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2.

Figure 1. Pulp and paper manufacturing

2.1
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2.2  Drive System

Common AC DC bus

Figure 3. A common DC bus line- up
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3. Drive Systems
3.1  Single Drive

Single Drive 6 12 . Single Drive
(Wall mounted drives) , IPOO
Power Unit, Control Unit Choke . Vacon
Choke
AC  DC Choke . AC Choke
, DC- link
. DCChoke DC
Power Unit , 3 PWM AC
IGBT
Control Unit
, parameter , le] Ketpad
. Keypad ' ;
Keypad
PC
Single Drives . Vacon Single Drive
7N 7N
:, ) Lo ]
— N N
- (N

0 7N

( ( |
N/ N/
Figure 4. 6 and 12 pulse single drives
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3.1.1 Single Drive Applications
Stand - alone Drive

Single Drive Open- loop
Common DC bus system . Single Drive , ,HVAC
Single Drive , . Single Drive

. Single Drive  Common DC bus
Common ACbus system

:

Figure 5. Typical stand - alone drive

3.2  Common DC bus Drive Systems

Common DC bus Drive System AC DC Common DC bus
Front- end Unit . Common DC bus ,
Front - end Type . Common DCbus drive system
Brake Chopper
Unit
Common DC bus . DCbus

, . Braking Power
Common DCbus

Common DC bus drive system

Front - end Unit , (THD)
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» COMMON DC BUS ;

V4
FRONTEND,
AFE — INVERTER INVERTER INVERTER
or -

NFE ~

BRAKE
CHOPPER

q] ANyt 210

Fig 6. Inverter units are fed from the DC bus, and they control the motors in accordance with process needs.

3.2.1 Common DC bus Drive Applications
Common DC bus system , ,
. Common DC bus system
DC bus System (regenerative) (non- regenerative)
DC bus system Front- end unit . system
Common DCbus

, Brake Chopper Unit  Brake Resistor
Common DC bus System
Front - end Unit

LI T L

LTt ” .

Fig 7. A regenerative common DC - bus system F/g 8. A non- regenerative common DC - bus system

3.3 Common AC bus Drive Systems

Common ACbus Drive System AC
Common ACbus .

Common ACbus , . ACDrive
System Drive . . Common AC Drive
System

Common AC

ACbus
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COMMON AC BUS

Ll

V4

I3
SNy

Figure 9. Common AC bus system

Frequency
Converters

3.3.1 Common AC bus Drive Applications
Common ACbus Drive System

. Common ACbus Drive

System
Common ACbus System Common ACbus
3.4

Drive Drive System 3

Manually (Keypad )
/10 O o

nKEG o

/ I/10
, ON/OFF
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Fast multiple-line
monitoring
Control system

Figure 10. Drive control

3.4.1

. Vacon

Monitoring,

diagnostics and

parametrisation
e

Overriding control

Profibus DP (slot E):
Control, diagnostics
and monitoring

Option boards:
Basic 1/O (slot A)
Basic 1/O (slot B)
Encoder (slot C)
Can/Monitoring Bus
Profibus (slot E)

Figure 11. A fieldbus communication system



Engineered Drives Manual 14
3.4.2
Start/Stop
PID control
Bypass . Bypass
. ByPass
(ms)
3.4.3

97%



Engineered Drives Manual

15

4. Drive System

AC

, Common DCbus System

4.1

K Basic Shaft tuners

K

K

K High dynamics applications (

Common DC bus System
Common AC supply

Drive
Drive System
. Common DC bus Systems

Speed and/or Torque Control)

(torque) Power

(force),
(force) , )
(torque) (winder),
Power , (fans wind mills)

G=gxm
Figure 12. Example of physics behind a main hoist

Front- end
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4.2

chapter
42.1
|IEC 60038 1 -10%~+10%
+/- 5%
4.2.2 Load Data

4221 Load Types

a8

» = Compressors, cranes,
, lifts, conveyors,

Constant torque | T continuous web
n (rpm)
Constant power T Winders
ﬁ n (I'PITI)
A
L " | | P
Constant power/torque .."... T Unwinders, winders
» Tawm
ol n (rom)
Y Y
P
Square torque - Pumps, fans
» n(rpm)
A
High starting torque demand Extruders, mixers,
; T cement kilns
n (rpm)

Name

amin

Power mm mm e

Torque m————

Figure 13. Load types

Table 1. Process data
Definition

Minimum continuous speed [RPM].

nbase

Speed [RPMY], at the end of the constant torque, and at the starting point
of constant power.

nmax

Maximum continuous motor speed [RPM].

Plnbase]

Base power [kW], motor’s shaft power at the end of the continuous con-
stant torque. This is also motor’s shaft power at the starting point of
continuous constant power.

T[nbase]

Base torque [Nm], motor’s continuous constant shaft torque. Also
motor’s shaft torque at the starting point of the continuous constant
power.

oL

Overload [%], the relation of short time max. torque to the base torque.
(100% = no overload)
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4.2.2.2 : Power & Torque
Power kW (hp), speed rpm
Power in kW :
23 p3n T3n
P=T3 =2 [k Po ——[k
603 1000[ Wl 9550[ W

Torque in Nm :

3
To P fr9]55o[|\Ini

P =Power in kW, T =Torque in Nm, n = Rotational speed in rpm

4.2.2.3
AC (nominal duty point) (sn)

S, =(n, - n,)/n,*100%

(Synchronous speed, ny) :

L2l 60[rpm]
s ole# : ole
pole# P pole )
Nominal speed (n,) :
n,=ng- S,
Breakdown
torque
Locked rotor torque (pullout)
f— (starting torque)
' c

200
— Pull-up torque
(puli-in)

100

Full-load torque —

Percent of full-load torque

No-load speed =t

0 | “3E
o 50 100

Percent of synchronous speed

Figure 14. Typical torque speed curve of an asynchronous motor at DOL duty

4.2.3

K supply voltage

K speed range

K constant torque and start - up torque

K effect of acceleration (duration and inertia)

K ( )

4231 MtytwSx%wqtfifgngny-~
(= ) (thermal loadability) . Field weakening
1n , (max. torque)  1/n?

direct online supplied (DOL)
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30 %
(Short term required
torque) ,
300% T -
Tmax T | ___ \
Tin \\ 1 = Continuous thermal loadability Nm 4 \ 1= Continuous torque required by the load
Y 2=M hort ti t 1 2 = Motor's continuous torque capacity
A\ - axlmu.m snortime torque \ 3 = Max short-term torque required by the load
200% ~Tmaxx 0,7 \ 3 = Theoretical breakdown torque =' \ 4 = Motor's max short-term torque
) '.

