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THE STUDY OF FLUORESCENT LAMPS WITH DIFFERENT TYPE OF BALLAST
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Abstract

The electric and photometric characteristics have been compared for 36 watt and 40 watt
fluorescent lamps by operating them with normal ballast ( 36 watt , 40 watt ) and electronics ballast
(36 watt ) to compared electric and photometric characteristics measurements such as crest factor ,
Total harmonics distortion , light output , power input of lamp , ballast loss , output voltage
etc.Further more have considered about temperature which modify in each time that have affect to the
eletric characteristics and how to save energy of lamp or not when select test with each ballast . In
this paper presents the measurement of eletric and photometric characteristics which considered and
operated under ac voltage are established and discussed according to these result . The data from all
results have studied and analysed which influence to select ballast that operate with fluorescent

lamps to save energy the most.
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l © =(A)r' ey caeisIALY (steradian : st)

E 2. Wdndteandn (Luminous Flux : @) iflundsnuuasainiiurissnnnunds

duilauers
' @ = dQ/dr el gt (lumen : im)

Tao Q dhumdssnuasainediimizediu quiu-310# (im-s)
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5 NANBITINE 2-5 TagilAousus sduiiu 198 ,209 , 231 uax 242 Taad amd ey
6.1he19na1 1 Td e
2 Ep= lIg/d’
Ig = Ep-d’

HAZAUIUNIA Zonal Lumen Taorihdrna widudesadiegauius Zonal Constant 99

uaadluaisig 43

Zonal Lumen = { (Ig,+Ig,,, }XZonal Constant( i - i+1) ] /2
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10° Zones
Zone Zonal Constant

Lower Upper
0-10 170-180 0.095
10-20 160-170 0.283
20-30 150-160 0.463
30-40 140-150 0.628
40-50 130-140 0.774
50-60 120-130 0.897
60-70 110-120 0.993
70-80 100-110 1.058
80-90 90-100 ] 1.091

AI801INITATUIN AR 4.4 A1d=2m

A15N 4.4 aaaledumsAnnamAandaeain

Y E(lrn/sq.ra) 1(Cd) Zonal Lumen
C=0°|C=90°] C=0°|{C=90°{C=0° |C=90°
0 706 | 69.8 | 2824 | 2792
10 759 | 747 | 3036 | 298.8 | 27.83 | 27.45
20 79 76.7 | 316 | 306.8 | 87.67 | 85.59
30 817 | 805 | 3268 | 322 | 14881 | 145.57
40 824 | 81.8 | 3296 | 327.2 | 206.11 | 203.85
50 844 | 832 | 337.6 | 3328 | 25821 | 255.42
60 863 | 835 | 3452 | 334 | 306.24 | 299.06
70 864 | 827 | 3456 | 3308 | 342.98 | 330.07
80 862 | 80.7 | 3448 | 3228 | 36522 | 345.75
90 849 | 779 | 3396 | 311.6 | 37334 | 346.06
> |2116.41 203894
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80 33 " 0.172 384
90 33.1 0.172 38.2
100 331 0.172 38.2
110 33.1 0.172 38.2
120 33 0.172 384
130 33 0.172 384
140 33.1 0.172 384
150 33.1 0.172 38.4
160 33.1 0.172 384
170 33 0.172 38.4
180 33 0.172 38.4

»
QUNA ambient =28°C AIMFUTINNG 75 %
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A5 5.1 llﬁﬂQNﬁﬂ’liﬂﬂﬁf’N‘Uﬂ\‘lﬂUﬁﬁ‘lﬁﬁuUU‘Uﬂﬁ')ﬁ 40 IAA NUHOBA 40 AR

Joyafdesntsia 1398
198 209 220 231 242

_Ballast Input

nszue iy (A) 03026 | 03443 | 03822 { 04208 | 04583

sl (w) 36.66 4145 46.04 50.62 55.25

AR lsznouiiay 0.6117 0.576 0.5475 | 05208 | 0.4981

mflseneuseanfuyenszu 1.54 1.512 1.51 1.506 1.507
—Lamp Input 1

UIIAU (V) 120.41 11652 | 114.02 111.22 108.87

aszue i (A) 03031 | 03449 | 03829 | 04215 | 04592

fds e (w) 31.95 353 38.34 4117 43.88

manlsznoudids 08755 | 0.8783 | 08787 "] 08782 | 08778

Tamad urniney 0.963

fddszneuseanduvesnstur | 1532 | 1516 | 1511 1508 | 1.509

masznevsoanALYBas IR 1.651 1.694 1.716 1.742 1.756
i

t fput

AIUAITININNA0A (Im) | 223947 | 24ix.49 25909 | 2689.16 | 2899.18
: fhST{TﬂﬁﬂT?uﬂﬂiﬂizllﬂﬂ’lh’;‘I 10.84 9.62 8.68 7.97 1.53
| Harmonics-3rd 10.45 9.26 8.38 7.78 7.3

