CO$EL

TEST DATA OF TUHS25F15

Regulated DC Power Supply
August 29, 2017

Approved by 1 Aom : . AHAE

' 7Design Mafhager

Prepared by : W RP/(»}W/IM/O\/ L

Tomoyuki Sakuma Design Engineer

COSEL CO.,LTD.



—CO$EL

CONTENTS

Linput Current (by Load Current) = = = = = = r v v v v e e e e e e e
2.Input Power (by Load Current) = = = = = = rr v v nm e e e
3.Efficiency (by Input Voltage) ........................
4.Efficiency (by Load Current) .........................
5.Power Factor (by Input Voltage) « « » = = = = = v r e e
6.Power Factor (by Load Current) = « » « » = = s s s n e e e e
7.|anSh Current ................................
8_Leakage Current ...............................
9.Line Regulation ...............................
10_L0ad Regulation ..............................
11_Dynamic Load Response ..........................
12.Ripple Voltage (by Load Current) = « = =+« » = oo v oo e e v e
13.Ripp|e-NOise .................................
14 Ripple Voltage (by Ambient Temperature) = = = =« = =+« « v v 00 v s
15.Ambient Temperature Drift « « = = = = = s v v e e
160Utput Voltage Accuracy ..........................
17T|me Lapse Drlft ...............................
18.Riseand Fall Time = = = = = = = = = =« &« « s & o v v v v o 0 s 0 o0 a0 n =
19H0|d_Up Tlme ................................
20.Instantaneous Interruption Compensation « =+« « « = 202 e e e
21.Minimum Input Voltage for Regulated Output Voltage = = = = = =+« - -
22_Overcurrent Protection ...........................
23.0verVO|tage Protection ...........................
24_Figure Of Testing Circuitry .........................

(Final Page 25)

BC-11209




— CO$EL

Model TUHS25F15
Temperature 25°C
Item Input Current (by Load Current) Testing Circuitry  Figure A
Object
1.Graph —A—— Input Volt. 100V | 2.Values
---EF-- Input Volt. 200V
—-—O—-- |nput Volt. 230V Load Input Current [A]
0.8 < Current Input Volt. | Input Volt. | Input Volt.
) [A] 100[v] | 200[v] | 230[V]
\ 0.00 0.007 0.009 0.009
<06 N Py 0.32 0.134 0.082 0.075
?, o 0.65 0.231 0.139 0.126
% W 9\ 0.97 0.318 0.190 0.173
© 04 A
s / \ 8 1.30 0.408 0.241 0.218
g A oo = 1.62 0496 | 0.291 | 0.263
0.2 //A/ :—‘;'8: - \ 1.70 0.522 0.305 0.276
//__g;’f-'/ ’ \\ 1.87 0.571 0.332 0.300
I s 4y
i \ 1
0.0 -- - - -
0.00 0.40 0.80 1.20 1.60 2.00 — _ _ _

Load Current

[Al

Note: Slanted line shows the range of the rated

load

current.
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Model TUHS25F15
Temperature 25°C
ltem Input Power (by Load Current) Testing Circuitry  Figure A
Object
1.Graph —A—— Input Volt. 100V | 2.Values
---EF-- Input Volt. 200V
—-—O—-- |nput Volt. 230V Load Input Power [W]
50 Current Input Volt. | Input Volt. | Input Volt.
N Al 100[v] | 200(v] | 230[v]
40 :\ 0.00 0.12 0.17 0.19
§' \\ 0.32 5.86 6.12 6.24
= N
5 N 0.65 11.27 11.54 11.66
= 30
& 0.97 16.45 16.81 16.97
= N 1.30 21.87 22.11 22.25
2 20
k= 1.62 27.15 27.30 27.46
- N
o \\ 1.70 28.49 28.58 28.73
10 \1\ 1.87 31.38 31.32 31.45
/ N - - - -
Y N - j } )
0.00 080 120 160  2.00 — - - -

Load Current [A]

