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1. Document Contents

This document includes the specification of IEC 61000-4-17 DC ripple immunity test standard
and waveform related parameter calculations along with the operation process, test items and
test waveform for performing 48V DC ripple immunity tests on Chroma 61509 Programmable

AC Source.
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2. Introduction to IEC 61000-4-17
Standard

2.1 Summary

This standard defines the method for testing DC input immunity on the input ports of electrical
appliances or electronic equipment. The related fields of application are: appliances that
provide DC power from the rectifier system, and batteries that are being charged.

2.2 Purpose

The purpose of the standard is to build a common and repeatable test basis to be applied in
the laboratory or to the electrical and electronic equipment, simulating the environment when

subjected to ripple voltage.

2.3 Test Conditions

2.3.1 Test Level

The percentage of each test level indicates the peak-to-peak value of the ripple voltage.

Table 1 Test Level

Level Percentage
of the nominal d.c. voltage

1 2

2 5

3 10

4 15

X X
NOTE "x"is an open level, This level can be given in the
product specification.

2.3.2 Test Frequency

The frequency of the ripple voltage is based on the multiple of 2, 3 or 6 times of 50Hz / 60Hz.
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2.3.3 Test Waveform

It defines the ripple test waveform based on the charge/discharge characteristics of rectified
system with filter capacitor for single and three phase power system.

Ripple content

Uge,

Urnin o

Figure 1 1-Phase Rectified Test Waveform

Ripple content

Ul'l'l!l .,

Uge

P
Urnin

Figure 2 3-Phase Rectified Test Waveform



y W i
/M- m
-~ Han e A
= | o N o & ¥ o o F & |
- N BN B SN EEB =
. BN - NN ws

ATE Inc.

3. 48V DC Ripple Tests

3.1 Purpose

The 48V DC ripple test is going to simulate the specific waveform which defined in IEC
61000-4-17 by using 61509 programmable AC source as test instrument. User can use these
specific output waveforms to test the ripple immunity of the DUT.

3.2 Introduction of Test Instrument

Table 2 Chroma 61509 Programmable AC Source Specifications

Model Chroma 61509 Programmable AC Source
3 E o 253 .:/

Exterior . s.@5:oc
=—-—-—.—.—

Output Phase

1 or 3 Selectable

Power Rating 6kVA / 6kW

AC Voltage Range 0~175VLN /0~350VLN
AC Max Current (1-Phase) 60A / 30A

DC Voltage Range 0~247.5V / 0~495V
DC Max Current (1-Phase) 60A / 30A

Peak Current Capability 240A / 120A

Voltage Setting Accuracy

0.1% of RD+0.2% of FS

15Hz ~ 2000Hz

Load Regulation

Frequency (15Hz ~ 5000Hz @ Option)
Frequency Accuracy 0.01%
0.2%

3.3 Test Items

The test items are set by adding 50Hz or 300Hz to 48VDC on the 1-phase or 3-phase rectified

waveforms with 15% amplitude (level 4) ripples.
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Table 3 IEC 61000-4-17 Standard Test Items
Test Rectification Ripple Nominal Ripple
ltem Type Frequency Voltage | Amplitude
1 1-Phase 50Hz 48Vdc 15%
2 1-Phase 300Hz 48Vdc 15%
3 3-Phase 50Hz 48Vdc 15%
4 3-Phase 300Hz 48Vdc 15%

The test will use the Sequence 0 and Sequence 1 of LIST mode advanced programming
function of 61509 programmable AC source to simulate the ripple waveform occurred with the
charging and discharging of the filter capacitor. And repeat these sequences continuously to
simulate the ripple test waveform defined by the standard.

3.3.1 Test 1. 1-Phase Rectified Waveform (50Hz)

1. Parameter calculation schematic

14
Ud.c.x 15% Vi) Umin 4

e ] t) ] 1.4V
Umax _Ue!’.(ﬁ.-f_ 51.6V o o i L - = sin™? — = 59,36
\ Um' .
Ud.c.= 48V —> Ugg o9 I©
Unin “
Ud.c.x 15%
Umin = Ud. c. Bl B =44.4V
i ' \ . \
Umax /# i : / H / \
Vrms = 5 - 36.5Vac / 171 V] i \ \
I imsi  gaohls | \/ ‘-
| e ] y i } .
/ Sms ‘
a) Single-phase reclifier
V(t) = Vpeak x Sinf = Vpeak x Sin(wt) = Vpeak x Sin(2nft),
V(t
2nft = sin™’ '.’(—).’ ? T 20ms
peak t2==+4+1tl=— + 3.29ms = 13.29ms
1 . v(r) S Umin 59.36 2 Z
t] = —sin"' ——=—sin"! —— = 20ms x —— = 3. 29ms
7t f Vpeak 2m 360

