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The main taskofIEC technical committees is to prepare International Standards. How
technidal committee may propose the publication of a technical report when it has cq
data of| a different kind from that which is normally published as an International Stand
example"state of the art".

INTERNATIONAL ELECTROTECHNICAL COMMISSION

UNIFIED FLUORESCENT LAMP
DIMMING STANDARD CALCULATIONS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization co
all national electrotechnical committees (IEC National Committees). The object of IEC is to

internationa o-operation on all guestion ing jzati i i i

this gnd and in addition to other activities, IEC publishes International Standards, Technical Specif
Techhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referredhto
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Commiittee in
in the subject dealt with may participate in this preparatory work. International, governmental g
governmental organizations liaising with the IEC also participate in this preparation. IEC. eollaborate
with |the International Organization for Standardization (ISO) in accordance with copditions detern
agre¢ment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly.as-possible, an inte
consensus of opinion on the relevant subjects since each technical committee(has representation
intergsted IEC National Committees.

ublications have the form of recommendations for international us€,and are accepted by IEC
ittees in that sense. While all reasonable efforts are made to ensur€ that the technical conter]

parently to the maximum extent possible in their natienal and regional publications. Any di
betwgen any IEC Publication and the corresponding national ar regional publication shall be clearly ind
the latter.

IEC |tself does not provide any attestation of conformity. Independent certification bodies provide cq
assepsment services and, in some areas, access tQ\JEC marks of conformity. IEC is not responsiblg
services carried out by independent certification bodies.

All users should ensure that they have the latest-édition of this publication.

No lipbility shall attach to IEC or its directors, employees, servants or agents including individual exp
mempers of its technical committees and1EC National Committees for any personal injury, property dg
othe damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fg
expephses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
Publications.

Attention is drawn to the Notmative references cited in this publication. Use of the referenced public
indispensable for the correctapplication of this publication.

Atterjtion is drawn to thejpossibility that some of the elements of this IEC Publication may be the s
patemt rights. IEC shall not be held responsible for identifying any or all such patent rights.
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IEC 62750, which is a technical report, has been prepared by subcommittee 34A: Lamps, of
IEC technical committee 34: Lamps and related equipment.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
34A/1511/DTR 34A/1546/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.
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UNIFIED FLUORESCENT LAMP
DIMMING STANDARD CALCULATIONS

1 Scope

This Technical Report applies to fluorescent lamp dimming systems. It deals with the interface
of fluorescent lamps and dimming electronic controlgear. A unified framework for
standardization of fluorescent lamp dimming systems and the associated parameter
calculation method are described in this Technical Report.

Dimming of fluorescent lamps is becoming increasingly important as a strategy for-conserving
global energy resources. This report is the result of many years of effort by global experts to
undersfand and test fluorescent dimming systems with the objective of standardizing these
systems to grow confidence and reliability in the marketplace. Two theoretical frampworks
have been merged to create this unified dimming standardization method: the SoS (pum of
of lead-in-wire currents) and CV (cathode voltage) madels. The applicaFtion of

rimary
for reliability in the application and end-user confidence. Characteristics |of the
dimming parameter limits described in this report and observed in real system appligations
s in situ field diagnostics are offered as informative. The practical need [to use
substitpition resistors for ECG qualification is described: in this report and also giyen as
ive parameters in the lamp and ECG standards{/N¢ attempt to treat the informative real
lamp-BHCG system parameters as normative will be made in either the lamp or the contfolgear
standafds.

2 Explanation of the dimming requirements

2.1 Seneral

This clause gives a general explanation of the dimming requirements found in the fluofescent
lamp and controlgear standards. Subclause 2.2 provides an overview of the thegretical
framework for the unified dimming standard. Subclause 2.3 provides an explanation of
informative limits for the-\cathode heating based on physical lamp and ECG s;[stems.
Subclapse 2.4 provides_the basis for normative controlgear qualification using subsfitution
resistofs. In this Technical Report, the use of primed quantities will signify values obtained
when rmeasuring ,ontactual fluorescent lamp and ECG systems. Unprimed quantities fefer to
standafdised quantities when testing ECG on substitution resistors. Although lead wire and
lamp discharge-currents pertain to actual lamps, they will remain unprimed quantities|in this
report.

