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1. Engineered Drives Manual 7|2
AZLIOfZ E2L0|E AtRolAls TOHZZ T AN ZRHE Eo| E2l0| AARO| XY 2} £
HASI= O oS HHo| 285] A28 4 J0{0F FhCt.
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2. IRNATJL A
CololE AAY TNES HO| B U 7Y 2% 245 C2lo|E AAHO0| ASE I2o| ZRNAYULEL £
| 220| ZRNA 27 A (B3, 45 U 23t At

= =
ILICE. D70 ZRAA0| CHEt HASH AAUCRE 2t A0 FHo| SajolE AAH 9
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2.2  Drive System +4

Selols AAHlo] 43X RS xiet Az Selols AATSl ash A58 122 Bl

A HZsu= E2I0|E A|ARISl 2|4 ! FH0| ZHof| 2[MQ HEHOA AME7|ZH St YMELICL
Common AC £+ DC bus E2I0|E AJARIO| J1H2 ZZ St 04| E2I0|E 2foIut F0f w2t =&
Ay CefolE QUeR M= ZZ2HEH C20|H AQ[x[7|0] £RME TEE QAIZL|0jE TZ2HE QL
Ct.

Figure 3. A common DC bus line-up

Zizt0] DA DQE DRNATH ZMBLICL F, 2 SRl0|E AAMS 12 m2AA0| 27 AR i}
M7{Elofof FHLICE O] BAlS] 2H2 UG 95t CRl0|E AAHS HoE mj TasoF B 2AS M
RQLct,
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3.

Drive Systems
3.1 Single Drive

Single Drives YHIHOR 6HA L 12 A FHS HETI|E Of7|BLLCE Single Drives 4% # 22y
Ezto|E (Wall mounted drives), 7iH|X E2}0|E 2! FiH|R Mz|7t st P00 EEI0|E ZE0| YSLIC
IO HE|= 7|AZHOE Power Unit, Control Unit & 3t} O|AHQ| Choke®2 TAELICE BE Vacon?l F
Ot H2E7|= ChokeZt €74 Al S-ELICE

AC ¥ DC Chokez FIt HEZ|OIM ¥ 71| 7|58 +™BLICE Y™ AC Chokes ZE A0j9 By 74
242M, g3 Y DC-link TH24AE S48 M7 Y Y HI2LH Hosty nzoof st 235 J|5S
SEBILICE DC Chokes €13 ¥ DC @3 4 24 BSE AQst sYst 7158 S#BILICH

Power Unitoll= 9121 42 HR57| 915t CHOIQE, ATAE U 2E{0] HEHQI 34 PWMHZ ACHY
HEAHA|F|= |GBT QIHE{Z ZSHstD U&L|CH.

mjo

Control Unitoll= EeJof % 88 Z273 AZEQIo{7 Z3HE 0jo|32 T2AINZL EEE/0] UL Ofo)
32 ZRNME 2%, parameter 4%, H0| 1/0 U HOf KetpadS S5 $4lEl= HEE J|HOR TEE
HOIZLICE. Keypads AtG2teH XOi4 HEVIS M2 HZAZ 201, T2i0lE 4%, Heh GlolE] 947] % A
of BHS ATt o ARRELC

Keypad= =2| 755HH LIR0A 235t H0I5S Sdlf Fot He|of A2 & ASLICE Ao Aol=
thil ARt #ol2S Sdlf HZE EF PCE AFESI0] ot HEI|E Ao & +& USLICL

Single Drivese= CHE 22 A2|E 22I5HA| %Ak ARBE & UASLICE Vacon?| Single Drive g2 49
XY EE0|HoIM M| MEEl= 1ds E2I0|E0| 0|27 E& 278 S5t AU CH

| 1

N N

f | ( |
| | -

< %\:J )
N
#/ Y| | Sk

\
\_’_1

/ \ / \,
\ / \_/ '
Figure 4. 6 and 12 pulse single drives



Engineered Drives Manual 10

3.1.1 urAMol Single Drive Applications

Stand-alone Drives ROt A0 REIS |5t 71 ZHCtst ML E2l0|E0ls AR MAZS ZA|9t
ZE 20| YAEUCL Fh4 HET|= 7Y Ex Z2AAS 7Pk R0IM Meat ZE Aoje] ol o
Lt B2 4= UAELICH

Single Drives REHZEE DE#Z 2] Qh= ZHCHSE Open-loop AlAHDM VA ALEE £ QUOMH,
Common DC bus systemi} 274 525t MY SHUME ARZELICE Single Drive= EZ, H, HVAC St Z
= Ot S0 48 JHsELich

Single Drive= 4%, &3 & 2 Z3Q) 37|9F 22 1H AYO0| JUSLICL Single Drives & S8 ¥ &
M HEEZ ARSI £4E £ e EAMF = HE HI%‘.’:ILIEL Single Drive= Common DC bus E=
NAE Pt 2Q38IA| 42 Z2M|A AHelket £2

Figure 5. Typical stand-alone drive

3.2 Common DC bus Drive Systems

Common DC bus Drive System2 3 AC S DC Mgat HFE HeI5I0{ Common DC busof| 232 &
=5H= 5t} 0|Ate| Front-end Unit@2 TAEZILICE Common DC buse= QIHE{ E20|E0| M2 HESHH,
Front-end Type [z} YL A= F HYOZ CtA| ZFEILICE Common DC bus drive system0il= F A
oz Mz 3|M0| E7tsSt A2 A oIHRE AH|5H| L5t HI® 5829 £2MO2M Brake Chopper
Unito| ZerHE & USLICh

Common DC bus 7182 A& OLHRIE AFRS W AL oA HekZ 7EZ 4 ULt DC bus0| E2t0|E
7t & 74 o|4 HZE U, O F AL SHLZL HE S H27t olo SHEELICt Braking Powers
Common DC busE Edff CHE E2t0|E0| 21 S=ELICH

Common DC bus drive system2 5 2| Q7 Algtut E20|EI}F ARBEl= Z2AMA U2t M2 OHE F
F9| Front-end UnitE 7HA|L Y&ELICL = Mol oM, 7t S5 ME 7|2 & 12} = (THD)
o| 518 #EULLCEL Z2hA 2712 2 S| Bu F AU =o| M FM9| EtFdS |0 Ct
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» COMMON DC BUS ;

V4
FRONTEND,
AFE
- INVERTER INVERTER INVERTER
or -

NFE ~

BRAKE
CHOPPER

' 1 ¢ |

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

3.2.1 k4ol Common DC bus Drive Applications

Common DC bus system2 EZ, H2|S& & CiFet S CHet 24, T S 4Lk 2elE AHof
517| I3t B2 £F4 AULICh Cret 32 Y /x| Sol= Common DC bus systemO| & EL|C}.
DC bus System2 34| 2|43 (regenerative) 1t H| 2|4% (non-regenerative) & 7IA|2 ZFELICt 2|4
& DC bus system0llA] Front-end unit2 F Q02 ZZ 3|M& 4 QU&LICL 0[2{8+ system2 AH|SO|
A EQst AS0| H|1A 52 SH| LTI, H|S|E AAROM HSH2 Common DCbusE &
3 A|ARIS| CHE E2[0|E0)| AEH=H, LM 7ot Zut =42 Brake Chopper Unit2t Brake Resistorg
ALESH 2 AH|EULE ASO0| 7o EsSIA| 42 A M4 2felojut A FO0| AN H] 2|
Common DC bus System2 H|& &&82%Ql £2HYULICt 2t=st M0 LS 0fE2[AH0|H0M= E42
Front-end Unit2 HEE A8 4+ UFLICH

= 1 = B~ = =

|_%|

i

. |-
) e | e

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

3.3 Common AC bus Drive Systems

Common AC bus Drive System2 5tLto| SEE MelE3g M1 o] AC E2I0|EZ A EL|CH YeHA
o= E2j0|E= Common ACbusE FOt 29| MHASFHOZ 310 FHH|H0| FRHELICH ZF E2foj=
= Common AC busOflA] M3l0| SE&|H, =2t0|2 HH|H0M 2t RE{Z #|0]S0| HZELICL ACDrive
SystemOflAf 242 = MM 2t ZE| Drivez S&-EULCH gz S2E|Z| &L T Common AC Drive
System2 AEHCE AF5t MZE SEHOE Of|HR|E LH|sks O 7He| RE7F U= SHS flot HIE
SEXQI MEHQLICE,

Cte=o| E210|E20)| 3ttel Common AC S AEE
LT B0l 7|40 23 Z2 =2t0|2 AJAHO|
LICE 2 JHE FObs HE|= A2(2] 2HHYIE 7H &~ Ul
Etfde 32 MH|A SAHO=Z ACbus2RE JHEHCZ Ei|E + USS 20[ELct.

n= |0



Engineered Drives Manual 12

COMMON AC BUS

yryi

V4

I3
SNy

Figure 9. Common AC bus system

Frequency
Converters

3.3.1 4ol Common AC bus Drive Applications

Common AC bus Drive System2 &5 E2t0[E7F FH & = A0z AAUE0| BRI0| Mz =HAL
2 JjHHO R XS5t Ca0|E NEJF QS TRAH|AN Z3sH MEHQILICH Common AC bus Drive
System@| YutAol 38 Hofofls 1E3 HI AHO|M L= 0f2] JHe| THO| SOt HET|Z A&l 2
L|Ct.

r

Common AC bus System2 & Z
TEEUC

oM S2El= Common AC busOfl HZAE HEO| Fhf4= H

rtol

17|12

3.4 EZI0|H Alof

TH= Drive £ THE Drive SystemS S2tA|7|= 37tA| g
* Manually (Keypad AE)
- 1/0 ARE

S HEHA

ot

(5=
S

Ecto|E AR 7|IHES AMESI0 E20|EE
S| A2/l 0|1 E=to|E0| A M

N

tSote A2 7tSsHA|T 79| E7tsEU L. Ao 2517 2HE
A
e

UTheh AI2H/SA| BPCR SEY R0k E210[29] 1/00] HEZEN UAs B ALIXE AESH=E 0|
YHE L1 S0 S2l= AU, M=ol 20| 2 ON/OFF A%(RE F=
Be HrCp oRdet 2E0| 22| & & AFHC

Ecto|E 2folo] S&et it 2YUS AHofsts Faet Y 2E0M, 2EMAS E20|H HOE ?

—= —
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Fast multiple-line
monitoring

Control system

341 EEHA SH

M HCE AF25I0] CIUsH LEHA EAl A|AEID

_— O bk

lo| 33HM0| SIEILICH UL Cal0|HO= EX EAl

M01I Cist Z|0] EEL = ZSE|0] YR, 4 Z2EZ0| MEt ABSHs 84 AIARS |5k S48 2
EE TYUsioF & 45 UBLICH Vacone| Eafo|sE HEo| gM HES S8 ZHQISH TEHA S ALY
= AL

Monitoring,

diagnostics and

Overriding control

parametrisation

Profibus DP (slot E):
i, 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
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}

3.42 OOy HE 8T
HOlE| X% 8L TEHA AIAHO| et ZRRYLICH WEWA AlAHS Sajo|d2 HoJE H42 I S

S oo =] =

4 ZRESZS MEYUL. USE 4 Us HOEQ ¥2 Z2EE0| w2t FetHLICE

[ — oL —

E2to|Ho| AZEQ|0f OfE2(AH0|M2 Hgt 247t 2 & UFLICEL HESA01Y === Hadt Start/Stop

0| A EC 2235 PID control HMA| :r LT, AZESI0 88 Z2IYS MekE 4 U2 Aol
LS 0| BHQIX| oo FLICE ALZEQ! OfFZ2|AH|0|M0| TSt Mo 7152 AYUSHA| eH=CtH, ECt
S JI50R X HWIY 4 UBUCL

AZEQIO] 0fZ2|0140] £ HOIS AYSICIAE TEHA T2MYUS YIHOS WL 4 e CIOIE
oot Yot 7| W20 SAS HSE 4 UBLICL 20| met ATEY0] ofZ2IAI|MO| B

off chet Sl
Of 2{gstr|et BEHA D2MAO0| SHE Aetets 82 Bypass ZEE ALY & USFLIC Bypass 2E
=4 &5 OHZ2IAO| MM TE ALY 4= JAFUILE ByPasse= OHEZ(A018S T2 |HESHA =S, Z.JOEI"

HIO[E{0]| ATto| QleBz E2f0|2E it Zfiet SHOR A8 + UEE gUch

Dol EMA AARS 24 THSS B4 22 D YSLICHL BRSH SN 47} 2ofeiz| Lojof

— = [
LICh E2t0|BT} oE S0 7tish 39| A —’F——’-‘-é Hlolsts 8% 2ot 8t £== &Y 5Lt
ceto|ETL WE S AlZHms)S 2716ks Z2MAE A ofste 82, 84 &&= Ui =0foF gLt S
S d[0= FT=E D[-LLL g S0, 84 &=7t #ETE 5‘1IOI% Z20|7t ZotdL|Ct

3.43 ZEEHA #3
Aate

A
=
TEA &

Al

D0l AAIE R0l afet (sl 20| TS ZRFLICL BEHA SH0IN 97%0| 2

0| Mx| BYOER YWMBILICL HAT MNZ SHBIA YT SA SAZE LAFLICE

Aol 23, WAL, A0l SI3), M4 o oizio] M HUAo| AIZ0| TRt HEHE 4RO} B
SASHDL Alo[Z RHO| HRE(Ol 44 DJElS] AO[Z2 MAHOF B B B £2| HYO| 2

%LI ct.
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4. Drive System 247
C2I0|E A|AEIS AEE o 7t HA ZAEH0F & AR Common DC bus Systems &3h= 20| &2
2012|, L= AC E2I0|EE JfEAOo2 &= Common AC supply@t 8PH| AFR35H= Z40| St2|&0I1R| A=
AUL|Ct ESH E2L0|E A|ARIS| HZE2 Z'HO| HQSHA| Ee 'H0| Q5| ZYSHOoF LT

HE ElO|E AA-0 Cheat 22 8 2|-0| 4EEUL. HE Drive 2= & st 8= A1Y

ET ©Ooo— —Tod [N Ne)

F 4 QUZ|2F, Common DC bus SystemOflA= Drive SystemO| A|0{30f Sl= ZENAT} S0 st &

rir

[

ol

=
a2 07| G20 BFAA} O EFFLICE Common DCbus SystemsoilA| ZE{o] & H31= Front-end
gYy47|o| 2 Fo| 2AeLc

41 ZRAA 2TAR Y S| Zo
ZZMA= CHSaF 22 EfQl Oge=z 2 & USUL
- Basic Shaft tuners
=2 As EIE 995t Z2AMA
- ZE5t B3 AgkE 275k ZEMA
- High dynamics applications (¥=tst Speed and/or Torque Control)

UdtMoz m2MNAE 22 3l(force), EA(torque) E= Powers Q= L,

&l (force)2 ZiH|0]0f, IIQl, 2|ZE L 0 AZ0|H Z2 AMRS0| U2 Iff ZFHCE

E3(torque)= ARG (winder), &&7| & ML 22 S[47(1A ¥ 20| ZEH|Ct

Power= Hx i 2/= U(fans wind mills) &' 2fZ7(0f] ZQgHL|C},

C2i0|EQt REjE TE2M|AQ| Q5 ZEA|IZ £ QUO{0F §hLiCt, E2t0|H7t {2 oM =S 8l E3

L 452 N3 4 YSUL,
cajo|s AlAHO| 2ZYSHe Sofo|Hol Hof YHEES Woje| D, R4 WET| Satole 2ol o] A
X A7|A0| B2 B7PAZID, E3t 3 A WUt AlolZ A, Bl AT, A9 7|0, 26 Aol
o D Aot 22 JlEt SRfo|S AlAM| Z3E S S7HAFIA| ELIC

G=gxm
Figure 12. Example of physics behind a main hoist
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4.2 A F2 A

AAHS T2 chapter OfM ABE S0l w2t SZE Moo} BLICE AlAHE =213 M2 8YS X5
L 70| ZR3LCE 713 £28 248 Sejol AIAHO| ABES ZRAA, B3 U 25t 27 ARl A7)
H ML,

4.2.1 <YMl ZHE : M AU ZEI.A
IEC 60038-10]| t2MH 2Q HZ0| LS YUHHAOl HEQT Q7 AR -10%~+10% QL|Ct. sHE Rop4
M2 +/-5% YLICh

4.2.2 =Z23t Load Data 49|

4.2.2.1 Load Types

Fote| RY¥2 TRAMADKCH IA CHELICH o 232 UMl &5t f ! Z2AA o 20ELC

r. 9
» Compressors, cranes,
*
lifts, conveyors,
Constant torque | T continuous web
n (rpm)
Constant power T Winders
ﬁ n (I'PITI)
A
Constant power/torque ot Unwinders, winders
o wana | T
L
an pl n (rpm)
Y Y
. P
quare torque T Pumps, fans
» n(rpm)
A
High starting torque demand Extruders, mixers,
; T cement kilns
n (rpm)

Power mm mm e

Torque m————

Figure 13. Load types

Table 1. Process data
Name Definition

nmin | Minimum continuous speed [RPM].

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

nbase
of constant power.

nmax |Maximum continuous motor speed [RPM].

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

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

Overload [%], the relation of short time max. torque to the base torque.
oL
(100% = no overload)
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4.2.2.2 7|AA O|& :Power & Torque
YHtdo 2 BE{9| Power= kW (hp), 2E{2Q| speed= rpm LICH

Power in kW :
PoTx 2PNy pa M w]
60x1000 9550
Torquein Nm::
T ~ P><9550[|\I m]

P=PowerinkW, T= Torque inNm, n=Rotational speed in rpm

4.2.2.3 H|E7| RE2| EH
H|S7| AC 2E{0l= 32 RE| ZQIE (nominal duty point)oflM Zo|El= £&(s,) 0] UAELICE
S, =(n,—n.)/n, x100%

&7|4 % (Synchronous speed, ny) :

0 2x f %60 [rom]
s T (polett : BE{Q| pole4:)
pole# P P
Nominal speed (n,) :
n,=n,—3,
Breakdown
torque
Locked rotor torque (pullout)
- (starting torque)
] / (5
g 200/
2 ! Pull-up torque
5 (pull-in)
s
3
£ 100 =
g Full-load torque —

No-load speed ——
0 ' =

E
o 50 100

Percent of synchronous speed

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

423 RE MH
- supply voltage 22!
- speed range =0l
- constant torque and start-up torque 2l
- effect of acceleration (duration and inertia) Q!
-EHest EFUF GRS M (A Es o SY|)ELt YR RE| ME

4.2.3.1 Motor’s loadability

£C(=87|)7t ZAgh| w2t 2Ee] &S} (thermal loadability) 7t Zt48HLICE. Field weakeningdflM Hats
"2 1/n2 Z45td, 2|t E3(max. torque)= 1/n” 2 ZARLLCH REO| E Al¥es 3700 W2t 2 &
Ol 2 AIZH7kR| CHYSHLICE 5t 242 2& A50| direct online supplied (DOL) 2E{Q| 33 H3iet &
Yot FOot | FE|O|M REQ| 23} H¥S HolFlLICt
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Z|off HAIZE £330 0|24 mfd| E3 Afo|e] #¥ Of

2 < 30 %YLICt.

st AL EJVF ER5E JM off7t =5 RE|E MEISHYAIR. THAIZH 27 EF(Short term required
torque)= ZE{Q| 2[C{ THA|Z EFELCE Z0L0F SL|CE S9te| £5t A MM HFRE AlLkstir, MF7H MO

Lt HO{= =A| QCi ZHYEiLICt.

T =

300% T T
Tmax T | _____ \
---------- \ -
Tn \ 1= Continuous thermal loadatily MM (4 \ L7 Contnuous orue recured by e oo
‘\ 2 = Maximum short time torque ‘\ 3 = Max short4em torque required by the load
~Tmaxx 0,7 \ 3 = Theoretical breakdown torque H \ 4 = Motor's max short-term torque
200% Y
‘.
100%
70%
40%
1 2 n/nN n/rpm
Figure 15. Loadability curve of a typical motor Figure 16. Continuous and short-term torque
H=
4.23.2 BSIHT A
2 U )
T, mx ¥ YO X f )
200%
U
W 7 Flux y
100% {=— =— == == ) N
50%
e Voltage f/fn
Compensation for/'",v’
resistive voltage
drop, "Boosting”
1 2 n/n,

Constant flux range

A

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 S0IM E514F A

EET (Tioag) 7t 0.8%T,~0.7T oy & Ml
T

m

n

load

n

x —x |

n

n

n

l, = Motor’s nominal current, |, = Motor’s current at the required load
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4.2.4 Frequency Converter A&
St HET|E dESHE 7|&
1% 25t A

=]

- Z|cH

4.24.1 ZRF capability

EetolEE Y FH 2 (8 40 E= 50°0)0M &Y d7 HH0 XA AZRASLICE 71242 8
4 7182 YUt F, ¥4 U7 A Y 2=0A E20|E9] LR 2EE AYE 2k FAE 2U5HA
PFELICh LS IGBTE &2 AlZt 3¢ RSt MRE S5 & UARE HHEJUSULCE 0] AlZH SOt UET

9| 2E= =0f EA tH5IA] FELILE. LMo 2 AAE HF= AESIE S183t=F HEEL L
Vacon2| ¥4 M7 HO| AEE 1tEsE RE| MOIZ2 1E2/10222 YolEUct

HRe RMS #¢2 ¥4 € URE

P

b g 4 gEU

IRMS -
4.2.4.2 Cyclicload?| ¢
Tmin @226A / 9min @202A
2 2
2262 x1+ 2022 x9
L1, = = 205A
10
Tmin @255A / 9min @158A
2 2
255° x1+158° %9
gy 1. = ~170A
10
L I
380-500 VAC Inverter modules
. Unit Low overload (AC current) High overload |AC current) -
e
" Code Frame I L cone [A] 1 tmin (Al | cem Al | smin[A] I [A]
NX1_D00 5 FR& 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§ 16 17,6 12 18 2
NX1_00225 FR§ 23 253 1 2% 32
NX1_0031 5 FRé 3 34 2 35 46
NX1_0038 5 FRé 38 42 31 47 62
NX1_00455 FR6 46 51 38 57 7%
NXI_0041 § FR7 81 47 46 69 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 _Ha_ Py _ A 20 280
NXI_02055 FI9 (205 ) (26 ) () ( 25) 136
o NXI_02415 FI9 ~=r = s g 349
NX1_03005 FI9 300 330 245 368 m
NX1_03855 FI10 385 424 300 450 540
NXI_04605 FI10 440 504 385 578 €93
NXI_05205 FID 520 572 480 $90 828
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4.2.5 FHZZ(Ambient conditions)
BE C2o8 AAHS &7| L 37| Holieh 22 CIst B AEYAS M2IsoF BLICL 5 REHS
DEfE 01 BYESHH 019 HHZOl ZA0IN AHRE 4 YELICLIPSA BSSTS BT Be

E5t A QIO HE HISH|A 22 82 4 928 HA

|I|>
E
N
ofm
2

HET|Os UHHOR |p2] BESZ0| 9
o oL, o £S 420 E§7r

A
’ T
= 7AA| 220 32, JHIA R E20|BE R[5
28 218 4 USLICH ORIR 2 Huly Liso] 27t SEE B

'—H01|_OI =5 Siof gch.

T CI2 393 $7 S WAY| MY (EMOYLICL S2j0js AAHO| 93 HEo] EMC AdE 33
7l 20| D4 ZQBILIC Ol S2fojs AIARO| HEN U WAY FOHE U0 4 9o HY|
B0 MEY EE WARY HOIE AHHOE B %2S QnjSiLiC

- 40°C 23t 2L0|MQ| ZAS

g2 MIEE o -

[=]
LB} Bl M OANE BY Y B T
WS - E8] 3 oS30l

- 5te 7184

Cabinet

EMC
immunity

=

EMC
emissions

C—

EMC EMC
immunity emissions

—— &= Supply

Figure 18. Environmental factors and EMC of the AC drive

4.3  Drive SystemOj|M 9IHE| {A & LA
ofgf Eajo|Hz AT Calos AlAHo] BN, Slof TIOIA MBS BuAA| T wt 2ztel
E2o|E= 8= HolloF SLCt.

L oo=2 o
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4.4 Front-end?| §H

Process requirements for Front End type

Is
braking
needed?

Is low
THD
required?

THD
required?

a R
| NFE, 6-pulse |
o /

THD must

f be < 12%?
<N0 > Y \Y"/ %s No
( AFE \\‘ {/NFE, 6*|)u\se\-‘ ‘r \‘
\ g ’/ ‘\‘ + BCU / N

Regeneration ?

THD must
be < 12%7?

Regeneration ?

N\ /'

e

\Yj/s/ No Qes
f AFE \‘ (/NFE, 12—|Julse\‘I “/ NFE, 12-pulse \-“
\_ 7/' ‘\fonfiguratwon/' \onﬁguratlon + BLU/

Figure 19. Front End selection guidelines

Common DC bus SystemOf|Al= front-end unit 2 MEYSHOF LICE Front-end unit S MEiS of
= LSS 125HAIL.

