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Abstract:
The purpose of this investigation is to determine how the I-phase to 3-phase static phase converter can
be used on fluorescent lighting loads.

Two types of lamps have been tested, namely, the 96-T12-73 slim lamp and the 15-watt cold-white
lamp.

The lamps are connected into delta to the phase converter. The balances of the system have been
investigated for various supply voltages. Lamps starting under this circuit connection is tested.

The stroboscopic effect of the fluorescent lamp is reduced to 5% to 8% by this circuit connection.
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ABSTRACT

The purpose of this Investigation is to determine how the |-phase
to 3-phase static phase converter can be used on fluorescent lighting

loads.

Two types of lamps have been tested, namely, the 96-T12-73 slim
lamp and the 15-watt cold-white lamp.

The lamps are connected into delta to the phase converter. The
balances of the syfcea have been investigated for various supply vol-
tages. Lamps starting under this circuit connection is tested.

The stroboscopic effect of the fluorescent lamp is reduced to
56 to 8% by this circuit connection.
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CHAPTER |

INTRODUCTION

Every lamp when burned In the usual manner on alternating current
has a non-uniform light output caused by the cyclic variations in cur-
rent. A fluorescent lamp is an electric discharge device. Instead of
generating light from direct heating of the tungsten wire, as in an
incandescent lamp, the fluorescent lamp is not to produce light, but
rather to generate a short-wave ultraviolet and then employ fluorescent
chemicals or phosphors which can effectively convert this ultraviolet
energy into visible light. As soon as the current which passes through
the lamp is zero, there will be no more short-wave ultraviolet wave to
excite the fluorescent chemicals, the lamp will practically generate no
light at this event. Therefore, the light drops to zero along with the
current between each half cycle.

This flicker or stroboscopic effect causes certain strain on human
eyes. Hence various means have been developed in order to reduce this
effect. One of the effective means to reduce this flicker is by using
several lamps together, each supplied by a different phase voltage, so
that the flicker of each lamp occurs at a different time. The net result
will greatly reduce this stroboscopic effect. The two-lamp ballast is
practically based on this fact.

It is easy to see that by supplying a balanced three-phase voltage
to a three-lamp set, the flicker of this whole set will be far more re-

duced than the flicker of a two-lamp circuit.
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Recently certain means have been developed which serve as a very
convenient way to split a single phase, almost under all load conditions.
Into a balanced three-phase system. Therefore, by suitable application
of this circuit, it is possible to reduce the stroboscopic effect in
fluorescent lights.

This investigation is mainly concerned with the application of this
static phase converter to the fluorescent lamp and to see how the circuit
will be balanced and how the stroboscopic effect is reduced.

In this investigation, two types of fluorescent lamps have been

tested, namely the 96-T13-73 slim lamp and the 15-watt cold-white lamp.



CHAPTER 11

THE STATIC PHASE CONVERTER

In a recent article”/ J. C. Hogan suggested a static phase con-
verter which consists of a condenser and an autotransformer. By adjust-
ing the value of the condenser and the ratio of the autotransformer, it
can convert a single phase into a well balanced three-phase system for

any load possessing a lagging power factor. The general form of the

circuit is shown in Figure 1.

Ic

Fisure 1. Circuit of the static phase converter.

Where: A, B and C are the terminals of the three balanced phases.
To secure a balanced, three-phase system the value of Xe and the N
of the transformer can be calculated from the following formulas. (See

Appendix)

Xe = | M —
2 Sin “ml

" CosCtim1-MO0)

Sin timj

Hogan, J. C., fIEE Transaction. "Analyzing Single-Phase to > Phase Static
Phase Converter," January 1956, p. 403.



Where: Zia® is the positive sequence impedance per phase of the load
which is In Y connection,
flcij is tlie positive sequence power factor.

In order to make this static phase converter apply to the fluorescent
lamp, certain changes are necessary.

