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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
e 4-20mA
e  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/0-5 mA - 0-1 mA option with 400% overload (special 0-1 mA order)
e +1mA/+5 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.

+5 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 (Low scale and Analog Output current calculation, Real (measured) parameter calculation | Notes

High scale), output limits (low and output, Ipo) MA

high) and typical points, natural units | mA
Voltage V 0V (Low scale, V, 4 mA VREAL — V 16 Iyo-4 -
o P_IE_J ( Iow? Lo = & R\IiAL 7L3W) x16 4 VREAL = (a0 = 4) * (VhieH — Viow) | Viow

1.2 x 690 = 828V (High scale, Vhigh) 20 mA HIGH ~ Viow 16
Voltage 0V (Low scale, V|q,) 4 mA K = PT ratio
via PT 144 x K, V (High scale, Vpign) 20mA
Current I 0 A (Low scale, Ij) 4 mA Lng = (IreaL — Iow) x 16 4 (Ino — 4) x (THiGH — ILow) Ip = CT primary current,

) A0S T T + IREAL = +ILow o

2 x I, A (High scale, Ipjgp) 20 mA HIGH ~ lLow 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 Ipno = 4 - PFreaL X8 PFREAL=(4'IAQ)/8

-0.99 11.88 mA

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

0.50 16 mA Tno = 20 - PFreaL X8 PFrear = (20 - 1r0)/8

0.0 (High scale) 20 mA
Lag and lead 0.00 (Low scale, PFiy,) 4 mA _ (PFreaL —PFLOw) x16 (Ino — 4) % (PFHIGH — PFLOW)

! Ioo=— —— ——+4 PF = A0 +PF
power factor, 1.00 (High scale, PFhi h) 20 mA PFHIGH — PFLOW REAL 16 LowW
PF 9
Frequency, f 0 Hz (Low scale, fig) 4 mA Iag = (freaL — fLow) x16 4 (fao = 4) * (friGH — fLow)
iah le f 20 mA fHIGH — fLow freaL = 16 * fLow

100 Hz (High scale, high) m
Active power -(Vhi I n), kW (Low scale, P 4 mA - 16 Ipo —4) % (PHIGH — P
kw, P P (Vhigh * Thigh * M: kW ( low) |po = PrREAL—PLow)x16 prea = o= x Prtan —Prow) Iz 2 x I

’ 0 kW 12 mA PHich —PLow 16 hlgh p
Vhigh X Ihigh x n, kKW (High scale, Phigh) 20 mA
n=3 for 3LN3, 4LN3 and 3BLN
Reactive As for active power _ (Qrear —Qrow) x16 " (Tao — 4 % (Quzgr — Qow) 3 for 3LN3, 4LN3 and 3BLN3
Tno = +4 QreaL = +Qlow configurations,
power kvar, Q QnieH ~ Quow 16 ) .
n=2 for other configurations

Apparent 0 kVA (Low scale, S 4 mA _ (SreaL —Siow) x16 (Tpo = 4) % (SHiGH — SLow)
pg\?\ler KVA,S | (v ( I I(Z)Wk)VA 12 mA o= o -sow Seen, =0 S v siow

(Vhigh * Thigh * /2, ”

mA

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

Power demand

As for apparent power




Analog Output 0-20 mA

Parameter Programmable scales (Low scale and Analog Output current calculation, | Real (measured) parameter Notes

High scale), output limits (low and output, Ipo: MA calculation

high) and typical points, natural units | mA
Voltage, V 0V (Low scale, Vigy) 0 mA Ing = (VReAL — Viow) x 20 _ Ino * (VHIGH — Viow)
No PT _ ; A=Y VREAL=—"———_—  * Viow

1.2 x 690 = 828V (High scale, Vhigh) 20mA HIGH ~ VLow 20
Voltage 0V (Low scale, Vigu,) 0 mA K = PT ratio
via PT 144 x K, V (High scale, Viigp,) 20mA
Current, I 0 A (Low scale, i) 0 mA Lio = (TreaL —ILow) x 20 Tao * (THiGH — TL.ow) I, =CT primary current,

