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Purees* of Test . /:
l..dfc*M« »  *■>*■■ *««,»! ■ ■—, — !■■ . . . . .  ; 1

/ Khan u tiu r in g  high DC voltage», I t  la  general practice to uae a coabUaUoa 

of D’Araonvtl a lllia n o te r  and aarlet rea ia to r. To reduce the power less in the
' * a < . ..*■ •’ " ’• .,

varies foal^tor to a negligible Taltie, a  low reading instim ont, generally 1
•- /  * i »  * *  • ■ ’ + i  * 4 W . x v . . . .  *„«*’ V f  • * «*/ \ *

tai 11 lamps re fo il  aoale la u*ed*
* r

mien using the 1 a llllsap e re  no tor to aw&sure 40 IV, a  bleeder resistance
r * -•• ‘ n  , *•'**.. • * >• ‘ ■' X  . . * '  v *' ;  * •» » .

o f 40 aegohns w ill be required* To oalibrate  th is  combination, the inetruneat <

•f.

'■Mj
•VC; t %

J K ^ r >
V : -•

'"1 V

alone cay  bo ohocked a g a in s t  an accurate  m lll lo c p e re  standard* The problem then  ■ *'» .
.  > . .. . . .  4 •■ ‘ p H  ‘

;1

re a a ln a  to  determ ine a c c u ra te ly  th e  re s  1 s t  anno o f th e  40 megohm b le ed e r and a lio •r 4 &

to  determ ine w hether t h i s  b le ed e r re a l t  tan  oe

X
m ins constan t*

T ea ts  ware th e re fo re  made f o r  the  purpose o f dote re in in g  th e  accuracy and
» ’ N' “  •■■■* t *  *■ ■ ' '

penaasenoy o f  various types  o f high r e s is ta n c e  b le e d e rs , and t h e i r  re s is ta n c e

• V ‘

v a r ia t io n  during use ov er a  p e rio d  o f approxim ately  s ix  m onth**/ k *

■ ■ w ?

V -  •

Sculpsioat Tooted . \  # ' ■ , , > r  - X. :
'* * i " ■ **. ’ ‘.»

■ • * •  * ’ - . *  >  • ■ ^  ■■ r  • * ■ ^  ** ■ % v*i%,

f e s t r  were aade on the fo llow ing types  o f  h igh  re s is ta n c e  b leeders*  .

(a )  Woatinghouaa S ec tio n a l Beale to r e .  S ty le  #1 ,099 ,345 , X tea 4 , ra te d  

1000 to I t s ,  1 aegoba, 40 u n ite  were used in  s t r i a e  to  g ive  t o t a l  •
> . , . .  *»>•' V  • 1 '  v -y . ' * t '

values o f 40 ,000  v o l ts  and 40 aegohaa* v .. .

(b )  In te rn a tio n a l te a ls ta n c e  Co*, Type tfVB re s la tc r*  1 u n i t ,  40 aogohai 
* _ >• ■

(e )  In te rn a tio n a l  R oaistenot Co*, Type MVR r e s i s to r s ,  2 u n i t s  o f 20
-- ^

aegehn;5 each  in  ao rie s*  T o ta l r e s is ta n c e ,  40 aegohsis* .

t
e* ‘ Vi

-•vs r ■'
<v>- t ,

r

(d) International Reaiatenoa CfcrV type b it m ie to ra ,  10O unit* of 0*4 yt

i h\y,-
nagahaa eaoh* T o ta l ree i$ t*e44  40 aegobes*

' ■>L; i'V.
m/  * •' . ' >--* * - vV - ’>

*  : lyti*
( a )  a tie U e re e t Mfg. Co., Typo« XR*6 Taylor High V oltage R o a ia to r (Super .

