
3W Auto Impedance Estimator Equations

%Zps is Linearized from Empirical Data

%𝑍𝑝𝑠 ≈ 0.0071 𝑂𝑁𝐴𝑁 + 5.225

X/R Ratio is Estimated from ANSI C37.010

Positive Sequence

𝑍𝑝𝑠𝑝𝑢 =
%𝑍

100

𝑅𝑝𝑠𝑝𝑢 =
𝑍𝑝𝑠𝑝𝑢

1 + 𝑋𝑅𝑟𝑎𝑡𝑖𝑜2

𝑋𝑝𝑠𝑝𝑢 = 𝑍𝑝𝑠𝑝𝑢
2 − 𝑅𝑝𝑠𝑝𝑢

2

Given: Max MVA
(OFAF)

𝑂𝐹𝐴𝑁 =
3

4
𝑂𝐹𝐴𝐹

𝑂𝑁𝐴𝑁 =
3

5
𝑂𝐹𝐴𝐹

Given: Rated MVA
(ONAN)

𝑂𝐹𝐴𝑁 =
5

4
𝑂𝑁𝐴𝑁

𝑂𝐹𝐴𝐹 =
5

3
𝑂𝑁𝐴𝑁



3W Auto Δ Tertiary
Zpt and Zst

Positive Sequence

Zpt/Zps is Linearized from Empirical Data

𝑍𝑝𝑡 ≈ 𝑍𝑝𝑠 0.0022 𝑂𝑁𝐴𝑁𝑇𝑒𝑟𝑖𝑎𝑟𝑦 + 0.9931 𝑍𝑠𝑡 ≈ 𝑍𝑝𝑠 0.0025 𝑂𝑁𝐴𝑁𝑇𝑒𝑟𝑖𝑎𝑟𝑦 + 0.8179

𝑅𝑝𝑠0 = 𝑅𝑝𝑠+
𝑋𝑝𝑠0 ≈ 0.9𝑋𝑝𝑠+

Zps0 Zpt0 and Zst0 are Estimated Relative to Positive Sequence
𝑍𝑝𝑡0
𝑍𝑝𝑡+

=
𝑍𝑝𝑠0
𝑍𝑝𝑠+

𝑍𝑠𝑡0
𝑍𝑠𝑡+

=
𝑍𝑝𝑠0
𝑍𝑝𝑠+

𝑂𝑁𝐴𝑁𝑇𝑒𝑟𝑖𝑎𝑟𝑦 ≈
1

3
𝑂𝑁𝐴𝑁𝑃𝑆

ONANTertiary is Estimated as 1/3 ONANPS

𝑅𝑝𝑡0 = 𝑅𝑝𝑠0
𝑅𝑝𝑡+
𝑅𝑝𝑠+

𝑋𝑝𝑡0 = 𝑋𝑝𝑠0
𝑋𝑝𝑡+
𝑋𝑝𝑠+

𝑅𝑠𝑡0 = 𝑅𝑝𝑠0
𝑅𝑠𝑡+
𝑅𝑝𝑠+

𝑋𝑠𝑡0 = 𝑋𝑝𝑠0
𝑋𝑠𝑡+
𝑋𝑝𝑠+

Zero Sequence

Zst/Zps is Linearized from Empirical Data



3W Auto Δ Tertiary (Buried)
this method uses all windings with same MVABase = ONANPS

Zpt and Zst
Positive Sequence

Xpt is Estimated using Xps

𝑋𝑝𝑡 ≈
3

2
𝑋𝑝𝑠

Xst is Estimated using Xps

𝑋𝑠𝑡 ≈
1

2
𝑋𝑝𝑠

Rpt is Estimated from X/R Ratio

𝑅𝑝𝑡 =
𝑋𝑝𝑡

𝑋𝑅𝑟𝑎𝑡𝑖𝑜

Rst is Estimated from X/R Ratio

𝑅𝑠𝑡 =
𝑋𝑠𝑡

𝑋𝑅𝑟𝑎𝑡𝑖𝑜

𝑅𝑝𝑠0 = 𝑅𝑝𝑠+
𝑋𝑝𝑠0 ≈ 0.9𝑋𝑝𝑠+

Zps0 Zpt0 and Zst0 are Estimated Relative to Positive Sequence
𝑍𝑝𝑡0
𝑍𝑝𝑡+

=
𝑍𝑝𝑠0
𝑍𝑝𝑠+

𝑍𝑠𝑡0
𝑍𝑠𝑡+

=
𝑍𝑝𝑠0
𝑍𝑝𝑠+

𝑅𝑝𝑡0 = 𝑅𝑝𝑠0
𝑅𝑝𝑡+
𝑅𝑝𝑠+

𝑋𝑝𝑡0 = 𝑋𝑝𝑠0
𝑋𝑝𝑡+
𝑋𝑝𝑠+

𝑅𝑠𝑡0 = 𝑅𝑝𝑠0
𝑅𝑠𝑡+
𝑅𝑝𝑠+

𝑋𝑠𝑡0 = 𝑋𝑝𝑠0
𝑋𝑠𝑡+
𝑋𝑝𝑠+

Zero Sequence



Questions or Comments …

contact us

http://www.3phaseee.com/contact

