
~ 
£ 

tt.\ Wi~ENCE 

UBR/l,RY /-\I'\ID 

DOCUMEf',CfS 

TWO-WEEK LOAN COpy 

LBL-7871 
UC-95d 
EEB-L-78-03 

This is a librar~ Circulating Cop~ 
which ma~ be borrowed for two weeks. 
For a personal retention cop~, call 
Tech. Info. Diu is ion, Ext. 6782 

Division 

Report on Energy Efficient 
. Ballasts for A Two-40 Watt 

Fluorescent Lamp System 

T A EngineetJing, Inc, 

July 1978 

ry Univers of California/Berkeley 
u.s. Department Energy under Contract No. W-7405-ENG-48 

I
t:t:l 
l-

I 

-J 
00 
-J 
F-' 



,.,-=------- LEGAL NOTI 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the Depart
ment of Energy, nor any of their employees, nor any of their con-
tractors, or their makes any warranty, 
express or assumes any legal or responsibility for 
the accuracy, completeness or of any information, appa-

produc" 'Jr process disclosed, or that its use would 
owned rights. 

United States of Arne 
Available from 

National Technical Information 
U. S. Department of Commerce 
5285 Port Royal Road 
Springfield , VA 22161 
Price: Printed Copy, $ 6.50 Domestic; $13.00 Foreign 

Microfiche, $ 3.00 Domestic; $ 4.50 Foreign 



PHASE II REPORT 

ON 

ENERGY EFFICIENT ELECTRONIC BALLASTS 

FOR A TWO-40 WATT FLUORESCENT LAMP SYSTEM 

This work was done with support from the Office of Conservation 
and Solar Application, Division of Buildin9s and Community Systems, 
of the U. S. Department of Energy. 





1.0 COVER PAGE 

PHASE II REPORT 

ON 

ENERGY EFFICIENT ELECTRONIC 
BALLASTS FOR A TWO-40WATT 

FLUORESCENT LAMP SYSTEM 

JULY 1978 

Prepared For 

LAWRENCE BERKELEY LABORATORY 
UNIVERSITY OF CALIFORNIA 

UNDER SUBCONTRACT 2253202 

BY 

IOTA ENGINEERING. INC. 
1735 E. Ft. Lowell Rd. 

Tucson, AZ 85719 



2,0 ABSTRACT 

2,1 The Department of Energy (DOE) through one of its operating 
contractors. Lawrence Berkeley Laboratory (LBL) of the University 
of California, has established a project aimed at accelerating 
the cornmercialization of electronic ballasts, During the Phase I 
portion of the project IOTA delivered a small quantity of ballasts 
and other hardware for independent testing by LBL and an outside 
laboratory, Results verified the IOTA claims for energy savings 
and other unique and advantageous features of the electronic 
ballast. 

2,2 This report covers IOTA's part in the Phase II portion of the pro
ject which was conceived by LBL as a large scale field demonstration, 
The demonstration is being conducted by LBL and the Pacific Gas and 
Electric Company in the PG&E headquarters building in downtown 

2,3 

San Francisco. IOTA's primary role in this portion of the program 
has been to complete the necessary engineering and to manufacture 
or procure the test demonstration hardware. Included are two 
models of energy saving ballasts; two dimmer systems that show the 
potential for additional power savings; and, two models of Automatic 
Emergency Light Systems. Ballasts were manufactured by EXCEL Division 
of Beatrice Foods under subcontract to IOTA. EXCEL will produce and 
market electronic ballasts using IOTA's patented circuits under terms 
of a contractual agreement. 

Installation of ballasts and the beginning of 
were originally scheduled for February 1978, 
hardware deliveries have caused a three-month 
PG&E is now scheduled to begin in June 1978. 

actual test operations 
However, slippages in 
delay. Testing at 

2.4 Even though broad scale results from the Phase II demonstration 
at PG&E are not yet available~ £erformance and versatilit~ advantages 
of the electronic ballast have been demonstrated. They offer a 
clear incentive to the industry for development and production of 
reliable hardware that will be competitively saleable on a long 
term cost-of-lighting basis. 

2.5 Additional government sponsored work is recommended. Areas needing 
attention are: EMI; adaptations for solar-powered photovoltaic 
electrical systems; and, electronic ballasts for high output fluorescent 
and HID lamps, 
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4.0 THE PROGRAM AND CONTRACT 

4.1 OBJECTIVES AND BACKGROUND 

4.1.1 The United States Department of Energy (DOE) has established a 

number of programs aimed at reducing the use of energy that must be 

derived from fossil fuels. One of the areas where potential savings 

are appreciable is in LIGHTING since design constraints for insta1la~ 

tions have generally considered first costs and rarely the opera~ 

tional cost (in the consumption of energy). The Consumer Products 

and Technology branch of the DOE has established projects to improve 

the efficiency of lighting systems. The Lawrence Berkeley Laboratory 

(LBL) of the University of California is an operating contractor 

under DOE. They are planning and managing a number of projects to 

implement the DOE objectives. Electronic ballasts that power standard 

fluorescent lamps at high oscillating frequencies have been shown 

to save appreciable energy while producing a better quality of light. 

One of LBL's projects is to help accelerate the commercialization 

of these ballasts by assisting in their development and/or demonstration. 

4.1.2 IOTA Engineering was one of two winners in February 1977 in a 

national competition on a project to "demonstrate energy efficient 

electronic ballasts." The program was envisioned to have two Phases. 

4.2 PHASE I CONTRACT 

4.2.1 The Phase I program was designed to bring the electronic ballast 

to the point where hardware was available for (1) verification per

for~ance testing by an independent laboratory, and (2) in-house 

performance and system-life testing by LBL. 

4.2.2 IOTA delivered twelve units which included two different model 

ballasts. One was optimized for an approximately 6000 lumen light 
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level, The other was for a 5000 lumen light output. The ballasts 

were all for 2~40W lamp fixtures since the 40W lamp accounts for 

nearly 40% of the total lamp sales. IOTA's ballasts were delivered 

in June 1977. Delivery of fifty additional units for LBL testing was 

completed in November 1977. 

4,2.3 Program results were reported in a Phase I report dated August 

1977 and in an Amendment I report dated November 1977, 

4.3 PHASE II CONTRACT 

4.3.1 The Phase II part of the LBL program. which is the subject of 

this report. was designed to demonstrate in a commercial type office 

building a significant number of electronic ballasts, The objective 

was to operate the ballasts over an appreciable time period in normal 

work areas, LBL has arranged for the demonstration to take place at 

the headquarters building of the Pacific Gas and Electric Company in 

downtown San Francisco, One floor of this building has been designated 

as the area for evaluation of the IOTA designed ballasts. Baseline 

data has been obtained after installing new lamps and 120 volt mag

netic core ballasts and operating for a period of at least six months, 

Instrumentation has been installed to monitor instantaneous and time 

performance of the lighting system, Power for the lights is isolated. 

Electronic ballasts will be installed at the conclusion of the base

line test and will be operated under identical circumstances for at 

least an equal time period. The 5000 lumen output ballast will be 

placed in the outer offices (window offices); internal offices will be 

supplied with the 6000 lumen output ballasts, 

4,3,2 The primary aim of the IOTA Phase II contract was to provide test 

hardware that will demonstrate key features of the highly versatile 

electronic ballast, 
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4,3,3 IOTA's Phase II hardware work was contractually authorized by 

a second amendment to the Phase I contract, A third amendment 

authorized engineering work on a ballast that could be variably 

dimmed by a dial type control, The Amendment II work included hard

ware for step~dimming demonstration. The continuous dimming offers 

a different control technique -- but still provides additional power 

savings, 

4,3,4 A fourth amendment to the contract authorized work to reduce the 

noise that can be generated by a high frequency device, This is 

generally referred to as Electrical Magnetic Interference (EMI) , 

4,3,5 Amendment V extended the work period and increased funding as 

necessary to cover an overrun, The overrun was caused by higher than 

expected costs on materials and parts; stretch-outs due to late deli

veries. and, due to hardware fit problems, 
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5.0 TECHNICAL SCOPE OF WORK -- THE LBL SPECIFIED WORK TASKS 

5.1.1 This covered preparation and updating of a work plan that detailed 

task areas within the larger groups called out by LBL in the contract. 

The work plans are presented under Appendix 1, 

5.2 TASK VII -- DEMONSTRATION CONSULTATION 
--~~~~"------.~-----~~~------.----

5.2,1 This work area covered the coordination and liaison necessary to 

integrate program objectives, work functions, status and problems among 

the involved parties. It also covered attendance at meetings with LBL 

and PG&E to plan and discuss the demonstration program. 

5. 3 TASK VIlB BALLAST PROCUREMENT 

5,3,1 This task covered manufacture of the test hardware, The total 

numbers and types required were (1) 435 ballasts optimized for 6000 

lumen light output; (2) 230 ballasts with a lower light output (5000 

lumens); and (3) 15 Emergency (local DC battery supply) System Kits. 

5.3,2 This task also included descriptive instructions to facilitate test 

hardware installation by an electrical contractor, 

5,4 TASK IX -- CERTIFICATION 

5,4.1 The technical organizatiomwhose certification would be required for 

general public acceptance throughout the United States are to be identified. 

Sample hardware should be made available if required. 

5,5 TASK X -- FAILURE Al~ALYSIS 

5.5.1 This task was set up to provide for removal of ballasts from the 

demonstration project to permit study after operating experience. And, 

it was to cover failure analysis on any ballast that failed during the 

demonstration program. Findings and proposed corrections are to be 

reported. 
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5.6 TASK XI ~~ CO~lliERCIALIZATION STRATEGY 

5,6,1 This was to propose strategies which would serve to accelerate 

acceptance and utilization of the novel features of electronic ballasts 

by building designers and the construction industry, It also included 

projections of cost estimates for implementation of such strategies 

including monolithic circuits for large volume production, 

5,7 TASK XII -~ PRODUCT LITERATURE 

5,7.1 An information package that describes the technical characteristics 

and novel features of energy efficient ballasts and products was also 

required, Those characteristics that permit improved lighting system 

efficiency were to be included. 

5.8 TASK XIII -- CONTINUOUS DIMMING 

5.8.1 This covered the engineering work needed to adapt the basic elec

tronic circuitry to provide for continuous dimming, 

5,9 TASK XIV -- EMI SUPPRESSION 

5.9,1 This covered the work effort and implementing hardware to reduce 

Electrical Magnetic Interference, 
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6. 0 APPROACH 

6,1 GENERAL 

6,1,1 Prior to the beginning of IOTAls Phase II work LBL assumed resPQnsi~ 

bility for coordination with the Pacific Gas & Electric Company to 

arrange for the Phase II demonstration program, This included provision 

of instrumentation. Therefore IOTA's r ole under Phase II was primarily 

to complete the engineering needed on the test hardware and to manufacture 

or procure the hardware. 

6.1.2 IOTA and EXCEL Division of Beatrice Foods had entered an agreement 

which grants specified manufacturing and marketing rights to EXCEL 

prior to the LBL Phase I contract, In light of this fact EXCEL insisted 

and LBL concurred that the units for the Phase II demonstration should 

be manufactured by EXCEL. This should provide for more realism in terms 

of the similarity of test hardware to ultimate production hardware. 

IOTA agreed to this arrangement. It was specifically directed under 

Article VI of the Phase II contract with LBL. 

6.2,1 Since all ballasts other than the emergency system hardware were 

to be procured by subcontract to EXCEL, the first order of business was 

to get an engineering data package ready for transmission to EXCEL. 

This included completion of redesigns for needed improvements in both 

electrical and mechanical areas, 

6.3 EMI SECOND PRIORITY 

6.3,1 It became apparent in the Phase I program that there was EMI inter-

ference in excess of that encountered with standard core ballasts. 

Since any corrections would need to be identified as soon as possible. 

work on this task was pursued early in Phase II. 
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6,4 CONTINUOUS DIMMING NEXT PRIORITY 

6,4,1 The intent for this work effort was to help assure that this 

energy saving feature could be demonstrated using the IOTA ballast, 

in the event other electronic ballast hardware was not available on the 

time schedule originally adopted, Early delivery to LBL was therefore 

desired, 

6,5 EMERGENCY SYSTEM HARDWARE 

6,5,1 The next area of interest from a time schedule standpoint was the 

completion of engineering work needed on the emergency lighting systems 

to permit in-house manufacture of these items, 

6.6 CONFIRMATION TESTING 

6.6.1 In order to verify that EXCEL production hardware performed com

parably with IOTA's demonstration units, typical samples from the 

EXCEL first production run were performance tested at IOTA, Thfs was 

the final priority in planning since the action had to follow delivery 

from EXCEL, 
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7.0 DISCUSSION OF WORK TASKS AND RESULTS 

7.1 ENGINEERING CHANGES FOR EXCEL MANUFACTURED PROTOTYPES 

7,1,1 Mechanical: The Phase I program revealed a number of mechanical 

deficiencies in terms of clearances for the housing on the units, plus 

electrical wiring problems relating to adequate spacing for high voltage 

paths on the printed circuit board. These made it necessary to redesign 

the metal hardware, Both the chassis and the cover were redesigned, 

7,1.2 Electrical: One significant change was made in the method of power~ 

ing the lamp filament. Phase I hardware had used a separate toroid type 

transformer for this purpose, When quantities of units were built, wide 

differences developed in open circuit performance conditions. Open 

circuit wattages with the lamps removed were excessively high and could 

have contributed to thermal failures. We also found a "squegging" 

phenomena in some units. This was caused by variations in components, 

The design point was not sufficiently centered, It had to be corrected 

to provide more margin for production tolerance variations, It was 

also necessary to re-optimize to boost light output on the 5000 lumen 

units, This was due to the fact that IOTA's early light measuring 

technique was not accurate for lower than standard light output levels, 

And, finally EHI mods required circuit board changes, For all of these 

foregoing reasons the printed circuit board had to be redesigned for 

the prototype units, 

7.1.3 Mod~l~pesi~atioE~: The designations adopted for the resulting 

prototype units were Model 54P-x and Model 64P-X to designate the 

5000 and 6000 lumen units, (X designates the Serial No.) 
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7.2 DISCUSSION OF EMI 

7.2.1 Background: In~house testing on IOTA's electronic ballas~ prior 

to the LBL project has never previously included any significant effort 

to determine the extent of the EMI problem. We have conducted crude 

tests using hand~held radios and radios plugged into the same electrical 

power line connection. These have revealed a definite noise interference 

in between stations in the AM radio band region. Other efforts using 

noise meters have indicated that at distances greater than three to four 

feet from the lamps the EMI that is radiateci was no greater than for 

standard magnetic type ballasts. However. we had found that there was 

a definite increase in noise from conducted radiation. The electrical 

supply lines themselves will radiate a higher than standard noise level 

if no filtering has been applied. 

7.2.2 Conducted Noise Measurements: Under the Phase I contract IOTA 

arranged by subcontract with Dr. Alfred J. Hoehn. a local consulting 

engineer with broad experience in the RF field. to make measurements. 

Dr. Hoehn's laboratory equipment does not include a screen room; or. 

the facilities to conduct accurate outdoor testing. Therefore his work 

was confined to measuring conducted EMI in his laboratory. 