. A0 T T REAL="""_——— " +tIow p =

2 x Ip, A (High scale, Ihigh) 20mA HIGH ™ JLOW 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 5 mA Ino = - PFrea x 10 PFrea = 'IAo/lo

-0.99 9.9 mA For positive PF: If PF > 10 mA:

100 10 mA IAO = 20 'PFREAL X 10 PFREAL = (20 - IAo)/lo

0.50 15 mA

0.0 (High scale) 20mA
Lag and lead 0.00 (Low scale, PF|g,,) 0 mA Lo = (PFreAL — PFLOW) % 20 PE _ 1o x (PFHIGH — PFLOW) +PF
power factor, PF 1.00 (High scale, PFhigh) 20mA PFHIGH — PFLOW REAL 20 LOW
Frequency, f 0 Hz (Low. scale, fiow) 0 mA Lo = (fRiAL - fl_OfW) x 20 frEAL = fa0 * (frich — frow) fLow

100 Hz (High scale, fhig) 20mA HIGH ~ fLow 20
éctlve power, kW, '(Vhigh x Ihigh * n), kKW (Low scale, Py,,) | 0 mA Lo = (PREAL _ljl_(F)’W) x 20 PrgaL = 1n0 * (PriGH = PLow) , PLow Ll

0 kW 10 mA HIGH ~ PLow 20 high= <> {p

Vhigh X Ihigh x n, kW (High scale, Phigh) 20 mA
Reactive power As for active power Lng — (QrEAL ~ Quow) * 20 ey, - 1207 Q= Qow) n=3f_for 3t|_-N3, 4LN3 and 3BLN3
kvar, Q 0 Qe Qow REAL=" 5 Cow configurations, . .
Apparent power 0 kVA (Low scale, Sy) 0 mA Lo = (SreaL — Stow) % 20 s 120 * (SHicH — Stow) ie n = 2 for other configurations

