TECHNICAL NOTE

Using Analog Outputs
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Introduction

SATEC meters may be equipped with optional analog outputs that are
programmable to provide a current proportional to selected measured
electrical parameters.

The devices can be ordered with one of the following analog output options:
e 0-20mA
4-20 mA

0-1 mA/0-2 mA - 0-1 mA option with 100%
overload (regular 0-1 mA order)

e 11 mA/X2 mA - 1 mA option with 100%
overload (regular +1 mA order)

e 0-1 mA/0-3 mA - 0-1 mA option with 200%
overload (special 0-1 mA order)

e 11 mA /3 mA - 1 mA option with 200%
overload (special +1 mA order)

e 0-1 mA/0O-5 mA - 0-1 mA option with 400%
overload (special 0-1 mA order)

e 11 mA /x5 mA - 1 mA option with 400%
overload (special 1 mA order)

You can find complete setup instructions in the corresponding Installation and
Operation Manual for your meter. The purpose of this document is to provide
guidelines for calculation of analog output currents and corresponding
measured (real) parameters.

See the following tables for analog output scales and formulas for calculating
analog output currents. The default output scales can be changed via the
analog output setup from the meter front panel or through the supplemental
PAS software.

Note that the output scales for 0-1 mA and +1 mA analog outputs are always
programmed for 0 mA and +1 mA regardless of the ordered current overload
option (100%, 200% or 400%). If you wish to use the entire output range of 2
mA, 3 mA or 5 mA, depending on your order, set the analog output scales in
your device as follows:

0-2 mA: set the 1 mA scale to 1/2 of the required full scale output for uni-
directional parameters, and set the 0 mA scale to the negative full scale
and the 1 mA scale to zero for bi-directional parameters.

12 mA: set the 1 mA scale to 1/2 of the required full-scale output for both
uni-directional and bi-directional parameters.

0-3 mA: set the 1 mA scale to 1/3 of the required full scale output for uni-
directional parameters, and set the 0 mA scale to the negative full scale
and the 1 mA scale to 1/3 of the negative full scale for bi-directional
parameters.

+3 mA: set the 1 mA scale to 1/3 of the required full-scale output for both
uni-directional and bi-directional parameters.

0-5 mA: set the 1 mA scale to 1/5 of the required full scale output for uni-
directional parameters, and set the 0 mA scale to the negative full scale
and the 1 mA scale to 1/5 of the negative full scale for bi-directional
parameters.

15 mA: set the 1 mA scale to 1/5 of the required full-scale output for both
uni-directional and bi-directional parameters.




Analog Output 4-20 mA

Parameter Programmable scales and typical Analog output, mA Output current calculation, 155, mA Real (measured) parameter Notes

points, natural units calculation
Voltage V 0V (Low scale, Vig) 4 mA (VReaL— Viow) x16 (Ino =4 * (VHIGH — Viow)

! Ino= +4 Vreal = —20 +V,
No PT 1.2 x 690 = 828V (High scale, Vhigh) 20 mA VHIGH~ Viow REAL 16 tow
Voltage 0V (Low scale, Vigy) 4 mA K = PT ratio
via PT 144 x K, V (High scale, Vigh) 20mA
Current I 0 A (Low scale, Ilow) 4 mA ~ (IreaL—ILow) x 16 4 (Ino—4) x (IhieH— ILow) Ip = CT primary current,
) Iao= T en-Tow + IREAL = +ILow o

2 x I, A (High scale, Ipjgp) 20 mA HIGH ~ ILow 16 Multiplier 2 for 100% overload
Signed power -0.0 (Low scale) 4 mA For negative PF: If PF < 12mA:
factor, PF -0.50 8 mA Ino = 4 - PFreaL X8 PFrea.=(4-1n0)/8

-0.99 11.88 mA

1.00 12 mA For positive PF: If PF > 12mA:

0.50 16 mA IAo =20- PFREAL x8 PFREAL = (20 - IAo)/8

0.0 (High scale) 20 mA
Lag and lead 0.00 (Low scale, PF|y,,) 4 mA _ (PFreaL—PFLow) ¥ 16 (Ino—4) * (PFHIGH — PFLOW)

! Ino=—_——————+4 PF = YAO +PF
power factor, PF 1.00 (High scale, PFhigh) 20 mA PFHIGH ~ PFLOW REAL 16 Low
- 16 _ _

Frequency, f 0 Hz (Low-scale, flow) 4 mA Ino= (fRiAL f_L(;W)x 4 _ (Fao—4) * (FHigH— fLow) + fiow

100 Hz (High scale, fhigh) 20 mA HIGH™ TLOW 16
ﬁ\(/:&lvs power '(Vhigh x Ihigh x n), KW (Low scale, Pg,) | 4 MA Lno = (PreaL —PLow)x 16 +a PrEAL = (Ino— 4 x (PHiGH — PLow) +PLow Ll

’ 0 kW 12 mA Prich —PLow 16 high= <> °p
Vhigh X Ihigh x n, kW (High scale, Phigh) 20 mA
=3 for 3LN3, 4LN BLN
Reactive power | As for active power " (Quear— Qow) < 16 (ao- 4 * (Quian- Aow) n=3 for 3LN3, 4LN3 and 3BLN3
Ipo = —REAL™ <LOW/* 22 , 4 QreaL = +QLow configurations,
kvar, Q QuicH— Quow 16 .
n=2 for other configurations
Apparent power | 0 kVA (Low scale, S 4 mA (SreaL — SLow) x 16 Ino—4)x(S -5
4 (Vhlgh X Ihlgh X n)/2, VA
20 mA

