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Model TUNS500F28
Temperature 25°C
ltem input Current (by Load Current) Testing Circuitry Figure A
Object
1.Graph —A—- InputVolt. 100V |2.Values
~=~fF-- InputVolt. 200V
—+=O—-~ |nput Voit. 230V Load Input Current [A]
10 Current input Volt. | Input Volt. | Input Vait.
\:: [A) 100[V] | 200[V] | 230[V]
8 5 0.0 0.163 0.339 0.390
< 5, 3.6 1.268 0.708 0.670
= NP 7.2 2381 | 1.224 | 1.100
= 6 5
e A 10.8 3518 | 1757 | 1.554
5 A N\ 14.4 4682 | 2303 | 2.021
2 4 \
£ /A/ 3 18.0 5874 2.857 2.499
KW
-HTE 19.8 6.471 | 3137 | 2.740
2 et g"’"‘\,, _
] gt ¥ AN
I - - - "
Y - A - : : :
0 6 12 18 24 . ~ _ ~
Load Current [A]

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

Model TUNS500F28
Temperature 25°C
ltem Input Power (by Load Current) Testing Circuitry _Figure A
Object
1.Graph —A—— InputVoit, {00V | 2. Values
===~B~~= InputVolt. 200V
——O—-- IpputVolt. 230V Load Input Power [W]
1000 . Current Input Volt, | Input Volt. | thput Vo,
;\ [Al 100pv] | 200MvV] | 2300
800 5 0.0 3.0 2.8 29
g N 3.6 1223 1195| 1192
ag-,- 600 ":\ {ﬁ 7.2 12337 2285 2277
5 Pz 10.8 3454 337.9| 3365
5 i 14.4 4588 | 4482| 4464
2. 400 2 =
= )J \\ 18.0 574.2 569.7 867.4
\ 19.8 632.7 616.0 613.3
200 ] LY - - _ -
\"”\
= - - - .
0 AN - - - -
0 6 12 18 24 _ _ _ _
Load Current [A]
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TUNSGE00F28

Model
Temperature 25°C
tem Efficiency (by Input Vollage) Testing Circuitry _Figure A
Object
1.Graph 2.Values
--=-f~~ Load 50%
~——A—— Load 100% Input Efficiency
100 . Voltage [%]
:: \:: VI Load 50% | Load 100%
b 80 86.5 86.6
20 . T
< et B \ 85 86.7 87.0
> a0 N N 100 87.2 88.0
g N B 120 87.8 88.8
o ™, ™, 200 89.1 90.2
= 70 - =
H N B 230 89.5 90.7
: " K 264 89.9 91.0
M, [,
60 =5 N 280 90.6 91.6
N ; — " -
50 \\ i‘!"""‘
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 TUNS500F28

Temperature 25°C

ltem Efficiency (by Load Current) Testing Circuitry Figure A
Chject
1.Graph —te—— InputVolt. 100V | 2.Values
-~-=EF-- InputVolt. 200V
—+=O='~ |nputVolt. 230V Load Efficiency [%6]
100 < Current Input Valt. | Input Volt, | Input Volt.
s [A] 100[v] | 200V | 230V
et 0.0 - - -
% PP Cosd Suh (k- 3.6 824 | 843
< e N . . . 84.6
S & N 7.2 86.4 88.3 88.7
g N 10.8 87.7 89.6 90.1
% 70 \ 14.4 88.1 90.1 90.5
S 18.0 88.0 90.2 90.7
% 19.8 87.8 90.2 90.8
60 AN
4 -— - - -
\ - - - -
50 - - - -
0 6 i2 18 24 _ _ _ _
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 | TUNS500F28
Temperature 25°C
ltem Power Factor (by Input Voltage) Testing Circuitry _Figure A
Object
1.Graph 2 Values
-—-pg-- Load 50%
—4A—— Load 100% Input Power Factor
1.0 A p———— — T Voltage
L o T vl Load 50% | Load 100%
0.8 :\ o ] 80 0.990 0.285
. N XK 85 0.890 0.995
P 5] K
100 0.990 0.994
8 06 N B
c N J 120 0.986 0.993
z N 200 0.952 0.982
0.4 _ A _
e \k N 230 0.926 0.971
& o 264 0.885 0.955
0.2 N, N
: =] X 270 0.877 0.951
:: g \{ 280 0.396 0.440
0.0 &
50 100 150 200 250 300
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Mode! TUNSS500F28

