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GWS500

1. Evaluation Method

1.1 Circuit used for determination

Circuit 1 used for determination
- Steady state data
- Over current protection (OCP) characteristics
- Over voltage protection (OVP) characteristics
- Output rise characteristics
+Output fall characteristics
+Hold up time characteristics

Digital power meter +3

o +F %

AC POWEER
SUPPLY

=

Controlled Temp. Chamber

Circuit 2 used for determination
+Output rise, fall characteristics with ON/OFF Control

Shunt Res.

Digital power meter

AC POWER

SUPPLY ';'?Load

—r

TDK-Lambda T-1



Circuit 3 used for determination

+Dvnamic load response characteristics

Shunt Res.

Digital povrer meter

AC POWER
SUPPLY

Cutput cutrent waveform
Lot 30% ===> 100%

T T100%

Circuit 4 used for determination

- Inrush current waveform

Digital pover meter

e meeae-

ACFOWER
SUPRLY

[

Circu

Current probe

it 5 used for determination

- Leakage current characteristics

Digital power roster

AC POWER
SURFLY

i
ey

Load

Leakage current probe

TDK-Lambda
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Circuit 6 used for determination

ACFPOWER
SUPPLY

+Output ripple and noise waveform

Digital power meter

Configuration used for determination

GWS500

1.5m 5052 Cable

Oseilloscope
Bandwndth : 200 H=

L 300mm
C1 :0.1uF Fibm Capacitor.
C2 . 4MF Electorlytic Capacitor.

- Electro-Magnetic Interference characteristics
(a) Conducted Emission

D.U.T. (Earthed)

[2m = 2m)
A bomiroam Plate Veartical Gronnd
D=E0cm D=40cm Feference Plane
|
EMI Test Reeiver e '— /
Spectrum Analy=e
b H=80cm
Power Cahle Stand
T I 1 1’4
7717— ~ o
Piorarer Source
Earth Horimantal Ground Plane

EMI Test Receiver
Spectrum Analyzer
Pre Amp.

(b) Radiated Emission
Radiated Emission

Antenna

Power Cable

Turn Table

TR

Stand

D.U.T.(Earthed)

Aluminum Plate

H=80cm

¥

Earth

{¢

S —

Horizontal Ground Plane

TDK-Lambda
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1.2 List of equipment used

GWS500

EQUIPMENT USED MANUFACTURER MODEL NO.
1 DIGITAL STORAGE OSCILLOSCOPE YOKOGAWA DL1740/DL1740E
2 DIGITAL STORAGE OSCILLOSCOPE YOKOGAWA DLM2054
3 DIGITAL MULTIMETER FLUKE 89VI
4 DIGITAL MULTIMETER YOKOGAWA 73402
5 DIGITAL POWER METER HIOKI 3333
6 CURRENT PROBE/AMPLIFIER YOKOGAWA 701931
7 DATA ACQUISITION UNIT AGILENT 34970A
8 DYNAMIC DUMMY LOAD FUJITSU EUL-300/EUL-600
9 DYNAMIC DUMMY LOAD CHROMA 63030
10 | DYNAMIC DUMMY LOAD CHROMA 63204
11 | CONTROLLED TEMP. CHAMBER ESPEC SH-641
12 | LEAKAGE CURRENT METER SIMPSON 228
13 | AC SOURCE KIKUSUI PCR-2000L
14 | AC SOURCE CHROMA 61503/61505
15 | POWER ANALYZER CHROMA 6630
16 | EMI TEST RECEIVER TESEQ SCR3502
17 | LISN TESEQ CFLN-8312
18 | LISN TESEQ NNB42C
19 | BILOG ANTENNA TESEQ CBL6112B
20 | SPECTRUM ANALYZER ADVANTEST R313A
TDK-Lambda



