Module 5 — Motor & Equipment Circuits
Motor Circuit Design Rules
MODULE 5 · LESSON 1
Industrial Electrical Systems & Code Compliance — Book 5 of the Electrical Series
 
	FIELD NOTE
Why this lesson matters: Motor circuits are one of the few places in the code where a single piece of equipment gets its own dedicated multi-layer protection scheme — conductor sizing, short-circuit protection, and overload protection are three genuinely separate calculations, not one number applied three times.


 
1. Motor Circuit Components — Click Each Layer
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Diagram
 
Branch Circuit Conductor: Sized to the motor's full-load current with the required percentage margin (often 125%) — this is the wire itself, sized per Module 1, Lesson 1's ampacity method applied to motor-specific current figures.
Short-Circuit Protection Device: Sized generously above full-load current specifically to avoid nuisance tripping during normal motor starting (which can draw many times running current briefly) while still clearing genuine short-circuit or ground-fault conditions.
Disconnecting Means: Provides a way to disconnect the motor for maintenance — must typically be within sight of the motor or lockable in the open position if not within sight, so someone working on the motor can be certain of its state.
Overload Protection: Sized closely to the motor's actual full-load running current — this is the layer that protects the motor windings themselves from sustained overheating due to a running overload, mechanical binding, or single-phasing.
 
 
	COMMON MISTAKE
Field mistake seen often: A single breaker is selected and treated as satisfying conductor protection, short-circuit protection, and overload protection all at once — because "it's a motor circuit breaker, so it covers everything." Standard


			
			
			
			

	

	

			
			
			
			

	

		
		
		
		

	

	

	

	

	

	

	

	

		
		
		
		
		

	

	

Module 7 — Quick-Reference & Field Cheat Sheets
Conductor Ampacity & Sizing Quick Reference
MODULE 7 · LESSON 1
Industrial Electrical Systems & Code Compliance — Book 5 of the Electrical Series
 
	FIELD NOTE
How to use this lesson: This consolidates the conductor sizing and protection reference material from Modules 1, 3, and 5 into one lookup page. For the full reasoning behind each entry, revisit the original lesson.


 
Ampacity Selection Process (Module 1, Lesson 1)
	Step
	Key Point

	1. Load current
	Continuous loads (3+ hours) typically sized at 125% of load current, not 100%

	2. Base ampacity
	From conductor material, insulation type/temp rating, and size

	3. Ambient correction
	Reduces ampacity above the table's reference ambient (commonly 30°C)

	4. Bundling correction
	More than a few current-carrying conductors together requires derating

	5. Termination rating
	The lowest temperature rating in the whole circuit path governs — conductor, terminals, breaker


 
Live Derating Calculator
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Worked example
Overcurrent Protection Principle (Module 3, Lesson 2)
	Rule
	Key Point

	Purpose
	Overcurrent device protects the conductor — not simply matched to load nameplate rating

	Comparison basis
	Compare device rating against actual usable ampacity (after all derating), not raw table value

	Next-size-up rule
	Has specific conditions and limits — not a blanket oversizing allowance


 
Motor Circuit Sizing Quick Reference (Module 5, Lesson 1)
	Layer
	Sizing Basis

	Conductor
	125% of motor full-load current, minimum

	Short-circuit protection
	Higher percentage multiple of FLC, specific to device type — rides through starting current

	Overload protection
	Close to FLC, tracks actual thermal limit

	Disconnect
	Horsepower-rated, within sight or lockable


 
Raceway Type Quick Reference (Module 1, Lesson 2)
	Type
	Key Note

	EMT
	General dry indoor; connectors must stay tight for grounding path

	RMC
	Higher mechanical protection; threaded connections

	PVC
	No grounding path — separate equipment grounding conductor required

	FMC/LFMC
	Use liquid-tight (LFMC) for washdown/high-humidity, not standard FMC


 
Knowledge Check
1. What determines whether a continuous load needs the 125% conductor sizing factor?
•  Any load above 20A automatically requires it
✓  Whether the load runs continuously for 3 hours or more
•  Only motor loads ever require this factor
2. When comparing an overcurrent device rating against a conductor, which ampacity value should be used?
•  The raw table ampacity before any derating
✓  The actual usable ampacity after all applicable derating factors
•  Either value works identically for this comparison
3. Does PVC conduit provide an equipment grounding path on its own?
•  Yes, identical to metal conduit
✓  No — a separate equipment grounding conductor must be pulled inside
•  Only for circuits under 20A
 
