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TEST SAMPLE IDENTIFICATION:

The table below is provided to provide correlation of sample numbers to specific product related information.  Refer to this table when a test identifies a test sample by "Sample No." only.
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+ - If Test Number is used, the Test Number or Numbers the sample was used in must be identified on the data sheet pages or on the Data Sheet Package cover page.

[ ]
 Sampling Procedure – 

	GENERAL BALLAST PREPARATION NOTES
	UL 935; Section 21


METHOD

1.
[ ]
POTTED BALLAST:  Lab:  Please pot the ballasts per the attached manufacturer's potting instructions.  Fill the ballast with potting compound to the same level as the potted sample provided by the client in Sample Tag No. _______________.


[Engineer:  Please include any special mixing or handling instructions on the potting compound.  If the compound is liquid, please attach the MSDS.  If the compound is solid, please provide the chemical name and composition and the flash point to the lab.  If the client did not provide this information, contact Denise Helm.] 

1A.
[ ]
POTTED SAMPLES:  The manufacturer of the ballast intends to fill the ballast with potting compound during production.  The ballast manufacturer will perform the potting process after thermocouples and change-of-resistance leads are in place.

[ ]
Apply thermocouples and change-of-resistance (if noted) leads to the sample that will be subjected to the Normal Temperature Test in accordance with the Normal Temperature Test Method.  Contact the project handler when the ballast is ready to be shipped to the ballast manufacturer for the potting process.

[ ]
Use previously prepared Normal Temperature Test samples for Normal Temperature Test.

2.
[ ]
FOR POTTED BALLASTS WITH POWER CAPACITORS:  Obtain       (# of) samples that will be subjected to the Fault-Condition Test for Class P Thermally Protected Ballasts.  Apply the fault leads indicated to each sample (except coil faults) using the leads which exit the ballast case.  In each of these samples, apply a thermocouple to the body of the following power capacitor(s): ____
[ ]
Use previously prepared Fault Test Samples for Fault Test   

3.
[ ]
FOR CLASS P BALLASTS WITH A DISCRETE PROTECTIVE DEVICE:

Condition the samples that will be subjected to the Fault-Condition  Test - Class P Thermally Protected Ballasts and Increased Ambient  Temperature Test - Class P Thermally Protected Ballasts.  Perform this conditioning by placing the samples to be conditioned in an oven with a temperature of _____(C  [Engineer: Determine oven temperature per Paragraph 21.3].  The samples are not to be energized and should remain in the oven for at least 12 hours, but not more than 72 hours. 


Determine if the thermal protector opened during the conditioning:

[ ]
Use an ohmmeter to measure the resistance between the ballast  input leads when the sample is at room ambient. A finite resistance should be measured.  Monitor the resistance of the input leads during the conditioning period.  If the resistance between the input leads becomes "infinite", the thermal protector has opened.  [Engineer: Verify that a finite resistance is present that will change when the protector opens.] 

[ ]
See other method (attached to this page) for monitoring state of the protective device.


If the protector opens, contact engineer.  Samples in which the protector opens during conditioning are not to be used during the Fault-Condition Test - Class P Thermally Protected Ballasts or Increased-Ambient Temperature Test - Class P Thermally Protected Ballasts.

4.
Voltages in other than the supply circuit are to be measured with an instrument having a resistance of not less than 10,000 Ohms per Volt.  [Engineer: A higher impedance instrument may be warranted by the impedance of the circuit under test.]  When measuring voltage, use a true rms indicating meter.  The meter should have a frequency response of at least 3 times the frequencies involved. 

[ ]
Frequencies involved = _____________.

[ ]
Lab measure max. frequency on ballast output leads.


If it is necessary to measure peak-voltage values, an oscilloscope  with a high-impedance input probe should be used.  The impedance of the probe should be at least 10 Megohms.

5.
All tests are to be conducted with a supply voltage of _____ Volts, _____Hz unless specified otherwise.  [Eng: See Para. 21.6]
6.
Some Test Methods for fluorescent ballasts require the utilization of a deactivated lamp.  A "deactivated lamp", for testing purposes, is to consist of the following configuration per paragraph 26.8:


Lamp pins marked 'A' represent each end of the deactivated lamp and are connected to the ballast.  The lamp pins marked 'B' are not to be connected to anything.
  ____________________

  ____________________

B=  normal R.S. lamp  =A

B-  normal I.S. lamp  -A
  ____________________

  ____________________

A=  normal R.S. lamp  =B

A-  normal I.S. lamp  -B
[ ]
Deactivated Rapid Start Lamp  

[ ]
Deactivated Instant Start Lamp 

[ ]
See other method/configuration attached.

7.
[ ]
A copy of the ballast electrical schematic is attached to this page.

[ ]
A copy of the ballast electrical schematic is not needed to perform the tests that follow.

8.
[ ]
A schematic showing the ballast-lamp (-starter) configuration during normal operation is attached to this page.

[ ]
A schematic showing the ballast-lamp (-starter) configuration is shown below.

[Engineer:
Some Test Methods create the need to differentiate between lamps, ballast leads, and lamp ends.  Be sure to label these.  Each lamp should have a lamp number.(1,2,3, or 4).  Each lead should have an ID such as a color coding.  Lamp ends should be identified either End #1 or End #2.]
[Engineer: Draw Sketch Above Line or Attach a labeled lamp-ballast schematic to this page.] 

9.
[ ]
For all tests, use lamp type __________________________ with a wattage of _______ Watts, unless specified otherwise.

10.
[ ]
A component layout diagram that can be used to identify circuit components is attached to this page.

	INPUT / OUTPUT MEASUREMENT TEST 
	UL 935; 21.6-21.9, 22.1-22.9, 31.1-31.3


METHOD

Ballast tested:

The Input/Output Test was conducted to confirm the appropriateness of marked ratings.  With the ballast energized at the maximum rated supply voltage and at the rated frequency, the input current and wattage were measured while the ballast was operating the intended lamps as noted in the results. The ballast and the lamps were first operated until the lamps approached normal operating temperature - at least 15 minutes. From the measured values, the power factor was calculated by Input Watts divided by (Input Volts multiplied by Input Amps).

Instructions: Select as needed.

[ ]
For autotransformer type magnetic ballasts, the output voltage was measured between all ballast lead wires or terminals - including the input lead wires or terminals - while in the various modes of lamp and ballast operation noted in the results. The output voltage to ground was measured between all lamp lead wires or terminals and ground while in the various modes of lamp and ballast operation noted in the results. The highest voltage was recorded. 

[ ]
For isolating transformer type magnetic ballasts, the output voltage was measured between only between opposite ends of each secondary winding (at lead wires or terminals) - not between isolated secondaries or to the primary - while in the modes of ballast operation noted in the results. The highest voltage was recorded. Voltage to ground was not measured.

[ ]
The maximum starting voltage of an electronic ballast was measured between all lamp lead wires while in the various modes of lamp and ballast operation noted in the results.

[ ]
For a reactor ballast in a preheat circuit, both the normal lamp and the preheat currents were measured.

For these measurements, 


[ ]ADVANCE \R 13.55the ballast was tested on the bench.


[ ]ADVANCE \R 13.55the electronic ballast was placed in a test fixture wireway and the ballast enclosure and test fixture wireway were electrically connected together. 

[ ]
The voltage across the power capacitor was measured while in the various modes of lamp and ballast operation noted in the results in order to determine compliance with Section 28 of UL 935.

[ ]
For ballasts having the ability to accept a range of input voltages that are either selected manually by wiring the ballast during installation or by automatic, self-adjusting circuitry, the current and wattage were measured at the low range of the input voltage, and in turn, the high range with the input supply grounded as noted previously.

[ ]
For ballasts with the ability to accept a family of lamps in a range of lamp wattages or shapes, the ballast input current (or wattage) was measured with the high range of lamp wattages. Additional lamp currents (or wattages) were measured when the ballast label provides ballast input current (or wattage) for corresponding lamps.

The measured output voltage in RMS (root mean square) units were compared to the marked output ratings.  The measured output voltage in peak volts was compared to the peaked voltage rating of wire and also used in the evaluation of clearance and creepage distances.

For Input/Output Measurements, the supply test voltage agreed with the intended supply in respect to the supply's grounding.

[ ]
For supply circuit voltages of 120, 220 (European), 277, or 347 volts, the supply circuit had a single side grounded. 

[ ]
For supply circuit voltages of 208, 220 or 240 (North America), or 480 a balanced supply circuit had balanced voltage to ground.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Lab Instructions: 

For the various modes of lamp and ballast operation find:


[ ]ADVANCE \R 13.55Using different lamps types and numbers as noted find the maximum input current, input power, and voltage across a power capacitor, if provided,


[ ]ADVANCE \R 13.55Using a deactivated lamp condition find the maximum input current and voltage across a power capacitor,


[ ]ADVANCE \R 13.55Using a shorted starter condition to find the maximum input current,


[ ]ADVANCE \R 13.55Using a no lamp condition find the maximum output voltage.

Record lamp(s) used, and lamp conditions.  Place number in front of lamp conditions that corresponds with data results column.  Cross out lamp conditions that did not apply.

Ballast tested:

The number designation in the first column, number of lamps, and lamp conditions below correspond to the columns in the following table:

	
	Four lamps

	
	Three lamps

	
	Two lamps.

	
	One lamp

	
	Four lamps, with lamp #1 deactivated/ starter shorted.

	
	Four lamps, with lamp #2 deactivated/ starter shorted.

	
	Four lamps, with lamp #3 deactivated/ starter shorted.

	
	Four lamps, with lamp #4 deactivated/ starter shorted.

	
	Three lamps, with lamp #1 deactivated/ starter shorted.

	
	Three lamps, with lamp #2 deactivated/ starter shorted.

	
	Three lamps, with lamp #3 deactivated/ starter shorted.

	
	Two lamps, with lamp #1 deactivated/ starter shorted.

	
	Two lamps, with lamp #2 deactivated/ starter shorted.

	
	One lamp, with lamp deactivated/ starter shorted.

	
	No load


Ballast tested:

Measurements were made using the following lamp type:

[ ]ADVANCE \R 13.55Commercially available lamps were used


[ ]ADVANCE \R 13.55General Electric


[ ]ADVANCE \R 13.55Philips


[ ]ADVANCE \R 13.55Osram Sylvania

	
	1
	2
	3
	4
	5
	6
	7
	8

	Input Volts (rms)
	
	
	
	
	
	
	
	

	Input Amps (rms)
	
	
	
	
	
	
	
	

	Input Watts
	
	
	
	
	
	
	
	

	Power Factor
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Output Volts (rms)
	
	
	
	
	
	
	
	

	Measured between leads or terminals
	&
	&
	&
	&
	&
	&
	&
	&

	Output Volts to ground (rms)
	
	
	
	
	
	
	
	

	Measured volts between lead wire or terminal and ground 
	&
	&
	&
	&
	&
	&
	&
	&

	Maximum Starting Volts (peak)
	
	
	
	
	
	
	
	

	Capacitor Volts for ___ µF
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


[ ]
The measured input current did not exceed 110% of the marked rating.

[ ]
For a ballast marked for use in a portable lamp, the measured voltage did not exceed 150 volts to ground.

[ ]
The measured output voltage or voltage to ground was greater than 300 V which warranted the marking of the output voltage.

[ ]
The measured output voltage was greater than 600 V however, the voltage to ground was less than 600 V.

[ ]
The measured output voltage to ground did not exceed 110% of the marked rating.

Note: If power capacitor was measured here, add result page for Section 31.

Other Observations:

Instructions for using matrix:

The following page was developed as a work sheet to help collect data for electronic ballast input/ output measurements.   The measurements, when conducted in accordance with the test method of Section 22 of UL 935, help to determine the maximum voltage between lead wires (or terminals) and in turn, the marked Output Voltage.  

At the time the page was developed, it was not possible to predict the maximum voltage that could exist between lead wires (or terminals) because electronic ballast circuits may incorporate transformers with interconnecting circuits or other variations.  The sheet allows for the collection of data when the ballast is considered as a "black box" with wires (or terminals) coming out of it.  It is not necessary to completely fill in all possibilities if there is an understanding of the ballast circuit.  Only the maximum voltage is sought.

In addition, since ballast output is seldom a simple sinewave. Measuring just a RMS value of voltage would not be sufficient.  Normally the RMS value is needed to correspond to the output voltage rating as wires and lampholders are rated with RMS values of voltage. The peak value is collected to determine if the peak value of the wire rating is exceeded.  Peak limits are determined by paragraph 13.2.13 (UL 935 10th edition) or where superseded by a rating on an AWM Style page.  The peak values are also of use in the evaluation of the spacing between electrical parts.