7.2.3 The baseline data revealed that there was indeed 

an appreciably higher level (28 db) of conducted radiation in the 

frequency ranges investigated with the electronic ballast compared with 

the magnetic ballast. However. there were also other interesting re

sults from the baseline test with standard ballasts and lamps. For 

example, there was a decided noise that was randomly encountered with 

standard ballasts and lamps. It exceeded the uncorrected noise obtained 

with the Model 62 electronic ballast used as the sample. The noise is 
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worse with old model lamps than with new lamps, It is associated with 

the "hunting" of the hot spot on the filament of the lamps when powered 

by standard 60 cycle ballasts. This random phenomenon was not encoun-

tered with the electronic ballast. The interference level is constant 

from minute to minute and from test to test. 

7.2.4 Modification to Redu_ce Conducted EMI_: Under the Phase II program, 

with Dr, Hoehn's assistance we were able to modify the circuit with some 

relatively simple changes that resulted in an appreciable reduction of 

the noise generated by the Model 62 unit. Dr, Hoehn's final letter 

report summarizing findings is presented in Appendix 2. 

7,2.5 9ther !MI_Test Re~~~~_: LBL and/or PG&E have subsequently conducted 

tests to study the EMI with IOTA's first generation of electronic bal-

lasts. These tests have apparently included both conducted and radiated 

measurements, The frequency range investigated covers raqio band 

ranges for conducted noise that are lower than were checked by Dr. 

Hoehn. The net result of both tests though is to indicate that the EMI 

is more than with standard ballasts. Additional work must be undertaken 

if we are to reduce both types of EMI to levels no greater than those 

encountered with the standard magnetic core ballast. We are of the 

opinion that this can be accomplished. It must include a firm under-

standing and "fix" on just what the FCC requirements are to be -- if we 

are to avoid unnecessary cost and complexity. 

7.3 EXCEL SUBCONTRACT 
------~~-~---

7.3.1 packgr.E.und:. In the Fall of 1976 IOTA entered into an agreement 

with EXCEL Division of Beatrice Foods Company. It provided funding 

for a prototype program on IOTA's proprietary electronic ballasts for 

2-40W lamps, The two circuits that were involved were covered by 
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pending patent claims both of which were subsequently granted, In 

exchange for funding the prototype work EXCEL was offered an exclusive 

option for a license/purchase agreement to the circuits (with the 

exception of emergency lighting applications). In December of 1976 

the prototype resulting from the EXCEL sponsored work was proposed for 

use in the LBL Phase I program, Shortly after award of the LBL Phase I 

contract EXCEL exercised their option pertaining to the ultimate purchase 

of specified rights to the two circuits. See App, 6 for EXCEL contributions. 

7,3.2 The EXCEL Role: In early September 1977 prior to award of the 

Phase II contract it had been planned that EXCEL would undertake a 

"production engineering" redesign to make the IOTA prototype more suit-

able for volume manufacturing. However, after the contract was awarded 

and the first efforts were made to get an engineering definition of the 

starting point for EXCEL. they concluded that the time remaining before 

the projected delivery date for the ballasts for the demonstration test 

at the PG&E headquarters building was too close, There would not be 

enough time for a redesign with the required re-optimization and con-

firmation testing to assure equal performance and reliability. EXCEL 

therefore decided to reproduce the IOTA prototypes with the exception 

of some mechanical changes. These related to a different metal housing 

and heat sink arrangement designed to reduce manufacturing cost and 

improve heat-sinking capability. They also changed the layout of the 

printed circuit board in order to reduce production assembly time. 

7.3.3 The ~~ta~Pac~~~: IOTA transmitted a preliminary data package in 

early October followed by a so-called final package in late October. 

The verbal agreement with EXCEL regarding mechanical changes was that 

the size and shape of the ballast that finally resulted must not be 

greater than a standard 2-lamp 40W fluorescent ballast, The ballast 
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must also be designed to be attached to the fixture (via screws) in 

the same manner as the core ballast. Sample units of the IOTA models 

were also provided. We had completed redesign of the circuit board 

and the mechanical housing to improve fit and electrical aspects but 

hardware of that design was not available at the time. Earlier models 

were sent followed later by 54p and 64P models. 

7.3.4 EMI Mods: Dr. HOehn's results on the EMI testing showed that an 

appreciable reduction could be made in the conducted noise by relatively 

simple changes. LBL agreed that these should be made in the demonstra

tion units. Therefore the package was again redesigned to accommodate 

these changes. This resulted in the first delays, since EXCEL had to 

redesign their already completed printed circuit board. 

7.3.5 Component Deliveries: Following the EMI design changes, components 

for the test program hardware were ordered by EXCEL. However, delays 

were encountered in delivery which stretched the earliest assemblies 

into February or March 1978. 

7.3.6 !urther Delays Due to Mechanical Fit Problems: In March of 1978 

the first mechanical fit of the EXCEL produced ballast with a special 

heat sink type extrusion used in the PG&E fixtures revealed an unac

ceptable interference. To correct the problem it was necessary to 

redesign and manufacture new metal hardware in order to assure fit in 

all PG&E fixtures -- without the necessity of "make-shift" installation 

arrangements. IOTA was delinquent in informing EXCEL that the mechan

ical fit requirements of the ballasts for the PG&E fixtures were of 

close tolerance. This was first learned about in January 1978. 

7.3.7 Hardware Delivery and Testing Plan: To avoid further schedule 

delays, deliveries from EXCEL were made directly to LBL and to IOTA. 

Units shipped to IOTA were for modification to provide for step-dimming, 
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and. to permit sample verification type performance testing. 

7.3.8 Appendix 3 presents the summary perform-

ance data obtained with 5000 and 6000 lumen units delivered by EXCEL 

to IOTA for verification testing. Data shows after 10 minutes the average 

Model 6000 unit produces approximately 5269 lumens of light with a power 

consumption of 73 \Vatts. This means that the average system efficiency 

is 72.2 lumens per watt, The Model 5000 unit produces 4787 ilumens with 

a power consumption of 64 watts for a system efficiency of 74;S lumens 

per watt, Tests were in free air with a lamp wall temperature of 101-7oF. 

7.4 CONTINUOUS DIMMING DEMONSTRATOR 

7.4,1 Backgr?und: Early in the Phase I program IOTA determined that 

it would be possible to provide for continuous dimming. However the 

expense and added complexity did not seem to be warranted, We chose to 

demonstrate this added power saving feature by a more economical step

dimming technique rather than continuous. However. there are occasions 

when continuously variable dimming may be beneficial, LBL requested 

that we provide a demonstrator to show this additional feature, Two 

methods of continuous dimming were investigated. The first involved 

varying input voltage to the ballast. and the second dimmed by controlling 

output power to the lamps. Whichever method is used it should be suitable 

for control of a number of fixtures by a single control unit. 

7.4.2 Qimming EY Va~jng Ipput Volt~: This method can best be simulated 

by control with a standard Variac. Efficiency in terms of lumens per 

watt decreases at lower light levels but remains high. Control i$ smooth. 

After lamps are started they can be dimmed down to 10 to 20% of maximum 

light output without losing the arc. The problem is in being able to 

simulate the Variac type control with a less expensive and less mechanic

ally cumbersome device, And, an additional concern is to set the minimum 
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dimming voltage high enough to assure reliable starting under all 

temperature conditions ~- with no detriment to lamp life. This limits 

the miniulum power point to which lights can be dimmed, However, system 

efficacy at very low light levels is reduced because filaments must 

be fully activated to avoid electrode "sputtering" with consequent 

life-shortening effects. Realistically, dimming below this level 

becomes worthless, with respect to energy savings. 

7.4.3 Dimming by Varying Output Power to the Lamps: This method for con

trol was first investigated by empirical variation of output power to 

the lamps, This substantiated the suitability of the concept. Hard

ware that was mechanically and electrically suitable for output control 

was then designed and built. 

7.4.4 Description of the System: All unique dimming hardware for each 

ballast was installed inside the fixture. This is to prevent inter

ference effects between ballasts connected to a single external control. 

Control of several fixtures was then exercised by a variable power 

source which had one set of lead wires connected to the dimmer unit in 

each of the remote fixtures. This unit generated and distributed a 

low voltage direct current signal. 

7.4.5 Dimmer Control Uriit: The control unit must be sized for the number 

of fixtures involved. Since the power consumed by the dimmer unit in 

each fixture is well under two watts, a considerable number of fixtures 

can be controlled by a relatively small DC power supply. The demonstrator 

article used a "pot" type dial controL The function can be readily 

coupled with daylight sensing equipment for automatic control of arti~ 

ficial light as needed to compensate for varying daylight levels. 

7.4,6 Demonstrator Model: IOTA built and delivered in the month of 

November 1977 a model which demonstrated single and multiple fixture 

dimming control. For simplicity and economy in achieving the purpose, 

17 



one of the fixtures in the mUltiple unit demonstration was used for 

showing the single fixture control capability. Performance data achieved 

with the two systems is shown in TABLE I. 

TABLE I 

MULTIPLE & SINGLE DIMMER DATA - LBL DEMO UNIT 
Units 

Test No. of % % 
Date Units Volts Amps Power Light Light Power 

11/23 3 120 1.90 227,0 193.5 100,0 100,0 

3 120 1.52 190.0 166.6 86,1 83,7 

3 120 1.24 155.0 128.3 66.3 68,3 

3 120 .99 118,5 51. 5 26,6 52,2 

1 120 .74 78,5 93.0 100.0 100,0 

1 120 .65 70.0 79.5 85,5 89,2 

1 120 .555 60.0 60.6 65.2 76.4 

1 120 ,465 51. 0 40,4 43,4 65,0 

7,4,7 Data Interpretation 

7,4.7,1 The first four points were with three fixtures operating and 

the last four were taken with only one of the fixtures regulated by 

a single remote control. The procedure used was to set the input 

watts at max (zero dimming) by means of the control and then set each 

subsequent point. Each point was allowed to stabilize for a minimum 

of 5 minutes after the zero-dimming warmup of 20 minutes, 

7,4,7,2 The results from Table I have been plotted in curves that show 

the Change In Light & Power as a function of Input Watts. See attached 

Figures 1 & 2. These show that the multiple fixture system indicates 

that with about 25% light level the power consumption is about 50% of 

maximum, However. the single unit shows a slightly higher power con~ 

sumption for the same percentage of light. This is due to the inter-
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FIGURE 1 
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FIGURE 2 

MULTIPLE FIXTURE DIMMER PERFO~ANCE 
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relating effects of the lamps when they are closely located, More 

light is produced, 

7,4,7,3 The efficiency of dimming by the continuous method isless than that 

achieved with the step dimmer system, This was pointed out in the 

Phase I program, H6wever. the continuous system would lend itself 

to daylight sensing and a smooth control of the artificial light 

needed to compensate when daylight varies, The minimum dimming posi-

tion can be set at a power level that will not cause lamp damage and 

must be suitable for safe starting with that minimum power condition, 

7,5 ENERGENCY LIGHT SYSTEMS 

7,5,1 General: The circuits for IOTA's family of proprietary energy 

efficient electronic ballasts are basically similar. Standard alter-

nating line current is first converted to direct current through a full-

wave bridge rectifier. It is then changed back to alternating current 

but at high frequency, This permits the ballast to be designed to operate 

from either AC or DC power, Most Emergency lighting systems use battery 

DC power, Thus our Emergency systems can be designed to operate normally 

at l20VAC with 20 to 30% energy savings and then switch over automatically 

in the event of power failure to the battery(s), LBL's Phase II program 

was designed to demonstrate this advantageous feature. 

system with the Phase I IOTA ballast is to modify the full-wave bridge 

so that two of the four diodes will carry the continuous current require-

ment for DC operation, With this simple modification no extra wiring 

or other attachments are needed, However, the battery(s) must be of 

sufficiently high voltage to mate with the normal voltage level at the 

DC portion of the circuit. For the Phase I units this voltage is in 
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the range of 75 to 85 volts. Thus a 72-nominal-volt battery is a good 

choice for a system to maintain near normal light output. The number 

of fixtures in each system and the duration of desired operating time 

then determine the amp-hour capacity requirement for the battery pack. 

The OSHA requirement for emergency lighting for safety purposes is that 

the light or lights must operate for 90 minut~sin the event of power 

failure. 

7.5.2.1 Battery System Is Versatile and Reliable: The price of standard 

batteries suitable for standby systems is directly associated with 

the voltage requirement and the volume of units in production. The 

most economical way to get a 72V battery is to series-connect six 

readily available l2V batteries. The minimum battery rating that 

would give reliable performance for the OSHA minimum time requirement 

would be a 2,0 or 2.5 amp-hour system, Such a system would power a 

single 2-40W lamp fixture for over two hours. The light output would 

be only 10% less than when the unit is operating on AC power. 

Most commercial buildings currently use incandescent, battery-powered 

emergency lights. or, an engine-driven system with selected fixtures. 

IOTA's mUltiple fixture system will permit a far more economical 

approach. It provides versatility in selection and location of 

Emergency lights. And. they would not have to have a common power 

source. Mechanical engine-driven systems are subject to failure. 

They require regular checkout and maintenance. 

7.5.2,2 Charging and Control Unit: The system designed to meet LBL's 

requirement under the contract was conceived to involve some appreci

able number of fixtures. This was to simulate a multiple unit re

quirement for a commercial building. We purchased Eagle Picher 15-amp

hour no service type batteries. We elected to procure the battery 
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charging unit from an outs.ide source, Our specification required 

a dropout relay which would automatically switch the power supplying 

the emergency light fixtures over to the batteries when power failed, 

It also required a dropout voltage setting to remove the load from 

the batteries after the voltage had declined to a pre-selected value, 

This level was arbitrarily set at 65V for the nominal 72V system, 

We now know that this should be lowered in the future to about 60V 

since that is not low enough to damage the batteries. The prime reason 

for having it in the demonstrator hardware was to avoid ruining the 

batteries if the system were accidentally left on following a demon

stration, The spec also required a recharging current rate of no 

greater than 2,0 amps tapering to a minimum standby charge rate after 

the batteries are restored to full charge. The charging voltage was 

specified at 80 to 82 volts, The subcontractor for the unit was 

B Industries Inc, in Phoenix, Arizona, 

7,5,2,3 _J;.Il-=lio~!3e_Tes~~_~.~~d~_~_~~re: The ballasts for the mul

tiple fixture system were optimized to provide a light output of 

approximately 5000 to 5500 lumens when operating on AC power, They 

were designated Nodel No. lAD 120/72-2-40, Ten units were manufactured 

and installed in fixtures. These were mounted on a wall in two rows 

with five in each row. six inches apart. The first test was made with 

six of the series-connected 12V 15 amp~hour batteries and the ten 

fixtures but without the charging unit. Delays were encountered in 

delivery of the charging unit from B Industries, (These delays caused 

a sixty-day slippage.in delivery of the system to LBL.) The test was 

to determine the performance of the batteries in a simulated power 

outage condition. Before taking the DC data a set of data was ob

tained to determine performance characteristics of the ballast when 
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operating on AC power. The five units for one bank of lights were 

measured separately from the five units in the second bank. Then all 

ten were operated simultaneously. We also operated one unit alone 

(No.3) and two units (Nos, 3 and 8) to observe various parameters. 

The light measurement was made with a "paddle" one inch from the 

surface of the center of the lamp. TABLE II presents this data. 

