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Definition

Vin ... Input voltage

Vout ... Output voltage

Iin ... Input current
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Ta . Ambient temperature

f Frequency

PG Power good signal

Vstb ... Output voltage of standby

Istb ... Output current of standby

s¢ Test results are reference data based on our measurement condition.

TDK-Lambda 2



CUS1000M

1. Evaluation Method

1-1.  Circuit used for determination
Circuit 1 used for determination
+ Steady state data
+ Warm up voltage drift characteristics
* Hold up time characteristics
+ Output rise characteristics
* Output fall characteristics
+ Over current protection (OCP) characteristics
* Over voltage protection (OVP) characteristics
* Response to brown out characteristics
* Various signal

Digital power meter

AC V‘rJ\
9 O Load 1%
P.S.

Shunt res.

AC Power
supply

STBY+ STBY- R+ R- PG

Circuit 2 used for determination
* Dynamic load response characteristics

Digital power meter

Dynamic dummy

| load
Load 1 _I_L
AC Power Load | 2
supply
Shunt res.

Output current waveform
Tout 50% <==>100%
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CUS1000M

Circuit 3 used for determination
+ Inrush current waveform

Digital power meter

Slide Reg.

Shunt res.

Current probe

Circuit 4 used for determination
+ Earth leakage current characteristics

Digital power meter

‘! S2

Isolation
trans

Ac
power
supply

}

Shunt Res.

Measuring device

Measure in all possible combination of position of S2 with :
S1 closed (normal condition), and S1 open (single fault condition)

+ Patient leakage current

Digital power meter
r-TT =" |

Isolation
trans

Ac P
power
supply
} |

S3 Shunt Res.

9 Measuring device

CLASS I equipment:
S1, S3 closed, measure under all possible position of S2 & S4.
Single fault condition: S1 open with S3 close or S1 close with S3 open.
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Circuit 5 used for determination

+ Output ripple and noise waveform

AC
Power

supply S

Digital power

Configuration used for determination

*Electro-Magnetic Interference characteristics
(a) Conducted Emission
2

EMI Test receiver
spectrum analyzer

AMN 509/50uH

N

Coaxial cable
1.5m 50Q

CUS1000M

Oscilloscope
Bandwith : 20MHz

:50Q
C1 : 0.1uF Film cap.

C2 : 100uF Elect cap.

C3 : 4700pF Ceramic cap.

(2m X 2m)
Vertical ground
reference plane

Aluminum plate
/\ D=40cm
)

150mm
D.U.T(Earthed
D=80cm
¢ Power cable Wood
Stand

H=80cm

/

(b) Radiated Emission

EMI Test receiver
spectrum analyzer
pre amp.

\ \

e
7

!
N

Earth

Horizontal ground plane

D=3m

D.U.T(Earthed
Antenna

Power cable Wood
Stand

Turn table

Aluminum plate

H=80cm

hs

Earth

.

Horizontal ground plane

TDK-Lambda
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1-2. List of equipment used

CUS1000M

EQUIPMENT USED MANUFACTURER MODEL NO.
1| DIGITAL STORAGE OSCILLOSCOPE YOKOGAWA ELECT. DLM2054
2| DIGITAL MULTIMETER KEYSIGHT 34970A
3| DIGITAL POWER METER YOKOGAWA ELECT. WT310
4| CURRENT PROBE YOKOGAWA ELECT. 701930
5| POWER SUPPLY YOKOGAWA ELECT. 701934
6| DYNAMIC DUMMY LOAD CHROMA 63030/63203A/63640
7| ACSOURCE KIKUSUI PCR4000LE
8 | EARTH LEAKAGE CURRENT METER SIMPSON 228
9| PATIENT LEAKAGE CURRENT METER SIQ SIQ16042
10| CONTROLLED TEMP. CHAMBER TABAI-ESPEC SH-662
11| EMI TEST RECEIVER ROHDE & SCHWARZ ESR3
12| LISN ROHDE & SCHWARZ ENV216
13] BROADBAND ANTENNA SCHWARZBECK VULB9163
14| LINE SUG SIMULATOR TAKAMISAWA PSA-210
15| SOUND CALIBRATOR BRUEL AND KJAER TYPE 4231
16] AUDIO ANALYZER BRUEL AND KJAER TYPE 3560-C
1-3. Load conditions
Vin Tout 12V 24V 36V 48V
85-265VAC 50% 33.35A 20.85A 13.9A 10.45A
85VAC 90% 60.03A 37.53A 25.02A 18.81A

90 - 265VAC 100% 66.7A 41.7A 27.8A 20.9A

85-265VAC 50%Peak 41.7A 20.85A 13.9A 10.45A

85-265VAC Peak 83.4A 41.7A 27.8A 20.9A

*Vstb=5V, Istb=2A(100%)
TDK-Lambda 6




2. Characteristics

2-1. Steady state data

CUS1000M

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

1. Regulation - line and load Condition Ta :
ITout :
Istb :
Tout\ Vin | 85VAC 115VAC | 230VAC | 265VAC Line regulation
0% 12.034V | 12.033V [ 12.033V | 12.032V 2mV 0.017%
50% 12.018V | 12.015V [ 12.016V | 12.015V 3mV 0.025%
100% - 12.003V_ | 12.001V [ 12.001V 2mV 0.017%
Peak - 11.998V | 11.997V [ 11.998V ImV 0.008%
Load 16mV 35mV 36mV 34mV
regulation | 0.133% 0.292% 0.300% 0.283%
2. Temperature drift Condition  Vin :
ITout :
Istb :
Ta -20°C +25°C +40°C Temperature stability
Vout 11.986V | 11.995V [ 11.999V 13mV_ | 0.108%
3. Start up voltage and Drop out voltage Condition  Ta :
Tout
Istb :
Start up voltage (Vin) 79.2VAC
Drop out voltage (Vin) | 77.8VAC
1. Regulation - line and load Condition Ta :
ITout :
Istb :
Tout\Vin | 85VAC 115VAC | 230VAC | 265VAC Line regulation
0% 23.996V | 23.995V [ 23.995V | 23.995V ImV 0.004%
50% 23.978V | 23.978V [ 23.979V | 23.976V 3mV 0.013%
100% - 23.961V | 23.964V [ 23.959V SmV 0.021%
Load 18mV 34mV 31mV 36mV
regulation | 0.075% 0.142% 0.129% 0.150%
2. Temperature drift Condition  Vin :
ITout :
Istb :
Ta -20°C +25°C +40°C Temperature stability
Vout 23.964V | 23.965V | 23.965V 1mV | 0.004%
3. Start up voltage and Drop out voltage Condition  Ta :
ITout :
Istb :