Temperature 25°C

ltem Power Factor (by Load Current) Testing Circuitry Figure A
Object
1.Graph —A—— Input Volt. 100V | 2.Values
---£F-~- InputVolt. 200V
—+—0-—- |nput Volt. 230V {oad Power Factor
1.0 - Current Input Volt. | nput Volt. | Input Veit.
4 A__,,_—;V:"—"ﬁ:::% Y Al 1000v] | 2000v] | 230(v]
os LI 2 Q 00 | 0182 | 0042 | 0032
. | A \] 1.8 0924 | 0669 | 0.566
S oo L \ 36 0.967 | 0.843 | 0.772
e | [P 7.2 0.087 | 0934 | 0.899
2 [ \\ 108 | 0992 | 0962 | 0.941
a 04 /:.f,- N 14.4 0.892 | 0.975 0.961
# A 18.0 0994 | 0982 | 0971
0.2 4; 1\ 19.8 0.995 | 0984 | 0.974
00 ® — ; - ;
0 6 12 18 24 - - - -

Load Current [A] |

Note: Slanted line shows the range of the rated
load current.
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Model TUNSS00F28
Temperature 25°C
ltem Inrush Current Testing Circuitry  Figure A
Object
Input Voltage 100V
Frequency 60 Hz
Input M‘W(WWWV \ ,,IVW{\ANWMVWWWI Load 100 %
Current
[20A/div] Primary inrush current :
123 A
" i Secondary inrush current :
Input 19.5 A
Voltage “ “ w J “ “
[100V/div] T l l
Time [100ms/div]
Input Voltage 200V
Frequency 60 Hz
Input l## T'Wh WMWY Load 100 %
Current '
[20A/div]) Primary inrush current :
305A
TITIITIIIIT Ll Secondary inrush current :
Input 114 A
Voltage
[200V/div] |

Primary inrush current

[100ms/div]

Secondary inrush current
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Model TUNS500F28

Temperature 25°C
ltem Leakage Current Testing Circuitry Figure B
Object
1.Results
[mA]
t Volt. '
Standards Input Volt Note
100 [V] 200 [V] 240[V]
IECG0950-1 Both phases 0.16 0.33 0.40 QOperation
One of phase 0.30 0.63 0.77 stand by
The value for "One phase" 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.
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Model TUNS500F28
: Temperature 25°C
[tem Line Regulation Testing Circuitry  Figure A
Object +28V18A
1.Graph 2.Vaiues
-==FEF-- Load 50%
—A—— load 100% Input Output Voltage
28.30 Voltage V]
N N M Load 50% Load 100%
28.20 < N 80 28.048 28.047
% S 85 28.045 28.048
o 28.10 100 28.048 28.048
S il &8 M‘F” 120 28.048 28.049
E] S ™ 200 28.047 28.048
3 2790 Ay 230 28.048 28.048
AN i 264 28.048 28.049
27.80 |- x: 280 28.048 28,049
27.70 > R\
&0 100 150 200 250 300

Input Voltage [V]

Note: Slanted line shows the range of the rated
input voltage.
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Model TUNSEQ0F28

