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Model TUNS50F24
Temperature 25°C
ltem Input Current {by Load Current) Testing Circuitry  Figure A
Object
1.Graph ——— [nputVolt. 100V [ 2.Values
-~--fF-- InputVolt 200V
—+=0O—-- |nputVolt. 230V Load Input Current [A]
1.0 . Current Input Volt. | Input Valt. | Input Volt.
[A] 100[v] | 200[vi | 230[v]
0.8 o 0.0 0.057 0.113 0.129
. 5,
< kN 0.4 0.144 0.129 0.153
- W LA
5 06 .}‘_/ 0.8 0.259 0.168 0.169
5 A 12 0.374 | 0216 | 0.206
b /f“/ 16 0489 [ 0.267 | 0.248
g 04 -1 2.0 0.589 | 0303 | 0.280
i - 78
/A/ Rt 2.1 0.508 | 0.320 | 0.292
02 [— i -~ 2.3 0671 | 0347 | 0.314
0.0 . - - .
0.0 0.5 1.0 15 2.0 2.5 — - 3 N
Load Current [A]

Note: Slanted line shows the range of the rated

load

current.
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Model TUNS50F24
Temperature 25°C
ltem Input Power (by Load Current) Testing Circuitry Figure A
Object
1.Graph —A——— Input Volt. 100V | 2.Values
=~-FF-- InputVelt. 200V
—-—0—-~ InputVolt. 230V Load Input Power [W]
100 : Current Input Volt. | Input Volt. | Input Volt.
[A] 100[v] | 200[V] | 230[V]
80 0.0 1.60 1.46 1.43
= 0.4 12.84 | 1299 1297
— "\, \‘
g 50 T A 0.8 2417 24,14 2423
8 T 12 3554 3522 3527
a :
= Fa N 1.6 46.941 4626 46.24
& 40 A~ '
£ "y 2.0 54.83 53.92 53.91
% 2.1 58.66 57.51 57.45
20 o
L~ 2.3 64.42 63.06 62.95
P - : : :
0 H!/ [y - - - -
0.0 0.5 1.0 15 2.0 25 — B N -
Load Current [A]
Note: Slanted line shows the range of the rated
load current.
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Input Voltage [V]

Note: Slanted line shows the range of the rated
input voltage.

Model | TUNS50F24
Temperature 25°C

Item Efficiency (by Input Voltage) Testing Circuitry  Figure A

Object
1.Graph 2.Values

~==F+-- Load 50%
—4A—— Load 100% Input Efficiency
100 - o Voltage [%]
- = V] Load 50% Load 100%

92 5 80 81.6 83.3
— At A A 85 81.8 83.7
T 84 e - g oy L1 = B
= c:Eei B 100 82.3 846
g < 120 82.5 85.4
2 68 i B 200 827 86.3
- S, 230 82.4 86.4

60 e K 264 82.7 86.5

52 : , k 280 84.4 86.7

s Y - - -
44 kY kY
50 100 150 200 250 300
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Model TUNS50F24
Temperature 25°C
ltem Efficiency (by Load Current) Testing Circuitry  Figure A
Object
1.Graph —2A—— Input Volt. 100V | 2.Values
---EF-- InputVolt. 200V .
——O—-- |nputVolt. 230V Load Efficiency [%]
100 ] Current Input Volt. | Input Valt. | Input Volt.
it [A] 100[v] | 200[v] | 230[v]
92 T 0.0 - - -
< 84 =B ,N“‘*.H 0.4 736 72.9 73.0
= /B-“ - 0.8 80.8 80.9 80.5
2 78 .
§ o . 1.2 83.3 84.1 83.9
Q
E 68 I 1.6 84.3 85.6 85.6
s 2.0 84.4 85.9 85.9
60 T 2.1 84.6 86.3 86.4
52 : \': 2.3 84.8 86.6 86.7
44 i — - - -
0.0 0.5 1.0 1.5 2.0 25 — - : a

Lead Current [A]

