ECE 3600 Per-Unit Example

Like problem 4 on homework

A one-line diagram of a 3¢ system is shown below. Manufacturer's information is shown for the generator and each

transformer. 138KV / 360V
5kV / 138kV 15-kVA
15-kVA Zput2 (34 9)%
Zpu.T1 = 04-pu Transmission Load 2
Generator line 1 length = lenl := 100-km
—_| Yo x |5=100
Both transmission lines
rated: 12-kVA (g Q o 242 bUS2 ? R 2:=50-Q
Skvi km k bus3
Z puG '=0.302 138kV / 240V
Load 1 _D Load 3
R, ;:=100MQ Transmission .
Ll = — .
bus line 2 length = 2137 (30-9)-Q
len2 :=50-km 6-kVA <
ZpuT3 ~ 8% 7

a) Choose an Sy, to minimize the per-unit base conversions. Then choose regions and a V ¢ for each region.

Spase = 15°KVA Region 1
Region 2
Region 3

Region 4

The generator

Bus1, Load 1 and the transmission lines

Bus2 and Load 2

Bus2 and Load 3

b) Find lpaee @and Z o in €ach of the regions.

Region 1 | basel ﬁs\t)z;
Region 2 Ibmfmj]%
3V pase2

Region 3 'basesﬁs\fase
"V base3

Region 4 |bmfmﬂ\$
3V pased

| paser = 1.732°A

| hasep = 0.063°A

| bases = 24.056A

| pased = 36.084-A

c) Make the necessary per-unit Sp,q COnversions.

Sbase

d el
PUG 15 VA

puG <

Zpu.

G =0.378j -pu

V pase1 = 5KV

V pasep = 138KV

V pase3 = 360-V
V paseq = 240V
Z hasel Vsb:f Z pasp1 = 1.667°kQ
Z poseo Vsb:f Z pasep = 1.27°10° +kQ
zbaseSVSb:f Z pose3 =8:64°Q
zbmvsb::z Z pasen =384°Q
Spase

ZpuT3 4 puT3 ZpuT3=02pu

6-kVA



d) Find the impedances of the two transmission lines and convert to pu.

z
ZTL1::(8+24j)-£-Ien1 Z 1 1=08+24) kQ ZpuTLl " L Z py.TL1 =0.063+0.189 -%
B Q0 ~ ) 272 ~ -

e) Draw the per-phase diagram showing all the per-unit numbers found or given so far.

Z puT1 =03 pu Z puTL1=0.063+0.189 %  Z 7o =008 +009 -pu
STIR AT A A —
g+

Z gy =3175 %

S
., 47

Z pUT3 = 021 ‘pu

AT T
’ L3

ALL calculations made to this point ONLY need to be made ONCE for this system and Spa !



f) Find the pu values of the 3 loads and add that information to the per-phase diagram.

R ‘*7RL1 R =7.876"pu
pull ~ pulLl—"
Z hase2
‘*7RL2 =5.787 ‘*7XL2 X =1157-
Rpul2 =5 R pu.L2 =>-787-pu XpuL2 = pu.L2 =1.157*pu
base3 b
= K Z =7.813-1.302 -
Zpu.L3"Z pulL3 ="’ =20z "pu
based
2112 AT AN —
g~
Z puG = 37.75 % X purz = 157U
RpulL1 |
7.876:pu LZ\J?
1.058-pu |
Ll% R puL2 =5787"pu

Z pUT3 = 02] ‘pu

AT T
’ L3

Z pUL3 =7.813 - 1302] ‘pu

g) The line voltage at bus1 is measured and found to be  V },,o1 :=146:-kV  Assume a phase angle of 0° for the pu value.

Find all 3 load line-current magnitudes and the magnitude of the generator line-current. Please remember that you can't
add magnitudes, so may need some complex values.

146kV _ .
V pu.busl Ve _ V pu.bus1 =1.058-pu
Vv
VY pu.busl B ) ~ )
I pu.Ll ‘7R7 I pu.L1 =0.134-pu " pu.Ll‘ -l base2 =8.429'-mA
pu.Ll
= ¥ pubust ~0.174- 0,037 - | | —4277°A
louL2 ~ ; <~ puL2=0174-0037 -pu 1 puL2| ! bases =4
z z R X :
puTL1™ “puT2™ NpulL2™ pu.L21>
= ¥ pubust ~0.133+0.019] - | | - 4.839°A
lpuL3 ™ I pu.L3=0133+0.019 -pu 1 puL 3| bases =4

ZpuTL2t ZpuT3 4 pul3

lpuG “'puL1t!puL2t!puLs | pu.G =44.094 - 1.862) % ‘I pu_G‘ | pase1 =0.764°A



h) Find the power delivered to Load 2, both in pu and in kW.

_ 2 _ . _
PoulL2 = <‘| pu.LZD ‘RpuL2 Ppu.L2 =0.183-pu PL2 =PpuL2Shase

i) Find the line voltage at Load 2 (magnitude).

_ 2 2
Viload2 - ‘ ' pu.LZ‘ 'JR pul2 +XpuL2 "V base3

j) Find the line voltage at the generator (magnitude).

. ( - »
VouGc ~Vpubustt ! puGiZpuc T4 pu.Tl> V pu.G =106.686 +21.055 -%

k) The line voltage at bus1 drops by 8% to: 146-kV-0.92 = 134.32°kV

P2 =2744-kKW

V Loage =377.8°V

‘v pu.G‘ V paseq = 5437°kV

Find the magnitude of Load-3 line current and repeat parts h) and i) for this new generator voltage.

Note: It may be helpful to realize that if one voltage in the system drops by 8%, so do all the rest, and so do all the
currents. Drop by 8% means multiply by 0.92. All powers drop too, but use (0.92)2 as the factor.

I 3 092 =45-A
new ||oad3 = ‘pu.LS‘ base4

2— .
new P, = P ,092°=2323-kKW

new V Load2 = Vv Load2092 =3475V



