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Foreword (This Foreword is not part of American National Standard C82.3-1983.) 

In order to obtain satisfactory performance of fluorescent lamps and their associated bal- 
lasts, it is necessary that certain features of their designs be properly coordinated. Specifi- 
cations for the operation of either the lamps or the ballasts must naturally be written in 
terms of measurements made against some common baseline of reference. 

Because of the inherent instability of gaseous discharge lamps, experience has shown them 
to be unsuited as a reference..A ballast, however, can be specially designed to provide a 
reasonably permanent and reproducible baseline for measurements. Such ballasts are de- 
signated as reference ballasts, This standard describes those characteristics that have been 
found necessary in ballasts to ensure permanence and reproducibility. 

This standard was originally published for tría1 and criticism in 1950 and again in 1953. 
It was first approved as an American National Standard in 1956. Subsequent editions 
were published in 1957, 1962, 1972, and 1977. 

Dimensions in this standard are given in inches; millimeter conversions are given in 
parentheses and have been rounded. 

Suggestions for improvements of this standard will be welcome. They should be sent to 
the National Electrical Manufacturers Association, 2101 L Street, NW, Washington, D.C. 
20037, 

This standard was processed and approved for submittal to ANSI by American National 
Standards Committee on Lamp Ballasts, C82. Committee approval of the standard does 
not necessarily imply that all committee members voted for its approval. At the time it 
approved this standard, the C82 Committee had the following members: 

Anton Franke, Chair 
Fred P. Smith, Secretary 

Organization Represented 
AdvanceTransformerCompany. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Duro-TestCorporafion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ETLTestingLaboratories, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
General Electric Company. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
General Services Administration . . . . . . . . . . . . . . . . . . . . . . . . . .  
GTE Products Corporation . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Institute of Electrical and Electronics Engineers . . . . . . . . . . . . . . . . .  
National Electrical Manufacturers Association . . . . . . . . . . . . . . . . . .  
OSRAMSaIesCorporation. . . . . . . . . . . . . .  L .  . . . . . . . . . . . . . .  
North American Philips Lighting Corporation. . . . . . . . . . . . . . . . . . .  
Telephone Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Universal Manufacturing Corporation . . . . . . . . . . . . . . . . . . . . . . .  
Underwriters Laboratories, Inc . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Westinghouse Electric Corporation . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wide-Lite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Name of Representative 
A. E. Feinberg 
J. Shurgan 
A. R. Naysmith 
S .  Pasternak (Alt) 
T. A. Pickett 
G. L. Apostolou 
R. P. Bonazoli 
D. Cooper 
Robert Munson 
B. Gershen (Alt) 
R. D. Liddle, Jr 
J. Hofmann (Alt) 
A. C. Rousseau 
W. R. Beckley 
M. A. Stein 
W. O. Marquardt 
A. P. Arnone 
W. T. Ryan (Alt) 
W, Long 
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Subcommittee C82-1 on Fluorescent Lamp Ballasts, which developed this standard, had 
the following members: 

Anton Franke, Chair 
Wing K. Luk, Secretary 
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R. G.  Collins (Alt) 

J. Luchetta 
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R. Munson 
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S. Pasternak (Alt) 

G.  Radtke 

T. Rufner 
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J. Shurgan 

M. A. Stein 
R. A. Kulka (Alt) 
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J. H. Campbell 
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American National Standard 
for Reference Ballasts 
for Fluorescent Lamps 

1. Scope 

This standard describes the essential design features 
and operating characteristics of reference ballasts for 
fluorescent lamps. The items specified are those that 
have been found necessary to ensure accurate and re- 

* producible results when either lamps or ballasts are 
being tested. The specific values of rated input voltage 
and impedance needed for each size of lamp are listed 
in the applicable American National Standard for the 
Dimensional and Electrical Characteristics of Fluores- 
cent Lamps - Rapid-Start Types, ANSI C78.1-1978 
and C78.1 a-1980. 

