Chapter 4

Materigls and Constructional Details

4,1 Materials
4,1.1 Silicon Steel »

The lamination of high - grade silicon or other sheet steel
is used to form the magnetic core which are sometiumes insulated
frbm each other by varnish, frequently the surface coating of iron
oxide i§ employed to minimize eddy - current losses in the core;
The thic..ness of laminations are also influence.the eddy current
losses in the core. Two losses, due to the varying flux, occur in
the iron core: the eddy current and the hysteresis losses. The si-
licon content of the iron and the nature of the énnealing are very
important in determining the hysteresis loss. The silicon content
increases as the loss decrease. Up to 4 percent silicon is used in

the best grade of annealed sheet. This iwakes the material very

brittle and\thus difficult to process.

For voltage transformer design the high permeability (low
magneﬂizing current) is more important than low loss (low core loss

currgnt).

0.30 nm. thick of RG - 10 silicon steel was used for this

‘lamination. Its properties are as followsj

Silicon content L%
Lamination factor 96%
Density ' 7.65 grams/cu. cnm.

Specific Resistance 47,5 (Micro - ohm - cm.)



29

The D.C. Magnetization and D.C. Permeability curves, Core Loss
Curve andkﬂxciting iS. Current Curve of the RG - 10 silicon steel

were shown in Fig. 4 -'1" to Fige 4 -« 3 respectively.

4,1,2 Magnetic wire

Magnétic wire is the name applied to single conductor insﬁlqted
wires manufactured for the purpose of winding coils for electrical
circuits. Iound Magnet wire is made of soft_annealed solid copper
wire in sizes from No. 46 to No. 4/0, Square and reétangular ~ cross
- séction magnet wires are also available. Insulatipns which are used
for magnet wire include’ baked films (enamel), cotton, silk, nylon
yarn, paper, asbestos, fibrous glass, dacron - g%ass, or combinations
of these materials. The temperature rating of mégnet wires depends

upon the insulation employed and is based upon the temperature limits.

The‘magnetics wire used in this transformer was round copper
enamel wire (Trade name Poly - Vinyl. Formal Enameled Wire: SUMITOMO)
The enamel has excellent resistance to moisture, heat and oil and
posses high dielectric strength. The Enamel wire consists of a com-
parative thig even coating of high - grgde organic insulating ena-

mel applied directly to the bare wire.

Round copper enameled wire No. 32 SWG was used for high - vol~
tage winding. Its dimensions are .as followss

0.274 mm,

The nominal diameter of bare conductor
The nominal diameter of Insulated Conductor = 00,3070 mnm,

The bare conductor cross - section area = 0.0589 Sq.mnm.,
itound copper enameled wire No., 15 SWG, was used for low - volt-

”

age windinpg. Its dimensions are as follows:
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The nominal diameter of bare conductor = X o83 mm;

The nominal diameter of insulated conductor 1.90 mm.

2.63 sq.mm.

The bare conductor cross - section area.
4,1,3 Paper Insulation

Paper is such an important part of the ihsulation in moderp
transformers that it deserves some special mention. Paper can be
! classified as a natural product. Many kinds of fibers are found in
nature from which good dielectric paper can be made |
Kraft paper....:..........wood fiber,
Qaniia PaPE€Xrecesessssvesssmanila rope.

Kraft bolndii/eieb ¢ sesane sWood fiber

Pressboard. R R R ..WOOd and cottono

Paper hasbexcellent dielectric stréngth and low dielectric
loss when it is dry, but it Very reac ‘ly absorbs moisture. In order
to overcome this difficulty it must be dried and treatéd (Impregnated)
in some liquid (oil, varnish, resins) to exclude moisture and main-
tain its dielectric strength. Such treatment fills the spaces between:

fibers and increases the dielectric strength.

The Kraft paper was used for insulating this transformer.
(Pgéssphane'- trade. name) The thickness of the pressphaﬁe insulation
in ;se were 0.05, 0.13, 0.25, 0,50 and 0;8 mn. The dielectric strength
ofvthe pressplone was' shown in Fig. 4 - 4.
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AVERAGE BREAKDOWN VOLTAGE ( KV.)

40

2 T

s e e AFTER VACUUM B IMPREGNATED .

* BEFORE VACUUM .

“ " 7EST BY INSULATION TESTER WITH DISK - .-
SPARK-GAP 2.54 CM.DIAMETER . -
/ AMBIENT TEMPERATURE 30°C .

