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1. Engineered Drives Manual   
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2.   
             . 

       .      ( ,    

)   .           

     . 

 
Figure 1. Pulp and paper manufacturing  

 

2.1    
      .        

       .      

.        ,     

           . 

 
Figure 2. Ambient conditions must be considered  

 

    ,   , (   )   .  

      . 
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2.2 Drive System  
           . 

            . 

Common  AC  DC bus            

           

. 

 
Figure 3. A common DC bus line- up 

 
    . ,         

 .              

. 
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3. Drive Systems 
3.1 Single Drive  
Single Drive   6   12    . Single Drive     

(Wall mounted drives) ,       IP00   . 

   Power Unit , Control Unit     Choke  .  Vacon  

  Choke   . 

 

AC  DC Choke       .  AC Choke      

,   DC- link            

. DC Choke    DC        . 

 

Power Unit      ,     3  PWM  AC  

 IGBT   . 

 

Control Unit           . 

  , parameter  ,  I/O   Ketpad       

. Keypad       ,  ,     

    . 

Keypad            .   

      PC        . 

 

Single Drives         . Vacon  Single Drive   

          . 

 

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

  .             

   . 

 

Single Drive       Open- loop     , 

Common DC bus system      . Single Drive  , , HVAC  

    . 

 

Single Drive  ,         . Single Drive     

         . Single Drive  Common  DC bus  

Common  AC bus system           

. 

 
Figure 5. Typical stand - alone drive  

 

3.2 Common DC bus Drive Systems 
Common DC bus Drive System   AC  DC    Common  DC bus   

   Front - end Unit  . Common  DC bus     , 

Front - end Type       . Common  DC bus drive system   

            Brake Chopper 

Unit    . 

 

Common  DC bus           . DC bus  

     ,         . Braking Power  

Common DC bus      . 

 

Common  DC bus drive system            

 Front - end Unit   .   ,       (THD)

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

 

3.2.1   Common DC bus Drive Applications  
Common DC bus system  ,      ,     

    .      Common  DC bus system  . 

DC bus System   ( regenerative)   (non- regenerative)    . 

 DC bus system  Front - end unit       .  system   

      .    Common DC bus  

    ,     Brake Chopper Unit  Brake Resistor  

  .             

Common DC bus System    .      

Front - end Unit     . 

  
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 System       AC  . 

  Common  AC bus       .  

 Common  AC bus   ,      . AC Drive 

System       Drive  .   . Common  AC Drive 

System               

 . 

 

   Common  AC         

.              

.         ,       

    AC bus      . 
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Figure 9. Common AC bus system 

 

3.3.1   Common AC bus Drive Applications  
Common AC bus Drive System           

        . Common  AC bus Drive 

System               

. 

 

Common  AC bus System      Common AC bus      

. 

  

3.4   
 

 Drive   Drive System   3   

Manually (Keypad  )  

I/O Ợ↔ 

ӥḲᾅ ↔ 

 

         .   

 /        ,    . 

 

 /      I/O        

.        ,    ON/OFF   

 ,           . 

 

        ,    

   .          

  . 
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Figure 10. Drive control  

 

3.4.1    
        .     

     ,         

    . Vacon          

 . 

 
Figure 11. A fieldbus communication system  
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3.4.2     
      .       

  .        . 

 

       .    Start/Stop 

   PID control  .        

    .       ,   

     . 

 

           

         .     

       Bypass    . Bypass  

     . ByPass     ,  

          . 

 

        .      

.              . 

   (ms)     ,     .  

   .  ,      . 

 

3.4.3    
         .   97%  

   .       . 

 , ,  ,          . 

                

. 
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4. Drive System  
         Common DC bus System    

,  AC    Common AC supply       

.           . 

       .  Drive     

  , Common DC bus System  Drive System       

     . Common  DC bus Systems     Front - end 

   . 

 

4.1      
       . 

ҞBasic Shaft tuners  

Ҟ      

Ҟ      

ҞHigh dynamics  applications (  Speed and/or Torque Control)  

 

   ( force), ( torque)  Power   . 

( force)  , ,        . 

( torque)  (winder),        . 

Power  ,   ( fans wind mills)   . 

 

       .     ,  

    . 

 

      ,      

   ,      ,  ,  ,   

          . 

 

 
Figure 12. Example of physics behind a main hoist  
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4.2    
  chapter       .     

  .       ,      

 . 

 

4.2.1    :    
IEC 60038- 1          - 10 %~ + 10 % .   

 +/ -  5 % . 

 

4.2.2   Load Data  
4.2.2.1  Load Types 

    .         . 

 
Figure 13. Load types  

 
Table 1. Process data 
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4.2.2.2    : Power & Torque  
  Power  kW (hp),  speed  rpm .  