‘ 4>  c.’
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Akra-oha), Rated 5000-7500 Volta, 5 megohms each. 8 unit# usod in 

se rie s , Total rating 40*80 |V«, 40 Uogoha*•

(f) Sh a lio  roar. Uff. Co., Akra-ohs typo tubular res isto r 10,000 Volta, 2*5 

Uegoha* oaoh. 4 units used is  carlos, to ta l  rating 40 XV and 10 

Megohms,

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

aeries a ith  aaoh b leo ier,

(h) Simpson, Model 29. DC V illi  emotera, 0*1 UA. Six were used, ona in 

aerie* with oaoh bleeder*

Method of Toat
‘ U \ •• ‘

/  All raaiatora, u  oaaed above, were aountad on as. insulated to s t  rook and
'  — ’ \

paralleled  on a high voltage bus*. A Weaton and a slapson meter ware conneoted in 

oorioa on tho grounded and of each bleeder, and a 10, XX)*oha grounding re s is to r  -
* ' ' J

was oonoaotad aoroae the fcwc a© to re for safety purposes,/'.
* ' - * • v ' • ' l, % > *

high voltage bue, located In the re c tif ie r  cage of one of the project*
t

in  the area, ensured th a t etoh bleeder res isto r and i ts  associated m lllleaaeters 

was reading the i i m  voltage (.approximately 54 XV) as supplied to the tank during 

operating periods*

/ The reelotSQoa of oaoh bleeder, was measured regularly and recorded on a tins

b a s i s , ; Regular checks were also mads on eaoh raster and a l l  values plotted to show
7 |  . *  , t .

variations from th e ir orig inal values.

Results of fas t

The aotual resistance values, in Megohms, fo r each of the t lx  d iffe ren t types
• f ■ . , ** V l'  ^  . 'I ,.?  < • f  . \  . V J \  • y  1 % j ,  ,  "*•;

of bleeder, are shown in  Curve Sheet #1. A megger was used to measure the resistance,
• i  . ■ t

output v o lt ago being approximately 800 Volte, "

Reelstanoe measurements were also atde on these six  units by means of d irec t 

reading ioetruaente using 2800 vo lts 0,0* and applying a ll Instrument corrections,
r- - . '

. .  . :• .  -■ ■ ■■ • ; •  \ ;  . ■ ■ !  .  • .

th is voltage was obtained from a fu ll  wavs reob ifler c irc u it having adequate

»4

*

; • ■?;?$
;  #

J / \T
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f i l t e r i n g ,  ta d  a .Tory steady  o u tp u t v o lta g a  vhioh w o ld  be var iod  over a  wida 

raa je#

Various t e a t  v o ltag es  ware a p p lie d  to  th e se  r e s i s t o r s ,  th e  cu rren t d ra in  

ta la c  m M ured c a r e fu l ly  and th e n  th e  c a lc u la te d  re s is ta n c e  recorded  on Curve 

S h e e t 'f t*

V aria tio n s  i n  th e  accuracy o f th e  Beaton H illlao m e te r  a re  shows on Curt* 

Sheet f9» I t  i a # o f  oource, obvious t h a t  where tha b le e d e r  re a ia ta a c e  la  h ig h e r 

th an  I t a  n o a tn a l v a lu e , the  aie ter connected to  I t  w il l  read  low, w hile i f  th e  

b leeder re e ia ta n o e  la  low the  w ater w i l l  read h ig h .

\X!

>*•.

' 'V Khan thee* In d iv id u a l e r ro r s  ace ap p lied  to  each u n i t  (& le e d ir  and C uter) ,

the ooabined e r r o r s  o re  as shown on Carve Sheet £ 4 . I t  w i l l  be noted  fro *  •
‘ >

Curve Sheet 4 8 , t h a t  te s ta  ca re  n e c e s s a r i ly  in te r ru p te d  on th e  d hallo rese  Taylor 

Type B leeder a f t e r  approxim ately 2300 h o u rs , beesaae one o f th e  u n ite  In  th i n  .

Croup became epen*e lrou lted«  P r io r  to  th i s  f a i l u r e ,  i t  had bean neeaeeary to
" •  .  -

ro p lace  one o f  th e  to  u n its  a f te r  a p p ro z in a te ly  720 hours o f  s e rv ic e .

***>.

Vf

> h

*■ ■

m Pi sousaIon of Results
.•••■. ■* . . -v , . • ,. ' •-i - . v " * 3

Curve Sheets 1 and 2 , show t h a t  th e re  la  a  continuous and gradual oh an re

in  th e  re e ia ta n o e  o f  a l l  s ix  b le e d e rs ,  g re a te s t  changes o ccu rrin g  In  the group

• .A  v

w- >) K.,>

M -vK '

4
f  IS

Of 100 B72 c a r t r id g e  type r e s i s to r s  o f 0 .4  Megohas eac h . P e r  p re c is io n  work, *
ft

th is  ty p e  o f b le e d t r  can be ooneidered  M  u n s a tis f a c to ry ,  in  view of i t s  7.S>  ̂ J
.  • ■ • i• ,v. . - % • .

change In  r e s is ta n c e  in  3800 h o u rs .
* ♦' \

i
.i- U t k  ’*>')!