2. Related Standards 

This standard is intended for use in conjunction with 
the following American National Standards (see Sec- 
tion 9): 

ANSI C78.1-1978 and C78.la-1980, Dimensional and 
Electrical Characteristics of Fluorescent Lamps - 
Rapid-Start Types 

ANSI C78.375-1973 (R1978), Guide for Electrical 
Measurements of Fluorescent Lamps 

ANSI C82.1-1977 (R1982), Specifications for Fluores- 
cent Lamp Ballasts 

ANSI (332.2-1977, Methods for Measurement of Fluo- 
rescent Lamp Ballasts 

ANSI/IEEE 100-1977, Dictionary of Electrical and 
Electronics Terms 

3, Definitions 

3.1 General. The definitions in 3.2 and 3.3 cover terms 
that are specifically related to the subject of this Amer- 
ican National Standard. For definitions of other less 

directly related terms, see the appropríate Sections Of 

3.2 Fluorescent Lamp Reference Ballast. A special in- 
ductive-type ballast having certain prescribed character- 
istics. It serves as a comparison standard for use in test- 
ing ballasts or lamps and is also used in selecting the ref- 
erence lamps that are necessary for the testing of ballasts. 
A reference ballast is characterized by constant imped- 
ance over a wide range of operating current and also by 
constant characteristics that are relatively uninfluenced 
by time and temperature. A reference ballast may be 
either of the types given in 3.2.1 and 3.2.2, 

3.2.1 Fixed-Impedance Type, A reference ballast 
designed for use with one specific type of lamp and 
after adjustment during the original calibration, ex- 
pected to hold its established impedance throughout 
normal use. 

3.2.2 Adjustableimpedance Type. A reference bal- 
last consisting of an adjustable inducfive reactor and a 
suitable adjustable resistor in series. These two com- 
ponents are usually designed so that the resulting com- 
bination has sufficient current-carrying capacity and 
range of impedance to be used with a number of differ- 
ent sizes of lamps. The impedance and power factor of 
the reactor-resistor combination are adjusted and 
checked each time the unit is used. 

3.3 Reference Current. That value of current at :vhich 
the impedance of a reference ballast is specified and 
measured, The reference current for each size of refer- 
ence ballast is normally the same as the rated current 
of the lamp type which the balIast is intended to oper- 
ate. Since the reference ballast is a standard that is rep- 
resentative of the impedance of lamp power sources 
installed, it is not necessary to change this current value 
unless major changes in lamp standards require modifica- 
tion of the balíast impedance. The reference current for 
each reference ballast is specified in the applicable Amer- 
ican National Standard for the Dimensional and Electri- 
cal Characteristics of Fluorescent Lamps - Rapid-Start 
Types, ANSI C78.1-1978 and C78.la-1980. 

ANSI/IEEE 100-1977. 
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4. Ballast Marking 

4.1 Marking. A reference ballast shall be provided with 
a durable and legible metal nameplate securely attached 
to a permanent portion of the ballast structure. The in- 
formation shown in 4.1.1 or 4.1.2 shall be legibly etched 
or stamped on the nameplate. 

4.1.1 Fixed-Impedance Type 
(i) Manufacturer’s name 
(2) Manufacturer’s catalog or model number 
(3) Manufacturer’s serial number 
(4) Lamp type, wattage, and current 
(5) Supply voltage and frequency 
(6) Impedance 
4.1.2 AdjustableImpedance Type 
(1) Manufacturer’s name 
(2) Manufacturer’s catalog or model number 
(3) Manufacturer’s serial number 
(4) Impedance range at rated frequency (or fre- 

(5) Maximum voltage per coil and maximum voltage 

(6)  Maximum current per coil 
(7) Frequency (or frequencies) 
(8) Connection diagram 

quencies) 

across reactor 

5. Design Characteristics 

5.1 General Design. A reference ballast is an inductive 
reactor, either with or without an additional series re- 
sistor, designed to give the operating characteristics 
listed in Section 6 .  

5.2 Permanence of Impedance 
5.2.1 Fixed-Impedance-Type Ballasts. Since this 

type of reference ballast is intended to serve as a perma- 
nent baseline of reference, it is vitally important that 
the ballast be so constructed as to provide permanence 
of impedance under normal conditions of use and abuse. 

A recheck of the impedance of the ballast shall give 
values within 0.1% of those previously determined. 