Characteristics

2.1 Steady state data
@ Regulation - line and load, Temperature drift / Start up voltage and Drop out voltage
| 12V | 1. Regulation - line and load Conditions Ta
lout\Vin| 85VAC | 115VAC | 230VAC | 264VAC line regulation
0% 12.063V | 12.063V | 12.063V | 12.063V | 0mV 0.000%
50% 12.056V | 12.056V | 12.056V | 12.056V | 0mV 0.000%
100% | 12.050V | 12.050V | 12.050V | 12.049V | 1mV 0.008%
load 13mV 13mV 13mV 14mV
regulation| 0.108% | 0.108% | 0.108% | 0.117%
2. Temperature drift Conditions Vin
lout
Ta -25°C 25°C 50°C [ temperature stability
Vout 11.998V [ 12.050V | 12.051V | 53mV | 0.442%
3. Start up voltage and Drop out voltage Conditions Ta
lout :
Start up voltage (Vin) [ 77VAC
Drop out voltage (Vin) 64VAC
24V 1. Regulation - line and load Conditions Ta
lout\Vin| 85VAC | 115VAC | 230VAC | 264VAC line regulation
0% 24.019V | 24.022V | 24.022V | 24.022V | 3mV 0.013%
50% 24.020V | 24.022V | 24.022V | 24.023V | 3mV 0.013%
100% | 24.020V | 24.022V | 24.022V | 24.022V | 2mV 0.008%
load ImV omvV 0omvV imV
regulation| 0.008% | 0.000% | 0.000% | 0.008%
2. Temperature drift Conditions Vin
lout
Ta -25°C 25°C 50°C [ temperature stability
Vout 23.985V | 24.022V | 24.003V | OmV [ 0.002%
3. Start up voltage and Drop out voltage Conditions Ta:
lout
Start up voltage (Vin) [ 77VAC
Drop out voltage (Vin) 64VAC
48V 1. Regulation - line and load Condition Ta
lout\Vin| 85VAC | 115VAC | 230VAC | 264VAC line regulation
0% 47.767V | 47.767V | 47.766V | 47.766V | 1mV 0.002%
50% 47.768V | 47.768V | 47.768V | 47.767V | 1mV 0.002%
100% | 47.769V | 47.769V | 47.770V | 47.769V | 1mV 0.002%
load 2mV 2mV 4mV 3mV
regulation| 0.017% | 0.017% | 0.033% | 0.025%
2. Temperature drift Conditions Vin :
lout :
Ta -25°C 25°C 50°C [ temperature stability
Vout 47.641V | 47.769V | 47.743V [ O0mV | 0.003%
3. Start up voltage and Drop out voltage Conditions Ta
lout
Start up voltage (Vin) [ 77VAC
Drop out voltage (Vin) 66VAC
TDK-Lambda
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:25°C

:115VAC
:100%

:25°C

100%

:25°C

:115VAC
:100%

25°C

:100%

:25°C

115VAC
100%

:25°C
:100%
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GWS500

Efficiency vs. Output current

O]

Vin : 85VAC

Conditions

1 115VAC

1 230VAC
1 264VAC

Ta:25°C

100

(9%) Aouaroyl3

12V

Output current (%)

24V

100

(%) Aouaroy3

Output current (%)

48V

100

(%) Aousronyg

100

Output current (%)

T-6
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GWS500

3) Input current vs. Output current
Conditions Vin : 88VAC ~ -----
:115VAC - ——
1 230VAC -
1 264VAC -
Ta : 25°C
12V
<
€
Vin Input current o
lout : 0% 3
85VAC 0.17A ‘g‘_
115VAC 0.14A =
230VAC 0.13A
264VAC 0.12A
0 20 40 60 80 100
24V
<
5
; Input current -
vin lout : 0% §
85VAC 0.16A =
115VAC 0.14A =
230VAC 0.14A
264VAC 0.15A
48V
<
5
; Input current =
Vin lout : 0% §
85VAC 0.17A =
115VAC 0.14A £
230VAC 0.14A
264VAC 0.15A

Output current (%)