Note: Slanted line shows the range of the rated
load current.
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Model TUNSS0F24
Temperature 25°C
Item Power Factor (by Input Voltage) Testing Circuitry Figure A
Object
1.Graph 2 Values
-—-F-~-~ Load 50%
—#&—— Load 100% Input Power Factor
1.0 i Voltage
A~ i V] Load 50% | Load 100%
- | El, \""\.___‘ S,
0.9 N A 80 0.977 0.992
- ~ A 85 0.969 0.990
o Y .. N
3 0.8 . ‘" X 100 0.956 0.986
" RN 120 0.934 0.980
S 07 i .
2 N R 200 0.776 0.904
“ os N ™ 230 0.696 0.858
™ K 264 0.555 0.794
05 280 0.437 0.708
N L
o . (o - - B
0.4 .
50 100 150 200 250 300

Input Voltage [V]

Note: Slanted line shows the range of the rated
input voltage.
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Model TUNS50F24
Temperature 25°C
Itern Power Factor {by Load Current) Testing Circuitry  Figure A
Object
1.Graph —A—- InputVolt. 100V | 2.Values
-~-FF+-- InputVolt. 200V
—-—O—-- InputVolt. 230V Load Power Factor
10 ~ 4 Current Input Volt. | Input Volt, | Input Volt.
[A] 100[V] | 200[v] | 230[v]
0.9 /g( T 0.0 0.280 0.065 0.048
= / - - -e - Qﬁ 0.2 0.779 0.302 0.225
S 0.8 £ . ~1 0.4 0.897 0.503 0.369
P o7 | g | N 08 0944 | 0718 | 0624
s %7 [ SA iy 12 0965 | 0818 | 0748
“ e L i T, 16 0978 | 0872 | 0.815
il -/ 2.0 0.983 | 0.896 | 0.849
0.5 f/ﬁn I 2.1 0986 | 0.904 | 0.858
’ '.‘ ‘,' : 2.3 0.988 0.916 0.875
0.4 H Lo < — - - -
0.0 1.0 2.0 _ _ _ _
Load Current [A]

Note: Slanted line shows the range of the rated
load current.
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Model TUNS50F24
Temperature 25°C
ltem Inrush Current Testing Circuitry  Figure A
Object
Input Voltage 100V
Frequency 60 Hz
Input N I e W UL IR V2 TT P e e B e Ts) 100 %
Current
[20A/div] Primary inrush current ;
149 A
Secondary inrush current :
AARAAANNAAAARAANANAANRR A pA
il AR AR AN
romean |V
Time [50ms/div]
Input Voltage 200V
Frequency 60 Hz
Input e e T Lo e Wt SUL PRI WPV WTRERIT ONEAG TR st ) I, 7- s | 100 %
Current
[20A/div] Primary inrush current :

299A

o T
e [PV

Time [50ms/div]

Primary inrush current Secondary inrush current

-7 - BC-10664
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Model TUNSS50F24
Temperature 25°C
Item Leakage Current Testing Circuitry  Figure B
Object
1.Resuits
[mA]
Standards Input Volt Note
100 [V] 200 V] 264 [V]
IEC60950-1 Both phases 0.16 0.38 0.48 Operation
One of phases 0.21 0.46 0.63 Stand by
The value for "One of phases” is the reference value only.
2.Condition
Leakage current value is concluded after measuring both phases of
AC input and by choosing the larger one.
8 - BC-10664
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Input Voltage V]

Note: Slanted line shows the range of the rated
input veoltage.

Model TUNSS0F24
Temperature 25°C

ltem Line Regulation Testing Circuitry  Figure A

Object +24V2.1A
1.Graph 2 Values

-~=EF-- Load 50%
—%—— Load 100% Input Output Voltage
24.3 - - Voltage V]
s & » V] Load 50% | Load 100%
i~ ~ 80 24.092 24.091

= 24 T e—a B 85 24.092 24.091
& 240 100 24,092 24,091
S 239 120 24.092 24.091
3 238 200 24.092 24.091
g 937 f\‘ :“ 230 24.092 24.091