Worksheet for completing measured voltage between lead wires – RMS and PEAK

	
	Black
	White
	Red1
	Red2
	Blue1
	Blue2
	Yel1
	Yel2
	__1
	__2
	__1
	__2

	Black
	---
	rms
	rms
	rms
	rms
	rms
	rms
	rms
	rms
	rms
	rms
	rms

	White
	pk
	---
	rms
	rms
	rms
	rms
	rms
	rms
	rms
	rms
	rms
	rms

	Red1
	pk
	pk
	---
	rms
	rms
	rms
	rms
	rms
	rms
	rms
	rms
	rms

	Red2
	pk
	pk
	pk
	---
	rms
	rms
	rms
	rms
	rms
	rms
	rms
	rms

	Blue1
	pk
	pk
	pk
	pk
	---
	rms
	rms
	rms
	rms
	rms
	rms
	rms

	Blue2
	pk
	pk
	pk
	pk
	pk
	---
	rms
	rms
	rms
	rms
	rms
	rms

	Yel1
	pk
	pk
	pk
	pk
	pk
	pk
	---
	rms
	rms
	rms
	rms
	rms

	Yel2
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	---
	rms
	rms
	rms
	rms

	__1
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	---
	rms
	rms
	rms

	__2
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	---
	rms
	rms

	__1
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	---
	rms

	__2
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	pk
	---


Lead wire to ground voltage, RMS

	Black
	

	White
	

	Red1
	

	Red2
	

	Blue1
	

	Blue2
	

	Yel1
	

	Yel2
	

	__1
	

	__2
	

	__1
	

	__2
	


	LEAKAGE CURRENT FROM ENCLOSURE MEASUREMENT
	UL 935; Par. 21.6-21.9, 23.1-23.10


METHOD

The ballast under test was connected to the Leakage Current Test Circuit for its source of supply.  The supply was adjusted to the voltage noted in the results. The Leakage Current Test Circuit consisted of an isolating transformer and switches constructed in accordance with the standard.  

[ ]
For these measurements, a magnetic ballast was tested on the bench.

[ ]
For these measurements, an electronic ballast was placed in a test fixture wireway and the ballast enclosure and test fixture wireway were electrically connected together.

Leakage current from the enclosure was measured while the in the various modes of lamp and ballast operation noted in the results. 

The test sequence was,

a)
S1 - OFF, S2 - Intermediate/Off; the input voltage was adjusted in accordance with paragraph 19.7,

b
S1 - OFF, S2 - position A and then to position B; enclosure leakage currents recorded,  

c)
S2 - Intermediate/Off, then S1 - ON, S2 - position A and then to position B; enclosure leakage currents were recorded,

d)
S2 - Intermediate/Off, ballast was allowed to heat up, then S2 - position A and then position B; enclosure leakage currents were recorded,  

e)
S2 - Intermediate/Off, S1 - OFF, then S2  - position A and then position B; enclosure leakage currents were recorded.

Measurements were recorded under the various modes of lamp operation: normal operation, lamps out, deactivated lamps.

Measurement of the leakage current refers to all currents, including capacitively coupled currents, that are conveyed between exposed conductive surfaces of a ballast and ground during any condition of ballast operation, including normal lamp operation, open-circuit operation (lamps out), and operation with a deactivated lamp or lamps. 

[ ]
A lead wire brought out, or a terminal provided, for an electronic circuit ground and not bonded to the enclosure was first connected to the metallic ballast enclosure. 

[ ]
A ballast having a nonmetallic enclosure was tested using a metal foil with an area of 10 by 20 centimeters in contact with the surface of the enclosure as an electrode for the test probe.

[ ]
When the ballast enclosure was non-metallic and having a lead wire brought out, or a terminal provided, for an electronic circuit ground was connected to the metal foil in contact with the ballast.

[ ]
During the leakage-current measurement, the core and the metallic case of a power capacitor that could be in random contact with the ballast enclosure was conductively connected to the ballast enclosure unless the construction, such as an interposing sheet insulation, specifically precluded such contact.  If the ballast had the random contact construction and was potted, a specially prepared sample was used.

[ ]
For electronic ballasts having the ability to accept a range of input voltages that are either selected manually by wiring the ballast during installation or by automatic, self-adjusting circuitry, the leakage current was measured at the highest range of the input voltage with a single side grounded supply, and in turn, the highest range of input voltage with a balanced to ground supply.

[ ]
For ballasts with the ability to accept a family of lamps in a range of lamp wattages or shapes, the interaction of lamp type and enclosure leakage can be considered minimal. Leakage current was measured when the ballast was powering the lamp that resulted in the greatest ballast input current or wattage.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Instructions: Record lamp(s) used, and current measurements for lamp conditions.  Use extra pages as needed for other lamp conditions. When using network and measuring voltage, record voltage and calculate current on additional page.  

	Ballast tested:
	Supply Voltage:


Measurements were made using the following lamp type:

	Test Box Switch Positions
	S1- OFF S2- A

Lamp(s) Starting
	S1- OFF S2- B

Lamp(s) Starting
	S1- ON S2- A

Lamp(s) Starting
	S1- ON S2- B

Lamp(s) Starting
	S1- OFF S2- A

Lamp(s) Heated
	S1- OFF S2- B

Lamp(s) Heated
	S1- ON S2- A

Lamp(s) Heated
	S1- ON S2- B

Lamp(s) Heated

	Ballast Operation
	
	
	
	
	
	
	
	

	Normal
	
	
	
	
	
	
	
	

	No lamps
	
	
	
	
	XXXXX
	XXXXX
	XXXXX
	XXXXX

	Lamp 1 Deactivated
	XXXXX
	XXXXX
	XXXXX
	XXXXX
	
	
	
	

	Lamp 1 Out
	XXXXX
	XXXXX
	XXXXX
	XXXXX
	
	
	
	

	Lamp 2 Deactivated
	XXXXX
	XXXXX
	XXXXX
	XXXXX
	
	
	
	

	Lamp 2 Out
	XXXXX
	XXXXX
	XXXXX
	XXXXX
	
	
	
	

	Lamp 3 Deactivated
	XXXXX
	XXXXX
	XXXXX
	XXXXX
	
	
	
	

	Lamp 3 Out
	XXXXX
	XXXXX
	XXXXX
	XXXXX
	
	
	
	

	Lamp 4 Deactivated
	XXXXX
	XXXXX
	XXXXX
	XXXXX
	
	
	
	

	Lamp 4 Out
	XXXXX
	XXXXX
	XXXXX
	XXXXX
	
	
	
	


The leakage current was measured with:

[ ]
a directly reading leakage current meter and units for the above table were M.I.U., (or)

[ ]
an average responding voltmeter connected with the input circuit described in the standard. The reading of meter in RMS volts was converted to MIU by dividing the reading by 500 ohms and then multiplying the quotient by 1000 (regardless of the frequency). The mathematical equivalent is found by multiplying the RMS voltage reading (in volts) by 2.

[ ]
The results were considered acceptable since the highest measured current _____ M.I.U. did not exceed 0.5 M.I.U. / 0.75 M.I.U. (when the ballast had an output voltage of more than 150 V and was marked for use only in fixed equipment.)

Other Observations:

	RISK OF ELECTRIC SHOCK FROM RELAMPING (CURRENT FROM ISOLATED SECONDARY
	UL 935; 21.6-21.9, 24.2.1-24.2.3


METHOD

Instructions: This test can measure the current sourced from an isolated transformer ballast construction.  Originally developed for magnetic ballasts, the test can be used electronic ballasts.  Originally the meter input resistance was 500 ohms, but as a result of additional study and for harmonization, frequency weighted meter input network is preferred.

This test was conducted on ballasts with isolating transformer outputs.  

[ ]
The output waveform was complex or pulsed, therefore the current was measured from any lamp lead wire/terminal, through a 500 ohm, non-inductive, resistor, and to ground. The voltage was measured with an oscilloscope across the resistor. The current was calculated by Ohm's law.

[ ]
The output waveform was continuous, without pulsed output, therefore the current was measured from any lamp lead wire/terminal, through the network described in the standard (Figure 21.1.1), and to ground. 

[ ]
For a single lamp ballast, the lamp was removed.  

[ ]
For a multi-lamp ballast, each lamp was removed, measurement made, and replaced, in turn.

[ ]
For these measurements, the magnetic ballast was tested on the bench.

[ ]
For these measurements, the electronic ballast was mounted in a test fixture to represent actual usage, unless it was agreeable with the manufacturer to conduct the test on a bench top. The ballast enclosure, wireway, and test fixture were electrically connected together.

Instructions: Use this for pulsed operation.

Note: Deviation from standard,

For pulsed waveforms, an oscilloscope was used to determine the maximum RMS value for the pulse while taken over different intervals of the pulse. For the pulsed waveform, the pulse does not repeat more than once per second. 

Compliance of the pulse output with the following table was determined for both the overall pulse and the spike portions of the pulse.

	Pulse time duration, seconds  (T)
	Current limit, mA

	0.000 001 to 0.004
	I=6.3T-0.7

	0.004 to 0.021
	I=300

	0.021 to 0.55
	I=20T-0.7

	Greater than 0.55
	43.4 (per Table in UL935)


RESULTS

Instructions: 

Record lamp(s) used, lamp lead wire identification, and current measurements for lamp conditions. Usually, the ends of the lamp can be designated by the lamp lead color.  The lamp number may be arbitrary but in series sequence start lamp #1 is customarily the one that starts first.

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

For these measurements,

[ ]
the electronic ballast was mounted in a test fixture to represent actual usage.

[ ]
it was agreeable with the manufacturer to conduct the test on a bench top.

Ballast and lamp connections were:
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	lead wire color at left
	lead wire color at right

	Lamp 1
	
	

	Lamp 2
	
	

	Lamp 3
	
	

	Lamp 4
	
	


	
	Left end V rms
	
	Left end V peak V
	
	Right end V rms
	
	Right end V peak
	

	No lamp
	
	
	
	
	
	
	
	

	Lamp 1 Out
	
	
	
	
	
	
	
	

	Lamp 2 Out
	
	
	
	
	
	
	
	

	Lamp 3 Out
	
	
	
	
	
	
	
	

	Lamp 4 Out
	
	
	
	
	
	
	
	


The test was conducted with the following lamps (type designation & manufacturer) :

	Ballast Operation
	Lamp Measured
	Frequency, Hz
	Measured Voltage, V
	Measured M.I.U./

Calculated Current , mA / M.I.U.
	Pulse Duration mSec

	
	
	
	Lamp– Left end peak
	Lamp– Left End rms
	Lamp– Right End peak
	Lamp– Right End rms
	Lamp– Left end peak
	Lamp– Left End rms
	Lamp– Right End peak
	Lamp– Right End rms
	Lamp Left End
	Lamp Right End

	Normal
	1
	
	
	
	
	
	
	
	
	
	
	

	
	2
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	

	Lamp 1 Deactivated
	2
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	

	Lamp 1 out
	2
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	

	Lamp 2 deactivated
	1
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	

	Lamp2 out
	1
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	


	Lamp 3 deactivated
	1
	
	
	
	
	
	
	
	
	
	
	

	
	2
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	

	Lamp 3 out
	1
	
	
	
	
	
	
	
	
	
	
	

	
	2
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	

	Lamp 4 deactivated
	1
	
	
	
	
	
	
	
	
	
	
	

	
	2
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	

	Lamp 4 out 
	1
	
	
	
	
	
	
	
	
	
	
	

	
	2
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	


Notes for Table: RMS values recorded only when calculated current exceed 43.4 mAPEAK
Instructions: Use with pulsed outputs

Note: Deviation from standard.

Ballast tested:

The following information was gathered because the output was pulsed rather than continuous.

Measurements were made using the following lamp type:

[ ]
Commercially available lamps were used

[ ]ADVANCE \R 13.55General Electric

[ ]ADVANCE \R 13.55Philips

[ ]ADVANCE \R 13.55Osram/Sylvania

[ ]
Room temperature lamp

[ ]
Heated lamp

	Ballast Operation
	Lamp Number
	Lamp End
	Related Fig/Ill
	Pulse did not repeat more than 1/sec
	Overall pulse complied with limit
	Each portion of pulse complied with limit

	Normal
	1
	1
	
	
	
	

	
	1
	2
	
	
	
	

	
	2
	1
	
	
	
	

	
	2
	2
	
	
	
	

	
	3
	1
	
	
	
	

	
	3
	2
	
	
	
	

	
	4
	1
	
	
	
	

	
	4
	2
	
	
	
	

	Lamp 1 deactivated
	2
	1
	
	
	
	

	
	2
	2
	
	
	
	

	
	3
	1
	
	
	
	

	
	3
	2
	
	
	
	

	
	4
	1
	
	
	
	

	
	4
	2
	
	
	
	

	Lamp 1 out
	2
	1
	
	
	
	

	
	2
	2
	
	
	
	

	
	3
	1
	
	
	
	

	
	3
	2
	
	
	
	

	
	4
	1
	
	
	
	

	
	4
	2
	
	
	
	

	Lamp 2 deactivated 
	1
	1
	
	
	
	

	
	1
	2
	
	
	
	

	
	3
	1
	
	
	
	

	
	3
	2
	
	
	
	

	
	4
	1
	
	
	
	

	
	4
	2
	
	
	
	

	Lamp 2 out
	1
	1
	
	
	
	

	
	1
	2
	
	
	
	

	
	3
	1
	
	
	
	

	
	3
	2
	
	
	
	

	
	4
	1
	
	
	
	

	
	4
	2
	
	
	
	


	Lamp 3 deactivated
	1
	1
	
	
	
	

	
	1
	2
	
	
	
	

	
	2
	1
	
	
	
	

	
	2
	2
	
	
	
	

	
	4
	1
	
	
	
	

	
	4
	2
	
	
	
	

	Lamp 3 out
	1
	1
	
	
	
	

	
	1
	2
	
	
	
	

	
	2
	1
	
	
	
	

	
	2
	2
	
	
	
	

	
	4
	1
	
	
	
	

	Lamp 4 deactivated
	1
	1
	
	
	
	

	
	1
	2
	
	
	
	

	
	2
	1
	
	
	
	

	
	2
	2
	
	
	
	

	
	3
	1
	
	
	
	

	
	3
	2
	
	
	
	

	Lamp 4 out
	1
	1
	
	
	
	

	
	1
	2
	
	
	
	

	
	2
	1
	
	
	
	

	
	2
	2
	
	
	
	

	
	3
	1
	
	
	
	

	
	3
	2
	
	
	
	


[ ]
No pulses repeated more than 1/sec and both the overall pulse and any portion of the pulse did not exceed the limits.

