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3 Characteristics

The Design Verification Test based on the specification ,DRF960-24-1 Specification 260209 Rev5“.

3.1 Steady state data

3.1.1 Regulation

3.1.1.1 Line and load

Condition: Vout = 24V Ta=25°C
lout / Vin 180VAC 230VAC 277VAC Line regulation
0% 24,118 24,118 24,118 omvVv 0%
50% 24,098 24,098 24,099 imV 0,004%
100% 24,066 24,066 24,067 imV 0,004%
Load 52mV 52mV 51mV
regulation 0,22% 0,22% 0,22%
Condition: Vout = 28V Ta=25°C
lout / Vin 180VAC 230VAC 277VAC Line regulation
0% 28,062 28,062 28,063 imV 0,004%
50% 28,049 28,049 28,050 imV 0,004%
100% 28,032 28,032 28,033 imV 0,004%
Load 30mV 30mV 30mV
regulation 0,11% 0,11% 0,11%
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3.1.1.2 Temperature drift

Condition: Vout =24V  lout = 30A Ta =-25°C....+70°C

The measurement was done with a cold start at -25°C. Then the ambient temperature was
increased up to +70°C.

Vout[V]=f(Tamb.), lout=const.

24,2400

24,2200

24,2000
24,1800

24,1600 \
24,1400 \

24,1200 \

24,1000 \\\_

Vout[V]

24,0800

24,0600
-30,00 -20,00 -10,00 0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00

Tamb.[°C]

Vout
-25°C 24,2173V
+70°C 24,0848V
AVout 0,1325V
Temperature Coefficient 0,0058%/K

The measured temperature drift is lower as the specified value of 0,02%/K.

Result: Pass
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3.1.1.3 Start up voltage and Drop out voltage

Condition: Vout = 24V lout = 40A Ta =25°C
Line Input With isolation | With an AC
transformer Source
Start up voltage ( Vin) 174,5VAC 172,2VAC
Drop out voltage ( Vin) 156,2VAC 156,7VAC
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3.1.2 Efficiency vs. Output current

Condition: Vout = 24V Ta=25°C
lout / Vin 180VAC 230VAC 240VAC 277VAC lout [A]
5% 85,74 85,86 85,98 85,86 2,00
10% 91,16 91,37 91,42 91,46 4,00
20% 93,99 94,18 94,31 94,36 8,00
30% 94,89 95,26 95,31 95,46 12,00
40% 95,28 95,67 95,74 95,91 16,00
50% 95,47 95,85 95,94 96,18 20,00
60% 95,54 95,95 96,04 96,26 24,00
70% 95,53 95,94 96,04 96,23 28,00
80% 95,44 95,88 95,97 96,18 32,00
90% 95,30 95,78 95,88 96,10 36,00
100% 95,12 95,66 95,74 95,93 40,00
Efficiency @ Vout = 24V
97,00
96,00 — — —
95,00
94,00
93,00
X 92,00
> == 180VAC
£ 91,00
g == 230VAC
&£ 90,00
w 240VAC
89,00 == 277VAC
88,00
87,00
86,00
]
85,00 T T T T T 1
0% 20% 40% 60% 80% 100% 120%
Output Current
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Condition: Vout = 28V Ta=25°C
lout / Vin 180VAC 230VAC 240VAC 277VAC lout [A]
5% 83,13 83,25 83,23 82,34 1,71
10% 89,34 89,57 89,57 89,20 3,43
20% 93,15 93,35 93,45 93,29 6,86
30% 94,48 94,86 94,90 95,01 10,29
40% 95,08 95,48 95,54 95,68 13,71
50% 95,38 95,78 95,85 96,02 17,14
60% 95,48 95,91 95,99 96,21 20,57
70% 95,50 95,96 96,03 96,25 24,00
80% 95,43 95,90 95,95 96,21 27,43
90% 95,29 95,80 95,88 96,08 30,86
100% 95,12 95,68 95,76 96,00 34,29
Efficiency @ Vout = 28V
97,00
- /g—i‘——‘—‘#—‘:‘ —
95,00 ﬁ/‘—*—‘*’\
94,00
93,00
92,00 /
X 91,00
> / —4—180VAC
£ 90,00
g !l —8—230VAC
& 89,00 | 240VAC
88,00 277VAC
87,00
86,00
85,00
84,00 +—
83,00 ’ T T T T T 1
0% 20% 40% 60% 80% 100% 120%
Output Current
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3.1.3 Input current vs. Output current

Condition: Vout = 24V Ta=25°C
lout/Vin | 180VAC | 230VAC | 240VAC | 277VAC lout [A]
0% 0,240 0,300 0,313 0,356 0,000
5% 0,445 0,459 0,465 0,473 2,000
10% 0,688 0,618 0,612 0,612 4,000
20% 1,206 0,998 0,972 0,916 8,000
30% 1,748 1,409 1,361 1,235 12,000
40% 2,294 1,830 1,760 1,574 16,000
50% 2,860 2,260 2,175 1,928 20,000
60% 3,410 2,695 2,580 2,263 24,000
70% 3,970 3,120 2,990 2,622 28,000
80% 4,520 3,570 3,420 2,986 32,000
90% 5,110 3,990 3,840 3,351 36,000
100% 5,680 4,440 4,260 3,718 40,000
Input Current @ Vout = 24V
6,000
5,000 /
4,000
<
E: —4—180VAC
5 3,000
S =i 230VAC
§ 240VAC
2,000 === 277VAC
1,000 -
R
0,000 T T T T T 1
0% 20% 40% 60% 80% 100% 120%
Output Current
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Condition: Vout = 28V Ta=25°C
lout/Vin | 180VAC | 230VAC | 240VAC | 277VAC | lout[A]
0% 0,240 0,300 0,310 0,356 0,00
5% 0,455 0,466 0,470 0,478 1,71
10% 0,697 0,626 0,622 0,618 3,43
20% 1,220 1,000 0,980 0,912 6,86
30% 1,760 1,410 1,365 1,230 10,29
40% 2,300 1,840 1,770 1,567 13,71
50% 2,850 2,255 2,170 1,910 17,14
60% 3,410 2,690 2,580 2,261 20,57
70% 3,970 3,120 2,990 2,617 24,00
80% 4,520 3,560 3,410 2,981 27,43
90% 5,090 3,990 3,830 3,345 30,86
100% 5,650 4,430 4,250 3,710 34,29
Input Current @ Vout = 28V
6,000
5,000 /
4,000
z
o —4—180VAC
S 3,000
b —#—230VAC
2 / 240VAC
2,000 ] === 277VAC
1,000

0,000

0%

20%

40%

60%

80%

Output Current

100%

120%
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3.1.4 Input power vs. Output current

Condition: Vout = 24V Ta=25°C
lout / Vin 180VAC 230VAC 240VAC 277VAC lout [A]
0% 1,88 1,76 1,83 1,77 0,00
5% 56,51 56,49 56,44 56,24 2,00
10% 106,14 105,92 105,90 105,64 4,00
20% 205,48 205,09 204,85 204,60 8,00
30% 305,05 303,88 303,75 303,20 12,00
40% 405,27 403,12 403,05 402,20 16,00
50% 505,40 503,20 502,90 501,20 20,00
60% 605,70 603,00 602,50 600,80 24,00
70% 706,20 703,00 702,40 700,90 28,00
80% 807,60 803,60 803,00 801,20 32,00
90% 909,50 904,50 903,90 901,70 36,00
100% 1011,80 1006,00 1005,20 1003,30 40,00
Input Power @ Vout = 24V
1200,00
1000,00
800,00
2
] =4—180VAC
2 600,00
e == 230VAC
é‘ 240VAC
400,00 277VAC
200,00
0,00 N T T T T 1
0% 20% 40% 60% 80% 100% 120%
Output Current
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Condition: Vout = 28V Ta=25°C
lout / Vin 180VAC 230VAC 240VAC 277VAC lout [A]
0% 1,92 1,82 2,11 2,33 0,00
5% 58,93 58,87 58,95 58,45 1,71
10% 108,95 108,64 108,60 108,15 3,43
20% 207,70 207,26 207,10 206,57 6,86
30% 306,50 305,30 305,15 304,10 10,29
40% 405,48 403,70 403,50 402,30 13,71
50% 504,70 502,70 502,30 501,00 17,14
60% 604,70 602,00 601,60 599,90 20,57
70% 705,00 701,80 701,20 699,40 24,00
80% 806,00 802,10 801,60 799,50 27,43
90% 907,70 902,80 901,90 900,50 30,86
100% 1009,60 1004,00 1003,20 1001,10 34,29
Input Power @ Vout = 28V
1200,00
1000,00
800,00
2
@ —4—180VAC
2 600,00
e == 230VAC
é‘ 240VAC
400,00 =>=277VAC
200,00
0,00 T T T T 1
0% 20% 40% 60% 80% 100% 120%
Output Current
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3.1.5 Input power at no load and stand-by mode ( Control OFF)

Condition: Vout = 24V

Ta=25°C

Vin Input power [W] @ 24V
[VAC] lout: 0% | Control OFF
180 1,88 0,54
230 1,76 0,70
240 1,83 0,77
277 1,77 0,75
Condition: Vout = 28V Ta =25°C

Vin Input power [W] @ 28V

[VAC] lout: 0% | Control OFF

180 1,92 0,54

230 1,82 0,70

240 2,11 0,77

277 2,33 0,75
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3.2 Over current protection (OCP) characteristics

Measurement condition: Vin=230Vac, Ta=25°C

Description of the overcurrent characteristics: The unit works with two different current protection
circuits.

1. At output currents >105% the unit will shutdown after a time = 4 seconds ( manual reset or
re-power on required).

2. At output currents >150% the unit goes into constant current limitation. This function works
for a time of minimum 4 seconds with auto recovery. After a time = 4 seconds the circuit will
shutdown the output (manual reset or re-power on required).

ey : Y ‘ Picture 1. Over current
characteristics
N T 1 |@24vdc
Load >150%, 4,4sec
1 Constant current — auto recovery
: 1 : ' ' | Channel 1: Vou
_ _ _ . 1 |Channel 4: lout
D
_ : : | : : : Result: pass
& sov v 20,0 & By }[LOOS }gbikggisnts ‘1?0\\/ : 21 Mar 2016
L Yalue Mean Min Max Std Dew ] 12:54.08
_Max 656 A B5.6 65.6 B5.6 0.00
Tojchreny 1 : L Picture 2. Over current
: I : : : 1 | characteristics
. T . . . i @ 24VdC
R Load >150%, > 5sec
l Constant current — latch off
| x| = 1 |channel1: Vou
Channel 4: lout
LS
Result: pass
& o0y W ] }[mos” T10.0k575 o - : ]
2000 & By 100k points 17.0Y 21 Mar 2016
Yalue Mean Min Max Std Dev 1215501
Max 656 A 42,0 14.4 B5.6 20,1 ]
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Telg Prevu

Picture 3. Over current
characteristics

@ 24Vdc

Load >105% (=46A), > 5sec
Constant current — latch off

Channel 1: Vout
Channel 4: oy

[1]
Result: pass
& ooy & }[mm 10.0kS /5 o . : ;
20,0 & By 100k point 17.0Y 21 Mar 2016
Yalue Mean Min Max = Std Dew 13:02air05
_Max 42.0 A 43.0 43.0 48.0 0.00 ]
Tepbey L1 — - Picture 4. Over current
! characteristics
@ 28Vvdc
: Load >150%, 4,4sec
: Constant current — auto recovery
: Channel 1: Vou
: Channel 4: lout
I
Result: pass
. . .0ks/! A H
@ sy ) 20,0 4 By }[1 o 130[1 ;S)oisnts ‘1?0\/ 21 Mar 2016
Yalue Mean Min Max Std Dey 13:14:38
7Max 56.8 A 44,4 1.60 56.8 17.3 ]
Tewcbi L — — —— Picture 5. Over current
' characteristics
@ 28Vvdc
Load >150%, > 5sec
Constant current — latch off
Channel 1: Vout
_ 1 Channel 4: lou
B T
: -] |Result: pass
& o0V v o }[100@ T10.0k575 N } ; ]
4 2000 & By 100k points 17.0Y 21 Mar 2016
L Yalue Mean Min Max Std Dew ] 13115#45
_Max S6.8 4 42.0 1.60 568 19.6
Topchrery 1 : 4 L Picture 6. Over current
characteristics
@ 28Vdc
Load >105% (=37A), > 5sec
Constant current — latch off
Channel 1: Vout
Channel 4: oy
B
Result: pass
@ cov v & 0o0s &y }[LODS }gbikggisnts ‘1?0\\/ - 21 Mar 2.016
Yalue Mean Min Max Std Dev 13:20:30
€D Max 392 4 32.2 1.60 40.0 14.4 ]
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Picture 7. Over current
characteristics

@ 24Vdc

Load= short circuit, = 2sec

Channel 4: lout

: : Result: pass
4
400ms” : 1.25MS/s o ra :
2508 O j[ 5M Pkte. 3054 ]
wert Mittelw. Min Max Std.abw. . -
: . 12 8ep 2016
o BoA 20 70 260 009 053031
_High 1104 110 110 110 0.00
TefeFrey — At Picture 8. Same measurement
, as picture above
|
4 ‘ @ 24Vdc
Zoorr_lfa_ktor: 408 _-Z_(-uompo_sitioni ~890ms _ - . Load: Short Circuit, = Zsec
L N - | O s em: [5) TErmE
: : - : O -885.3ms (B 66504 |2
@ : T ‘ A5300ms  A43504 ’>
; : = AL/t —3.203kA/s | ] Channel 4: loyt
: f' ' ' G Max. short circuit current = 110A
a - ! : : ; '
i : -~ (T10.0ms T1.25Ms7s o : ] Result: pass
2508 QN j[ 5M Pkte. 30.5 4 ] : ]
Wert Mittelw, Min Max Std.abw. H '
: ) 12 Sep 2016
a8 B o 0 0 v 053111
€D High 69.0 & 69.0 69.0 £69.0 0.00
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3.3 Over voltage protection (OVP) characteristics

The setting for the OVP trip point is 32,7V. With tolerances the OVP range is 31,8V.....33,7V.

Measurement condition; Vin=230Vac, Ta=25°C

T —— L Picture 9. Over voltage
R O S U characteristics
- : 1 : : : | | @ 24vdc

: : . _ : : : Load 0%
: : I : : ; o latch off characteristics

Channel 1: Vout

Result: pass

[1.00 100kS/ 7
(BT 2o W1 Pice .227\/ 20 Tan 2017
wert Mittelw, Min Max Std.abw. ] 14:11:55
_oMax 329V 30.4 24.5 331 3.79
Torn 1 : AL Picture 10. Over voltage
characteristics
: @ 28Vdc
N Load 0%
' latch off characteristics
Channel 1: Vou
Result: pass
; ;100 100kS/ 7 ;
.’ﬁ 500V R i ) 1MPkteS. ‘3?.2\/ 20 Tan 2017
Wert Mittelw. Min Max Std.abw. ] 18:10:03
oMax 331 29.8 24.5 331 4,07

3.4 Over Temperature Protection (OTP)

Measurement of the OTP trip point.

In the case of an OTP shut down the unit required a manual reset or re-power on.

