF measured —|_ i 4 Q X
v 2 APCFDEN
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Solving for WATTOS:

) 2"  APCFDEN

xWATTOS:(APCF X2 x
O APCFNUM

expected

— APCF,

measured

%error equation:

APCF measured AP CF;X ected
%APCF,__ = z

error APCF

expected

APCF, ... — APCF, = —(%APCF,,,, x APCF,

measured error expected )

Substituting into eq 3

)>< 24 y APCFDEN
QO APCFNUM

xWATTOS = —(%APCF % APCF

error expected
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The resulting equation to determine xXWATTOS is:

4
XWATTOS = —(%APCE,, x APCF,,, ., )x = x ot DN
! O  APCENUM
Where:
APCF — APCF
Q = CLK]N X 1 X l % A PCF’ermr — C measured C
2 > 4 APCF;xpected

The expected value is calculated or measured from the reference

meter

APCF =
expected 1000 x 3600

WattHr x MeterConstant

reference
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AVARG“1ﬂ]VARCFNUMU1ﬂ]

VARCF

AVAROSI[11:0
D-Cochegal o[ [T 10
— Do %ﬂ% I S

PHCAL[8:0] VARHR[15:0]

VARDIV[T:0]
HPF Enable/Disable

Bit0 reg. 0x013
Default — Enabled

_ Step 1: Enable VARCF
Bitr e Ox0p oo Pulses Bit 2 reg. 0x13 —
Default — Disabled Set tO 0
LPF2: Enable/Disable Bit 7 reg. 0x15 - Set to 0
Bit1 reg. 0x13
Default - Enabled Step 2: Disable Phase B & C
VARCF: EnablelDisable contribution to APCF
Default - Disabled Bit 3, Bit 4 reg. 0x16 — Set to 0
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VAR-Hour Calibration Procedure

Gain Calibration

Set VARCFNUM(0x47) & VARCFDEN(0x48) the default values to
perform a coarse adjustment on the imp/VARAh ratio.

Measure %error in VARCF from Reference Meter (lb, PF=0)
Calculate AVARG (0x2D) adjustment

Offset Calibration
Measure %error in VARCF from Reference Meter (Imin, PF=0)

Calculate offset error & compensate with AVAROS (0x3C)
Repeat for Phase B & C
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VAR-Hour GAIN Calibration

Use gain calibration for:

Meter to meter gain adjustment & VARCF output rate calibration
VARhO/LSB constant

VARCF gain adjustment:

RCFNUM|11: ARG
VARCF VARCEmtlal VA C NU [ 0] X[l_i_ XV C1;2[ O])
VARCFDEN]11: 0] 2

XVARHR Gain adjustment:

ARGI11:0
xVARHR = xVARHR,  x : x[ | XVARGL ]j
VARDIV[T : 0] 2
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Determining VARCFNUM & VARCFDEN (1)

¢ Determine VARCF

expected & VARCF,  .ina from the meter
design.

+ For a meter design with
+ 3200 imp/kVARNh; Itest = 10A; Vtest = 240V; Line freq = 50Hz; PF=0

VARCF. . — 3200 x10x 240
’ 1000 x 3600

x Sin(¢)=2.1333Hz
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Determining VARCFNUM & VARCFDEN (2)

VARCF, ..ina IS determined by the signal amplitude on the
current & voltage inputs when Itest & Vtest are applied.

For our example we will assume that
o Viest = 1/2 CH2 FS input
o Itest = 1/12 CH1 FS input (with PF=0)

CF = ~ 16kHz when one phase has full scale inputs.

VARCE,,,,,, =16kHz x V) x V. = 667Hz

Measure the VARCF frequency with
VARCFNUM=VARCFDEN=xVARG=VARDIV=0 on a sample
meters to find the best value for your design

set of
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VAR-Hr calibration:
Determining VARCFNUM & VARCFDEN (3)

Calculate the VARCFDEN with this equation from the ADE7758

VARCF

expected

R  VARCFNUMI11:0] [ xVARG[11: 0])

ominal VARCFDENI11:0] 212

First, do a coarse adjustment of the VARCF output frequency

and therefore use only VARCFDEN. (xXVARG =0 & VARCFNUM =

0)

(VAR )
VARCFDEN = INT VARCE, oz [NT( 567 j =313
VARCF 2.1333

expected

Note: A zero “0” written to the VARCFNUM/VARCFDEN/xVARG
register is forced to “1” to avoid a divide by “0”.
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Measure VARCF error and calculate the xVARG
setting

With the meter at Itest & Vtest, measure the error in VARCF.
For example: VARCF error = -4.05%

One Isb change in xXVARG (12 bits) changes the VARHR register by
0.0244% and therefore VARCF by 0.0244%

Use only the xXVARG adjustment to perform the fine adjustment
(meter to meter) and have previously

Set VARCFDEN = 313 and VARCFNUM = 0 (actually = 1).