. THD 58 ae?
2

orel = X2Jo| THD 2f|'o| Of FCHH((5% ), front-end unit2 Active Front End(AFE) ARE.
rd = Q| THD Z[#o| =CHH () 5% ), front-end unit2 AFE E= Non-regenerative Front

End(NFE) 25 A 7ts
. E210|57} ABEE Z2HA ZRE?
Bt HS0| A4F BRSHD MSHO| HIEA &S F AFE A7 HUSH SMYLICL 1A QOB NFE
7} HBBiLIC,

4.5 Drive System0A| Front-end &% 4%
7

HABI|o| 8T AT AZE St A|AR §88 7|FCE ELLCL 27&= MZE 32 2F &
4 FHo| gt 5 LS o= QELICE DC HAQ| 2o &7 MHS 21 e HaF (BE/UH)S 1ol
OF §Lc}.
Input DC-Bus Output
3 Mechanical
o~ J_ —
—— e e _ T ~—7f——
+ =
ia iy Pre >
dc
Pout Pehatt

Figure 20. Dimensioning the front end
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detot 8FME S fI8t Parameter
3 A
MIE Power &4 (Power B3k IZah
OIHE{ Unit 28
=9 3 88
RE B8
YR7|= F HYUCE BE OYHH(S)S AABLLCE DAXMH= FadY 42(Q) ¥ |83 4&2(P)
O] ZHELICL dR7|= f82MEE DC-link=2FF d& = USLICE HF7(9 9E2 F MANM 7HHE=
FaMEYS Z2YALICL AFEQ| & % 0.990|11 NFEQ| HE2 0.93YLICt
DC-link {HE AL W= HJR7|2] 288 12{siof SLCt

S=vV3xUs xIy
P=vV3xUs xIy Xcosa

Q=+vV3xUs 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

dR7IE EEE HZoIH YR7| R0 =2Y0| AFLIC DC-link MHS ALt mf ZF ¥JR7|0HC 5 %
£ SYUCEM 0| =d¥S Ua{slof ELICt. St Rl ¥R7|, AFE & AFE = NFE & NFE TH 2=
HEY & AU

4.5.1 3t ALt
- QIE|E= AFZE Power ZHA
- QFE|E AFZE IIRIE B 882 L0 Qs BF o melE 71|M
- QIHE{o| QS &3 MHZ ALt (East g z
- QS DC HHE ALt (QHES| RSt 23 HHZ QIHE 582 '—f-"‘-l—llif.)
- dR719] DC M= ALt = 22 =4t

— HA =
123t AC X5 A4t

|'uFI

F

el

U7 ZUA 22 -on BRE 7|22 AFEQ| DC HHS AL & UAFUILH

—= MH
Iy HE MTO| MAHS A|LHGHOF 5H= E2 AR HIES AFBE & USLICL
_ IH cont
I:)H —cont | X I:)L cont
L—cont

Pimn2| 2% 2522 ALESI0{0F BILICH

lein =1.1x PL—cont or I:?Lmin:l'SX I:)H -con
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4.5.2 DCPower A4 2 of

2E{O| H&H= 270kWO|L £E& 1700rpmO|H, B3t RE2 Y¥st EFULICL 280kW ZE{Q} QIHE{T}
ZQFHICE RE{Q| E82 0.960|1 QIHE{Q| &8 0.98YLICt &3 gwr Zos AR 0|2 maE{sHorE
& UELICL EL2st DC Power= LS

C}. Vacon Front End Units2| 42 DC Power= HIZ AHAMOA 22
SAE Aot ALk 4 USLICL
1 1 1
I:)DC = Fohatt x X X

nmotor 77fi|ter 77INU
Poc = AR7|282E 2FE&= DCPower, Pg.n= EE AFZE Power
T motor = HLE g8, Tfier = 232 2&(if not used, then = 1), T = QIHE] =k

O OlofiM= SHEE7E A BEIR| o8z YRI|ZRE| 23 DC powers

1 1 1
Poc = 270kW x X = x — 200kW
0.96 0.97
A3719| DCpower= AAHE 22 zatsfof BHLCH
A5t B8 US AFBE 8le 4%, O3 342 ARSI RS DCpowers AlME & ASLICH
1
Poc = Pear ¥ 09

= 0|42| QIHE|7} SYUSt DC HAN| HZAE Z2, & DCpower 72 QIHE(Q| He M=ol g L|CL
HF7|7t O HHS H2|& 4 U= LK S{oF SHLCt.
HF7|7t HEE (SYSH AC 35 F|0) AZE 42 & ¥F7| DCpower2 FF7(2| DC power?|
LICE. & DC power2 2o2{H Z310| 5% ZA5HOF %”-“:f
AAEI]| DE{Y 2M02 ALZE|S QIHEQ

At25t0] 2238t DC powers AAE £ ASLICE

PDC = I:)motor X i - Z I:)gen x0.9

|10|I

o
=
g
JX_ I

2 AL CF2 oIHE7} = 42 L2 348

Poc = BF7I25FEf st DCpower, Pgen= 2L 3_ EE1E' Power, 1o = 228 314 Power

46 =2 FH2L0 ofst 8TF AL

34l Vacon NXP Drive Unite| & A2 |t 40°Co| £H 2E0M |RELLCH E210|E |RRE O =
2 FH 220M ALBSH= ?§$ F2 78 24

o & HElE AYE +F 052 KA HR YAS Y

ZIOF Ut HAE Aes EEHLR 1.5% /1°C YL 2 FH 2== 50°C YLICH

ZYA Y 44 Vacon NXP E210[50| ZAB THH AHE AL B AE LYNES HZFHIAIR.

—

— O
Vacon SO Het7|o M| ﬁ%%
2000m (Vacon NX, Vacon 100 2! 1
VaconQ| EEHOIHE O &2 10
OrME 7|Hto ZgtLCt.

1=}
—_

o 2 4%). Yo BUls wB MY (W Y
Z|

00)7HA| A Z[RASLICE
32[oli0F ot= % ChS 30l AlSE XS HEHAL. 7212 A8t

m>o
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Zat4 WEDlo] 2 A4S QWHOR 22 RO HEITLICH 00| @ 40| 3 Arh 33 1A
o282 HBEl 0|ULIC Vacon 04 HED|0] HA| 2 452 2 1000me| 43| D=0 LS
Lct.

Mz IE7}F 0] 3HA

g 25K A0 25t HRE 100mOICt 1%4 ZASHOF BLICE W2k TE 2500mo
N 55t HRE B 83 HRe

= 9| 85% 2 A[Sts{{oF LTt (100%-(2500m-1000m)/100m x 1 % = 85 %)
M| 1= Vacon d4 ot HET|9| H 450 S DI2|A| 4ELIC
4.7.2 7| #EA
Vacon AC E2i0o|E9| M| 1= 2000m LEOfA z[ete| RACE ZHEIUSLCE F, dF FHY HY
2| 2! corner-grounded Y AJARIO| Z|LH Zf(corner A= 500V E2I0|E0|M2E JH5EHLICE)
Chaat 22 Ash Aoz o =2 43| 1&7} 7Hs§LC

4.7.2.1 Mains voltage

A AE0| T ARE|R| &4 AL, 500V Vacon NX &3], 480V Vacon 10 32| & 500V Vacon
100/1000 Z=z[2| 2| Mx] D& X2 MAA z|cf 3000m YLICH EHS Z2 EF AHS AR O
=o M3 TEJt JpsE & QEL|CH

690 V Vacon NX &2z|2 "lEH A2 1= 2000mYLICh O =2 R0l FHY M2 519V O[5tz A|
&t &|0joF St 0|25t AIE2 0] UEY AL E HAE|A| AASLICL (EX M SSEA &S WY
4.7.2.2 High voltage I/O signals

HBE /0 HEE F M HEo| 20| £ ME= BE 0| 32Tt SYS J5 Yo HEE F2
2000m =O0flA Z[CH 250V7EA| A|QELICE (OPT A2 & OPT ACE= 0|2/, 2000mOf|Al |t 150V 77HA| AHE
7ts). AS= 150VollM 2| 4866m7tA| AHEEH 4 UELICE CHE2 of<l.

- OPT B5& 1k 4866m7tA| 250V A 7ts

- OPT BF= 1= 3800m77tA| 250V AR 7}s3HH, 1 0|42 150VE At87ts

HE |/O HE U M HCo| o] &Y 4s
Vde) | HAZl AL 4888m 1E=7kA| Z|i 150 P2 AFRSH 4 QIELICEH CH2E 02
- OPTACE 1= 3000m7tA| 150V AR 7Hs, 1 O[A2 100V AR 7ts
- OPT AF/ OPT B5& 1= 2000m7HA| 250V At 7hs, 1 O|A2 150V AR 7Hs

St HEO| OHE Ze[0] §|E7f A 2= (0 24

=M EEo| nMe CIRE Y2 1= 2000mUlM 42~250Vac HelZ A HE|H, 2| 4866m L=0f|lM
42~150Vac HeloM ALEE + UAFLICE OS2 ol
-OPT B9 EE0fA, HV ™ HHA
22 1k 2000m77kA| 150VE At

20| Z210| HMQ 3|2 (0] : 24 Vdo)o| HZE AL o] Uzio| A
Z|H, 1 O|&0AE= 100V A|SHE|0{0F &huct,

r°II r|r

690Ve| ZE{ 0| CH3H Z|HE|H, chapter “4.7.2.1 Mains voltage™ 0|

Z0IAM Afﬂae & AUFHLC

I_—I=
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4.8 Appendix
48.1 2% o
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 7|44 0|2 : FORCE
&l (Force) 2| tt2l= [kg m/s7].
UH £ (speed)OflM & :
F =mx g x(sina+ uxcosa)
7143 (acceleration force) :
F, =mxa
=mxg

F, =4 xFl1xcosa

p = friction coefficient

\]
A
‘\
~l ,& F1 x COS a
Fy

Figure 22. Force
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4.8.3 7|AA 0|2 : TORQUE
Ed (Torque) 2| TH2l= [Nm]
UH £ (constant speed) :

1_ = F: xXr
7t4 = (acceleration) :
do
T = T=Jx—

w = Z4&& [rad/s],
a= Zt 7I&E [rad/s4,
J= 2 [kgm?]

4.8. 1A 0|2 : &4

71A
20t 242 7H450A damping EtE ZH=C

X

2 (Inertia) 2| =2l= [kg m?

£2|E E(solidroll)o| 24 :
M x R?
2

‘empty” Al 2y :
M x(R? +R2)
2

J:

J:

4.8.5 7|AH 0|2 : LYKZOM M
245

Be Tl A2y o

work: W =F xs,

Power: P=F xVv, Rotational power :

4.8.6 Z|HA 0|2 : 7}&k (Acceleration)

Figure 23. Torque

Solid roll

Cylinder

e

Figure 24. Inertia

st Zolof| ZishA|= &lofl elsh ¥ojAl= & (Work) ILICH.
Rotational work: W =T x 6
P=Txw

T4 EIE 201 Th4 AR tOIM A 00IM N, IRl 7H45Hs O T3 ojgo] E3QLICt

T, —Jx( t )[Nm]

NmaxAIA 7t Power :

2
a

P.=T,xw, P,=Jx J:‘

= xS M I Nm
soxt LM

Jxn

P ~Jx——"—[kW]

91189xt
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Ol = 1=
5. EMC, &z} 4
EMC(217| H3Ha)E Eato|s AR MAlo] 395 SRQULICL 52 AQAOR I3t Fop4 HE| £
e U Mol mFM} 4

ks
EMC (M2p7| 32)= Eto|2 A|A HAo] 2%t FEYLICL =2 ALY £=2 Qs SOt HE|9|
%ﬂ HY ¥ MR 1xm Y22 EMCE H2SHA| 2™ Ao AlAH 5 T i 2Fe Z2 dZwt

2Z (emissions)0| 818 758t 0|1 ZHd0ll CHSH LHA (immunity)0] 243t A2 Azle Ha|2oz
Setkl= Aoz 23 &+ AU MAP| A (EMO)M= 2R ZHdol thet Wd (immunity) 2t &2 &
£

Level of required immunity

R R U

Margin
/\/\/_\

Level of allowed emissions

Figure 25. Acceptable EMC level

ZH0f ChHeh Matm Wd2 o=z SHUA 329 A5 YEdS YL R AA0M 2E AP 2t
dof ez ¥2|7t OEH ASst=Al 2EELICt,
Y219| HAp7| Y22 SYSt FZ0| A= CHE A 3=, 32| Y AAHSE Yslishs 7SS YA

HE Y| FA= SAlf| MA7| ZHdof a4 T 0| E & USLICEL E2f0|HOM= LRHOR 58 Tts
ot HiE 2R HoloHOF YLICE 2E Vacon E20|EE= ZA7| 7o) Chet Y S22 WES 711 Us

LICt.

7MY R89| o2& 1FOt Mef(hugh-frequency voltages), =25 (transients), 27| WA
(electrostatic discharges) & At 2A}7|2 (radiating electromagnetic fields) 0| UELICE
AZ0} 20l (Low frequency disturbances)= Chapter "6. 1 ZT}" Of|A] AHSHL|CE,

5.1 EMC A&

EMC 2|22 New Approach Z[ZI0|H EULHOIA HOiEl= 2E H| L |0 FELICL 0 |22 A
712 9 AfE BAIBIA| 1 Ee 2F ARTE HA[RLLCE ESH Ea A-TL AtE &5 WHS 4Y
LICt EMC R 371 2A0|H QUE{HIoA OJEU(Official Journal of the European Union)2 S5l 0|&
£ QUELICE AHMISH Q7 A2 OJEUO| AAIEl 23} #Z(harmonised standards)0f LtQt U&LICE,

mo: Q! rok

FHIS 34 JIEE MRfSiO] LT 22 A HASHEE A U MZSOOF S
. SME HA| Fojs BM Y SN FH| E= J|EH FHPL Ol IR ASE 4 Gk £ES 2

Ol SR MAMM ZOH0 CHTk LHHO] UM, EE™ + Gle BSH8l0| 2S5 & U0{OF LCt.”

= A
51.2 =%
#A= 25t B2 (harminised standards)0| £afst1, EU 341 A'd (Official Journal of the EU)0|| S2H=|0f
UAEs 42 0|8 &5t A0| He 27 AIFE F49t= AC=E ZHFELCL
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52 9Y BF
Fhf Het|of 20| U= F 71| BEO0| JUSULCE €A #F ABAM= AU (www.iec.ch/webstore) 0
M 7YY £ UFLICH [EC E22 International Electrotechnical Commission?| 2% HE=QLICE. EN2
3 & (European Norm) LIt EMC [0 LIEE EN EE2 siE A0 tHet R HMES LIEHLULCE

 IEC/EN 61800-3 for power drive systems

+ IEC/EN 61000-6-1and -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)

210l €7 £ EN61800-32 AHEF BE=0|82 UHF B (EN55011, EN61000-6-1, -2, -3 & -4)EC} 2
MSiLICh et BZ0| WEFR BRECH NICHEATH Seto|Ho| P9 UHHOER U YALICL S2to|Ho)
A9 TV aiCle, ABE SI 22 JHYE Fu|HCt Sejols 47 WA Mooz o NjEe HER EXO)
el EIQALICE WRkA FAP| SH0| i3 S2to|so] Ere BN AL,

53 9 olele| EX
Ol=0M EMC & A& 25 7|22 FCC(Federal Communications Commission) QLICE L& &2l
3L Part 15 (2M ZO4 Z2|) U Part 18 (AFY. 2t L 0|2 ZHH|)QUL|C}.
FLICIOAM = IEC BERE M2 80| UY&LCt,

E’I‘% %7|'0"A'IE E—é% [[I'EE 70 ?E Z-IOE :LEI:H IEC _E_ L’ll:l'.

NOTE! IT HEQI0| Cish +A= HiE A2 Hol=|0] UAA| YELICL HERI EM Wil +22 &3
& & gEUCh d2iLt EMC Z|2le] E 27 A2 65| RA5HH Yoz EMC AEls 2S00 &
LICt. Chapter "5.5.2 EMC AE"g ZZSHIAI.

54 =4

HE2 A Hy =gt £ A etZo| £ THA| etEE FogtL|C.

5.4.1 Z "y 2A (First Environment)

A HR 2HFol= =W 2420 ZebELCH ESt S7F HEY| Glo] 7HEd8C 2 ARBElE =0 S&dke AA
o 79l TIU0| AW UAE AMS EFBLILL F7IG A20| 38, OfIIE, 4G AS E= ARMS H
B 2tE ZAao| of iL|ct

H B B 38 UEYD EE FH BZORILE FLICK EN 55011014 0 BZolA SUA B H3Ho|
Mg e

5.4.2 5 Wy =4 (Second Environment)

5 B SHE2 7HEBOE ABElE HES 350t AMY MY Z2U0| 21 AZE AlM 0[Qe] EE A
HE Zelste Y SHEQLICE HE HYT[AM SEE= EE ASe MY F9, 7|ls J92 & A 2
40| of ALCt

=B 42 10l YEYT E A BZ0l2tnE BHLICE EN 5501 10M= 0] EHoA 22iA A A5t
A EELICE

5.5 EN61800-32| 471 E2|0|H2 F}E|12]

g 2ojl= &= EN 1800-32 Power Drive Systems0f| L3t 4 7kA] ZHE|12|E ¥o| §LICL &Y RS
o| E2t0|HE 117 U OfE2(AH01M MIF AR w2t FHE12] 2~42| YRE ZhE £ UFLICL FHE|NE]
C1 E2io|E= Holof M2t 2El/Sa &0 &5 gt E2117F F2HE olsA HEFYLICE

A2, 7= EN 61800-301 Me|F 7tE|2] C2 ¥ C32| HiE &2 EN 55011 22HA A & gt 7
EN61000-40f 2fali 4t 2tA0| 25t HiE SE10 FARILICH

M
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PDS (Power Drive Systems) of category C1
Z Hyy 2

PDS of category C2
44 Mol 1,000VAC Oj2t
R MUE7H H3] L A
2 8 Y/E= Al

PDS of category C3

A 20| 1000VAC 0|2l PDSE & HHAY
25t 20| OrgLICt (St== 100A0f|A HAELILCE.)
PDS of category C4

A A

2I2t PDS. (St== 100A0A HZAELICE)

55.1 EN61800-3vs it B2
43

2| E= 0|34 2|7t O,

=2Ust= ol East 7l B

AHUM ARBSHEE AAIE dZ HY 1,000VAC O|THe| E2{0|E AJAH

3 A BN AR
. A2JHs EMC 232 Zaisio] OS] Sejols AlA

o5} Jjol i RAIQIL|C}.

SHOIM ALESH7| ffet AOIH, 2w FFOIM ARESH |

212f0] 1000VAC O|&0|AHLt MA HFIt 400A Old, L= & B SHHO| F2Fct AIA-| AES}HY|

2= (emission level) 1} ._E.jﬁfoil BEFES H| W&}

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 1002 EN 61800-32] 27 AlStE ZZSIEE MA LU0

oLy
oot

7| 71gAt 22

EN 61800-3
Product Standard for PDS

st 342 BE SF0M AFBE 5 USLLCL
1st environment
= public low-voltage
networks
5.5.2 EMC A=l

e MXE
gLick. of Age
HES LG E= 72 YolElR| kst

LS M H

¢l EMC #=lo] 28t EMC A&2l2 HA =
TE|, 42 2A, H2|, 2, 7[AY 12 5SS =gt A

|

2st environment
= industrial networks

7| AedS Edste ol A8Els Yls 29
| A

21§ =S L EMC A=l9|
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5.6 A Hk= £=(Conducted Emission Levels)
dBuVv

79  Quasi -peak
EN 61000 -6-4
I ? 3 ___________________________________________ Industrial environment
A EN 61800-3 1st environment,
66 verage 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,
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 standard’s regarding conducted emission levels

Average

5.7 WA Y& $£Z(Radiated Emission Levels)
dBpV/m measured at 10 m from device

r

EN 61000-6-4
Industrial environment
47 EN55011 class A

| EN61800, category C3

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

A J

5.8 EMCZE 88 LI AR
calo|=st AISE B RS FOMAQ. 10| W2t Sejoj RS MHSHYAIR. TS O LIEE 2jo|
5 Q¥2 EN61800-30 W2t EMC %3 282 AYsh: |3 A 2SS LerdLt

TT o=

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
T Designed for IT networks
L Complies with the C3 and C4 requirements for the 2nd environment
70| .. H... ¢ E2o|H= ZE{o= OE S8 ZO0i0f AgeiLct ... C... fY¥2 E2 2 24 Sl A
83l= 0] E5UL 2 TEHE ABSIH EMC H&E2 F7t2 £¢ &+ UsHLhL
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Optional: C
Required:H

AR LA AN

RERENE RN

BMEELEREEEER

R REREREN

Heavy industry

Optional: H

Required: L

Required when IT network: T
Figure 29. Environments and Vacon’s EMC classes

5.8.1 =H 0|51 HA

AN AN

2H| WollM 7t 71242l A|-2

EctolE A|A”0A 2E AO
LICt. HAlofl= S o7t

|=0
=l
=

Recommended symmetrical

(R ER RN RN

Commercial area
Required: H

Hospital
Optional: C
Required: H

= E
o

uullluulllllll =
T

Light industry
Optional: H
Required: L

e

| 72

Q8tLCt.

=

HAHez QUZet dH| 7te| 22|14 22| 2
.I

ZHARI0|7| R0 ZHH| A|O|S0] AHst 259

ot

at
7t

z

.

Not recommended

cable types asymmetrical cable

Figure 30. Two symmetrical cables and an asymmetrical cable

Ao
OlLHE]

EZ‘lo
=

*IEjI- Z-IE %0-'
BoINT A7 4

glsil 2B A0l 2=

| A
- O
Ao

9|

1O

°

o
(o]
o

A

EMC ROI2EE HSER|0F PER AMRE
RE| E0M HAHE|0jOF §LICE. BEo| PE =XE AME3HO F
F2 22 360 ° HA|IZ|0{oF SL|CE.

|
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9
o
X
i
olm

DS FA5HA %S 4+ U H BYO|O{of FLICL FXZI0| AT} U B A

HE 0|22 E2t0|E AZZ2A LR R0IA 7St Al |AISHIAIL. €9 THHAO| 14 =42 50 %
2ot 2 3% ¥A A2z 2 A0|22 258 A8 & AUSLICL ™A FoH BE9| A =HE At
SHIAIR. BEQ} Eajole Aojo] 1Y 24F Mot ZS AETH ALHIA| HolsHIAR.
HZ EN/IEC61800-5-12 PE =A|9| 27 AFstS Ct21}t 20| HoltLct.

Table 5. Cross-section of protective earthing conductor

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

S<16 S
16 <S5<35 16
35<8 S/2

o k2 BE A SAL Y4 SHO SUSH I40E NS0 F0IT RATICL 1A Y2 TS HE
M2l EHlo| e 9| Bl HAIE %S X8 ZAuet SUsH A 2

L|Ct.

HE Aol= E= #H0l= USEAQ| LRE FISHA| P= BE ES HA| A9 THHAZ CHS1t Z0fof &
L|Ct.
« JIAH 25t HBElE ER 2.5mm® B
« 1AM 2S5t HIBEA| 42 R 4mm’ TE HZ FH|o| AR, FLO| HS | AHETH HYE U3
HIALISO Z0i7h &det 2 AHE =T 2| s

OF)I
h]
in
m

6)}3} EE-|2|- |7EF% 5/\ Al)\E‘II Ei§1|0| %
AtMISH LHE2 EN/1SO 61800-5-12 & R5HIA|IL.

Figure 31. Routing of supply and power cables

A0St 360° MEst2{H EMC H2I7t 23 |0l 21Z0l| 230 LTt 7|AA 25 AETL =2 TS0
Z AOIEE AFLILE e YuHAY =7 [[H—-Oil dAol= o] RHol HEE AMESiA= 2 =R 2E
2= HH:)\I E{ QU0 L|ct # Afm HOlES ALESHAH g B=2| PE A 0|£0| 2L =9
PE #0l&2 ZE{et E2t0|HO| PE THA{0|| HZSHOFRILICE,

Ecto|Eet HE] ALOJ0] FRIE 22 o E2 2 AO|E HEE HKHOZ {AsHof SLICEL W= Y29

- O [
U 2 B0 H2E0l SO0 £ FA 2ol naol W Yugls #20 HYYL Pad 32 7
QA2 HAE YW AI2H0| MXIHOF B S5, 930 EE TIEF ANl Aol
|

AT £|0{OF BfLTH. ’é'_= St AHLEO| 2lsh HP—E—EIZI e o UM, E20|E E0MT HZSHOF SL|CE.

—_
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Metallic wall
*-._/of cabinet

Screen connected
to earth for EMC
protection

L 4

Mot:r‘cable
Figure 32. EMC and PE grounding on single motor cable
58.2 #o|E ¢z €4
A, Ao ¥ 4s A0]20| SHHez FE==E QS 24| 20|02}t LR & 2|f AHOISS I=l5HoF
L|Ct.

o

BEXHOE ARSI A0 240t M=y, AKY (@ eUS) F YA A0OF gLt S A0Sl SHIE

Y= &3 EMC| YLt HE S5 A0I=S Aelete AS =0 HEE ZE 2F A0|=2 A =0

OF LICL 45 #H0|52 HHE|0{0F 5HH A% E0| 360 ° HA|=|0] L0{0F FLICL LS MS A0|52 M
o

=2 ==
A0IE 7hrtolo FAL HEZ AZSHAM= HEUCE wAEHoRskE 32 ZEs 90= OfoF HLICE FHo|S At
02| AH2|= offf J™E &=ZSHAIL.

