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fEiFEC % Terminology used

7EF% Definition

Vin  --e-- A JJ7EJE Input voltage

Vout +---- i 77#E )+ Output voltage

lin «ee-- A )& Input current

Iout +---- Hi 773 Output current

Ta - JEFHIEEE Ambient temperature
£ e JE¥E#  Frequency

X BT NVAHWSIS0A/E_ADT (T H—/3=) 1T+ B D ME 7 THEZIIVA A ET,
FRBRRE 30 B O T TN L D5 B T e R 7 ke A R L E T,
WAL E S I BT ARER THY ., ZEMEEL TREZENET,

In the model name HWS150A/E_A, "_(under bar)" is replaced by H or V, which indicates the
direction of the terminal block.

Test results are not affected by the direction of the terminal block and have nearly the same
characteristics.

Test results are reference data based on our measurement condition.
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HWSI150A/E_A

1. BIZEF1E Evaluation Method
1-1. JEMEE  Calculating Method

HIEE 1 Circuit 1 used for determination

o R Steady state data

o HERYZ M Warm up voltage drift characteristics

o HOORFFREMI A Hold up time characteristics

o I35 E230EEM Output rise characteristics

o HJISEB F23REE  Output fall characteristics

o I EE IR E AR Over current protection (OCP) characteristics
O EEA R N Over voltage protection (OVP) characteristics
o WP (N S12ZE) F#fE Dynamic line response characteristics

o ANIEIEB#HEFE  Response to brown out characteristics

o ANJJEIIE Input current waveform
Digital power meter
+V U=
Load
ACPower
supply
v 0=
Shunt res.
Current probe

Controlled temp. chamber

o WPEINE (BT ZE) FeE Dynamic load response characteristics

Digital power meter

Dynamic dummy
| load

Load | 1

9 @ Load | 2

A

Shunt res.

J1

ACPower
supply

Output current waveform
Iout 50% <==>100%

——— 100%
_________ 95%

=
=
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HWSI150A/E_A

HEREIE3  Circuit 3 used for determination

AT — I (2 ANER) B Inrush current waveform

Digital power meter

|
Slide Reg.
Dynamic Load
dip
simulator
Current probe Shunt res.
HEF 4 Circuit 4 used for determination

V— 27 & ikt Leakage current characteristics

Digital power meter

Isolation

trans

Load
O Leakage é
ACPower
supply current PS 9
meter
O

\‘HI ==

Lo 4 (¥)
—Oac AcC O AC -V (

Shunt res.

A\

Lo

[ FG FGO

777
Bt
Earth

I[7E A #85  Circuit 5 used for determination

WAV JAXWHE Output ripple and noise waveform

Digital power meter

AC Power
supply

Oscilloscope

Bandwith : 100MHz
Oo—

L Coaxial Cable
______ 1.5m 50Q

R :50Q
C1 : 4700pF Ceramic cap.
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“E\I =g

¢ _Configuration used for determination

« EMI#4:  Electro-Magnetic Interference characteristics
(@) HEF s & (fiZE /4 X)  Conducted Emission

g

HWSI150A/E_A

PLERER S () T LA H
D.U.T (Earthed) 7L 5 R (2m X 2m)
Aluminum plate Vertical ground
o BRI R referenceplane
i  AMNS0C/50uH D=80cm . D=40cm
EMI Test receiver = /
spectrum analyzer \
i Y EBERIF—TN = H=80cm
Power cable Stand
» fq

!
N
K Hof

Horizontal ground plane

=

A7 O AN
e ACPower supply
- Earth

(b) HEFEHRRE (st /4 X) Radiated Emission

B D=3m Patikas ()

D.U.T(Earthed) 7 /v IR
E Aluminum plate

= H=80cm

EMI Test receiver
spectrum analyzer
pre amp.

A

=

[ mEr—TL
777 Power cable
Antenna

B—rT—T )
Turn table

—_

k)
TR i

Horizontal ground plane

§ et
Earth

0 AJJEIR
ACPower supply

6/26
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HWSI150A/E_A

1-2. fEHRIERMSS List of equipment used
EQUIPMENT USED MANUFACTURER MODEL NO.