100%

70% 7

40%

n/nN nfr;nm
Figure 15. Loadability curve of a typical motor Figure 16. Continuous and short - term torque
4.2.3.2
2 U )
TlllﬂX = !// ~ f )
200%
W % Flux y
1000/0 —— —— — — — ““T ..........................
50%
e Voltage f/fn
Compensation for/'",v’
resistive voltage
drop, "Boosting”

1 2 n/n,

A

Constant flux range Field weakening range
Figure 17. Max torque, voltage and flux as a function of the relative speed

Frequency range <fn = constant flux range
Frequency range >fn = field weakening range

4.2.3.3 Constant flux
(Tload) 0.8* Tn~0-7*T max

I :Ms N, |
m n
Tn nn

l,=MotorSx %st r nsf q9Bh%RAtwjtswS3IxWeh Kwwj sy %fy %y mj %wj vz nwj
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4.2.4  Frequency Converter

K
K
K Schapter 4.2.5 S
4241 capability
( 40 : 53 H.
IGBT
Vacon 1 /10

RMS

4.2.4.2 Cyclic load
Imin @226A / 9min @202A

226°31+202°3 9
LI, = = 205A
10
Imin @255A /9min @ 158A
2553 1+1583 9
y 1, = =170A
10
| Il by
380-500 VAC Inverter modules

Unit Low overload (AC current) High overload |AC current) lowe
Ll Code Frama | o [A] | Al | ont Al | in[A] I [A]
NX1_D00 5 FRA 43 47 33 5.0 62

NX1_0009 5 FR& 9 99 74 11,6 14

NXI_0012 § FRé 12 13,2 9 135 18

NXI_0016 § FR§ 18 17,6 12 18 2

NXI_0022 5 FR§ 23 253 1 2% 32

NX1_0031 5 FRé 3 34 2 35 46
NXI_00385 FRé 38 2 31 47 62
NXI_00455 FR6 46 51 38 57 7%

NXI_0041 § FR7 81 47 46 &9 92
NX1_00725 FR7 72 7 81 92 122
NX1_0087 5 FR7 37 % 72 108 m

NXI_0105 § FR7 105 116 87 131 17

NXI_0140 § FRB 140 154 105 158 210

NXI_01¢8 § FI9 Ty Py MO a0 280
NXI_02055 FI9 (205 ) (26 ) () ( 25) 136
NXI_02415 FI9 ~=r = s g 349

INU NX1_03005 FI9 300 330 245 368 m
NX1_03855 FI10 385 424 300 450 540
NXI_04605 FI10 440 506 385 578 £93
NXI_05205 FID 520 572 480 §90 828
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4.2.5

K 400

X X =X

4.3

I+

(Ambient conditions)

P21
+
(
d 4
d 4 4
Cabinet
EMC
immunity

EMC
emissions

—

.1IP54

95 %

(EMC)

IP 21
IP 54 < —— °oC
EMC EMC
immunity emissions

—— &= Supply

Figure 18. Environmental factors and EMC of the AC drive

Drive System

EMC
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4.4 Front- end

Process requirements for Front End type

Is
braking
needed?

Is low
THD
required?

THD
required?

a R
| NFE, 6-pulse |
o /

THD must

be < 12%? Regeneration ?
be o7

N - ~ -
< No > YYQS\ \ﬁ\ \st No < Yes
™ - y s - - -
(A ) (NFE b")“‘se\] [ are \; / AFE \
. AN AN ) . %

Regeneration ?

THD must
be < 12%7?

e X

Yes’/\ NO, QES i
/ \ (/NFE\1§|JLI|S;\ ‘/ NFE, 12-pulse \‘ /7 7\‘
"\ AFE ) ‘\configuratwon ) “\conﬁgu ration + BCU/“ \ AFE /
- - - — - Figure 19. Front End selection guidelines
Common DC bus System front - end unit . Front- end unit
K 2
K ?
K THD ?
THD (<5% ), front- end unit  Active Front End(AFE)
THD (>5%), front-end unit  AFE Non- regenerative Front
End(NFE)
K ?
AFE . NFE

4.5  Drive System Front- end

.DC « 7 )
Input DC-Bus Output ]
Mechanical
T = L ~

Pin } Pdc {} Pout

Pshaﬁ

Figure 20. Dimensioning the front end
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Parameter
K
K Power (Power )
K Unit
K
K
(S) Q) (P)
DC- link .
. AFE 0.99 NFE 0.93
DC- link
S=1vV3xUs xIy
P=vV3xUs xIy xcosa
Q=V3xU:s xIy xsina
Front End
Poc = V3 xU,xIy X€COSA XnNrect
*IN is the nominal current of the unit and frect
is the efficiency of the rectifier.
Figure 21. Calculating the DC link power
. DC- link 5%
, AFE AFE NFE NFE
45.1
K Power
K
K ( )
K DC ( J)
K DC
K AC
IL- cont AFE DC
In
P —_ l H-cont3 P
H-cont — | L- cont
L- cont
IDlmin .
_— 3 - 3
lein =11 PL-cont or I:g.min 15 I:)H- cor
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45.2 DC Power

270kwW 1700rpm , . 280kW
. 0.96 0.98 .
. Vacon Front End Units DC Power . DC Power
b =p 3. 1 5 1,1
DC shaft h /7 /7
motor filter INU
Poc = DC Power, Pgi = Power
Liotor = v Leier = (if not used, then=1), 1=
DC power
1 .1, 1
Py = 27kW?3 3-_3 = 29kW
096 1 0.97
DC power .
; DC power

1

Pe =Ppa® —

DC shaft

0.9

DC , DC power
( AC ) DC power DC power
DC power 5%
DC power

. 1 .
I::‘DC =a Pmotor3 @ -a Pgen3 0.9

Ppc= DC power,  Piar = Power, 1.o0or = Power

4.6
Vacon NXPDrive Unit 400
15%/1po . 500
Vacon NXP
4.7
. ( H
). ( / )
Vacon 1000m ( )

2000m (Vacon NX, Vacon 100 1000)
Vacon
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4.7.1
. Vacon 1000m
100m 1% . 2500m
85% . (100% - (2500m - 1000m)/100m x 1 % = 85 %)
Vacon
4.7.2
Vacon AC 2000m -
corner - grounded (corner 500V J)
4.7.2.1 Mains voltage
, 500V Vacon NX , 480V Vacon 10 500V Vacon
100/1000 3000m
690 V Vacon NX 2000m 519V
( )
4.7.2.2 High voltage I/O signals
I/O
2000m 250V .(OPT A2 OPT AC , 2000m 150V
). 150V 4866m
K OPT B5 4866m 250V
K OPT BF 3800m 250V , 150V
I/O ( :24
Vdc) 4888m 150 VvV
K OPT AC 3000m 150V , 100V
K OPT AF /OPT B5 2000m 250V , 150V
2000m 42~250Vac , 4866 m
42~150Vac .
K OPT B9 , HV ( :24Vdc) ,
2000m 150V , 100V
690V ,hmfuyj wwS93<3736 %Rf nsx
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4.8  Appendix
4.8.1
Table 2. Units of measure
Torque T [Nm]
Force F [N]
Moment of inertia J [kg m?]
Shaft power Pm kw
Gear ratio [
Angular velocity o [rad/s]
Angular acceleration a [rad/s?]
Rotational speed n [rpm]
Flow Q [m3/s]
Speed v [m/s]
Pressure P [Pa]
4.8.2 : FORCE
(Force) [kg m/s ?].
(speed)
F =m3 g3 (sina+ n7? cosa)
(acceleration force) :
F.=m3a
= cﬂ’“‘j"a“t =mxg

\l’/’ Fy

F, =4 xFl1xcosa

\]
A
‘\
~l -; F1 x COS a
Fy

p = friction coefficient

Figure 22. Force
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4.8.3 : TORQUE
(Torque) [Nm]
(constant speed) :
T=F3r
(acceleration) :
T=y2a T=32Y
= a = —_—
dt
e = [rad/s],
a= [rad/ s7],
J= [kg m?]
4.8.4
damping
(Inertia) [kg m?]
(solid roll)
M3 R?
J=
2

Sjruy~38%

j=Me (R 4RY)

Figure 23. Torque

Solid roll

Cylinder

e

2
Figure 24. Inertia
4.8.5
(Work)
work: W=F?3s, Rotational work : W =T 3 @
Power: P =F3 V, Rotational power : P=T3w
4.8.6 (Acceleration)
t 0 Nimax
23 p3n
=32 U N 1= g0 220 My
603 t
Nmax Power :
2
W, J3n,
P=T,3w, PR=J°-" JNE
2ooe t Wl 911895t[W]
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5. EMC,

EMC( )

EMC ( )
EMC

(emissions) (immunity)
(EMC) (immunity)

Level of required immunity

R R U

Margin
/\/\/_\

Level of allowed emissions

Figure 25. Acceptable EMC level

Vacon

(hugh - frequency voltages) , (transients) ,
(electrostatic discharges) (radiating electromagnetic fields)
(Low frequency disturbances )  Chapter "6.