, REAL =" — T SLow
kVA, S (Vhigh * Thigh * N)/2, KVA 10 mA SHIGH ~ 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 (Low scale and Analog Output current Real (measured) parameter Notes
High scale), output limits (low and output, calculation, 1,5, MA calculation
high) and typical points, natural units | mA
Voltage, V 0V (Low scale, Vo) 0 mA _ VReAL — Viow
No PT 1.2 x 690 = 828V (High scale, Vpigp) 1 mA VHIGH — Viow Veea= Iao X (Vieh - 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, I|0W) 0 mA _ IreaL —Tiow Ip = CT primary current,
2 x 1, A (High scale, Iign) 1 mA IhieH ~ Iow Irea= Tao X (Tien = Liow) + 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 Tao = - PFgrea X 0.5 PFrear = -Iao X 2
-0.99 0.495 mA For positive PF: If PF > 0.5 mA:
1.00 0.5 mA IAO =1- PFREAL x 0.5 PFREAL= (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, PFyjgp,) 1 mA PFHIGH ~PFLow
Frequency, f 0 Hz (Low scale, fig,) 0 mA _ frea —frow frear= Ino X (frh - flow) + flow
100 Hz (High scale, fiign) 1 mA friGH ~ fLow
Active power, kW, '(Vhigh x Ihigh x n), KW (Low scale, Py,,) | 0 mA _ PreaL —Prow Preac= Ino X (Phren - Pow) + Prow
P 0 kW 0.5 mA PrIGH ~ PLow Thigh=2*1p
Vhigh x Ihigh x n, kW (High scale, Phigh) 1 mA
Reactive power As for active power _ Qrea —Qiow Qrea= Ino X (Quicr - Qow) + Quow n=3 for 3LN3, 4LN3 and 3BLN3
kvar, Q = Q- Qow configurations,
Apparent power 0 kVA (Low scale, Sig) 0 mA _ SreAL— SLow Seea= Ino X (Swier - Siow) + Stow n = 2 for other configurations
kVA, S (Vhigh * Thigh x N)/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 (Low scale and Analog Output current Real (measured) parameter Notes
High scale), output limits (low and output, mA | calculation, 1,5, MA calculation
high) and typical points, natural units
Voltage, V 0V (Low scale, Viqu,) 0 mA _ VReaL ~Viow
No PT 1.2 x 690 = 828V (High scale, Vhigh) 1 mA VHIGH ~ Viow Veea= Lo X (Viuan = Viow) + Viow
Voltage, V 0V (Low scale, V|q,) 0 mA K = PT ratio
via PT 144 x K, V (High scale, Vhigh) 1 mA
Current I 0 A (Low scale, Ilow) 0mA _ IreaL —Tiow Ip = CT primary current,
2 x I, A (High scale, Ipigh) 1 mA TniGH ~ ILow Trear= Ino X (Iian - 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 IAO =-1- PFREAL PFREAL =-1- IAO
-0.99 -0.01 mA For positive PF: If PF > 0 mA:
1.00 (LOW Scale) 0 mA Tno = 1- PFrear PFreaL = 1- Ino
0.50 0.5 mA
0.0 (High scale) 1 mA
Lag and lead 0.00 (Low scale, PFigy) 0 mA _ PFreaL —PFiow PFrear = Ino X (PFuier - PFiow) + PFiow
power factor, PF 1.00 (High scale, PFhigh) 1mA PFHIGH — PFLOW
Frequency, f 0 Hz (Low scale, figy) 0 mA _ freaL — frow frear= Tao X (fiuan - frow) + fiow
100 Hz (High scale, fhigh) 1 mA fHiGH — fLow
Active power, '(Vhigh X Ihigh x n), kKW (PIOW) -1 mA Lno = (PreaL — PLow) x 2 1 Prea= (Tno + 1) x (Puh = Prow)/2 + Prow
'F(>W 0 kW (Low scale) 0 mA PHIGH — PLow Ihigh= 2 x Ip
Vhigh X Ihigh x n, KW (High scale, Phigh) 1 mA Lt
Reactive power | As for active power _ Qe ~Quow)*2 ;| Qrea= (Lo + 1) x (Quien - Quow)/2 + Quow n=3 for 3LN3, 4LN3 and 3BLN3
kvar, Q Ino=—r —~ configurations,

' Qhicr ~ Quow = 2 for oth fourati
Apparent power | 0 kVA (Low scale, S,) 0 mA _ SReAL—SLow Seeac= Lno x (Swigh - Siow) + Stow n = 2 for other configurations
KVA, S (Vhigh * Thigh X 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 10026 overload)