Note: Slanted line shows the range of the rated

load current.
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Model TUHS25F15
Temperature 25°C
ltem Efficiency (by Input Voltage) Testing Circuitry  Figure A
Object
1.Graph 2.Values
---F+-- Load 50%
2 Load 100% Input Efficiency
100 Voltage [%0]
V] Load 50% Load 100%
- \ . . 75 87.2 87.6
= -8l S Nl 85 87.3 88.2
= N\ B 100 87.1 88.7
> 80 '
e \, \ 120 86.7 89.0
0 N 200 85.1 88.5
=70 N
N\ \ 230 84.2 88.1
AN \ 264 83.0 87.6
60 N 280 82.4 87.3
\ A - - -
50 AN \
50 100 150 200 250 300
Input Voltage [V]
Note: Slanted line shows the range of the rated
input voltage.
BC-11209
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Load Current [A]

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

Model TUHS25F15
Temperature 25°C
ltem Efficiency (by Load Current) Testing Circuitry  Figure A
Object
1.Graph —A—— Input Volt. 100V | 2.Values
---EF-- Input Volt. 200V
—-—O—-- |nput Volt. 230V Load Efficiency [%]
100 Current Input Volt. | Input Volt. | Input Volt.
N\ [A] 100[V] | 200[v] | 230[V]
% \ 0.00 - - -
[ S E— " |
— — =TT 0.32 81.2 77.8 76.3
S ===
< e s A 0.65 85.8 83.8 83.0
2 g:‘ - N 0.97 87.7 85.9 85.1
Q N
2 A\ 1.30 88.5 87.6 87.0
w70 \\ 1.62 88.8 88.4 87.9
\\ 1.70 88.8 88.6 88.1
60 \Y 1.87 88.7 88.9 88.5
\\ - - - -
50 A - - - -
0.00 0.40 0.80 1.20 1.60 2.00 — - - -

4 - BC-11209
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Input Voltage [V]

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

Model TUHS25F15
Temperature 25°C
Item Power Factor (by Input Voltage) Testing Circuitry  Figure A
Object
1.Graph 2.Values
---E+-- Load 50%
—& Load 100% Input Power Factor
0.8 Voltage
S V] Load 50% Load 100%
0.7 N 75 0.564 0.586
. . 85 0.543 0.564
Sos6 \
e f% 100 0.518 0.538
& 3
P ' 120 0.491 0.509
g 05 %\*@\ _— \
S N\ B e S 200 0.429 0.464
T g A 230 0.413 0.444
0.4 H=5
264 0.398 0.426
03 \ 280 0.393 0.419
AN - ) )
0.2
50 100 150 200 250 300
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Load Current [A]

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

Model TUHS25F15
Temperature 25°C
Item Power Factor (by Load Current) Testing Circuitry  Figure A
Object
1.Graph —A—— Input Volt. 100V | 2.Values
---EF-- Input Volt. 200V
—-—O—-- |nput Volt. 230V Load Power Factor
0.8 Current Input Volt. | Input Volt. | Input Volt.
N [A] 100[V] 200[V] 230[V]
0.7 \ 0.00 0.180 0.126 0.105
- 06 ) 0.32 0.438 | 0373 | 0.362
g N
S —— :\ 0.65 0.488 0.416 0.403
‘g 0.5 B I _l 0.97 0.519 0.441 0.427
2 04 I i | ad AN 1.30 0.537 0.458 0.443
= //7 -2l N 1.62 0.548 | 0.469 | 0.453
03 / :‘\ 1.70 0.547 0.469 0.453
// N 1.87 0.551 0.471 0.456
0.2 Z( Fd '\
/ - - - -
01 - : ) :
0.00 0.40 0.80 1.20 1.60 2.00 — _ _ _
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e L

Primary inrush current

_H_VJ_

Secondary inrush current

Model TUHS25F15
Temperature 25°C
Item Inrush Current Testing Circuitry  Figure A
Object
Input Voltage 100V
Frequency 60 Hz
Input - Load 100 %
Current
[20A/div] Primary inrush current :

