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What is a reflective wave? A good example would be dropping a pebble
into a glass of water and watching the ripples hit the edge of the glass
and bounce back towards the center. Another way of understanding this
phenomenon is tying a length of string to one fixed end, holding the line
taught and inducing a small whiplash effect at the open end to see the
wave hit the fixed end and then return 180 degrees out of phase as it
travels back to you.
Reflective wave phenomena (RWP) in AC motors, when using a variable

frequency drive (VFD), are also known as reflective waves
or standing waves, which are basically voltage spikes that
can damage the motor or cable. RWP has become more
prevalent since the incorporation of insulated gate bipolar
transistors (IGBT) into VFDs. Basically, a VFD will take a
voltage (480 VAC 3-phase) and immediately convert it to
a DC voltage (600 VDC), often referred to as bus voltage,
and IGBTs, which are controlled by the CPU on the VFD,
will switch the DC output voltage on and off, at different
levels and polarity. This makes an alternating current (AC)
sine wave out of the direct current (DC) voltage pulses, also
known as pulse width modulation (PWM), so the power and frequency can be altered for AC
motor variable speed and performance.
Not all motors are the same, so the specifications of both the motor and its applicable cable
should be considered when deciding to use a VFD. Items to consider are:
· What is the difference between inverter duty, industrial duty and a standard AC motor?
· How does RWP have an effect on your design choice?
· Why use VFD cable instead of standard cable?
First when using a VFD, it should be assumed that RWP is present. Standard duty (Class B, 80°C
rise) and industrial duty (Class F, 105°C rise) will not perform as well as an inverter duty motor
(Class H, heavy duty, 125°C rise) and
it should be noted that the service
factor (SF) of a motor is typically 1.15.
This means for a short time the motor
can perform 15 percent above its
rating; the SF is reduced to 1.0 when
used with a VFD. With the differences
in motor winding temperature rating
and the service factor being 1.0 with
the use of a VFD, the sweet spot for
sizing a motor is typically 20 to 25 percent above the required horsepower.
Other factors that can cause RWP to have a negative effect on the selected motor are faster
switching IGBT’s, multiple motors connected to the same VFD, and installations above 3,300
feet where cooling is more difficult. All three of the previously mentioned are contributors to
RWP and all over time will break down the motor winding insulation and eventually lead to
system failure.
For motor cabling from the VFD to the inverter duty motor you need VFD cable that can handle
the harsh electrical environment that standard cable is simply not designed. Similar to design
considerations for an inverter duty motor, cabling between the VFD and motor are subjected to
a significant amount of electrical noise in the form of voltage spikes, reflected waves, charging
currents, common-mode voltage, and RWP/electromagnetic interference (EMI). This leads
to voltages that are up to two times the source voltage. In the case of a non-VFD cable, this

could result in insulation breakdown
and cable failure. Non-VFD cable
also allows common-mode (or stray)
voltage to find its way through the
VFD motor and equipment grounds,
which causes motor and equipment
failure. VFD-rated cable significantly
reduces the risk associated with these
issues. RWP and its degrading effects
on motors, drives and cables clearly
illustrate the importance of designing
in a VFD-rated cable.
HELUKABEL®’s VFD-rated cable
focuses on three main criteria for VFD
applications –

1

Shielding for high and low
frequency noise protection.
By using foil (100 percent coverage)
plus a tinned copper braid (85 percent
coverage), or a triple shield using a
semi-conductive fleece with foil and
a braid shield (80 percent coverage),
HELUKABEL®'s VFD cables minimize EMI, which could affect other electrical equipment.

2

Ability to withstand voltage spikes and RWP. HELUKABEL® uses XLPE as a conductor
insulation, which has much lower capacitance than cable that uses PVC for its insulation thus
allowing it to withstand voltage spikes better. Also, HELUKABEL® VFD cables are rated for 1000
VAC compared to the industry standard of 600 VAC.
Why Use XLPE-insulated VFD Cables?
Because It's the CODE!
NFPA 79 Chapter 4, Article 4.4.2.8
“Electrical conductors and equipment
supplied by power conversion
equipment as part of adjustable speed
drive systems and servo drive systems
shall be listed flexible motor supply
cable marked type RHH, RHW, RHW-2,
XHH, XHHW, or XHHW-2”
Source: NFPA.org
NFPA 79 Ed. 2018

3

High temperature rating. Utilizing a
thermoset insulation allows the cable to
withstand higher temperatures that would
typically degrade a thermoplastic insulation
also caused by RWP and lead to system
failure.
In summary, you are only as good as the
weakest link in the system both mechanically
and electrically. For motion applications where
a VFD is being used with high-performance
IGBT’s to create a PWM signal for variable
speed control, design considerations need to
be made for the motor and for the VFD-rated
cables connecting the VFD to the inverter
duty motor to reduce or eliminate the effects
of reflective wave phenomena, which can
cause costly down time.

STATIONARY & CONTINUOUS-FLEX
VFD CABLE PRODUCTS
TOPFLEX® 600 VFD

UL 1277 & 2277 Motor Power Cable · T
 emperature range -40°C to +105°C (application dependent) · I nsulation
·A
 pprovals
XLPE
Available Sizes
·N
 ominal voltage
Gauge size / # of cond.:
TV 600 V / WTTC & Flexible Motor Supply 1000 V
·O
 uter Jacket
18 - 2 AWG / 4
Special PVC

TOPFLEX® 650 VFD

UL 1277 & 2277 Motor Power Cable · T
 emperature range -40°C to +105°C (application dependent)
Available Sizes
·N
 ominal voltage
Gauge size / # of cond.:
TV 600 V / WTTC & Flexible Motor Supply 1000 V
18 - 2 AWG / 4 PWR +
1 or 2 CTRL PAIRs

· I nsulation
XLPE

·A
 pprovals

·O
 uter Jacket
Special PVC

TOPFLEX® 1000 VFD

UL 44, 1277 & 2277 Motor Power Cable · T
 emperature range -40°C to +105°C (application dependent) · I nsulation
XLPE
Available Sizes
·N
 ominal voltage
Gauge size / # of cond.:
8 AWG — 500 kcmil / 3 PWR + 3 GRD

TC 600 V / WTTC & Flexible Motor Supply 1000 V

·A
 pprovals

·O
 uter Jacket
Special TPE

TOPSERV® 600 VFD

UL 1277 & 2277 Motor Supply Cable · T
 emperature range -40°C to +105°C (application dependent)
Available Sizes
Gauge size / # of cond.:
18 — 2 AWG / 4

·N
 ominal voltage
TC 600 V & WTTC / Flexible Motor Supply 1000 V

· I nsulation
XLPE

·A
 pprovals

·O
 uter Jacket
Special TPE

TOPSERV® 650 VFD

UL 1277 & 2277 Motor Supply Cable · T
 emperature range -40°C to +105°C (application dependent)
Available Sizes
Gauge size / # of cond.:
18 — 2 AWG / 4
 PWR +
1 or 2 CTRL PAIRs

·N
 ominal voltage
TC 600 V & WTTC / Flexible Motor Supply 1000 V

· I nsulation
XLPE
·O
 uter Jacket
Special TPE

·A
 pprovals