[ ]
The calculated leakage current did not exceed 43.4 mAPEAK @ 10 kHz and higher.

[ ]
With 500 ohm resistor, the highest measured current _____ mA did not exceed the limits specified in UL 935.

[ ]
With the meter RC network, the highest measurement did not exceed 7.1 M.I.U.PEAK, 5.0 M.I.U.RMS.

Other Observations:

	Risk of Shock During Relamping (Through Lamp)
	UL 935, Par. 21.6-21.9, 24.1.1-24.2.2, 24.2.4-24.2.5, 24.2.7


METHOD

The ballast was connected to a source of supply that was adjusted to the input voltage as described in paragraph 21.6. 

If the ballast was marked to operate different types of lamps, the different lamps were connected and these measurements were made, unless it was known from previous testing, which lamp type would result in the most severe measurement, generally, the lamp with the easiest (lowest) starting voltage is to be used for the through lamp measurement.

One end of each lamp, in turn, was disconnected from the ballast and connected to ground through the meter network.  The test results, as noted, were either in Meter Indicating Units (M.I.U) that compensate for the frequency involved or directly in milliamperes.  When the measurements were obtained directly in milliamperes, the frequency of the measured current was also noted.

[ ]
For these measurements, the magnetic ballast was tested on the benchtop.

[ ]
For these measurements, the electronic ballast was mounted in a test fixture to represent actual usage, unless it was agreeable with the manufacturer to conduct the test on a bench top. The ballast enclosure, wireway, and test fixture were electrically connected together.

[ ]
The meter input network was as described in the standard (Figure 24.2) and was connected to multimeter suitable for the frequencies involved.  The measured voltage was multiplied by 1000 and divided by 500 ohms to yield values of M.I.U.

[ ]
The meter was a commercially available leakage current meter set to the "let-go" range.  The measured values were displayed directly as values of M.I.U.

For this test, the supply test voltage agreed with the intended supply in respect to the supply's grounding.

[ ]
For supply circuit voltages of 120, 220 (European), 277, or 347 volts, the supply circuit had a single side grounded. 

[ ]
For supply circuit voltages of 208, 220 or 240 (North America), or 480 a balanced supply circuit had balanced voltage to ground.

Instructions: 

Use this page for pulsed operation or detailed oscilloscope studies.  It is the peak value of he leakage current and the duration that influence the potential shock hazard.  For a fairly sinusoidal lamp current waveform (crest factor <5) the meter and input network measurement technique can be used.  For outputs, the 500-ohm resistor and oscilloscope measurement technique are to be used.  The oscilloscope can be used to determine the maximum RMS value for the pulse while taken over portions of the interval of the pulse.

[ ]
The ballast operation was first surveyed to determine whether the lamp current at starting had a periodic waveform or was pulsed. An oscilloscope was used to determine this.

[ ]
The measurement network was a 500-ohm non-inductive (other than a simple wire-wound) resistor connected across the vertical input of an oscilloscope.  The measured voltage was divided by 500 to yield values directly in milliamperes.

[ ]
The measurement network was as described in the standard (Figure 24.2) and was connected to vertical input of the oscilloscope.  The measured voltage was multiplied by 1000 and divided by 500 ohms to yield values of M.I.U.

For pulsed waveforms, an oscilloscope was used to determine the maximum RMS value for the pulse while taken over different intervals of the pulse. For the pulsed waveform, the pulse does not repeat more than once per second. 

Compliance of the pulse output with the following table was determined for both the overall pulse and the spike portions of the pulse.

	Pulse time duration, seconds  (T)
	Current limit (rms), mA

	0.000 001 to 0.004
	I=6.3T-0.7

	0.004 to 0.021
	I=300

	0.021 to 0.55
	I=20T-0.7

	Greater than 0.55
	43.4 (per Table in UL935)


RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

For these measurements, 

[ ]
the electronic ballast was mounted in a test fixture to represent actual usage.

[ ]
it was agreeable with the manufacturer to conduct the test on a bench top.

[ ]
testing with heated lamps was considered to represent testing with cold lamps.

[ ]
testing with conditioned lamps was considered to present testing with new lamps.

Instructions: 

Record lamp(s) used and lamp identification. Usually, the ends of the lamp can be designated by the lamp lead color.  The lamp number may be arbitrary but in series sequence start, lamp #1 is customarily the one that starts first. 

Ballast and lamp connections were as follows:
[image: image13.wmf]
	
	lead wire color at left end
	lead wire color at right end

	Lamp 1
	
	

	Lamp 2
	
	

	Lamp 3
	
	

	Lamp 4
	
	


	Ballast tested:
	The ballast supply voltage was: 


Using the following lamps (type designation & manufacturer):

	Ballast Operation
	Lamp Measured
	Frequency, Hz
	Measured Voltage, V 
	Measured M.I.U./

Calculated Current , mA / M.I.U.
	Pulse Duration mSec

	
	
	
	Lamp– Left end peak
	Lamp– Left End rms
	Lamp– Right End peak
	Lamp– Right End rms
	Lamp– Left end peak
	Lamp– Left End rms
	Lamp– Right End peak
	Lamp– Right End rms
	Lamp Left End
	Lamp Right End

	Normal
	1
	
	
	
	
	
	
	
	
	
	
	

	
	2
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	

	Lamp 1 

Out/

Deactivated
	2
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	

	Lamp 2 

Out/ 

Deactivated
	1
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	

	Lamp 3

Out/

Deactivated
	1
	
	
	
	
	
	
	
	
	
	
	

	
	2
	
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	
	
	

	Lamp 4 

Out/

Deactivated
	1
	
	
	
	
	
	
	
	
	
	
	

	
	2
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	


Notes for Table: RMS values recorded only when calculated current exceeds 43.4 mAPEAK
[ ]
The measured/calculated peak M.I.U. was less than the limit of 7.07.

[ ]
The measured/calculated current (in milliamperes) while using the 500 ohm resistor measurement technique was less than the limit described in Table 24.1, for the frequency involved.

Instructions: Use with pulsed outputs

Note: Deviation from standard.

Ballast tested:

The following information was gathered because the output was pulsed rather than continuous.

Measurements were made using the following lamp type:

[ ]
Commercially available lamps were used


[ ]
General Electric


[ ]
Philips


[ ]
Osram/Sylvania

[ ]
Room temperature lamp

[ ]
Heated lamp

	Ballast Operation
	Lamp Number
	Lamp End
	Related Fig/Ill
	Pulse did not repeat more than 1/sec
	Overall pulse complied with limit
	Each portion of pulse complied with limit

	Normal
	1
	Left
	
	
	
	

	
	1
	Right
	
	
	
	

	
	2
	Left
	
	
	
	

	
	2
	Right
	
	
	
	

	
	3
	Left
	
	
	
	

	
	3
	Right
	
	
	
	

	
	4
	Left
	
	
	
	

	
	4
	Right
	
	
	
	

	Lamp 1 out / deactivated
	2
	Left
	
	
	
	

	
	2
	Right
	
	
	
	

	
	3
	Left
	
	
	
	

	
	3
	Right
	
	
	
	

	
	4
	Left
	
	
	
	

	
	4
	Right
	
	
	
	

	Lamp 2 out / deactivated 
	1
	Left
	
	
	
	

	
	1
	Right
	
	
	
	

	
	3
	Left
	
	
	
	

	
	3
	Right
	
	
	
	

	
	4
	Left
	
	
	
	

	
	4
	Right
	
	
	
	


	Lamp 3 out / deactivated
	1
	Left
	
	
	
	

	
	1
	Right
	
	
	
	

	
	2
	Left
	
	
	
	

	
	2
	Right
	
	
	
	

	
	4
	Left
	
	
	
	

	
	4
	Right
	
	
	
	

	Lamp 4 out / deactivated
	1
	Right
	
	
	
	

	
	1
	Left
	
	
	
	

	
	2
	Right
	
	
	
	

	
	2
	Left
	
	
	
	

	
	3
	Right
	
	
	
	

	
	3
	Left
	
	
	
	

	Lamp 4 out
	1
	Right
	
	
	
	

	
	1
	Left
	
	
	
	

	
	2
	Left
	
	
	
	

	
	2
	Right
	
	
	
	

	
	3
	Left
	
	
	
	

	
	3
	Right
	
	
	
	


[ ]
No pulses repeated more than 1/sec and both the overall pulse and any portion of the pulse did not exceed the limits.

[ ]
The calculated leakage current did not exceed 43.4 mAPEAK @ 10 kHz and higher.

Other Observations:
Risk of Shock During Relamping (Through Lamp) - Worksheet:
Ballast tested:

Lamp #

[image: image14.wmf]Wire color_______
Wire color______

[image: image15.png]


Wire color_______

Wire color______

[image: image1.png]


 

Oscilloscope vertical ______



Oscilloscope vertical ______

Oscilloscope time base _____



Oscilloscope time base _____

[ ]
Using 500 ohm resistor across oscilloscope input

[ ]
Using "let-go" network across oscilloscope input

[image: image16.png]


Lamp #

[image: image17.wmf]Wire color_______
Wire color______

Wire color_______

Wire color______
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Oscilloscope vertical ______



Oscilloscope vertical ______

Oscilloscope time base _____



Oscilloscope time base _____

[ ]
Using 500 ohm resistor across oscilloscope input

[ ]
Using "let-go" network across oscilloscope input

	Risk of Shock During Relamping (Voltage To Ground)
	UL 935, Par. 21.6-21.9, 24.1.1-24.2.2, 24.2.4-24.2.5


METHOD

Instructions: This test has historically been applied only to 34/40 w lamp ballasts, as an autotransformer.

For non-electronic ballasts operating 40 watt, F40T12 lamps or the energy saving versions (34/35 watts), the voltage from any lamp lead wire to ground was measured.

The ballast was connected to the intended source of supply.  Care was taken to assure the supply was single side grounded or balanced to ground as is the convention for the particular supply.

For these measurements, the magnetic ballast was tested on the bench. 

For rms values a true RMS indicating voltmeter was used.  For peak values an oscilloscope was used.

For these measurements,


[ ]
the ballast was tested on the bench.


[ ]
the electronic ballast was placed in a test fixture wireway and the ballast enclosure and test fixture wireway were electrically connected together.

[image: image3.wmf]
RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast and lamp For these measurements,

[ ]
the electronic ballast was mounted in a test fixture to represent actual usage.

[ ]
it was agreeable with the manufacturer to conduct the test on a bench top.

[ ]
testing with heated lamps was considered to represent testing with cold lamps.

[ ]
testing with conditioned lamps was considered to present testing with new lamps.

Instructions:

Record lamp(s) used and lamp identification. Usually, the ends of the lamp can be designated by the lamp lead color.  The lamp number may be arbitrary but in series sequence start, lamp #1 is customarily the one that starts first. 

Ballast and lamp connections were as follows:


	
	lead wire color at left end
	lead wire color at right end

	Lamp 1
	
	

	Lamp 2
	
	

	Lamp 3
	
	

	Lamp 4
	
	


[ ]
For non-electronic ballasts operating 40 watt, F40T12 lamps or the energy saving versions (34/35 watts), the following voltages to ground were measured.

Instructions: In the following table, indicate the lamp end by lead wire color or numbering scheme.

	Lamp Designation: 
	Lamp 1 - Left end
	Lamp 1 - Right end
	Lamp 2 - Left end
	Lamp 2 - Right end
	Lamp 3 - Left end
	Lamp 3 - Right end
	Lamp 4 - Left end
	Lamp 4 -Right end

	No lamps - rms
	
	
	
	
	
	
	
	

	No lamps -peak
	
	
	
	
	
	
	
	

	Lamp 1 Out - rms
	
	
	
	
	
	
	
	

	Lamp 1 Out - peak
	
	
	
	
	
	
	
	

	Lamp 2 Out - rms
	
	
	
	
	
	
	
	

	Lamp 2 Out - peak
	
	
	
	
	
	
	
	

	Lamp 3 Out - rms
	
	
	
	
	
	
	
	

	Lamp 3 Out - peak
	
	
	
	
	
	
	
	

	Lamp 4 Out - rms
	
	
	
	
	
	
	
	

	Lamp 4 Out - peak
	
	
	
	
	
	
	
	


[ ]
The highest voltage did not exceed 175 volts-rms and did not exceed 300 volts-peak (325 volts-peak in the case of a two lamp lead circuit ballast).

Other Observations:
	RISK OF SHOCK DURING RELAMPING (FOIL AROUND LAMP) 
	UL 935; Par.21.6-21.9, 24.3.1-24.3.2


METHOD

Instruction: This test need not be conducted if the ballast is marked for use only with compact lamps rated less than 20 watts.


LAB: Use a reaction current network and test leads which have been provided with shielding.
The device was connected to the Leakage Current Test Circuit for its source of supply.  The supply was adjusted to the voltage noted in the results.  For these measurements, the electronic ballast was mounted in a test fixture to represent actual usage, unless it was agreeable with the manufacturer to conduct the test on a bench top. The ballast enclosure, wireway, and test fixture were electrically connected together.

