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ECET 4520
Industrial Distribution Systems,         

Illumination, and the NEC

Circuit Design


Motor Loads

Article 210

210.1 – Scope

This article covers branch circuits except for those that supply 
only motor loads, which are covered in Article 430.

Provisions of Article 210 and Article 430 apply to branch 
circuits with combination loads.

Branch Circuits
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210.2 – Other Articles for Specific-Purpose Branch Circuits

Branch circuits shall comply with this article and also with the 
applicable provisions of other articles of this Code.  The 
provisions for branch circuits supplying equipment listed in 
Table 210.2 amend or supplement the provisions in this article.

Branch Circuits

The equipment serviced by      
Specific-Purpose Branch Circuits 

often requires special considerations 
that are not covered in Article 210.  

Instead, these concerns are addressed 
later in the code, typically in chapter:

5 – Special Occupancies
6 – Special Equipment
7 – Special Conditions 

210.19(A)(1) – Conductors – Min Ampacity & Size

Branch-circuit conductors shall have an ampacity not less than 
the maximum load to be served.  Conductors shall be sized 
to carry not less than the larger of 210.19(A)(1)(a) or (b).

(a) … ampacity not less than (100% of) the non-continuous load 
plus 125% of the continuous load.

(b) … ampacity not less than the maximum load to be served after 
the application of any adjustment/correction factors.

Informational Note No. 2: See Part II of Article 430 for minimum rating 
of motor branch-circuit conductors.

Branch Circuits
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210.20 – Overcurrent Protection

Branch-circuit conductors shall be protected by protective devices 
that have a rating that complies with 210.20(A)–(D).

210.20(A) – Continuous & Non-continuous Loads

The rating of the overcurrent device shall not be less than 100% 
of the non-continuous load plus 125% of the continuous load.

Branch Circuits

Article 210.20(A) provides the 
“general” guidelines for sizing the 

overcurrent protective devices, 
but other “specific” guidelines 

may apply for certain equipment.

210.20(C) – Equipment

The rating or setting of the 
overcurrent protective 
device shall not exceed 
that specified in the articles 
referenced in Table 240.3 
for equipment.

Branch Circuits

Some of the other articles 
referenced in the table may allow 

branch-circuit overcurrent 
protective device ratings in excess 
of those presented in Article 210.



4

Article 220

220.1 – Scope

This article provides requirements for calculating branch-circuit, 
feeder, and service loads.

Part I – General Requirements

Part II – Branch-Circuit Loads

Part III – Feeder and Service Loads

Part IV – Optional Feeder & Service Loads

Branch-Circuit, Feeder & Service Calculations

220.3 – Application of Other Articles

In other articles applying to the calculation of loads in specialized 
applications, there are requirements provided in Table 220.3
that are in addition to, or modifications of, those in this article.

This is similar in nature to   
Article 210.2 that refers to other 

articles that contain provisions for 
Specific-Purpose Branch Circuits.  

Branch-Circuit, Feeder & Service Calculations
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II – BRANCH-CIRCUIT LOAD CALCULATIONS

220.10 –General

Branch-circuit loads shall be calculated as shown in 220.12, 
220.14, and 220.16.

220.14 – Other Loads – All Occupancies

In all occupancies, the minimum load for … outlets not used for 
general illumination shall not be less than that calculated in 
220.14(A)-(L), the loads shown being based on nominal 
branch-circuit voltages.

Branch-Circuit, Feeder & Service Calculations

220.14(C) – Motor Loads

Outlets for motor loads shall be calculated in accordance with the 
requirements in 430.22, 430.24, and 440.6.

430.22 – Single Motor.

430.24 – Several Motors or Motors and Other Loads.

440.6   – AC/Refrigeration Equipment - Ampacity and Rating.

220.18 – Maximum Loads

The total load shall not exceed the rating of the branch circuit, 
and it shall not exceed the maximum loads specified in 
220.18(A) through (C) under the conditions specified therein.

Branch-Circuit, Feeder & Service Calculations
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220.18(A) – Motor-Operated and Combo. Loads

Where a circuit supplies only motor-operated loads, Article 430 
shall apply.

Where a circuit supplies only air-conditioning or refrigerating 
equipment, Article 440 shall apply.

For circuits supplying motor-operated utilization equipment that 
is fastened in place and has a motor larger than 1/8hp along with 
other loads, the calculated load shall be 125% of the largest 
motor load plus the sum of the other loads.

Branch-Circuit, Feeder & Service Calculations

Article 210

Motors, Motor Circuits, and Controllers

I – GENERAL

430.1 – Scope

This article covers motors, 
motor branch-circuit and 
feeder conductors and their 
protection, motor overload 
protection, motor control 
circuits, motor controllers 
and control centers.
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430.6 – Ampacity and Motor Rating Determination

The size of conductors supplying equipment covered by Article 
430 shall be selected from the allowable ampacity tables in 
accordance with 310.15(B)…  The required ampacity and 
motor ratings shall be determined as specified in 430.6(A)-(D).