TABLE II 

DATA WITH DUAL OPERATION BALLASTS, HODEL fllAD 120/75~240 

ReI. Total 
Ballast S.N. Input Input Amps Input Watts Ave, Power 

AC 
1 Thru 5 120 3.18 .636 360 72.0 258 3.583 .943 

6 Thru 10 120 3.12 .624 345 69.0 253 3.667 .921 

1 Thru 10 120 6.40 ,640 706 70.6 255.5 3.619 ,919 

No. 3 Only 120 .642 .642 72 72.0 251.5 3.493 .934 

Nos. 3 & 8 120 1.26 .630 141. 7 70.85 253,5 3.578 .937 

7.5.2,4 Data obtained when the ten fixtures were 

operated from the batteries is shown in Figure 3. The test was 

terminated when the battery voltage declined to 60V. This occurred 

about 63 minutes after turn~on. This gave us an indication that the 

system which we wanted to demonstrate at LBL should not have this 

many fixtures if we were to use the 15 amp~hour batteries. 

7.5.2.5 A final test was run with eight fixtures 

using the battery charger and regulator. The batteries had been 

fully charged prior to the beginning of the test. The 10\,.)' voltage 

dropout relay interrupted the lamp load at the end of 88 minutes. 
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The voltage was 60.,,8, Bat tery vol and discharge current for the 

test are shown in F 4. was maintained at approximately 

5% less than when operating on the AC system throughout the time period. 

With this result we concluded that the optimum number of fixtures for 

this particular battery/charger/regulator system was seven. It is 

clear however that if the voltage had been set to drop out at 60V 

we would have exceeded the 90 minute OSHA requirement with all eight 

fixtures. Data was taken during the reeharge cycle to record the 

charge rate vs. time. This is shmvn in Figure 5. Charging current 

starts at approximately L 8 amps and tapers to approximately 34 milli

amps wi thin a 24-.. hour period. 

7.5.2,6 The system was delivered the latter part of March 1978. 

7.5.3 ~I=n~~~=~~::~~~~~~~~4"~.~L~~~~.~~_._~~~~~_~~~~~~_~ 

7.5.3.1 J3ackgr0.ll_~c:!~ Discussions with architects have revealed that 

the ideal emergency light from their viewpoint would be one that did 

not require remote batteries and separate wiring. They would like 

to have the same fluorescent lamps that provide normal light during 

work hours to function in an emergency. This is accomplished with 

the engine-driven electrical system and selected lighting fixtures 

but is not economi feasible for small facilities. 

7.5.3.2 IOTA~~§. __ ~~§,l).<2!'s<:.: In response to this interest IOTA has adapted 

proprietary circuitry to ffl.ake an emergency light system that llses 

two standard 40W lamps. All elements may be mounted within any 

standard fixture. The hardware would be sold in a kit form 

for installation hy a fixture manufacturer or by a user. It consists 

of two items. The first item integrates three functional elements: 

a l20VAC electronic ballast circuit; a 12V ballast circuit; and a l2V 
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charging unit circuit. The X~section of the electronic unit will 

fit within the envelope of the standard magnetic core ballast 

X-section, but it is longer than the standard ballast (first models 

approximately 16"). The second item is a battery pack containing 

six 2V 5-amp-hour lead acid type batteries. Both the electronic and 

the battery units will fit easily within the 48" length of the 

standard fixture housing. 

7.5.3.3 First ~odel Tes~ing: The first unit for the Phase II demonstra

tion was tested to obtain complete operating data. The procedure 

was to operate the 2-40W lamps on l20VAC power for sufficient time 

to assure that the batteries were fully charged. The AC power was 

then turned off and the unit immediately switched to the battery 

system at a reduced light output. At the end of 90 minutes (the OSHA 

minimum requirement) the AC power was restored. Charging-cycle data 

was recorded till the end of the working day and at the beginning of 

the next day. Data from this test is presented in TABLE III. 

7.5.3.4 Performance Results: The light output for normal AC operation 

in the above unit was optimized for approximately 5000 lumens. This 

light level is considered completely adequate for most requirements. 

Assuming the combination energy-saving system is installed in place 

of a standard magnetic core ballast, the energy savings during AC 

operation would be better than 25%. Light output during an emergency 

situation averages better than 25% of that normally provided by the 

fixture. 

7.5.3.5 Data on Kits Delivered to LBL: Assembly of the five system kits 

delivered under the LBL contract was delayed for approximately 45 days 

by inability to obtain a component. After receipt the units were 
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TABLE III 

TEST ON FIRST MODEL lAD 12-2-40 
INTEGRAL EMERGENCY LIGHT SYSTEM UNIT - SINGLE FIXTURE 

DATA ITEM DISCHARGING TEST 

DATE 

Time • & Min.) 15:00 09:40 09:41 09:55 10:10 10:25 10:40 10:55 11:10 
Elapsed Test Time 0 0 0:01 0:15 0:30 0:45 1:00 1:15 1:30 
AC Volts 120 120 0 0 0 0 0 0 0 
AC Watts 69 71 0 0 0 0 0 0 0 
AC Amps (RMS) .925 .925 0 0 0 0 0 0 0 

*Units of Light 260 255 85 80 80 80 75 72.5 70 
DC Volts @ 14.0 14.6 12.25 12.10 12.05 11. 95 11.80 11. 70 11.60 
DC +.010 +.005 
DC Discharge Amps -1. 825 -1. 775 -1. 765 -1. 765 -1. 745 -1. 730 -1. 720 

w RE-CHARGE TEST 0 

DATE 

Time (Hrs. & Min.) 11:20 11:40 12 :10 13:10 14:40 15:40 16:40 08:10 
Elapsed Test Time 0:10 0:30 1:00 2:00 3:30 4:30 5:30 21:00 
AC Volts 120 120 120 120 120 120 120 120 
AC Watts 69 70 70 70 70.00 70.25 70.25 69.75 
AC (RMS) .940 .935 .935 .935 .925 .925 .925 .9225 

* Units of Light 255 255 255 255 255 255 255 260 
DC Volts @ Bat. 12.25 12. 12.50 12.65 12.75 12.80 12.90 14.96 
DC +.270 +.260 +.250 +.250 +.240 +.230 +.230 +.005 

*Lab were left on during all Background reading was 15 light units 
when test fixture was not operated. 



assembled, checked out and delivered, The operating data for the five 

kits is presented in TABLE IV. The charge current when the batteries 

were down averaged about ,300 amps and then tapers down to ,005 to 

,OIOA when they are fully charged, 

TABLE IV 

O£erating on AC Current 

Unit No, Input Input Input Approx, Light Amps Approx, % of 
Volts Amps Watts in Lumens Drain OrigJ:.pa1 Light_ 

001 120 ,960 61 5,000 1.80 36% 

002 120 ,965 62 4,910 2,00 35% 

003 120 ,960 60 4,910 1.90 33% 

008 120 ,960 60 4,910 1. 90 33% 

009 120 ,950 60 4,820 1.95 34% 

7,6 ACCELERATED START-LIFE TESTING 

7,6,1 Backgrouni: As pointed out in the Phase I report, the starting 

characteristics of a ballast has a greater effect on lamp life than 

other operating parameters, Although there is a constant degradation 

in time with respect to light output, this is a slow process, However, 

if the electrodes are "sputtered" excessively during starting, life can be 

substantially shortened, We have therefore run continuous tests to 

attempt to learn as much as possible in a short calendar time about the 

effects on lamp life with the early model high frequency electronic bal-

last, In order to get any meaningful number of starts in a short calendar 

period, the tests were set up for three minutes ON and three minutes OFF, 

or, they were on six-minute cycles, The great majority of tests during 

the Phase II program were on three-minute timers, These tests reflect 

relative lamp electrode life for standard core and electronic ballasts. 
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7,6.2 Study of Electrodes by John H. Campbell: Mr, John Campbell, formerly 

with the General Electric Company Fluorescent Lamp Department for many 

years. is a consultant to EXCEL, As a part of our Phase II program, he 

was asked to examine the electrodes from a number of lamps used in the 

accelerated test program, This was accomplished by interrupting tests 

at different numbers of hours and by waiting until failures had occurred 

in other cases, The lamp tube was cut away leaving only the end cap 

and remaining portions of the electrode, These were sent to Mr, Campbell 

in Cleveland. where he examined them under a microscope, He examined 

the electrodes from nineteen standard 40W lamps, Standard ballasts were 

operated as "baseline control indicators" in all start test programs, 

Mr, Campbell's conclusions from his February 1978 report to IOTA are 

quoted in their entirety below: 

CONCLUSIONS 

"SINCE ONLY A SMALL SAMPLE OF THE LAMPS ON TEST COULD BE EXAMINED. 

A STATISTICAL ANALYSIS RELATING THE NUMBER OF STARTS TO LAMP LIFE AS 

DETERMINED BY THE OFFICIAL LIFE TEST OF 1 START PER 3 HOURS OF BURNING 

IS NOT INTENDED, HOWEVER, TRENDS CAN BE SHOWN AND LATER COMPARED WITH 

THE OFFICIAL TEST IF THE PRODUCTION BALLASTS CORRESPOND WITH THE EXPERI~ 

MENTAL MODELS, 

"I BELIEVE THE TEST RESULTS AND CATHODE EXAMINATION SHOW THAT THE 

ELECTRONIC BALLAST OPERATING LAMPS AT HIGH FREQUENCY WILL PROVIDE A 

RELIABLE ENERGY SAVING LIGHTING SYSTEM WITH OUR PRESENT FLUORESCENT 

LAMPS, IF COUPLED WITH AN OPTIMUM LAMP DESIGNED FOR THE HIGH FREQUENCY 

SYSTEM, THE OVERALL EFFICIENCY CAN BE INCREASED STILL FURTHER. 

(Signed) 
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7.6.3 IOTA'~In~House Test Results on Standard Lam~ Su~~~riz.~i: During 

the Spring of 1978 an in-house test program involving twenty-two General 

Electric Mainlighter standard 40W lamps was conducted. A number of 

the ballast and lamp combinations were installed in an outside area 

subject to normal ambient temperature changes between day and night. 

These temperatures ranged from the very low 30's to the middle 80's 

(Degrees Fahrenheit). Other tests simulating an inside environment were 

run in the IOTA conference room. Here temperature variations were normal 

for an office type building where the heat is turned off at night. The 

average number of starts prior to lamp failure on the outdoor units 

was 13.153. The average on the inside units was 14,798. This makes an 

overall average of 13 9 975 starts before failure on a group of IOTA's 

latest model electronic ballasts. It compares very closely with results 

reported in Phase L Eight core ballasts were used for baseline testing. 

7.6.4 Results on General :§.lecJ::.ricJ..ilattmiser l1_L~_s SUJ1!!l1.3:!.!}ze<!: We also 

conducted start-life tests with electronic ballasts using GE's relatively 

new model Wattmiser II lamps. These are more efficient in terms of 

lumens per watt than the Mainlighter lamps. They contain a different 

gas mixture and have slightly different starting characteristics. There 

were ten lamps involved with five electronic ballasts. Results showed 

13,429 starts prior to failure in the outdoor environment. The indoor 

average was 22,833, and the overall average was 18,131. Thus it appears 

that the electronic ballast is equally suited to operate the new gener

ation of high efficiency lamps as well as standard lamps. Improved 

test results with Wattmiser II lamps suggest that starting voltage 

requirements are better matched. 

33 



7.6.5 Results with Standard Lamps and Standard Ballasts Summarized: The 

relative number of standard baseline units has been small since standard 

ballast and lamp data was taken and reported during Phase I. What we 

have found in this time period is that the average start~life has been 

better during this test series than in the previous Phase I program. 

Prior tests indicated very comparable numbers of starts between elec

tronic ballasts and standard ballasts, However, in this case the stand

ard units have exceeded the electronic ballasts prior to lamp failure, 

One factor influencing this has been a decided difference in the ambient 

temperature conditions prevailing during the Phase I program as compared 

with this one, A second factor is that ballasts from a different manu

facturer were used. 

7,6.6 A total of twenty-eight electronic ballasts have been involved in 

accelerated start life testing at IOTA. Average number of starts on 

Phase I early model instant~start type ballasts was approximately 10,500. 

Average number of starts on the later model rapid-start units is approxi

mately 13,500. There have been eight standard magnetic core ballasts 

used for baseline reference. These have yielded start lifes ranging 

from 12,000 averaged during Phase I to 16,000 starts during the Phase II 

program, 

7.7 TESTS WITH A CLOSED FIXTURE 

7.7.1 Te~eratur~~%fects on Lamp Operation: The light output from 

fluorescent lamps is affected by ambient temperature and air passage 

across the lamps. The manufacturer's curve of lumens vs. temperature 

for standard GE Mainlighter lamps and the Wattmiser II lamps clearly 

shows peaks that range from 90° to 105°, When bulb wall cold spot 

temperature exceeds this figure, lumen output falls off. The ballast 

mounted inside the fixture can have a distin~teffect on the temperature. 
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of the air around the lamps ~- especially in a closed fixture. The 

electronic ballast has less heat loss and does not contribute as much 

to light fall-off due to ambient temperature rise, 

7.7.2 A test was conducted to measure the specific 

differences between a fixture with no cover and the same fixture and 

lamps with the cover installed. These results are quite interesting in 

that they show the large fall-off in light output normally encountered 

in a closed fixture when powered by an enclosed standard ballast. The 

system efficiency improvement with the electronic ballast is greater in 

a covered fixture than in an open one. Most office lamps are either 

in closed troffers, or, in fixtures with covers. The IOTA test data is 

shown in TABLE V. 

7.7.3 Discussion of Results: IOTA ballast No, 62-7 was set to deliver a 

high (6000 lumen) light output. As can be seen, the light output was 

actually higher than that from the standard ballast even without the 

cover. However, the significant area of interest is the system efficiency 

comparison. Without the cover installed after the same operating time 

(155 minutes) the efficiency improvement was approximately 22%. After 

the cover was installed, the improvement increased. But the interesting 

point is that with the electronic ballast the light level actually 

increased when the cover was installed. Whereas it decreased with the 

magnetic core ballast. This means that we were likely below the optimum 

bulb~wall temperature point when the lamps were uncovered. The heat 

contribution from the electronic ballast was not enough to put the 

system into the fall~off region. 

imization for Lower and More Say 
--,~---~-~~~~.-----.-~-.~----.~,----~-.. 

The Model 63-5 

unit was set for a lower output level to save power but still produce 

as much light as the magnetic core ballast when the cover is 

installed. The data indicates that we are definitely under the 
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TABLE V 

FIXTURE TEST DATA -- WITH & WITHOUT COVER 

Test in wrap around standard ~~--~"'~ Mainlighter lamps and Wattsmiser II 
lamps. Lamps burned for 100 hours. Fixture on test bench in lab. 

Input Units 
Elapsed Power of 

Test Item Time Watts Lisht 

Advance 
RQM-2540-3-TR 98.25 380,0 

"Kool Koil" 
270 ' 90.25 367,5 

IOTA 155' 82.25 387.5 

Ii II 285' 80,00 405.0 

IOTA 130' .50 370.0 

II " 314' 72.25 400.0 

IOTA 63-5 145' .5 355 

Ii " 260' 72..5 382.5 

IOTA 63-5 140' 65,5 325 

NO COVER 

LIGHT METER 

Relative 
System 
Effie. 