Vhigh x Ihigh x n, kVA (High scale, Shigh)

Power demand

As for apparent power




Analog Output 0-20 mA

Parameter Programmable scales and typical Analog Output current calculation, | Real (measured) parameter Notes
points, natural units output, Ipnor MA calculation
mA
Voltage, V 0V (Low scale, Viq) 0 mA Ino= (VReaL — Viow) x 20 160 (VHIGH — ViLow)
No PT _ : A0 Viow VREAL=—"" " *tViow
1.2 x 690 = 828V (High scale, Vhigh) 20mA HIGH™ VLOW 20
Voltage 0V (Low scale, Vi) 0 mA K = PT ratio
via PT 144 x K, V (High scale, Vhigh) 20mA
Current, I 0 A (Low scale, Ijo) 0 mA _ (IreaL—TLow) x 20 170 * (THIGH — ILow) Ip =CT primary current,
. IAO*# RReaL="—__—— +Iow o
2 x Ip, A (High scale, Ihigh) 20mA HIGH™ lLow 20 Multiplier 2 for 100% overload
Signed power -0.0 (Low scale) 0 mA For negative PF: If PF < 10 mA:
factor, PF -0.50 5mA Tno = - PFrea x 10 PFrea = -Ia0 /10
-0.99 9.9 mA For positive PF: If PF > 10 mA:
1.00 10 mA IAo =20 ‘PFREAL x 10 PFREAL = (20 - IAQ)/].O
0.50 15 mA
0.0 (High scale) 20mA
Lag and lead 0.00 (Low scale, PF|y,,) 0 mA [ao — (PFREAL=PFLOW) x 20 PFral = 120 (PFHIGH—PFLOW) , o
power factor, PF 1.00 (High scale, PFhigh) 20mA PFHIGH— PFLOW REAL 20 LOW
- %20 -
Frequency, f 0 Hz (Low.scale, flow) 0 mA Iao= (fREfAL fi_c;W) frEAL = faox (fricH—fiow) flow
100 Hz (High scale, fyigh) 20mA HIGH ™~ fLow 20
ﬁctlve power, kW, '(Vhigh x Ihigh x n), KW (Low scale, Pjg,,) | 0 mA Iao= w PrEAL = 1a0* (PHIGH— PLow) PLow T
0 kw 10 mA PHIGH ~ PLOW 20 high™ ¢ * ‘p
Vhigh x Ihigh x n, kW (High scale, Phigh) 20 mA
Reactive power As for active power Ing = (QreaL—Qow) x20 Qreat = 120 * (Qurgr — Quow) +Q n=3ff0r 3t|.'N3’ 4LN3 and 3BLN3
kvar, Q A0 - Qow RE 20 Low configurations, . .
Apparent power 0 kVA (Low scale, Slow) 0 mA Ino- (SreaL — SLow) x 20 s _ Ino* (SHiGH— Stow) +S n = 2 for other configurations
kVA, S Sren—S REAL="— .~ tSow
(Vhigh * Thigh  N)/2, kVA 10 mA HIGH ~ SLow 20
20 mA

Vhigh X Ihigh x n, kVA (High scale, Shigh)

Power demand

As for apparent power




Analog Output 0-1 mA

Parameter Programmable scales and typical Analog Output current Real (measured) parameter Notes

points, natural units output, calculation, Ipnor MA calculation

mA

Voltage, V 0V (Low scale, V|q,) 0 mA _ VReaL—Viow
No PT 1.2 x 690 = 828V (High scale, Vhigh) 1 mA VHIGH = Viow Vrea= Tno X (Viier - Viow) + Viow
Voltage, V 0V (Low scale, Viq) 0 mA K = PT ratio
via PT 144 x K, V (High scale, Vhigh) 1 mA
Current, I 0 A (Low scale, Ijo) 0 mA _ IreaL—Tiow Ip = CT primary current,

2 x I, A (High scale, Ipigp) 1 mA IhieH—ILow Trea= Tno X (Trieh - Low) + Liow Multiplier 2 for 100% overload
Signed power -0.0 (Low scale) 0 mA For negative PF: If PF < 0.5 mA:
factor, PF -0.50 0.25 mA IAo =- PFREAL x 0.5 PFREAL = 'IAQX 2

-0.99 0.495 mA For positive PF: If PF > 0.5 mA:

1.00 0.5 mA IA() =1 - PFreaL X 0.5 PFrea = (1' IAO) X 2

0.50 0.75 mA

0.0 (High scale) 1mA
Lag and lead 0.00 (LOW Scale, PFlOW) 0 mA _ PFreaL — PFLOw PFreaL = Ino X (PFHIGH - PFLOW) + PFLow
power factor, PF | 1,00 (High scale, PFhigh) 1 mA PFiiGH~ PFLOW
Frequency, f 0 Hz (Low scale, fioy,) 0 mA _ freaL—fLow frea= Ino X (fiuar - frow) + fiow