1 | DIGITAL STORAGE OSCILLOSCOPE YOKOGAWA ELECT. Btﬁ;gsi‘.DL9040L

2 | DIGITAL MULTIMETER AGILENT 34970A

3 | DIGITAL MULTIMETER FLUKE 45

4 | DIGITAL POWER METER YOKOGAWA ELECT. WTI110E / WT310

5 | CURRENT PROBE YOKOGAWA ELECT. 701932 /701930

6 | CURRENT PROBE / AMP Tektronix TCP305 / TCPA300

7 | DYNAMIC DUMMY LOAD TAKASAGO FK-400L / FK-600L

8 DYNAMIC DUMMY LOAD KIKUSUI PLZ405W

9 | DYNAMIC DUMMY LOAD TEXIO LSG-1050

10 | DYNAMIC DUMMY LOAD KENWOOD PEL301-201

11 | DUMMY LOAD PCN PHF250 SERIES

12 | CVCF TAKASAGO AA2000XG

13 | CVCF KIKUSUI PCR2000L
ES10000S

14 | CVCF NF ES2000S

15 | LEAKAGE CURRENT METER HIOKI ST5540

16 | DYNAMIC DIP SIMULATOR TAKAMISAWA PSA-210

17 | CONTROLLED TEMP. CHAMBER ESPEC SU-641

18 | EMITEST RECEIVER / SPECTRUM ANALYZER ROHDE & SCHWARZ ESR3

19 | PRE AMP. SONOMA 310N

20 | AMN SCHWARZBECK NNLKS8121

21 | ANTENNA SCHWARZBECK CBL6111D

22 | HARMONIC / FLICKER ANALYZER KIKUSUI KHA1000

23 | SINGLE-PHASE MASTER NF 4420

24 | REFERENCE IMPEDANCE NETWORK 20A NF 4150

25 | MULTI OUTLET UNIT KIKUSUI OTO1-KHA

TDK-Lambda

7/26



2. ¥ —4# Characteristics

2-1.

EidkFME  Steady state data

(1) AJy-Saduf -0 BEZS B, H 0L B) - T EE

Regulation - line and load, Temperature drift / Start up voltage and Drop out voltage

12V | 1. Regulation - line and load

Condition Ta :

Iout \ Vin 85VAC 100VAC | 200VAC | 265VAC line regulation
0% 12.065V | 12.065V | 12.065V | 12.065V OmV 0.000%
50% 12.062V_[ 12.062V [ 12.062V | 12.062V OmV 0.000%
100% 12.060V_[ 12.060V_ [ 12.060V | 12.060V OmV 0.000%
load SmV SmV SmV SmV
regulation | 0.042% 0.042% 0.042% 0.042%
2. Temperature drift Conditions Vin :
ITout :
Ta -10C +25C +50C temperature stability
Vout 12.044V | 12.060V | 12.066V 22mV 0.183%
3. Start up voltage and Drop out voltage Conditions Ta :
Iout :
Start up voltage (Vin) 74VAC
Drop out voltage (Vin) 58VAC
24V 1. Regulation - line and load Condition  Ta :
Iout \ Vin 85VAC 100VAC | 200VAC | 265VAC line regulation
0% 24.114V | 24.115V | 24.114V | 24.115V ImV 0.004%
50% 24.112V | 24.112V | 24.112V | 24.112V OmV 0.000%
100% 24.110V | 24.110V | 24.110V | 24.110V OmV 0.000%
load 4mV SmV 4mV SmV
regulation | 0.017% 0.021% 0.017% 0.021%
2. Temperature drift Conditions Vin :
ITout :
Ta -10°C +25°C +50°C temperature stability
Vout 24.148V | 24.110V_| 24.006V 142mV 0.592%

3. Start up voltage and Drop out voltage

Start up voltage (Vin)

T4VAC

Drop out voltage (Vin)

S6VAC

TDK-Lambda

Conditions Ta :
Tout :

HWSI150A/E_A

25°C

100 VAC
100 %

25 °C
100 %

25 °C

100 VAC
100 %

25 °C
100 %

8/26



HWSI150A/E_A

2) V7 NI AR &% A J)ER  Ripple noise voltage vs. Input voltage
Conditions Iout: 100 %