TDK-Lambda
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4 Input power vs. Output current
12V
S
Vin Input power %
lout : 0% | Control OFF | &
85VAC 13.3W 0.02W §
115VAC 13.5W 0.04W =
230VAC 13.1W 0.34W
265VAC 11.6W 0.44W
24V
S
Vin Input power %
lout : 0% | Control OFF | =
85VAC 12.4W 0.03W §
115VAC 12.6W 0.05W =
230VAC 12.3W 0.39W
265VAC 10.9W 0.49W
48V
g
]
Vin Input power 3
lout: 0% | Control OFF | =
85VAC 128W | o0w | &8
115VAC 12.7W 0.05W =
230VAC 12.7W 0.38W
265VAC 11.5W 0.50W

TDK-Lambda

Conditions  Vin:
: 115VAC
: 230VAC
1 264VAC

Ta:

GWS500

85VAC

25°C

Output current (%)

T-8



2.2 Over current protection (OCP) characteristics 2.3
Conditions Vin :115VAC
Ta :-25°C  -.--_.
25°C —==
50°C _—
12V
12 ——
| | | g
| | |
; | |
< 9t 4
g | / OVP Point
S 6| S -
= ‘ ! ! Vout —
8_ | | |
s 3| 7 A S
| | |
| | |
) R oV~
0 50 100 150
Output current (%)
24V
25 T T T
T T T 77
| | |
i
20 4 | | | i:
o~ | | |
2 o i
@ 1 I | | |
gh | | | | OVP Point
g | I I 1l —
| | | 1
510 F---- T rTTT T ||L*" Vout —
o | | | '
5 | | | 1
Ssf R ER—
I I I :
. IR ov
0 50 100 150
Output current (%)
48V
50 T T T T .\
1 o 1 Y
w0l | | | |
S : : : : :
~— | | | | |
$30 1 1 1 1 o OVP Point
+— | | | | | —
o | | | | "
> | | | | |
520 por
= | | | | |
8 | | | | : |
0 f
1 1 1 1 : oV —
| | | | |
0 1 1
0 50 100 150
Output current (%)

GWS500

Over voltage protection (OVP) characteristi

Conditions Vin :115VAC
lout ;0%
Ta :25°C

T Mainisik >y ¢

5s/DIV

5VDIV |

T<< Mainz 10k 5> :

5s/DIV

VDIV |

20VIDIV | 5s/DIV

TDK-Lambda



24

Output rise characteristics

lout : 0%

A
TR

5V/DIV | 100ms/DIV

lout : 0%

24V ]

~— Vout —

<~ Vin —

<~ Vout —

— 0V

~— Vin —

T
bR

10V/DIV [ 100ms/DIV

lout : 0%

48V ]

— 0V

T
gl b

~— Vin —

20V/DIV | 100ms/DIV

TDK-Lambda
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Conditions Vin: 85VAC (A)

: 115VAC (B)

: 230VAC (C)

: 264VAC (D)
Ta: 25°C

lout : 100%

< n:un:ZB CB A

/

TR
i O

5V/DIV | 100ms/DIV

lout : 100%

10V/DIV | 100ms/DIV

lout : 100%

< Vout —

E<< Moinz100k >>E
~ DCBA

LA AAARARAAARMAAR AR AN AARAAARRRAD
BT

20V/DIV | 100ms/DIV
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2.5

[ 12v |

Output fall characteristics

lout : 0%

ABCD

LT T

5s/DIV

lout : 0%

5s/DIV

lout : 0%

20V/DIV

5s/DIV

— Vout —

<~ Vin

< Vout

<~ Vin

— Vout —

«

ov —

<~ Vin

Conditions

GWS500

Vin: 85VAC (A)

: 115VAC (B)

: 230VAC (C)

: 264VAC (D)
Ta: 25°C

lout : 100%

ABCD ;« Mainz40k »»

5V/DIV

20ms/DIV

lout : 100%

oinzd0k >>

. ABCD ™"

VDIV ]