143 A

Secondary inrush current :

15A

230V

60 Hz

100 %

37.3A

14A

Coou VEVETRVAVAVIIVAVAVRVAY
Time [20ms/div]
o [ e
;L;fs;‘itv] Primary inrush current :
NN A AN Al |y | Secondary inrush current
Vottage WANANANANAWAWIWANANA
200vidi] VEVRIRVRVAVIIVEVAIE] S
viv V.V vV VI VIV V VUV
Time [20ms/div]
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Model TUHS25F15
Temperature 25°C
Item Leakage Current Testing Circuitry  Figure B
Object
1.Results
[mA]
Input Volt.
Standards Note
100 [V] 200 [V] 230 [V]
DEN-AN Both phases 0.008 0.010 0.010 Operation
One of phases 0.008 0.017 0.020 Stand by
IEC60950-1 Both phases 0.006 0.011 0.014 Operation
One of phases 0.008 0.016 0.020 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.

There is no FG in TUHS series and it is a reinforced insulation
power supply of the class 2.

- 8 - BC-11209
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Model TUHS25F15

Item Line Regulation

Temperature

25°C

Testing Circuitry  Figure A

Object +15V1.7A

Input Voltage [V]

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

1.Graph 2.Values
---EF-- Load 50%
= Load 100% Input Output Voltage
15.20 < —q Voltage [Vl
510 N N V] Load 50% | Load 100%
' \ A 75 14.899 14.864
= 15.00 N R 85 14.898 14.875
) A N\
) AN AN 100 14.898 14.877
a 14.90 B
= - ny pay \W
S N \ 120 14.898 14.878
> 14.80 \ N
5 \ \\ 200 14.899 14.882
3 1470 N N 230 14.898 14.882
14.60 Q \‘\\ 264 14.896 14.882
" N 280 14.895 14.882
14.50 \ S
N - - -
14.40 \
50 100 150 200 250 300

BC-11209
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Model TUHS25F15
Temperature 25°C
Item Load Regulation Testing Circuitry  Figure A
Object +15V1.7A
1.Graph —A—— Input Volt. 100V | 2.Values
---EF-- Input Volt. 200V
—-—O—-- |nput Volt. 230V Load Output Voltage [V]
15.20 v Current Input Volt. | Input Volt. | Input Volt.
1510 [A] 100[V] 200[V] 230[V]
' ) 0.00 14.891 | 14.891 | 14.904
. 15.00 \ 0.32 14.890 | 14.890 | 14.890
) A
§>14_90 R & 5 \ 0.65 14.889 | 14.890 | 14.890
S 50 \ 0.97 14.887 | 14.890 | 14.894
14.
‘g_ X 1.30 14.885 | 14.887 | 14.888
g 14.70 1.62 14.879 | 14.884 | 14.885
N\
14.60 \ 1.70 14.878 | 14.882 | 14.883
X 1.87 14.874 | 14.889 | 14.880
1450 A — - - -
14.40 A - i ] _
0.00 0.40 0.80 1.20 1.60 2.00 — _ _ _
Load Current [A]
Note: Slanted line shows the range of the rated
load current.
- 10 - BC-11209
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Model TUHS25F15

Item Dynamic Load Response

Temperature
Testing Circuitry

Figure A

Object |+15V 1.7A

Input Volt. 230V
Cycle 500ms

Load Current |

1.7A/ 100us

Min.Load (0A)«——

Load 100%(1.7A)

1 V/div

200 us/div

1 ms/div

Load 20% (0.34A)

Load 100%(1.7A)

1 V/div

200 us/div

1 ms/div

Load 50% (0.85A)

Load 100% (1.7A)