Power in kW :  

][
100060

2
kW

n
TP

³

³³
³=

p
    ][

9550
kW

nT
P

³
º  

Torque  in Nm : 

][
9550

Nm
n

P
T

³
º  

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

 

4.2.2.3     
 AC    (nominal duty point)   (sn)  . 

%100)( ³-= snsn nnnS  

(Synchronous speed, n s) : 

][
#

602
rpm

pole

f
n n

s

³³
=    (pole# :  pole )  

Nominal speed (n n)  : 

nsn Snn -=  

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

 

4.2.3    
Ҟsupply voltage   

Ҟspeed range  

Ҟconstant torque and start - up torque   

Ҟeffect of acceleration (duration and inertia)   

Ҟ     (    )     

 

4.2.3.1  MtytwŞx%qtfifgnqny~ 
(= )     (thermal loadability)  . Field weakening  

 1/n  ,  (max. torque)  1/n 2  .       

   .     direct online supplied  (DOL)    

       . 
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          30 % . 

 

        .   (Short term required 

torque)       .     ,  

    . 

 

 

 
Figure 15. Loadability curve of a typical motor            Figure 16. Continuous and short - term torque  

 

4.2.3.2    

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

 

Frequency range < fn = constant flux range  

Frequency range > fn = field weakening range  

 

4.2.3.3  Constant flux    
(Tload)  0.8*Tn~0.7*T max   

n

nn

load
m I

n

n

T

T
I ³³=  

In = Motor Şx%strnsfq%hzwwjsy1%%Nm B%RtytwŞx%hzwwjsy%fy%ymj%wjvznwji%qtfi 
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4.2.4  Frequency Converter   
    

Ҟ    

Ҟ      

Ҟšchapter 4.2.5 š     . 

 

4.2.4.1   capability  
   (  40  :5³H.     .  

  . ,             

.  IGBT          .    

     .      . 

Vacon         1 /10  . 

 

 RMS        . 

ä
=

=
T

i

iRMS I
T

I
1

21
 

 

4.2.4.2  Cyclic load   
1min @226A / 9min @202A  

           IL  AI rms 205
10

92021226 22

=
³+³

=  

1min @2 55A / 9min @ 158A 

IH  AI rms 170
10

91581255 22

=
³+³

=  
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4.2.5  (Ambient conditions)  
            .   

        . IP54     

         . 

 

   IP21  . ,       

    .      ,     

     .           . 

 

      .   95 % .      

  .   ,        . 

 

      (EMC) .     EMC  

   .             

         . 

 

Ҟ40ɒ    

Ҟ    ±   

Ҟ    ( :     )  

Ҟ  ±    

Ҟ   

 

 
Figure 18. Environmental factors and EMC of the AC drive  

 

4.3 Drive System      
     ,        

   . 

  



Engineered Drives Manual                                                     21 

4.4 Front - end   

 Figure 19. Front End selection guidelines  
 

Common  DC bus System  front - end unit    . Front - end unit    

  . 

 

Ҟ    :  ?  

Ҟ  ? 

ҞTHD  ?  

     THD   (  < 5% ), front - end unit  Active Front End(AFE)  . 

     THD  (  > 5% ), front - end unit  AFE  Non- regenerative Front  

End(NFE)      

Ҟ    ?  

          AFE   .   NFE 

 . 

 

4.5 Drive System  Front - end   
        .     

       . DC        ( / )  

 . 

 
Figure 20. Dimensioning the front end  
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   Parameter  

Ҟ   

Ҟ  Power  (Power  )  

Ҟ  Unit  

Ҟ    

Ҟ   

 

    (S)  .   (Q)   (P)

 .   DC- link    .      

 . AFE   0.99  NFE   0.93 . 

DC- link       . 

 

 
Figure 21. Calculating the DC link power  

 

      . DC- link      5 %

     .   , AFE  AFE  NFE  NFE   

  . 

 

4.5.1    
Ҟ   Power  

Ҟ            

Ҟ      (        .)  

Ҟ  DC   (       .)  

Ҟ  DC      . 

Ҟ  AC   

 

  IL- cont   AFE  DC    . 

IH           . 

contL

contL

contH
contH P

I

I
P -

-

-
- ³=  

P1min     . 

contLPP -³= 1.1min1  or  c o n tHPP -³= 5.1m i n1  
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4.5.2  DC Power    
  270kW   1700rpm ,    . 280kW   

.   0.96    0.98 .      

. Vacon Front End Units   DC Power      .  DC Power   

    . 

INUfiltermotor

shaftDC PP
hhh

111
³³³=  

PDC =   DC Power,  Pshaft  =   Power 

1motor  =  ,  1filter  =  ( if not used, then = 1),  1 INU =   

 

       DC power  

kWkWPDC 290
97.0

1

1

1

96.0

1
270 =³³³=  

 DC power     . 

     ,     DC power    . 

9.0

1
³= shaftDC PP  

    DC   ,  DC power       . 