Start up voltage (Vin)

79.2VAC

Drop out voltage (Vin)

77.8VAC

TDK-Lambda

25 °C
100 % ( 66.7A )
0 %

115 VAC
100 % ( 66.7A)
0 %

25 °C
: Peak (83.4A)
0%

25 °C
100 % (41.7A)
0 %

115 VAC
100 % (41.7A)
0 %

25 °C
100 % (41.7A)
0 %



CUS1000M

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

1. Regulation - line and load Condition Ta: 25°C

3. Start up voltage and Drop out voltage

Start up voltage (Vin)

79.2VAC

Drop out voltage (Vin)

77.8VAC

Condition Ta :
ITout :
Istb :

TDK-Lambda

Tout : 100 % (27.8A)
Istb : 0 %
Tout\ Vin | 85VAC 115VAC | 230VAC [ 265VAC Line regulation
0% 36.019V | 36.018V | 36.021V | 36.022V 4mV 0.011%
50% 36.004V | 36.002V | 36.005V | 36.004V 3mV 0.008%
100% - 35.992V [ 35995V | 35.995V 3mV 0.008%
Load 15mV 26mV 26mV 27mV
regulation |  0.042% 0.072% 0.072% 0.075%
2. Temperature drift Condition Vin: 115 VAC
Tout : 100 % (27.8A)
Istb : 0 %
Ta -20°C +25°C +40°C Temperature stability
Vout 35.957V | 35.983V | 35.983V 26mV_ | 0.072%
3. Start up voltage and Drop out voltage Condition Ta: 25°C
Tout : 100 % (27.8A)
Istb : 0 %
Start up voltage (Vin) 79.2VAC
Drop out voltage (Vin) | 77.8VAC
1. Regulation - line and load Condition Ta: 25°C
Tout : 100 % (20.9A)
Istb : 0 %
Tout\ Vin | 85VAC 115VAC | 230VAC [ 265VAC Line regulation
0% 48.050V | 48.055V | 48.050V [ 48.050V SmV 0.010%
50% 48.026V | 48.034V | 48.023V [ 48.024V 11mV 0.023%
100% - 48.028V | 48.015V | 48.016V 13mV 0.027%
Load 24mV 27mV 35mV 34mV
regulation |  0.050% 0.056% 0.073% 0.071%
2. Temperature drift Condition Vin: 115 VAC
Tout : 100 % (20.9A)
Istb : 0 %
Ta -20°C +25°C +40°C Temperature stability
Vout 47.975V | 48.019V | 48.023V 48mV__ | 0.100%

25 °C
100 % ( 20.9A )
0 %



(2) Efficiency and Power factor vs. Output current

12V

100
95
90
85
80

75

Efficiency (%)

70
65
60

24V

100
95
90
85
80
75

Efficiency (%)

70
65
60

36V
100
95
90
85
80

75

Efficiency (%)

70
65

60

48V
100
95
90
85
80
75

Efficiency (%)

70

65

60

0.9

0.8

Power factor

0.7

20

0.6
40 60 80 100

Output current (%)

0.9

0.8

Power factor

0.7

20

0.6
40 60 80 100

Output current (%)

0.9

0.8

Power factor

0.7

20

0.6
40 60 80 100

Output current (%)

0.9

0.8

Power factor

0.7

20

0.6
40 60 80 100

Output current (%)
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Conditions Vin: 85 VAC----
115 VAC-" -~
230 VAC——
265 VAC——-
Ta: 25°C
Istb : 0 %

20 40 60 80 100

Output current (%)

P e T

20 40 60 80 100
Output current (%)

20 40 60 80 100
Output current (%)

20 40 60 80 100
Output current (%)



CUS1000M

(3) Input power vs. Output current

Conditions Vin: 85 VAC----

115 VAC-"-+-
230 VAC——
265 VAC——-
Ta: 25°C
Istb : 0%
12V
1200
Vin Input power
ITout : 0% Remote OFF = 800 "
2 5~
85VAC 4.2W 0.30W < L
115VAC 3.8W 0.34W = /./f
230VAC 2.9W 0.60W § 400 oo
265VAC 2.8W 0.71W é o
— _ ~
0
0 20 40 60 80 100
AV Output current (%)
1200
. Input power v “
Vin Z
ITout : 0% Remote OFF g 800 ///4’
85VAC 4.3W 0.30W = pred
115VAC 41W 0.34W % P
230VAC 3.01W 0.60W & 400 /"‘
265VAC 3.1W 0.71W § .
Ll ///
0
0 20 40 60 80 100
6V Output current (%)
1200
Vin Input power ) {};,}
Iout : 0% Remote OFF § 800 557
85VAC 4.5W 0.30W bt Pl
o
115VAC 41W 0.34W z e
230VAC 3.4W 0.60W & 400 /
=
265VAC 3.9W 0.71W SR -
e e
O |
0 20 40 60 80 100
Output current (%)
48V
1200
Vin Input power x},,:/
Tout : 0% Remote OFF ~ 800 ’/,.’4”
85VAC 4.6W 0.30W 2 e
LISVAC [ 42W 0.34W B P
230VAC 3.4W 0.60W g 400 /“
265VAC 3.4W 0.71W E P
E //,/
0

0 20 40 60 80 100
Output current (%)
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CUS1000M

