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Dissipation factor @) is most commonly ex- 
pressed as the ratio of resistance to reactance, a quan- 
tity that is directly proportiollal to the energy dissipa- 
tion per cycle. Another wag of expressing dissipation 
factor i s  in terms of the ratio of watts loss to reactive 
voltamperes. This is a more rneanhgful expression to 
people working in the power field, where rhe types of 

-C equipment on which dissipation-facror measurements 
axe made include such apparat-us as large oil-filled 
transformers and breaker bushings. When you test 
transformer insulation y w  are actually measuring ID 
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t- Figure 1. Cameron Hot Box in use w i t h  the measuring unit 
located on fop a1 +he transformer ond power supply an the ground. 

of a capacitor whose two sides, the Mgh-voltage terminal 
and ground, are separated by the hsulationI Since this 
measurement gives you an indication of the condition of 
the insulation, it is a quantity that should be checked per -  
iodically as insurmce against deterioration and possible 
ecpipmentbreakdown. At Onrario HydEo, such tests are 
performed not only on operating equipment as routine 
maintenance checks but also on newly installed appar- 
ams to appraise i ts suitability Tor service. 

K rhere is no electrical interference from nearby 
operating equipment, it is relatively simple to measure 
dissipation-factor at rhe power-line frequency Wth a 
capacitance bridge. However, e lectrkal  interference 
is frequently present, Often a power transformer whose 
insulation is to  be tested is located directly below a 
high-voltage transmission line, and the line cannot be 
de-energized during testing. Since the high-voltage Pine 
induces an interfering voltage across rhe bridge' s detec - 
tor terminals, the measured dissipation factor may be in 
error when a simple capacitance bridge is used. 

The General Radio Type 1611 Capacitance Test 
Bridge, which is widely used for insulation testing, 
applies some 125 volts to  the insulation under test. The 
bridge contains a 3 -position rotary switch (DZR-STAND- 
BY-REV, which allows you to reverse the connections 
to  the bridge input transformer, thus reversing the phase 
of t h e  applied voltage. By averaging the readings for the 
direct and reverse positions, you eliminate rhe effect of 
extraneous voltages that may be induced from adjacent 
electromagnetic - fields at the power - line frequency. 
Under some conditions, however, t h e  effect of the in- 
duced voltages can be s o  severe that it is impossible to 
balance the bridge on one o r  both the DIH and REV 
positions. 

Ontario Hydro has devised two methods fo r  over- 
coming the interference problem. One method involves 
the use of high-voltage test equipment; the other, ac- 
cessory equipment lor the low - voltage capacitance 
bridge. 



Figure 2. Type 7671 Capacitance Test  Bridge and the 

Phase Shifter Mark l l l A  connected ready for use. 

HIGH-VOLTAGE TEST METHOD 
About 10 years ago, the Research Division of 

Ontario Hydro developed a device called the Cameron 
Hot Box for measuring dissipation factor in the pre- 
sence of interference. This test equipment operates 
a t  a voltage that is sufficiently high to swamp out the 
interference, thus producing intelligible results. The 
test apparatus consists of a form of ac bridge with a 
built-in 10-kV standard a i r  capacitor, and i t  i s  packaged 
in two units that are interconnected by a cable. The 
measuring unit: is placed as close as possible ro the 
insulator being tested; the other unit, which is the power 
supply, rernalns on the ground. Because the power 
supply contains a 60-cycle, 2-kVA, 110-V to 10-kV 
transformer, it is necessarily a heavy piece of equip- 
ment. Two people are requixed to operate it ,  and the 
usual high-voltage safety precautions must be observed, 
Figure 1 shows t h p  C ; l m ~ r n n  Hnr Rnx in use in t h e  ffeld. 