03 264 24.093 24.092

A} o 280 24.092 24.091
235 - = ~ . -
23.4 = i
50 100 150 200 250 300
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Model TUNS50F24
Temperature 25°C
ltem Load Regulation Testing Circuitry  Figure A
Ohject +24V2.1A
1.Graph —A—— Input Volt. 100V | 2.Values
---EF-- InputVolt. 200V
——0O—-- Input Voit. 230V Load Output Voltage [V]
243 Current | InputVelt. | Input Volt. | Input Volt.
042 AR [A] 100[V] | 200[v] | 230[V]
f"f 0.0 24.092 | 24.093 | 24.094
e e . B o 04 | 24092 | 24.092 | 24.003
Q
o2 24.0 i 0.8 24.092 | 24.092 | 24.093
9 239 T 1.2 24.092 | 24.092 | 24.093
3 238 ] 1.6 24.002 | 24.092 | 24.002
3 237 _:a 2.0 24.091 | 24.091 | 24.091
036 T 21 24091 | 24.091 | 24.091
' 15 2.3 24.091 | 24.091 | 24.091
235 . : ] - - - -
23.4 i _ ; ) -
0.0 0.5 1.0 1.5 2.0 25 . _ _ _
Load Current [A]
Note: Slanted line shows the range of the rated
load current.
- 10 - BC-10664
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Model TUNSS50F24

Temperature 25°C
ltem Dynamic Load Response Testing Circuitry  Figure A

Object | +24Vv2.1A

Input Volt. 100 V
Cycle 1000 mS

Load Current I
21A/50us I

Min. Load {0A) ——
Load 100% {2.1A)

/ s
v
500mV/div
800us/div 2ms/div
Min. Load (0A) «——
Load 50% (1.05A)
prr— _._..b\-._-'
v
500mV/div
500ps/div 2ms/div
Load 10% (0.21A) «——
Load 100% (2.1A)
S00mv/div
500us/div 2ms/div

- 11 - BC-10664 y
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Model TUNS50F24
Temperature 25°C
ltem Ripple Voltage (by Load Current) Testing Circuitry  Figure C
Object +24V2.1A
1.Graph 2.Values
—2&—— |nput Volt. 100V
—-—0—+- InputVolt. 200V Load Ripple Voltage [mV]
400 Current Input Volt. Input Volt.
N,
260 N [A] 100 [V] 200 V]
S 320 N 0.0 55 60
E 280 \\ g: ‘ 35 40
Q
S 240 ] . 40 40
= 1.2 35 35
= 200
o ™ 1.6 40 40
g 160 ] 2.0 50 50
e 120 ] 2.1 55 56
80 N 23 60 60
oSGl . ~ N N
0 ‘ - - -
0.0 0.5 1.0 1.5 2.0 25 __ _ _

Load Current [A)

Measured by 100 MHz Oscilloscope.

Ripple Voltage is shown as p-p in the figure below.

Note: Slanted line shows the range of the rated
load current.

T1: Due to AC Input Line
T2: Due fo Switching

12

Ripple [mVp-p] —
\l/ 11 l

AT SRRiN

T1

—~—
.~ ra

Fig. Complex Ripple Wave Form

- 12 - BC-10664
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Model TUNS50F24
' Temperature 25°C
ltem Ripple-Noise Testing Circuitry Figure C
Object +24V2 1A
1.Graph 2.Values
—2A—— InputVolt. 100V
—=0—-- InputVolt. 200V Load Ripple-Noise [mV]
400 Current Input Volt. Input Volt.
N
360 N [A] 100 [V] 200 [V]
320 N 0.0 80 85
> ¥ 0.4 40
. 45
= 260 A 0.8 40 40
2 240 N '
o 200 1.2 40 40
) N 1.6 50 50
2 160
o . 2.0 55 55
© 120 ] 2.1 65 60
% .
80 B - o—r 2.3 65 65
40 G a— e\ - - -
0 ' _ - ;
0.0 0.5 1.0 15 2.0 25 — N n

Load Current [A]

Measured by 100 MHz Oscilloscope.

Ripple-Noise is shown as p-p in the figure below.

