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ARC FLASH PPE GUIDEINES 
FOR INUSTRIAL POWER SYSTEMS 

For industrial applications in North America and many countries around the world, the key 
documents with regard to arc flash hazard protection are the following: 

• NFPA 70E – Standard for Electrical Safety in the Workplace – 2018 Edition
• CSA Standard Z462-18 – Workplace Electrical Safety
• IEEE Standard 1584-2002 – IEEE Guide for Performing Arc-Flash Hazard Calculations

Typical PPE levels and the minimum cal/cm2 rating for each are listed as follows: 
• PPE Level = 0 (1.2 cal/cm2)
• PPE Level = 1 (4 cal/cm2)
• PPE Level = 2 (8 cal/cm2)

• PPE Level = 3 (25 cal/cm2)
• PPE Level = 4 (40 cal/cm2)

The heat produced by the arc is a key factor in determining the appropriate PPE level.  The heat 
is determined predominantly by the magnitude of the fault current and the duration of the fault, 
as well as how near the person is to the arc.  When an arc occurs, the current is less than the 
maximum possible fault current due to the impedance of the arc.  This is illustrated in Figure 1 
as calculated in IEEE Standard 1584.  The lower the system voltage, the more significant the 
arc impedance is in reducing the arcing fault current. 

Figure 1 

This document gives a practical overview of the personal protective equipment (PPE) levels that 
can be expected in an industrial plant.  This analysis uses only the PPE levels of 0, 2, and 4, as 
is commonly done in many industrial facilities. 
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1.0 12.47 KV TO 13.8 KV SYSTEMS  
 
Using the equations given in IEEE 1584, curves are given that define the maximum clearing time 
for a given bolted (or maximum) fault current that would correspond to a PPE level of 2 or 4 for 
12.47 kV to 13.8 kV systems.  A working distance of 36” is used.  Figures 2 and 3 illustrate the 
calculated limits for metal-enclosed switchgear for solidly grounded and impedance-grounded 
systems, respectively.   
 

 
Figure 2  

 

 
Figure 3  
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Figures 4 and 5 illustrate the calculated limits for open-air switchgear for solidly grounded and 
impedance-grounded systems, respectively. 

 
 

 
Figure 4  

 

 
Figure 5  
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2.0 2.4 KV AND 4.16 KV SYSTEMS  
 
Using the equations given in IEEE 1584, curves are given that define the maximum clearing time 
for a given bolted (or maximum) fault current that would correspond to a PPE level of 2 or 4 for 
2.4 kV and 4.16 kV systems.  A working distance of 24” is used in Figures 6 and 7 to illustrate the 
calculated limits for metal-enclosed switchgear for solidly grounded and impedance-grounded 
systems, respectively.     
 

 
Figure 6  

 

 
Figure 7  
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Figures 8 and 9 illustrate the calculated limits for a working distance of 36” for 2.4 kV and 4.16 kV 
systems compared to 24” in Figures 6 and 7. 
 

 
Figure 8 

 

 
Figure 9 
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3.0 600 VOLT SYSTEMS  
 
Using the equations given in IEEE 1584, curves are given that define the maximum clearing 
time for a given bolted (or maximum) fault current that would correspond to a PPE level of 2 or 4 
for 600-volt systems.  A working distance of 18” is used in Figures 10 and 11 to illustrate the 
calculated limits for metal-enclosed switchgear for solidly grounded and impedance-grounded 
systems, respectively.     
 

 
Figure 10 

 

 
Figure 11 
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4.0 480 VOLT SYSTEMS  
 
Using the equations given in IEEE 1584, curves are given that define the maximum clearing 
time for a given bolted (or maximum) fault current that would correspond to a PPE level of 2 or 4 
for 480-volt systems.  A working distance of 18” is used in Figures 12 and 13 to illustrate the 
calculated limits for metal-enclosed switchgear for solidly grounded and impedance-grounded 
systems, respectively.    
 