5.2.2 AdjustableImpedanceType Ballasts. This type 
of reference ballast, when adjusted to any given value 
of impedance, shall be capable of holding that adjust- 
ment through normal periods of use. For this purpose 
suitable means shall be provided for mechanically lock- 
ing the movable core (or other movable parts) in any 
desired position. 

5.3 Enclosure. A reference ballast shall be enclosed in 
a steel case for mechanical protection, In the case of 
the adjustable-impedance-type ballast, the series resistor 
need not be in the same enclosure with the reactor. 

8 

5.4 Magnetic Shielding. A reference ballast, to  be con- 
sidered magnetically shielded, shall be so designed and 
constructed that its impedance at reference current shali 
not be changed by more than 0.2% when a 1/2-inch 
(13-mm) plate of magnetic steel is placed within 1 inch 

,(25 mm) of any face of the ballast enclosure. The steel 
plate shall have dimensions at least 2 inches (5 1 mm) 
greater than the maximum dimension of the ballast en- 
closure and shall be placed in geometric symmetry to 
each surface as tested. In the event that a reference 
ballast is not magnetically shielded, precautions shall 
be taken to keep magnetic objects far enough removed 
from the leakage field so that the impedance of the 
ballast will not be altered by more than the 0.2% men- 
tioned above. 

5.5 Inclusion of Instrument Current Coils. When an ad- 
justable-impedance-type reference ballast is being used, 
a choice may be made as to whether the impedances of 
the instrument current coils (the ammeter and watt- 
meter) will or will not be included as part of the imped- 
ance of the reference ballast. Either procedure is satis- 
factory, but the other aspects of the calibrating proce- 
dure and also the subsequent use of the ballast must be 
compatible with the particular procedure being followed. 
For the sake of simplicity, the procedures described in 
this standard are arranged for the condition of not in- 
cluding the impedances of the current coils in the ref- 
erence-ballast impedance. Appendix A, however, covers 
the changes in procedures and circuitry that would be 
required if the current coils were to be included. 

6. Operating Characteristics 

6.1 General. The following specifications apply to mea- 
surements made at the rated frequency of the reference 
ballast and with the ballast parts and windings condi- 
tioned at an ambient temperature of 25°C f 5OC. (When 
reference ballasts are used to operate lamps, the require- 
ments of the lamps usually demand temperature control 
within * i”C.) 

6.2 Rated Input Voltage. The rated input voltage of a 
reference ballast shall be in accordance with the value 
specified in the applicable American National Standard 
for the Dimensional and Electrical Characteristics of 
Fluorescent Lamps - Rapid-Start Types, ANSI C78.1- 
1978 and C78.la-1980. 

6.3 Impedance. The impedance of a reference ballast 
at the specified reference current shall be within 0.5% 
of the value specified in the applicable American Na- 
tional Standard for the Dimensional and Electrical * 
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Characteristics of Fluorescent Lamps - Rapid-Start 
Types, ANSI C78.1-1978 and C78.la-1980. 

6.4 Linearity, For any value of current from 50% to 
115% of reference current, the impedance of the ref- 
erence ballast shall be within $: 3.0% of the value 
specified in the applicable American National Standard 
for the Dimensional and Electrical Characteristics of 
Fluorescent Lamps - Rapid-Start Types, ANSI C78.1- 
1978 and C78.la-1980. 

6.5 Ballast Power Factor. The effective power factor of 
the reference ballast (ratio of wattage loss to the prod- 
uct of ballast voltage and current) when the ballast is 
carrying reference current shall be 0.075 $: 0.005. 

6.6 Temperature Rise. When the reference ballast is 
operated in open air at an ambient temperature of 25"C, 
and at reference current and rated frequency, the steady- 
state temperature rise of the winding when measured by 
the resisfance method shall not exceed 25°C. 

7. Circuits 

7.1 General. Reference ballasts may be used with any 
of the three basic types of fluorescent lamps. In each 
case certain details of the circuit are dictated by the char- 
acteristics of the lamp type as given in 7.2 through 7.4. 

7.2 Preheat Start. Preheat-start hot-cathode bipin lamps 
are provided with two contact pins on each end of the 
lamp. One pin at each end is connected to the operating 
circuit, and the remaining two pins are connected to 
the starter circuit. 