(4) Input current vs. Output current

Conditions Vin: 85 VAC----
115 VAC- -~
230 VAC——
265 VAC— —-
Ta: 25°C
Istb : 0%
12V
15.0
Vin Input current

Iout : 0% Remote OFF ~ 10.0
85VAC 0.09A 0.05A §
115VAC 0.09A 0.07A 5 Pl e
230VAC 0.12A 0.10A g 50 T
265VAC [ 0.14A 0.12A E DT e

k= =
0.0 ==
20 40 60 80 100
0,
AV Output current (%)
15.0
Vin Input current -

Tout : 0% Remote OFF = 100 o - -
85VAC 0.10A 0.05A Ta’ ’ - e -
115VAC 0.09A 0.07A g PR
230VAC 0.12A 0.10A g 50 it —
265VAC 0.15A 0.12A S D T

| L=
0.0
20 40 60 80 100
Output current (%)
36V 15.0
Vin Input current _ L

Iout : 0% Remote OFF < 10.0 " s
85VAC 0.10A 0.05A % et o -
115VAC 0.09A 0.07A E 50 » i
230VAC 0.12A 0.10A s 7 T P
265VAC 0.15A 0.12A §* /Tﬁ;:/’ =

0.0 ==
20 40 60 80 100
Output current (%)
48V
15.0
Vin Input current .

Iout : 0% Remote OFF < 10.0 -
85VAC 0.10A 0.05A = . -
115VAC 0.09A 0.07A @ - 7

230VAC | 0.13A 0.10A 8 50 S
265VAC 0.15A 0.12A 2 i _ __——
= ,9’// ==
0.0

0 20 40 60 30 100
Output current (%)

TDK-Lambda
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CUS1000M

(5) Input power vs. Output current @ Remote OFF

Condition Remote OFF

Istb Vs Pin @ 115VAC

100

w0 -
g ///1
= —
- ) _ /
IZ
/
0.1
0.01 0.1 1 10
Istb (A)
Istb Vs Pin @ 230VAC
100
1w _~
3 ///
= —
A ) l//
—_—
0.1
0.01 0.1 1 10
Istb (A)
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CUS1000M

1
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5 T / / / 5 /
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O 2 o o 5 o
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m m / n e e . v
= O (o] ™ N ™
(=
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]
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CUS1000M

2-4. Output rise characteristics

Conditions Vin: 85 VAC (A)

115 VAC (B)
230 VAC (C)
265 VAC (D)
Istb: 100 %
Ta: 25°C
12V
Tout : 0% Iout :Peak ( 83.4A)
° QT!B : «— Vout — . QlB ai
M | f
“ | | i
l“ |=ov— |- L
TN L
W\w’«f\f\f\j\*WW”’“ \'H mu’\f ’UWMJ Vin—> ﬁ’ MWH,,WW\'\'\W M‘WW Hi
Vout:5V/DIV | 100ms/DIV | ‘ Vout:5V/DIV | 100ms/DIV
24V
Tout : 0% Tout : 100% (41.7A)
DCBA | DCBA
\—(lrr_ «— Vout — | | \J/
| I
I)I | r;
— 0V — , o
T I i
—If\f\,'\,'\'['\f\"\'\}\f&'t't”“"1**'*”“”””““'WW“ [y —“WWW 14‘&”4“ il '\f\'\f\‘N‘W“/W | J’J‘M
Vout:10V/DIV | 100ms/DIV : Vout:10V/DIV | 100ms/DIV

TDK-Lambda
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CUS1000M

2-4. Output rise characteristics

Conditions Vin: 85 VAC (A)

115 VAC (B)
230 VAC (C)
265 VAC (D)
Istb: 100 %
Ta: 25°C
36V
Tout : 0% Tout : 100% ( 27.8A)
D{D—FA «— Vout — > C[BA
| r
A f
i
— 0V —> |= 4
DAL AR A RAARAAM filind
—\'\\m’xﬂ'duwwwwm‘u\‘f‘m Wi v | 1\'\'WH»WUHWWUuw’u’uﬂ’u'ﬁ‘»*\‘U\'\’““‘r'f‘f‘l‘
Vout:20V/DIV | 100ms/DIV Vout:20V/DIV [ 100ms/DIV
48V
Tout : 0% Tout : 100% ( 20.9A)
D CBA DCB A
\AF «— Vout —
| i | oo | i
| N O I i
| ‘f\m,ww;mM‘MMUWW f1yww\“r( « Vin - —'WWW\'\M\\H‘lwmHMWH\\\”\‘
‘ Vout:20V/DIV | 100ms/DIV : ‘ Vout:20V/DIV [ 100ms/DIV

TDK-Lambda
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2-5. Output fall characteristics

CUS1000M

Conditions Vin: 85 VAC (A)
115 VAC (B)
230 VAC (O)
265 VAC (D)
Istb: 100 %
Ta: 25°C

Tout : Peak ( 83.4A)

Tout : 0%
Ll 20s/div, Ll ZDms/dvi
. _ABCD _I_ABCD ‘
__..j «— Vout — ﬁ
o —0V—-> |=
e ~=
Vout:5V/DIV | 20s/DIV Vout:5V/DIV | 20ms/DIV
Tout : 0% Tout : 100% (41.7A)
L] 20s/div] f ] 20ms/div|
ABCD \ ABCD ‘
{ «— Vout — —\
. l[\\ ’/\
 Vin— |+ \// \/
Vout:10V/DIV | 20s/DIV Vout:10V/DIV | 20ms/DIV

TDK-Lambda
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2-5. Output fall characteristics

Conditions Vin :

Istb :
Ta:

CUS1000M

85 VAC (A)
115 VAC (B)
230 VAC (C)
265 VAC (D)
100 %

25 °C

36V
Tout : 0% Tout : 100% (27.8A)
Kl Zﬂs/dvi T Zﬂms/riVj
ABCD | ABCD
: « Vout — |
E — 0V —> |=
T AT
Vout:20V/DIV | 20s/DIV Vout:20V/DIV | 20ms/DIV
Tout : 0% Tout : 100% ( 20.9A)
u s/div) ] 20ms/div|
ABCD | ABCD ‘
| «— Vout —
i [
Vout:20V/DIV | 20s/DIV Vout:20V/DIV | 20ms/DIV