3.8677 

4.072.0 

4.7112 

5.0625 

5.1034 

5.5363 

4.7651 

5.2759 

4.9618 

SET UP 

36 

System 
ComJ2a:dson Test Condition 
Ref. Data for 
Standard 
Ballast Mainlighter Lamps 

Baseline Data No cover 

Baseline Data Cover Installed 
Mainlighter Lamps 

+21.8% No cover 

+24,3% Cover installed 
Wattmiser II Lamps 

+31.9% No cover 

+36.0% Cover installed 
Mainlighter Lamps 

+23.2% No cover 

+29.6% Cover installed 
Wattmiser II Lamps 

+28.3% No cover 

NEW STD 
WRAPAROUND 
COVER INSTALLED 

LIGHT METER 



optimum temperature point with the cover off, but still produce more 

light with the cover installed. In effect, this means that we could 

have reduced the light output still further, with additional power 

savings, and still have produced as much light with the cover 

installed as the standard ballast does. 

7.7,3.2 More_ Efficient L~s Mean EVen More Savings: Tests were re-

peated using Wattmiser II lamps with these two ballasts. Results 

are very significant in terms of the system efficiency improvement. 

In essence, what the data says is that with an electronic ballast 

optimized to produce between 5000 and 5500 lumens of light, and 

using Wattmiser II lamps, vile could produce as much light in a covered 

fixture for 65 to 67 watts as a magnetic ballast does at 90 watts 

with standard lamps. This could mean power savings in a retrofit 

situation of over 40%. And, of equal or greater significance, the 

electronic ballast will maintain light output in the high temperature 

environment associated with a closed ceiling type fixture, This will 

be very icant in terms of fewer restrictions on the designer 

of lighting systems. 

7.8 CERTIFICATION 

7.8.1 ANSI: AMERICAN NATIONAL STANDARDS INSTITUTE: Lighting hardware is 

used in every walk of American life. To provide some degree of standardi~ 

zation and interchangeability, the American National Standards Institute 

(ANSI) publishes standards of performance and measurement adopted by 

boards and committees. The committees are composed generally of repre-

sentatives of users (consumers), manufacturers and government agencies 

concerned with the uniformity of a widely used product, Such standards 

have been established for fluorescent lamp ballasts and the. fluorescent 

lamps. In order to assure performance and permit a reliable design, 
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architects will specify CBM ballasts. The CBM rating is regulated by 

a group, Certified Ballast Manufacturers, as ballast tested by the 

Electrical Testing Laboratories (ETL) by standards and methods approved 

by the ANSI Ballast Committee, 

7,8,2 Underwriters Laboratories (UL): Likewise there exists an organiza

tion generally recognized as the guardian of public safety for products 

used by the public, This is the Underwriters Laboratories Inc. Since 

the proposed applications of electronic ballasts are as broad as the 

lighting field itself, qualification by this safety organization will be 

essential to commercial and industrial acceptance. 

7,8.3 Certified Ballast Manufacturers (CBI1l: A third organization, the 

Certified Ballast Manufacturers, approval will enhance sales but is not 

likely to be an essential requirement, A committee of the ANSI organiza

tion establishes regulations for standard ballasts, The committee is 

largely composed of representatives of the specifically applicable indus~ 

tries to assure a product that will mee.t minimum performance standards, 

The specifically peculiar electronic p_~~ performance and testing 

standards will likely have to be established elsewhere, However, the 

commit tee right fully does at tempt to set minimum perfo,rmance standards, 

and electronic ballasts should meet these standards for successful 

marketing, 

7.8,4 _~ederal Communications Commission (FC_~: The electronic ballast will 

have to meet requirements of this organization, Standard ballast pow

ered fluorescent systems have not been subject to these requirements 

since they operate at line frequency, However, since our electronic 

ballasts are above 10KHz in frequency. we are very likely to have to 

obtain the approval of this agency before broad~scale public acceptance, 
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7.8,5 There are other organizations such as the National 

Electrical Code group, and so forth, whose purview includes the instal~ 

lation of this type product, However, the foregOing listed organizations 

will likely be the most important ones, 

7.9 FAILURE ANALYSIS 

7.9.1 The original concept for the Phase II demonstration program envi-

sioned five to six months of operation with the electronic ballast. 

This period was originally scheduled to fall within the time limits of 

the IOTA contract. Considering schedule slippages, there will be no 

experience with the electronic ballasts in the PG&E facility before the 

end of the current contract, Since the great majority of the ballasts 

will have been manufactured by EXCEL. it does not make sense to have 

IOTA between LBL and EXCEL in trying to analyze difficulties with an 

EXCEL product. This is especially true when one considers that EXCEL 

will hopefully be proceeding with a production design of their own for 

the next generation ballasts. Whatever is learned from the demonstra-

tion hardware should therefore be immediately available to their on-

going program. In view of this circumstance lemA recommended and LBL 

concurred in eliminating IOTA's contribution to this task area -- except 

by special consulting help that may be requested by LBL from time to time. 

7.10,1 ~CE~ Input of Prime Importa~ce: For the same reasons discussed 

in the prior task area IOTA recommended that EXCEL be requested to 

provide commercialization strategy information. Originally we had 

planned that IOTA would coordinate with EXCEL and with Dr.. Don Ross. 

representing an architectural viewpoint and having a deep interest in 

the electronic ballast program. However, this requirement was also 
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waived for schedule and economy reasons, Obviously large volume pro

jections in terms of unit costs and total savings should come from 

EXCEL. They will be producing and marketing the IOTA ballast or the 

follow-on item derived from the IOTA starting point circuits. 

7,10,2 IOTA I s Idea of Best Market Approa"c:.b.: IOTA I s viewpoint regarding 

commercialization strategy is basically to aim the early penetrations 

at the areas which are committed or are willing to pay premium prices 

for energy saving products. And. to concentrate on the versatility 

offered by the electronic ballast that is not possible with the magnetic 

core type ballast. Recent introduction of the new family of energy 

saving standard ballasts will perhaps pave the way by defining those 

markets that are willing to pay more for power saving devices. The new 

standard energy saving ballasts and lamps are more expensive than older 

models, However, the first models of electronic ballasts still have to 

be higher priced until use of integrated circuits can help to reduce 

costs, The retrofit market probably offers a good starting point since 

the great bulk of the expense is incurred in the labor rather than in 

the product. In other words, when the time approaches for lamp or 

ballast changes, it will be economically competitive and advantageous 

in terms of operational costs to install electronic ballasts. Government 

agencies should certainly be a prime target since DOE has the mission of 

reducing energy consumption and should be helpful in convincing other 

government agencies to finance retrofit programs. 

7.10,3 Stress Unique Features: Another approach strategy would be to 

concentrate on the unique features offered by the electronic ballast 

that warrant a higher initial price. This includes dimming and emer~ 

gency lighting applications, After experience is gained with the early 

model discrete circuit products, an integrated circuit approach can be 
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undertaken, This will permit appreciable cost reduction, It will 

bring costs more nearly into line with standard ballasts. 

7,10,4 Immediately Broaden the Areas of Application: One of the key 

areas for consideration by DOE and LBL should be to broaden the approach 

with the electronic ballast to include higher output lamps. There are 

large volumes of F96T12 lamps used in the commercial and industrial 

sectors. It is clear that the same advantages, first explored with the 

40W lamp unit, should be brought to bear for this application. There 

are other reasons related to Solarvoltaic electrical system uses that 

also bear on this requirement, The president of the Solar Engineering 

Society has expressed the view that the earliest feasible application 

for Solarvoltaic powered electrical systems will be in the sunbelt areas 

of the United States, He feels that the first economically feasible 

areas will be for shopping centers, stores and those types of commercial 

establishments having large air conditioning peak loads, Such peak loading 

will coincide with the availability of maximum solar energy, The great 

majority of these establishments is illuminated with large fluorescent 

lamps, An electronic ballast for this application can be the mechanism 

for producing a better quality of light for 40% less solar-generated 

energy than will otherwise be required, It is estimated that the cost 

of a program on ballasts for high output lamps would be in the order of 

$250,000 and would require approximately one year's time, This would 

finance not only the R&D effort required but an initial production run, 

Additional production and marketing costs for higher volumes would 

probably require an equal amount of capital over the following two years. 

7.11 PRODUCT LITERATURE 

7.11,1 Data describing the technical characteristics and the specifications 

for the electronic ballasts and emergency lighting systems are included 

under Appendix 4, Installation instruction data is also included. 

41 



7 .1L 2 Four of the ballasts produced in the Phase I program were sent by 

LBL for verification testing to the Lighting Research Laboratory headed 

by Bill Jones and located in Orange. California. The circuits were of 

a much earlier model than the ones which were used for the Phase II 

demonstration program. The results are included in this report at LBL 

request as a validation by an outside agency of early model electronic 

ballast test results. LBL will subsequently ask the same agency to 

repeat their testing using the Phase II demonstration ballasts. Excerpts 

from the Bill Jones Phase I report are included as Appendix 5. The 

excerpts include all comments and the data sheets themselves -- other 

than oscillographs. Those items that are omitted related primarily to 

background information and calibration data and statistics. 
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8.0 RECOMMENDATIONS 

8.1 EMI 

Results of tests by IOTA and others show that EMI levels are greater 

for the high frequency electronic than for standard magnetic core 

ballasts. Much of the increase is due to the switching power supply. 

Work is needed to more specifically define the problem within FCC 

rules and to determine methods for dealing with it -- methods that are 

least costly in terms of performance and complexity. DOE participation, 

coordination and sponsorship of work in this area is recommended. 

8.2 ADAPTATION FOR SOLAR POWERED ELECTRICAL SYSTEMS 

The electronic ballast can be adapted for use with photovoltaic 

direct current electrical systems. The power required for fluorescent 

lighting will then be 40 to 50% less than by use of inverters and 

standard magnetic core ballasts. Major photovoltaic demonstration 

projects are already funded by DOE. It is recommended that work to 

adapt and qualify electronic ballasts for this requirement be funded 

by DOE on a priority basis. 

Approximately 20 to 30% of fluorescent lamps are in the eight foot 

category. But they consume two to three times that percentage in 

terms of the relative power used. This means that economies achieved 

by using electronic ballasts would be very significant. Likewise 

there are potential gains to be made with HID lamps. IOTA recommends 

that work in this area be sponsored in the immediate future. 
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EMI REDUCTION STUDY 

on 

IOTALITE MODEL FLUORESCENT BALLAST 

4 November 1977 

A study has been ma~e to mlnlmlze electromagnetic interference (E~lI) 
in the Iota Engineering Model 62 Fluorescent Lamp Ballast. Nith the addi
tion of one capacitor and one small inductor (1.0 microhenry) to the circuit 
and rearrangement of other filter capacitors. the EMI has been reduced by 
an average of approximately 20 db across the broadcast band. Comparisons 
between Iota bal t and a standard magnetic ballast used as a control 

that the Iota ballast still is several db noisier in the broadcast 
band than the standard, Checks in a residential living room indicate, 
however, that EMI from the Iota unit will be suppressed when the set is 
tuned to a broadcast station, even on relatively weak signals. The charac-

60 Hertz buiz noticeable only when tuning between stations. No 
discernible was noted in any of the FM or TV bands. 

Measurement Procedure 

of conducted EMI were made over the frequency range 
0.540 MHz to 108 MHz on Iota Model 62 unit and on a Catalogue No. 
446-LR-TC-P ballast made by the Universal Manufacturing Corporation. The 
latter is typical of the magnetic bal now available from several manu-
facturers: and was used as a control or comparison standard. Initial 
measurements were made on both units lizing three sets of F40CW 
fluorescent tubes -- one comparatively new pair (lOO-hour use). one pair 
judged to be at mid-Ii »and a third set approaching end of life, Ballasts 

tubes were installed in the normal manner in a four-foot area-coverage
luminaire. 

Measurements were made with a Hallicrafters Model SX42 comInunica
tiens energized through an isolating transformer, Voltage measure
ments were taken across the 117-volt AC line input to the ballasts: 
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and current measurements were taken across a one-ohm series resistor 
inserted in the high side (black lead) of the 117-volt line. Leads were 
connected to the antenna input terminals of the receiver through a 1.25 
microfarad capacitor in each line. Measurements were made of the audio 
vOltage at the output jack with an electronic voltmeter, which also was 
isolated from the AC line supplying the ballasts. 

The Iota and standard ballasts were found during the initial measure
ments to have significant differences only in the standard broadcast band. 
TIlerefore subsequent measurements were confined to this frequency region. 
Also the age of the fluorescent tube had no appreciable effect on noise 
from the Iota ballast and relatively little on noise from the standard 
ballast. An occasional exception, in the case of the standard ballast, was 
a very strong (10 db to 30db above ambient noise) buzz which appeared inter
mi ttently with all tubes» 'but particularly where the mid-life tubes were in 
use. This effect tended to disappear of its own accord, sometimes quickly 
and sometimes only after a very annoying five to fifteen minute wait. Tne 
effect is believed to' be caused by arcing inside the tube at the heater 
surface. 

This effect was not observed in connection with the Iota ballast. 

EMI Reduction Philosophy and Procedure 

The design philosophy for this EMI suppression task was necessarily 
that of the quick, economical "fix". The functional design of the unit as 
received is essentially determined for the present generation of ballasts, 
and no significant change in functional components was possible. All changes 
in the circu'i t for the purpose of reducing EMI were undertaken on the basis 
that they would produce minimal effect on the established functional charac
teristics of the unit. 

The following procedures were followed in the evolution of the final 
suppression circuit: 

SteE 1 -- Removal of Original InEut Filter 

As received, a three capacitor (0.02 uf each), Y-configured lte:;:- \Vas 
connected across the input line and to ground. Removal of this unit caused 
less than one db of difference in the average EMI performance across the 
band, although locations of interference peaks were moved within the broad
cast band. 

~ -- RF Grounding Common Plus Line Filter 

The electronic circuits in the ballast as received were retu~ed to an 
ungrounded common lead. In this study the COJ11.rnon leae: was connected to 
chassis through a O.l-uf·capacitor, In addition» a O.022-uf capacitor was 
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connected directly across the input AC line. This procedure accomplished 
20 db to 30 db of interference reduction in midband, but left the inter

level at an unacceptable'value at the lower frequencies. 

Transistor 
-"'----

Study the circuit indicated that a small input capacitor from base 
to emitter of transistor Q-l would prevent the amplification of interference 
signals. (Even though the transistor functions as a switch at 23 kHz, there 
may be Ii of higher frequencies during the transition periods,) 
It was determinedexperimentally that the capacitor has a desirable effect 
at high the broadcast band, but that a capacitor sufficiently 
large to be e across the entire band would be detrimental to the 
basic circuit function and,light output. The largest value of capacitance 
whi not to light output was 0,015 uf, A value of 0.01 uf 
might without s on noise suppression. 

The 

As an 
the line s 
through a 
tion with 

ts 

of RF in B+ Line 
--~~-- - -- -~--- ~ - --

invo1ved insertion of a 1,O-microhenry choke paralleled 
capacitor in the line between the bridge rectifier and the 

This addition further improved high frequency 
the level at the lower end of the band undesirably high, 

the value of the input capacitor from 0,022 uf to 0.15 uf reduce~ 
at the lower end,to a more satisfactory level. 

to the larger capacitor across the input, return o~ 
capacitor combination to the CO~ilon lead 

was investigated, The rationale was that the co~bina-
form a Iter at the output of the bridge 

considerably less effective than O. uf across 
much ar at midband. 