Figure 3 1-Phase Rectified Waveform (50Hz) —Parameter Calculation Schematic (voltage,
phase angle, time)
2. Sequence 0 charging parameter calculation
A. Ripple voltage RMS value

The peak value of ripple is the base voltage 48V plus 15% amplitude = 51.6V. And
let 51.6V divided byv/2 to get the ripple voltage RMS value = 36.5Vac.

B. Ripple frequency
Test 1 frequency is 50Hz.
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Starting phase angle of ripple
The start value of ripple is the base voltage 48V minus 15% amplitude = 44.4V. Use
sine wave formula to calculate the starting phase angle ©.

V(t) = Vpeak X Sin6;

44.4 = 51.6 X Sin®;

0 =59.36°

The charging duration time

Sequence 0 is to simulate the ripple caused by capacitor in charging. Use sine wave
formula to calculate the starting time t1.

V(t) = Vpeak X Sin® = Vpeak X Sin(2mft);

Sin(2mtft) = re .

et ~ Vpeak’

o Lo VO T4 59360
_ansm Vpeak_Znsm 51.6 3600 7S

The charging is end at the one quarter of period
Sequence 0 duration time =5 —-3.29 = 1.71ms.

%x 20 = 5ms. So we can get the

Chroma 61509 List Mode operation menu

1_Phase LIST MODE QUIT
LIST MODE SETTING List Neds
Vac start = 36.5V o
Vac end = 36.5V
F start = 50.00Hz Triager
F end = 50.00Hz
Vdc start = 0.0V e
Vdc end - 0.0V
Degree = 59.4° o
Waveform = A =
quence
Time = __ 1.1ms o
Execution
Pag
List Pulse Step Inter- Harmonic 2018708721
J Pode Mod Modo Synthesis | \yrmonics |  Mens, 16:11:08

Figure 4 1-Phase Rectified Waveform (50Hz) - Sequence0 Edit Menu

Sequence 1 discharging parameter calculation
A.

Discharging voltage

The charging starting voltage is the peak value of ripple = 51.6V. The ending
voltage is equal to the start value of charging = 44.4V.

The discharging duration time

The discharging is end at t2 = % +tl = ? + 3.29 = 13.29ms. So we get the
Sequence 1 duration time = t2 — 7 = 13.29 — 5 = 8.29ms.

Chroma 61509 List Mode operation menu
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LIST MODE SETTING
Vac start = 0.0V
Vac end = 0.o0v
F start = 50.00Hz Trager
F end = 50.00Hz
Vdc start = 51 .6V e
Vdc end = 44 4V
Degree = 0.0°
Waveform = A
Sequence
Time = 8.3ms ]
Execution
Page
List se Step il Inte Harmonic | 2018/08/21
Mode Med Mode ey Ll 16:11:40

Figure 5 1-Phase Rectified Waveform (50Hz) — Sequencel Edit Menu

4. Actual waveform
A. Charging waveform

Charging from 44.4V to 51.6V, and the charging time is approximately 1.71ms.
Meet the definition of ripple waveform in the standard.

Figure 6 1-Phase Rectified Waveform (50Hz) — Actual Chaing Waveform

B. Discharging waveform

Discharging from 51.6V to 44.4V, and the discharging time is approximately 8.29ms.
Meet the definition of ripple waveform in the standard.

Figure 7 1-Phase Rectified Waveform (50Hz) — Act

al iscarging Waveform
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3.3.2 Test 2: 1-Phase Rectified Waveform (300Hz)

1. Parameter calculation schematic

V(t) = Vpeak X Sin#,

Ud.c.x 15% ; s AtF
e 3 = V(t U 44.41
Umax = Ud.c.+ ————=51.6V PR 2 ST B bt LA
Vpeak Umax 51.6V
max s Sequence 1 Rlpple content
A 90° Discharging Waveform o
Ud.c.= 48V —> Uge """ '
Unmin
Ud.c.x 15% ! | | \ /i \ / \
Umin = Ud.c. - ———— = 44.4V ] ] \ / i \ / \
' \ o \ \
Umax /7"JI Vo : \ J \
Vrms = 5 = 36.5Vac / 0.28] \ ! i 1 \
2 I imsi  139hls | i \
I - S— = ¥ \
0.83ms
/ a) Singlephase rectifier
V(t) = Vpeak x Sinf = Vpeak X Sin(wt) = Vpeak x Sin(2nft),
N
2rft = sin T T 3.33ms
PEd 2= s+ tl= &1 0.55ms = 2.22ms
t1 = ——sin~? L = Lgjp-1 2% = 33315 x 222 = 0, 55ms
2nf Vpeak 2m Umax 360°