430.6(A) – General Motor Applications

For general motor applications, current ratings shall be determined 
based on (A)(1) and (A)(2).

Motors, Motor Circuits, and Controllers

430.6(A) – General Motor Applications

For general motor applications, current ratings shall be determined 
based on (A)(1) and (A)(2).
(1) – Table Values – Other than for (specialty) motors, the values given in 

Table 430.248 & Table 430.250 shall be used to determine the 
ampacity of conductors or ampere ratings of branch-circuit 
short-circuit protection instead of the actual current rating marked 
on the motor nameplate.  Where a motor is marked in amperes, but 
not horsepower, the horsepower rating shall be assumed to be that 
corresponding to the value given in Table 430.248 & Table 430.250.

(2) – Nameplate Values – Separate motor overload protection shall be 
based on the motor nameplate current rating.

Motors, Motor Circuits, and Controllers
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Motors, Motor Circuits, and Controllers

Motors, Motor Circuits, and Controllers
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II – MOTOR CIRCUIT CONDUCTORS

430.21 –General

Part II specifies ampacities of conductors that are capable of 
carrying the motor current without overheating under the 
conditions specified.

430.22 – Single Motor

Conductors that supply a single motor used in a continuous duty 
application shall have an ampacity of not less than 125 percent 
of the motor full-load current rating, as determined by 
430.6(A)(1)…

Motors, Motor Circuits, and Controllers

430.24 – Several Motors or Motors & Other Loads

Conductors supplying several motors, or a motor(s) and other 
load(s), shall have an ampacity not less than the sum of each of 
the following:

(1) – 125 percent of the full-load current rating of the highest
rated motor, as determined by 430.6(A),

(2) – Sum of the full-load current ratings of all the other motors 
in the group, as determined by 430.6(A),

(3) – 100 percent of the non-continuous non-motor load, and

(4) – 125 percent of the continuous non-motor load.

Motors, Motor Circuits, and Controllers



10

III – MOTOR AND BRANCH-CIRCUIT OVERLOAD PROTECTION

430.31 –General

Part III specifies overload devices intended to protect motors and 
motor branch circuit conductors against excessive heating due 
to motor overloads and failure to start.

These provisions shall not require overload protection where a 
power loss would cause a hazard, such as in the case of fire 
pumps.

Motors, Motor Circuits, and Controllers

430.32 – Continuous-Duty Motors

(A) More Than 1 Horsepower – Each motor used in a continuous 
duty application and rated more than 1hp shall be protected 
against overload by one of the means in 430.32(A)(1)-(4).

(1) Separate Overload Device – A separate overload device that is 
responsive to motor current. This device shall be selected to trip or 
shall be rated at no more than the following percent of the motor 
nameplate full-load current rating:

• Motors with a marked service factor 1.15 or greater 125%
• Motors with a marked temperature rise 40°C or less 125%
• All other motors 115%

Modification of this value shall be permitted as provided in 430.32(C).

Motors, Motor Circuits, and Controllers
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430.32 – Continuous-Duty Motors

(A) More Than 1 Horsepower – Each motor used in a continuous 
duty application and rated more than 1hp shall be protected 
against overload by one of the means in 430.32(A)(1)-(4).

(2) Thermal Protector – A thermal protector integral with the motor that 
will prevent dangerous overheating of the motor due to overload and 
failure to start. The ultimate trip current of a thermally protected motor 
shall not exceed the following percentage of motor full-load current 
given in Table 430.248 and Table 430.250:

• Motor full-load current 9 amperes or less 170%
• Motor full-load current from 9.1 to 20 amperes 156%
• Motor full-load current greater than 20 amperes 140%

Motors, Motor Circuits, and Controllers

430.32 – Continuous-Duty Motors

(C) Selection of Overload Device – Where the sensing element or 
setting of the overload device selected in accordance with 
430.32(A)(1) and 430.32(B)(1) is not sufficient to start the 
motor or to carry the load, higher size sensing elements or 
incremental settings shall be permitted, provided the trip 
current of the overload device does not exceed the following 
percentage of motor nameplate full-load current rating:

• Motors with marked service factor ≥ 1.15 140%
• Motors with a marked temperature rise ≤ 40°C 140%
• All other motors 130%

Motors, Motor Circuits, and Controllers
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430.40 – Overload Relays

Overload relays and other devices for motor overload protection 
that are not capable of opening short circuits or ground faults 
shall be protected by fuses or circuit breakers with ratings or 
settings in accordance with 430.52 or by a motor short-circuit 
protector in accordance with 430.52.