Ta: -10°C -==--
25°C ——-
50°C ——

12V

160

140 |
% 120 .__._._._.-:._.:_-w-_.__._.:_._,_
& 100
=
g 80
2
g 60
i)
& 40
)

0
50 100 150 200 250
Input voltage (VAC)
24V

140 ———ee
120 S s Pt s pa— ——
>
£ 100
&
S 80
o
>
2 60
e
=)
o 40
o
=y
& 20

0
50 100 150 200 250

Input voltage (VAC)
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HWS150A/E_A

(3) #h3-J1Ex /)W Efficiency and Power factor vs. Output current
Conditions Vin: 85 VAC -~

12V
1.0
90 . R —
zZ /C- ortidion ot 0‘9
85 AL it
< v 08
S 80 7 g
S e
75
3§ ' % 0.6
= ~ 0s
© 0.4
0 0.3
0 20 40 60 80 100
Output current (%)
24V
1.0
90 =
_ .% b= — 09
P e
85 2
S - //( ) 0.8
Z / S 07
5 =
2P 2 06
= g
= 0.5
© 0.4
%0 0.3
0 20 40 60 80 100

Output current (%)

100 VAC — =~
200 VAC —
265 VAC ———-
Ta: 25°C
=T N —
/ -
4
/
/17
7
/
0 20 40 60 8 100
Output current (%)
=T [ ——
-7
s
7
/
/
0 20 40 60 8 100

TDK-Lambda

Output current (%)
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HWS150A/E_A

4) ANJJEIxHH ) #EE  Input power vs. Output current
Conditions  Vin : 85 VAC ———--

100 VAC =~ —
200 VAC —
265 VAC ———~
Ta : 25 °C
12V
200
180 .
160 : A
= e
. Input power T 120 -
Vin : 5 "
Tout : 0% % 100 /
85VAC 1.5W &80 _
100VAC 1.5W § 60 7
200VAC 2.0W = K0 ~
265VAC 2.4W 0 /
0
0 20 40 60 80 100
Output current (%)
24V
200
180 _
160 . W
~ 140 /’ /
= 7
. Input power < 120 /
Vin : 5 P
Tout : 0% = 100 _
Q /
85VAC 1.7TW &80 »
100VAC 1.8W § 60 7
200VAC 2.1W = 10 /
265VAC 2.5W 20 e
0
0 20 40 60 8 100

Output current (%)

TDK-Lambda 11/26



HWSI150A/E_A

(5) AJJEEWERIH J1FEE  Input current vs. Output current

Conditions  Vin : 85 VAC =~

100 VAC — =~
200 VAC —
265 VAC — -
Ta: 25°C
12V
2.4
2.0
—_~ ’/ - '/
< 16 e
. Input current = o
Vin ) +
Tout : 0% g 1.2 A
85VAC 0.04A ; e
100VAC 0.03A g 08 L -
200VAC 0.04A 04 st "
265VAC 0.06A : /_,;~ ==
00 £
0 20 40 60 80 100
Output current (%)
24V
24
2.0 7
~ // ) . -
< 16 e
Vin Input current % e —
Tout : 0% %4 1.2 = ’/,
85VAC 0.04A ° s
100VAC 0.04A g 08 il —
200VAC 0.05A a 04 A —— ===
265VAC 0.06A : T =T
0.0 £
0 20 40 60 80 100

Output current (%)
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HWSI150A/E_A
2-2.  EERVTMEE

Warm up voltage drift characteristics

2-3.  HIRFFIRE R

Hold up time characteristics

Conditions Vin: 100 VAC Conditions Vin: 100 VAC ——

TIout: 100 % 200 VAC -
Ta: 25 °C Ta: 25 °C
12V
0.4 1000

s 02
= 7
= g
% 00 - ITY)
= o
9 5
z 3
=] 5
[ T
£ 02
o

-0.4 10

0 1 2 3 4 5 6 7 8 0 20 40 60 80 100
Time (hours) Output current (%)

24V

0.4 1000
g 0.2
5 £
% 00 2 ™
2 o £ 100
° \\—‘/— o,
> 5
= =
£ 02 2 L]
o

-0.4 10

0 1 2 3 4 5 6 7 8 0 20 40 60 80 100
Time (hours) Output current (%)

TDK-Lambda 13/26



2-4.

