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Limitations on Electric Drives for Class 8 Trucks

Fast Sled Propulsion | www.T20E.net

Surge Current in Heavy-Duty EV
Traction Motors:

Heavy-duty electric trucks and transit buses rely on very high-power traction motors (typically
400-800 kW peak output) to propel large vehicles. These motors — often advanced AC
induction or permanent-magnet synchronous machines — are designed for high torque at low
speeds. For example, commercial heavy-duty EV motors can reach 350-540 kW peak power
with torque on the order of 2,500-3,500 Nm dana.comdana.com. Crucially, traction applications
demand maximum torque at 0 rpm to overcome vehicle inertia and static friction (stiction)
when starting under load chargedevs.com. Generating such high stall torque requires large
electrical currents, which can lead to surge (inrush) current during startup. Below is a summary
of research findings on startup surge currents, their impact on torque and power electronics, and
strategies to mitigate these effects in heavy-duty EV motors.

Inrush Current Characteristics at Startup

When an electric motor is first energized from standstill (zero rotor speed) under full load, it can
draw a transient inrush current far above its steady-state running current. This phenomenon,
also called locked-rotor current or start-up surge, occurs as the motor’s windings establish
magnetic fields and begin producing torque. In conventional large AC motors started directly on-
line, inrush can reach 5-10% the motor’s rated current for a brief period mdpi.commdpi.com.
The initial spike includes a magnetization surge (to build flux in iron cores) followed by a high
“run-up” current as the rotor accelerates mdpi.com. Such currents, if uncontrolled, can stress the
electrical supply — causing voltage dips and equipment overloads mdpi.commdpi.com — and
impose large thermal and mechanical stress on motor windings.

In heavy-duty EVs, however, traction motors are fed by inverters (variable-frequency drives)
rather than being connected directly to a fixed AC source. This allows some control over the
startup current. Modern traction inverters limit the inrush by ramping up voltage and
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frequency in a controlled manner (analogous to a “soft start”). As a result, the actual surge
current in a well-designed EV drive is constrained to a few times the normal operating current
rather than an unmitigated 10x spike. For instance, manufacturer data for a 250 kW EV traction
motor shows a continuous torque of ~685 Nm vs. a peak torque of ~2150 Nm for short durations
dana.com. This corresponds to roughly 3x surge over the continuous current capability, which
is high but significantly lower than an across-the-line start. In general, heavy traction drives
allow about 2-3x peak current/torque for brief accelerations dana.com, after which current is
limited to avoid overheating. Thus, while current spikes at startup do occur, they are actively
constrained by the motor controller to protect the system. [EM Manufacturers require approval
of their traction motors for each application to limit the size and frequency of spikes permitted]

It’s important to note that even with inverter control, the fast transient nature of the startup
current can introduce waveform distortion and harmonics. Research indicates that inrush current
waveforms deviate from pure sinusoidal form and contain DC offsets and high-frequency
components mdpi.com. These transient components can cause oscillatory torque and vibration
in the motor during the first instants of motion mdpi.com. High-frequency harmonics from the
surge may also interact with filters or other connected equipment mdpi.com. Therefore,
understanding the magnitude and shape of the current spike is critical for designing the motor,
inverter, and protection devices to withstand the stress.

Torque Generation Dynamics at Zero Speed

Electric motors can produce substantial torque at zero or very low rotor speed — a key advantage
for heavy vehicles. In fact, the maximum torque is often achieved at stall (0 rpm) because the
motor can draw its highest current at that point (limited by the controller and machine’s
electromagnetic saturation) chargedevs.com. Torque is approximately proportional to current
in the linear range of motor operation chargedevs.com; thus a surge of current at startup directly
translates to a surge of torque. Under full load (e.g. a loaded truck at a standstill), the motor
controller will command a large current to generate the high torque needed to start moving.