5.1 EMC
EMC New Approach EU
. EMC OJEUOfficial Journal of the European Union)
OJEU (harmoni sed standards)
51.1
2

S

.

t .8
5.1.2

(harminised standards) , EU (Official Journal of the EU)
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5.2
. (www.iec.ch/webstore)
. [EC International Electrotechnical Commission . EN
(European Norm) . EMC EN
IEC/EN 61800- 3 for power drive systems

IEC/EN 61000- 6-1 and -2 for generic cases regarding immunity, public and private networks
IEC/EN 61000- 6-3 and -4 for generic cases regarding emissions
EN 55011 - the basic standard for EMC (CISPR 11)

~—

EN61800- 3 (EN55011, EN61000-6-1,-2,-3  -4)
TV ,
5.3
EMC FCC(Federal Communications Commission)
Part 15 ( ) Part 18 ( , )
IEC
IEC
NOTE! IT .
EMC EMC

. Chapter "5.5.2 EMC "

54
5.4.1 (First Environment)

. EN 55011 B
5.4.2 (Second Environment)

. EN 55011 A
55 EN61800-3 4

EN 1800-3 Power Drive Systems 4
2~4
C1 /
, EN 61800- 3 c2 C3 EN 55011 A

EN61000- 4
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PDS (Power Drive Systems) of category C1
1,000VAC

PDS of category C2
1,000VAC PDS '
EMC

PDS of category C3
1000VAC PDS '
N 100A )

PDS of category C4
1000VAC 400A ,
PDS. ( 100A )

5.5.1 ENG61800-3vs

(emission level) .
Table 3. Comparison of standards

Generic standard (EN 55011) EN 61800-3

Generic commercial level, Class B First environment, Category C1
Generic industrial level, Class A First environment, Category C2
Group 2 equipment Second environment, Categories C3 and C4

Vacon NX Vacon 100 EN 61800-3

EN 61800-3
Product Standard for PDS

: |

1st environment
= public low-voltage

2st environment
= industrial networks

networks
i/ C1 ) \'/ c2 ) [ C3 )| C4 \
. SN ! NG S

EMC Plan

-

Figure 26. Standards, environments and classes

552 EMC
EMC . EMC

. EMC
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5.6 (Conducted Emission Levels)

EN 61000 -6-4
I ? 3 ___________________________________________ Industrial environment

EN 61800-3 1st environment,
| .66 Average EN 55011, class A
66 {60 60 CISPR 11, group 1, class A

56 Quasi -peak 56 EN 61000-6-3
50 Residential environment
EN61800-3 1st environment,

Average 46 category C1
EN 55011 Group 1, class B

| CISPR 11 Group 1, class B

I
150kHz 0,5 5 30 MHz

Figure 27. Comparison of standards regarding conducted emission levels

5.7 (Radiated Emission Levels)
dBpV/m measured at 10 m from device
Iy
EN 61000-6-4
Industrial environment
4] EN55011 class A
40 Quasi-peak : EN61800, category C3
37
30 Quasi-peak EN 61000-6-3
Residential environment
EN55022 class B
EN61800, category C2
30 230 MHz

Figure 28. Comparison of standards regarding radiated emission levels

5.8 EMC
EN 61800- 3 EMC
Table 4. EMC emission suppression in Vacon AC drives
Type ‘ Compliance

N None

H Complies with the industrial environment requirements of the generic
standard, and also with the 1st environment C2 requirements
Complies with the commercial environment requirements of the

C . ) : :
generic standard, and also with the 1st environment C1 requirements
Designed for IT networks

L Complies with the C3 and C4 requirements for the 2nd environment

. H.. ...C..

EMC
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Residantial T—
Optional: C Optional: C Commercial area
Required:H Required: H Required: H

Heavy industry

Optional: H

Required: L

Required when IT network: T

Knl zwj %7>3%Js{nwtsrjsyx®%fsi %[ fhtsSx%JRH%Bhqf)

Light industry
Optional: H
Required: L

5.8.1

Recommended symmetrical Not recommended
cable types asymmetrical cable
Figure 30. Two symmetrical cables and an asymmetrical cable

EMC PE

PE . EMC
8; 5% %
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1 50 %

EN/IEC 61800-5-1 PE .
Table 5. Cross- section of protec tive earthing conductor

Cross-sectional area of phase Minimum cross-sectional area of
conductors of the PDS/CDM/BDM S | the protective earthing conductor

(mm?) (mm?)
S<16 S
16 <S5<35 16
35<S S/2
t 2.5 mm?
t 4 mm?2. ,

Figure 31. Routing of supply and power cables

8,53 % EMC

. PE
PE PE
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Metallic wall
~-._/of cabinet

Screen connected
to'earth for EMC
. protection

Motor cable
Figure 32. EMC and PE grounding on single motor cable

5.8.2

EMC
8, 5% % .
90

Vacon AC
drive

I/0

Supply cable Motor cable

Figure 33. Cable positioning and distances
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I/0

230VAC

10nF
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6. Harmonics

50/60Hz
100, 150, 200Hz
o]
f(t)=& A sin(ut+/ )
n=1
( :TVv, , )
( )
- AC DC
( )h=h/n(n = (n) )
3 v=k*p-1 , 6 5th, 7th, 11th, 13th
t v=
t k=123
t p= (6, 12, 18 etc)
Note
0.95

(power factor) kKW/KVA

pf =coy 3 +/1- THD?

cos E = , THD=THD (total harmonic distortion)

l,=n harmonic, i;=

THD
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RMS
( ) n
NOTE : DOL ( ) RMS
In
Figure 34. Source of harmonic voltages
3 .3
3 3
( UPS, , PC )
IEC 613781
Derating of transformer's rated current
to the drive's RMS current
12 400
(=] 1 v
£ 8’2 525
s %
a 0.4 ———-690
0,2
O T PPy vy s Ty vy Py v ysrryrvyrrryrrRYIYODR V
NP S TG BN T T S
Transformer power (MVA)

Figure 35.Derating of transformer, typical drive spectrum

6.1
direct- on- line
.5 ,
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6.2

6.2.1
IEC  Public (

t IEC 61000- 3-2  for current < 16A per phase
t IEC 61000- 3-12 for current > 16A and < 75A per phase

IEC 61000- 3- 2
NOTE: () IEC

Table 4 — Current emission limits for balanced three-phase equipment

under specified conditions

Admissible individual Admissible harmonic
Minimal R___ harmonic current I /I, 2 current distortion factors
% %
Is Iz In4 Ija THD PWHD
33 10,7 7.2 3.1 2 13 22
2120 40 25 15 10 48 46

The relative values of even harmonics up to order 12 shall not exceed 16/n %. Even harmonics above
order 12 are taken into account in THD and PWHD in the same way as odd order harmonics.