A piece of aluminum foil, 2 inches wide, was wrapped around the entire circumference of the lamp to simulate hand contact. The foil need not fit into the crevice between the tubes of compact lamps.  The lead wire from the foil was connected the reaction current network described in UL 935. The voltage at the output of the network was measured with a true RMS indicating meter or an oscilloscope.

If the ballast was marked to operate different types of lamps, the different lamps were connected and these measurements were made, unless it was known from previous testing, which lamp type would result in the most severe measurement.

In the sequence of testing, first with the ballast and lamps connected for normal operation, a survey was done with the aluminum foil loosely wrapped around the lamp so it could be moved along the length of the lamp until a maximum reading was obtained.  Second, the leakage current test box switches were tried in the different positions to see the effect.  The switches were then left in the most severe position for the remainder of the measurements. Third, the aluminum foil was tightened and the final measurements recorded. 

Different lamp modes of operation were connected.  The aluminum foil survey and measurements were repeated for the other lamp conditions, if necessary.  

For this test, the supply test voltage agreed with the intended supply in respect to the supply's grounding.

[ ]
For supply circuit voltages of 120, 220 (European), 277, or 347 volts, the supply circuit had a single side grounded. 

[ ]
For supply circuit voltages of 208, 220 or 240 (North America), or 480 a balanced supply circuit had balanced voltage to ground.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

For these measurements,

[ ]
the electronic ballast was mounted in a test fixture to represent actual usage

[ ]
it was agreeable with the manufacturer to conduct the test on a bench top.

Instructions: 

Record lamp(s) used and lamp identification. Usually, the ends of the lamp can be designated by the lamp lead color.  The lamp number may be arbitrary but in series sequence start lamp #1 is customarily the one that starts first. 

Ballast and lamp connections were as follows:

	
	lead wire color at left end
	lead wire color at right end

	Lamp 1
	
	

	Lamp 2
	
	

	Lamp 3
	
	

	Lamp 4
	
	


Ballast tested: 

	Supply voltage:
	Lamp(s) - type designation:


	Ballast Operation
	Lamp Measured
	Foil position at highest voltage
	Recorded voltage, mV

	Normal
	1
	
	

	
	2
	
	

	
	3
	
	

	
	4
	
	

	Lamp 1 deactivated
	11
	
	

	
	2
	
	

	
	3
	
	

	
	4
	
	

	Lamp 1 out
	2
	
	

	
	3
	
	

	
	4
	
	

	Lamp 2 deactivated
	1
	
	

	
	21
	
	

	
	3
	
	

	
	4
	
	

	Lamp 2 out
	1
	
	

	
	3
	
	

	
	4
	
	

	Lamp 3 deactivated
	1
	
	

	
	2
	
	

	
	3
	
	

	
	4
	
	

	Lamp 3 out
	1
	
	

	
	2
	
	

	
	4
	
	

	Lamp 4 deactivated
	1
	
	

	
	2
	
	

	
	3
	
	

	
	4
	
	

	Lamp 4 out 
	1
	
	

	
	2
	
	

	
	3
	
	


[ ]
The highest recorded voltage did not exceed 40 millivolts.

Other Observations:

	TEMPERATURE TEST (NORMAL & ABNORMAL
	UL 935; Sections 25 & 26


Instructions: Select appropriate title.

Normal Temperature Test:
Normal Temperature And Abnormal Temperature Tests:
METHOD (NORMAL TEST)

Instructions: Engineer - Any lamp type for which the ballast is marked must be considered.  Additional normal temperature testing may be necessary using different lamp types.  For the Normal Temp. Test with thermal fuses: the fuse should remain in the circuit and the temperature monitored on the fuse in order to comply with the fuse's Hold, Function, and Max Limit Temperature C of A's.

With the device energized at the maximum rated supply voltage and at the rated frequency, as described in paragraph 21.6 –21.8 of UL 935, temperatures were measured at the various locations described in the results.

Thermocouples were attached at various locations by solder, a mixture of Fuller's earth and water glass, an epoxy, cement, or by masking tape.  Thermocouple measurements were made with an electronic instrument.

Where noted, temperatures of windings were determined by the change of resistance method. The value of the cold resistance was extrapolated back to the time of shutdown.

The ballast was placed in a still air oven constructed in accordance with the standard to simulate operation in an increased ambient temperature. The ballast was mounted on wooden cleats, 3 inches high.  

[ ]
The lamps used for the Normal Temperature Test were the ones that drew the most input current during the Input Test.

[ ]
The lamps used for the Abnormal Temperature Test were the ones that drew the most input current with lamp in the shorted starter mode.

[ ]
For a ballasts that can operate on several supply voltages, separate tests were conducted at the low limit, and in turn, the high limit of the rated voltage and with the supply with either a single side grounded or balanced to ground supply as was the convention for the voltage involved.

The ballast was operated until temperatures stabilized. Stability was determined by having the test run at least three hours and after three successive readings, taken at 15-minute intervals, temperatures were within one degree and were not rising.

TEMPERATURE TEST (NORMAL & ABNORMAL)
RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Instructions: Use for magnetic ballasts

Ballast tested:

Test No. 1 

Measurements were made using _____ (number) following lamp type:


[ ]
Lamp No.____ was deactivated.


[ ]
The starter was shorted in lamp no. _____.

Test No. 2 

Measurements were made using _____ (number) following lamp type:


[ ]
Lamp No.____ was deactivated.


[ ]
The starter was shorted in lamp no. _____.

	Location of Thermocouples
	Test No. 1

Degrees C
	Test No. 2

Degrees C

	Enclosure/Outer surface
	
	

	Enclosure/Outer surface
	
	

	Enclosure/Outer surface
	
	

	Enclosure/Outer surface
	
	

	Lead wire at case exit
	
	

	Power Capacitor 
	
	

	Oven Temperature
	
	


	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Instructions: Use for electronic ballasts

Ballast tested:

Instructions: 

When measuring electronic ballasts, check to see if results are affected by eddy current heating of the iron in type J thermocouples.  First operate the ballast as intended and collect data as usual.  Then turn ballast off and check for a rapid downward swing in temperatures.  After 30 seconds, the temperature should be compared to those recorded earlier. If there was more than a few degrees difference in temperature, either use K or T type thermocouples, or take J type thermocouple measurements after power shut-down.

Test No. 1 

Measurements were made using _____ (number) following lamp type:

[ ]
Lamp No.____ was deactivated.

[ ]
The starter was shorted in lamp no. _____.

Test No. 2 

Measurements were made using _____ (number) following lamp type:

[ ]
Lamp No.____ was deactivated.

[ ]
The starter was shorted in lamp no. _____.

Instructions: Use for electronic ballasts

Ballast tested:

	Location of Thermocouples
	Test No. 1

Degrees C
	Test No. 2

Degrees C

	Enclosure/Outer surface
	
	

	Enclosure/Outer surface
	
	

	Enclosure/Outer surface
	
	

	Enclosure/Outer surface
	
	

	Printed wiring board near
	
	

	Printed wiring board near
	
	

	Printed wiring board near
	
	

	Inductor_____/ Transformer____
	
	

	Inductor_____/ Transformer____
	
	

	Inductor_____/ Transformer____
	
	

	Inductor_____/ Transformer____
	
	

	
	
	

	Internal wiring near _________
	
	

	Lead wire at case exit
	
	

	
	
	

	Fuse
	
	

	Potting compound
	
	

	Fiber insulator (not part of coil system)
	
	

	
	
	

	
	
	

	Ambient temperature
	
	


Instructions: Use for change of resistance measurements

Ballast tested:

The following coils had temperatures determined by the change of the resistance method

	
	Test No.1
	Test No. 2

	Coil #
	Initial Ohms @

_____(C
	Final Ohms  @

______(C
	Calculated Maximum Temp ((C)
	Initial Ohms @

_____(C
	Final Ohms  @

______(C
	Calculated Maximum Temp ((C)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


The following formula was used to calculate the change of resistance and correct to a 40 (C ambient temperature.
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Where

TC is the temperature when RC was measured

TH is the temperature when RH was measured

RH is the resistance (hot) at end of the test

RC is the resistance (cold) at start of the test

TO is the oven temperature

k is a constant:  234.5 for Cu, 225 for Al

	Time
	Resistance
	Time
	Resistance
	Time
	Resistance

	5
	
	5
	
	5
	

	10
	
	10
	
	10
	

	15
	
	15
	
	15
	

	20
	
	20
	
	20
	

	25
	
	25
	
	25
	

	30
	
	30
	
	30
	


Instructions: For both magnetic and electronic ballasts

[ ]
The maximum temperatures did not exceed the limits specified in Table 25.1 of UL 935 when corrected to 40 (C.

[ ]
The maximum temperatures did not exceed the limits specified in Table 25.1 of UL 935 when corrected to 25 (C.

[ ]
The maximum temperatures on the terminal and wiring compartment did not exceed the marked rating.

[ ]
The ballast was potted and no potting compound was emitted during the normal or abnormal temperature tests.

Other Observations:

	Abnormal Temperature Test
	UL 935, Par. 21.6-21.8, 26.1-26.11

UL 1993, Par.17.1-17.12


METHOD

Instructions: Select for UL 935 or unlisted component for UL 1993; and if protector is used.

[ ]
The ballast was connected to a supply of rated frequency and with the input voltage adjusted to the maximum as described in paragraphs 21.6 – 21.8 of UL 935.  

[ ]
The ballast was in the device as intended.  The device was mounted in the test fixture in a base up orientation.

[ ]
A thermal protective device provided for Class P rating was allowed to remain in the circuit. 

Thermocouples were placed,

[ ]
on a power capacitor of the magnetic ballast, and

[ ]
on a power factor correction capacitor, and

[ ]
on components (same as Normal Temperature Test) of an electronic ballast, and

[ ]
the outer surface of the magnetic ballast.

[ ]
Coil temperatures for a magnetic ballast were measured by the change of resistance method.

Abnormal operation was created by,

[ ]
a deactivated lamp.  The deactivated lamp was simulated by using two lamps.  One filament of each lamp was connected to the ballast.  For ballasts operating 2 or more lamps, the other lamps remained in place.

[ ]
a shorted lamp starter.  

The sample was operated 

[ ]
in an oven maintained at a temperature 40( C.  

[ ]
on the bench with an ambient temperature of 25( C.

[ ]
in the test fixture specified in UL 1993.

If the ballast was marked for different lamps, the lamp type causing the highest wattage in the input test was used.  Lamps that became inoperative during the test were replaced.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Product tested:

The fault condition was noted in the following table.  The analysis of results described what happened.

	Fault Condition:



	Thermocouple location
	Maximum temperature

 (( C)
	Maximum coil temperature (( C) by change of resistance
	Test oven  (ballast ambient temperature) (( C) [N/A for UL 1993]

	Ballast/Coil surface
	
	
	

	Ballast/Coil surface
	
	
	

	Ballast/Coil surface
	
	
	

	Ballast/Coil surface
	
	
	

	Capacitor
	
	
	


[ ]
Temperatures on the magnetic ballast coils did not exceed 135( C for Class A insulation system.

[ ]
Temperatures on the magnetic ballast coils did not exceed 160( C for Class B insulation system.

[ ]
Temperatures on the capacitor did not exceed 10( C over the manufacturer's rating.

[ ]
There was no ignition of potting compound or emission of a sufficient amount of potting compound to cause dripping.

Other Observations:

	TEMPERATURE TEST (CSA ABNORMAL OPERATION


	CSA C22.2, No. 74; 6.2.3, 6.5.6.2, 6.5.7.1


METHOD


Attach thermocouples at the locations noted under results.  Use Type T thermocouples when the ballast is an electronic type.  

[ ]
If the ballast is intended to be potted, the potting process must be performed by the manufacturer.  Therefore, the thermocouples leads should be secured carefully in place to prevent shifting during shipment.  

[ ]
The ballast is to be tested in a still-air convection commercial oven.  The oven should be maintained at an ambient temperature of 40.0(C ± 5.0(C.  Prior to the start of the test, the de-energized ballast should be placed in the oven until all parts have attained oven temperature.  The ballast should be supported by wooden cleats 3 inches above the oven floor in the center of the oven orientated as sketched below.

[ ]
The through-cord ballast is to be tested in an ambient of 25.0(C ± 5.0(C.  

[ ]
If the ballast is provided with a discrete thermal protector device, the component should be shorted for the abnormal conditions specified below.  On the electrical schematic attached, the thermal component is designated: _______.


Ballast orientation during test:  [Engineer--> Draw Sketch.] 

If the ballast is to be tested in an oven, attach leads such that the ballast can be connected to a source of supply and load circuit external to the oven.  

During the test, use a 120 V, 60 Hz source of supply.  Use the lamp type specified under Results.


Arrange an ammeter at the ballast input to measure input current.  If the input current is less than 90% of its marked rated value, blanket the lamps with a convenient material to cause them to operate warmer to the extent that input current is brought to 90% of its rated value.

---> 90% of the marked rated current value is: ________________ Amps.


Operate the ballast until temperatures have stabilized and then apply the indicated abnormal operating condition.  The test should be continued until thermal stabilization or ultimate results.  Temperatures have stabilized when three successive readings taken at intervals of 10% of the previously elapsed duration of the test, but not less than 5 minute intervals, indicate no change in temperature.  Record the maximum temperatures attained.