H I35 E230EEM Output rise characteristics

IR

1l < Vi —

HWSI150A/E_A

Conditions Vin: 85 VAC (A)
100 VAC (B)
200 VAC (C)
265 VAC (D)
Ti: 25°¢
12V |
Tout : 0% Iout : 100%
DC BA DC BA P
.............. | '.', —
....................... — OV — ” [ ssterirsrissalossnissaifassonsss

UL |
i

SRR

\ !

5V/DIV | 200ms/DIV 5V/DIV | 200ms/DIV
| 24V |
Iout : 0% [out : 100%
DC BA ; : DC BA _
............... || || " | I
JUUR: VRO SO ORI SO SO SO SO S TVout | ﬁ N U W S
" — OV — ” sessiafessaninnnfunssannasfussnsans
A v, A
10VDIV | 200ms/DIV 10V/DIV | 200ms/DIV
14/26
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2-5.

HJISEB T 250K Output fall characteristics

12v |

Iout : 0%

ABCD

5V/DIV \ 10s/DIV
uv |
Tout : 0%
ABCD
10VDIV | 10s/DIV

TDK-Lambda

HWSI150A/E_A

«— Vout —

— OV —

«— Vin —

Conditions Vin: 85 VAC (A)

100 VAC (B)

200 VAC (O)

265 VAC (D)

Ta: 25°C

Iout : 100%
AB|CD
N

5V/DIV | 20ms/DIV

«— Vout —

— oV —

«— Vin —

Tout : 100%

ABCD

N

\_

W

10VDIV |

20ms/DIV

15/26



Output voltage (V)

Output voltage (V)

AR IR FE R

Over current protection (OCP) characteristics

2-7. EEECREERFE

HWSI150A/E_A

Over voltage protection (OVP) characteristics

|
|
|
|
|
|
Conditions Vi: 100 yAC I Conditions Vin: 100 VAC
To; -0 K wmsimnn ' lout: 0%
25°C ——— : Ta: 25C
g g — |
|
12V |
|
12 |
|
L : OVP Point
| e
8 T |
| | Vout —
6 i |
f |
4 ' :
I oV
2 — |
| |
0 . '
0 50 100 150 | SV/DIV | 10sDIV
Output current (%) I
|
|
24V |
25 [ ; :
g |
i [
M T i | OVP Point
4 I
: .
B r " :Vout >
|
10 o E— |
|
[
3 |
| |
| |
0 . I
0 50 100 150 | 10V/DIV | 10sDIV
) i [
Output current (%) I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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HWSI150A/E_A

WEPENSE (N T17228) F#E Dynamic load response characteristics
Conditions Vin: 85 VAC——132VAC (A)
170 VAC<—265VAC (B)

Tout: 100 %

2-8.

Ta: 25°C
057§
Vout (A)
2> o
Vout (B)
> S
v R e L L
50mV/DIV 500ms/DIV
24V
Vout (A)
L o
Vout (B)
> .
B
50mV/DIV 500ms/DIV

TDK-Lambda 17/26



HWSI150A/E_A

29,  EPEISE (AfTEZ) F5% Dynamic load response characteristics

Conditions Vm: 100 VAC
Tout: 50 %<—100%
(tr = tf = 50us)
Ta: 25°C
| 12V |
f=100Hz f=1kHz
p— - T — — Vout — v N Vi MN—
orioie = | it L | < Iout > | f  Sadeiiees ool | G
«— Jout:0% —
100mV/DIV 2ms/DIV 100mV/DIV 200us/DIV
+0.28% -0.31% +0.27% -0.29%
| 24V |
f=100Hz f=1kHz
" | . | o _— f
| ! Vout -———.\/-—'\/—-—\/\——f\__
| | f | | < JTout — / \ f \
— Jout:0% —
100mV/DIV 2ms/DIV 100mV/DIV 200us/DIV
+0.18% -0.24% +0.18% -0.23%

TDK-Lambda
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2-10.  AJJEEBHTRM: Response

to brown out characteristics

5 ] Interruption time
A HEEAME T2l Output voltage does not drop.
B: (N EEOKTA0VETY 2L Output voltage drop down not reaching 0V,
C: H/JEENROVETIET  Output voltage drops wntil OV,

