CO$EL

TEST DATA OF TUHS15F15

Regulated DC Power Supply
August 29, 2017

Approved by : W ke
Kenji Stho

Design Manager

Prepared by : %Idﬂ 32?‘04{,%4/%7&/

Tomoyuki Sakuma DeSlgnEnglneer

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) = = = = = = r v v e e m e e e e
3_Efficiency (by Input Voltage) ........................
4_Efficiency (by Load Current) .........................
5.Power Factor (by Input Voltage) « « » = = = = = v r e
6.Power Factor (by Load Current) = « « « » = = @ 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) = « = =« « » = s oo e e e e v e
13.Ripp|e-NOise .................................
14 Ripple Voltage (by Ambient Temperature) = = = = =« =+« x v o 00 v s
15.Ambient Temperature Drift « « = = = = = s v v e e
160Utput Voltage ACCUracy ..........................
17T|me Lapse Drift ...............................
18.Riseand Fall Time = = = = = = = = = = &« « s & o v v v v o 0 s s 0 a0 a0 = s
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-11208




— CO$EL

Model TUHS15F15
Temperature 25°C
ltem Input Current (by Load Current) Testing Circuitry  Figure A
Object
1.Graph —~A—— Input Volt. 100V | 2.Values
---EF-- InputVolt. 200V
—-—O—-- |Input Volt. 230V Load Input Current [A]
0.40 < Current Input Volt. | Input Volt. | Input Volt.
) [A] 100[Vv] | 200[v] | 230[v]
N P 0.00 0.004 0.003 0.003
< 0.30 0.16 0.065 0.043 0.039
*qc'; N 0.32 0.113 0.072 0.066
E A \
S 0.48 0.157 0.099 0.091
O 0.20 « g
*g'_ / R ;;o 0.64 0.200 0.125 0.114
= /,I‘;’,’.’ N 0.80 0.242 0.150 0.137
S8 \
0.10 A/,—r@"/ g \\ 0.96 0.283 0.174 0.159
BT 1.00 02903 | 0.180 | 0.164
/;5“ 1.10 0.319 0.195 0.178
0.00 -- - - -
000 020 040 060 080 100 1.20 — - - -

Load Current [A]

Note: Slanted line shows the range of the rated
load current.
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Load Current [A]

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

Model TUHS15F15
Temperature 25°C
ltem Input Power (by Load Current) Testing Circuitry  Figure A
Object
1.Graph —~A—— Input Volt. 100V | 2.Values
---EF-- InputVolt. 200V
—-—O—-- |Input Volt. 230V Load Input Power [W]
30.0 Current Input Volt. [ Input Volt. | Input Volt.
\\ [A] 100[v] | 200[v] | 230[v]
0.00 0.12 0.13 0.14
§‘ 0.16 3.02 3.18 3.24
5 200 N 0.32 5.71 5.90 5.96
n%_ //%/! 0.48 8.43 8.61 8.69
= /m’ \ 0.64 11.18 11.30 11.38
o \
£ oo g \ 0.80 13.96 14.02 14.10
y-d \ 0.96 16.77| 16.75| 16.81
.E/ N 1.00 17.47 17.43 17.49
rd
»-q \\ 1.10 19.24 19.15 19.21
0.0 m/ - - - -
0.00 020 040 060 080 100 120 — - - -
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Input Voltage [V]

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

Model TUHS15F15
Temperature 25°C

ltem Efficiency (by Input Voltage) Testing Circuitry  Figure A

Object
1.Graph 2.Values

---FF-- Load 50%
A Load 100% Input Efficiency
100 Voltage [9%0]
N\ V] Load 50% | Load 100%

90 \\\\ 75 85.2 84.7
< 4@)@‘;@ _____ o 85 85.5 85.4
= \ Eh--a-2g 100 85.5 86.0
> 80 \ \
£ \ R 120 85.3 86.4
2 \\ \\ 200 83.8 86.2
w 70 N A\ 230 83.2 85.9

\\ \\ 264 82.3 85.6
60 N \ 280 81.7 85.3
\ \ - : :
N
50 100 150 200 250 300

- BC-11208
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Load Current [A]