7.3 instant Start. Instant-start lamps are of either the 
singie-pin or bipin type and require no starter circuit. 

7.4 Rapid Start. Rapid-start lamps have two pins (or 
recessed contacts) at each end of the lamp. Reference 
ballasts for rapid-start lamps are intended for use in 
conjunction with low-voltage transformers which sup- 
ply separate cathode heat. The low-voltage cathode 
heating transformers are adjusted to center values of 
3.6 volts (low-resistance cathodes) or 8.5 volts (high- 
resistance cathodes). 

NOTE: The three circuits referred to in 7.2 through 7.4 are 
described in ANSI C822-1977. Specifications for values of 
cathode heating voltages for specific lamp types are shown in 
ANSI C821-1977. 

a Adjustment and Calibration 

8.1 General. Ballasts of the fixed-impedance type shall 
be adjusted and calibrated at the time of manufacture; 
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their calibration should also be rechecked periodically 
during their subsequent use. 

Ballasts of the adjustable-impedance type shall be 
adjusted and calibrated each time they are set up for a 
different type of lamp. Their calibration should also be 
rechecked periodically during use, even if they are being 
operated for long periods of time at the same setting. 

8.2 Circuit Grounding. In all the wiring diagrams given 
in this standard, it will be noted that the portion of the 
circuit containing the instrument current coils has been 
identified as the grounded conductor. This wiring ar- 
rangement is a recommended safety precaution since 
many types of portable instruments have current-coil 
terminals that are not insulated and that could consti- 
tute a shock hazard if not kept at ground potential. In 
those situations where neither of the two supply con- 
ductors is at ground potential, or where the system 
ground is located at an excessive distance from the test 
location, an isolating transformer shall be interposed 
between the power source and the measurement circuit, 
and the side of the test circuit containing the instrument 
current coils shall be connected to a reliable ground 
point in the vicinity. Alternatively, other arrangements 
such as insulation of exposed terminals may be made to 
minimize shock hazards. Further, where the grounding 
of one input terminal of an electronic instrument is nec- 
essary for its proper and safe operation, the use of an 
isolating transformer may be required. If an isolating 
transformer is employed, the test-circuit grounded con- 
ductor may be grounded adjacent to the appropriate 
instrument. 

8.3 Power Supply. The ac voltage supply used for the 
adjustment or test of reference ballasts shall be such 
that the rms summation of the harmonic components 
shall not exceed 3% of the fundamental component. 

8.4 Stabiiity of Supply Voltage. The line voltage shall 
be as steady and free from sudden changes as possible. 
For best results the voltage should be regulated to 
within O. 1%. If adequate automatic voltage regulation 
is not available, constant checking and readjustment 
are essential to obtaining accurate measurements, 

NOTE: If the static type voltage stabilizer is used, it is particu- 
larly important to check the waveshape to see that it meets the 
specification given in 8.3. This should be checked both with 
and without load. 

8.5 Instruments. A discussion of the impedance limita- 
tions and the necessary accuracy of electrical instru- 
ments may be found in the section on instrumentation 
in ANSI C78.375-1973. 

All instruments used in reference-ballast measure- 
ments should have accurate and up-to-date scale cali- 
brations available. 
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e 

I 
AC SUPPLY 

VOLT AG E 

I n x  r 
NOTE: Current terminals of instruments are shown as o. Potential terminals of instruments are shown as O. 

Fig. 2 
Circuit for Power-Factor Measurement 
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8.6 Impedance Measurements. The instruments should 
be connected as shown in Fig. 1. The voltmeter should 
not draw a current greater than 3% of the reference 
current. For the circuit as shown, no correction for the 
presence of the voltmeter i s  necessary since the volt- 
meter current will not oniy be small but will also have 
a phase difference of about 85% with respect to the 

.;. 

AMERICAN NATIONAL STANDARD C82.3-1983 

8.7.2 Alternate Method, If a high-quality low-power- 
factor wattmeter is not available, it is possible to deter- 
mine the power consumed by the refeÍence ballast by 
utilizing the wattmeter that is normaUy used to mea- 
sure the lamp power, The procedure for determining 
the power factor by this method is outlined in Appen- 
dix c. 
8.8 Circuit Connections. The circuit used for the cali- 
bration of a reference ballast should have connections 
that are as short and direct as practicable and the wire 
size should be adequate to carry the current required 
by the ballast. The impedance and power factor as 
measured should include only the ballast itself (reactor 
plus the variable resistor), except that the instrument 
current coils may be included if desired. 