HWSI150A/E_A

100 %
25

Iout :
Tas

Conditions

12V
Vin: 100VAC Vin: 200VAC
A =35ms. B=3%ms. C =40ms A =36ms. B=43ms. C=44ms
A B C A B C
! \ﬂ J | & Vout = l w{ J l
A & 0V >
A .
W WAVAVAAAAA] < <= A AAAAAAAN
SV/DIV [ 50ms/DIV SV/DIV [ 50ms/DIV
24V
Vin: 100VAC Vin: 200VAC
A =32ms., B =44ms. C = 45ms A =33ms. B=46ms., C =47ms
A B C A B 9
I \{, J | & Vout = IY ) i
1 ]
<« 0V >
AAAAARAARA | : AR
WAL < == MMM
10VDIV__ | 50ms/DIV OVDIV__ | 50ms/DIV
TDK-Lambda 19126



2-11.

24V

Switch on phase angle of input AC voltage
o =0

SADIV. |  100ms/DIV

Switch on phase angle of mput AC voltage
6 =0

100ms/DIV

10A/DIV |

TDK-Lambda

HWSI150A/E_A

AT — G (22 NEEGR) /2 Inrush current waveform

Conditions Vm: 100 VAC
Iout : 100 %
Ta: 25°C

Switch on phase angle of mput AC voltage
& =90"

SA/DIV. | 100ms/DIV
Conditions Vm: 200 VAC
Tout : 100 %
Ta: 25°C

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

AWM

100ms/DIV

10A/DIV |

20/26



HWSI150A/E_A

2-12. & AKST  Input current harmonics

Conditions Tout : 100 %

Ta : 25°C
| 24V |
Vin : 100 VAC
10.000
N
N
\ ..
\ IEC61000-3-2 Limit (class A)*1
. 1.000
<
g
(]
% 0.100
g
=
—ﬁ_—:" 0.010
0.001
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic number
*#1.100VACKF DR FEfE I XTIEC61000-3-2 230V ACHKF D[R FEE 2.3
*].The limit value at I00VAC is 2.3 times the 230VAC limit value of IEC61000-3-2.
Vin : 230 VAC
10.000
A . .
IEC61000-3-2 Limit (class A)
. 1.000 N\
<
=
L
2 0.100
Q
g
£
E‘ 0.010
0.001

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Harmonic number

2-13.  AJJEVEIIEZ  Input current waveform

Conditions Tout : 100 %
Ta: 25°C
Vin : 100VAC Vin : 200VAC

“lin> |, TN 7N

N | | N
\/\/\/ <Vin->

2A/DIV Sms/DIV 2A/DIV S5ms/DIV
TDK-Lambda 21/26




2-14. U—7&EWiFHE: Leakage current characteristics

24V

Leakage current (mA)

Leakage current (mA)

0.30

0.20

0.10

0.00

0.30

0.20

0.10

0.00

HWSI150A/E_A

Conditions  Iout : 0 %
100% -~~~

Ta: 25°C
Equipment used : ST5540(HIOKI)

f: 50Hz
///
A’ -
==
//
80 120 160 200 240 280
Input voltage (VAC)
f: 60Hz
//
80 120 160 200 240 280
Input voltage (VAC)
TDK-Lambda 22/26



HWSI150A/E_A
2-15. WYY T N JAXWH Output ripple and noise waveform

Conditions Vm : 100 VAC
ITout : 100 %
Ta > 25°C

2v |

50mV/DIV | 2us/DIV

24V |

|

50mV/DIV | 2us/DIV

TDK-Lambda 2326



2-16.
e 0T E
Conducted Emission
12V
Pomt A
(199kHz)
Ref. Lmit |Measure
Data| (dB) (dB)
QP 63.7 48.0
AV 53.7 32.9
Pomt B
(24.2MHz)
Ref. Limit |Measure
Data| (dB) (dB)
QP 60.0 48.7
AV 50.0 44.0
Pomt C
(202kHz)
Ref. Limit |Measure
Data| (dB) (dB)
QP 63.5 491
AV 53.5 23.8
Pomt D
(17.8kHz)
Ref. Limit | Measure
Data| (dB) (dB)
QP 60.0 | 485
AV 50.0 44.9

