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zener Electric Pty Ltd

Australian company

25 years plus experience
IN engineering and
manufacturing Variable
Speed Drives and Soft
Starters.

Distributor network across Head office - Sydney
Australia and 23 countries
world wide.




Since 1976
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[Design Phllesephy

Strong systems background

Motivated to include “system friendly”
features

Engineering driven organisation
Fix problems locally so they stay fixed

Involvement with inverters from almost the
beginning




Induiction moters— industry wor khor se

Stator induces a current in the rotor winding —
just like a transformer secondary

Stator field + rotor current produces torque
Rotor speed just less than stator frequency

This is where all
the action is.
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Wiy vary the speed?

Flexible control

Linear behaviour over a wide operating
range makes closed loop control easy

Save energy

Only move as much air, water etc as
needed

If you need to vary the speed, induction
motors and Iinverters are the most efficient,
lowest cost way.




ERergy: savingwith fan loads

Power n Speed?

Speed Power Save PA*
100% 100%
90% 73% $3,726
75% 42% $8,005
50% 12.5% $12,076
25% <2%

7@ Enormous energy saving opportunity!
' :

* Based on 37kW drive 12hr/day, 5 days / week, 11c / kWh




Wihatisan AC Variable Speed Drive?

An electronic device to vary the speed of a
standard 3 phase induction motor by
changing the frequency and voltage.

The AC line voltage is converted to DC by a
bridge recitifier.

The DC voltage is filtered by a DC link inductor
and capacitors.

The Inverter section takes the DC power and
builds up a variable voltage and frequency
waveform as pulses (PWM).




Inverter Block Diagram

Current and Voltage
/Measurement

/

Control




Advantages of AC drives

Energy saving fans / pumps

Much greater control range that other
methods of flow / pressure control

Reduced stress on mechanical transmission
components. No belt screech at startup.

System flexibility reduces design risk — more
scope for tuning the system at commissioning
time




Jrechnical | ssuesof AC drives

Power Line harmonics

Audible motor noise may increase
EMC issues

Motor cable issues

More complex and costly than a simple
motor




Power Line Harmonics

AC Line current Is not a pure sine wave

— It contains some harmonics




Power Line Harmonics




Power Line Harmonics
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Harmonic

No even or triplen harmonics (with 3 phase)




Power |_ine Har monics - Gener al

Excessive harmonic distortion can cause
damage or malfunctioning of equipment and
overheating of transformers and wiring.

Usual expectation for Total Harmonic
Distortion (THD) of the voltage waveform is <
5%. Some authorities require < 1.66%




CiRne'Harmonic Standar ds

These standards are commonly referenced:

AS 2279.2-1991 Disturbances in mains supply
networks - Limitation of harmonics caused by
Industrial equipment (obsolete, but not entirely
replaced)

AS/NZS 61000.3.6:2001

Electromagnetic compatibility (EMC) - Limits -
Assessment of emission limits for distorting loads
In MV and HV power systems (IEC 61000-3-
6:1996)

Individual supply authority requirements




Practical Harmonic | ssues

Installations that mostly don’t have problems
Big building HVAC
Chillers DOL
Fan drives VFD

Fan VFDs can only be 10 — 20% of total load

Harmonic producing loads (elevators, computers,
UPS etc) are increasing — take care with
generalisations




Practical Harmonic | ssues

Installations that almost always need special
consideration

Places where the VFD Is almost all of the
load

Big drives

Small supplies

Rural pumping




Power L_ine Har monics

Generally, detailed harmonic analysis should
be made for:

Total drive kW > 10% of supply capacity
(transformer size)

For all alternator or other non grid electrical
supplies




Harmenic Analysis

Information required
Fault level at the point of common coupling
Zener VF drive sizes and quantities

Motor details — kW, loading and efficiency (if
available)

Background harmonic levels at point of common
coupling

Details of any power factor capacitors and tuning
Inductors




Harmenic Analysis

Need for a high quality harmonic analysis

Risks from @ule of thumb®©technigues and
software

Power factor capacitors and their tuning
reactors can make a big difference

We will provide a detailed harmonic
calculation for any proposed installation




Chokes AC or DC?

DC choke

No limit to value

Effectively no voltage drop

120° line conduction angle maximum
AC choke

Value limited by voltage drop (5%)

Line conduction can be more than 120°




Wiy specify a DC choke?

Power factor better than 0.9

A large DC bus choke is effective at reducing
5t and 7t harmonics, which are the largest.

