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Potier Reactance



(De)Motivation

Potier reactance...
| don’t like it too much, it's kinda fiction.“

- prof. Ing. Vaclav Bartos, CSc.
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(De)Motivation

,Well, it is some value between leakage reactance
and some different reactance, which is unknown.”

- doc. Ing. Josef Cerveny, CSc.
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Potier Reactance

* Important for evaluation of synchronous machine properties
* Except leakage fluxes of stator and rotor it reflects also saturation effects

* Itis derived graphically from the no-load characteristic and induction
characteristic
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Potier Reactance

* Important for evaluation of synchronous machine properties
* Except leakage fluxes of stator and rotor it reflects also saturation effects

* Itis derived graphically from the no-load characteristic and induction
characteristic

- No-load characteristic:
- characteristic of U, = f (I,) while disconnected machine terminals
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Potier Reactance

* Important for evaluation of synchronous machine properties
* Except leakage fluxes of stator and rotor it reflects also saturation effects

* Itis derived graphically from the no-load characteristic and induction

characteristic
- No-load characteristic:
- characteristic of U, = f (I,) while disconnected machine terminals

— Induction characteristic:
- characteristic of U = f (1,) while holding inductive cos ¢ = 0 and constant

stator current (most commonly rated current I )
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Potier Reactance

* Important for evaluation of synchronous machine properties
* Except leakage fluxes of stator and rotor it reflects also saturation effects

* Itis derived graphically from the no-load characteristic and induction

characteristic
- No-load characteristic:
- characteristic of U, = f (I,) while disconnected machine terminals

— Induction characteristic:
- characteristic of U = f (1,) while holding inductive cos ¢ = 0 and constant

stator current (most commonly rated current I )
...Induction characteristic has identical shape as no-load characteristic, but
it s moved downside right.
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Potier Reactance

U [\/]ﬂ
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Potier Reactance

U [\/]ﬂ

no-load characteristic
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Potier Reactance

U [\/]ﬂ

<«— induction characteristic
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Potier Reactance
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Potier Reactance
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Potier Reactance
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Potier Reactance
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Potier Reactance

U [\/]A
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Potier Reactance
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Potier Reactance

* The right triangle ABC (or AB’C’) is called Potier triangle
* The Potier reactance then results from the leg AB of this triangle and rated
current of the machine
_|AB|
P

n

X
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Potier Reactance

* The right triangle ABC (or AB’C’) is called Potier triangle
* The Potier reactance then results from the leg AB of this triangle and rated
current of the machine
_|AB|
p In
* The point C is a point corresponding with excitation current necessary for the
short-circuit current equal to the rated current

=> if we know X and no-load and short-circuit characteristics, it is possible

X

to reversely construct the induction characteristic
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Potier Reactance

UM A A I [A]

oA C

\ short-circuit

characteristic

0lA C T
I, [A]
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Potier Reactance

UM A A I [A]
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Potier Reactance

U [\/]A

Oi

1 [A]

FACULTY OF ELECTRICAL ENGINEERING

I, IA]

WWW.FEL.ZCU.CZ



Potier Reactance

* In comparison to the leakage reactance the Potier reactance is
— For cylindrical rotor synchronous machines:
X,=(1,2-1,3) X,
— For salient pole synchronous machines:
X, =3X,,
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Potier Reactance

* In comparison to the leakage reactance the Potier reactance is
— For cylindrical rotor synchronous machines:
X,=(1,2-1,3) X,
— For salient pole synchronous machines:
X, =3X,,
* In per units it is approximately:
— For cylindrical rotor synchronous machines:
x,=0,15p.u.
- For salient pole synchronous machines:
x,=0,32p.u.
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Potier Reactance

* According to some literature, it is possible to calculate the saturated value of

direct axis reactance using Potier reactance as:

X=X p"'%
where X IS the saturated d-axis reactance
X, IS the non-saturated d-axis reactance
k. Is the magnetic circuit saturation factor

* The Potier reactance may be then reversely calculated as

X — ksaths_an
g ksat_l
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Potier Reactance

* Note: in the same way as induction characteristic it the capacitive characteristic

may be drawn vV

=> characteristic U = f (I,) with capacitive
cos @ = 0 and constant stator current

LAl
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Calculation of Excitation Current
for Given Load:
Cylindrical Rotor Machine



Cylindrical Rotor Synchronous Machine

* Results from phasor diagram:
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Cylindrical Rotor Synchronous Machine

_C
|

* Results from phasor diagram: b JX I

Tbn+gjn:7u U

ol
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Cylindrical Rotor Synchronous Machine

* Results from phasor diagram:

Ibn+ng:Tu

...but it Is necessary to respect saturation
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Cylindrical Rotor Synchronous Machine

buv
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Cylindrical Rotor Synchronous Machine
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Calculation of Excitation Current
for Given Load:
Cylindrical Rotor Machine



Salient Pole Synchronous Machine

* Results from phasor diagram:
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Salient Pole Synchronous Machine

*q
* Results from phasor diagram:
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Salient Pole Synchronous Machine

*q
* Results from phasor diagram:
A +Re
. _ X1
...It is necessary to respect saturation and
saliency of the machine _'b
U
+d
0
-
+Im
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Salient Pole Synchronous Machine

* Thanks to differences in inductances it is more
suitable to proceed using armature
magnetomotive force in each axis:

_ m s vl\/71
Fad—Cdl'_'
! p
_ m s vl\/EI
F,,=C,i—
Tt P
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Salient Pole Synchronous Machine

* Thanks to differences in inductances it is more
suitable to proceed using armature
magnetomotive force in each axis:

_ m s vl\/71
Fad—Cdl'_'
Tt p
_ m s vl\/EI
F,,=C,i—
Tt P

and use the no-load characteristic drawn as

dependency on excitation magnetomotive force:

Ui:f<Fb>
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Salient Pole Synchronous Machine
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Salient Pole Synchronous Machine
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Salient Pole Synchronous Machine
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Salient Pole Synchronous Machine
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Salient Pole Synchronous Machine
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Salient Pole Synchronous Machine
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Salient Pole Synchronous Machine
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Salient Pole Synchronous Machine
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Epilogue



Epilogue

« Inthe phasor diagram it is possible to use the Potier reactance instead of X _
for the purpose of determination of I (Fy)
— In this case a higher excitation current than necessary is obtained
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Epilogue

* Does Potier reactance appear even in case of permanent magnet synchronous
machines?

* Is there an explicit way to calculate the Potier reactance?

* And what about Jan Tleskac?
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Thank You for Your Attention!

Karel Hruska / +420 377 63 4429 | khruska@fel.zcu.cz