Since most lighting systems are HO volts, to secure enough voltage
for the fluorescent lamps, the lamps should be connected in delta. Since
these lamps are similar, they may be treated as a balanced three-phase
load which cam be easily transferred into an equivalent Y connected load
by letting:

Zai m JiZa
3

Where: Za is the impedance of each lamp in delta connection.
Zm" is the equivalent impedance per phase in Y connection.
Furbhenaore, since the lamps form a balanced delta circuit, it can
be assumed that their negative and zero sequence impedance is zero.
Knowing the Za and power factor of each lamp, the values of N and Xe may

be readily determined.



CHAPTER I Il
TESTING ON INDIVIDUAL IAMPS

TO FIND THEIR ELECTRICAL CHARACTERISTICS

The elm of this test Is to find out the Impedance and power factor
of each lamp so as to apply to the foregoing equations to secure a
balanced three-phase system.

However, as the lamp circuit is connected in delta to the static
phase converter, the third harmonic of the lamp current will circulate
around the delta and will not appear In the line current. Hence the
impedance and power factor of each lamp which is calculated, based on
testing of Individual lamps, will be different from those in delta
connection owing to the absence of the third harmonic. To make less
error, it is assumed that there is no third harmonic in the lamp current.
A wave analyzer is used to determine the fundamental, third harmonic and
fifth harmonic of the lamp current. The fifth harmonic is negligible
compared to the fundamental; hence only the fundamental along with the
power consumed and applied voltage is used to find the power factor of
each lamp which has been shown in Table | and Table 2 »

There is a condenser in the ballast of the fluorescent lamp circuit
which merely serves as a power-factor correction device, therefore in
our test we disconnect It from the circuit.

The impedance and power factor of the fluorescent lamp is not a con-

stant. It changes with different supply voltages. The supply voltage

~  The lamp Impedance is calculated based on the total lamp current (in-

cluding the third harmonic) since it is closer to the value of the actual
balance by this way.



was varied from 80 volts to 140 volts with an increase of 5 volts in each
step. Then all readings were taken and the impedances and power factors
were calculated. The complete data is shown in Table | and Table II.

The power consumed as listed In the tables is the actual power consumed
in the lamp. The meter loss has been subtracted.

Three different lamps of each kind have been tested.



TABLE la.
v I
uo 0.55
135 0.48
130 0.422
125 0.372
120 0.330
115 0.285
no 0.254
105 0.227
no 0.200
95 0.178
90 0.151
85 0.126
80 0.100
Remarks
Cos

FIRST LAWP (15-WATT COLD-WHITE).

Pooe 3r- U ly
20.4 0.50 .108
26.1 0.436 .089
22.7 0.38 070
20.6 0.336 .0538
18.0 0.296 041
16.4 0.260 .0324
U .8 0.234 .0268
13.3 0.212 0230
U .8 0.186 .0200
10.2 0.160 .0190
8.6 0.138 0176
7.0 0.114 0160
5.6 0.090 .0150

Supply voltage In volt

Lamp current In ampere

Power consumed in watt
Fundamental current in ampere
Third harmonic in ampere
Fifth harmonic in ampere
Power factor of fundamental
Lamp impedance in ohm

Cos «mi

0.420

0.441/i

0.460

0.491

0.508

0.550

0.576

0.598

0.634

0.672

0.692

0.724

0.779

254

281

308

336

364

404

433

462

500

534

596

674
800



@ 3 &

TABLE |b. SECOND LAMP (15-WATT COLD-MITE).