L1

/n__%’_'

2 g ‘ : s s
NUMBER OF LAYERS .

FiG.4-4 THE DIELECTRIC STRENGTH OF PRESSPHANE INSULATIONS .

?
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L,1.4 Bushings

o

Bushings are made of porcelain, although in high voltage
trensformer for indoor use, terminals built up of paper and bake-~
lite varnieh are occationally employed. The porcelain should be
of the best electrical qﬁality with a highly glazed surface. Gen-
erally speaking, the sufface of the insulator should cﬁnform app;o—
ximately to the shape of the dielectric field., In the case of trans-
formers for indoor installation the porcelain contour should be as
simple as possible. When they are for outdoor service, however, it
is necessary to'provide watersheds, Poreelain inéulators for higher
voltages are oil filled in order to take advantage of the higher per-

mitivity and higher dielectric strength of oil, as compared with air,

When tappings are provided and the leads are brought to the
outside of the tank, the bushing insulators are similar to those for
the main phase leads, the only diffefence being that a number of
tapping leads suitably insulated from one another may be brought
thirough one insulator, as the voltages between tapping leads are

relatively low, ' 1

Bushing insulators for very high voltages are sometimes of
the capacitor type. These insulators consist of a number of alter-
nate layers of paper, together-with bakelite varnish and metal foil.
The various dimensions are so propertioned that the capitance betw-
ween adjacent layers of foil is stressed.” The insulator is wound
on to a brass tube which serves a tripple purpose, being the man-

£

drel for, winding, the inner plate of the first .capacitor and the

bl

conductor. Insulators of this type are suitable for indoor service,
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but they may be rendered weather proof by providing an outer shell

of porcelain having the .necessary watersheds.

N

The high voltage bushing, outdoor. type, was used for this
voitgge transformer as shown in Fig. 4 - 5 and the low - voltage

bushing, indoor type, was used as shown in Fig. 4 - 6.
4,1,5 Transformer 0il

A generally more satisfactory method of cooling is to immerse
the transformér working parts in o0il, which serves the twofold pur-
pose of facilitating the removal of heat from the ;ore and winding,
and at the same ti;e has valuable insulating proporties. The oil
should have high dielectric strength, low viscbsity, low freezing
point, and high flash point and should be free from corrosive acids,
alkalies, and sulphur. The 0il should not oxidize or sludge. Un-
fortunately, the presence of very small amounts of moisture or sus-
pended particles seriéusly affects the dielectric strength of the

0il so that in large transformers special means are provided to pre-

vent moisture from entering it.

The typical transformer oil characteristics was shown in

table below,

-

" Coloreeseesessssssnearly water wvhite (by Union Colorimeter)
2 max.
2., ReactioNessecscssssccssscsscoscssees Neutral.
3. Neutralization number (milligrams of potassium hydroxide

i

per gra,m Ba.mple).;.:.},e......-...... 0.03 maxe
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Lo Precigitation BB b e s s s v e as v s TR0
5. Free sulfur or Corrosive Compounds.. None_
6. Steam emuIsiég number (seconds).e... 25.0 max.
Lo FLagh POointesicevsnnionssienssdsssees (275°F) 135°c min.
8. Fire pointissssssssessisaceessocsses (305 F) 152% min.
o BOUE PadBtuniussnarnenmnoninssss i si00 2] b5be
10. Viscosity at 38.8% (100°F) SU...... 60.0 sec.max.
11, Viscosity at 0% (32°F) SUssessseocse 280 sec.max.
12. Specific gravity at 15.5% (60°F)... 0.898
13. Specific heatesesssseessssocecccesee 0,488 approx.
1k, Coefficient of expansion at 0%c (32°F) 0.000725
15. Coefficient of expansion at 100 ¢ (212°F) 0.000755
16. Interfacial tension (dynes/sq.cm.).. 40,0 min.
‘17« Dielectric cohslatwimmidevssssesses 242
18. Dielectric strengtﬁ (nin. standard cup)
at point of shipment..;.......;...o. 26,000 volts

(min. standard cup) at point of delivery 22,000 volts.

19. Weight per gallofeeideonsastveswasie To5 Lhi.

The Shell DIALA OIL D was used and its strength of the vacuum
and non - vacuum were shown in Figs. & - 7, test by insulation tester.,

The Insulation tester spark gap has disk terminal 2.5% cm. in dia-

meter.