2.2 dditional heating

It is a well-known fact that, when lowering the lamp current to decrease the luminous flux
(dimming) below a certain current value, the cathode is not heated sufficiently any more by
the lamp current. At these dimmed conditions without added ohmic heating, the cathode fall
will increase to sustain the lamp current and this results in an increased sputtering of the
cathode and thereby a decrease in lamp life. So additional cathode heating is necessary to
keep the cathode at a sufficiently high temperature for thermionic emission. The amount of
this additional heating current through the cathodes as a function of the lamp current is
however dependent on the controlgear circuit layout. There may be a phase shift between
these currents like in circuits with a capacitor parallel to the lamp. In other circuits, the
additional heating current is delivered by separate heating sources, in which case it is not
clear through which lead-in wire which part of the lamp current flows. For a generalized
description, these different circuits are included when describing the controlgear
requirements.
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It has been found that measuring the root mean square (r.m.s.) currents through the two lead-
in wires to the cathode and calculating the sum of the mean squares of these two currents as
a function of the discharge current can estimate the cathode heating. The sum of squares,
SoS’, needed to keep the cathode at a sufficient temperature, is found to have a linear
dependence on the root mean square (r.m.s.) discharge current:

S0S = Piu+ /2LL=X’1 -Y,xlp

where
Ib is the discharge current;

Iy i§TTead high, which 1S the highestcurrent through efther tead-1n wiTe,
I, i I'lead low, which is the lowest current through either lead-in wire.

Alterndtively, it has also been found that it is possible to describe cathode heating in t¢grms of
root mean square (r.m.s.) voltage applied across the cathode, CV’, whileJdimming. To a
reasonpble approximation in the deep dimming range, the voltage ne¢essary to keep the
cathodp at a sufficient temperature is also a linear function of the root‘'mean square {r.m.s.)
dischaftge current,

CV =X3-YyxIp,

where [the coefficients X’; and Y’; are constants, different from Xy, and Y’; in the SoS’
exprespion.

The dilnming range of discharge currents for whichhadditional heating is necessary is g|ven by
a maximum value, Ipians, Which defines thg, transition between normal and d{mming
operation, and a minimum value, Ip.,, spécified in the lamp standard. These valles are
expresped relative to the cathode testeurrent, /g, designated in the relevapt IEC
datashpets. This cathode test current is déefined in the relevant IEC standard as the cufrent to
be applied when measuring the cathode hot resistance. An indirect measure related| to the
overall[ cathode temperature is the“ratio, R,/R., where R, is the “hot” resistance|during
operation and R, is the “cold” regsistance at 25 °C. For a nominally performing filamgnt, the
measufed hot resistance will wsually correspond to a hot-to-cold resistance ratio, R{/R,, of
4,75. The range of discharge currents, Ipyin < Ip < Iptrans, SPecified for dimming is typically
~10 % [of ligst < Ip < ~80_%-0f /ios; for many lamp designs?!. For discharge currents abgve the
dimmirlg range, Ip > Iptrahs, @dditional cathode heating is not required, but not forbidden as
long ag the value for the maximum current in any lead, /| 5% IS Observed. Explicit values for
the dimming rangé:of discharge current and cathode test current are specified in the lamp
datashpets.

2.3 Cathode heating limits

The SO0S model Is developed from assumptions about the cathode hot spot. This is the
location where the discharge arc attaches to the electron-emitting region of the cathode. As
the discharge current is lowered into the dimming region, a hot spot remains localized until
the lamp current is lowered below /p3q, approximately 30 % of /.. In this region of dimming
where the lamp current is greater than or equal to /psq, values for the critical “minimum SoS”
(SoS'\,in) are set to prevent cathode sputtering and the resulting short lamp life.

At low dimming currents, the discharge attachment becomes diffusely attached to the cathode
and the hot spot no longer is localized or stationary. Also, the hot spot tends to lose a well-
defined location when high or excessive heating currents are applied to the cathode.

1 atis important to note that /.., is defined as a cathode related current parameter and does not necessarily
relate to the lamp discharge current or the dimming range for lamp designs in some regions.


https://iecnorm.com/api/?name=20cc0c68cf1794bd6af344286e19bf97

TR 62750 © IEC:2012(E) -7-

Therefore, at low currents, or to describe the upper boundary of acceptable cathode heating,
the CV’ becomes a preferred approach to standardizing the cathode-heating requirement. In
the region of dimming where the lamp current is lowered below /g3, values for the minimum
cathode voltage, CV',,;,,, are set to prevent premature cathode destruction by sputtering.

Excessive additional heating will result in overheating of the cathode and thereby accelerated
end blackening of the lamp. To protect the cathode from overheating, resulting in excessive
barium evaporation (end-blackening) and possible mercury starvation in the lamp, a maximum
heating level should be set for the cathode voltage. This maximum cathode voltage, CV’ 5«
is set to limit the cathode temperature below a temperature typically corresponding to a
cathode resistance ratio of R,,/R, < 5,2.

The ur|coated part of the cathode can be overheated by the combination of high adgditional
heating and the discharge current itself (mainly in the higher dimming region) ‘Setting a
maximym, /| ynhax t0 the higher lead-in wire current, /n, will protect thesef parts |of the
cathodps.

