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@ INTRODUCTION

Voltage drop is an inherent characteristic of electrical systems. As
current flows through conductors, a portion of the system voltage is
consumed by conductor resistance and reactance. When voltage drop is
properly considered during design and installation, it poses no concern.
When overlooked, however, it can negatively affect system performance,
reliability, and long-term value.

This article provides a brief, Canada-focused overview of voltage-drop R
fundamentals, commonly referenced calculation methods, and generally 3
accepted practices aligned with the Canadian Electrical Code (CEC). Voltage Drop Calculator

@® WHY VOLTAGE DROP MATTERS

Excessive voltage drop impacts both equipment performance and operational reliability. Common effects include:
e Reduced motor starting torque and increased operating temperature

e Lighting flicker, reduced lumen output, and shortened driver life

e Nuisance tripping of protective devices

e Decreased system efficiency and increased energy consumption

e Unreliable operation of sensitive electronic equipment

Managing voltage drop early in the design phase helps prevent costly callbacks, improves energy efficiency, and supports equipment longevity.

@ KEY FACTORS INFLUENCING VOLTAGE DROP

Voltage drop is influenced by multiple interrelated factors including:
e Conductor length: longer runs increase voltage loss

e Load current: higher current results in greater voltage drop

e Conductor size: larger conductors reduce resistance

e Conductor material: copper offers lower resistance than aluminum
¢ Operating temperature: resistance increases as temperature rises
e Power factor: inductive loads increase effective impedance

e System voltage: higher voltages reduce percentage voltage drop

Understanding how these variables interact allows designers and installers to make balanced, performance-driven decisions.
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@ VOLTAGE DROP CALCULATION METHODS
VOLTAGE-DROP CALCULATION - 120 V AND ABOVE (CEC METHOD)

For circuits rated 120 V and above, voltage-drop calculations shall be performed in accordance with Canadian Electrical Code (CEC) Appendix D,
Table D3 and its notes.

e Distances in Table D3 are based on a 1% voltage drop at 120 V.

e Allowable distances for 3% or 5% voltage drop are obtained by multiplying the 1% distances by 3 or 5, respectively.

e Because Table D3 is based on conductor resistance at 60 °C, calculated distances shall be multiplied by the applicable correction factor based
on the conductor insulation temperature rating and the percentage of load relative to allowable ampacity.

e Where calculated values fall between columns, the higher percentage column shall be used.

SINGLE-PHASE CIRCUITS THREE-PHASE CIRCUITS

For single-phase AC or DC circuits: For balanced three-phase systems:

Voltage Drop (VD) =2 x K x I x L = CM Voltage Drop (VD) = /3 x Kx I x L + CM

Where: K = conductor material constant For line-to-neutral loads supplied from a wye system, the single-phase
| = load current (amperes) equation applies. Always confirm whether loads are line-to-line or
L = one-way conductor length line-to-neutral.

CM = conductor area (circular mils)

For long conductor runs, large conductors, or motor-intensive installations, inductive reactance should be considered using the impedance-based
method: VD =1 x L x (R x cos6 + X x sinB) x multiplier

Where the multiplier is 2 for single-phase and /3 for three-phase circuits. Resistance and reactance values are obtained from manufacturer data
or CEC tables.

FIELD-PROVEN BEST PRACTICES

e Measure actual conductor routing rather than straight-line distance

e Check voltage drop at maximum expected load

e Consider upsizing conductors where future expansion is likely

e Apply temperature corrections when ambient conditions exceed standard assumptions
e Verify combined feeder and branch circuit voltage drop on long runs

Small design adjustments made early often provide long-term operational benefits.

COMMON APPLICATIONS REQUIRING VOLTAGE DROP REVIEW MOTOR CIRCUITS

e Long conductor runs e Evaluate both running and starting voltage drop

e Motor and HVAC equipment e Starting conditions often govern conductor sizing

e | arge single-phase loads e Excessive voltage drop reduces torque and increases thermal stress

e Commercial or mixed-used buildings
e Aluminum feeder installations
e |nstallations with planned future load growth
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@ CONCLUSION

Effective voltage-drop management reflects thoughtful electrical design and installation. By applying appropriate calculation methods and
considering real-world operating conditions, electrical professionals can deliver systems that perform efficiently and reliably throughout
their service life. Attention to voltage drop is not simply a code consideration, it is an expression of professional care, foresight, and
technical excellence.
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