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

Model TUHS15F15
Temperature 25°C
ltem Efficiency (by Load Current) Testing Circuitry  Figure A
Object
1.Graph —~A—— Input Volt. 100V | 2.Values
---EF-- InputVolt. 200V
—-—O—-- |Input Volt. 230V Load Efficiency [%]
100 Current Input Volt. | Input Volt. | Input Volt.
\\?\\ [A] 100[V] 200[V] 230[V]
% \ 0.00 - - -
= A Ar———e= 0.16 79.8 75.4 74.1
= P il e 0.32 84.2 81.4 80.5
> 80 [ ar BT N - - - -
c a x 0.48 85.6 83.7 83.1
Q el \
2 @ N 0.64 86.1 85.2 84.5
I 70 N
\\ 0.80 86.1 85.7 85.3
\\ 0.96 86.0 86.1 85.8
60 O 1.00 86.0 86.2 85.9
\‘\ 1.10 85.9 86.3 86.1
50 s - - - -
000 020 040 060 080 1.00 1.20 — - - -
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Input Voltage [V]

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

Model TUHS15F15
Temperature 25°C
ltem Power Factor (by Input Voltage) Testing Circuitry  Figure A
Object
1.Graph 2.Values
---FF-- Load 50%
—&—— Load 100% Input Power Factor
08 Voltage
' V] Load 50% Load 100%
0.7 \ 75 0.588 0.644
. > 85 0.567 0.624
g 06 s N 100 0.540 0.596
ks \
5 05 O ) ~— ™ 120 0.511 0.566
= Tl A~ N 200 0.436 0.484
* s \ By [ E': ' 230 0.417 0.463
N\ 264 0.400 0.444
03 \\‘ 280 0.393 0.435
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 TUHS15F15
Temperature 25°C
Item Power Factor (by Load Current) Testing Circuitry  Figure A
Object
1.Graph —~A—— Input Volt. 100V | 2.Values
---EF-- InputVolt. 200V
—-—O—-- |Input Volt. 230V Load Power Factor
0.8 Current Input Volt. | Input Volt. | Input Volt.
[A] 100[Vv] | 200[v] | 230[v]
0.7 \ 0.00 0.283 0.239 0.236
- \ 0.16 0.462 0.374 0.358
go6 A
g P 0.32 0.506 0.409 0.394
:L: 5 0.48 0.537 0.433 0.415
% 0-5 B - 0.64 0.560 0.452 0.433
D_ g ‘a_ 3 —_ U =
04 @__—-:.‘Q- e 0.80 0.578 0.468 0.447
B 0.96 0593 | 0.481 | 0.460
03 / yd AN 1.00 0.596 | 0.484 | 0.463
. 974
EF’ - 1.10 0.604 0.491 0.470
0.2 - - - -
0.00 020 040 060 080 100 1.20 — - - -
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Model TUHS15F15
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 :
125A

Secondary inrush current :

s wiwiiviwiwiwiwiwiwi
o EVRVATAVAVAVIVAVAVRVAY

Time [20ms/div]

Input Voltage 230V

Frequency 60 Hz
Input -~ Load 100 %
Current
[20A/div] Primary inrush current :
28.7 A

AN NN AN A\ N AN LN Secondary inrush current :

s WARAAWAWAWIWAWAITANA
vawoe

Time [20ms/div]

Primary inrush current Secondary inrush current

L b A

- 7 - BC-11208
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Model TUHS15F15
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 0.005 0.007 0.008 Operation
One of phases 0.004 0.010 0.011 Stand by
IEC60950-1 Both phases 0.003 0.006 0.007 Operation
One of phases 0.004 0.009 0.010 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-11208
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Input Voltage [V]

