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ro Porosity
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. Low Tension S ¥
71
I High Tension
weathering Knuckle, Suspension
Refract(p'PorceIai Special Porcelain !
« lrotection Tubes
Thfrmbcouples b . | oMty .. ! b
deform
 Decorative Porcelain Porcelain
Artsware ‘
L. Table Porcelain China Porcelain
Til
" Dental Porcelain Porcelain
* Electrical Porcelain Insulator Electrical
Porcelain Insulator Hard Porcelain
loss
Mechanical strength
3 porosity absorption
« | (homogeneous body)
. (chemical durability;
£. «
thermal $hock differential
b. ?

Dielectric strength



dielectric constant 3 (llir 1b—

4, volume resistivity (1 ( ,000,000 Meg.Ghm/in?J
* power factor 71 *
ox loss
¥l * Electrical Porcelain
Electrical Porcelain « 1 Kaolin,
Silica Uftr Feldspar ? "
« ! electrical porcelain o
». Plastic Clay Ball Clay-
green body L . j
to. FigCo® BaCo” ? *
? I ! ' I !
ISVW ! 17 | flux r? electrical
properties S
m Talc I magnesium silicate
(steatite) fired body ? fied
body thermal shock
o ! ? electrical porcelain
? I 92 12 ) !
! ? porcelain ?
secondary flux flux  fit I ?
! ? electrical porcelain !

magnetic separator

Silica
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Triassic

Theoretical Kaolin ( Table 1)
| Silica content
Alumina coqtentr' Theoreﬂfal Kaolin
weathering Silica V. Feldspar
' %
Silica Feldspar China
Stone China clay Kaolin
plastic material
%
bf
plasticity !
eo - * cream
b SI0
{

1,060 C Pink
1,100°C Light-straw

1,16@P€ Straw
1200 - |,250°C Dark-straw

Porosity porosity
bo - firing temperature .

Shrinkage
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Koran Co., Tokyo, Japan

Refractoriness Sk 28 K20 3.24

lgnition loss Dedd Na20 070

Si02 713-03 Total  100.47

A1203 16.95

FeO 0.61

TiO 0.20

Ca0 0.40

KgO 0.20

(Doi-Sutep White Clay)
(mineral- logical
performance green state characteristic) fl |
T b

= (Ceramic products)

VI |

Theoretical Kaolin component

electrical porcelain body ] ' ”

»

(Nakornayok plastic clay)

secondary clay

(High refractoriness) ?

(forming)

green strength
L



carbonaceous matter

7«

Kefractoriness

! «1? !

! -
|,060°C
| 100°C
|, 160°C
1,200°%
[,250°¢

L1 b !

0, - cociu' !

| porosity
state; porosity
!
?

water content

«

mi Koran Co., Tokyo, Japan

Table 1
! SK.34 I
(high percentage of shrinkage/)
fired-state
1
Light-pink
Cream
Light-yell*
Straw
Straw
porosity !
* abo°C — «iffid:00C !
(vitrify
fl body clay

, green state

ceramic

(Vieng-par-pao Plastic Clay)

green state

fine grain)
.

(forming and molding)

*



dry shrinkage! Jro1x  htf% 7

nr 1 » *ofco’C - *ta*o°C

fired body nr fire
shrinkage ? » (vitrify state)
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" & ceramics ?
rool 1]
\ . ~ A 4, *

ER * “
« 1]

X “

5
water content

(Ban-na White Clay)

I electrical porcelain
I’l} n T!!; Z . 1 ,

(Green Hill Plastic Clay)
! Green state

» o ! ']
; Il|| 1 * . . \l

. electrical porcelain component

| 1 )

} ’ I I I
1V ~ r

N ) |

Feldspar)
(feldspar) ! commercial grade

feldspar ! Karmado Chem. Tech. !



? ft potash feldsparI Na 0

17 1 1 ||
. p?tash feldspar ' Orfhoc\ase
Microcline . uk R Microcline | )
potash feldspar ? soda feldspar
Theoretical Composition potash feldspar
Silica 65. 7"
Alumina 18.4%
Potassa 16. 99
Feldspar * potash feldspar
body : ' flux /] 6k o L * {efractory
theoretical feldspar '» «,*doC
1, «do°C * flux * active flux
body green state feldspar * on-plastic
* dry shrinkage green strength * ' fired
strength vitrification water absorption
porosity ? feldspar
? Koran Co., Tokyo, Japan Table 1
Silica (flint)
Silica * * * X
» < 7
, ¥ Silica amorphous quartz
Silica 102 * grade

electrical porcelain
Silica * flint ilica
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strength
ten

Barium Carbonate._BaGQ3

Barium Carbonate comme»rcial grade

b | ol
flux alkaline earth
Magnesium Carbonate, MgCo,
Magnesium Carbonate refractory
flux
H =4 °C
Talc. Mg3 (si*010)(OH)2
. hydrous {nalgng§n}m 5|I|cato/?I I\/Ig(f)I . I'E Si0
124 1 >l A AT A
Talc commercial
grade
Whiting
Whiting limestone (CaCO")
? Ca0 body
flux s . refractory
whiting body , fired body Ca0
firing shrinkage
limestone Koran Co.,

