Problem

21
A B C D E F G H
1 Four Customers Connected to a 25 KVA Transformer
2
3 Time Cust#1 Cust#2 Cust#3 Cust# Total Totals
4 KW KW KW KW Sorted Decending
5 17-00 8.81 4.96 11.04 144" 2625 26.7
6 17:15 212 3.16 7.04 1627 13.94 26.25
i 17-30 948 7.08 7.68 2457 26.7 23.8
8 17:45 7.16 5.08 6.08 084" 19.16 2012
g 18:00 6.04 312 432 1127 14.6 19.68

10 18:15 9.88 6.56 512 224”7 238 19.24
1k 18:30 4.68 6.98 B6.56 1127 19.24 19.16
12 18:45 b2 J.64 6.48 224" 1968 18.08
13 13:00 10.44 4.44 412 1127 2012 16.88
14 19:15 3.72 8.52 3.68 096" 16.88 16.26
15 19:30 8.72 4.52 0.32 256" 16.12 16.12

16 19:45 10.84 2.92 3.04 128"  18.08 15.29
17 20:00 6.96 2.08 272 192" 1368 14.6
18 20:14 6.62 1.48 3.24 1127 1246 13.94

19 20:30 7.04 2.33 4.16 1767 15.29 13.68
20 20:45 .69 1.89 4.96 272" 16.26 12.46

21 21:00 1.88 1.64 4.32 2417 1025 10.25
Problem
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Tap
o
% s
#1 #2 #3 #4 #5 #6 #7 #8
A B C D E F G

1 Problem 2.2
2
3 1 For each transformer determine:
4 Trf Trf
A #1 #2

Ela. 30 minute maximum kVA demand 105 128
7 b. Non-coincident maximum kVA demand 130.00 170.00
8 |c. Load factor 0.595238 0.686523
9 d. Diversity factor 1.2381 1.3281
10 |e. Suggested transformer rating (50, 75, 100, 167) [E] 100
11 |f. Utilization factor 1.4 1.2800
12 'g. Energy (KWWh) during the 4 hour period 225 316.3500
13
14 |2 Maximum diversified 30-minute kWA demand at the Tap 195




Problem
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Problem 2.3.1-2.3.9

N1 5000

N2 2500 N3

R PR
i

Problem 2.3

Ea b e

00 = v

w

Maximum 15 minute kW demand
Average 15 minute kVW demand
Total KWH usage in the time period
Load factor

Maximum diversified demand
Maximum non-coincident demand
Utilization factor

Diversity factor

Maximum Diversified demand at N1

Problem 2.3

Vi = 2500-¢) 098

Ziine = 0.306 + 0.6272j

DN1N2 = 5000
2
KV, ~-1000
Zyaset! = oA
T1

Z11 = 2pUT) LpaseTi

KV}, 21000

Zyases = KVA
T2

Zty = 2pUT) Lpyase>

Dying
ZNIN2 -= Zline'%
Dnons
ZN2N3 = Zline'%

1 NTY\
T

6 7 8 9

(V)]

Answers for 2.3.5, 2.3.6, and 2.3.9 are kW demands

Cust#1 Cust#2 Cust#3 Cust# Cust#5 Cust#6 Cust#7 Cust#8 Cust#3 Cust#10 Cust#11 Cust#12
3.81 5.81 4.93 11.26 6.37 1.56 1.56 13.48 1.80 8.97 8.99 12.23
2.45 1.61 3.59 9.26 1.56 0.82 5.15 0.69 3.34 5.42 9.06 2.05
10.42 6.85 15.26 39.36 6.65 3.47 21.89 2.92 14.20 23.05 38.49 8.71
0.6437 0.2774  0.7284  0.8225  0.2456 0.5230  3.3017 0.0510  1.8565  0.6045 1.0073  0.1676

Trf#1 Trf#2
22.71 41.56
32.18 48.59

0.9084  1.1083
1.4170 1.1692

pf := .95 kVAg, = 25 kVAp, := 37.5 KViii= 24 Vi = 240

zpup; = 0.018.¢ 4048 Zpupy = 0.02.¢) 2098
DN2N3 = 2500
Ziaser1 = 230.4000

Zry = 3.1769 + 2.6658;

Ziase2 = 153.6000

Zry = 1.9746 + 2.3533j
Zning = 0.2898 + 0.5939

Zyong = 0.1449 + 0.2970j

Note: The voltage drops will be computed for a "worst case" situation. For each segment or transformer
the maximum kVA demand on that segment or transformer will be used to compute the voltage drop to
the remote end. This remote end voltage will then be assumed to be the voltage at that node when the
maximum diversified demand downstream occurs.