100 Hz (High scale, fhigh) 1 mA fHIGH ~ fLow
Active power, kw, -(Vhigh X Ihigh X n), kW (LOW scale, P|OW) 0 mA _ PreaL —PLow Prea= Ino X (PHIGH - PLOW) + PLow
P 0 kw 0.5 mA PHIGH— PLow Ihigh= 2 x Ip

Vhigh X Ihigh x n, kW (High scale, Phigh) 1 mA
Reactive power As for active power  QreaL— Quow Qrea= Lno X (Qricri - Qrow) + Quow n=3 for 3LN3, 4LN3 and 3BLN3
kvar, Q 0= Qe Qow configurations,
Apparent power 0 KVA (Low scale, Sygy) 0 mA _ SreaL—Siow Sreat= Ino X (Shieh - Stow) + Siow n = 2 for other configurations
kVA, S (Vhigh * Thigh * M/2, KVA 0.5 mA SHIGH ™~ SLow

1 mA

Vhigh x Ihigh x n, kVA (High scale, Shigh)

Power demand

As for apparent power




Analog Output £1 mA

Parameter Programmable scales and typical Analog Output current Real (measured) parameter Notes
points, natural units output, mA | calculation, Ipnor MA calculation
Voltage, V 0V (Low scale, Vi) 0 mA _ VreaL— Viow
No PT 1.2 x 690 = 828V (High scale, Vpjgp) 1 mA VHIGH~ Viow Veea= Ino X (Viue - Viow) + Viow
Voltage, V 0V (Low scale, Vigy) 0 mA K = PT ratio
via PT 144 x K, V (High scale, Vhigh) 1 mA
Current I 0 A (Low scale, Ijq,) 0 mA _ IReaL—Tiow Ip = CT primary current,
2 x I, A (High scale, Ipjgn) 1 mA TriH ~TLow Irear= Ino X (Inuch - Liow) + Liow Multiplier 2 for 100% overload
Signed power -0.0 -1 mA For negative PF: If PF < 0 mA:
faCtOr, PF -0.50 -0.5 mA IA() =-1- PFREAL PFREAL: -1- IAO
-0.99 -0.01 mA For positive PF: If PF > 0 mA:
1.00 (LOW Scale) 0 mA IAo =1- PFREAL PFREAL =1- IAQ
0.50 0.5 mA
0.0 (High scale) 1 mA
Lag and lead 0.00 (LOW Scale, PFlOW) 0 mA _ PFreaL — PFLow PFrea. = Ino X (PFHIGH - PFLow) + PFLow
power factor, PF | 100 (High scale, PFpigh) 1 mA PFHIGH~ PFLOW
Frequency, f 0 Hz (Low scale, fiou,) 0 mA _ freaL—flow frear= Tao X (figr - fow) + fiow
100 Hz (High scale, fhigp) 1 mA frHiGH — fLow
Active power, '(Vhigh X Ihigh x n), KW (Piou) -1 mA Tno= (PreaL—PLow) X2 1 Prear= (Ino + 1) x (Puich - Prow)/2 + Prow
I;W 0 kW (Low scale) 0 mA PHIGH — PLow Ihigh= 2 x Ip
Vhigh x Ihigh x n, kW (High scale, Phigh) 1 mA
Reactive power | As for active power _ Qeea-Quow*2 ;| Quew= (Lo + 1) x (Quien - Quow)/2 + Quow n=3 for 3LN3, 4LN3 and 3BLN3
kvar, Q Injo=—rn —~ configurations,

s QniH~ Quow = 9 for oth fqurati
Apparent power 0 kVA (Low scale, Slow) 0 mA _ SREAL—SLow Sreac= Lno % (Stict- Stow) + Stow n = 2 for other configurations
KVA, S (Vhigh * Thigh * N)/2, KVA 0.5 mA SHIGH— SLow

1 mA

Vhigh X Ihigh x n, kVA (High scale, Shigh)

Accumulated
power demands

As for apparent power




Analog Output 0-2 mA range (0-1 mA option with 100% overload)