Figure 8 1-Phase Rectified Waveform (300Hz) —Parameter Calculation Schematic
(voltage, phase angle, time)

2.  Sequence 0 charging parameter calculation
A. Ripple voltage RMS value
The peak value of ripple is the base voltage 48V plus 15% amplitude = 51.6V. And
let 51.6V divided by+/2 to get the ripple voltage RMS value = 36.5Vac.
B. Ripple frequency
Test 2 frequency is 300Hz.
C. Starting phase angle of ripple

The start value of ripple is the base voltage 48V minus 15% amplitude = 44.4V. Use
sine wave formula to calculate the starting phase angle 6.

V(t) = Vpeak X Sin6;
44.4 = 51.6 X Sin®;
0 =59.36°

D. The charging duration time

Sequence 0 is to simulate the ripple caused by capacitor in charging. Use sine wave
formula to calculate the starting time t1.

V(t) = Vpeak X Sin® = Vpeak X Sin(2mft);
V(t)

Vpeak’

Sin(2mft) =
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1 1 V(t) T . 444 59.36°
tl = sin =— 33 %X = 0.55ms

= —=3.
2nf Vpeak 2™ 516 360°

The charging is end at the one quarter of period = % X 3.33 = 0.83ms. So we can
get the Sequence 0 duration time = 0.83 — 0.55 = 0.28ms.

Chroma 61509 List Mode operation menu

LIST MODE
LIST MODE SETTING Lisi Moda |
Vac start = .5V
Va: end = 36.5V il
F start = 300.00Hz TH
F end = 300.00Hz
Vdc start = 0.0V e
Vdc end = 0.0V -
Degree = 59.4° i
wa ve ' orm = A Sequence
Time = 0.3ms "
Execution
Page
RIS

Figure 9 1-Phase Rectified Waveform (300Hz) - Sequence0 Edit Menu

3. Sequence 1 discharging parameter calculation

A.

Discharging voltage
The charging starting voltage is the peak value of ripple = 51.6V. The ending
voltage is equal to the start value of charging = 44.4V.

The discharging duration time

The discharging is end at t2 = g +tl = :ﬁ + 0.55 = 2.22ms. So we get the

Sequence 1 duration time =t2 — 2 = 2.22 —0.83 = 1.39ms.

Chroma 61509 List Mode operation menu

LIST MODE
18T MODE SETTING
Vac start = 0.0V
Vae end = 0.0V [
F start = 300.00Hz Tager
o
F end = 300.00Hz | =8
Vdc start = 51.6V e
Vdc end = 44 .4V =
Degree - 0.0 4
Waveform = A .
Time = 1.4ms _i
Exscuti
age
Mode Mod lode
= |

Figure 10 1-Phase Rectified Waveform (300Hz) — Sequencel Edit Menu



Actual waveform
A. Charging waveform

Charging from 44.4V to 51.6V, and the charging time is approximately 0.28ms.
Meet the definition of ripple waveform in the standard.

Figure 11 1-Phase Rectified Waveform (300Hz) — Actual Charlng Waveform

B. Discharging waveform
Discharging from 51.6V to 44.4V, and the discharging time is approximately 1.39ms.

Meet the definition of ripple waveform in the standard.

B

XN

arging Waveform

10
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3.3.3 Test 3: 3-Phase Rectified Waveform (50Hz)

