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/Khan utiuring high DC voltage», It la general practice to uae a coabUaUoa 'I|\/|j
$8 ;
of D Araonvtl alllianoter and aarlet reaiator. To reduce the power less in the \NCt %
el a < Lm e
a low reading instimont, generally 1

+iox

varies foal™tor to a negligible Taltie,

tailllampsre foil aoale la u*ed*

mien using the 1 allllsapere notor to aw&sure 40 1V, a bleeder resistance
"1V

Xi-T-fiT-ntrum—nr rrn-rr n-urvmidvini«»<i iinahM”

of 40 aegohns will be required* To oalibrate this combination, the inetruneat <
alone cay bo ohocked against an accurate mllllocpere standard* The problem thAen R R

pH

reaalna to determine accurately the reslstanno of the 40 megohm bleeder and alio o4&
to determine whether this bleeder realttanoe mins constant*

X Teats ware therefore made for the purpose of dotereining the accuracy and e

N om— t* ‘mom

penaasenoy of various types of high resistance bleeders, and their resistance

variation during use over a period of approximately six month**/ k* v

w
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(a) Woatinghouaa Sectional Bealetore. Style #1,099,345, Xtea 4, rated > t

1000 tolts, 1 aegoba, 40 unite were used in striae to give total

VRS vey. ot

values of 40,000 volts and 40 aegohaa* VoL

faiaf-
-

e (b) International tealstance Co*, Type tfVB reslatcr* 1 unit, 40 aogohai
* >n

(e) International Roaistenot Co*, Type MMR resistors, 2 units of 20

aegehn;5 each in aories* Total resistance, 40 aegohsis* .

(d) International Reaiatenoa Cfc:lr type bit mietora, 100 unit* of 0*4 ¥ =V,

&

?t: nagahaa eaoh* Total reei$t*e42'r 40 aegobes* m G
. * o yti*
%oV (a) atieUereet Mfg. Co., Typo«XR*6 Taylor High Voltage Roaiator (Super > . LW
®S m m W HE . Vo Vy - "
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Akra-oha), Rated 5000-7500 Volta, 5 megohms each. 8 unit# usod in
series, Total rating 40*80 |V«, 40 Uogoha*e

(f) Shalioroar. Uff. Co., Akra-ohs typo tubular resistor 10,000 Volta, 2*5
Uegoha* oaoh. 4 units used is carlos, total rating 40 XV and 10
Megohms,

(g) Western Modal SOI D.C. Millieflaotero, 0-1 A,A, Six were uaatf, one In
aeries aith aaoh bleoier,

(h) Simpson, Model 29. DCVilliemotera, 0*1 UA Six were used, ona in

aerie* with oaoh bleeder*

Method of Toat

U . \ o .
/All raaiatora, u oaaed above,,w\ere aountad on as. insulated tost rook and
paralleled on a high voltage bus*. AWeaton and a slapson meter ware conneoted in

oorioa on tho grounded and of each bleidler, and a 10,XX)*qr2]a grounding resistor -

was oonoaotad aoroae the foac aCtore for safety purposes,/'
*- *oeye  0p X . .
high voltage bue, located In the rectifier cage of one of the project*

in the area, ensured that etoh bleeder resistor and its associated mlllleaaeters
was reading the iim voltage (.approximately 54 X\) as supplied to the tank during
operating periods*

/ The reelotSQoa of oaoh bleeder, was measured regularly and recorded on a tins
basis,; Regular checks ivere also mads on eaoh raster and all values plotted to show

7 : , t
variations from their original values.