57.89 .ej~ac0s(pf)

kVADemandy; :=
pf
kVADemandy
o= ———""—"
i
1000

VN2 = Vi — zeine Inive

22.71 .ej~ac0s(pf)

kVADemandy :=
pf
kVADemandr,
Iy = —m———
Vo
1000

V1= Vo = It Zry

Vlow
Viewt1 == Vr1° V1000
hi’

41.56 .ej~ac0s(pf)

kVADemandy; :=
pf
kVADemandy;,
honyi=———
Vi
1000

VN3 = Ve — Znons Inons

V12 = V3 — hons'Zn

Vlow
Viewr2 == V12 V1000
hi’

Problem

24
Vi = 2500-¢) 098 pf == .95
Zline = 0.306 + 06272_] ZpuT) = 0.01

arg(kVADemandN 1)

|kVADemandy;| = 60.9368
deg
I
|Ining| = 243747 M = -18.1949
deg
\
| Vao| = 2488.7963 M — 02658
deg
kVADemand
| kVADemandr,| = 23.9053 o emandr,)
deg
I
|Tr| = 9.6052 ) = ~17.9290
deg
\
|Vl = 2451.9975 ore(Vr) _ 0.6196
deg
| Viewr1| = 245.1998
kVADemand
KVADemandy,| = 43.7474 arg(KVADemandy)
deg
I
|Tnans| = 17.4989 arelhans) _ ~18.1949
deg
\
| Vas| = 2484.7879 arg(Vow) — ~03619
deg
\
|Viy| = 2439.4506 arg(Vro) — _1.0341
deg
| Viewr2| = 243.9451
kVATl =25 kVATZ =375 thi =24
8'ej.40deg Zpur) = 0.02'ejh50ng

= 18.1949

= 18.1949

= 18.1949

Vigw = 240



DN1N2 = 5000
2
kVy,;~-1000
ZoaseT! = ————
baseT1 kVATl

Zt1 = ZpUT) LpaseT1

KV}, 21000

ZbaseT2 = KVA
T2

Zt) = 7Pty ZisaseT2

DN2N3 = 2500

Ziaser1 = 230.4000

Zry = 3.1769 + 2.6658]

Ziaser2 = 153.6000

Zry = 1.9746 + 2.3533;]

ZNIN2 = Zline'% Zning = 0.2898 + 0.5939

N 1= zline-% Znons = 0.1449 + 0.2970j

kWDemandy; := 72.43 pf = 0.95

kVAq, = 25 kVAr, == 37.5

kVADemandy; = M'e}am@ﬂ |kVADemandy;| = 76.2421

pf
kVAtotal = kVATl + kVAT2

kWD emandN 1
kVAtotal

AF = 1.1589

kWDemandt; := AF-kVAT;

kWDemandr, := AF-kVAT,

kVADemandr; :=
pf

kVADemandr; :

pf

kWDemandTl

kWDemandT2 . ej . ( acos(pf))

kWDemandt; = 28.9720

kWDemandt, = 43.4580

~eJ.(aCOS(pf)) |kVADemandT1| = 30.4968

|kVADemandr,| = 45.7453

arg( kVADemand,
( ) 18.1949

deg

arg( kVADemand
( ) — 18.1949

deg

arg( kVADemand
( ) — 18.1949

deg

Note: For all sesgment and transformer currents, for the constant current model the allocated kVA will be used
along with the Node N1 voltage to compute the currents.

