<>

63yb OlaabnT oliml Gwsigs elas glojlw GWB e gnsige SIBl s dbjeel Lo 151s =
(> fb.:
*
Ol (o O 4 40 1] S \
“ « igs ol plejlw
Ga ﬁ OWB g ol pls)
BHb OloabRT oliw)

gs*‘)lé gs"

Ol S350 pe higel (o 350 s

o olaanThimm gusigs els olejs W)l Gl guaigs I s ibjesT (Lo 15ys

Skt Wl F—19

<>




NRI

| /\\l b olaanTolim (usigs el olejls W) Gl guaigs Sl e dbjesT glo 1S)e ()

Sl b Sledgy (slod 9 310 (aled yd fad (pf 8 ob S Wuled coley; B

.w'

G900 Lulgd oDl yie b Gubtio (Eomnt Cage Gilw) ¥ 6 1 095 Slelosle sy ®
Sl b Cilige Sledgy Sly A-11 B 0-11 Jgad 50 4 3gd Caley Wb
Sl oS 5

& Jgol Coles clomm cpl 50 ond b b9y slez 1<K A b Slb Oge 0 B
sl ool 1 BUEDEGT Slgdy 3 <3y (T = shao

Slewgy ) &8 » 90 (B Ay Glp Taw e leo (opl p o9de |
UM e 5| R ey WY W]

| /\\l S olaanTHim (usigs els olejs W) (e gusige SIBl Css gbigel Lo )S)s ()

NRI

‘g?l.ej g ‘53}31&’ b 9 ‘sjf’lﬁr Sleilois Ll Sl Tyt ‘?.ala::'»' Jw',—a e ley u
Bl (85 9T st § 8351 Slaleisle >l ib Bus & cul 39T pl3f

Wli b O panes” sl ail b gl 45 Sigo 03,08 Syleay B
N4 Eone Ol jie U i (SLaiboss L (81 ouiiins 5 Lalgd » o9l ol p3¥
b 9 G5l Blelisbuw Gl (b Caliske Slabgy 50 &5 jw (Acliaw S Hbxe
Nigd gl Nl oAb 48 T L5 53 (83l

L GipleT Sl Sy onboms Sibae slod § (7 Jgof coley Soge s0 B
B33 5 (0 il Gl 4 Lgilgie ()l GBT OICo! (85 ™ skt




| /\\l b olaalnTohimm (usigs el olejls W) Gl guaigs Sl e dbjesT glo 1S)e

‘55}} ] o ) Y—f-—14

Wb Ol le o O bo wdd jw S Dl Pl culey pogde ®

Syl Gpw 33 295 Bpo Sly w S ol 30 Zadie Dol I
Sg Caley B oolod Sloisl 38 ¢ By Dl 50

<>

NRI

| /\\l B olaalpTHlim (usigs el olejls W)l Gl guaigs I s ibjesT (Lo 15ys

LS g Joow 0395 \—F—F—11

98 = O b Slacwgiom 9 g 0ige (pgas 18 IS Oledb! u
ol o0l Bl S (ol VY Cwvgm 90 (oaas (il 50 e Wulel
Gt By 30 2974 0 Lz 33 1B Ol S 150 50 B
9 (B Ol 35 Olockily 50 45 (3 dylg0 Wb (0 I (S5 ,50)
2 g 5155 5 e o F 50 (o Dlsnll (SL i (SLB AT
fQT&ljj)}él{Ju;'vﬁog‘Sﬂbﬁo}eja;;tfc)jb;eéjd}m;b’»& (1 B
Eéﬁglglsdmg‘gxswis‘é,gcwg)!)m!dze(g B
90058 g 3 £ o Sbod Plao 9 ST b 5l cdasms Lufyd J1( B
D O e a0 fame Cigby

<>

NRI




o) b 0T plinl usigs el olajls GWB e gnsige SIBl s dbjeel Lo 151s ()
N NRI

40,000
\ A \ Average
Insulation Life

=

8
L1
L1
N

10?" 130:’ 155° IB?"
" R
A

Y
T 1
;:388 ‘! \\ \\ ‘\
\ \
"o Class A —r\ \ \-—-—\- Class F
2000 Class B ‘\"—A \*—- Class H
. l VAW

0 50 100 150 200 260 300

WINDING TEMPERATURE IN °C

INSULATION LIFE (HOURS)

| ,ﬂ\\l 63ib OlaabnT oliml Gwsigs elas olojlw W) e gnrigs SIBl Css gbigel Lo )S)s ()
NI
399909 pSI Ol 9 Lod Wil

b (0 (I3 Bl Bk (e o cooglio B
il L 1381 81 Kl 450 & (G131 47+ FAY g0 Sl Hlade B

TN 505 OT Cwglio ( 2 o (Sod 30 O, Kiiile 4233 ¥ o139 b Jlo jotny B
Sl 38590 (T e DL O (G0 1S Culd gl Bl o 4 el Ll (o0 gl 38