TDK-Lambda
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CUS1000M

2-6. Various signal

Conditions Vin : 115 VAC
Tout: 100 %
Istb: 100 %

Ta: 25°C
Output rise, fall characteristics with Remote ON/OFF Control
48V
— Vout — | pemnny
l/’i = \
e «— PG —
Remote 7 i
r ON/OFF—|
I Control |
e (R+) E
Vout:50V/DIV | PG:5V/DIV Vout:50V/DIV | PG:5V/DIV
50ms/DIV 50ms/DIV
Output rise, fall characteristics with Input voltage ON/OFF
WanE 1.5 M T00ms/dv —— Won: 1.5 M 500ms/dv
e — Vout — Y
l =
1 - PG - 1
=t «— Vstb —
| ] p
MMMV = vin - —]-SHAA
.................. N
Vout:50V/DIV PG:5V/DIV Vout:50V/DIV PG:5V/DIV
Vstb:5V/DIV 100ms/DIV Vstb:5V/DIV 500ms/DIV
ﬂZoom ﬂZoom
e «— Vout —
/
| PG — \s
' «— Vstb —
¥_“——j =
s e VAVAVAVAVAVAVATAVAVAVAVAVAVAVAVAVAVAVAVY S R &
Vout:50V/DIV PG:5V/DIV Vout:50V/DIV PG:5V/DIV
Vstb:5V/DIV 50ms/DIV Vstb:5V/DIV 10ms/DIV

TDK-Lambda 18



CUS1000M

2-7. Over current protection (OCP) characteristics

Conditions Vin: 115 VAC
Istb: 100 %

Ta: 25°C
24V
16 32
~ 12 : ~ 24
Z R Z e
Iy - Iy pa
& P g I3
= _ ) 7
Z 8 = Z 16 .
= . = /
g e g -
o s o d
e Ve
4 : 8 :
R s
e '/‘
/. .
. e
P .
0 L 0 £
0 50 100 150 0 50 100 150
Output current (%) Output current (%)
36V 48V
48 64
o 36 = 48 -
< . Z e
© 7 ) e
4%0 L’ %D d
= . = e
Z 4 L. Z 3 :
2 ~ 3 »/
: : ‘
/'/ e
12 16 A
e 7
L d
/ ;
4/A /‘/
0 o L
0 50 100 150 0 50 100 150
Output current (%)

Output current (%)

TDK-Lambda
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2-8. Over voltage protection (OVP) characteristics

12V
Won: 1.5 N 20s/dv
/ OVP Point
Vout —
oV — |+
Vout:5V/DIV 20s/DIV
36V
[ ERE-T] 206/dv
g OVP-Point

Vout —

0V — =

Vout:10V/DIV | 20s/DIV

CUS1000M

Conditions Vin : 115 VAC

Iout : 0 %
Istb : 0 %
Ta: 25°C
24V
. .m.:mu 08/ div
- OVP Point
L
Vout —
oV — |4~
Vout:3V/DIV | 20s/DIV
48V
[ HE-L] 20s/dv
<— OVP Poin
Vout — h
0V — |+
Vout:10V/DIV | 20s/DIV

TDK-Lambda 20



2-9. Dynamic load response characteristics

12V

f=

100Hz

;M Vo -

Zms/dv]

S

Vout:100mV/DIV | Tout:50A/DIV

2ms/DIV

+0.63% |

-0.53%

24V

f=100Hz

=
I
[

2ms/d]

Vout:100mV/DIV | Tout:20A/DIV

2ms/DIV

+0.40% |

-0.30%

—Vout—

—Jout—
—Iout:0%—

—Vout—

—lout—

—Iout:0%—

Conditions Vin :
Tout :

Istb :

Ta:

CUS1000M

115 VAC

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

100 %

25 °C

f=1kHz

=

kil 200us/di]

Vout:100mV/DIV | Tout:50A/DIV
200us/DIV
+0.76% | -0.55%
f=1kHz
L 200us/div]

Vout:100mV/DIV |

Tout:20A/DIV

200ps/DIV

+0.34%

-0.43%

TDK-Lambda
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2-9. Dynamic load response characteristics

36V
f=100Hz

2ms/d

Vout:100mV/DIV | Tout:20A/DIV

2ms/DIV

+0.32% | -0.21%

48V

Vout:100mV/DIV | Iout:20A/DIV

2ms/DIV

+0.27% [ -0.24%

—Vout—

—Jout—
—Iout:0%—

—Vout—

—Jout—
—Iout:0%—

Conditions Vin :
Tout :

Istb :
Ta:

CUS1000M

115 VAC

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

100 %

25 °C

f=1kHz

W

200us/dv]

Vout:100mV/DIV [ Tout:20A/DIV
200us/DIV
+0.27% | -0.25%
f=1kHz

/)
: \\f"—'/

Il

)
|
!

|

1

J

M

Kl 2us/di]

Ny
‘\f"'J

Vout:100mV/DIV |

Tout:20A/DIV

200us/DIV

+0.30% [

-0.25%

TDK-Lambda
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CUS1000M

2-10. Response to brown out characteristics

Conditions Iout: 100 %
Istb: 100 %
Ta: 25°C

Interruption time
A : Output voltage does not drop.
B : Output voltage drop down to 20~40% of the nominal output voltage.
C : Output voltage drops until OV.

