
𝑽1 𝑽1 𝑽2𝑽2

𝑺1 𝑺1𝑅 𝑗𝑋

𝒁 = 𝑅 + 𝑗𝑋 𝒁 = 𝑅 + 𝑗𝑋

𝑰1 𝑰1

𝑺1 = 𝑽1𝑰1
∗ = 𝑽1

𝑽1 − 𝑽2
𝒁

∗

= 𝑽1
𝑽1
∗ − 𝑽2

∗

𝒁∗

𝑺1 =
𝑉1

2 − 𝑽1𝑽𝟐
∗

𝒁∗
=

𝑉1
2 − 𝑉1 𝑉2 𝑒

𝑗𝜃1𝑒−𝑗𝜃2

𝑍 𝑒−𝑗𝜃𝑍

𝑺1 =
𝑉1

2

𝑍
𝑒𝑗𝜃𝑍 −

𝑉1 𝑉2
𝑍

𝑒𝑗(𝜃12+𝜃𝑍)

𝑺1 =
𝑉1

2

𝑍
∠𝜃𝑍 −

𝑉1 𝑉2
𝑍

∠(𝜃12+𝜃𝑍)

𝑃1 =
𝑉1

2

𝑍
cos 𝜃𝑍 −

𝑉1 𝑉2
𝑍

cos(𝜃12+𝜃𝑍)

𝑄1 =
𝑉1

2

𝑍
sin 𝜃𝑍 −

𝑉1 𝑉2
𝑍

sin(𝜃12+𝜃𝑍)

Short Line or Transformer Power Flow

(no charging)

𝑤ℎ𝑒𝑟𝑒:
𝜃12 = 𝜃1 − 𝜃2



If:   X >> R   (near lossless)

𝜃𝑍 ≈ 90𝑍 ≈ 𝑋

𝑃1 ≈
𝑉1

2

𝑋
cos 90 −

𝑉1 𝑉2
𝑋

cos(𝜃12+90) ≈ 0 +
𝑉1 𝑉2
𝑋

sin 𝜃12

𝑄1 ≈
𝑉1

2

𝑋
sin 90 −

𝑉1 𝑉2
𝑋

sin(𝜃12+90) ≈
𝑉1

2

𝑋
−

𝑉1 𝑉2
𝑋

cos 𝜃12

𝑃1 ≈
𝑉1 𝑉2
𝑋

sin 𝜃12 𝑄1 ≈
𝑉1

2

𝑋
−

𝑉1 𝑉2
𝑋

cos 𝜃12

Good Estimate of P1 and Q1



Magnitude of Voltage across this Branch

𝑎𝑠𝑠𝑢𝑚𝑒:

𝑽1 = 1∠0°

𝑄1 ≈
1

𝑋
−

𝑉2
𝑋

cos 𝜃12

𝑄1𝑋 ≈ 1 − 𝑉2 cos 𝜃12

𝑉2 ≈
1 − 𝑄1𝑋

cos 𝜃12
∆𝑉 = 𝑉1 − 𝑉2

∆𝑉 ≈ 1 −
1 − 𝑄1𝑋

cos 𝜃12

∆𝑉 ≈
𝑄1𝑋 − 1

cos 𝜃12
+ 1

𝐼𝑓: 𝜃12 < 10°
∆𝑉 ≈ 𝑄1𝑋

For longer lines with significant capacitive charging
check out:

3phaseee.com/two_bus_line_flow
3phaseee.com/max-line-flow-derivation.pdf

http://www.3phaseee.com/two_bus_line_flow
http://www.3phaseee.com/static/docs/max-line-flow-derivation.pdf


Questions or Comments …

contact us

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