Grounding & Bonding Cheat Sheet
MODULE 7 · LESSON 2
Industrial Electrical Systems & Code Compliance — Book 5 of the Electrical Series
 
	FIELD NOTE
How to use this lesson: Consolidated reference from Module 2 and Module 6's grounding/bonding content — for full reasoning behind each entry, revisit the original lesson.


 
Grounding Electrode Types (Module 2, Lesson 1)
	Type
	Key Note

	Ground Rod
	Most common; achievable resistance depends heavily on soil conditions

	Ground Plate
	More surface contact area; used where rock/obstructions prevent adequate rod depth

	Ufer Ground
	Concrete-encased conductor; often excellent, stable resistance in new construction

	Ground Ring
	Buried perimeter conductor; used for larger structures or when rods alone aren't enough


 
Ground Resistance Testing (Module 2, Lessons 1 & 4)
	Step
	Key Point

	Method
	Fall-of-potential (3-point) test is the most accurate; clamp-on requires an existing parallel path

	Potential stake placement
	~62% of distance to current stake

	Validation
	Check agreement at 52%, 62%, and 72% positions — if they disagree significantly, move the current stake farther and repeat


 
Bonding Rules (Module 2, Lesson 2)
	Rule
	Key Point

	Main bonding jumper
	Only at service equipment — never repeated at a subpanel

	Metal raceway continuity
	Every joint needs genuine metal-to-metal contact — paint/corrosion/looseness breaks continuity

	Non-metallic raceway
	Requires separate equipment grounding conductor, bonded at both ends

	Flexible metal conduit
	May need a supplemental bonding jumper if connectors aren't listed for grounding at that length


 
Special Grounding Cases (Module 2, Lesson 3 & Module 6, Lesson 1)
	Case
	Key Point

	Separately derived systems
	Need their own system bonding jumper — avoid unwanted parallel paths

	Generator with neutral-ground bond
	Often requires a 4-pole transfer switch to avoid a parallel neutral path

	Sensitive electronics
	Isolated grounding schemes supplement, never replace, standard safety grounding


 
Knowledge Check
1. At approximately what percentage of the distance to the current stake should the potential stake be placed in a fall-of-potential test?
•  25%
✓  62%
•  90%
2. Where should the main bonding jumper connecting neutral and ground be located?
•  At every subpanel
✓  Only at the service equipment
•  Wherever most convenient
3. Why might a backup generator require a 4-pole transfer switch?
•  4-pole switches are always required regardless of configuration
✓  If the generator has its own neutral-ground bond, the neutral must be switched too to avoid a parallel path
•  Only for three-phase generators above 500kW
 
Inspection-Readiness Master Checklist
MODULE 7 · LESSON 3 — FIELD TIPS
Industrial Electrical Systems & Code Compliance — Book 5 of the Electrical Series
 
	FIELD NOTE
How to use this lesson: A single consolidated checklist pulling one or two critical items from every module in this book — a final sanity check before calling for inspection or energizing a new installation. It supplements, not replaces, each module's detailed procedure.