Harmonics-5th 247 2.14 1.87 1.62 148

UsziinSamesaiaarad (%) 87.17 85.15 83.27 81.34 79.42

Usziinfnimvenasa (Im/w) 70.09 68.51 67.58 65.32 66.07

Uszinfamvesssuy mw) 61.09 58.35 56.27 53.12 52.47
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15190 5.2 uﬁmwamsmaewmﬂnaamvfuummmﬂ 40 AR NUUABA 36 AR
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Joyaiifeimsia UsAY
198 209 220 231 242
4. Ballast Input
aszun v (A) 03271 | 03662 | 04051 | 04432 | 0.4832
Ma i (w) 35.2 39.38 4367 47.87 52.2
fAnlsznaumas 0.5435 0.5146 0.49 0.4676 | 0.4464
fidalsznousenndutesnszun | 1532 | 1si8 | 1s18 | 1519 | 1517
—Lamp [nput
U3 IR (V) 111.28 | 10846 | 10588 | 10325 | 100.44
aszun v (A) 03278 | 03671 | 04061 | 04432 | 0.4845
fdad (w) 29.67 32.36 34.98 37:36 39.47
mAnlszneudial 0.8131 08113 | 08135 | 08123 | 08112
vamnd urnees 0.9638
ffsznovveaniuvesnszie 1.533 1.519 1.516 1.517 1.515
mflsznevseaniuvewsedy 2.312 2.433 2.547 2.631 2.668
te u
fumsnieInnaen (imy 2203.82 | 2416.19 | 250593 | 2712.4 | 277031
fhnﬂuﬁnsawaansxumuﬁ 11.33 10.11 9.27 8.62 8.21
Harmonics:3rd 1 9.62 8.85 8.27 7.91
Harmonics-5th 2.91 2.45 2.14 1.82 1.59
UszdnTamvesiaaiad (%) 84.28 82.16 80.09 77.92 75.62
Uszaninmusanana (im/w) 7428 74.67 71.64 72.6 70.19
szniamueaszuy (m/w) 62.61 61.36 57.38 56.66 53.07
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ﬂ'lﬁ"Nﬁ 53 llffﬂﬂﬂﬂﬂ'l'iﬂﬁaBQﬂSQﬂUﬁa'ﬁfﬁ’llﬂUUﬁa')ﬂ 36 AR NUNTOA 36 IAA

foyaiidomsia us Ay
198 209 220 231 242
_Ballast Input
avzun inila (A) 03305 | 03709 | 04141 | 04559 | 0.5007
s i (w) 35.28 39.61 43.9 48.17 53.17
amtlszneuias 0.539 0.511 04818 | 0.4547 | 0.4388
fi'ci")ﬂsznauoenﬁ?;waansxutf 1.555 1.549 1.547 1.555 1.595
-Lamp Input
us AU (V) 111.17 108.2 10433 { 101.21 98.94
nszua i (A) 03304 | 0.3707 0.414 04558 | 0.5005
fda i (w) 29.84 326 35.06 37.29 39.81
aralsznouiial 0.8123 0.8126 | 0.8118 | 0.8085 0.8039
{ Taoad udniaey ~ 0.966
mfatdsynevsennduuenIzI 1.549 1.542 1.543 1.553 1.59
ﬂ'ﬁ'zﬂsznouuoaaz‘;uuoqusaé’u 2.318 2.457 2.512 2.568 2.632
j_System Qutput
AWNINTIINNA0A (Im) 2203.94 { 2384.09 | 2512.94 | 2626.94 | 2819.21
M&s lufinsuveanszuayud 11.42 1021 9.38 8.99 9.36
Harmonics-3rd 10.88 9.72 9 8.56 9.05
Harmonics-5th 2.8 2.41 2.05 1.57 13
Uszdniamyeniaaias (%) 84.58 82.29 79.87 77.43 74.88
seaninmysanasa (Im/W) 73.86 73.13 71.68 70.45 70.82
UsznFA YTz Uy (Im/W) 62.47 60.19 57.24 54.52 53.02
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A1 5.4 HaRIWanITNABIVEILaa e Low Loss 36 Jan 1L Maen 36 Jad

Yoyandoimsia us IRy
198 209 220 231 242
|_Ballast Input
nszue i (a) 02995 | 03421 | 03901 | 04395 | 0.4998
faa v (w) 30.71 34.56 38.71 42.98 47.69
mAnlsznoumas 0.518 04834 | 04511 | 04234 | 03943
mdlsznovveanduvesnszn 1.602 1.602 1.606 1.619 1.66
_Lamp Input
UsRY (V) 112.86 110.73 107.71 105.42 101.95
nszua v (A) 02952 | 03425 | 03906 | 04401 | 0.5005
fdaldi (w) 2704 | 2996 | 3297 35.94 3993
mRnlsznouiag 0.7991 07901 | 07837 | 07748 | 0.7631
Tanien udniney 0.9431
ﬁﬁ"aﬂsznonuaﬁﬂé‘wmns:uu 1.603 1.603 1.61 1.615 1.66
1 drwnlsznevreanduusasedu 2.419 2.419 2.599 2624 2.734
utput
AWAINITNIINUA0A (Im) 2039.94 | 2247.18 | 2452.11 | 2625.97 | 2794.49
med luiinsvenszuayudn 14.61 14.05 13.84 14.24 15.39
Harmonics-3rd 14.33 13.84 13.69 14.15 15.28
Harmonics-5th 2.16 1.66 1.07 037 | o7
UsznSnmyeniaarad (%) 88.02 86.7 85.15 83.62 81.63
dsznininyoanana (Im/w) 75.44 75 74.37 73.07 69.98
dszinFamysaszuy (n/w) 66.43 65.02 63.35 61.09 58.59
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MITNN 5.5 HAAWANIs NAABIYBILAMTABINANTBUNT D nunana 40 AR