LOW-VOLTAGE TEST METHOD 
A more recently developed method fox measuring 

dissipation-factor utilizes the General Radio Type 1611 
Capacitance Test Bridge and an Ontario Hydro-dwel- 
oped Interference Suppressor. The specially designed 
Interference Suppressor applies to the bridge's detector 
terminals a pure sine-wave voltage that is continuously 
variable in phhse and adjustable from zero  to about 75 
volts in amplitude. Figure 2 shows the Type 1611 
Capacitance Test Bridge cannected to the Interference 
Suppressor, which Ontario Hydro designates as the 
f i a s e  Shifter Mark IDA. Mounted on the inside of the 
Mark LIM lid are instructions (Figure 4) for  connecting 
and operating the test equipment. The schematic dia- 
gram of Mask IILh appears in Figure 5. 

When the bridge is used wirh interference-sup - 
pressing apparatus such as the Phase Snifter Mark U A ,  
it i s  possible to cancel out the interference completely 
and obtain idenCjcaE direct and reverse readings. This 
i s  true even vhen tests are made on apparatus that  i s  
located directly belowa live230-kY transmission line. 

A second model of the Phase Shifter, designated 
the Mark V, was designed for  use in areas where there 
is no 120-Vservice available andwhere the output of a - 
portable gasoline generator would not be synchronized 
with the interference voltage. The Mark V contains a 
free-running, three -phase osc i l la to~  with a pick-up 
antenna to Iock the oscillator frequency to the frequency 
of t h e  interfering voltage. Output of the oscillator is 
phase -shifted, filtered, amplimde-adjusted, and then 
fed to the bridge's detector terminals. 

COMPARISON OF RESULTS 
Good agreement in field measurements on 115 -kV 

and 230-kV apparatus has been obtained with both the 
high -voltage and low-voltage test methods. The latter 
method has the advantage of using equipment that is rel- 
atively inexpensive, lightweight, and easily trans - 
portable. In addition, testing by th is  method requires 
o l y  one pexson, and high-voltage safety precautions 
need not: b e  observed, since only low voltages are i n -  
volved. 

On 15-kV class equipment, the Hot Box p e m i t s  
measurernenr of t h e  relationship between dissipation- 
factor and voItage fo r  voltages up to and above normal 
service values. The cuxve of dissipation-factor versus 
voltage may provide a significmt: indication of t h e  p re -  
sence and severity of corona under service conditions in 
generators, metalclad switchgear, instrument trans - 
formers, and similar equipment. For the insulation of 
equipment operating at voltages considerably higher 
than 10-kV to ground, and where there is high corona 
inception, no significant difference is appaxcnt in the 
result whether dissipation-factor is measured by the 
high-voltage or low-voltage method. 
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Figure 3. Current model of the Capacitance Test Bridge. 
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0 PHASE SHIFTER MARK I I I A  

I lo * 
0 PHASE BHIFTER MARKUIA 

I 6 R  1611 A S  2 AND 1511-% 

THlS DRIICE IS CESIGNEL, FOR USE WlTH THE GENERAL RADIO CAPACI- 
TANCE BRIDGE,WMEN INTERFERENCE IS ENCOUNTERED IU n a n  MU- 
SUREMENTS.  

I. CCHNECT TME EQUIPMENT AS SHOWN. !WITCH ON THE PHASE 
SHFFTER AND THE C A P A C l f A K E  BRIDGE, AND W A I T  FOR THE 
"EYErON THE B R I E E  TO LlGHT UP. 

2. WlTH THE SWITCH ON THE BRtDGE fN  *HE " S T A m  B'FW51TIOH. 
ADJUSTTHE PKASE'ANDwAMPUTUIIE'COKTROLS ON THE PHASE 
SHIFTER TQ OPEN THE INDICATOR "EYE" GIN THE BRIDGE TO I T S  

I 
MAXIMUM W5IT10N. INITIAL ADMSTMENT I S  SOMETIMES MORE 
EASILY MADE WITH THE SENSITIVITY ON THE BRIDGE amucrn. 
FINAL BALAWE SHOULD BE OBTAINED WITH THE SEN51VtTY HIGH 
TC LOCATE THE PlPPROXlMATE BALANCE SET 7 H E  AMPLITUDE 
CONTilOLS ON THE PHASE SHIFTER TO -ME L O W  VALVE. AND 
SWEEP THRWGH 360- CF PHASE POSITION. THlS RWUIRES NOT 
LESS TH4N F1VE COMPLETE TURHS OF THE PHASE DIAL. LDCK 
FOR A FLICKER I N  THEIEYE:WHEN THlS $5 F W N D  ADJUST THE 
PHASE DIAL. AND BOTH THE COARSE AND LlNE AMPLITUOE DIALS, 
FOR THE MAXIMUM OPENING OF THE 'EYE'. 