Shut Down at Tamb
Vout lout Pout Tamb.
24V 40A 960W 57°C
24V 30A 720W 75°C
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 17
Date: 17.05.2017




3.5 Output rise characteristics

Measurement condition: Ta=25°C

Toleston = Picture 11. Output rise
characteristics
@ 180Vac, 24Vvdc / 0% load
: Channel 3: Vout
A || Channel 4: lou
4' » Result: pass
500V B . 6 10.0 & Bw. ][mﬂms” . 100kS/s G—) 7 ][ 14 Mar 2.016}
10k points 6,10V 13:56:35
TopcSton == ‘ Picture 12. Output rise
S characteristics
r @ 180Vac, 24Vdc / 100% load
' Channel 3: Vout
| Channel 4: lout
I B ¢ |Result: pass
4q
SO0 By : 10,0 & Bw. j[lU‘Dms” : 100kS/s G—) I ][ 14 Mar 2.016}
10k points 6,10V 13:58:47
Tepestor L1 s Picture 13. Output rise
characteristics
@ 180Vac, 24Vdc / 100% load
/ and 69000uF
: Channel 3: Vout
< | Channel 4: lout
Result: pass
=0 S .
SO0y By : : j[EU‘Dms : 50.0k5/s G—) 7 ][ 14 Mar ZUIGJ
10k points 10.6Y 16:29:28
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 18
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Tofesten ——— ‘ Picture 14. Output rise
characteristics
@ 230Vac, 24Vvdc / 0% load
Channel 3: Vout
; Channel 4: lou
S ¢ |Result: pass
4 ,
500V B . 6 100 & Bw. ][wﬂms” . 100k s 6/ ][ 14 Mar 2.016}
10k points 6.10V 14:04.46
Topestor L ‘ - Picture 15. Output rise
S characteristics
/,~_— @ 230Vac, 24Vdc / 100% load
1 |Channel 3: Vout
1| Channel 4: loyt
+
Result: pass
SO0y By : 10,0 & B\f j[lU‘Dms : 100kS/s 6/ ][ 14 Mar 2016}
10k points 6.10Y 14:59:37
Topester L1 ‘ - Picture 16. Output rise
characteristics
: @ 230Vac, 24Vdc / 100% load
/ and 69000uF
T || Channel 3: Vou
< | Channel 4: lout
Result: pass
Ty : j[ZO‘Oms R G_) S ][ 14 Mar ZOIGJ
10k points 10.6Y 16:29:48
o - : e Picture 17. Output rise
characteristics
@ 277Vac, 24Vdc / 0% load
Channel 3: Vout
Channel 4: lout
9 |Result: pass
10.0ms 1.00MS/s 6 ra
500V W @ 1004 QN ][ 100k points 7.20Y ] : ;
\)ﬂa\uem MeanH . Osﬂ:v;in Max Std Dev . = 2.016
g?:zuency Zgi:ng\; :E\igging gos/neg [ 15:24:53 }
Peak—Peak 2364 1.53 300m 24.8 4.00
Author: FJ Méers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 19
Date: 17.05.2017




TelcRun

Picture 18. Output rise
characteristics

@ 277Vac, 24Vdc / 100% load

Channel 3: Vout

Channel 4: oy

Result: pass

Fl
10.0ms 1.00MS/s
500V 004 9% ) 100k points
Yalue Mean Min Max . _
@ RS +109mY A Clipping pos/neg 17 May 2016
@ Frequency 15.40kHz A Clipping pos/neg 15:25:26
Peak—Peak 246 2.25 300m 24.3
Tek Run I

Picture 19. Output rise
characteristics

@ 277Vac, 24Vdc / 100% load
and 69000uF

A - - [20.0ms S00kS/s

soov ) 100k points
Value Mean Min Max

[ 1 Xt >105mY A Clipping pos/neg

@ Frequency 3755 H A Clipping pos/neg

Peak—Peak 246 24.6 246 24.6

17 May 2016
15:26:33

Channel 3: Vout
Channel 4: lout

Result: pass

3.6 Output fall characteristics
Measurement condition: Vin=230Vac, Ta=25°C

Tek Run

[ Trig?

Picture 20. Output fall
characteristics
@ 230Vac, 24Vvdc / 100% load

Channel 3: Vout

Channel 4: |in

Result: pass

5,00 V

18 Mar 2016

Bw. ][ZO‘Oms” . 5.00MS/s }
1M points 15:10:37
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 20
Date: 17.05.2017




Telg Prevu

500V

€ 10s b ][20‘03

SO0 S/
100k points

® 13 Mar 2016
20,1

15:17:19

Picture 21. Output fall
characteristics
@ 230Vac, 24Vvdc / 0% load

Channel 3: Vout
Channel 4: |in

Result: pass

3.7 Output rise, fall characteristics with ON/OFF Control

Measurement condition: Vin=230Vac, Ta=25°C

TopsFrety — — g Picture 22. Output rise
characteristics with ON/OFF
4 |control
@ 230Vac, 24Vdc / 100% load
: B Channel 1: ON/OFF control signal
B! T f Channel 2: DC_ok signal
L — Channel 3: Vou
_ R Channel 4: lou
. I
: : : 1 : : : ] Result: pass
ooy oa a Ju ook pous__ vyl
. - . points . 21 Mar 2016
Value Mean Min WMax Std Dev ]
_ﬂMax 3.83Y 3.88 3.88 3.88 0.00 ‘
Toprevy | ‘ : i Picture 23. Output fall
characteristics with ON/OFF
J |control
1 | @ 230Vac, 24vdc / 100% load
3 |
0 . Channel 1: ON/OFF control signal
N S T T T T T TP TR TR TR (v (TR AT S| Channel 2- DC_Ok Slgnal
| : : f Channel 3: Vou
P T T T | Channel 4: lout
- _ : }{ _ — a1 i |Result: pass
S.00Y By 40.0ms 250kS/s H i
10.0Y € oo By 100k points 14.0¥ ar
Value Mean Min Max - Std Dew %ZTIIOEMG
E'Max 3.80Y 3.90 3.90 3.90 0.00 ]
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 21
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3.8 Start up time

i ; o

w00y D j[zooms

Toferers — Picture 24. Start up time
@ 180Vac, 24Vdc / 0% load
B' Channel 3: Vou
: i Channel 4: |y
e Result: pass
10.0v . © -o- Bw. ][200ms”
Tek Prevu i [

Picture 25. Start up time
@ 230Vac, 24Vdc / 0% load

Channel 3: Vout
Channel 4: i,

Result: pass

Telkbn [ -

W00y By 5.00 & & j[zotJms

Picture 26. Start up time
@ 277Vac, 24Vdc / 0% load

Channel 3: Vout
Channel 4: |in

Result: pass

Author: FJ Moers
Revision: 4.1
Date: 17.05.2017

Page: 22
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Te]

Run

4

i

2.50MS/s 18 Mar 2016

Picture 27. Start up time
@ 180Vac, 24Vvdc / 100% load

Channel 3: Vout
Channel 4: i,

Result: pass

- ][EUUWS 5M points €14’6</ ][ 15:27:33 }
Tetetun -‘ AL Picture 28. Start up time
@ 230Vac, 24Vdc / 100% load
d
I Channel 4: |y
l Result: pass
10,0 : .00 & B\f j[zooms : 2.50MS/s G—) 7 ][ 18 Mar 2016}
5M points 14.6Y 15:29:20
Tek Run [ 1 [ Trig? - -
a — ~— 1 |Picture 29. Start up time
R e ———— | @ 277Vac, 24Vdc / 100% load
<
o) [T~ .1 | Channel 3: Vout
| il il |cnannet 4: o
o) Result: pass
00V B : 5.00 & Bw= j[zooms : 2.50M5/5 G_) 7 ][ 22 Mar ZOIGJ
5M points 14.2y 16:45:38
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 23
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3.9 Hold up time characteristics

Hold up time: >10ms ( specified )

The time is measured between the turn off of the input voltage and the point when the output voltage
is dropped to 95%.

Measurement condition; Vin=230Vac, Ta=25°C

o 5 1 Picture 30. Hold up time
' Pooob | @ o a0y }‘ @ 24vdc / 100% load
i O -200.0p 20y |7
oy AZ7.80ms Aldooy

dv/dt =-50.36 V/5

Channel 3: Vout
Channel 4: lout

Vour=24V

5 . -~ [10.0ms 10.0M3/s [
SO0y By 200 4 5 ) 1M Pkte, 228V

wert Mittelw. Min Max Std.abw.
D Max 8804 #.20 8.00 .80 400m . .
Min —8.80 4 -3.60 -%.80 —-8.00 400m 1Feb 2017 .
&) Max 246 26.3 246 28.6 2.02 13:16:51 ReSUIt pass

Voutholdup=VouX95%=22,8V

&) Min =200mY 6.30 =-200m 25.8 13.0
e —— ——— Picture 31. Hold up time
: ""\ @ -Zzoms 300V ’* @ 28Vvdc / 100% load
: O -500.0u 26604 |7
£21.50ms 21400
) o dv/dt -65.12 /s
\ : : 1 |Channel 3: Vout
Channel 4: lout
S O PE Vou=28V
: 5 5 [wﬂms” aomers 9 . ] o : vV =V 95%=26.6V
500 By 20,0 & 5 ) 1M Pkte. 26.6 W outholdup— outX 0— y
o wert Mittelw. Min Max Std.abw. : ;
ED Max 8.00 4 .00 8.00 .00 0.00
ED Min -8, -3, -, -4, . 1Feb 2017 .
i mev.  ws e s 26 zwas || Result: pass
&) Min =200mY =200m =-200m —=200m 0.00
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 24
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3.10 Peak power characteristics
Measurement condition: Ta=25°C

Peak power 150% of rated power for 4 seconds, max. duty cycle <=0,35, Pout_max_ms=960W

Topefre ; ‘ ‘ Picture 32. Peak power
. | characteristics
1 | @ 180Vac, 24Vdc
Load: 80%/8sec. to 150%/4,4sec
Channel 1: Vou
Channel 4: lout
S N [zm;' T ]: Result: pass
SO0y By 10,0 A 5 ) 100k points 7.20¥
Yalue Mean Max Std Dew —
RMS >117my Clipping pos/ne: E)
3 Frequency 2.713kHz :E\igging Eos/neg 16:22?’46
| Peak—Peak 1.00Y 915m 200m 1.00 99.6m
Topcfrevy L -‘ - - Picture 33. Peak power
characteristics
@ 230Vac, 24Vdc
Load: 80%/8sec. to 150%/4,4sec
I |
Channel 1: Vou
Channel 4: lout
PSR T P [ms-- B ] .1 |Result: pass
.00 By 10.0 & By j 100k points 720 X i
Yalue Mean Max Std Dew B —
»116m lipping pos/ne a:
8 E:guency F;Elfs F\Iﬂz :E\i;’iging :ios/neg 16:23?’40
| Peak—Peak 120 1.05 200m 1.20 160m
Tofrevy L — — - Picture 34. Peak power
characteristics
@ 277Vac, 24Vdc
Load: 80%/8sec. to 150%/4,4sec
Channel 1: Vout
Channel 4: loy
o/ : — E ] : | |Result: pass
5,00 By 10,0 4 100k points 720y X ]
Value Mean Max Std Dev H — 2.016
>116m lipping pos/ne kS
8 E!zuency 71E13.68 F\I/z :E\iﬁging ;ﬁos/neg 15124?’42
Peak—Peak 1.00Y 471m G00m 1.20 114m
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 25
Date: 17.05.2017




Telg Prevu

Picture 35. Peak power
characteristics
@ 180Vac, 28Vvdc

Load: 80%/8sec. to 150%/4,4sec

Channel 1: Vout
Channel 4: oy

Result: pass

2005 5.00kS/s ]
5.00Y By [4 I By 1[ 100k points : .
alue ean in ax 17 May 2016
High \5/2‘.0A 212.0 242‘0 212.0 ] 16:27?’21
_Low 28.8 A 28.8 28.8 28.8
Topefrevy L, — - e Picture 36. Peak power
characteristics
@ 230Vac, 28Vvdc
Load: 80%/8sec. to 150%/4,4sec
Channel 1: Vou
Channel 4: lout
o : : _ o . Result: pass
2.00s 5.00kS/s ]
5.00Y By 10.0 & By 1[ 100k points ;
alue ean in ax 17 May 2016
High \5/2‘.0 il TEJ.U 246‘0 I;|3.2 ] 16:28¥20
7Low 28.8 A 28.9 276 34.4
Topcfrewy L — - s Picture 37. Peak power
characteristics
@ 277Vac, 28Vdc
Load: 80%/8sec. to 150%/4,4sec

.

500k /s

Channel 1: Vout
Channel 4: lout

Result: pass

: TV & : 0.0 A Bw: 1[2‘003 100k points ]
alue Ean in ax 17 May 2016
High ;2.0#\ ?1.7 ;196 ?3.2 ] 16:29?’04
€ Low 2884 28.8 276 344
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 26
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3.11 Dynamic load response characteristics

Measurement condition: Vin=230Vac, Ta=25°C, di/dt=1A/us

T et Picture 38. Transient response

@ 24Vvdc

B

Channel 1: Vout
Channel 4: lout

Result: pass

@ coomv o v 2.00ms 5.00MS/5 o 7
20048 @ 100k Pkte. 2084 S

wert Mittelw. Min Max Std.abw. . ;
[ 1 JUEH 280mY 226m 20.0m 680m 158m i
& Hin —-280mY —238m -3.56 —40.0m 229m 20 Jan 2017
Max 3244 22.7 2.00 42.8 1.6 18:30:47
Min 760 A 2.46 —6.00 5.8 4.28

1 I

Tek Stop [ i | —

Picture 39. Transient response
@ 24Vdc
load step 50% -> 100% 100Hz

Channel 1: Vout

L—-&~h Channel 4: lout
Result: pass

B : o

& Soomv o b 2.00ms 5.00MS/5 o : ;

2004 9 100k Pkte. 2084
wert Mittelw. Min Max Std.abw. . ;

& Max 280mY 246m 20.0m B40m 123m . -

& Hin -230mY -291m -3.56 ~40.0m 169m 20 Jan 2017

€D Max 4204 30.9 2.00 423 14.7 18:31:06
| [ @BHin 12.0 & 9.37 -6.00 38.8 9.65
Tek Stop [ i — 1 \

Picture 40. Transient response
@ 24Vdc
load step 10% -> 90% 100Hz

Channel 1: Vout
Channel 4: lout

Result: pass

& Soumy M }[E‘ODms 5.00MS/s o / ]3

2004 9

wert Mittelw. Min Max Std.abw.
& ax 420mYy 338m 20.0m 520m 116m . -
& vin —6E0mY —444m -3.56 —40.0m 187m 20 Jan 2017
Max 3384 35.4 2.00 42.3 10.5 18:32:03

€D Min 1.20 4 5.06 -6.00 38.8 7.45

100k Pkte. 20.8 A

Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 27
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Tek Stop i | —

5.00MS/s

© -

Picture 41. Transient response
@ 24Vdc
load step 0% -> 100% 100Hz

Channel 1: Vout
Channel 4: lout

Result: pass

& 100V N 2.00ms :
20048 @ 100k Pkte. 20,8 A
wert Mittelw. Min Max Std.abw.
& ax SE0mY S55m 520m SE0m 13.0m . -
& vin -l1.68Y -1.68 -1.80 -1.52 94.5m 20 Jan 2017
€D Max 43,6 4 425 2.00 436 2.40 1813255
€D Min -2.00 4 1.63 -6.00 38.8 11.3
Tekstop, I — = ] L