        . 

  (  AC  )     DC power   DC power   

.  DC power    5 %  . 

              

  DC power    . 

9.0
9.0

1
³-³= ää genmotorDC PPP  

PDC =   DC power,   Pshaft  =   Power,  1motor  =   Power 

 

4.6      
 Vacon NXP Drive Unit     40ɒ    .    

    ,            

 .    1.5 % / 1ɒ .    50ɒ . 

 

   Vacon NXP         . 

 

4.7      
    .    .( ,     

  ) .     (   / )     . 

Vacon       1000m (  )      

2000m (Vacon NX, Vacon 100  1000)  . 

Vacon             .   

 . 
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4.7.1    
       .        

  . Vacon       1000m    

. 

        100m  1%   .   2500m

      85%   . (100% - (2500m - 1000m)/100m x 1 % = 85 %)  

  Vacon        . 

 

4.7.2    
Vacon AC    2000m    . ,    

  corner - grounded    (corner   500V  .)  

        . 

 

4.7.2.1  Mains voltage  
     , 500V Vacon NX , 480V Vacon 10   500V Vacon 

100/1000        3000m  .       

     . 

690 V Vacon NX     2000m .      519V  

         . (      ).  

 

4.7.2.2  High voltage I/O signals  
 I/O                

2000m   250V  .(OPT A2  OPT AC  , 2000m   150V   

).  150V   4866m    .  . 

ҞOPT B5   4866m  250V   

ҞOPT BF   3800m  250V  ,   150V   

 

 I/O              ( : 24 

Vdc)    4888m   150 V    .  . 

ҞOPT AC   3000m  150V  ,   100V   

ҞOPT AF / OPT B5   2000m  250V  ,   150V   

 

      2000m  42~250Vac  ,  4866m  

42~150Vac    .   

ҞOPT B9 , HV      (  : 24 Vdc)   ,   

  2000m  150V  ,   100V   . 

 

     690V     , hmfuyjw%Š93<3736%Rfnsx%{tqyfljš 

         . 
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4.8 Appendix  
4.8.1    

Table 2. Units of measure  

 
 

4.8.2    : FORCE 
(Force)   [kg m/s 2] .  

 (speed)   : 

( )aagmF cossin ³+³³= m  

(acceleration force) :  

amFa ³=  

 
Figure 22. Force 
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4.8.3    : TORQUE 
(Torque)   [Nm]  

 (constant speed) :  

rFT ³=  
(acceleration) :  

              aJT ³=      
dt

d
JT
w

³=     

    ė =  [rad/s],   

a =   [rad/ s2],  

  J =  [kg m 2]                                                                   
                                                                         Figure 23. Torque  

 

4.8.4    :  
   damping  . 

 

( Inertia)   [kg m 2]  

 

 (solid roll)   : 

2

2RM
J

³
=  

Šjruy~š%  : 

( )
2

2

2

2

1 RRM
J

+³
=  

 

 

 

4.8.5    :   
         (Work) . 

           Work : sFW ³= ,      Rotational work : q³=TW  

          Power : vFP ³= ,      Rotational power : w³=TP  

 

4.8.6    : (Acceleration)  
     t   0  nmax      . 

( )
][

0
Nm

t
JT m

a

-
³=
w

      ][
60

2
Nm

t

n
JT m

a
³

³³
³=
p

 

nmax   Power : 

maa TP w³=     ][

2

W
t

JP m
a

w
³=     ][

91189

2

kW
t

nJ
JP m

a
³

³
³º  
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5. EMC,   
EMC(  )      .       

     

EMC (  )      .       

      EMC            

   . 

 

(emissions)       (immunity)      

    .  (EMC)     (immunity)   

   . 

 
Figure 25. Acceptable EMC level 

         .     

     . 

        ,      . 

 

           .    

    .  Vacon         

. 

    (hugh - frequency voltages) , (transients) ,   

(electrostatic discharges)    ( radiating electromagnetic fields)  . 

 (Low frequency disturbances )  Chapter "6. "  . 

 

5.1 EMC  
EMC  New Approach  EU       .    

        .       

. EMC     OJEU(Official Journal of the European Union)    

 .    OJEU    (harmoni sed standards)   . 

 

5.1.1    
   2     . 

Š            . 

ť                  

 . 

ť       ,        .š 

 

5.1.2   
  (harminised standards)  , EU  (Official Journal of the EU )   

          . 

 



Engineered Drives Manual                                                     28 

5.2   
       .    (www.iec.ch/webstore)

   . IEC  International Electrotechnical Commission   . EN  

 (European Norm) . EMC   EN       . 

  ť IEC/EN 61800- 3             for power drive systems  

ť IEC/EN 61000- 6- 1 and - 2   for generic cases regarding immunity, public and private networks  

ť IEC/EN 61000- 6- 3 and - 4   for generic cases regarding emissions  

ť EN 55011 -  the basic standard for EMC (CISPR 11) 

 

   EN61800- 3      (EN55011, EN61000 - 6- 1, - 2, - 3  - 4)  

.          .  