12V
Vin : 115VAC Vin : 230VAC
A =12ms, B =24ms, C =25ms A =12ms, B=25ms, C =26ms
{ Ll 20ms/div, L] 20ms/div,
A BC ‘ ABC
B l\} i!T ~—Vout— i \l Iy

\Y \Vi \/

A\ /\ /\ /\ /\
A A Y e | IR R A S Y AV e AVAVAVAVA
: \/ \/ \/ :

Vout:5V/DIV | 20ms/DIV Vout:5V/DIV | 20ms/DIV

24V
Vin : 115VAC Vin : 230VAC
A =11ms, B=18ms, C=19ms A =11ms, B=18ms, C = 19ms
ABC | ABC |
| A | <Vout— |, — ‘y
A A A A N I Y AV AVAV A VAVAVAVAYA
Vout:10V/DIV | 20ms/DIV Vout:10V/DIV | 20ms/DIV

TDK-Lambda 23



CUS1000M

2-10. Response to brown out characteristics

Conditions Iout: 100 %
Istb: 100 %
Ta: 25°C
Interruption time
A : Output voltage does not drop.

B : Output voltage drop down to 20~40% of the nominal output voltage.
C : Output voltage drops until OV.

36V
Vin : 115VAC

Vin : 230VAC
A =12ms, B =25ms, C =26ms

A =12ms, B=25ms, C =26ms
W 20ms/div] | il Zﬂms/tiv:
ABC ABC
L ] —Vou— |, LH]
= H —(OV— : !
Y N Y LV R AV A AV AR VAVAVAVAYA
Vout:20V/DIV | 20ms/DIV Vout:20V/DIV | 20ms/DIV
48V
Vin: 115VAC Vin : 230VAC
A =11ms, B=19ms, C =20ms A=11ms, B=19ms, C =23ms
L 2ms/div] W 20ms/div]
A BC ABC
3| l\l/ll/ : ~—Vout— A I\J/ Ill
4 —(QV—
AV VA AV VR | AV AVAVASSVAVAVAVAVA
Vout:20V/DIV | 20ms/DIV Vout:20V/DIV | 20ms/DIV

TDK-Lambda
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CUS1000M

2-11. Inrush current waveform

Conditions Vin: 115 VAC
Tout: 100 % (20.9A)
Istb: 100 %

Ta: 25°C
48V
Switch on phase angle of input AC voltage Switch on phase angle of input AC voltage
=0° ¢ =90
Mon 125N 50ms/dv Mon 1.5 N 50ms/div

§

«— Iin —

—WVANVAWANAY| —vin— [ — WA

lin:20A/DIV_ | 50ms/DIV Iin:20A/DIV_ | 50ms/DIV

Conditions Vin: 230 VAC
Tout: 100 % (20.9A)
Istb: 100 %

Ta: 25°C
Switch on phase angle of input AC voltage Switch on phase angle of input AC voltage
o =0° ¢ =
Mon i 1.5 M 50ms/dv Man 1 1.5 N 50ms/ v
«— Iin RN 4 S ’ » A
: A\ ;\ 'ﬁ» ;\ /\\ "\ ’\ ’\‘ /\\ "\ A\ ;\ ’A\ ,v\ /\ ’\\ A\ ,\! (u ,'\ | ‘\ ; \ 'ﬂ.\ A ‘y”\ ,\ A ;A\ A ; \ fv‘ 1\ V\ f\ /\\ ;\ A (\ “\ /\ |
& \ ,Hu' \ v’ N‘J’ v‘ i V H “J | \f \f\ <~ Vin— |7 ‘u,’ \4v \v,' V\W\f \/u' /) \Uf \ﬂf“
lin:20A/DIV_ | 50ms/DIV lin:20A/DIV__ | 50ms/DIV
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CUS1000M

2-12. Input current harmonics
Conditions Vin: 100 VAC
Tout : 20.9 A (100%)
Istb: 100 %

Ta: 25 °C
48V
100.000
10.000 IEC61000-3-2 Limit (class A)
<
= 1.000
5 E
a §
Q
; 0.100 %
s |
<
o)
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 order
Conditions Vin: 230 VAC
Iout: 20.9 A (100%)
Istb: 100 %
Ta: 25°C
100.000
10.000 IEC61000-3-2 Limit (class A) __|
<
= 1.000
5
=)
3
2 0.100
=}
E
as
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 order

TDK-Lambda 26



2-13. Leakage current characteristics

Earth leakage current of CLASS I equipment Conditions Iout :
Ta:
Istb :

48V

Leakage current (mA)

Leakage current (mA)

f:

Normal condition

0.3
0.2 //
/’
/
_—
0.1 e
—
0.0
80 120 160 200 240 280
Input voltage (VAC)
Single fault condition ( Open L or N)
0.5
0.4
//

0.3 -

0.2 /

/
—
0.1
0.0
80 120 160 200 240 280

Input voltage (VAC)

TDK-Lambda

CUS1000M

0%
100 %
25 °C
100 %
60 Hz
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CUS1000M

2-13. Leakage current characteristics

Patient leakage current of CLASS I equipment Conditions Iout : 0% ——
100 %
Ta : 25 °C
Istb: 100 %
f: 60 Hz
48V
Normal condition
7.0
6.0 ek
5.0 =7
. = = /
—~_ -1 /
< 40 =
< - - _—
2 30 -
: -
5 20 oo
0]
g 10
B}
—~ 0.0
80 120 160 200 240 280
Input voltage (VAC)
Single fault condition (Open L or N)
7.0
6.0 =
2 40
2 _—
= 30
£ —
= 20
(o]
S 1.0
)
<
2 00
80 120 160 200 240 280
Input voltage (VAC)
Single fault condition (Open FG)
100.0
90.0 =
L ~
80.0 e
70.0 i
600 S
< s00 7
= 400 =
= B =
[
E 300 T
o 200
an
£ 100
<
200
80 120 160 200 240 280
Input voltage (VAC)
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CUS1000M

2-14. Output ripple and noise waveform
Conditions Vin: 115 VAC
Istb: 100 %
Ta: 25 °C

12V Tout : 0 % Tout: 100 %

T Ll Bms/di] T Ll Bms/di]

)

50mV/DIV___ | 5ms/DIV 100mV/DIV___ | 5ms/DIV
24V Tout : 0 % Tout: 100 %
Ll Bms/div| Kl s /div|
100mV/DIV | S5ms/DIV 100mV/DIV | S5ms/DIV
36V Tout : 0% Tout: 100 %
L] Sms/div| Kl Bms/div|