‘FlG 4.-5 HIGH-VOLTAGE BUSHING AND ACCESSORY ..

FIG4.~-6 LOW -VOL;I'AGE BUSHING AND ACCESSORY .

—" i
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- AVERAGE BREAKDOWN VOLTAGE [KY.)

40 4

w
o

P

VACUUM OiL .

UNVACUUM OiL .

TEST BY INSULATION TESTER WITH
. DISK SPARK-GAP 2.54 CM. DIAMETER
AMBIENT TEMPERATURE 30°C .

- ™

1.0 1.8 20 2.8 2.0 28
ELECTRODE DISTANCE ( mm.) .

Fi6.4 <7 TRANSFORMER OIL DIELECTRIC STRENGTH .



4,2 Constructional Details

4,2,1 Core and Laminations

50

The core is core type and one = step cruciform = shaped, the

cross - section of the core was shown in Fig. 4 - 8,

6.75 CM: DIAMETER . : 25 LAMINAS ,

134 LAMINAS .

\_zs LAMINAS .

'{._..11-4.00 __,I
N ' 2bx5.50 l

FIG.4-8. CORE LEG CROSS-SECTION.

The RG - 10 steel strip with 0.30 mm. thickness was used for

this core.
From Fig. 4 - 8
The number of laminas of the middle laminations (.00 cm. thick)

= . % = 133.33 = 134 laminas.

0.03
The number of laminas of the outer laminations (0.75 em. thick)
each = 9.7 = 25 laminas.

0.03

The dimensions and shapes of the lamination for the core's

yokes and legs were shown in Fig. 4 - 9.
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28.00 17.00 @ ’ @ v @ . @ B u.so"n.u'

RPN aron

s.so..l.._7.oob_..{ i..s.so...l : l.t.oo+_a.so __..H.L.oo.|

b

i
o 19.00 17.50
~

=

-~
g

5

|
-
a) : b)

FIG.4=9. THE DIMENSIONS OF THE LAMINATIONS FOR THE CORE .
aj THE MIDDLE 'LAMINATIONS AND

b) THE OUTER LAMINATIONS .

From Fig. 4 - O the number of the laminations are 3

For core legs:

268 laminas (each leg 13% laminas)

L=
= W
B =]
) ®
<) <]
w @
' w
(=} ©
= 5]
] n

100 laminas (each leg 50 laminas)

(=}
™
B
o
=}
w
"
o
B
i

268 laminas (each yoke 134 laminas)

(=
™
B
o
B
w
'
©
B
I

100 laminas (each yoke 50 laminas)

The single straight strips of lamination were assembled with'
the joints cut at 45 degree angles and overlapped in alternate lay-

ers as siown in Fig. 4 - 10.
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FIG.4-10. CORE OF LAMINATIONS ,SHOWING MbDIFIED LAP JOINTS .
WITH CORNER CUT DIAGONALLY

The yokes of the assembled core was fastened by the L -

Shape iron clamps as shown in Fige 4 = 11, After assembling the

core had to be varnished,

~
3/¢ DRILL FOR TANK LID
FASTENING.

'
L= SHAPE IRON CLAMP .

CORE LEG .

CORE YOKE .

N
3/¢ BOLT & NUT .

"

FIG 4.-11 CORE CLAMPING METHOD.
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4,2.2 Coils Construction

Low and high - voltage coils were wound together in one coil
(for small coil only). The coil winding machine and the wooden bob-
bin were shown in Pig. & - 18 the dlksieter 44 the Wooden Sakbin i
6.75 cm. In real practice, a little difference diaﬁeters in bobbin
had to be provided for the adventage of easier removed of the coil

after finishing winding (about 2 mm. differed in'diameter for this

wooden bobbin).

.
3/, DIAMETER ,

15. 00

'._0.75 _.{

a)

FiG.4-12. ‘a) WOODEN BOBBIN AND b)) cCOIL WINDING MACHINE .
4,2,2,1 Low - voltage coils forming

To form the low - voltage coils, the wooden bobbin
was attached to the coil winding machine. At first the 0.50 mm,

thick pressphane insulation had to be wound around the wooden bob-
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bin for 6 layers as shown in Fige. 4 = 13 The method of winding was
shown in Fig. & - 1k. It also shown how to wind the coil with no

slipping appearéd at the beginning and ending of the operatiom,
4,2,2,2 High - voltage coils forming

After the low =~ voltage coil winding was compietéd.
The pressphane insulation was cover around it for one turn and then
the strips of pressphane insulation of 0,50 cﬁ. thickness were placed
to form vertical oil duct as shown ih FPig. 4 =~ 15 and Fig. 3 - 2,
Pressphane insulation was covered again for 6 turns (0.30 cm. thick).