For a permanent-magnet synchronous motor (PMSM), the available torque at zero speed is
proportional to the stator current since the magnetic field from the rotor magnets is constant. A
PMSM can produce immediate torque with DC current injection into the windings, but the
torque output will saturate if the current is pushed beyond a certain point (due to magnetic
saturation of the iron and fixed magnet strength) chargedevs.com. Similarly, an AC induction
motor (ACIM) requires current not only for torque production but also to magnetize the rotor
at standstill. At slip = 1 (zero rotor speed relative to rotating field), the induction motor draws a
large magnetizing current. This means the initial inrush in ACIM includes a component that
establishes the rotor flux plus the torque-producing component. The net result is that an
induction traction motor at full-load start might demand even more current for the same torque
than a PMSM, up until it reaches its saturation or the inverter’s current limit chargedevs.com.

Both motor types therefore experience a “hard limit” on starting torque — PMSMs due to fixed
magnet field and ACIMs due to core saturation — which prevents infinite torque at O rpm despite
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increasing current chargedevs.com. In practice, heavy EV motors are engineered to maximize
stall torque but within safe current limits (often 2-3% nominal torque as noted). [Establishing the
peak torque limit for applications and frequency limit for thermal control.]

During the very first milliseconds of startup, there can be a brief torque lag or oscillation as the
control system builds up the appropriate current in each phase and (for AC motors) establishes
the rotating magnetic field orientation. If the motor controller uses field-oriented control, it will
attempt to align the current vector for optimal torque per ampere even at zero speed. Any control
overshoot or error in this phase can cause a current spike slightly above the steady commanded
value. Additionally, if starting from a standstill sensorlessly (without a position sensor), the
inverter may inject probe pulses or high-frequency signals to estimate rotor position, which could
momentarily disturb the current. Researchers have noted that repeated inrush events (frequent
stop-start cycles under load) can impact motor life by causing extra heating and mechanical
stressmegger.com. Thus, precise control of the current ramp and torque profile at startup is an
active area of development in traction drives. [use of hydrostatic drives is part of ongoing
research into the mitigation of this issue]

Interactions with Inverters and Power Electronics

The inverter (motor drive) in a heavy EV must handle the surge currents and provide stable
power during startup. Traction inverters are typically rated for a certain peak current above
their continuous rating to accommodate these brief overloads. [also the electric motor itself] For
example, power electronic devices (IGBTs or SiC MOSFETSs) and DC-link capacitors are
specified to sustain the high amperage for a short duration (a few seconds or less) without
failure. The DC link capacitor bank in the inverter is especially important: it smooths the DC
supply and must source the sudden current until the battery and converter respond. In fact,
industry data shows heavy EV inverters include very large DC-link capacitance (tens of
millifarads, e.g. ~58,000 uF) to stabilize the DC bus during rapid transients vicorpower.com
vicorpower.com. These capacitors themselves create an inrush concern — when the vehicle is first
powered on, the empty capacitors draw a huge current from the battery if not pre-charged
vicorpower.com. Pre-charge circuits are therefore employed at vehicle startup (before motor
start) to limit the inrush into the inverter’s capacitors, using resistors or electronic limiters to
slowly charge the DC link to full voltage vicorpower.com. This prevents blown fuses and
damage from the initial power-up surge vicorpower.com. Once the DC bus is charged, the

inverter can deliver current to the motor.
VICORPOWER: Another challenge is that pre-charging from the high-voltage bus is prone to
heat-related failures. For example, repeated cycling caused by turning the vehicle on and off
multiple times in a short period exposes the pre-charge resistor to high currents for extended
durations. This repeated power draw causes the resistor to overheat, exposing the system to
shorts and faults that can destroy high-voltage circuits. Protecting pre-charge circuitry requires
dedicated safety circuits, which further increase system bill-of-materials (BOM), weight and cost.