 
Figure 12 

 

 
Figure 13 
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5.0 208 VOLT SYSTEMS  
 
Using the equations given in IEEE 1584, curves are given that define the maximum clearing 
time for a given bolted (or maximum) fault current that would correspond to a PPE level of 2 or 4 
for 208-volt systems.  A working distance of 18” is used in Figures 14 and 15 to illustrate the 
calculated limits for metal-enclosed switchgear for solidly grounded and impedance-grounded 
systems, respectively. 

 
Figure 14  

 

 
Figure 15 
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6.0 DIFFERENTIAL AND INSTANTANEOUS RELAYS ON 
MEDIUM VOLTAGE SYSTEMS  

 
In 2.4 kV to 13.8 kV systems, the fastest fault clearing times for circuit breakers with conventional 
relays will result from using differential or instantaneous relays.  The arcing time of the fault current 
in these cases tends to be defined by the following items: 
 

Relay Response Time   1 to 3 cycles 
Lockout Relay Response Time (if used) 0 to 1 cycle 
Breaker Opening Time   3 to 5 cycles 
Total Time      4 to 9 cycles 

 
The total time could be as fast as four cycles and as long as nine cycles.  Using the nine cycles as 
a worst case would give a clearing time of 0.15 seconds for a 60 Hz system.  Based on the curves 
in Figures 2 through 9, it is possible to determine a conservative maximum current that would give 
a PPE = 2 for this voltage range and the 0.15-second clearing time.  Some key values are 
summarized in Table 1.  The key points are noted as follows: 
 

• For a working distance of 36”, a PPE = 2 is possible when using differential and 
instantaneous relays for fault currents up to 30 kA for 2.4 to 13.8 kV systems.  

• For a working distance of 24”, a PPE = 2 is possible when using differential and 
instantaneous relays for fault currents up to 20 kA for 2.4 to 4.16 kV systems.  
(A working distance of 24” is sometimes appropriate on these lower voltage systems.) 

• With faster clearing times, a PPE = 2 can be achieved for higher fault currents. 
 
 
 

Maximum Maximum Bolted
Clearing Time for Fault Current

Working Arcing Current To Achieve See
System kV Distance (Seconds) PPE = 2 (kA) Figures

12.47 to 13.8 36" 0.15 30 2, 3

2.4 to 4.16 24" 0.15 20 6, 7
36" 0.15 30 8, 9

Table 1
Maximum Fault Currents to Achieve PPE = 2

For Medium Voltage Switchgear
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7.0 LOW VOLTAGE BREAKERS 
 
When using low voltage breakers, the instantaneous trip on the feeder breakers is typically 
on the order of 0.05 seconds.  The main breaker is often set with a delay on the order of 
0.30 seconds.  Based on these typical clearing times, the maximum bolted fault currents are 
estimated to give PPE = 2 and 4 values for low voltage systems in Table 2 based on the 
information given in Figures 10 to 15.  For example:  
 

• The main breaker on a 480V system with an arcing fault clearing time of 0.30 seconds 
can achieve a PPE = 4 for bolted fault currents up to 60 kA for a working distance of 18”. 

• If an instantaneous trip can be used with a clearing time of 0.05 seconds on a 480V system, 
a PPE = 2 can be achieved for bolted fault currents up to 70 kA. 

 
 
 

Maximum
Clearing Time for Maximum Bolted

Working Arcing Current Fault Current (kA) See
System Volts Distance (Seconds) To Achieve PPE PPE Figures

600 18" 0.05 50 2 10, 11
0.30 40 4 10, 11

480 18" 0.05 70 2 12, 13
0.30 60 4 12, 13

208 18" 0.05 100 2 14, 15
0.30 100 4 14, 15

Table 2
Maximum Fault Currents to Achieve PPE = 2 & 4

For Low Voltage Circuit Breakers
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8.0 TYPICAL PPE LEVELS  
 
Several examples are given here to illustrate typical PPE levels on industrial power systems due to 
different protection methods.  There can be many variations in the parameters, which can result in 
some variation of the PPE levels, which are shown here. 
 