The high - voltage winding was started.

At the beginning and the ending of the high - voltage
winding the wiré was soldered to the flexible.cord to prevent the
wire - breaking when connected, because the high - voltage wire was
so thin (No. 32 SWG). There were 27 layer in high - voltage coil
and each layer was insulated by pressphane insulation with thickness

0.13 mm,

The method of winding the high - voltage coils and the
method to prevent the wire at beginning aﬁd the ending from slipping
was shown clearly in Fig. 4 -~ 16, When ‘the last layer of the high -
voltqgc coil was finished, it would be wound by the white cloth from
the bottom to the last bending point, pressphane insulation was‘
covered around this coil again, let the ‘flexible cord come out

through the pressphane at the last bending point,e
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FIG.4 =13. THE INSULATION BETWEEN CORE AND LOW=-VOLTAGE COIL ,

NO.18 SWG, ENAMELED WIRE h SLEEVE WAS HELD :
W BY THE WHITE CLOTH PRESSPHANE INSULATION
SLEEVE . WHEN START WINDING . SLEEVE
o I A THE WHITE CLOTH WOULD P
~ | BE KEPT UNDER OR OVER =
S ‘} THE WIRE ALTERNATELY
,! STRIP OF PRESSPHANE

I,I

INSULATION(THE THICKNESS
SHOULD BE EQUAL TO

THE WIRE DIAMETER)
WAS ATTACHED BY GLUE

10 PREVENT SLIPPING.
15.00

ABOUT 10 TURNS BEFORE |
FINISHING WINDING OF
THE LAST LAER, WHITE
CLOTH WOULL 1IE LAID
FOR THE PURPOSE OF
HELDING THE SLEEVE .

a). e o b).

FIG.4~14. THE LOW=-VOLTAGE COIL WINDING METHOD .

@) AT THE BEGINNING AND

b) AT THE ENDING OF THE WINDING .
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N %
CH TAPE .
.90
STRIPS OF PRESSPHANE INSULATION=
ATTACHED W oLUE : .
W & A

. & ,‘
PRESSPHANE = INSULATION . /-

FiG.4~ 15 OIL DUCTS BETWEEN HIGH=VOLTAGE AND LOW-VOLTAGE COIL ,

1]

FLEXIBLE CORD

) 7

.t
I
_Q

STRIP OF PRESSPHANE-
= INSULATION .
>-—-—

| /_uupu “eouo..

‘b
LAST BENDING POINL__\_«. /;ﬁsm INSULATION,

=/

N\,

S

12:00
SCOTCH TAPE..- |
i _NO. 32 SWS. ENAMELED WIRE .
s | RING POINT
- ) v
 SOLDERING POINT. it WHITE CLOTH .

a) g . b)

/
FIG.4~16. THE HIGH= VOLTAGE COIL WINDING METHOD .

a) AT THE BEGINNING AND

b) AT THE ENDING OF THE WINDING
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2&0203 Tank

The tank was made of plain - sheet steel, the thickness of

A'the sheet steel varies on it application, 2.40 mm, thick for the

wall and 3.00 mm. thick for the bottom and lid.

The specification of the tank and tank lid were shown iﬁ
Fige 4 = 17 and Fig. 4 - 18 respectively. The inside surface was
coated with varnished and the outside surface was painted with

rustyo-oof paint for the first painting and then with grey color.

57
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NOTES.

t. PLAIN-SHEE * STEELWITH THICKNESS 2.40 mm. WAS USED

FOR TANK WALL AND 3.00 mm . FOR THE BOTTOM .

s

.liJ¢_

'. l.o _'_PnHw .i

330

2. ALL STEEL WAS JOINED TOGETHER 3BY WELDING .

3. ALL DIMENSIONS ARE IN mm.

TOP VIEW .

i

; F_____ 130 _ﬁ

s
40
ke
e, &
=
i B e
+
&0
i )
350
v
L %
l .;"_‘
5
X
I

FRONT VIEW.

se - 378
-l '

= & : o % 2

N T O : ik

i_.L 250 ol

U™ A
-4 . 290 =
i i A

RIGHT SIDE VIEW.