Vacon AC
drive

I/O

Supply cable Motor cable

Figure 33. Cable positioning and distances
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I/0 #0152 €EE E210|2 29| Y| HZsHHAL. East &
AlstAlL. 2 LEOM ZE HA FH0l5 258 YAISHIAIL.
A RAISHOF EHLICY.

II>~l _|0

>
[m
lo
r_>d
rulru
N
i=)
N
40
=

U AOIE2 o] 72| YRIE AL 7t EXIE AEE & UFUCH

=

Aol=2el X 2”0l 230VAC D[Rl ZL2 XY A0|SO0[Lt LIE Hols2t SYst #H0I=
O}

ZE{Of CHet ZkMIeH LHE2 2E 23ME RSHIAIR.

10nF HMAIHE S5l H| 15
42| 2t (2% T3 EY)L| B2

rot i
B g

Ezgjjolof| #|o]



Engineered Drives Manual 35

6. Harmonics
Y AAHS DE H57} MH0|O2 BE MEJL OFSCHR ARINIEHS 7HHS 7|02 50/60Hz HES
S MASIQELICE ANE QSYo| e A3|s 0
Z3kEtLCE,

uZ2Op MRE 712 FO2f Hig, = 100, 150, 200Hz L .

o0

f(t)=> A sin/(not+g,)

UBHHOl DA} HE AANE A MY BT FX E= W (O : TV, BBE, 2AY| 5)7 Z@E
z A OFY7| (ASIX BE MY BF FA) Ek 7IE oHy7

SSYLICE GAMAM F2 A= MHAMA} Z2] -AC E DC E2f0lH, 022 SYLL.

Yt AR7|9| FS 1ZOf UE2 FOkert SIHet| mE ZAgct.

O|2HC=Z (AR Of| &) I, =h /n (ntHA D2MO| 2Z = 7|2 MFE DXMO| ()2 LkE &)

MU A B4 DR YAFLCL B4 DO ¥F X020 YTt So| 0| SUsH 143 3
gt
34 MAHUIAS v =k *p -7 40| DROT Z5HH, 6 BA AAO| ZS Sth, 7th, 11th, 13th 50|
Lct.

. v= 712 Rl bl

. k=1,2,3,

. p= AF7|9] A £ (6,12, 18 etc)
CHAF A|AEIGME BE B4 TR0 28 4 QUSLICH

Note 0| =0 Z/A| eH=ER| 9= St 7|2 ot
(o2}
ol

oz ¥F9 Fa MRE YU FR7I9 7I=

YdtHo 2 HE (power factor)= kW/kVA 2 Holgt & QU&SLICE

pf =cospx+1-THD?

cos ¢ = 7|2 98, THD=THD H&& Zt(total harmonic distortion)

o|oFct.

%
9]

d2|= HIUYO|H Yamets AHelvt 2 oY dRE 7RI Azt
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712 ok HEO) 27 E DAD HEES N Y HAION O 2 71U ANE O 52 RMS HRE A
MBILICE DRT HEE ES AX (EUARD Eb $HI|)O| YMHAS S5 S20 AlAUS S5 2 4
QUE" MATF QLS MAFILICL O[2{3t YL HA|ot SUSH AU HAE CHE FXO| M IS

NOTE : DOL OHEZ|AI0H0fA (¥3m) RE HF= REQ| HE0| H7| 0 E2t0|20 TS Y= RMS

=
HRECH 52 Z27t BEULh EC0|EE RE0| 228 28 MFRE SFELICL = HANM SSEA| &5
LICF.

—

A 4

Figure 34. Source of harmonic voltages
7t3 A7t El= 120ob= 320 nZ2of AULICE 34 SSUANAM MEE dR7 S ZH0f HARSZ 2Tt
Elof Tst T 4 7| HRYULICHL FH Y3 34 Ros 33 DRNE M5 SELICL BIAY THy S5t

(2= UPS, Y&S, PC E 7|t AR ZH[)O| 2fs MdELICE
nzOot HFE QISH Il HY| JIE2 HE IEC61378-10] HolE 2 ALk 4 UAELCH

HAE Q4 AHER MEf FEHHLCE F, AHER0| ZAE0 S FLICH of2f 0| L2l of

Derating of transformer's rated current
to the drive's RMS current

12 400

1 1 V
o]
£ 08 525
5 06 v
a 04 690

0.2 ==

O T Fryr vy vy v F R P T "R " PP T P T P R TR PR YRR V

N N
g?‘ gfa\ r\r:’ '\Q\) \9 q:]’ qj? qﬁ’ e rb?t q;} &

Transformer power (MVA)

Figure 35.Derating of transformer, typical drive spectrum

6.1 =E0 gt u=u} Fek
HIMY Hotof] ofsf M&E 1ROt MFR= direct-on-line RE{0| FIFS O
il 2 ¥ & = UASYCL 53 12O C
S|MFLICE ZE{O)| CHSH 82 et
LICE mEATE 7] W20 Y2 ML02tE =
r

o
2 3% 0| 2ts RHE MEAPPIE A2 A USLIC

LICE AJARO| ZA5hs
Hote EIE ddsi,
Aok AAE 2E{Q| HE0|

4 QL E2 39

ol
B of

AR O
2



Engineered Drives Manual

37
6.2 HZ
6.2.1 HE BZ
IEC= Public 38 &2| (2E A0 A2 + A= 33 Aol A2 AZ2l Y AR 518&l=
azm G20 s £ 7K BES 2HEUELICL

+ [EC61000-3-2 for current { 16A per phase
+ [IEC61000-3-12 for current ) 16A and { 75A per phase

AHOZ FBEI= FS HeT|o| T2t

4 HH0of| 2t CHEUCE ET7L S
Zu ot

42 3|8els 220} Yot
IEC 61000-3-2 0f] 29 Sajo|es H3to| Qs HE AH|Z ZHRELC
NOTE : AMd (49)) HIEF0S IEC EZ0| &Lt

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 Iiq Iia 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 AlAH HF IEEE519:1992

IEEE519:1992 - 23 AJARIO| N 2T HOE 2ot #2 Al & 27 Ared

o
Ol= AIARIOIAM LR A|0517] fIgh AE ARIO|
anzop 20| e Y2 SEUS 27 ELIC-

PCC= YttAo= "CtE 1ZHOAH MH|AE A|

oliAl= QFEULCE HY HE2
&d(PCC)0IAM 5 % THD YLt

B 491 AlAO] 93" LTk 0j3e| 7|2 IS Ty

o o AZd= A&
%S S

2oz I8 Zg Al

=
AMAPTL CHE AMBALS WollE 2 DROE YESiME OHEicks ZLch
Utility
Medium voltage
s
PCC- User 1
User 1 User 2
Other loads, ‘ |
t 1 Iigh(!e:irngoitcs. : ; Other loads,

lighting etc.

Fig 37. Point of Common Coupling
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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
HY AR SCRO| 7153 22 S18E e WBUIM AIZBILICE (PCCOIA ARBE 4 QU= T2t 13 of
PCCOIM 53 £35t2| H|E)
Ol2fst MY Q7 ARt2 MJ7 2 Aoz HEHEL|CH T M3 of ¥ 29| H|E20| =48 38==
HF L=0| FORLIC
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)
Igc/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 1.4 200

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.
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6.3 1ROt Az

6.3.1 Chokes

CIsh ZTi4o| ABL 247 S7H300 2t AHARH ZASIDE DRME O Y223 o &2
FOtR0[AMQ] YO[HAE =0{0F E.“—Ilif.( IE AESHOFEILICE) AC £ DC-1ZOo| MM 1 gik=
H|ZRLICE THD o Ofl4h 2k2 2F 120 % (0 27Lt gle 23, tid HE7)oAM 2f 30 % (ot =23 &

A% HYTE ZSALEE HEAY & AUSLICL
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Current distortion, | 6- pulse rectifier, no choke

THDi as % of nominal -

current at full load T 1 _@ ° SH| < @
80 %

6- pulse rectifier with "normal” choke
40 % | —@—'—I—H—: ) @

6- pulse rectifier with "big ” choke

28 % E T
12- pulse rec:tifierI
15 % @
| !
5 % | il
T = ~

6.3.2 E4dE =g
5z 2 7 2 DR0O0)l= BHE EBEH (EY ZH)E AMESHIAR. HAUS HASHH x| ¢t= 20| Ll
£ ooz UHIHOZ A|AR BEMut OFHZAQl A|ARIO| HQBIL|CE,
EuE| T e e ZZ AHAHoM AHBsHCh YutMo=z H|AE{of Sh= nRO| A FHE z3 2
AIAIHZE FEELICE 359 37|= &2 HIEW ORIIAZE SQEILICL
6.3.3 Active Front End
JIZxur AEE HAHsts FupAQl HHE2 MHE|H TEE = (AFE)E AM8st= A '—IEf. LCL ZHE Eolf
elof] HAE UdrAol 34 QIHE] HE|R|2 FHELIC QIHE I:’EIZI°I IGBT = Agint A&7 35 A2
SEEAL 35 AR SSEIEE AHOELDER HSO0| A wWMs= 42 20 ofL2t M2 2HH 28
=OIOflAM AtEEl= 780 S5 FAE HHS CHA| Y8 & USLICH BgLCHL ¢ MHE9| 9EL
704%* £ ooz AFE & AMESIH ZZ A oM 33 AR CE HolZ QISH 94 HO|E H4 &
ol
=

LI AFE = & 2 Fot 17 37|

AI6ES] [EEE
e A

=] 05« O

Filter Active rectifier Inverter
Figure 39. Active front end

LCL
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6.3.4 Multipulse 9Z

IzME F0l= HSHQ LE2 TE| EA HYIVIE AESHE AYUCh FQl Azupt HYY|Q AP
S|20M HMEID YHO| MR HAHZE= TAHC=R HIEE off 3 o IFQ AHMO| U= CF B

HYUT|E AFESH= ALIC
71 LHrMOl A2 12 HA AAHQLICE = 24 OF0| £5t0| HZE 5 2 & 7 2 DROTE AHAHED,
11 2+ 13 2t 23 2t 25 2 S0| LALICH U2 HE0| Zap THD = & 10 % ULICL QA 1SS wWaiAlst=
BHLT| dAIL| EH= QI5 A7t 7{o| 2HHSIA| Fol, 5 & & 7 2f IRIOIC| S20| Hot &L
HAUT|E AFESI Y 2EES MV OIM LV 2 SA0| HAY = USLICHL F2 T2 TS HYTY|Q

24 % H|E#E0F ofL|2t E2folEo| o2 Y= ARI7(7F EQSIChE AYLICL 2 BHY7ZIel F 4._*101|
SYst B51E ZHISHH SYs EUE Y2 +& USULCL

34 OES 71 1871 HA A|ARE ZIBLICE O] A|ARIZ Z|Cf 23 2p7kA| RE DROME A AHSHH, 23,
5,41,43 S0| 25104 ZAHOZ THD = 9 5%YLICt.

Medium voltage

@Y :
Y

Y
LV /\LV

Ct.

_|

N

Atli = =>
|5 and |7=0
on primary side

If 1, 4L =>
ls = 0.28*(I,-1,)
l; = 0.9%(I4-1,)

O Q0 ¢

Figure 40.Using two transformers to cancel harmonics

6.3.5 Passive ZE]
UL H2YAH= D2ME M|AHSH| 2l &5 EEE AHSUHCHL 5 2

g2 12 B2 HYY|9| 451t Aol SYELICL Low pass +d9

2 |
HHABZ FEEH LEHOZ F7|7t JEEILICL TAE TEE 2E LV
20|22 | £ap MR A 2717t 2YELICH

‘—od

Fiqure 41. Passive Filter
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6.3.6 Active EE]

5 EHE ASSIH 1zobgE

A

HYZIOIM DRI H|AFLICE O|R2

—~

53 ZHE o 32 GH0IM ST

EefojHoM =
ooz C2lo|ETt

21t THD = 24 5§38 Akl 24 oi7H

Ha0f| et 2F 2-5 %2

=) AR FIE0f|A

= ddsH Ett=

“anti-harmonics” &
MEZMo=z HO|A ShC},

2LICt

ZEPL A= mE

LV

Figure 42. Active filter
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7. Contactors, Breakers and Fuses

BE Vacon AC E2{0|H0= E2t0|E &3 (off : 28 HA E= 2B AOIS)0IM TASH= T ChHet
LHR B 7|50 ZE|0f UAFLCE &3 T 2|2 27|, F2 Es EELL 22 MY 55 A9
JIHY BHe A= OIS S 2= &2 URE EOFA PSLICh E20|E 239 1 AR=E F

Or0|32 = Qo Bt=xl| EAMR|IAE (IGBT)O| 2fsh HRLICH

U3 Ao|E2 HESHR SatolHo| LR DI S2fold K| A4 AIASIE YU BE T4 248
MedaforgtLICt

o
dAS LOtoF Lt MY S5 A9 o MR= 2o

SIA|TH 482 FO0pA= QHELLE BEE ES 74 240 = 2 T ob A|et0] UFLICE. F2o| B2
O] Zt2 FZ Al2|R £ F7|0f w2t 10kA ~ 200kA & = UM LR AY 3|2 Y| 4 E ZE

AHOTT HE & USLICE
H3 BEO| Tt YAH0| I=s| =24 &Qsts A0| S2FH

4 W E EE 7Y QA MEEH XYl AN0| T & AELIC

7.1 Contactors

ZEEIE AIRSI0 2Z E= 47 HO| EE A HAE 55
HMYUS AL T 4 UBLCH LMoz FEHE|= Zhig
TZ AA20| AFRER|T RE| ZOME ARRSIHLL HE|S HIO|THAS)
Z Q0| R AZE 4T QIALICH HEHE{E CIZEA| HH0| S= 2 WA

eh 3120 B3 F1d Q471 Q0{0F SfLC.

N

_I-T'_l

4>

r 2 > g
H riol
o m oy N
N i e lo

2|3H

ool

ZIME|= QIHE{Ql DC S0l= 79 MEER| YA 7[gHez TJhsguch
J2jLt 2 80| =2 DC ZEE = Ao YUSLICL O2et F2 AMMIE 7
dEE HEI AzYA0 =Qsk= Aol EFSUC DC 2=0M EHHE
A8t 39 ety oz 271 o|dgel 70| 222 HZFLICL

Figure 43. A contactor

ZEElo] YH2 H7| Bl20| SIX0f W2t ZYEIM ACI ¥ AC3 o HEYUS e o
P4 QUELICE ZEEDH WEAT 3 (KNDOI U Z2 ¥ 13O

cosp7t 1 0f 7RI FOp47t YHEHOR 50-60Hz 07| W20 82 ZEEl| ACT

2 cospl UHHOZ o 0.85 2 HOIT HELE AFTfet

DXOAE TR0 232 B27| (K)E 27t oy MRS @ AC3 HEZ 8YS

K1

T 0| AFRE|= DOL (Direct On Line)1t
HIAOZ 80| HHRILICH 82 AC3 HFE 7|R0Z 5HH ZEHE{0|= 2HE5t

#iEHE{0] H[Of K2

R A
gLt

122 A|ARIO| X0 MY, YBHO =R 24VDC, 115VAC E= 230VAC of
)

UASLCE MYl O|R2 A MY = MUS SHIZA =22|sHoF

.
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712 Bz M

ZEEOlS YHHOR HYUS AT IE 3 MO F2 FHO| YFUCL 3 ofzf Bx YO US 4
UELICE 0|52 HYFOR Pzl BT 4 oM F MW S S CI2 HESW A8 4
QELICE B2 HMo| YurMel S cajojHol RUN' U2 e HIA HA| oo e Y&

O] =B QLT

7.2 Breakers

Fht HE7|o] F MY 22 F ExX 3R0l= oY 7HA {EQ 3= AV MEE # UBUCL

E2io|E A|AHIOA 712 LdtxMol 232 ACB(Air Circuit Breaker) ! MCCB(Molded Case Circuit
Breaker) 2LICt. ESH Z1E 3|2 2}H7|(VCB)Qt A3 3|2 if':._f7|(MCB)7f QLY.

Schyipiciar

C60N

230/400V

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

7.2.1 ACB (Air Circuit Breakers)
37| 3|2 A7l THY Y MR (YUHOR I 6,000A)F ATk 4 AUBLICL B7| 2Thy|2f LerHol

—2 T Md = —
S8 =0k & AT 80| =7 [[H—-Oil AQ(2| 71019 2 ATHI|YLCE. 82 HA HQ| STt A
HiZgO| 218 J|¥OR BHICL ACBE ZIb4 HE7|9 3| ARBSHE 49, Eatoln AlARolE THRtAl 2t
Fht HEV|9] MRS HUESH zrcror= Y27t ZYE|0{oF ELICL ACB 7t 25| 2R 7| M=o
Yatdoz 2L JFRIt 028t SO = ARZELUICH

ACB Ol= Tt TS Meish O AFBENS Of2f SOl XAt o7t Ha H 4 UBLC =3 ACB
HHE 7|HO2 MOfoF B U AZY FA BE|, M, MY 20| ABELCL Positive H7| BA
[eX=2
3

O ZL)2 ACB £ 0= A2 AXSHA| pfe8z HAYSIA| AUk HREEe 88 Z2IHNM= 7210

SIEHELCE HMY LS MESIO K= 0| SSLICH

7.2.2 MCCB (Moulded Case Circuit Breakers)

2Cy AO|A 32 A= O S A @ ME (YHHHOZ i 1000A)TF X}oist & glom AR
28 HE0| AFREILICE ESH MCCB & AQA| 7|0{9] & AQZ AIRSIE ZQ Tt Q
2 & ASHCL YUY 38 FoRE Zur¢ WE|O| RS} O B BB EE AY A9 7
Z0& #57} ‘é‘BoHI g # %lﬁl—lth

ACB 2} ORZI7IA2 MCCBO|E AnZl 24 O J{E, A ZUS Z2610] 7HHE 7|20 =E Ao & £
QU&LICE Positive 7| EA (i TY)E MCCB £ ¢

Ofo
ol
3
=
ol

2
L e orMsta 9oDE HIEA Ltk
CheEo] 88 mEIMoINE TR0l QHELCL ML DAL ARSI ol 20| BHLCH

2
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7.2.3 MCB (Miniature Circuit Breakers)

A8 3|2 ALH7| (MCB)E AE5I0 72 Z7| 3|2 (X 100A o HEF HA)E ES U
UdtMoZ zIChy|= S L CEf B350 ARRE £ oM X2 AHAHY F 32 Y BEX L Ao
A2 4= QIELICH MCB 9| EZ| Y2 UutMoz ZH JHsSHA| LAIDH 2b RpTH7|of| 1HE[o] U
AdtAol Chat 2tk 22F2 | 6kA RULICt 71 S35 Oj7 H40= afet A L AEet 327 M 2
HF7t ZSHEL|CY,

MCBO| Me2 &5t Q3T MCBO| EYS A0 et CHELICE 71 Q8rel JT| R3S CHam ZaLr,

OO L

Type B £ 2 294 URE RLUSMA| Y AT R0 ASELICL MY Fote HET|Q] ES0
Agrefu .

Type C

Type C= ESH 247t REHO0|AHL 8HH0|H Type B ELt A2 77t B 2 H5HE FHLICE

ot MM Fhbe HEY|9| HS0|= AeStA|T ER A|ZF2 Type B ECt LELICEL 22 3|28 ES5h=
Ol AFBEl= 7t LEHAQl MCB YLC

F2S RS 3 HEF AN M7| FHIE 25510 3|2 ATT| RARS 7SS AISEUN. FRo 2
O EHO=Z MRE o3| HEA 2 U0 2|2 AAHH7|ECE M7 Z O IE &d= o &
Sl &

-F2
gG

Figure 45. Bolt type fuses
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7.3.1 Fuse MEd '
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8. &= MA 2 HH Hol=

H =
8.1 &8 4¥d /4

A & IEC60364 = 24| ZE TN, TT & IT & ArE3I0 3 7IA| Al 2| HELS 2L

A A= A MY S5 B2 (EH7] E= HYY() o] HES LiELCH
«T= AR point& 2 d

=
1= HR0| point 7} HEE[Z] S (RYH). =2 YOTA o5 2= A2

—+

T A 2Ats YRIet SEEE U] Afo]e] HES LIEHHLICE
« T= A0 point& 2|1Y AZA

«N= At AZ= 42| YoM Sz AY A2

TN-S & TT YEQIE= IT, E5] TN-C YEIEC EMC ZISAQILICE TN-C HIEIoA MMt PE
i 3¢siEz =2EY 3 =8 MFob LUrMeiLch sgst 4z FROM SHAE HFs= TN-S
|

% = T (hlly § pmm
HEIELE 2|4 2 v 2 A7|FS YYeitct. 1o 240 2IHMS o WESR ZF o= 4017t
RS

8.1.1 IT Networks

o TTro— [=]

Y Z2 MY E B+ 2EoM Tdcks BY /Y9 HEJIYUL Of
8 = S= YolistA| g=tte AYLICE A2

ro

ZHAFZIO| RIES
o oo
AL = ACH O|=

IT HEQINME HYTZ| SEH0| MAZ[R] 47 20| TN-C E= TN-S o+ #
S5 Bt HalE 9 2470 Y AZ0| YUSULE HEINAM MER= A
HZE|0] UFLICE

[

e HEHIA EHel

HH|e| d2= A

Norlo

Generator or

transformer
L1
L2
L3

L

Figure 46. IT network

HAE HYT| SEM2 A|ARIC| B3 FHIHARHA(stray capacitance) & S5l MA|0f| CHet DAMTHA HAS
7120 RAEULCL Be HMAIHAE A|AHOl MZ| M3Z0| 2 FSS D|RH M2EM HA| A|AHOl A5

7Isol dg= oj2uCt.

HEJIN MEE:= Fol= Ff HHAEXAN IA 7|6fEg £+ UFUCL MM OE HEJINM
MESI=E 2AE &5t AF0l= Aeto] UASLICEL 8- HET-Q S7t2 A5l IT HE/IIL HH=Z CHE

RO AAHOR HAE - UFLICEL Yo &S E= 2F A /5kA| = S30] 0/0j& 4 UFLICH

- o=
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AC E2[0|E= IT HIEHIQt &M AMSSIES 2AE[0{0F BLIC E2t0|E7} T WEYINM ASste 3
HEQIFSl A F EUEHZ AAHM 2A7h 4T + o8z HYA MURE BUATIA = A
SQYLICL OIF fIGiA= ot HEV[OA HAl0f CHE ¥ ES 2|2SI6H0F FLICH RFI ZE = &2
T A TYUROIH ALESHA| Y £ USLICL Lot 8Fd HETYS z(2si6h| 26 AHBE A0S
CHZJ0|0fOF BHLICE. Mo TSt A{&2 = M7} Z H&= O[0{OF SLICE.