Picture 42. Transient response
@ 24Vdc
load step 25% -> 75% 1kHz

Channel 1: Vout
Channel 4: lout

Result: pass

@ coomy e 400ps 25.0MS/s e 7 - -

20048 @ 100k Pkte. 22.8 4 S

wert Mittelw. Min Max Std.abw.
& Max 280mY 232m 260m 300m 15.6m i
@D vin —260mY —308m —340m —260m 22.4m 20 Tan 2017
Max 3404 332 33z 34.0 194m 18:33:59
€D Min J.E0 A 7.60 7.60 7.60 0.00
1 ]

Tekstoo [ ==

Picture 43. Transient response
@ 24Vdc
load step 50% -> 100% 1kHz

Channel 1: Vout
Channel 4: lout

Result: pass

b : =
[ B 200ps 25.0MS/5 © 7
2004 @ 100k Pkte. 29.2 4 :
wert Mittelw. Min Max Std.abw. | .
[ 1 JUEH 320my 281m 20.0m 320m 58.8m .
& Min =360mY =311m —-360m =&0.0m 57.7m 20 Jan 2017
Max 42,8 4 e 3.2 43.6 4.82 18:34:17
Min 17.2 4 13.0 7.60 8.8 7.43
1 |

Tek Stop [ i | —

|

25.0M5/5

o /

Picture 44. Transient response
@ 24Vdc
load step 10% -> 90% 1kHz

Channel 1: Vout
Channel 4: lout

Result: pass

& Soomv o b }[mous ] :
20048 @ 100k Pkte. 24.0 4

wert Mittelw. Min Max St abw, . ]
& Max 340my 293m 20.0m 340m 50.6m . .
& Min =360mY —329m —-380m =&0.0m 52.6m 20 Jan 2017
Max 3384 321 332 436 3.84 18:34:34
&3 Min 2.00 4 .61 1.20 8.8 8.1%8
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
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Te]

Stop

25.0MS/s

©

Picture 45. Transient response
@ 24Vdc
load step 0% -> 100% 1kHz

Channel 1: Vout
Channel 4: lout

Result: pass

.ﬂ 500mY Ak . }[400].13. ]
20048 @ 100k Pkte. 24.0 4
wert Mittelw. Min Max Std.abw.
& ax 420mYy 315m 20.0m 520m 163m . -
Mi —omy 474 168 —40,0 449 20 Tan 2017

M;ﬂx 43.6‘: 42.1m 332 44.4 " 2.3;” 18:3?5”122
_Min -2.00 4 9.58 -2.00 38.8 18.1
Topestor L, i ‘ - Picture 46. Transient response

S . @ 28vdc
[ : A : load step 25% -> 75% 100Hz

D |

Channel 1: Vout
Channel 4: lout

Result: pass

@ coomV v 2.00ms S.00MS/s [4 - E

2004 @ 100k Pkte. 24.04 S

wert Mittelw. Min Max Std.abw.
& Max 300mY 143m 60.0m 300m 112m i
& vin -340my —164m —-340m —60.0m 119m 20 Jan 2017
D Max 28,44 34.1 28.4 7.2 4.25 18:36:21
€D Min 6.80 4 235 6.00 33.2 12.9
kR [ | — ] [ Getriggert . .
o ——t ; AT Picture 47. Transient response
@ 28Vvdc
M load step 50% -> 100% 100Hz

Channel 1: Vout
Channel 4: lout

Result: pass

@ coomy o fuBe 2.00ms 5.00MS/s [4 30
20048 @ 100k Pkte. 24,04 :

wert Mittelw. Min Max Std.abw. | .
[ 1 JUEH 280mY 217m 60.0m 320m 107m i
& Min —=320mY —249m —-340m =&0.0m 113m 20 Jan 2017
Max 24 351 28.4 38.0 387 18:36:36
Min 15.6 4 15.2 5.00 332 10.4

Run | — ] | Getriggert

i

5.00MS/s

o /

Picture 48. Transient response
@ 28Vvdc
load step 10% ->90% 100Hz

Channel 1: Vout
Channel 4: lout

Result: pass

& Soomv o b :
20048 @ 100k Pkte. 24.0 4

wert Mittelw. Min Max Std.abw. . ;
& Max 360mY 275m 60.0m 400m 116m . .
& Min —440m —319m —480m =&0.0m 131m 20 Jan 2017
Max 3404 35.0 28.4 38.0 2.85 18:36:486
&3 Min 1.20 4 12.4 1.20 33.2 11.9
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
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TelcRun

[Getriggert

& 100V b

©

Picture 49. Transient response
@ 28Vdc
load step 0% -> 100% 100Hz

Channel 1: Vout
Channel 4: lout

Result: pass

2.00ms 5.00MS/s :
20048 @ 100k Pkte. 24.0 4
wert Mittelw. Min Max Std.abw.
& ax 520my 303m 20.0m 520m 195m . -
& vin -1.52V =777m -1.52 —120m 653m 20 Jan 2017
Max 3304 37.4 28.4 38.0 510m 18:37:47
Min -2.00 4 15.6 -2.00 33.2 17.6
Tek Run [ | — 1 | Getriggert

Picture 50. Transient response
@ 28Vvdc
load step 25% -> 75% 1kHz

Channel 1: Vout
Channel 4: lout

Result: pass

EM

& coomv 10045 25.0M5/s o 7 : ]

2004 @ 100k Pkte. 16.4 4 S
wert Mittelw. Min Max Std.abw.

& Max 260mYy 162m 20.0m 280m 114m .

& vin -320mV —193m —-320m —60.0m 121m 20 Jan 2017

D Max 29.24 331 28.4 8.8 4.26 18:51:30

Min 6.00 4 20.0 —-2.00 33.2 13.5

| Getriggert

| Tekfun T

Picture 51. Transient response
@ 28Vvdc
load step 50% -> 100% 1kHz

Channel 1: Vout
Channel 4: lout

Result: pass

[ B 200ps 25.0MS/5 © 7
2004 @ 100k Pkte. 23.24 :

wert Mittelw. Min Max Std.abw. | .
[ 1 JUEH 260mYy 222m 20.0m 280m 94.5m .
& Min =300mY —=253m —-320m =&0.0m 98.4m 20 Jan 2017
€D Max F.2a 4.3 28.4 8.8 3.94 18:51:42
Min 14.8 4 16.5 —-2.00 33.2 9.85

| — 1

Tek Run [

| Getriggert

& soomv

o /

Picture 52. Transient response
@ 28Vvdc
load step 10% -> 90% 1kHz

Channel 1: Vout
Channel 4: lout

Result: pass

400p5 25.0M5/5 :
20048 @ 100k Pkte. 23.2 4

wert Mittelw. Min Max Std.abw. . ;
& Max 340my 284m 20.0m J60m 49.49m . .
& Min —440m —338m —=440m =&0.0m 109m 20 Jan 2017
€D Max 3404 34.9 28.4 388 2.68 18:51:53
Min 1.20 4 9.16 —-2.00 33.2 10.2
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
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Te]

Run

[Getriggert

Picture 53. Transient response
@ 28Vdc
load step 0% -> 100% 1kHz

Channel 1: Vout

Channel 4: lout

Result: pass

25.0MS/s

& Soumy M }[400].13 o / ] :
20048 @ 100k Pkte. 23.2 4

wert Mittelw. Min Max Std.abw.
& ax 360mY 221m 20.0m 400m 136m . -
& vin -420mV —-318m —440m —40.0m 150m 20 Jan 2017
Max 3304 387 28.4 388 1.94 18:52:11
Min -2.00 4 8.95 -2.00 33.2 14.8
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
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3.12 Frequency Response Analysis

The Frequency Response of the DC/DC stage was measured with a frequency response analyser

from N4L ( Typ: PSM3750).

—Gain B} —Phase ) Phasemargin
. [Freauency fPhase 1 ]
F TR

R 105,00
"

- o0 i
z 50 o amsss s
= o0 000

1550 010

) 120,00

e 150,00

Measurement Conditions:  Vin: 410,00 V
Vour: 28,00

v 28
: 3430 A

Picture 54. Frequency
Response Analysis

@ Vin = 410Vdc (PFC operating)
Vout = 28Vdc

lout = 34,3A

Recommended:
gain margin: about 10dB
phase margin: < 45 degrees

Result: pass

__ e Picture 55. Frequency
Response Analysis
- - @ Vin = 410Vdc (PFC operating)
Vout = 24Vdc
" lout = 2A
i . Recommended:
- gain margin: about 10dB
phase margin: < 45 degrees
= = - Result: pass
e Picture 56. Frequency
’ - |Response Analysis
@ Vin = 410Vdc (PFC operating)
Vout = 24Vdc
lout = 40A
= s« | Recommended:

Gain )

& & & & o 5 H & E] 2

E E] E ] 2 2 2 2 =

EiEEE BB R EEERERERY

sEggEsEssEs "8 L
—

ot
1000 10000 1won,0 1000000 100000,00
Fraquent [Hi]

Measurement Conditions:  Vin: 410,00 V.

24,00V
lout: 40,00 &

gain margin: about 10dB
phase margin: < 45 degrees

Result: pass

Author: FJ Moers
Revision: 4.1
Date: 17.05.2017
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J———

Phasemargin

e (]
262,29 5096

Picture 57. Frequency

] : 350,00 ¥
Vout: 2800 v
lout: 34,30 &

Response Analysis

me @ Vin = 340vdc (DC power
- . supply, Hold Up simulation)
” o _— Vout = 24Vdc
L i or o |lout=40A

- =i EE

o " o = wl | Recommended:

" =5 3¢ | gain margin: about 10dB

=« we | phase margin: < 45 degrees

e Result: pass
e e =pmenl | Picture 58. Frequency

Response Analysis

- @ Vin = 340vdc (DC power
supply, Hold Up simulation)
- 2w oz Vout = 28Vdc
oL w2 lout = 34,3A
w e

o i2¢ 2 | Recommended:

e aws wx | gain margin: about 10dB

ﬂ s phase margin: < 45 degrees

Result: pass

Author:
Revision:
Date:

FJ Moers
4.1
17.05.2017

Page: 33
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3.13 Response to brown out characteristics

To check the stability of the outputs while various lengths of input interruptions are
applied.

Te!

Stop

Picture 59. Brown out
response
@ 240Vac / 24Vvdc / 100% load

Interruption time: 10ms
Channel 1: Vout

Channel 2: PG Signal
Channel 4: lin

B
Result: pass
& ooy & l[lU‘Dms 10.0MS /5 o . ]: ;
100 & By 1M points -12.2 A : ;
alue ean in ax ey 18 May 2016
{n Min \2/3‘.4 W 213.3 ;132 I;13.4 ?tl‘ér[; ] 08:25?’56
R ‘ ] Picture 60. Brown out
response
@ 240Vac / 24Vvdc / 100% load
Interruption time: 15ms
o

Channel 1: Vout
Channel 2: PG Signal
Channel 4: lin

& 00V & l[umms 10.0MS/5 o ]
1004 8 1M points -12.2 4 : :
i 18 May 2016
. S ]
e — —————————— | Picture 61. Brown out
& -31.10ms 24,00 ¥ response
OB -14.00ms 23.80 v
AL dome 4200 0mi } @ 240Vac / 24Vvdc / 100% load
v /dt —11.70 W/s

"

v

Interruption time: 16ms

Channel 1: Vout
Channel 2: PG Signal
Channel 4: lin

AR : Do Result: pass
& s00v & l[mnms 10.0M3/s [N ] :

1004 & 1M points -12.2 4 ;

alue Ban in ax ey 18 May 2016

& vin \2/3‘.4 y Ifls.s vsoom 243.4 i;ésn ] 0911128
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Te]

Stop

12l [b]
: T : 1€y -31.10ms
N Y . O -14.00ms
jd | 217, 10ms

dv/dt

2400 |
23.80Y
£200,0mY

-11.70 /s

Picture 62. Brown out
response
@ 240Vac / 24Vvdc / 100% load

Interruption time: 17ms
Channel 1: Vout

Channel 2: PG Signal
Channel 4: lin

Result: pass
& 00V & l[umms 10.0MS/5 o ]
W04 & 1M points -12.24 ]
{ Yalue Mean Min Max Std Dev ] 18 May 2016
D Hin 23,24 14,1 -600m 23.2 12,9 09:08:16
(O SST— [  E———

Picture 63. Brown out
response
@ 240Vac / 24Vdc / 100% load

Interruption time: 20ms
Channel 1: Vout

Channel 2: PG Signal
Channel 4: lin

. L Result: pass
& sV E l[umms 10.0M8 /45 o ]
10.0 & By 1M points -12.2 & H
Wal M Mi M Std D 18 May 2016
& vin 2;%&\/ 23?.33 21”‘76 23?.)(4 7;7m9“ ] U8:3§¥30
Terste——4 : ————————— | Picture 64. Brown out

Oy -31.00ms 2170V response
O (® -9.000ms 0.000 ¥

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, AZ200M 82170 + @ 240Vac / 24vVdc / 100% load

18 — . 5 )

Interruption time: 22ms

Channel 1: Vout
Channel 2: PG Signal
Channel 4: lin

i

“I.ll

R : _ S | | Result: pass
& sy & l[EU‘Dms 5.00MS/s o . ] : ;
10.0 & By 1M points —12.2 A H

val M i M Std D 18 May 2016

& Hin 2;?\/ ISE.ET *BHE]E]m 23?.)(4 1t1‘5 " ] 08:5?’26
TR —-——— | Picture 65. Brown out

0 ome nuy |response
i 1 a2400ms  A2050v [ @ 240Vac / 24Vdc / 100% load
'e_ - C] dv/dt —854.2%/s |

Interruption time: 24ms

v ANV Channel 1: Vout
S A V] | L Channel 2: PG Signal
0 ‘ Channel 4: lin
(1% _ .
Result: pass

& ooy 10.0MS /5 o . ] : ;

1M points -12.24 H ]
@ ir oot 200 20,0 oo ] 0oi004d
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Tek Stop

o0

-31.00ms € 24.00% |
-5.4900ms () 20.20Y
225 10ms AZEOY
dv/dt

-151.4 ¥/s | 1

i )
& so00v & 10.0ms 10.0MS/s o ]
1004 & 1M points —12.2 4 :
Yalue Mean Min Max
& Min 19.8Y 19.8 13.8 19.8

Picture 66. Brown out
response
@ 240Vac / 24Vvdc / 100% load

Interruption time: 25ms
Channel 1: Vout
Channel 2: PG Signal

Channel 4: lin

Result: pass

Std Dew 18 May 2016
0.00 09:03:13

—-31.10ms 24,00

—4.100ms 19.70 ¥

AZT.00ms A4.300Y |
dy/dt -158.3 V/s

Picture 67. Brown out
response
@ 240Vac / 24Vdc / 100% load

Interruption time: 27ms
Channel 1: Vout

Channel 2: PG Signal
Channel 4: lin

: Do Result: pass
& sV E l[umms 10.0M8 /45 o ]
0os & 1M points -12.2 4 ;
Val M Mi M Std D 18 May 2016
o i “soomv 560 “g0m 188 i ] 09:07 13
Tecsten B 6 ——————— |Picture 68. Brown out
| 06 -21.10ms 24.00 Y response
O -14.00ms 23,80V
| Aai}gms 131210560{:”/\/ + @ 200Vac / 24vdc / 100% load
18 -11. 5 )