SWTCH THE BAlDGE TO 'DIRECT: AND ADJUST THE CAPACITANCE 
AND DISSIPATION FACTOR DIALS FOR BATAWE (MAXIMUM EYE 
OPENING). RECORD CAPACITANCE AND DlSSlPATlDH FACTOR. 
REPEAT WlTH THE SWfTCH I N  M E  "RNERSE'POSITION. THE COR- 
RECT CAPAClTANCE AND DISSIPATION FACTOR ARE OBTAI N m  BY 
AVERAGLNG ClRECT AND REVERSE READINGS. THE BEST ADJUST- 
MENT OF THE PHASE SHIFTER WILL MAKE DIRECT AND REVERSE 
READINGS ALMOST IDENTTCAL. 

NOTE : WHEN THE SWITCH IS ON OTHER DIRECT OR REV-SE 
THE SPECIMEN LEAD I S  L I V E  

- - --. ,' 
Figure 4. Operating instructions far Mark FllA phase shiher, 

a5 muunted an fhs  ins ide o f  the i n s f r ~ m r n t  lid. 

1- h I R,-550 ohm, 10 w 

-51) K ohm 

R; - 1000 ohm, 20 w 
R 180 K ohm, 0.5 w 
p:--- - 
P, - 1 rnegohm 
C, - 2.60 ~ f ,  4 9  v 
C, - 2.0 pf, 450v 
T - J 15/115 v, 15 va 

!d -magsl ip  transmitter, 
3 inch, 60 cps, 
115190 v 

Figure 5. Schematic aiagrom of Mark IllA phase shifter. 
The supply i s  ~ i n ~ l e - ~ h n s e ,  T20v, 60-cycle. 

NOTE 

The Mark  IIXA and Mark V Phase Shifters described in 
chis article are manufactured and sold by Muirhead Instru- 
ments Limited, Stratford, Ontario, Canada. Please direct 
inquires regarding these particurar items to  them. For ad-  
ditional information on the Type 1611-B Capacitance Test 
Bridge, call o r  write to General  Radio Company, West  
Concord, Massachusetts, or the GR Sales Engineering Office 
nearest  you. 



* Wide range - 0 to  11,000 ~ f .  * IIeasures both 2- and 3-terminal capacitors. - 
FEAT IF R E S : * Visual null indicator. 

+ External polarising voltage can be applied. * A l ~ a s u r ~ s  polari7~ii electrolytics under conditions of actual use - with 120-cycle ripple. 
Measur~ments are unaffected by modcrat~ electrostatic fields. 

USES: Capacitance and dissipation-factor measurem~nts Tnsulators and insulation - bushings, transformers, ro- 
can be made quickly and conveniently with this bridge. tating rnachincs. 
~ i m o n g  its usps in  shop and l a b o r a t ~ r ~  are the measure- Capacitance components for ~lectric equipment. 
merit and test of: Transformer interwinding and int~rshield capacitance. 

Paper and mica capacitors. 
Polarized clcctroIyt,ic rnparitorr (also tnntalytics) at DESCRIPTION: ~h~ x~rs-r-rPsistanee enpscitsnee bridge 

fiO cps lvithout pxternal generator 'ps for circuit is used. .4 shield terminal is providpd for 3-terminal 
1611-RQI). m~asur~ments .  The null dr t~c to r  consists of a tuned ampli- 

Dielec trie properties of solid inmlation and transformer fier and ~ l~ r t ron - ray  tube. hTpasurementS are made a t  the 
oil. power-line frequency. External generator can be connected 

Cables - t ~ ~ t i n g  and fault location. for 120 cps and other frequencies. 