=

ro ror © Ho

U2, AFEAE IT HIEXAS 2 ZLIEE A|A-O| AC E210|E0]| Agfotr

Lot
ro
mot
2]
Fo
N
30
o>
r
il

T WESSOIN Fod ®E7lo] U2 Mol MM SAZH wME £ UsUCh o2 ol |
HEYTOIN HE Z0i4 HE0| HYU 4 UALICL O/ CIO|QC HI 40| WuE 4 Ut XY
cololHo| 2APH B 4 USUCL 0] BAS I wWEUZH ¥A| Do C HA U

o
=}
S7tAIZLICE EA| ZEMME 2ES5h= 20|32 2HE F715HH 0| 24IE 2 + UASULh

8.1.2 TT Networks
TT AA| A|A”RIOA AH|AIS| HS ZZ| HAR2 2H7|o HA| HZAD RasHA Ao CHgt 22 HZ!| 2Jsh
HSELICE.

TT A AAHQ 7H 2 A2 AZE CiYet 7| oM Sd4E &

o
L0[27t Qifh= AMRRILICE TT 7t ZHEBlE HRle] S-S 2= S AO|EQL 22 &4 OfS2(7|0]Mo|
HASEl= O|FYULICE ESH TT = SEH0| ££82 2™0| YSLICH

—

ol
mn:
=
ol
Fl'F
[
N
E—I
a
2
N
E_l

HHO| HFER ZH{=|D, TT 7t ABEE o=0M, LR Es LIRZIAZ Qs = 8 =X|7t
oheE|Cate M2| MR EX|=(installation earth conductors) QI85HA| Q4&LICE

27 A AR A= (TN A|ARID} H|WEHS ) live-to-PE EHEA| 52 HFRE £88 £ U&= 50|
FASI TT HA| A|AH0] LMoz ARESI7|0f OiHZ0[R] ZMsLICh dBLt 27 HFAX|7t o|2{st
CHES 2tstetof m2f TT MA| A[AH-E BE AC MY 327t 25 HEHX|0| o5 BSkl= A0 Aetsl
Zre=1S|=
Generator or
transformer
_IYTY Y L1
L 7YV YT L2
LYY Y L3
N
Ea_r‘[h : Consumer Ea_rth

Figure 47. TT network

8.1.3 TN-S Networks

TN-S AJAHI2 AJAH HAOM SMHMIt Hs =AE Eelste o AFEELICL etyoz ZM TN-S
AAR ARz ZEQ 7| 4H|. Ut A8 ZE c2folE I JEF 2 HSlofM S44
UdtM o= SEQSHH ARE|R| 4&LICH

o
=
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PEQt N2 3 ZHOIMT i AZ2 BEO| =AYLICE 34 AlA-ME

47 (QL+PE) =47t AELICE T AIA”OIE LK e

UBrMO 2 571 (3L+N+PE) L=
2 374e| =A| (L+N+PE)7} USLICH

Generator or

transformer

VTV T L1

L YTV L2

L VTV L3

N
PE
Earth : Consumer :
Figure 48. TN-S network
8.1.4 TN-C Networks Generator or
ZgtEl PEN EX= PE @ N EX9 7[es2 EF transformer
SYSHLICE 0|%2 7{2| AFBEIR] ELICt — L1
0| AJIARZ 10 mm® OJ2te| =3 E= JUHE AH|0l= | vy L2
AIBE £ QlEULCE PEN == 4 ZH0[H ZA|of
OEEHT;HAI:I - | 2 oE o oAE Wa'a'a\ L3
e =d4d MR 3 2 dzot M7 Y 1 HixE
A7 20 TNC A|ARLR JHsSH 8 F2l2o=2 PEN
A 5o ZibEl A HS0| U= 2Hl o
R0l SHQ| 2F0| TasiLCt.
Ea_rth : Consumer :
Figure 49. TN-C network
8.1.5 TN-C-S Networks
AARS| UR= ZetEl PEN ZEEE AESI=C, Ol= Generator or
Ol A|MOIM o] PE & N 2joloz HEESHEL|CY transformer
23S PEN EHls Yyixom waiet zgel AUy [V L1
AfO[OflM  2MSHH  MHIA  SEOM  22lEUCE Y L2
F=0M= Ol flﬁ'ﬂl% PME (ES Ef%_ Atz IV avaYaN L3
Sk=tl, Ol ZgE S4¥S HZse 2l mEYLCH
44 oE ¥ES 2017] Sl MRl AEEE oY N
RN HAH HARLICE SROME FASE A|AHIO| PE
OE 32 S8 (MEN)SZ R YEL|ct,
Ea\_rth : Consumer :

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

Corner-grounded HIEQT= X2 0|2 QafE MH|)M 2 4 U&LCH

Corner-grounded HIEQIT= HY7[Q| HEL HE 22t BME| & S ZME|7F HAZl= A|ARQLICH

0| HE®RFO| ARBE2 E0{SUCH 2|4 HA0M= 7| AEE|A| 4ELICH

U™ HE A A”O|A REH-ZEF HYT| CHA REH-210] HY7[7L Q7|E = Ak St2F 2021 & SHIULIC,
O

ol

1

Figure 51. Corner-grounded network
SiLio| flael(Yardoz 94 B2 HA|) HAl= HAt HTE CHE I (A% C)o| HYS A3t Al L
A AEI9| phase-to-phase Y2 HA|=|A| %2 phase-to-ground {3t SLBILICE
Corner-grounded A|ARIOA 25t AR, corner-grounded HIEY39| ZQt 2|wo| Ct2oz Fhat
E2jo|B7t EY HIEQIIMM ArE3E7(of Agtet A 2HlsHof gLt

(o] =
8.2 A Aol AY
mtg) SajolE AAHOIN FHojge SRlojE o] HY BT FAS HZSHL, Fot4 HE| Eo| ZES

HZSH= Ol AEELICH

Alojg MEHo| 7|& O 4= MY A
ot

H A1t A
HY07| W20 Y™ FHo|=2e| F¢ Yot UY YAS MEisk= N0| EES| SHSHA| HELICh

E2lo|E A|AHIS| B3 MR= EQSH MF S Aot M X4 MY FL2 F= O HaEs
Ct22t 25Ut

« Conductor material (=3 MZ)

« Insulation material (¥ M=)

« Installation method (&2z| i)

« Ambient temperature (F# 2k)

« Current harmonics (3% 1zmn})

+ Voltage drop (H¢ &3t

« Short-circuit protection (2 £3)

+ Economic considerations (ZA|A 12{Atst)

ogt
=2
o
_QE
m
O
N
oX
=
(o)}
00l
o

ZI4o 2 EMC, HA|, st Aol &

L

ogt

A XM 22 FA= AHolE R
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8.3 i A=
A 0|20 AFREl= MEE 2| YR0|E YUL|CE MEHZ2 2|4 L BH QFASIES ZaISH HIE A 7| Q4
Aol 2t CHELICE.

gz Fel= BAE AQsHEH (=R0IE0] H 7MHE) e Aee MzYLCh LR0lE9 A2
T2el Agel Aol 1.6 HHYLICE Ut YR0lE2 45| A 50|22 FF 713 HIE 2232
SR
L2051 720 2 3._F 2 7HA] LRI AR
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Figure 52. Shielded and symmetrical 3 wire cable
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AZYHE A2l A HES Ho| B 4 USLICE O[] W2t AOIZS HA| Mzt & AL,
J20Lt oj2f3t ME HAS YRl Fw Z7A0| Cfet AYLICL 8YS SF I 2:9t Aolg Fo
B710] Q= HEfOlM TFAIELICL B A+t CH2T 22 20 ALSE Bevt ct

o FH 2L 7|1 229 Ch20h
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8.7.2 F9 2%

ChS EE= BEF EN 60204-1 ¥ IEC 60364-5-523 0f MAIEI CIfst 28 20| O3t 23 A4S Q0
ALt

HZ EN60204-19] 7|2 2= 40 CO|T B2 IEC 60364-5-523 2] A 25 CLIC},

o

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 x| WY
A Hz)2t HwEH0 71y Aelet BEstE YEHS MESHIAIR.

LS ®E= #0120 Edjojo| 42| & wf 2| X Y20|F #Hol52 ¥4 HFE HEMHLCE EN 60204-1 &
I[EC 60364-5-523 H&2| S50| 25 HA|ELICE
e Hz= PVC (& 8 70°C) YU Lk

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

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 M= UEs| 23 o=
Ot EE O Aols ol Aolss MRS wel ¥
0|2o| Zeot SUBLICL oI5 & 2lojoje] Ezjjojet

aE5to] Wz SULCh M8 23 YHE2
2o]o] Foil &z|ELCt.
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Figure 53. Cables installed on a tray side by side
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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

to number of cables
Conductor size [mm?) Loadability of one cable (A)
16 61 53 50 49 48 48
25 78 68 b4 62 62 61
35 96 83 79 77 76 75
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 #a Aol
L2 2= 88 dZF 5‘||0|='°| gts HLCh dz WY, R B2E 2 FH 2 O ARe

SLELICE M2 Fof 2lolojo 4
A H 2| Aol=of st 2
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JHLICE.
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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

;:I::t:umcr;or Combined loadability of cables (A)
120 428 642
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
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
87.6 PE Aol 27 At
I[EC 60204-1 &2 PE #H|0|5 0] 248t CHS 2+ AlEkS AYRLICE
7| ZH|o| MY 2F ZA0M FR| =AM MBIt 10mA AC £ DC ECf 2 42 2 25 =24 3|20

tist ChE 2 & SHLt 0|40 S=E|0{0F LICt.

B35 ZHE totalruns S3H 24 10mm? 32| E£5 16mm? YR0|F0| THHAS 71x{0f &tL|Ct.

« B35 T3|o] THHAO0| 10mm? F&| = 16mm? YR0|F 0|T0l AL, Ao SYUSH ChHZ{o| & Hxy
HS Ti7} ES 39| THHAO0| 10mm? 2| E= 16mm? L20[E O|A0l X|AMIA| AHZ E|o{of
LCt

23S o ALY

ol £AEl= 29 HRU0| S0 L2ITLC

8.8

EctolE g MRo= &

uuIHOR NS DA} EBHELCL J|E Salo|Hel ZS HME THD & o 40%
BLICk ROl DI 7Y 4L SEOlol W Hell SE AN YA HE 24 iz ol
PI0IES 71 710] WYRILCY KR A0IEe) Y2 £ 74 247} Of MH| RMS #Z0| w2t

O[F0{A0F SfLICt. JEA| 2
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9.
9.1

NXP - Z|Hte| EgjojE XA
NXP control platform

Vacon NXP = Vacon 2| 145 AHES flot S8 A0 EAHFZULICE
NXP of 342 W2 00|32 HES2Q 'thr NXP = Open loop OfZ2{70|43t QI3E| TS| HWest
OHE2|AI0IE 20N ALBE %ﬁ ICt. NXP SHE2 & HAQ A|A™ HAQL AUHE RSA85 HAQl Can
Bus £ At85t0f EZI0|E 2t HE S4S I%f*l—ltr NCDrive =79t CAN E4AI2 7|Htoz SH= Hro
HUEHY HAS ALESI0 02 E20|EE A0 2ELEHY & = 9101 S OHIES W=7 ZHLEE & £
USHE. S ol ZHE ALESHH NCDrive =715 ARESIH 7t 2ME 25l A¥E & OMIES
AEY = UASLICE NCDrive =& AMESH0| O|HIE HIO|HE A|HY £ USLICL
NXP & ARZSiE HT A4 (PM) REIE M0 8 4 U&LICH NXP Hlof Z%EE Saf Vacon o Drive
Synch A0} 7HES AFE™ & JAFUCL O Ao 7HE2 1= E210|EE HESSI AC ZHE A|0fst=
HIHILICE. Chapter "9.2 Drive Synch"g &Z3IHA|L.
Aol FIHEE AMEAtRt Ot HE| AO|Q] &3 HES SULCL A0 FIHES AMESHH S8 Z=IH
Oi7f tHe- 2, EH CIO[E §47] 2 Ao BHE As & &+ ASHH Ao 7IHES 22 7tssHH S
AolSS Sdlil St HEV|Of HEE F2 AR0M 2F & = ASHCEL Ao AOolS i FAfsH AlOlE
(VACON RS232PC - 1.5M)& AI83I HZE HL PCE AESI0 E2jo|Eet S84 & £+ UFUCH
B.E Vacon EI NXP E20|H0l= 7|2Xo2 203 ATEQI S8 T2 I{7|A[7} Zetx|of USLICH
West 9 TRHA ¥ ADEQI0] S8 T2IUS E5(A| EE LIS H0IER M8 4 Lo
AI8E 3 Y 23 48 S2l 84 1/0 BY HEE AL
Table 14. Option boards
| Type Card slot I /O signal
oifpo|oi| A Al AD A0 | ro | RO [+10v_ | Therm |+24v/|ptioo| 42240 | DIDO | DKDO DI |Resolver [Out+5w/| Out |Out+sw
AlB|c|D|E po| mA | maA) [mAv)| ma) | Nor | (NO) EXT vac | g ) ~ w5 | s | e Note
VAV) | isolated isolated | NO +24V input |(10..2aV} | (RS422) | 1Vp-p 24V | eV | asv
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 6]1 2 1 1 2 n
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 [ 2 2 Limited support
1/0 expander cards (OPT-B,
OPT-B1 6 1 Selectable DI/DO
OPT-B2 111 1
OPT-B4 1 2 1 2)
OPT-B5 3
OPT-B8 1 3
OPT-B9 2 1 5
OPT-BB 2 0/2 2 1 SinvCos +EnDat
OPT-BC 3/3 1 Encoder out=Resolver simulation
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 protacol
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 galvamcally decoupled), used mainly for application engineering to connect another keypad
OPT-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

Che EE CHAQl A
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 :
« E3 23 HO|B = ZEQt &

« Q& EULl(automatic identification) RUN O|Z JHgf 2= Cf|0|E{7}

2 C2folH 0| maf CHELICE
« E210|E0= H2tet BE FE H|O[E7t S x|0{0F SfLCt.

AELIC,

- I 2X 452 PPR1024 Q! AFHOIN SEFLICH
« 2B RYO| w2t 20| B LetRls Aut A2k CHE 4 AFLICL

9.2

Vacon Drive Synch &
oY = LF AT 20

Drive Synch

NEH E2H0|2E HASISIH AC ZEIE A5 |l
ALE3SHH BE

AR Lt DriveSynch &

Z|cH SMW o] 1E3 AC EZ0|EE 715 & £+ ASFUCH

Vacon Drive Synch & 244

H2t7| £ QIHE(= Vacon DriveSynch 7H'gt

A MBS 7121 2 4 Q|
DEIS MA & & QlaL|C}.

al
=

A
T

A
T

St

A4 Calo|s DE ASE
S AR e

Aof
cepolE 252

L of e

= ALE5Ho|

HHQY

UELICE Common DC bus 49| o4
UAELICE Drive Synch &

Argste Sst

ECO|EE S7I8i5t0 HE AC BHE HOf5t7| flsi 2H0|A S2et PWM

G Lop7t S5t WHAS BA5H 2 iE E210|Ho| E30|M dU/dt BEE AF83HIAIL. DU/dt EE{Q|
QIEALE 1,5% O|40[0{oF SHLICL Y2 QIHEIA Zt2 712l TE{E DriveSynch A0 AME3iAlE
OHEILICE CIE #M ZE{o H#L dU/dt ZE{7} HAsIA| &2 4 USLICE

Vacon DriveSynch & 7t = 3 mif T RE A0 ZEOM 2FSLICh i FZ ZE HOE
AM85IH QTG mEMS OLAE|] S2t0|H0j|2F HiMSHH EL|C 0|38t st 42 0|F QIM M EE
OPT-A7 g Z|TL|E{2 ALESI0] CHA| DRAE{0| QAL mEUS HZAsHOF & k. QUELICEH

& HAE S AlAH HA F42 YUMoz OtAR L RO E210|E Zto| 25t ZRE 2lsh NXP
C2lo|E9t M| AMRELICt DriveSynch & ®# LC2t0|E9| PWM S7|310] 0] & HAZ AMESIER

DriveSynch & AM85ts E2I0|E0A= DFAE

DriveSynch & Ar23st= E210|E2| 2|t AQ2 F
= VB00661 0|A0|0{OF ShLCt.

NXP A0 7tE+=

oroo| HEL mo
U2 ot 39

ot 3.6kHz €

s A8 & YSLICH

OlL|C}.
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Figure 54. NXP frequency converters are synchronized to control a low voltage high power motor.
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Figure 55. NX] inverters are synchronized to control a low voltage high power motor in a common DC bus system.
Mains supply

=== Optical bus Multiple winding motor

Figure 56. Indlividual NXP frequency converters are synchronized to control a low voltage high power multiple
winding motor
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Figure 57. NXI inverters are synchronized to control a low voltage high power multiple winding motor in a common

oFS stEgo] 2 4

H

| L=
o Z FOp HEY| = QIHE{| TS dU/dt EH
. W2 E2jo|E 7F EAIS
o AAEI ATEQI0] NXPO0002V171 O|A

DC bus system

EQof A 240t 3MH DriveSynch £ A235HAIL.
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9.2.1 Engineering Notes
AAR 83 MY I AN O AREE TE5HYAIR.

« ANAHIS Mot S92 du/dt ZEZ QISt 2 % MY &S 1aqs{of FLCH
« 2L THYS EFoHE JHE E2t0|E0| st MAESE FEY
A

o |70t = 0.95 X N X I_(unit)
o lhora = 0.95 X N X I (unit)
L 7otal = Total low overload current for the complete drive system
lhrota = Total high overload current for the complete drive system
N = Number of drive units in parallel in DriveSynch
. (unit) = Low overload current of individual drive unit
Iy (unit) = High overload current of individual drive unit

r

cCZ2
d | & Zo|7t Zotof JL|Ct ISt
EZIo|E |UIN ZEIR|Q| AHO|E3t HA HE 37| L Zo|= Zotof BfL|Ch. Common DC bus
MM HY ZZ Az dAS fY TLOTF YALICH UDTHANAM 2 %2 3|8 2at= UHtHoz

[EL— o=
SEELIch

2t0|=0lM RE{ZO] AHZOQ|
H1'0I010F gLk 7HE 3212 S5 A0l E= HA His LA 37
ZH0
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« DriveSynch 0Ol & HAZ £t W2 Cc2fol2 7 § =
MY 35 Fzet & SZ=lofof ELICE O|ZAISIH DriveSynch S410| g4t &4MsiE|n S540|
Y ELCE

« 3| Mo|Q| Z|ci & Alo]E ZOl&= 10 OJE{YLCh

A2 L AU CHsiAf= Vacon NX AFEAt i RES ZRSHIAIL.

0.2.2 &9 4 C[=AHMO| Y= TE

2E7t o2 HMES HAS F2 du/dt EE7F Z2SHA| ELICE MO 4= YOHAR CQlot FHYYES
Aigtstz| 2l du/dt EEZt {5 g + JFLICL O|AH2 ZRHE B E2HYULCE StLte| Ao

2
[ M —
CHoll & 7Hel E2to|27t EE2 HAE 32 2 E2fo|2 30| du/dt 2E{7t 2gL

|

rH
nE rx
X re

2 ro

=
k=]
—

&4

DE| HNHZIO| YMATE EAE 4 UBLICH DriveSynch 7I£S 2 B MES ZIsts MY FAM
S Z2IHY B 4 U THSS WBELICL

9.23 AlAH o|FE}
DriveSynch & ARESH0| A&Este H2 L2folE F2s &2 +&9 OIS HSELICL st 0lde
Eeto|E ¥27t ASSHA| EEte A[A”0l AL ASSHEE & 4+ UBLICE HH olFer HE2
D2AMEDY CI2H RE, 251 3 T2 AL 251 At 2t ZO||0{0F ShL|Ct

DriveSynch 7t 2{&5t={H OtAE Zz|et 1& & E2t0|2 2t 40| 23s{of ELICt 2S5t =
Eeto|E HAE ZESIH RE A0 F20| 22 HE (+24V)S ASHLR HSSHOF LICE.

+ 1 HRIE AEShE A0| LEFHYULICE O71M n 2 AARQ M 7|50 2238t Tel +YLICh OIFA
ﬁfﬁ 29 E20|2 F Sttt ASSHA| §EEtE 100 % OlF=2t 7HSELICE DriveSynch 9| 2|t &3

= 4 YLCE
Table 16.
Hardware
settings
OPTD2: X5 X1 X2 ™2 X2
Jumper
OPTDZ: Xé ON ON ON ON
Jumper
Expander
board
parameters
OPTD2 ﬁigtemBus 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
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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-

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

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.

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

Magnetizing
current (needed
only for closed
loop motor con-

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

Motor’s nominal

magnetizing cur-
rent / Number of

drives in parallel
using Vacon Drive-

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

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

trol] Synch. Synch. Synch. Synch.
Switching fre- Max. 3.6 KHz Same as in the Same as in the Same as in the
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

winding motor)

name plate

name plate

name plate
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9.3 Functional Safty

A= AMSHA 2SsHoF gLt AFste BEHQ dAZ EE Q™S Aste A2 714 AAAL
HAYULICE T2t 45| =0 E JIARE YUSLICL 7S A2 7IA E= HO AAHL| YIS 2
EE 2RE et HES AMelste RS HELICH

Fhte HE|= QM AIARIO] OfL|R|TH OFM A|ARS| U2 ALEE + UFLICE HH AAROA Fope
HEV|9| HE2 UZFOOB{YLICE. Y A ALY EE S& 20N ARESIER QUSE 7150 EYE|0f
USLICE

| %0, Vacon HZE ZAQ
CHE g5k Ef—?—ZI Qr&LICE Vacon 11I =A9 %31% Vacon HIEQI A4F HAlS MEHGH, QHd AJAH
HARZE HAH| At AAHIY A3 HAoZ HES HEY 4+ ULE = AYULICH

9.3.1 ==
BEZ 93 +ES Y2 I & RAE ZYsks ol ARSEUD 7|A AHAs A 24

o
=]
20fe| M2 2OF EES WELICL C2 & 7| 2F0| ot HEY|0f| 7t $2% EEYLCE
2

« EN/IEC61800-5-2 “7HH -’—'T-E Y C2lo|E AJARN - Part5-2: FM @7 Al - 7157
(E20|E HEZ BE, 7|5 A 27 ARY)
« ENISO 13849-17|A 2t - Z1I01 A|ARIO| OFM A BF - Part 1: A9 Yt 2"
oM g o A o=, e BE2S HZE T HE|Q UHSHH g 2 o+ UFLICH
AE

. EN/IEC 62061 “7|A| A - QM A Y|, MA Y T2 Tks MAF HO| AlA

« IEC61508 “A7| / At /| 22O Tt At QR 2 A|A-Q| 7|5 rd”

« ENO954-T71H AX-H|0] AARO| FM 2 HE27(EN O 2l 1ISO 13849 2 LiiA|)
EN/IEC61800-5-2 = AMZ= HEF0|22 Uit HFHC} MStL|Ct.

o] 7|5 oFA”

—

IJ

EU M= Z3t=l & (harmonized standards)2 AFESHY 7|45 2|2 &4 O{EE HOFL|C}. EU 0]2/9|
AHoM= A HA| HAON BES F4otk=A] EQlslof SLCE.

9.3.2 JAEAZt MY

24, 7IAE AHSHA ALBSE| LSt HA +EHE AMESHE A2 7IAl AAAtel MAYLICE T 2, A

A= T
SHE AHOF 51, SIO| AHEIE B I AEZ HoHOF S0, HHE HY JH5T 4202 Z0{0}
BALICL 913 2M2 02 SO A2 AL} WS & e THSA, 2 JhsH U 9 Amlo] wasts
MISS BT OFd TS0 W A2 93 B4 ZapLct
OF AlARIO| M52 IEC 61508 Off HOlEl SIL 2 MW i 1SO 13849-1 Off &olE PL ¥l £

712l E2 YAS ARSI FoH = UASLICH

« SIL = Safety Integrity Level * PL = Performance Level
Probability of hazardous failure per hour

EN ISO 13849-1 10 10°° 10°® 107 10

-/ : 10"/ / /
[ = [°,c/ [ - [,
s [ oo [ / >/ s/ ©

correspondence

>

EN 62061

(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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EsH SIL / PL ¥ Qs 93 933 WS oY 7152 QMG 0| ZLFLICH 0l HolsH
NABIO] HE A ARREIS ZEAAQ 22 U 30| HASEH AAHS ZRGHs 713 oHEH wHe
olafisHo EHict.

9.3.3 Calo|=oj| Chsh HolE QMM 7|5

o
r
il
ro
r
N
or

g

A& BEZE EN / IEC 61800-5-2 & It Het7[off st 7t YutAol 7152 49
YHtMo = ALRE|= 2f0{7} of2ff &0 LIFE|0| USLICE
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 NXPAC E2{0|EE 2[5t Q1ZE 7|5 oM 715
NXP AZ0| ol &2 AZE 2BA 7|5 AH : o 4
7ls ALE0 et 7t8Y F RS HQlStHAL. 510 s s O f,

NXP A0of Z24E3} &4 OPT-AF &M HEE=
ot E3 @I (STO), ¢td &z| 1 (SS1) ¥
TE| MOJAE HE HS (ATEX 0f [ME)Q} &2
Ot 7152 MISELLCE AAMISH 222 OPT-AF
A8 HMEME ARSI,

Figure 59. Layout of the OPT-AF board
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ot FZ0f LSt 9 FES HHAISHAT A4 Jls STO HE= SS1 & AF8E W OPT-AF EE7h dx|E
Ao Zzol A22A ZA= P54 O|L0[0{of LTt 2B AMOJAH NE 2 7|5 ALESHE Fot+
HE712| Ao F2o= EY IP S5 27 A0 flELIth

Ot Z|Jofl izt Fobe- BHEY|, A0 YA} EE 2E FHHIR ZE0| e IP SES HHSI0 27 AgS

Z45HAIR.

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 & =20t 2E| NZEO| E32 S48 REES St SHESI0] Jlstol Safe Torque Off o1
7lsYUCt STO oM 7|52 Chg E&0| W2t ALBSI=E MA=|ASHC

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

« ENISO 13849-1:2006 PL"d” Category 3

« EN62061: 2005 SILCL2

« IEC61508: 2000 SIL2

« EN954-1, Category 3
0| 7152 st MA| 7tE| 12| 0, EN 60204-1:2006 0f 2} H|A|0 HZ[(uncontrolled stop) il SHE&LICY.
STO QHd 7152 IFA| Qfsf QISEIUELIC.
(* IFA = Instutut fur Arbeitsschutz der Deutche Gesetzlichen Unfallversicherung, Germany )

OPT-AF EEO| STO ¢t 7|55 AHE3HH E2t0|27t RE| AIZENM EIE 4d & 4 Gl=5 =208
£ HZHSE & 4+ QUELICH STO 9 &2, OPT-AF EEOl= 2 7o 7|40z gals ¢ (SD1 ¥
SD2)0| sLct.