 
0 of 20 items complete
Module 1 — Electrical Installation Fundamentals 1.Conductor sizing confirmed against actual usable ampacity, including all derating factors2.Raceway/enclosure type matches actual environment, not just original specification3.Panel spare capacity, labeling, and circuit directory complete and accurate4.Termination torque verified on all conductor sizes, not just larger feeders
Module 2 — Grounding & Bonding Practice 1.Ground resistance tested and recorded, not just visually confirmed installed2.Bonding continuity verified end-to-end, especially through raceway joints and flexible connections3.Main bonding jumper present only at the service, never repeated at a subpanel4.Any special grounding cases (separately derived systems, generators) correctly configured
Module 3 — Code Compliance Fundamentals 1.Applicable code requirements verified against the current adopted edition, not memorized old numbers2.Overcurrent device rating checked against conductor's actual usable ampacity3.Hazardous location wiring methods and seals verified for every applicable zone crossing
Module 4 — Load Calculations & Service Design 1.Load calculation demand factors verified against the current adopted code for each load category2.Service disconnect operations count within the permitted maximum3.Utility fault current data obtained and used for equipment rating verification
Module 5 — Motor & Equipment Circuits 1.Motor circuits show separate, correctly sized short-circuit and overload protection2.Motor disconnects located within sight or lockable per applicable rules3.Fixed equipment circuits not over-complicated with unnecessary motor-specific design patterns
Module 6 — Special Systems 1.Emergency/standby transfer switch pole configuration matches generator neutral bonding2.Emergency system wiring physically separated from normal system wiring3.Low-voltage/communication cabling separated or properly crossed relative to power cabling
Knowledge Check
1. Is this master checklist meant to replace each module's detailed procedure?
•  Yes, this checklist alone is sufficient for a full inspection readiness review
✓  No — it's a final consolidated sanity check that supplements, not replaces, each module's detailed procedure
•  It replaces only the safety-related procedures, not code compliance ones
2. Why does this checklist pull items from every module rather than focusing on just electrical connections?
•  A real inspection only ever depends on the electrical connections themselves
✓  A real installation's inspection readiness depends on getting every layer right together — sizing, grounding, documentation, and special systems alike
•  It's organized this way purely for document length, not functional reasons
3. What should happen if an item on this checklist can't be confidently confirmed?
•  Proceed anyway since most items are minor formalities
✓  Stop and resolve it using the relevant module's detailed procedure before calling for inspection
•  Skip it and revisit after the inspection has already occurred
 
Glossary of Terms
MODULE 7 · LESSON 4 — FINAL LESSON
Industrial Electrical Systems & Code Compliance — Book 5 of the Electrical Series
 
	FIELD NOTE
How to use this lesson: Type in the search box to filter terms as you work through a design, inspection, or troubleshooting task. Each entry notes which module it was introduced in for a deeper refresher.