kVADemanle
Vi
1000

i =

|Tnina| = 30.4968

afg(INlNz)
deg

= —18.1949



VN2 = Vi — Zine Inive

kVADemandry
Vi

1000

IT] =

V1= Vo = It Zry

Vlow
Viowt1 == Vr1° V1000
hi'

kVADemandy, := kVADemandr,

kVADemandy;

oz =
VN1

1000

VN3 = Vo — Znons Inons

V2= V3 — hons'Zn

Vlow
ViewT2 == V12 V1000
hi'

Problem
2.5 1 380" 2

470' 4 750'

| Vaa| = 2485.9908

|Tra| = 12.1987

| V| = 2439.2044

| Viewr1| = 243.9204

|kVADemandy,| = 45.7453

|Tnons| = 18.2981

| Vas| = 2481.8046

|Vra| = 2434.4435

| Viewra| = 243.4443

6 820' 8

T4

CustMaxDem := 15.5 + 7.5j

Vi = 2600-¢) 098

Ziine = 0.4421 + 0.3213]
kVATl =375

zput; ;= 0.01 + 0.03j
thi =24

DF4 = 2.1

pf = .95

kVAT2 = kVAT 1

ZpuTp = Zputy

View = 240

DF5 =22

kVAT3 =50

zpurs ;= 0.015 + 0.035j

DFIO = 2.65

arg (VlowT 1)
deg

= —0.7808

arg(kVADemansz)

deg

afg(Isz)
deg

= —18.1949

arg(VN3)
deg

arg(VTz)
deg

= —0.4336

=-1.1394

kVAT4 = kVAT3

Zputy = ZpuT3

DF14 =2.78

= 18.1949

DFlg = 2.86



Problem 2.5.a

4.-CustMaxDem

kVADemandr; = OF kVADemandy; = 29.5238 + 14.2857]
4
4-CustMaxD
kVADemandp, := % kVADemandp, = 29.5238 + 14.2857]
4
5.CustMaxD
kVADemandps := % kVADemands = 35.2273 + 17.0455]
5
5.CustMaxD
kVADemandp, = % kVADemandp, = 35.2273 + 17.0455]
5
Problem 2.5.b
18-CustMaxD
KVADemandyx := % kVADemandyn, = 97.5524 + 47.2028;
18
14-CustMaxD
KV ADemandyny := % KVADemandyyy = 78.0576 + 37.7698
14
10-CustMaxD
KV ADemandyng := % KVADemandy g = 58.4906 + 28.3019
10
5-CustMaxD
KV ADemandyeng := % kVADemandygng = 35.2273 + 17.0455
5
Problem 2.5.c
Dning = 380 Dnong = 470 Dnane = 750 Dnensg == 820
Dnine Dnong
ZNINg = zlme-% Ining = 01680 + 0.1221]  zyong = zlme-% Znona = 0.2078 + 0.1510j
Dnane Dneng
ZNaNG = zlme-% Znane = 03316 + 0.2410)  zneng = zlme-% Znens = 03625 + 0.2635]
2 2
KV~ 1000 KVy,~-1000
ZiaseT1 = TAT] ZyaseT1 = 153.6000 ZipaseTs = TATS Zpasers = 115.2000
ZTl = ZpuTl-ZbaseTl ZTl = 1.5360 + 46080_] ZT3 = ZpuT3-ZbaseT3 ZT3 = 1.7280 + 40320_]
2 2
KV~ 1000 kVy,~-1000
Zoeers = ———— Zoseers = 153.6000 Zoseera = ———— Zoseera = 1152000
baseT2 Y, AT2 baseT2 baseT4 Y, AT4 baseT4
ZTZ = ZpuTz'ZbaseTz ZTZ = 1.5360 + 46080_] ZT4 = ZpuT4-ZbaseT4 ZT4 = 1.7280 + 40320_]
kVADemandyn; arg( Inine
Tning 1= bl |Inina| = 41.6817 arelline) 25.8210
VN] deg