Vacon OPT-AF EEOI= 0|5 22| £240] USLICE 01242 AIAY CZIO|L{O] XS CHSIT LIZE
WZET 01F312 MBETLICL ZUSHs Y Y S2HS AHH Y o 40 EoriH
AARO| MHZ OHMBICH: 2S 2Z31| I8 Of U B7F U 47 2ejo| Faz

E2lo|E7} g3t MEf7F =[2{H SD1 & SD2 o] = 2
HIZNSE BloEM ZAELCE SDT W SD2 2 HoEls £ ol STl F2E Sif Setols wWzvt
HIEMEIEIOR OFM T BE 3 sifo] TIY ZSOR Ol oFM 7150 aMelr orsUct ofxe
colols A FAol ChEH AOIE Sejoly ME EUS HITAHSI SUELICL HOE Siols &
MBE IGBT 252 MO3tLICh HolE =ajols E¥

I3IE[H CEf0|EHE TE AFZEQAM
EIE MEstA| 4EULE STO &3 & St/ +24V Ls0f| HZE[0] AR $oM E2{0|H= RUN HEN7F
E|2| gLt

< "H)"
r> Ju
r=

fol

N

c
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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|
—
502+ :| Hargwara
e Sae Torgue O
sD2- H
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

O ™2 STO 7ls2 LISt 24 HM O|E EOSLICt HiMO F2 7|2 STO YHZ ot HA
AME35HOF SHCH= ZHQILICE O 2 HiAM 0= OPT-AF HEQ| A2 AMHAE 2ERSIAAIR. TE{5Hof & %

714 23 25 ARlo] US += UAFLICH

] Q1 [0F] O3 Qi OFT -AF board

— 4 I

W10 i b or 25 I
I PE | ] __|PE I
I PEI I
I Safe disable | 1 1

11 21 I
| Slgf— +— —7 |
I I R __‘2_ | _32 N I
Qov Short-circuit and 1

I 0 +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 SafeStop 1 (SS1)
M HA| Jls2 BE LS AASIL ZEAA Q7 AR M2 ARBAE AT OEZ|AI0E B Al

[

A" 20| STO 7|5= AIRRLL SS1 2 7IS2 L B0 et ARSSHES A= USLICE

« EN61800-5-2 Safe Stop 1 (SS1) SIL2

« ENISO 13849-1: 2006 PL"d” Category 3
« EN62061:2005 SILCL2

« |EC61508: 2000 SIL2

0| 7ls2 EESH | ZIE|12] 1, EN 60204-1 : 2006 0f| k2t A|0{=l ¥ | (controlled stop) 0l sHERILICY.
SS1 ¢Hd 7152 IFA" 2138 EtELICH
(% IFA = Instutut fir Arbeitsschutz der Deutche Gesetzlichen Unfallversicherung, Germany )

A Stop
Frequency

Motor deceleration

Safe Disable (5TC) >
< Time Delay \ >
' N : .

o} : »
Time

Figure 62. The principle of Safe Stop 1 (EN 61800-5-2, SS51 type ¢)

OrM HA| 1 (SS1) oM 7|52 2 7He| ot U subsystem, 25 AlZH A[H QA Zezfo| & STO oHA
71622 F4EUL} 0] & subsystem 2 2. “0kd HZ| 1 (SS1) 2t 7|57 20| Safe Stop1 ¢
7158 Fdeitich

Safe Stop 1 (SS1)
Time Delayed Safety Relay NX Safe Torque Off (STO)

Subsystem sarety Relay | Subsystem sro

Figure 63. Safe Stop 1 (551) safety function.



Engineered Drives Manual 65

Fig.56 2 Safe Stop 1 2t 7|59 HZ HEIE EGELICHARZN A|F 2k =20 22 STO Y=o
HZELCH. o ZYoloflM =2[E CAE =2 NX E2to|E9o] 2t CiAE e HZELICL gt
CIZE U2 c2tolE HA| HEES ZASH=E T2 E|ojoFstH, Azt 2|Hglo] E2t0|E 2| 7|58

AIZIStaL (“stop by ramp’2 HHsloF &) Z2E| &S [FEUTILICL

Safety Relay -: -------------------------------------------------

with timer ! OPTAx

- o | OPTBx

Switch [P > aMP PP 1w Digital input

1 : MXP control

OPT-AF

> Delay | ™ STO p STO ch2
Power Unit

J

|, Mj
Figure 64. Connection principle of the SS1 function

9.3.4.3 Motor Thermistor Overtemperature protection (according to ATEX)

HE| MOJAH IE BHS 7|52 OPT-AF 84 HE0| U= MO|AHE AL WtE ZA|YUC ATE
HEjo| EY FRZ AEE £ UASFUCH MO|AE EF 7152 ATEX A 94 /9 / EC of w2t VTT™
BFOFSLICE (++ VTT = Technical Research Centre of Finland)

o X
©
0 OIN

9.3.5 7|Et 2t JlE

QR AAR HAZHE QR AP QISE EfAL QHM ZHE|0|E ABSHY 7[E OFY 7|58 g =

QM 2t subsystem ZE0f| CHSH ZMMISH LHE2 OPT-AF EEO| AR HdHME ZRSHAIR.
Other safety functions

Safety Relay NX Safe Torque Off (STO)

Subsystem sarety relay Subsystem sro

Figure 65. Other safety functions
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9.4 1P 00 Frequency Converter Modules

AC S5 IPO0 Fot tHHEt7| RE2 o JHH|A 227t 2QELICL IPO0 FOt HED|0= S & Y4
E2jo|E RE0| BF ZEHELICHL AHE Eolol= 6 & 12 A Ot He|7F 25 ZeHELULCE IP00 282

71240z HEo| REQ 239 ePH AHSEUL

IPOO ot~ H2E7| S0l TS0 chapter “10. Cabinet installation” & ZX5HIA|L.
Table 19. Air cooled NXP IPOO 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. Liquid 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 0| 7HES ALESIH S¥st ¥4 HHS Z= 2 4 7Hel E20|2 RES EHZSSH

=
CZI0|E A|AHRISl & HHZ 52 & USLICH Chapter "9.2 Drive Synch™& Z3SHA|2.

NXP 0000 S A O N O 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

nrelG,TE

Figure 66. NXP /P00 type code key

9.5 Common DC bus Modules
9.5.1 Non-regenerative Front End

HI2|M Z2E A=, NFE = Common DC bus Drive 2Igie| T2E AHES Q|5 THFRF 243 HEH7| QLT
NFE 2E°| ES S5 IP00 YLt

H|ZY = E AE= AC YA S DC 2|22 HHS HESH= Ol ARBEULE M2 AC Y=E0M St
DC 3220t MEF & USLICE AHS0| East 42, Eifo|2 2zHE JZt DC 2|20 HZs|oF SLct

A

T
Hi2ll ZHME AE F¥2 NFE 21t 2|F AC 13 AC RZ, & 27| & DC H22 F9EIH, 22|
710f 4= A= 2 o 12{siof Lict R MH BEE HE 2EME FRSHAIL.
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Vacon 2| NFE AIZ20l= SHA NFE 2E1} 237 ZSHELICL AAASH LIE2 HE HMEME 2IZSHIAIL.
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 6 FI9 \ 650 \ 410 \ 513 \
5
L
B @0
MAIN CIRCUIT % %(’ 9 g
eE L1 1z L3 E'g oz
«-PE | ..' .'2 .5 o
”JT— T \| | \| L240WVAC,
“lmam
Y A
4 B
X2 41
21 1 3 5
=EE ..'Z l 5
S1pa
- : P —
=%
T 1
wfo & 0O
u v w PE
NFE
E.l+ B-

il

N 240VAC

De- 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

9.5.1.1 NFEUnite| Type A ZE

Vacon Type ZAl¥ ZEs 9-MIHE IESt JHQ s 15

L = NXN = NFE (Non-Regenerative Front-End)
+IEE FgEUHCh Type Alg ZES| Zt MAHEE HE HHEF (norminal current 1)
Y S SM0 ARSHA SELICL TE= CkEa 22 om0 ool

AL,

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

7|

X = BE (21245 =g

PSS

0 = IPOO, FI9

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

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

TEA =E AR

]

cwn zZqo
z
=
M
o
n

| H
FEN A
g o8

S W ful -do W 2ETETS

oF
||TH
="}
S &
2
3rE
N
2
s
2 mn
<490
L oo
3
Z
o0
St
M

g <
rirg

s

In
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9.5.1.2 H=Hs}
Common AC &2 |7 U= 048] H|gd = = =
4 QUELICE Z|7H EAI0] ZQSIA| YALICL 1ES Eglyoz =35t

—

rhu
[m
=2

SO| UO{OF BfLLt. HF
FO[aH{OF BfLCt.

ZE oC 3|9 8Y LASL DC Power 9| 5 %YL|CH ZME A 8g 2Hs

NFE Z2z|E AC ¥ DC YoM 22|50 5t= Z2, CIE H|gd ZE2E QdE |7t HE=E HALN U=
42 AC ¢ % DC 30| Ezo| Ol0|&20|HE ArZs{oF ®fLICE A 3|2 ZIE7|(compact circuit
breaker), 4t 3|2 27| (ordinary circuit breaker) E= F2 AQ|Z|(fuse switch) & A5 AC =3
=2 & 5 USLICL ZHEIEE= QHASH 2z[0|M A= £+ ez AC Y™ HHO| AEUSHA| LELICE

Bz AQIA|E ALRS10] DC 222 H2l8 4 UBLICH 25t H2| A91|(load isolation switch)et 9Fd Zal
HBBILICL W2 HHE CHE NFE 27 0jo| DC H{Aof
= A
e e

=
AR|%|(safety isolation switch)7} E&
HZE|0] U0 A3 U mf= NFE &z|E QUELICE

9.5.2 Active Front End

AFE (Active Front End)= Common DC bus Drive 2fIgio| TZHE JAdEE Q|ct YHISk(SM) HH
BHot7|LICE 2= AFE 289 23 S52 P00 YLt

Vacon NX Active Front End & AC 21} =7t DC 3|27t S X45t= O AFRELICE Vacon NX
Active Front End AF22| 2 AH & StLi= 01 E2 120t M5 o= (THDI)LCt

Active Front End 7+d2 AFE Z2=1} A9{2] 7|0] f14S A= & M 12{slof ot 2/F 74 24 HER
TEELLE Qf 19 24 F LCL TH (7] H HH| 44 25) 3 pre-charging circuit 2 Vacon 2|
HEZo Zee|of AFLICE 72 HE HOIE T 2|2 AT7| -2 AHF EIYME XA,

POWER MODULE
T o
B- b | 1 pridge o W/T3
Power Measu rel— 1 ;
supply ipperh Oriver
N L
| Fan )
N ASIC
KEYFAD CONTROL MODULE
Erin Control
ij 1
| ]
o /0 /0 /0 /0
slot Al |slot B|slot Cf [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 A4 ZEE 9-MIMHE TFEot MOl +IEZ JFHELICE Type AY¥ ZEQ| Zt NOIHEE=

AE Y aiE SN0 1}5HA tHSLULCE ZE= CHE3t 22 FAYLCL
[Nx]a]aaAA[A[A]o] T[o] 2] s[F[A1][A2]00[00]00]

0261

0460

01

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

fieldbus board
special board

o

"

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

i Control keypad
A = standard (alpha numeric)

Nominal supply voltage

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

Low overload ]
\ NXA_02615 \ F19 \ 261 \ 176 \ 220 ‘

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

Low overload ]
“ DC Power (continuous)

. 500V mains

NXA_0460 5 FI11 460 310 388
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 Fl19 170 198
NXA 03256 FI10 325 378
NXA 1030 6 FI13 1030 1199

9.5.2.2 Pre-Charging circuit

E|H ZE2E AlE AX|0jl= 2F pre-charging circuit 0| EBH|C} pre-charging circuit 2| S42 7t
3|20| AHIAIHAE ME|H ZEE U FXE MY S| S22 MY Pz FHst= AULICH
U N2 I 2zo| AHIAIHARL S Aol Ao izt CHELICL Vacon 2| E&E pre-charging
circuit 2| 7|& A2 of2{o| pre-charging circuit 2| A L Z|cH ¥ 8 HO| Lttt Y&LICH pre-

charging circuit = 380-500VAC & 525-690VAC 0ff A{gretLCt.

pre-charging 10| YE|E ZE2E dc HZE = MU HASM= QELICL pre-charging circuit

9

SHIE 252 B2517| Qs Active Front End & pre-charging circuit 71EHE{ 20t OtL|2} U2 3|2 Z}LH7|

= ZEHEE A|o{siof SfLICt. YHHAQl HAES BEXF= 3=k,
Table 24. Pre-charging circuit’s Min and Max capacitance

Capacitance

Frame size Resistance
FI9 2x47R 4950 LuF 30000 uF
FI10 2x20R 9900 uF 70000 uF
FI13 2x11R 29700 uF 128000 pF

Active Front End 2| OHEZ|H|0|M AZEQ0{= 0] £21 RO2 £ AE35I0] A|AHIO| QI AHEHEE

=
=

HO{RLICE (of2f Tl HiME 2R). 7t 3|27t pre-charged =T 0] 23 RO2 7F Q! HEEE
EELICL CAE 2= (PI=Z22= DINA)2 HQ! AHES| HEfE ZLEHT YLCh Q! AEE HLEHT2

— 11— — [ S | — [ S |

712H02 AHA USLICL Pre-charging 0| 2t=E|7| 20| H[Q! ZAEHE E= XHTV|E H= A2 =7+55H0{0F

LIC. AEHE Q| Y2 2517t GlS Tt SIEEL T

—

NOTE : pre-charging circuit & &7t 3|20 H&5H= Ol ABEl= B2 0| HHE[0{0F BLICE

9.5.23 HHs}
olzf Active Front End ZAIS St 92 Ho|o| Wz azslel A 22 Axo UYs s
QUBLICH A7t E40| TL5IA| ALICH 1SS SYHOR EFh|Ct

E A2[0l= Vacon 2| E= LCL EHE AtEdloF BfLICt Vacon 2o E= LCL ZE 0[] EHE
ZAE| Active Front End &[0 AF2SIH Active Front End ZX|ZH0| HE 2 &3 ZHF7F MM =
UELICEL EX D7) Hay Y0 oM E S8 Z20H HHAME ARSHIA L.

[=

[

°rf ok
N
[

=
2 HZA| A AAR-O| SRS THE B F2IE 7|=20{0F ELCt.

-1 oo

M2 HZE Active Front End |2 82F ZA82 DC Power 2| 5 %QL|Ct 24 Zz|E MEig of
2 a3

B 24
E

A
T

HAE ZF Active Front End #2[0l= AC ¥ DC & ZF0| AH Tt 25 7|50| U0{0F iLCt
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AFE 2|2 AC ¥ DC MU0M £2a|5tz{H, HBZ HZAE CIE Active Front End Z2|E AESHE 42 AC
23 3! DC £30j| =2 0t0|&£[0|E{7t RLgiL Tt

AC YE2 2Y 3|2 2HH7|, Lt 3|2 AHY| E= F2 ALXE MESIH HAEY & USFLICL AHEE=
Qtst 20N A= & 7] W20 AC U HAN| AeStA| YEUTt F2 ARIZE AESIH DC 243

3t pre-charging circuit & AC R0l 22/30F BILICL OIS I8 25t 22| AQIX| E= ok 22
AQIXE ABE 4 YBLICH

WY 9IZE CH2 Active Front End 2|7t 0|0 HZEl0] M&#EQ A0 Active Front End A28 F
Mo HEE o ASLICE 0] FL H2|E AFE IE HA| pre-charging s{OF BT 2t=2&|H AC =S
Z 4 Q&UCH O3 k2 22 £ DC 3|20 AZE & UFLICH

9.5.2.4 Common pre-charging circuit

& Active Front End &2|2| 42 StLte] Common pre-charging circuit € A8 & USLICL St
3|Z29| HAM 20| 2o g2 ZIBHA| %OH standard pre-charging circuit £ A28 4 QUELICL OIS
£01, 3 74| FI10 Active Front End &d2|& HEE HASH= 4<% FI13 Active Front End &2|Q| pre-
charging circuit & AFEE = USLICHL

RE HA Active Front End 32[0] & 3|2 ALt7|7t Qs AL Active Front End &2 & SILIE Edf
AHT|IE MOl F 4+ UAELICE HE HAHE 2t Active Front End Z20f| 24| 312 RfEt7|7F JAOH ZF Active
Front End 7t Akl Z2HH7|E AH|O{ELCt. of2 J&ES 2ZSHIAIL.

MAIN CIRCUIT
L1o L1

L2
159 L3
PEC -Ql (1 |2 r: e
g i
4 |5 |8
' ]
]2 3 [T ]z s
| T 1 i { .
=1 [ [ & g d] m e 11 =& f] : [[]
K 3 la N\ Kz 3 s
2 W I8 4 15 s o T‘ . w 3s ts
+LCL-U1 L1dL2dLs PR +LCL-U2 R ol Wk
2 a 5] b " 5
vl
it em o (B i
Edle BET e
J_ # 4 |5 |8 J_ #
= 1z 13 < 1]z |a
Lol | 2 W | A
s — ubvdwd il
imma R e R
+AFE-U1 g +AFE-U2 ;
XA 3000¢ X b ww FE Xl ot B N3 0006 . U v W PE X145 6
1 1 1 =
v of»AP R [I R I:] % ol.ap R D R D
—  of»OF ? ) _ ol.oF : 2
B B 4 - x1dr 8
(=] [=] o -
B+ BE- UJ o] B+ Be 2 I}
Q9 E % G 0 g %
= < 2 2
2,1 D r y —F4.1D D r s
g B s
< - 2 £ » 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 = ¢ MY 30| ME LCL ZE7t EQELICL Vacon o AIF Heldls 34 & +HA LCL ZET}

ESrELICE

HHHRF (norminal current)

0261 = 261A, 1300 = 13004, etc.

— 0

HYSE (norminal supply voltage)

5 = 380-500 VAC 6 = 525-690 VAC

Version(GFE9| 0f)
A DC/DC power supply?t gi= DC
= L{ZEE DC/DC power st..|pp|E B

mIPST
0 = IPOO, FIZ-13

H“ i

DC

B Reserve
B Reserve

Reserve

LHZ}F o
(=2 Bt

1=D

L Epi|
T = Trafotek

&
£

Table 25. Dedicated LCL filter product range, supply voltage 380-500VAC, air cooled

Low overload .
“ (AC current) DC Power (continuous)

Dedicated LCL filter’s

400V mains | 500V mains code
IL-t:ont (A)
NXA_02615| FI9 261 176 220 LCLO2615 A/B* ORO11T
NXA_04605| FI10 460 310 388 LCLO04605 A/B* ORO11T
NXA_13005| FI13 1300 876 1095 | LCL13005A/B* BORO11T

*A =DC fan without DC/DC power supply
B =DC fan with integrated DC/DC power supply
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Table 26. Dedicated LCL filter product range, supply voltages 525-690VAC, air cooled

Low overload (AC DC Power _ .
current] [continuous] Dedicated LCL filter’s
code

NXA_0170 6 F19 170 198 LCL01706 A/B* ORO11T
NXA_03256 FI10 325 378 LCL03256 A/B* ORO11T
NXA_1030 6 FI13 1030 1199 LCL10306 A/B* ORO11T

*A =DC fan without DC/DC power supply
B =DC fan with integrated DC/DC power supply

Table 27. Dedicated LCL product range, liquid cooled

400-500V | 525-690V

RCL-0385-6-0 385 X
RCL-0520-6-0 520 X X
RCL-0750-6-0 750 X X
RCL-0920-6-0 920 X X
RCL-1180-6-0 1180 X X
RCL-1640-6-0 1640 X X
RCL-2300-5-0 2300 X

Figure 72. An LCL filter
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9.5.4 Inverter Unit
CIHE Zz|= AC ZEQ] 357 T AHOE ISt ¥ DC &
219 ES S22 P21 E= IP54 QLCH o 2 ZaAl

QIHE{YJLIC}. FR 7 O[5te| Al QIHE]

Power |_ _____________________________________________________ o
module | |
d / i
B+ u
| + ioBT I Y
B d /brldge L law
| |
i |
i Fan 5 |
] ower Measure- Driver |
] Suppl |
! @t upp y\ ments \ |
| |
| |
| |

Control
maodule

i I I I I I

1/O /0 VO If0 I/0
Slot A SlotB Slot C Slot D SlotE

epRLRRRR| [Feeddllr | [edcioile | [eEde | (oo

— NK4_1

Figure 73. NXI block diagram

9.5.4.1 Fuseand pre-charging
FR4 OilA FR8 7HR|2| QIHE] 2|0l Z2[AFY 3|27 W= ASHLCEL O 2 FA% ZE Al QIHE
F2[0l= Z2|aF 2|27 YR UA| SEU T

QHEIS EHSIE|0f U= DC bus Ol 22[5t1 CHA| HZSHOF & F A A7t HRSHA| EE F29
2 HZoHOF sh=A|7t Yol EU L.

o« Z2(pA0| LHAE QHEE E4atE DC bus Ol Z2IMCH7E CHA| HASHOF Sl= F

ALEE = UAEHH
o LHAE Z2[RRY 7IS0| fis QUMEE Z2IUCHL CRA AZs{ofsks 3R S ARIA| E= CHE

H
« QHHE 2AEZQ DCbus OflA] 22|UCH7L CHA| A2 27t glod Y F=2 22 SEELCL

9.5.4.2 Inverter pre-charging switches

2|2k A9Jzl= S&F2 DC busbar Of|M QIHE] RES HZ U Z2lst= O AFEEUCL Z2|3p3
g20l= A FR= L ok #o| Z2|XpY MR 2t Z2|3pY 2|20 FRE HEGHHAIR.
Z2|2d AQIRl= CHE A0 MUCZ ARBE £ UFLICEL VI 2 YUl Ao MY0] 110VAC 0|2, V2 =
TUO| H|Of 0| 230VAC g 2|O|EHLCE.

HE A2 HE HBME FRSHAL.

Pre-charging switch type codes:
CHAR-SWITCH-INU-FI9-FI10-V1

e CHAR-SWITCH-INU-FI9-FI10-V2 Charging resistor type codes:
e CHAR-SWITCH-INU-FI12-V1 e CHAR-RESIS-INU-11R
e CHAR-SWITCH-INU-FI12-V2 e CHAR-RESIS-INU-20R
e CHAR-SWITCH-INU-FI13-V1 e CHAR-RESIS-INU-35R

CHAR-SWITCH-INU-FI113-V2 * CHAR-RESIS-INU-47R
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Table 28. Pre -Charg/'ng components for 380-500VAC inverter units

Charain Charging| Peak
OEVA Resistance| -2 9"\ current |current
time (s)

CHAR-SWITCH-INU-FI9-FI10) CHAR-RESIS-INU-35R 350hm 0,558 3,9 7,7
FI10 | CHAR-SWITCH-INU-FI9-FI10] CHAR-RESIS-INU-35R 350hm 1,115 3,9 7,7
Fln2 CHAR-SWITCH-INU-FI12 | 2 x CHAR-RESIS-INU-35R| 350hm 1,115 3,9 7,7
FI13 CHAR-SWITCH-INU-FI13 CHAR-RESIS-INU-11R 11ohm 1,052 12,4 24,5
Fl14 CHAR-SWITCH-INU-FI13 | 2 x CHAR-RESIS-INU-11R| 11ohm 1,052 12,4 245

*The resistor type code refers to two resistors. Thus a delivery of 2 x CHAR-RESIS-INU-35R contains 4 resistors.
Table 29. Pre —Charg/'ng components for 525-690VAC inverter units

Charai Charging| Peak
Frame OEVA Resistance| ~. 2 9/"9
time (s)

CHAR-SWITCH-INU-FI9-FI110] CHAR-RESIS-INU-47R 470ohm 0,565 50 9,9
FI10 | CHAR-SWITCH-INU-FI9-FI10 CHAR-RESIS-INU-47R 47ohm 1,130 50 9.9
Fl12 CHAR-SWITCH-INU-FI12 | 2 x CHAR-RESIS-INU-47R|  470hm 1,130 50 9.9
FI13 CHAR-SWITCH-INU-FI13 CHAR-RESIS-INU-20R 200hm 1,442 1,7 23,3
Fl14 CHAR-SWITCH-INU-FI13 | 2 x CHAR-RESIS-INU-20R| 20ohm 1,442 1,7 23,3

*The resistor type code refers to two resistors. Thus a delivery of 2 x CHAR-RESIS-INU-35R contains 4 resistors.
DC+ DC-

EXTERNAL|
SUPPLY

=

\Cp
o0

NXP
CONTROL |

\ X10] H1.H7 X3 {x1?
| Y

< CHARGING CHARGING
=1 FEEDBACK RELAY
D & o <
O u s &
& o
[ X3 x15
T1,.11.,T1 PE 25 26] 21 22 23}
[ —
uj|viw 5
c|(O]|O ~
/;—"f - ‘\\‘}\\
7 \
[ \
(™M)
\ /
\ /
\ 7
\7‘7/.4“

Figure 74. FI9/F110 Basic wiring diagram with charging
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9.5.4.3 INU unit’s Type Code
0004 |5|Aj2|T|O|C|S|V]| Al A2 00 00 00

0004 |5|AJ2|T|1]S|S|V| A1 A2 00 00 00

HEER

NXI = INU (Inverter)

HE =&

NXP = Single Drive Inverter

HZHEME (norminal current 1))
0004 = 4A, 0520 = 520A, etc.

HHAHER (norminal current 1)
0004 = 4A, 0520 = 520A, etc.