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

Model TUHS15F15
Temperature 25°C
Item Line Regulation Testing Circuitry  Figure A
Object +15V1A
1.Graph 2.Values
---EF-- Load 50%
2 Load 100% Input Output Voltage
15.20 — N Voltage V]
AN N V] Load 50% | Load 100%
15.10 AN
N - 75 15.040 15.015
— U kY
2.15.00 N TN 85 15.040 15.013
()
g 14.90 . \\ 100 15.040 15.013
E \\ A 120 15.039 15.012
= 14.80
5 N, N 200 15.041 15.016
=3 N\ N
8 14.70 \ \ 230 15.040 15.016
14.60 N \\ 264 15.039 15.016
: ‘\ 280 15.038 15.015
14.50 \
N \ - - -
14.40 Y
50 100 150 200 250 300
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Model TUHS15F15
Temperature 25°C
Item Load Regulation Testing Circuitry  Figure A
Object +15V1A
1.Graph —~A—— Input Volt. 100V | 2.Values
---EF-- InputVolt. 200V
——O—-- Input Volt. 230V Load Output Voltage [V]
15.20 Current Input Volt. | Input Volt. | Input Volt.
A A 100 200 230
1510 \\ (g (;0 15 02;] 15 0[?\>/7] 15 0[2\2
< B = — 8= ' ' ' '
2.15.00 R 0.16 15.038 15.035 15.029
(]
g 14.90 \\ 0.32 15.037 15.034 | 15.029
o A 0.48 15.036 15.034 | 15.029
= 14.80 \
3 \\“ 0.64 15.034 | 15.032 15.027
g 14.70 N 0.80 15.032 15.030 15.025
14.60 \ 0.96 15.029 15.027 15.022
\\ 1.00 15.027 15.025 15.017
14.50 \ 1.10 15024 | 15.022 | 15.017
14.40 -- - - -
000 020 040 060 080 100 1.20 — - - -
Load Current [A]
Note: Slanted line shows the range of the rated
load current.
10 - BC-11208
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Model TUHS15F15
Temperature
Item Dynamic Load Response Testing Circuitry Figure A
Object |+15V 1A

Min.Load (0A)«——
Load 100%(1A)

1 V/div

Load 20% (0.2A)«——>
Load 100%(1A)

1 V/div

Load 50% (0.5A)«—
Load 100% (1A)

1 V/div

Input Volt. 230V
Cycle 500ms

Load Current |

1A/ 100us

200 us/div

1 ms/div

200 us/div

1 ms/div

200 us/div

1 ms/div

-11-
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Model TUHS15F15
Temperature 25°C
ltem Ripple Voltage (by Load Current) Testing Circuitry  Figure C
Object +15V1A
1.Graph 2.Values
—A—— |nput Volt. 100V
—-—O—-- |InputVolt. 230V Load Ripple Voltage [mV]
400 Current Input Volt. Input Volt.
N A 100 [V 230 [V
350 N [Al V] V]
< A 0.00 110 145
£ 300 0.16 15 10
=]
% 250 AN 0.32 15 20
= i 0.48 20 20
S 200
> | 0.64 25 20
2150 ¢ RN 0.80 35 20
2 _ L
= oo A 0.96 60 25
AN A
N e~ 1.00 65 25
50 \
4 L% o 1.10 85 30
— o — O
, L% AN ~ : :
000 020 040 060 080 1.00 1.20 — - -
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] —>
L |
|t T |
Tl
Fig. Complex Ripple Wave Form
- 12 - BC-11208




— CO$EL

13 -

Model TUHS15F15
Temperature 25°C
Item Ripple-Noise Testing Circuitry  Figure C
Object +15V1A
1.Graph 2.Values
—A—— |nput Volt. 100V
—-—O—-- |InputVolt. 230V Load Ripple-Noise [mV]
400 < Current Input Volt. Input Volt.
A A 100 [V 230 [V
- N [A] V] V]
\ 0.00 120 145
>
E 300 N 0.16 20 15
@ 250 AN 0.32 25 25
'g A 0.48 25 25
- 200
@ \ 0.64 30 25
o AN
S 150 ¢ N 0.80 45 25
@ } \
100 { S . 0.96 65 30
\ e 1.00 75 35
N
SOTTN o oo o 7 1.10 90 45
0 N - - -
000 020 040 060 080 1.00 1.20 — - -
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]
T2
Tl
Fig. Complex Ripple Wave Form
BC-11208
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Model TUHS15F15
ltem Ripple Voltage (by Ambient Temp.) Testing Circuitry  Figure C
Object +15V1A
1.Graph 2.Values
---EF-- Input Volt. 100V
——— Input Volt. 200V Ambient Ripple Voltage [mV]
400 C Temperature |  Input Volt. Input Volt.
N N
350 \\ N [°C] 100V 230V
N N
N -45 145 35
>’ 300 AN R
£, - M -40 110 35
@ 250 A R -20 100 35
IS N >
2 0 AN N 0 75 30
> < N 25 65 25
Q N
g o o N 45 60 25
@ B ]
100 Se===fo_ 50 60 20
kN S S 5 AN - R -
50 R -F--N-84
Yoy ga A AN == - -
0 N -- - -
60 40 20 0 20 40 60 — - -

