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INTRODUCTION.

High tension insulators are generally built of
geveral porcelain discs in series, the discs being con-
nected by galvanized steel hardware. When alternsiing
voltage is impressed across such & string the voltage is
not diastributed symmetrically because the charging current
is not the same through the string. There is ospacitance
from each commector to the next, from each connector to the
ground and to the line wire, as well as capacitance from one
comnector to one which is not adjacent. If the voltage im-
pressed is direct and all the units or discs are exasctly alike,
then such an aix insulator atring would have across esch unit
the same valus of voltage. A certain leakage current flows
through esach insulator, and the 4. ¢. voltage across each unit
will be the leagkage current multiplied by the reaistamce of
each unit.

In the transmission of high-voltage direct current,
such ap the Thury systeml found in Burops, high-tension por-
celain insulators can be used to insulate the line from the

ground. Such insulators are exposed to shanging westher

;Electriaal World, Vol. 63, Page 583.
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oqnditions.of humidity snd temperature. Also, these insu-
lators on accounf of being subjeoted to mechanical stresses,
electrical stresses, and repeated temperature cycles, depre-
ciate in resistance, become faulty, and unless detected may
interfere with the operation of the transmission system. If
the rvesistance of the inauwlators forming the atring, and the
effect produced om the resistence by temperature, humidity,
etcetera, are known then it is possible to predict to a
certain degree of approximstion what service the insulators
can give. Besides determining the eondition of such insu-
1ators, & knowledge of the resistamnce would give & basis for
comparing different types of insuletors, and likewise would
furnish & meens for arriving at the veltage distribution of
different makes and types and the uniformity with which &
given type could be expected to run.

In the investigation carried out, the resulta of
which are tabulated below, particular attention was given to
the determination of the surface and interior resistance, and
"the effect of change of temperature and humidity on the elec- .
tricel resistence of various types ani mskes of high-tension
porcelain insulators. The hnmidity.effect is not an internal
one, but manifests itsqlf by changing the surface of the insu-
lator so that & greater freedom is given to the flow of cur-
rent over the gurface between the cap and the pin of the

insulstor.
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THE METHOD AND APPARATUS.

The method employed to determine the resistance
of the insulstors was similsr to thet used by Mr. F. Ham-
hurger,l‘california Institute of Technology. Briefly, it
songists in applying a known rectified altermating voltage
scross the insulator whose resistence is being investigated,
which is connected in series with a standard condenser. The
current thet leaks through the insulator is sllowed to aoéum—
ulatg on the condenser which is discharged after a known time
into a voltege-calibrated ballistic galvanometer. The capac-
ity effect of the insulator is disregarded.

A sketch of the apparatus and commections is given

below in Figure 1.
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Figure 1.

15 Method of Measuring Extremely High Resistances, F.
Hamburger, C. I. T. Library.
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R - Lesakage resistance of the insulator

B, = Ractified~g$ c. voltage

E = Voltage scross insulator

El = Ez = Yoltege across terminals of standard

condenser.
01 = Capsoitance of standard condenser
I = Lesksge current of the insulator
I1 = OCharging current of the condenser
12 = Leakage current from one plate of the con~
denser to the other.
According to the above mentioned peper the follow-

ing equation expresses the relation between leakege current

and quantities which enter into its somputation.

becomes

Q 1
I = CR X 3 (1)
122 - Ezﬁg
l-e
Since 91 - By = BEp, then the above equation
"EI : '
I = ! 1
Ry X -5 (2)
o1Ry
l-e
EQ = B+ IaRz - %

IR + I(1 - o *) (3)



S,
whence E{Eg
3 - KQ -I(1 - e ) (4)

I

Hambu.rger haes shawn that the second term in the
numerator .of equation (4) smounts to only asbout $% of E,
and therefore is negligible in comparison with E,. Therefore
equation (4) becomes

R = _f..‘,’_ , approximstely.
I

-5
In the expression (1 - e ), if & is smsll, then

-5
(1 -~ € ) closely approximates the value . In this in-
vestigation C; = 10™6 miorofarad, R; = 20 x 1010 ohms, approx-
imately, and t, say, equals 1800 seconds, then b is equal to
i+