 
Ambient Temperature Correction  [M1]
A factor reducing conductor ampacity below the table's reference ambient temperature (commonly 30°C), applied when actual installation conditions are hotter.
Ampacity  [M1]
The maximum current a conductor can carry continuously under specified conditions without exceeding its temperature rating.
Bonding Jumper  [M2]
A conductor providing electrical continuity between metal parts required to be electrically connected — the main bonding jumper connects neutral and ground, only at the service.
Clamp-On Ground Test  [M2]
A ground resistance testing method using an existing parallel grounding path as the return, without disconnecting the electrode — invalid for a truly isolated single electrode.
Conductor Bundling Correction  [M1]
A factor reducing conductor ampacity when more than a few current-carrying conductors are grouped together, since heat dissipation is reduced.
Connected Load  [M4]
The simple sum of every load's nameplate rating, as if everything ran simultaneously at full capacity — distinct from demand load.
Continuous Load  [M1]
A load expected to run for 3 hours or more, typically requiring conductor and overcurrent device sizing at 125% of its current rather than 100%.
Demand Factor  [M4]
A percentage applied to some or all connected load to arrive at a realistic demand load, varying by load type and code-specified category.
Demand Load  [M4]
The realistic maximum load expected at any one time, accounting for the fact that not all connected loads operate simultaneously at full capacity.
Fall-of-Potential Test  [M2]
A ground resistance testing method using auxiliary current and potential stakes placed at specific distances from the electrode under test.
Feeder Calculation  [M4]
A load calculation covering a specific downstream distribution point, with its own applicable demand factors based on what it actually serves.
Fixed Equipment  [M5]
Non-motor equipment (heaters, ovens, welders) generally following simpler circuit design rules than motor circuits, since there's typically no large starting-current transient.
Ground Ring  [M2]
A bare conductor encircling a structure at a specified depth, used to extend grounding electrode contact perimeter.
Ground Rod  [M2]
The most common grounding electrode type; achievable resistance depends heavily on soil conditions and must be tested, not assumed.
Grounding Electrode Conductor  [M4]
The conductor connecting the service to the grounding electrode system, sized appropriately for the service size.
Hazardous Location Classification  [M3]
A system categorizing areas by the likelihood and duration of a hazardous atmosphere being present, governing required wiring methods and equipment.
Liquid-Tight Flexible Conduit (LFMC)  [M1]
Flexible metal conduit rated for moisture exclusion, required in washdown or high-humidity applications where standard FMC is inadequate.
Main Bonding Jumper  [M2]
The connection between neutral and ground, installed only at the service disconnect — never repeated at a subpanel.
Motor Full-Load Current (FLC)  [M5]
The motor's rated running current, used as the basis for conductor, short-circuit protection, and overload protection sizing calculations.
NEMA/IP Rating  [M1]
Enclosure classification systems describing protection against dust, moisture, and other environmental factors — must be matched to the actual installation environment.
Overload Protection  [M5]
Motor circuit protection sized closely to actual full-load current, protecting the motor windings from sustained overheating due to running overload.
Separately Derived System  [M2]
A system deriving power with no direct electrical connection to another system, requiring its own grounding electrode connection and system bonding jumper.
Service Disconnect  [M4]
The means of disconnecting all ungrounded service conductors, limited to a maximum permitted number of switch or breaker operations to accomplish full disconnection.
Short-Circuit Protection  [M5]
Motor circuit protection sized generously above full-load current specifically to ride through motor starting current without nuisance tripping, while still clearing genuine faults.
Spare Capacity  [M1]
Reserved circuit positions and bus capacity in a panel, planned in advance to accommodate future circuit additions without requiring panel replacement.
Transfer Switch  [M6]
A device switching load connection between normal and emergency/standby power sources — pole configuration (3-pole vs. 4-pole) depends on generator neutral bonding.
Ufer Ground  [M2]
A concrete-encased grounding electrode, taking advantage of concrete's moisture retention for often excellent, stable resistance to ground.
Voltage Drop  [M5]
The reduction in voltage over a conductor's length, checked as a separate calculation from ampacity — a conductor can have adequate ampacity while still producing excessive voltage drop over a long run.
Working Clearance  [M3]
The required unobstructed space in front of electrical equipment, which must be maintained throughout the equipment's life, not just verified at initial installation.
 
	Book Complete
Industrial Electrical Systems & Code Compliance — 25 lessons across 7 modules
Module 1 — Electrical Installation Fundamentals (4 lessons): conductor sizing, raceway/enclosure selection, panel design, and installation walkdown procedure
Module 2 — Grounding & Bonding Practice (4 lessons): electrode systems, bonding requirements, special cases, and field resistance testing procedure
Module 3 — Code Compliance Fundamentals (4 lessons): code book navigation, overcurrent protection, hazardous locations, and inspection-readiness practice
Module 4 — Load Calculations & Service Design (3 lessons): load calculation methods, service entrance design, and a full worked example
Module 5 — Motor & Equipment Circuits (3 lessons): motor circuit design rules, fixed equipment circuits, and a motor circuit worked example
Module 6 — Special Systems (3 lessons): emergency/standby power, low-voltage/communication coexistence, and the field transfer test procedure
Module 7 — Quick-Reference & Field Cheat Sheets (4 lessons): ampacity/sizing reference, grounding/bonding reference, pre-inspection master checklist, and this glossary
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Bundling Correction Factor 4-6 conductors ( v

Calculate

Base ampacity: 100 A - After ambient (x0.91): 91.0 A . After bundling (x0.8): 72.8 A
Actual usable ampacity: 72.8 A — compare this against calculated load current, including any 125% continuous-load factor.
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MOTOR CIRCUIT PROTECTION LAYERS

Each layer answers a different question — click each 1

These are three separate calculations, not one number

Click a protection layer above to see what question it answers.