\ I P . J 1 . g I Cos | z
uo 0.534 23.2 0.49 0.094 0.411 262
135 0.470 25.6 0.432 0.078 0.439 287
130 0.416 22.5 0.390 0.058 0.445 312
125 0.368 20.5 0.350 0.0450 0.470 350
120 0.332 18.0 0.316 0.0356 0.486 361
115 0.302 16.4 0.284 0.0296 0.503 380
HO 0.272 u.9 0.252 0.0256 0.539 404
105 0.239 13.2 0.228 0.0230 0.552 440
100 0.211 12.1 0.200 0.0210 0.605 473

95 0.185 10.4 0.178 0.0200 0.616 513

90 0.159 8.4 0.150 0.0184 0.621 566

85 0.130 7.3 0.120 0.0176 0.715 654

80 0.102 5.8 0.090 0.0160 0.805 784
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TABLE Ic. THIRD IAMP (15*WATT COLD-WTTE) »

\% | P Iy B IP _ Cob ?
uo 0.518 27.7 0.476 0.104 0.0334 0.417 270
135 0.458 24.7 0.418 0.080 0.0222 0.439 295
130 0.403 22.7 0.376 0.0624 0.0152 0.464 323
125 0.358 20.1 0.334 0.0488 0.0092 0.481 349
120 0.317 17.5 0.296 0.0398 0.0044 0.493 379
115 0.274 15.6 0.264 0.0336 0.0020 0.515 420
no 0.244 u.7 0.232 0.02% 0.0011 0.575 450
105 0.220 13.2 0.208 0.0268 0.0012 0.605 476
100 0.192 U.5 0.180 0.0240 0.0012 0.640 520
95 0.167 9.9 0.154 0.0224 0.0022 0.679 570
90 0.140 8.1 0.128 0.0210 0.0028 0.704 643
85 0.1u 6.5 0.100 0.0192 0.0033 0.764 745

80 0.090 4.9 0.076 0.0170 0.0037 0.805 890
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TABLE Ila. FIRST LAMP (SLIM LINF LAMP 96-T12-73)

\Y; | P _I;]_- ) | |

3
135 3.72 141.5 3.40 0.454 0-1??0
130 3.35 128.6 3.16 0.358 0.086
125 3.08 113.2 2.33 0.272 0.058
120 2.33 109.2 2.60 0.193 0.0304
115 2.64 101.3 2.40 0.156 0.0132
no 2%44 94.3 2.20 0.130 0.0160
105 2.26 37.5 2.00 0.112 0.0158
100 2.10 31.2 1.83 0.100 0.016
95 1.95 74.9 1.72 0.092 0.0153
90 1.80 69.9 1.58 0.076 0.0156
85 1.64 63.0 1.40 0.062 0.0156

80 1.49 56.7 1.24 0.056 0.0156

Cos

0.307

0.312

0.323

0.350

0.369

0.390

0.416

0.431

0.453

0.491

0.530

0.571

36.3

38.8

40.6

42.4

43.5

45.1

46.5

47.6

48.7

50.0

51.9

53.7
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TABLE lib. SECOND LAMP (SLIM HKE LAMP)

Y% | P |I - I~ can_ogfo— z
135 3.51 135.1 3.44 424 116 0.291 38.4
130 3.23 123.8 3.12 310 072 0.305 40.2
125 2.97 114.2 2.88 240 040 0.318 42.1
120 2.75 105.6 2.64 186 e 0.333 43.6
us 2.56 99.00  2.48 146 020 0.347 44.9
HO 2.40 92.30  2.28 134 018 0.368 45.8
105 2.23 85.90 2,08 120 013 0.393 47.1
100 2.06 79.00  1.92 H6 017 0.411 43.5
95 1.91 73.4 1.76 HO 017 0.439 49.7
90 1.77 67.9 1.62 104 017 0*466 50.9
85 1.61 61.4 1.46 100 016 0.495 52.7

80 1.46 55.3 1.30 098 .016 0.531 54.8
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TABLF H e THIRD IAMP (SLIM HNF LAMP).