S P E C I F I C A T I O N S  

RANGES OF MEASUREMENT Polarizing Voltuger A dr  polarizing vo l t a~ f :  of u p  to  500 volt3 can he 
Capcrcitanee: 0 to P1,OIK) pf n t  60 cps; I pf to 11,000 af at 120 cps and applrpd e ~ t e r n ~ l l v  for measurem~nts on capncitnrs of 1 to 11,000 uf. 
other extern~l ly  suppl~ed frequencies. GENERAL 
Dirsipation Fuctor: TYPE 161 1-n, 0 to 6QTo at 60 cps; T n e  IfilJ-RQ1, Sensitivity: Capacitances from 1fiO pf to In,000 uf can he halnncwl 
O t o  SflS,r \at 50 cps. h n g r :  is proportional to fwcluenc~ (0 to 120% t,, p~e~ision of at lemt 0.1 yo. -. * mn --- aL I L t J  cp>p. 
ACCURACY 
Capmcitence: f (1 % 4- 1 pf). 

Dis.ipm+ivm Fact..: i ( 2 ~ ~  of dial r ~ s d i n e  + 0.059, X $1. - -  # 

VOPTAGE 
AC Voltage an Cqpucitor under Tesk Vnriea from a maximum of approxi- 
m a t ~ I y  125  volt,^ n t  IOCl pF tn less than  1 x-nlt at 10,000 p f .  A maximum 
nf orw voltampere of reartwe pfiwr-er is rl~livererl to the snmple. 
V o l t n ~ e  can br r d u c d  by nn external rli~ostnt on t,he four highest 
ranEFs For rnea~nwrn~nt of tantalum capncitors. 

1 for TYPE 1611-RQI. 
5n 

sml~et~vify: Detector filter is tuned to power-lin~ frequency or 120 cps, 
selected hy switch. External filter can be connected at panel jack for 
other freauenciw. 
Extern-! Fields: Fnr hr~ahing t t tst in~, the fiplds rmi~afly enrn i~nt~wd  
in shop and labomtory, even up to several thousand volts, will not 
sffect the nccurscy. For measurements in locaticns where the  over- 
head voltages are very high, the unknown shoulrl he shielded. 
External Generotor: Required for Frrquencies other thnn 60 cps. 
TVVE 1211-D Unit Q~cillator ia recornmenried for 120- rycle mra- - 
*urement.i. 
Envir~nmentul Effects: T h e  r eed inp  of the i h r i d ~  ate unnffected by 
tempernture anil humidity vnr~ntlnns over thr mnge of room con- 
ditions normallv enrountered (18 to 33 C, O to 90% RH). 
Fewer Reauirements: 105 to 125 (or 210 to 2.50) volts. 6I) cns for 

- .am Accarrorisr ~&plied: TYPE CAP-22 ~ & e r  C& a i d  &rtw-fus&. - -- _ - 
A- - 3 

Accessories Required: 12bcycle o-cilhtor, if 1 2 k p e ! ~  me~surements 
I ?  are to Ijr rnlirlr. TYPE 1 2 1 4 D  Unit Osclllntor is rwornmended. 

YI tnblnef: Lufic~~+tyl)e ,  c~mpletelv shlrl(l~rl to Pnsure freedom from 

Code Nt~mhw 

Capacitance Tart Bridge, 
for 50-cycle supply 161 1 -?PI d 
120-cycla oscillator (includ- 
Ing power supply) 1214-P7Od 

I '  1 4 . .  ,, '9'. electrostatir pickup. 
I I L, - Dimensions: IYirlth 13M, h ~ i g h t  16, depth 10 inehe (370 by 410 

WIDE-RANGE TEST BRIDGE FOR 
SHOP, FIELD, OR LABORATORY 

I I 

1 i 

G E N E R A L  R A D I O  C O M P A N Y  
WEST CONCORD, MASSACHUSETTS, USA 

Prlntmd In USA 

bc 255 ~nrn), over-all. 
Net Weighf: 30% pounds (14 kg). 
Shipping Weight: 37 pounds (17 k~). 