\ Joyafideansin U3 IfY
: 198 209 220 231 242
[ Battast Inpuc
nszun’ i (A) 01619 | 0.1616 | 01624 | 0.1624 | 0.1617
Fdalddh (w) 3191 33.53 35.33 36.93 38.33
Analszapudas 0.9957 09926 | 09889 | 0.9846 0.9796
eslsznouseandnvenIze 1.504 1.509 1.504 1.524 1.517
_Lamp Input
13AYU (V) 116.89 113.66 113.7 112.04 108.98
nvzun v (a) 0.3248 0.311 03118 | 03065 | 02953
"1 fdaid (w)
fnlsznouial
Yamad udniasd 0.889
| sz neuseRRANBINTIT 1.721 1.727 1.724 1.73 1.743
s novseanduvons sy 1.691 1.687 1.691 1.69 1.69
'
] ] ’
. |ystem Output 3
] Awerandeeinvaes (im) 214731 | 2293.14 | 2391.33 | 2474.94 | 26012
. | msdTufinsawesnssunyudh 6.93 7.46 7.73 8.19 8.49
f Harmonics-3rd 5.6 594 6.21 6.63 6.86
: Harmonics-Sth 2.11 2.46 2.49 2.75 2.9
i
| dszAntninveniaaras (%)
;| dszdninnueanans (Im/W)
Usz@nTninyoassuy (Im/W) 67.29 68.39 67.69 67.02 61.62
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AITNNS.6 llaﬂqNaﬂ15ﬂﬂaf]qm@quaa'lﬁﬁﬂl%ﬂﬂiﬂuﬂﬂ D AUNQaDa 36 A6

Joyaiideamsia TR
198 209 220 231 242
Ballast Input
aszua i (A) 0.1536 | 0.1527 | 01528 | 0.1528 | 0.1523
fda v (w) 30.22 31.58 33.1 34.56 35.89
AnalseneuIae 0.9935 0.9891 09843 | 0.9791 0.9734
mdaszneuseaRRvOInT T 1.499 1.503 1.51 1.51 1.512
Lamp Input
UsIAU (V) 107.65 105.99 104.25 102.16 99.8
aszua Wi (A) 0.2921 02876 | 02822 | 0.2751 0.2671
faslddh (w)
aalszneuiial
Yamaa urnnes 0.899
eIz NeULBARANYDINTEUT 1.697 1.703 1.716 1.738 1.731
ArlssneusoRnALYBILS IFY 1.627 1.634 1.639 1.639 1.639
System Qutput
AWAIA191ANA0A (Im) 2084.53 | 225221 | 2338.82 | 2431.29 | 2521.37
1819 Tutinsauveansuea v Ui 7.05 7.37 7.8 8.02 8.43
Harmonics-3rd 5.56 5.81 6.22 6.4 6.97
Harmonics-5th 2.13 2.36 2.54 2.62 2.68
Yszaninwveniaa1ad (%)
Uszantamysanana (Im/W)
Uszaninmusaszuy (Im/W) 68.98 71.32 70.65 70.35 70.26
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MINT 5.7 aAIRanITNARBYBNTaMAA NN oting O fluvasa 36 Sas

T T W e w— WY o e————

foyniidesmsia (U5 AY
198 209 220 231 242
_Balast Input
| nizun v (a) 0.1574 | 0.1583 | 0.1572 | 0.1567 0.158
fda T (w) 29.21 30.97 32.59 34,1 35.92
adnlsznouiiag 0.9372 09358 | 09422 | 0.9419 0.9396
ffdsznovseanaveansu 2.464 2.366 2212 2.204 2.232
{-Lamp Input
usIRY (V) 107.31 10585 | 10417 | 101.42 99.9
nszue i (A) 03826 | 03964 | 04107 | 04246 | 0.4434
fda i (w) 28.19 29.86 31.37 32.74 34.43
f1Rtszneumas 0.6866 07116 | 0.7332 { 0.7602 0.773
Pvamad udnines 0.9025
manlsznousoanduvenszur | 1611 1682 | 1745 1.82 1.803
mdalsznouseanduvowsady | 2052 | 2063 | 2091 | 2083 | 2099
_System Qutput
AWTIAINIINNABA (Im) 21469 | 228035 | 2346.62 | 2542.98 | 2633.9
1873 luilnsauveanszuavudn 35.66 34.96 |- 34.57 34.74 33.77
Harmonics-3rd 23.04 23.02 2332 23.65 23.61
Harmonics-5th 9.46 8.01 7.5 6.61 5.16
szdninmeoniamiad (%) 96.52 96.42 96.25 96.02 95.84
UszanTnmuoanana (Im/w) 76.16 76.37 74.81 77.67 76.5
UssinFnmyeaszuy (Im/w) 73.5 73.63 72.01 74.57 77.33
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A3 5.8 tEAsranIsNAaBYBNTAMARBEANSBTing F fuvase 36 Jas
$oyafidesnmsia w3 ey
198 209 220 231 242
_Batlast Input
nszue I (A) 0.137 0.1357 | 01349 | 0.1357 | 0.1362
mda i (w) 25.31 26.27 27.55 28.95 30.37
mnlsensuiias 09332 { 09266 | 09286 { 09235 | 09217
mdlsznovseandnveansun 2.839 3.045 2.964 3.129 3.179
~Lamp Input
UIWU (V) 114.25 113.17 111.03 109.93 108.14
nyzue i (a) 03847 | 03825 | 03774 | 03715 | 03651
fda v (w)
Amlsenoudiaa
taaan winmes 0.719
fflssnovuseanduveInTELN 1.744 1.769 1791 F 1796 | 1.801
R R e pm—y 1.767 1.787 1.812 1.817 1.817
_System OQutput
AWAINTNNNABA (Im) 1663.45 | 1763.2 | 1870.01 | 1973.08 | 2112.36
1813 linsveanszunyud 37.19 36.93 39.48 40.08 39.031
Harmonics-3rd 18.95 18.65 18.87 19.4 19.18
Harmonics-5th 17.71 17.25 16.31 16.33 16.59
Uszdniamvoniaaias (%)
Uszaminmesavasa (Im/w)
Uszdnimnyesssuy (im/w) 65.72 67.12 67.88 68.15 69.55
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A3 5.9 uarAHaMsnAReVBITaMAdsEnNseiing U funnes 36 Sad
foyafikeimsia usafy
198 209 220 231 242
5t ut
aszun Il (A) 0.1628 | 0.1662 | 01721 | 0.1921 | o0.1676
fasidh (w) 29.74 31.92 33.63 35.26 36.89
manlszaouiids 09228 | 09188 | 0.8883 0.794 0.909
fitlsznevsennAuYBInITUN 1.801 1.918 2317 1.506 1.982
| Lamp tupus