Parameter Programmable scales (Low scale and Analog Output current Real (measured) parameter Notes
High scale), output limits (low and output, calculation, 1,5, MA calculation
high) and typical points, natural units | mA
Voltage, V V (Low scale, V, mA VREAL — V] 2 -
N?) F?'? ” 0V (Low scale, V|q,y) _ 0 IAO:( F\{/EAL _I;;)W)X VReaL = 10 > (VHIGH — Viow) Viow
(1.2 x 690)/2 = 414V (High scale) 1 mA HIGH ~ VoW 2
1.2 x 690 = 828V (Vhigh) 2mA
Voltage, V 0V (Low scale, Vig) 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, Ljn,) 0mA _ (IreaL —Tiow) x 2 120 % (THiGH — ILow) Ih= CT primary current,
_ To="" IReaL=""—_"~— +Iow -
(2 x Ip)/2, A (High scale) 1 mA HIGH ~ lLow 2 Multiplier 2 for 100% overload
2 x Ip, A (Ihigh) 2 mA
Signed power -0.0 (Low scale) 0 mA For negative PF: If PF< 1.0 mA:
factor, PF -0.50 0.5mA Ino = - PFreaL PFreaL= -Iao
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 2mA
Lag and lead 0.00 (Low scale, PFig,) 0 mA _ (PFRreaL — PFLow) x 2 10 * (PFHIGH — PFLOW)
1 = _R"oAL " MW — AV AT RlbR TR LUW/
power factor, PF 0.50 (High scale) 1 mA A0 PFHIGH — PFLOW PFREAL 2 *PRLow
1.00 (PFhigh) 2 mA
Frequency, f 0 Hz (LOVIV scale, fiow) 0 mA Ino = (fRfEAL _iL;)W) x2 frReAL = f0 % (FHIGH — fLow) +fLow
50 Hz (High scale) 1 mA HIGH ~ TLow 2
100 Hz (fhigh) 2mA
Active e -(Vhi It kW (L le, P mA PReAL —P 2 -
kWNP power ( high >< high * n), (Low scale, Pjo,y) | O Lo = ( I;EAL _LPOW)X PreaL = 1a0 % (PHIGH — PLOW) PLow b el
' 0 kW (High scale) 1 mA HIGH ~FLOW 2 high p
Vhigh * Ihigh * Ns KW (Phigh) 2 mA
Reactive power As for active power - 2 -
kvar, Q P P Tao = (QSEAL 7?gw)x QreaL = 110 *Quien = Qow) + QLow n=3 for 3LN3, 4LN3 and 3BLN3
! HIGH — <Low 2 configurations,
ﬁpparsent power | 0kVA (Low scale, Sq) 0 mA po = (SREAL=Stow) x2 Srea = LA X (SHIGH ~ Stow) (Sticn = Stow) SLow n = 2 for other configurations
VA, (Vhigh * Thigh * N)/2, KVA, (High scale) 1 mA SHIGH ~ SLow 2
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 10026 overload)

Parameter Programmable scales (Low scale and Analog Output current Real (measured) parameter Notes
High scale), output limits (low and output, calculation, 1,5, MA calculation
high) and typical points, natural units mA
_ 2 _
\’\/‘glts_?e, v 0V (Low scale, Vi) - 0 mA Tao = (Vr\{/EAL YI;;)W)X VREAL = 100 * (VHiGH = Viow) , Viow
(1.2 x 690)/2 = 414V (High scale) 1mA HIGH ~ VoW 2
1.2 x 690 = 828V (Vhigh) 2mA
Voltage 0V (Low scale, Vig) 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, Ijgy,) 0 mA _ (rear —Tiow) x 2 10 * (THigH — ILow) I, = CT primary current,
. To=— | IReaL==—"—_—— +low -
(2 x Ip)/2, A (High scale) 1 mA HIGH ~ 1LOW 2 Multiplier 2 for 100% overload
2 x Ip, A (Ihigh) 2 mA
Signed power -0.0 -2 mA For negative PF: If PF < 0 mA:
faCtOI', PF -0.50 -1 mA Ino = -2 X (1 + PFREAL) PFreaL = -1- IAo/Z
1.00 (Low scale) 0 mA For positive PF: If PF > 0 mA:
0.50 (ngh Scale) 1 mA IAO =2X (1 - PFREAL) PFREAL= 1- IAo/z
0.0 2 mA
Lag and lead 0.00 (Low scale, PFjg,,) 0 mA _ (PFreaL — PFLOow) % 2 1a0 X (PFHIGH — PFLOW)
1 = _R"EAL " MW — AV AT TRl TTLUW/
power factor, PF 0.50 (High scale) 1 mA A0 PFHIGH — PFLOW PFREAL 2 *Phow
1.00 (PFhigh) 2 mA
_ x2 _
Frequency, f 0 Hz (LO\{V scale, fioy,) 0mA Lio= (fRfEAL EL;)W) fREAL = fa0 % (FHiGH — fLow) + fLow
50 Hz (High scale) 1 mA HIGH ~ TLow 2
100 Hz (fhigh) 2 mA
Active power, “(Vhigh * Thigh * M, kW (Pioy) -2 mA Ino = (PreaL —PLow) x4 5 | Prea= (Tno + 2) x (Priar - Prow)/4 + Prow
kw, p 0 kW, (Low scale) 0 mA PHIGH — PLow Ihigh= 2 x Ip
(Vhigh X Ihigh x n)/2, kW (High scale) 1 mA
Viiom % Lo n, kW (Pp:
: high * “high * (Phigh) 2mA n=3 for 3LN3, 4LN3 and 3BLN3
EeaCtWe power As for active power Ino = (Qrear —Qrow) x4 P Qrea= (Tno + 2) x (Quicr - Quow)/4 + Quow configurations,
var, - ) )
Q QriraH ~ Qow n = 2 for other configurations
Apparent power | 0 kVA (Low scale, Sig\) 0 mA Lag = (SreAL — Stow) x 2 ~ Ipo % (SHiGH — SLow)
kVA, S . ARO= e g SREAL=—"—"—_——— *SLow
4 (Vhigh x Ihigh x n)/2, kVA, (High scale) 1 mA HIGH ™ SLOW 2
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 20026 overload)