HASFHY (norminal supply voltage)
5 = 380-500 VAC / 465-800 VDC
6 = 525-690 VAC / 640-1100 VDC

24 FHEE Y (norminal main voltage)
2 = 208-240 VAC 5 = 380-500 VAC 6 = 525-690 VAC

1 Edb = .
anz K-SR} Z=sharal A= BF (&X-2X ZgiEhal)
A= EF (ZA-EA Z2EY) :
=8 PS8
5 < 5= IP54,FRA-9 2 = IP21,FR4-9 0 = IPOO, FR10-14

5 =1P54,FR4-7 2 = IP21,FR4-7 0 = IPOO, FR8, FI9-14 .
EMC emission level

C = Category C1 (EN61800-3) H = Category C2 (EN61800-3)
L = Category C3 (EN61800-3) T = IT networks (EN61800-3)

i3 Brake chopper
0 = Brake chopper 815 1 = Brake chopper W%

Supply
S=6TA T=12~

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

LHEE Brake chopper

0 = N/A (brake chopper 818)

C = INU - WE# charging circuit 2%, FR4-FRS
I = INU — no charging circuit, FI3-FI14

S = BFY JEA cato|e S = HZ Al

U=8Fg 34 MY g4 - el M 2=HASS(FRE-FI14) T = through-hole mounting FR4-FR9

SIESI HE, EERY - s HE Control EE

S = Direct connection, BT ¥ 2T, FR4-8 S=HTY HC R4-8 V= As S, Vamish®2| 2

V = Direct connection, Varnish® 2| 25, FR4-8 F=HZ% 9T R G = As F, Varnish®2| HE

F = Fiber connection, #&8 2E, FI9-14 A= E%%i EE FR10-12

G = Fiber connection, VarnishX2| 2&, FI9-14 B = As 1|oi Control unit, Varnish®2| 2

OPT-AF SMEEE AS5ts ER G= 33@ Control unit, FR13-14, Vamish®2| 2E

N = IP54 control box, Fiber connection, B3 2L, FI19-14

O = IP54 control box, Fiber connection, VarnishX 2| 2 E, FI9-14 M BEE: Zt £22 0120} 20| 2742 A2 HBA|
o e o o Ax = 7|2 I/0 2EE Bx = &% I/O BEE

S48 BE; 24 552 Chsat 20| 2702] 2tz 5A| Cx = fieldbus & C Dx= E4& HC

Ax = 7|2 /0 2 Bx = =& /0 BE

Cx = fieldbus2E Dx = S5+ HC

Figure 75. Y4/ inverter unit’s type code, frames FI9 - FI14  Figure 76. &4/ inverter unit’s type code, NXP

QUBE| HER0IE £ V1A MY wolol BUA U YN I BE BHELICL MM LSS AE BEA
U MINE HZFHIAL.

9.5.5 Brake Chopper Unit and Brake Resistors

BCU (Brake chopper unit)= Common DC bus Drive 2{QIH0|A Of|LHR|7} S22 ARE|E= 30| 2pESH
OIS Saot7| U5t THasr 22 HE|QLCt of MEo| LRBICE £ 7Ho| HE AMEyS AtEsSHH
A& zmo| AlEo| & ui7} gk
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9.6 &AM 0
- I = I 1 ) I - I C
ONIDHVHO o . tRILE |
1 | e
HOLIVINOD . - 81— FEil
DNIDUYHD ﬁ' § § gg nas
- «
HOLIVLNOD 3 £
| NV m__ﬁ = ] I
8 _DH Hle :'\'fﬂ::\'e
a8 ¥
A . §l
L
g Jd
A % g
g o
z
| Slr 3
il
| - = e cvnsuzencc| J g
s leste ¥ H
=le=l= =y %, GUVINSN 318000 !32
h , ¥ X
9
3‘33
26
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{1 e = - m— NN A=
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Figure 77. Wiring diagram for FI9 and FI10
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Figure 78. Wiring diagram for FI13
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Figure 79. Wiring diagram for a control unit
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10. Cabinet Installation

2% S8 IP00 2| E2t0|E BE2 gy 42| HH|A E= ASEAo| HA[sHof SLICh. AT d3| FHHH
RS MEISH0] A EE}OI‘:' AAES A BEe S5 Y 4+ USLILL Qg2 SHREE (P21t
Y2 = YAe =T AH=ES HS3HOF SLC.

222710 EAl= 2E AZ Folan 22 A (O : HZ0|E)E 26
9‘||0|E HZES 2t S AOOF BLICE ALIX|7|0 Lo 2E5 &3
HZEY Hd ¥ AM=Yn Z2 AH|A YO0 7hSsHoF LT

i=1
=2 =
o =

fﬂ¥‘-

ARIZ[710] A, 2] ¥ F2A2 A ME L 7S S0H0F YLICH ESH 42| AJE0| 2202|710 FEe=
2yt 2+ M°*° 2OFOF SLICE O|2{3 27 Attol= 8 220t 4| 22 Szte| 37|7t =ehEuct

busbar & #H0|= #Tt OtL|Z} dZt AAE AL 2= & 8B5fo| "2(f0| AlL2|'0| w2t 2|+ Hl
gLt 22 9 248 MHE If HFE =2 FH 222 Qot 1FS Olsty| g 79 249 S&

s1olsfof EHLICk

PO0 BES M3 AC Y/ES DC BZ EE 32 HEDIS MBS0 T2t YEERE B S
B2 M| ChSHAS BRI AE MBAS HRFHAL

10.1 IPO0 S&0l =g A=
+ AC 23 (4 SR0|HO| ZS 232 F2UIM AQl B 4 AR 23 ZHH )

+ |PO0 Power module
. 5’-| EE %L}-\I

- 8 TH (Y

Control unit

Power module

AC choke

v

Figure 80. Main items of an IPOO drive unit delivery

10.2 SWHAI NXPIPOO BE FA
10.2.1 Frame 10and 11
FR10 X FR11 E2}0|E9] Power Unit € Tt mpf|Qlo| Z3HE|0] QU&LICE E2I0|E Za|= 6 TA 4l 12

A HHOE A& ELULCH BA A|ARZ E2l0|E A2[9| |40 IS O|Z|A| AELICEL AC 39| &=
HA A|AHIO| M2} CFHELICE 6 A E210|E0= 1 7i9] AC 237 =QStT 12 A C2lo|Eol= 2 79|
AC 237} ZQEHCL 23:= QR0 ol HL=z HiSELICH Eo|3 o= MEH AIYO|H EZiojlE

2|9 2|0l S 0IR|A] FEHL

SHEGHOF ShL|Ct.
7|
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H|01Z2] (Control unit)= Power Unit 0ff 38202 HZAL|0 Fo|=|7Lt of2ff J2Fat 20| M 2= I
2212 & UsHLL HMoY27t Ferd gt e SEEEH, S0 HE S0 R =00 da[eH=C

T

P DYBE B30 YALIC

H

1

ror o

MUl

B

Figure 81. FR10and FR11

10.2.2 Frame 12

ZHY 12 = Ho| x|t AEF HEZ HEE AHESIOf ?MI ﬁ’é%l e e
Aol Ezl= M@ =0 HetHo=z oD"*EI01 22| =[ALt t A
£ QI&LICH AC 23L& HE 2 A|ZELCH H3o|3 O

A0l SYS O|2|A| &L

2 FYELrt
0ol E21E
SRS

r|r -|_°

DY 12 = 6 B2 T 12 A HAUOR ASEH, BA AAHZ 2 E= 23 2T = 0[R|A]
PsELICt FR12 ECIO|EOE & & 712l AC 237t ERSILICE

Figure 82. FR12

10.2.3 Frame 13 and 14

a1 13 2 14 E2}0|E= Common DCbus HZ2g IHfQE SHLICE Shak StLtel Ao 2|7t QLELCt.
4y ZE2 NFE (H] 3|4 Z2E dE) Fz(et INU (IHE) 22 TYEUCE D 13 322 41
INUE Ezrorﬂ, T 14 322 AEt HE2 EES AMESI HZE 2INUE ESEHLCHE TA AAH (6
A s 12 ZA)O| ozt 2 3 = 4 749 NFE 2|7} U2 4 UELICL MEtA HA AARS =8t0|"
A|AEIO| 2|40 RIZAQ HEkS O|ZRILCE

AC 239| #&= NFE Z2| #0 w2t Chk2H 2 NFE Z2z|0tCt stte] AC 237} QL0{of ELiCt BE2 S5
ELC

=03 zMes S + YoM T QR0 ASLICL FR13 2 FR14 Ols Z2YE =03 =07t
SELICE. Common DC bus 20|32 =5 HloA Eo]2 =T Z2E MEE + UAFLICL EHdo|2

ZM= 377t 282 ECI0|E A|ARO| 370 FeHS DIRLCH

Aol F2s g & AOISS AESIH HZELICL S8Al 1ET0| ZE0 U=H|, ol 1Y FAE
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FR140IME & 7H2| 2|F dU/dt EE{7t 7|22 AHSELU L CHE Z|Yel 32 SJYUCh

=1
HH
40
og!
=2
)
rot

A5 % Mg 82 P00 Z& M| QHAA

(=7

Frame 13 Frame 14
Figure 83. Frames 13and 14

10.3 WA NXPIPOO 2& M

FHA E2LO|EE= NXP A0 EHES AFBRILICE A0 Ax|= ™ 2|0 Hotdo=z AHAZAE|O B2
HSELICE 38A Mo FAE HA|517| 2lst 1HE, OE &0 HHH =07} ZE[ UFLICEL BEE

o= & IPO0 O|H, FHH|H E= 7|EF QZSE2A0| Hz| S{OFtLICE o2

DER FHE BE $Y4 =
2371 EQst 42 HE £Y4A E20|E S5 R0l SdA AC 237+ ZtELCL
10.3.1 Chassis 3, Chassis 4 and Chassis 5
CH3,CH4 & CH5 IOt Hel/|= 6 BA HYUCEM HSELICL 2 AC 237 EgL|Ct

Table 30. Power ranges for CH3, CH4 and CH5

- 400-500 VAC (465-800 VDC)

CH3 7,5-37 kW
=, CH4 37-90 kW
' CH5 90-160 kW

Figure 84. CH3, CH4 and CH5 frequency converters

CH3,CH4 X CH5 E0|3 2 Zz|0l= AC 237} ZQsIA| AT Q8 H0|3 A3t0| =FH|C},
CH3, CH4 & CH5 QIHE| &X|0l= DC M0| Z8tL|Ct,

10.3.2 Chassis 61 and Chassis 63
CH61 X CH63 FOi HE7|= 6 TA HZHO=ZM
HZELCE 2% AC 237t gLt

CH61 % CH63 H2fo|3 2 HAols AC 237} i -
TO5EA| AT 2F Eio|3 o] EagLCt 3
CH61 3 CH63 QME HAd= DC 85 A7t Figure 84. CH 61 and CH 63 frequency converters
ZBL|C

Table 31. Power ranges for CH61 and CH63

400-500 VAC (465-800 VDC) 525-690V AC (640-1100 VDC)

CHé1 160-250 kW 110-250 kW
CHé3 450-750 kW 400-700kW
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10.3.3 Chassis 62 and Chassis 64

CH62 & CH64 = DC 20| 23t Mg QIHE]
CH62 3 CH64 Hijo|Z =i 3
DI QI8 H0|3 gt Eag

g'l_l
L
m]
il

Figure 86. CH62 and CH64 inverter units
Table 32. Power ranges for CH62 and CH64

- 400-500 VAC (465-800 VDC) 525-690 V AC (640-1100 VDC)

CH62 250-500 kW 200-450 kW
CHé4 700-1500 kW 560- 1550 kW

10.3.4 Chassis 72 and Chassis 74

CH72 ¥ CH74 =oj¢ He7|= 6 A 2 12 A
HHoZ HZELI|CE CH74 6-ZA HA0|= 3 7Ho| HH
HF717t =oEl)| Qleoz 18-EA LFZME e
ool = AFE 4= USLICL F AC 237 EQFH|Ct

CH72 E30|3 2 SML 6 ™A HA MO AIRE &
ULLICE CH74 B30T 2 M2 6 A T 12 A
HHMOZ |SELC.

Figure 87. CH72 and CH74 frequency converters
Table 33. Power ranges for CH72 and CH74

400-500 VAC (465-800 VDC) 525-690V AC (640-1100 VDC)

CH72 250-500 kW 200-450 kW
CH74 700-1500 kW 560-1550 kW

10.3.5 2xChassis 64 and 2xChassis 74
2xCH64 & 2xCH74 Fojx HEI[= 22 AEF HEE BEEE AESIH HZE SHLte| Ao X2t 2 7He
MY B2 FAYELICL

2 x CH74 o E&|o|3 M7} AMBEl= 42, B0 2W7t S7|8t=|R| 47| W20 2 DC 3ZE
HZSHOF SILICE O|A2 HS AlAHL| 2SS ETLICh

ANEE LIE2 HE EYME HZSHAIR.

i
o\

Table 34. Power ranges for 2xCH64 and 2xCH74

400-500 VAC (465-800 VDC) 525-690V AC (640-1100VDC)

2 X CHé4 1300-2700 kW 1250-2800 kW
2XCH74 1300-2700 kW 1250-2800 kW
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10.4 ACChokes

23 23& DE| HOIS QI8 T4 4 @42 MR U U0 IS HSIRLE U U DC Y3 74
so= 2 23& Vacon 4] FOt4 HE| (QIHE] Ofd)Ql

7|

245 Bt D20 Y| 7|SeE HaFCh ¥
BE ASO| ZELICE 2L 23810] Fo HEV|E 2 #& UAFLIH

Figure 88. AC chokes
Table 35. Input chokes for 6-pulse supply

Converter types Thermal | Nominal
[400—500?:6] Con&eqr;s;gpes Choke type current | inductance Calcul[zw;d loss
(A) (uH) A/B*
0016...0022 0012..0023 | CHKO023N6AD 23 1900 145
0031...0038 0031...0038 | CHKOO38N6AD 38 1100 170
0045...0061 0046...0062 CHKOD62N6AD 62 700 210
0072...0087 0072...0087 | CHKO087N6AD 87 480 250
0105...0140 0105..0140 | CHKO145N6A0 145 290 380
0168...0261 0170...0261 CHKO261N6AD 261 139/187 460
0325...0385
0300...0385 0820...1180 | CHKD400N6AD 400 90/126 610
1850...2340

Table 35. Input chokes for 6-pulse supply

Converter types Thermal | Nominal
(400—500VAC) Con[\:;;rct's;gpes Choke type current | inductance Cal.cul[aw;d loss
(A) (uH) A/B*
0416...0502
lg‘;%["('ggﬁg ) | 1300.1500 | CHKOS20N6AD| 520 65/95 810
2700...3100
0590...0650 0590...0650
1640 1700... 1900 CHKO0650N6A0 650 51/71 890
0730 0750 CHKO750N6A0 750 45/61 970
2060
0820
2300 - CHKO820N&AD 820 39/53 1020
0920...1030 - CHK1030N&AO 1030 30/41 1170
1150 - CHK1150N6A0 1150 26/36 1420
2470...2950 CHKO520N6AD 520 65/95 810
3710 CHKO0650N6A0 650 51/7 890
4140 CHKO750N6AD 750 45/61 970

NOTE: 7|2% &= 2=l Converter Type 2 Y 3719 237 st
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Table 36. Input chokes for 12-pulse supply

Convertertypes| Converter Choke types Thermal | Nominal Calculated
(400—500VAC) types (2 chokes current | inductance loss (W)
(690VAC) needed) (A) (uH) A/B*
0460...0520 0325..0502 | CHKO0261N&AD 261 139/187 460
0590...0730 0590...0750 | CHKO400N&AD 400 90/120 610
0820..1030 | 08201030 | chkosaoNe0 | 520 65/95 810
1150 1180...1300
2300 CHKO650N6AD 650 51/71 890
2120...2340
2470
1370 1370
2950 2700 CHKO750N6AD 750 45/61 970
1500
1640 3100 CHKO820N6AD 820 39/53 1020
2060
1700...1900 | CHK1030N6&AD 1030 30/41 1170
3710
4140 - CHK1150N6AD 1150 26/36 NA

NOTE: 7I2¢ Z2 2% Converter Type 2 &al 2719 237t ERFHLICL(Z 47H)

10.5 Lifting the Power Module
SA TS A9 MY ZE0| BA= LHAHOZ 100kg & 2uetE=, 50| 32 st X
s £ 2= A7t et MR ZE MU 2{=E 2{37F ASFLCE ANE FHa A
HEAME HZSHAIL

g

Max 45°

Frame |Weightkg

Table 37. Weight of air cooled drive units

FR10 123
FR11 210
FI9 65
Fl10 100

FIT2 200
/ FI13 302

Figure 89. Lifting angle

Table 38. Dimensions of liquid cooled NXP drives consisting of one module

Chassis Width [mm) Height (mm) Depth (mm) Weight (kg)
CH3 160 431 246 30
CH4 193 493 257 35
CH5 246 553 264 40

CH61/62 246 658 372 55
CHé&3 505 923 375 120
CHé4 746 923 375 180
CH72 246 1076 372 20
CH74 T46 1175 385 280
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10.6 Installing the Power Module
| S0l

g =

E2 THIZY
HZSHAIL.

Figure 90. Installation of the power module

Table 39. Cabinet measurements

A
TZ!

212l

a4+ YSUCL MM 4X NS AE LY

AC choke

M

i

Supporting bar Recommended cabinet

FR10 A - 50mm

FR11 709 A -20mm 800
FI9 239 A -50mm 400
FI10 239 A -50mm 400
FI12 478 A - 50mm 600
FI13 708 A -50mm 800
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10.7 Cooling - Air Cooled Unit

capole #z Y EZ 4

MZ5H7| TRfafoF SHLICH CajojHol BE 1AM 24

ZH MIMo| ZH ZZ40| Vacon A|Z0|| CH3F Vacon AlYES R4ASIEE C2Io|E 2ioIe MAsoF oot 2t
MMo| 2EE A 35 2EWCH Hojof SLICH H0| HHEEIH HS0| 45D FOi4 HED|O| 40|
TEELC
Tty HET(9| HZh HRH2 Bt U 2 okt AEFE ALY Foeo| w2t IA 2R X7
Mg WY wl 87| AH|o] 8YS FSP| st CHS Yt BALS BY RGN BEF 6 BA U 12 BA
ZOM: #B|0) & 242 2RO LIEHLICE
P__[KW]=P, [KW]x0.025
NOTE: & 22 AIE HYMoIM S &4 HO|EIE ERISHIAIL
S &7 582 HHIA WiFet JHHIH 2if ER0M Sttt HEU I7| FHE MESIH W=
717t S0 HZ S7|% SEEA| YEE & £ ASHLCE
Duct ﬁ & or ﬁ TP 7A\rbarrier
| i i
C} : L _—J L‘
C/ Qﬁ Ci Qh
F—————— |
Figure 91. Steering the internal air flow Figure 92. Ventilation of the cabinet
EElo|E 25 / 20| g E MMM, ZF AH W2 Loz siF 7 oM =S 424 37
522 MBI FRBALUC (37] 9Y Y HIES AT HTEIL 27 AN o2 M), ca2lojs
2s0| glu =23 /s 3 TEI ZeE MMOME @ LMY =0 ™ Es VB EEO EY
A AZO| ELekA| 2tQIsHOF BfLCt

ofzff mOlE Zast dZ I7|Fat 37 /Y ¥
H)2 WAL AZ E 2T M= E- 2 ™

QAE caloje 2lelg MM Hfx(E HEo!
sot ofL|2} SajolE o]

7H
H2(e| At Hoz H

a7

£ 327\7F Lt UASLICL o8k &t
&L

2 (o
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Table 40. Ventilation requirements

-_ Minimum air hole on switc:hgear/dm2

FR10 2800

FR11 4200 19,5 10,5
FI9 1150 55

FI10 1400 6,5

FI12 2800 13

FI13 4200 19,5 10,5

10.8 Cooling - Liquid Cooled Unit
WA W7t FAoM, Y Fo| CHRES oy HZH AAH| ofsi WZHELICE It $4A catole
o &

o
AAEME ey o2t £40| AFHLE @ &42 A v, TH, 23 VB B2 74 240N

St
Zb Mol X Z210] Vacon AHZ0| CHSE Vacon AYE 45125 E2I0|E 2I¥S HASHOF S Ct.
Mo 2= 2l 23 2&=EC0H HO[oF gLt fE0| HEEH 230] &4&1 Fote HEY|9 £
THEELIC.

Zop WElo] W2t me

MO
= o' o
EEPOIH 2felol zt *—.’.“_OHH 2 EI"ZI Jg2|y MMof 25 oA L2 [/ASH| flsh =0

| =l 7HH|H0| 7HSEiLIC.

n
o
=)
o
=
=
C
=
_|
=
L]
a
=2
o
m
12
=
|
k
N
o
Al
N
$Q
[o)
re
o
2
el
m [u]

= oot AREE ALY SOt 2t 3A HEHRULC
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10.9 Dimensions and Layout Examples
10.9.1 Dimension of the Supply Section

1 2 3 4
400 600 600 400
I | | — |
1] 01 01 m
= - = =
° ° .
. .
° o .@ E
c— = co e T
-] o
° o
o [ o
o [+ ]
o -]
o -]

Figure 93. Supply section, dimensions

Example 1 : 22 X7} 1000A 0|20 #L 3 9

© A9 ERE AMRSIZL} 2D A|AHI A 1pHE L
Tt B3 7]50] Q= ZAQ 2L AQE AIRY 4 QUALICE FHH|K L{H|[= YHFHOZ 400mm ULIC}.

Example 2 : 1000A 0[Af9] 22 AAIS ALRSH ATH7| (ACB)Q} XAl ASIAIE BE AFRE 4 UKLICH
HA| AQI2lel AR B WEO| Wt CHELICH FHHIY UHl= A9Ix 3|0 weh CHELCH Yol
JHHIR 48] Cheat 2Lt

Table 41.

— Cabinet width

1600A-3200A 600mm
4000A 800mm
5000A 1000mm

Example 3 : 1000A 7} = 33 &9l 32 35 Miols Luroz Hz| AQx| (YHHHo=Z sef
Eeto|E ALl 7t ZEEY UL S5 ALY HHot aifst & HEf BS 7|50| Us 9 EE AQAE
AE" & AU

Example 4: 2z 7it|50l= Mo Y =24, M ¥ AFol 2¥ 4 mA ELs 4 24, DC &
T4 24, o3 H3 AHY| T A E2f0[2 AAHN S8 JIEF Ao 7Y 249k ZO0| Ef0|E
ML= 2R3k CHfet 1+ 247 ZetE £+ UFLICH
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10.9.2 Dimension and Layout - FR4, FR5 and FR6 Frequency converters

400 400

(TN | [T 0 1 A

o — " L ] ; F L
e= ° T &= 1
o
o]
FR4 -5
L o FRG
o - * F1 °

. . Opt.
7 du/d
o ==
Ra-s ==
T o == Opt.
E. dU/dt = du/dt
I PE_ PE_

« StLte| FHH|Kof| = JHQ| FR4 / FR5 SOt HE7|E Ha8 4 USLICL

« FR6Oll= 24| 7HH|R0| EogL|C}.

« dU/dt EEE= S40|H JHH|H R Y =0[0f Mt ok HE|7F Q= SYUst JHH|S0| M| BLCt

o FHH[HS| AHHSH B7|7} FQeLCE HHIRH siez Wzt ZIJ|E HiSSHOF |fLICE FHHIR WROl=
Yetdoz S0|R1 L= 717t A0|1| ¥EF St= 37| AH 2|7t Qojof SLLCE [YURE=E 371=
FHH|R St (B JHH|H E0{)0lA LIROF 5t22 J7| S80| dU/dt & A|Lt 7HHA HZHEL|CH

o FHH[RO| S JHe| SOt HET(ZL Qe ER FHH[R SO 7|7t BEAHLEZE FHH|S AT U= EA|
7151 b= Z40| o S8t Ct. Chapter “10.7 Cooling - Air cooled units"S & 25HA|L.

o JE30s Fh Het7| 25 9 oRMst MY F2IE flst FFA AR FRIE UASULCH dU/dt EE{7L
UCH ZE| FH0|50| Ok HeY(o| =& TAL| 21 HAELLCL dU/dtE A8StE 4<% ZH Z0|[E2
T E0|20f &Y AL Heo| EO|'Z0f| HZELLCE EMC HsiE HAHst™H =E #HO|E2 360 °
HABHoF B 2E Y 3= A0|E2 A0l #Ho|E2t 25t A[0] Alo|&L| ASHE R[S oF Lt

« B2 Jd 24 I TR L FH 0|5 EY0|E AMBSHE 22, 7IEER| ¢ Y SAHoE QMG EHE

UEEF HiZ|SHOF SLICE QFM4C| O|Fet Zof HLAIE fIsH CHE MY (=10]0f, AolE & 748 248

jn
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10.9.3 Dimension and Layout - FR7, FR8 and FR9 Frequency converters

400 800
01 444
= ) BE;

FR7-8 FR9
| — Opt.
" dU/dt

M- & o
=3t
Q

Opt o dua Opt
dU/dt dU/dt

PE ’ I PE ;

« FR7,FR8 ¥ FROO|l= 25 StLte| M| 7HH|RH0| EHegtL|Ct.