_ 0
xVARG:_VARCFerW _ 4.05% 165

0.0244%  0.0244%
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VAR-Hour GAIN calibration:
VARAK/LSB calibration

When VARCEF is calibrated, xXVARHR registers will have the
same VARh/Isb from meter to meter, if the meter constant
and the VARCFNUM/VARCFDEN ratio remain the same.

VARCF

VARh/ _ 1 VARG 1G] 0 MO
Isb—, VARCF,,, VARCFDEN 1  |svAROS[{1(]
1000 VARCFNUM  VARDIV
For the example above: - VARCFDEN[11:0]
*?—VXVARHR[B:O]
VARh/ _ I _ p
[sb w 3200 313 1 40064 24.96-10 VARDIV[7:0]
lOOO 1 1

To scale the VARh/LSB constant, Change VARDIV: If VARDIV =
500, VARh/LSB = 0 .1248
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VAR-Hour OFFSET Calibration (1)

Use power offset calibration for:

Outstanding performance over wide dynamic range (1,000:1)
Measure VARCF at Imin & PF=0

error

VARCE,.. . —(LPF)x CLKIN 127 (VARCFNUM 202
2" VARCFDEN (PER]OJ% )
4
VARCF . —|LPF+ xVAi&OS CLKIN 127 VARCFNUM 202
7 2 4 2*  VARCFDEN (PERIO% )

Let Q represent the timing for simplification of the equation

 CLKIN 1 202 1
O=—4 *3~ (PERIO%) 4
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The resulting equation to determine xVAROS is:

4
XVAROS = —%VARCE, xVARCE, ., x —x ARCFDEN
0~ VARCFNUM
Where:
Q = CLKIN X 124 X 202 X l % VARCF . VARCF, measured VARCF;Xpected
4 2 (PERIO%) 4 || %VARCE,,, = VARCF,,

The expected value is calculated of measured from the reference
meter

VARHY,,,,,,.. * MeterConstant

1000 x 3600

VARCF

expected ~—
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VA-Hour Calibration Procedure

Calibrate IRMS (for all phases)
Calibrate VRMS (for all phases)
Gain Calibration (phase A)

Repeat Gain Calibration for Phase B & C
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> X2

VACF

—>

M*@%»

AIGAIN[11:0]
HPF Enable/Disable

VAHR[15:0]

AIRMSOS[11:0] VADIVIT:0]

Bit0 reg. 0x013
Default — Enabled

Integrator Enable/Disable
Bit7 reg. 0x0D
Default — Disabled

LPF2: Enable/Disable
Bit1 reg. 0x13
Default - Enabled

VACF: Enable/Disable
Bit 2 reg. 0x13
Default — Disabled

* VACF and VARCF share an outpuf

Step 1: Enable VACF

Pulses Bit 2 reg. 0x13 -

Setto 0

Bit 7 reg. 0x15 — Set to 1

Step 2: Disable Phase B & C

contribution to VACF

Bit 3, Bit 4 reg. 0x16 — Set to 0

Select Bit 7 reg. 0x15 for VA-hr pulses
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IRMS and VRMS Offset Calibration

ADC

LPF

Use XIRMSOS and xVRMSOS for:

Canceling noise and offset contributions from the input

RMS Offset

e

>

[l

NE

»@—»g»

2

RMS

Since the LPF is not perfect, ripple noise is present in the rms

measurement

Synchronize rms reading with zero crossings of voltage input from

each phase to minimize this noise effect
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RMS Offset Calibration Routine

34/42

Set configuration registers for
ZX selection on all phases
Addr: 0x16 - COMPMODE = 0x1C