Plots the of ballast as received, 
application the suppression devices described above are 
on the following 

Further -""-----
The results of study suggest that conducted noise from the Iotalite 

electronic ballast might be reduced further to Hithin at least a decibel 
ma~netic ballast, Reduction the conducted interference will, 

litYg also remove most radiated interference» since the fluo-
seem not to~ well as ~~tennas. 
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Little more can be done, however, simply by filtering and grounding 
the circuits external to the functional components. EMI control must be 
made an integral part of the complete circuit design, . This in turn will 
require that the ballast designer and EMI specialist work closely together 
to achieve a ballast having required light output, line power factor, and 
safety features plus a very low electromagnetic interference level, 
Although the redesign probably would be minor, it will require that consid
eration be given to all aspects of the problem, This would include not 
only the circuits, but also the case, which in EMI control is really part 
of the circuit. The present case does very little to contain any EMI 
generated within 

With proper attention to all details, believed that an electronic 
ballast can designed which is competitive in all functional aspects with 
the Iotalite Model 62 and which generates no more interference than a 
standard magnetic ballast, With proper gnb little if anything should 
be added to cost manufacture. . 
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28 November 1977 

MEASURElVlENTS ON REVISED IOTALITE CIRCUIT 

Two Iota Engineering electronic ballasts were retested on 19 and 
20 November 1977. The purpose of the tests was to determine the effect 
on electromagnetic interference (EMI) of circuit changes incorporated to 
eliminate squegging of the ballast oscillator. 

Results 

No substantial difference was noted between these tests and those 
reported on 4 November 1977, although elimination of the squegging 
possibly made a slight improvement in EMI performance. 

The Iota design with the 4 November suppression included generates 
6 to 12 db more EMI than does the standard in the broadcast band. At 
about 2.8 f.-lHz the two designs generate essentially equal amounts of E~,lI. 

and above 2.8 ~~z the Iota ballast is less noisy. Above 30 MHz neither 
ballast produces si~ificant E~lI. 

Measurements were very con$istent on the Iota ballasts -- both 
between units and from day to day. As mentioned in the report of 4 
November. the standard ballast and tube combination :;enerates DlI on an 
intermittent basis. At times the standard may be just a few decibels 
above ambient at a given frequency, while at other times may be as 
much as 30 db above ambient. Whe,n the standard is in the noisy condi
tion9 the Iota ballast compares favorably with it .. but when the standard 
is quiescent, the Iota ballast seems very noisy. 
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All of the suppression measures discussed in the 4 November report 
were re-examined, singly and in various combinations, Results indicated 
in the previous report were confirmed. The suppression reduces EMI from 
the ballast by an average 20 db. 

Conclusions 

The results of the 4 November tests were in general repeated, There 
appears to be an excellent probability that a further study of EMI 
reduction through. a joint effort of ballast designer and EM! specialist 
could reduce interference across the frequency range to very acceptable 
levels. 

AJH:ih 
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APPENDIX 3 

PERFORMANCE DATA ON EXCEL MANUFACTURED BA~~JJi_ 

1. NOMENCLATURE 

2. DIFFERENCES BETWEEN EXCEL AND IOTA UNITS 

3. PERFORMANCE RESULTS 

TABLE VI -- PERFORMANCE DATA ON EXCEL MODEL 50 UNITS 
AFTER 10 MIN WARMUP @ 120 VAC 

TABLE VII-- PERFORMANCE DATA ON EXCEL MODEL 60 UNITS 
AFTER 10 MIN 101ARMUP @ 120 VAC 

TABLE VIII- PERFORMANCE DATA ON EXCEL MODEL 60 UNITS 
WITH ONE STEP DIMMING -- SWITCHED TO DIM 
AFTER HIGH OUTPUT DATA TAKEN 
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PERFORMANCE DATA ON EXCEL MANUFACTURED BALLASTS 

1. Nomenclature -- EXCEL has chosen to designate their 5000 lumen units 

as Model 50 and the 6000 lumen units as Model 60. 

2. Differences between EXCEL and IOTA Units As previously indicated 

EXCEL redesigned the chassis and housing to reduce manufacturing costs 

on these items. Ttvo changes were made during the course of their program. 

The second change which represents the units manufactured by EXCEL prior 

to mid-July 1978 under the IOTA subcontract, resulted in a two metal 

parts arrangement. Heat sinking provided for the transistor was reduced 

below that of the IOTA Models 54 and 64 designs. Also in the interest of 

economy they elected not to anodize or paint the metal black. These two 

changes result in higher temperatures in the unit. The other significant 

change was the use of a steel screw through the main transformer. IOTA 

has used brass or nylon. This change also has a detrimental effect on 

performance. IOTA understands that EXCEL units will be redesigned to 

correct performance reductions brought about by the foregoing changes. 

3. formance s -- Performance data was taken on 10 Model 50 units, 
---~----~~--~~-~:--

picked at random, and 10 of the Model 60 units that were subsequently 

modified for step-dimming. (See Tables VI, VII, and VIII.) This is con-

sidered to be an adequate representative sample for performance data. 

It shows that light output on both models is low. System performance in 

terms of lumens per watt is approximately five to ten per cent less than 

was obtained by IOTA in the Models 54 and 64 provided to LBL at an earlier 

date. Later model EXCEL units are expected to reflect comparable results 

to IOTA manufactured units. 
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TABLE VI -------------.----------------

DATA ITEM 
PE E DATA ON EXCEL MODEL 50 UNITS 

10 MIN WARMUP @ 120 VAC 
-- c-- -- - --I-----~---- --------------== ----

EXCEL BALLAST NODEL NO. 50 I 50 50 50 50 50 50 50 50 
- -'------ ----

" .. SERIAL NO. 58 H353 K4 54 H325 H58 H73 H52 H69 CHI 
--

IKPUT VOLTS -- RMS 120 120 120 120 120 120 120 120 120 120 

INPUT MiPS -- RMS .680 .610 .573 .610 .620 .550 .593 .650 .582 .590 

INPUT \~ATTS--STD AC RATTI-lETER 70.5 67.5 61.0 64.5 64.5 59.0 61.0 68.0 62.0 62.25 

* OUTPUT LIGHT READING--SILICON CELL 14Hi 1430 1310 1374 1395 1280 1330 1420 1348 1346 

** OUTPUT LIGHT READING--OVERALL 257.5 260 237.5 245.0 250.0 227.5 240 257.5 242.5 242.5 
-

TEHPERATURE LAMP 1 @ t q.- 104 105 102 101 103 101 103 104 102 102 

V1 
00 " " 2 @ t 'F 102 103 101 101 102 101 102 103 102 102 

APPROX. LUNEN OUTPUT -
LIGHT OVERALL X 19.46 5011 5060 4622 4768 4865 4427 4670 5011 4719 4719 

POh1ER FACTOR INPUT 'I.7ATTS 
~ VOLTS X A1'1PS 

.864 .922 .887 .881 .867 .894 .857 .871 .881 .879 

SYSTD1 EFFICIENCY APPROX. 
LUHEN OUTPUT ~ I-IATTS 11.08 74.96 75.78 13.92 75.43 75.03 76.57 73.69 76.11 75.81 

AVERAGE WATTS 10 UNITS 64.03 

AVERAGE LUN'EN OUTPUT 4787 

AVERAGE SYS EFFICIENCY 74.16 

* Li t by silicon cell mounted above both lamps on lab bench test station--subject to small temp. drift with time~ 

** research meter with cell mounted above both lamps on test bench. Lab on at time of station 
calibration and at time of all readings. This means readings on dim are than actual light 



TABLE VII ---------_._----

DATA ITEM PERFORMANCE DATA ON EXCEL MODEL 6Q UNITS 
AFTER 10 MIN WARMUP @ 120 VAC 

---------
1-- --f---- ----

I 
- ---

T~-O----
EXCEL BALLAST }lODEL NO. 60 60 60 60 60 60 60 60 

----- - .----------
.. " SERIAL NO. H4 H351 H217 H34l H321 L3 H255 H396 H395 H418 

-
EPUT VOLTS -- R}1S 120 120 120 120 120 120 120 120 120 120 

-- -. 

_I::-<PUT_A;'fPS -- R}15 .648 .670 .650 .735 .665 .668 .665 .685 .650 .735 
-- . 

npUT \~ATTS--STD AC i.JATT.NETER 69.0 73.5 71.0 78.25 71.5 71.0 72.0 74.25 71.0 78.25 

* OUTpUT LIGHT READING--SILICON CELL 1428 1530 1498 1548 1532 1478 1507 1558 1518 1604 

** OUTPUT LIGHT READING--OVERALL 252.5 265 262.5 271.5 217 .5 265 270 280 272.5 285 

TE~fPERATURE LA.MP 1 @ J.. Cf Not Avai able 102 103 105 104 104 106 105 107 

V1 .. 
\0 " Ii 2 @ t OF " 102 102 103 103 103 105 104 106 

--
APPROX. LL'1-lEN OUTPUT -

LIGHT OVERALL X 19.46 4914 5157 5108 5400 5400 5157 5254 5449 5303 5546 
PO\,lER FACTOR I}l"PUT \\1ATT5 
~ VOLTS X AMPS .887 .914 .910 .887 . ,885 .902 .903 .910 .887 

SYSTEM EFFICIENCY APPROX. 
LlJHEN OUTPUT ~ vJATTS 71.22 70.16 71.94 69.01 75.52 72.63 72.97 73.39 74.69 70.88 

72.975 AVER..lIGE WATTS 10 UNITS ______ _ 

AVERAGE LlllEN OUTPUT 5269 

AVERAGE SYS EFFICIENCY 7? .20 

* Li t by silicon cell mou~ted above both on lab bench test ect to small temp. drift with time. 

** Li by research meter with cell mounted above both lamps on test bench. Lab lights on at time of station 
calibration and at time of all This means on dim are than actual 



TABLE VIII -- '--. ._------------

DATA ITEM PERFOR}~CE DATA ON EXCEL MODEL 60 UNITS WITH ONE 
SWITCHED TO DIM AFTER HIGH OUTPUT DATA TAKEN 

DIMMING --

I-----=----t------I--------==-----==-::- 1-----===-----

EXCEL B.-\LLAST }lODEL NO. 60 I 60 60 60 60 60 60 60 60 
---- -

" " SERIAL NO. H4 H351 H217 H341 H321 L3 H255 H396 H395 
--

r:;PUT VOLTS -- RMS 
120 120 120 120 120 120 120 120 120 

I:\PUT ~!PS -- R}1S .453 .415 .410 .465· .470 .468 .465 .415 .465 

I~PUT 'IoJATTS--STD AC '\.JATTHETER 18.0 21.0 22.0 11.0 20.5 19.0 20.5 21.0 22.0 

* OuTPUT LIGHT READING--SILICON CELL 394 490 513 358 508 420 482 503 538 

** OUTPUT LIGHT READING--OVERALL 70.0 81.5 90.0 65.0 95.0 71.5 92.5 95.0 91.5 

TE:-LPERATURE LAMP 1 @ !t. q:-
0\ 
0 

" .. 2 @ ft OF 

APPROX. LUMEN OUTPUT -
LIGHT OVERALL X 19.46 1362 1703 1751 1265 1849 1508 1800 1849 1897 

Po\-:ER FACTOR INPUT WATTS 
~ VOLTS X At'fi'S .331 .368 .390 .301 .363 .338 .367 .368 .394 

SYSTEl1 EFFICIENCY - APPROX. 
Hi-lEN OUTPUT '" 'l-1ATTS 

20.0 AVERAGE WATTS 10 UNITS ______ _ 

AVERAGE LUNEN OUTPUT 1654 

AVERAGE SYS EFFICIENCY ______ _ 

* Light by silicon cell mounted above both lamps on lab bench test station--subject to small temp. drift with timee 

** Light by photo research meter with cell mounted above both lamps on test bench. Lab lights on at time of station 
calibration and at time of all This means light readings on dim are higher than actual produced. 

----
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DESCRIPTION AND ADVANTAGES OF ELECTRONIC BALLASTS 

FOR TWO 40W RAPID START FLUORESCENT LAMPS 

GENERAL 
~----

The standard magnetic core ballast is basically a wire transformer that 

changes line voltage and controls the current as necessary to ignite and 

regulate the arc in one or more gas~filled fluorescent lamps, Power is deli~ 

vered to the lamps at standard 60Hz line frequency, The electronic ballast 

uses solid state components and one or more relatively small transformers to 

accomplish the same purpose, However. the oscillating frequency of the power 

to the lamps is much higher than the input line frequency, IOTA's units 

generally vary from 25 to 35 KHz' This new product offers many potential 

advantages: 

1, Power Saving~ -~ A fluorescent lamp is more efficient in producing 

light when the input power oscillates at high frequency. Improvements 

of as much as 20% have been shown with standard lamps. In addition. 

it is possible to obtain better electrical efficiency with solid state 

devices than has previously been demonstrated by standard magnetic 

core type ballasts. These factors combine to make possible system 

efficiency improvements with the IOTA 2-40W lamp ballasts ranging upward 

from 20%. 

2, Additional Power Savin~rough Dimming -- The electronic ballast can 

be dimmed without serious degradation in system efficiency, This opens 

a wide range of possibilities for additional energy savings using this 

feature. Lighting systems can be designed where the amount of artificial 

light is varied as necessary to compensate for available daylight; and. 

to reduce lighting to that minimum level required for any specific work 

area or task. 
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3, No Flicker -- When the oscillating frequency is raised appreciably 

above 20KHz the human eye is not able to detect the "flicker," Many 

people are bothered by the flicker from 60 cycle fluorescent systems. 

4, No Detectable Sound Likewise, when the frequency is raised above 

the normal audible range of the human ear, the objectionable sound 

often associated with standard ballasts is eliminated, 

5, Emergency Lightina -- The electronic ballast can be designed to operate 

from either alternating or direct current power. This permits adaptation 

for battery-powered emergency lighting without the necessity of addi

tional hardware -- other than batteries and a charging unit, 

6, Reduced Weight -- Early model electronic ballasts will weigh only about 

one-third as much as the standard article, Future models can probably 

be made with even less weight and with greatly reduced volume, This 

feature will lend itself to design of more aesthetically pleasing and 

energy efficient lighting systems in future building applications. 
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CHARACTERISTIC 

SPECIFICATION FOR ELECTRONIC BALLASTS 
OPERATING DUAL40-W LAMPS (RAPID START) 

I IOTA NODEL 54P 

I 
AC Input RMS Voltage-Design Center 

Starting & Operating Voltage Range 

120 Volts 

90-110% of Design Center I 
<f' 

AC Input RMS Current-Design Center 0,650 Amps 

Line Power Factor - Range .8.5 - .95 

Output 

Frequency - Nominal 27 - 30 KHz 

Lamp Current - Nominal 

Lamp Voltage - 2 Lamps Nominal 

, I ,280 Junps 
I 

218 RMS 

Lamp Lumens - 2 Lamps Nominal 5,000 

Cathode Preheat Volts - Design Center 3.8 

Crest Factor Less than .2.5 
i 
! 