Temperature 25°C
Item L.oad Regulation Testing Circuitry  Figure A
Object +28V18A
1.Graph —A—— InputVolt. 100V | 2.Values
---F-~ lInputVolt. 200V
—+=0—- InputVolt. 230V Load Output Voltage [V]
28.30 Current Input Valt. | Input Volt. | Input Volt.
:: [A] 100[v] | 2000v] | .230[V]
28.20 5 0.0 28.054 28.054 28.054
= : 36 28.050 | 28.050 | 28.050
& 28.10 N 72 | 28049 | 28.049 | 28.050
S 2500 = 8 —8——h 10.8 28.049 | 28.049 | 28.049
‘g" , 14.4 28.049 | 28.049 | 28.049
3 o700 18.0 28,048 | 28.048 | 28.048
* 198 | 28.049 | 28.049 | 28.049
27.80 “ - - -
N T B e I
27.70 X - - R N
0 6 12 18 24 _ _ . _
Load Current [A]
Note: Slanted line shows the range of the rated
load current.
- 10 - BC-10852
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Model  [TUNS500F28
Temperature 25°C
ltem Dynamic Load Response Testing Circultry Figure A
Object [+28V 18A
Input Volt. 100V
Cycle 1000ms
Load Current [
18A  50us
I
Min.Load (0A)— '
Load 100%{18A)
]
i — = T
1
500 mV/div
400 us/div 20 ms/div
Min.Load (0A)—
Load 50%(9A) i
L I \If\:r ™
i E |
] |
500 mV/div [ i
400 us/div 20 ms/div
Load 10% (1.8A)——
Load 100% (18A) ]
Em- 4‘
500 mV/div
400 us/div 20 ms/div
-11- | BC-10852
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Model TUNS500F28
Temperature 25°C
ltem Ripple Voltage (by Load Current) Testing Circuitry _Figure C
Object +28V18A
1.Graph 2. Values
—&—— Input Volt, 100V
— —O—-~ InputVolt. 200V Load Ripple Voitage [mV]
400 < Current Input Volt. Input Volt.
350 ) [A] 100 [V] 200 V]
= A 0.0 50 60
E 300 AN 386 60 66
9 250 \ 7.2 60 60
S 200 > 10.8 60 60
= N 14.4 60 60
& 150 N 18.0 60 60
= 100 19.8 65 60
R o e - o T < St ] - - .
50 %r’" N — - -
0 1 — - -
0 6 12 18 24 _ 3 -
Load Current [A]
Measured by 100 MHz Oscilloscope.
Ripple Voliage 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 Swilching
T2
Ripple [mVp-p] B B
i WWWTLHW
/h [ | I | L ! W
< T \,
e -
Fig. Complex Ripple Wave Form
- 12 - BC-10852
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Model TUNSS500F28
Temperature 25°C
ltem Ripple-Noise Testing Circuitry  Figure C
Object +28V18A
1.Graph 2.Values
—&A&— |[nput Volt. 100V
—=0O—"~ [nput Volt. 200V Load Ripple-Noise [mV]
400 < Current Input Volt. Input Volt,
\ A 100 0
450 N A M 200 [V]
A 0.0 85 55
Z 300 S 3.6 65 60
© 250 \ 7.2 70 65
B 0
2 200 10.8 70 70
$ | 14.4 70 70
& 150 ™ 18.0 70 70
o N,
100 19.8 79 70
i e e — .
N - - -
0 - - -
0 8 12 18 24 - 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
31 1e T2 {mVP-Pi
0\
< [N 5
T el
Fig. Complex Ripple Wave Form
- 13 - BC-10852




— CO$EL

S

SE G

Model TUNS500F28
ltem Ripple Voltage (by Ambient Temp.) Testing Circuifry Figure C
Object +28V18A
1.Graph 2. Values
---g--- Load 50%
—&—— Load 100% Ambient Ripple Voltage
400 T = Temperature [mV]
< 30 - N [l Load 50% | Load 100%
S S -50 a5 95
£ 300 K N 40 90 90
& 250 [ = -20 80 80
£ 200 {,& ‘:\ 0 70 70
° 150 b N 25 65 65
2 o S 50 65 65
7 100 Fmpc—— ) 75 60 - 60
0 N M - 12 85 60 60
o IS 5 100 60 60
60 40 20 0O 20 40 60 80 100 120 10_5_ 6? 6(_)-
Ambient Temperature [*C]
Input Voit. 200V
Measured by 100 MHz Oscilloscope.
Note: Slanted line shows the range of the rated
ambient temperature.
- 14 - BC-10852
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Model TUNS500F28
ltem Ambient Temperature Drift Testing Circuitry Figure A
Object +28V18A
1.Graph —A———  Input Volt. 100V | 2.Values
---E--- Input Volt. 200V
—+—O—= Input Volt. 230V Ambient Output Voltage [V]
28.30 Temperature | Input Valt. | Input Valt. | Input Volt.
Q [°C] 100[v] | 200[v] | 230Mv]
28.20 -50 27.884 27.885 27.886
% -40 27916 | 27.017 | 27.917
g 2810 - — 20 27970 | 27.970 | 27.971
S eoo il 0 28.012 | 28013 | 28.013
3 o 25 28.048 | 28.048 | 28.048
8 2780 |- 50 28.069 28.069 | 28.069
75 28.079 | 28.079 | 28.079
27.80 85 28,082 28.082 | 28.082
100 28.091 28.091 28.091
27.70 105 28.097 | 28.098 | 28.098
-60 -40 20 0 20 40 60 80 100 120 — - i ~
Ambient Temperature [°C]
Load 100%
Note: Slanted line shows the range of the rated
ambient temperature.
- 15 - BC-10852
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Model TUNSS500F28

ltem Quiput Voltage Accuracy

Testing Circuitry Figure A

Object +28V18A

1.0utput Voltage Accuracy

Temperature :.-40 - 100°C
input Voltage : 85 - 264V
Load Current @ 0 - 18A

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.