Results of fast

The aotual resistance values, in Megohms, for each of the tix different types

of bleeder, are shown in Curve Sheet #1. Amegger was used to measure the resistance,

ohitput voltago being approximately 800 Volfe, " t 4
Reelstanoe measurements were also atde on these six units by means of direct

rre_:a}ding ioetruaente usin_g 2800 volts 0,0* and applying all Instrument corrections,

. . aam . i \ R !
this voltage was obtained from a full wavs reobifler circuit having adequate

JN\T
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filtering, tad a .Tory steady output voltaga vhioh wold be variod over a wida \XI
raaje#
Various teat voltages ware applied to these resistors, the current drain
talac m Mured carefully and then the calculated resistance recorded on Curve
Sheet'ft*
Variations in the accuracy of the Beaton Hilllaometer are shows on Curt*
Sheet f9» It ia# of oource, obvious that where tha bleeder reaiataace la higher
than Ita noatnal value, the aieter connected to It will read low, while if the
bleeder reeiatanoe la low the water will read high.
v Khan thee* Individual errors ace applied to each unit (&leedir and Cuter) , =
the ooabined errors ore as shown on Carve Sheet £4. It will be noted fro* e
Curve Sheet 48, that testa care necessarily interrupted on the dhallorese Taylor \i
Type Bleeder after approximately 2300 hours, beesaae one of the unite In thin
Croup became epen*elroulted« Prior to this failure, it had bean neeaeeary to >r1,\,_ >
. ) K_’>
roplace one of theto units after approzinately 720 hours of service. M K’
am
Pisousalon of Results
m jooom, W v, e ' o - v "* 3
Curve Sheets 1 and 2, show that there la a continuous and gradual ohanre 4
f IS
in the reeiatanoe of all six bleeders, greatest changes occurring In the group
Of 100 B72 cartridge type resistors of 0.4 Megohas each. Per precision work, *
ft
this type of bleedtr can be ooneidered M unsatisfactory, in view of its 7.S> N
° . .,V..-% ° .. i
change In resistance in 3800 hours. i
. \ Ut ok
Test results shoe that these units do not rceain within the nanufaoturer*# - *3 ”
. C e . : . fH i ;o W *
\8Sf. estimate of 'v2t«3£ average variations with tiae* for the change la apprwzlasabely % .
three tines that figure. Sin** these resisters are feted at 2 watts and were
]:W SV o>, 4 ..... i M e ) B v ) L e
operated at only 0.4 watt during test, euoh a large change in reeiatanoe value ?
' TVPEYS | ! o
9an be attributed to neither overheating nor overvoltage* *-t v >. 4
<}/ -
i AV V2 B
-
' . V-iVE
Ar-A v, 5

y .
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However, wfeoro fo up cheeks with an aocurtcy of - Ity( am ettlsfaeUty,

, those D2 nflitm provtdo mi oaojr and | solutloa to Ué* hI;<.h voltaée.‘ |
bloadot* problea* Total oast of the 100 mix* would bo approximately 119.00,
not including mounting; feolU ties.

Considerable variations U retistanio ooearrod la the two 90 Vegeta Typo
U?R unit*, total variaE)ion being from e !e# to -2.5*. Th**e figures soot the
aaaufaeturere rating: of - 2-1/2» am loo* la coat (approximately $90.00 oath)
cad oaa be easily aountod la fuse clips cm «tand-off iaeulators.

There i«, however, a largo variation in raoiataaoa of nor unit*, tho
naaufaotumr** toleranoo bolag lit, la order to obtain a oleodar of some daairod
value, it i« thtrofora noooseary to measure a considerable ouabar of thou and
eolaot tha oaa vfcloh li tho nearest to tha marked nominal valut.

Aresisttance toct n?ade on six of thee* NMWR resistors, all .narke& 40 Vegohri,

(Typo 3185), thowwd tho following valuoci

e Unit A 59 Uegotes 2.6,< lew
. 8 57 H 7.5f o
. C 42 1 6.0S hifh
1 D 41 € z.vf.