Physical 
i 

Ballast Weight 

Ballast Dimensions 

Safety 

Protec,tion 3 l~p In-Line Fuse 

Thermal Switch 

64 

IOTA MODEL 64 P 

120 Volts 

90-110% of Design Center 

.85 - .95 

27 - 30 KHz 

.375 Amps 

200 R..'1S 

6,000 

4,0 
I 

Less thar. 2,,5 

I 
I 

Nanir-al Set 
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MULTIPLE FIXTURE EMERGENCY LIGHTING SYSTEM 

This system consists basically of any number of AclDC electronic ballasts 
72-2-40, and a remote battery pack with a charging unit and switch-over control 

.0. A Model 54 P ballast is modified to energy saving operation on alter-
nating current; or alternatively, on DC current at a nominal 72V No special wiring 
is required. Fixtures des for emergency ing are on an isolated circuit, the power for 
which is controlled by the charging and regulator unit. The ~umber of fixtures, and 

rat for the battery(s) may be traded to produce a system that will operate for 
the minimum 1.5 hours, or, for much longer 

SPECIFICATION FOR MULTIPLE FIXTURE EMERGENCY LIGHTINg SYSTEM _____ . _____ _ 

No. and Type Fixtures 
System Voltage 
System Current 
System Input Power 
System Power Factor 

Output 
Battery(s) 

Battery( Make-up 

(Oscillating Frequency 27-30 KHz) 

Min. Req. Capacity for OSHA 90 Minute Standard 
Type Charging Unit 
Battery Charging Voltage 

Current Range 
Recharging Time 

Data Item 

Seven or Less for 2-40W 
120 VAC 
.65 Amps per Ballast 
68-72 Watts per Ballast 
.90-.94 
5000 Nominal Fixture 
72 VDC Nominal 
6-l2V, Series Connected 
2-Amp-Hours per Fixture 
Constant Voltage, Tapered Current 
79-82 VDC 

to 2.0 Amps 
Less than 24 Hrs. 

Characteristics on Battery Power (Oscillat Frequency 27-30 KHz) 

Control Method When Power Fails 
Current Drain 
Light Output @ 0 to 90 Min. 
Battery Protection Voltage Dropout 

Voltage 
.800 Amps/Fixture 
4800 to 4000 lumens 
60 VDC 
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INTEGRAL EMERGENCY LIGHTING SYSTEM -- SINGLE FIXTURE 

This system consists basically of an electronic unit Model No. 1 12 -40 
a Volt battery(s) pack Part No. B6-2-5, both of which are for installation inside any 

standard 2-40W fixture. The electronic unit three functions: first, it powers the lamps 
on 120Hz alternating current with power savings in the order of 25%; second. when power fails, it 
automatically switches the lamp load to the l2V battery; and third, it charges the battery after emergency 
operation and maintains a "float-level" charge thereafter. 

SPECIFICATION FOR INTEGRAL EMERGENCY LIGHTING SYSTEM -- SINGLE FIXTURE 

Characteristics on AC Power (Oscillating Frequency 20-24 KHz) 

Type Fixture 
System Va 
System Current 
System Power 
System Power Factor 

Required Battery(s) 
Battery Make-up 
Type Charging Circuit 
Battery Charging Voltage 
Charging Current Range 
Recharging Time 

Data Item 

For 2-40W RS Lamps 
120 VAC 
.90 to .95 Amps 
60-70 Watts 
.52 to .62 
5000 Nominal Lumens 
l2VDC Nominal 
6 - 2V, 5 AH, Series connected 
Constant Voltage, Tapered Current 
13.5 to .5 VDC 
.005 - .300 
Less than 24 Hours 

Characteristics on Battery Power Frequency 17-20 KHz) 

Control Method when Power Fails 
Current Drain 

Output 
Emergency Operation Time 
Battery Protection Voltage 
Starting 

No. Wires Needed for Constant Operation 
No. Wires Needed for Intermittent Operation 
Control for Constant Operation 
Control for Intermittent Operation 

Voltage Relay 
1.70 to 1.90 Amps 
Over 25-35% Normal 
Over 1.5 Hours 
Between 7 and 9 Volts 
Capable of Star from Battery 

Standard--Two + Fixture Ground 
One Extra Wire 
No Switches 
Single Pole Double Throw Switch 
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NULTIPLE FIXTURE ENERGENCY SYSTEM INSTALLATION INSTRUCTIONS 

FIXTURE No. I No.2 No. 3 

No. 1 72-2-40 
ELECTRONIC BALLAST 

Battery Dropout 
Indicator 

Ballast ON-OFF 
Switch 

8 Fuse 

3-Wire Cord With 
2-Pole, 3-Wire 

Plug 

No. BCA 6-12-15 
Battery Charger Assembly 

Ballast Voltage 

.. 

2-Pole 3-Wire 
Grounding Plug 

APPLICATION OF NO.1 2-2-40 ELECTRONIC BALLAST 

WITH NO. BCA 6-12-15 BATTERY/CHARGER ASSEMBLY 

No. 4 No. 5 

IOTA Engineering. Inc. 
1735 E. Ft. Lowell Rd. 
Tucson. Arizona 85719 



SINGLE FIXTURE EMERGENCY SYSTEM INSTALLATION INSTRUCTIONS 

Battery Pack 
No. 

#8 X pan head 
sheet metal screw 
4 Places to match Battery Pack. 

Note: Hole size in fixture P?nel 
~ to suit screws used. 

Electronic Ballast 
No. 1 

Fixture & 
Extruded 
Cover 

(Also Ballast & 
Battery Pack) 

#8 X VI pan head sheet metal screw 
2 Places to match Ballast. Bridge slot 
with washer under screw head, if necessary. 

INSTALLATION OF ELECTRONIC BALLAST NO. 1 

AND BATTERY PACK NO. B6-2-5 

Fig. 1 

._ .. ~ ,_ -._, __ c. .. ___ ," ___ , ., __ • _________________ "' __ -.__ •• ______ .-.. ___________ • 

IOTA Engineering. Inc. 
1735 E. Ft. Lmvell Rd. 
Tucson. Arizona 85719 

----------.-
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SINGLE FIXTURE EHERGENCY SYSTEH INSTALLATION INSTRUCTIONS 

FIXTURE & EXTRUDED COVER 
-

.188 Dia. Hole in Extrusion for 
118 X 2 II pan head sheet 
metal screw, with hole size in 

structure to suite 
screw used. 

[ -

5 O.D. X I.D. X 1.88 long 
steel or aluminum spacer. 
3/8 Dia. hole to match in 
sub-structure, if necessary. 
2 Places. 

EXTRUDED COVER MODIFICATION & INSTALLATION DETAILS FOR USE WITH 

ELECTRONIC BALLAST NO. 1 120/12-2-40 AND BATTERY PACK NO. B6-2-5 

Fig.2 

IOTA Engineering. Inc. 
1735 E. Ft. Lowell Rd. 
Tucson, Arizona 85719 
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o Single Pole 

Double Throw 
Power Switch 

SINGLE FIXTURE E~n~RGENCY SYSTEM INSTALLATION INSTRUCTIONS 

Fixture No. 1 Fixture No. 2 

Normally Closed 
Emergency Test or 
Demonstration Switch 

AC POWER CONNECTION TO FIXTURES USING 

NO. 1 120/12-2-40 ELECTRONIC BALLAST 

. 3 

Fixture No. 

_ -----A 

IOTA Engineering. Inc. 
1735 E. Ft. Lowell Rd. 
Tucson. Arizona 85719 
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SINGLE FIXTURE EHERGENCY SYSTEH INSTALLATION INSTRUCTIONS 

R 
Battery Pack 

B 

y 

WIRING DIAGRAM 

-
Pack Ballast 

------- -.-

SCHEMATIC 

SCHEMATIC AND WIRING DIAGRAMS FOR FIXTURES USING 

..--,=:t- W-f\J-

B---

G--

G 
B 

j ce 

AC 
Source 

ELECTRONIC BALLAST NO.1 AND BATTERY PACK NO. B6-2-5 

. 4 
IOTA Engineering. Inc. 
1735 E. Ft. Lowell Rd. 
Tucson, Arizona 85719 

'"-------------------- .. _._---------- .. ------



STEP-DIMMING BALLAST DESCRIPTION 

AND INSTALLATION INSTRUCTIONS 

L A~_t rib_utes .£L_Dimll!1!l£ -- The standard magnetic core ballast cannot be 

dimmed by lowering input voltage below about 90 VAC, without upsetting 

system performance, Whereas, the electronic ballast can be dimmed by 

a number of methods which have been discussed elsewhere, Dimming permits 

power savings by reducing light and power when less illumination is 

tolerable for tasks at hand, For example, it might be good to light 

corridors to a high illumination level during occupied hours but to 

greatly reduce these levels when the building is not occupied. Hovlever. 

safety and security lighting may be required in the corridors at all 

times. The ability to reduce light output from the same lamps for these 

circumstances permits appreciable power savings. This also permits savings 

when varying levels of daylight are available to an area. 

2, ~9st Efficient_ Method for _ Dimming IOTU~as.t_s_ -- As discussed elsewhere. 

IOTA has investigated and demonstrated several methods for dimming. The 

most efficient from a performance standpoint has consistently been control 

of input voltage. Continuous dimming provides aesthetic appeal but does 

not result in comparable system performance efficiencies. and. is more 

expensive than dimming by steps. Therefore, IOTA has chosen to provide 

step-dimming in the demonstration program. 

3. .Lea§.!.E.Eensive Method to Ac<::pmplish yO~J::~e._~edu£~~orl,. -- The one-step 

dimmable ballast provided under the LBL program (70 units) was accom

plished by placing an AC capacitor in series with one of the input power 

lines to the unit. Use of lower value capacitors results in a greater 

reduction in light and power than higher value units. The ones purchased 

for this program were rated at 10 micro-farads at 220 VAC. This results 

72 
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in a power reduction of approximately 72% and a slightly larger per

centage reduction in light output. Specific performance data on 10 

EXCEL manufactured Model 60 units have been presented under Appendix 3 . 

.:::;;:_::.=:=::=:;::.;:.=::::--=:.::.=:c.:_::-=.,~:-:..;:.;:::~ ~~ The wiring diagram i.nstructions for 

installation of the IOTA one~step dimming ballast are given on the 

following page. 

73 
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Red Wires to 
Socket 

Blue Wires to 
Lamp Socket 

Ballast - Install 
in Fixture Us 
Exist Hardware 

Fuse Holder 
and Fuse 

White 
to AC 

Wire Black Wire 
to Switch 
Dim Position 

Yellow Wires 
to ,Sockets 

Drill # 43 (.089 Dia.) 
2 Holes to Match 
Support Bracket. Attach 
Bracket to Fixture With 
2 # 4 x Long Sheet 
Metal Screws. 

Trough 
and Cover 

Black Wire 
to Switch 

Position 

INSTALLATION INFORMATION 

EXCEL ELECTRONIC BALLAST 

WITH CAPACITOR DIMMING 
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To: Lawrence Berkeley Lab ory 

Attn: 

Subj: 

University of California 
Berkeley, CA 94720 

Mr. R. R. Verderber 

Test of light output and electrical characteristics 
of eight samples of commercial 2/401r[ 60 Hz ballasts 
and four samples of Iota Engl". Inc. 2/4OVl High Freq
uency ballasts, as covered by UC Purchase Order 
2$$9502, Sections A, B, C & F, and Change Order No. I 

Procedure: All tests were performed in accordance with IES 
or applicable standards, where approprIate. 

Test procedures not accordance with published standards 
are described in the Report. Where appropriate, absolute 
or relative accuracy figures are given for each test. 

Results: Test elements and results are tabulated in Table I 
and Table II and in the Kaelite report. 

Comment: Comment is keyed to classifications under "Scope ' ! 

in subject Purchase O~der and C.O. (Change Order) 
No. L 

I. Efficacy. 
A. Free tests. The average free~air efficacy for the 

standard 120v 60Hz ballast is 64.2 LPW. Tho lihigh~
efficiencyH 60~Hz uni.t averages 67.4, an increase of 5% over 
the standard unit. Average for the three low-output Iota units 
is 71.3. an increase of 11% over the standard and 6% over the 
high-efficiency unit. The e sample of the high-output 
Iota has an efficacy of 75.1, an increase of 17% over the stand
ard unit and 11% over the high-e ciency unit. 
Based on tests, which are indi.cative of performance 
in industri ,suspended commercial, and bare-lamp units, the 
expected improvement economy of operation with the Iota 
ballast is of the order of 6 - 11% over the most efficient 
currently available 60-Hz ballast. 

P 0 6193, ~ CA 92667 (714) 771-1312 
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B. Calorimeter te s. 

LRL 677~5 
p. 2 of 25 

1. Four lamp units. It is apparent that the temper-
ature buildup in four~lamp recessed units produces 

a substant drop in lamp output. The decline for the stand~ 
ard ballast (#1 and #2) is from 119$$ to 9825 lumens, or 1$%. 
The drop in output is accompanied by a drop wattage, so 
that the drop in efficacy is only 7%. The same drops are ob~ 
tained with the high-efficiency 60 Hz ballast (#6 and #$), 
showing that is due to the lamp temperature. 
With the Iota low-output unit, the light output drops only 
2.6%, and the 10 in efficacy is only 1.4%@ The net result 
is an efficacy of .7% for this unit, compared to 5$.6% and 
62.5% for standard and high-efficiency 60Hz units respectively. 
The Iota unit therefore operates at an increase of 19% over 
the standard unit and 12% over the high-efficiency unit, or 
roughly double the improvements in free air. This improvement 
is apparently due to the lower temperature and current load~ 
ing. 

2. Two lamp units (CO#l Sec 1): These show, as might 
be expected, considerably less ss of light out~ 

put due temperature. The high-efficiency 60 Hz unit drops 
from 5920 to 5487 lumens, a loss of 7%. As a result, the ad
vantage of the Iota unit over this unit should be expected to 
be less than that with four lamps and more similar to that for 
free . This is indeed the case, the advantage for the low 
output Iota (#A) being 5%. The high-output Iota (#E) shows 
a drop in efficacy of only 2.1% for this condition, having a 
total advantage over the high-efficiency 60Hz unit of 11%. 

C. It is therefore seen that the ability of the Iota unit 
to hold its efficiency in the usual recessed-troffer 

installation is a highly significant factor in today's market, 
since four-lamp 2 X 4 troffers are probably the largest-sel
ling commercial unit. Its advantage in free air or in 2-lamp 
2 X 4 units, however, is considerably less marked. 

II. Regulation. Regulation for the 60-Hz units is consistent 
in the 5 to 7 percent range. This is normal 

for a standard electromagnetic ballast. The Iota unit also 
shows .reasonable regulation consistency at a level of around 
S to 11 percent. While greater than the 60-Hz units, this is 
still an acceptable range, and the difference would not be 
noticeable in practice. 

III. ing Characteristics. 
A. Starting time. This is a variable characteristic, 

strongly dependent upon supply voltage, but subject 
to considerable variation from start to start under the same 
conditions. It should be noted that the Iota units start, 
at rated voltage, in about half the time of the standard bal
last. Since this approaches the "instant-start H condition, 
which in 60-Hz ballasts has deleterious e cts on the cath
odes of the lamps, the possibility exists that, particularly 
at overvoltage, this fast starting may be damaging to the 
lamps and affect their life. 

77 



B. 

by 
It neces 
most severe 
ually the 
from 

c. 
used as a 
units 
for 
The 
of 
start 

D. 

IV. 

units. 
cellent 
but also 

1 

2. 

3. 