For coptrolgear design guidance, a target line SoS’; is also defined. IS a best setting for
the cathode heating to be sufficiently far away from the critical minimym-and maximum.

To summarize, the cathode heating informative limits are given/by-the following set of [criteria
uniquely defined over the dimming region of lamp currents. The'voltage measured acrpss the
leads ¢f each cathode in the system should generally lie @bove the minimum heatipg line
CV'hinl@and below the maximum heating limit CV', .~ The measured SoS current|values
should(lie above the minimum line SoS’ and the measured lead-in wire currents shall not
exceed the /|y limit.

min

Lower limit: SOS’min [/LH2 + ILL2] = X’1 > Y’1 X ID for ID30 < ID < /Dtrans
Uower limit: CV’min = X3— Y’3 X ID for IDmin < ID < ID30
Upper limit: CV'max: ILHmax for Ipmin < Ip < Ibtrans
Target: SOS,tgt [ILH2 + /LL2] gt X’1 - O,3Y’1 X ID

2.4 Bubstitution resistors for electronic controlgear qualification

For nofmative ECG testing, theJdamp discharge impedance is approximated using sub
resistofs, R, having values (R 1omin: RL10max: RL30 @nd R gg) given at 10 %, 30 % and 60 %
of the test current, li.¢;. Ambient temperature and lamp geometry are known to have j
influenge on the lamp impedance. At I = Ipyin @ Minimum, R| 1gmin, @nd maximum| value,
R 10mdx: ©f the lamp substitution resistance is specified to allow for a rough approximation of
the thgrmal dependeney of the lamp impedance. These resistor values are set at —30
+ 30 %| of the nominal lamp impedance at Iy = Ipip- At Ip = 30 % (Ip3g) and 60 % (fpgq) Of
lest: the nomimalsvalue of the lamp impedance is specified for the substitution res|stance
value. [These-discharge current values have been chosen in the dimmed region where|proper
setting|of electrode heating is important for reliable lamp operation throughout the rateld lamp
life. Tol sumimarize the lamp discharge substitution resistor set, the following abbreviatipns are
used:

e low impedance discharge at Ipyin: RL10mins
e high impedance discharge at Ipin: RL10max:
e discharge impedance at /n3p: R| 305

e discharge impedance at Ingg: R g0
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For any ECG that does not operate with a continuous range of dimming current (e.g. step
dimming controlgear), the lamp substitution resistor is selected to approximate the lamp
discharge impedance. This impedance approximation uses linear interpolations for R| ,;, from
R 10min t© Ri 30, Rimax from R 4omax t0 Ry 39, and R from R 3q to R g for the range of lamp
discharge current from Ipin < Ip < Iptrans iN this report,

R, = (Rieo —Riso)

“(Ip = Ip3o ) + Ri3o for Ip3p < Ip < Iptrans
(Ioso —Ip3o )

(R in —RL30)
Ry min =—=romin 302 1y —Ingg )+ Riag for /nmin < In < Inag
('Dmin — D30/
(R -Ri30)
Rimax = ——=romax ~ L3071 —Ipsg )+ Riso for Ipmin < Ip «/p30

(Ibmin —Ip30 )

The sglected resistor shall have a resistance value within 20 % of the calculated|R| i,
R max:|or R value for the lamp operating current of the ECG under<test. For normative ECG,
qualifidation test conditions are specified in IEC 60929.

In addjtion, the cathode impedance is approximated with substitution resistors. Since the
heating characteristics of resistors P~V2 or P~/2, differ’ sighificantly from actual cafhodes,
P~V1.4lor P~[3:2 three substitution resistance values, Ripstr, Riestzr @Nd Rigsts are given for
each dathode for controlgear qualification tests. The R4 value, chosen to account for
typical| cathode impedance variation and providexmost cathodes with moderate apxiliary
heating R,/R; > 4,3 is used when testing the lower cathode-heating limit, SoS,;;- The Rigst1
value is approximately equal to 4,6 R, for typieal TS5 cathodes. Nevertheless, as a [rule of
thumb,| Rigst4 should be chosen on the order-of 4,75 R.. Note that, due to the selegtion of
Riestq Yalues exceeding the typical cathode*impedance, values for cathode heating limits will
differ from the informative physical lamp-ECG system values when qualifying ECG on
substitpition resistors. The R, valu€) chosen to approximate the cathode impedance with a
high Igvel of auxiliary heating RjlR;.~5,2, is used when testing the upper cathode-heating
limit, CV5a¢ @nd /| ymax- ThesRysiz Value is chosen to approximate the typical gathode
impedgnce when heated only) with auxiliary current to a temperature corresponding to
R /R.~4,3. The Ri.st3 substitution resistor is used when testing ECG for the lower gathode
heating limit, CV,,;,, at thetdeepest dimming lamp currents that provide only negligible heating
from the discharge current. This selection of Ry.3 is the most accurate representation of the
typical|cathode at the.deep dimming current and therefore provides a robust test of EQG that
may ude different cathode heating circuit topologies.