Tokyo, Japan | Table 1



1 K ran Co. Tokyo Japan.

Refract- Ignition . N
oriness  loss 9102 appe3 Fe2e3 1102 CaO MgO e ha20  Tctal

Theoretical _ 1400 46.00 39.50 - L L —
kaolin
bk 28 5.44  73.0.3 16,95 0.6l 0.20 0.40 0.20 3.24 0.40 100.47
hk 34 3.82 67.50 21.20 T.40 0.72 0.32 0.19 0.16 0.10 100.41
- Feldspar
i hk 34 0.20 64.90 20.02 0.40 trace 0.25 0.19 11.69 2.68 100.21
Flint

— 0.24  94.00 3.54 0.14 trace 0.52 0.18 158 o.50 100.20

Whiting 4370 257 022 0.08 002 5275  t31 0.04 0.10 100.76
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Theory of Dielectric

Dielectric_strength-breakdown dielectric strength

R " (an insulator)
]
dielectric ! insulator ! I «
! maxium. Electric potential difference =
! diele(it\'ic I insulator !
« o
), insulator breakdown ( «
*) dielectric strength !
_ _ Max. permissible P.D. insulator
Dielectric ]
m dielectric
insulator dielectric

) o Volt/mm. or Kv/mm.

I Max. permissible P.D.

insulator | dielectric insulator
» dielectric « dielectric strength I insulator
I breakdown
dielectric strength !

! (thickness) !
! P.D. I dielectric (rate of voltage
applied) (temperature) r? I (impurities)

electrode a

00SBOS



L v o 1

oz 1 b v 9‘
. /I{{Q/l/ai’x// :t . Vacuum i_
e /dlelectrlc - ielectric
i BN
= C

0 % i - . +

- . N

Fig.2 Perfect and Imperfect dielectric.

V * Max. Permissible P.D. ! ® I
dielectric vV 2?2 KY
t« pm dielectric

. . 0 .
Dielectric constant - Coumb' law for point charges

mks rationalized units It) f 2 J

F =@ g newlons

4 1TET
F - lonGgKorN Ui 1?2 QL Q2
, Newton

Q = ! r? coulombs

r- !_ ! ! ?; Q1 Q2 !

6 * diel'lectric constant medi)l)Jm

I, medium free space (vacuum) ?| ® dielectric
constant, £0 Iy fl? 2

So = 8.854 x 10-12 A L 9 = farad
36 1 10N met er



I medium 2"

6 =e06/ Xatad
meter
| G = dielectric constant medium
* ! L
] relative dielectric constant
I condenser two parallel plates
A = . meter?
t = | ! : plate , meter
C = capacitance ' condenser, farad
?
C :At\" farad
? I & = ¢o
I : ;
L -
£o At
4G
J f
6* =
! ? ? relative dielectric
constant relative dielectric constant ! !
"7 capacitance condenser !~ dielectric

capacitance condenser dielectric



f relative dielectric constant o
® I dielectric

. —b. . niceramic
1 1

” ! bhob,

Dielectric Loss and Power Factor

J
|

Air

&,

FH+++

Ft++

Perfect Capacitor

Imperfect Capacitor

-V

(a) (b)

|=0>cv lc=)ov
| oo .
|
|
|
|
|
d |
|
£ |
T;;\ g |
- -

Perfect capacitor Vector diagram. Trmperfect capacitor Vector a4

”*

Fig. 3 Capacitor vector diagrams.

L ceramic

special



capacitor . . dielectric

> loss ) ') dielectric
perfect dielectric, capacitor A perfect
capacitor. Vector | » Vector V| 4.
rucapacitor , dielectric
porcelain dielectric loss
( capacitor dielectric imperfect
capacitor. Vector’ « | Vector V
> b 0 b) perfect capacitor
sinusoidal voltage capacitor
(y) (@
applied voltage sinusoidal wave

v = Vffiax. Sin.wt
perfect capacitor ™l capacitance G farad

¥ C. Vmax. cos uit amp.
{;1 | = G.V. amp.
| » r.m.s. value of capacitor current
V.- r.m.s. value of applied voltage
imperfect capacitor dielectric loss
vector current capacitor vector applieu
voltage " ) phase angle
Power factor capacitor = cos 0
, 90°-0- loss angle

"y lower factor = Sin.cf



perfect capacitor

? 90°
=0
dielectric loss of
imperfect capacitor = IV Cos.”
= IV Sin .cf
» dielectric loss

of perfect capacitor = 1V Sin.oT =0, Sin. ¢f = 0

Capacitor dielectric loss " equivalent
circuit

V*— W

Fig.4 Symbolic Representation of an Imperfect Capacitor,

perf,gctMlcapaIcitor resistance
resistance R frequency
. I hi condenseras complonents
I resistance brance inphase Vv le.
capacitor brance  leading vector V diagram