100mV/DIV | Sms/DIV 100mV/DIV | Sms/DIV
48V lout : 0 % Iout: 100 %
L 10ms/dv| Ll Bms/div!
100mV/DIV | 10ms/DIV 100mV/DIV | Sms/DIV
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2-15. Electro-Magnetic Interference characteristics

CUS1000M

Conditions Vin : 115 VAC
Tout : 66.7 A (100%)
Istb : 100 %
Conducted Emission Ta: 25 C
Phase : L
Point A =
_(155kHz) a4 | EN55032
Ref. Limit |Measure - Class B
Data| (dB) (dB) 1 QP Limit
QP | 658 | 568 ] |
575 (
AV | 558 | 49.1 =
e ‘ TP g
205 '! n It By b L L L R L i
Eo 'M’ AL EN55032
i Class B
o AV Limit
E 325
275 A
20 o
75
nWﬁDk ZU(‘)k 30(‘” 40‘“ SUi‘Jk éuélkwi‘lk 1'M F Z‘MA H S‘M 4M S‘M E‘M 7‘M E‘M WEI‘M ZU‘M 300
requency in Hz
Phase : N
Point B o ]
(150kHz) =l EN55032
Ref. Limit |Measure i Class B
Data| (dB) (dB) ] " QP Limit
QP | 660 | 578 o >\ |
AV 56.0 49.7 o1 T
50 € P
L
> a5 4 W by g Al W m
g2 LT T T T EN55032
-l Class B
- s AV Limit
5 325
= 30 +
il
150k m Frequency in HZ 10M 3om

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

TDK-Lambda
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2-15. Electro-Magnetic Interference characteristics

CUS1000M

Conditions Vin : 230 VAC
Tout : 66.7 A (100%)
Istb : 100 %
Conducted Emission Ta: 25 C
Phase : L
Point A L
_(155kHz) - EN55032
Ref. Limit |Measure 7 Class B
Data| (dB) (dB) - QP Limit
QP 658 | 59.4 F/N |
AV 56.0 49.9 o]
im’ J W g | b A WM
g s ! A A L T EN55032
425 -
ERE Class B
= AV Limit
8 s |
3
g
125 q
nWﬁDK ZDK‘)k 30(‘7k 40‘0)( 50(‘7k 50(‘7k70(‘7k W‘M Z‘M 3‘M 4‘M S‘M E‘M T‘M E‘M WEIIM ZD‘M 30M
Frequency in Hz
Phase : N
Point B o |
_(159KHz) Sy EN55032
Ref. Limit |Measure i Class B
Data[ (dB) (dB) s B QP Limit
QP | 655 | 586 s |
AV 55.8 49.5 ol "
=) i ‘
= [ Al M
@ “ ‘ e EN5‘5032
o 40 o Class B
Tom AV Limit
O 35
5 EEa |
= 30 +
Sl
20
125
DWS[IK ZOK‘)k 30(‘7k 40‘Dk 5027k 5027k7023k 1'M Z‘M 3‘M 4‘M S‘M G‘M 7‘M G‘M WEI‘M ZD‘M 30M
Frequency in Hz

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

TDK-Lambda
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2-15. Electro-Magnetic Interference characteristics

Conducted Emission

[24v]

Conditions Vin :
Tout :

Istb :

Ta:

CUS1000M

115 VAC
41.7 A (100%)
100 %

25 °C

Phase : L

Point A
(4.5MHz)

Ref.
Data

Limit |Measure
(dB) (dB)

QP

56.0 473

AV

46.0 373

Level in dBpV

EN55032
Class B
QP Limit

| Jx

yr Rl R T )

I
ril

\\l LAY

|
IMMHI i

ey

O

EN55032
Class B
AV Limit

150k

T T L T T T
400k 500k 600k 00K m H M

Frequency in Hz

T T
200k 200k

T L — T
5MEM FM BM  10M

201

Phase : N

Point B
(4.1MHz)

Ref.
Data

Limit |Measure
(dB) (dB)

QP

56.0 47.0

AV

46.0 35.8

Level in dBuV

80
775

76 -
725

675 -
65 |
625 -

575
65 |

475 -

w G e B e
TR |

25

EN55032
Class B
QP Limit

|

=

““‘WW%H'w'""w"w" -

i

L

O

P

e
/L

EN55032
Class B
AV Limit

150k

T T
200k 300k 400k 500k 600K 70D i

M 3
Frequency in Hz

T
am

T {—— T
5MEM M 8M

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

TDK-Lambda
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2-15. Electro-Magnetic Interference characteristics

Conducted Emission

[24v ]

Conditions Vin :
ITout :

Istb :

Ta:

CUS1000M

230 VAC
41.7 A (100%)
100 %

25°C

Phase : L

Point A
(6.8MHz)

Ref.
Data

Limit |Measure
(dB) (dB)

QP 60.0 51.0

AV 50.0 41.5

Level in dBuV

80
7S A

T5.:~
725 A
70~
675 -
B5 —
625 -
B0 —
75
565}
525

o
3
|

475
45 —
425 -

w B ow 9 oe
85548
TIARS | I |

75
254
25 A
m
175
16~
125
10
75 o
5
5 o
0

lr o

ENS55032
Class B
QP Limit
A

Bl

l"”

W oA bl b ik ‘ ”m”un m
TR TS Sl L A TR

W ;

|

EN55032
Class B
AV Limit

150k

T
200k

T T T T T T T T T T T T T
300k 400k 500k G0OK 70Ok iMoo 6M 7MW BM 10m

20
Frequency in Hz

20mM

Phase : N

Point B
(182KHz)

Ref.
Data

Limit |Measure
(dB) (dB)

