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ABSTRACT

Firstly, this study has analyzed the following factors
affecting the optimum specifications and design of distri-
butive transformers:

1. Facilities installation cost per unit power output.

2. Facilities operating & maintenance cost per unit

power output.

3. Production cost per unit power output.

4. Load factor.

5. Loss factor.

Secondly, it has clarified the relations between the
following factors and the specifications and design of
distributive transformers:

1. No-load loss.

Load loss.

Voltage regulation.

w1

Exciting current.

Finally, it has determined the method of the most
economic design for the transformers using the above
factors and realtions, and, for optimum the illustrative
purpose, suggested their optimum specifications, way
of evaluation, and merits by means of a typical

example.
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Lay==204.0-+6.0+2.6 X2]=30.4 in

rlo

R
Gr=2X960<30.4X0.00265 < 0.321=49.7Ib
w}ehA]
BEE
G:/Gr=149/49.7=149/49.7=3.00
B Bt
BES 58 ZX Pz
[0.144}0.289=0.0408 in?) 9] $F#t-g T Eo] W
2 para & 7).
Coil 8] Eo]l: A size 7} 0.165x0.3070] 7t
0.307 X2X (8+1)=5.53 in
| A& 254 ahdAe eb3tel] 3ttt
Coil ] depth 3=
0.165X2+40.012X2=0.354
Core 9} secondary & 1/8"' press board 2 H 3%tz
secondary ¢} primary winding z}oj| ¥ 1/8'’ press board
<} 1/2” spacer 3 o] W¥ct. Spacer & EE
window ol &= ¥ A &erh
BE BR
0.057 D (bare)—0.0607 (insulated)—0.00255 in?
&0 45 2section &3 o] a2 Ale]E
1/2"7 o134 A4
Coil 8] o]
0.0607 X 45X 24-0.5=5.96 in
Coil 8] 5A =
0.0607 X11-+0.012X10=0.79 in
ardA A vk AHA Abels) 3/16” press board
2} 1" space § Wz zhdA Y 553 6F Atololl 1/4"
duct former & window ¢}Ze] @it} Yoke 9} A}e]
o 1/16" press 2 A& w3t FTH A coil
2 % 57 1/8"-+0.354+1/8+0.79--3/161-0.354+1/4"
4+1/16=2.25 B} window size &= /=6.5, ww»=2.25in
7 e

221

SR
Total flux

4y 6300107
1.44X60 X 960

Flux density
B=2.645x10%/22.3=110.000 line/in2
Main length of flux path
2% [6.5+2.25)+-27=23.8
Gross core weight =
G=22.3%X23.80.272=1451b
B BRBE
A1=119/0.0816=1460 Amp/in?
Ar=3.97/0.00255=1560 Amp/in?
Ty —FRE
Lar=2(4.0-+6.0+2.25X2]=29.0 in
& B e
Gi1=32X0.0816 X29X0.321=24.31b
Gr=960<0.00255X29%0.321=22.8 b
Gr=Gi1+Gr=47.11b
HEME
G/Gr=145/47.1=3.08
Qutput const. =

=2.465 kilo line

= 22.3 =0.80
/- 25X3.08X10"
110.000X 1500 60

Copper space factor

_ 32X0.0816+960x0.00255 _
Jo= 2.25%X6.5 =0.35

Core loss
W =1.45X145=210 Watt

I2R stray load loss
Wii=2.66X1460%x1.1X24.3=151 watt
Wre=2.66 15602 X 1.1X228=162 watt
Wr=151-162=313 watt

#BELE

210
T — =0.
Ve/ Wa= 313 =0.67

Resistance at 85°C
R=151/119=0.0107 &
Ry=162/3.972=10.3 2

Equivalent resistance
R:=313/3.9.72=19.8Q

% resistance voltage drop
P,=19.8X3.97/6300=1.25 (%]

9% reactance drop

21.5X 60X 9602X 3.97 ( 0.79+0.708 .
Pi= 0.
6300<5.96 X 105 ( 6 10 12"’)

X29.0=1.00 %

_15__
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% impedance drop
Po=v/19511.002=1.6%
1;=3.97X100/1.6=248 Amp
Voltage regulation at p.f.=1.00

ero0=1.25+ 12382 =1.26%

Voltage regulation at p.f.=0.80

€9.80=1.25X0.8+1.00<0.6

(0.8X1.00—0.6x1.250% _ . .,
+ =1.6%
: 200 1.6

AT for flux density B=110.000 lines/cm?
13.4 VA/Ib
Total exciting VA &=
13.4>X145=1940 VA
Magneting current =

_ 1940 _oa0ga
=E300" ~=0-308 Amp

Iron loss cur &=
w=210/6300=0.0333 Amp

No load exciting cur 3=
1:=1/0.308?+0.03332=0.31 Amp

% Z exciting cur =
(0.31/3.97)X100=7.8%

W

FEMA W RE, AN, W), BB Fdol

Heeet.

x 4

Load /4 | 24 ] 3/4 ] 4/4 ] 5/4

I2R stray load loss 20 78 176] 313 489
Core loss 2100 2100 2100 2100 <210
Total loss 230, 2881 386 523 699
Out put 6.2501 12,5001 18,750| 25,000| 31,250
In put 6,480| 12,7881 19,136| 25,523( 31,949
Enfficiency 96.5( 97.7) 98.00 98.0 97.8