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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Model TUHS15F15
Item Ambient Temperature Drift Testing Circuitry  Figure A
Object +15V1A
1.Graph —A—— Input Volt. 100V | 2.Values
---EF-- InputVolt. 200V
—-—O—-- |Input Volt. 230V Ambient Output Voltage [V]
15.20 T . Temperature | InputVolt. | Input Volt. | Input Volt.
\ [°C] 100[V] 200[V] 230[V]
15.10 o R \
y -45 15.079 | 15.084 | 15.084
2.15.00 \ -40 15.078 | 15.082 | 15.082
@ \
514_90 \\ \\ -20 15.065 | 15.065 | 15.064
o \ 0 15.045 | 15.044 | 15.043
2 14.80 \
3 ) 25 15.013 | 15.012 | 15.012
514.70 \\ \\ 45 14.978 | 14.979 | 14.979
' 5
14.60 \\\ \ 50 14970 | 14.971 | 14.971
14.50 \\ \ — _ i _
\
14.40 A - - - -
60  -40  -20 0 20 40 60 — - - -

Ambient Temperature [°C]
Load 100%

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

. 15 - BC-11208




— CO$EL

Model TUHS15F15
ltem Output Voltage Accuracy Testing Circuitry Figure A
Object +15V1A

1.0utput 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 - 45°C
Input Voltage : 85 - 264V
Load Current : 0 - 1A
* 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 -40 264 0 15.089

— 56 0.4
Minimum Voltage 45 100 1 14.978
- 16 - BC-11208
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Model TUHS15F15

Item Time Lapse Drift

Temperature 25°C
Testing Circuitry  Figure A

Object +15V1A

1.Graph

14.70
14.60
14.50
14.40
0 2 4 6 8 10
Time [H]
Input Volt. 100v
Load 100%

* The characteristic of AC230V is equal.

2.Values

Time since Output
start Voltage
[H] [V]
0.0 15.028
0.5 14.970
1.0 14.970
2.0 14.970
3.0 14.970
4.0 14.969
5.0 14.969
6.0 14.969
7.0 14.969
8.0 14.969

17

BC-11208




D$EL

Model TUHS15F15
Temperature 25°C
ltem Rise and Fall Time Testing Circuitry Figure A
Object +15V1A
1.Graph
[ Load 100% Input Volt. 100 V ]
Output
Volt.
[2vidiv]|
0
[ Load 100% Input Volt. 230 V ]
Output
Volt.
[2vidiv]|
0
Input
Time [20ms/div] Time [50ms/div]
2.Values [ms]
Input VoIt Time Td Tr Ts Th Tf
100v 50.8 4.4 55.2 25.8 32,5
230V 43.0 4.2 47.2 190.3 34.8
| |
Output 900/3——1———————-”— ————— -
Volt. s
| 10%_|~ | _______ I I
I R
b
Input I
Volt. I
|
Td S| Tr || ALY Al
|
Ts 3
I
- 18 - BC-11208
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Model TUHS15F15
Temperature 25°C
Item Hold-Up Time Testing Circuitry  Figure A
Object +15V1A
1.Graph 2.Values
---EF-- Load 50%
2 Load 100% Input Hold-Up Time
1000 - < Voltage [ms]

\\ \ -8 V] Load 50% | Load 100%
SRR ————
E | IN T \

0 100 = e = 100 61 19
= B ™ 120 94 36
a F_(ld \\ \
) TN \\ 200 290 134
3 230 390 185
T 10 “
oy = 264 523 253
ALY \,
AN 280 593 289
X AN
1
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-11208




— CO$EL

Model TUHS15F15
Temperature 25°C

Item Instantaneous Interruption Compensation Testing Circuitry  Figure A

Object +15V1A
1.Graph —~A—— Input Volt. 100V | 2.Values

---EF-- InputVolt. 200V
—-—O—-- |Input Volt. 230V Load Time [ms]
10000 - Current Input Volt. | Input Volt. | Input Volt.
£ S [A] 100[v] | 200v] | 230[v]
0 N AN 0.00 - - -
i= 1000 S~ = 0.16 204 1129 1494
S e 0.32 102 599 799
5 A == 0.48 65 405 543
G 100 A .
% A == 0.64 47 304 407
AN