U30U (V) 104.16 104.41 102.83 100.87 98.97
nazua Wi (A) 02774 | 02773 | 02705 | 02634 | 02563
s (w)

nanlsznoudid

vanind urniany 0.829
manlszneveanAuYsInI T 2.001 1.96 1.959 1.946 2.003
MRlsznovueanALYBUITIAY 1.888 1.833 1.801 1.812 1.83
System Qutput

AN ABA (Im) 194675 | 1987.4 | 2154613 | 2330.81 | 2397.¢3
e luiinswveanssumyidh 25.52 2491 24.61 23.46 24.94
Harmonics-3rd 13.8 13.37 13.46 12.94 13.88
Harmonics-5th 3.45 3.46 3 3.1 2.83
thzdninamveaianiad (%)

szininmvemana (tm/w)

UszanEnwvessuy (Im/w) 65.45 62.26 64.07 66.11 65.01
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L5190 5,10 HaeHan s naasIvesItiaaaAULUAIA 40 Jad (U viasa 36 JAR (FLL)

¥
4

foyatideanmaia usany
198 209 220 231 242
Ballast Input
aszua i (A) 0.3288 0.3691 0.4069 0.4459 0.485
fdali (w) 34.97 39.18 43.28 47.32 51.55
malszneuiias 0.537 0.5079 0.4835 0.4594 0.4392
fwatlszneugpAnAUYBNI LI 1.532 1.523 1.517 1.516 1.524
mp Input
UIIRY (V) 110.33 106.93 104.74 101.72 99.07
avzue i (A) 0.3302 0.3707 0.4086 0.4478 0.487
faa Wi (w) 29.47 32.18 34.67 36.84 38.95
marlsenouial 0.8089 0.812 0.8102 0.8089 0.8072
Yaman urnwes 0.9626
fdlsznenveAnALTeInIZUA 1.534 1.524 1.517 1.516 1.522
: mdtlsznovseanduve T Ify 2.368 2417 2.569 2.641 2.69
st utput
AWAIAI9INNA0A (Im) 2170.84 | 2438.06 | 2502.85 | 2605.76 2739.47
f1815 luiingauvenssua Y 11.26 10.07 9.24 8.58 8.12
Uszaninmyveniaaad (%) 84.28 82.15 80.11 77.85 75.55
ﬂs:t?nﬁmwup:maaﬂ (Im/W) 73.66 75.76 72.19 70.73 70.33
Uszanininueeszuy (Im/W) 62.08 62.23 57.83 55.07 53.14
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\ AT NN 5.11 uﬁmnamsmaawmuamaﬁunummﬂ 36 ’Jﬂﬁ{ AL viaoa 36 IAA (FL1)

|

i

FoyafiRoenisia usafY
198 209 220 231 242

Ballast Input

aszua v (A) 0.3314 0.3705 0.4101 0.4508 0.5005
1 fdalddr (w) 348 39.04 43.16 47.58 52.58
adlsznouiias 0.5303 0.5041 0.4785 0.457 0.4341
fvlsTneuseRnAUYBINI LT 1.531 1.522 1.547 1.536 1.573
k
}|_Lamp Input
E us AU (V) 110.17 107.74 105.34 102.8 98.87
: nszua i (A) 0.3324 0.3716 0.4111 0.452 0.502
| fda T (w) 29.48 32.33 34.87 37.35 39.57
mAardsznaudids 0.8051 0.8076 0.8052 0.8038 0.7973
\ TYaard udniaes T 0.9438
fi'lﬁ')ﬂi:ﬂﬂvUﬂﬂﬂ’guﬂi)dﬂixuﬁ 1.532 1.525 1.526 1.537 1.577
. ArlszneuserrduvB NI e 2.377 2.52 2.616 2.622 2.697
]
I vstem Qutput
: AWAIT 1010 A04 (Im) 2194.57 | 2370.74 | 245399 | 2602.55 2729.65
| fes Tutinsauvesnssuavudn 11.39 10.28 9.46 8.99 9.4
"
| Uszaniamusaiaaiad (%) 84.72 82.82 80.79 785 75.26
Fol dszaniamusavasa (Im/W) 74.44 73.33 70.38 69.68 68.98
| Uszanininuedszuy (Im/W) 63.06 60.73 58.86 54.69 51.91
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srl"li'l\i‘l’l 5.12 Llﬁﬂﬂﬂaﬂ'ﬁ‘ﬂﬂﬁﬂ\i‘l}ﬂ\?‘l]ﬁa'lﬁﬁu‘ljﬁ Low loss 36 3A6 N1 viada 36 A (FL1

]