Parameter Programmable scales and Analog output, mA Output current calculation, Iq, Real (measured) parameter calculation Notes
typical points, natural units mA
_ 2 _
\,Gglts_lg_e, Vv 0V (Low scale, Vi) . 0 mA Ino= (Vl\z/EAL Yk;)w) x VREAL = In0* (VHIGH= Viow) | Viow
(1.2 x 690)/2 = 414V (High 1 mA HIGH™ VLOW 2
scale) 2 mA
1.2 x 690 = 828V (Vhigh)
Voltage, V 0V (Low scale, Vigu) 0 mA K = PT ratio
via PT (144 x K)/2, V (High scale) 1 mA
144 x K, V (Vhigh) 2 mA
Current I 0 A (Low scale, Ijg) 0 mA _ (IreaL—Tiow) x 2 Ipn0* (THiGH — ILow) Ip = CT primary current,
_ Tao=—"1 IReAL=——— - +liow -
(2 x Ip)/Z, A (High scale) 1 mA HIGH™ LLOW 2 Multiplier 2 for 100% overload
2 x Ip, A (Ihigh) 2 mA
Signed power factor, PF -0.0 (Low scale) 0 mA For negative PF: If PF< 1.0 mA:
-0.50 0.5 mA Tno = - PFrea PFrea= -Ino
1.00 (High scale) 1 mA For positive PF: If PF> 1.0 mA:
0.50 1.5 mA IAo =2- PFREAL PFREAL= 2- IAo
0.0 2 mA
_ 2 _
IF_;g and lead power factor, | 0.00 (L(?w scale, PFiq) 0 mA Tno- (PFPRFEAL f’;LI?W) x PFREAL = Ia0* (PFHIGH = PFLOW) +PFLow
0.50 (High scale) 1 mA HIGH ~ PFLow 2
1.00 (PFhigh) 2 mA
— 2 -
Frequency, f 0 Hz (LO\{V scale, figw) 0 mA Ino= (freaL il_ow) x fREAL = f a0 * (fHIGH — fLow) T flow
50 Hz (High scale) 1 mA friGH — fow 2
100 Hz (fhigh) 2 mA
Active power kW, P -(Vhi I n), kW (Low 0 mA (PreaL—PrLow) x 2 -
P (Vhigh * Ihigh x M), kW Tao= TN S Prea, = 10X (Pricn=Piow) , p, Lo =21
scale, Piow) 1 mA HIGH™ FLOW 2 high p
0 kW (High scale) 2 mA
Vi I n, KW (P
_ high ** “high * (Phigh) n=3 for 3LN3, 4LN3 and
Reactive power kvar, Q As for active power Ino = (QreaL= Quow)x2 Quea = A0 (Quicn~Quow) Quow 3BLN3 configurations,
QrircH~ Qow 2 n = 2 for other configurations
Apparent power kVA, S 0 kVA (Low scale, Sig,) 0 mA _ (SreaL—Siow) x2 _ In0x(SHiGH—SLow)
Ino= — SREAL="—_ —  *+SLow
(Vhigh * Thigh * N)/2, kVA, 1 mA SHIGH~ SLow 2
(High scale) 2 mA

Vhigh X Ihigh x n, kVA (Shigh)

Power demand

As for apparent power

For using the entire output range of 2 mA, set the 1 mA scale in your device to 1/2 of the required full scale output for uni-directional parameters, and set the 0 mA scale to
the negative full scale and the 1 mA scale to zero for bi-directional parameters.




Analog Output +£2 mA range (+1 mA option with 100% overload)

Parameter Programmable scales and Analog output, mA Output current calculation, I, mA Real (measured) parameter calculation Notes
typical points, natural units
\'Gglts_lge, \' 0V (Low scale, Vi) . 0 mA Ino= (VI\{/EAL*YI{;)W) x2 VREAL = In0* (VHIGH™ Viow) | Viow
(1.2 x 690)/2 = 414V (High 1 mA HIGH™ VLOW 2
scale) 2 mA
1.2 x 690 = 828V (Vhigh)
Voltage 0V (Low scale, Vigu) 0 mA K = PT ratio
via PT (144 x K)/2, V (High scale) 1 mA
144 x K, V (Vhigh) 2 mA
Current I 0 A (Low scale, Ij) 0 mA _ (IreaL— TLow) x 2 Ipn0* (THiGH — ILow) I, = CT primary current,
ow Ino=———"—""— IReAL=—"""—"——""— +Iow p
(2 x 1,)/2, A (High scale) 1 mA IHieH ~ ILow 2 Multiplier 2 for 100% overload
2 x Ip, A (Ihigh) 2 mA
Signed power factor, PF -0.0 -2 mA For negative PF: If PF < 0 mA:
-0.50 -1 mA IAO =-2X (1 + PFREAL) PFreaL = -1 - IAO/Z
1.00 (Low scale) 0 mA For positive PF: If PF > 0 mA:
0.50 (ngh Scale) 1mA Tno =2X (1 - PFREAL) PFrear = 1 - Ino/2
0.0 2 mA
_ x 2 _
IF_;g and lead power factor, | 0.00 (L(.)w scale, PFio,) 0 mA Ino= (P';::EAL f";LFOW) PFREAL = In0* (PFHIGH = PFLOW) +PFLow
0.50 (High scale) 1 mA HIGH ~ PFLow 2
1.00 (PFhigh) 2 mA
— 2 -
Frequency, f 0 Hz (LO\{V scale, figw) 0 mA Ino= (freaL il_ow) x frEAL = fao* (fFHIGH — fLow) + flow
50 Hz (High scale) 1 mA friGH ~ fLow 2
100 Hz (fhigh) 2 mA
Active power, kW, P '(Vhigh x Ihigh x n), KW (Pjgy) | -2 MA Ino= (PreaL—PLow) x4 2 Prear= (Iao + 2) x (PhicH - Prow)/4 + Plow ~
0 kW, (Low scale) 0 mA PHIGH ~ PLow Thigh=2x1p
(Vhigh X Ihigh X n)/2, kw (High 1 mA
scale) 2 mA
Vi It n, kW (Pn; n=3 for 3LN3, 4LN3 and
: high * “high * (Phigh) 3BLN3 configurations,
Reactive power kvar, Q As for active power Iao= QreaL-Qow) x4 Qrear= (Ino + 2) x (Qrict - Qow)/4 + Quow n = 2 for other configurations
Quich— Quow
— 2 —
Apparent power kVA, S 0 kVA (Low scale, Sjq) 0 mA Ino= (SreaL ?LOW)X SReAL = 160 % (SHiGH— SLow) +Siow
(Vhigh * Thigh * N)/2, kVA, 1 mA SHIGH ™ SLow 2
(High scale) 2 mA

Vhigh x Ihigh x n, kVA (Shigh)

Power demand

As for apparent power




For using the entire output range of £2 mA, set the 1 mA scale in your device to 1/2 of the required full scale output for both uni-directional and bi-directional parameters.