1. Parameter calculation schematic
V(t) = Vpeak x Sinéd,
Ud.c.x 15%

Umax =Ud.c.+ ——— = 51.6V ) V(t) ) Umin . 4441
2 0 =sin~!' = =&in; =sin"! —— =59.36
\ Vpeak Umax 51.6V
Umnax .. s &0 Sequence 1 Ripple content
Charging m 9(° Discharging Waveform
Ud.c.= 48V —> Uge. T T N e s
4N N A N A N A N A WA W A S
Umin - I g
Vi S Y V2 Y 2 N A O R N A O B N B '
Voo \/ \/ \/ \/ \/ \/
Ud.c.x 159 | i
Hinin=d =202 100 ia9 ,’\ i "‘\ A A A A A A A
2 r \ I- | l \ r \ I\ i\ 1\ I\ I\
\ Fy d Y Y ry 1
v _Umax_36 - / ' Y I Y4 X0 Wiy 1
TS = Ta1g - UOAe ! 1‘!71.‘&71 ! 1A U A N O O A
B - A VAR VAR VA
Ao >i L '1‘ ] ¥ ¥ v L
/ sms \ b) Three-phase rectifier
V(t) = Vpeak x Sin8 = Vpeak x Sin(wt) = Vpeak x Sin(2nft), T 20ms
V(t) t2=—x2= - X2 =6.67ms
2nft = sin™? ; 6 6
Vpeak
t1 = — sin~! —— = gjn~? Imit — 20ms x 232 —3.29ms
2nf Vpeak 2m Umax 360°

Figure 13 3-Phase Rectified Waveform (50Hz) —Parameter Calculation Schematic (voltage,
phase angle, time)

2. Sequence 0 charging parameter calculation

A. Ripple voltage RMS value

The peak value of ripple is the base voltage 48V plus 15% amplitude = 51.6V. And
let 51.6V divided by+/2 to get the ripple voltage RMS value = 36.5Vac.

B. Ripple frequency
Test 3 frequency is 50Hz.
C. Starting phase angle of ripple

The start value of ripple is the base voltage 48V minus 15% amplitude = 44.4V. Use
sine wave formula to calculate the starting phase angle 6.

V(t) = Vpeak X Sin6;
44.4 = 51.6 X Sin®;
0 =59.36°
D. The charging duration time

Sequence 0 is to simulate the ripple caused by capacitor in charging. Use sine wave
formula to calculate the starting time t1.

V(t) = Vpeak X Sin® = Vpeak X Sin(2mft);

Sin(2mft) = (eczk ;

11
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The charging is end at the one quarter of period =

44.4
.n_l

516

X
360°

59.36°
= 3.29ms

%x 20 = 5ms. So we can get the

Sequence 0 duration time =5 —-3.29 = 1.71ms.

E. Chroma 61509 List Mode operation menu

1_Phase LIST MODE QuiT
LIST MODE SETTING m

Vac start = 36.5V

Vac end = 36.5V

F start = 50 .00Hz | Trewer

F end = 50.00Hz [l

Vdc start = 0.0V | he

Vdc end = 0.0V L~;;:

Degree = 59.4" v

Waveform = A o

Time = 1.7ms o8
Execution
Page

R | x| || | S S

e )
Figure 14 3-Phase Rectified Waveform (50Hz) - Sequence0 Edit Menu

3. Sequence 1 discharging parameter calculation
A. Discharging voltage

The charging starting voltage is the peak value of ripple = 51.6V. The ending
voltage is equal to the start value of charging = 44.4V.

B. The discharging duration time

Take 3-phase rectified waveform diagram from standard for reference, and the
discharging is end at the second one-sixth period point= %x 2= 2—60 X 2 = 6.67ms.

So we get the Sequence 1 duration time = t2 — % =6.67 —5 = 1.67ms.

C. Chroma 61509 List Mode operation menu

1_Phase LIST MODE QUIT
SE

LIST MODE SETTING

Vac start = 0.0V

Va: end o 0.0V !

F start = 50 .00Hz | Tigger

F end = 50.00Hz |

Vdc start = 51.0¥ Lo

Vdc end = 44 .4V :

Degree = o0 i

Waveform = A PR

Time = 1.7ms 1
Execution
Page

I i | s | e | e | S S

Figure 15 3-Phase Rectified Waveform (50Hz) — Sequencel Edit Menu

4. Actual waveform
A. Charging waveform

Charging from 44.4V to 51.6V, and the charging time is approximately 1.71ms.
Meet the definition of ripple waveform in the standard.

12
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Figure 16 3-Phase Rectified Waf (5H

B. Discharging waveform
Discharging from 51.6V to 44.4V, and the discharging time is approximately 1.67ms.

Meet the definition of ripple waveform in the standard.