 TV ,              

 .        . 

 

5.3    
 EMC     FCC(Federal Communications Commission) .  

 Part 15 (   )  Part 18 ( ,    ) . 

 IEC    . 

       IEC . 

 

NOTE!  IT        .      

  .  EMC        EMC   

. Chapter  "5.5.2 EMC "  . 

 

5.4  
          . 

5.4.1     (First Environment)  
     .         

      .   , ,      

    . 

        . EN 55011     B  

. 

5.4.2     (Second Environment)  
               

   .       ,      

  . 

        . EN 55011     A  

. 

 

5.5 EN 61800- 3  4    
   EN 1800- 3  Power Drive Systems   4    .  

         2~4     .   

C1    /        . 

 

,  EN 61800- 3    C2  C3    EN 55011  A    

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

 

PDS of category C2 
  1,000VAC  PDS       ,     

       .  EMC     

  /         . 

 

PDS of category C3 
  1000VAC  PDS       ,     

  . (  100A  .)  

 

PDS of category C4 
  1000VAC    400A ,       

 PDS. (  100A  .)  

 

5.5.1  EN 61800- 3 vs   
 (emission level)    . 

Table 3. Comparison of standards  

 
Vacon NX  Vacon 100  EN 61800 - 3          

      . 

 
Figure 26. Standards, environments and classes  

 

5.5.2  EMC  
   EMC  . EMC        

.   ,  , , ,       . EMC  

     . 
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5.6   (Conducted Emission Levels)  

 
Figure 27. Comparison of standards regarding conducted emission levels  

 

5.7   (Radiated Emission Levels)  

 
Figure 28. Comparison of standards regarding radiated emission levels  

 

5.8 EMC     
    .     .    

  EN 61800- 3   EMC       . 

 
Table 4. EMC emission suppression in Vacon AC drives 

 
 ... H ...       . ... C ...      

  .    EMC     . 
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Knlzwj%7>3%Js{nwtsrjsyx%fsi%[fhtsŞx%JRH%hqfxxjx 

 

5.8.1     
             . 

             

.    . 

 

         .    

   .       . 

 

     .        

 . 

 

   ,  PE       3     . 

    . 

 
Figure 30. Two symmetrical cables and an asymmetrical cable  

 

     EMC   PE    .    

        .  PE   . EMC 

       8;5%³%  . 
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        .       

   . 

 

        .   1   50 %

          .      

.          . 

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

 
           .     

              

. 

 

               

. 

ť     2.5 mm2  

ť      4 mm2.     ,       

        . 

 

6       , PDS        . 

  EN / ISO 61800- 5- 1  . 

 
Figure 31. Routing of supply and power cables  

 

 8;5³%  EMC      .     

  .           ,  

    .       PE  .  

PE    PE  . 

 

            .   

            .    

     .  ,  ,      

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

5.8.2     
,              

. 

 

    , (  )    .    

  EMC  .          

 .       8;5%³%   .     

     .    90   .  

    . 

 
Figure 33. Cable positioning and distances  



Engineered Drives Manual                                                     34 

I/O      .   10nF      

.       .   (   )    

  . 

 

              . 

 

    230VAC          

  . 

 

      . 
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6. Harmonics  
           50/60Hz  

 .            

 . 

    ,  100, 150, 200Hz . 

)sin/()(
1

n

n

n tnAtf jw+=ä
¤

=
 

          (  : TV, ,  )   

  .      (     )    

.      -  AC  DC ,  . 

 

        .  

 (   ) In = I1 / n  ( n    =    (n)   )  

 

    .          

. 

 

3   v = k * p - 1   , 6    5th , 7th , 11th , 13th   

. 

ť v =    

ť k = 1,2,3,  

ť p =    (6, 12, 18 etc)  

 

       . 

 

Note                

    .     0.95 . 

 

 (power factor)  kW/kVA    . 

21cos THDpf -³= j  

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

 

i

i
n

n

THD

1

2

2

ä
¤

=
=

 

  In = n  harmonic,   i1 =   

 

THD  ,             .   

 (  )             (  )   

       .      , 

   /              

. 
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                RMS  

.     (   )       "  

"   .            

 . 

 

NOTE : DOL  ( )          RMS 

   .      .    

. 

 
Figure 34. Source of harmonic voltages  

    3   . 3        

     .   3   3    .    

(  UPS, , PC    )   . 

 

       IEC 61378- 1      . 

 

    . ,    .    

  . 

 
Figure 35.Derating of transformer, typical drive spectrum  

 

6.1     
      direct - on- line    .   

        . 5       , 

7     .           

   .           .  