’I . N

* 7 s 40 as 6 a.

a
.« 9 41 m 2.if. hifh

the temperature error duo to self-heating, is kept to o low value by tho
u«o of 1 *1111ampere netars™

thus at 40 KV, tho 40 Usgohm bloeder rlU hovo a poser loss of 40 watto.
Since thgra fa®a total ourfaco area of. 108 square Inohoa, tho watt* loso par

” -y . oA
sg. Inch of radiating surfaoa 1* only 0.57 which ia wall under the maxima of

1 watt par squar'e inoh generally allowed for roolotor work in tho power‘ i‘ndustry.
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the Peitirfheuae Motion* 1 1 megohm tech, showed very etaMy
resistance veluee for ~roilM tfly S400 heure ef operation, this variation being '~
lota than It# At the end of on additional 1400 tour# operation* th* reeiatanoe

decreased o total of t-1/#* v«

Apparently tho Vanufioturor makes no claim for pcraancenoy of reeletenoo#
The Initial accuracy t#lof«aoo of I/l of IE* hewerJr, It justified since floeeure-
manti of « considerable number of these unit*, showed Veluee well within this*
n*n«.. . LI B | .
> |
v A serious abjection to tho oto of thoto ualtt la thoir high cost* At Mt«50

par section, t 40 megohm bleeder oottt |800» It has boon found that if tfaaao

Vv \% -Lo- k e

emotions in counted In one continuous string, tho aeohiaioal ttralno laywed on

b,

each eeotton toad to cause breaking of the very fine wiro with which these unito

ore wound* Thio oondltion occur* when the coupled caotione are mounted in a

C.
horleontal poeltlon, wherein a long string of the coupled unite will sag in the
2WO™*, ; .
A flash-over and burnout aotually occurred In thia manner* the simple arid fa

obvious “remedy boinp, to mount thoto unite vertically. Aatill batter method i«.

to break up theeo long string* iota a number of abort length*, aay 10 etriago of

4 unite oaoh* If then the end unite are equipped with metal ferrulea, at supplied
*

by th# manufacturer* eaoh airing can be anapped Into fuse chips mounted on stand-

‘offv insulatorte

This arrangement allows horiacntal or diagonal mounting without tapering m
L4 . »

tteohanioal ttralnt* mi hat tho further adwantage that eaoh group can be tatted

\k>>4
with higfcojr roltago gradient, greater accuracy, and oan be eaeily replaced if
found to bo defective*
I i >0
. Those units are con*inductively wound and heiwetioally sealed In molded
Phenolic caeca* They have a low heaUlon rating because oaoh unit lo ooaplbtoly
tealsd off from contact with the outaide air, and the phenolic earning la a poor 8l

heat conductor*
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From » design viewpoint, on# of the best high voltage resistors U ths
Taylor-Type XB-6, u manufactured by the Sha.llorcee Co. These units are wound
with bfinganlm wire (having taro t»ap«retare coefficient), are non-inductive,
electrostatically shielded and bavo largo ourrod surfaces to eliminate oorona.

They are quits constant In their roslata&oe and have unifom values of
Initial real stance which shook olosely with thslr nominal ratings.

Unfortunately, that* excellent design oharaotorlatloa art nulliflad by tho
uao of roalatanoo tiro which la to snail and dolieato that thsto units open-
oiroult and thorofora bocotne useless* How units, just received from tho raotory,
have boon found to bo "open*. Daring tho tost mn, as dosoribsd, 2 units in
a string of 8 became opon-olrcuitod. In anothor installation, 8 of those units
wort oaoh toetod twice before mounting into a group rj a ooaplote bloodor.

\fen ths  assembly work was completed, it was found on final tost that ono of
those units had opon-olrcuitod.

it a cost of #60,00 oaoh for a 6 megohm unit, an assembled bleeder of 40
megohms will ooet #400.00 exclusive of mounting supports, labor, eto. An effort
is being made to haws these units rewound with heavier wire by the manufacturer,
as high priced olgotrloal instrumentation can only bw justified by reliable
aoouraoy and, permanence of operation*

The other Shalloross reelstore, the AVra-Oha units are fairly reliable*
Megger measurements indicate a resistance drift of 4% maximum, while teats with
the 2800 rolt method indlo&to a drift of approxiautely 2% over a test period of

380C hours.