0.009. Therefore (1 - e—c'?’“) can be put equal to __%

c1Rz
and since %1 = By = By, equation (1) results in
c:l.
1 = B x GiRp E, x %1
B, t
apd equation (4) becomes
B B .
R = -r?- = E.':’. x‘_;_"_ , approximately. (5)
1 1

Bquetiom (B) was used throughout the calcnlatioms
to determine R.
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The epparatus used was the same as that employed
by Hamburger, with two exceptions. For 4. cs power supply
8 UX-281 radiotron was used as rectifier instesd of a
3~element vacuum tube with grid and filament connected to-
gether. The radliotron, which was a 750-volt tube was made
avallable for 3200 volts by boring a small hole in the base
and forcing transformer o;l{ :shrough it into the cavity
between the socket and mem The tube was pleced in &
vertical position, base downwards, in a jar containing trans-
former o0il, s0 that the oll reached up sbout one~third of the
height of the tube. The presence of the o0il furnished ths
necesgsary insulstion between the lesd~in wires.

As with Bamburger's apparatus, the insulstor and
standerd condenser were placed in separate ecompartments with
an "insulating” compartment between. This insulating com-
partment prevented any change in the condenser due to a change
of temperature amd humidity in the insulator compartment.
Particular carewas teken that the wire connecting the insu-
lator and condenser did not touch the box at any point and
allow leakage from ths wire to the box. T be holes contain-
ing the bakelite bushings through whioh the bus bar passed
were lined with copper and grounded. This prevented any
leaksage through the bushing from the bar getting to the con-
denser by way of the wood of the box,
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| fhe relative humidity wae dletermined from re&dings

furnished by a Lambrecht Wet and Bry Aspirstion Paychrometer
which was placed in the enclosure containing the insulator.
The thermomete_rs projected through holes in the top of the
box. The wind-wheel was driven by a shaft coming through
the side of the box and connected to & small motor. A motor
speed of between onme amd two revolutions per secondi gave the
required velocity of air flow by the wet bulb and thus per-
mitted the use of the "Psychrometric Tables" by C. F. Msrvin

(U. 8. Depertment of Agriculture, Weather Buresu) and the
Smithsonian Physical Tables, Seventh edition, S8econd Reprint.
An incresse in humidity wae obtained by electrically heating
a high resistance coil submerged in a smell vessel of water
ipn the enclosure. To lower the humidity the box was opened
to the atmosphere,

The insulators tested in the investigation were
thoge selected at rendom from a number which had been lying
in a ary etmosphere for months and thus were air-dried.

Before baeing tested the insulators with one excep-
tion were clesned amd rubbed with alcohol in order to get an
insulator surface as free as possible from dirt and molsture.
(One insulator was given & test with its surface untouched.)
The surface of an uncleaned insulator niay be considered a8

aovered with & poor conducting layer formed by the accumula-
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tion‘ef'dirt and moisture. Surface conditions influence to

a great extent the resistance charscteristic of the insulator.
This is clearly demonstrated’in readings below. The insu-
lator was suspepded from the bus ber, the box closed, and
atableAeonéitiOBB of temperature and humidlity atteined before
the voltage was applied. The voltage was applied for a known
time; the charge which accumulated on the standard condenser
was discharged into the ballistic gslvanometer and the deflec~-
tion noted. From & voltage-deflection calibration ourve there
wag reed the voltage existing on the condenser before discharge.
A solution of equation (5) with inserted values as obtained
gsve the resistamce of the insulator,

The temperature of the insulator was taken es the
temperature of the enclosure holding the insulator. Enough
time was given after a change of temperature or humidity was
made, to allow the insmlator to come to the atable ¢ ondd ti ons
of the enclosure. By the manipulation of suitebly arranged
switohes the temperature oould be maintained within half o
‘degree .and the humidity kept practicelly constent.

In the comparison of the verious types of insulstors
it was agnsidered»that threevaifierent temperatures for each
type were sufficient to furnish a basis fqrﬁcompariaon.

| For some of the readings & one~inch copper band was

‘placed around the insulator so as to touch the ocuter skirt
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and arranged so that‘go;d contact was mede with the insulator
porcelain. Thie copper bamd wes oonnected to earth, or the
bus bar, or the gtandard condenser, as desired. The readings
thus obtained made aveilable the resistance aver the surface
of the porcelein and fwrnished 1ntérest1ng information re-
gerding the effeot of the surfsce on the resistance of the
ingulater.