()



acv = | COS.J
effective capacitance of capacitor
IT c0s.c/

Ic

N €
*

dielectric loss P = IV coS
=V sin.cl (+ cosdi? =sin. ] )

= Vsin.o/ X 03/

= V2l ¢ tanc/  watt
= fa(2(A&)(f)C W)
dielectric loss per cm?, - )L a(2lffo &-0(fy (tail ¢)
* 55.5( tanc/ (E2)(10-6)
= the dielectric loss or power loss per cubic centimeter
* relative dielectric constant of the material
J = the loss angle of the material
E = the voltage gradient in KVimm,
f = frequency of applied field in cycle per sec.
tan J = dissipation factor

Evtan d = loss factor
1U ceramic insulator loss angle J

loss factor = * sin|?

|
Dielectric Loss Power Factor

dielectric !
B Wattmeter method
Bridge method



Electrical Porcelain Bodies

Electrical porcelain insulator
« ai
* I 1 (Porous body) Insulator
! (Porous re1‘ractoryI Iinsulator bodi%s)I y * !
water absorption Table 2 ' properties of
electrical porcelain bodies ok porous body
! Kaolin, ball clay, feldspar, flint saw dust
cork, bodies « f * !
saw dust * " bodies AN body !
! thermal shock x
, ! (heating element)
, rheostats
ta. = (Vitreous
nonglazed body) Insulator r' ' 11
mechanical strength |
I * (outdoor) x f boo-
«, 0CO (high frequency) «,000 cycle/bec.
insulator b I (smooth surface) V
. 0
insulator o (waxed)
(glazed body) Insulator
I Vitreous nonglazed body ok
! Electrical porcelain *
! insulator | low voltage, high voltage



- Ixlra hidh volage g insulator I
Jum 2« )
? *! (moiﬂure)’ x
electrical porcelain

electrical porcelain special
bodies electrical porcelain
insulator steatite, rultile, cordieritie, high

alumina, teryllia, magnesia, Zirconia, Thoriak cordierite
electrical porcelain &

thermal shock \ insulator
supporter (vacuum tubes)
porcelain insulator
| " (50 - 60
cycle/bec.; electrical porcelain insulator
A
«. Low tension porcelain insulator porcelain
insulator 0 - hoo
(secondary distribution voltage) iorcelain 1
dry processed hand pressed ,
insulator

(high tension insulator)



Vi high tension ef%}a hhqh tension po[celaln

insulator porcelain insulator i
boo y ,000 , 00
insulator ' distribution system
transmission line system porcelain

wet process

~ Mechanical properties

Electrical Properties Electrical Porcelain Insulator
Graqtham
> dielectric strength electrical porcelain
(varied directly) feldspar
ball clay body

flint

. (firing temperature) !
body mechanical strength !
body thermal shock

Watkin
*, feldspar
flint body r Imlechanical strength specific electrical
resistance Dielectric strength
. ball clay
flint body ' dielectric strength
specific electrical resistance " mechanica

strength



m, ] ball clay | 3

kaolin I properties V! mechanical electrical
< Zircon

flint I mechanical strength dielectric

strength «
X. « steatite
feldspar specific resistance

dielectric strength
mechanical strength

Mongch
® ", dielectric strength ' porcelain body
, cone 9 cone 15,
dielectric strength cone 7 10
‘ apparent porosity
«11 ' lepidolite
potash feldspar body '! electrical porcelain !
resistance thermal shock «
high voltage porcelain ' wet process
cast extruded
porcelain ' ] ,
porcelain | | | ¢ |



%. % »

surface resistance
I

required shape)

a. Porcelain fia

High voltage porcelain
—— »

dielectric constant

bib

body resistance
(easy to mold into any

mechanical strength
L o J _
| porosity
(homogeneous body)
electrical porcelain

dielectric constant

- » B | dielectric
constant porcelain i bin 9
porcelain high
voltage ? porcelain ' tafl
mechanical thermal shock
|
Rexford Newcombs physicgl

properties
Table .

electrical properties

porcelain bodies



TABLE 1 PROPERTIES CF ELECTRICAL PORCHAIN BODIES

Properties
Specific Gravity
Compressive strength, psi
Tensile strength, psi
Modulus of Rupture, psi
Water Absorption, per cent

Impact resistance, ft. Ib/sqg. in.

Linear expansion coeff., in/°c.
Thermal shock differential, F

Thermal conductivity, icr?llsec/sq.

15X

Electrical

Dielectric strength, volts/mil
Dielectric constant

Volume resistivity, ineg/in®
Power factor at 1,000 ke

Minimum
1.90
30,000
1,500
3,000
0.2
=
2.5 x 10'6
650

0.0020

90
6.0

300,000
0.60

Maximum
2.46
65,000
6,000
85,000
2.0
0.90

5.5 x 10”6

1,500

0.0039

200

1.5
3,000,000

0.95
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