Interruption time: 10ms

Channel 1: Vout
Channel 2: PG Signal
Channel 4: lin

£15.00ms ADODOY

di/dt 0.0004/s | 1

T
I : T | | Result: pass
& sy & l[lU‘Dms 10.0MS /5 o . ] : ;
1004 & 1M points -12.2 4 ;
val M Mi M StdD 18 May 2016
{n Min 34y 78 “e0m 794 tod ] 09:18:20
Tk —— ‘ — —————— |Picture 69. Brown out

- T : [1 -1550ms @ 24004 |

_8_ e | O —soo‘oTsS ® 2400y + response

@ 200Vac / 24Vdc / 100% load
Interruption time: 15ms
Channel 1: Vout

Channel 2: PG Signal
Channel 4: lin

g
‘ Result: pass

& ooy l[lU‘Dms 10.0MS /5 o . ] : ;

Wos & 1M points -12.24 ]

alue zan in ax ey 18 May 2016

{n Min \2/3‘.2 Y TS.? Eﬂsoom I513.4 ;tg?[n ] 09:20?’04
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Te]

Stop _ [

: e
PR ot

—-16.70ms 24.00% |1

—700.0ps 23.00Y

£06.00ms Aloooy [
dv/dt —-62.50 V/5

Picture 70. Brown out
response
@ 200Vac / 24Vvdc / 100% load

Interruption time: 16ms
Channel 1: Vout

Channel 2: PG Signal
Channel 4: lin

Result: pass

& 00V & l[umms 10.0MS/5 o ]

1004 & 1M paints ~12.2 4 ;

i 18 May 2016
Ty
Tepeoror L — 1 ‘ - Picture 71. Brown out
— T 08 iuy | |response
- B ms .
W arzoons - atdooy X @ 200Vac / 24vdc / 100% load
' b/ dt —-32,35 W/s

Interruption time: 17ms

Channel 1: Vout
Channel 2: PG Signal
Channel 4: lin

—30.60ms 24,00

—10.60ms 2220
AZ0.00ms Algooy [
dy/dt —90.00 W/s | 1

10.0MS/s

& sy & 10.0ms o . ] : ;
W04 & 1M paints -12.2 & ;
Value Mean Min Max Std Dev 18 May 2016
& Min 21.8Y 22.0 21.8 22.2 283m 09:32:08
Tek Stop [ [ 1 |

L R Result: pass
& sV & 10.0ms 10.0MS/s o ]
1004 & 1M points -12.24 ;
Yalue Mean Min Max Std Dew 18 May 2016
& vin 22.2Y 22.2 22.2 22.2 0.00 09:29:52
Tek Stop_ 1L I 1 L

Picture 72. Brown out
response
@ 200Vac / 24vdc / 100% load

Interruption time: 20ms
Channel 1: Vout
Channel 2: PG Signal
Channel 4: lin

Result: pass

-30.60ms € 24.00¥
-8.600ms () 21.50¥
£22.00ms A2E00Y

dy/dt —113.8 ¥/s

A
I

N4

Picture 73. Brown out
response
@ 200Vac / 24Vdc / 100% load

Interruption time: 22ms
Channel 1: Vout

Channel 2: PG Signal
Channel 4: lin

B
Result: pass

& ooy l[lU‘Dms 10.0MS /5 o . ] : ;

Wos & 1M points -12.24 ]

alue zan in ax ey 18 May 2016

{n Min \2/1‘.2 Y I511.7 241‘2 242.2 25%:1 ] 09:33):’53
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Te]

Stop

—30.60ms 24.00% |1
—7.600ms 21.00Y
£.23.00ms AZODOY

dv/dt -130.4 ¥/5

Picture 74. Brown out
response
@ 200Vac / 24Vvdc / 100% load

Interruption time: 23ms
Channel 1: Vout
Channel 2: PG Signal

Channel 4: lin

Result: pass

& o0y w 10,0ms 10.0M5/45 o ]
1004 & 1M points —12.2 4 ;
Yalue Mean Min Max Std Dev 18 May 2016
&P Hin 20.8 Y 21.5 20.8 22.2 522m 09:35:36
Tek Stop [ f T I s
- - T Picture 75. Brown out

O -30.40ms @) 24.00Y response
O -B.400ms () 2080V

|

A24.00ms
dv/dt

AZZ200W
-133.3 /s

k

@ 200Vac / 24vVdc / 100% load
Interruption time: 24ms
Channel 1: Vout

Channel 2: PG Signal
Channel 4: lin

L - : EEEREEE Result: pass
& sV E l[umms 10.0M8 /45 o ]

1004 & 1M points -12.2 4 ;

alue Ban in ax ey 18 May 2016

{ﬂ Min YG‘UUmV I147.1 vsoom I542.2 g.tgoD ] 09:37¥11
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3.14

Inrush current waveform

The input voltage was switched on at 90° phase lag to get the maximum inrush current.

ekt —=5 s Picture 76. Inrush current
O 1216m @ ils0s @ 180Vac, 24vdc / 100% load
O 1316ms @) -8.200 4
A1.000ms AZ000A |
dI/d —-20.00k4 /s ]
B : 1 | Channel 4: I,
A o lin-max. = 11,8A
Specified: <20A @ 240Vac
Result: pass
: i 1:[4‘00m3. VSR o ] :
10,0 & By 5M points 9.60 & H
Min o oa " M a0 ] o0
D Max 16.4 4 16.4 16.4 16.4 0.00
Tolstes, —= " Picture 77. Inrush current
U 1216m @ 10004 @ 240Vac, 24Vvdc / 100% load
O 13.16ms () -8.200 4
A1.000ms A222004
dI/d —22.20kkA s ]
: “ | Channel 4: I,

lin-max. = 14A

N

Specified: <20A @ 240Vac

Result: pass

4

: i 1:[4‘00m3” VSR o ] : :
Wor & SM points 9.60 & : :
wal I 141 M Std D 18 May 2016
Min Toaa o Y o4 000 ] 11:00:37
@ i 20,0 4 200 200 200 000
ToleSten s " Picture 78. Inrush current
0 1215ms @ 16404 @ 277Vac, 24Vdc / 100% load
O 13.16ms () -2.200 A
: : AL000ms  AZ4604 |
: : dL/de 24.60kA/s ) -
S L e o rh . . - Channel 4: |,
@ [\ %

lin-max. = 16,4A

Specified: <20A @ 240Vac

Result: pass

: : 1:[4‘00m3 125M575 o ] : ]
10.0 & By SM points 9.60 4 : ;

alue zan in ax ey 18 May 2016
Min Y1‘20 A Irlu‘z E412.0 Irlmﬂ itfan ] 11:13?’44
€D Max 2244 212 200 224 1.70
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3.15

Input current waveform

1 _ [Trig'd

Tel Run L

Picture 79. Input current
waveform
@ 180Vac, 24Vvdc / 100% load

Channel 3: Vin

Channel 4: |in

Result: pass

- . .~ (4.00ms 25.0M5/5 7 ] : ;
100y By 5.00 & By 1M points &.00Y H ]
Value Mean Min Max Std Dew 17 May 2016
RM3 575 A 5.75 5.75 5.75 249 16:38:33
RM3 181 181 181 181 18.5m
| Tek Run L [ 1 [Trig’d

Picture 80. Input current
waveform
@ 230Vac, 24Vdc / 100% load

Channel 3: Vin

Channel 4: |in

Result: pass

25.0M5/5

[ T
Wiy % @ 5004 & 1M points 8.00 v ;
Yalue Mean Min Max Std Dew 17 May 2016
RMS 4.47 4 4.47 4.47 4.47 645 16:38:56
RM3 231 ¥ 231 231 231 43.7m

l_ [iigd

Picture 81. Input current
waveform
@ 277Vac, 24Vdc / 100% load

Channel 3: Vin

Channel 4: i

Result: pass

N [4.00ms

25.0MS/s

. 100y : 500 A 1 1M points LE)ﬂ.?m\v ;
i |
weoowow e o ] il
[ 4 L 3.76 A 4.35 3.76 4.50 311m
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
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3.16 Input current harmonics

Input current harmonics according to EN6100-3-2 — Class A

Testreport:

55 A

 rer—

|

Current [A]
o
2
=]

0,010

0,001

Pachic Pawes Source 118-ACX, caral numbor 0215, Tekronix MOO334. wersion u1. 18, sorial umiber CO2065T

Input Harmonics

|
il

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40

n - Harmonic

| Test Result: 0K

04.01.2017 Fam
Date Sign

THE-F
AMS

Overal

Fracuancy (moasured)

116%
5200717 A
s

49.997248 Hz

Picture 82. Input Current
Harmonics

@ 200Vac, 50Hz, 24Vvdc / 100%
load

Result: pass

Testreport: Input Current Harmonics. According to:  ENG1000-3-2 - Class A

un [T Lambets DAF 960.24-1 At 1 I Josv = aoa  auciacison ]
[P isno. 1105 4370081  E— JFan |
oo oo 201 Test Ecuipment.__|Paciic Power Scurce 118.ACK.sorst rumber 0218, Tekiron MO03024, version w1 18, serial number CO20887

Picture 83. Input Current
Harmonics

v Tt ”;:n--w Input Harmonics
i —— 10,000
S @ 240Vac, 50Hz, 24Vvdc / 100%
L — ::: 1,000 load
el
=== F
B e 1 Eowo
i et H Result: pass
——— ocor |
37| § (5] WO 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40
= g n - Harmonic
Power Factor: 0,981 Test Result: 0K 04.01.2017 FIM
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
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3.17 Touch Current (UL/EN/IEC 60950)

3.17.1 according to the standard
EUT: TDK-Lambda DRF960-24-1 Inspector: F.J. Moers
Rev.: 4.1 Date: 24.02.2017
S/No: DRF00002H047 Input Voltage: 277Vac
P/N: 11-05-500437-1 Frequency: 63 Hz
Polarity , . Polarity Voliage U, . Touch Current
(01) Switch e Switch s (02) [mV] Figure [mA]
see Figure D.1 U2/RB (5000)
N - L/PE open PE-Connection | -------- 467,46 5A 0,9349
L - N/PE open PE-Connection | -------- 456,00 5A 0,9120
N - L/PE open | chassis/housing ¥ | - 5A 0,0000
L - N/PE open | chassis/housing P | - 5A 0,0000
N -L/PE | closed secondary +0UT 1 8,06 5A 0,0161
N - L/PE | closed secondary -0UT 1 8,13 5A 0,0163
L-N/PE | closed secondary +0OUT 1 7,94 5A 0,0159
L - N/PE | closed secondary -0OUT 1 8,00 5A 0,0160

D Only for protection class Il units

Input Voltage measured with: Instrument: Oscilloscope Tektronix MDO3024 S/N: C020657
Voltage U2 measured with:  Instrument: Touch Current Measurement Box S/N:

The EUT ([X] pass) (L] fail) the requirements according to EN/IEC 60950.

Author: FJ Moers
Revision: 4.1 Page: 42
Date: 17.05.2017
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3.17.2 according to customer specification

Customer specified: Touch Current < 1ImA @ 240Vac/60Hz

EUT: TDK-Lambda DRF960-24-1 Inspector: F.J. MoGers
Rev.: 4.1 Date: 24.02.2017
S/No: DRF00002H047 Input Voltage: 240Vac
P/N: 11-05-500437-1 Frequency: 60 Hz
Polarity . . Polarity Voliage U, : Touch Current
(01) Switch e Switch s 02) [mV] Figure [MA]
see Figure D.1 U2/RB (5000)
N - L/PE open PE-Connection | -------- 373,00 5A 0,7460
L - N/PE open PE-Connection | -------- 371,00 SA 0,7420
N - L/PE open | chassis/housing | - 5A 0,0000
L - N/PE open chassis/housin D I 5A 0,0000
N -L/PE | closed secondary +OUT 1 6,83 5A 0,0137
N - L/PE | closed secondary -0OUT 1 6,91 5A 0,0138
L-N/PE | closed secondary +OUT 1 6,98 5A 0,0140
L - N/PE | closed secondary -OUT 1 7,00 5A 0,0140

D Only for protection class Il units

Input Voltage measured with: Instrument: Oscilloscope Tektronix MDO3024 S/N: C020657
Voltage U2 measured with:  Instrument: Touch Current Measurement Box S/N:

The EUT (X pass) (] fail) the requirements according to the customer specification.

Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
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3.18 Output ripple and noise waveform

Tojestee ‘ ‘ Picture 84. Output ripple &
Noise waveform
@ 230Vac, 24Vdc / 0% load
: 1 : : : 1 |Channel 3: Vou
2 S i N I~ e L Channel 4: lout
Result: pass
! : . (Tooms TL.00Ms/s Wi : ]
20.0mYy  "yBy 1M Pkte. 17.7 Y 25 Tan 2017
C Wert Mittelw, Min Max - Std.abw. ] 0914&9“103
B Spitze-Sp. 75.2mV 43.1m 2.40m 1789m 44 1m
| Tek Run I 4 | : T Betiriggert

Picture 85. Output ripple &
Noise waveform
@ 230Vac, 24Vdc / 100% load

Channel 3: Vout

Channel 4: loyt

Result: pass

: L 4.00ms 25.0M5/5 Netz ;
30 0mv_ o 1M Pk, 0.00 v ]_[zsmzw
[ Wwert Mittelw, Min Max Std.abw. ] 09,5109
| Spltze=Sp. 63.8mY 63.9m 68.0m 71.2m 834p
Topestor . ~ o Picture 86. Output ripple &
Noise waveform
@ 230Vac, 28vdc / 0% load
\ \ Channel 3: Vou
T N - N S S Channel 4: loy
Result: pass
; i [100ms 1.00MS/5 Netz /- ;
Z0.0m 1M Pkte. 0.00 Y ]_[2512017
E ‘wert Mittelw, Min Max : Std.abw. ] 0915alni55
&) cpitze—Sp. 77.6mY 77.7m 77.6m 78.4m 2534
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TelcRun

[Getriggert

Picture 87. Output ripple &
Noise waveform
@ 230Vac, 28vdc / 100% load

Channel 3: Vout
Channel 4: oy

Result: pass

- : 25.0M3/s : ]

20.0mv_ fuf 1M Pkte. ]mw

E Wert Mittelw. Max ] 09:55:16

ED Spitze-Sp. 73.EmY 73.9m 72.8m 76.0m
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3.19 Cold Start at -40°C

This test is outside of the specified ambient temperature range. The test should show if the unit is

able to start up at -40°C and to determine the time before the output is in specification.

Test condition: Cool down time at -40°C before start (during this time the power supply was powered

off): 5h
Tekstop | b I Picture 88. Output ripple &
: : : : Noise at cold start
b UL E @ 180Vac, 24Vvdc / 100% load
__________________ Time: Start
<
E\ - ........... Channel 2: Vout_dc
[\ S Channel 3: DC_ok (ext. 8V)
: : : Channel 4: Vout_ac (ripple&noise)
"""" TUUTh2 5.00v 4005 A Che £ 570V

Ch3[ 5.00V &EGE 200my 45|

8 Feb 2017
17:06:39

Tek Roll |

Ch2 5.00V

IH[4.005 A Chz £ 5.70V|

Picture 89. Output ripple &
Noise at cold start

@ 180Vac, 24Vdc / 100% load

Time: after 1 minute

Channel 2: Vout_dc
Channel 3: DC_ok (ext. 8V)
Channel 4: Vout_ac (ripplenoise)

8 Feb 2017
17:07:32

Ch3[ 5.00V &EGE 200my ~§|
Tek Stop_| E - ]
@ :
«
E\.. .....................