Joyniidoantsin RELH
198 209 220 231 242
Ballast Input
aszud i (A) 0.2966 0.3448 0.3919 0.4435 0.5028
fda v (w) 30.18 34.56 38.59 42.82 47.38
malsenaumads 0.5139 0.4798 0.4475 0.418 0.3894
fhﬁ']t'iﬁﬂl’)‘l]tlaﬂﬂéuﬂﬂiﬂizuﬁ 1.604 1.591 1.603 1.626 1.658
: Lgmp !npu;
| ussdu ) 113.74 109.78 106.88 104.1 101.03
' nszua' iy (A) 0.2974 0.3455 0.3929 0.4447 0.5041
i | Mdatli (w) 2661 | 29.99 32.92 35.85 38.77
[ searlsznovigs 0.7869 0.7907 - 0.784 0.7744 0.7612
Vaaiad udnines 0.9159
| | sdalsznevueanauusanszun 1.601 1.582 1.61 1.627 1.663
AUszneusBARALYB LS L 2.303 248 | 2551 2.72 2.731
. . stem Qutput
: AUTINTINMA0A (Im) 198621 | 2181.57 | 238132 | 253849 | 2692.62
A1875 Lulinswvenssuaed 14.68 13.96 13.9 14.39 15.61
¥
\
szdniamesaiaaies (%) 88.17 86.79 85.33 83.72 81.83
: UszAninmusmana (Im/W) 74.64 72.74 72.34 70.81 69.45
; Ussdninmusaszuy (Im/W) 65.81 63.12 61.71 59.28 56.83
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P as o SN A o a o
A1TWN 5.13 LLﬁﬂQNaﬂTSWﬂﬁﬂﬂﬂﬂdnﬁﬂTﬁﬁ‘l{maﬂﬂi8uﬂﬁ D Al viaen 36 e (FL1)

{oyaiifeantsia us AU
198 209 220 23] 242

2 ut

nszue T (A) 0.1533 0.1525 0.1522 0.1519 0.1516
el (w) 30.13 31.51 32.95 3433 357
manlsznoudida 0.9929 0.9888 0.9839 0.9784 0.9726
fmalsznovseanauyensziLe 1.491 1.495 1.509 1.511 1.5
_Lamp Input

U3 (V) 106.75 104.47 102.59 100.46 98.38
nyzua v (a) 0.2896 |- 0.2826 0.2765 0.2695 0.2624
A (w)

manlsznoumds

Taaad unmes 0.8828
fnalsznovveanduvesns i 1.718 1.716 1.727 1.729 1.733
fflsznevsenndiuveans gy 1.649 1.606 1.651 1.65 1.648

System Qutput

AWAITTNINNQDA (Im) 1993.09 | 2186.97 | 229523 | 2386236 | 2439.146

fgs luiinsanvesnssuavudi 7.18 7.42 7.84 8.15 8.51

Uszdntamvesianiad (%)

UszanFnmueanasa (Im/w)

Uszdnimmusaszuy (Im/W) 66.15 69.4 69.66 69.51 68.9
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M51T 5.14 Haasransnaasesiaataasannsaiing O fiu nasa 36 JaA (FL1)

feryafinosmsin usadu
198 209 220 231 242
_Ballast Input
aszue i (A) 0.1571 0.1578 0.1566 0.1561 0.1573
fda v (w) 29.12 30.84 32.51 33.92 35.74
fRlsznoumas 0.9368 0.9351 0.9436 0.9411 0.9389
fdlszneuoeanaNYBINI TN 2.454 2.351 2.203 2.199 2.225
a ut
UIRU (V) 106.22 104.37 102.14 100.02 98.7
T aszua'vidh a) 03773 0.3907 0.4042 0.4176 0.4386
faTidh (w) 27.47 28.82 30.06 31.61 33.17
| mddszneudiaa 0.6855 0.7068 0.7282 0.7568 0.7664
i Y < '
Taaaa udniaes 0.8839
mmlszaevseaaAuveInIzIA 1.614 1.689 1.754 1.824 1.897
: fdlsznevgeanduves vy 2.068 3073 2.099 2.101 2.103
‘
i st utput
| fuseadinnacs (im) 21025 | 223317 | 2298.07 | 2490.37 2579.41
b srfludinsanvesnszuayuds 35.72 35.1 34.97 35.23 34.11
T sz @nsamypatiaman (%) 94.33 93.45 92.46 93.19 92.81
] sz @nBnmyeamasa (imw) 76.54 77.49 76.45 78.78 71.76
dszanininvesssuy (Im/w) 722 72.41 70.69 73.42 72.17
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AN 5.15 UAAINAN T HATDIUBILAAAANRNNTOUNT F AL viaon 36 Ina (FL1)

Foyafidesmsy AL
198 209 220 231 242

_Ballast [nput

aszua v (A) 0.138 0.1364 0.1358 0.1354 0.1358
el (w) 25.55 26.47 27.71 29.08 30.47
malsznouiids 0.9347 0.9287 0.9271 0.9197 0.9269
frlsznevveananvensLun 2.6 2.979 2.844 2.902 2.973
—Lamp Input

UIAY (V) 112.8 111.69 110.18 108.51 106.88

nszua v (A) 0.372 0.3715 0.3669 0.3611 0.3562

i (w)

madsznoudida

fhaaad uvlnmes 0.709

fflszneuseanaueInTZId 1.783 1.772 1.786 1.781 1.79

B e —— 1.811 1.8 1.808 1.803 1.808
_System OQutput

AWAIA IR (Im) 1.605 172347 | 184356 | 1947.35 | 204577

1817 lutinsavesnszuayidh 37.56 38.68 36.85 3878 39.59

Uszantainveaiaaras (%)

dszdinFnmueanana (m/w) -

Uss@ninmuue sy (Im/w) 62.83 65.11 67.88 66.97 67.14
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A1519% 5.16 LaAIRANIINAABIVBdTamaAdanNIeind U fil vasa 36 Jas (FL1)

$oyafideens TR
198 209 220 231 242
last Input

ayzua 1vvh (A) 0.1635 0.1667 0.1728 0.1931 0.1682
fda 1 (w) 29.66 31.47 33.45 35.37 36.58
mAlsnoumiag 0.9168 0.9032 0.8798 0.7929 0.8987
B T — 1.788 1.863 2.245 1.478 1.947
_Lamp Input