NOTE Linear interpolation between successive R... values is permitted. See also Annex B.

a2 I, = reference fundamental current; I, = harmonic current component.

Figure 36. An extract from the IEC 61000 - 3- 12 standard

6.2.2 IEEE 519 : 1992
IEEE519 : 1992 -

PCC "

Utility
Medium voltage

—
PCC- User 1

(PCQ

User 2

| L\l
/r ‘ Other loads, ‘

] ] lighting etc.

Fig 37. Point of Common Coupling

Other loads,
lighting etc.

5% THD
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Table 6. Basics for Harmonic Current Limits

Maximum individual

SCRat PCC frequency voltage Related assumption
harmonic (%)

10 2.5-3.0 Dedicated system
20 2.0-2.5 1-2 large customers
50 1.0-1.5 A few relatively large customers
100 0.5-1.0 5-20 medium size customers
1000 0.05-0.10 Many small customers
SCR .(PCC
PCC )

Table 7. Current distortion limits for general distribution systems (120v Through 69 000V),
from the standard IEEE 519:1992

Maximum harmonic current distortion on percent of I}

Individual harmonic order (0dd harmonics)

Isc/IL <11 M<=h<17 17<=h<23 23<=h<35 35<=h TDD
<20* 4.0 2.0 1.5 0.6 0.3 5.0
25<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 | 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 1.4 20.0

Even harmonics are limited to 25% of the odd harmonic limits above.

Current distortions that result in a dc offset, e.g., half-wave converters, are not allowed.

*All power generation equipment is limited to these values of current distortion, regardless
of actual Isg/I|.

where
Igc = maximum short-circuit current at PCC.
I; =maximum demand load current (fundamental frequency component) at PCC.
PCC €, )
6.3
6.3.1 Chokes
( .) AC DC-
. THD 120 % ( , ) 30 % (
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Current distortion,
THDi as % of nominal
current at full load

80 %

40 %

28 %

15 %

5%

6- pulse rectifier, no choke

—( )

6- pulse rectifier with "normal” choke

O

— QDB

6- pulse rectifier with "big ” choke

12- pulse rectifier

®

Figure 38. Typical values for FCs with different rectifier types

(AFE)
IGBT

QA5 L

6.3.2
5 7
6.3.3 Active Front End
3
AFE
. AFE
g TCT | @‘@S
e il
(o}
Filter Active rectifier

Figure 39. Active front end

Inverter

. LCL
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6.3.4  Multi pulse
3
12 . 5 7 ,
11 13 25 . THD 10 %
5 7
MV Lv ,
3 18 . 23 , 23,
25,41, 43 THD 5%
Y A
$ Y Y
LV ‘/\ LV
Ag =30
P Atly =1, =>
1 1 l ! s and 1;=0
| | on primary side
If 14 #L, ==
: Is = 0.28%(l4-1,)
y l; = 0.9*(14-15)
t t l 1
Figure 40.Using two transformers to cancel harmonics
6.3.5 Passive
12 . Low pass

Figure 41. Passive Filter
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6.3.6 Active

THD

2-5%

Santi- harmonics §

LV

Figure 42. Active filter
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7. Contactors, Breakers and Fuses
Vacon AC ( )

(IGBT)

10kA ~ 200kA

7.1 Contactors

AC
DC
DC
DC Figure 43. A contactor
2
7.1.1 :
AC1 AC3 JE%
) (K1)
cosE 1 50- 60Hz AC1 K1
cosE 0.85
K2) AC3
DOL (Direct On Line)
AC3 :
K2

24VDC, 115VAC 230VAC
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7.1.2
3
"RUN"
7.2  Breakers
ACB(Air Circuit Breaker) MCCB(Molded Case Circuit
Breaker) . , (vCB)

Figure 44. A moulded case circuit breaker and a single pole MCB

7.2.1  ACB(AIr Circuit Breakers)

( 6,000A)
. ACB :
. ACB
ACB . ACB
, , . Positive
( ) ACB
7.2.2 MCCB(Moulded Case Circuit Breakers)
( 1000A)
MCCB
. MCCB MCCB

ACB MCCB
. Positive ( ) MCCB
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7.2.3 MCB(Miniature Circuit Breakers )
(MCB) ( 100A

. MCB
6kA

MCB MCB
Type B
Type B

Type C
Type C Type B

Type B

MCB

7.3 Fuses

Figure 45. Bolt type fuses

(@R)

gG
(9G) : (9G)

7.3.1 Fuse
Vacon

(AC) (DC)

-F2

9G

F1
aR

4

l
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8.
8.1
IEC 60364 2 TN, TT T 3
( )
t T= point
t1= point ( ).
tT= point
t N=
TN-S TT IT, TN-C EMC . TN-C PE
TN-S
2
8.1.1 IT Networks
IT
IT TN-C TN-S
Generator or
transformer
L1
L2
L3

Figure 46. IT network

(stray capacitance)

o

Earth
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AC IT
) IT AC
IT
8.1.2 TT Networks
TT
TT
LTIT
TT
L TT L
(installation earth conductors)
(TN ) live-to- PE
TT
TT AC
Generator or
transformer
—YTY T
LYY
LV
= o T T T T —
Earth : Consumer Earth
Figure 47. TT network
8.1.3 TN- S Networks

TN-S

IT
. RFI
DC
L1
L2
L3

TN-S
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PE N .3 5 (BL+N+PE)
4  (3L+PE) 3 (L+N+PE)

Generatar or
transformer
VTV T L1
L YTV )
LYY L3
N
PE
Earth : Consumer :
Figure 48. TN- S network
8.1.4 TN- CNetworks Generator or
PEN PE N transformer
65%rr u% L VTV L2
. PEN
3 LYY L3
TNC PEN
Ea_rth : Consumer :
Figure 49. TN- C network
8.1.5 TN- C- SNetworks
PEN Generator or
PE N transformer
_YTY Y L1
PEN
LYY Ty L2
’ N
PE
(MEN)
Ea_rth : Consumer :

Figure 50. TN- C- S network
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8.1.6 Corner- grounded Networks
Corner- grounded
Corner- grounded 2

1

Figure 51. Corner- grounded network
( B ) (A O
phase- to- phase phase- to- ground
Corner - grounded , corner- grounded

8.2

Conductor material ( )

Insulation material ( )

Installation method ( )

Ambient temperature ( )

Current harmonics ( )

Voltage drop ( )

Short- circuit protection ( )
Economic considerations ( )

o e e

EMC, ,
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8.3
( )
1.6
¢
t )
t )
8.4 (Voltage drop)
R : | 3
U, =+/3R
110 % 85-90 %
8.5
70 C
PVC 70 C . XLPE (PEX)
% C
PVC 160 C, XLPE (PEX) 250 C
5
8.6
3 3
EMC

