
1. Purpose

This technical note defines the maximum permissible motor cable lengths for the SMARTqube, SQVFD Package and 

identifies conditions under which an output filter is required.   

2. Background

The SMARTqube, SQVFD Package uses high-speed IGBT switching to generate a PWM output waveform. When long 

motor cable lengths are used, the interaction between the cable impedance and fast voltage rise times can produce: 

• High dv/dt at motor terminals

• Reflected wave overvoltages exceeding motor insulation ratings 

• Increased motor heating and acoustic noise

• Potential nuisance tripping or premature insulation failure

These effects become more pronounced as motor lead length increases. 

3. Standard Installation Conditions

Typical assumptions for motor cable length limits include: 

• Standard PWM operation at nominal switching frequency

• Shielded or VFD-rated motor cable

• Proper grounding at both VFD and motor ends

• Ambient conditions within rated limits

Deviations from these assumptions may require more conservative limits. 
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4. Filter Types

Output Reactor: Basic reduction of voltage spikes and motor current ripples; suitable for shorter distances.  

dv/dt filter: Limits voltage rise time and peak overvoltage; suitable for moderate distances. 

Sine wave filter: Produces near-sinusoidal output; provides maximum motor protection and is preferred for very long 

cables or critical motors. 

5. Motor Cable Length, Carrier Frequency & Filter Selection

Exact limits depend on VFD voltage class, switching frequency, and motor insulation rating. The required / 

recommend output filter, for the SMARTqube, SQVFD Package are as follows: 

Motor Cable Length Max Carrier (Switching)
Frequency 

Required / Recommended Output
Filter 

≤ 50m (≤ 165 ft) < 15kHz No filter required (use VFD-rated
shielded cable) 

50 - 100m (165 - 330 ft) < 5 kHz Output reactor required 
100 - 200m (330 - 660 ft) < 2.5 kHz dv/dt filter required 
> 200 m (> 660 ft) < 2.5 kHz (or lower) Sinewave (LC) filter required 

Operation beyond these lengths without appropriate filtering may result in excessive voltage stress at the 

motor terminals. Always consult factory for recommendations. 

6. Additional Output Filter Requirements

An output filter is required or recommended when: 

• The motor is not inverter-duty rated

• The application involves frequent starts, stops, or low-speed operation

• The installation uses high switching frequencies

• Sensitive or legacy motors are connected
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7. Design and Installation Considerations

When applying motor cable length limits: 

• Verify cable length is measured as one-way distance from VFD to motor

• Use VFD-rated, low-capacitance shielded cable 

• Minimize unnecessary splices and junctions

• Ensure proper grounding and bonding practices

• Confirm filter current and voltage ratings meet or exceed VFD output requirements

8. Conclusion

Motor cable length has a direct impact on voltage stress and reliability in VFD applications. For short cable 

runs, direct connection or an output line reactor may be acceptable; however, longer cable lengths require 

the use of dv/dt or sine wave output filters to protect both the motor and the VFD. Final cable length limits and 

filter requirements must be verified for the VFD and project-specific motor insulation ratings. 
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