T es t r e s u l t s  shoe th a t  th e se  u n i t s  do n o t r c e a in  w ith in  th e  nanufaoturer*#  - *‘3  „
. . ......................... . . .  . . f H i  ;  ■ ' •  *  Ii\8Sf.

%
m

es tim a te  o f 'v 2 t« 3 £  average v a r ia t io n s  w ith  t la e *  f o r  th e  change la  apprwzlasabely % .

th i
1- '-.VV ;'v . . ;  > , 4

th re e  t i n e s  t h a t  f ig u re .  Sin** th e se  r e s i s te r s  a re  f e te d  a t  2 w atts and w ere
. . . . .  .. .......... x  . .  ................................ ,  . .  .v  ... .  . ... . . . . .  ,  ...................

operated  a t  on ly  0 .4  w att during t e s t ,  euoh a  la rg e  change in  ree ia tan o e  v a lu e  ?
■ - . . ■ : ■ '  '< ’■ ̂ TMP: ■ ¥5

9an be a t t r i b u t e d  to  n e i th e r  o v erh ea tin g  nor overvoltage*
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However, wfeoro f o l u p  cheeks with an aocurtcy of - lty( am e ttls faeU ty ,
• ; . ;*•; ..-'X v •'.• 7  ' V ' '  ’*  *•■ V • . ,  '  ■ ■ • '■•  ■;• .

, those DT2 n f l i t m  provtdo mi oaojr and so lu tlo a  to  Us* hl«h voltage

bloadot* problea* T otal o a s t of the 100 m ix *  would bo approxim ately 119.00, 

n o t including mounting; f e o lU t ie s .

Considerable v a r ia tio n s  U  re t is ta n io  ooearrod la  the two 90 Vegeta Typo

U?R un it* , to ta l  v a r ia tio n  being from ♦ ! • #  to  -2 .5 * . Th**e f ig u re s  so o t the
•»

aaaufaeturere rating: o f -  2 - l / ^ »  am  loo* la  coat ( approximately $90.00 oath) 

cad oaa be e a s i ly  aountod la  fuse c lip s  cm «tand-off ia e u la to r s .

There i« , however, a largo v a r ia tio n  in  raoiataaoa of nor u n it* , tho 

naaufaotum r** to leranoo  bo lag l i t ,  la o rder to  obtain a oleodar o f some daairod 

v a lue , i t  i« th tro fo ra  noooseary to measure a considerable ouabar of thou and 

•o la o t tha oaa vfcloh l i  tho nearest to  th a  marked nominal v a lu t .
t ■ __ • •

A re s is tan ce  to c t  made on s ix  o f  thee* MVR re s is to r s ,  a l l  narked 40 Vegohri,

(Typo 3185), thowwd th o  fo llo w in g  v a lu o c i

• U n it A 59 U egotes 2.6,< lew

•  8 57 H 7 , S f  •

•  C 42 1 6 . OS h lfh

1 D 41 e z . v f .  "
* ' v *■' ♦

* z  : : 40 a.*. 6 a .
a

•  ? 41 m 2 . i f .  h l f h

the temperature erro r duo to se lf-heating , is kept to o low value by tho 

u«o of 1 *1111 ampere me tars*

thus a t 40 KV, tho 40 Usgohm bloeder r l U  hovo a poser loss of 40 watto.
\ s sSince thsra la a  to ta l ourfaoo area of. 108 square lnohoa, tho watt* loso par

”  •• y. . ' -\r. .
sq. Inch of radiating surfaoa 1* only 0.57 which ia wall under the maxima of

.  . • .  ■ '  : •, . .