* Qutput Voltage Accuracy = £{Maximum of Output Voltage - Minimum of Ouiput Voltage) / 2

Output Voltage Accurac
* Qutput Voltage Accuracy {Ration) = P 9 LA 100
Rated Qutput Voltage
2.Values
ltem Temperature| Input - Qutput Output Voliage Accuracy
[°C] Voltage[V] Current[A] { Voltage[V] | Value [mV] | Ration [%]
i 85 .098
Maximum Voltage 100 0 28 109 +03
Minimum Voliage -40 85 18 27.914
- 16 - BC-10852
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Model TUNSS00F28

ltem Time Lapse Drift

Temperature 25°C
Testing Circuitry Figure A

Object +28V18A

1.Graph

Output Voltage [V]
(1)
[»-3
3

27.90
27.80
27.70
0 2 4 6
Time [H]
Input Volt. 100V
Load 100%

* The charasteristic of AC200V is equal.

10

2.Values

Time since Output
start Voltage
[H] v
0.0 28.045
0.5 28.051
1.0 28.051
2.0 28.051
3.0 28.051
4,0 28.051
5.0 28.051
6.0 28.051
7.0 28.051
8.0 28.051

17 -
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Model TUNSS00F28
Temperature 25°C
ltem Rise and Fall Time Testing Circuitry  Figure A
Object +28V18A
1.Graph
C Load 100% Input Volt. 100V ]
OQutput
Volt. -
BV | T
0
[ Load 100% ' Input Volt, 200V |
[
Quiput
Volt, - ' .
[Bv/divi}
0
o 0 A
Valt, 0 /\’
Time [200ms/div] Time [20ms/div]
2.Values [ms]
input VoI, Time Td Tr Ts Th Tf
100V 528.0 13.0 541.0 2.6 12.3
200V 488.0 13.0 501.0 52.9 12.1
Output _ 80— .! :_. _____ N
Voli. H \
ik N
Input
Volt.
- 18 - BC-10852
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Mode! TUNS500F28
Temperature 25°C
ftem Hold-Up Time Testing Circuitry Figure A
Ohject +28V18A
1.Graph 2.Values
===~~~ Load 50%
= Load 100% Input Hold-Up Time
1000 Voltage [ms]
= :\ M Load 50% | Load 100%
k) — 80 838 41
y %
£ \ ) 85 88 41
2 100 |— Rl o i 100 88 41
= o At 120 88 41
3 ) S 200 88 42
K| ," R
3 10 N, 230 88 41
I = (y
— = 264 88 41
7 = 280 88 41
\\\
N - - -
1 2 \
50 100 150 200 260 300
Input Voltage [V]
This duration covers from Shut-off of input
voltage to the moment when oulput voltage
descends to the rated range of voltage accuracy.
Note: Slanted line shows the range of the rated
input voltage.
- 19 - BC-10852
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Model TUNSS00F28
Temperature 25°C
ltem Instantaneous Interruption Compensation Testing Circuitry _Figure A
Object +28V18A
1.Graph —A—— InputVolt, 100V | 2.Values
--=-FF-- InputVolt. 200V
—+=O—'= Input Volt. 230V Load Time [ms]
. 1000 - Current Input Volt, | InputVelt. | tnput Voit.
£ = Al 100v] | 200Mvi | 230(v)
g N 0.0 - - -
= B 36 214 | 215 | 218
,§ 100 7.2 111 111 111
2 e 10.8 72 73 73
UE{ N 14.4 53 53 53
S 10 o 18.0 39 39 39
@ = 19.8 37 38 38
o hY
?:) - - - -
z N\
£ - - . -
‘2’ 1 - - - -
- 0 6 12 18 . 24 - » - -
Load Current [A]
Note: Slanted line shows the range of the rated
load current.
BC-10852
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Model TUNS500F28
Minimum Input Voltage
ltem for Regulated Output Voltage Testing Circuitry _Figure A
Object +28V18A
1.Graph 2.Values
---B-- Load 50%
—2&—— Load 100% Ambient Input Voltage
100 Temperature V]
{\ \\ [°C] Load 50% | Load 100%
80 \\ \\ =50 71 71
= P N A A R I I 40 Z 72
® <Y
g, 50 \\ \‘ -20 72 72
; \ o 72 73
3 N\ 25 72 72
a 40 \
f= \\ \\ 50 72 72
N\ N 75 72 72
\\ \\ 85 72 72
\\ \ 100 72 72
0 105 72 72
60 -40 20 0 20 40 80 80 100 120 — " i
Ambient Temperature [°C]
Note: Slanted line shows the range of the rated
ambient temperature. )
- 21 - BC-10852
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Model TUNSS500F28
. Temperature 25°C
ltem Overcurrent Protection Testing Circuitry _Figure A
Object +28V18A
1.Graph 2.Values
Input Volt, 100V
Input Volt. 230V Qutput Load Current [A]
40 Voltage Input Volt. Input Volt.
v] 100[V] 230[Vv]
40 = 28.0 18.06 18.06
% = \ 26.6 26.08 26.00
g S: \ 25.2 26.42 26.44
S 20 224 27.12 27.13
3 \‘ 19.6 27.79 27.81
5
O 10 16.8 28.38 28.40
14.0 20.42 29.44
o - - -
0 10 20 30 40 — i _
Load Current [A] —- - -
Nofe: Slanted line shows the range of the rated - . -
load current.
Intermittent operation occurs when the output
voltage is from 14V to 0V,
- 22 . BC-10852
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Model TUNS500F28
ltem Overvoltage Protection Testing Circuitry _Figure A
Object +28V18A
1.Graph 2.Values
—2A—— [nput Volt. 100V
==—-EF-- InputVolt. 200V Ambient Operating Point [V]
39,0 Temperature |  Input Volt. input Valt,
\ \\ °C] 100[V] 200V}
\\ A -50 36.74 36.74
= 38.0 \ -40 36.86 36.86
c% N N 20 36.86 36.86
2 o0 N . ) 0 36.98 36.98
B o N\ 25 36.98 36.98
g N AN 50 37.09 37.09
36.0 N\ 75 37.09 37.09
\ \\ 85 37.09 37.09
\\ h 100 37.09 37.09
35.0 105 37.09 37.09
80 40 20 0 20 40 60 80 100 120 — ; N
Ambient Temperature [°C]
Load 0%
Note: Slanted line shows the range of the rated
ambient temperature.
- 923 - BC-10852
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5000x0.1%