The ngrmative" qualification of ECG is specified only at the values of cathode substitution
resistapnces-defined above, not continuously along the lamp current dimming curve. Related to
these yalues. a test procedure and a test circuit are given in the performance standard for

electronic controlgear, IEC 60929.

3 Determination of limit values

3.1 General

This clause provides the details by which the limit values for SoS and CV are determined. It is
important to keep in mind that the lamp discharge and cathode substitution resistor values as
well as the limit criteria for normative testing of ECG are negotiated quantities. The values are
set taking typical sources of cathode and lamp variation into account to provide reliable
dimming for compliant ECG operating in real systems. When developing normative limits for
the unified dimming standard, special care is taken to match the auxiliary heat delivered to a
typical cathode at Ip3q by the SoS’;, and CV',, informative limit lines for the lamp and
controlgear system. A discontinuity in delivered auxiliary heat between these cathode heating
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limit lines should be avoided for practical system design. Due to the selection criteria of
substitution resistors for controlgear qualification (see 2.4) comparisons of the normative
quantities (SoSy,ijn, CViin and CV,,,) with informative quantities (SoS';,, CV'.,;, and
CV'max) Will result in apparent discontinuities. This clause is divided into three subclauses.
Subclause 3.2 explains the derivation of the minimum SoS limits. Subclauses 3.3 and 3.4
describe the procedure for setting minimum and maximum CV limits respectively. Each
description builds from practical limits for the cathode heating based on physical lamp and
ECG systems to explain how the normative limits are determined for ECG qualification using
substitution resistors.

3.2 Minimum sum-of-squares — So0S,,i,, (Ip30 < Ib < Ibtrans)

Establishment of minimum auxiliary heating limits in the hot spot region begins with the
parametric values for the sum-of-squares (SoS) model. In this model, the values for_the lamp
currenf range, Ipsg < Ip < Iptans, @nd for the SoS constants are coupled to thecathofde test
currenf, lest, at which a cathode reaches a specified resistance and temperature, given by
R./R.~4,75. These parametric values were determined through examination of rejiability
testing|data and are considered applicable to many lamp designs. Table ) gives apprgximate
mathematical expressions for these parameters.

Table 1 — SoS parametric values

Minimum dimming discharge current, /. = 0,1 ltest
Maximym dimming discharge current, IDtrans =~ 0,8 ltest
Lower limit of auxiliary heating SoSmin: I 2+ 1,,2= X1 - Y1£ID X1=1,8 Ptest, Y1= 1,85 fest
Target S0Syt I y? + 1, 7= X1 - 0:30Y1 x I X1=1,8 IPtest, Y1= 1,85 fest

3.21 Lamp and electronic controlgear.systems — SoS',;;,
Since dimming operation is intended for actual physical lamps on ECG, system dathode
heating limits for SoS’in: I u2 + I2= X4 — Y’ xIp over the dimming range above Ip, are
desired for informative purposes.\Fhe selection of the cathode substitution resistor,| Rigst1,
sets the cathode heating normative ECG requirement in the SoS model. As noted in 3.4, the
selectipn of Ri.4¢1 to account'for cathode resistance variation results in differences bptween
the nofmative SoS heatingtlimit and the heating of actual cathodes in lamps operating|on the
same ECG. Values forthe coefficients X'y and Y’; are determined through a transfolmation
from the substitution( resistor network to the lamp-ECG system. Since the auxiliajy heat
deliverpd to the cathode is the fundamental parameter that maintains thermionic erission
under gdimming conditions (see 2.2), it will be maintained invariant in the transformatfon. To
carry out this.transformation, it is important to know the characteristics of typical cathqdes. A
maximym lead wire resistance, Ry, is specified in the lamp standard datasheets to mjnimize
the bigasing—effect on the delivered auxiliary heat. Therefore, lead wire resistajnce is
considéred negligible for this calculation. The following is a detailed descriotionalof the
transformation.