UgIdu (V) 102.56 102.31 100.98 98.83 97.54
aszua i (A) 0.2754 0.2713 0.2652 0.2588 0.2501
faa i (w)

mAlsznoumas :

faaad urnied 0.814
ffalsznousennduvenszie 2.098 2.035 1.989 1.974 2.028
fiifasznouoeanduves iy 1.906 1.897 1.808 1.822 1.841

S ut

AU 19IAMana (Im) 1911.71 1951.63 2115.83 2288.86 2354.67
1813 LT anvenszuaydn 25.62 25.47 24.88 24.11 25.23
Usz@niamveaaarad (%)

Uszdninmusanasa (Im/W)

szanininveszuy (Im/w) 64.45 62.01 63.25 64.71 64.37
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famad 36iad+vaen 363ad
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éomputlng Functions

Communication

Communication Specifications (GP-18 & RS-232-C)
GP-18

Electrical specifications . IEEE St'd 488-1978

Mechanical specifications * IEEE St'd 488-1878

Interface functions

RS-232C

: SH1, AH1, TS5, L4, SR1, RL1, PPO, DC1, OT1, CO

Active Power {Apperent Power |Reactive power | Power Factor | Phase Angle
[ w) (VA) {var) (PF) (deg)
1]
1phese RAY 05 w 3 W
o | 2w w VAeVxA VVAY ZW3 VA cos (VA)
i o |W VA = Vi x A van__ 3 P
= i=1,3 i=1,3 = V(VA) ~ wi
N fern e [eees
¢S fEw T VA =1.3 .-1,3
1 E =Wi+Wa  [= VAL« VA T var IPF px3
] - =vannevars | TW Ly LW
i < SEVA | TEvA)
t |oB (W VA = Vix A va‘rl._ I o
£3 | i=13 i=1,3 = VA=W w. ey W
3t i=1.3 VA =005 gpl
o2 |Tw IVA- i=1,3 | i=13
c =g |=Wi+W> V2 ¥ var T PF 35
ro, 'g.i =~3—_(‘/‘\,"\/AJ)=V:!|'1‘vah ITw . ):W‘
Eleog “TVA |08 s ga)
3 |TE -
:g g (W VA = Vix A van _  __|PFR o
OleE] i=1,23 i=1,23 = VAR -W2 ] W < cos
boi3é i=1,23 | VA VA
i o3 TIVA i=1,23} 1-1.23
I I 3 var Y PF hx
2z '_" (Vsz:2 =vanevan | TW e ,():W )
|33 ew + VA3 VA 3 VA
£ {=Wi1+Ws
v
° W VA = Vix A van ___ |PFR o
£ li=1.2,2 i=1,2,3 = VVAF-We|_ w, - cos (%
z i=1.2.3 | VA =8 1A
o [TW I VA= i=1,23] 1=1,2,3
[ S |=WisW2 VA4 VA2 T var IPF px
e +Ws +VAs =vansvarz | 3 W ) s_,(‘.:__\l_\/ )
b |- +van; “YVA TS
" Depends on |Depends on Depends on ~1~0~1 -180~0~180
P S AT i dv k d Vand or 0~360
Range andArange Jand A range A range (varz0)
HMaximum
Display 136000 30000 30000 41,0000 001
or Display
Resolution
+0.001% of +0.001% of #0.0001 Calcutated from
C ting VA range VA range the Power Factor,
Accuracy e with 20 addional
evor of 40.005°
%\lote 1: The apparent power (VA), reactive power (var), power factor (PF), and phase
13 angle (deg) measurement in this instrument are computed digitally from the
voltage, current and active power. If the input is non-sinusoidal, the measured
= values may differ from those obtained with instruments employing different

measurement principles,

Note 2: When the Current or Voltage value is less than 0.3% of range, the VA and var will
be displayed 0, and PF/deg wifl be displayed as Ewor.

Note 3: Regarding the detected accuracy of the Lead and Lag, both voltage and current of

N the rated input are specified at 50% or more for sinusoidal wavelorms set at crest
factor 3. The detected Lead/Lag accuracy is +5 degree over the frequency range
20 Hz to 10 kHz,

Note 4: When the phase angle display shows an angle sa.aller than 5 degree at 0° and

. 1680°, the accuracy is not specified,

JNote 5: {f the scaling values set for each element differ from each other in the case of T
computation, the number of display digits will be limited so that £ value does not

1 exceed 30000 (crest factor: 3) or 10000 (crest factor: 6) when the rated value is
input to each corresponding element. A voltage of § V {full scale) will be output
from the D/A converter as the T value obtained when the rated value is input to
each corresponding element.

Integrator Function (Wh, Ah)

Maximum display

—

Frequency range
Modes

-

© 300000

According to the displayed value, the resolution will be changed.
DC to 50 kHz

: Standard Integration Mode (timer mode)

Continuous Integration Mode (repezt mode)

Manual Integration Mode
! Timer : When the timer is set, Integration wili be stopped aummatlcaﬂy
Setting range £000 h: 00Omin to 899 h: 59 min
(0G0 h: OO0min will be shown when manuat
i integration mode is selected.)
b Display : Display A shows : Elapsed time
Display B/C shows : Wait
¥ Display D shows : Watt, Wh, Ah, Hz
‘Output : For the output of the printer, communication and D/A, fourteen
free selectable items from the above can be set.
1 Howaever, only the measured data of the frequency which has
been previously set will be output,
Count Overflow : It integration count overflows the maximum displayable value,
4 integration stops and the elapsed time is held on the display.
*  Real Time Counting : The integration time can be controlied REAL TIME.
Accuracy : *{display accuracy + 0.05% of «dg)
F Timer accuracy 1 #0.005%
Remote Controt : Stant, stop and reset can be remotely controlled by external

contact signals.