Analog Output 0-3 mA range (0-1 mA option with 200% overload)

Parameter Programmable scales and Analog output, mA Output current calculation, I, Real (measured) parameter calculation Notes
typical points, natural units mA
— 3 _
\éc;ltg_lge, \' 0V (Low scale, V|q,) _ 0 mA Iao= (VT/EAL Y:;)w)x VREAL = In0* (VHIGH = Viow) Viow
(1.2 x 690)/3 = 414V (High 1 mA HIGH™ VLOW 3
scale) 3 mA
1.2 x 690 = 828V (Vhigh)
Voltage, V 0V (Low scale, Viq) 0 mA K = PT ratio
via PT (144 x K)/3, V (High scale) 1 mA
144 x K, V (Vhigh) 3mA
Current I 0 A (Low scale, Ijo,) 0mA _ (lreaL—Trow) x3 120 * (THIGH — ILow) Ip = CT primary current,
, Tno="" — IReaL="—"—— o — +low .-,
(2 x Ip)/3, A (High scale) 1 mA HIGH™ lLow 3 Multiplier 2 for 100% overload
2 x Ip, A (Ihigh) 3mA
Signed power factor, PF -0.0 (Low scale) 0 mA For negative PF: If PF< 1.0 mA:
-0.50 0.75 mA IAO = 'PFREAL X 3/2 PFREAL: 'IAO X 2/3
-0.667 (High scale) 1 mA For positive PF: If PF> 1.0 mA:
1.00 1.5 mA IAo =3- PFREAL X 3/2 PFREAL= (3 - IAo) X 2/3
0.50 2.25 mA
0.0 3 mA
L | f . L le, PF, A - x3 _
PIa:g and lead power factor, | 0.00 ( 0\{v scale, PFio,) 0Om Tao= (PF;RFEAL iLI?W) PFeaL = IAOX(PFHISH PFLOW) + PFLow
0.333 (High scale) 1mA HIGH™ FrLow
1.00 (PFhigh) 3 mA
frReAL— fi 3 _
Frequency, f 0 Hz (LO\{V scale, fiow) 0 mA Iao- ( RfEAL _L'E)W) x frEAL = fao* (frin — flow) fLow
33 Hz (High scale) 1 mA HIGH~ fLOW 3
99 Hz (fhigh) 3 mA
Acti kw, P -(Vhi I kW (L 0 mA - 3 -
ive power kW, ( high < Ihigh * n), (Low m Ino= (PreAL fLOW)X PREAL = Ia0* (PHIGH — PLOW) + PLow Lov = 2x1
scale, Pow) 1 mA PHIGH~PLow 3 high = <> Ip
-(Vhigh X Ihigh x n)/3, KW (High | 1.5 mA
scale) 3 mA n=3 for 3LN3, 4LN3 and
SkW I n, KW (P ) 3BLN3 configurations,
VS .
i high ™ “high * " high n = 2 for other configurations
Reactive power kvar, Q As for active power (Qrear — Qow) x 3 120 % (Quicr— Qow)
Ino=—+— QREAL:—+Q ow

QnicH ~ QLow

3 L

10




Parameter

Programmable scales and
typical points, natural units

Analog output, mA

Output current calculation, I,
mA

Real (measured) parameter calculation

Notes

Apparent power kVA, S

0 kVA (Low scale, Sig)
(Vhigh x Ihigh x n)/3, kVA,
(High scale)

Vhigh X Ihigh x n, kVA (shigh)

0 mA
1 mA
3mA

_ (SreaL—Siow) x3

Ino
SHIGH ™ SLow

Ia0* (SHIGH — SLow)

+
3 SLow

SREAL =

Power demand

As for apparent power

For using the entire output range of 3 mA, set the 1 mA scale in your device to 1/3 of the required full scale output for uni-directional parameters, and set the 0 mA scale to
the negative full scale and the 1 mA scale to 1/3 of the negative full scale for bi-directional parameters.
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Analog Output +3 mA range (+1 mA option with 200% overload)

