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Resistive, Inductive, and Capacitive Load Bank Elements
Function, Design, Application

Load banks use resistive, inductive, and/or capacitive components to place various types of load on power systems. This
document explains the differences and provides information required to understand load bank function and application.

LOAD BANK OPERATION OVERVIEW
A load bank places electrical load on a power source or distribution system to (1) test its ability to deliver electricity, or
(2) to adjust its current characteristics. This electrical load must be accurately controlled, measured, and recorded, and
the load must be repeatable from test-to-test. The components that create electrical load are termed load elements.
Load banks create power demand using resistive, inductive, and capacitive load bank elements. To understand their
necessity and function, it is helpful to understand certain characteristics of electrical current.

CHARACTERISTICS OF ELECTRICAL POWER
If circuits were immune to effects that reduce transmission efficiency, the amount of available power would simply
be a function of voltage times amperage. However, circuits are affected by the characteristics of their conductors
and components. These include phenomena such as resistance, capacitance, and inductance. Because these
reduce the amount of power available for loads, the relationship between “available power” or “real power” must
be understood.
For a given power source, a circuit will transmit power that is not otherwise consumed by the resistive, inductive,
and capacitive effects of the materials through which current passes. The amount of power supplied by the source
is Apparent Power, which is expressed in volt-amps. The amount of power retained or consumed by circuit materials
is Reactive Power, expressed as volt-amps reactive. The amount of power remaining to do actual work is Real Power,
which is expressed in watts. The relationship between these three parameters is illustrated by the Power Triangle in
Figure 1, and can be calculated by derivations of the Pythagorean Theorem, where:

(Apparent Power) = (Real Power) + (Reactive Power)
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Figure 1: Power Triangle
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In an alternating current system, current occurs in
sinusoidal waveforms according to frequency. In a
circuit unaffected by inductance or reactance,
amounts of voltage and current would rise and fall
together during each cycle, a condition known as
unity, represented by Figure 2.
In practice, circuits present inductive or reactive
characteristics that cause voltage and current to peak
at different times. In inductive circuits, voltage peaks
before current, as shown in Figure 3. In capacitive
circuits, voltage peaks after current, as shown in
Figure 4.
Greater time between current and voltage peaks
indicate a greater amount of reactive or capacitive
power. Either condition increases the work required
to deliver power to loads and reduces the amount of
real power available for completing work. The extent
of variation between these peaks is a function of
the phase angle of the source when each peak is
measured.
The extent to which the voltage and current peak at
different times or phase angles is quantified by the
power factor. This is the ratio of the actual electrical
power dissipated by an AC circuit to the product of
the root mean square values of the line current and
voltage. For purely resistive loads, power factor
equals 1. Increasing variance from this value indicates
decreasing amounts of real power available for work.
The power factor of typical power distribution circuits
is approximately 0.8.

LOAD ELEMENT OPERATION AND DESIGN
Load banks use load elements that vary in construction
and function to develop different types of load, which
can be applied to circuits to achieve differing outcomes.
Three principle types of load elements include resistive,
inductive, and capacitive. Their application is explained
as follows.
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Figure 2: Current and voltage near unity
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Figure 3: Inductive power, where current lags voltage
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Figure 4: Capacitive power, where current leads voltage
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Resistive Load Elements
Nominal Voltage

Function
The most common load banks utilize resistive load
elements to generate load. Resistance is generated when
current passes through an element that converts power
to heat, placing a corresponding electrical load on the
power source. Resistive load bank elements can produce
precise amounts of load at a power factor equaling 1.
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Design

Figure 5: Resistive Element

Resistive heating results from the “friction” of forcing
electrons of a large current through a conductor. Resistive
load bank elements use conductors manufactured of highresistance metals such as nickel-chromium alloy that can
quickly transfer heat to surrounding air (Figure 5). When
these are wound in a helical pattern, they provide surface
area for transferring heat (Figure 6). Maximizing surface
area increases the amount of heat that can be dissipated
by a load element of a given size. This characteristic is
known as watt density. Arranging multiple load elements
in an enclosure provides the necessary amount of load for
an application (Figure 7). A resistive load bank is shown in
Figure 8.
Other resistive load element designs use conductors
that are sheathed and sealed. These elements position
conductors between inner and outer sheathing and are
bedded in magnesium oxide powder to impart certain
thermal and insulating properties. The outer sheath is
stainless steel to resist corrosion. Sheathed elements
typically do not operate at the high temperatures reached
by other designs, and thus provide long service life
under continuous operation. Load banks with sheathed
elements are well-suited for heavy-duty applications in
locations with varied climatic conditions.

Figure 6: Helical wound resistive element
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Figure 7: Multiple resistive elements are arranged to provide
necessary total load.

By function, resistive load elements generate large
amounts of heat, approximately 3,412 British Thermal
Units per hour for every kilowatt of load. This heat
must be quickly dissipated from a load bank to prevent
overheating. Consequently, resistive load banks use
forced air cooling, which is provided by a dedicated
power circuit and one or more blowers.