Figure 52. Shielded and symmetrical 3 wire cable
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8.7
8.7.1

t

t

t

k lo |
8.7.2
EN 60204- 1 IEC 60364- 5- 523
EN 60204- 1 40 C IEC 60364- 5- 523 25 C

Table 8. Correction factors for ambient temperatures

Standard EN 60204-1 IEC 60364-5-523
Ambient temperature Correction factor

10 115 1,11
15 1,10 1,07
20 1,05 1,04
25 1,00 1,00
30 1,15 0,94 0,94
35 1,08 0,88 0,92
40 1,00 0,82 0,88
45 0,91 0,75 0,84
50 0,82 0,47 0,79
55 0,71 0,58 0,73
60 0,58 0,47 0,68
65 0,62
70 0,56
75 0,48
80 0,39
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8.7.3
EN 60204-1 IEC 60364- 5-52

IEC 60364 5- 523
PVC ( 70C)

Table 9. Current capacities for cables installed on a tray

Material Copper

Standard EN 60204-1 IEC 60364-5-523

Installation method _ 52-C3/E 52-C4/E
Ambient temperature +25°C

. EN 60204- 1

Conductor size (mm?) Current (A)

1.5 16 19
2.5 22 26

4 30 36

b 37 45

10 52 63

16 70 85 65
25 88 107 83
35 114 134 102
50 123 162 124
70 155 208 159
25 192 252 194
120 221 292 225
150 338 260
185 386 297
240 456 350
300 527 404

8.7.4

Figure 53. Cables installed on a tray side by side

IEC 60365- 5- 523 PVC ( 70C)

30C
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Table 10. Current capacities for copper cables installed on a tray and side by side

Number of cables

Correction factor k due
to number of cables

Conductor size (mm?)

15 18 16 15 14 14 14
2.5 24 21 20 20 19 19
4 34 29 28 27 27 26
6 42 37 35 34 33 33
10 99 92 49 47 47 46
16 80 70 66 64 63 62
25 101 88 82 80 79 78
35 126 110 103 101 100 98
50 152 132 125 122 120 119
70 196 170 160 156 154 153
95 237 206 194 190 187 185
120 274 239 225 220 217 214
150 318 276 261 254 251 248
185 363 316 298 290 287 283
240 429 373 351 343 339 334
300 495 431 406 396 391 386

Table 11. Current capacities for aluminium cables installed on a tray and side by side

Correction factor k due 0.87 0.79 0.78
to number of cables

Conductor size [mm?) Loadability of one cable (A)

50 117 101 96 93 92 1

70 149 130 123 120 118 117
95 182 159 150 146 144 142
120 212 184 173 169 167 165
150 244 213 200 196 193 191
185 279 243 229 223 221 218
240 329 286 270 263 260 257
300 380 330 311 304 300 296

8.7.5
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Table 12. Current capacities for parallel connected copper cables installed on a tray and next
to other ones (nine in total)

Number of
cables in
parallel
Conductor Combined loadability of cables (A)
size (mm?)
120 428 b42
150 496 743
185 566 849 1132 1415 1698 1981 2264 2547
240 669 1003 1337 1672 2006 2340 2675 3009
300 773 1159 1546 1932 2318 2705 3091 3478

Table 13. Current capacities for parallel connected aluminium cables installed on a tray and

next to other ones (nine in total)

Number of
cables in 4 7
parallel
Conductor Combined loadability of cables (A}
size (mm*)
120 330 495
150 381 572
185 436 653 871 1089 1307 1524 1742 1960
240 513 770 1026 1283 1540 1796 2053 2310
300 592 889 1185 1481 1777 2073 2370 2666
8.7.6 PE
|IEC 60204- 1 PE
10mA AC DC
t total run 10mm? 16mm?2
t 10mm? 16mm? ,
10mm? 16mm?
¢
8.8
THD 40%

RMS
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9.

NXP+
9.1

NXP control platform

Vacon NXP  Vacon

NXP NXP  Open loop
NXP RS485 Can
Bus NCDrive CAN
NCDrive
. NCDrive
NXP (PM) NXP Vacon Drive
Synch AC
. Chapter "9.2 Drive Synch"
1
(VACON RS232PCt 1.5M) PC
Vacon NXP -
110 .
Table 14. Option boards
Type Card slot |/ O signal
oifpo|oi| A Al AD A0 | RO | RO |+10v, | Therm |+24v/|pti0o| 42-240 | DvDO | DKDO DI |Resolver [Out+5w/| Out |Out+sw
AlB|c|D|E po| mA | maA) [mAv)| ma) | Nor | (NO) EXT vac | g ) ~ 5 | s | aaw Note
VAV) | isolated isolated | NO +24V input | (10...24V) | (R5422) Wp-p +24V +24V +15V
Basic I/O cards (OPT-A)
OPT-A1 6]1 2 1 1 2
OPT-A2 2
OPT-A3 1 1 1
OPT-A4 2 3/0 1
OPT-AS 2 3/0 1
OPT-A7 6/2 1 2 enc. input + 1 enc. output
OPT-A8 611 2 1 1 2 1
OPT-A9 611 2 1 1 2 2.5 mm? terminals
OPT-AE 2 3/0 1 DO=Divider+Direction
OPT-AF 2 1 1 1 EN954-1, cat 3/ ATEX therm.
OPT-AK 3 1 Sin/Cos/ Marker
OPT-AN 6 2 2 Limif t
/O expander cards (OPT-B;
OPT-B1 6 1 Selectable DVDO
OPT-B2 1 1 1
OPT-B4 1 2 1 2)
OPT-B5 3
OPT-B8 1
OPT-B9 2 1 5
OPT-BB 2 0/2 2 1 Sin/Cos-+ EnDat
OPT-BC 3/3 1 B
OPT-BE EnDat/ssl
Fieldbus cards (OPT-C)
OPT-C2 RS-485 (Multiprotocol) Modbus, N2
OPT-C3 Profibus DP
OPT-C4 LonWorks
OPT-C5 Profibus DP (D9-type connector)
OPT-C6 CANopen (slave)
OPT-C7 DeviceNet
OPT-C8 RS-485 (Multiprotocol, D9-type connector) Modbus, N2
OPT-CG SELMA 2 protocol
OPT-CI Modbus/TCP (Ethernet)
OPT-CJ BACNet, RS5485
OPT-CP ProfiNet I/O (Ethernet)
OPT-CQ Ethernet/IP (Ethernet)
Communication cards (OPT-D)
OPT-D1 System Bus adapter (2 x fiber optic pairs)
OPT-D2 System Bus adapter (1 x fiber optic pair) & CAN-bus adapter (galvanically decoupled)
OPT-D3 RS232 adapter card (galvanically decoupled), used mainly for application engineering to connect another keypad
QPT-D6 CAN-bus adapter (galvanically decoupled)
OPT-D7 Line voltage measurement

Allowed slots for the board are marked in blue. 1) analogue signals galvanically isolated as a group. 2) analogue signals galvanically isolated separately
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Table 15. Vacon drives based on the NXP platform

Parameters

Frequency resolution

Open loop
0.01 Hz

Closed loop
0.01 Hz

Torque resolution

0.1% of Tyy motor

0.1% of Ty motor

Speed accuracy

< 10% of motor nominal slip

0.01% static error (of motor
nominal speed

Torque accuracy

< 5% static error (of Ty motor] for

speed up to motor nominal
speed.