Parameter Programmable Analog Output current Real (measured) parameter Notes
scales and typical output, | calculation, I55, mA calculation
points, natural mA
units
Voltage, V 0V (Low scale, 0 mA _ (VreaL—Viow) %3 Ia0* (VHIGH — Viow)
I =2YREAL VYLUW/ " = —2A0 7 \VRAlGR  VLIOW/
No PT Viow) 1 mA A7 Vhian - Viow VeeaL 3 *Viow
(1.2 x 690)/3 = 3 mA
414V (High scale)
1.2 x 690 = 828V
(Vhigh)
Voltage 0V (Low scale, Vigy) | 0 mA K = PT ratio
via PT (144 x K)/3, V (High | 1 mA
scale) 3 mA
144 x K, V (Vhigh)
Current I 0 A (Low scale, 0mA _ (TreaL—Tiow) %3 1r0 % (THIGH — ILow) I, = CT primary current,
I Tno= IREAL="—""" 5 —— +Low P
low) 1 mA ThiGH~ILow 3 Multiplier 2 for 100%
(2 x Ip)/3, A (High 3 mA overload
scale)
2 x Ip, A (Ihigh)
Signed power -0.0 -3 mA For negative PF: If PF < 0 mA:
factor, PF -0.667 -1 mA IAo =-3X (1 + PFREAL) PFREAL =-1- IAO/3
1.00 (Low scale) 0 mA For positive PF: If PF > 0 mA:
0.667 (ngh Scale) 1 mA Tno =3 X (1 - PFREAL) PFrear = 1 - Ino/3
0.0 3 mA
Lag and lead 0.00 (Low scale, 0 mA _ (PFrReaL—PFLOW) 3 _ Ino* (PFHiGH — PFLOW)
power factor, PFlow) 1 mA R ==y PFREAL= 3 *Phow
PF 0.333 (High scale) 3 mA
1.00 (PFhigh)
Frequency, f 0 Hz (Low scale, 0 mA Iao= (freaL— frow) x 3 fral = TAOX (fHiGH — fLow) vE
flow) 1 mA fHIGH~ fLow REAL 3 Low
33 Hz (High scale) 3 mA

99 Hz (fhigh)
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Parameter Programmable Analog Output current Real (measured) parameter Notes
scales and typical output, | calculation, I,5, mA calculation
points, natural mA
units
Active power, “(Vhigh * Thigh x M), | -3 mA Ino= (PreaL —PLow) 6 _ 4 Prear= (Tno + 3) x (Prier - PLow)/6 +
kw, P KW (Pow) 0mA PHIGH~ PLow Puow Thigh=2 * Ip
0 kW, (Low scale) 1 mA
Vi I
(Vhigh > Thigh 3 mA n=3 for 3LN3, 4LN3 and
n)/3, KW (High 3BLN3 configurations,
scale) 2 for oth
Ve I n, n = 2 for other
high * *high * configurations
kW (Phigh)
Reactive power | As for active power Ing = (QreaL~Qow) 6 _ 5 Qrea= (Ino + 3) x (Qrict - Quow)/6 +
kvar, Q Ao Qe QLow Quow
Apparent power | 0 kVA (Low scale, 0 mA Ino= (SreaL—SLow) x 3 Srea; = 1AO* (StieH — Stow) S
kVA, S Siow) 1 mA SHIGH— SLow REAL 3 Low
(Vhigh * high * 3 mA

Power demand

n)/3, kVA, (High
scale)

Vhigh * Ihigh x M
kVA (Shigh)

As for apparent
power

For using the entire output range of £3 mA, set the 1 mA scale in your device to 1/3 of the required full scale output for both uni-directional and bi-directional parameters.
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Analog Output 0-5 mA range (0-1 mA option with 400% overload)

Parameter Programmable scales Analog output, Output current calculation, Real (measured) parameter calculation Notes
and typical points, mA Ipor MA
natural units
Voltage, V 0V (Low scale, Viqy,) 0mA 1aqy = (VREAL=Viow)x5 _lao*(VrigH~ Viow)
A0 = — VREAL="" o *Viow
No PT (1.2 x 690)/5 = 165.6V 1 mA VHiGH™ Viow 5
(High scale) 5 mA
1.2 x 690 = 828V (Vhigh)
Voltage, V 0V (Low scale, Viq) 0 mA K = PT ratio
via PT (144 x K)/5, V (High scale) | 1 mA
144 x K, V (Vhigh) 5 mA
Current I 0 A (Low scale, Ijg) 0 mA _ (ReAL—lLow)x5 \ _lpo*(hicH—lLow) ) Ip = CT primary current,
(2 x I)/5, A (High scale) | 1 mA hicH ~lLow REAL 5 oW Multiplier 2 for 100%
2 x Ip’ A (Ihlgh) 5 mA overload
Signed power factor, -0.0 (Low scale) 0 mA For negative PF: If PF< 1.0 mA:
PF -0.4 (High scale) 1 mA Ino = -PFreaL X 5/2 PFrea= -Ipo X 2/5
-0.50 1.25 mA For positive PF: If PF> 1.0 mA:
1.00 2.5 mA IAo =5- PFREAL X 5/2 PFREAL= (5 - IAQ) X 2/5
0.50 3.75 mA
0.0 5mA
Lag and lead power 0.00 (Low scale, PFiq\) 0 mA 1ag = PPREALPFLOW)*5 _ lao*(PFHiH ~PFLow)
factor, PF 0.200 (High scale) 1 mA " PRon-PRLow PrRea 5 "PRow
1.00 (PFhigh) 5 mA
(f —fLow) x5 x -
Frequency, f 0 Hz (LO\{V scale, fiow) 0 mA ho= F\}EAL _LfOW frEAL= fao (fHI(;H frow) , fLow
20 Hz (High scale) 1mA HIGH™TLOW
100 Hz (fhigh) 5mA
Active power kW, P -(Vhi I n), kW 0 mA _P ~PLow)x5 | P -PLow)
p ( hlgh x hlgh x ) |A0*% PREAL:—AO>< HIGSH LOW +PLow I =2x1I
(Low scale, Pjg,) 1 mA high =< *'p
-(Vhigh X Ihigh x n)/5, kW 2.5mA
(High scale) 5> mA n=3 for 3LN3, 4LN3 and
0 kW 3BLN3 configurations,
Vhlgh X Ihlgh x n, kW _
n = 2 for other
(Phigh) configurations
Reactive power kvar, Q | As for active power ho= (QreaL —Qrow) x5 _1a0*(QricH—Quow) |
a QuicH~ QLow QrEAL = 5 Qow
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Parameter