« HX 34 947 gl= FRO ¥ dU/dt EE= 600mm 0 &2 & & UR|TH JFHR| ¢tomM Ol 20|
2F 800mm LiH|Q| F{H|R = HEO| HZ F|H|SI0| HQgtLCt.

o WHZE AQIZ] X U 0| HZO| CHollAM= chapter “10.9.2 Dimensions and layout of FR4, FR5 and
FR6 frequency converters's ZtZ5HMA|L.
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10.9.4 Dimension and Layout - FR10 and FR11 Frequency converters

1000 1200
TN et AT TR CE _|:|_|ﬂI]]]]]]]]]]I]]I]]I]]]]I]]I]I]]]]]]L RN DA ERTRNAORR RN AVRIERARN 1 oA TEFTARTT
01 02 = | 01 02 = :
— — B B = IE | — | e | L
© — ) a = o [IE
@ ¢ @ ¢ ¢
FR10 2 FR11 2
2] 12]
] o Q o

W (g
Opt. E Opt. E
du/dt [ du/dt [

p——t — e L,ai
v_w

+ FRIOOIS sfLfel i 237} 9Um FRI1OIE it EE & Jhel % 2371 Ug 4 UBLI
+ 23E R4 WET|0| ATl YXIE0) X0 WE|O| W2 MOlA LioE 37| 520 o5 YAELIC

o1 = o —O | o1d
+ DU/dt HEIS Ol2f3t (0IH B2 FHHIW0 UGLCE B2 JHH|We] BE SZ0| P23 9 PP Hzo
47t AARO| GO|E EIS WAL & USLICE JHINel B S30| P21 BCh HOH HEIS 4157

Qs Ho| EHBH|CY.
o WHZE AQIZ| ER A Hol2 HZ| CisHM= chapter “10.9.2 Dimensions and layout of FR4, FR5 and
FR6 frequency converters's &ZSHA|2.
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10.9.5 Dimension and Layout - FR12 Frequency converters

1600
01 02 03 | L1,L2,13
— /  — | o1 ! F1 ot F1
o C: o s} '@ —@
2 ==
¢ ¢
FR12
o (o] o]
Opt u \Ir w
dU/dt 5
== Opt. [
ii duU/dt m uvw UV W
== o of ] -
IPEu \Ir w
\\:{a

« FR12 Ol= & & 7Hel 2371 JAELILE 23 = Ok Hey|9] AT R|5He ot H2ts|o| 2t
oM L= 371 SE0| Qs ‘H2HELICt.

« DU/dt ZEl= H=Z FHH|R0f| AFLCL B FHH|RC| HS S5O0| IP23 QI 3% EEo| 'dHZh A|AHO
QOIE TEIS WANY 4 UBLICE HHlLiel B3 S| P23 HOt £OW LIS Al3|7| 9i3) Ho|
Zogtct.

« FR12 = 2 7H9| ¥ ZE FR10 RE2 FHELC S5 Ao A0 tFEe dx(0l= F 712

du/dt ZE{7t e E IEr

o WHZE AQIR| R 4 FHo|g HZO
2=

(=]

FR6 frequency converters's ZZ5HIAIL.

| CHSiM= chapter “10.9.2 Dimensions and layout of FR4, FR5 and
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10.9.6 Dimension and Layout - FI9, FI10 and FI13 Frequency converters

1200 2000
400 400 400 600 600 800
— L I 1 | q(AATATAMATIACT, | oA A A
01 02 03 01 02 03
 — — / — 1 —
Pre- Pre-
o| chargee o o charge o
- -
AFE LCL FI9/FI10 AFE LCL FI13
NXA NXA
Contactor .‘
&
Switch == == === == ==
fuse = == = = | ==

_|_

. AFE BES 3751 A9IX| Jlojo] Mz 82 5T £ AUsUC
=

. 4 AFE 2=0|= M& LCL 2Bt

WOFLICE 2 AFE 2ET B U8 D2IXF B2E AIGSHE 20| BALICL 01A2 AAY 3242

SIAIGLICE SHHe| AFE HRE #El6ks B% ARESHA| 94s AFE 7h 7[AHo=z HAE AU

LIHA] A212] 7|0{E A& A E"” & UBLICH

St

F|F

o HZE AQIz| FR Y A0|F ¢HZ 01I CHeiA-= chapter “10.9.7 Dimensions and layout of FR4, FR5, FR6

K F
oll
rT>
Rl
o

and FR7 Inverter Units'S 2t

. BN WEE Y2 Dz PPo| LS @2 B2, (NFE) HEW D2E AS ¥XB ASET 4
Ut - M2 8YS 5 £ UBLICL 2 NFE o= #8 AC U

UELICE. NFE RES F7i5tH A
DC &XRo} 237} HQSHL|CH NFE
+ 1 x NFE fits in a 400mm cabinet

2 x NFE fit in a 600mm cabinet

3 x NFE fit in a 800mm cabinet
o DOl 238 HEO| FHH|H0|| HYZ|

|'|_|0||
|.|-|
rj
r
fiml
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10.9.7 Dimension and Layout - FR4, FR5, FR6 and FR7 Inverter Units

400 400
(IO, | T O
01 EAEAED 77 01 =Y.
— mn B — [
@:: <] _EH @: _IE]
o
o). ciE
FR4_5 2a1
Inv.unit — FR6-7
abyat Inv.unit
: D2F‘1 °
&= ° 14
. . Opt. upW
du/dt
FR4-5 ==
Inv.unit == opt.
——F byt == du/dt
PE |F‘E i

o StLte| MA| FHH|RA0| F 7He| FR4 /FR5 QIHEE HA|& = USLICE FR6 Ol MA| 7HH[HO| EHastLLCt.

« dU/dt EE{= MEH AMRSO|H HtMo= FHH|RH [ L =0[0f w2t QIHE{Qt St FHH[SHo| &2HEL|Ct

o FHH[HS| AHHSH 87|17} FQeLICE FHHIRH siez WH2t ZIJ|E HiSSHOF |LICE FHHIRH WROl=
UMAHOZ S0|RW LI7k= 37|17t 40|R| YEE = 37| At |7 A00F UL {FREE 371=
FHHIS STt (HE FHH|R =Of)0f|A LiQIOF StEZ J7| S50| dU/dt & RILt 7HHA| HZHEILICE

« FHHISO = JHe| QIHE{ZF U= B, FHHIR SHHOAM 7|7t HEALEZE FHH|R AT Us ERIE
715I| ef= Z40| 0fL SLFHLICE Chapter “10.7 Cooling - Air cooled units"S & 25HA|2.

o MY 35 A0z QHE HES I QRMSH MY BE2|E ISt AaA AR #27t USUCL dU/dt EET}
o ZE| FH0|S0| FIob HeY|o| =3 ThAL| 21 AZAELLCL dU/dtE A8sts 49 ZE A01E2
e E0|'E0]| &Y AZAE|ZALL Hro| HO|'Z0| HZAELICE EMC WsHE H7H5I2{H ZE #H0|&2 360 °
HZlHoF gLt 2H 2 3= A0|[E2 A0 Ao|S2 25t A0 AH|o|E2| AHE WA|SHOF Lt

« B2 Jd 24 Y TR L FH0|E EY0|E AMBSHE 22, 7IEER| ¢ Y SAHoE QMG EHE
= UEE Hi[GHOF SL|CL QtM4e| 0|2t &0l HRIE 2I6h CHE MY (210|0f, Aol ¥ +d )8
=2|5l{oF {LCE.

« FR4-FR8 QIHE{0|= Z2|2}d 3|27t SE(0] USLICH
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10.9.8 Dimension and Layout - FR8, FR9 and FR10 Inverter Units

400 600 400 400
00000100 L 11 111 O [T R (T 0000000010000 10111 . N
01 e 01 S e A— 01 02 F—
=] — = — =
FR8 FI9-10
Inv.unif] Inv.unit
[
Opt. J
du/dt
= e

« FR8,FI9 ¥ FI100|= 25 5tLte| A 7{H[H0| HLeL|Ct.

« FI9 ¥ FI100lM= dU/dt ZE{0f| 7} 7iH|H0| HLetL|Ct.

o HZE Az FZR Y Ao|F HAM CisHA = chapter “10.9.7 Dimensions and layout of FR4, FR5, FR6
and FR7 Inverter Units"g ZIZ3HA|L.

« FI9 2 FI1O0= Q8 ma|zkAl 3|27t LasH|Ct Za|zfAL OIHE{HZ L= Common DC bus & E35
O|R0E =+ UFULCL S8 Z2|zRAES ARESHH 7Ht” QIHE{Q| MAUZ0| DC FRTH UOJOF SLct.

Common DCbus Z2|2FAS AESHE E2 AHEIE S2E2 bus 0| HZoiA= LT,
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10.9.9 Dimension and Layout - FI12 Inverter Unit
800 400 600
T R 01100 0000010010
02 01 01
 —
= of | @ ] = BT
FI12 CERE FI12 oot = E
Inv.unit Inv.unit dS/at
% Opt.
= du/dt
- == [[{]|=

« FIN2 QIHE Z2[2| B2 dU/dt ZE{0=

and FR7 Inverter Units"g &R35IA|L.

« FI12 QIHE] Z2|0=

Saf olFof & U

Qe ma|xpAl 3|27t
LICt &8 Z2|2RdS AREstH HE ¢
Common DC bus Z2|Z}A2 AR3H= 2R QIHEIE S&=0l b o o

Z7t 7H|Ho|
o A, AR ®F2 2 A0l AEO CisiA=

=gt =2

=QshL|C}.

24 -

chapter “10.9.7 Dimensions and layout of FR4, FR5, FR6

Ay

oN
_._ rjo

E

?_H1 EHEE = Common DC bus &
o| M@Z0|| DC +2XTF A0{OF LY,
Zol M= QHEILICE
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10.9.10 Dimension and Layout - FI13 Inverter Unit

1400
TR, b R ERA [T COTTATEA T af e AT R T
01 02 s
/3 /
o 4] DC+ DG
2 o
9‘ | Fio| Fi1 Fio| Fi1 Fio| Fi1
B LA
: N - I
FI13 : »
Inv.unit o
o o F1 {10, 2,
| I [§]EfEh: |
Opt. W1l X2 ﬂ
du/dt -
o ° PE :

« FI13 2IHE &2 B2 dU/dt ZE{0l= =7t FHH[HO] 2Tt

o A2, AR F2 2 Folg HZE| tisiAM= chapter “10.9.7 Dimensions and layout of FR4, FR5, FR6
and FR7 Inverter Units'e &XsHIA|2.

« FI13 2HE Z2[0l= 2% EEIXF"' S|27t 2QglLCh Z2|22 QIHEE
ol O|R0A + ASFLICL & Z2|AHS AHESHH JHE AUHE Q| MAUZK
Common DC bus EEIZF7~|° Afﬂaf— ZAQ OIHEIE ERZOI hys O HZHAME <,>_rg|_|q,
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10.9.11 Dimension and Layout - FI14 Inverter Unit

« FI14 QHE] Z2|0l= 27H2| FI13 QIHE ZF0| UAELICH

« FI14 QIHE] 2|9] AL duU/dt EE{ol= %7} JHH|H0| HQTH|Ct.

o HZH A2z B2 2 Ho|g HZO| tsiM= chapter “10.9.7 Dimensions and layout of FR4, FR5, FR6
and FR7 Inverter Units"g ZZ3HAIL.

« FI14 QIHE] F2|0= 2F Z2(xpd 3|27t HRF|Ct T2z ¢l
S5l O|R0{A & USULCL 38 Z2|AYE AFEBSIH JHE QIHE{Q|
Common DC bus Z2|2}AE AM85tE 22 QIHEE S&3F2! bus o

HE{®EZ £= Common DC bus &
20| DC FZRTt QA0{0F S,
HASNM = QHEILICE
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11. 4=HA VACON AC Drive WZH A|AE

Vacon NX &WHAl AC E2J0|EL E20|HO| WHZE QAOM oMY £3t0 37 WHZIEIL|C) W2 QAL
|.

E= 4R I3E YR0|502 THEOZLICL HZMo = AA|At SH Al AAAt &H H
22|22 SEES ABY + ASULCL F K| &8 ALY |JH0| AU CH

+ closed system

+ open system

HY¥ A|AHOAM= HHZO| 205 THE UL iR LHFO| 20| UFULCE DO|Zs M4 FHS
Zoiote 24 Ec §4 ESAE K 182 US00F LCh dZoA 4t SE HRISHE 4
820 A7| sfet 24 & = 2ME 2l 20| 20 SULCL
HEH AAHO= @F=0] 812'31 ARt 717t AAREA HEE + USLICL
Vacon NX Liquid Cooled AC E2t0|Eot 3P e T AAHS AFESHUAIR. Semi-ZHWH A|AHS
Ar83h= A Qof CHE %ﬁol s 4% E 7R oY RAE FoHOF ©iLICL W0l S2IE = HAHAE
ABSt Y7|1Aez £AS ZAGH 2 0[0] [t AHHE H7ISHIAR. 'dZtHo| EH40| 2| AT
ArZ0]| S=A] 1 Eof| St =QIsHOF LT
°=
111 @2 NAY 98 M
Lalo|E2o| M| +2t2 EBust/|E HESIH HUAE ZAIZLICE =2tHOM BS AS|7| Igh Ml 7HA] =
Fus7| FHo| AL CH.
+ liquid to liquid - using a heat exchanger
« liquid to air, using a radiator
« “chiller”, using compressor technology
Choosing the heat
exchanger type
Is cooling
water
available?
Yes No
s Y Is max. ambient
a‘\lfqu|d to liquid Hx/,\ temp. +
7°C < makx.
coolant temp?
No

e ™~ - )

( Radiator Hx ) / Chiller \

o S e e

Figure 94. Choosing the heat exchanger type

11.1.1 Liquid-Liquid €x2t7|
Vacon 9| HZF Heloll= o2 MHH-MH| Fusts| {FHO| ZSHELCE HX Az[2] 2F 2il= AA|oA
Wi|Zo| B MTS 7|HHOR THLC 1 3t B|2E IOk HEV|M T FuE|2 & 2515 ML
Z40|E 2715 S S2= AR 2 A 32s B FotE £AUSIH 2R 7|2 24RILLCE 0] 2F

I_
Zink2] =
FHAS T2 U/ES HE MBI 7IZ W2t AAYO| AL
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T HE X2SHe E CIE W2 7IZ He AU AIGSHs 2L 54
EE Y © 2SS H2(5t7) 93 AlAHO| Ag U MEte I WEE 33

AFEALS| U L|CE,

+ Primary circuit, green colour in the figure right
(lighter colour in black and white)

« Secondary circuit, red colour in the figure right
(darker colour in black and white)

Figure 95. Primary and secondary circuit of the HX heat exchanger

2 829 252 EUHY Sk= 5§ AfAMs 2= *“ME HSE|0]

UELICE O] HM= 1 & 2|29 2E5 AOYLCE. OFZ2I HSE HX A0 F22 EHYLICE A0 33|
OiE2IAI01E2 3 2t HEE 1 A 3|29 2= 2Y Uut "E'ZIOPE% ZYs0 E0|E € WEV|E St 2
2f o|29| 5FE ZYELICL O %2 Z2HEQ M) ChEM 202 FHH[Re| FH 2= 2 2 2t 3|2
Y AAQ 2o 2=0] w2t CHELICE

HX Eug 7] 32l 1 if 320N R, 2k, ¥ E F& T 7SS ZFL USLICE HX A0 3
S8 “EJE“" ol2{et £ ZLEZst Oi7f B4 240 et & Lt AATHS YELct

2 2t 3|29| =0t SES HLIHYSIE A2 ALEAS] HYYLICE

o
=
AtMIgt 82 Vacon 2 Bud7| DjwES HZSHAIL.

Liquid to liquid heat exchanger 1

: IExternal/

1 ! customer’s
1 cooling
C|r<:U|t

Figure 96. Liquid to liquid heat exchanger

11.1.2 Radiator
Vacon 2| AHE H2ol= ZtC|0f|0|E
ZiC|of0|E] EuEtr|o] A T AeE

WE7|7h ZOE(Z] ELICE 152 Z2AhA 5 ZRHEQL|CE

BuE7|
H AIZHHOA U5HOF SL|CH.

x|
S
ZHH
o

Liquid to air
heat exchanger

Figure 97. Liquid to air heat exchanger
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11.1.2.1 Legend to the flow circuit

Automatic
de-airing unit

Safetyvave%‘% $© @ @
.4

Three-way
valve

Pressure
vessel

N Ball valve
Pump

'é"—.*ﬂ% 2l

- 24 AL
WzE e GuEVIE

stz gt
AKIE LB Mz Mo A

§._F7I“ Vacon QA IS 4 USLICE
SAI5HH, HE9|

HOiY2R =2 Yt

FE = Flow Supervision

TT=Temperature Transmitter

TIC = Temperature Indicating Controller
FV = Flow Valve

Pl = Pressure Indicator

PT = Pressure Transmitter

FUCE o2 AR REE 2

—

Figure 98. Chiller
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7| Sist BHO| IS AAS T 4 UEE W AAHN ASHE YRS MUSUAR
WHTO| 3 B AU CRH0[HE ABSHE Z9 SUS Mx| BZUAM 72| Y BE w= My 22
AFE3HA| DHIAIR. 27| B3t A TISHH W20l AMAIE HIIHIAIL.

Table 42. Materials and components of a cooling circuit

Material |Usedin Vacon Liquid Cooled Drives

Can be used only in closed circuits, if the heatsink and the copper
component are separated using non-conductive material, such as
Brass & Pipes, valves plastic or rubber.
copper and fittings | With nickel coated heatsink the re is no need for separation of the
copper or brass components.

Inhibitor must be used.

Common Permissible in closed circuits with inhibitors, check for oxide

steel Pipes information, regular inspection of water quality recommended
Cast steel, . Permissible in closed circuits with inhibitors, check for oxide
. Pipes, motors| . . . ) i
cast iron information, regular inspection of water quality recommended.
PVC/PVC-C Pipes, valves Suitable for drinking water or tap water with inhibitor and glycol.

and fittings

Installation
made of dif-| Pipes, valves

ferent met- | and fittings Do not use mixed installation
als (mixed
installation)

Rubber/
plastic with Hosee Can be used. With non-Vacon hoses, check suitability regarding
oxygen bar- inhibitor and glycol.

rier

EPDM/NBR Seals Can be used.

rubber

11.2 AWAl CAlO|E LWHZE A|AEI MAH| 2 S2FMA

O L
11.2.1 VACON HX Euset7| g3 ME
Vacon 2| HXL-040, HX-120 EE= HX300 Ew2t7| Z0|A MEfS [ CHS QA S DAL,
LC 23,LC &9 TH ¥ 37|-%H Fus7|E ZJ5I0 AC EEI0|E AJARISl 2 &

HA Q7 +10~20 %2| ofrlo=z Y4

r
ohe
0
o
fo
-
=
o3
>
=

TSt W2t MR B0 C+S AR SRISHIAIL.
. BW| MY Y ES
. 3% [ ZRAA SIZ0IN Y24 4% 2 AT

o HXL-040: Ap = 0.3 bar/10 m+10m straight pipe (DN25)
CHE @b LHOfl RAO{OFEILICE. e  HXL-120: Ap = 1.0 bar/40 m+40 m straight pipe (DN50)
e HXM-120: Ap = 0.7 bar/25 m+25 m straight pipe (DN50)
e HXS-070: Ap = 1.0 bar/40 m+40 m straight pipe (DN50)
e HXT-070: Ap = 0.7 bar/25 m+25 m straight pipe (DN50)
e HXL-300: Ap = 1.0 bar/40 m+40 m straight pipe (DN 80]
e HXM-300: Ap = 0.7 bar/25 m+25 m straight pipe (DN80)
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Table 43. VVacon Heat Exchanger types
HXL-M/V/R-040- | HXL/M-M/V/R- | HXS/T-M/V/R-070-| HXL/M-M/R-300-N-
N-P 120-N-P N-P P
Cooling power 0...40 KW 0...120 kW 0...69 kW 0...300 kW

Mains supply 380...440 VAC 380...440 VAC 380...440 VAC 380...440 VAC

Flow 40...120 /min 120...360 l/min 120...200 Ymin 360...900 I/min
HA7F JHE E2tolEo| =i = w2 E2fo[E29] o3 0| SYUstE=E F OO|E 2fRlo] A+E

A| Yot OFgfLCt.

W2t ANAHS 47f5hn

2
ZIZoHA| 2.

A4S AW

mf Vacon NX

AL
L4

+ Table 5-6. Information about cooling agent and its circulation
+ Tables 5-9. and 5-10. Pressure losses
+ Tables 5-3, 5-4, and 5-5. Water specifications

11.2.2 gusl7| ME
CHS o= LCL HE{7 Qe =
o HAH QT ZteS AT At

A2 1 JHet QAHE
7l8to=2 HX &

Table 44. Example of a liquid cooled common DC bus drive system

wet|

2| 3 7t ZEtE Ed

Q3 Mests

—_

E2lo|E AMEAL O

OE

2l0|E A|AEIO| A

HOJELIC.

2
[= =]

oM LS BE

2 AAl

= e =2

. . Power losses Re_quired
UnitID Chassis | Voltage (U) | Current (A) to liquid (kW) nomlna_l. flow
(L/min)
LCL-filter | RLC-920 400 920 55 40
AFE Ché3 400 920 14,4 50
INU4 Ché1 400 385 5,5 25
INU, Ché1 400 300 4,5 25
INU; Ché1 400 300 4,5 25
Total: 34,4 165
O] OfoflA EZ2to]E AJARIS| Mo CHSH & M2 &H2 34.4kW 0f LCL%
25 Ol HXL-M-040-NP Z2 £EE 4 488 LIERHLICE E+
d24Lt 165 I/min § 27 A2 AAE HXL-M-120-N-P &Z[7}
ZRSICH= AS oot AFE |
nJ
INU4 |NU2I \NU3|
b o o
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(=)
11.3 S84
44 Caloje AlARS AEE wie S2iol2 FH|W LR, S5] N
_l.;0|-0|:o+L_|I:|- I:E_|-0||:| FHH|S LH—‘?’- | g;aqg ,:”740'_i 7|'1|' o3}
Liso] 24 e} &7 QAsHs HeLC}
OlzHo| JHTE AIRSI0| CajolE T ZA (M2, && U WY 20| ZBHO| OHMSIA| ZASIALL
WZoH0l| S1RElE SRS MEISHIAIL,

>
1
=
>

HAl E@lo|EOo| Wzt AR
Bla2 W24 &7t olsHECt
fHe Was g calols Afu|w

Hol siY B ORfol YO 20| AWBLICL IYA AL PP AUSE W/EE AHSES SR
e 58 5O NuE Off IS ASUAL ZS NSOK QT YAl 25g sold
cajoluo| HZ 52 UFJH ZABLICL OFf TML 3L DT (1013mban) ok SEBILIC

Condensation - Safe operating area

40

\ Coolant
temp“C

45
— .40
— —38
- =35
---30

1
—20

Ambien temp *C

100 90 80 70 &0 50 40 30 20 10 0

Electric room relative humidity %

Figure 99. Safe operating area
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#7|40| 287} 30 “Coln
71 2 2Y) Sefols

ZI— _|I_

U SE71 40 %0| 1 'z 271 20 °C ¢ E2 (A ¢ AF FHUM
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S H
rO

T ATH 57 60 %2 ASSHH Cefo|Hol HE Z70| of ofy
I3 24 Z740| SISIE 27| SE8 28 °C O[5HE WZSORBILICE ALy
2E2 Y3 4 QICH W2olo| 228 25 °C 0402 22{ORRLICY,
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12. Motor Cable and Output Filter
2E L AHo|22 MY BrAt(voltage reflection), F Amo|3, Z2Z, &3 HYQ| £2 HIIE (F, dU / dt)
L HoH MFJE Zelol=s £F 4ol Fs wsLICh Ol2(st AMAMCR [olist FLE £0|7] 2o
Fht Het7|o 230 HEY & U= M 7H] |39l ZE{7t USLICE
+ thedU/dt filter
+ thesinefilter
+ the common-mode filter

12.1 Output Filters
12.1.1 du/dt Filter

du/dt ZEjE 22HOZ Tt FOtpTt ZAHE{Q] AR FOi4E ZufSH= LC Low pass filter QLT

ZEE MY TAQ M5 AZE JUHIZLLCHL F, Fhote HET(Q| 23 MYl Halgu 1Fnt 422
EULICL du/dt EEE du/dt 22 1kV /u s O2FCZ ZQLICL O|HS MM B& Mol &S
ZQULICL BE W2 HAHo| HAH ZTE Zifolo] LMSHH W2 HAHZ MAMS| FSIAA HMO| turn-
turn 2t 282 doZiLct

du/dt EEf= ESH ZE{0] TSt MY AEYAE |RUSI= MY HAE ZLAF|= Ol =20| Eh
0|2 “E?_ IOIZ M| uEA0] 72 Qls FYEEH, Ol= AHOlS2t 2B YoEHA At0|Q] xo] 2
UAATE DAAZUL. 2oz Fast AHolE 2017t o ZO{RLIc

dt 2 £0|H 2HMH £& M F7t(capacitive leakage current) Cf ZIORLICE du/dt ZE{= £ A2
UFRE LLaA7|1 Crdet HIOR MF AA0| Foks SYLLE

FEEYLIC et 2EQ| & OFR EF Aeto] E HAE Za &
F= O[2|A] S4ELICH

du/dt ZE= 3|20A 2Fztel MY
4 QIALICE 0|72 YHtdoz ma g Ao °o"

g

]

N

ol

M

ooln mu:

Bl LA LES S0|1A| FEUL WatA 2B HO|SS Afm| sHof gfLCt.