In reaording the Resistance-BHumidity values, both
the absolute and relative humidities are plotted.

COMPUTATIONS,

In a single run the following readings were taken
and recorded: Time, Galvanometer Deflection, Static Voltmeter
Scale Raading at begimming and end of run, Temperature of Dry
gnd Wet Bulb Thermometers, and Atmospheric Pressure.

.The galvanometer deflection on the calibration curve
geve the value of By = E; in volts. The voltmeter scale
reading gave tha'voltage By in volts across the insuls tor
and oondenser. The atmospheric pressure was necessary for
the payohramairic tables. The differemse between the 4ry
and wet bulb thermome ter readings together with the dry dbuld
thermometer reading furpished values for the determination of
the relative humidity for any particular atmospheric pressure,
using the psychrometric tebles mentioned above.
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To chanée relative humidity in per cent to absolute
humidity in grams per cubic meter, the Smithsonian table 259,
page 235, Seventh edition, Second reprint, was used. A curve
was drawn showing the relation between density in grams per
cubic metér and temperature in degrees Fehrenheit for temper-
atures between 30° F and 140° F. From this ourve the sbso-
lute humidity for any particular temperature between 30° F
and 1400 P ocould be acourately obtained. Since these values
ere for saturated steam then the absolute humidity oan be
found, using the known relation that absolute humidity =
maximum humidity times relative humidity.

The capacity of the standard condenser was 1 micro-
farad.

When insulating material is subjected to a contin-
uous voltage, the current at first is a capacity current whioch
continues thereafter with decreasing intensity over periois
of time which very with the kind of meterisl.} The total our-
rent at any inatant after the continuous current is applied
is madé up of the decreasing capsoity current snd the steady
current due to the conductivity, After a time the capacity
surrent approaches gzero and the trué conductivity may be
measured after ths cepascity ecurrent has died out., Thie ca~
paclity current in this piede of work was considered of no

consequence beceause, if the ballistic galvanometer was in

lglectrical World, Vol. 82, p. 1007.
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the cirouit when the voltage was applied, a slight deflection
wes registéred, which in all the cases observed amounted to
only about 0.1 volt. The influence of this voltage was con-
sidered negligible and no correction wes mede in the voltage
at the end of the run.

fﬁc relation existing between the resistance and
temperature of the insulator with constant humidity is repre-
gented by a logarithmic curve of the form R = Aa'KT; where
R = resistance; A = a constant; K = another constant, the
slope; and T = temperature. 8ince the logarithmic curve
draswn on seml-logarithmio pasper is found to be & straight
line, then there exists the following relation: |

d(logaR) . X

Then, log,R = KT - K

when =0, K' = loggR .

Therefore in the case of the Resistance-Temperature Curve 1,

Curve Sheet 1, for T = 0, R = 5.5 x 1013,

then Kl = logeb.5 x 10%3 = 51.64.

Taking any value of R and T an the curve we get, for instance,

when T = 90° and R = 4 x 10%, that
loggs x 1011 = 31.64 - K x 90.

Whence K = .00662. Therefore the equation of the curve ig
log,R = 3l.64 - .0662T

or R = 31.64 e~-0552T
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DISCUSSION OF CURVES.

On Curve Sheet 1 are found two curves. Curve 1
shows the relaﬁion be@ween the temperature and resistance,
with oconstant humidity and with no copper band on the insu-
lator. OCurve 2 is for the same conditions, excepting that
the copper band on the insulator was conmnected to ground.
There is not much variation in the two curves, which shows
that for a constant humidity of 62 per cent the main resist-
ance of the insulator was an internsl one. Because the curves
cross each other does not mean that the resistence for the
lower temperatures is smeller when the copper band is on the
insulator. It is quite possible that another set of readings
taken later would give curves lying practically parallel to
one another and perhaps quite close. This conclusion is based
on subsequent work. Curve 1 was used to determine the constants
in the logarithmic law established on page 1ll.