Ch3[ 5.00 Vv S[oE] 200mVv &

Picture 90. Output ripple &
Noise at cold start

@ 180Vac, 24Vdc / 100% load

Time: after 2 minutes

Channel 2: Vout dc
Channel 3: DC_ok (ext. 8V)
Channel 4: Vout_ac (ripplegnoise)

8 Feb 2017
17:08:16

Author: FJ Moers
Revision: 4.1
Date: 17.05.2017
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Te

5.70V

Picture 91. Output ripple &
Noise at cold start

@ 180Vac, 24Vdc / 100% load

Time: after 4 minutes

Channel 2: Vout dc
Channel 3: DC_ok (ext. 8V)
Channel 4: Vout_ac (ripplenoise)

Ch3| 5.00 ¥ Bw{\ 200mV'\f9q 8 Feb 2017
17:10:49
Tekstop | L —— — _ Picture 92. Output ripple &
! A 112mVY .
1@ 4s.0mv Noise at cold start
N R O SR T E @ 180Vac, 24Vdc / 100% load
: Time: after 5 minutes
_____________________
Channel 2: Vout dc
Channel 3: DC_ok (ext. 8V)
Channel 4: Vout_ac (ripplegnoise)

570V
Ch3| 5.00¥ E«{\ 100mV'\f"q 8 Feb 2017
17:11:31
Tekstop | — _ Picture 93. Output ripple &
: : : : A 100mVY .
1@ s5.0my Noise at cold start
s 5 @ 180Vac, 24vdc / 100% load
: Time: after 10 minutes
_____________________ g
Channel 2: Vout_dc
Channel 3: DC_ok (ext. 8V)
Channel 4: Vout_ac (ripple&noise)

ch3[ 5.00V &[@E 100mv A5

Cha 5.00v  |HE0.0ms A Chs +

5.70V]

8 Feb 2017
17:16:02

Author: FJ Moers
Revision: 4.1
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TekStop__|

Ch3[ 5.00 Vv &[@E 100mv A

4 A 96.0mV
@ —40.0my

8 Feb 2017
17:21:11

Picture 94. Output ripple &
Noise at cold start

@ 180Vac, 24Vdc / 100% load

Time: after 15 minutes

Channel 2: Vout dc
Channel 3: DC_ok (ext. 8V)
Channel 4: Vout_ac (ripple&noise)

Result: The output voltage is after a time of approx. 5 minutes in specification.

Author:

FJ Moers
Revision: 4.1
Date: 17.05.2017
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3.20

Electro Magnetic Interference characteristics

For the complete EMI results see the separate test report from RS Schwarze:

Test Report No.: 2017012

This DVT shows only the conducted and radiated emissions.

3.20.1

Conducted Emissions

Scan Setup: Voltage with 2-Line_NSLK_EN55016-2-1 pre [EMI

conducted]
Hardware Setup: Stérspannung_NSLK_1-phasig
Receiver: [ESU 8]
Level Unit: dBuv
Subrange Step Size Detectors IF BW Meas. Preamp
Time
150 kHz - 30 MHz 4 kHz PK+; AVG 9kHz 0,01s 0dB
Voltage with 2-Line-LISN_NSLK_EN55016-2-1_AC_Wohn
80T
?0 <+
60:\ EN 61000-6-3 AC-Versorgung Quasi-Peak
|
“" EMN 8100052 ACK . A K, §
> 7] % 0 6 SO WU R e A, W
2 40, AR I o o0
= 4
2 L g
% 307
201
ﬂ_.
0 t t + t +—+—t t t t t + +—+— + t J
B0k 300 400 500 800 M 2M  3W 4M BM 6 8 DM 20M  30M

Frequency in Hz

EN 61000-6-3_AC-Versorgung GQuasi-Peak.LimitLine
EN B1000-6-3_AC-Versorung Average LimitLine
Preview Result 1T-PK+

Freview Result 2-AVG

’ Final Result 1-GPK
Final Result 2-AVG
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Final Result 1:

Frequency | QuasiPeak | Meas. Bandwidth @ PE | Line @ Corr. | Margin | Limit
(MHz) (dBuV) Time (kHz) (dB) (dB) (dBuV)
(s)
0.150800 54.3 15.0 9.0 FLO N 10.1 11.6 66.0
0.223600 54.3 15.0 9.0 FLO | N 10.1 8.4 62.7
0.373600 40.7 15.0 9.0 GN | N 10.1 17.7 58.4
0.555600 39.3 15.0 90 GN | L1 10.1 16.7 56.0
0.869600 40.0 15.0 | 90 GN | N 10.2 | 16.0 | 56.0
1.340800 34.8 15.0 90 GN | N 10.3 21.2 56.0
4.196800 37.6 15.0 90 GN | N 10.5 18.4 56.0
9.499600 40.1 15.0 | 9.0 FLO | N 11.0 | 19.9 | 60.0
11.242000 51.4 15.0 9.0 FLO | N 11.2 8.6 60.0
13.622400 41.6 15.0 9.0 FLO L1 11.3 18.4 60.0
21.903200 43.7 15.0 | 9.0 FLO | N 121 | 16.3 | 60.0
Final Result 2:
Frequency Average Meas. Bandwidth PE | Line | Corr. Margin Limit
(MHz) (dBuV) Time (kHz) (dB) (dB) (dBuV)
(s)
0.152400 38.9 15.0 9.0 GN | L1 10.0 16.9 55.9
0.224400 44.3 15.0 9.0 GN [N 10.1 8.4 52.7
0.374000 29.4 15.0 | 9.0 GN | N 10.1 | 19.0 | 48.4
11.332400 44.0 15.0 9.0 FLO | L1 11.1 6.0 50.0
22.079200 373 15.0 9.0 FLO | N 121 12.7 50.0
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
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3.20.2

Scan Setup: EN 55016-2-3 FAR max [EMI radiated]

Hardware Setup:

Receiver:
Level Unit:

Subrange

30 MHz - 1 GHz

Radiated Emissions

FAR_30MHz - 1 GHz

[ESU 8]
dBuV/m

Step Size

50 kHz

PK+

Detectors

IF BW Meas.
Time
120 kHz 0,02s

FAR EN 55016-2-3

Pream

20dB

p

EN.610006-3.. 3. m.in.FAR

E
b:»L
D 30+ L
£
T 25‘ "
s 7 ’ *
201 » 2
ﬁ =
1 L
n_.
5..
0 4 4 + } 4 — y
30M 60 80 10OM 200 300 400 500 800 16
Frequency in Hz
EWN 61000-6-3_ 3 m in FAR LimitLine EM 61000-6-4 _ 3 min FAR LimitLine
Freview Result 1-P K+ ’ Final Result 1-QPK
Final Result 1:
Frequency | QuasiPeak | Meas. Bandwidth @ Height | Polarization | Azimuth | Corr. | Margin Limit
(MHz) (dBpV/im) Time (kHz) {cm) (deg) (dB) (dB) (dBpV/m)
(s)
30.150000 25.2 1.0 120.0 100.0 | V 182.0 26.2 16.8 42.0
43.700000 23.4 1.0 120.0 1000 | V 248.0 19.3 17.3 40.7
84.450000 20.3 1.0 120.0 100.0 | V 23.0 13.8 18.1 38.4
89.500000 26.7 1.0 120.0 100.0 | V 8.0 14.3 11.6 38.2
128.850000 23.2 1.0 | 120.0 | 100.0 | H 8.0 16.9 13.8 37.0
137.100000 20.0 1.0 120.0 100.0 | V 120.0 16.3 16.8 36.8
209.100000 13.4 1.0 120.0 100.0 | V 91.0 11.5 21.9 35.3
965.700000 30.4 1.0 | 120.0 | 100.0 | V 105.0 30.6 11.6 42.0
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Scan Setup: EN 55022 / EN 55032 OATS fin [EMI radiated]

Hardware Setup:

OATS_30 MHz - 1 GHz

Receiver: [ESU 8]
Level Unit: dBuV/m
Subrange Step Size Detectors IF BW Meas. Preamp
Time
30 MHz - 1 GHz 50 kHz QPK 120 kHz 15s 20dB
60
55
50
45
40 EN 55022 / EN 55032 class B “10'm
£ 35
>
@
- 30
£
T 2
3 4
20 * ¢
‘ ¢
1
5
01 1 —t——t 1 t 1 + —t—t+—+ i
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency in Hz
& Final Result 1-QPK
Final Result 1:
Frequency | QuasiPeak | Meas. | Bandwidth Height | Polarization | Azimuth | Corr. | Margin Limit
(MHz) (dBpV/m) Time (kHz) (cm) (deg) (dB) (dB) (dBpV/m)
(s)
30.150000 25.0 15.0 120.0 369.0 | V 15.0 19.2 5.0 30.0
43.700000 20.8 15.0 120.0 266.0 | V 9.0 12.8 9.2 30.0
84.450000 19.4 15.0 120.0 123.0 | V 9.0 8.8 10.6 30.0
128.850000 13.3 15.0 120.0 357.0 | H 75.0 13.5 16.7 30.0
137.100000 22.2 15.0 | 120.0 | 283.0 | V 15.0 13.2 7.8 30.0
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3.21 Surge Immunity Test (IEC 61000-4-5)

Equipment used:
Surge Generator:
Coupling Impedance:
Test condition:
Input Voltage:
Output Current:
Polarity:

Phase:

Acceptable Conditions:

HAEFELY PSURGE 4.1
Normal = 2Q
Common = 12Q

230Vac

80%

+, - alternate
0, 90, 270 deg

Coupling Capacitance:

Output Voltage:
Number of Tests:
Mode:

Ambient Temperature:

Normal = 18pF
Common = 9uF
Rated

5 times

Common, Normal
25°C

1. Output voltage regulation not to exceed +5% of initial ( before test ) value during test.

2. Output voltage to be within regulation specification after the test.

3. Along with 1 and 2, no discharge of fire or smoke, as well as no output failure.

Test Result:
Test Voltage ( kV) DRF960-24-1 Test Voltage ( kV) DRF960-24-1
Common Normal
0,5 Pass 0,5 Pass
1 Pass 1 Pass
2 Pass 2 Pass
4 Pass
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
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3.22 Parallel Operation

For the parallel operation of up to 5 units the following steps are needed.

1. Activate the droop mode. Open the short circuit connection CB. ( cut/remove the black wire
at the signal connector)

_~Pos 01

8642

7531

2. Adjust the output voltage at all units to the same voltage level ( £20mV).

3. Test Setup

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5

[ ]
loutl
[ ]
lout2
[ ]
Iout3
]
lout4
-
louts

e
2\

Starpoint o Slarpnmt

Load

All connections from the units to the shunts and star points have the same length and wire size, to
get approx. the same impedance between each unit and the star point.

Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 54
Date: 17.05.2017




3.22.1 Droop Voltage

With the active droop mode the output voltage will be reduced by approx. 300mV between 0%-80%
load.

Single Unit
lout Vout dVout
0% 0,00 24,313
80% 32,00 24,008 0,305
100% | 40,00 23,920 0,393
Output Voltage with active Droop
24,350
24,300 L
24,250 S~
24,200 S~
24,150 S~
24,100 S~ o—\Vout
24,050 T~
24,000 \
23,950 N
23,900----'----'----'----\’
0,00 10,00 20,00 30,00 40,00

3.22.2 Current share behaviour (2 units)

Test of two units in parallel.

Test condition: Vin = 230Vac, Vout = 24V, Tamb. = 25°C, with actice droop system ( CB contact is
open)

Unit 1 Unit 2 Current Share
lout Vout lout Vout lout A lout %
0% 0 24,31 0,00 24,32 0,00 0,00 0,00
5% 24,30 2,63 24,29 1,34 1,29 32,25
10% 8 24,30 4,72 24,29 3,23 1,48 18,51
20% 16 24,28 8,54 24,28 7,42 1,12 6,98
30% 24 24,24 12,43 24,24 11,53 0,89 3,71
40% 32 24,20 16,47 24,20 15,53 0,94 2,94
50% 40 24,15 20,48 24,15 19,50 0,98 2,44
60% 48 24,10 24,50 24,11 23,46 1,04 2,17
70% 56 24,05 28,54 24,06 27,41 1,13 2,02
80% 64 24,00 32,57 24,01 31,38 1,19 1,86
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Condition: Vout = Ta = 25°Set Unit A + B to dVout<10mV @ 0A

Unit A Unit B Current Share
Set point 24,312 24,322 dVout_max| 0,010

Current Share

lout Vout lout Vout lout A lout %
0% 0 24,321 | 0,010 | 24,320 | 0,092 0,08 0,00
5% 4 24,307 | 1,366 | 24,312 | 2,736 1,37 34,25
10% 8 24,301 | 3,402 | 24,306 | 4,698 1,30 16,21
20% 16 24,286 | 7,735 | 24,288 | 8,386 0,65 4,07
30% 24 24,251 | 11,806 | 24,252 | 12,313 0,51 2,11
40% 32 24,208 | 15,780 | 24,209 | 16,349 0,57 1,78
50% 40 24,164 | 19,753 | 24,165 | 20,369 0,62 1,54
60% 48 24,119 | 23,727 | 24,120 | 24,399 0,67 1,40
70% 56 24,073 | 27,729 | 24,074 | 28,405 0,68 1,21
80% 64 24,026 | 31,675 | 24,027 | 32,455 0,78 1,22
100% 80 23,932 | 39,627 | 23,933 | 40,499 0,87 1,09

Condition: Vout =

Ta = 25°Set Unit A + B to dVout 20mV @ 0A

Unit A Unit B Current Share
| set point 24,312 24,332 dvout_max| 0,020
Current Share
lout Vout lout Vout lout A lout %
0% 0 24,332 | 0,008 | 24,332 | 0,094 0,09 0,00
5% 4 24,313 | 0,926 | 24,321 | 3,187 2,26 56,52
10% 8 24,307 | 2,919 | 24,315 | 5,173 2,25 28,18
20% 16 24,292 | 7,302 | 24,298 | 8,790 1,49 9,30
30% 24 24,258 | 11,473 | 24,263 | 12,622 1,15 4,79
40% 32 24,216 | 15,461 | 24,220 | 16,626 1,16 3,64
50% 40 24,172 | 19,451 | 24,176 | 20,662 1,21 3,03
60% 48 24,126 | 23,443 | 24,131 | 24,677 1,23 2,57
70% 56 24,080 | 27,426 | 24,085 | 28,667 1,24 2,22
80% 64 24,033 | 31,403 | 24,038 | 32,690 1,29 2,01
100% 80 23,939 | 39,388 | 23,944 | 40,713 1,33 1,66
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Condition: Vout = Ta = 25°Set Unit A + B to dVout >20mV @ 0A

Unit A Unit B Current Share
Set point 24,312 24,346 dVout_max| 0,034
Current Share
lout Vout lout Vout lout A lout %
0% 0 24,349 | 0,017 | 24,350 | 0,103 0,09 0,00
5% 4 24,321 | 0,018 | 24,336 | 3,999 3,98 99,53
10% 8 24,310 | 1,632 | 24,328 | 6,450 4,82 60,23
20% 16 24,295 | 6,294 | 24,309 | 9,815 3,52 22,01
30% 24 24,264 | 10,758 | 24,274 | 13,347 2,59 10,79
40% 32 24,222 | 14,776 | 24,233 | 17,337 2,56 8,00
50% 40 24,179 | 18,740 | 24,189 | 21,365 2,63 6,56
60% 48 24,133 | 22,743 | 24,144 | 25,363 2,62 5,46
70% 56 24,088 | 26,714 | 24,099 | 29,385 2,67 4,77
80% 64 24,041 | 30,709 | 24,052 | 33,400 2,69 4,20
100% 80 23,947 | 38,679 | 23,959 | 41,414 2,73 3,42
3.22.3 Output rise characteristics (2 units)
TekFin L 400ms Irar Picture 95. Output rise
> characteristics of two units in
parallel
ToomTaktor: 100¥ Toomposition: 5.40ms __ @ 230Vac, 24Vdc / OA load
o o 4 |Channel 1: Vou
: o 1| Channel 3: lout_unit1
: Channel 3: lout_unit2
= i _ ; | |Result: pass
R R A
Tetefun rragam: T Picture 96. Output rise
characteristics of two units in
® parallel
Toomfaktor: 100 % TomposTtion: 5.40ms @ 230Vac, 24Vdc / 32A load
- . |Channel 1: Vou
. 7 | Channel 3: lout_unit1
: Channel 3: lout_unit2
= : i . | |Result: pass
DoA o won u Ju A
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parallel

Telg Prevu H 400ms Trig?