ABNORMAL OPERATING CONDITION:
[ ]
Arrange the rapid-start ballast as described above and operate the ballast under a deactivated lamp condition. 

[ ]
Connect the simple reactance ballast in its intended preheat circuit.  Short the starter in the circuit.  Operate the ballast in a room ambient.  

[ ]
Arrange the instant-start ballast as described under the     Normal Temperature Test Method with the exception of lamp conditions which are to be as specified under Results.  If the ballast utilizes a circuit interrupting lampholder, short the lampholder contacts together. 


Operate the ballast during the Abnormal Operation Test with each of the lamp conditions (and/or combinations of lamp conditions) specified under Results.  If heat generated by the ballast causes the air in the oven to exceed the maximum specified ambient of 45(C, the test should be continued without oven adjustment.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Condition 1:
	
	Normal Temperature test with Ballast Model______________,

Lamp Type:________________Input Voltage:________________

	Condition 2:
	
	Abnormal Temperature Test w/: [ ] Starter shorted  






[ ] All lamps Deactivated

	Condition 3:
	
	

	Condition 4:
	
	

	Condition 5:
	
	

	Condition 6:
	
	

	Condition 7:
	
	

	Condition 8:
	
	

	Condition 9:
	
	


	
	
	
	Maximum Temperature, (C

	
	Condition Number 
	
	 1
	
	 2
	
	 3
	
	 4
	
	 5
	
	 6

	
	Location
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Ambient 1 oven
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Ambient 2 oven
	
	
	
	
	
	
	
	
	
	
	
	

	3
	Ambient Room
	
	
	
	
	
	
	
	
	
	
	
	

	4
	

[ ] (R
	
	
	
	
	
	
	
	
	
	
	
	

	5
	

[ ] (R
	
	
	
	
	
	
	
	
	
	
	
	

	6
	

[ ] (R
	
	
	
	
	
	
	
	
	
	
	
	

	7
	

[ ] (R
	
	
	
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	
	
	
	
	
	

	11
	
	
	
	
	
	
	
	
	
	
	
	
	

	12
	
	
	
	
	
	
	
	
	
	
	
	
	

	13
	
	
	
	
	
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	
	
	
	
	
	
	

	16
	
	
	
	
	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


	CHANGE OF RESISTANCE CALCULATION:
	UL 935; 23.20


	Measurements Between Leads:
	
	-
	

	Patchcord Resistance =
	
	(
	

	Cold ambient = tac=
	(C
	Hot ambient = tah=
	(C
	

	With Patchcord Resistance
	Without Patchcord Resistance
	

	Rcold=
	
	(
	Rcold=
	
	(
	

	R10=
	
	(
	R10=
	
	(
	

	R20=
	
	(
	R20=
	
	(
	

	R30=
	
	(
	R30=
	
	(
	

	R60=
	
	(
	R60=
	
	(
	

	R10-R60 = Coil resistance at 10 through 60 seconds after deenergization.

	Note: For calculations, use the "Without Patchcord Resistance" values, only.  
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	Coil Temperature Rise = (Rhot / Rcold)x(234.5 + tac)-(234.5 + tah)

	Coil Temperature Rise =
	
	x(234.5 +
	
	) - (234.5 + 
	
	) =
	(C

	Final Coil Temperature = Coil Temp Rise + tah

	Final Coil Temperature =
	
	+
	
	=
	
	(C

	

	Coil Temperature at 40(C = Coil Temperature rise +40(C =
	
	(C


	DIELECTRIC VOLTAGE WITHSTAND TEST
	UL 935; Sec. 32


METHOD

While in a heated condition from normal operation, a test voltage was applied between points tabulated below.  An alternating current at 60 Hz was gradually increased to the final value and maintained for 1 minute.

The test voltage was determined from the formula


[image: image6.wmf]1000

 

+

 

2x(V)

=

Voltage

 

Test


[ ]
For auto-transformer (non-isolating) and simple reactance type ballasts:


The test voltage was applied all lead wires (tied together) and dead metal exposed or likely to be grounded.  In the formula, V was the input or output voltage, whichever was higher.  

[ ]
For isolating transformer ballasts: the test voltage was applied between,


a)
all lead wires (tied together) of each winding and dead metal exposed or likely to be grounded. In the formula, V was the normal operating voltage measured across the winding being tested,


-and-


b)
each of the other windings. In the formula, V was the normal operating voltage measured between the two windings being tested. 

[ ]
The isolating transformer ballast had a resistor between the windings for starting purposes; it was removed for this test.

[ ]
For electronic ballasts: the test voltage was applied between,


a)
all live parts (lead wires tied together) and dead metal exposed or likely to be grounded. In the formula, V was the normal operating voltage measured across the winding being tested,


-and-


b)
if provided, between the primary circuit and the output secondary circuit of the output transformer. In the formula, V was the normal operating voltage measured between the two windings being tested. 

[ ]
For dimming control Class 2 and Class 3 circuits, a dielectric withstand potential of 2500 VAC was applied between the Class 2 or Class 3 circuit and the supply (primary) circuit.  The dielectric-withstand voltage was applied for a period of one minute at each test position. 

[ ]
Adjacent foil traces on a printed wiring board first had the voltage measured between the two foils in question.  A dielectric withstand potential was applied between the pieces of foil in the question.  A separate board without components or coatings was used.  The DC potential was determined using the formula above and where V was the maximum peak voltage between the foil traces.  The dielectric-withstand voltage was applied for a period of one minute at each test position.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

[ ]
For the following tests, AC was used.

[ ]
For the following tests, DC was used.

The test voltage was applied between the following points, and the test voltage was,

[ ]
Windings and dead metal exposed or likely to be grounded, ______ v

[ ]
Primary and secondary windings connected together and dead metal exposed or likely to be grounded, ______v

[ ]
Primary winding and dead metal exposed or likely to be grounded, ______v

[ ]
Secondary winding and dead metal exposed or likely to be grounded, ______v

[ ]
Primary winding to secondary winding, ______v

[ ]
Printed wiring board foil positions, as marked on attached drawing, _______v

[ ]
Class 2 or Class 3 circuit and supply (primary) circuits, ______v

[ ]
For each condition above, the test voltage was applied for 1 minute.

[ ]
There was no indication of a breakdown in the insulation system for any of the above.

Other Observations:
	BARE PW BOARD DIELECTRIC VOLTAGE WITHSTAND TEST
	UL 935, 32.10


METHOD


A sample of ballast, Model _______________ with type ______________ lamps was connected to a _________ volts, 60 Hz. source of supply.  The peak voltage was measured between the pair of traces on the printed wiring board as indicated under results (see Trace Layout Diagram for numbered traces).


At the end of the measurements, the ballasts was disconnected from the supply source and subjected to a Dielectric Voltage Withstand Test with the leads of the tester placed at the locations indicated below.  The tester output was increased from zero to the indicated potential (2 x Vpeak + 1000 V dc) and maintained at the specified value for one minute.

	Model
	Trace Locations
	Max Measured Voltage(Vpeak)
	Test Voltage
	Dielectric Breakdown?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


*Note - If there was dielectric breakdown for any condition above, record the breakdown voltage and time it took for breakdown to occur.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Model
	Trace Locations
	Max Measured Voltage(Vpeak)
	Test Voltage
	Dielectric Breakdown?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


*Note - If there was dielectric breakdown for any condition above, record the breakdown voltage and time it took for breakdown to occur.

	FAULT-CONDITION TEST - CLASS P THERMALLY PROTECTED BALLASTS
	UL 935; Par. 21.6-21.8, Sec. 27 


METHOD

Instructions: Use for magnetic ballasts or unlisted component UL 1993 products.

Ballast tested:

A sample was connected to a supply of rated frequency and with the input voltage adjusted to the maximum as described in paragraphs 21.6 – 21.8 of UL 935. The supply was fused with a 20 ampere, time delay fuse. Specially prepared samples were used to simplify the introduction of the fault conditions.

[ ]
A sample of the ballast was operated under normal conditions in an oven maintained at a temperature 40 °C until there was thermal equilibrium.  

[ ]
A sample of the ballast was placed in the end-use product and the combination was placed in the recessed test fixture used for the normal temperature test.

[ ]
If the ballast was marked for different lamps, the lamp type causing the highest wattage in the input test was used.  

Lamps that became inoperative during the test were replaced.

After the ballast temperatures were stable, the fault condition described in the results was introduced, one at a time and remained for the duration of the test.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Instructions: For use with magnetic ballast, primary, secondary, capacitor, and single winding fault conditions.  Deactivated lamp or shorted starter conditions were done if ballast surface temperatures exceeded 110 ( C in the abnormal temperature test.

Results:
Ballast tested:

Before the first fault condition was applied, the following was noted.

	Initial Conditions:

	Maximum ballast outer surface (( C)
	Capacitor case (( C)
	Test oven  / ballast ambient temperature (( C)

	
	
	


The fault condition was noted in the following table.  The analysis of results described what happened.

	Fault Condition:

[ ] Primary windingADVANCE \R 13.55[ ] Secondary windingADVANCE \R 13.55[ ] CapacitorADVANCE \R 13.55[ ] Reactor winding

[ ] Shorted starterADVANCE \R 13.55[ ] Deactivated lamp  [ ] 20% of turns  [ ] 2 layers of turns



	Cycle #
	Maximum ballast outer surface after protector opened (( C)
	Capacitor case 

(( C)
	Test oven / ballast ambient temperature (( C)
	Maximum ballast outer surface after protector re-closed (( C)
	Time (measured from when ballast outer surface temperature first exceeded 110 (C  (mm:ss)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Notes: In the cycle # column, a zero (0) indicates the protector did not open and the temperatures recorded are the maximum temperatures attained. Maximum temperature if maximum ballast case temperature is 110 (C or less, otherwise measured at the time the maximum ballast case temperature was 110 (C.

[ ]
Temperatures on the outer surface of the ballast did not exceed 110 (C

[ ]
Temperatures on the outer surface of the ballast did exceed 110 (C, but did not exceed the time and temperature limits of Table 25.1 of UL 935.

[ ]
Temperatures on the outer surface of the ballast did cool to at least 85 (C before the automatic reset protector re-closed.

[ ]
Temperatures on the capacitor did not exceed the manufacturer's rating.

[ ]
For a simple reactance through-cord or direct plug-in type ballast, the temperature on the outer surface of the ballast did not exceed 90 (C.

[ ]
During the above fault condition, there was no ignition of potting compound or emission of a sufficient amount of potting compound to cause dripping.

[ ]
The 20-ampere supply line fuse did not open.

Other Observations:
	FAULT-CONDITION TESTS – ELECTRONIC BALLASTS CLASS P PROTECTION
	UL 935, Sect. 29


METHOD

Instruction:  This test is required for non-Class P, electronic ballasts that are not thermally protected

Ballast tested:

The ballast was energized at an input voltage and frequency in accordance with 21.6. The supply circuit was connected in series with a 20-ampere fuse (time delay type). A thermocouple (or thermocouples) such as the type used in the Temperature Test, was attached to the ballast enclosure, or outer coil surface, in order to monitor the progress of the test. The following fault conditions were introduced, one at a time.

[ ]
For a transformer primary winding, two outer layers of a layer wound ballast or 20 percent of the turns of random wound ballast were short-circuited.

[ ]
For a transformer secondary winding, two outer layers of a layer wound ballast or 20 percent of the turns of random wound ballast were short-circuited.

[ ]
A deactivated lamp condition

[ ]
Any electrolytic capacitor or semiconductor junction located in a power handling circuit.

For ballasts having the ability to accept a range of input voltages that are either selected manually by wiring the ballast during installation or by automatic, self-adjusting circuitry, each test was conducted with the sample connected to the low range of the input voltage, with either a single side grounded or balanced to ground supply as is customary.

Regarding the ambient temperature of the ballast under test, the requirement was met when: 

a)
It was obvious within 30 minutes that a component had opened and the ballast was no longer operable; or when it is determined that the ballast enclosure temperatures were no longer rising and the ballast operation was stable; or

b)
After 30 minutes and when it is determined that the ballast enclosure temperatures were continuing to rise, the test was stopped and the ballast was placed in a 40 °C oven as in the Temperature Test and the test was restarted. The test was allowed to continue in the elevated ambient temperature or until the ultimate result was known, not exceeding 7 hours.

When it was not obvious what the power available was at various points in the circuit, a wattmeter and an adjustable external load resistor were used to determine the power available by the method described in the standard.

The sample was not be used for an additional fault condition unless the sample was operable after a fault condition or could be made operable with a simple repair such as replacement of a fuse.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Instructions: For use with magnetic winding fault conditions.  Use extra pages for each magnetic component.  

Ballast tested:

Before the first fault condition was applied, normal operation was initiated.

The fault condition was noted in the following table.  The analysis of results described what happened.

	Fault Condition:

[ ] Primary windingADVANCE \R 13.55[ ] Secondary windingADVANCE \R 13.55[ ] Boost InductorADVANCE \R 13.55[ ] (0ther)

[ ]ADVANCE \R 13.5520% of turns    [ ] 2 layers of turns



	Maximum ballast outer surface after protector opened (( C)
	Capacitor case 

(( C)
	Test oven / ballast ambient temperature (( C)
	Maximum ballast outer surface after protector re-closed (( C)
	Time (measured from when ballast outer surface temperature first exceeded 110 (C (mm:ss)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Notes: In the cycle # column, a zero (0) indicates the protector did not open and the temperatures recorded are the maximum temperatures attained. Maximum temperature if maximum ballast case temperature is 110 (C or less, otherwise measured at the time the maximum ballast case temperature was 110 (C.

