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DRF480-24-1

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
*Response to brown out characteristics
«Input Current Harmonics
*Input current

Shunt Res.

AAA

+V § Wy

Digital power meter

|
>

AC POWER &
SUPPLY 7- Load
v
Current probe
Controlled Temp. Chamber
Circuit 2 used for determination
+Output rise, fall characteristics with ON/OFF Control
Shunt Res.
Digital power meter
—J O | ﬁ HAC
SW |
|
AC POWER |
SUPPLY | P.S.
|
L AC
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DRF480-24-1

Circuit 3 used for determination
+Dynamic load response characteristics

Shunt Res.
Digital power meter
Dynamic dummy
load
AC POWER Load]I
SUPPLY oz L
Output current waveform Current probe
lout 50% <==> 100%
Circuit 4 used for determination
«Inrush current waveform
Shunt Res.
Digital power meter
—c/o
SW
AC POWER Iy
£ Load

SUPPLY | O
]

Current probe

Circuit 5 used for determination
«Leakage current characteristics

Shunt Res.

Digital power meter

Slide Reg. SW

AC POWER

SUPPLY 'Z\ Load

Leakage current meter
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Circuit 6 used for determination

+Output ripple and noise waveform

AC POWER
SUPPLY

Digital power meter

Configuration used for determination

+V{—

DRF480-24-1

Load

L :300mm

1.5m 50Q2 Cable

Oscilloscope
Bandwidth : 20MHz

C1:0.1uF Film Capacitor.
C2 : 47uF Electorlytic Capacitor.

+ Electro-Magnetic Interference characteristics

(a) Conducted Emission

D.U.T. Mounting

D.U.T (Earthed) N ) (2m x 2m)
Aluminum Plate Vertical Ground
D=80cm /| D=40cm Reference Plane
EMI Test Reeiver AMN 50¢/50uH (p /
Spectrum Analyze /
9 H=80cm
Power Cable Stand
T 1 1 [‘

EEAN o

Power Source

2 Earth Horizontal Ground Plane

(b) Radiated Emission
Radiated Emission

]
D=3m
/_D.LLLLEaLLh&d)
Alumi Plati
EMI Test Receiver g ,, We
Spectrum Analyzer / —~
Pre Amp.
Antenna
Power Cable
H=80cm
Stand
Turn Table
I e F——
O
Power Source
L Earth Horizontal Ground Plane
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1.2 List of equipment used

DRF480-24-1

EQUIPMENT USED MANUFACTURER MODEL NO.
1 | DIGITAL STORAGE OSCILLOSCOPE YOKOGAWA DL1740/DL1740E
2 | DIGITAL MULTIMETER AGILENT 34970A
3 | DIGITAL POWER METER HIOKI 3333
4 | CURRENT PROBE/AMPLIFIER YOKOGAWA 701931
5 | DATA ACQUISITION UNIT AGILENT 34970A
6 [ DYNAMIC DUMMY LOAD CHROMA 63112A
7 | CONTROLLED TEMP. CHAMBER ESPEC SH-641
8 | LEAKAGE CURRENT METER SIMPSON 228
9 [ AC SOURCE CHROMA 61505
10 | EMI TEST RECEIVER ROHDE & SCHWARZ ESPI
11 | LISN TDK NNLK8121
12 | LISN COM-POWER CORPORATION LI-215A
13 | SPECTRUM ANALYZER AGILENT E7402A

TDK-Lambda
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DRF480-24-1

2 Characteristics

2.1 Steady state data
(8] Regulation - line and load, Temperature drift / Start up voltage and Drop out voltage
| 24V |
1. Regulation - line and load Condition Ta :25°C
lout\Vin | 85VAC | 115VAC | 230VAC | 264VAC line regulation
0% 24.004 24.003 24.003 24.003 imV 0.004%
50% 23.995 23.995 23.995 23.994 imV 0.004%
100% 23.988 23.988 23.987 23.987 imV 0.004%
load 16mVv 15mV 16mVv 16mVv
regulation| 0.067% | 0.063% | 0.067% [ 0.067%
2. Temperature drift Condition Vin :115VAC
lout : 100%
Ta -25°C 25°C 60°C | temperature stability
Vout 24,067V | 23.988V | 23.901V | 166mV | 0.692%
3. Start up voltage and Drop out voltage Condition Ta :25°C
lout : 100%
Start up voltage (Vin) | 80VAC
Drop out voltage (Vin) 76VAC
TDK-Lambda
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Efficiency vs. Output current