Parameter Programmable scales (Low scale and Analog Output current Real (measured) parameter Notes
High scale), output limits (low and output, calculation, 1,5, MA calculation
high) and typical points, natural units | mA
\’\/‘glts_?e, v 0V (Low scale, V|q,y) _ 0 mA o= (VF\{/EAL —1/|;;>w) x3 VegaL = 10 (Ve — Viow) Viow
(1.2 x 690)/3 = 414V (High scale) 1 mA HIGH ~ Viow 3
1.2 x 690 = 828V (Vhigh) 3 mA
Voltage, V 0V (Low scale, Vig) 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, i) 0mA Ino = (IreaL —ILow) %3 . _ Ipo * (ThicH — ILow) 1 Ip= CT primary current,
(2  1,)/3, A (High scale) 1 mA Tt ~ TLow REAL 3 tow Multiplier 2 for 100% overload
2 x Ip, A (Ihigh) 3 mA
Signed power -0.0 (Low scale) 0 mA For negative PF: If PF< 1.5 mA:
faCtOI', PF -0.50 0.75 mA Iao = -PFreaL X 3/2 PFrea= -Iao X 2/3
-0.667 (High scale) 1 mA For positive PF: If PF> 1.5 mA:
1.00 1.5 mA Ino= 3 - PFgeaL X 3/2 PFreac= (3 - Lno) x 2/3
0.50 2.25mA
0.0 3 mA
Lag and lead 0.00 (Low scale, PFi,,) 0 mA Lno = (PFReAL — PFLOW) %3 _ Ino x (PFHIGH — PFLOW)
power factor, PF 0.333 (High scale) 1 mA o PFHIGH — PFLOW PRREAL 3 * PRow
1.00 (PFhigh) 3 mA
— 3 —
Frequency, f 0 Hz (Lov.v scale, figy) 0 mA Tno = (fRfEAL iLfow)X fREAL = fao x (fHIgH frow) fLow
33 Hz (High scale) 1 mA HIGH ~ TLOW
99 Hz (fhigh) 3 mA
Active power -(Vhi I n), kW (Low scale, P 0 mA _ (PreaL —PLow) %3 -
fivhls p ( high * *high * ) ( : low) Ino fiﬁﬁ; fLPOngw PreaL = 1ao > {PriGH — Prow) (PngH PLow) +PLow Ini=2x1
’ '(Vhigh x Ihigh x n)/3, kW (High scale) 1 mA high p
0 kW 1.5 mA
— Xhi?h - Ithigh x 1, kKW (Phigh) 3 mA s — n=3 for 3LN3, 4LN3 and 3BLN3
eactive power s for active power - x Ino ¥ - ) ;
kvar, Q Ta0 = H Qreal = w +Quow configurations,
! n = 2 for other configurations
Apparent power | 0 kVA (Low scale, Sig,,) 0 mA Lag = (SreaL — Stow) 3 _ Ino * (SHigH — SLow)
kVA, S ; A0 s ien—Stow SREAL = 3 + Sow
’ (Vhigh X Ihigh x n)/3, kVA, (High scale) 1 mA
3 mA

Vhigh x Ihigh x n, kVA (Shigh)

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.