A DC choke is internal to the inverter and
generally cannot be retrofitted (Zener can)

The option of using AC line chokes to reduce
harmonics even further remains available. If

AC chokes are used as standard, this option

IS lost.

| i




DC Choke




Sine Saver Technology 4/%

1.00 power factor

Pure sine wave line
current

Regenerative operation
possible

Coming mid 2003




Motor acoustic noise

Difficult to predict
Causes

Magnetostriction effect

Slight dimensional changes caused by
magnetic field

Reluctance forces

Resonances, rigidity and mechanical
transmission




Motor acoustic noise

Mitigation
Environment — plant layout
Inverter switching frequency
Flux level adjustments




Electromagnetic Compatibility - EMC

Technical arrangements to allow various
items of electrical / electronic equipment to
co-exist

Different environments
A hospital and a steel mill have different needs

Emission limitations
Immunity requirements




EMIC Standards

Equipment standards

AS 61800.3-2001 Adjustable speed
electrical power drive systems - EMC
product standard including specific test
methods

Others
Generally there are no installation standards

Installation is a critical aspect of EMC for VFDs
because the inverter and motor are often some
distance apart.




EMC |'ssues

Screened motor cables

Low iImpedance path for stray motor
ground currents back to inverter

Much lower impedance than separate wire
Skin effect
Coaxial configuration (magnetic fields cancel)




| nstallation | ssues

No emission from Winding to frame
screened cable capacitance

Screened Cable

Current returns along Screen

Stray earth current
minimised




Screened cable issues

Many types of screened cable available

Transfer Impedance (Rt) specifies the
screening effectiveness.
< 100 mOhms/metre @10MHz desirable
Correct termination into correct cable gland
critical to performance.
MIMS and metal conduit offer excellent EMC
performance — better than most cables.
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Mieter: calklereflections (Voltage spikes)

Inverter :I;
end




Vietor cabler eflections

Inverter
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Cablereflection solutions

Hydraulic Analogy

Electrical

Build a reasonable wall at
the end of the canal

Use inverter rated motors —
this solution is basically free

Don’t build very long (loss-
less) canals

Limit cable lengths

Let the water in slowly

Install dv/dt filter

Put wave absorbing blocks
at the end

Install “terminator” at the
motor




Drive selection | ssues

Rating
In Amps, not KW
Inverter Amps Motor Amps

Enclosure protection
IP30, IP66, Stainless Steel to suit location




Consider environmental 1ssues

Installation

Commissioning / adjustment

Construction phase operation

Normal duty

Emergency duty (fire etc)

Safe maintenance access for electrical work
Weather, fire sprinklers




Drivesdon’t like....

Excessive heat

Restricted airflow
Mounting in direct sunlight
Drilling holes in the cabinet
Dust, pollutants

Water




Encioesure Options

IP. 66 Stainless Steel




Encioesure Options

The MSC-3 is
available in either an
IP 30 or IP 66
enclosure depending
on the protection
required




User friendly operation

Interactive alphanumeric
screen makes for easy.
and intuitive setup

The LCD display gives
Indication of run and trip
status in plain English. A
simple menu system
provides easy
programming




Features

Power factor 0.9 or better*

DC bus choke fitted as standard 190 — 880
amps (110 kW — 550 kW)

Optional PID control, motor thermistor
Essential services over-ride for AS 1668

Serial communications RS-485, MODBUS,
Metasys, others

| ocal / remote control

*With DC bus choke




Features

Programmable inputs and outputs

Digital

Analogue
Sensor-less flux vector, sine coded PWM
Automatic switching frequency control

2 — 16 kHz

Auto control by current and temperature
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Features

If you want to talk to the design
engineers, you can — we’re in Australia!

Extensive 24 hour service and spares Iin
Australia




Fnank you ROTOTECH




Additronall infer mation

HF effects
Screened cable behavior

AC/DC choke performance
PWM waveform




IH1gi Ereguency. effects

Conductors impede current flow because of
Inductance

Insulators pass some current because of
capacitance

Currents flow mostly in the surface of
conductors — skin effect — because of eddy
currents inside the conductor from it’'s own
magnetic field.




Screened cable

Low Frequency High Frequency

Current Distribution is frequency dependent




Screened cable

Incomplete braided screen coverage
allows some leakage

“porpoising” effect couples current
between inside and outside due to
under/over weaving pattern, reducing
performance

The two effects are out of phase.
“Optimised screen” cables exploit this
to minimise Rt and leakage.




Choke peformance

oNoL mNo L

m Zener | Zener

O AC reactor O AC reactor
@ Other @ Other

m Zener + AC m Zener + AC

TX utilisation factor TXload for 5% THD




Facilities

Vibration test
shaker

Section of
production
burn-in area