           . 
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6.2  
6.2.1    
IEC  Public    (       )       

      .  

ťIEC 61000- 3- 2   for current < 16A per phase 

ťIEC 61000- 3- 12  for current > 16A and < 75A per phase 

 

       .      

. 

IEC 61000- 3- 2        . 

NOTE :  ( )  IEC  . 

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

 

6.2.2    IEEE 519 : 1992 
IEEE 519 : 1992 -            

 

          .   

     .-     (PCC)  5 % THD . 

PCC   "       " .     

        . 

 
Fig 37. Point of Common Coupling  
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Table 6. Basics for Harmonic Current Limits  

 
 

  SCR       . (PCC        

PCC    )  

       .         

  . 

 
Table 7. Current distortion limits for general distribution systems (120v Through 69 000V),  

from the standard IEEE 519:1992  

 
 

   PCC      ( ,      ) . 

 

6.3   
6.3.1  Chokes 

             

   .(  .)  AC  DC-     

. THD     120 % (    ,  )   30 % (    

 )     . 
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Figure 38.Typical values for FCs with different rectifier types  

 

6.3.2    
5   7     (  )  .       

       . 

     .         

 .      . 

 

6.3.3  Active Front End  
        (AFE)   . LCL   

   3    .   IGBT      

              

          .    

   AFE               

 . AFE      . 

 
          Filter            Active rectifier               Inverter 

Figure 39. Active front end  
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6.3.4  Multi pulse  
        .     

        3       

  . 

   12  .      5   7   , 

11  13  23  25   .    THD   10 % .    

       , 5   7     . 

    MV  LV     .     , 

         .     

       . 

3    18    .    23    , 23, 

25, 41, 43    THD   5 % . 

 
Figure 40.Using two transformers to cancel harmonics  

 

6.3.5  Passive  
       .   

 12     . Low pass   

    .    

      . 

 

 

 

 

 

 

  

Figure 41. Passive Filter 
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6.3.6  Active  
      .  Šanti - harmonicsš     

  .       . 

 

              

  . 

 

   (    )       , 

            . 

 

     . 

 

 THD          2- 5 % . 

 

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

    .    ,        

         .      

     (IGBT)   . 

 

              

. 

 

              

  .               

   .          .   

       10kA ~ 200kA           

   . 

 

        . 

           . 

 

7.1 Contactors  
            

    .     AC  

         

     .       

       . 

 

  DC      . 

    DC   .     

     . DC   

   2     . 
 

7.1.1    
       AC1  AC3    

   .    (K1)      

cosĔ  1     50- 60Hz     AC1 

  .  cosĔ    0.85     

    (K2)      AC3   

 . 

 

       DOL (Direct On Line)  

   .  AC3      

    . 

 

     ,  24VDC, 115VAC  230VAC  

   .         

. 
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7.1.2    
     3    .       

.               

.      "RUN"        

. 

 

7.2 Breakers 
               . 

     ACB(Air Circuit Breaker)  MCCB(Molded Case Circuit 

Breaker) . ,   (VCB)    (MCB)  . 

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

 

7.2.1  ACB (Air Circuit Breakers)  
      (   6,000A)    .    

          .      

   . ACB      ,     

       . ACB      

     . 

 

ACB              .  ACB 

       , ,   . Positive    

(  )  ACB       .     

.      . 

 

7.2.2  MCCB (Moulded Case Circuit Breakers )  
         (   1000A)      

  .  MCCB            

  .               

 . MCCB         MCCB    

     . 

ACB   MCCB    , ,         

. Positive   (  )  MCCB       . 

    .      . 
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7.2.3  MCB (Miniature Circuit Breakers )  
   (MCB)      (  100A   )     . 

                  

  . MCB           . 

     6kA .            

 . 

MCB     MCB    .      . 

Type B 
Type B         .     

. 

Type C 
Type C      Type B       .  

        Type B  .    

    MCB . 

 

7.3 Fuses 
            .   

                

    . 

               . 

 
Figure 45. Bolt type fuses 

          

  .          

. 

  (aR)        

        .    

 gG             

(gG)  .   (gG)        

   . 

 

7.3.1  Fuse  
      Vacon   .  

              

   .     ,     

         .    

    ,     .    

(AC)   (DC)     . 
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8.      
8.1    

  IEC 60364  2   TN, TT  IT   3     . 

  

      (   )   . 

ťT =  point    

ťI =  point   ( ).        

 

        . 

ťT =  point    

ťN =        

 

TN- S  TT  IT,  TN- C  EMC . TN- C   PE 

      .      TN- S 

  2    .         

. 

 

8.1.1  IT Networks  
IT             .  

        .    

       . 

 

IT       TN- C  TN- S      

       .       

 . 

 
Figure 46. IT network  

     ( stray capacitance)       

 .             

  .. 

 

        .    

     .     IT    

    .           . 
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AC  IT     .  IT    

              

.          . RFI   

      .        