Transmission mode

Baud Rate

Printer (Optional)

Printed Parameters

Printing type

D/A Output (Gptionat)
Number of output channels *

Resclution

Qutput Voltage

Accuracy

Temperature coefficient

Update rate

. Stant Stop Synchronization
¢ 75, 150, 300, 600, 1200, 2400, 4800, 9600 bps

Normal Mode: 14 free selectable numerical items from
each channel, identical to the communica-
tion parameters.

However, only the measured data of the
frequency praviously set will be output,
Numerical printout of V, A, W, deg

Bar Graph printout of V, A, W, deg

THD Mode

. Thermal fine dot printing

Up to 14. However, only the measured data of the
frequency previously set will be output

© 12 bit
5V DC atrated value or range (maximum, approx, 7.5 V

DC, maximum output current approx. 1 mA)
Display accuracy +0.2% of range

1 10.05%of F.S.PC
* Identicat to display update interval

Ceneral Specifications

Extemmal Control and output signals

{inputioutput signals

Input Lavel
O/A output (optional}

Printer output (optional)

Communication output

Warm up time

Ambient temperature and humidity range :
=25 to 60°C (no condensation)
! between voltage input terminals and case

Storage temperature
lnsulation resistance

Withstand Voltage

Power supply

Vibration test condition

{mpact condition

Power supply

Internal clock accuracy

Extemal dimensions
Weight

Accessories

. EXT-HOLD, EXT-TRIG, EXT-START, EXT-STOP, EXT-

RESET, EXT-PRINT, INTEG-BUSY

. TTL negative pulse
. 14 ilems fixed as delauit vaiue and 14 free selectable

items at selectable mode.

{14 items fixed as default value and 14 free selectatie

items at selectable mode.
However, common setting with items for communication
output.

! 14items fixed as default value and 14 free selectable

flems at selectable mode
However, common setting with items for printing.

: Approx. 30 min,

510 40°C, 20 to 80% R. H. (no condensation)

between current input terminals and output terminals
between voltage input terminals and current input terminals
between voltage input terminals of each element
between current input 1erminals of each element
between voltage input terminals and power plug

between current input terminals and power plug

between case and power plug

Above: 50 MQ or more at DC 500 V

: between voltage input terminals and case

between currertinput terminals and output terminals
between voltage input terminals and current input terminals
between voltage input terminals of each element
between current input terminals of each element
between voftage input terminals and power plug
between current input terminals and power plug

+Above: AC 2200 V for 1 minute at 50/60 Hz

between case and power plug
1500 V for 1 minute at SO/60 Hz

: Setting Allowable Voltage range  Frequency
100V 9010110V 481063 Hz
115V 10010 132V 4810 63 Hz
200V 180t 220 V 4810 63 Hz
230V 19810 264 V 481063 Hz

. Sweep test-Frequency 8 to 150 Hz sweep, all 3 directions

for 1 minute
Endurance test-Frequency 16.7 Hz, all 3 directions
amplitude 4 mm for 2 h

: Impacttest: Acceleration 490 m/s?, all 3 directions

Free fa!l wst-Height 100 ma, 1 time tor each 4 sides

: 120 VA Max
: 130 sec. in a month
T Approx. 132 (H) x 426 (W) x 429 (D) mm

Approx. 5.2 (H) x 16.8 (W) x 16.9 (D} inches

: Model 2563120 Approx. 13 kg (29 Ibs)

Model 253130 Approx. 14 kg (31 Ibs)

: Power code : UUCSA, VDE, SAA or
BS standard x 1 pes.
Fuse 1 250 V/1.25 A (for 100/115 V) or
0.63 A (for 200/230 V) x 2 pcs.
{1 pc. is attached to the instrument)
Remote control : 1pe.