QP | 644 | 556

AV 54.0 44.8

Level in dBuV

Q

pi Al
o~
o9}

EN55032
Class B
QP Limit

Wi

--. ,,' NIRRT T

|

EN55032
Class B
AV Limit

150k

200k

. . T — T T : T —— T
300k 400k 500k 600k 700k I HYR IM AM SM BM TM BM qoM
Frequency in Hz

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.
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2-15. Electro-Magnetic Interference characteristics

CUS1000M

Conditions Vin : 115 VAC
Tout : 27.8 A (100%)
Istb : 100 %
Conducted Emission Ta: 25 C
-3 6V
Phase : L
Point A |
Ret L.“,ltM}I\I/f) o EN55032
ef. imi easure| 0 Class B
Data[ (dB) (dB) - QP Limit
QP | 600 | 509 a5 A
AV 50.0 41.3
EN55032
Class B
AV Limit
0 T T T T T T T T T T T T T T T T
150k 200k 300k 400k 500k B0k OOk M M M AM SM O 6M M BM oM 20M a0M
Frequency in Hz
Phase : N
Point B
(249KHz) EN55032
Ref. Limit |Measure
Class B
Data| @B) | @B QP Limit
QP 61.8 53.8
AV 51.6 439
EN55032
Class B
AV Limit

0 T T T T T T T T
150K 200k 300k 400k SO0k 600k TOOK 1M

M, 3
Frequency in Hz

T T T T T
M M SM6M TM BM  qoM

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

TDK-Lambda
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2-15. Electro-Magnetic Interference characteristics

Conducted Emission

CUS1000M

Conditions Vin : 230 VAC
Tout : 27.8 A (100%)
Istb : 100 %

Ta: 25 C
[36V]
Phase : L
Point A L
(11MHz) 7
—— s EN55032
Ref. Limit |Measure i Class B
Data| (dB) (dB) QP Limit
QP 60.0 50.3
AV 50.0 40.1
EN55032
Class B
AV Limit
160k 200k 300k 400k 500k €00k 700k M Frequeﬂég‘in HZ M 4 SM O 6M TM BM 10M M 30M
Phase : N
Point B x|
(249KHz) s | EN55032
Ref. Limit |Measure i al
2 ass B
Data[ (dB) (dB) i QP Limit
b | 618 | 536 zs& |
AV 51.8 43.0 o
= A | ‘
& - ‘ EN55032
5 1 ®
Z 4;5 g Class B
e AV Limit
g i
Q 325
=] 30 -
75 1
2]
154
75
150k 200k 300k 400k 500k B00K 700K i M M 4M SMEM 7M BM 100 20M 300
Frequency in Hz

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.
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2-15. Electro-Magnetic Interference characteristics

CUS1000M

Conditions Vin : 115 VAC
Tout:  20.9 A (100%)
Istb : 100 %
Conducted Emission Ta: 25 C
[48V ]
Phase : L
Point A 2]
4.5MHz ©l EN55032
Ref. Limit |Measure 73;: Class B
Data[ (dB) (dB) - QP Limit
QP 560 | 463 -
| b
AV 46.0 352 o
50 o I (LA 5 f
2, ‘ h A JJJ“‘J‘JIHII_J‘.L’:.%\F ‘
Zoo mr ALY i EN55032
= w | Class B
Tg 3;55: O AV Limit
S
175 q
Frequency in Hz
Phase : N
Point B ol
(267K11z) ] EN55032
Ref. Limit [Measure = Class B
Data| (dB) (dB) ﬁ;: QP Limit
QP | 612 | 523 - \& |
AV | s12 | 408 s Vil
Z, o POV I 9 I ‘
o 4‘:5; W EN55032
2 o Class B
=" AV Limit
> o2 !
8 s
AR
20 +
75 1
Dwﬁnk ZU(‘Jk 30(‘” 4U‘Uk 502”( 602}k702}k 1'M F Z‘MA H 3‘M 4‘M S‘M E‘M 7‘M E‘M 1[|‘M ZU‘M 30M
requency in Hz

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

TDK-Lambda
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CUS1000M

2-15. Electro-Magnetic Interference characteristics

Conditions Vin : 230 VAC
Tout:  20.9 A (100%)
Istb : 100 %
Conducted Emission Ta: 25 C

[4sv]

Phase : L
Point A 2
(510KHz) 75
75 - EN55032
Ref. Limit |Measure 70 - Class B
Data| (dB) (dB) QP Limit
QP 56.0 49.1
AV 46.0 35.6
EN55032
Class B
AV Limit
180k 200k 300k 400k 500k 600k FOOK ™ Frequen;;/‘/ ln HZ M am SM O 6M TM BM 10M 20M aom
Phase : N
Point B & |
(263kHz) l EN55032
Ref. Limit |Measure w4 Class B
Data| (dB) (dB) ‘ QP Limit
QP 61.4 52.7
AV 51.4 41.6
EN55032
Class B
AV Limit

! T T T
180k 200k 300k 200k 500k 600K 700K 1

T
3M M SMEM TM BM 10w 20M 3om

M
Frequency in Hz

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.
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CUS1000M

2-15. Electro-Magnetic Interference characteristics

Conditions Vin: 115 VAC
Tout: 66.7 A (100%)
Istb: 100 %
Radiated Emission Ta: 25°C

80 =
754
70+

EN55032
Zz T Class B
o QP Limit
— 50+
|
E 35
— 30
25 =
204 m
1 z ] vwwWW‘WW"MW'
5 -

HORIZONTAL

Aot
A

T T T T T ™ T T T
100 1000
30

Frequency [MHz]

Point A
(344MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 39.35

VERTICAL

80 =
754
70+

EN55032

2(5)' Class B
ool QP Limit
= 50 .
%45- | ¥ <
540
E 35+
plas | 30-
25
20 -
15 =
10 =

5 -

T T T T ™ TT
100 1000
30

Frequency [MHz]

Point B
(341MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 39.71

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

Indication is peak values.
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CUS1000M

2-15. Electro-Magnetic Interference characteristics
Conditions Vin: 230 VAC
Iout: 66.7 A (100%)
Istb: 100 %
Radiated Emission Ta: 25°C