The resistance of the measurement circuit, including 
the contact resistance of all switches and relays, should 
not be high enough to add a voltage drop exceeding 
0.75% of the lamp voltage, This limitation applies to 
that part of the circuit that is on the lamp side of the 
point at which the line voltage is being controlled. 

8.9 Linearity. With the ballast connected in the same 
circuit as previously used for the ímpedance measure- 
ments (Fig. i), the impressed voltage should be varied 
as necessary to obtain values of current over the range 
specified in 6.4. Readings of current and voltage should 
be taken at various points and a curve plotted to show 
the variation of impedance over the specified range of 
current. 

If it  is known from previous measurements that the 
adjustable reactor being used has an impedance char- 
acteristic meeting the linearity requirements men- 
tioned above, this additional check does not need to  
be made on subsequent adjustments of the reactor at 
this current value. 

9. Revision of American National Standards 
Referred to in This Document 

When the American National Standards referred to in 
this document are superseded by a revision approved 
by the American National Standards Institute, Inc, 
the revision shall apply. 
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Appendixes (These Appendixes are not apart of American National Standard C82.3-1983, but are included for 
information oniy.) 

Appendix A 
Inclusion of Instrument Current-Coil Impedances in the Impedance of the Reference Ballast 

Al .  General 

As pointed out in 5.5, it is quite possible to include the 
impedance of either the ammeter or the wattmeter cur- 
rent coil, or both, as part of the calibrated impedance 
of the reference ballast. This modified procedure is per- 
fectly satisfactory if properly used, and it has the advan- 
tage that when lamp measurements are being taken, the 
process of compensating for the presence of instruments 
is considerably simplified. The modified procedure, how- 
ever, makes it imperative that any instrument current 
coils included in the original calibration be left in the 
circuit at all times during subsequent use of the reference 
ballast to operate lamps. 

The variations in  procedures given in A2 and A3 
would be required in calibrating a reference ballast with e 

the impedance of the current coils included as part of 
the ballast impedance. 

A2. Impedance Measurements 

The circuit connections would be as shown in Fig. Al .  
This circuit shows both the ammeter and the normal- 
power-factor wattmeter current coil included with the 
reference-ballast impedance. If only the wattmeter is 
to be included, then the ammeter would be connected 
on the input side of the voltmeter. If only the ammeter 
is to be included, the wattmeter would simply be re- 
moved from the circuit. In any case no correction for 
the presence of the voltmeter is needed. 

REFERENCE 
BALLAST 

ADJUSTABLE 
REACTOR 

ADJUSTABLE 
RE SI STOR 

NOTE: Current terminals of instruments are shown as o. Potential terminals of instruments are shown as m. 

Fig. A l  
Circuit for Impedance Measurement 
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A3. Power-Factor Measurements 

A3.1 Preferred Method The circuit connections would 
be as shown in Fig. A2. This shows only the impedance 
of the ammeter included, There would be no reason to 
include the current coil of a low-power-factor watt- 
meter since this type of instrument would not be suit- 
able for use in lamp circuits. It would, however, be 
possible to include the current coil of the normal-power- 
factor wattmeter that would be used for the lamp mea- 
surements. If this were done, the current coil would be 
connected into the circuit at point W with its potential 
coil disconnected (still leaving the low-power-factor 
instrument connected as shown). 

No correction would be needed for the voltmeter, 
and the correction for the wattmeter would be the 
same as described in 8.7.1. 

A3.2 Alternate Method. See Appendix C for a general 
description of the alternate method. When instrument 
current-coil impedances are to be included in the impe- 
dance of the reference ballast, the measurement circuit 
should be modified as shown in Fig. A3, A4, or A5. 

The circuit shown in Fig. A3 should be used when 
the current coils of the normal-power-factor wattmeter 
and ammeter are included in the reference-ballast impe- 
dance. Fig. A4 should be used if only the wattmeter 
current coil is included, and Fig. A5 should be used if 
only the ammeter is included. 