[1]
ToomTaktor: 100 ¥ Zoomposition: 5.40ms

L1
@& wov & 7 4.00ms 1.25MS/s @ 2 Mir 2017
2004 B 2004 & 5M Pkte. 7.40Y 11:38:22

Picture 97. Output rise
characteristics of two units in

@ 230Vac, 24Vdc / 64A load

Channel 1: Vout
Channel 3: lout_unit1
Channel 3 Iout_unitZ

Result: pass

3.22.4

Current share behaviour (5 units)

Test of five units in parallel. Each unit needs a basic load of 680R to cover the zero load condition.

Test condition: Vin = 230Vac, Vout = 24V, Tamb. = 25°C, with actice droop system ( CB contact is

open).

Condition: Vout = Ta = 25°C

Set Units to dVout<10mV @ OA

Unit A Unit B Unit C Unit D Unit E Current Share
| Set point 24,339 24,342 24,344 24,347 24,348 dVout_max 0,009
Current Share
|_Load Vout lout Vout lout Vout lout Vout lout Vout lout |A lout_max %
0% 0 24,353 | 0,015 | 24,353 | 0,020 | 24,352 | 0,024 | 24,353 | 0,025 | 24,353 [ 0,020 0,01 0,00
5% 10 24,338 | 1,388 | 24,338 | 1,490 | 24,340 | 1,956 | 24,342 | 2,455 | 24,344 | 2,962 1,57 15,74
10% 20 24,331 | 3,370 | 24,331 | 3,513 | 24,334 | 4,025 | 24,335 | 4,411 | 24,337 | 4,931 1,56 7,81
20% 40 24,316 | 7,657 | 24,316 | 7,688 | 24,318 | 8,074 | 24,319 | 8,340 | 24,319 | 8,538 0,88 2,20
30% 60 24,282 | 11,727 | 24,282 | 11,762 | 24,284 | 12,033 | 24,284 | 12,365 | 24,283 | 12,347 0,64 1,06
40% 80 24,239 | 15,674 | 24,240 | 15,825 | 24,242 | 16,027 | 24,242 | 16,326 | 24,241 | 16,367 0,69 0,87
50% 100 24,195 | 19,611 | 24,195 | 19,854 | 24,197 | 20,051 | 24,198 | 20,407 | 24,196 | 20,351 0,80 0,80
60% 120 24,148 | 23,566 | 24,149 | 23,867 | 24,151 | 24,051 | 24,152 | 24,428 | 24,150 | 24,350 0,86 0,72
70% 140 24,101 | 27,548 | 24,102 | 27,858 | 24,105 | 28,039 | 24,105 | 28,441 | 24,103 | 28,371 0,89 0,64
80% 160 24,053 | 31,504 | 24,055 | 31,840 | 24,058 | 32,083 | 24,058 | 32,444 | 24,055 | 32,425 0,94 0,59
90% 180 24,005 | 35,461 | 24,007 | 35,855 | 24,010 | 36,118 | 24,010 | 36,461 | 24,007 | 36,452 1,00 0,56
100% 200 23,957 | 39,425 | 23,958 | 39,821 | 23,962 | 40,149 | 23,962 | 40,463 | 23,959 | 40,466 1,04 0,52
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Condition: Vout = Ta = 25°C

Set Units to dVout =20mV @ OA

Unit A Unit B Unit C Unit D Unit E
| Set point 24,312 24,319 24,332 24,319 24,321 dVout_max 0,020
Current Share
I_Load Vout lout Vout lout Vout lout Vout lout Vout lout | A lout_max %
0% 0 24,334 | 0,015 | 24,334 | 0,018 | 24,335 | 0,197 | 24,335 | 0,016 | 24,334 | 0,035 0,18 0,00
5% 10 24,314 | 0,538 | 24,322 | 2,666 | 24,326 | 3,543 | 24,316 | 1,112 | 24,321 | 2,416 3,01 30,05
10% 20 24,307 | 2,504 | 24,316 | 4,683 | 24,319 | 5,567 | 24,310 | 3,104 | 24,314 | 4,395 3,06 15,32
20% 40 24,293 | 7,072 | 24,299 | 8,506 | 24,301 | 9,095 | 24,294 | 7,373 | 24,297 | 8,217 2,02 5,06
30% 60 24,260 | 11,287 | 24,264 | 12,324 | 24,267 | 12,849 | 24,262 | 11,700 | 24,262 | 12,087 1,56 2,60
40% 80 24,218 | 15,275 | 24,222 | 16,318 | 24,225 | 16,816 | 24,220 | 15,716 | 24,220 | 16,122 1,54 1,93
50% 100 24,174 | 19,224 | 24,178 | 20,318 | 24,181 | 20,781 | 24,177 | 19,784 | 24,176 | 20,106 1,56 1,56
60% 120 24,129 | 23,195 | 24,133 | 24,314 | 24,136 | 24,797 | 24,132 | 23,805 | 24,131 | 24,131 1,60 1,34
70% 140 24,083 | 27,177 | 24,087 | 28,304 | 24,091 | 28,763 | 24,087 | 27,838 | 24,085 | 28,130 1,59 1,13
80% 160 24,037 | 31,125 | 24,041 | 32,281 | 24,045 | 32,767 | 24,041 | 31,837 | 24,039 | 32,174 1,64 1,03
90% 180 23,990 | 35,104 | 23,994 | 36,269 | 23,999 | 36,798 | 23,994 | 35,847 | 23,992 | 36,184 1,69 0,94
100% 200 23,942 | 39,078 | 23,947 | 40,251 | 23,952 | 40,820 | 23,947 | 39,864 | 23,944 | 40,196 1,74 0,87
Condition: Vout = Ta = 25°C Set Units to dVout >20mV @ 0A
Unit A Unit B Unit C UnitD Unit E
Set point 24,312 24,319 24,344 24,347 24,322 dVout_max 0,035
Current Share
I_Load Vout lout Vout lout Vout lout Vout lout Vout lout | A lout_max %
0% 0 24,349 | 0,011 | 24,349 | 0,019 | 24,349 | 0,023 | 24,350 | 0,182 | 24,349 | 0,017 0,17 0,00
5% 10 24,318 | 0,015 | 24,321 | 0,702 | 24,334 | 4,002 | 24,335 | 4,482 | 24,322 | 1,034 4,47 44,67
10% 20 24,312 | 2,080 | 24,314 | 2,749 | 24,327 | 6,000 | 24,328 | 6,360 | 24,315 | 3,005 4,28 21,40
20% 40 24,297 | 6,737 | 24,299 | 7,134 | 24,308 | 9,411 | 24,310 | 9,735 | 24,299 | 7,232 3,00 7,49
30% 60 24,265 | 11,069 | 24,266 | 11,346 | 24,273 | 13,038 | 24,275 | 13,361 | 24,266 | 11,400 2,29 3,82
40% 80 24,223 | 15,051 | 24,225 | 15,401 | 24,232 | 17,010 | 24,233 | 17,326 | 24,224 | 15,451 2,28 2,84
50% 100 24,179 | 19,027 | 24,181 | 19,434 | 24,188 | 20,990 | 24,188 | 21,314 | 24,180 | 19,454 2,29 2,29
60% 120 24,133 | 22,995 | 24,135 | 23,452 | 24,142 | 24,958 | 24,143 | 25,322 | 24,133 | 23,496 2,33 1,94
70% 140 24,087 | 26,979 | 24,089 | 27,454 | 24,096 | 28,946 | 24,097 | 29,344 | 24,087 | 27,499 2,36 1,69
80% 160 24,039 | 30,928 | 24,042 | 31,432 | 24,049 | 32,944 | 24,050 | 33,318 | 24,040 | 31,554 2,39 1,49
90% 180 23,992 | 34,885 | 23,994 | 35,440 | 24,003 | 36,973 | 24,003 | 37,309 | 23,993 | 35,581 2,42 1,35
100% 200 23,944 | 38,862 | 23,946 | 39,427 | 23,955 | 41,001 | 23,955 | 41,314 | 23,944 | 39,605 2,45 1,23
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3.22.5 Output rise characteristics (5 units)
Telestor, -‘ Picture 98. Output rise
characteristics of five units in
1 parallel
e @ 230Vac, 24Vdc / OA load
Channel 1: Vout
[
@ 5.00 Y : 20 Mir 2017J
11:02:30
ToleSton ‘ Picture 99. Output rise
characteristics of five units in
parallel
@ 230Vac, 24Vdc / 160A load
Channel 1: Vou
i _
ij 5.00 V 20 Mar 2.017}
11:04:37
TopcSton ‘ Picture 100. Output rise
characteristics of five units in
parallel
@ 230Vac, 24Vdc / 180A load
Channel 1: Vou
.Z
;ﬁ 500V : 20 Mir 2.017}
11:05:44
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Te]

Stop

Picture 101. Output rise
characteristics of five units in
parallel

@ 230Vac, 24Vdc / 200A load

Channel 1: Vout

@ SO0V b . ][400ms” . 1.25MS/s 6/ ][ 20 Mir 2.017}
5M Pkte, 10.1Y 11:06:34
Tefestor, : ‘ - Picture 102. Output rise
characteristics of five units in
parallel
@ 230Vac, 24Vdc / 200A load +
69000pF
Channel 1: Vou
D
T. SO0 By : : j[4ooms : 1.25MS /5 (—. 7 ][ 20 Mér 2017}
SM Pkte. 10.1Y 11:07:27
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3.23 Programming Voltage

Adjust output between 24-28V by applying a voltage of 5-6V to the PV pin.

Programming Voltage [V] Output Voltage [V] Output Current [A]
5,000 23,97 40
5,011 24,00 40
5,500 26,45 36,3
5,846 28,01 34,3
6,000 28,78 34,3
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4 Internal Voltages / Measurements

4.1 Switching waveforms

Tofesten =5 Picture 103. Working voltage
PFC FET V5, V6
@ 180Vac and 100% load
Vpis max = 600V
Vbis max measured = 442V
ok - Channel 1: Vps vs
i _ . . : ; Channel 2: Vpss_ve
; : 4.00ps 2.5065/s @ : B
@& 10y By j[ 1M points 430 ¥ ]
Yalue Mean Min Max Std Dew : ; Result: paSS
i ey = iz a0 '_Cgéngréojw
Tefestor, — e Picture 104. Working voltage
1 : PFC FET V5, V6
!_ J | @ 230Vac and 100% load
\l. Vbis max = 600V
Vbis max measured = 438V
, 5 o Channel 1: Vpss_vs
T S o ) Channel 2: VD/S_V6
. : 4.00ps 2.5065/5 (1 :
@ v & j[ 1M points 43z ] :
o o pek 4i2 R B 1 Result: pass
High 4184 423 418 426 4.62 ‘ ar
08:20:24
Telestor, = s Picture 105. Working voltage
PFC FET V5, V6
5 .1 |@ 277Vac and 100% load
E Vbis max measured = V
.: Lo e Channel 1: VD/s_\/5
' - : Channel 2: Vpis_ve
4.00ps 2.5065/s ra
& wov By [ 1M peints 430¥ ] .
o i ot o T ’@ Result: pass
High 418 416 414 418 2.83 ar
13:20:00
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Tofsten - Picture 106. Working voltage
: PFC FET V5, V6
- —« | @ 180Vac and 150% load
\ \ Vois max = 600V
: \ ] : Vbis max measured = 454V
i S || |channel 1: Vis_vs
: : o : I . . _ Channel 2: VD/S_VG
i : : [4‘0[];13 2.5065/s @ 7 ] :
& v By ) 1M points 432 ¥
Yalue Mean Min Max Std Dev : ; Result pass
Tejestee, - - Picture 107. Working voltage
_ o PFC FET V5, V6
. - T | @ 230Vac and 150% load
L 1 ; VD/S max — 600V
] Vbis max measured = 450V
, ‘ ' - \ . { | Channel 1: Voss vs
' . Channel 2: VD/S_VG
- : [4‘0@3 2.5065/5 @ ] S
[ K By ) 1M points 432 ¢ ) !
N Yalue Mean Min Max Std Dev : Result paSS
Telefrey e s Picture 108. Working voltage
PFC FET V5, V6
R s @ 277Vac and 150% load
o ' o ' Vbis max measured = 438V
I o1 S Channel 1: Vbis_vs
: ' 1 ' ' ' Channel 2: Vs _ve
:ﬂ oy : : ],[4‘00HS ihf?)?)?r:tss ‘4'23(/ ] : Result: pass
E. o wm W ];J
Topstor | - ‘ Picture 109. Working voltage
PFC Diode D10, D14
@ 180Vac and 100% load
B _ _ Vbis max = 600V
o : \ ' : : Vbis max measured = 466V
' 4 |Channel 1: Vb1o
Channel 2: Vpia
o i e @4 |1 |Result: pass
F, Mes Mmoo M ] e
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Tek Stop

:

1[4‘00}15

|E

Picture 110. Working voltage
PFC Diode D10, D14
@ 230Vac and 100% load

Vois max = 600V
Vbis max measured = 470V

Channel 1: Vpio
Channel 2: Vpis

& 100y ihi?:i?:tss !4’46}:/ ] Result: pass
F, e, Mmoo Mho M e ] fr o
fegte, — e Picture 111. Working voltage
N . _ - . |PFC Diode D10, D14
\j ) "1 |@ 277Vac and 100% load
g ‘ ‘ i ] Vpis max = 600V
' \ l ? L—- Vbis max measured = 480V
: == T Y | Channel 1: Voo
Channel 2: Vpia
@ o PR ey B L Result: pass
T
Tecsten — ~———— | Picture 112. Working voltage
[12 ?7_:;,:,‘:;,_‘”‘_‘ 2 I t\_‘_‘: PFC DIOde Dlo, D14
-\ l ! | @ 180Vac and 150% load
! : o Vbis max = 600V
] "“ﬂ".h. Vbis max measured = 520V
' Channel 1: Vpio
_ o L 1 | Channel 2: Vpia
- ~ (400 2.50G5/5 & : ;
& 1oy 1[ 1M points —446 ¥ ] H
F.Miﬂ &ue Mean Min Max Std Dev ] ?é:gjrliOIG Result pass
|
Tek Stop, L