S L. P — 1j L, Soajto2.-- Z

135 3.58 137.5 3.42 372 .090 0.293 37.7
130 3.30 126.3 3.10 288 054 0.314 39.4
125 3.06 117.8 2.88 210 — 0.328 40.8
120 2.34 HO,2 2.68 162 021 0.343 42.2
115 2.55 103.1 2.48 150 .019 0.362 45.1
HO 2.46 96.1 2.30 132 .019 0.380 44.7
105 2.30 89.5 2.10 124 019 0.406 45.6
100 2.14 82.4 1.92 116 019 0.429 46.7
95 1.96 76.0 1.76 108 .0186  0.455 48.5
90 1.81 70.1 1.60 102 0180  0.497 49.7
85 1.65 63.1 1*44 0% .0180 0.513 51.5

BO 1.50 57.0 1.28 092 .0178 0.553 53.5



CHAPTER IV

BALANCING OF THE SYSTEM

It has been shown in Chapter IH that neither the impedance nor the
power factor of the lamp is a constant; they change as the supply voltage
changes. But the static phase converter can furnish a balanced three-
phase voltage only at a constant impedance and power factor of the load.
As soon as the impedance and power factor of the lamps are changed due
to the change of supply voltage, the system will no longer be balanced.

In these tests we wish to find out how the supply voltage will
affect the balancing of this static phase converter.

125* 120, 115, HO and 105 volts are chosen as the particular
balancing voltages for the system. From Table | and Table Il we find
out the corresponding impedance and power factor of the lamps at these
particular voltages. Then Xq and N values are calculated from equations
I and 2. However, the impedances and power factors of the three lamps
are not identical, so their mean values are taken. The results of
these calculations are shown in Table Ill and Table IV.

However, the values of X0 and N for actual balance are little dif-
ferent from what we have calculated, which also has been shown in the
same tables.

The general circuit connection is shown in Figure 2.



ml "ure 2. Lamp circuit.

A fter the system was balanced, the supply voltage Vj was changed
through a variac at the source. Phase current and voltage of the three
lamps were recorded in order to see how the supply voltage affects the
balance of the system.

Characteristic curves which show how the voltages and currents of
these three lamps vary with various supply voltages are plotted in
Figure 3 and Figure 4. However, as V~c was the same as the supply
voltage, it was not plotted on the curve sheets.

From Figures 3, and 4» it can be seen that Vcq and lca are almost
constant during the variation of Vj, while the VEA and VWoc, Ig” and Ibc
changed proportionally to each other.

The voltage, current and power consumed of the whole system is shown
in Table V and Table VI. The characteristic curve of the power factor of

the whole system is shown in Figure 5 and Figure 6.



TABLE 111.
JZ3r- Z
125 345
120 368
115 401
HO 429
TABLE V.

\Vil z
125 41.2
120 42.7
115 44 .5
HO 45.2
105 46.1

RnInnnlITii

Cos

0.481

0.496

0.528

0.563

Cos ©

.326

342

.359

379

405

C

13.5 u.f.

12.5 u.f.

H.O u.f.

10.2 u.f.

122 u .f.

H7 u.f.

HIl u.f.

107 u .f.

105 u.f.

N

-0.0249

-0.005

0.0285

0.090

-.201

-.166

-.145

-.116

BALANCING CALCULATION FOR 15-WATT COLD-MITE LAWP

C N
13.8 u.f. -0.024
12.8 u.f. -0.0033
H.6 u.f. 0.0191
10.9 u.f. 0.064

BALANCING CALCULATION FOR SLIM LINE LAWP

Actual Baland tp

C N
119.5 u .f. - .205
H4.65u.f. -0.183
106.5u.f. -0.167
107 u .f. -0.150

104 u .f. -0.132
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15-Vfett Cold-W hite Lamp, Phase Current and Voltage Charac-
teristics — Balanced at - 120 v.
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19-Watt Cold-White Lamp, Phase Current and Volage Charac-
teristics — Balanced at Wbs HO v.
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Figure 4a. Slim line Lamp, Riase Current and Voltage Characteristics —
Balanced at VA * 125 v.
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Slim line Lamp, Phase Current and Voltage Characteristics
Balanced at a 120 v.
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Balanced at V] - 115 v.
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TABLE Va. (15-WATT LAVP BALANCED AT
Yi« 125 VOLTS)

vt 1L P Cos O
140 0.800 83.0 0.741
135 0.770 79.0 0.760
130 0.728 75.1 0.794
125 0.692 71.2 0.823
120 0.667 67.4 0.842
115 0.645 64.5 0.870
HO 0.632 61.2 0.880
105 0.621 57.8 0.886
100 0.609 54.3 0.892