In the SoS model, the lead wire currents, Il44, l12, 1 and I,,, consist of two components: the
auxiliary heating current and the lamp discharge current that also contributes to the heating of
the cathode. Similarly for the fundamental test circuit (see Figure 1) that simulates lamp
conditions using substitution resistors and is specified for ECG qualification, the total heat
delivered to the cathode substitution resistor, R (¢4, iS considered to have two components:
the auxiliary heat and the lamp discharge current heat.
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0 % ta 1
v Rtest
50 % tap
2 Riest
100 % tap 3
@ : i o
DUT R. H
m 0 % tap 4
= A
iz Rtest
5
50 % tap
V2 Rtest
/7100 % tap 6
IEC 23812
Key
DUT Controlgear device under test
RL Lamp substitution resistor
lij measured current in jth lead of the ith simulated cathode

1...6 Switch positions

Figure 1 — Fundamental‘circuit for SoS test

Thus, the auxiliary heat delivered to the cathode substitution resistor, Riz4¢1, under cornditions
at Ip =|Ip3¢ is calculated by subtracting the*lamp current heat portion from the total dglivered
heat a$ specified by the SoS,,;, line (S0S;,) limit in the lamp datasheet. In the test|circuit,
each dathode is replaced by two fhalf’ resistors of value equal to %2 Rygs. This|allows
simulafion of various arc attachment points during ECG qualification. The central attaghment
point ($0 % tap) is used for this:transformation2. Thus, the lamp current, Ip, will split pqually
betwegn the two leads and the_heating contribution to the cathode substitution resistor| pair is
Vi In? 1 Riest1- Subtractingtthis from the total SoS delivered heat gives the minimum delivered
auxiliaty heat at Iy = Ipgp:

=1 1 2
Heat auxzo =% S0S30 x Riest1 = 74 Ipgo® * Riestt

Next, the cathode heating characteristics are determined from measurements of commegrcially
availafjle lamps. From suitable parametric fits (a7, b1), (a2, b2) and (a3, b3) to power law
regressions of the combined cathode data from several manufacturers, the following rglations
are determined,

I=atx Vbl
V=a2xPpPhb2
R,/R; = a3 x Vb3,

where [, V, and P, are the cathode current, voltage, and power, respectively.

2 Note that for real lamps and controlgears, when a hot spot is present, the arc attachment points and the phase
angle between lamp current and auxiliary heating current can vary. As a result, the cathode heating power can
vary.
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The parameters a7...a3 are multiplicative scalars and b17...b3 are exponents. A summary of
these experimentally determined power law fitted parameters for T5 HE (high efficiency) and
T5 HO (high output) cathodes is presented in Table 2.

Table 2 — Fitted power law parameters

I=atx Vb V=a2xPph2 R,/R,=a3x Vb3
T5 cathode at b1 a2 b2 a3 b3
14, 21, 28, 35W HE 0,069 4 0,446 1 6,324 9 0,691 4 1,704 9 0,547 8
24, 39W HO 0,192 2 0,370 8 3,330 1 0,729 5 2,001 0 0,628 7
49W HE 874376 874473 #0554 68,7655 +953-9 87592 5
54W HD 0,2716 0,437 8 2,475 9 0,695 4 2,288 3 0,560 8
80W HD 0,283 2 0,444 0 2,395 7 0,692 5 2,422'5 0,566 0

These | relations are now used to transform the auxiliary heat inyariant into dathode
parameiters for the lamp-ECG dimming system. Specifically, the cathode voltage, CV’ . in30
that dejivers the same auxiliary heat is

GV in30 = @2 [Heat auxsq] b2

This in[turn is used to calculate the cathode current, I'gi,30, that delivers the same m|nimum
auxiliary heat,

~

min30 = @7 [CV ningol 7

The minimum sum-of-squared lead currents,\ SoS’;, at Ip3q for the lamp-ECG system |is then
calculated as follows.

[@a)

0S'30 = ILp? + 1112 = Uminsot %% 1p30)? + (Imin3o = ¥2 1p30)? = 2 Imin30® + %2 Ip3o?

With this result, the rest of the.informative SoS’,;, limit is determined by constructing the line
joining[the point (Ip3p, S0S’5p) to the point (Ipiyans » ¥ Iptrans 2) Where no auxiliary heat is
required.

[@a)

08 min L2 21 = X 1= Yy x Iy  foripzg < Ip < Ipyans

With thle coefficients given by

X,1 =" IDt’ranq 21+ Y’1 X IBtranq
Y,1 = [SOS 30 — Z /Dtrans ]/[IDtrans - IDSO]

The values of these coefficients together with the equation for the minimum sum-of-squares
lead currents are given as informative parameters in Table 3.

3.2.2  Electronic controlgear qualification limits — SoS;,,

As explained in 2.4, normative qualification of ECG is specified using a simulated lamp circuit
and SoS limit values. The SoS,;, limit parameters (/io5t, X4, Y1) applicable to testing ECG on
the circuit network of substitution resistors (Riest1, R 30, @nd R gg) are negotiated consensus
values and specified in the lamp datasheets. Since the normative qualification limits for
continuous range dimming ECG are specified at Ip3y and /gy, the lamp datasheets specify
the values of SoS,,;, explicitly at these values of lamp operating current.
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Normative ECG qualification testing of dimming controlgear is described in IEC 60929. For
lamp currents within the SoS region (Ip3g</p < Iptrans)» determine the
SoSnin: Ly + 1.2 = X4 = Y4 x Iy specification using values of the coefficients X; and Y,
taken from the lamp datasheets. The resistor substitution network (R .1 and R|) shall use
the lamp substitution resistor, R, as determined from 2.4 and the lamp datasheets. The
measured values of the substitution resistor network sum-of-squares lead currents /| 2 + | 2
shall exceed the specified value of SoS,;, at each test condition for the ECG to qualify. Test
conditions are specified in the ECG standard.

