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Agenda

Part 2:
ÅMotor speed vs max load / cooling, use of motor 

RTDs

ÅOverspeed with fans / pumps and increase in 
torque and power 

ÅMin speed with pumps

ÅSCCR for drives

ÅHRG vs solid ground

ÅShaft grounding brushes / bearing currents

ÅLoad reactors on the output

ÅWiring on input / output
ÅInsulation types
ÅConduit, tray
ÅType (VFD, individual wires)
ÅControl wiring management

Part 1:
ÅHarmonic Mitigation
ÅMethods to reduce Ithd, Vthd
ÅLine reactors and DC link chokes

ÅActive Rectifier Applications
ÅDownhill conveyors
ÅCentrifuges
ÅFans
ÅDynamometers
ÅFibers
ÅPaper mills
ÅCranes

ÅActive Rectifier Operation 

ÅWhat about Power Factor?
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Part 1
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Harmonic Mitigation
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Harmonics τWhat can be done?
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MV Drives

ÅMulti-Pulse (series or series/parallel bridges)

Å 12P, 18P, 24P, 36P, 72P

ÅAFE (ULH)

LV Drives

ÅLine Reactors or isolation transformers

ÅDC Link Chokes

ÅPassive Harmonic Filters

ÅActive Harmonic Filters

ÅMulti-Pulse (parallel bridges)

Å 12P, 18P

ÅAFE (ULH)

Solutions typically used



General Block Diagram of an AC Drive
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General Block Diagram of an Industrial AC Drive
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6-Pulse Drive, no mitigation
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80-120% Ithd

Basic Converter



6-Pulse Drive with Line Reactor and/or Link Choke
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30-40% Ithd (reduces harmonics)



6-Pulse Drive with Passive Harmonic Filter
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5-10% Ithd (supplies harmonics)



How is Multi-Pulse accomplished?

Input Current 

Pulses / Cycle

Number of 6-

Pulse Bridges 

(secondaries)

Number of 

Phases 

(wires)

Phase Shift 

Between 

Bridges

Harmonic 

Pairs

6 1 3 -- 6k + 1

12 2 6 30 12k + 1

18 3 9 20 18k + 1

24 4 12 15 24k + 1

36 6 18 10 36k + 1

48 8 24 7.5 48k + 1

72 12 36 5 72k + 1

= multiple of 6 = Pulses / 6 = Pulses / 2 = 360 / Pulsesƪ Ґ мΣнΣоΣΧ
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12-Pulse Drive:  Series or Parallel Bridges
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10-15% Ithd

*  used for MV drives

(cancels harmonics)



12-Pulse Drive:  Pseudo 12-Pulse
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10-15% Ithd

Or use two zig-zag transformers:

One zigs +15º, the other zags -15º

One spare can be used either way.

Split the drive load into two, somewhat equal parts.

Or use one Dy transformer 

and a line reactor.  

Match the impedances.



18-Pulse Drive:  Series or Parallel Bridges
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5-6% Ithd

*  used for MV drives

(cancels harmonics)



24-Pulse Drive:  Series / Parallel Bridges
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4-5% Ithd

*Series / Parallel Bridges, 24P

*  used for MV drives

(cancels harmonics)



36-Pulse Drive:  Series / Parallel Bridges
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3-4% Ithd

*Series / Parallel Bridges, 36P

*  used for MV drives

(cancels harmonics)



How does it help?

Harmonic Number

Pulse NumberMagnitude, pu
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3-5% Ithd

Active Harmonic Filter

6-Pulse with Active Harmonic Filter

(supplies harmonics)



3-Phase Drive with Active Front End
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4-5% Ithd

*AFE with LCL Filter

*  used for MV drives

(does not produce harmonics)



Line Reactors and DC Link Chokes
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Line Reactors on the Input to a Drive
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[ŜǘΩǎ ƭƻƻƪ ŀǘ ǎƻƳŜ ǾƻƭǘŀƎŜǎ ŀƴŘ ŎǳǊǊŜƴǘΦ
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Rectifier w/o DC Link Choke
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Rectifier w/o DC Link Choke
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Rectifier w/o DC Link Choke

VMab.V = f...

La.I = f(t, b...

Cbus.V = f(...

VMac.V = f...
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First Current Pulse
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Second Current Pulse
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Addition of DC Link Choke
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-or- an Addition of AC Line Reactor
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Rectifier with DC Link Choke

VMab.V = f...
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Cbus.V = f(...

VMac.V = f...
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Rectifier with DC Link Choke

VMab.V = f...

La.I = f(t, b...
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6-Pulse Drive, no mitigation

80-120% Ithd

Basic Converter
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6-Pulse Drive with Line Reactor and/or Link Choke

30-40% Ithd (reduces harmonics)
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How else does a line reactor help?

Recovery from a sag or interruption Less likely to blow a fuse or trip a CB.
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How else does a line reactor help?

PFCC energization Less likely to blow a fuse or trip a CB or trip on OV.
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Low Impedance Source  (a very big transformer)
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No LR or LC

With LR and LC

Less stress on diode bridge ςlonger life.
Less bus ripple ςlonger cap life.
Less likely to trip on excessive bus ripple.

Rule of thumb:  if xfmr is > 20x kVA rating of drive, 
add a line reactor!
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Open Delta Source ςUnbalanced Impedances
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No LR or LC

With LR and LC

Less stress on diode bridge ςlonger life.
Less bus ripple ςlonger cap life.
Less likely to trip on excessive bus ripple.
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Unbalanced Line Voltages

No LR or LC

With LR and LC

Less stress on diode bridge ςlonger life.
Less bus ripple ςlonger cap life.
Less likely to trip on excessive bus ripple.

38