< 3% static error (of Ty motor] for

speed up to motor nominal speed.
Above nominal speed< 5%

Speed range

1:25 (e.g. 2 Hz for 50 Hz motor)

No limit from drive side.

Torque step rise time

< 5ms

<5ms

Dynamic response

0.3 to 0.5% sec with Ty motor

0.1 to 0.2% sec with Ty, motor

Field weakening set point

8 Hz... 320 Hz

8 Hz... 320 Hz

Field weakening area

-300%...+300% of ny

-300%...+300% of ny

NOTE :

;

;

;

t PPR 1024
)

9.2  Drive Synch

Vacon Drive Synch
5MW AC

Vacon Drive Synch

(automatic identification ) RUN

Vacon DriveSynch

4

1,5%

Vacon DriveSynch

OPT- A7

DriveSynch

AC
. DriveSynch
. Common DC bus
. Drive Synch
AC PWM
du/dt . DU/dt
. DriveSynch
du/dt
NXP
. DriveSynch PWM
3.6kHz

DriveSynch

NXP VB00661
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Mains supply
o~ ™~ o~ o~
[a] o ] ]
[ o =} (=}
— Qptical bus
Figure 54. NXP frequency converters are synchronized to control a low voltage high power motor.
Mains supply
il
]l
Front End
Supply Unit
I I l I
NXI NXI NXI NXI NXB
~ ~ o~ ()
[a) o o [a)
E E
o o o o
I Resistor
Optical bus
Figure 55. NXI inverters are synchronized to control a low voltage high power motor in a common  DC bus system.

Mains supply

NXP

=== Optical bus

Figure 56. Individual NXP frequency converters are synchronized to control a low voltage high power multiple

Multiple winding motor

winding motor
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]

Front End

Supply Unit

NXI NXI

OPTD2
OPTD2

--- Optical bus Multiple winding motor

Figure 57. NXI inverters are synchronized to control a low voltage high power multiple winding motor in a common

DC bus system
DriveSynch
t ( : 4 )
t du/dt
t OPT-D2 ( + CAN )
t NXP00002V171
t APFIFFO9V100
t APFIF166V423
t APFIFF10Vv228

9.2.1 Engineering Notes

t I tom = 0.95 X N X {(unit)
t o = 0.95 X N X | (unit)
I, ot = Total low overload current for the complete drive system
lyorar = Total high overload current for the complete drive system
N = Number of drive units in parallel in DriveSynch
I, (unit) = Low overload current of individual drive unit
I (unit) = High overload current of individual drive unit

t du/dt 2%

. Common DC bus
2 %
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t  DriveSynch

DriveSynch
t 10
Vacon NX
9.2.2
du/dt
du/dt
du/dt
. DriveSynch
9.2.3
DriveSynch
Drive Synch
(+ 24V)
n+1 n
100 %
4
Table 16.

. DriveSynch

Hardware
settings
OPTD2: X5 X1 X2 ™2 X2
Jumper
OPTDZ: Xé ON ON ON ON
Jumper
Expander
board
parameters
OPTD2 ﬁgemB“S in YES YES YES YES
opTpz |>ystem Bus 12 Mbaud 12 Mbaud 12 Mbaud 12 Mbaud
speed
OPTD2 |System Bus ID 1 2 3 4
opTp2 | >Ystem Bus 2 3 4 1
next 1D
System Bus
OPTD2 |7 "D 4 4 4 4

+ 24V
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Parameter

settings

Master (D1)

Follower (D2)

Follower (D3)

Follower (D4)

Motor’'s nomi-
nal voltage

Motor’s
nominal voltage
from its nameplate

Motor’'s
nominal voltage
from its nameplate

Motor's
nominal voltage
from its nameplate

Motor’s
nominal voltage
from its nameplate

Motor’s nomi-
nal frequency

Motor’s nominal
frequency from its
nameplate

Motor’s nominal
frequency from its
nameplate

Motor’s nominal
frequency from its
nameplate

Motor’s nominal
frequency from its
nameplate

Motor’s nomi-
nal current

Motor’s nominal
current from its
nameplate / Num-
ber of drives in par-
allel using Vacon
Drive Synch

Motor’'s nominal
current from its
nameplate / Num-
ber of drives in par-
allel using Vacon
Drive Synch

Motor’'s nominal
current from its
nameplate / Num-
ber of drives in par-
allel using Vacon
Drive Synch

Motor’s nominal
current from its
nameplate / Num-
ber of drives in par-
allel using Vacon
Drive Synch

Motor's COS PHI
(Motor’s nomi-
nal power fac-

tor)

Motor’s COS PHI
from its nameplate

Motor's COS PHI
from its nameplate

Motor’s COS PHI
from its nameplate

Motor’s COS PHI
from its nameplate

Master-Fol-
lower mode

Master, DriveSynch

Follower, Drive
Synch

Follower, Drive
Synch

Follower, Drive
Synch

Motor Control

Open Loop Fre-

If used as Second-
ary Master: Open

No meaning, inter-
nally handled. Rec-

No meaning, inter-
nally handled. Rec-

Motor Control
Mode (Closed
Loop]

Closed Loop Speed
/ Torque

Secondary Master:
Closed Loop Speed
/ Torque. If used as
Follower: no mean-

ing

No meaning, inter-
nally handled. Rec-
ommended to use
same setting as in
the Master.

Mode (Open uenc Loop Frequency. If | ommended to use | ommended to use
Loop] g y used as Follower: | same setting as in | same setting as in
no meaning the Master. the Master.
If used as

No meaning, inter-
nally handled. Rec-
ommended to use
same setting as in
the Master.

Magnetizing
only for closed

trol)

current (needed

loop motor con-

Motor’s nominal
magnetizing cur-
rent / Number of
drives in parallel
using Vacon Drive-
Synch.

Motor’s nominal
magnetizing cur-
rent / Number of
drives in parallel
using Vacon Drive-
Synch.

Motor’s nominal
magnetizing cur-
rent / Number of
drives in parallel
using Vacon Drive-
Synch.

Motor’s nominal
magnetizing cur-
rent / Number of
drives in parallel
using Vacon Drive-
Synch.

Switching fre-

Max. 3.6 KHz

Same as in the

Same as in the

Same as in the

winding motor)

name plate

name plate

guency Master Master Master
Modulator tvoe | 1. software Same as in the Same as in the Same as in the
ype | Master Master Master
Follower Phase
shift [single |0 degrees 0 0 0
winding motor)
Follower Phase : . .
shift multiple | 0 degrees As per motor’s As per motor’s As per motor’s

name plate
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9.3  Functional Safty

Chapter , Vacon
. Vacon Vacon ,
9.3.1
t EN/IEC 61800-5-2S + Part5-2: +
( , )
t ENISO13849-6 S - - Partl: §
t EN/IEC 62061S + ,
t IEC61508S / / 3
t ENO954-6 S - §-JS ISO 13849 )
EN/IEC 61800 5- 2
EU (harmonized standards)
9.3.2
IEC 61508 SIL ISO 13849-1 PL
t  SIL = Safety Integrity Level PL = Performance Level

Probability of hazardous failure per hour

EN ISO 13849-1 10 10°° 10°® 107 10

-/ //"1°°/ / /
[ = [ropcf o [ [

>
[~ f + [/ 2 [ s [ ©
ENS;]Z:IEGI correspondence
(EN 61508 ) l , l ,
Low contribution High contribution
to risk reduction to risk reduction