[ ]
Temperatures on the outer surface of the ballast did not exceed 110 (C

[ ]
Temperatures on the outer surface of the ballast did exceed 110 (C, but did not exceed the time and temperature limits of Table 25.1 of UL 935.

[ ]
Temperatures on the outer surface of the ballast did cool to at least 85 (C before the automatic reset protector re-closed.

[ ]
Temperatures on the capacitor did not exceed the manufacturer's rating.

[ ]
For a simple reactance through-cord or direct plug-in type ballast, the temperature on the outer surface of the ballast did not exceed 90 (C.

[ ]
During the above fault condition, there was no ignition of potting compound or emission of a sufficient amount of potting compound to cause dripping.

[ ]
The 20-ampere supply line fuse did not open.

Other Observations:
Ballast tested:

The fault condition was noted in the following table.  The analysis of results described what happened.

	Component faulted

(SC - short circuit)

(OC - open circuit)
	Analysis of results
	Check for Fire
	Results of dielectric test

	
	
	[ ] No dripping or ignition of potting

[ ] No emission of flames or molten metal
	[ ]  No breakdown

	
	
	[ ] No dripping or ignition of potting

[ ] No emission of flames or molten metal
	[ ]  No breakdown

	
	
	[ ] No dripping or ignition of potting

[ ] No emission of flames or molten metal
	[ ]  No breakdown

	
	
	[ ] No dripping or ignition of potting

[ ] No emission of flames or molten metal
	[ ]  No breakdown

	
	
	[ ] No dripping or ignition of potting

[ ] No emission of flames or molten metal
	[ ]  No breakdown


[ ]
The temperatures on any point on the case of an enclosed ballast or the outer surface of an open core and coil ballast did not exceed 150 °C (302 °F).

[ ]
The temperatures on any point on the case of an enclosed ballast or the outer surface of an open core and coil ballast exceeded 110 °C (230 °F) but did not exceed the temperature versus time criteria specified in Table 27.1.

[ ]
For a through-cord or a direct plug-in type, the temperature on any point of the enclosure did not exceed 90 °C (194 °F).

[ ]
There was no ignition of a compound.

[ ]
There was no dripping of a compound from the enclosure.

[ ]
There was no emission of flames or molten metal from the ballast enclosure.

[ ]
The 20-ampere supply circuit fuse did not open.

Other Observations:

	INCREASED AMBIENT TEMPERATURE TEST - CLASS P THERMALLY PROTECTED BALLASTS
	UL 935; 28.1 – 28.4


METHOD

Instructions: For conventional, magnetic ballasts – not electronic.

Ballast tested:

The ballast was connected to a supply of rated frequency and with the input voltage adjusted to the maximum as described in paragraphs 21.6 – 21.8 of UL 935. Thermocouples were attached to the outer surface of the ballast.  Temperature recording equipment was setup to continuously monitor temperatures and note the time when the temperatures were recorded so it was possible to determine how long temperatures continued to rise after temperatures first attained 110 (C.

A sample of the ballast was operated normally in an oven maintained at a temperature 60 °C until constant temperatures were attained.  During the test, lamps that became inoperative during the test were replaced.

[ ]
The ballast was marked for different lamps, so the lamp type causing the highest wattage in the input test was used.

After the initial stability, the temperature of the test oven was raised in accordance with the formula described in the results.  Ballast temperatures were recorded to determine if the thermal protector opened before the maximum temperature of the ballast reached 110 (C or if the thermal protector opened within 2 hours after the temperatures first attained 110 (C.

If the protector did not open and the temperatures had not reached 110 (C within 4 hours, the test oven temperature was again raised in accordance with the formula described in the results. Temperatures were recorded to determine if the thermal protector opened before the maximum temperature of the ballast, reached 110 (C or if the thermal protector opened within 2 hours after the temperatures first attained 110 (C.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

In the following table Stage 1 result temperatures were ballast outer surface temperatures during the initial stabilization in the 60 (C oven.  Stage 2 result temperatures were ballast outer surface temperatures during the first four-hour interval.  Stage 3 result temperatures, if needed, were ballast outer surface temperatures during the second four-hour interval.

The lamp type used was: 

	Thermocouple location
	Stage 1

(initial stabilization)
	Stage 2

(First four hour interval)
	Stage 3

(Second four hour interval)

	Ballast outer surface
	
	
	

	Ballast outer surface
	
	
	

	Ballast outer surface
	
	
	

	Ballast outer surface
	
	
	

	Ballast outer surface
	
	
	

	Oven temperature
	
	
	


Temperatures from Stage 1 (initial stabilization) were used to determine the first increase of the oven temperature, using the equation


Where TB was the maximum ballast temperature found in Stage 1.

FIRST, FOUR-HOUR INTERVAL -

During Stage 2 (first four hour interval),

[ ]
The protector opened and the temperatures did not exceed 110 (C. The results were acceptable and the test was concluded.

[ ]
Temperatures exceeded 110 (C.  The elapsed time between when the ballast outer surface temperature first exceeded 110 (C until the protector opened was _______ minutes. 

[ ]
This time did not exceed 120 minutes. The result was acceptable and the test was concluded.

[ ]
This time exceeded 120 minutes. The result was unacceptable and the test was stopped.

[ ]
If the protector did not open within the first four hour interval, the oven temperature was again increased using the equation,


where TOVEN-OLD and TB were the maximum temperatures found in Stage 2.

SECOND, FOUR-HOUR INTERVAL - 

During Stage 3 (second four hour interval),

[ ]
The protector opened and the temperatures did not exceed 110 (C. The results were acceptable and the test was concluded. 

[ ]
Temperatures did exceed 110 (C.  The elapsed time between when the ballast outer surface temperature first exceeded 110 (C until the protector opened was _______ minutes. 


[ ]
This time did not exceed 120 minutes. The result was acceptable and the test was concluded.


[ ]
This time exceeded 120 minutes. The result was unacceptable and the test was stopped.

Other Observations:
	AVAILABLE POWER ANALYSIS
	UL 935; 29.6


METHOD


Connect a knife-switch(s) across the protective device(s) in the circuit.  Protective devices include fuses, thermal protectors, and dedicated protection circuits.


Arrange the ballast and lamps as shown under item 8 of the Ballast Preparation Data Sheet.  Use a _____ V, ____ Hz source of supply.


For each set of test points specified under Results, determine if 50 Watts or more power is available after 1 minute.  Make this determination as follows:


Connect a wattmeter and an adjustable resistive load across the capacitor or semiconductor junction under test.  The load resistor should be capable of handling at least 50 Watts and should be set for its maximum resistance at the start of the 'test'.


Close the knife switch on the protective device in the circuit.  Then adjust the load resistor to cause a power dissipation of exactly 50 Watts as indicated by the meter.  Open the knife switch across the protective device.  If the protective device functions within 1 minute to reduce available power to less than 50 Watts, the point under test is considered not capable of delivering 50 Watts for one minute.  Similarly, if a circuit component or components open in less than 1 minute or current is inherently limited to keep power below 50 Watts, the test point is considered as not capable of delivering 50 Watts for 1 minute.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Ballast Model
	Ballast Circuit

Test Points
	Was 50W Available

After 1 Minute?
	What Limited

Power?

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	COMPONENT VOLTAGE MEASUREMENTS
	UL 935; 15.8


METHOD


The sample is to be connected to a _______ V ac, ______ Hz source of supply.  The voltage potential between the points specified below under the test conditions indicated is to be measured using a digital multimeter.  

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Test Condition
	Test Points
	Max. Voltage [ V, ac/dc ]

	1
	
	

	
	
	

	2
	
	

	
	
	

	3
	
	

	
	
	

	4
	
	

	
	
	


	VOLTAGE MEASUREMENT – POWER CAPACITORS
	UL 935; 31.1-.3


METHOD


Instructions:  The voltage across a power capacitor must not exceed its rating in accordance with Paragraph 15.4. Voltage measurements need not be made across a starting capacitor.  All lamps for which the ballast is marked should be considered during normal operation, deactivated lamp, or any combination of lamps removed.


Note: If the voltage across any capacitor is available at external connections, the capacitor should comply with Paragraphs 15.1-.3.

Ballast tested:

The voltage across the power capacitor (not the starting capacitor) of the magnetic ballast was measured in the various modes of ballast operation. The modes include:

[ ]
lamp starting, 

[ ]
lamp operation, 

[ ]
operation without a lamp, and, 

[ ]
operation with a deactivated lamp or lamps.

The ballast was energized at the input voltage and current rating as described in the general test requirements of UL 935.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

The lamp modes of operation and their corresponding capacitor voltage was,

	Lamp condition
	Capacitor volts

	Normal operation
	

	No lamps
	

	
	

	
	


[ ]
For none of the above conditions, did the operating voltage exceed 140% of the capacitor rating.

Other Observations:
	LIMITED SHORT CIRCUIT TEST:(COMPONENT FUSIBLE LINK
	UL 935; 34.1-.3


METHOD

Instructions: Select for magnetic ballast with a fuse link or the like.

Ballast tested:

Three samples were prepared with a short circuit on the load side of the protector.  The ballast leads wires were cut to a 6-inch length. 

A supply circuit was first prepared having a power factor between 0.9 and 1 and a load of 200 amperes at the desired supply voltage.  

[ ]
Then, each ballast sample was connected, in turn, in series with the load impedance and a 20-ampere time delay type fuse (Type T).  The fuse was marked "D", "Time Delay", or "Dual Element". The enclosure was connected - without a fuse - to the supply conductor in which the protector under test was not connected.  Cotton was wrapped around the ballast. 

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

[ ]
The load was first adjusted to _________ amps, _________ pf, and _______ volts.

	Sample
	Fault condition
	Results

	1
	[ ]ADVANCE \R 13.55supply circuit applied to fault/

[ ]ADVANCE \R 13.55fault applied to protector
	

	2
	[ ]ADVANCE \R 13.55supply circuit applied to fault/

[ ]ADVANCE \R 13.55fault applied to protector
	

	3
	[ ]ADVANCE \R 13.55supply circuit applied to fault/

[ ]ADVANCE \R 13.55fault applied to protector
	


[ ]
For each of the three samples, the protector under test, cleared the circuit.

[ ]
The cotton was not ignited.

[ ]
The 20-ampere fuse did not open.

Other Observations:
	LIMITED SHORT CIRCUIT TEST:(PCB FOIL TRACE)
	UL 935; 34.4-.6


METHOD

Ballast tested:

Six samples of a ballast printed wiring board incorporating a foil trace designed to open in the event of a short-circuit were tested as follows.

Four samples were prepared by providing a short-circuit on the load side of the foil trace by the shortest feasible length of No. 14 AWG (2.1 mm) copper wire. The two remaining samples were prepared the same way, except that a switch (SW2 of Figure 31.2) was also included. The ballast lead wires were cut to a maximum length of 6 inches (152 mm).

Each sample, in turn, was then connected to a supply circuit having a power factor of 0.9 – 1.0, limited to a current of 200 amperes, and at rated ballast supply voltage, ±5 percent.  Each sample was connected in series with a 20-ampere nonrenewable fuse (time-delay type). The fuse characteristics were such that the fuse did not open in less than 12 seconds when carrying 40 amperes. 

The enclosure of the ballast was connected through a 3-ampere non-time delay fuse to earth ground. Cotton was wrapped around the ballast, making sure that any lead wire holes were covered. 

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

[ ]
The load was first adjusted to _________ amps, _________ pf, and _______ volts.

	Sample
	Fault condition
	Results

	1
	[ ]ADVANCE \R 13.55supply circuit applied to trace/

[ ]ADVANCE \R 13.55fault applied to trace
	

	2
	[ ]ADVANCE \R 13.55supply circuit applied to trace/

[ ]ADVANCE \R 13.55fault applied to trace
	

	3
	[ ]ADVANCE \R 13.55supply circuit applied to trace/

[ ]ADVANCE \R 13.55fault applied to trace
	

	4
	[ ]ADVANCE \R 13.55supply circuit applied to trace/

[ ]ADVANCE \R 13.55fault applied to trace
	

	5
	[ ]ADVANCE \R 13.55supply circuit applied to trace/

[ ]ADVANCE \R 13.55fault applied to trace
	

	6
	[ ]ADVANCE \R 13.55supply circuit applied to trace/

[ ]ADVANCE \R 13.55fault applied to trace
	


[ ]
As a result of the opening of each of the samples, none caused a fire or shock hazard.

[ ]
The cotton was not ignited.

[ ]
The 20-ampere fuse did not open. Opening of the 20-ampere supply circuit fuse did not signify non-compliance. 

[ ]
The 3-ampere fuse did not open

Other Observations:

	FOIL TRACE CALIBRATION
	UL935; 16.8(d), 35.1 & 35.2


METHOD

Ballast tested:

A foil trace on a printed wiring board designed so it opens in the event of a short circuit was subjected to an initial test to determine a calibrated opening.  The calibration was used as a basis of periodic follow-up testing. 

Three samples were prepared by providing a short-circuit on the load side of the foil trace by the shortest feasible length of No. 14 AWG (2.1 mm) copper wire.  The two ballast lead wires were cut to a maximum length of 6 inches (152 mm). Each sample, in turn, was then connected to a supply circuit having a power factor of 0.9 – 1.0, limited to a current of 10 amperes, and at rated ballast supply voltage, ±5 percent. Each sample was connected in series with a 20-ampere nonrenewable fuse (time-delay type). 