Y

Set interrupt Mask for
Zero Crossings on all phases
Addr: 0x18 - MASK = 0xEOO0

Y

Reset interrupt Status register
Addr: 0x1A - RSTATUS

r

<imeruprr >

Yes

Read Vrms & Irms Registers
Addr: Ox0A to OxOF

Y

Reset interrupt Status register
Addr: 0x1A - RSTATUS

Y
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IRMS Offset Calibration

Current rms calculation is linear from FS to FS/100

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

I *=1_."+16,384xIRMSOS

Where |, is the IRMS measurement without offset correction

1 y IPxI *—1°xI _°

rms1
16,384 1> —1°

2 1

IRMSOS =

Where |, and | ., are rms register values without offset correction
for input I, and 1, respectively

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 calculation is linear from FS to FS/20

To measure the Vg offset (VRMSOS), measure rms values at two
different current levels (e.g. V.., @Nd V, ,.in./20)

V. =V _ +64xVRMSOS

Where V. is the VRMS measurement without offset correction

VRMSOS = 64 s LV imsy =V XV

v, =W

Where V., and V,___, are rms register values without offset correction
for input V, and V, respectively

To minimize noise, synchronize each reading with zero crossing

of voltage input in each phase and take the average of these
readings

36/42 Calibration and use of ADE7758



VA-Hour GAIN Calibration

Use gain calibration for:

Meter to meter gain adjustment & VACF output rate calibration
VAh/LSB constant

VACF gain adjustment:

VACF — VACF.  x VARCFNUM[II:O]X[H_xVAG1[211:O]]
VARCFDENI11:0] 2

xVAHR Gain adjustment:

1 VAG[11:0
xVAHR = xVAHR  x ><[1+ VA6l ]]
VADIV[T : 0] 2

Note: VARCFNUM & VARCFDEN scale VACF
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Determining VARCFNUM & VARCFDEN (1)

The VACF output on the same pin as the VARCF output and
is scaled by VARCFNUM & VARCFDEN, therefore if the
VARCF_, . and the VACF__ ., are the same then the
VARCFNUM & VARCFDEN values will be the same for the
VACF output.

Determine VACF & VACF

expected

For a meter design with
3200 imp/kVAWN ; Itest = 10A; Vtest = 240V; Line freq = 50Hz

VACE _3200><10><240

= =2.1333Hz
P 1000 x 3600

nominal fromM the meter design.
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Determining VARCFNUM & VARCFDEN (2)

VACF, ..ina IS determined by the signal amplitude on the current
& voltage inputs when ltest & Vtest are applied.

For our example we will assume that
o Viest = 1/2 CH2 FS input
o Itest = 1/12 CH1 FS input (with PF=1)

CF = ~ 16kHz when one phase has full scale inputs.

VACF,,,, =16kHz x Yy x V. = 667 Hz

Measure the VACF frequency with
VARCFNUM=VARCFDEN=xVAG=VADIV=0 on a sample set of
meters to find the best value for your design
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VA-Hr calibration:
Determining VARCFNUM & VARCFDEN (3)

Calculate the VARCFDEN with this equation from the ADE7758

VACF,

expected

_VACF. % VARCFNUM[11:0] [1 xVAGl[zlle]]
VARCFDENI11:0] 2

First, do a coarse adjustment of the VACF output frequency and
therefore use only VARCFDEN. (xXVAG =0 & VARCFNUM = 0)

= INT 067 =313
2.1333

Note: A zero “0” written to the VARCFNUM/VARCFDEN/xVAG
register is forced to “1” to avoid a divide by “0”.

VA CF;zomznal

VARCFDEN = INT

expected
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Measure VACF error and calculate the xVAG
setting

With the meter at Itest & Vtest, measure the error in VACF.
For example: VACF error =1.67%

One Isb change in xXVAG (12 bits) changes the VAHR register by
0.0244% and therefore VACF by 0.0244%

Use only the xXVAG adjustment to perform the fine adjustment
(meter to meter) and have previously

Set VARCFDEN = 313 and VARCFNUM = 0.

0
xVAG:—%—— L67% = —68

0.0244%  0.0244%
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VA-Hour GAIN calibration:
VARK/LSB calibration

When VACEF is calibrated, xXVAHR registers will have the
same VAh/Isb from meter to meter, if the meter constant and
the VARCFNUM/VARCFDEN ratio remain the same.

vah/ _ I
Isb~ ~VACF,, VARCFDEN |

const

1000 VARCFN UM VADI V

For the example above:

VAh = 1 = 1 = . -9
Isb 4><3200><313 1 40064 24.96-10

1000 1 1

To scale the VAh/LSB constant, Change VADIV: If VADIV = 500,
VAh/LSB =0 .1248
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