430.42 – Motors on General-Purpose Branch Circuits

Overload protection for motors used on general-purpose branch 
circuits as permitted in Article 210 shall be provided as 
specified in 430.42(A), (B), (C), or (D).

Motors, Motor Circuits, and Controllers

430.42 – Motors on General-Purpose Branch Circuits
(A) Not over 1 Horsepower – One or more motors without individual 

overload protection shall be permitted on a general-purpose branch 
circuit only where the installation complies with the limiting conditions 
specified in 430.32(B) and 430.32(D) and 430.53(A)(1)-(2).

(B) Over 1 Horsepower – Motors of ratings larger than specified in 
430.53(A) shall be permitted on general-purpose branch circuits only 
where each motor is protected by overload protection selected to protect 
the motor as specified in 430.32.

(D) Time Delay – The branch-circuit short-circuit and ground-fault protective 
device protecting a circuit to which a motor or motor-operated appliance 
is connected shall have sufficient time delay to permit the motor to start 
and accelerate its load.

Motors, Motor Circuits, and Controllers
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IV – MOTOR BRANCH-CIRCUIT SHORT-CIRCUIT PROTECTION

430.51 – General

Part IV specifies devices intended to protect the motor branch-
circuit conductors, the motor control apparatus, and the motors 
against overcurrent due to short circuits or ground faults. These 
rules add to or amend the provisions of Article 240.

Motors, Motor Circuits, and Controllers

430.52 – Rating or Setting for Individual Motor Circuit

(A) General – The motor branch-circuit short-circuit and ground-
fault protective device shall comply with 430.52(B) and 
either 430.52(C) or (D), as applicable.

(B) All Motors – The motor branch-circuit short-circuit and 
ground-fault protective device shall be capable of carrying 
the starting current of the motor

(C) Rating or Setting – see (1)-(4) on next slide

Motors, Motor Circuits, and Controllers
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430.52(C) – Rating or Setting
(1) In Accordance with Table 430.52

A protective device that has a rating or 
setting not exceeding the value calculated 
according to Table 430.52 shall be used.

(2) Overload Relay Table
Where maximum branch-circuit short-

circuit protective device ratings are 
shown in the manufacturer’s overload 
relay table or are otherwise marked on 
the equipment, they shall not be exceeded 
even if higher values are allowed as 
shown in Table 430.52.

Motors, Motor Circuits, and Controllers

430.53 – Several Motors or Loads on One Branch Circuit

Two or more motors and/or other loads shall be permitted on the 
same branch circuit as specified in 430.53(A), (B), or (C). The 
protective device shall be fuses or inverse time circuit breakers.

(A) Not Over 1 Horsepower – Several motors, each not exceeding 1hp in 
rating, shall be permitted on a nominal 120-volt branch circuit 
protected at not over 20 amperes or a branch circuit of 600 volts or 
less, protected at not over 15 amperes, if all of the following are met:

(1) The full-load rating of each motor does not exceed 6 amperes.
(2) The rating of the branch-circuit short-circuit protective device marked 

on any of the controllers is not exceeded.
(3) Individual overload protection conforms to 430.32.

Motors, Motor Circuits, and Controllers
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430.57 – Size of Fuseholder

Where fuses are used for motor branch-circuit short-circuit and 
ground-fault protection, the fuse-holders shall not be of a 
smaller size than required to accommodate the fuses specified 
by Table 430.52.

430.58 – Rating of Circuit Breaker

A circuit breaker for motor branch-circuit short-circuit and 
ground-fault protection shall have a current rating in 
accordance with 430.52 and 430.110.

Motors, Motor Circuits, and Controllers

430.62 – Rating or Setting — Motor Load
(A) General – A feeder supplying a specific fixed motor load(s) and 

consisting of conductor sizes based on 430.24 shall be provided with a 
protective device having a rating or setting not greater than the largest 
rating or setting of the branch-circuit short-circuit protective device for 
any motor supplied by the feeder, plus the sum of the full-load currents 
of the other motors of the group.

(B) Other Installations – Where feeder conductors have an ampacity greater 
than required by 430.24, the rating or setting of the feeder overcurrent 
protective device shall be permitted to be based on the ampacity of the 
feeder conductors.

Motors, Motor Circuits, and Controllers
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430.63 – Rating or Setting — Motor Load and Other Load(s)

Where a feeder supplies a motor load and other load(s), the feeder 
protective device shall have a rating not less than that required 
for the sum of the other load(s) plus the following:

(1) For a single motor, the rating permitted by 430.52

(2) For a single hermetic refrigerant motor-compressor, the 
rating permitted by 440.22

(3) For two or more motors, the rating permitted by 430.62

Motors, Motor Circuits, and Controllers

IX – DISCONNECTING MEANS

430.101 – General

Part IX is intended to require disconnecting means capable of 
disconnecting motors and controllers from the circuit.