ADJUSTABLE 
AC SUPPLY 

VOLTAGE 

LOW POWER FACTOR 
WATTMETER 

NOTE: Current terminals of instruments are shown as o. Potential terminals of instruments are shown as O. 

Fig. A2 
Circuit for Power- Fact or Measurement 
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1 REFERENCE 
BALLAST + / R 

r - - - - - - 
X L  ff 

! 
L -TI _. _I 

- . - - - - -  
4 1  sw2 4 )  

- - 
NOTE: Current terminals of instruments are shown as o. Potenfial terminals of instruments are shown as O. 

Fig. A3 
Circuit for Alternate Method of Power-Factor Measurement 

Normal-Power-Factor Waftmeter and Ammeter included in Reference-Ballast impedance (ZRB) 

NOTE: Current terminais of instruments are shorn as o. Potential terminais of instruments are shown as o. 

Fig. A4 
Circuit for Alternate Method of Power-Factor Measurement 

Normal-Power-Factor Wattmeter included in ReferenceBallast impedance (ZRB) 
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Fig. AS 
Circuit for Alternate Method of Power-Factor Measurement 
Ammeter Included in Reference-Ballast Impedance (ZRB) 

V 

- 

I .  

. .  

. .  . . .  . .  
I .  

, % =  . i _ .  ' 
I .  

. .  
r _  .,. . 
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Appendix B 
Measurement and Adjustment of the Impedance and Power-Factor Characteristics of a Reference 
Ballast - Guide for the Use of the Preferred Method a 

Although the specifications to which a reference ballast 
must conform have been fully stated in the standard, it 
may also be helpful to outline in more detailed manner 
the calculations and measurements that would be needed 
to  set up a reference ballast in compliance with these 
specifications. 

In the following example it should be noted that 
(1) the preferred method of measuring the power factor, 
as covered in 8.7.1, will be followed; and (2) the instru- 
ment current coils will not be included in the reference 
ballast impedance. It will be assumed that the reference 
ballast is to consist of an adjustable reactor and a vari- 
able resistor connected in series. 

The required value of impedance and the corre- 
sponding reference current at which it is to be measured 
should be obtained from the applicable American Na- 
tional Standard for the Dimensional and Electrical Char- 
acteristics of Fluorescent Lamps - RapidStart Types, 
ANSI C78.1-1978 and C78.la-1980. In this example, 
the values used are those shown for the 40-watt T-12 
rapid-start lamp. These values are: 

Impedance: 439 ohms 
Reference current: 0.430 ampere 
Power factor: 

Example: 
Step 1. Calculate the voltage (VZ)  that is to be im- 

e 
0.075 f 0.005 (see 6.5) 

pressed on the test circuit: 
vz =ZR x Z R B  
Vz = 0.430 X 439 = 188.8 Volts 

Step 2. With R at a moderate value, X t  at its maxi- 
mum value, and an impressed voltage of 188.8 volts, 

reduce Xt until the reference current (0.430 ampere) 
is obtained. 

factors of 0.07 and 0.08: 
Step 3. Calculate the required wattage loss for power 

w= v , x I R X p f  
WO, o7 = 188.8 X 0.430 X 0.07 = 5.7 watts 
?0. 08 = 188.8 X 0.430 X 0.08 = 6.5 watts 

Step 4. For the purpose of this example it will be 
assumed that the instrument connections are such that 
the power consumed in the wattmeter potential coil is 
1 watt. This must then be added to each of the values 
calculated in step 3. It wili further be assumed that the 
voltmeter will be removed from the circuit each time 
the wattmeter is being read; hence it will not be neces- 
sary to make any adjustments for the power consumed 
by the voltmeter. 

Step 5. With the applied voltage remaining at 188.8 
volts, read the wattmeter. If the deflection is less than 
6.7 watts (5.7 t l.O), R should be increased to bring it 
into the range of 6.7 to 7.5 watts. If the wattmeter 
reading is in excess of 7 , s  watts (6.5 t l.O), R should 
be reduced until the wattmeter deflection is within the 
calculated range. 

Step 6. Readjust X ,  as in step 2 to provide a current 
of 0.430 ampere with 188.8 volts applied. 