During the motor’s startup motion, the inverter must regulate phase currents in real time. A large
current spike can cause voltage sags on the DC bus or trigger over-current protection in the
drive. Designs often include dynamic current limiters and de-saturation detection in the
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inverter to quickly cut off or reduce gating if a spike exceeds safe limits. Furthermore, the di/dt
(current rise rate) is managed by gate driver tuning to avoid excessive electromagnetic
interference and to keep the current surge “shaped” rather than an abrupt step. If multiple motors
or inverters are present (for example, a heavy truck with several traction motors), their control
systems may be interleaved to avoid all drawing peak current simultaneously.

Another interaction to consider is with the battery and power source: a full-load startup draws
maximum power from the battery. In a 800 V system, if the motor is pulling, say, 3x its nominal
current of a few hundred amps, the battery and cables must briefly supply perhaps hundreds to
thousands of amps. Sudden current draws can cause battery voltage droop. To mitigate this,
some heavy-duty EVs or research prototypes incorporate additional energy storage (such as
supercapacitors or ultra-capacitors) that can buffer the peak current demand (with substantial
added cost) mdpi.com. One reported method used a supercapacitor bank with an adjustable
frequency drive (AFD) to supply the motor’s starting energy, thereby alleviating stress on the
main supply mdpi.com. While adding cost and complexity, this illustrates the interplay
between the motor’s surge behavior and the vehicle’s power electronics: the system must be
engineered so that neither the inverter, the battery, nor the motor windings are excessively
strained by startup currents.

Finally, the electromechanical interaction between inverter and motor at startup can introduce
control challenges. If the motor is an induction type, the inverter typically applies a boosted
voltage/frequency profile at low speed to ensure sufficient rotor flux (sometimes called field
boost) — if not done carefully, this can cause an extra transient current surge. If the motor is a
synchronous type, the inverter might perform an initial rotor alignment routine (injecting DC or
high-frequency AC to position the rotor) before applying torque; this routine can cause a
momentary current pulse as well. All these aspects mean the inverter’s control software often has
a special startup sequence to manage current: for example, a current ramp limit or a closed-
loop torque control that gradually increases torque from zero, instead of an instantaneous full
torque demand. [albeit brakes must stay applied on grade increasing the torque needed to
startu

Mitigation Strategies for Surge Currents

Multiple strategies have been developed to reduce or manage surge currents at startup in
heavy-duty motor drives:

o Soft-Start and Ramp-Up Control: As standard practice, the inverter uses a controlled
ramp of voltage and frequency (for AC motors) or direct torque control to limit the rate of
current increase. Rather than a step change, the controller might impose a current limit
(e.g. 2x rated) and a ramp rate limit. This avoids large spikes and smooths the torque
application. [meaning initial torque for steep grade breakaway would not be fully
available]. Modern field-oriented control inherently limits inrush by regulating current in
d—q axes, preventing saturation. Research has shown that such controlled startup
significantly lowers the peak current drawn compared to an uncontrolled start,
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improving overall efficiencyinfo.ornl.gov. In one study, dynamically switching the
motor’s effective winding turns during startup (to better match the supply) reduced peak
currents and improved efficiency across driving cycles [many cycles vs. breakaway on
grade] info.ornl.govinfo.ornl.gov.

e Multi-Phase or Multi-Winding Designs: Heavy-duty motors sometimes use multi-
phase configurations (e.g. six or nine-phase) or multiple sets of windings that can be
reconfigured. Spreading the current across more phases lowers the per-phase surge.
Alternatively, a motor can start in a wye (star) connection for reduced voltage then
switch to delta — analogous to the classic star-delta starter mdpi.com — though in EV
traction this is less common since the inverter provides voltage control. Nonetheless
reconfigurable windings or multi-speed gearboxes can ensure the motor is not asked for
extreme torque at very low speed, thereby cutting the required starting current
info.ornl.govinfo.ornl.gov.

« Pre-emptive Flux Establishment: Especially for induction motors, the inverter can pre-
excite the stator to build up magnetic flux before applying significant torque-producing
current. By establishing the field first (with moderate current), then adding load current,
the total inrush is spread out in time. This prevents the sharp transient of simultaneously
charging the magnetizing inductance and driving torque. Some control algorithms use a
two-stage startup: flux buildup, then torque production. Similarly, for PMSMs, some
drives send a short pulse to align the rotor position (for sensorless control) to avoid
sudden reverse torque or oscillations that can cause current spikes.