 .         . 

 

,  IT     AC     . 

 

IT          .    

      .         

    .        DC   

.           . 

 

8.1.2  TT Networks  
TT                

. 

 

TT                

  . TT            

 .  TT     . 

 

  , TT   ,        

   ( installation earth conductors)  . 

 

   (TN   )  live- to- PE        

 TT      .     

   TT    AC         

. 

 
Figure 47. TT network  

 

8.1.3  TN- S Networks 
TN- S         .   TN- S 

    .          

   . 
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PE  N       . 3    5  (3L+N+PE)  

4  (3L+PE)  .    3   (L+N+PE)  . 

 
Figure 48. TN- S network  

 

8.1.4  TN- C Networks  
 PEN  PE  N    

.    .  

  65%rrµ%     

  . PEN     

   3       

  TNC     

        

   . 

 

 

 

 

 

 

8.1.5  TN- C- S Networks  
   PEN  ,  

   PE  N  . 

 PEN      

    . 

   PME (   )  

,      . 

        

  .    

   (MEN)  . 

  

Figure 49. TN- C network  

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

Corner- grounded      2       .  

        .  

   -    -         . 

 
Figure 51. Corner - grounded network  

 (   B  )     (A  C)    . 

 phase- to- phase    phase- to- ground  . 

Corner - grounded   , corner - grounded      

       . 

  

8.2    
         ,     

  . 

 

         .     

            . 

 

       .        

 . 

ť Conductor material  (  )  

ť Insulation material  (  )  

ť Installation method  (  )  

ť Ambient temperature  (  )  

ť Current harmonics  (  )  

ť Voltage drop  (  )  

ť Short - circuit protection  (  )  

ť Economic considerations  (  )  

 

 EMC, ,              

. 
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8.3   
     .           

  . 

    (   )   .   

   1.6 .          

. 

 

       : 

ť   ,       . 

ť   ,        . 

ť      ,        

  . 

 

         . 

 

         .      

      .      . 

           .    

   . 

 

8.4   (Voltage drop)  
          . 

  R    ,   I  3      

RU h 3=  

           . 

       110 %     85- 90 % . 

 

8.5   
         .     

  70 Ƈ   . 

 

   PVC     70 Ƈ   . XLPE (PEX)    

90 Ƈ . 

    PVC   160 Ƈ, XLPE (PEX)   250 Ƈ .    

  5   . 

     . 

             

 . 

 

8.6    
3           3   .     

   EMC  . 

 Figure 52. Shielded and symmetrical 3 wire cable  
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8.7     
      .      .    

         ,       

 . 

 

8.7.1      
  ,         .   

       .  

 

       .       . 

        .       

   .        .  

ť     . 

ť     . 

ť      

 

  k     I0     I  . 

kII 0=  

 

8.7.2    
   EN 60204- 1  IEC 60364- 5- 523           

. 

 EN 60204- 1    40 Ƈ   IEC 60364- 5- 523   25 Ƈ . 

 
Table 8. Correction factors for ambient temperatures  
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8.7.3    
EN 60204- 1  IEC 60364- 5- 52          . 

       . 

 

             . EN 60204- 1  

IEC 60364- 5- 523    . 

  PVC (   70Ƈ) . 

 
Table 9. Current capacities for cables installed on a tray  

 
 

8.7.4      
           .    

  .          . 

 
Figure 53. Cables installed on a tray side by side  

 

  IEC 60365- 5- 523   PVC (   70Ƈ) .   30Ƈ . 

 

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

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

 
 

8.7.5    
      .  ,        

.       9 . 

           . 
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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)  

 
 

Table 13. Current capacities for parallel connected aluminium cables installed on a tray and  
next to other ones (nine in total)  

 
 

8.7.6  PE    
IEC 60204- 1  PE       . 

        10mA AC  DC        

       . 

ť   total run    10mm 2   16mm 2    . 

ť    10mm 2   16mm 2   ,       

     10mm 2   16mm 2       

.  

ť        . 

 

8.8   
      .     THD   40% 

.               

   .          RMS   

 .    . 
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9. NXP ±    
9.1 NXP control platform  
Vacon NXP  Vacon       . 

 

NXP     . NXP  Open loop     

    . NXP       RS485  Can 

Bus       . NCDrive  CAN     

                

.     NCDrive         

  . NCDrive       . 

 

NXP     (PM)     . NXP    Vacon  Drive 

Synch     .       AC   

. Chapter "9.2 Drive Synch"  . 

 

        .      

  ,          .      

          .      

(VACON RS232PC ±1.5M)     PC       . 

 

 Vacon  NXP   -       . 

             . 

       I/O   . 
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   .         . 

 
NOTE : 
ť         . 

ť       . 

ť  (automatic identification )  RUN     . 

ť    PPR 1024    

ť           . 

