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Course Logistics

e Lab 5 this week

* No tutorial on Friday

e Office hour

* My regular office hour on April 8 and 15 at 4 PM
* The TA will hold an additional office hour on either April 13, 14, 16, or 17: vote on Piazza

* SEl survey: March 28 — April 13

* Final exam: Apr. 19 @ 12 PM in IRC 4



Example 1

Consider a 60Hz, 36V (line-to-line), Y-connected, NEMA Clsass B (Squirrel-Cage) Induction Motor with the
following per-phase parameters: R} = 0.1 Re =102 =X>=03Q,and X, =6€ (all parameters

“ (thotc Dis supplied with the nominal (rated) voltage and 1s

157 = 864 rpm-—Y ou can neglect core and friction losses

: ; o 1 R : .
and use an approximate equivalent circuit. Recall that 7, =3 (75 )2 .— _ Determine the following:
— ’ Ogyp S

(a) (10pts) Number of poles P and slip s
(b) (Spts) The mput power factor PF and the total (3-phase) input real power

and variables are referred to the ;tator). T
driving a mechanical load. The speed of the motor sha
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Example 2

The following test results are obtained fora 3¢, 2 5
synchronous machine at rated speed.

k 7'30 Mﬁu 3600 1'gm.slar-c0nnected

ViL(kV) I,(A) Vi (kV)

I¢(A) open-circuit test short-circuit test ai’rgmgg

1500 25 f 10,00@ (30 )

N—————

(a) Determine the number ol poles of the synchronous-machine.

(b) Determine the unsaturated and saturated values of the synchronous reactance in ohms and
per unit.

(c) The short-circuit test is performed at constant lleld current (1500 A) but at different speeds—
1000 rpm, 2000 rpm, 3000 rpm, and 3600 rpm. Detem’lme the EhDIT ~Cir cuit current at these
qpeedq —>  Ja -

(d) Determine the field voltage if the syn mchronous machine deli . to agg_nhml

—

at 0.9 lagging power factor.
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Example 3

e
A three-phase, 250 hp, \23@ 60 Hz, Y-connected nonsalient rotor synchronous "*L_ 'has a
synchronous reactance of 11 ohms s per phase. When it draws 165.8 kW, the power angle is/15
electl ical degrees. Neglect ohmic losses. P

- T
(a) Determine the excitation voltage per phase, Ey. /

(b) Determine the supply line Curren{: Iy

(c) Determine the supply power factor.

(d) If the mechanical load is thrown off and all losses become negligible,
(i) Determine the new line current and supply power factor.
(ii) Draw the phasor diagram for the condition in (i).

(iii) By what percent should the field current /; be changed to minimize the line current?
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Example 4

3¢, 2300V, 60 Hz, 10 pole, star-connected cyllnd&adlgtofl&nchlonoule

connected to an infinite bus. The synchronous leactancw All losses may be ne ected
The synchronous faoter delivers 1000 hp,

(a) Determine the excitation voltage Ej.

and the motor operates at 0. - factor leading.

_
(b) Determine the maximum power and torque the motor can deliver for the excitation current
of part (a).

(c) The power output is kept constant at 1000 hp, and the field current is decreased. By what
factor can the field current of part (a) be reduced before synchronism is lost?

T %

é{“ Vs
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Example 5

resistance and synchtonous rcaciancc R, =0. ID at;d—X_ \_—- =2 0, res}:?zf_:t;e_ y. Assume lhat this generator
operates at 60Hz, 24V (line-to-line), and outputs electric power S3¢ =300V4 to a load with _0,

— e

factor,
(a) (6pts) Sketch a phasor diagram and label the g- and d- axes, all relevant angles, and phasors

(b) (7pts) Calculate the induced voltage £, and the rotor angle o in degrees

(c¢) (7Tpts) Assume mechanical rotational 1osses By epp  1oss = 20/, calculate the efficiency 7

5 "
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The End

* | hope this class has taught you something about electromechanical
energy conversion.

* Congratulations on finishing this class! It’s been a real pleasure.