Curve Sheet 2 shows the relations existing between
resistance and absolute humidity with temperature constant,
for various temperatures. Ourve Sheet 3 shows the same rela-
tions excepting that relative humidity is substituted for
absolute humidity. In both curves the resistance drops with
increase in humidity. It is difficult to tell why this should

be the case, It seems that for humidities up to the point



wWhere a,fi;m of moisture gathers on the insulator the resist-
anoce should remein practiaally constant when there is no
change in temperature. in the curves on Sheet 3 the resist-
ance drops very rapidly after & high humidity is reached,
excepting for the 890 and 110° ourves. The ohange is indi-
cated by ﬂroken lines because the readings of resistance at
high humidities are doubtful. As many as ten readings have
been taken for one high humidity, but no two readings checked
and there was no regular change betweep them as they decreased
and increased and decreased again. It is quite obvious that
up t0 a fairly high humidity the points féll well on a straight
line, showing that there is & logarithmio relation between
refistance and humidity. Following the same procedure as in
finding the resistance~temperature equation, the following
law is found for the 110° curve:

logeR = 26.61 - ,024H
where B z relative humidity in per cent. Since the curves are
not parallel this law will not hold for other temperatures;
however, the laws for the various temperatures will have cen-
stants in the neighborhood of those in the equation above.

If the absolute humidity is used instead of relative
humidity the equation derived from the 110° curve on Curve
Sheet 2 is

10363 = 26.66 - .0382H
where H = absolute humidity in grems per cubic meter.
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" The curves on Curve 8heet 2 are not parallel
except in paifs, consequently the last derived equation
will not show the relations existing between resistance
and absolute humidity for the temperatures different from
1100, .The two last equations do not vary considerably from
each other, showing that the resistance-absolute humidity
relation is of much the same character as the reaiaiance-
reletive humidity relation.

The curves on Curve Sheets 4 and b6 show the rela-
tions between the resistance of the insulator and relstive
humidity and sbsolute humidity respectively, the insulator
having no copper band attached. On account of the variation
in readings of humidity for any particular temperature, it is
possible that the curves give only a poor approximastion of
aotual conditions. There is a certain similerity between the
curves, but no explanation seems feasible for the peculiarity
of the shape of the individual curves. No general equation
will describe the ourves as it does in the case of resistance-
temperature relations. Since no copper band is present to
conduct away any surface current the resistance as shown by
the curves is the combined resistance of surface and porce-
lain between cap and pin.

Curves 1 and 2 on Curve Sheet 6 are of interest
only in showing that for constent humidity there is little
change in resistance ﬁith change in temperature whether the



band is aonnected to the bus bar or to the pin, the insu-
lator being suspended from the bus bar in both cases.
Curve 1, Sheet 1, which is not shown here, fits closely to
these curves., Curve 3 results from readings teken with the
insulator ;ap insulated from the bus bar and the copper band
connected to the bus bar. Such readings will thus give the
resistance over the under surface of the insulstor. Of course
i1t i8 possible that some Qf the current leaks through the
porcelain, a8 well as over the under surface. OCurve 4 shows
the relation when the insulstor is suspended from the bus bar
and the band is connected to the standard ocondenser; no con-~
nection exists between the pin and band except through the
porcelain. If there is no leskage through the porcelain
between oap and band, then the values shown by curve are
values of surface resistance between cap and bani. Since
Curves 3 and 4 are not parallel apparently there is an inter-
nal ohange with one or both connections, or more with one
then with the other. Adding these itwo curves gives values
of total resistance; and aince this sum is much larger than
the resistance of the insulator porcelain between cap and pin,
one is juastified in concluding that fhs sum is the totsl sur-
face resistance.

From the 100° curve on Sheet 3 for 52% relative
humidity the resistance is 238,000 megohms, which is the

;
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internal resistance between cap and pin. For the same
tamperatﬁféa and humidity from Curves on Sheet 6, the |
totel surface resistance is (3,360,000 + 1,170,000) =
4,530,000 megohms. The internsl resistance and surface
are in parallel when the insulator is in normal operation;
then for the values of temperature and ﬁnmidity chosen the
surface resistance is 80 large In comparison with the in-
ternal resistance that practically all of the leskage cur-
rent goes through the porcelain between pin and cap. For
high humidities such a condition of affairs does not exist
and the surface leakage is considerable.