95 0.593 50.4 0.895

90 0.579 46.5 0.892

85 0.552 40.9 0.871

80 0.518 35.3 0.351

Pa Power consumed in the system - watts
Cos 6 Power factor of the whole system



TABLE Vb.

135

130

125
120
115
HO
105
100
95
90
85

80

25 -

(15-WATT IAMP BALANCED AT

V, * 120 VOLTS)

.809

735

.700

.668

6U-

622

.602

.593

.580

.565

543

520

490

Pn
82.0

77.2

73.3

68.8

65.4

61.4

59.0

55.8

52.4

48.7

44.7

39.7

34.3

Cos 6

0.724

0.777

0.805

0.824

0.845

0.859

0.891

0.8%

0.903

0.908

0.915

0.898

0.875



TABLE Vc.

VL

140

135

130

125

120

115

no

105

100

95

90

85

80

26

(15-WATT IAMP BALANCED AT

V1l M 115 VOLTS)

1L

757

.708

.670

.640

615

.595

578

.564

.550

.536

519

490

461

Pa
79.9

74.7

70.7

67.4

64.1

60.7

57.2

53.8

50.8

47.1

43.5

38.7

34.3

Cos 6

0.753
0.781

0.812

0.842

0.869

0.889

0.900

0.909

0.923

0.925

0.930

0.929

0.929



TABLE Vd.

vl

no
135
130
125
120
H5
no
105
100

95

90

85
80

27

(1?-WATT LAM? BALANCED AT

Vls UO VOLTS)

1L

765
.695
.648
629
.598
577
.560
.548
531
,518
.500
AT76

450

Pa
76.8
71.8
68.3
65.1
61.8
58.5
55.4
52.6
49.3
45,8
42.5
37.9

33.6

Cos 6

0.726
0.764
0.810
0.829
0.860
0.881
0.900
0.915
0.927
0,930
0.945

0.961

0.933
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TABLE Via. (SUM LINE LAIEj BALANCED AT
V1 a 125 VOLTS)

A 1L . | Cos Q
135 5.49 421 0.568
130 5.20 404 0.597
125 4.98 386 0.620
120 4.81 371 0.644
115 4.70 354 0.655
no 4.59 332 0.658
105 4.48 307 0.654
100 4.30 276 0.641

95 4.11 246 0.630

90 3.98 218 0.609

85 3.80 190 0.589

80» 3.90 187 0.600

*One lamp blacked out
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TABLE VTh. (SLDi LDIiE LAMP BALANCED AT
V1 e 120 VOLTS)

VL IJj ...Pa Coa O
135 5.30 405 0.566
130 5.00 385 0.592
125 4.80 369 0.615
120 4.64 355 0.637
115 4.51 336 0.649
no 4.39 318 0.659
105 4.25 297 0.665
100 4.10 270 0.659
95 3.96 246 0.654
90 3.80 218 0.638
85 3.65 198 0.637

80 3.50 173 0.617
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TABLE Vie. (SLIM LDIE IAMP BAIAHCED AT
V1 * 115 VOLTS)

Tl 1L f\/ Coa a
135 5.18 333 0.555
130 4.89 370 0.582
125 4.68 355 0.607
120 4,50 341 0.631
115 4.35 325 0,650
no 4.21 306 0,661
105 4.09 287 0.669
100 3.95 266 0,674