2.50G3/s

: fnops

o

L

Picture 113. Working voltage
PFC Diode D10, D14
@ 230Vac and 150% load

Vbis max = 600V
Vbis max measured = 478V

Channel 1: Vpbio
Channel 2: Vpis

100 Y 1M points -446 ¥
alue ean in ax d Dew 21 Mar 2016 .
F‘Miﬂ Y474 Y I111470 [178 I111466 2.t22[J ] 10:24:42 Resu It pass
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Telg Prevu

SR

1[4‘00}15

& 100y

2.50B5/s
1M points

[ 1 ]
458 ¥

Yalue
-458 ¥

Mean
—458

tin Max
-458 —458

Std Dev

0.00

18 May 2016
08:00:14

Picture 114. Working voltage
PFC Diode D10, D14
@ 277Vac and 150% load

Vbis max = 600V
Vbis max measured = 458V

Channel 1: Vpio
Channel 2: Vpis

Result: pass

Tek Stop

& ooy

2.50B5/s
1M points

v
418V H

Yalue Mean

tin Max

Std Dev

21 Mar 2016
10:59:33

Picture 115. Working voltage
LLC FET V9

@ Vbulk =410 Vdc and

24V |/ 100% load

Vbis max = 650V
Vbis max measured = 424V

Channel 1: Vgis
Channel 2: Vpss

Result: pass

Tek Stop

& ooy

2.50G5/s
1M points

7 ]
418 ¥ H

Yalue Mean

tin Max

Std Dew

21 Mar 2016
11:00:10

Picture 116. Working voltage
LLC FET V9

@ Vbulk =410 Vdc and

24V [ 150% load

Vbis max = 650V
Vbis max measured = 424V

Channel 1: Vgrs
Channel 2: Vpss

Result: pass

Tek Stop

& ooy

2.50G5/s
1M points

7 ]
368 Y H

Yalue Mean

Min Max

Std Dev

21 Mar 2016
11:01:56

Picture 117. Working voltage
LLC FET V9

@ Vbulk =410 Vdc and

28V / 100% load

Vbis max = 650V
Vbis max measured = 420V

Channel 1: Vgrs
Channel 2: Vpss

Result: pass

Author:

Date:

Revision:

FJ Moers
4.1
17.05.2017
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Tok Sice — Picture 118. Working voltage
@ Vbulk =410 Vdc and
‘:‘.”:‘.:frrr‘:.—.::?':1:.‘.:‘..'."1".‘.'"'?1'.'!“?‘1‘ R C :;\_—"'"":“5-"“"7';:"5-":“-"'f":'““:‘""1”‘"‘”"""""" : ’ o : 28V / 150% Ioad

] : Vois max = 650V
: IR Vbis max measured = 424V

Channel 1: Vgrs
Channel 2: Vpss

4.00p5 2.5065/5 7 ]
1M points S

Yalue Mean Min Max Std Dew 21 Mar 2016 .
] A 20) | Result: pass

& o0V

Teksioe ——L I — Picture 119. Working voltage
: : : 1 : . : ! |LLC Rectifier FET V1, V3

@ 230Vac

24V |/ 100% load

__-mﬁt"u:-!'-"—“-—‘—_;b : e T ——
Vois max = 40V
Vbis max measured = 27V

Channel 1: Vps va
Channel 2: Vpis vs

2.50G8/s Vs

4,00 .
[1 TR 1[ 0 1M points 14.0Y ] ReSUIt pass

Yalue Mean Min Max Std Dew 21 Mar 2016
1 1 27.0% 27.0 270 27.0 0.00 11:15:58

foeser b —— e t———————>———— | Picture 120. Working voltage
LLC Rectifier FET V1, V3

@ 230Vac

24V [ 150% load

Vois max = 40V
Vbis max measured = 27,4V

Channel 1: Vpis v1
Channel 2: Vpis vs

- -~ (400 2.5065/5 7 ] :
[ 1 O] 1M points 14.0¥

Yalue Mean Min Max Std Dew 21 Mar 2016
& Max 27.4Y 273 27.0 27.4 200m 11:16:38

Result: pass

Pt o —————— - —+————"———— | Picture 121. Working voltage
3 3 3 t 3 3 3 ' |LLC Rectifier FET V1, V3

@ 230Vac

28V /100% load

Vois max = 40V
Vbis max measured = 31V

Channel 1: Vpis v1
Channel 2: VD/s_v3

:0 T10.0V - - ],[4‘00HS ij?}i?r:tss 145y ] : Result: pass
alue ean in ax d Dev 21 Mar 2016
F‘Max ;1.0v I541.0 241‘0 I541.0 g.tooD ] 11:14:03
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Tofesten — e —— Picture 122. Working voltage
: : : I : : : : LLC Rectifier FET V1, V3

@ 230Vac

28V / 150% load

Vpis max = 40V
Vbis max measured = 31,4V

Channel 1: Vpis v1
Channel 2: Vpis v3

4.00p5 2.50B5/5 7 ] .
[1 O 1[ 1M points 14.0y ; : ReSUIt paSS
Yalue Mean Min Max Std Dew 21 Mar 2016
[ 1 JUEH 310w 31.2 31.0 31.4 219m 11:15:05
Telcstop, . . —1 —_ —

Picture 123. Working voltage
LLC Rectifier FET V3
@ load steps 0A-40A

Worst case condition

Vois max = 30V
Vbis max measured = 26,8V

Channel 3: Vpss

& 0oV &

o @ ). .
10.0 & By l[l oo }&Og’losin; céRSA ] H ReSUIt' pass
e nev s s ) S00 ] s
TeteFret M0y Picture 124. Working voltage
Aux. Supply IC9
- @ start up and 100% load

Zoom Factor: Ski _ Zoom Position: 36.0ms

Vbis max (P|n8) =700V
Vbis max measured = 584V

Channel 1: Vpys_pins

Result: pass

d : - (720.0ps 10.0MS /5 o ] : ;
& oy 10M points 508 Y ; -
Yalue Mean Min Max Std Dew 21 Mar 2016
@D Max Sad v 534 584 534 0.00 10:48:16
@ Frequency 41.34kHz 41,34k 4134k 41,34k 0.000
| Tek Stop [ T T \ - .
i 1| Picture 125. Working voltage

1 | Aux. Supply IC9
. | @ 410vdc and 100% load

Vbis max (P|n8) =700V
Vbis max measured = 580V

Channel 3: Vpss

: : : : J 1| 1 |Result: pass
[ J s | ]
- : : 1[20‘[];13 2.50G5/5 o ] : ;
[ 1 JIKS 1M points 574V : .
alue ean in ax By 21 Mar 2016
E) Mas \5/3‘0 v g]so ggo 2180 ts).tgoD ] 10:50:25
@D Frequency 22.36kHz 22,36k 22,38k 22,36k 0.000
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Tek Stop

Picture 126. Working voltage
Aux. Supply D39
@ 410Vvdc and 100% load

") : : ” | | : : Vb3 max = 100V
’V\ [\W NVM ; VD39 max measured = 77,6V

. Channel 1: Vb39

Result: pass

20,005 2.5065/5 @ 7 ]
& oov 1M points —-48.0¥ :
Yalue Mean Min Max Std Dew 1 Tul 2016
@D Feak—Peak J7EY 10.5 4.00 776 21.2 09:41:36
& Frequency 2270kH:  36.08M 22 70k 100.0M 27.28M
Telcstop, i - — i — - L - — —_ —

Picture 127. Working voltage
Aux. Supply D40
@ 410vdc and 100% load

Vb3 max = 100V
VD39 max measured = 66,4V

Channel 1: Vpag

Result: pass

: l[zows” o508/ ﬂ 7 ] :
& 200V 1M points —-48.0 ¥ ;
[ i ] TTul 2016
E. ey Be hm W B ]
& Frequency 24.24kH B0L7IM 10,73k 416.7M 91.34M
Tek Stop P "
. icture 128. Current in PFC
@ AC+DC RMS 180.4 V VI choke
T I b Avg, 180.6 ¥
0.000 00y Free 7 oM @ 180VAC 24VvDC / 100% load
4
Zoom F_actor: 400 X . . Z_oom_Po_sition: 6.73‘ms_ . . M 4.00_ms 5
T i ® it IPFc-Choke, rated = 14A
S e e o s @ ooos [ | IPEC-Choke measured = 8,64A
0 : P /\\ ASISSkH: 466404 |
; dI/d —167 6pa/Hz
45;5‘« ol NS Channel 1: Vin
" : i Lo . . . . L Lo Channel 4 IPFC—Choke
L i L , ‘ , , Result: pass
F) 100 Y J[z 10.0ps 125M5 /s Ling /" ][ 10 Mar ZOIGJ
4004 QY 5M points 0,00y 11:11:27
Telk Stop P "
. icture 129. Current in PFC
@ AC+DC RMS 1800 V I M
Lt P PR choke
0.000 v 00y frea 7 M @ 180VAC 24VvDC / 150% load
4
Zoorr_l F_actori 10[_]X ] ] Z_oom_Po_sitioni *3.34r_r|s_ ] M 2.00_ms ]
/R WO - B S O L E ChE ey IpFc-choke, rated = 14A
00 29744 0.000 A f IpFc-choke measured = 12,64A
g 735, 71kHz £12.64 4
g dI/dt ~353.9pA/Hz)
-y W ¥e | Channel 1: Vin
: SR S Channel 4: lpEC-Choke
BRI S NI R T L T Y|
P . : ; i i : : : | |Result: pass
E) 100 Y }[z 20,05 250ME/5 Line ][ 10 Mar 2016}
50.0mY B 2004 QN 5M points 0.00 4 15:29:12
Author: FJ Moers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
Revision: 4.1 Page: 69
Date: 17.05.2017




Telc stop

Picture 130. Current in PFC

@ AC+DC RMS 2301V Jim 2R choke
o e L Avg, 2303 Y
0.000 ¥ 000y frew 7ol @ 230VAC 24VvDC / 100% load
4
Zoom Factor: 400 X Zoom Position1=6.68ms M4.=00ms . :
: ! . o IPFC-Choke, rated = 14A
[l 150.2H: € 6.8004 | _
O 149.8H (@ 0.0004 ’K IpFc-choke measured = 6,80A
£50,51kHz AB.B00 4
dI/dt ~134,6p4/Hi ]
Moo ™1 | Channel 1: Vin
Channel 4: lprc-choke
L ; I ; ‘ ; ; i | Result: pass
F. 100 Y }[z 10.0ps 125M3/s Line ./ ][ 10 Mar 2016}
2004 9 5M points 0.00 4 11:09:08
Tek Prevu " "
. Picture 131. Current in PFC
o AC+DC RMS 2306V Jidn, -, 208V
' choke
o { <t L Avg. 2306 Y
0.000 ¥ 400y Fra 7 @ 230VAC 24VDC / 150% load
4
Zoom Factor: 100 ¥ — ZoomlPosition:=—3.34ms M2.=00ms :
) IPFC-Choke, rated = 14A
(O 293.9H7 @ 10004 |3
O 264w O 0004 k IpFc-Choke measured = 10A
£35.21kHz A10.00 4
dI/de 2840y Hz

100y

250M5/s

Line ./~

Channel 1: Vin
Channel 4: lprc-choke

Result: pass

T. }[z 20.0ps ][ 10 Mar 2016}
50.0mY B @ 400A QW 5M points 0.00Y 15:27:30
Tek Stop P "
. icture 132. Current in PFC
@ AC+DC RMS 2775V I, 7y
q rDur’n:hschn FTTN ChOke
0.000 4000y Frea  S0O015He @ 277VAC 24vDC / 100% load
4
Foomfaktor: 200 % Zoomposition: 6.97ms H 4.00ms
: Sy |PFC-Ch0ke, rated = 14A
LoE 0 5.97360ms () 0.000 4 \» IPFC.Choke measured — 5,72A
i { AT.00000s A5 7204 |1
£ dI/dt -817.1k&/s

j

B

J‘\ B N

& 10y By 7 20.0ps
2004 O

25.0M5/5

Metz ™

T

Channel 1: Vin
Channel 4: lprc-choke

Result: pass

28 Feb 2017
1M Pkte. 0.00Y 10:52:14 J
Telk Stop P "
. icture 133. Current in PFC
@ AC+DC RMS 277.0V VAR Y
f choke
q ) ) ) ) ) ) Durchschn  283.8 W
0.000Y 00y frea 49971 @ 277VAC 24VDC / 150% load
4
Zoorr_lfa_ktor: 200 % Zoompo_sitioniES.S?ms ] H4‘00_rns ]
: : : : E IPFC—Choke, rated = 14A
| [ 6.96660ms @ £.440 4
—| O 6.9730ms @ 0.0004 " IPFC-Choke measured = 8,44A
: A7.00000s 234404 |1
: A‘ dI/dt ~1.206MA/s)
g .
e g Channel 1: Vin
i [ Channel 4: lprc-choke
P 5 ‘ .z - ; I . |Result: pass
F) 100 ¥ By }[z 20.0ps 25.0MS/s Netz . ][ 23 Feb 2017}
2004 Q% 1M Pkte. 0.00Y 11:04:58
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Tek Stop

Picture 134. Current in LLC
choke
@ 24vDC / 100% load

ILLc-Choke, rated = 23A

ILLc-Choke measured = 8,24A

Channel 4: I.Lc-choke

250M5/s

: - [4.00ps o : ] .
400 A N j[ 10k points 2,304 ] Result: pass
Value Mean Min Max Std Dev
&) Frequency 79.05kHz 7763k 73,44k £1.75k 3711k . -
Max .08 4 .08 8.08 .08 0.00 14 Mar 2016
€D Min -8.24 & -8.24 -3.24 -8.24 0.00 15:37:12
[ 4 LS 5744 5.77 5.72 5.83 56.6m
Tek stop, I

Picture 135. Current in LLC
choke
@ 24VDC / 150% load

ILLc-Choke, rated = 23A

ILLc-Choke measured = 12,2A

Channel 4: I_Lc-choke

. -~ (4.00ms 250M5/s o 7 : ] .
4004 Qf j[ 10k points -2.30 4 S Result: pass
Value Mean Min Max Std Dev
€D Frequency 68.60kHz 76.92k 68,47k 81.78k 3.917k .
Max 11.9 4 #.53 7.92 11.9 1.26 14 Mar 2016
€ Min -12.24 -3.68 -12.2 -8.08 1.26 15:37.56
[ 4 LN 8754 6.11 5.71 8.75 970m
Tek Stop_ 1L I 1