Analog Output =3 mA range (=1 mA option with 20026 overload)

Parameter Programmable scales (Low scale and Analog Output current Real (measured) parameter Notes
High scale), output limits (low and output, calculation, 1,5, MA calculation
high) and typical points, natural units mA
_ 3 _
\’\/‘glts_?E, v 0V (Low scale, V|qy) _ 0 mA o= (Vp\z/EAL Y:;)w)x VegaL = 10 (VHI:;;H Viow) Viow
(1.2 x 690)/3 = 414V (High scale) 1 mA HIGH ™ VLOW
1.2 x 690 = 828V (Vhigh) 3mA
Voltage 0V (Low scale, Vig) 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, L) 0 mA _ (lrea —Tiow) x 3 10 * (IHIGH — ILow) I, = CT primary current,
) To=""1 — IReaL = =——— o +Iiow -,
(2 x Ip)/3, A (High scale) 1 mA HIGH ™ LOW 3 Multiplier 2 for 100% overload
2 x Ip, A (Ihigh) 3 mA
Signed power -0.0 -3 mA For negative PF: If PF < 0 mA:
faCtOI', PF -0.667 -1 mA Ipo = -3 x (1 + PFREAL) PFrea = -1- IAQ/3
1.00 (Low scale) 0 mA For positive PF: If PF > 0 mA:
0.667 (ngh scale) 1 mA Ino =3X (1 - PFREAL) PFrea=1 - IA0/3
0.0 3mA
Lag and lead 0.00 (Low scale, PFig0) 0 mA _ (PFreaL —PFLow) %3 1a0 * (PFHIGH — PFLOW)
I = _REAL T LUW/ = — 20 AT RAlGR TTLOW/
power factor, PF 0.333 (High scale) 1 mA Ao PFHIGH — PFLOW PFREAL 3 * PRLow
1.00 (PFhigh) 3 mA
F f 0 Hz (L le, f; 0 mA fREAL — f x3 -
requency, 7 ( oYv scale, fiow) m Lo = RfEAL _L'E)W) fagaL = TAOX (fHIgH frow) flow
33 Hz (High scale) 1 mA HIGH ~ fLOW
99 Hz (fhigh) 3 mA
Active power, “(Vhigh * Thigh * M, kW (Piow) -3 mA Lo = (PreaL —PLow) 6 _ 5 | Prea= (Tao + 3) x (Pricr - Prow)/6 + PLow
kw, p 0 kW, (Low scale) 0 mA PHIGH — PLow Ihigh= 2 x Ip
(Vhigh X Ihigh x n)/3, kW (High scale) 1 mA
Viiah % I n, KW (Pp:
_ high * “high * (Phigh) 3mA n=3 for 3LN3, 4LN3 and 3BLN3
IIjeactlve power As for active power Lo = (Qrear — Quow) %6 3 Qrear= (Ino + 3) x (Quicr - Quow)/6 + Quow configurations,
var, - .
Q QriraH ~ Qow n = 2 for other configurations
Apparent power | 0 kVA (Low scale, Sjg,,) 0 mA _ (SreaL —Siow) x 3 _ Ip0 % (SHiGH — SLow)
kVA, S ; tho = SHIGH ~ SLow SREAL = 3 + Sow
4 (Vhigh x Ihigh x n)/3, kVA, (High scale) 1 mA
3 mA

Power demand

Vhigh X Ihigh x n, 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 40026 overload)