1000



Va2 = Vi — zeive Iniwe

kVADemandr
Iy = ———
VN2

1000

V1= VN2 = It1rZm

Vs = V. Vlow
N kvi1000

kVADemandN2N4

Lnong = v
N2

1000

Vg = Vo — Znona Inong

kVADemandr,
Ipp=—————
VN4

1000

Vo= Vg = Iro'Zp

Vae = V. Vlow
N kv 1000

kVADemandN4N6

Inane = v
N4

1000

VN6 = VN — Znane Inane

kVADemandr;
I3z ———
Ve

1000

V13:= VN6 — I13Z13

|Vnao| = 2591.4805

|Tr1| = 12.6563

| V| = 2549.0127

|Vns| = 254.9013

|Tnona| = 334617

| Vna| = 2583.0213

|Tra| = 12.6977

|Vra| = 2540.4700

|Vns| = 254.0470

| Tnane| = 25.1558

| Vne| = 2572.8734

|Tr3| = 15.2104

| V3| = 2523.0500

— 00338
deg
arg(in) — 257871
deg '
rg(Vr) — 1.0247
deg '
re(Va) — _1.0247
deg '
arg(lbona) 25.8548
deg - .
rg(Vya) = 0.0676
deg '
arg(in) — 257534
deg '
arg(Vry) — _1.0662
deg '
rg(Vs) — _1.0662
deg '
arg(lane) _ 25.8886
deg - .
arg(Voe) = -0.1082
deg '
org(ln;) — 257128
deg '
arg(Vey) ~ _1.1062



V] arg VN7
V7= V| ———— |Vag| = 2523050 M = -1.1062
thi' 1000 deg
kVADemandN6N8 arg IN6N8
IN6N8 = |IN6N8| =15.2104 M = -25.9292
VN6 deg
1000
arg(\ﬁqg)
Vs = Ve — Znens Ineng | Vns| = 2566.1646 dog = —0.1351
arg(Iry)
Irs == Inens |Tra| = 152104 = -25.9292
deg
arg(Vry)
V4= Vng — Ity Zy |VT4| = 2516.1944 — =-1.1321
deg
\Y arg( Vg
Vo = Vipgr| ——— | Vivo| = 251.6194 (Vi) = -1.1321
thi' 1000 deg
Definitions for Part 7
P32 = V2 P34 = V4 P3x6 = VNe P3ng = Vng
P3N3 = VN3 P3N5 = VNS P3N7 = VN7 P3N9 = VN9
Problem 2.5.d
kVADemandyny = 97.5524 + 47.2028;j
kVADemandN IN2
MaxDivDemand := T MaxDivDemand = 5.4196 + 2.6224j
kVADemandy,yn, := MaxDivDemand- 14 kVADemandr := 4-MaxDivDemand
kVADemandyyye := MaxDivDemand- 10 kVADemandr, := 4-MaxDivDemand
kVADemandygng := MaxDivDemand-5 kVADemandrs := 5-MaxDivDemand
kVADemanleNz arg IN1N2
IniNg = || = 41.6817 M = -25.8210
VN] deg
1000
arg(\ﬁq2)
Vi = Vi = Zaino I | V| = 2591.4805 v = -0.0338
kVADemandr arg(ITl)
Iy = ——— |Tr1| = 9.2931 = -25.7871
VNZ deg

1000



V1= Vo = IrrZmy

ver ey [ Niow
N3 - T1 kvhi' 1000

kVADemandy,ns

hong =
VN

1000

VNa = VN2 — Znong Inong

= —————
Vs

1000

V2= Vg = IrZny

T G
NS T2 kvh11000

kVADemandyng

Inane =
Vg

1000

VN6 = Vs — Znane INane

kVADemandrs
I3z ——
Ve

1000

V3= VNe — I13°Z13

N G
N7 - T3 kvh11000

kVADemandygng

Ineng =
Ve

1000

Vg = VN — ZnNeNs INeNs

|VT1| = 2560.2226

|VN3| = 256.0223

|IN2N4| = 32.3257

| VN4| = 2583.2579

|IT2| = 9.3226

|Vra| = 25519395

|VN5| = 255.1939

|IN4N6| = 23.3066

|VN6| = 2573.8559

|IT3| =11.6959

|VT3| = 25354711

|VN7| = 253.5471

|IN6N8| = 11.6959

| Vis| = 2568.6973

are(Vn)