FIG. 4—17. TANK SPECIFICATION .

SCALE 1 : §
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4,2,k The Assembly
4,2.,4.1 Coils inserting

To insert the finished coils around the core legs,

the upper yoke had to be removed, the fing type preésboards in-

sulation with 3.00 mm, thick would be inserted to the bottom and

head of the coils. Then inserted the coil and pressboard onto

the core legs. The upper yoke was laminated to form a complete

core type and clamped with L ~ Shape iron clamps. The high -

voltage coils were fitted tightly to the yokes by the strips of

bakelite inserted between the coils and the ring type pressboards

at the upper and lower yokes., The low -~ voltage coils would be

supported tightly by pressboard insulation to the yokes to ensure

the 0il circulation between the low and high - voltage coils,

Tank 1lid would be placed tightly on the head by mean
of screws and nuts connécted-to the L -'§hape iron clamps which
attached to the upper yoke and the tank lid. The terminals of
the ended wire of each high - voltage winding would be connected

together and insulated with paper insulation tube 2,5 mm, thick.

The high .and low = voltage bushings were assembled
in the tank lid, - The high - voltage windings were connected to
the high ~ tension leads of the high - voltage bushings and in-
§u1ate@ with paper insulation tubes 3.00 mm, thick. The low =
voltare windings were insulated with sleeve and connected to the

low - voltige bushings,.

60
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There would be 4 terminals.to be connected in series
‘or parallel at the low - voltage coils and the secondary voltage
obtained were 240 and 120 volts respectively. The connection dia-

gram for low - voltage coils was shown iniFig. 4 - 19,

a). b).

F16.4-19.CONNECTION DIAGRAM OF LOW-VOLTAGE COIL .
a). SERIES CONNECTION .
. b). PARALLEL CONNECTION .

4.2,4.2 Transformer oil filling process

44

After assembling the coils, the unfinished transfor-
mer had to be baked and vaéuum in the vacuum chamber. Baking pro=-
cess would be operated first by increasing the temperature of the
vacuum chamber to about 75 degrees celsius and then started the
vacuum process. The temperature and vacuum pressure were controlled
at 105 degrees celsius and 760 mm., Hg. respectively. The baking
and vacuum would be operated about 8 hours continuously at this
temperature. After this operation fitting of the assembled coil

would be checked to make sure that it was fitted tightly. After



I
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checking it would be inserted into the tank. The 10 x 10 mm, square
rubber seal (for the tank and 1id sealing) was used, then fastened
with 3/8 inch bolts and nuts at the fastening hinges as shown in

Fig. & - 20.

Before starting the second bakiﬁg and vacuum one highv
: voltage bushing had to be removed, the rubber tube connected from
the vacuum - transformer oil pipe was put to this hole. Then the
second operation was started, the operations traced as the.previous
operations. After 8 hours treaément (a? 105 degrees celsiué) fhe
temperature in vacuum.chamber was reduced to 70 degrees celsius and
the vacuum - transformer oil was transfer through the bushing hole
into the transformer tank until the o0il immersed the transformer
core (reading from flow = meter), the reason for filling the vacuum
- transformer oil during the vacuum process was that to prevent the
transformer from moisture in the air., The transformer was removed
from the vacuum chamber, then the 0il was filled again until the
tank was fulfil, the high - voltaée bush%ng was assembled. All
screws and nuts were checked again for their fittness. The sét was

completed., Its figure and dimensions were shown in Fig. & - 20.
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4,2.5 Cost of Materials

Silicon Steel 16 Kgs. @ I,25,00

No. 15 Copper Wire 2.5 Kgs. @ lt.75.00

No. 32 Copper Wire 3.5 Kgs. @ i.90,00

2 'x High - Voltage Bushing and Accessory @ it.500.00
4 x Low - Voltage Bushing and chesébry @ t.25,00
Pressphane 1 Kg. @ Bt.45,00

Plain - Sheet Steel 15 Egs. @ Et.5.00

Transformer 0il 20 Litres @ iit.15.00

Paint

Clamps,Screws, Bblts and Nuts ete.

Name Plate

Total

Baht

40000
187.50
315.00
1,000,00
100.00
45.00
75.00
300.00
100.00
100.00
100.00
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2,722.50
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