0.022)F£1.0%
| |

1.5k2£0.1%

[
0.22UF£1.0%

L1 %1 oweor

Leakage Qurrent

Terpes at we Chanber
Hectronic ;I'__IIZII-__I
Svi Lch » Pl Pover Supply e g EDeCct:o?':llc i
Sy Pover heter Csei [ | oscope
Suppl y ‘-’ P
1
¥ |
L
Relay Lnit
P DM
Figure A tata Acquisition/Control Uit
AC Volimeter Power Supply DC Ammeter Adjustable
AC Input Line N N Load
—> > > —
— Fe +
1kQ
| il
Leakage Qurrent  Hfective Value of Voltneler[V
.| Effactive valus Value 14 =
d Veltmeter % 1Q
Figure B ( DEN-AN )
AG Inout Line AC Volimeter Power Supply DC Ammeter Adjustable
P —> > » | o] Load
Fc 4

Efective Value of VoltreleriW

R Velve 14 500 fol
Ly Effective value
Volimeter
Figure B ( IEC60950-1 )
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Te:Base Plate Terp.

Figure G

+§ /
| AC +VouT |
AC H clo |+ __0” Electronic
ot o TUNS500F T DC Lasd
I ACE -vour - |
rG +BC -BC g
Ao |+——r —
S0rmen | Coaxiat catle R &y i7
c6 Tcs
Oscilioscapa
G BW:100MHz
R=50 02
C=0.010F
C10 : TUNS500F12 2200uF O=Te=100) C11  : TUNSBOOF12 1QuF
2200UFx3 {(-405Te<0) TUNSS500F28 4.7 4 F
TUNSS500F28 1000 F {0=5Te=100) TUNS500F48 2.2 4 F
1000 FX3 (-405Te<0)
TUNS500F48 4704 F 0S5 Te=100)
470 Fx%x3  {(-40=Tc<0)

+5
+VOUT
TUNSS00F

-VOouT

+HB8C -BC -g
I

® 11
oll
B
4]
-

TUNSS500F48 470 it F 83V Electrolytic Capacitor

Figure D

FoO
L1,L2 : 8C-15-200(NEC TOKIN} C11
C1,02 ; 0.68 ¢ F 310V Film Capacitor X 2 TUNSS00F28 4.7 uF
G3 ;1.0 F 310V Film Capacitor X 2 TUNSH00F48 2.2 4 F
C4,05,09 : 2200pF Ceramic Capacitor
C6,07 : 0.68 1 F 450V Film Capacitor X 2
C8 ; 390y F 450V Electrolytic Capacitor X 2
C10  : TUNSS500F12 2200 i F 25V Electrolytic Capacitor

TUNSS500F28 1000 # F 50V Electrolytic Capacitor

: TUNS500F12 10 4 F Ceramic Capacitor

Ceramic Capacitor
Ceramic Capacitor
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