Figure 58. Comparison of the PL and SIL approaches
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9.3.3

SIL / PL

EN / IEC 61800 5-2

Table 17. Safety functions as defined in the EN/IEC 61800-5-2

Safety function Abbreviation

Safe Torque Off STO
Safe Stop 1 SS1
Safe Stop 2 552
Safe Operating Stop S0S
Safely-monitored Acceleration/Deceleration SMA, SMD
Safely-limited Acceleration SLA
Safe Acceleration Range SAR
Safely-limited Speed SLS
Safe Speed Range SSR
Safe Speed Monitor SSM
Safe Maximum Speed sms')
Safely-limited Increment SLI
Safe Direction SDI
Safely-limited Position SLP
Safe Position Switches spgll
Safe Brake Control SBC

Table 17. Safety functions as defined in the EN/IEC 61800-5-2

Safety function Abbreviation

Safe Braking and Holding System sgsl)
Safely-limited Torque SLT
Safe Torque Range STR
Safe Motor Temperature SMT
Safe Cam SCA

1) Not defined in the IEC 61800-5-2

9.3.4 Vacon NXP AC

NXP

NXP

(STO), 1 (SS1)

STO inputs two
ndependent ch

OPT- AF

(ATEX )
OPT- AF

Figure 59. Layout of the OPT-AF board
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STO SS1 OPT- AF
IP54

, P

Table 18. IP class requirements for the OPT-AF board

IP class requirements for the | IP class requirements for the ATEX
Safe Torque Off Thermistor

IP54 cabinet
IPOO or No additional IP class requirements
IP54 control box

IP54 cabinet
P21 or No additional IP class requirements
IP54 control box

IP54 No addltllonal No additional IP class requirements
IP class requirements

9.3.4.1 Safe Torque Off (STO)
STO Safe Torque Off
. STO

EN 61800- 5- 2 Safe Torque Off (STO) SIL2

ENISO 138496 ? %755 ; %UQS 38 3 %Hf yj I t w~%
EN 62061: 2005 SILCL2

IEC 61508: 2000 SIL2

EN 954- 1, Category 3

[ e T

0, EN 60204- 1 : 2006 (uncontrolled stop)
STO IFA .
(* IFA = Instutut f Ur Arbeitsschutz der Deutche Gesetzlichen Unfallversicherung, Germany )

OPT- AF STO
. STO , OPT- AF 2 (SD1
SD2)
Vacon OPT- AF
SD1 SD2 . STO
. SD1 SD2

IGBT .
. STO +24V RUN
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NXP CONTROL UNIT
OPT-AF board, slot B Control board
+ MICRID
Thermistor _ Atex Safely |1 CONTROUER o
=D+ L_‘
Hardware
=01 1 T ?are Torque Of|
I
502+ :| Hargwara
e Sa'e Torgue O
2 2
RO12 ‘—l
RO ¢ Dl ....... U
[RiOA2 : =
RO234
D1 ..................
Rel; y for a3l use,
ot pan of e 53y nctians
POWER UNIT i ot
é/
_K
&
7N
I \
M

Figure 60. Operating principle of the STO safety function in an NXP frequency converter with the OPT - AF board

STO . STO
OPT- AF
SD1+ a0 ER =00
] Q1 (o} O3 Os |l OPT -AF board
J  —

I
I
I R N |
I
I

(I K I
| Sepf— ——7/

I S L [ | I
I ooV Short-circuit and 1

I O +24V earth fault
protected supply

-

Figure 61. Partial diagram showing the minimum wiring for the STO  function
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9.3.4.2 Safe Stop 1 (SS1)

STO . SS1
t  EN 61800- 5- 2 Safe Stop 1 (SS1) SIL2
t ENISO138496 ? %755 ; %UQSi S %Hfyj | t w~ %8
t  EN 62061: 2005 SILCL2
t  IEC 61508: 2000 SIL2
1, EN 60204- 1 : 2006 (controlled stop)
SS1 IFA .
(* IFA = Instutut f Ur Arbeitsschutz der Deutche Gesetzlichen Unfallversicherung, Germany )
A Stop
Frequency
fomt — ' Motor deceleration
Safe Disable (STO) >
—
Time
Figure 62. The principle of Safe Stop 1 (EN 61800 - 5- 2, SS1 type c)
1 (SS1) 2 subsystem, STO
subsystem .S 1 (SS1) 3 Safe Stopl

| ________________________ A
| Safe Stop 1(SS1) I
| Time Delayed Safety Relay NX Safe Torque Off (STO) |
| | I
| Subsystem sarety relay | Subsystem sto |
| ' | |
| “ o |
I -:./ ' l
| I
.G I

________________________ -

Figure 63. Safe Stop 1 (S§S1) safety function.



Engineered Drives Manual

65
Fig.56 Safe Stop 1 ( STO
). NX
- %Sxytu%g~%wfru
Safety Relay
with timer i OPTAx
‘i OPTBx
Switch a e > Ramp stop HDigitﬁl input
> : ¥ HXP control
. OPT-AF
! Time — - STO chi
Power Unit
. M
Figure 64. Connection principle of the SS1 function
9.3.4.3 Motor Thermistor Overtemperature protection (according to ATEX)
OPT- AF . ATEX
ATEX 94 /9 /EC AR

. (* VTT = Technical Research Centre of Finland)

9.3.5

subsystem OPT- AF
Other safety functions

Safety Relay NX Safe Torque Off (STO)

Subsystem sarety relay

&
=7

Subsystem STO

Figure 65. Other safety functions
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9.4 IP 00 Frequency Converter Modules

AC IPOO . IPOO
6 12 . IPOO

IPOO hmfuyj wS653%Hfgnsjy%wnsxyfqggfyntss
Table 19. Air cooled NXP IP0O frequency converter product range

Vacon NXP air cooled IP00 380 - 500 VAC 525 - 690 VAC

frequency converters
6-pulse 160 - 1200 kW 200 - 2000 kW

12-pulse 160 - 1200 kW 200 - 2000 kW

Table 20. Liguid cooled NXP frequency converter product range

Vacon NXP liquid cooled 380 - 500 VAC 525 - 690 VAC
frequency converters
6-pulse 7,5 - 5150 kW 110 - 5300 kW
12-pulse 250 - 5150kwW 200 - 5300 kW

Drive Synch 4
. Chapter "9.2 Drive Synch§

NXP 0000 5 A O N 0 SSF_A1A20000C3

Option boards; each slot is represented by two characters where:
A = basic I/0 board, B = expander I/O board,
C = fieldbus board, D = special board

Hardware modifications; Supply - Mounting - Boards
SSF = é-pulse connection; air-cooled; standard board
TSF = 12-pulse connection; air-cooled; standard board

Brake chopper
0= No brake chopper
1=With integrated brake chopper

EMC emission level:
N = No EMC emission protection; requires cabinet assembly to
comply with level L
T =fulfils standard EN41800-3 for IT networks

Enclosure class:
0= 1P00 (module only)

Control keypad:
A = standard [alpha-numeric)

Nominal mains voltage [3-phase):
5 = 380-500Vac, 6= 525-690Vac

Nominal current (low overload)
e.g. 1300 = 1300A etc.