Note: Slanted line shows the range of the rated
load current.

T1: Due to AC Input Line
T2: Due to Switching

Ripple-Noise
S T2 [mVP-P\L

IX

N
e

M

Fig. Complex Ripple Wave Form

- 13 - BC-10664
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Model TUNS50F24
ltem Ripple Vecltage (by Ambient Temp.) Testing Circuitry Figure C
Ohject +24V2.1A
1.Graph 2 Values
-=-EF-- Input Volt.
——2— Input Volt. 200V Ambient Ripple Voltage [mV]
400 < Temperature | Input Volt. Input Volt,
360 \\ N [°C] 100 [V 200 [V]
< 320 \\’: N -50 70 70
E N -40 65 65
w— 280 X \}
o \ AN -20 60 60
2 240 \
= \ A\ 0 60 60
£ 200 A\
o \ AN 25 50 50
o 1680 A 5
& \\ \\ 50 50 50
e 120 N 3 75 50 50
80 [\ N 85 45 45
40 S = B 100 40 40
0 A 105 40 40
60 -20 20 60 100 = - "
Ambient Temperature [°C]
Load 100 %
Measured by 100 MHz Oscilloscope.
Note: Slanted line shows the range of the rated
ambient temperature.
- 14 - BC-10664
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Model TUNS50F24

ltem Ambient Temperature Drift Testing Circuitry  Figure A

Object +24V2 1A
1.Graph —A—— |nputVolt. 100V |2 Values

===-B~-- Input Volt. 200V
—-—0O—-~ Input Volt. 230V Ambient Output Voltage [V]

24.3 N < Temperature | InputVolt. | InputVolt. | Input Voit.

249 [~ N [°C] 100[Vv] 200[V] 230[v]

par A\ : 50 23981 | 23.982 | 23.982
% ' T%«\’B/k‘& = N -40 24.009 | 24.009 | 24.009
S 240 |pr < -20 24.041 | 24,041 | 24.042
= hY
S 239 \\ \ 0 24.072 | 24.073 | 24.072
S 238 . A 25 24.091 | 24.091 | 24.091
3 237 AN 50 24104 | 24104 | 24.104

ve R > 75 24008 | 24.098 | 24.008

’ N 85 24093 | 24.093 | 24.083
235 " N 100 24.085 | 24.085 | 24.084
234 AN 105 24.083 | 24.083 | 24.083
-60 20 20 60 100 — N ; B
Ambient Temperature [°C]
Load 100%
Note: Stanted line shows the range of the rated
ambient temperature.
- 15 - BC-10664
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1.0utput Voltage Accuracy

Temperature : -40 - 100°C
Input Voltage : 85 - 264V
Load Current : 0 - 2.1A

Model TUNS50F24
ltem Output Voltage Accuracy Testing Circuitry  Figure A
Object +24V2.1A

This is defined as the value of the output voltage, regulation load, ambient temperature and
input voltage varied at random in the range as specified below.

* Output Voltage Accuracy = £(Maximum of Output Voltage - Minimum of Output Voltage) / 2

. Output Voltage Accuracy
* QOutput Voltage Accuracy (Ration) = x 100
Rated Output Voltage
2.Values
ltem Temperature| Input Output Output Voltage Accuracy
[°C] Voltage[V] Current[A] | Voltage[V] | Value [mV] | Ration [%]
Maxi Vol 50 200 0 24.108
.a}-umum oltage 50 £0.2
Minimum Voltage -40 264 0 24.008
BC-10664
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Time [H]
Input Volt. 100V
Load 100%

* The characteristic of AC200V is equal.