The current was applied to the foil trace and the time to open is recorded. The time to open was then averaged for the three samples. The test current and the average opening time were recorded and were used for comparison by follow-up testing.

[ ]
A value of test current other than 10 amperes was not be used, unless initial testing showed that the time to open was difficult to measure. In either case, the actual test current and time were recorded.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

[ ]
The load was first adjusted to _________ amps, _________ pf, and _______ volts.

	Sample
	Opening time, seconds
	Results

	1
	
	

	2
	
	

	3
	
	


[ ]
For each of the three samples, the foil link under test, cleared the circuit.

[ ]
The averaged time to open was______________.

[ ]
The 20-ampere fuse did not open.

Other Observations:

	STRAIN RELIEF TEST
	UL 935; Sec. 39


METHOD

Ballast tested:

[ ]
The strain relief for each lead wire was subjected to a force of 89 Newtons (20 pounds) or four times the weight of the ballast, whichever was less, but not less than 22 Newtons (5 pounds). The force was gradually applied and maintained for 1 min.  

[ ]
When more than one lead wire exited the same strain relief bushing, the force was applied the group of wires.

[ ]
A sample of the strain relief for the flexible cord was subjected to a strain relief test.  The cord was disconnected internally. A force of 189 Newtons (35 pounds) was gradually applied and maintained for 1 min.  The force was normal to the plane of the cord exit-hole.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


The weight of ballast was  _____________

Test weight
_____________ (between 5 and 20)

[ ]
The lead wire did not move so as to cause strain on the internal connection of the wire.

[ ]
The flexible cord did not movement which would have indicated that there would strain on the internal connections of the cord.

[ ]
The lead wire or cord moved so that strain was applied to the internal connections of the wire or cord.

Other Observations:

	Tests On Push-In Terminals (Pullout)
	UL 935, Par. 40.1.1-40.1.3


METHOD

Ballast tested:

Ballast samples with push-in terminals had each connection subjected to a pullout force if 89 Newtons (20 pounds force) or four times the weight of the ballast, but not less than 22 Newtons (5 pounds force).  

[ ]
If the ballast was rated for a single wire size of solid wire, six samples were tested.

[ ]
If the ballast was rated for a range of wire sizes, or solid and stranded wire six samples of each configuration were tested.  

[ ]
A push-in connector marked for use only with solid wire was tested only with solid wire.

[ ]
A push-in connector with no wire type indicated was tested first with solid wire, and then stranded wire.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


The pull force was:________

[ ]
The conductor did not pull out of the gripping means.

[ ]
The conductor (or strands) did not break.

[ ]
There was no evidence of damage to wire gripping means.

Other Observations:

	Tests On Push-In Terminals(Temperature)
	UL 935, Par. 40.2.1 - 40.2.2


METHOD

Ballast samples with push-in terminals were subjected to a temperature test to determine the heating due to the I2R losses.

A specially prepared sample with the internal supply connections shorted was used.  The ballast was not operating for this test. The current circulating through the wire connectors was derived from a low-voltage, AC current transformer.  For the six samples, all were connected in series so that the current source looped through the six samples.  

[ ]
If the ballast was rated for a single wire size of solid wire, six samples were tested.  

[ ]
If the ballast was rated for a range of wire sizes, or solid and stranded wire six samples of each configuration were tested.  

[ ]
A push-in connector marked for use only with solid wire was tested only with solid wire.

[ ]
A push-in connector with no wire type indicated was tested first with solid wire, and then stranded wire.

The low-voltage current was adjusted for either the highest value found in the Input Test or a rating specified by the ballast manufacturer, whichever was higher.  A ballast with two supply connections for each conductor was assumed that it could connected with the supply circuit looping thorough the ballast, and the ballast could be carrying full branch circuit current.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

[ ]
The wire was solid.

[ ]
The wire was stranded.

	Wire Size, AWG
	Current through wire, Amp
	Temperature, (C

	
	
	

	
	
	

	
	
	

	
	
	


[ ]
There was not more than a 30 (C rise in temperature across the wire contacts.

[ ]
There was no evidence of damage to wire gripping means.

Other Observations:
	MOLD STRESS RELIEF TEST
	UL 935 – 20.5


METHOD


The sample is to be placed in an air-circulating oven for 7 hours at @________(C.  The sample's polymeric parts are then to be examined for softening, warping or cracking.


The Strain Relief Test is to be repeated.

@ Lab Technician Note:

Lab Technician:  The oven temperature is to be at minimum 70(C or 10(C higher than the maximum temperature obtained during Temperature Test at Thermocouple Location ______.  


Please perform the following calculation and write in the oven temperature of either minimum 70(C or the Calculated Oven Temperature if it is greater than 70(C on the above space.

Thermocouple Location  
_________
Temperature was
__________ (C

+ ___10(C

Calculated Oven Temperature
____ (C

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	



Was there any warping, cracking, or breaking of the 

enclosure? ______

If yes, please specify:__________________________________________

	IMPACT TEST
	UL 746C, 57.3


METHOD


One sample of each model indicated was subjected to three impacts of 5 ft-lb, as noted below, using a 2 in. diameter steel ball weighing 1.18 lb, dropped through a distance of 51 in.  Following the impacts, each sample was examined for exposure of live parts. 

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Model
	Impact
	Location of Impact
	Any Exposure of Live Parts?

	__________
	1
	
	

	
	2
	
	

	
	3
	
	

	
	
	
	

	__________
	1
	
	

	
	2
	
	

	
	3
	
	

	
	
	
	

	__________
	1
	
	

	
	2
	
	

	
	3
	
	



Was there any shattering, cracking, or other damage to the enclosure that would expose internal wiring or live parts? _____  

If yes, the following parts were exposed:


_____________________________________________________________________


_____________________________________________________________________

	HUMIDITY CONDITIONING TEST
	UL 935; Section 38


METHOD

Ballast tested:

A sample of the ballast was conditioned by being placed in a chamber having a relative humidity of 88 ± 2 percent at a temperature of 32 ± 2 °C (90 ± 4 °F) for 168 hours. The sample was prepared by

Following the conditioning and while still exposed to the moist air, the sample was subjected to 


1)ADVANCE \R 13.55the insulation resistance test and 


2)ADVANCE \R 13.55a dielectric voltage-withstand test for a period of one minute. 

Instructions: Select one or describe how voltage was determined
The dielectric potential was,

[ ]
the same as in the Dielectric Test previously conducted,

[ ]
1240 Volts,

[ ]


and was applied between internal live parts and the metal enclosure, any dead metal part that was intended to be grounded, or an accessible dead metal part that could be energized from within. 

Prior to the dielectric test, the sensitivity of the dielectric tester - which indicates breakdown - was adjusted to indicate a breakdown when the tester was connected to a 120,000-ohm load. The applied voltage was started at zero, increased to the final value, and held at that value for the one minute.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

[ ]
Prior to removing the sample from the humidity chamber and conducting the dielectric test, the sensitivity of the dielectric tester was checked.

[ ]
The magneto megohm-meter had an open circuit output of at least 500 volts and the insulation resistance was at least 30, 000 ohms while using the 250 DC circuit.

The dielectric test voltage was 

____________ and it was applied between the following points:

[ ]
Live parts and accessible dead metal parts that could be energized from within the device.

[ ]
There was no indication of a breakdown in the insulation system for any of the above.

Other Observations:
	ARCING TEST
	UL 935; 30


METHOD

Ballast tested:

An electronic ballast marked "Type CC" (see 45.5.11) was subjected to the arcing test.

The ballast was connected normal operation except that one lamp was disconnected at one end. Additional wiring and a switch was added as typically shown in Figure 30.1.  An arcing probe was attached at the "free" end of the lamp and the switch, as shown in Figure 30.1, was initially closed.  The ballast was connected to a source of supply energized at the input voltage and frequency in accordance with 21.6. The ballast was tested in 25 (C ambient temperature condition.

The lampholder not connected to the lamp was wrapped with a single layer of cheesecloth. The arcing probe consisted of a 1/8-inch diameter brass rod sharpened to a point and embedded in an insulating handle.

After normal operation was established, the switch shown in Figure 30.1 was opened and an attempt was made to create an arcing condition by use of the arcing probe. The arcing probe was inserted through the layer of cheesecloth in an attempt to create an arcing condition by continuing lamp current, and then drawing back the arcing probe in order to create an arcing condition.  Five arcing attempts were made.  Each arcing attempt was 15 seconds in duration with a 5-second interval between attempts.
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Figure 27A.1

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


The arcing was allowed to continue for __________ minutes.

[ ]
There was no burning or charring of cheesecloth.

Other Observations:
	DIMMING CIRCUIT VOLTAGE MEASUREMENTS
	UL 935; SB8


METHOD


The sample of model ______________ is to be connected to a _______Vac, ______ Hz source of supply.  For the dimming circuit source, the maximum open circuit voltage (both ac and dc) is to be measured.  The measurements are to be made for the test conditions and test points indicated below using a digital multimeter.  

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Test Condition
	Test Points
	Max. Voltage [ V, ac/dc ]

	1
	
	

	
	
	

	2
	
	

	
	
	

	3
	
	

	
	
	

	4
	
	

	
	
	

	5
	
	

	
	
	


	DIMMING CIRCUIT CURRENT & POWER LIMITATIONS
	UL 935; SB9


METHOD

Maximum Current Measurement:


The sample of ballast model ________________ is to be connected to a _______ Vac, ______ Hz source of supply.  

[ ]
Connect an adjustable resistive load, other than wirewound resistors, across the test points noted below.  Energize the ballast and adjust the variable load to draw maximum current and hold for one minute.  Record the maximum measured current (ac and dc) at the indicated test points after one minute.

[ ]
Connect the known dimming load _______________________ to the ballast. Energize the ballast and adjust the dimming load to draw maximum current and hold for one minute.  Record the maximum measured current (ac and dc) at the indicated test points after one minute.

Maximum Power Measurement:

[ ]
Connect an adjustable resistive load, other than wirewound resistors, across the test points noted below.  Energize the ballast and adjust the variable load to draw maximum volt-amperes.  Record the maximum measured volt-amperes at the indicated test points.  

[ ]
Connect the known dimming load _______________________ to the ballast. Energize the ballast and adjust the dimming load to draw maximum volt-amperes.  Record the maximum measured volt-amperes at the indicated test points. 

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Test Condition
	Test

Points
	Maximum Current[ A, ac/dc ]
	Maximum Power[ V-A, ac/dc ]

	
	
	Vari. Load
	Dim. Load
	Vari. Load
	Dim. Load

	1
	
	
	
	
	

	
	
	
	
	
	

	2
	
	
	
	
	

	
	
	
	
	
	

	3
	
	
	
	
	

	
	
	
	
	
	


	DIMMING CIRCUIT ABNORMAL OPERATING CONDITIONS
	UL 935; SB11


METHOD


The sample of model _____________ is to be connected to a _______Vac, ______ Hz source of supply.  Measure the maximum voltage (open circuit) and current (both ac and dc) between the test points specified below after the abnormal test conditions indicated.  Measurements are to be taken using a digital multimeter and current shunt as appropriate.  The current measurements are to be made using both the adjustable resistive load and the known dimming load.

Test Conditions:

1.
_________________________________________

2.
_________________________________________

3.
_________________________________________

4.
_________________________________________

5.
_________________________________________

6.
_________________________________________

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Test Condition
	Test 

Points
	Max. Voltage[ V, ac/dc ]
	Max. Current[ A, ac/dc]

	
	
	Vari. Load
	Dim. Load
	Vari. Load
	Dim. Load

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


	WATER SPRAY TEST
	UL 935; Sec. 37.1-37.3


METHOD

Ballast tested:

The water spray apparatus consisted of three spray heads mounted on a supply water pipe rack.  The water pressure was maintained at each spray head at approximately 34.5 kPa (5 psi).

A sample of the ballast was mounted with its conduit connections as in actual service and was subjected to a water spray for a period of one hour.  The sample was brought into the focal area of the three spray heads so that water would spray on the top and sides.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	N/A
	Barometric Pressure, mBar
	


[ ]
After the water exposure, the sample was examined and it was determined that water did not enter the enclosure.

Other Observations:

	ABUSE TEST - ROD PRESSURE LOADING 
	UL 935; 41.1-41.2, 51.3, Figure 45.1


METHOD

Ballast tested:

A sample of the ballast was subjected to a force of 20 pounds for 1 minute. The force concentrated to a 1/2-inch diameter rod having a flat end and with the edge rounded to a 1/32-inch radius. 

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Location
	Results

	
	

	
	

	
	

	
	

	
	

	
	


[ ]
There was no breakage that allowed accessibility to shock hazardous parts as determined by use of the probe described in the UL 935 standard. 

Other Observations:
	SPLICE BOX VOLUME MEASUREMENT

	UL 935, paragraph 42.1


METHOD

Ballast tested:

The volume of a field wiring space for a ballast was determined by the amount of water required to fill the volume of the wiring space. Small amounts of putty were used to close any seams or small openings observed in the test sample. Any lead wires provided with the ballast were removed or a special sample without lead wires was used in order to measure the total volume. 