 

9.2 Drive Synch 
Vacon Drive Synch     AC    .   

     . DriveSynch        

 5MW   AC     . 

 

Vacon Drive Synch         . Common  DC bus   

   Vacon DriveSynch     . Drive Synch    

    4     AC      PWM 

    . 

 

         dU/dt  . DU/dt  

 1,5%  .      DriveSynch   

.     dU/dt     . 

 

Vacon DriveSynch          .     

      .        

OPT- A7           . 

 

               NXP 

  . DriveSynch    PWM      

DriveSynch           . 

 

DriveSynch       3.6kHz . 

NXP   VB00661  . 
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Figure 54. NXP frequency converters are synchronized to control a low voltage high power motor.  

 
Figure 55. NXI inverters are synchronized to control a low voltage high power motor in a common  DC bus system. 

 
Figure 56. Individual 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 

DC bus system 

 

       DriveSynch  . 

ť      (   ,  4 )  

ť       dU/dt  

ť      OPT- D2 (   + CAN  )  

ť   NXP00002V171  

 

  : 

ť       APFIFF09V100  

ť      APFIF166V423 

ť     APFIFF10V228  

 

9.2.1  Engineering Notes  
       . 

ť IL Total = 0.95 X N X IL(unit)  

ť IHTotal = 0.95 X N X IH (unit)  

IL Total = Total low overload current for the complete drive system  

IHTotal = Total high overload current for the complete drive system  

N = Number of drive units in parallel in DriveSynch  

IL (unit) = Low overload current of individual drive unit  

IH (unit) = High overload current of individual drive unit  

 

ť    du/dt    2 %    . 

ť            

 .             .  

          . Common  DC bus 

       .  2 %     

. 
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ť DriveSynch         .    + 24V 

     .  DriveSynch     

. 

ť       10 . 

 

    Vacon NX   . 

 

9.2.2       
     du/dt   .      

  du/dt     .    .   

          du/dt  . 

 

       . ,   (   )   

     . 

 

     . DriveSynch        

      . 

 

9.2.3    
DriveSynch          .   

         .    

  ,        . 

 

DriveSynch           .   

        (+ 24V)    . 

 

n + 1    .  n       .  

       100 %  . DriveSynch    

 4 . 
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9.3 Functional Safty  
   .          

.      .         

      . 

          .    

  .           

. 

 

 Chapter          , Vacon   

   . Vacon    Vacon    ,   

           . 

 

9.3.1   
          .     

    .         . 

ť EN/IEC 61800- 5- 2 Š      ± Part 5- 2 :    ± š 

(   ,    )  

ť EN ISO 13849 - 6Š   -       -  Part 1 :   š 

    ,          . 

ť EN / IEC 62061 Š   ±   ,         š 

ť IEC 61508 Š  /  /        š 

ť EN 954- 6Š  -     š-JS  ISO 13849  )  

EN / IEC 61800- 5- 2      . 

 

EU   (harmonized standards)       . EU  

       . 

 

9.3.2    
,           .  ,  

  ,       ,      

.          ,       

 .       . 

 

   IEC 61508   SIL    ISO 13849- 1   PL   

      . 

ť SIL = Safety Integrity Level       PL = Performance Level 
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 SIL / PL          .   

  ,            

 . 

 

9.3.3       
  EN / IEC 61800- 5- 2        .    

      . 

 

 
 

9.3.4  Vacon NXP AC       
NXP        

      . 

NXP    OPT- AF   

   (STO),   1 (SS1)  

    (ATEX  )   

  .   OPT- AF 

  . 
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        STO  SS1    OPT- AF   

    IP54  .        

    IP    . 

 

    ,        IP     

. 

 
 

9.3.4.1  Safe Torque Off (STO)  
STO           Safe Torque Off  

. STO       . 

 

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

ť EN ISO 13849- 6?%755;%UQšiš%Hfyjltw~%3 

ť EN 62061: 2005 SILCL2 

ť IEC 61508: 2000 SIL2 

ť EN 954- 1, Category 3  

 

     0, EN 60204- 1 : 2006    (uncontrolled stop)  . 

STO   IFA*   . 
(* IFA = Instutut f ür Arbeitsschutz der Deutche Gesetzlichen Unfallversicherung, Germany )  

 

OPT- AF  STO             

    . STO  , OPT- AF  2     (SD1  

SD2)  . 

 

Vacon OPT- AF     .       

  .          

            . 

 

    SD1  SD2   . STO     

  . SD1  SD2          

            .  

         .    

 IGBT  .         

  . STO    +24V      RUN  

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

 

  STO      .    STO    

  .     OPT- AF    .    

      . 

 

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

  STO  . SS1       . 