1 V/div

200 us/div

1 ms/div

-11-
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Model TUHS25F15
Temperature 25°C
Item Ripple Voltage (by Load Current) Testing Circuitry  Figure C
Object +15V1.7A
1.Graph 2.Values
—A—— Input Volt. 100V
—-—O—-- |Input Volt. 230V Load Ripple Voltage [mV]
400 Current Input Volt. Input Volt.
N [A] 100 [V] 230 [V]
350 3
< 0.00 125 95
£ 300 0.32 10 20
L 250 \\ 0.65 15 20
bt N 0.97 20 20
< 200
> ' 1.30 30 25
8150 \\ 1.62 45 25
[ad /
100 \N 1.70 55 25
N N 1.87 60 25
50 | /é‘%r"ﬁ _ i -
0 ‘g_ pr—— -@ = \-al 4 6
000 040 080 120 160 200 — - -
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 to Switching
T2
Ripple [mVp-p] -
| | I T T | | | |
T1
Fig. Complex Ripple Wave Form
- 12 - BC-11209
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Model TUHS25F15

Item Ripple-Noise

Temperature
Testing Circuitry

25°C
Figure C

Object +15V1.7A

1.Graph 2.Values
—A—— Input Volt. 100V
——O—-- |Input Volt. 230V Load Ripple-Noise [mV]
400 < Current Input Volt. Input Volt.
350 [A] 100 [V] 230 [V]
0.00 125 125
Z 300 0.32 20 30
© 250 0.65 25 35
§ 0.97 35 35
200
fo AN 1.30 45 35
o N
2 150 1.62 65 45
[
100 ﬂ\ 1.70 70 45
\\ DA 1.87 75 45
>0 Nyt —g =8 "9 ° - - -
0 - - -
000 040 080 120 160 200 — - -
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
[mVp-p]
T1
Fig. Complex Ripple Wave Form
- 13 - BC-11209
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Model TUHS25F15
ltem Ripple Voltage (by Ambient Temp.) Testing Circuitry  Figure C
Object +15V1.7A
1.Graph 2.Values
---EF-- Input Volt. 100V
—&—— Input Volt. 230V Ambient Ripple Voltage [mV]
400 ~ Temperature | Input Volt. Input Volt.
350 \\t \\\ [°C] 100V 230V
N AN
-45 105 35
>’ 300 AN
E < AN -40 105 35
© 250 AN AN -20 80 35
g \ \
£ 500 N N 0 60 30
> s O) 25 55 25
g 150 B N 30 55 25
[ R
100 EE NN 35 50 25
N \‘\\
) [ e S LT ” ' _
>0 A ‘\\ y ?E‘fq N - ; ]
0 \ ne. pA\gyay — i i
-60 -40 -20 0 20 40 60 — _ i

Ambient Temperature [°C]
Load 100 %

Measured by 100 MHz Oscilloscope.
Note: Slanted line shows the range of the rated
ambient temperature.

14
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— CO$EL

Ambient Temperature [°C]
Load 100%

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

Model TUHS25F15
Item Ambient Temperature Drift Testing Circuitry  Figure A
Object +15V1.7A
1.Graph —A—— Input Volt. 100V | 2.Values
---EF-- Input Volt. 200V
—-—O—-- |nput Volt. 230V Ambient Output Voltage [V]
15.20 < Temperature | InputVolt. | InputVolt. | Input Volt.
1o AN N [°C] 100v] | 200v] | 230[v]
' \ N\, -45 14.891 | 14.901 | 14.903
>.15.00 R, R 40 14.804 | 14.901 | 14.902
(]
21490 @%#&* -20 14.915 | 14.916 | 14.917
g L N 0 14.903 14.904 14.904
14.80 \
é N\ N 25 14.881 14.880 14.881
g 14.70 Y \\:‘\ 30 14.875 14.876 14.877
14.60 \\:\ N 35 14.868 14.870 14.870
A N - - - -
14.50 N\ N — - - -
N\
14.40 A -- - - -
60  -40 20 0 20 40 60

15 - BC-11209
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Model TUHS25F15
Item Output Voltage Accuracy Testing Circuitry  Figure A
Object +15V1.7A

1.Output Voltage Accuracy

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.