These tubular resistors are rated at 2*5 Megohnms each, and in a 40 KV circuit

a total resistance of 10 megohms will pass 4 oilliamperes. Thus the power loss

. %
per resistor unit will be 40 watts, or 100 watt* for the entire bleeder* However,
ainoe each tube has a total'winding area of 61 square inches, the atlf-heatlng
during operation will be lees than 0*7 watts per sg* inch which la a safe value

for wire exposed to air cooling*

1

# gx*
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thee# unit* are coated with a black Ottrsaio paint, bat hero again, the wire
1* jo fin* that if the petat 1* accidentally nicked or chippe » It fllloa off
th» tub# surface and take# o #»*U portion of uire wiifc it, reeulUng in m open
oirouit, The amt of these Akra-Ohn oatto to approximately $9%.00 eeoh, aoeunt-
lag to $100*00 fe* the ton aogoha bleeder comple':;**l,,-. *1 !

Since that* unit# are retod at 100 watte, it would bo posoiblo to aster the
40 KT voltage bp uslof taro of the 8*6 megohm unit# la aorlt* with an 0 na in-
stnnont and thus owe the price of Wo r>elotore* Bat when this 1« done, thorn
U a oontlnmows power loan,of 540 watte or 7.7 Kilowatt hour* por day of oper- *
ation por tank* If aueh 4 eetup tort to bo ueod in a large semlo operation ;
(800 tanka), thle power Xois would reaeh the aatoalthing figure of 8400 Illo- |
watt hour* per day for voltage Indication purpote* only. If power t« readily v
obtainable in largo volutes at low coet, and If atrategio aatorlal and naeufoot*

urluf tlno it aoarco, suoh operation night bo justified*

C o . ) _
|, || ma1 , lit 9Hi | "
Conclualo-j. '
.............. |i? = . m .
thaeo toate hay$ Indicated that several ohoioee of hlgh voltage re.e<ll*tora y

nan bo node* fete, ate listed In order of de5|rab|I|ty|

(1)? Wastlnghtjuho Sectional Resiators,. 1 megohmeach, 40 wplred,
W == . />
sounted In groups of 4 unite pop section with ferrules on

osoh end* This mounting allows rapid Installation, testing

and replaoeaent if neoeseary.
* *
-7% loouraoy - Reliable Operation - High Cost
I
JV.K n
(8) Shallorosa Akra-Ota Haolstora',|<;|$*5\ Megohas each, 4 units rr-
Used with aiai motor to mod 40 XT*

% ‘" ) ) : [
tz$ Aooumy * Reliable Operation - Reason-

able Cost - Conalderable power loss

insistence Co., type MX/IP- Kegohme, | Unit*

| ) A
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It le necaesary to tocl*a group of the* with selection of the

beat one*
tI*b% Aooviracy - tollable Operation - Lor Cost,

(4) yShallows# Taylor*Typo IR-6 Reel*tors, 76 Megohms oaoh. 8 Required

for ure with 40 17 and a 1 «a aster# \V/

\V4
t1% ioouraay 4 ttoraliable Operation - nigh Cost

. ja .
(5) ,f’International toAietaaoo Co*, Type 100 fieri8tors of O,f

fJ Megohm eaoh, for use with 40 W and a 1 si meter.

?10£ Aoouraoy ¢ Consldorable Variation - Low Onit
g : AR N
;A o A t:- _,® e iy
If tha Shalloroso Taylor- Type unite oaa bo obtained, wound with heavier
Wire1; so that they vvbul& booono reliable In operation, thesaA u‘nits night be

given the higheet rating# v *

jot RL Information Division
7*8*44
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