Programmable scales
and typical points,
natural units

Analog output,
mA

Output current calculation,
Ipnor MA

Real (measured) parameter calculation

Notes

Apparent power kVA, S

0 kVA (Low scale, Sig)
(Vhigh x Ihigh x n)/5, kKVA,
(High scale)

Vhigh x Ihigh x n, KVA

(Shigh)

0 mA
1 mA
5 mA

_ (SrReaL~SLow)*>

lao
SHIGH~ SLow

_lao*(SticH—SLow)

SREAL 5

+SLow

Power demand

As for apparent power

For using the entire output range of 5 mA, set the 1 mA scale in your device to 1/5 of the required full scale output for uni-directional parameters, and set the 0 mA scale to
the negative full scale and the 1 mA scale to 1/5 of the negative full scale for bi-directional parameters.
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Analog Output £5 mA range (+1 mA option with 400% overload)

Parameter Programmable scales Analog output, Output current calculation, Iq, Real (measured) parameter calculation Notes
and typical points, mA mA
natural units
Voltage, V 0V (Low scale, Vigu) 0 mA Iag= (VReAL—Viow)*5 _lao*(VHicH~ Viow)
AO = — VREAL=——— - +*Viow
No PT (1.2 x 690)/5 = 165.6V 1 mA VHIGH™ Viow 5
(High scale) 5 mA
1.2 x 690 = 828V (Vhigh)
Voltage 0V (Low scale, V|q) 0 mA K = PT ratio
via PT (144 x K)/5, V (High scale) | 1 mA
144 x K, V (Vhigh) 5 mA
Current I 0 A (Low scale, Ijg) 0 mA Iag = (REAL-lLow)*5 100> (HIGH ~ ILow) Ip = CT primary current,
i A0 IHIGH~ lLow IREAL = 5 +lL.ow o
(2 x Ip)/5, A (High scale) 1 mA Multiplier 2 for 100%
overload
2 x Ip, A (Ihigh) 5mA
Signed power factor, -0.0 -5 mA For negative PF: If PF < 0 mA:
PF '0667 '1 mA IAO = '5 X (1 + PFREAL) PFREAL: '1 - IAo/S
1.00 (Low scale) 0 mA For positive PF: If PF > 0 mA:
0.667 (ngh scale) 1 mA IAo =5X (1 - PFREAL) PFREAL= 1- IAO/5
0.0 5mA
Lag and lead power 0.00 (Low scale, PF|y,,) 0 mA _ (PFReAL—PFLOW)*5 _ a0 * (PFrigH~PFLow)
factor, PF 0.333 (High scale) 1mA o PFHIGH~PFLOW PFreaL 5 +*PFLow
1.00 (PFhigh) 5mA
Frequency, f 0 Hz (Low scale, fig,,) 0mA Iag, = (fREAL—fLOW) X5 _fao* (fricH — fLow)
; A7 fricH—fLow fReAL=""—"5 — *fiow
20 Hz (High scale) 1 mA
100 Hz (fhigh) 5mA
Active power, kW, P -(Vhlgh X Ihlgh X n), kW -5 mA Iag = (PreaL — PLow) x10 _5 PreaL= (IAO + 5) X (PHIGH' PLow)/lo + Plow
(Piow) 0 mA PHIGH ~ PLow Ihigh= 2 x Ip
0 kW, (Low scale) 1 mA
(Vhigh * Thigh * N)/5, KW | 5 ma

Reactive power kvar,

Q

(High scale)

Vhigh X Ihigh x n, kW
(Phigh)

As for active power

ho = (QreaL~Qrow)*10
QnicH ~ QLow

Qrea= (Iao + 5) x (Qrich - Quow)/10 + Quow

n=3 for 3LN3, 4LN3 and
3BLN3 configurations,

n = 2 for other
configurations
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Parameter

Programmable scales
and typical points,
natural units

Analog output,
mA

Output current calculation, Iq,
mA

Real (measured) parameter calculation

Notes

Apparent power kVA, 0 kVA (Low scale, Siq)
S

Power demand

(Vhigh x Ihigh x Nn)/5, kKVA,
(High scale)

Vhigh x Ihigh x n, KVA
(Shigh)

As for apparent power

0 mA
1 mA
5 mA

_ (SrReaL~SLow)x5

lao
SHIGH~ SLow

IA0* (SHIGH— SLow)
SREAL = -5 - SiLow

For using the entire output range of £5 mA, set the 1 mA scale in your device to 1/5 of the required full scale output for both uni-directional and bi-directional parameters.
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Calculation Examples

Example 1
The meter is installed on a 24 kV power line with 400:5A current transformers
and 24,000:120V potential transformers:

Ip = CT primary current = 400A and 3-phase

K = PT ratio = 24000/120 = 200.

Wiring configuration is 4Ln3, n = 3.

The full-scale analog output ranges are as follows:
Voltage:

Low voltage V|gy =0 V.
High voltage Vpjgh = 144 x K=144 x 200 = 28800 V.