Model TUNS50F24
Temperature 25°C
ltem Time Lapse Drift Testing Circuitry  Figure A
Object +24V2 1A
1.Graph 2.Values
Time since Qutput
24.3 start Voltage
24.2 [H] vV
5 241 — 0.0 24.089
= 40 0.5 24.094
o 1.0 24.093
= 23.9
5] 2.0 24.093
> 238
*g 3.0 24.093
3 =7 4.0 24.093
236
. 5.0 24.093
23.5 6.0 24.093
234 7.0 24.093
0.0 20 4.0 6.0 8.0 10.0 8.0 24.093

17 -
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Model TUNS50F24
Temperature 25°C
ltem Rise and Fall Time Testing Circuitry Figure A
Object +24V2 1A
1.Graph
[ Load 100% Input Volt. 100V
Output || ( -
Volt.
[5V/div]
0
[ Load 100% Input Volt. 200V ]
Output |} ( -
Volt.
[5V/div]
0
et o |FAWWVWWWWAA,
Volt, 0 (\N\'
Time [50ms/div] Time [50ms/div]
2.Values [ms]
Input VoI, Time Td Tr Ts Th Tf
100V 117.3 8.0 123.3 59.5 743
200V 49.8 5.8 556 59.0 74.8
Output 0% —_
Volt. \
_______ i
Input
Volt,
Th| T§
- 18 BC-10664
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Model TUNSS50F24
Temperature 25°C
ltem Hold-Up Time Testing Circuitry  Figure A
Object +24V2.1A
1.Graph : 2.Values
---E+-- Load 50%
—4—— Load 100% [nput Hold-Up Time
1000 : ‘ Voitage [ms]
x \ \Y Load 50% | Load 100%
_ 80 177 34
£ £ o e R BN A B 85 177 34
g 10 100 177 34
= i 120 177 34
o A A——ATA
> ™, 200 177 34
= P, ",
o 10 h , 230 177 34
I >
== = 264 177 34
s = 280 177 34
.
|‘= R ‘1'5 h — - -
1 %, 3
50 100 150 200 250 300

Input Voltage [V]

This duration covers from Shut-off of input

voltage to the moment when output voltage

descends to the rated range of voltage accuracy.

Note: Slanted line shows the range of the rated
input voltage.

- 19 - BC-10664
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Model TUNS50F24
Temperature 25°C
ltemn Instantanecus Interruption Compensation Testing Circuitry _Figure A
Object +24V2 1A
1.Graph —A——— InputVolt. 100V | 2.Values
---fEF-- inputVvolt. 200V
——0—'- InputVolt. 230V Load Time [ms]
. 1000 . Current Input Volt. | InputValt. | Input Volt.
g = [A] 100[v] | 200[v] | 230[V]
g D 0.0 - - -
= g KA 0.4 447 443 443
S 100 = k
S B ; 0.8 230 232 228
© M -
» e 1.2 128 150 150
@ T om—py
2 1.6 89 89 89
)
8 1o ", 20 38 39 44
2 SRS 2.1 35 35 35
3 2.3 30 31 31
E ™
= - - - -
",
% 1 [ — n - -
= 0.0 0.5 1.0 1.5 2.0 25 _ 3 " "
Load Current [A]
Note: Slanted line shows the range of the rated
load current.
20 - BC-10664
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Ambient Temperature [°C]

Note; Slanted line shows the range of the rated
ambient temperature.

Model TUNSE0F24
Minimum Input Voltage
ltemn for Regulated Qutput Voltage Testing Circuitry  Figure A
Object +24V2 1A
1.Graph 2 Values
---EF-- Load 50%
—&—— Load 100% Ambient Input Voltage
100 Temperature \Y|
8 \\ ’C] Load 50% Load 100%
80 \\ \\ -50 53 55
S N N 40 54 56
Q N N
g 60 N e N 20 54 55
5 : = 0 55 56
- \ 25 57 60
=9 40 B LY
£ \\ \\ 50 59 59
\\ \\ 75 58 58
20 N N 85 57 58
\\ \ 100 57 58
0 105 57 58
-80 -20 20 60 100 _ . .