8 %\ 0.80 35 238 322
% 10 - \ 0.96 22 189 247
Q = 1.00 22 187 239
g N 1.10 13 164 222
© AN
@ 1 -- - - -
= 000 020 040 060 080 100 1.20 — _ _ _

Load Current [A]

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

20 - BC-11208
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Model TUHS15F15
Minimum Input Voltage
Item for Regulated Output Voltage Testing Circuitry  Figure A
Object +15V1A
1.Graph 2.Values
---EF-- Load 50%
A Load 100% Ambient Input Voltage
100 < Temperature \Y]
\ \ [°C] Load 50% Load 100%
80 \\ \\ -45 40 72
N\ N
> b \H -40 39 72
o) T ™ = A\
= \ N -20 38 70
S A ) 0 38 69
S A\ .
§_ 40 N \ 25 37 68
£ B N B s it i = 2 et 1 45 37 68
hY
N N 50 37 67
20 AN B - - -
N\ \
0 - - -
-60 40  -20 0 20 40 60 — i i
Ambient Temperature [°C]
Note: Slanted line shows the range of the rated
ambient temperature.
21 - BC-11208
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Model TUHS15F15
Temperature 25°C
ltem Overcurrent Protection Testing Circuitry  Figure A
Object +15V1A
1.Graph —\ Input Volt. 100V | 2.Values
—{1 Input Volt. 230V
Output Load Current [A]
20.0 Voltage Input Volt. Input Volt.
V] 100[V] 230[V]
™~
16.0 N 15.0 1.21 1.54
= < A |
() N - - -
& 120 N -- - -
o
2 - - -
3 80 - - -
5
3 - - -
4.0 - - -
0.0 - - -
0.00 0.40 0.80 1.20 1.60
Load Current [A] - - -
Note: Slanted line shows the range of the rated - - -
load current.
29 . BC-11208
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Model TUHS15F15
Item Overvoltage Protection Testing Circuitry  Figure A
Object +15V1A
1.Graph 2.Values
—A—— Input Volt. 100V
---EF-- InputVolt. 230V Ambient Operating Point [V]
215 < Temperature Input Volt. Input Volt.
8 N [°C] 100[V] 230[V]
- L N -45 18.89 18.90
=205 \\ -40 18.90 18.94
5 N\ Lo -20 19.12 19.23
D_ \ P o
> N a2 0 19.32 19.41
£ 195 > - =
3 N P-ﬁi//’“ AN 25 19.46 19.60
2 D= 45 10.86 20.00
O t N
18.5 > [ 50 19.94 20.04
\\ _ _ _
N s — . .
17.5 = = -- - -
-60  -40  -20 0 20 40 60 — - -
Ambient Temperature [°C]
Load 30%
Note: Slanted line shows the range of the rated
ambient temperature.
. 23 .- BC-11208
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Temperature Chamber

Electronic |:| |:| |:|
Switch > »| Power Supply <] P Electronic q ,F[ -
AC Power DC Load
Supply Power Meter Osciloscope
A
v |
| Relay Unit
> DVM
Data Acquisition/Control Unit
Figure A

AC Input Line AC Voltmeter Power Supply DC Ammeter Adjustable

> —> —»  Load

Vo A
1kQ
Effective value Leakage Current Effective Value of Voltmeter[V]
Voltmeter ValuelAl =
1k [Q]
Figure B ( DEN-AN )

AC Input Line AC Voltmeter Power Supply DC Ammeter Adjustable

> — P Load

500Q+0.1%

0.022p|F|i1 .0%

%L 0F¥ON0L

=

Effective value
Voltmeter

f

1.5kQ+0.1%

0.22uF£1.0%

Leakage Current_

ValugA]

Figure B ( IEC60950-1 )

Effective Value of Voltmeter[V]

500 [Q]

24 -
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Cbc: 400V 68uF  (-205Tas50)
400V 68pFx3 (-455Ta <-20)

Ta : Ambient Temperature
Figure C

+VO UTC)—'TV\—P Electronic

DC Load

Measuring
board
—— AC1 C
AC !
Input TUHS15 Co i
T AG2 -VOUTC S
_,B\C
Cbc
<>
R1:10Q 50 mm
Co : 50V 22uF

— Coaxial Cable R =
L_| (1.5m,50Q) scilloscope

i

C BW:100MHz
R=50Q

C=0.01yF
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