~20ms/DIV

lout : 100%

o Fadndddic 2

ABCD

WV

20V/DIV |

20ms/DIV

TDK-Lambda
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2.6

Output rise, fall characteristics with ON/OFF Control

GWS500

Vin : 115VAC
Tout : 100%
Ta :25°C

Conditions

<~ Vout —

N\

L : «—DCOK—

«~—ON/OFF— 4‘

D44 Mainz250k 2

50ms/DIV

5V/DIV [

: : : Control
5V/DIV | 50ms/DIV
[ 24V ]
<~ Vout —
................. — oV —
«—DCOK—
............ <—ON/OFF—>———-'—-‘
: Control :
10V/DIV [ 50ms/DIV

T{ MaimiZsik sy

[ 48V |

10V/DIV | 50ms/DIV

<4 Moinz 100k >

<~ Vout —

— 0V —|-

L 5 «—DCOK—

Control

20V/DIV

— ON/OFF oo

© 44 Mainziook »»

[ 50ms/DIV

20V/DIV | 50ms/DIV

TDK-Lambda



GWS500

Hold up time characteristics

2.7

Vin : 115VAC

Conditions

230VAC

Ta:25°C

12V

(sw) awmn dn pjoH

100

80

60

40

20

Output current (%)

24V

(sw) awmn dn pjoH

60 80 100
Output current (%)

40

20

48V

(sw) swn dn pjoH

100

80

60

40

20

Output current (%)

T-13
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Vin
lout :

Conditions

Ta
f=

GWS500

: 115VAC

50% <> 100%
(tr = tf = 50us)

:25°C

1kHz

2.8 Dynamic load response characteristics
12V f = 100Hz
s o s r—— — \out —

< lout:0% —

0.5V/DIV 2ms/DIV
+1.42% -1.61%
24V f = 100Hz
vV fin— [} A

0.5V/DIV 2ms/DIV
+0.46% -0.45%
48V f = 100Hz

<< Mainz L0k >3

—_Wm._J\rv——-W,._.Am—

<~ lout —

< Main: 100k 5>

200 x s/DIV

0.5V/DIV
+1.45% -1.61%
f=1kHz

— Vout —

— lout —
<~ lout:0% —

05VIDIV

200 12 SIDIV

+0.43% -0.61%
f=1kHz

<~ Vout —

<~ lout —

“l<—= lout:0% —|

< Main: 10k 5%

0.5V/DIV

200 x s/DIV

0.5V/DIV 2ms/DIV
+0.63% -0.75% +0.85% -0.69%
TDK-Lambda T-14



2.9 Response to brown out characteristics

Conditions Vin : 115VAC

lout : 100%

Ta: 25°C
«— Vout
A =9ms
B =15ms
«~— 0V
A< Vin
5V/IDIV__|_ _50ms/DIV
24V | —
—  Vou
A =15ms
B =19ms
............................................................................... « OV
............................................................................... ~— Vin
—10V/DIV_|__50ms/DIV
[ 48V | i}
<~ Vout
A =14ms
B =16ms
~— 0V
<~ Vin
—20V/IDIV_|__50ms/DIV

TDK-Lambda
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2.9 Response to brown out characteristics

12V

Conditions Vin : 230VAC

lout : 100%
Ta: 25°C

TDK-Lambda

<— Vout
A =15ms
B =17ms
~— 0V
N <— Vin
5V/IDIV__|_ _50ms/DIV
[ 24V
.................................................................................. N VOUt
A =16ms
B =17ms
................................................................................ — 0V
C =25.5ms
<= Vin
10V/DIV___ | 50ms/DIV_
;<< N?'\?lfﬂk >>; :
— — Vout
A=17ms
B =20ms
................................................................................. 1— oV
~— Vin
“20VIDIV | 50ms/DIV_

GWS500
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GWS500

2.10  Inrush current waveform

12V
Conditions  Vin : 115VAC
lout : 100%
Ta : 25°C
Switch on phase angle of input AC voltage Switch on phase angle of input AC voltage
¢ =0° 6 =90°