= —0.7582
deg
ag() oo
deg .
M = —25.8548
deg B |
arg( Vi) = —0.0666
deg .
arg(Iry) — _25.7544
deg .
arg(Vr)) 0.7965
deg .
arg(Vns) o
deg .
M = -25.8876
deg B |
w — —0.1042
deg .
arg(I13) = 257168
deg .
ag(Ves) o
deg .
ag(V)) e
deg .
M =-25.9252
deg B |
arg(Vys) = —0.1249



arg(Iry)

Is == Inens |Tra| = 11.6959 = -25.9252
deg
_ - arg(VT4) ~
Vg = Vng — Ira-Z1s |Vra| = 2530.2006 — = 0.8872
deg
Vi arg( Vg
Vo = Vigr| ——— | Vivo| = 253.0201 M = —0.8872
th11000 deg
Definitions for Part 7
Pa\p = V2 Pdny = Vg P4y6 = Vne P4ng = Vng
Pdns = V3 P4ys = Vns Pdy7 = V7 P4ng = Vo
Problem 2.5.e
Inine ,
Teyst = 5 Teys = 2.0845 — 1.0086j
IN2N4 = ICust' 14 IN2N4 = 291824 — 141205J
IN4N6 = ICust' 10 IN4N6 = 208445 — 100861J
IN6N8 = ICuSt'S IN6N8 = 104223 — 50430]
Iy = oy d I, = 8.3378 — 4.0344j
Iy = oy d I, = 8.3378 — 4.0344j
Ips = Ieyse S I3 = 10.4223 — 5.0430j
Iy = Toyse 5 Iy = 10.4223 — 5.0430j
Vyp = V- I = orelVi) _
N2 = Vg = Zaine e |Vna| = 2591.4805 e - —0.0338
_ - arg(VTl) ~
Vi = Voo — Ir-Zqy | V1| = 2560.3051 — = 0.7554
deg
\ arg( VN3
Vs = V| ———— | Vas| = 256.0305 M = —0.7554
th11000 deg
Vag = V. I - ore(Vi) _
Na = Vg — Zaona Inong | Vng| = 2583.2858 “w - —0.0666
_ - arg(VTz) ~
Vi = Vg — Ipo-Z1o |Vra| = 2552.1296 — = 0.7909
deg
Vi arg( Vs
Vys = V| ———— | Vis| = 2552130 M = —0.7909
th11000 deg
Vngi= V I - ore(Vie) _
N6 = Vg — Znane Inane |Vne| = 2573.9463 — 2 = 0.1042

deg



V13:= Ve = I3 Z13

Vo e Vo] —Vlow
N kv 1000

Vns = Ve — Znens: Inens

Vrg:= Vng = ItaZny

Vg = V Vlow
N T kv 1000

Definitions for Part 7

P5\p = VN2 P5\4 = Vg

P5N3 = VN3 PSNS = VNS

Problem 2.5.f

kVADemandN IN2
175

AF =

kVADemandr; := kVAr-AF
kVADemandr, := kVAr,-AF
kVADemandrs := kVAr3-AF

kVADemandr, := kVAry AF

P5N6 = VN6

P5n7:= VN7

| V3| = 2535.8834

|Vn7| = 253.5883

|Vns| = 2568.8411

|Vra| = 2530.7909

|Vio| = 253.0791

PSNS = VN8

P5N9 = VN9

AF = 0.5574 + 0.2697

kVADemandr; = 20.9041 + 10.1149j
kVADemandr, = 20.9041 + 10.1149j
kVADemandr; = 27.8721 + 13.4865j

kVADemandr, = 27.8721 + 13.4865j

arg(Vr3)

kVADemandy,n4 := kVADemandr, + kVADemandr; + kVADemandr,

kVADemandyyng := kVADemandr; + kVADemandry

kVADemandygng := kVADemandr,

kVADemandN 1N2
IN]NZ = v |IN1N2| = 41.6817
N1

1000

Vao == Vi = Zaine Inie |Vna| = 2591.4805

kVADemandr
Iyyi= ————— |Tr| = 8.9612
VN2

1000

= —-0.8584
deg
M = —-0.8584
deg '
M = —0.1249
deg '
M = —0.8809
deg '
M = —0.8809
deg '
arelving) ~25.8210
deg - '
M =—-0.0338
deg '
are(lm) _ ~25.7871
deg '