LRL 677-
p. 3 of 

In addition to differences 
s, this factor is strongly influenced 
le in which the switch is closed. 

numerous starts and to pick the 
case, there is no guarantee that this is act
solute wor The conclusions which may be drawn 

tests are: 
ing current tends to be higher as volt~ 
is increased. 

currents for the Iota unit are in general 
to 1/3 of those for 60~Hz ballasts 
peaks are below 5 amperes. 

emperature starting. The minimum voltage re~ 
start the lamp within 10 seconds was 
of low~temperature starting. The 60-Hz 

stent at about 80% of rated voltage 
s; and S5% of rated for the 277 volt. 

r the same condition started at about 55% 
, which indicates that low-temperature 

produce any problems. 
voltage. The magnitude of volt-

to the cathode in the Iota ballast is 
the 60~Hz unit. After the lamp has fired, 

level, which is advantageous both from 
life and for increased energy conser-

age. The Iota units in general had an 
voltage of about 184% of that for the 60-Hz 

probably primarily responsible for the ex
starting performance reported in IIIe, 

starting reported in IlIA. 

V. Within a given ballast type, crest factor 
oscilloscope trace examination was con

rat voltage conditions, being 1.5 for the 60-Hz 
1.76 the Iota. Neither of these is an ex-

, it is not certain that the dele
crest factor apply to this source 

in HID (high-intensity-discharge) sys
is likely to be the effect of the 

VI. Power factor measurements have an intrin-
accuracy than measurements of E, I and P, 

two reasons: 
1. A distorted current wave may have strong high-

cs. The meter used is compensated 
the accuracy of an SOO-cyc1e component is 

harmonics will not be reflected prop
ing, although the voltage reading 

accurate, s ce the input voltage wave is essentially 
s can have the effect of calculating a higher 
an amount depending on the harmonic content 

current wave. 
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2. e power factor is calculated by dividing power by 
voltage x current. with both P and EI subject to an 

accuracy of 0.75%, the expected accuracy of the complex prod
uct of these tolerances is approximately ± 1%. 
Particularly in the case of the Iota ballasts, therefore, the 
power factor may be somewhat lower than the measurements ind
icate. Since all readings are above 90%, this should not be 
at all 

VII. e. The 60-Hz ballasts tested were quite consi ent 
se level, with an average of 35 dbA. we assign 

this the rated noise level for these units (A). the low-
output Iota units, A, C and D, will average 20 dbA. or 15 dbA 
quieter than an A rated ballast, or three sound levels quieter 
than A. In any case. the ballasts are essentially inaudible. 
The high-output Iota (#B) measures 26 dbA, or about two sound 
levels below A. 

CO#l Sec 2~ The noise spectra of Iota #A #D were 
examined to spot any importm1t frequency 

components in the 20 - 30 KC range. Since the sound level 
meter's response drops off rapidly above KC, it was not 
possible to determine the magnitude, but the only significant 
frequency component in this range for ballast was ap-
proximately 23KC. Reference to Fig. 15 will show that this 
frequency is not pronounc in the waveform. 

VIII. Flicker. Flicker is measured by the det ion of 
Flicker Index, which takes waveform into effect and 

is considered more reliable as an index of perceptual flicker 
than is Percent Flicker. Whi the base secondary frequency 
is around 35 KC~ the secondary voltage and therefore the light 
output varies a 120 Hz rate (see Fig. 10 & 13). It is 
therefore possible to compare flicker indices for the 60~Hz 
and Iota units, since basic et ion rates are the same. 
The index for the Iota unit is .055. which is superior to 
the same lamp on 60 Hz, whose index is .065. 

IX. St scopic ct. The magnitude of stroboscopic e 
ect, which apparent with moving objects, is dependent 

upon the perceived brightness of the object seen at times of 
greatest least illumination. It is therefore more near-
ly related to the maximum and minimum values light output 
within a cycle. and is better described by Percent Flicker. 
Here. % Flicker 17.9% for the lamp on the Iota ballast 
and 30.4% on the standard ballast. Therefore, strobe will be 

ss noticeable on the Iota ballast. 

XI. Spectral Energy Distribution. SED curves were run for 
the same lamp on a 60~Hz ballast and on the Iota 22PCT2. 

Results are in the Kaelite report. The spread of the 
x and y coe cients is less than the tolerance al.lowed in the 
standard color tolerance for the lamp. The difference in color 
between the lamp on a standard ballast and on the Iota is, 
therefore, insigni cant. 
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It should be noted that the response rate of the chart and pen 
recording the SED curves is not quite capable of rendering the 
mercury lines in the spectrum. This does not affect the acc
uracy of the x and y coefficients t since the spectral output 
is fed directly into the computer and is not taken from the 
chart. 

CERTIFIED FOR LRL:~ A A . 

~;t~~ 
Bill F. Jo e , P. E. 
Consultin lumination Engineer 
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TABLE i ~·;':?E~.>-.r\IR OPFH),Tlmr .l. 

L;:I';:;' 
..J.. ... " ~.J ITE;\'! 

1 3aL.ast 18PCT3#A 22PCT2#B 18PCT4#C 18PCT8#D 
2 Lamps 4,5 4,5 4,5 9,10 
3 Volts 120 120 120 120 

4- :\r.:p s .551 .732 ·.552 .578 
5 Vio. t ~s 64.0 80.3 62.3 65.8 
I' 
Q Po','!er Factor 097 091, 094 .95 
7 L1;,:neI;S 14 6031 4588 4736 
~ Efficacy, L?vl 70.5 75.1 73.6 70.9 
iJ :?egulatic;:1, 90% -10.7% -8.6% -10.5% -10.9% " 

If 110r; +9.8% +8.~ +9.7% +4.7% 
10 Starting Time, 9r'\/. vic 1.0 0.7 0.8 0.6 

10Jf, 0.8 0.5 0.6 0.5 
11''''1< vi' 0.6 0.4 0.5 0.4 

r' e.::'tl< Start I, 9010 1.0 1.0 1.0 1.0 
10010 1.8 2.5 1.0 1.0 
11010 2.4 1.0 1.0 1.0 

12- Open Gire. Voltage 464 509 469 492 
1 3 C'Y':O~4-' 

.A, \,... '.) .... 0 Fact.::; ... ~ ·1.76 1. 1.76 1.76 
14 Cathode Gkt Volt: 

1e1 Start 2.4 2.2 2.4 2.3 
Oper0 1.6 1.5 1.6 1.5 

Red Start 2.6 2.7 2.6 2.6 
Oper. 1.8 1.8 1.8 1.$ 

311.1 2·~art 2.2 1.9 2.2 2.2 
Opere 1., 1.3 1.5 1.5 

15 Flicker Index .055 .055 .055 .055 
?ercent Flicl<er 17.9 17.9 ·17.9 17.9 

16 2econdary Freq, 35.7KHz 30.5KHz 34.2KHz 34.2KHz 
17 ;-J2rrop Temo. 35 3$ 35 35 
18 ,?alla.st Temp. 43 43 43 43 
19 ' .. 

..... J.n I' Start E r::;, 
"0"/ 500 70 65 65 

2.0 Bel. Noifi€ Levc:' 20 26 20 20 
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:2:L cacy, LPW 

ReG~11ation, 90:0 
!! 110~~ 

c: . m' gJd ~tsrtlng llme, . ~ 

4 o ,''v,", 
.,;.. '//0 

~ 10c1' ~ .. _ 10 

Peak Start I, 90~ 

:00;:; 

Open CIrc. Voltage 

Cl'est Factor 
14 Cathode Ckt Volt: 

181 Start 
Cper. 

Red StClrt 

Or er . 
3J.1J Start 

Opere 

1~ Flicker Index 

,""" ;.,. J 
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RQM2S40#1 RQJ1f2S40#2 RQM2S40#3 RQM2S40#4 
9,10 
120 
.$04 
95.5 
.99 
5920 
62.0 
~7.510 

+7.5% 
4.0 
1.5 
1.0 

4.0 
4.5 
5.0 
261 
1.5 

2.$ 
2.7 
2.$ 
2.6 
2.$ 
2.9 
.065 

4,5 
120 
.793 
94.0 
.99 
6068 
64.6 
-7.3% 
+6.1% 
3.5 
1.3 
1.0 
3.0 
4.0 
4.5 
259 
1.5 

4,5 
120 
.795 
94.2 
.99 
6105 
64.$ 

.3% 
+6.1% 
4.0 
1.4 
0.$ 
2.0 
1.0 

2.0 
263 
1.5 

4,5 
120 
.797 
94.4 
.99 
6179 
65.4 
-7.2% 
+6.0% 
1.4 
1.2 
0.9 
3.0 
3.0 
4.5 
265 
1.5 

2.7 

~~rcent Flic~e~ 30.4 

2.$ 
2.7 
2.8 
2.7 
2.8 
2.9 
.065 
30.4 
60 Hz 
3$ 

2.9 
2.7 
2.7 
2.6 
2.8 
2.9 
.065 

30.4 
60 Hz 
3$ 

2.7 
2.8 
2.6 
2.7 
2.8 
.065 
30.4 
60 Hz 
38 :7 m ,g. ). 8iYlp <! 

60 Hz 
3$ 

95 
36 

82 
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FREE-AIR OPERATIO~ 

LRL 677~5 
p. 8 of 25 

1 Ballast V2S40-1#5 V2S40-1#6 V2S40-1#7 V2S40-1#8 
2 

3 
It-

5 
6 

7 
$ 

9 

10 

Lar:lps 

Vol:'s 
.t,:,::,ps 

1;!atts 

Power Factor 

Effi cacy, LF;,] 

Regulation, 90% 
Vi 110;'; 

Storting Time, 90% 

4,5 
277 
.318 

.5 
.98 
5957 
6tL9 

.8~ 

+5 .6~ 
2.7 

10.)% 1.5 
110;1, 1.0 

11 Peak Start I, 90~ 3.0 
100io 5.0 

:10% 6.0 
12 O~en Circ. Voltage 252 
13 Crest Factor 1.5 
l~ Cathode Ckt Volt: 

Yel St·).rt 
('per. 

Red Start 
Opere 

31'..1 Start 
Oper. 

J5 Flicker Index 

2.6 
2.6 
2.7 
2.6 
2.$ 
2.$ 
.065 

16 
17 
18 
19 
20 

Percent Flic;,er 30.4 

2allast Temp. 

60 Hz 

38 

~:~. Start E ~ 50° 240 
Rel. Noise Level; 36 
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9,10 

.326 
$8.4 
.98 
5920 
67.0 
-5.610 
+5.6% 
2.8 
1.4 
1.0 
4.6 
5.$ 
3.6 

2 

1.5 

2.$ 
2.7 
2.$ 
2.7 
2.8 
2.9 
.065 
30.4 
60 Hz 

38 

240 
36 

9,10 

.. 337 
92.0 
.98 
6068 
66.0 

.710 
+6.7% 
5.0 
1.5 
1.5 
5.3 
5.8 
3.5 
255 
1.5 

2.9 
2.7 
2.8 
2.7 
2.7 
2.8 
.065 
30.4 
60 Hz 

38 

220 
35 

9,10 

.327 
88.7 
.98 
5994 

.6 
-6.8% 
+6.210 
3.5 
1.6 
1.5 
4.0 
5.2 
7.3 
254 
1.5 

2.7 
2.7 
2.8 
2.7 
2.8 
2.9 
'.065 
30.4 
60 Hz 

38 

240 
36 
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Free-Air Conditions: Lamps mounted for [r~e-still-air circula
tion, with air temperature maintained at 
7'?°F (25°C) 

Line Note 

1 120V 60Hz llast:,rc; ~)elceted for equal lumens per Hatt w/same 
v,rlthin 0.:3% 0 llCl~;ts u:)cd '!:ere Adv:lllCC Transformer 

2 

SL,,()--3.277V 68 Hz balL,~;ts sclr;ctcd for equal lumens 
per WCl t t with same lamps v:i t hi n -1 1. I larger tolerance 
being due to limited stock dvaUJ:bl c for ~)ciection. 130.1-
lasts used were AdvCll1ce TrJn:~fonncr V<)S40-1 "high effie-
icney" type. Hi --frequency bClllasts ':Jen; 2.S furnished 
by c lie n t, lot a e 1 1 d peT J. n d 2 2 P C T, n UIT! ben; a [3 S h 0 V'm 
in table; and con~):i stinp; of un) ts adjuc"Jtecl for Io\'! light 
output (fr'j\, C and D) p and for high outputU!iJ). 

thin 1% on ~;ar~e La!np~3 selected for' equal light output 
balliJ.st p matched for equ,J,l cand lq),y;,;cr at 90°, See Note 7. 

3 Vol accuracy ± 0.5%. See Fig. 1 r waveform 

4 Current accuracy + 0.5~~p ~;' 68 Hz, cO:i,pcnsated to 80') 112. 

Accuracy of 8ao Hi hannonic + J%. See Fie. 2 & ), 
5 Watta accuracy ± 0.75% 

6 Power ctor ~ Watts/Volt-Amps, approx. accuracy + l~. 
See Comment part VI. 

7 !,'lcasured by monitori 90 0 CP of J.iln;p~;,,:, 20 ft. Calib~ 
rated by complete photometry of lamps on both 60 Hz and 
111" b"llastc" to ect:,L]]'Ch 1I'm n r1/

1
",) ,'····'0 'un'j'·'f' ho·t·'" (.o~L" ! .... c.. ~J '-'" U I.A U . __ ...... 1 ,J. A 1<.:...,... , ,,.} .!.. c\ \., ~\.. ,_ C' I.. .) ~.!. .. ) r....- I '-" 

8 

9 

10 

of cond it ions. Ac curacy; A O,:;01 11t (; ,- + ; Hela tiv8 -
+ ; Lumen/candlepower r;:.lti.o equ,d vl)thin 0.7,1,. 

Lumens per watt. See Comment rt I. 
Stead ,- ~3ta t e regula t i on, pe !'C ent ch,:i. 1 i output 

and 110~ rated volta ,con' to that at 1000 at 
rated 
4, 5, 

vol t a £;; e? a C 1'> C ~) C C FI 1. f <) 

6, & '7 for line cu:r:rent 't.rdVl.~.:'orrn.:;. See Co:n'ilent ;);:i.rt 

roximatc time required to 
and 110% of :rated volt 

deionized. Sec fig. 8 & 9. 

start lamp, seconds, at 
c, 1 s 'v'/dr:~l btlt ll:r 
Sec Co~~cnt part IlIA. 

11 Peak current draHn at stort cak current durinr; normal 
operation. For actual eak current, ~ultiply steady-
SUl tee urrcnt x c l'E: st d.C t or. The:3 C v dJ ue~) are approx-
imatc ° y. See Comment part IllS. See Fi~. 8, 9. 

12 Ri'lS volts, no 10Jd on bal1(J~)t, '~\;nsun~d red to blue leac\.E;, 
rated v()lt on primary. 

13 I/lca:.iurcd on o~;cillo~(;\..)pE; cal ibratul for direct-reClding 
• ('0 , (~ t., () ,1-" I , In arnpcrc:3, Gl'C2;\~ _ _ FC'Ll}< currcnt/rms cur~"cnt. 

Gce F).g. 2,3. 

84 
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Notes to Table I cont'd. 

Line 

14 

15 

16 
17 

18 
19 

20 

Note 

Operating voltZAges directly mCCi;;ured i sturting voltage 
measured by ratio of start to operating from oscillo
scope determination. See Fig. 11 and Comment part IIID. 

Fl ' k . d Total lirr:ht out out above avcrarre level 
Ie er In ex ::.:: ~totaI Light -Output -_t:>.: __ ._ 

for one cycle of variation. 
Percent flicker _ N~x. Light Out - Min. Light Out 

- Max. tight Out + Min. LigEt Out 
for one cycle of variation 

See rES Handbook 5th Ed p. 8-27, and Fig. 12, 13. 