Parameter Programmable scales (Low scale and Analog Output current Real (measured) parameter Notes
High scale), output limits (low and output, calculation, 1,5, MA calculation
high) and typical points, natural units | mA
Voltage, V 0V (Low scale, Vi) 0mA Ing = (VREAL ~Viow) x5 _lao*(VHIGH~ Viow)
A0 = — VREAL="—— - —— *tViow
No PT (1.2 x 690)/5 = 165.6V (High scale) 1 mA VHicH ™ Viow 5
1.2 x 690 = 828V (Vhigh) 5mA
Voltage, V 0V (Low scale, Vig) 0 mA K = PT ratio
via PT (144 x K)/5, V (High scale) 1 mA
144 x K, V (Vhigh) 5mA
Current I 0 A (Low scale, i) 0 mA _(ReaL —low)*5 | _1a0 % (IHIGH ~ ILow) ) Ip = CT primary current,
7 REAL="— ¢ —  *how
(2 x Ip)/5, A (High scale) 1 mA HicH ~kLow 5 Multiplier 2 for 100% overload
2 x Ip, A (Ihigh) 5mA
Signed power -0.0 (Low scale) 0 mA For negative PF: If PF< 2.5 mA:
faCtOI', PF -0.4 (ngh Scale) 1 mA Iao = -PFreaL X 5/2 PFrea= -Iao X 2/5
-0.50 1.25 mA For positive PF: If PF> 2.5 mA:
1.00 2.5mA Ino=5 - PFgreaL X 5/2 PFrea= (5 - Ta0) X 2/5
0.50 3.75mA
0.0 5 mA
Lag and lead 0.00 (Low scale, PFig,\) 0 mA _ (PFreaL ~PFLOW)*5 _ laox (PFHiGH ~ PFLOW)
power factor, PF | 4500 (High scale) 1 mA o PFHiGH ~ PFLOW PFREAL 5 +PFow
1.00 (PFhigh) 5 mA
— x5 x —
Frequency, f 0 Hz (LOV.V scale, figy) 0 mA o = (fRfEAL jl_fow) frEaL = fao (fHIgH frow) | fLow
20 Hz (High scale) 1 mA HiGH T TLOW
100 Hz (fhigh) 5mA
Active power “(Vhigh * Thigh * N), KW (Low scale, Pjg,,) | 0 mA _ (PreaL —PLow)x5 _ Iao* (PHIGH ~PLow)
kw, P - .g .g ; "0 B PLow PREAL = 5 *PLow Ihigh =2 x 1
’ (Vhlgh x Ihlgh x n)/5, kW (High scale) 1 mA high p
0 kW 2.5mA
— Xhi?h x Ithigh x n, kW (Phigh) 5 mA o s o o n=3 for 3LN3, 4LN3 and 3BLN3
eactive power s for active power _ (QreaL ~QLow)* _1a0*(QHigH ~ QLow i i
kvar, Q "™ Quion-Quow Qent > Toow Eoffflfjcr)at(l)(i:z’ configurations
Apparent power | 0 kVA (Low scale, Syg) 0 mA Iacy = (SREAL ~SLow) x5 _ 120> (SHigH ~ SLow) - r ' guratl
kVA, S ; A0 SieH-SLow SREAL = 5 *Stow
’ (Vhigh x Ihigh x n)/5, kVA, (High scale) 1 mA
5mA

Vhigh X Ihigh x n, kVA (Shigh)

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 40026 overload)