21 - BC-10664
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Model TUNS50F24
Temperature 25°C
ltem Overcurrent Protection Testing Circuitry  Figure A
Object +24V2.1A
1.Graph 2 Values
——A Input Volt. 100V
—O |nput Volt. 200V Output Load Current [A]
30.0 | Voltage Input Volt. Input Volt.
g V] 100[V] 200[V]
— = A 24.0 2.71 2.71
= N
o 20.0 ~3 — - -
(w2}
8 - - -
S - i i
*g - - -
= 100
3 — - -
0.0 - - -
0.0 1.0 2.0 3.0 4.0 _ _ _
Load Current [A] - . -
Note: Slanted line shows the range of the rated - - -
load current.
Intermittent operation occurs when overcurrent
protection is activated.
- 29 . BC-10664
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Model TUNS50F24
item Overvoltage Protection Testing Circuitry Figure A
Object +24V2 1A
1.Graph 2. Values
—A—— Input Volt. 100V
==-EF-- InputVoit. 200V Ambient Operating Point [V]
35.0 Temperature Input Volt. Input Volt.
\\ \\ [°C] 100[V] 200[V]
. \\ N -50 29.46 29.46
% 230 \ -40 29.46 29.46
5 N \ -20 29.58 29.58
o N N
2 40 \ 0 29.64 29.64
5 7 \ 25 29.63 29.63
@ N N
© 290 & E!i-\' 75 29.75 29.75
\ \\ 85 29.75 29.75
\\ N 100 29.75 29.75
27.0 - 105 29.75 29.75
-80 -20 20 60 100 — N "
Ambient Temperature [°C]
Load 0%
Note: Slanted line shows the range of the rated
ambient temperature.
- 23 - BC-10664
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| Temperature Chamber
Electronic 00 Elootronio
»  Switch > »: Power Supply » n
AG Power Power Metor Figre D | T DC Load 7
Supply Osci | loscope
A
) 4
Relay Unit
> DVYH
Data Acquisition/Control Unit
Figure A
. AC Voltmeter E Power Supply DG Ammeter Adjustable
AC Input Line —» ;i Figure D > —P Load
e T
1. 5kQ=0. 1%
50000, 1% X
| |
= 0. 22uF 1. 0%
F2)
I+
e
0.022uF£1.0% |=
Effective V.
I I Leakage Current Value [A] = ective Value of Voltmeter [V]
500 [Q]
Effective value
Voltmeter
Figure B ( IEC60950-1 }
C8 CV
AC1T +Voo
,_._.. —(J) Vo |
AC noise + Electrenic
Input filter TU NSSOF DC Load
I o AG2 Vo O . !
+BC -BC
FG + 50rmm 1.5m 50Q
—|_ P LLLLEY Coaxial cable R aaira
C5 C6 c7 Oscil loscope
82uF 0.47uF 2200pF ¢ BW: T00MHz
C8 : TUNS50F05 10pF C9 : TUNS50FD5 2200pF (0=Tc<100)
TUNS50F12  10pF 2200pFx3 (40 Te<0) _
TUNSEQF24  4.7uF TUNS50F12 470pF (0=Tc=100) g;gofﬁ uF
470pF=x3 (405Te<0) ’
TUNS50F24 220pF (0= Tc=100)
220pF=3  (-40=Te<0)
Te : Base Plate Temp.
Figure C
24 - BC-10664
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AC(L) 00.122|JF ;.‘ISmH g;zur I‘.3;.23mH TH1 ?.?)pF Cs Co
o 1 %@*A’—J> AC1 +Vo
l (0000, l 0000/ +
T (F000) T (3900 T TUNSS50F
o \ . . O AC2 Vo ¢
ACIN) +BC  -BC
T Fq %'PJI— L o
F6 o | 2200pF
C4 Cs5 (8
2200pF 82uF 0.47pF
L1,L2 : SS11VL-R10093(NEC TOKIN) C9 : TUNS50F05 2200pF (0=Tc=100)
TH1 . 5D2-08(SEMITEC) 2200uF =3 (-40=Tc<0)
C8 : TUNS50F05 10uF TUNS50F12 470uF (0=Tc=100)
TUNS50F12 10uF 470uF=3 (-40=Te<0)
TUNSS50F24 4.7uF TUNSSE0F24 220uF (0=Tc=100)
220yFx3  (40=Te<0)
Tc : Base Plate Temp.
Figure D
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