430.102 – Location
(A) Controller – An individual disconnecting means shall be provided for 

each controller … sight from the controller location.

(B) Motor – A disconnecting means shall be provided for a motor in 
accordance with (B)(1) or (B)(2).

(1) Separate Motor Disconnect – A disconnecting means for the motor 
shall be located in sight of the motor and driven machinery location.

Motors, Motor Circuits, and Controllers
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430.111 – Switch or Circuit Breaker as Both Controller and 
Disconnecting Means

A switch or circuit breaker shall be permitted to be used as both the 
controller and disconnecting means if it complies with 430.111(A) and is 
one of the types specified in 430.111(B).

(A) General – The switch or circuit breaker complies with the requirements 
specified in 430.83, opens all ungrounded conductors, and is protected 
by an overcurrent device in each ungrounded conductor.

(B) Type – The device shall be one of the following types:

(1) Air-Break Switch - An air-break switch, operable directly by applying 
the hand to a lever or handle.

(2) Inverse Time Circuit Breaker - An inverse time circuit breaker 
operable directly by applying the hand to a lever or handle.

Motors, Motor Circuits, and Controllers

Determine the minimum required conductor ampacity, the 
motor overload protection, the branch-circuit short-circuit 
protection, and the feeder protection, for three induction-type 
motors on a 480V, 3Φ feeder, as follows:

(A) One 25hp, 460V, 3Φ, squirrel-cage motor, nameplate full-load 
current 32A, Design B, Service Factor 1.15.

(B) Two 30hp, 460V, 3Φ, squirrel-cage motor, nameplate full-
load current 38A, Design B, Service Factor 1.15.

Motor Circuit Example

This example is similar to example 
D8 in Annex D except that the 

wound-rotor IMs were replaced by 
squirrel-cage IMs and inverse-time 
breakers were used instead of fuses. 
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1 - 25hp, 460V, 3Φ, FLA 32A, SF 1.15 2 - 30hp, 460V, 3Φ, FLA 38A, SF 1.15  .

Conductor Ampacity

The full-load current value used to determine the minimum required conductor 
ampacity is obtained from Table 430.250 for the motors [430.6(A)].

To obtain the minimum required conductor ampacity, the full-load current is 
multiplied by 1.25 [430.22].

For the 25hp motor: 34A × 1.25 = 43A
For the 30hp motors: 40A × 1.25 = 50A

Motor Circuit Example

1 - 25hp, 460V, 3Φ, FLA 32A, SF 1.15 2 - 30hp, 460V, 3Φ, FLA 38A, SF 1.15

Motor Overload Protection

Where protected by a separate overload device, the motors are required to 
have overload protection rated or set to trip at not more than 125% of the 
nameplate FLA [430.6(A) & 430.32(A)(1)].

For the 25hp motor: 32A × 1.25 = 40A
For the 30hp motors: 38A × 1.25 = 48A

Where the separate overload device is an overload relay (not a fuse or circuit 
breaker), and the overload device selected at 125% is not sufficient to start 
the motor or carry the load, the trip setting is permitted to be increased in 
accordance with 430.32(C).

Motor Circuit Example



19

1 - 25hp, 460V, 3Φ, FLA 32A, SF 1.15 2 - 30hp, 460V, 3Φ, FLA 38A, SF 1.15

Branch-Circuit Short-Circuit Protection

The selection of the rating of the protective device depends on the type of 
protective device selected, in accordance with 430.52 and Table 430.52.

25hp motor - Inverse Time Breaker:

The breaker rating is 250% × 34A = 85A. 
The next larger standard breaker is 90A . 
[240.6 & 430.52(C)(1)].

30hp motors - Inverse Time Breaker:

The breaker rating is 250% × 40A = 100A . 
100A is a standard breaker. [240.6 & 

430.52(C)(1)].

Motor Circuit Example

1 - 25hp, 460V, 3Φ, FLA 32A, SF 1.15 2 - 30hp, 460V, 3Φ, FLA 38A, SF 1.15

Feeder Short-Circuit Ampacity

The minimum required conductor ampacity of the feeder conductors is based 
on the sum 125 percent of the full-load current rating of the highest rated 
motor plus sum of the full-load current ratings of all the other motors in the 
group [430.24]:

125% × 40A + 34A + 40A = 124A

Feeder Short-Circuit Protection

The rating of the feeder protective device is based on the sum of the largest 
branch-circuit protective device (100A) plus the sum of the full-load 
currents of the other motors [430.6 & 430.62(A)]:

100A + 34A + 40A = 174A

The nearest standard breaker that does not exceed this value is 150A .

Motor Circuit Example