24V

Efficiency (%)

100

(=}
o

80

70

DRF480-24-1

Conditions Vin :85VAC  ------
:115VAC - ——
:230VAC ——
1 264VAC  ———-
Ta:25°C
/)//’54' -------------------------------
/"/
{'l
/II
I//
f
20 40 60 80 100
Output current (%)
TDK-Lambda T



DRF480-24-1

3 Input current vs. Output current

Conditions Vin : 85VAC  ------

: 115VAC - ——
: 230VAC e
. 264VAC —-———-
Ta : 25°C
24V |
7.0
6.0 e
Vin Input current g 5.0 - B
lout : 0% 2 4.0 et S
85VAC 0.15A e ~7
5 3.0 — -
115VAC 0.14A ° P
> 20 e —=
230VAC 0.21A 2 T —
264VAC 0.24A = 10 L .~ R
00 &
0 20 40 60 80 100
Output current (%)
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DRF480-24-1

(4 Input power vs. Output current
Conditions  Vin: 85VAC  ------
: 115VAC ———
: 230VAC o
1 264VAC -——-
Ta: 25°C
24V
600
500 /
. Input power — 400 -
Vvin lout: 0% [Control OFF S /
85VAC 4.02W | 0.27W g 300
115VAC 3.98W 0.33W 2 200
230VAC 3.4TW 0.75W 5
264VAC 3.39W [ 0.94W £ 100
0
80 100
Output current (%)
TDK-Lambda
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DRF480-24-1

2.2 Over current protection (OCP) characteristics 2.3~ Over voltage protection (OVP) characteristics

Conditions Vin :115VAC Conditions Vin :115VAC
Ta :-25°C ... lout :0%
25°C —_ Ta :25°C
60°C _—
24V |
25
20 i
b i
§15 _ ;j oVvP
S -~ POINt=>| N
> s : : :
510 > Vout =>— . : :
S e
5 prd
v oV -
O : : : :
0 50 100 150 200 10V/DIV | 5s/DIV

Output current (%)
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2.4 Output rise characteristics

lout : 0%

10V/DIV | 100ms/DIV

TDK-Lambda

<~ Vout —
— Vv —
<~ Vin —

DRF480-24-1

Conditions Vin: 85VAC (A)

: 115VAC (B)
: 230VAC (C)
: 264VAC (D)

Ta: 25°C

lout : 100%

3
E
E
g
(@F
3

10V/DIV | 100ms/DIV
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DRF480-24-1

2.5 Output fall characteristics
Conditions Vin: 85VAC (A)
: 115VAC (B)
: 230VAC (C)
: 264VAC (D)
Ta: 25°C

| 24\/ | lout : 0% lout : 100%

ABCD T ~ ABCD

— Vout —

— oV —

R

10VDIV | 5sDIV 10V/DIV | 20ms/DIV
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DRF480-24-1

2.6 Output rise, fall characteristics with ON/OFF Control

24V |

T Moin: 200k 75

r

10V/DIV | 100ms/DIV

<~ Vout —

— Qv —

«—DCOK—

«—ON/OFF—
Control

Conditions Vin : 115VAC
lout : 100%
Ta :25°C

D44 MainiZolk Frl

10V/DIV | 50msiDIV.
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DRF480-24-1

2.7 Hold up time characteristics
Conditions Vin : 115VAC
230VAC
Ta:25°C
| 24V |
1000
m
= N
Py N
£ 100 >
s B
p=
2 R
10
20 40 60 80 100