Step 7. Recheck the wattmeter reading. If the de- 
flection is between the previously mentioned 6.7 and 
7.5 watts, no further adjustment of R is required. If 
necessary, however, repeat steps 2 and 5 alternately 
until neither X t  nor R requires further adjustment. 
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Appendix C 
Description of and Guide for an Alternate Method of Measurement and Adjustment of the 
Impedance and Power-Factor Characteristics of a Reference Ballast . 

Ci. General 

The alternate procedure mentioned in 8.7.2 and de- 
scribed in this Appendix is recommended only if a 
high-quality low-power-factor wattmeter of suitable 
range is not available. The method described herein 
utilizes the same normal-power-factor wattmeter used 
to measure lamp power in the reference ballast circuit 
when the reference ballast is connected either to an 
operating lamp or to a dummy-load resistor (RL) having 
an equivalent impedance. 

Since in this method the power consumed by the 
reference ballast is determined as a small difference be- 
tween two much larger quantities (input and output 
power readings), it is not as accurate as the preferred 
method given in 8.7.1 and for which an example is 
shown in Appendix B. 

C2. Measurement Methods 

The circuit connections needed are as shown in Fig. C1. 
With the instruments connected as shown, the impe- 
dance of the ammeter and wattmeter current coil will 
be excluded from the reference-ballast impedance, If 
either or both of these instrument coils are to be in- 
cluded in the ballast impedance, the circuit should be 
modified as indicated in Appendix A and the appyo- 
priate corrections applied to  the instrument readings. 
In addition to the usual instrument switches, two other 
switches are required, Switch SW1 shorts out the dum- 
my-load resistor or lamp during the adjustment of the 
impedance of the reference ballast. Switch SW2 trans- 
fers the wattmeter potential coil from the input to the 
output circuit. 

lamp or a resistor adjusted to substitute for the lamp. 
If the resistor is used, its value must be such that when 
the reference ballast is adjusted to its proper impedance, 
the specified value of the reference current will be ob- 
tained in the circuit. 

If an operating lamp is used instead of a dummy-load 
resistor, this may result in an increase in the power con- 
sumed in the reference ballast or in errors in the power 
measurements due to the nonsinusoidal waveshape of 
the lamp current, or both. Further, if successive adjust- 
ments are required for XL and R (steps 5, 6, and 7 in 

The resistor shown as RL, may be either an operating 

the following example), employment of a lamp in posi- 
tion RL will increase the time required to adjust the 
impedance and power factor since it will be necessary 
to allow the test lamp to stabilize after each adjustment 
of XL, and R before meaningful power measurements 
can be taken. 

voltmeter and the ammeter may be left in the circuit. 
No correction is needed for the line voltmeter, the 
ammeter, or the wattmeter current coil since these 
affect both the input and the output measurements to 
the same degree. The power consumed by the watt- 
meter potential coil, however, must be calculated and 
subtracted from each wattmeter reading since it will 
not be the same for the two measurements. 

The power consumed by the reference ballast is the 
difference between the input and the output wattage. 
The ballast power factor is the ratio of this wattage 
value to the product of the current and voltage. A 
measurement of the voltage was obtained as part of 
the impedance measurement covered in 8.6. . 

reference current at which it is to be measured shouId 
be obtained from the applicable American National 
Standard for the Dimensional and Electrical Character- 
istics of Fluorescent Lamps - Rapid-Start Types, ANSI 
C78.1-1978 and C78.la-1980. In the following example, 
the values used are those shown for the 40-watt T-12 
rapid-start lamp. These values are: 

Impedance : 439 ohms 
Reference current: 0.430 ampere 
Power factor: 

When the wattage readings are being taken, the line 

O The required value of impedance and the correspond- 

0.075 f 0.005 (see 6.5) 

Example: 
Step 1: Calculate the voltage ( V z )  that is to be im- 

pressed on the test circuit: 

V ~ = I R X Z R B  
Vz = 0.430 X 439 = 188.8 volts 

Step 2. Set XL at its maximum and R at a moderate 
value. Place SWI in the closed position and SW2 in the 
open position. With a voltage of 188.8 volts applied to 
the circuit, reduce XL, until the lamp reference current 
(0.430 ampere) is obtained. 