 

ť EN 61800- 5- 2 Safe Stop 1 (SS1) SIL2 

ť EN ISO 13849- 6?%755;%UQšiš%Hfyjltw~%8 

ť EN 62061: 2005 SILCL2 

ť IEC 61508: 2000 SIL2 

 

     1, EN 60204- 1 : 2006    (controlled stop)  . 

SS1   IFA*  . 
(* IFA = Instutut f ür Arbeitsschutz der Deutche Gesetzlichen Unfallversicherung, Germany )  

 
Figure 62. The principle of Safe Stop 1 (EN 61800 - 5- 2, SS1 type c) 

 

  1 (SS1)   2    subsystem ,       STO  

 .   subsystem  . Š   1 (SS1)  š   Safe Stop1  

 . 

 

 
Figure 63. Safe Stop 1 (SS1) safety function.  
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Fig.56  Safe Stop 1     (      STO  

) .      NX     .  

       ,      

 -%Šxytu%g~%wfru"   )   . 

 
Figure 64. Connection principle of the SS1 function  

 

9.3.4.3  Motor Thermistor Overtemperature protection  (according to ATEX) 
     OPT- AF       . ATEX  

     .    ATEX  94 / 9 / EC   VTT**  

. (** VTT = Technical Research Centre of Finland)  

 

9.3.5     
               . 

  subsystem      OPT- AF    . 

 
Figure 65. Other safety functions  
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9.4 IP 00 Frequency Converter Modules  
AC  IP00       . IP00      

   .   6  12     . IP00  

     . 

 

IP00     hmfuyjw%Š653%Hfgnsjy%nsxyfqqfyntsš . 
Table 19. Air cooled NXP IP00 frequency converter product range  

 
Table 20. Liquid cooled NXP frequency converter product range  

 
 

Drive Synch         4     

      . Chapter  "9.2 Drive Synchš  . 

 
Figure 66. NXP IP00 type code key 

 

9.5 Common DC bus Modules 
9.5.1  Non- regenerative Front End  

  , NFE  Common DC bus Drive       . 

NFE    IP00 . 

   AC   DC     .  AC   

DC    .   ,    DC   . 

    NFE   AC , AC ,    DC  ,  

      .      . 
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Vacon  NFE   NFE   .     . 

 

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

 

9.5.1.1  NFE Unit  Type   
Vacon Type   9-    

+  . Type      

    .    

. 

 

 

 

 

  



Engineered Drives Manual                                                     68 

9.5.1.2   
Common  AC               

 .    .   . 

 

       AC  DC       .  

    .        . 

 

        DC Power  5 % .     

   . 

 

NFE  AC  DC    ,         

 AC   DC     .   (compact circuit 

breaker) ,   (or dinary circuit breaker)    (fuse switch)   AC  

   .       AC    . 

 

   DC    .   (lo ad isolation switch)    

(safety isolation switch)   .    NFE   DC  

     NFE      . 

 

9.5.2  Active Front End  
AFE (Active Front End)  Common DC bus Drive     ( )  

.  AFE    IP00 . 

 

Vacon NX Active Front End  AC   DC     . Vacon NX 

Active Front End           (THDi) . 

 

Active Front End  AFE              

.     LCL  (     )  pre- charging circuit  Vacon  

  .          . 

 
Figure 69. NXA block diagram  
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9.5.2.1  AFE unit Types 
Vacon Type   9-    +  . Type     

     .    . 
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9.5.2.2  Pre- Charging circuit  
     pre- charging circuit  . pre- charging circuit    

            . 

         . Vacon   pre- charging 

circuit     pre- charging circuit         . pre-

charging circuit  380- 500VAC  525- 690VAC  . 

 

pre- charging         . pre- charging circuit  

    Active Front End  pre- charging circuit        

   .    . 

 
 

Active Front End      RO2      

 (    ).   pre- charged    RO2    

.   (  DIN4)      .    

  . Pre- charging           

.      . 

 

NOTE : pre- charging circuit          . 

 

9.5.2.3   
 Active Front End             

.    .   . 

 

  Vacon   LCL   . Vacon   LCL     

 Active Front End   Active Front End         

.         . 

 

   Active Front End  AC  DC        . 

         . 

 

  Active Front End     DC Power  5 % .      

 . 
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AFE  AC  DC  ,    Active Front End    AC 

  DC    . 

 

AC    ,          .  

      AC    .    DC  

  . 

 

 pre- charging circuit  AC   .         

   . 

 

   Active Front End      Active Front End   

   .    AFE   pre- charging  .  AC  

  .     DC    . 

 

9.5.2.4  Common pre - charging circuit  
 Active Front End    Common  pre- charging circuit    .  

       standard  pre- charging circuit    .  

, 3  FI10 Active Front End     FI13 Active Front End  pre-

charging circuit    . 

 

  Active Front End       Active Front End     

    .    Active Front End       Active 

Front End    .   . 

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

. 

 
Figure 71. Main circuit of an LCL filter  

 

 
 

 
































































