EMI%##  Electro-Magnetic Interference characteristics

HWSI150A/E_A

Conditions Vi 230 VAC
Tout 100 %
Ta e
Phase : N
[dB( 2 V]
100 E
%0 E
Al B VCCI Class B
80 5\ i
E QP Limit
70 E / \
w ] L .
% w0 B <—|
. 40 - . \‘V\.\,&—
. VCCI Class B
R i i T AV Limut
. AT TmIRImIm
10
0
0.15 0.50 1.00 5.00 10.00 30.00
o5 M 2 [MHz]
Phase : L
[dB( V)]
100
% VCCI Class B
0 £ = D\ QP Limit
70
o ] |
3 5 B
Y w“ ’Jf\-%.
30 _ VCCI Class B
20 E " II il AV Limit
10
o E
0.15 0.50 1.00 5.00 10.00 30.00
8 0 2 [MHz)
EN55011-B,EN55022-B,FCC-BDRAEIZIVCCI class BOFRFUE LR T
Limit of EN55011-B,EN55022-B,FCC-B are same as its VCCI class B.
TDK-Lambda 24/26



M i T E

Conducted Emission

24V |
Pomt A
(155kHz)
Ref. Lmit |Measure
Data| (dB) (dB)
QP 65.7 50.3
AV 35.7 21.9
Pomt B
(18.8MHz)
Ref. Limit |Measure
Data| (dB) (dB)
QP 60.0 49.6
AV 50.0 45.8
Pomt C
(151kHz)
Ref. Limit |Measure
Data| (dB) (dB)
QP 659 52.0
AV 559 23.7
Pomt D
(18.8kHz)
Ref. Lmit | Measure
Data| (dB) (dB)
QP 60.0 48.5
AV 50.0 45.2

HWSI150A/E_A

Conditions Vm : 230 VAC
Tout : 100 %

Ta & 257
Phase : N
[dB( 2 V)]
100
S0
“ A B VCCI Class B
-

QP Linut

s \
60 ?/ \* 4—'

2 sog == 4—|
"0 F ""\l
: EN VCCI Class B
30 E w\" i TN AV Limit
20 E ‘ '
10
0
0.15 0.50 1.00 5.00 10.00 30.00
J& ¥ [MHz]
Phase : L
[dB( 2 V)]
100 -
90 C
C D VCCT Class B
80 F QP Limit
70 E Y, \
| \ |
& E
s P& ¥
Z 50 z \./\ ¢
- 40 P,
E VCCI Class B
20 : AV Limit
20 F
10 E
oF
0.15 0.50 1.00 5.00 10.00 30.00

& ¥ % [MHz]

EN55011-B,EN55022-B,FCC-BD [R A IZVCCI class BO[RFEE[ET
Limit of EN55011-B,EN55022-B,FCC-B are same as its VCCI class B.
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e SRR
Radiated Emission
12V HORIZONTAL
1B V/m))
80 [
70
o!
J «Qp
E 10
20 f A
20 - 7 P 4
10 o] LA o
" 3
30.0 50.0 100.0 500.0 1000.0
Frequency [MHz]
24V HORIZONTAL
[dB( u V/m)]
80
y:
‘ :
E 40
30 f w g
10 F
naoto 50.0 100.0 500.0 1000.0
Frequency [MHz]

HWSI150A/E_A

Condttions Vm : 230 VAC

Tout : 100 %
Tw : 25°C
_ _ VERTICAL
[dB( “s\o“' m)]
70
60
.z | QP
E 40
30 \\ x
20 [Wh
T %..,MNW' L
1
D30.0 50.0 100.0 500.0 1000.0
Frequency [MHz)
VERTICAL
[dB{ p V/m)]
80
70
o «—QP
T e |
30
5 AN A f'hf! M
A i
10
?}0,0 50.0 100.0 500.0 1000.0
Frequency [MHz]

EN55011-B,EN55022-BOBRFUEIZVCCI class BO R LRI
Limit of EN55011-B,EN55022-B are same as its VCCI class B.

FoRIIE—7E

Indication is peak values.
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