With the copper band on the insulator, the insu-
lstor sugspended from the bus bar, and the band connected
to the standard condenser with no connection between pin
and condenser, a‘set of readings was taken to get the rela-
tion between resistance and hnmidity with consteant tempera~-
ture. Three different temperatures were chosen, The curves
of the reasdings thus obtained are shown on Curve Sheets 7
and 8, and show the changes in the resistance with humidity
of the upper surface of the insulator. The our#es on each
gsheet bear & certain resemblance to0 each other, but there
geems %0 be no plausible explanation of why the humidity
should heve such a peculiar effect on the resistance. Fur-
ther work will have to be carried out in order to find the

reason for such an effect.
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- Por all readings teken up to this point the same
insulator had been used. The insulator at all times was
c¢lean of dust and free from\mdisture, except in the humid-
ity experiments where moisture did scoumulate on the sur-
face due to the change of humidity conditions in the enclo-
sure. At this point an insulator of the same type &s the
one previously used; namely, a Westinghouse Type, Number 631,
was selected at rendom from & number that had been lying in
& dry room for eonéider&ble time, at least a year, and there
had gathered over ite surface a film of dust and dirt. With-
out disturbing this film of dust and dirt, the insulator was
suspended from the bus bar in the enclosure and first the
resistance-temperature relation obtained, and second the
resistance~-humidity relation. The insulator was then cleaned
of dust and moisture and the above experiments repeated. The

curves on Curve Sheet 9 show the decided ohange when the

insulator was cleaned. As would be expected there was con-
gsiderable variation in readings for any perticular tempera-
‘ture when the insulator hed its f£ilm of dust. B8ee Curve 1.
For some temperature: below 709 F the curves come together,
which indicates that for these temperatures the surface
registance is not a factor to consider when speaking of the
insulator resistance, but thet the lesksge current finds its

way through the poroelain between the cap and pin.



- The resistance-humidity relation is not given in
curve form, but the readings are tabulated in Table I.

For the finel test a number of insulators of var-
ious types and makes were selected at random from the South~
ern GCalifornis Edison Company's high tension laboratory where
they had Eéen sir-drying for & number of months, and compared
8s to ochange in registance caused by a change in temperature.
The insulstors were cleened of dust and dirt snd rubbed with
alcohol to remove the surface moisture. Three different
temperatures were decided on becaunse it was thought that
a fair comparison could be made using temperatures about 30°
apart. The readings obtained are included below in Table II.

Insulators of the same type in some cases vary con-
siderably in resistance, while some insulators of different
types have mugh the same resistance under the aamé conditions.
With the number of insulators taken, there was no regular
change between the various makes for the same change of tem-
perature. In some, the temperature had greater effect than
in others.

- A single-skirt type and a four-skirt type made by
the Lapy Company were compared &3 to change in resistance
due to chenge in hunidity emd the results of the comparison
are included in Table IIl. For the low humidity, the single-

skirt type has a much higher resistance, but suffers consider-
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ablé reducti dn in resistensce for high humidity. Thersfore
Where & ﬁdiature accumulation would be the prevalent condi-
tion the four-skirt type would offer the greater resistance.
This type 18 known &s & high strength fog type. The read-
ings indicate that it is living up to its name.

Table IV shows the readings tesken on an insulator
before and after immersion in water for 96 hours for three
different temperatures. For the 1000 get of readings, the
resistance ia practically the ssme in both cases, showing
that there was no change due to absorption of water by the
porcelalin.

‘ An Ohio Brass insulstor which hed developed a
redial creck in the porcelain from the pin to the outer
edge was found to have a registance of about 170 megobms.
This creck which showed only on the lower side &nd extended
only in one radial direction was sufficient to cause a
tremendous drop in the resistance and, of course, would

make the insulator of no use on a transmission lins.

Many thanks are given by the suthor to Dr. S. 8.
Mackeown for his advice and help throughout the investiga-
tion,



JABLE I.

Resistance-Humidi ty Date.

Ingulstor No. 3, Westinghouse Type 63l.

Temperature

Relative Absolute Resistanc e-~Megohma
of Bnclosure Humidity Humidity Insulator Insulstor

op. Per Oent  Gms./C.M. Unclean Clesn
70 50 9.0 1,170,000 2,040,000
70 60 9.0 1,080,000 2,340,000
70 8 13.87 4,050 471,000
70 73 13.87 4,450 445,000
90 37 12.40 686,000 865,000
90 37 12.40 636,000 864,000
20 60 16.76 113,000 563,000
20 b0 16.75 140,000 664,000
90 50 16 .76 114,000 718,000
20 62 20,77 12,800 437,000
90 62 20.77 15,400 683,000
20 - 68 20,77 16,000 470,000
90- 71 23.79 2,260 120,000
920 71 23.79 1,540 108,000




TABLE II.