Step 3. Calculate the required watt loss for power o 
18 
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A I ,  

I 
AC SUPPLY 

VOLTAGE 

I I 

J t- 

NOTE: Current terminais of instruments are shown as o. Potential terminals of instruments are shownas O. 

Fig. C1 
Circuit for Alternate Method of Power-Factor Measurement 

When High-Quality Low-Power-Factor Wattmeter Is Not Available 

factors of 0.07 and 0:08: 

w = V , x r , x p f  
Wo.07 = 188.8 X 0.430 X 0.07 = 5.7 watts 
W0.08 = 188.8 X 0.430 X 0.08 = 6.5 watts 

In this method the power consumption of the watt- 
meter should not be added to the preceding values. In- 
stead, individual corrections as indicated in step 5 
should be applied to the readings of input power and 
output power. 

in either an actual lamp circuit or else a simulated lamp 
circuit (if a resistor is being used as the load). If the re- 
sistor-type circuit is being used, set R L  to a value ap- 
proximately equal to the reference-lamp voltage divided 
by the reference current. If a lamp is being used as the 
load, its operating voltage should be approximately equal 
to that of a reference lamp. The impressed voltage V (re- 
gardless of the type of load used for R L )  should be ap- 
proximately equal tò the specified reference-ballast 
input voltage (236 volts). This voltage should be ad- 
justed until the proper reference current (0.430 ampere) 
is obtained. 

Step 5. With the current held at the reference-current 

Step 4. Change SW1 to the open position. This results 

value, read the input power and the load power. Note 
that the correction for the power consumed by the watt- 
meter potential coil must be calculated for each of the 
two conditions since different potentials are involved. 
To determine the correction (E2/R) for the output 
measurement, it is necessary to measure the voltage 
impressed on the wattmeter potential coil when SW2 is 
in the  outp put^' position. The instrument used to deter- 
mine this potential should not be in the circuit during 
the readings of output power. Each E2/R correction 
should be subtracted from the appropriate wattmeter 
reading. If the "corrected input" minus the "corrected 
output" power is within the range calculated in step 2, 
no further adjustment is required. If the power con- 
sumed is less than the calculated value, R should be in- 
creased. Conversely, if the power consumed is greater 
than the calculated value, R should be decreased. 

Step 6. Readjust X L  as in step 2 to provide a current 
of 0.430 ampere with 188.8 volts applied. 

Step 7. Recheck the wattage readings as in step 5. 
If the difference between input power and load power 
is within the previously calculated range (step 3), no 
further adjustment is required for R. If necessary, how- 
ever, repeat steps 2 and 5 until neither X L  nor R re- 
quires further adjustment. 
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American National Standards 

The standard in this booklet is  one of more than 10,000 standards approved 
to date by the American National Standards Institute. 

The Standards Institute provides the machinery for creating voluntary stan- 
dards. It serves to eliminate duplication of standards activities and to weld 
conflicting standards into single, nationally accepted standards under the 
designation "American National Standards.'' 

Each standard represents general agreement among maker, seller, and user 
groups as to the best current practice with regard to some specific problem. 
Thus the completed standards cut across the whole fabric of production, 
distribution, and consumption of goods and services. American National 
Standards, by reason of Institute procedures, reflect a national consensus 
of manufacturers, consumers, and scientific, technical, and professional orga- 
nizations, and governmental agencies. The completed standards are used 
widely by industry and commerce and often by municipal, state, and federal 
governments. 

The Standards Institute, under whose auspices this work is being done, i s  the 
United States clearinghouse and coordinating body for voluntary standards 
activity on the national level. It i s  a federation of trade associations, techni- 
cal societies, professional groups, and consumer organizations. Some 1 O00 
companies are affiliated with the Institute as company members. 

The American National Standards Institute is the United States member of 
the International Organization for Standardization (EO)  and the Interna- 
tional Electrotechnical Commission (I EC). Through these channels U.S. stan- 
dards interests make their positions felt on the international level, American 
National Standards are on file in the libraries of the national standards bodies 
of more than 60 countries. 

American National Standards Institute, I nc 
1430 Broadway 

New York, N.Y. 70078 
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