R=R (1+0AT)

where;

R= resistance of the conductor at temp t (°C)

R =resistance at the reference temp.

o= temperature coefficient of resistance

A= difference between operating and reference
temp.
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2 T2 ]

b, = T—jmzf(:)sm(hm JE)d it
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Table 1—Voltage distortion limits

Individual Total harmonic
Bus voltage V' at PCC harmonic (%) distortion THD (%)
V<1.0kV 5.0 8.0
LkV<FV=<69kV 3.0 5.0
69 kV<F<161kV 1.5 2.5
161 kV<V 1.0 1.5

“High-voltage systems can have up to 2.0% THD where the cause is an HVDC terminal
whose effects will have attenuated at points in the network where future users may be
connected.

| ,ﬂ\\l 63ib OlaabnT oliml Gwsigs elas olojlw B e gusige SIBl Css gbigel Lo )S)s ?
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Table 2—Current distortion limits for systems rated 120 V through 69 kV

Maximum harmonic current distortion
in percent of I,

Individual harmonic order (odd harmonics)™"”

Ise/I 3<h<ll (11 h<17|17<h<23 | 23<h<35| 35<h=<50 TDD
<20° 4.0 2.0 1.5 0.6 03 5.0
20<50 7.0 35 25 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100 < 1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 1.4 20.0

“Even harmonics are limited to 25% of the odd harmonic limits above.
°Current distortions that result in a dc offset, e.g., half-wave converters, are not allowed.

“All power generation equipment is limited to these values of current distortion, regardless
of actual I, /],
where
I,.= maximum short-circuit current at PCC
I = maximum demand load current (fundamental frequency component)
at the PCC under normal load operating conditions

\ 7
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Example
Table : Bus Volta; trum
Vi Vi | Vs | V7 | Vi1 | Vi3 | Viz | Vo

<>
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123.1 | 3.1 54 32 1.6 1.3 0.8 0.7
THD — v 31°+54°+32%+ 1.6+ 137+ 0.8°+ 0.7°
123.1
= 5.99 %
Current Weighting (
ﬂ\ d Type of Load Typical Waveform Distortion Factor (W) )
N S Wi
Single Phase \ v 80% 2.5
Power Supply / / (high 3rd)
Jf\ JA\ high 2nd, 3rd,
Semiconverter ] I 4th at partial 25
N loads
6 Pulse Converter, /A\/A\ \/A\ /A\/
capacitive smoothing, v NN 80% 2
no series inductance (A v
6 Pulse Converter,
capacitive smoothing JAA \ / 40% 1
with series inductance > 3%, \A/ W/
or dc drive
6 Pulse Converter i il ’
with large inductor ] 1] 28% 0.8
for current smoothing
12 Pulse Converter f/f 1N h 7 15% 0.5
AC Voltage ] varies with
Regulator L | \u firing angle 0.7
Fluorescent /
Lighting A\ 17% 0.5
Squrce: IEEE P519A/D5, 1996
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Typical Luminaire

Typical Distrbution 80 .@ 50 30 10 0

And Per Cent | pec I
Lamp Lumens &

Cow 50 3010 30 10 | 50 30 10 | 50 30 10 | 50 30 10 | 0}

WDRC

Maint, | Maximum H [
Cat " SIMH Coefficients of Utilization for 20 Per Cent Effective Floor Cavity Reflex |
. Guide . ‘E
a3 v 1.0 0 54 54 54 .%3 b53 53| 51 51 51| .48 48 48 | 46 46 .46 | 45 [
1 49 48 46 | 48 4T 46 | 46 45 44 | 45 44 43 | 43 42 42 | 41 A3 "6

2lamp, 1'wide troffer
with 45° plastic

louver-muliply by 0.9
for 3 lamps

44 42 40 | 43 41 39| 42 40 .38 | 40 39 37 | .39 .38 .37 (.36 A3
40 37 34| .89 36 .34 | 38 36 .34 |37 .35 33| .36 34 33| .32 A2
36 .33 30 | .36 32 30| 35 .32 .30 | .34 .31 20| .33 31 .29 | .28 A1
33 29 26| .82 29 26| .31 28 .26)|.80 .28 .26 |.30 .27 .26 | .25 A1
@ -|- B0- - 26+ - 24 26 24 | 29 26 23| .28 .25 23| .27 125 .23 22 A0