95 3.82 243 0.670

90 3.70 219 0.657

85 3.55 198 0.655

80 3.40 176 0.646
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TABLE VId. (SLIM LINE MMP BALANCED AT
V1l s 110 VOLTS)

TL 1L pa Cos 4
135 5.00 376 0.557
130 4.73 361 0.587
125 4-52 345 0.610
120 4.31 330 0.639
H5 4.18 316 0.658
110 4.05 300 0.674
105 3.92 285 0.693
100 3.80 263 0.692

95 3.70 242 0.689

90 3.59 220 0.680

35 3.44 198 0.676

SO 3.30 178 0.674
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TABLE Vlo. (SLIM LDIiE LAVP BALANCED AT
V1 e 105 VOLTS) LINE CURRENT

voltaof and POWR factor.

VI. 1L Pfi Cos ti
135 4.84 364 0.557
130 4,53 346 0.581
125 4.35 331 0.609
120 4.13 318 0.635
115 4.02 306 0.662
no 3.91 289 0.672
105 3.80 277 0.694
100 3.70 258 0.697

95 3.61 238 0.695

90 3.51 220 0.696

85 3.35 200 0.701

80 3.20 181 0.705
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Figure 5. Power Factor Characteristics — 15-Watt Cold-White Lamp
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CHAPTER V
STAHTINa TEST

In this test, we are trying to see how the leou™u will start under
this circuit connection. The three lamps are connected the same as in
Figure 2. The source voltage Vjj is varied through a variac. The
starting time of the lamps at each balanced voltage is shown in Table
VIl and Table VIIlI. The starting time of a single lamps of each type
is also shown in the same tables for comparison.

In each step of this test, the lamps are given enough time to
cool down so as to assure that the starting time will not be affected
by the temperature of the lamps

From the tables, it shows that except for the 15»watt lamps balanced
at HO volts, all lamps start very well, almost the same as the single

lamps.



3
TABLE V I1I. (15-WATI OOLD-*EITT LAMP)

Bolanced wt 125 Volts

Vl ———  —

80 No

90 Lab not started. others started after 12 seconds.

95 After 11.5 seconds all started.

100 n 7.5 n U w

105 a 6.0 i It n

HO n 55 H M it

115 n 5.0 * M it

120 m 4.0 n # it ot

125 M 20 = n W,
Balanced at 120 Volts

V1 Starting time

80 No

90 A fter 12 seconds, aH started.

95 W y M n R

100 t 10 it n R

105 R 9 R H R e

HO N 7 R R W

H5 R 5 R n H

120 n 5 il W H m



\2|

80

90

95
100

105

HO

115

120

125

80

90

95

100

105

HO

115

120

No

- 31 -

Bs-lancei au 115 Yol".s

Starting time__

After 13.5 seconds. all started.

No

Lc

H

«

a

11.0

10.0

9.0

8.5

8.0

7.0

6.0

H

N

*

H
M H e
R li
R It
K R
R M
M M

Balanced at 11' Volts

not started

H

A\

Starting tine



90

95

100

105
no

115

120

125

Startinp time

21.0 seconds

20.0

6.5

6.0

5.0

4.0

3.0

2.0

n



TABLE V in. (SKH uxz LAIL)

Balanceol at 125 Volt?

" Lb 9 ,

80 No Blinked but not started
85 No 2 seconds

90 4»5 seconds | "

95 1.5 « 0.5
100 I " Inst.
105 0.5 H
no Inst. L
115 It 2

Balanoea at 120 Voltg

80 No Blinked but not started
85 No 3 seconds

90 2 seconds | "

95 | " 0.5 ”
100 0.5 Inst.
105 Inst. n
HO n ft
H5 " H

Balanced at 115 Volte

80 No Blinked but not started
85 No 3 seconds

90 2.5 seconds | "

95 1.0 0.5
100 0.5 Inst.
105 Inst. n
HO » it

HS

IT

H

- hoor

No

No

3 seconds
1.5 »

I "
0.5

Inst
a

No

No

2 seconds
I n
0.5 «
Inst.