V1= Vo = It Zry

Ves = V. wa
N kv 1000

kVADemandN2N4

Inowa =
VN2

1000
Vg = Vo — Znong Inong

kVADemandr,
Ippi= ————
VN

1000

V2= Vg — Ity Zrp

Ve = V. wa
N kv 1000

kVADemandN4N6

Ingne =
VN4

1000

VN6 = Vs — Znanes INane

kVADemandrs
Iy = ————
Ve

1000

V13:= Ve — It3-Z13

Ver = V. wa
N kv 1000

kVADemandN6N8

Ingng =
Ve

1000

VNg == Ve — Zneng Inensg

| V| = 25613318

|Vas| = 256.1332

|Tnona| = 328576

| Vna| = 2583.1740

|Tr2| = 8.9900

|Vra| = 2552.9663

| Vns| = 255.2966

| Tnane| = 23.9733

| Ve| = 2573.5031

|Trs| = 12.0317

| V3| = 2534.0247

|Vao| = 253.4025

|TInens| = 12.0317

| Vns| = 2568.1963

— _0.7320
deg
re(Va) = 07320
deg '
argbos) -25.8548
deg - '
(Vo) = ~0.0670
deg '
org(in) = 257540
deg '
gV = —0.7705
deg -
rgl(Vis) — 07705
deg '
arg(lane) _ ~25.8880
deg - '
rel(Vo) = 01057
deg '
arg(ins) — 257153
deg '
gV ~ ~0.8916
deg -
(Vo) ~ 08916
deg '
are(lvons) -25.9266
deg - '
arg( V) — _0.1269

deg



It4 = Inens

V4= Vg — ItgZry

Vee = V. Vlow
N T v 1000

Definitions for Part g
PN, = Vo PNy == Vg
PoN; == V3 Poys == Vns
Problem 2.5.g
itz o 1]~ [Pe]
LEN
it o L]~ 1P|
LN
Pind
PRSP L. el L
|P3s|
vepitg, — 17l — [P
|P3ng|
ity o L]~ [Pow]
LEN
veitis, o L]~ 1P|
| P3|
veitig, o L]~ [Pos|

|P3n)

100

100

100

100

100

100

100

100

|Tra| = 12.0317

|Vra| = 2528.6015

| V| = 252.8602

Pone == Ve Pong == Vng
PoN7 == VN7 PoNg == Vo

%DiffN2; := [PSa| = [P3na|
LEN

%DiffN3; := [PSa| = [P3ws]
LN
P

|PSns| — | P3ns|

%DIfINS = Aol 17N
|P3s|

PRSP L. ol L
|P3ng|

%DIffNTs = [Pswo] = [Pana]
LEN

veitig, o LN~ [Pl
| P3|

veitig, o 17N~ [Pl
|P3n)

100

100

100

100

100

100

100

100

arg(IT4)

= 259266
deg
arg(Vr) _ 09116
deg
arg(Viw) 09116
deg
N2
N3
%% DiffN4g = Jffﬁf%;;_lfiﬁil.
N4
N5
N6
N7
N8
%DiffNg 1= Jffﬁf%;;_lfiﬁﬁl.
N9

100

100

100

100

100

100

100

100



Node

Problem 4

%DIiffN2,4 = 0.0000

%DIiffN3, = 0.4398

%DIiffN4, = 0.0092

%DiffN5,4 = 0.4515

%DIiffN64 = 0.0382

%DiffN7, = 0.4923

%DIiffN8, = 0.0987

%DIiffN9, = 0.5566

Problem 5

%DIiffN25 = 0.0000

%DIiffN35 = 0.4430

%DIiffN45 = 0.0102

%DIiffN55 = 0.4590

%DIiffN6s = 0.0417

%DIiffN75 = 0.5086

%DiffN8s = 0.1043

%DiffN9s = 0.5801

Problem 6

%DIiffN2¢ = 0.0000

%DiffN3¢ = 0.4833

%DIiffN4¢ = 0.0059

%DIiffN5¢ = 0.4919

%DiffN6g = 0.0245

%DIiffN74 = 0.4350

%DIiffN8g = 0.0792

%DiffN9¢ = 0.4931