1 watt par square inoh generally allowed fo r roolotor work in  tho power industry.
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the Peitirfheuae Motion* 1 1 megohm tech, showed very etaMy
• .  ■ •

resistance veluee for ^ r o i l M t f l y  S400 heure ef operation, th is variation being
'

lota than It# At the end of on additional 1400 tour# operation* th* reeiatanoe 

decreased o to ta l of t - l / # *

Apparently tho Vanufioturor makes no claim for pcraancenoy of reeletenoo#

The In i t ia l  accuracy t#lof«aoo of l / l  of l£* hewer Jr, I t  ju s tif ie d  since floeeure-

■anti of « considerable number of these unit*, showed Veluee well within this*
'  » • .* - •« ■

n*n«. ’ ' '' ' ► - i
v A serious abjection to tho oto of thoto u a lt t  la  thoir high cost* At ^lt«50 

par section , t  40 megohm bleeder oo ttt |800» I t  has boon found th a t i f  tfaaao
•‘V  : ■i ' „  "* . S -  ”  ‘ ' '  > • •' . ■ . • >  * V  : - L • k .'♦• ? , . b , ’

emotions i n  counted In one continuous s tring , tho aeohiaioal ttra ln o  lay wed on

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

horleontal poeltlon, wherein a long string  of the coupled unite w ill sag in the

•WO*. , ■"* '
A flash-over and burnout aotually occurred In  thia manner* the simple arid

’
obvious r̂emedy boinp, to  mount tho to unite v e rtic a lly . A a t i l l  b a tte r method i«. 

to  break up theeo long string* io ta  a number of abort length*, a ay 10 etriago of

4 unite oaoh* I f  then the end unite are equipped with metal ferru le  a, at supplied
,*

by th# manufacturer* eaoh airing can be anapped Into fuse chips mounted on stand-
* ' * £ * • . :  V. Y  •* 4  M \ « * '  .•* « • '  Y  • *  <. ”  t , ■ -  « ■ .  ■ ■ ’ - J • '  * . . ,V * - V* . V  4*
'  -  :.V '  4

o ff  insulator#•
•  .

This arrangement allows horiacntal or diagonal mounting without tapering• ■ » _ .

tteohanioal ttra ln t*  m i  hat tho further adwantage that eaoh group can be ta tted  

with hlgfcojr roltago gradient, greater accuracy, and oan be eaeily replaced i f

found to  bo defective*
i •

. Those units are con*inductively wound and heiwetioally sealed In molded 

Phenolic caeca* They have a low heaU lon  ra ting  because oaoh un it lo ooaplbtoly 

tea lsd  off from contact with the outaide a ir ,  and the phenolic earning la a poor

'  "»'.if..-,
v ,: ^ -

■ I'.

v«

c.

‘fta

jSS.

V <>»
4

m

>S0

8 'l
■tr

heat conductor*

r
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From » design viewpoint, on# of the best high voltage resistors U ths
• |  

Taylor-Type XB-6, u  manufactured by the Shallorcee Co. These units are wound

with bfinganlm wire (having taro t»ap« ret are coeffic ien t), are non-inductive,

e lec tro s ta tica lly  shielded and bavo largo ourrod surfaces to eliminate oorona.

They are quits constant In th e ir  roslata&oe and have unifom values of

In it ia l  real stance which shook olosely with th s lr  nominal ratings.
• V /• v ' w

Unfortunately, that* excellen t design oharaotorlatloa a rt null i f  lad by tho
a

uao of roalatanoo t iro  which la to snail and do l ie  a to that thsto units open- 

o iroult and thorofora bocotne useless* How un its , ju s t  received from tho raotory, 

have boon found to bo "open*. Daring tho to s t mn, as dosoribsd, 2 units in 

a string  of 8 beoame opon-olrcuitod. In anothor in s ta lla tio n , 8 of those units 

wort oaoh to • tod twice before mounting into a group r j  a ooaplote bloodor.

•Vhen ths assembly work was completed, i t  was found on fin a l to s t tha t ono of 

those units had opon-olrcuitod.

i t  a cost of #60,00 oaoh fo r a 6 megohm u n it, an assembled bleeder of 40 

megohms w ill  ooet #400.00 exclusive of mounting supports, labor, e to . An e ffo rt 

is being made to haws these units rewound with heavier wire by the manufacturer, 

as high priced olqotrloal instrumentation can only bw ju s tif ie d  by reliab le  

aoouraoy and, permanence of operation*

The other Shalloross reels to re, the AVra-Oha units are fa irly  reliable*

Megger measurements indicate a resistance d r i f t  of 4$ maximum, while tea ts  with 

the 2800 r o l t  method indlo&to a d r i f t  of approxiautely 2% over a te s t  period of 

380C hours.