Comparison of Resistance of Different Types of Insulators
Resistance-~Tempersature Dats. )
Constant Relative Humidity: B51%

Laborstory No. Type of Temperature Resiastance
of Insulstor Insuletor of Eng%osure Megohms

5 - Westinghouse, 71 2,140,000

No. 631 71 2,060,000

100 483,000

100 510,000

130 86,000

130 88,000

4 Westinghouse, 4 1,830,000

. No. 631 74 1,770,000

100 426,000

100 450,000

130 54,000

130 658,600

130 A 58,600

b Weatinghouse, 72 1,920,000

No. 631 72 2,130,000

100 448,000

100 460,000

130 69,000

120 79,000

130 79,000

6 Locke, 0ld Type 76 1,640,000

No. 2336 76 1,720,000

100 482,000

100 476,000

130 90,000

130 110,000

7 Lapp, Single Skirt 2 3,680,000

No. 2300 "2 3,860,000

100 1,000,000

100 963,000

130 130,000

130 210,000

130 192,000




TABLE II (Continued)

Leborstory No. Type of Temper=zture Resistence
of Insulator Insulator of E%;Iosure Megohms

8 Jeffrey-DeWitt, 74 1,720,000
Type A 259 74 1,840,000

100 268,000

100 304,000

100 260,000

100 240,000

130 89,500

130 92,100

130 89,500

9 Jeffrey~-DeWitt, 76 £,0560,000
Type A269 76 2,220,000

100 378,000

100 360,000

130 62,300

130 68,500

130 66,000

11 Pinco 73 1,060,000
S 1,030,000

100 296,000

100 289,000

130 53,800

130 64,600

1% 59,000

_130 658,200

12 Locke, New Type 74 2,220,000
74 2,320,000

100 560,000

100 691,000

130 125,000

130 118,000

130 111,000

156 Thomas 71 1,160,000
71 1,210,000

100 £98,000

100 290,000

130 44,5600

130 58,500

130 62,000




TABLE II (Continued)

Lahoratéry No. Type of Temperature Resis tance

of Insulator Insulator of Eng%osure Megohms
16 Locke 71 1, 240,000
71 1,520,000
71 1,660,000
100 368,000
100 400,000
100 420,000
130 49,500
130 56,000
130 63,000
17 Lapp, Pour-8kirt 71 1,270,000
High 8trength Fog 71 1,560,000
Type . 71 1,380,000
7L 1,600,000
100 360,000
100 360,000
130 46,000
130 47,300
) 130 ‘ £3.,400
18 Blue Core 71 1,420,000
71 1,630,000
71 1,880,000
100 405,000
100 416,000
130 : 78,5600
130 782,500
130 74 ,000-
130 71,600
19 Ohio Brase -7 664,000
' (Al 592,000
100 - 160,000
100 - 161,000
130 30,400
130 32,000

130 29,400




TABLE III.

Comparison of Two Types of Lapp Insulstors:
Single and Pour-Skirt Type.
Constent Temperature of Enclosure: 80°F.

Relative Humidity Absolute Humidity  Resistance--Megohms
Per Cent Grams per C. M. Single-8kirt PFour-Skirt
Leb. No. 7 Lab. NHo. 17

47 11.75 1,910,000 825,000
a7 “ 11.75 ~ 1,960,000 965,000
B7 14.26 1,360,000 770,000
57 14.25 1,470,000 710,000
64 16.00 ~ 1,360,000 684,000
64 16,00 1,380,000 706, 000
72 18.00 444,000 621,000
72 18.00 465,000 653,000
83 20.75 6,940 166,000
83 20,76 7,100 158,000
87 21.76 —— 65,000

87 21.76 ———— 52,300




TABLE IV.

Readings Before and After 96 Hour Immersion of Insulator
No. 3, Westinghouse Type 631.
Relative Humidity: b61%

Temperature of Enclosure Registanc e~-Megohms
Degrees Fahrenheit. Before Immersion After Immersion
71 2,140,000 = ceceeea-
71 2,060,000 = memeeea-
% eeeeeeeaa 1,310,000
% eemeeeee- 1,370,000
100 483,000 484,000
100 510,000 462,000
130 86,000 125,000

130 88,000 123,000
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