® q}7] core-coil assembly ¢] dimension -2
72 = 4+4.5+4=125in
Az = 6+4.5+1-+2+0.5=14.0in

Tank ¢ inside diameter & 16" 2 33 {429 o] &

25" 2 34
e BEEe
82X 25X 7=5180 in3
Core-coil assembly ate] E&F5-o
145/0.272+47.1/0.321 =680 in?
b ihe] BEEEe
5180—680=4500in3=19.5 G/A
"HEL
19.5X7.0=1361b
Tank o Fiy @HELRE
523

6lm
R miEkRe
g EELAL

Transformer design sheer

= 700.0007-0.0006) X 16 X 25 X7 X 6.45
49.7° +5° =54.9°
54.9° +5° =59.9°

=49.7°

, 6300

HYV

HV. V.,
Kva.25 Phase, Single Cycles, 60 Volts LV., 210-105 Phase Volts L.V,
Type. HL-65 Liue Amperes LV., 119 Phase Amperes LV., Type of Cooliug Self, Oil

Core
Steel sheet
Out constant
Core leg
Area
Diameter
Dimensions
Density
Weight
Core factor
Yoke:
Area
Dimensions
Density
Weight
Copper space factor, f .35
Window dimensions 6.5x2.25
Lamination factor kl .95
CORE and WINDINGS
Mean length of flux path
Total VA
Magnetizing current
Core loss cnttent
Exciting current;
Ampers
Per cent

.30mm
.80
QOutside

Hipersil

Center
22.3

4.0x6.0
110,000
145

23.8
1940

.308

0331

0.31
7.8

Resistance 1.25

Reactance 1.00
Percent: Impedance 1.60

Power factor 80 100

Regnlation 1.60 1.26

Total core 210
Lossos: Stray load 31

Tota copper 313
Percent:

Load 25 50 75 100

Efficiency 96.5 97.7 98.0 98.¢

Square iuches per watt

Ratio of losses .67

Ratio of weighes 3.08
TANK plain

Type of bank, corrugated sheet steel

Square inches per watt 2.4

Total wetted surface 1260

Depth of oil 25
Callons of oil 19.5
Weight of oil 136
Cooling coils:

Size

Length

Surface

Water, gallons per minute
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Windings High-voltage Low-voltage

Type of Winding .....ccovevvviveerieiiiiiniiis iriirire e concentric concentrif
ConnNECHiONS  ..evveviiee i e e e
Couductor: DImMension......................cooovemvineeniennens 0.0607 FVCW 0.144x 0.289

Section .....oovvviiiiiii 0.00255 0.0408

Number in parallel.............................coeeeL none 2
Current density......ccooeveeeeeeriieiiiiieiiie e 1560 1460
Turns per phase .......oeevueieerminiiiiiiie e 960 32
Coils: Total number ........ccocevviiiiviniiiiiieie e, 2 2

Per core Ieg vuneeineiiniii i 2 2
Turns: Per coil..uevieviniiiiiniiiiiei e 480 16
Per layer ...ooooniiiiiiiiiii 45 8
Number of layers....ccoooviviiiiiiiiiiii e 11 4
Coil: Connections ..........c.ccocveeeiiiiriiriiiiiiniii e, series series & parallel
DIMensions ..cce.eveveeiuiieiuiieeir e .79x2.73 .354x5.53

Ducts, number and size.............ooocoiiiiiiii e, }"TKx2 none
Insulation: Layer .. e e e .012x1 .012x2

Core and Conls .......................................... .125PB
HV and LV e .125PB & 188 PB
Voltage per turn ........... 6.56
Maximum voltage between layers 590
Length of mean-turn 29.0 29.0
Cepper: Welght...coooiiviiiiiiiriciie e v 22.8 24.3

L08e tee i 162 151
Resistance, 85°C ..o 0107 10.3
Per cent and turns with extra insulation
Wise EaEeIRA # (o BESS 2o ¥ 4
M. # & sl et

ool Pl Bite WEBe K.S. o o 4. BUH B el RS 2fme BAMAA B

EEfRebE Iberd o) (16X &4
Froleg R AR =13150+-5.56 P2
K.S, $it% i 2l =1330+6.35F7
ﬁ 25 £ A4 TKVASU SHARA A R 58
PR BTSSR RIS A4 524
')60880%19.? A 2 %e 357909 ) =19 FiE &
79092 fiel H& 45 . Lbho® HER

9904,

fm-—"]“ 35

A WA SHASH SRS lEAS BT
WEAL Bob =% ok Bt

2. WE FHS MR S ME Biel kA p
e ol s RS Mool Mo R 1

el ikl BAG Slel I RS M 24 Ao
3. ST, TEHMS) MR welole} §F fhE SERS

ek et

S AT FEEE KTE B Fskel W
BAEE g ob gt

°]1¢ B LA RES BA A o2 A waelA
WEE BT B 2 o FEETCEA o] Folxle
6. WE A FERECT e E MRz HHH
22 B4 RS HEA ] °¥ g Aol
7. Rk A& BoEel FE TR W Akl BA S WAL
BEEET 2ol B (S E A& BE ot B
Mt ki EEM AT HiF e RO
EES RRESA 53 RS 2 4 i Sk
£ DRl oA s

(1965%% 10J] 8H %)
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