Extemal shurt connector 1 1 pc. for 1 element
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nput Display functions
g Display type: 7 segment LED
{  fem Voltage V l Current A Numtxgr of displays: 4
Input circuit type Floating input DISPLAY Displayed Value Maximum Reading
Resistive voltage divider | Shunt input A V. A. W {each element) V.A.W. 30000
Rated inputs (range rms) | 10/15/30/60/100/150/ | 1/2/5/10/20/30 A Wh, Ah: 300000
¢ie 08 TS) 0000 Y 50/100/200 mV (Ext. shunt input) 8 V.A a (3:"“ e‘e'::"') - Hz' 199999
lnpugtimpedanoe Input resistance approx. | Shunt: Input resistance ap c 22::'?1 el'emén\;)a" - deg. Vpk
(all ranges) 6 mQ +0.07 pH (all ranges
Input Capacitance External shunt input reststance: o V. A, W, Apk, THD", VHz, AHz, Wh,
E approximate 15 pF in Approx. 100 kQ Ah (each element), n (Efficiency)
paraliel *Total Harmonic Distortion Analysis (Optional Feature) added
Freqbency range DC, 2 Hz-200 kHz Uni MV A W. VA ok, Hz. b, deg. %
lnstahtaneous maximum | The peak is 3.5 times the| The peak is 10 times the range or ot Sm R MY DT YA, var, Z. h. 0eg,
aliowable input for 1s range or 1400 V, 60 A’,aewhichever is less Display Update Rate . 0.25 s (FAST), 0.5 s (MID), 2.0 s (SLOW) selectable
' whichever is less. Ext. Shuntinput: Peak value is 20 Response Time : Within two update cycles
times the range or less (Time for displayed value to se”t:e within accuracy specifications of
Coninuous maximum The peak is 1000V or | The peak is 5 times the range or final value after step change from 0% to 100% or 100% to 0% of
aflowable input the F?&s valug is twice | the RMS value is twice the range, range, FILTER OFF)
g:srange. whichever is :'hécshzv;;‘;s less with a maximum Display Scafing Function
: Ext. Shuntinput: Peak value is 10 Significant digits . Se!eadne‘fi cautomag(;aﬂy according to significant digits in the Volt-
times the range of less age urrent Ranges
o mode Reassign Ratio : 0.0001 - 10000
il - Whge 600 Vms 600 Vems Settable parameters : Display A : Not Used
Comaton mode rej N |better than —80 dB better than -80 dB Display B : PT ratio
ratio at 600 Vrms between {(0.01% of range) (0.01% of range) (Input open) : : :
N N «Display C : CT ratio
input terminals and case | (Input dosed) e "
(at §0/60 Hz) ~~ Display D : Power Scaling Factor
laput terminals Binding posts Large binding posts Display Averaging Function
! Ext. shuntinput: 4 pin raund Algorithm : Two algorithms can be selected
] Fongecior « Exponential averaging
Filigr Low pass filter fc fixed at SO0 Hz can be switched ONJOFF * Moving averaging
A/D conversion Simultaneous sampling of Voltage and Current inputs For Exponential averaging the Atlenuation constantcanbe  se-
Resolution: 16 Bits lected and for the Moving averaging the aumber of averages can
i Maximum conversion rate: approx. 104 kiHz be setto 8, 16, 32, 64, 128, 256,
Peak Over range detection Approxmate at 3.5 imes the input range the alarm LED will MATH Function
Range switching Manual, automatic and emmal via GP-1B/RS-232-C + - lor ;Display B on Display D. *® )
Range can be selected all elements simultaneous, or iy * -
separate for each element Frequency Measurement
Autp range switching Range up: When the peak value exceeds 3.5 times of the Input V1,V2, V3 A1, A2, A3
rag range ?{v‘:‘we measu‘red value etxceg’ds 110% of the Operating principle Reciprocal counting method
rated range (When crest factor is set to
i Range drgwn When the measured vaiue becomes less than Freugney sarges g;z;:’)‘ge depends on the selected Display Update Interval (Auto
S0% §f o il rang FAST : 2l/20k200K/1000 kHz
Mehsurement mode ?NTS mo:& gan be set for each element separately MID  : 200/2k/20k/200k/500 kHz
measurement
E MEAN: Rectified Mean Calibrated to a RMS sine wave . ) 4 SLOW 2. 20/200/2k/20k/100 kHz
measurement Maximum reading  : 199999
¢ DC:  Mean value measurement (DC companent) Minimum reading  : FAST * 18.00 Hz
MID : 9.000 Hz
SLOW : 1.8000 Hz
Accuracy : 30.05% of rdg

- rw— -

Measurement Functions Accuracy

+ Minimum input is $30% of range

« Minimum Input frequency is 20% of frequency range when Crest
Factor is setto 3

« When FILTER is switched ON, the input frequency must be less
than 200 Hz to obtain the specification accuracy.

Temperature 23°C45°C

10Hz S <30 Hz, 1kHz <t 5 10 kHz

¥ Item Volitage/Current 1 Power
Method Digital Multiptication System
5
Crest Factor Selectable to 3 or 6
Display Accuracy DC oc
Within 6 months after calibration +0.05% of rdg + 0.1% of mg) #0.1% of rdg + 0.15% of mg)
EYOKOGAWA STANDARD 30Hz St = 1kHz 30Hz S = 1kHz
(Conditions:) #0.03% of rdg + 0.05% of mg) 0.05% of rdg + 0.05% of mg)

10HZ £ (<30 Hz, 1 kHz <f = 10 kHz

"Humidity: 30% to 75% R. H.
Supply voltage: specified supply voltage, 5%
Input Waveform: Sine Wave
Common Mode Voltage: 0V
titer: OFF. . .
Crest Factor: setto 3
At Power Factor: cosg=1

b
Within 1 yaer after calibration

H0.1% of rdg + 0.2% of mg)
2Hz St< 10 Hz, 10kHz < f 5 50 kHz
#0.5% of rdg + 0.5% of rng)

Compared with the 6 months Accuracy and (range emor) x 0.5

+0.2% of rdg + 0.5% of mg)
2H2z Sf<10Hz, 10kHz < f = 50 kHz
+(1.0% of rdg + 1.5% of mg)

50 kHz < f < 100 kHz 50 kHz < f = 100 kHz
1% of rdp + 1.5% of mg) +2.5% of rdg + 2.5% of mg)
100 kHz < f..S 200 kHz 100 kHz < f = 200 kHz
(3% of 1dg + 3% of mg) #(10% of rdg + 6% of mg)
Update interval condition Update interval condition
{2 10Hz, MID f = 10 Hz, MID
{2 2 Hz, SLOW f 2 2 Hz, SLOW

Compared with the 6 months Accuracy and {range error) x 0.5

Effect of Power Factor

COSp=0 45 Hzto 440 Hz: +0.15% of mg

E'Hecive input range
i

With input range at 10% to 110% the above specified accuracy is valid. With input at 110% to 130% the above specified reading
accuracy times 1.5. The display readi ing operates untit 140% of the input range.

Accuracy at Crest Factor set 0 6 The specified accuracy at Crest Factor set to 3 times 1.5,

Temperature coefficient 5 to 18°C, 28 to 40°C | 10.02% of rangerC

Display update rate 0.25 s (FAST). 0.5 s (MID}, 2.0 s (SLOW)

{nfluence of Filter 50/60 Hz. Displayed accuracy $1% of mg l S0/80 Hz, COSp=1  Displayed accuracy +2% of rng
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