Figure 8: Resistive Load Bank
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Application
Resistive units are the most common type of load bank in use today. Resistive load banks are used to apply load up
to 100% of a generator’s nameplate kW rating. This resistive load places the prime mover (typically a diesel engine)
to work harder, which causes additional stress to its fuel, exhaust, and cooling systems. However, a resistive unit can
only achieve 80 percent of a generator’s set nameplate kVA rating. Because resistive elements operate at 1.0 or unity
power factor, they do not test the reactive power produced by a genset.

Inductive Load Elements
Function
Known also as reactive load elements, inductive elements use wire coils to
create inductive fields. The power used to create and maintain these fields
places corresponding load onto the power source or distribution system.
In contrast to resistive loads, inductive load current follows a sinusoidal
pattern that peaks after the voltage sine wave, so the maximum, minimum,
and zero points for voltage changes are out-of-phase with current
changes. Consequently, inductive coils produce lagging power factors.

Design
Inductive elements are constructed of copper wire wound on molded
nylon bobbins that provide maximum coil-to-ground insulation (Figure 9).
The wire is gauged to provide an inductive power factor of 0.05 or less.
High-temperature reinforced insulation is positioned between each layer of
the winding to maintain coil-to-coil insulation. The bobbins are mounted on
a ferrous core constructed of iron laminations. When compared to resistive
elements, inductive load elements generate very little heat. Consequently,
convective cooling or a small fan is sufficient for most inductive load bank
designs.

Figure 9: Inductive element

Application
Because they produce lagging power factors, inductive load elements are used whenever the power factor of a test
load, such as that produced by a load bank, must be reduced to simulate load on another circuit. For instance, the
power distribution system in a hospital may normally be 0.8. However, during generator tests, load banks are used
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instead of live load to avoid power disruptions to the facility. Because resistive load banks provide a power factor of
1.0, they will not be able to test a power source at its rated kVA. Adding a resistive load bank adjusts the power factor
to the value needed for full-capacity testing.

Capacitive Load Elements
Function
Capacitive load elements use industrial grade capacitors that store electrical charge. Because these devices store
surplus charge and resist changes in voltage, they cause current to peak before voltage during electrical cycles. As
a result, capacitive load bank elements provide a leading power factor, and are often used to adjust power factor to
simulate loads during power system test events.

Design
Capacitors store electrical charge in metallic materials placed between insulators. Capacitors
for power factor correction are manufactured in a variety of types, sizes, and designs. The
most common store charge on metalized polypropylene film while some types use metalized
polyester film or paper.
Industrial load capacitors utilize an oil-filled, welded metal case with large diameter, low
profile, input bushings (Figure 10). Typically using oil-filled designs, typical load bank
capacitive elements absorb and store electrical charge to create capacitive load. The
bushings provide minimum inductance for
fast discharge and high frequency response.
Oil-filled capacitors offer a typical 3 to 100
kilojoules energy storage per unit.

Application
Because circuits with low power factors
increase the work required to deliver
electricity, capacitive load banks are often
used at electrical substations to increase
power factors. In facility power systems, capacitive
load banks can be used to increase the power
factor to offset inductive load.

Figure 10: Capacitive element

Figure 11. A Capacitive
Load Bank

Combined Load Element Designs
Combined load banks typically provide both resistive
and inductive load elements in a single enclosure
to produce lagging power factors (Figure 12). This
arrangement enables testing of generators at 100% of
their nameplate kVA rating using a single load bank.
Figure 12: Combined Resistive/Inductive Load Banks that can be
relocated from site-to-site.
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The resistive and inductive load elements can be independently switched to produce purely resistive or inductive loads or to
adjust power factor as required.
For power distribution systems with transformers, capacitors and motor-driven loads, load testing requires reactive
power compensation. For these applications, combining resistive and reactive elements in a single load bank
enclosure meets requirements and streamlines setup and execution of load tests. Combined load banks are rated
in kilovolt-amperes (kVA).
Notably, a combined load bank can include resistive, inductive, and capacitive elements to accommodate the widest range
of applications. These can be especially suited for use by rental companies, which may be required to accommodate different
load types as equipment is relocated from site-to-site.
Resistive/reactive load banks are useful for testing turbines, switchgear, rotary UPS, generators and battery UPS
systems. They can also be used to test utility substation protection systems, particularly those that use complex relay
arrangements to control or mitigate directional power phenomena.

SUMMARY
A circuit will transmit power that is not otherwise consumed by the resistive, inductive, and capacitive effects. By adding
resistive, inductive, and capacitive loads, load banks can be used to test powers sources at unity or at the lagging power
factors typically found in facility power distribution circuits.
Inductive load banks elements reduce power factor to simulate the affect of motor loads. They are also used in combination
with resistive elements to test the power sources at their full apparent power ratings. Capacitive load bank elements absorb
and store energy to increase power factor to simulate specific types of load.
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