3.3 Minimum cathode voltage — CV,i;, (Ibmin < /b < Ip30)

3.3.1 tamp-and-electronieecontrolgearsystems—6V o

Setting the informative lamp-ECG system values for the minimum cathode heating-in‘the deep
dimmirlg region begins with the expectation that cathodes will be designed [to be
thermignically emissive when heated above a temperature corresponding te \R,/R.~4|3. The
slope and y-intercept of the CV',;, limit line are specified to construct a\line that requires
deliverly of the same invariant cathode heat at I = Ip3g as the SoS’3; limitland with a point at
(Ipmin | CV’min10) that heats the cathode to R/R.~4,3. To construct)this limit, the gathode
heating characteristics (see 3.2.1) are used to calculate the cathode voltage requifed for
Rh/RC ¥ 4,3 at /D = IDmin’

GV min1o = [(Ry/R.)/a3] (1/63) = [4,3 / a3] (1/k3)

The mihimum cathode voltage limit line is then determined as follows:
GV nin=X3—Ya3xIp forlpnin < Ip < Ipag

With thle coefficients given by

3= CV'mingo + Y3 % Ip3g
3 = [CV'min10 = CV'min30l/[/p30-= bminl

= N

The vallues of these coefficients ‘together with the equation for the minimum cathode yoltage
are given as informative parameters in Table 3.

3.3.2 | Electronic controlgear qualification limits — CV,;,

The c4glculation .of\the normative minimum cathode voltage for ECG qualification jon the
specified resistor substitution network (Rigsis: Rl 10min @Nd R 1omax) begins by tranfrf]orming
the infprmative minimum cathode voltage limit line, CV' i, = X'3 — Y3 x I, for lamp-ECG
systemls /inte a cathode voltage limit line equation for substitution resistor nefworks,
CVphin EXX3 — Y3 x In. To begin, the cathode heating characteristics (see 3.2.1) are ysed to
determine the minimum cathode power with no lamp current, P’ ;0.

P [X'5 / a2] (1b2)

’minO =

This minimum heating power is then applied to the specified substitution resistor R;.s3 and
the resulting resistor voltage, V|0, is calculated:

Vmino = [Riests X P'minol (1/2)
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The invariant minimum delivered auxiliary cathode heat at I = I3 is then used to calculate a
voltage, V,in30, fOr the substitution resistor Ry.4i3 at Ipsg,

Vmin3o = [Riest3 X Heat auxsg] (172)

The transformed voltage limit equation is now determined,

CcV,

=X3—Y3></D

min

With the coefficients given by

The mi

A3
Y3 = [Vimino = Vmin30l/Ip3o

V,

min0

himum cathode voltage, CVp i, for the substitution resistor at /Ip,,;, i$'given by

GVomin = X3 = Y3 % Ipmin

This vdlue is specified as normative for ECG qualification in the lamp datasheets. This

limit s

continjous range dimming controlgear that achieve ~lowest current levels

(lein
lowest
resisto

[ network (Rygst3» RL1omin @Nd R 10max) for normative qualification.

3.4 Maximum cathode voltage — CV,,,., (Insfin < Ip < Ibtrans)

3.41

Lamp and electronic controlgearisystems — CV', ..

:VDmin

ecification applies also for normative ECG qualification\testing of non-continjous or

below

+ Ib3p)/2 but do not reach Iy currents as low as I§4;,- The ECG shall be testeq at the
current setting available without adjustment of\the CVp,,, limit or the substitution

The maximum cathode heating limit forthe informative lamp-ECG system is determingd from

the cathode heating characteristics (see 3.2.1) by calculating the cathode voltage requjred for
R./R. ¥ 5,2 at all lamp current valuges in the dimming range, Ipmin < Ip < Iptrans- ThUs,
GV nax = [(Ry/R;)a@3] (1/63) = [5,2 | a3] (1/63)
This value of the maximum cathode voltage is specified as an informative paramjeter in
Table $.
Table' 3 — Informative parameters for lamp and controlgear systems
SoS’min CV’min Cvmax
(Upge S 1o < Ioiane) Ugmin Sty < logg) Upmin=15 <dotrans)
T5 cathode Ligst X, Y, X4 Y,
14, 21, 28, 35W HE 0,160 0,059 0,387 5,89 22,89 7,65
24, 39W HO 0,350 0,251 0,796 3,63 7,08 4,62
49W HO 0,260 0,144 0,581 4,22 15,10 5,36
54W HO 0,480 0,504 1,136 3,39 6,12 4,32
80W HO 0,525 0,580 1,170 3,05 2,45 3,87



https://iecnorm.com/api/?name=20cc0c68cf1794bd6af344286e19bf97

-14 - TR 62750 © IEC:2012(E)