Measured by calibrated oscilloscope sweep. Accuracy ~ 5% 
Lamp temperature in °c measured by thermocouple affixed 
to bulb wall at point selected to reflect average lamp 
temperature. Figures should be con:'iciered relative. 

Measured at hot spot on ballast 

}hnimum line voltage required to sUlrt lamps within 10 
seconds under still-air ambient conditions at 50 0 F (IOOe). 

dbA reading for ballast installed on mounting plate in 
sound-isolating box. Figures ZAn; n~lc.iti.ve only, using 
60 cycle ballasts (A sound rating) as reference. See 
Comment part VIII and Fig. 14, 15. 
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4 
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2 

3 
it 

5 
6 
7 
8 

9 

1) 

TABLE II 

Combir,a t ion 

.f..mps 

':lat ts 

PO:ler Factor 

Zfficacy, LP1tl 
Ragulation, 9J% 

110% 

3tarting Time, 90% 

10J% 
110% 

11 Peak Start I, 90% 

10J% 

1 1 (',,1 
~VjO 

12 ~emperatur~s. °c 
.\ bient .t1. "" 

~ 

.:5e enu:n 

C. Larip Compo 

D. 11ast Co:ni) , 
,... 

.LJ&.ffiI) '-' , 

~~ Ballast Xi 4 

18PCT3#A-4,5 

120 
.557 

.9 
.97 
4522 
69.7 
-10.7% 

.8% 
1.0 
0.$ 
0.6 
1.0 
1.$ 
2.4 

24.5 
30.5 
37 
36.5 
33 
56 
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18PCT3#A-4,5 22PCT2#B~4,5 

18PCT8#D-9,10 
120 120 
1.10 .727 
129.4' 78.9 
.98 .90 
9013 5796 
69.7 73.5 
-10.5% -7.9% 
+6.5% + 7.910 
1.0 0.9 
0.7 0.7 
0.6 0.5 
1.0 2.0 
1.5 1.2 
2.2 1.0 

25 
35.5 29 
4$ 38 
46 35 
51 47 
64.5 58.5 
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TABLE II CALOn. n~ETER OPERATION 
LINE ITEM 

1 Ballast & lamp RQM#1-9, v2s#6-9,10 V2S#6-9,10 
2 Combination RQM#2-4,5 V2S#$-4,5 
3 Volts 120 
4 Amps 1.41 .5 .303 
5 vlatts 167.6 156.4 82.6 
6 P01rler Factor .99 .98 .98 
7 Lumens 9$25 9773 54$7 
8 Efficacy, LPW 5$.6 62.5 66.4 
9 Regulation, 90% .4'fo -6.4'fo -6.1'fo 

11~ +6.9'fo +5.5" +5 .3~ 
10 Starting Time, 90% 3.7 3.2 2.5 

100% 1.5 1.7 1.$ 
110% 1.0 0.9 1.0 

11 Peak Start I, 90% 4.0 2.5 4.2 
10010 4.5 3.5 5.0 
110~ 4.5 5.0 5.1 

12 Temperatures, °c 
A. Ambient 25 24.5 25 
B. Plenum 36 35 31.5 
c. Lamp Compo 51 49.5 40 
D. Ballast Compo 4$ 46 3th5 

E. Lamp 55 54 4$ 

F. Ballast 
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Calorimeter Conditions: Lamps and ball~3ts ~ountcd in recessed 
troffer installed in ADC test c~lor
imeter to :,jT!l~llatc nonno.l rcc0~;~)cd 

installa t ion '. \'1i th pl en urn v01 ume per 

Line Note 

1 urn i n <1.i n:,c U:) cu. ft. T e ;:; t s con -
ductcd under' :,Lible condition::; with 
minimum lv-hour '.1armup, 

1 Since performance of reces~;cd ull~L;; on 60 Hz ballast:3 i::,; 
variable with lamp loading, tests were perfoI~ed on both 
two and four lamp combinations, unrl on individual samp
ling~> of low-output (18PCT) and hirh-output (:?2PCT) high 
frequency ballasts. 

3-6 See Notes to Table I 

7 Calibration transferred from free-air tests and monitored 
by illumination me.:1surement below luminaire, using a drop 
diffusing panel in the luminaire to integrate the ~ight 
output of the lamps. Calibrations cross-checked on each 
test to verify .:1ccuracy <:md found to hold wi th in + 

8-11 See Notes to Table I 

l~: Tc!npera t nrc s measured by th errnoc ouple S ;Hld t cmpe ]:",t u.:ce 
br'l' d'y<> ac"ur'lcy" 0 t:oC Tn' "{"""'\C"1Jn'J ("e- ] O(,Clt0(i' ':]C' f01-. t") \.,.. , ~ v ( 2.. ;) .J If> \...-. 4,{ '.' .' \) r- - . ,-I v, '. _'" ( ~_ f._ .. > """ -

lown: 

A. 12" bel01d face of unit 1 f3hicldcd from I'adia!~ion 
D. Ave of 4 thennocouple rC3.din,[',;;, l·Jcctted ot center of 

each of 4 walls of calorimet~r inside olenwn 
c. Thermocouple suspended at lomp level i~ lamp compart

ment bet'vmen outer and il1n(~r lZl:nps 
D. Thermocouple suspended in center of ballast c artment. 
E. Thermocouple fastened to la:'lp in ;,Clrnc rnar:nCI' as ee 

. l'p ·tect" (ce' l;ne 'L r7 p,)t··,..,,, t" rj')']',l 1) a, , .",~).~ .:l' U .A.. ' , I I ~,~ ~ '-' ,) , l J . C . C ,.L \; • 

F. Thcrrnocouple fastened to hot ~;;;() t on boll;;J:;t. 
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CORPORATION 

9372 HILLViEW ROAD· ANAHEIM, CALIFORNIA • 92804 • PHONE 714/776-5400 

CERTIFIED TEST REPORT 

No. 770908 

Performed for 1.i Research Laborato 

Purchase Order No. Verbal - W. Jones 

Item Tested: 

Description 
Fluorescent Fixtures 
with ballasts noted PIN 

Sheet 1 of 4 

Date 7 14 77 

SIN 

Test Requirement: To determine the spectral distribution and chroma
tICIty coordInates of the light produced by two Westinghouse F40CW 
Preheat Rapid Start lamps when operated with an lotalite Model 22PCT-2 
electronic ballast and a Universal catalog #446-LR-TC-P ballast. 
The tests shall be conducted at 120.0 volts, 60 cps. 

Procedure: The equipment for determining'spectral distribution and 
diroma tiei ty coordinates was a Beckman ~10de 1 DK -IA Spec tropho tome tc r 
equipped with a Davidson & Hemmendinger Model 132-DE Tristimu1us 
Integrator (Item 2.1). This equipment had previously been calibrated 
using an NBS supplied color temperature standard (Item 3.4) in con
junction with a barium sulfate disc and verified accurate to within 
+.001 for both x and y in regions approximating the Planckian black 
Dody locus. 

The two fluorescent lamps noted above were placed in a fixture which 
contained the Iotalite ballast and operated at 120.0 +0.5 volts A.C., 
60 cps which was monitored by Item 1.1. The light generated was allowed 
to reflect from the barium sulfate disc into the spectrophotometer. 
After a 20 minute warmup, a spectral scan was completed and x and y 
were computed accordingly. 

The fluorescent lamps were then placed in the fixture containing the 
Universal ballast and orientated in the same manner. After a similar 
20 minute warmup, the test was repeated. 

Certi fi cd by Date 

89 
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CERTIFIED TEST REPORT Sheet 

No, 770908 ----

suIts: The following chromaticity data was obtained: 

Ballast 

Iota1ite 
Model 22PCT-2 

Universal 
446-LR-TC-P 

x 

.3717 .3941 

.3764 .3906 

The spectral charts obtained are included herein. 
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Sheet of 

The items checked below were utilized in the performance of the 
subject test or calibration. 

1. Electrical Measuring EguiEment 

DescriEtion 

X 1. United Systems Corp. ~1ode 1 269 
SIN 1052 Precision Digital Multi~ 
meter 

2 Keithley Model 155, SIN 27027 
Null Detector - Microvoltmeter 

3 United Systems Corp. Model 277~9 

SIN 4192 DC Milliampere Meter 

4 Weston !vIodel 901, SIN 25013 
Ampere Meter 

2. Photometric Test t 

pcscriEtion 

X 1 Recording Spectrophotome ter, 
Beckman Model DK-lA, SIN CP 5304 
with Davidson & Hemmendinger Model 
132-DE Tristimulus Integrator 

2 

3 

4 

5 

6 

7 

Photo Research Corp. Model 1980 CDB 
SIN D 1054 Microcandela Meter 

Photo Research Corp. Model 1980A-OP 
SIN C607 Pri tchard Photometer 

Photo Research Corp. Model 15025 UB 
SIN 2317 Spectra Spot Photometer 

Eppley Laboratories Inc. Circular 
Bi-Silver Thermopile, SIN 12852 

J. F. Davy Co. Model 420C, SIN 021 
Flash Photometer 

Bausch & Lomb Model 33-86-76 
SIN 301 High Intensity Monochrometer 

Limits 

1000V 

1000V 

199.9 ma 

20 A 

Limits 

200 to 
1000 mm 

lxlO- 6 to 
lxl0 6 Ft.C. 

1xlO- 6 to 
lxl0 6 Ft.L. 

1xlO~3 to 
lxl0 3 Ft.L. 

.25 to 
3.5 microns 

50 Ft.C. 
seconds 

150-850 mm 

8 Gardner Laboratory Inc. Model ~ to 100 
GG-9040. SIN 5843 60° Glossmeter 
with Gloss Stds, 60-5843-B & 60-5843-W 

91 

Accu 

0.02% DC 
0.10% AC 

1% 

0.10% 

0.25% 

Accur~ 

+ .003 

2% 

2% 

5% 

1% 

2% 

2.5 mm 

+2% 

6 ~1os 

6 Mos 

6 Mas 

6 Mos 

Calib 
Frog 0_ 

6 Mos 

12 Mo 

12 Mo 

12 Mo 

12 Mo 

12 Mo 

12 /Vlo 

Ea. U 
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3. Illumination Standards 
--~~. 

Descr ion 

1 NBS supplied 100 Watt Candlepower 
Standard #NBS 9477 NBS Test 210473-1 

2 NBS supplied 500 Watt Cand1epower 
Standard IINBS 7388 NBS Test 192674 

3 NBS supplied 500 Watt Candlepower 
Standard IINBS 7398 NBS Test 192674 

X 4 NBS supplied 500 Watt Color Temp. 
Standard IINBS 9912 NBS Test 210473-2 

5 NBS supplied 500 Watt Color Temp. 
Standard liNES 8053 NBS Test 192673 

6 Eppley supplied Standard of Total 
Radiation IIE-7405 Test No. 30465 

7 NBS traceable 100 Watt Candlepower 
Standard It 7401 

8 NBS tracenble 100 Watt Candlepower 
Standard 117402 

9 NBS traceable 100 Watt Color Temp. 
Standard 117403 

10 NBS traceable SOD Watt Candlepower 
Standard 117407 

11 NBS supplied 2" Flashed Master Opal 
Transmission Standard NBS Test 
212.11-12/68 

12 NBS traceable 2" Flashed Opal 
Transmission Standard #101 

13 NBS traceable 3" Flashed Opal 
Transmission Standard 11107 

14 Eastman Barium Sulfate Reflectance 
Standard 

15 NBS supplied Miniature Lamp 
Standard of Luminous Flux If NBS 9536 

16 NBS supplied Miniature Lamp 
Standard of Luminous Flux IINBS 9550 

92 

Limits 

85 cp 

667 cp 

656 cp 

2854°K 

2000 thru 
3000 0 K 

8Sx10- 6 
w/cm 2 

180 cp 

180 cp 

2854°K 

700 cp 

.481 

.512 

,460 

100% 

.5 MSCp 

. 5 MSCp 
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Sheet 4 of4 

Calib 
~ccuracl Fre 

2% 6 tIrs 

+ .75% 6 tIrs 

+ .75 % 6 tIl'S 

+ gOK 6 Hrs 

+ 8°K 6 Hrs 

2% 6 Hrs 

3 96 6 HI's 

3% 6 Hrs 

l2°K 6 p.- ~ L.<_ : .. ) 

3% 6 Hrs 

+ .10% 

1% 

1% 

1% 

1% Ea, US( 

1% Ea. USC 
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Instrumentation: 

Voltage: Input 
Secondary 

Current: Input 
Watts: Input 
Lumens: 

Temperature: 

Frequency: 
Sound Level 
Waveforms 

LRL 677~5 
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SRC Model YAW, 0.5%~ 0-800 Hz 
Fluke 8000, ± 1.0% + 2 counts 
SRC Model YAW, 0.5%. 0-800 Hz 
SRC Model YAW, ± 0.75% 
Photoresearch P-I000, Abs. ± 4% 

ReI. + 1% 
Leeds-Northrup 8692 Temp. Pot .• 
Frese Thermometer, 0-220F 
Tektronix 912 Oscilloscope 
General Radio 1551C 
Tektronix 912 Oscilloscope 

95 

+ 0.5 OC 

+ 0.2oF 

+ 5% 
1 db 
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1. Input voltage waveform all tests, and input current 
waveform for rated voltage, 120V 60 Hz ballast. 

2. Line current waveform for 60 Hz ballast, rated E. 

3. Line current waveform for Iota ballast, rated E. 

4. Line current waveform for 60 Hz ballast, 90% rated E 

5. Line current waveform for 60 Hz ballast, 110% rated E 

6. Line current waveform for Iota ballast, 90% rated E 

70 Line current waveform for Iota ballast, 110% rated E 

8. Peak current and starting time traces for 60 Hz ballast 

9. Peak current and starting time traces for Iota ballast 

10. Voltage envelope of secondary high-voltage, Iota ballast, 
sweep rate 2 ms/div. 

11. Starting and operating current traces for Iota ballast, 
cathode circuit 

12. Variation in light output, 60-Hz ballast, sweep rate 2 ms/div 

13. Variation in light output, Iota ballast, sweep rate 2 ms/div 

14. Noise waveform, 60-Hz ballast, 1 ms/div sweep rate 

150 Noise waveform, Iota ballast, ,1 mS/di v sweep rate, to same 
scale as Fig. 14. 

96 







hO 



100 



APPENDIX 6 

EXCEL CONTRIBUTION 

Under the terms of the IOTA contract with LBL the firm that will 

manufacture and market the IOTA 5000 and 6000 lumen ballasts, EXCEL 

Electronics Systems Division of Beatrice Foods Co" agreed at 

inception of the program to contribute at least $50,000 to the 

overall objective of the DOE sponsored program during Phase II, 

This was lito accelerate the commercialization of energy efficient 

electronic ballasts," The documentation of this EXCEL funded 

contribution will be submitted when received and will then become 

a part of this Appendix, 

It should be noted that in addition to their funding of extensive 

market research, production planning, and the equipment of a pre

liminary production facility, EXCEL has reported that they have 

absorbed costs for the manufacture of the demonstration ballasts 

that were in excess of those allowed under the IOTA fixed price 

subcontract, 
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This report was done with support from the Department of Energy. 
Any conclusions or opinions expressed in this report represent solely 
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Department of Energy. 