o R W N

7 27 24 21|27 23 21|26 23 21|26 .23 21|25 22 21| .20 .09
8 25 .21 19|24 29 19| 24 21 19| .23 21 18| .23 20 .18 .18 09
9 22 19 A7 |22 19 A7 | 22 A9 7 |21 18 16 | .21 .18 .16 | .16 .08
10 21 A7 45| .20 A7 A5 | 20 47 A5 | .20 A7 A5 | 19 A7 A5 | A4 .08
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Per Cent . i
Typical Luminaire Lamplumens pw— |50 30 10|50 30 10|50 30 10{50 30 10{50 30 -
| Maint P | ren Coetficients of Utiization for 20 Per Cent b | ca
| cat L Effoctive Fisor Cavity Reflactance (prc = 20) | | 4
|
9 ] 1.0 0 |96 96 96|03 93 93|88 88 .88|.83 &3 83|78 .78 .7u|76] — B
; 1|89 B7 B4 88 B4 8382 80 79|78 76 75|76 73 72| 70) 140 | 1
o4 | 2 |82 79 76180 77 741.76 .74 .72|.73 .71 69|.70 88 67|88 134 2
3 |76 72 68| 74 70 67|71 68 65|68 66 63|66 63 .62{.60f 131 | 3
4 |70 66 62|.69 B85 81166 61 60|64 61 58|62 59 57|855] 127 4
; 5 |85 60 56| 64 50 56{62 5B 54|80 656 53|68 55 52| 51| .24 | 5
733% 4 6 |80 .55 51| 58 55 81087 53 5086 52 49|54 51 48l47] 119 | &
7 |56 50 47| .65 60 4653 49 46|52 48 45/50 47 4443|017 | 7
High bay™ intermeciate distribution 8 |82 47 43| .51 46 A3].50 45 421 48 44 41]47 43 41} 40 "'JI 8
ventitsted refiector with phosphor | © |48 43 39| .47 42 30|46 42 39|45 41 38].4s 40 38|36| 100! 9
coated HID lamp » | 10 45 A0 36| 44 39 36|43 39 36|.42 38 35|47 37 35|04 |051 10
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Maint. sc RCR Coetficients of Utikzation for 20 Per Cent RCR
Cal, i Eflective Fioor Cavily Reflectance (pec = 20) i
43 v 14/13| o |78 78 78|76 76 78|73 73 73|70 70 .70 |67 67 .67 |66} — )
1 {7 69 67|70 88 66 |67 65 64 |64 63 62 |62 61 60|59) 165 | 1
2 |8a & 58|83 80 58|61 50 56 |59 57 55|57 65 54[s83| 961 | 2
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1. Ice Making : The chiller runs at night to conserve energy

W) (e gusige

Electrical energy is costly during peak consumption periods and
cheaper during off-peak hours. With TES, ice is made at night

during off-peak hours when energy prices are lowest

3 Cooling tower
Brine pump
o |
G Chilled
s water
P g Chilled water pump E""“
| Centrifugal Chiller Bl S— .
Expansion tank . .
Plate type heat exchanger
Ice thermal storage
W) (e gusige SIB) s gbjesl (s )51e 9
NRI

| § I 63)b olaabiT pbw) (wsigs elbs ool
2. Ice cooling : The TES system runs independently

When there chiller has stored enough ice, the TES system runs

I
alone to cool the air and conserve energy.

Cooling tower

Brine pump
& ches
water
Chilled water pump pump

\—

Centrifugal Chiler

l
Expansion tank
1

—
Plate type heat exchanger

Ice thermal storage

—
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3. Chiller & Ice Cooling : The chiller runs simultaneously with TES
E  Chillers and TES can be run together when workload is particularly
high on the TES system. This increase efficiency and reduces wear
on the TES system overall.
l/'_‘.
H - Cooling tower
Brine pump
I IS >3 [ l
‘Za” [ ! - Chilled
— H = S water
— { i _Cg:'ch\lled water pump pump
s T (i
l . Centrifugal Chiller }H %
Expansion tank ‘
- Plate type heat exchanger
|
|
ce thermal storage
63ib OlaabnT oliml Gwsigs elas olojlw B e gusige SIBl Css gbigel Lo )S)s 9
@] MRI

4. Chiller cooling : The chiller runs independently

E  When the ice in the TES system has been melted, the system

requires more ice. The chiller freezes and stores more ice and
simultaneously cools while in operation
===

=} Cooling tower
— v— — -
l Brine pump l
e
s 5 3
A 2 Chilled
o 1 g - st . water
P i — Chilled water pump pump
, = -2
l . Centrifugal Chiller ’- ‘
Expansion tank I 1"
-
Plate type heat exchanger

Ice thermal storage
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