Product range: NXP

nrelGTE

Figure 66. NXP IP0OO type code key

9.5 Common DC bus Modules

9.5.1 Non- regenerative Front End
, NFE  Common DC bus Drive
NFE IPOO
AC DC : AC
DC : : DC
NFE AC , AC : DC :
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Vacon NFE NFE
Table 21. NFE current and power ratings

Low overload
(AC current)

DC Power (continuous)

500V mains

Icont [A] | 400V mains P [kw] >~ or W

\ NXN_0650 & FI9 \ 650 \ 410 \ 513 \
5
Ll w
g o
MAIN CIRCUIT Z0 & 9
gff oot e |
PE L L2 L3 g °°
=PE1 i
JT— T \| | \| L2dVAC,
Sl
Y A
4 B
X2 41
%1 ..1 3 5
o ]
Sl !
il 12
AT T T 1 D
=%
! ! | -X2
-1 G
u v w PE
NFE Bl
X213
NFE FAULT
B+ B EET AR AR RRRRES
! RO
[ [] ;
S —
K1
M 240VAC
» DC+ 1==2 -TD
» DC=

Figure 67. Non- regenerative front end, single unit connections.

0650 |6 |X|O|T|O]|S|S|Vv| 0O 00 00 0000

9511 NFE Unit  Type
Vacon Type 9-
+ . Type

mHE 2R

NXN = NFE (Non-Regenerative Front-End)
HHHEF (norminal current 1)

0650 = 650A only

HHZETY (norminal supply voltage)
6 = 380-690 VAC / 513-931 VDC

7|

X = EE (X271 ZEY)

IPS=

0 = IPOQ, FIS

EMC emission level
T = IT netwerks (EN61800-3)

L% Brake chopper
0 = N/A (brake chopper /&

CERIEY- R

N =NFE ZE S = NFE 28 + AC choke
S=BEYH JY cao|2

U=EFY ¥y W g4 -0 W E=FESS
A=

n
=]
]
©

a

g <
rirg

s

In
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9.5.1.2
Common AC
AC DC
DC Power 5 %
NFE AC DC )
AC DC . (compact circuit
breaker) , (ordinary circuit breaker) (fuse switch) AC
AC
DC . (load isolation switch)
(safety isolation switch) . NFE DC
NFE
9.5.2 Active Front End
AFE (Active Front End) Common DC bus Drive ( )
AFE IPOO
Vacon NX Active Front End AC DC . Vacon NX
Active Front End (THDI)
Active Front End AFE
LCL ( ) pre- charging circuit Vacon
POWER MODULE
B+ <3 U1
' L GBT & VIT2
B- b | il pridge O W/T3
Power l 1
supply anaesr:.ltrse_ Driver
A [T
\"2n) ASIC
KEYPAD CONTROL MODULE
R5-232 Control
i T
| |
IO /0 I/ I/ I/0
slot A| [slot B |slot Cl|slot Df|slot E

roee 151k 11

Figure 69. NXA block diagram
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9.5.2.1  AFE unit Types

Vacon Type

9-

[Nx]a]aaAA[A[A]o] T[o] 2] s[F[A1][A2]00[00]00]

0261
0460

01

o

+ . Type

Option boards; each slot is represented by two characters where:
A = basic VO board
expander VO board

fieldbus board
special board

"

B
C
D

non

Hardware modifications; module type - S - Boards
F = Fiber connection, standard boards, FIS-FI13
G = Fiber connection, varnished boards, FIS-FI13

= Standard air cooled drive
= Standard air cooled power unit - external supply for main fan

Delivery include:
2 = AFE module

Internal brake chopper:

0 = N/A (no brake chopper)
EMC emission level;

T = [T networks (EN61800-3)

Enclosure class
0 = |P00, FIS...13

Control keypad
A = standard (alpha numeric)

Nominal supply voltage
5 = 380..500VAC/ 465...800VDC
6 = 525..690VAC /640..1100vVDC

Nominal current (low overload)
0261 = 261A, 1030 = 1030A, etc.

Module type
A = AFE Active Front End

Product generation

Table 22. AFE current and power ratings, supply voltages 380-500 VAC

\ NXA_ 02615

\ FI9

Low overload
(AC current)

| 176 | 20

\ 261

DC Power (continuous)

Table 22. AFE current and power ratings, supply voltages 380-500 VAC

Low overload ]
“ DC Power (continuous)

m

NXA_0460 5

FI11

460

. 500V mains
400V mains P [kW] PIKW]

310 388

NXA_1300 5

FI13

1300

876 1095
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Table 23. AFE current and power ratings, supply voltages 525-690 VAC

Low overload [AC

DC power (continuous)

current)
Code I cont [A] 690V mains P [kW]

NXA_0170 6 FI9 170 198

NXA_0325 6 FI10 325 378

NXA 1030 6 FI13 1030 1199
9.5.2.2  Pre- Charging circuit

pre- charging circuit . pre- charging circuit
. Vacon pre- charging

circuit

charging circuit 380- 500VAC

pre- charging

Active Front End

pre- charging circuit
525- 690VAC

pre- charging circui

. pre-

. pre- charging circuit
t

Table 24. Pre-charging circuit’s Min and Max capacitance

Capacitance

Frame size Resistance

FI9 2x47R 4950 uF 30000 uF

FI10 2x20R 9900 uF 70000 uF

FI13 2x11R 29700 uF 128000 pF
Active Front End RO2

( . pre- charged RO2
( N4)
. Pre- charging
NOTE: pre- charging circuit
9.5.2.3
Active Front End
Vacon LCL . Vacon LCL

Active Front End

Active Front End

Active Front End

Active Front End
AC

DC

DC Power

5%
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AFE AC DC , Active Front End AC
DC
AC , .
AC . DC
pre- charging circuit AC
Active Front End Active Front End
AFE pre- charging . AC
DC
9.5.2.4 Common pre - charging circuit
Active Front End Common pre- charging circuit
standard pre- charging circuit .
, 3 FI10 Active Front End FI13 Active Front End pre-
charging circuit
Active Front End Active Front End
Active Front End Active
Front End
Lis WMAIN CIRCUIT L1
L2 L2
L3¢ L3
PEC Q1 o1 |z r: PEC
S
4 |5 |8
I‘I 2 3 I ]2 3
gl A ] [ [] e
_ il _ i
K1 3 s R Kz 1 B8
AR T 4 15 |8 2 T 16 4 [5 (e
+LCL-U1 L15L2AL3 PR T +LCL-U2 L1 )LZ(J)L:'! PR P
«3 K4
2 W B 2 14 8
JHEE | ol I -
HEE REaEES BEE
L= EP L=
i s l2 |3 = 1|2 |3
3| 3 4| A
u<lg\:<§w; gl ugwliwé 4 :‘
[ [ ] —i— [ [ [ ] ——
+AFEUI[0 © O o e B +AFELU2[O © © & x1ls z
XA o000 K L FE INEEA 00 X Y5 W P&
7 o AL A NS obme AL A
_ 4508 2 E3 _ alsoF E 2
X143 4 X147 8
B e g
B+ B — B+ Ba = =
[F i |
g 2 S 8 , DC+
DC-

Figure 70. Active Front End units connected in parallel, with own pre - charging circuits
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9.5.3 LCL Filter
AFE

LCL

. Vacon

Figure 71. Main circuit of an LCL filter

LCL
















































































































