3.4.2  Electronic controlgear qualification limits — CV,,,,,

The calculation of the normative maximum cathode voltage for ECG qualification on the
specified resistor substitution network (Rigst2: RiL10min» RL1omax: RL3o @nd Ry gg) is done by
transforming the informative maximum cathode voltage limit, CV’ ;4 for lamp-ECG systems
into a cathode voltage limit for the substitution resistor networks, CV, .. As in 3.3.2, the
cathode heating characteristics (see 3.2.1) are used to determine the maximum cathode

power, P’ .x0. With no lamp current,

P CV ., | @2] (1b2)

’maXO = [ max

ThIS ’;” We S T v viv O LL~ SPEC E S Cto™ ESTS
resulting maximum cathode voltage for the substitution resistor is calculated,

GVimax = [Rigst2 x P ] (172)

max0

This value is specified as normative for ECG qualification at Iy = Ipin./z30 @and Ipgd in the
lamp dptasheets. This normative CV,,,, limit shall also apply to all EGG-that, by design (e.g.
step-dimming ECG), are required to be tested at other Iy levelsAThe substitution fesistor
network (Rigst2: RL10min' RL1omax: RL30 @nd Ry gg or R ) shall use"the same lamp substitution

resisto[ as employed in ECG qualification testing for SoS,;, or.CV,,,;, specifications.

4 Example of calculation for 54W HO lamps

4.1 Seneral

The exjample given in this clause is intended, tdZillustrate the calculation methodology|of this
technidal report. Parameter values for the 54W T5 HO lamps are selected from the best
available data at the time of publication ofithis technical report. Future modifications| to the
IEC 60p81 datasheets will not necessitaterevision of this report clause. Further, this clpuse is
not intended as informative or normative for 54W T5 HO lamps.

The cajculation begins with the following input parameters (see Table 4).

Table 4 — Datasheet parameters

Parameter Value
Cathode test current, /., 0,480 A
Minimum dimming discharge current, /. 0,050 A
Maximum dimming discharge current, I, o 0,380 A
Lamp operating current 30 %, /5, 0,144 A
Cathode substitution resistor, RteSt1 7,50
Cathode substitution resistor, RteSt2 8,50
Cathode substitution resistor, Rtest3 7,00
Sum of squares lead currents at /,,, SoS;, for ECG qualification 0,282 A2
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4.2 Calculation of lamp and ECG systems — SoS',i,,
The auxiliary heat delivered to the cathode substitution resistor, R .1, under conditions at

Heat aUX30 = 80830 X Rtest1 Ya /D30 X R
= 4 (0.282) (7.5}~ 14 (0.144)2 (75} = 1,019 W

The voltage that delivers the same auxiliary heat to a 54W T5 HO cathode is

CV 1in30 a2 [Heat auxsq] b2

(2,475 9) [1,019] 08954 = 2,508 V

The cufrent that delivers the same auxiliary heat to a 54W T5 HO cathode is

~

1 [CV in3ol P

min30
(0 271 6) [2,508] 0437 8 = 0,406 A

The minimum sum-of-squared lead currents, SoS’;(, at In3q for the lamp-ECG system |is then
calculated as follows:

[@a)

08’3 = (Fmin30 + 72 1p30)% + (' min3o = ¥2 Ip30)% = 2 I'min3o? + ¥ Ip3o?
= 2 (0,406)2 + % (0,144)2 = 0,340-A2

The cogfficients of the informative SoS’,;, limit line-are then calculated:

Y,1 = [SOS 30 — V2 IDtrans ]/[IDtrans ID3 ]
=[0,340 - 2 (O, 380)2]/[0 380 -0,144]1=1,136 A
x4 = %2 Iptrans 24 Y1 %dptrans

= 14 (0,380)2 + 1,136 (0,380) = 0,504 A2

And the informative SoS’;, limit.line (see 3.2.1) is

0S min L2+ 1L 21 X = Yy xIp  foripze < Ip < Ipans
oS’ =0,504—1,136></D

(o

min
4.3 Calculation.of-lamp and ECG systems — CV' ..,

The informative Jminimum cathode voltage line is calculated starting from the voltage that
heats the cathode to R,/R.~4,3