Temperature : -40 - 30°C
Input Voltage : 85 - 264V
Load Current : 0 - 1.7A

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

) Output Voltage Accuracy
* Qutput Voltage Accuracy (Ration) = x 100
Rated Output Voltage
2.Values
it Temperature| Input Output Output Voltage Accuracy
em
[°C] Voltage[V] Current[A] | Voltage[V] | Value [mV] | Ration [%)]
Maximum Voltage -20 85 0 14.931
— 128 0.2
Minimum Voltage 30 100 1.7 14.875
- 16 - BC-11209
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Model TUHS25F15
Temperature 25°C
Item Time Lapse Drift Testing Circuitry  Figure A
Object +15V1.7A
1.Graph 2.Values
Time since Output
15.20 start Voltage
15.10 [HI [Vl
0.0 14.883
= 1500 0.5 14.827
& 14.90 1.0 14.826
S 1480 | 2.0 14.826
g 14.70 3.0 14.826
= 4.0 14.826
O 1460
5.0 14.827
14.50 6.0 14.827
14.40 7.0 14.828
0 2 4 ° 8 10 8.0 14.828
Time [H]
Input Volt. 100V
Load 100%

* The characteristic of AC230V is equal.

- 17 - BC-11209
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Model TUHS25F15
Temperature 25°C
Item Rise and Fall Time Testing Circuitry  Figure A
Object +15V1.7A
1.Graph
[ Load 100% Input Volt. 100 V
Output (’~
Volt. [
[2vidiv|
0
[ Load 100% Input Volt. 230 V
Output
Volt. [
[2vidiv|
0
Input
0
Volt. ___JVVVVMWAAAAAfVVVVMﬂAAAAﬂUVVVVM “AAI
Time [50ms/div] Time [50ms/div]
2.Values [ms]
Input VoIt Time Td Tr Ts Th Tf
100V 58.0 4.8 62.8 27.8 33.8
230V 58.8 4.3 63.1 202.3 34.0

Output /‘9_0"}(________; ——— _
Volt. | | \
0%~ | _______ R ——
J |
Input i
Volt. s

Td Tr

Th| Tf

Ts

- 18 - BC-11209
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Model TUHS25F15
Temperature 25°C
Item Hold-Up Time Testing Circuitry  Figure A
Object +15V1.7A
1.Graph 2.Values
---EF-- Load 50%
= Load 100% Input Hold-Up Time
1000 . - Voltage [ms]
= - ;\ V] Load 50% | Load 100%
AN - A 75 29 8
Z . T N 85 41 13
£ AN 1 P
0 100 o < 100 63 21
e - N 120 97 39
=3 i} Z=
2 y'd | 200 304 144
Q h, N,
:% 10 /\ . 230 408 200
N = 264 549 267
N : 280 621 305
\\ N - - -
NN \
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.
BC-11209
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Model TUHS25F15
Temperature 25°C
Item Instantaneous Interruption Compensation Testing Circuitry  Figure A
Object +15V1.7A
1.Graph —A—— Input Volt. 100V | 2.Values
---EF-- Input Volt. 200V
—-—O—-- |nput Volt. 230V Load Time [ms]

10000 Current Input Volt. | Input Volt. | Input Volt.
£ < [A] 100[v] | 200v] | 230(v]
0 1N 0.00 - - -
= 1000 & S 0.32 176 754 | 1017
IS e~ — A 0.65 86 397 531
= T BT 00 -