HORIZONTAL
80 =y
75 =
70 EN55032
65 - Class B
60 ..
oo QP Limit
= 50 = «
S 45 <
L/
é 35 =
%304

25
20
15+
10=
5 -

,4[AWMNMWM
T i,

T
100 1000
30

Frequency [MHz]

Point A
(344MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 35.0

VERTICAL

80 =
75 -

704 5 EN55032
651 Class B

07 QP Limit

55+

ESO-

= 45 | J
_—

5 40

3 354
g

2 304

A

25
20
15
104
5 -

T T T T T ™ TT
100 1000
30

Frequency [MHz]

Point B
(354MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 37.1

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

Indication is peak values.
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CUS1000M

2-15. Electro-Magnetic Interference characteristics
Conditions Vin: 115 VAC
Iout: 41.7 A (100%)
Istb: 100 %
Radiated Emission Ta: 25°C

[24v ]
HORIZONTAL

80 =
75 =
70 =
65 =
60 =
55 =
— 50 =
S 45+ /
i 40
@ 35=
— 30 =
25 =
20 -
)
I T a W,
5 -

EN55032
Class B
QP Limit

T T T T T T
100 1000
30

Frequency [MHz]

Point A
(369MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 36.5

VERTICAL

80 =
75 =
70 -
65 -
60 -
55+

EN55032
Class B
QP Limit

£ 7

=3

£ 40

T 35+

— 30 -
25
20
15
10+
5 -

A

0 —T T 7T T T — T

100 1000
30

Frequency [MHz]

Point B
(391MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 39.6

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

Indication is peak values.
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2-15. Electro-Magnetic Interference characteristics

CUS1000M

Point B
(384MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 35.1

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

Indication is peak values.

TDK-Lambda

Conditions Vin: 230 VAC
Iout: 41.7 A (100%)
Istb: 100 %
Radiated Emission Ta: 25°C
[24V ]
HORIZONTAL
80 =
75 =1
704 EN55032
65 Class B
2 QP Limit
= 50 = < |
% 45 | <
g 40
E 35+=
Lo 30
25 =
20 -
1 Z : u«'mwwﬁ M‘MN"AKMMM"“WW
5 -
0 L] T T T T L ) T T L L] Ll L] Ll L 1
100 1000
30
Frequency [MHz]
Point A
(344MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 29.8
VERTICAL
80 =
75 -1
70 EN55032
65+ Point:B Class B
[Poin:B | | ClassB
55
€307 » |
% 45 <
S 40 /
E 35+
b 30
25 =
20 =
15
10 =4
5 -
0 L] 1
100 1000
30
Frequency [MHz]

41



2-15. Electro-Magnetic Interference characteristics

Radiated Emission

Conditions Vin :
Iout :

Istb :

Ta:

CUS1000M

115 VAC
27.8 A (100%)
100 %

25°C

EN55032
Class B
QP Limit

EN55032
Class B
QP Limit

HORIZONTAL
80 =
75
70 -
65
55
= 504 P
S 454 | / N
g 40
@ 35
3 30 =
25
20 |
1 s NN
104 i \‘M'\M)uw
5 =
0 L T T L] T LI | T T T L] T T T 1
100 1000
30
Frequency [MHz]
Point A
(367MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 33.1
VERTICAL
80 =
75 -3
=
60 -
55
£ 501 »
S 454 I
%40
@ 35
.EJ) 30 -
25
20
15
10
5 -
0 L] 1
100 1000
30
Frequency [MHZz]
Point B
(390MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 38.3

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

Indication is peak values.
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2-15. Electro-Magnetic Interference characteristics

CUS1000M

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

Indication is peak values.

TDK-Lambda

Conditions Vin: 230 VAC
Tout: 27.8 A (100%)
Istb: 100 %
Radiated Emission Ta: 25°C
HORIZONTAL
80 =
75
704 ENS55032
65 Class B
‘552 . QP Limit
£ < |
i 45 | <
i 40
E} 35+
% 30
25 =1
20 WW
| g T ’*““P'W“WWWW
el
5 -
0 L T T Ll T T L} T Ll T L] L L L 1
100 1000
30
Frequency [MHz]
Point A
(100MHz)
Ref. Limit | Measure
Datal (dBuv) (dBuV)
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CUS1000M

2-15. Electro-Magnetic Interference characteristics
Conditions Vin: 115 VAC
Iout: 20.9 A (100%)
Istb: 100 %
Radiated Emission Ta: 25°C

48V ]

HORIZONTAL
80 -
75
70 - EN55032
Zz ] Class B
55 ] QP Limit
= 50 5
% 45 | / «
3 40
T 35+
3 30 el
254
20
] (S) ] boctopal \v“i’MJWM*‘N'%WM
5 -
0 T T ™ T 1
100 1000
30
Frequency [MHz]
Point A
(337MHz)
Ref. Limit | Measure
Data| (dBuv) (dBuVv)
QP 47.0 35.4
VERTICAL
EN55032
Class B
QP Limit

T T T T
100 1000
30

Frequency [MHz]

Point B
(346MHz)
Ref. Limit | Measure
Data| (dBuV) (dBuV)
QP 47.0 37.3

Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

Indication is peak values.
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CUS1000M

2-15. Electro-Magnetic Interference characteristics
Conditions Vin: 230 VAC
Iout: 20.9 A (100%)
Istb: 100 %

Radiated Emission Ta: 25°C
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Limit of EN55011-B,FCC-Class B are same as its EN55032-B.

Indication is peak values.
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2-16.Audible Noise of FAN

Test equipment :
Sound Calibrator: Type 4231 (B&K)

Test Method :

D.U.T

CUS1000M

Background noise: 23 [dB(A)]
Test duration: 60 [s]
Vin: 100VAC @ 60Hz
230VAC @ 50Hz
Tout: 100% (41.7A)
Istb: 100% (2A)
Ta: 25°C

Test condition:

Audio Analyzer: Type 3560-C (B&K)
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