Q

=R /R /531 (1/b3)
R o as

= [4,30/ 2,288 3] (1/0.560 8) = 3 083 V

\/
©minT0

The coefficients of the informative minimum cathode voltage limit line are then calculated:

Y3 = [CV'min10 = CV'min30l/ /D30 = 'pminl
[3,083 — 2,508]/[0,144 — 0,050] = 6,12 Q
CV'minzo + Y'3 % Ip3g

=2,508 +6,12x0,144 =3,39V

X'3

And the informative minimum cathode voltage limit line (see 3.3.1) is

cv
cv

= X3— Y’3 X ID for leln < ID < /D30
=3,39-6,12/p

min
min
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4.4 Calculation of ECG qualification limits — CV,;,,

Steps in the calculation of the normative minimum cathode voltage for ECG qualification (see
3.3.2) are as follows. The minimum cathode power with no lamp current (/| = 0) is

X’3 / a2] (1/b2)

P [
o [3.39 / 2,475 9] (1/0,6954) = { 57 W

This heating power is then applied to the specified substitution resistor Ry, 3 and the
resulting resistor voltage is calculated:

\ [i») 1 (1/2)
min0 I"*{esi3

t ’D,manJ
=[7,0 x1,57] (12) = 3,316 V

The inyariant delivered auxiliary cathode heat at /I = Ip3( is then used to caleulate a yoltage
for the [substitution resistor Ryg43 at Ip3g,

—

=[7,0 x 1,019] (1/2) = 2 670 V

The trgnsformed voltage limit equation is now determined:
GVinin = X3— Y3 xIp

With thle coefficients given by

A3 = Vimino
= 3,316 V
Y3 = [Vmino = Vmin3ol!/g30

= [3,316 — 2,670]40,144) = 4,48 O

The minimum cathode voltage for-the substitution resistor at the minimum dimming discharge
currenf is given by

GVin = X3+ Y3 % Ipmin-
=3,316 — 4,48 x 0,050 = 3,09 V

4.5 Calculation.of lamp and ECG systems — CV' ..

The maximum=cathode heating limit for the informative lamp-ECG system is determiped by
calcule]ting the cathode voltage required for R,/R. = 5,2 (see 3.4.1)

(Ry/RGyasy thes

(-’Vmax |-
[5,2 /2,288 3] (1/0,5608) = 4,321 v

4.6 Calculation of ECG qualification limits — CV,,,,
Steps in the calculation of the normative maximum cathode voltage for ECG qualification (see

3.4.2) are as follows. The cathode heating characteristics (see 3.2.1) are used to determine
the maximum cathode power with no lamp current (/5 = 0),

P max0

[CVay | @2] (1/62)
[4,321/ 2,475 9] (1/0,6954) = 2 23 \y
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This heating power is then applied to the specified substitution resistor R.so and the
resulting maximum cathode voltage for the substitution resistor is calculated:

CVimax = [Riest2 X P'maxol ("'?)
=[8,5x2,23] (12) =435 v
5 Glossary of symbols
Symbol Explanation
ay Cathode fitted power law parameter: scaling for current vs voltage
as Cathode fitted power law parameter: scaling for voltage vs power
as Cathode fitted power law parameter: scaling for R/R vs voltage
b4 Cathode fitted power law parameter: exponent for current vs ‘voltage
b, Cathode fitted power law parameter: exponent for voltage-vs power
b Cathode fitted power law parameter: exponent for Rg/R_vs voltage
Ccv cathode voltage model
cv root mean square voltage (r.m.s.) applied acra@ss the cathode
CV’ ax maximum voltage across a cathode
CV'din limit line of minimum cathode voltage
CV'din10 minimum voltage across a cathode.at /p = Ipyin
CV’ din30 minimum voltage across a cathaede at I = Ip3g
CVbhin minimum voltage® across the\substitution resistor at I = Ipmin
CVmbx maximum voltage? across'the cathode substitution resistor
CVrin limit line of minimum“eathode substitution resistor voltage
ECG electronic controlgear
Heaflauxsq | auxiliary heat delivered to the cathode maintained invariant at I = Ip3q[in
the transformation: ECG-lamps = ECG-resistors
/ cathode characterization test current
I mindo cathode current that delivers auxiliary heat equal to Heat auxsg
Ip discharge current
Ib3o discharge current3 at approximately 30 % of /o
Ibeo dischargecurrentd at approximately 60 % of /o
Ipmin minimum lamp current3 for dimming specified in the lamp standard
Ibtrans lamp current transition® between normal range (no heating necessary) and
dimming range (auxiliary heating required)
ILn I lead high = highest current through either lead-in wire
I Hmax maximum allowed current3 in any lead
I | lead low = lowest current through either lead-in wire
liest cathode test current3

3 value specified in relevant lamp datasheet.
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