Parameter Programmable scales (Low scale and Analog Output current Real (measured) parameter Notes
High scale), output limits (low and output, calculation, 1,5, MA calculation
high) and typical points, natural units mA
- x5 X -
\’\/‘glts_?e, Vv 0V (Low scale, V|g\) . 0 mA ho = (V\R/i;I\GLH Y\b?gv)v VREAL = lao (VH|§H Viow) “Viow
(1.2 x 690)/5 = 165.6V (High scale) 1 mA
1.2 x 690 = 828V (Vhigh) 5mA
Voltage 0V (Low scale, Vig) 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, Ljn,) 0 mA o = (ReAL ~lLow)*5 | 1A0 * (IHIGH ~ lLow) 1 Ip = CT primary current,
— = ¢ (o)
(2 x 1,)/5, A (High scale) 1 mA HiGH~lLow REAL 5 - Multiplier 2 for 100% overload
2 x Ip, A (Ihigh) 5mA
Signed power -0.0 -5 mA For negative PF: If PF < 0 mA:
faCtOI', PF -0.667 -1 mA IAO =-5% (1 + PFREAL) PFREAL =-1- IAQ/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/S
0.0 5mA
Lag and lead 0.00 (Low scale, PFig0) 0 mA Ing = (PFREAL ~PFLOW) X5 _ a0 *(PFHiGH ~ PFLOW)
power factor, PF 0.333 (High scale) 1 mA A PFicH-PFLOW PFREAL 5 +PFow
1.00 (PFhigh) 5 mA
f —f x5 X -
Frequency, f 0 Hz (Low scale, fio,) 0 mA o = ( RfEAL 7LfOW) frEAL = fao (fHI(;H frow) , fLow
20 Hz (High scale) 1mA HIGH™TLoW
100 Hz (fhigh) 5 mA
Active power, _(Vhigh X Ihigh x n), kKW (Pion) -5 mA ho = (PreaL —Prow)x10 o | Prea= (Ino + 5) x (Phet - Prow)/10 + Piow
kw, P 0 kW, (Low scale) 0 mA PHiGH ~PLow Thigh=2x1p
(Vhigh X Ihigh x n)/5, kW (High scale) 1 mA
Vi I n, KW (Pp:
_ high * “high * (Phigh) 5 mA n=3 for 3LN3, 4LN3 and 3BLN3
Reactive power | As for active power o (QrEAL=Quow) <10 5 | Qrea= (Tao + 5) x (Quion~ Quow)/10 + configurations,
kvar, Q Quich ~ Qow Qiow n = 2 for other configurations
Apparent power | 0 kVA (Low scale, Sy,) 0 mA o = (SREAL ~SLow) x5 SreAL = Ia0 * (SHIGH — SLow) +Stow - 9
KVA, S (Vhigh * Thigh X N)/5, KVA, (High scale) 1 mA SHIGH ™ SLow >
5mA

Power demand

Vhigh x Ihigh x n, KVA (Shigh)
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 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|5, =0 V.
High voltage Vg = 144 x K=144 x 200 = 28800 V.

Current:

Low current |, (0 or 4 mA) =0 A,
High current Ipjgp =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 = N x Vhigh % Ihigh /1000 = 3 x 28800 x 800/1000 = 69,120 KW (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): 'high= 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): Pjq\y =
-69,120 kW (kvar).

Low scale, 0 mA (£1 mA, £2 mA, +3 mA range): P|q,y, = 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).

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

High scale, 1 mA

(
(
High scale, 1 mA (
(
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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 ProraL = 17170 kW
Apparent power StotaL = 19736 kVA

The output currents would be as follows:

_ VREAL— Viow _ 24800-0
VHIGH— VLow 28800-0

=0.861mA

Voltage output: |50

_ Irea—Tiow _ 460-0 _ ) ocn
InigH —I,ow 800-0

_ Prea-PLowx2 | _ ((17170-(-69120)x2
PHIGH-PLOW 69120-(-69120

Current output: Tpq

-1=0.248 mA

Active power output: Ino

_SeeaL—Stow _19736-0 _ 500 1

Apparent power output:  Jao =
SHiGH—Stow  69120-0

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
VHIGH™ VLow 28800-0

Voltage output: |5q =1.722mA

_ (lgea —TLowy2 _ (460 -0)x 2
THiGH — ILow 800-0

Current output: pg =1.15mA

_ Prea-Plowx4 _,_ (A7170-(-69120)x4 o 407

PHIGHPLOW 69120-(-69120

_ (SpeaL—Stowp _ (19736-0)x2
SHIGH™ SLow 69120-0

Active power output: Y]

=0.57ImA

Apparent power output:  Ipq

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.

Which real electrical quantities does the meter measure if the analog output currents are as
follows?

Voltage analog output |55 = 0.861 mA
Current analog output I, = 1.15 mA

Active power analog output |45 = 0.497 mA
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Apparent power analog output 1,5, = 0.571 mA

The meter readings would be as follows:
Measured voltage: VREAL= IAO X (VHIGH - VLOW)/2 + V|_ow =0.861x (28800 - 0)/2 + 0= 12398 V
Measured current: IreaL= lao X (lHlGH - |LOW)/2 +low =1.15x (800 - 0)/2 +0=460A

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

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