— lin —

<—Vin—
20ADIV [ 100ms/DIV "20ADIV___ | 100msiDIV
Conditions  Vin : 230VAC
lout : 100%
Ta : 25°C
Switch on phase angle of input AC voltage Switch on phase angle of input AC voltage
¢ =0° ¢ =90°
; — lin —
. Vi —
20A/DIV | 100ms/DIV 20A/DIV [ 100ms/DIV

TDK-Lambda T-17



2.11  Input current harmonics

Conditions lout : 100%
Ta: 25°C

Vin : 115VAC

Harmonic current (A)

Harmonic Order

Vin : 230VAC
10.000
[EC61000=-3-2 T imit(classA)

< =
= 1.000
= N
L ‘-_--~.___________¥
S 0100 +
2 —
<
£
5 0.010
T

0.001 i

1 35 7 9 111315171921 23 25 27 29 31 33 35 37 39

Harmonic Order

2.12 Input current waveform
Conditions lout : 100%
Ta:25°C

Vin : 115VAC Vin : 230VAC

<< MainEsik 27

—lin—

SA/DIV [ 5msiDIV SA/DIV [ 5ms/DIV

TDK-Lambda
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GWS500

Leakage current characteristics

2.13

lout : 0%

Conditions

100%
Ta :25°C

12V

f : 50Hz

(w) 1ua.In2 abexea]

280

240

200

160

120

80

Input voltage (VAC)

f:60Hz

(Yw) 1ua.Ing abexea]

280

240

200

160

120

80

Input voltage (VAC)

T-19
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214

Output ripple and noise waveform

12V

Conditions

D44 Mainzlk 3>

24V

48V

D44 Mainzlk 3>

50mV/DIV Ems/DIV

TDK-Lambda

Vin : 230VAC
lout : 100%

Ta:25°C

GWS500
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GWS500

2.15  Electro-Magnetic Interference characteristics
Conditions Vin :230VAC

lout :100%
Ta :25°C
Conducted Emission Phase N : ——
Phase L : ——
12V
Foint A yoct e
(0.18MHz) P
Ref. Limit | Measure “—
Data |(dBuV)| (dBuV) VCClI Class B
QP | 647 | 504 AV Limit
AV 54.7 45.6
015 0.50 1.00 500 10.00 30.00
Frequency [MHz]

24V
- VCCI Class B
Point A QP Limit
(0.18MHz) B «—!
Ref. | Limit [ Measure| 2 +—
Data |(dBuV)| (dBuv) | ~ VCCI Class B
QP | 645 | 489 AV Limit
AV 54.5 45.6
30.00
Frequency [MHz]
48V 4BV ‘ ‘ : : ‘ — — ;
| | | | | | [ [ |
of 1 l o l VCCI Class B
Point A | S ‘ T : QP Limit
(0.17MHz) «—
Ref. | Limit | Measure| &= +—
Data |(dBuV)| (dBuv) b o X\C/CLmSSB
QP 65.0 495 =f | |
AV | 550 | 459 *
| |
| |

0.00 30.00
Frequency [MHZ]

Limit of EN55011-B, EN55022-B, FCC-B are same as its VCCI class B.
Indication is peak values.

TDK-Lambda T-21
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Electro-Magnetic Interference characteristics

2.15

Vin :230VAC
lout :100%
Ta :25°C

Horizontal :

Conditions

Radiated Emission

Vertical :

[dB(uv/m)]

12V

VCCI Class B
QP Limit

[MHZ

Frequency

VCCI Class B

[dB(v/m)]
50

24V

1000.000

500.000

100.000

50.000

30.000

[MHz]

Frequency

VCCI Class B

1000.000

500.000

100.000

50.000

[dB(v/m)]
60

48V

0
30.000

[MHZ]

Limit of EN55011-B, EN55022-B are same as its VCCI class B.

Indication is peak values.

Frequency

T-22
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