Output current (%)
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2.8 Dynamic load response characteristics

| 24V |

f=100Hz

DRF480-24-1

Conditions  Vin :115VAC
lout :50%<—> 100%
(tr = tf = 50us)
Ta :25°C
f=1kHz

T AL MOin: ZUUR S5

~— Vout —

<~ lout —

<~ lout:0% —

T Main ZOOF 27:

2ms/DIV

0.5V/DIV 200ps/DIV

05VIDIV
+0.81% -1.06% +1.08% -1.23%
TDK-Lambda T-15



2.9 Response to brown out characteristics

| 24V

A =20ms

B =32ms

DRF480-24-1

Conditions Vin : 230VAC

lout : 100%

Ta : 25°C
N IA‘B N
B O Yt S S Y < Vout
.............................................................................................. — 0oV
< Vin
10V/DIV I 50ms/DIV
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2.10 Inrush current waveform

[ 24V |

Switch on phase angle of input AC voltage
¢ =0°

— lin —

<~ Vin—

20A/DIV

| 100ms/DIV

Switch on phase angle of input AC voltage
¢ =0°

Tain

TIUTR F5T

— lin —

—Vin—

20A/DIV

T 100ms/DIV

DRF480-24-1

Conditions  Vin : 115VAC

lout : 100%
Ta : 25°C

Switch on phase angle of input AC voltage
¢ =90°

20A/DIV

| 100ms/DIV

Conditions  Vin : 230VAC

lout : 100%
Ta : 25°C

Switch on phase angle of input AC voltage
¢ =90°

Tt

AYZIR 577

20A/DIV

[ 100ms/DIV.
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DRF480-24-1

2.11  Input current harmonics

Conditions lout : 100%

Ta : 25°C
[ 24V ]
Vin : 115VAC
10.000
\\
\ - -

- 1.000 N — IEC61000-3-2 Limit (class A)
= ~—

o

5 0.100

o
Qo

[y

£

= 0.010
T

0001 | L L L L L L

1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39
Harmonic Order
Vin : 230VAC

10.000
1,000 IEC61000-3-2 Limit (class A)
<
§O.1OO —
Q
[
£
£0.010
I

0.001 - I N .

2.12 Input current waveform

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39

Harmonic Order

Conditions lout : 100%
Ta : 25°C

Vin : 230VAC

—lin—

~—Vin—

5A/DIV | 5ms/DIV

TDK-Lambda
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DRF480-24-1

2.13  Leakage current characteristics
Conditions lout : 0%  --------

Ta : 25°C

24V |

f : 50Hz

1.0
0.9
0.8
0.7
0.6
05
0.4

Leakage current (mA)

02 +— e

0.1 =
0.0

80 120 160 200 240 280
Input voltage (VAC)

f: 60Hz

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Leakage current (mA)

80 120 160 200 240 280
Input voltage (VAC)
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2.14

Output ripple and noise waveform

24V

24V

Conditions

DA MadrEiM B

20mVIDIV | 5ms/DIV

Conditions

T s Mainrollk >l

20mVIDV | 5msiDIV

TDK-Lambda

DRF480-24-1

Vin : 230VAC
lout : 0%

Ta:25°C

Vin : 230VAC
lout : 100%
Ta :25°C
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2.15  Electro-Magnetic Interference characteristics
Conditions Vin :230VAC
lout :100%
Ta :25°C
Conducted Emission Phase N | ——
Phase L : ——
[ 24v |
A
- . EN55022-B
Point A il QP Limit
(0.15MHz) @ —
Ref. [ Limit |Measure|} .. o 1. ol
Data | (dBuV)| (dBuV) || = i AT EN55022-B
Qp | 660 | 617 AV Limit
AV 56.0 44.8
TDK'Lambda T-21



2.15

Electro-Magnetic Interference characteristics

Radiated Emission

[ 24V ]

DRF480-24-1

Conditions Vin
lout
Ta

Horizontal :
Vertical :

Ref.
Data

Point A
(31.5MHz)

&
<

:230VAC
:100%
:25°C

Limit | Measure
(dBuV)| (dBuV)

QP

40.0 35.7

““““

TDK-Lambda

EN55022-B
QP Limit
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