« Energy Buffering and Power Management: As mentioned, incorporating
supercapacitors or other buffers can supply the high surge current locally, reducing the
stress on the battery and main DC bus mdpi.com. These devices can release a large
current quickly and be recharged slowly from the battery once the surge passes. Another
method is coordinating multiple motors or using a hybrid architecture — for example, a
series-hybrid system might use a secondary power source (like a hydraulic pump/motor
or an engine-generator) to get the vehicle moving initially. A recent study proposed using
a hydraulic pump/motor to pre-drive the traction motor before electric startup,
effectively spinning the motor up to a certain speed so that when the electric drive takes
over, the rotor is already moving researchgate.net. This approach, in a series electro-
hydraulic hybrid, was shown to improve start-up performance and reduce the electric
inrush demand on the motor and battery.

e Current Smoothing and Limiting Circuits: On the power electronics side, active
inrush limiters (such as NTC thermistors or solid-state relays with control) are
sometimes placed to smooth the current spike. In vehicle applications, these are mainly
used in the pre-charge stage for the DC link. During motor startup, the task falls to the
inverter’s control loops; however, some designs include additional inductance or
resistors that can be switched in during startup to limit current and then bypassed. This is
more typical in industrial drives than onboard EV drives, but the concept of a temporary
impedance to curb inrush is a known mitigation technique mdpi.com.

e Thermal and Stress Management: Finally, because some level of surge current is often
unavoidable when demanding full torque, mitigation also involves ensuring the system
can handle it. Motor designers use high-temperature insulation and robust conductors to
survive short overloads. Inverters use devices with some margin above the continuous
current. Torque limiting in the vehicle’s control software might also restrict the driver
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from demanding 100% torque from zero speed unless necessary (for instance, smoothing
out accelerator pedal response) to indirectly limit surges.

Conclusion and Key Takeaways

Heavy-duty electric traction motors can experience intense current surges when starting from
zero speed under load, due to the need for high torque output. These startup current spikes — if
left unchecked — can reach several times the normal operating current and have implications for
the motor’s electromagnetic stress, the inverter’s design, and the vehicle’s power stability.
Research and technical literature emphasize that:

Magnitude of Surge: Inrush currents at motor start can be multiple times the rated
current (commonly 2-5x in EV applications with control, and up to 10x in
unconstrained scenarios) mdpi.comdana.com. This corresponds to very high initial
torque, which heavy vehicles require to get moving chargedevs.com.

Duration and Form: The surge is typically brief (on the order of milliseconds to a
couple of seconds for large motors). It often includes a high initial peak that decays as the
rotor begins turning and generating counter-voltage. Harmonic content in the current
during this transient can cause mechanical torque ripple mdpi.com, so both magnitude
and waveform are important.

Interactions with Power Electronics: The inverter must be capable of sourcing the peak
current without voltage collapse, requiring robust DC-link capacitors and careful gate
control. Pre-charge circuits are essential to avoid a dangerous inrush when connecting the
battery to the inverter vicorpower.com. The battery and wiring must handle short high-
current bursts as well, or be supplemented by energy buffers.

Mitigation Methods: Through advanced control (limiting current rise, using field-
oriented algorithms, etc.), mechanical solutions (multi-speed transmissions, auxiliary
launch devices, hydrostatic transmissions), and electrical design (soft starters, additional
phases, etc.), engineers mitigate surge currents. For example, stator winding switching
has been shown to lower startup current and improve efficiency info.ornl.gov, and
supercapacitor-assisted drives can supply high startup currents without straining the
main battery until recharging mdpi.com.
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Breakaway Torgue vs Surge Amperage in Heavy-Duty EV Motor
Torque vs Surge Current :
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The literature and industry experience concur that surge current behavior is a critical aspect of
heavy-duty EV motor design. By understanding the startup current profile — the initial spike, its
relation to torque production, and its effect on the inverter and supply — engineers can apply
appropriate controls and design margins. Ongoing research (including sensorless startup
algorithms and novel hybrid drivetrains) continues to refine how we manage inrush currents,
aiming for quick, powerful launches of heavy electric vehicles without compromising
reliability or efficiency info.ornl.govchargedevs.com.