Current:

Low current ||,y (0 or 4 mA) =0 A,
High current Ipjgn =2 x I, =2 x 400 = 800 A

Active and reactive power:

Low power P|gy, = - N x Vhigh x 'high /1000 = -3 x 28800 x 800/1000 = -
69,120 kW (kvar)

High power Ppigh = 1 x Vhigh x Ihigh /1000 = 3 x 28300 x 800/1000 =
69,120 kKW (kvar)

The programmable analog output scales should be as follows:
Voltage:
Low scale, 0 mA/4 mA (all ranges): 0 V.

High scale, 1 mA/20 mA (4-20 mA, 0-20 mA, 0-1mA, 1 mA ranges):
Vhigh= 28800 V.

High scale, 1 mA (0-2 mA, +2 mA ranges): Vhigh/2 =28800/2 = 14400 V.

High scale, 1 mA (0-3 mA, +3 mA ranges): Vhigh/3 =28800/2 = 9600 V.
Current:

Low scale, 0 mA/4 mA (all ranges): 0 A.

High scale, 1 mA/20 mA (4-20 mA, 0-20 mA, 0-1mA, £1 mA ranges): Ihjgh=
800 A.
High scale, 1 mA (0-2 mA, +2 mA ranges): |high/2 = 800/2 =400 A.

High scale, 1 mA (0-3 mA, +3 mA ranges): |high/3 =800/3 = 267 A.
Active and reactive power:

Low scale, 0 mA/4 mA (4-20 mA, 0-20 mA, 0-1 mA, 0-2 mA, 0-3 mA
ranges): P|q,y = -69,120 kW (kvar).

Low scale, 0 mA (£1 mA, £2 mA, 3 mA range): P|q,, = 0 KW (kvar).
High scale, 1 mA/20 mA (4-20 mA, 0-20 mA, 0-1mA, 1 mA ranges): Phigh

= 69,120 kW (kvar).
High scale, 1 mA (0-2 mA range): 0 kW (kvar).

High scale, 1 mA (2 mA range): Phigh/2 =69,120/2 = 34560 kW (kvar).
High scale, 1 mA (0-3 mA range): P\, /3 = -69,120/3 = -11520 kW (kvar).
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High scale, 1 mA (3 mA range): Phigh/3 =69,120/3 = 11520 kW (kvar).

Example 2

The meter with regular £+1 mA analog outputs (100% overload) is installed on
the power line of Example 1. The analog outputs are programmed in the meter
for the £1 mA output range.

What should the analog output currents be if the instrument shows the
following measured (real) quantities?

Voltage = 24,800 V

Current = 460A

Active power ProtaL= 17170 kW
Apparent power StotaL = 19736 kVA

The output currents would be as follows:

_ VReaL — Viow _24800-0
VHigH ~ Viow 28800 -0

=0.861mA

Voltage output: |zq

Current output: Ty = -REAL=TLow _ 460-0 _ 4 575ma
IHigH—Iow 800-0

Active power output:
_ (Prear—Prow)x2 | _ (17170~ (-69120))x2
PHIGH— PLow 69120-(-69120)

-1=0.248 mA

_ SreaL—Stow _ 19736-0
SHIGH— Stow 69120-0

Apparent power output: g =0.286 mA

Example 3

The meter with regular 1 mA analog outputs (100% overload) is installed on
the power line of Example 1. The analog outputs are programmed in the meter
for the £2 mA output range.

What should the analog output currents be if the instrument shows the
measured (real) quantities like in Example 2?

The output currents would be as follows:

_ (VReaL ~ Viow) x2 _ (24800 - 0) x 2

Voltage output: | =1.722mA
A0 VHIGH — VLow 28800 -0
I - _
Current output: Tpg = Upear ~lowp2 _ (460-0)x2 1.15mA
IHiGH — ILow 800-0
Active power output:
_ 4 (-
_ Prea—Prow)x4 , _ ((17170-(-69120)x4 1,07

PHIGH~ PLow 69120-(-69120)

_ (SpeaL—Stowp2 _ (19736 -0) x 2

= =0.571mA
SHIGH ~ SLow 69120-0

Apparent power output: g

Example 4

The meter with regular £+1 mA analog outputs (100% overload) is installed on
the power line of Example 1. The analog outputs are programmed in the meter
for the £2 mA output range.
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Which real electrical quantities does the meter measure if the analog output
currents are as follows?

Voltage analog output 1,5, = 0.861 mA
Current analog output 1,5, = 1.15 mA
Active power analog output 1,5, =0.497 mA

Apparent power analog output |5, = 0.571 mA

The meter readings would be as follows:

Measured voltage: VreaL= lao X (VHicH - Viow)/2 + Viow = 0.861 x (28800 - 0)/2
+0=12398 V

Measured current: Irga = lao X (IHigH - lLow)/2 + lLow =1.15x(800-0)/2 +0 =
460 A

Measured active power: Prea= (lao + 2) X (PhigH - PLow)/4 + Prow = (0.497 +
2) x (69120- (-69120))/4 + (-69120) =17176 kW

Measured apparent power: Srea= lao X (SHigH - Stow)/2 + Stow = 0.571 x
(69120-0)/2 + 0 = 19734 kVA
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