it

ft

No
no
1.5 seconds
1.0 «
0.5
Inst.
it

it



TABLE V I11. (Contiausd)

Balanced at HO Volts

vl —_—

80 No Blinked but not started No

85 No 4.5 seconds No

90 2 seconds 1.0 » 2 seconds

95 I » .5 b5

100 0.5 Inst. Inst

105 Inst. » H

no n ft n

115 " H H
Balanced at 105 Volts

80 No Blinked but not started No

85 No 3 seconds No

90 1.5 seconds | ” 1.5 seconds

95 1.0 05 " 1.0 "

100 0.5 " Inst. Inst.

105 Inst. n v

no it ii n

us n li ii

Single lamp ...

7i lime

80 Blinked but not started
85 4 seconds

90 1.5

05 1.0

100 0.5

105 Issli -




CHAPTER VT

STROBOSCOPIC EFFECT INVESTIGATION

The lamp circuit was connected as shown in Figure 2. Source voltage
was varied through a variac

A PJ-23 photocell and a G-F oscilloscope were used to investigate
the relative light output wave of the lamps. The photocell circuit was

connected as shown in Figure 7.

PJ-23

OSCILLOS-
COPE

SHIELD

uA 90 VOITS

figure 7, Photocell circuit.

The photocell was placed at a distance from the lamps more than ten
times as far as the distances between each lamp in order to assure that
the light from each lamp to the photocell would be even.

The test was accomplished in a completely dark room in order to
assure that it would not be affected by other light sources.

Relative light output was sketched from the oscilloscope in its

exact form. From these relative light putput curves the percentage devia-

tion was calculated which is shown in Table IX and Table X for various

supply voltages at different balanced voltages.



The table shove at balance,! voltage that the light percentage devia-
tion Is from 5% to 8% which is nearly the value for the filament lamps
However, it is very sensitive to any change of the source voltage.

The characteristic curves of the light output percentage deviation

versus supply voltage is shown in Figure 3 and Figure 9.

Charles L. Araick, Fluorescent lighting Manual. 2nd Edition, McGraw-
Hill Book Company, New York, 1947, p. 73.



TABLE IX.

Vi

uo

135

130

125

120

115

HO

105

100

95

90

85

80

-1 -

(15-VAT OOLD-WITF LAM?)

125 T

12.5

9.86

5.55

5.07

5.90

8.10

13.00

13.30

16.00

22.10

29.90

34.10

48.50

Balanced at

120 v .
12.0

11.8

7.8

7.25

6.8

9.3

13.2

13.9

17.0

22.0

25.0

32.4

48.8

115.v

14.4

7.85

7.7

6.9

10.4

11.8

H.O

18.0

22.4

27.5

46.0

HO v

18.3

17.5

13.0

15.5

12.2

10.8

7.1

10.0

13.9

17.4

25.8

32.7

41.0



TABLE X,

Vi

140

135

130

125

120

115
no

105
100

95
90

85

(Sm LH LAWP)

9.44
6.47
5.69
4.82
5.36
6.41
6.85
n.76
20.70
24.50
27.40

43.90

R=lanced at

120 v

13.2

11.7

10.7

8.35

6.85

7.55
8.00

12.20

15.40

20.80

25.60

30.5

115 v

14.3

9.2
8.6

8.05

12.0

12.8

17.4

22.0

no v
16.0
15.1

14 .4

10.8
9.7

9.3
8.03

9.40
12.10
13.60
17.00

21.60

105 v
18.3
16.9
15.5

14.3

12.7
n.8

9.8

8.HA

10.0

15.40

15.80

20.6
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Figure 8. Light Output Deviation — 15-W I't Cold-White Lamp
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Figure 9. Light Output Deviation — Slim line Lamp.
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Appendix

The following material is copied from AIEE Transaction, January
1956, p. 403, "Analysing Single Phase to 3-Phase Static Phase Converter,"
by J. C, Hogani