The sample was to be positioned so that only a single opening from the field wiring compartment was upward and level. A clean, graduated vessel (pipette or the equivalent) having a volume equal to or greater than the volume of the sample was filled with water at room temperature. The water is then to be transferred from the vessel to the sample. The following relationship was used:

1 in3 = 16.39 cm3 = 16.39 ml of water

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


The amount of water was

______________ml.

The calculated volume was
______________

Other Observations:
	WEIGHT AND MOMENT TEST
	UL 935; 43.1, 40.3.2


METHOD

Ballast tested:

[ ]
A sample of a through-cord ballasts was weighed.  For the test, the cord was cut off at the point where it exited the ballast enclosure.

[ ]
A sample of a direct plug-in ballast was subjected to weight and moment measurements.  For the test, the cord was cut off at the point where it exited the ballast enclosure.  A ballast with a mounting accessory had the accessory in place. A apparatus was used for determining the center of gravity in two axes. By determining the center of gravity, the distance to the center of gravity away from the plug face will allow for the computation of the turning moment as the weight would tend to pull the ballast out of a wall receptacle.  Also by determining the center of gravity, the distance to the center of gravity from a centerline through the plug will allow for a computation of the turning moment as the weight which would tend to rotate the ballast about the receptacle.

Instructions: Include the following for direct plug-in types


A mark was made on each side indicating the 2 center of gravity axes. Distances in accordance with the standard were determined.  Distance Z was the lesser of distances Z1 or Z2. Distance S was the lesser of distances S1 or S2 .  Distance X was the lesser of distances X1 or X2.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Measurements were:

	Cat. No.
	W
	S
	X
	Y
	Z
	WY/Z
	WY/S
	WX

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


[ ]
For a through-cord ballast, since the cord was an SPT type, the weight of the ballast (less cord and supplementary parts) did not exceed 2 pounds.

[ ]
For a through-cord ballast, since the cord was an SJT type, the weight of the ballast (less cord and supplementary parts) did not exceed 2.5 pounds.

[ ]
For a through-cord ballast, the weight of any supplementary part did not exceed 1 pound.

[ ]
For a direct plug-in ballast, the quotient of WY/Z did not exceed 48 ounces.

[ ]
For a direct plug-in ballast, the quotient of WY/S did not exceed 48 ounces.

[ ]
For a direct plug-in ballast, the quotient of WX did not exceed 80 ounce-inches.

[ ]
For a direct plug-in ballast, the weight of the ballast did not exceed 28 ounces.

Other Observations:
[image: image8.wmf]
W 
- 
Did not exceed/exceeded 28 oz/794 g.

WY/Z 
- 
Did not exceed/exceeded 48 oz/1361 g.

WY/S 
- 
Did not exceed/exceeded 48 oz/1361 g.

WX 
- 
Did not exceed/exceeded 80 oz(in/0.56 N(m

Please use the conversion below to

calculate WX value in Nm

gmm x 9.8 x 10-6 = Nm

	BLADE SECURENESS TEST
	UL 935; Sect. 50


METHOD


Two samples of each of the direct plug-in ballast models indicated are required for this test; one for the pull portion and one for the push portion.

Pull Portion


Support the ballast body on a horizontal steel plate with the blades projecting downward through a circular hole having the smallest diameter that will permit the blades to pass through.  Apply a 20-lb. force in a downward direction to each of the blades and the ground pin, if provided, for 2 minutes and then to the two blades and the ground pin together.  Measure and record any displacement and the amount on each blade and the ground pin, if provided.

Push Portion


Rigidly support the ballast in the blades-up position.  Make sure that it is supported so as not to restrict possible displacement of the plug blades or breakage of the enclosure.  Subject each blade and the ground pin, if provided, individually to a 30 lb. (133 N) force applied gradually along the longitudinal axis of the blade in a direction towards the face of the ballast.  Maintain this force for 1 minute.

Using the same sample and setup from the push test above, apply a 40 lb. force in combination to both blades and the ground pin, if provided, for 1 minute.  Measure and record any displacement and the amount on each blade and the ground pin, if provided.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Model  
Pull -> Blade 1
  Blade 2
GND Pin
Blades 1, 2 & GND Pin
_______

  _______
  _______
_______
_____________________ 



Push -> Blade 1
  Blade 2
GND Pin
Blades 1, 2 & GND Pin



  _______
  _______
_______
_____________________

Model  
Pull -> Blade 1      Blade 2
GND Pin
Blades 1, 2 & GND Pin
_______

  _______
  _______
_______
_____________________ 



Push -> Blade 1
  Blade 2
GND Pin
Blades 1, 2 & GND Pin



  _______
  _______
_______
_____________________

	ABUSE TEST - DROP IMPACT
	UL 935; 45.2


METHOD

Three samples were subjected to this test.  Each sample was dropped (free fall) three times from a height of 3 feet onto a hardwood floor constructed to the specifications in UL 935 and supported by a concrete floor, or the equivalent. On each successive drop the enclosure struck the surface in a different orientation as indicated.    

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

	Sample #
	Drop #
	Point Impacted
	Results

	1
	1
	
	

	1
	2
	
	

	1
	3
	
	

	2
	1
	
	

	2
	2
	
	

	2
	3
	
	

	3
	1
	
	

	3
	2
	
	

	3
	3
	
	


[ ]
For the drop tests, there was no breakage that allowed accessibility to shock hazardous parts as determined by use of the probe described in the UL 935 standard. 

Other Observations:
	ABUSE TEST - RESISTANCE TO CRUSHING
	UL 935; 45.4


METHOD


A sample of each model tabulated below was placed between two maple blocks each not less than 1/2 in. thick, with one having slots for the plug blades.  A crushing force of 75 lb was applied gradually at right angles to the mounting surface for a period of 1 minute.


The accessibility of live parts was then checked using the articulate probe as described in Fig. 45.1.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Model
	Any Accessibility of Live Parts?

	
	

	
	

	
	

	
	

	
	


	AC Impedance Measurement
	


METHOD

Ballast tested:

A sample of the reactor ballast was connected to a variable voltage, 60 Hz source of supply.  A VAW or voltmeter and ammeter were connected to measure the supply voltage and the current through the ballast.

The voltage and current were recorded.  The impedance was not actually calculated.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Lead Connection
	Input Voltage, V
	Ballast Current, mA

	
	
	


Other Observations:
	Ballast Efficacy Factor (BEF) Test
	Code of Federal Regulations: 10 CFR 430

ANSI C82.11 

CSA C22.2 No. 654


METHOD

Ballast tested:

Four samples of the ballast were tested. They were connected to a circuit which allowed for the switching of reference lamps between each ballast, in turn, and reference ballasts.  The circuit permitted the monitoring of the wattage of the ballast under test, the input voltage to the reference ballasts, the current through the reference ballasts and lamps, the voltage across the reference lamps, and in the case of rapid start circuits, the voltage applied to the reference lamp filaments.  

A photometer was used to measure the illuminance of the reference lamps.  The reference lamps were placed in a draft free box.  The ambient temperature of the lamps was maintained at 25 (C ± 1 (C

The impedance of the reference ballasts and the input voltage to the reference ballasts was adjusted to the appropriate lamp specification given in ANSI C78.    

The reference lamps were connected so they could be switched quickly between the ballasts. The lumens/m2 of the lamps for each condition were measured.  At the time of the lumen measurement of the ballast under test, the power consumed by that ballast was noted. The reference lamps were connected to the reference ballasts and allowed to operate at least 10 minutes.  The lumen reading was noted while ascertaining that the lamps were operating within ± 2.5% of the ANSI specified values.    The lamps were switched to the ballast under test and within 30 seconds the lumens and the input watts were recorded. 

The light ratio was the lumen value of the reference lamps connected to the ballast under test divided by the lumen value of the reference lamps connected to the reference ballasts. 

The ballast efficacy factor was the light ratio (in %) divided by the wattage to the ballast under test. 

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Ballast tested:

Sample number:

	
	Reference Lamp and Ballast
	Ballast Under Test

	
	#1 (red)
	#2 (Blue)
	

	Voltage across lamp
	
	
	xxxxxxxxxx

	Lamp current (mA)
	
	
	xxxxxxxxxx

	Reference reactor input volts
	
	
	xxxxxxxxxx

	Photometer (lu/m2)
	
	

	Ballast input wattage
	xxxxxxxxxx
	


Light Ratio : 
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Ballast Efficacy Factor (BEF):
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Other Observations:
	Determination Of Reference Conditions For Discharge Lamps
	ANSI C82.3-2002 for reference ballast, ANSI C78 series for fluorescent lamps 


METHOD

The purpose of this test is to determine if a given fluorescent lamp can operate at reference conditions.  This is done by operating the lamp with a reference ballast.  

To set the ballast to reference conditions, an adjustable reactor first had any taps set to be in the range of the anticipated impedance.  The adjustable reactor was connected in series with a variable resistor and in turn to a variable voltage source of supply.  The settings for the reference ballast are given in the appropriate ANSI lamp standard.  In the event there is no ANSI lamp standard, the lamp manufacturer's specifications were used.  Commonly used lamps are tabulated later in this data sheet.

Step 1, Get the voltage VZ needed for the supply voltage by calculating IR, times the specified ballast impedance, ZL .

Step 2, With the variable resistor at a moderate setting and the calculated supply voltage in step 1 applied, the variable reactor was adjusted to the reference condition lamp current, IR.

Step 3, The required power loss values for power factors between 0.07 and 0.08 were calculated.


WPF07 = VZ x IR x 0.07


WPF08 = VZ x IR x 0.08

Step 4, The variable resistor was adjusted so the watt loss was in the range of the calculated values in Step 3.

Step 5, The variable reactor was readjusted to the reference condition lamp current, IR, as in Step2

Step 6, Readjust the variable resistor as in Step 4.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


Step 1, the supply voltage for the reference ballast was ________, VZ . 

Step 2, the variable reactor was set to the reference lamp current _______, IR 

Step 3, the power loss for PF of 0.07 was calculated


WPF07 = VZ x IR x 0.07


the power loss for PF of 0.08 was calculated


WPF08 = VZ x IR x 0.08

Step 4, the variable resistor was adjusted so the watts loss was between WPF07  and WPF08

Step 5, the variable reactor was readjusted to IR . as I Step 3.

Step 6, the variable resistor was readjusted as in Step 4

Reference ballast and lamp conditions for commonly used lamps, from ANSI C78.81--2001.

	Lamp Designation
	Reference ballast input voltage, VR for operating lamp
	Reference ballast impedance, ZL
	Lamp Voltage for Reference Conditions, VL
	Lamp Current for Reference Conditions, IR

	F32T8
	300
	910
	137
	0.265

	F25T8
	236
	733
	100
	0.265

	F17T8
	236
	800
	70
	0.265

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	INSULATION  RESISTANCE  TEST
	UL 935; Par. 33.1-33.2


METHOD

Instrucitons: This test only applies to a direct-current ballast. If this test is needed, see UL 935 and fill in Method.] 

Ballast tested:

The insulation system of a direct current ballast was tested for insulation resistance.

The insulation resistance was measured by applying a direct current potential of 125 volts between live parts and the enclosure or exposed dead metal parts.  Two voltmeters were used.  One was connected across the supply and the other connected in series with one of the ballast lead wires.  The supply voltage was adjusted so that V1 - V2 equaled 125 volts.  

The insulation resistance was then calculated using the formula:
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where 

V1
was the measured line voltage,

V2
was the voltage on the meter in series with the ballast lead wire, and

R2
was the resistance of the voltmeter measuring V2.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


The calculated resistance was ___________________

[ ]
The calculated resistance was not less than 250, 000 ohms.

Other Observations:

	METALLIC  COATING  THICKNESS  TEST
	UL 935; Sec. 36


METHOD


[Engineer:  If the ballast investigation creates the need to 

measure the thickness of a zinc coating on an outdoor ballast, this Data Sheet should be used.  See UL 935 and fill in an appropriate Method.]
RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	ENCLOSURE FLAMMABILITY - 3/4 INCH TEST
	UL 746C; 52.1-.5


METHOD

[ ]
Three samples [ ] A sample of the plastic enclosure [ ] are [ ] is to be conditioned in a full draft circulating air oven for 7 days at [ ] 70 (C 

[ ] _____ (C.  Prior to this conditioning, the samples are to be conditioned for a minimum of 4 hours at 23.0 ± 2.0 (C and 50 ± 5% relative humidity. 


The flame testing is to be conducted in a draft-free test chamber, enclosure, or laboratory hood.


The flame of a Bunsen or Tirrill burner having a tube length of 3.94 ± 0.39 in (100 ± 10 mm) and an inside diameter of 0.374 ± 0.012 in (9.5 ± 0.3 mm) is to be adjusted to have a 3/4 in (19 mm) height of  yellow flame with no blue cone.  A supply of technical grade methane gas is to be used with a regulator and meter for uniform gas flow.


The sample is to be mounted as indicated under Sample Orientation.  The tip of the flame is to be applied to the inside surface of the sample at the Selected Test Location for 30 seconds, removed for 1 minute, and then reapplied for another 30 seconds at the same location. 

[ ]
The above is to be repeated with the test flame applied to two other different locations as indicated under Selected Test Location on the same sample enclosure. 

[ ]
The above is to be repeated with the test flame applied to two other different locations as indicated under Selected Test Location on the remaining two sample enclosures.

RESULTS

	Ambient Temperature, C
	
	Relative Humidity, %
	
	Barometric Pressure, mBar
	


	Sample No.
	Enclosure Orientation
	Selected Test Location
	Duration of flame after last appl[sec]
	Describe condition of sample.

Hole burned through or melting

of sample or any deformation?
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