— |@rvi1.92000ps 1M, 15:5¢
50Hz) — Actual Discharging Waveform

Figure 17 3-Phase Rectified Wavefo -
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3.3.4 Test 4: 3-Phase Rectified Waveform (300Hz)

1. Parameter calculation schematic
V(t) = Vpeak x Sin8,
Ud.c.x 15%

i e = M Y e M R
\ Vpeak Umax 1.6}
Umax 0 Sequence 1 Ripple content
o 90" Discharging Wavetarmn__ s e B skl
Ud.c.= 48V —> Uge. — s \ e e T e T e e T e e Wt
i 41N N 2 W A W A W A W A W A W
i SR N SN A W O Y A W A W B W B W
/ VPPN ENTT N N N N N v
vobowoov \/ \/ \/ \/ \/ \/
1ok 5% : H
Umin = Ud.c. —w = 44.4V !\ i "\ ; A A A A A A A
2 ’\II:\‘I\ [ Y A U U B T A N A
/ e E
= \ i I’ J’ v oY oy [ TR (O SR T (R A
o _Umax ] S 2 Y A Y W A WA T
=Ta14 - % / 1“*#3"{5‘! WA A A W A WA
e \r u u VR VA VA
i<‘“>‘<“'>! ¥ ¥ ¥ \
/ 0. 83::15\ b} Three-phase rectiflar
V(t) = Vpeak x Sin@ = Vpeak x Sin(wt) = Vpeak x Sin(2mft) 3 33ms
2=—x X2=111ms
2nft = sin™? V)
o Vpeak '
t1 = ——sin~! —L = Zgin~1 22 = 335 x 222 = 0.55ms
2nf Vpeak 2w Umax 360

Figure 18 3-Phase Rectified Waveform (300Hz) —Parameter Calculation Schematic (voltage,
phase angle, time)

2. Sequence 0 charging parameter calculation
A. Ripple voltage RMS value

The peak value of ripple is the base voltage 48V plus 15% amplitude = 51.6V. And
let 51.6V divided byv/2 to get the ripple voltage RMS value = 36.5Vac.

B. Ripple frequency
Test 4 frequency is 300Hz.

C. Starting phase angle of ripple

The start value of ripple is the base voltage 48V minus 15% amplitude = 44.4V. Use
sine wave formula to calculate the starting phase angle ©.

V(t) = Vpeak X Sin6;
44.4 = 51.6 X Sin®;
0 =59.36°
D. The charging duration time

Sequence 0 is to simulate the ripple caused by capacitor in charging. Use sine wave
formula to calculate the starting time t1.

V(t) = Vpeak X Sin® = Vpeak X Sin(2mft);

Sin(2mft) = (eczk ;

14
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The charging is end at the one quarter of period = % X 3.33 = 0.83ms. So we can
get the Sequence 0 duration time = 0.83 — 0.55 = 0.28ms.

Chroma 61509 List Mode operation menu

1 _Phase LIST MODE QUIT
LIST MODE SETTING List Meda
Vac start = 36.5V
Vac end = 36.5V
F start = -300.00Hz Trigger
F end = 300.00Hz |
Vdc start = 0.0V e
Vdc end = 0.0V
Degree = 59.4° e
Waveform = A s
Time = 0.3ms 0
E:zcuh;m
Page
TR

Figure 19 3-Phase Rectified Waveform

(300Hz) - Sequence0 Edit Menu

3. Sequence 1 discharging parameter calculation

A.

Discharging voltage

The charging starting voltage is the peak value of ripple = 51.6V. The ending
voltage is equal to the start value of charging = 44.4V.

The discharging duration tim

e

Take 3-phase rectified waveform diagram from standard for reference, and the

discharging is end at the second one-sixth period point= %x 2=

% x 2 = 1.11ms.

So we get the Sequence 1 duration time = t2 — 7 = 1.11 — 0.83 = 0.28ms.

Chroma 61509 List Mode operation menu

1_Phase LIST MODE QUIT
LIST HODE SETTING [ List Mode |

Vac start =

Va: end = 0.0V Ll

r start = -300.00Hz Trigger

F end = 300.00Hz -

Vdc start = 51.6V L

Vdc end = 44 4V

Degree = 0..0f b

Waveform = A el

Time = 0.3ms )
Execuls
Pag

B o | v [ e | g | e S

esndl
Figure 20 3-Phase Rectified Waveform (300Hz) — Sequencel Edit Menu
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Actual waveform
A. Charging waveform

Charging from 44.4V to 51.6V, and the charging time is approximately 0.28ms.
Meet the definition of ripple waveform in the standard.

50

— Actual Chging Waveform

B. Discharging waveform
Discharging from 51.6V to 44.4V, and the discharging time is approximately 0.28ms

Meet the definition of ripple waveform in the standard.

ng Waveform

16
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