@ A R T A 0.97 55 268 359
) 100
o 1.30 38 198 268
€ A AN
8 " 1.62 25 154 211
2 - 1.70 23 145 200
o N
Q . 1.87 20 131 179
[
‘g ] - - - -
i 1 A - - - i
= 000 040 080 120 160 200 — - - -
Load Current [A]
Note: Slanted line shows the range of the rated
load current.
20 BC-11209
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Model TUHS25F15
Minimum Input Voltage
Item for Regulated Output Voltage Testing Circuitry  Figure A
Object +15V1.7A
1.Graph 2.Values
---E--- Load 50%
2 Load 100% Ambient Input Voltage
100 : Temperature V]
\\ \\ [°C] Load 50% | Load 100%
50 N O 45 45 63
S O N -40 43 60
AN Y
S N -20 44 60
& 60 AN A A ‘}H\
<—>3 \\ 0 43 60
3w N AN . AN 25 43 60
£ \\ \\ 30 42 60
N \ 35 42 60
N R
20 < N\ _ } ;
N N — - -
\
0 - - -
60  -40 20 0 20 40 60 — - -

Ambient Temperature [°C]

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

_ o1 - BC-11209
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Model TUHS25F15
Temperature 25°C
Item Overcurrent Protection Testing Circuitry  Figure A
Object +15V1.7A
1.Graph ——\ Input Volt. 100V | 2.Values
—1 Input Volt. 230V
Output Load Current [A]
20.0 Voltage Input Volt. Input Volt.
N \Y% 100[V] 230[V]
16.0 N 15.0 2.20 2.47
> o YN
© R — - -
120 R - - -
o
S - - -
3 80 - - -
5
3 - - -
4.0 - - -
0.0 - - -
000 050 100 150 200 250 3.00
Load Current [A] - - -
Note: Slanted line shows the range of the rated - . .
load current.
BC-11209
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Model TUHS25F15

Item Overvoltage Protection

Testing Circuitry  Figure A

Object +15V1.7A

23 -

1.Graph 2.Values
—A—— Input Volt. 100V
---EF-- Input Volt. 230V Ambient Operating Point [V]
21.5 Temperature Input Volt. Input Volt.

N \} [°C] 100[V] 230[V]
- ) A\ -45 18.64 18.72
=205 N \ -40 18.72 18.76
-§ \\: \, -20 18.86 18.96
5. N \be 0 19.08 19.22
g \ Pin < 25 19.38 19.50
g N N 30 19.42 19.56
© 185 EQ/ N 35 10.48 19.63

\ \ S

N N N . .

175 N - - -

-60 -40 -20 0 20 40 60 — _ _

Ambient Temperature [°C]
Load 30%
Note: Slanted line shows the range of the rated
ambient temperature.
BC-11209
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Temperature Chamber

Electronic |:| |:| |:|

Switch [—» » Power Supply ] Electronic A F]
AC Power DC Load

A 4

Oscilloscope

A

Supply Power Meter ‘_‘

Relay Unit

vy

A 4

DVM

Data Acquisition/Control Unit

Figure A
Power Supply DC Adjustable
AC Voltmeter
Ammet
AC Input Line —» > — cer [y Load
Vo A
1kQ
Effective value Leakage Current Effective Value of Voltmeter[V]
> Voltmeter Value [Al =
1k [Q]
Figure B ( DEN-AN)
AC Voltmeter Power Supply DC Ammeter Adjustable
AC Input Line —p » —> P Load

1.5kQ+0.1%

500Q+0.1%

i

0.22uF£1.0%

%L 0F¥ON0L

0.022uF1.0%
| |
I

Effective Value of Voltmeter [V]

Leakage Current =
Value [Al 500 [

p| Effective value
Voltmeter

Figure B ( IEC60950-1)

. o4 . BC-11209




AC1

+VOUTC

AG Input TUHS25
- C
| AG?2 VOUT
_EC
Cbc
TH1: 10Q
Co : 50V 22uF

Cbc: 400V 120pF  (-20=Tas=35)
400V 120pFx3 (-455Ta < -20)
Ta : Ambient Temperature
Figure C

Measuring
board
R
)—'I‘—> Electronic
1
Cd Ivi\ DC Load
1
1 '
LT
<  Coaxial Cable
50 mm L_| (1.5m,50Q)

R
_‘ BW:100MHz
R=50Q

-

Oscilloscope

C=0.01yF

25
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