DEQ| A QAL du/dt HE{7} ZQ3sHA|
Vacon 2 du/dt ZE{ AM0| CH3l C2 &

Table 45. Use of du/d filters
Supply voltage Need of Filter
200~400V No need
TEPF OIFHA E0jolT, 1Y Spike of AY & U= F9tH
440~525V o QS OdEA| QICHH du/dt ZHEIE AFESHIAL.
Frame 37| 200kW O|&0M= 22 9f
du/dt E= ARl ZEIE AMESHUAIR. RZE{7t O|F HAE U

=20f| SA §&s| EAlE 39 22sHA| HELTh

IZI|0

525~690V
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g

N X &Q ‘

12.1.2 Sine Filter

ARl ZHE{= LCLow passfilter 24, du/dt EE{Q} E

QRS HHSIEE 2YE[0] USLICE He| 2HHs Hoint e o

ARl EEIE ARZSIH RE{Q| QY AEYH AT SUSH MU MAUS AESH= L DOL (AH 22121) AFEA|
ZME= Ad SYELCE ARlI EEE AC E 2 &

.,.
o

2]
Ol ZEj= HOE MF L e HIE HAHstE RE{Q] 48 £F2 SQILICL 23 HYUTJ|E A8SI= 42
ARl ZE{E HAUT|Of| AEYAE & 4 e DFOF HES HAHEHLICE

du/dt ZE Ci4l ARl HEHE T4t ALY = UA[TH du/dt TE{ECH W HIWLICt RsHs ot

Z QUYEA L HMAHAE AMESH0F 517| HfERLICE

AR EElE Yo E 7~10%2| MY ZSHE oLt o Mol &3 MYUS =00F T £k
UASLICE Field weakning H{0|AM ARESHH AfQlmt EHE{7t gl= AHCH E OFR EFVF O Ee| EHo{ALC
AR EEIE AMESHH EM 71 2E| FHOo|E2 ABEY £ USLICE d2{Lt 25 Common mode voltage ¥
EMC ZHd0| HAHEl= A2 Ot ZE A Oo|=S xHH|sHof RFLCt.

du/dt ZE{} ARl EE{= 7H5SH 0|2 AAO|H ARl E{= du/dt HE{ECH YSLICE

ERAb du/dt = ARQI EEE Aot 49 ZEZI HAE AQY FO+E SQlsty E2to|lH HHo|
SHHEZ| SOISHYA|IR. ESE AR Oopp7t 7|2 MHIYEC =2 F2 690V E2f0|Eo| B3t 7tsdE

2HISHIAIR.

H
—

4>
Jm
0x
ro
ini

—_

12.1.3 Common-Mode Filter

Common mode ZE= H|O{E % HA| MBE F0|= o AAHEELUCL

=0 Common mode EEHEZ ZAHY 239 SHH I0E AMESIH, = HZI0|E S 0|20 HO

20l 24 & &+ UELICEL MFRE MEYSH= 0|2 F20l= A7|¥0| UASLICE H2I0|EL| Eil= 0] EEE
%

AUSAIF AHol29| AHHAS 4 HY SIIAF|= AYUILE
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|]0|I

5= Alo|20l HZEEH atEs ZE HR0= F2S D|R|A| LA 3§ 2E
. 0l Aol et s MF7H 0 OB MMM &4 A7|0| g17| WEYLIC
Common mode MF&= & A4S YHSIH 0| AH42 CHEEL| H2t0|Eo| ASE/0 Common mode ZF0]|
CHoHA R QUI|HATE S7FRILICE
0|Z42 Phase Conductors Bt &g SutA|7|= 0|F0|7|= ©LICE PE (23 HMA) EAHE Ez2IsHoF LTt
RE O20|EE= MY O|E2 0| S5H= A020| S5 HHE|0| AUO{OF JHLICH.

Common mode ZE{= £235t du/dt ZE{ZS H|25HA| Y&LICt

Common mode EE{= E2I0|E &3 2|50| Ct2 &3 ZEECH M2 AX[s{of Lt

IZ0|EE 3 A8 BE &
79| QUHAE SIIRILIC

>4-.-

A
iy

Ferrite rings

Metallic wall of
cabinet

Screen connected to earth
through 360° connection

Cable clamp

Motor cables

PE rail

ud1011k7.fh8

Figure 101. Ferrite rings

12.2 Bearing Currents

FOt= HED|O| 23 Y= 23O common mode MY o 247 AFLCH

ZR0| w2t 0] common mode 0| HOIE HFRE LMAIZ ZE| HO{ZO| [sHS %“%F% o =
UFLICE ZoAoz WO oAt Hofd 20| AN w2 Mz AHAZ s Hof
ASHELICE £t HjojZat 2lo]A DfR2 Qs RE| 30 2S0| LMFLICE

oru
HH
N
=]
uy
I
ol

I-_I

HIO|Zo| dd &2 ASE I FE2 =S HOY O|A0A ZAAZLL HOES 7I2 A MU0
LUSHH, FMAEZE SHE| w2t AT MY (breakthrough voltage)O =T W7k 2ES &
H7|140| S7Keict. EEO| MAIH Ant37t HE Fof GSLICh 2 AnEs 23t Ho|A0M M=ol EXHS
M3 Z= Ho]F 2|0|A0]| WelEt miES THSLICE 0] MFE EDM (electrical discharge machining)
HFet gct.

o2 82 29| =/ YurMoZ 0.2 ~ 2.0 - um YLICL. AFOH(50Hz DOL ZE{)o| AL, At HY2
H EE HTO[RTH WE ME AIZICZ Qls| HE9| &7t LA 22 10 pus BA Al 20~30V HL|of| 0|2
= QUELLCH A g2 25, 24 29, d: Y J|E o3 2219 BT 7|S0|22 023 42 AHS|
HAAQILICE of2{st MZo| Fntpot 37|h #jo{Zlo| YOt | 2| Ofu|E|=X|& ZAHELICE FOp=

Zlo|eo| A Fmtet EZ0|H, TE I Mo F2|A EMo| 370 w2l ZYELLL 2 HoH

rir
0

&5t MofstAL £5H7| HESLIC.
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12.2.1 HIG{Z0AN HAH2 LojL}= A
S|t FHIAEIAC| UHFHOI WHS 12V 0B A% AIZH2 50ns YULICE. 10 ~ 100A O ZS &2 M3 HE
ULICE 0|72 PHS BHAHOR 40 Al J[Et Yoltn A2 IHO|EJ BATULCL 5170
2L 1 DIBFYULICE 4Tt Jjo| 23H77t HHE $ B0| H7| AIBILICL 0 B YA HE THE

LT T2 AC E2f0|H9| Foteot HAE|N UA| HELICE

Figure 102. Left: miniature craters (microscope image), right: washboard pattern

12.2.2 HIO{F HR2| 37}A] 2 FtH|ng|
HO™ MF g2 3712 2 72 ERY & UASLICL

82k ¢ (capacitive voltage), &8 ZF (circulating current), & 2| & (shaft-earth current)

12.2.2.1 8dd MY (Capacitive voltage)

SOt HE7|o] SN BtEXlE HE HHS MdeiLCh 2EQ| |4t RE{Q| 1HAL AM AL0|2| ML=
A0 OfH Ht=A7F ZSSh=Ao| M2t S2H slzol + F - MU0 wf2t CHELICE Ol S0 400V
HEZS| N M2 ZE Zof| Hlsi +280V Off AS = UCH CIE ALz| 2xl= ZE ZAo|
HISH -280V Off UELICL O] MY HES2 ZE{Q| 27 ST AASIH ZE| FMo| MY FRHIZE = <
UAELLCE ofzf JZoM (BEY AY 3/ C1 2 ZE AHMOM 32 32 (BE )7R|Q EF
FIHA|EIA (stray capacitance)0|1, C2 = 3|MAL S|20M 2B ZHUNR|S| HF HINAIEHAYLICE Z2E
HO|Ze| MY AHIAIE C2 o Md YL o] MY (AZAM U H|O1F)0| HoEH s EEQ
g eSS ZUSHH A2 EDM UFR7t HI0{™ LHRO|lA Z/d3L|Ct

mjo X

T

getdoz C1 2 C2 o U2 % ALz EDM MRz Zut oHA|= o4 2SLICL O[2{3t 0|f=Z O]
T HOY HRE LMoz HoZS 2

70| ELAIZ|A] BT

<<;__i:_:_7 7:_:::;) Windings

W[ | —

N
U bearing

Figure 103. Capacitive voltage sharing

L Motor frame
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12.2.2.2 &8t M7 (Circulating current)

ZH ZQlo| H|LHY £H ARE 2H 0| MUS FLEBLCL MYo| &
2o7t YMELCE 0= YHHOZ )110kW Q| CHE ZE{QF BAE EHQUL|CE
FOb HEDZF BEQ| Z5 MUYS WHESIL UAS o, A7t AHRAL Aol M& Ee ot ozt
gdsts =7k AHIOIE #Ho| M7t Halste ZE| LHEO| H|LH Y HAUFRIF LMELCE ol2et =4 MR=
ZE Zo| EEE A0|2] 32t 3|20IM MY (U)E RTEILICEL 0] MY0| Hoj™e| &5 Aeh(breakdown
voltage)2 Zuts5t™H EDM O] SHASH|CH,

ZH £ Zo| HofE Afole] f& M UZ2 Jz|of mab CHELCE YHHHo=z A2 72l &4E
MEFLCL M2t 025t R&9| HoY AT M| 2 2 Tl 2H, & 2 1EY ZEOIM 713
=5LCE 0l2{5t 0|R2 2E HZRYAl= YHHoR Ot HEJ|S ALESI0] ZEE A0fsts A0 CHstH
E4 HE AMdS ZELICL Ol2E HE Aol g =

UELICE OIE E0, 100kW £ FZF Y SHRZ ALEst
Ho1dE ABste 20| ES&LIC

O
ol
Hir
|o
g
=
<
o
mjo
ofm
=Og
pAl
Ju

riok

il

Holz ¥ 2 T AZo| m3E
o

A
T
47t B, 1 o|20= ZEo ZHH

s N

A
\j |
1 1 L
o — — ™ U|shaft
| i
s
i shaft

Figure 104. Circulating current

12.2.2.3 & HA| ME (Shaft-earth current)
DE DUt 7|A Ato|e M | &l0|7F HIO{ZL| At Mt SHAIZIECE 2 22 = dA| MB7 Lg
£ ELCL
S| HAAO| Q|0f 2t Dok AYS M

AZ[ALE ZAAZ|[= 40| UELICE HAESH MaA| EFE &4 MBI S 2HCZE REE|= 2EQ|
AASH A2 R DY YUo| MY HES WA & £ JELICt
= AR 425 7| AduEA w2t 2R2ELCH 2EZ HoEs x| (0 )7} BE AFZEN HZHo=R

Z|0] Q1 Al YOHATF ZE| Do | QULHAHCE 22 AL HO{Z AMo| 13 Mt 2
Q30| oM, LM HMEJI HOUS ES| AFLER MEE| D, ZARE E5f Az 22 MZEL|CE O
HO{2lo] 7|0 &4F 0| USFLICE ESH FH MBI FX|9 H|oE Es= HEEZ S5t

> oX P re 4r
0z o _Fg_: (N
mo

ac

ac

Figure 105. Shaft earth current
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12.2.3 Oflgf=%]

12.2.3.1 Cables and cabling

Common mode HYE 243} 57| 2lsiM= Ofzf :LE'(EH% Al012)2t 20| 34 =47t A= iy AlolSt

Hro| HEE A83t= 20| EELICEL HA| Aol n=xm UMHAES {431 5H2H Z

FEe ROk HEV|9| DY e ZE D0 HZ oHOF ot 2!

A= 2E AolE, & =B BH, IOt HE| B TS RE M AQIR|, HE M2 Es FObe
=

HE7|9t 2B ALO|of HZE CHE

360° MAt =7tset 8% MAl 2|29| AHHAS 2[Ast517] 2l A0l 2EQ| HAY A/t HA| Y
Aole] 7{2l= 7tset ZOtoF BLICH(OH: 3~4cm 0|2, JeiA DOHY HR|2te g2l A2 =2 YA
=0 HY=|R| HELICH

Figure 106. Symmetrical cable

« O AOISS AESHIAIR. 71y 2Eel Aol R2 3core + BEQ| o HAIYLLH (PE
o}o[of 11'°r|7|' =)
HRIAE YAlBH7| Qs 22 hf YOEAS MESIH ZEQ 7|4 ZsS 2

Y
HESHAIL.

12.2.3.2 #HH H|o|H

HOY MF7= EDM ImE0| THSHA| =5 H|OFQ| o5 Y wus et +

USLICE YEHoZ O|A2 EE HIoE, AE HE Es A2 20IUE HIKZES ARSI +3ELY
A

2| AHzYA= et HE S8 AISELCL

12233 % TE AL
£5) Hl0fZ HRE AHIZ WEIRA 9N =4 FHo| T H2O|E YO=2 HAE 49| Common mode
filter & AFS %g 4 QIELICH BE| RS HSSHE O 22 ASSIE du/dt ZE, Al TE Y AC 23¢9

Z2 U2 e HolY MEO| UBS oL Y& T4 EE ZAAUCL 12 Yoz 3 I Hyo=

o =TI

TEEEE2 Common mode AHEAIL dtijHo=z FEUCE &7| ZEZL HOE MF0| CHsH &2p240(7]

—_ 71—

SleiME T 22 AFESIO A= &|0{0F ShLCh

12.2.3.4 322t 2E Z Atojo] SHH 2T

2|2t HEf MZE AO[0f ME=d HZO| UAs B2 AFMRME M7t SLsHOF FLich. ZEtde

Ot S¥et =4 ZQ = =5 SO0IEM Z2|=l0] R, HZ AY0| 25 S H=d HZE A=
B0z <=0 YELICL LIY0| EAsts 82, 1 Ao S =J0| YGE0of gLt ol
AHEATL 2 SEYOIE(0:ZF 10cm)E ALESI0 O] AYUS ;S 4+ UASTUCE YA L0 A8El=

16mm?® 2| Z3j|l= n2oh mHATL FHE7| R 0] BE2= A8 £ YFLICH.
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12.3 Encoder

QIACIE TE{Q| x|t MHE HIO|E{E AH|ZFILICE C|0|Ef= ZE(incremental) E= Al (absolute) ¥ %
ASU L
12.3.1 Incremental HIO|E{ XS Encoder
Incremental Cl|0|El= REE stz O ABEY £ USLICEL ZR00 U2t Incremental C|O|EIE IZ]
A Ho= AR = QUR|IDE AR Al 2[8 AR|RE AHBSI 2 (calibration)O| EQeiL|Ct

+ Encoder RS422 (TTL)

+ Encoder 10~24V (HTL)

+ Double encoder (Wide Range)

+  SIN/COS encoder interface
HTL = High voltage Transistor Logic, voltage level is 10V-30V
TTL = Transistor to Transistor Logic, voltage level is 5V
RS422 = Differential receiver for -6V to +6V signal. (Z¥&f 222 2= TTL encoders 2t 52
12.3.2 Incremental@} Absolute HIO|E{ SA| A4S Encoder
Incremental Cl|O|E{2t absolute HIO|HHE 2% AHZ5t= AZHE ALESIH ZEE ZYStD 2L w21
HESHA vz = UASULCE

+ SSland ENDAT Encoders (with SIN+COS)

+ RESOLVER
RESOLVER = 0| 3)dg mf 2sl7| HME Safsts oLz Z7|7 ARITMHCZ H3lsH= 3[H
A7 [YLICE 2alisoll= 1 & AM 1702 2 2F #MQ! SIN 2 COS #M0| ZJtE|0] UFLICE
ENDAT = #i QIZHE 2lsh duet 37|14 23 QEMOo|A/LCE OE S0 Q120 2{z| HIOHE %S
= Aon ENDAT HZS &dli 2120 mi2i0|HE 23 & JUSFLICh Est Q1A 7|5zt HAE HARE

HEELICH

SSI(Synchronous Serial Interface) & 2t 2|2 2!
NOTE : SIN+COS CIO[HE &she MiA=

12.3.3 Absolute L|O|E] 4| Encoder
£ Q7AIRI0| Htioz L&l L &0 G0t HSst=
AU

«  SSland ENDAT Encoders (digital only)

QUIHE AESHO]

12.3.4 43|
Vacon 2 & 2t EQIAE H0] #|0=
AOlES MEFLICE 1Rl ez 4SS %?ﬁfll oMl 2.

- O—

I'IJ|0

=t
o
mjx
!

12| =241(360°)0ll MAIE st ¥z 20T HAIE SfLLCh.

=
[o

N
S

Ly

1

= Z0|20M LIRE AZCE QI3 0322
1 Hol2 AEZ 360° EMC SA0| HIH5t=
40| E|0jA= QHELICE

OifN

HZH(6Hz) 22 HE{9| Ll S0z A

Triet B ARBSHE 0| EALICH

235t

T UFHLC

10
E
i
Rl
ox
i

UELICH. ZfﬂﬂEl thy 2E

ULk 28 & &8 #HolE2
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13. Commissioning
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=
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ot A0l S5 7FSELICE OS2 CiYet ME 20re| = E|aYUL. Z2HE

t2|2t= #HOIM'E o FEEA CHE A7IAIete| QETo|A WAt HAS A= 7RIE HES T =

[GLICE D42 CHA| ARplel 275 2iQIsty AlEle ZRHE Zajof o UELICE HO|MH'EQ] ofjH]

jol= A0INE Z2MEQ| Uy A HATE AHet 2| &lshs O =F0| ELICh 0 Aoz Aot A|Zto
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13.1 IOl A2H ZENA

Z A0NE Z2M|A= ARELICE 0] Fols AHOIMNE Helol tieh M2l Oo|C|0E #|S5H7| flet
7tAl oflAlet YHFMOl MFHO| HBHE|0] UFUICH Chapter "13.1.2 M| & &HZE =" o= 2 714l A
CHOIO1 13l Of| 7t ZZSte|of UFLIC.

J

o
my )I'E

13.1.1 OrzSH 2tei :3H

el S flell AHOMESE +ote 22 M =0 ChHer AHst FF= Z=F0{0F ELCt.
7| 2 AHOIN'E TAHOME S ULICE ML 280 2tA S0l 2YUS sAlsHH F27F ZStLCY.

Figure 107. Warning sign
ESH AN B UIALE S20|E AAHMO| TN 24T} AMER| YTE HOMI ASEE IRt
7|et 2|7 AHsHof S5HH, FHE 735t Z2ESH |AIsHOF Lt

13.1.2 M3 o |9A stol
M3| W HZES DEHAC R HEE AlAH, HZ ZEE
cato|sol 2 ezl J1 U A ABALIC,
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. &Y Y mewe MRS ofzidt ¥ze
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A AADNE Eak Mol F7t2 AFSHoF & V12 AlRtlE A7 AR Y2 E HFLS0| ZeHEUC
HEj= E2fo|Het o Yot d5= MSELICL Id2iLh AIA™el 7|AH :o% A SHAE 2YsHH

ECO|EE AMBSlE ZRAMAN= EF 27 AR0| JFUCE 2A9| FHO|ME HAME 0] 2E 20|
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et

Eeto|E AA”-L RE Y 247 HE A w2t EEEIRASAl, |0 7IAAHY £40] gl=al d4
227t AU

b= S=E0ME i“.’_'ﬁHOF g =9 F 7HA| OIF 20 EUCh
« 7A 2 AT Yl Y Ee A M2t 22ELU 0
« BE FZE2 7Y Es MY T2t o] R0FLICE

. "*XI(Ei Al & 7lE HA)7t dFELCk

« BEE AOIZ ¥ HAH HERE Y B30 U2t 2OR|H HA 2|7t YRR

. Io g2 2=t HHE g 24 F A0S 2¥S HFELIC

o b A[E2 TRELICE E2f0|E FHH|S R ASRO|LE HA|ZE ST

«  EClojE FHHIR LHROA 2E STE HAELIC.

« R Es HA AO|of HEHO| glELCh EH HAES S

0|
HAEES +30l0F 5t= 3% ¢ YAt +&soF ghLct.

o
-0
2
N
30
j>
r
u}
kd
i
!
re

13.1.3 & &l
Ol THAQ Yeto2 C2fo|E A[ARO| CtUst S MASHOF efLCt ol2fst 2Y0l= CH=30| ZehELC.
+  Relays of the emergency stop circuit
« Timer relay
+ Overload relay, thermal overload relays, etc.
+ Breaker settings
+ Earth leakage current protection circuit

13.1.4 E2jo|e AAY U ZEAAE HoJE £
OIS 21A5HHH 2B, E210[2 A[AR 2 0z ZzA A0 CHet HIO|HE o= =Qlsiof Lt 54
£, Wk St 22 HOH= A4l Z=AA 2Fu U|sHof SfLICL O] HIOIHE 7[Htez uZHo| Zz=AA
Q7 A0 ch2f A|ARO| FEE|U=A] UsHOF FLCt.
Mt LHE2 CiE22t 25U

« Motor’s rating

+  Encoder

+ Cooling fan details

+ Motor’s temperature measurement device, eg. Pt100, thermistor, over-temperature switch,

etc.

« Mechanical brake

+ Direction of the rotation of the motor and the corresponding process requirement

«  Maximum motor speed, process speed and any other speed requirements

+ Speed factors, such as transmission ratio and diameter

+  Speed ramps

Start/Stop method

13.1.5 48 A4
Ecto|E0| MH0] HZE|0] US W 2E{7t Q=5tA] S8 ARE|R| EEE ELICE
o R2HOI 2k MM I R AQIZ| 3|2E HIAESILICL RE 20|A 0| HAZRE SQIFLICE
« 535t gl0| 235t HE{Qt BEIE Z2[FLICE
«  R2EO| T OoH, ABE 2 MEf0(E|, A%, S| Y, 7t& 2 Z445 "-Z AIZF E 23 10
dYs YLt

« R SMZIE 2YELICH Ao HE{9| YA MR oHAR|et SHELICH

L
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o Z[ £E7A| H2ZHoz 2R HEHM REIE #S5H| AARILCL QIEE mEE =Ist
L£EE S0l ZE7} REHA 2SR A5 SHIEA| F2E(U=A| 2RI T

« ID(ID) ™S +™HSLCL

« A ID run & £YsH= 40| Z5LCE ID run 30| 2E= gutAoz A £E9[ 60-70%7HA|
TSEULCE 28 OiE2|A0|M0ME BSHE ZEOIM 2/ = YSLICh o] E ZEIF HASH
AEHOIM IDrun & ™Y = USLICL

« BH Ao REE &£k = EF HEEZ Z610| Open Loop E= Closed Loop 22 MAFHL|CE

o DEMNA 2F RAKE, EJ ¥ R0 M2 limit & HAeLC

« &Lk ZEEZ, ¥} xR (load drooping), 7t& E= Fof B9 Z2NAE HY/xH SLLCL

o J571 U LEHOIM RS S CE
o
o

—_

o YUYOR YO £k HE| HHO ZH FSHE 7K REIE ASEUCL O|FA SHE HEEQ
APt Z2MA I HSHo| AT He| oM HESHA ASck=A] 2lE +~ USHL

13.1.6 Documentation

fAES U MHA SHoZ FEMJt TEEH|CE C2io|E AlAHISl MA £ IO MASHOF StH AtE
7tsst Aoz [lsHof BHLICE

- Z0|Md 0| HZo| HE=

o D3 ALY EE 2

ol

«  L2fo|Ho| oj7f tH4- o

, HE AE 2|2 CHo[0{ 1240l EA[SHOF ELICE.
=Aet =HS HUH|O|ESHOF SLCt.
'.

4BHOZ ASMS Zu}
NAHZ A8 4 UL, |
QAL oY B0l £S3 YEo| oLt
M3| MBAE ARFHD YOISAR, J2IE BE AAHMS I/ZRHEWS CHEUC,

F 2YE S0l AAYS CIg A2IY0l 51 D20 IS FIAH 1Y UZEE EY & UL
A0S So Dol AN LS morstn Jof nf2t Sejols NARS A8 Yol 4 YUt J3IE B
O g 4 gLt
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Figure 108. The supply section
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14. 2F0| (Abbreviations)

Abbreviation

AC
ACB
AFE
BCU
CAN
CISPR
DC
DOL
EDM
EMC
EN
EPDM
FC
HTL
HVAC
Hx
IEC
IEEE
IFA
IGBT
INU
IP
ISO
LV
MCB
MCCB
MEN
MV
NBR
NFE
NXI
OPT
PC
PCC
PDS
PE
PID
PL
PME
PPR
PvC
PWM
RMS
RPM
SCR
SIL
SS1
SSI
STO
THD
TTL
Vacon NXP
VCB
VTT
XLPE/PEX

Term

Alternating Current

Air Circuit Breaker

Active Front End

Brake Chopper Unit

Controller Area Network

Comité International Spécial des Perturbations Radioélectriques
Direct Current

Direct On Line

Electric Discharge Machining

Electromagnetic Compatibility

European Norm

Ethylene Propylene Diene Monomer (type of rubber)
Frequency Converter

High voltage Transistor Logic

Heating Ventilation and Air Conditioning
Vacon’s liquid to liquid Heat exchanger unit
International Electrotechnical Commission
Institute of Electrical and Electronics Engineers
Institut fir Arbeitsschutz der Deutsche Gesetzlichen Unfallversicherung
Insulated Gate Bipolar Transistor

Inverter Unit

Protection class

International Organisation for Standardization
Low Voltage

Miniature Circuit Breaker

Moulded Case Circuit Breaker

Multiple Earthed Neutral

Medium Voltage

Nitrile rubber

Non-regenerative Front End

NX s a Vacon AC drive product family, | comes from “Inverter”
Option board

Personal Computer

Point of Common Coupling

Power Drive System

Protective Earth
Proportional-Integral-Derivative

Performance Level

Protective Multiple Earthing

Pulses Per Revolution

Polyvinyl Chloride

Pulse Width Modulation

Root Mean Square

Revolutions Per Minute

Short Circuit Ratio

Safety Integrity Level

Safe Stop 1

Synchronous Serial Interface

Safe Torque Off

Total Harmonic Distortion

Transistor to Transistor Logic

NX is a Vacon AC drive product family, P comes from “High Performance”
Vacuum Circuit Breaker

Technical Research Centre of Finland

Cross linked Polyethylene
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