Furthermore, when a heavy-duty electric truck is fully loaded and positioned on a steep incline,
the demand placed on the electric drivetrain at startup is enormous. The vehicle must generate
enough breakaway torque to overcome static friction, gravitational pull, and rolling
resistance—all without any forward motion yet occurring.

In electric motors, especially those used in Class 8 EV trucks, torque is fundamentally
proportional to the current delivered by the inverter—up to a point. As shown in the graph
above, there is a well-defined linear region where increasing surge current (amperage) yields a
proportional rise in torque. This is the motor’s most efficient operational regime, typically lasting
until the current approaches the magnetic saturation threshold (in this case, around 700 A).
Within this zone, the relationship between torque and current is reliable and predictable, making
current control a key method for modulating torque output.

However, past this threshold, magnetic saturation begins to set in. This is a physical limit
where the iron in the motor's stator and rotor core can no longer support increased magnetic flux
efficiently. As a result, increases in current yield diminishing returns in torque—a curve that
flattens out, as the graph demonstrates.
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This non-linear region is critical from a design standpoint. Engineers must balance how much
surge current the inverter can safely deliver, how much the motor windings can thermally
tolerate, and how much additional torque can be justified from a diminishing gain perspective.
Moreover, system-level factors such as battery voltage droop, wire size, inverter gate drive
limits, and thermal rise further constrain how long a motor can remain in its surge condition
without risking failure or long-term degradation.

Another factor shown implicitly in the curve is the controller’s role. It doesn’t merely “allow”
current—it orchestrates the current delivery to match the desired torque while preventing
overstress. This makes the inverter’s peak current rating and thermal management systems
equally critical to determining whether the vehicle can deliver its full-rated torque at O rpm for a
few seconds of high-demand launch, such as starting from a stoplight on a hill.

So, in summary, while breakaway torque in a heavy-duty EV motor is indeed driven by surge
amperage, the proportionality holds true only within the unsaturated, controlled region of
operation. Beyond that, the system enters a complex tradeoff zone where every additional amp
comes at a reduced torque benefit and potentially greater thermal or component stress.

This understanding is foundational to sizing inverters, selecting battery chemistries with high
current capability, and protecting motor windings in any real-world commercial electric truck
design.

Sources:

o Habyarimana et al., Energies, 2022 — “Reduction of Starting Current in Large Induction
Motors ’mdpi.commdpi.com

« Vicor Power, 2023 — “Eliminate EV High-Voltage Pre-Charge Circuitry” (on 800 V
inverters and inrush issues)vicorpower.comvicorpower.com

o Jenkins, Charged EVs Magazine, 2023 — “Alternatives to PM Motors in EV Traction
Applications” (discussion of torque and current limits at O rpm)chargedevs.com
chargedevs.com

e ORNL Report ORNL/TM-2007/142 — (benefits of selectable windings on EV motor
starting performance)info.ornl.govinfo.ornl.gov

« Dana TM4 (industry white paper/spec sheet) — “SUMO HD/HPe Motor-Inverter
Systems” (specifications of 250-540 kW motors, illustrating peak vs continuous ratings)
dana.comdana.com

e Wang & Liu, 2022 — Proc. IMechE, “Start-up characteristics of e-motor driven by
hydraulic pump” (hybrid strategy to reduce electrical start current)researchgate.net

e Additional: General motor engineering references on inrush current and motor starting
behaviormdpi.commdpi.com, and Charged EVs technical features on traction motor
control and efficiencychargedevs.com.
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