"The general form of the circuit for phase converters is

given in Figure la. The voltage at terminal Al may be varied

according to the tap setting on the autotransformer. The

capacitor X0 in series with phase A may also be varied to

obtain balanced conditions. This circuit may he analyzed by

the method of symmetrical components by considering the vol-

tages at Al, B1l, and Clas a set of unbalanced 3-phase vol-

tages applied to a circuit with unequal line impedances going

to e 3-phase load. IMs set. of voltages may be expressed in

terms of the single-phase voltage applied to the phase con-
verter and the tap setting of the au otransfonaer. Thusi

%'g= AzV,
Vec= Vv,

vVw=-0 I-SMV1

wherei Cttv
* o~ IVscl

Ilc

Figure la  Circuit of Static Phase Converter
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nThe positive, negative and zero-sequence component voltage
are given by:

Va8= y- (V«b + aVbc + (XVco.) (*)
VA&= - (Vai, 4- AlVbc + "~V ¢ <6;
Viibt- -J  (Vob + VbC 4- A (?9

W ket:'.toting equations | to 3 into equations 5 to 7 yields;

Vad = Alllo0)
VF% = £ {ILil'+ AILI?) (V
Vab= O t'*)

"Since the sua of the tiire© currents must also equal Eero,
the aero-sequence component of the current is also aero.

"The load circuit is expressed in terns of an equivalent
wye circuit, with the applied voltage being a lino-lo-neutral
voltage. Expressing the comjxsaent voltages of equations 8 and
9 in terras of line-to-neutral voltages gives;

Va = ~* 6)" (H)
VAni=  -j- (YWZo0+ //£V ] ('*)
Vin,= (H)
VAiini = fllZEe+ | Z MV (/(f)

"Next the unsymetrioal line impedances mast be resolved
into a form suitable for application of the sequence rule,
sequence com onenta of these unbalanced line impedances are;

Zac= j (Za + 24 + 2c) ("Ir)
Za,= -N( 4+ &Zb + ) (ib)
2AK= N (Za +*MZe + aZcl cvV
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"In the phase-converter circuit:

Ze- Zc — O

"Thus equations 15, 16 and 17 become:

"The equations of the circuit may now be written in terms
of the sequence components. Thus:
V&w  Jlal CiZc + I*i) + Jlai Za* (1%)

\nm— JAZa + ZAa + ) (*>)

where:

IQ'Jf IbZ* the positive- andnegative-sequence comixment
currents going to the load respectively.

Zml, Zm2 s positive- and negative- sequence imped-
ances per phase of the load respectively.

"Substituting equations 12, 14 and 19 into equation 20 and
21 yields:
A Zo6 + 11bJ? = "% ( % + uz»s

(Al /Qa + 1/-60* == -LA mZmi)  (2i)

"Solving for the sequence currents gives:

T--V1i z** Za'+ 'IM hJzIW i

and

T Vi Li* i



"The ideal operating condition for a 3-phase load ia to have
balanced 3-phase voltages applied to the terminals of the load
which should result in balanced line currents. hus, the nega-
tive-sequence current must equal zero. Prom equation 25 it is
seen that this condition is satisfied by the relationships

2* Ucf
£»,/ UL*/ IA" + 1bA* /3
where is the positive-sequence power-factor angle of the load.

Za may be any type of impedance but to minimize losses it is
usually a capacitor for inductive loads. Thus;

ZA= - j

"Since both the autotransformer tap setting N and the capaci-
tive reactance X may be varied, it is possible to satisfy equation
26 for any polyphase inductive load and thus insure balanced opera-
tion at that particular load. As the load requirements change,
the load will no longer have exactly balanced currents. It is,
therefore, important to adjust initially the values of Nand X
so as to give balanced operation for the particular load condi-
tion mousually encountered. Solution of equation 26 gives;

f*8J
and

+Sot)
N — (Z29J
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