These tubular resisto rs are rated a t 2*5 Megohms each, and in  a 40 KV c irc u it

a to ta l resistance of 10 megohms w ill pass 4 oilliam peres. Thus the power loss
%

* '  % ^
per re s is to r  unit w ill be 40 w atts, or 100 watt* fo r the en tire  bleeder* However, 

ainoe each tube has a total'w inding area of 61 square inches, the a tlf-h ea tln g  

during operation w ill be lees than 0*7 watts per sq* inch which la a safe value

for wire exposed to a ir  cooling*
. 1  .



*  ■ i  ■

ref* i

thee# unit* are coated with a black Ottrsaio paint, bat hero again, the wire 

1* jo fin* that i f  the petat 1* accidentally nicked or chippe »* I t  fllloa  off 

th» tub# surface and take# 0 #»j*U portion of u ire  wiifc i t ,  reeulUng in m  open 

o iro u it, The am t of these Akra-Ohn oat to to  approximately $9$ .00 eeoh, aoeunt-
> ■ . / , * • * " ,  * . i

lag to $100*00  fe* the ton aogoha bleeder complete* I;,-.
,  , ,  ‘1 u •

Since that* unit# are re tod a t  100 w atte , i t  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- 

s tn n o n t and thus owe the price of Wo r>elotore* Bat when th is  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 to r t  to  bo ueod in  a large semlo operation ; 

(800 tanka), th le  power Xois would reaeh the aatoalthing figure of 8400 l l lo -  |  

w att hour* per day fo r voltage Indication purpote* only. I f  power t« readily v

obtainable in  largo volutes a t low coet, and I f  atrategio aa to rla l and naeufoot*

urlu f tlno i t  aoarco, suoh operation n ight bo justified*

■' r i . ' i |  ■ 11 , l i t  9 Hi |  ' '
Conclualo-j. '... ........ ... ■?! ■ i ■ • »-

thaeo to ate have Indicated th a t several ohoioee of high-voltage ree l* to r a
' . i t  . ',:■</ : ' 'v.

nan bo node* f e t e ,  ate  lis te d  In order of desirab ility i
I I(1)? Wastinghfufio Sectional Resiators,. 1 megohm each, 40 w p lre d ,

W  - - j • />

; ,
v *  *.

so unted In groups of 4 unite pop section with ferru les on 

osoh end* This mounting allows rapid In sta lla tion , testing  

and replaoeaent i f  neoeseary.

* *
A t

iJV.K

-Z% loouraoy -  Reliable Operation -  High Cost

n
(8) Shallorosa Akra-Ota Haolstora,/$*5 Megohas each, 4 un its  rr-

'M \ ‘
Used with a i a i  motor to mod 40 XT*

% '■ . i
t Z $  Aooumy •  Reliable Operation -  Reason-

• 1
able Cost -  Con alder able power loss 

insistence Co., type MX,/IP- Kogohmo, l  Unit*I# w  T tV g n ilB S ,

!  - ^

5 ; ' V . . .
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I t  le necaesary to  to cl* a group of the* with selection of the 
• "

beat one*

tl*b% Aooviracy -  to llab le  Operation -  Lor Cost,
. *> •

(4) y Shallows# Taylor*Typo IR-6 Reel*tors, ^6 Megohms oaoh. 8 Required

for ure with 40 17 and a 1 «a aster#  v
' * v

tl% ioouraay 4 ttoraliable Operation - nigh Cost
*  j&i*‘ *

(5) ,ft’ International toAietaaoo Co*, Type 100 fieri § tors of 0 ,f
|

‘fJ Megohm eaoh, fo r  use with 40 W and a 1 s i  meter.

?10£ Aoouraoy •  Cons 1 dor able Variation -  Low On i t
<:p : *'*''*' ^

;  ̂ ,r;;. ^ ' ‘ ' t . : - , ■ • v .. ■
I f  tha Shalloroso Taylor- Type unite oaa bo obtained, wound with heavier

1 • • -  * ’ j  4 '  .

wire, so th a t they would booono reliable In operation, thesa units n igh t be 

given the higheet rating# v *

jo t RL Information Division 
7*8*44

.9
(.
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