~———— | Picture 136. Current in LLC
choke
@ 28VvDC /100% load

ILLc-Choke, rated = 23A

v

SV

v

ILLc-Choke measured = 9,84A

Channel 4: I c-choke

o

10.0ps 100MS/s .
® 0: on ][ 10kpoints  -2.304 ] A Result: pass

Yalue Mean Min Max Std Dev | . ;
Frequency 48.98kHz 47.31k 44,60k 43.98k 1.550k .
Max 920 4 9.36 9.04 9.34 236m 14 Mar 2016
Min -9.20 4 -9.36 -9.84 -39.04 273m 15:38:52

_RMS S8 A 588 5.76 598 76.4m
Tek Stop [ [ T

——— | Picture 137. Current in LLC
: 1 |choke
@ 28VDC /100% load

ILLC—Choke, rated = 23A

ILLc-Choke measured = 16,2A

Channel 4: I c-choke

100MS/5

o/

1004 oW j[mws 10k points  —2.80 A ] Result: pass

Yalue Mean Min Max Std Dev . ;

Frequency 46.76kHz Low signal amplitude . —— 2.016
ar

Min Disa -6 me om0 213 153501
[ 4 Ll 8824 6.39 5.84 9.03 1.0%
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Tek Stop

AALA A

WANNANNANS
VNV

Picture 138. Working voltage at
the Resonance caps C152-C163
@ Vbulk = 410V

24VvDC / 100% load

Vres_cap =630V
Vres_cap measured = 284V

. .
: : : Channel 1: Vies cap
: 10.0ps 2.5065/5 [ W3
& 1oy 1M points 202 .
Yalue Mean Min Max Std Dew . . Resu It paSS
& Max 284 ¥ 254 284 234 0.00 21 Mar 2016
[ 1 213 % 214 213 214 1.33 11:20:58
@D Frequency 77.70kHz 78.91k 77 70k 80.12k 1.715k
TekStop 1L — 1 I

vV

Picture 139. Working voltage at
the Resonance caps C152-C163
@ Vbulk = 410V

24VDC / 150% load

Vres_cap measured = 328V

® Channel 1: Vies_cap
'ﬂ. .100\/. : : j[mws ihf?)?)?r:tss ‘2'02(/ ] : R .
Yalue Mean Min Max Std Dew d eSUIt paSS
S T D ]@
| o Frequency 70.38kHz 76.75k 70,38k 21,38k 4,502k
Topestor . = s Picture 140. Working voltage at
the Resonance caps C152-C163
@ Vbulk =410V
28VvDC / 100% load
/\ /\ TN /\ / Vies_cap = 630V
J \/ : I \/ : \/ ] Vres_cap measured = 332V
T P PO A o Channel 1: Vie w
'o. .100v. : : j[mws irj?:i?:tss ‘2’02(/ ] - R .
Yalue Mean Min Max Std Dew | - eSUIt pass
-1V - - \ e
|| @ Frequency 45, 88kHz 71.60k 45,88k 51,38k 13,23k
Topstor | ‘ : ‘ Picture 141. Working voltage at
the Resonance caps C152-C163
; : : : : : : @ Vbulk = 410V
- /\ L /\ R /\ o / 28VDC / 150% load
TN TN T [ Viescap = 630V
J o V o e \/ S \/ o Vres_cap measured = 384V
o T T T Channel 1: Vie e
@ o [mws i;?:i?:tss ?szv ] ] .
— — — — — : 1 | Result: pass
i 2y 2 o e i e
@D Frequency 46.35kHz 47,12k 46,35k 47.90k 1.0949k
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5 Reliability data

5.1 Calculated values of MTBF

The MTBF calculation was done with the Software EXAR 11 and the used standard is SN29500 (
EN/IEC 61709).

The following results are valid under following conditions:

e SNA: Nonmobile operation ground benign
e ZF: Continuous operation 8760 h per year

Ambient '[rc’ec::r?perature Separate Document Falllfrf?t ;?ate M[';I?F I\/I['Ir']F]F
25 MTBF-25deg-SN29500-DRF960-24-1.pdf 906 126 1103504
40 MTBF-40deg-SN29500-DRF960-24-1.pdf 1525 74,9 655893
50 MTBF-50deg-SN29500-DRF960-24-1.pdf 2225 51,3 449534

The complete calculations you can find in the separate documents.

Author:
Revision:
Date:

FJ Moers
4.1
17.05.2017

Page: 73

TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX




Page intentionally left blank

Author:
Revision:
Date:

FJ Moers
4.1
17.05.2017

Page: 74

TDK-LAMBDA-DRF-960-24-1 REV4_1.DOCX




5.3 Component derating

5.3.1 Calculating method

5.3.1.1 Measuring Conditions

Input: 240VAC Ambient temperature: 50°C

Output : 24V, 40A(100%) Mounting method: Standard Mounting

5.3.1.2 Semiconductors
Compared with maximum junction temperature and actual one which is

calculated based on case temperature, power dissipation and thermal
impedance.

5.3.1.3 IC, Resistors, Capacitors, etc.

Ambient temperature, operating condition, power dissipation and so on are
within derating criteria.

5.3.1.4 Calculating Method of Thermal Impedance

. Tj(max)—Tc . Tj(max)—Ta . Tj(max)—TI
e(] N C) - Pc(max) e(] N a) o Pc(max) e(] B l) o Pc(max)
Te: Case temperature at start point of derating; 25°C in general
Ta: Ambient temperature at start point of derating; 25°C in general
T Lead temperature at start point of derating; 25°C in general
Pc(max): Maximum collector dissipation
O(j-c): Thermal impedance between junction and case
O(j-a): Thermal impedance between junction and air
o(-1): Thermal impedance between junction and lead

Author: FJ Mdoers TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX
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5.3.2 Component derating list

Position Vin = 240VAC Load = 100% Ta =50°C
V5 Tjmax = 150 °C B(j-c) = 0,543 °C/W
TK31N60W Pd = 2,6W ATc = 41,4°C Tc = 91,40°C
Toshiba Tj = Tc+(©(j-¢) x Pd) =92,8°C
D.F.= 61,87%
V6 Tjmax = 150 °C 6(j-c) = 0,543 °C/W
TK31N60W Pd = 2,6W ATc = 41,4°C Tc= 91,40°C
Toshiba Tj = Tc+(©(j-c) x Pd) =92,8°C
D.F.= 61,87%
V7 Tjmax = 150 °C e(j-c) = 0,26 °CW
IPP60R074C6 Pd = 3,2W ATc = 48,79°C Tc= 98,79°C
Infineon Tj = Tc+(B(j-c) x Pd) =99,6°C
D.F. = 66,41%
V9 Tjmax = 150 °C O(j-c) = 0,26 °C/W
IPP60R074C6 Pd = 3,2wW ATc = 48,79°C Tc= 98,79°C
Infineon Tj = Tc+(B(j-c) x Pd) =99,6°C
D.F. = 66,41%
V1 Tjmax = 175 °C 6(j-c) = 0,6 °C/W
IPBO11NO4ANG Pd = 2,8W ATc = 62,99°C Tc= 112,99°C
Infineon Tj = Tc+(B(j-c) x Pd) = 114,67°C
D.F. = 65,52%
V2 Tjmax = 175 °C B(j-c) = 0,6 °C/W
IPBO11NO4ANG Pd = 2,8W ATc = 61,66°C Tc= 111,66°C
Infineon Tj = Tc+(B(j-c) x Pd) = 113,34°C
D.F.= 64,77%
V3 Tjmax = 175 °C ©(j-c) = 0,6 °C/W
IPBO11NO4ANG Pd = 2,8W ATc = 61,5°C Tc= 111,5°C
Infineon Tj = Te+(B(j-c) x Pd) = 113,18°C
D.F. = 64,67%
V4 Tjmax = 175 °C ©(j-c) = 0,6 °C/W
IPBO11NOANG Pd = 2,8W ATc = 60,67°C Tc= 110,76°C
Infineon Tj = Te+(B(j-c) x Pd) = 112,35°C
D.F. = 64,2%
D21 Tjmax = 150 °C B(j-c) = 1,0 °C/W
GSIB2560E3 Pd = 8,8W ATc = 45,66°C Tc= 95,66°C
Vishay Tj = Tc+(B(j-c) x Pd) = 104,46°C
D.F. = 69,64%
D10 Tjmax = 175°C ©(j-c) = 1,7 °C/W
STTH15L06D Pd = 2W ATc = 51,43°C Tc= 101,43°C
STMicro Tj = Tc+(B(j-c) x Pd) = 104,83°C
D.F. = 59,9%
D14 Tjimax = 175 °C e(j-c) = 1,7 °C/W
STTH15L06D Pd = 2W ATc = 51,43°C Tc= 101,43°C
STMicro Tj = Tc+(B(j-c) x Pd) = 104,83°C
D.F. = 59,9%
D39 Tjmax = 175 °C e(-l) = 30 °C/W
STPS1H100A Pd = 0,047W ATc = 28,37°C Tc= 78,37°C
STMicro Tj = Tc+(B(j-c) x Pd) = 79,78°C
D.F. = 45,59%
D40 Tjmax = 175 °C O©(-l) = 30 °C/W
STPS1H100A Pd = 0,047W ATc = 42,02°C Tc= 92,02°C
STMicro Tj = Tc+(B(j-c) x Pd) = 93,43°C
D.F. = 53,39%
Position Vin = 230VAC Load = 100% Ta =50°C
IC15 Tjmax = 125 °C O(j-c) = 210 °C/W
FOD817B Pd = OW ATc = 31,18°C Tc= 81,18°C
Fairchild Tj = Tc+(©(j-c) x Pd) = 81,18°C
D.F. = 64,94%
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IC16 Tjmax = 125 °C O(j-c) = 210 °C/W
FOD817B Pd = OW ATc = 31,18°C Tc= 81,18°C
Fairchild Tj = Tc+(B(j-c) x Pd) = 81,18°C
D.F. = 64,94%
IC18 Tjmax = 125 °C ©(j-c) = 210 °C/W
FOD817B Pd = OW ATc = 31,18°C Tc= 81,18°C
Fairchild Tj = Tc+(B(j-c) x Pd) = 81,18°C
D.F. = 64,94%
IC20 Tjmax = 125 °C ©(j-c) = 210 °C/W
FOD817B Pd= oW ATc = 31,18°C Tc= 81,18°C
Fairchild Tj = Tc+(©(j-c) x Pd) = 81,18°C
D.F. = 64,94%
IC9 Tjmax = 150 °C O(j-c) = 136 °C/W
TEA1721A Pd = 0,19W ATc = 33,81°C Tc= 83,81°C
NXP Tj = Tc+(6(j-c) x Pd) = 109,65°C
D.F.= 73,1%
IC2 Tjmax = 150 °C 6(j-c) = 145 °C/W
NCP1631 Pd = 0,12W ATc = 32,66°C Tc= 82,66°C
Onsemi Tj = Tc+(B(j-c) x Pd) =
100,06°C
D.F.= 66,7%
IC1 Tjmax = 150 °C 6(j-c) = 120 °C/W
L6699A Pd = 0,15W ATc = 43,0°C Tc = 93,00°C
STMicro Tj = Tc+(O(j-c) x Pd) = 111°C
D.F. = 74%
IC5 Tjmax = 150 °C o(-l) = 120 °C/W
ZXGD3101N8 Pd = 0,18W ATc = 62,66°C Tc= 112,66°C
Diodes Inc. Tj = Tc+(O(j-c) x Pd) = 134,3°C
D.F. = 89,53%
IC6 Tjmax = 150 °C e(-I) = 120 °C/w
ZXGD3101N8 Pd = 0,18W ATc = 51,73°C Tc= 101,73°C
Diodes Inc. Tj = Tc+(B(j-c) x Pd) = 123,3°C
D.F. = 82,22%
IC7 Tjmax = 150 °C o(-l) = 120 °C/w
ZXGD3101N8 Pd = 0,18W ATc = 58,44°C Tc= 108,44°C
Diodes Inc. Tj = Tc+(B(j-c) x Pd) = 130,0°C
D.F. = 86,69%
IC8 Tjmax = 150 °C o(-l) = 120 °C/w
ZXGD3101N8 Pd = 0,18W ATc = 49,52°C Tc= 99,52°C
Diodes Inc. Tj = Tc+(O(-c) x Pd) = 121,1°C
D.F. = 80,75%
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5.4 Capacitor lifetime

rated values applied values Calculated
i Ripple . Ripple I I
Capacity | Voltage Lifetime | Temp | Voltage Temp Lifetime Lifetime
Pos. [WF] V] Current [h] °cJ V] Current °cJ h] yr]
[A] [A]
<65,34
C1 150 450 0,97 5000 105 410 0,47 Assumption: [ >101164 | >11,54
use Temp of C2
C2 150 450 0,97 5000 105 410 0,47 65,34 101164 11,54
<57,22
Cc3 150 450 0,97 5000 105 410 0,47 Assumption: [ >177608 | >20,26
use Temp of C4
Cc4 150 450 0,97 5000 105 410 0,47 57,22 177608 20,26
C89 1800 35 4,10 10000 105 24 1,45 71,80 134743 15,37
<71,80
Co0 1800 35 4,10 10000 105 24 1,45 | Assumption: use | >134743| >15,37
Temp of C89
<71,80
ca1 1800 35 4,10 10000 105 24 1,45 | Assumption: use | >134743 | >15,37
Temp of C89
<71,80
Co2 1800 35 4,10 10000 105 24 1,45 | Assumption: use | >134743| >15,37
Temp of C89
Cc8 220 35 4,00 3000 105 24 1,15 70,34 162226 18,5
<70,34
C9 220 35 4,00 3000 105 24 1,15 | Assumption: use [ >162226 >18,5
Temp of C8
<70,34
C10 220 35 4,00 3000 105 24 1,15 | Assumption: use [ >162226 >18,5
Temp of C8
<70,34
C11 220 35 4,00 3000 105 24 1,15 | Assumption: use [ >162226 >18,5
Temp of C8
<70,34
Cl14 220 35 4,00 3000 105 24 1,15 | Assumption: use [ >162226 >18,5
Temp of C8
C54 220 35 0,84 7000 105 13,5 0,26 59,57 222611 25,39
<59,57
C55 220 35 0,84 7000 105 12,5 0,22 | Assumption: use | 224900 25,65
Temp of C54
Minimum lifetime of the capacitors
at 230Vac / 24Vdc /30A / Tamb.=40°C| 101164| 11,54
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6 List of equipment used

Equipment Used Manufacturer Model No.
1 | Mixed Domain Oscilloscop Tektronix MDO3024
2 | Datalogger Agilent 34970A
3 | Datalogger Keyside 34972A
4 | Power Analyzer Zimmer LMG450
5 | AC Source Chroma 61703
6 | Electronic Load Promed M9716
7 | Electronic Load Promed M9716B
8 | Electronic Load Promed M9717
9 | Modular Impuls Generator H+H MIGO603IN2
10 | Coupling Network H+H CDN2000-06-32

11 | EMI Test Receiver

Rohde & Schwarz

ESBC 1082.8007

12 | Artifical Mains Schwarzbeck Mess Elektronik NSLK8126
13 | Climatic Chamber Heraeus Votsch VMTO04/240
14 | Multimeter Fluke 179

15 | Current Probe LEM HTB-200
16 | Current Probe Chauvin Arnoux E1N

Author: FJ Moers
Revision: 4.1
Date: 17.05.2017

Page: 79

TDK-LAMBDA-DRF-960-24-1_REV4_1.DOCX