 
Example 1 
 
Figure 16 illustrates a portion of a typical industrial plant configuration where the incoming voltage 
is in the range of 1 to 15 kV.  Key observations and characteristics are noted as follows: 
 

• The overcurrent protection on the medium voltage system is coordinated time overcurrent, 
but there is no differential protection on the main transformer or main bus. 

• The medium voltage main breaker coordinates with the feeder breaker.  The feeder breaker 
has an instantaneous trip, but the main breaker does not. 

• A fuse on the primary of the transformer typically does not limit the PPE to < 4 on the low 
voltage secondary (i.e., location 5) for transformers of > 1500 kVA.  For smaller 
transformers and/or tighter fusing, it is possible to achieve PPE = 4 at this location. 

• A fuse on the main low voltage bus typically would not limit the PPE to < 4 on the main bus 
(i.e., location 6). 

• If the conductor length from location 7 to location 8 is quite long, the PPE level at location 8 
can exceed PPE = 2. 

• Small down-line loads may achieve PPE = 0 (i.e. location 9). 
 
 

 
 

Figure 16 
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Example 2 
 
Figure 17 illustrates a portion of a typical industrial plant configuration where the incoming voltage 
is in the range of 1 to 15 kV.  Compared to Example 1, low voltage breakers are illustrated instead 
of low voltage fuses.  Key observations and characteristics are noted as follows: 
 

• A main low voltage breaker can typically achieve PPE = 4 at location 6 if, on the main 
breaker, the short time pickup is < 3 and the short time delay is < 0.4 seconds. 

• At location 6, typically PPE = 2, if on the main breaker, the instantaneous pickup is < 3; 
however, this characteristic would not coordinate with the feeder breakers.  This setting 
could be used as a temporary condition to allow some tasks to be done at this lower PPE 
level, 

• At location 7, typically, PPE = 2 if the feeder breaker is equipped with an instantaneous trip 
characteristic.  If it does not have an instantaneous, typically PPE = 4. 

• At location 8, typically, PPE = 2 if the feeder breaker is equipped with an instantaneous trip 
characteristic.  If it does not have an instantaneous and location 8 is relatively close to 
location 7, typically PPE = 4. 

• Small down-line loads may achieve PPE = 0 (i.e., location 9). 
 

 

 
 

Figure 17 
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Example 3 
 
Figure 18 illustrates a portion of a typical industrial plant configuration where the incoming voltage 
is in the range of 1 to 15 kV.  Compared to Example 2, differential protection is added to the 
medium voltage main transformer and the main bus.  Key observations and characteristics are 
noted as follows: 
 

• The faster differential protection, typically results in a PPE = 2 at locations 1 and 2. 
 

 

 
 

Figure 18 
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Example 4 

Figure 19 illustrates a portion of a typical industrial plant configuration where the incoming voltage 
is in the range of 1 to 15 kV.  Compared to Example 3, a digital relay is used in the feeder breaker 
that has a definite time characteristic with a delay of 0.3 to 0.5 seconds that would result in the 
breaker tripping for a fault on the low voltage side of the transformer.  Key observations and 
characteristics are noted as follows: 

• The faster feeder relay typically results in a PPE = 4 at location 5.  However, if multiple
transformers are fed from the same medium voltage feeder breaker, power would be lost
for all of these transformers for a three-phase secondary fault on one of the transformers.

Figure 19 

Note: The analysis in this document was done based on the arc flash methodology given 
in IEEE Standard 1584-2002.  Recently, this standard was updated in 1584-2018.  
Although the results in this document are based on 1584-2002, they are comparable 
to those calculated based on 1584-2018 at low voltage for the VCB electrode 
configuration and at medium voltage based on the VCBB electrode configuration. 

Qual-Tech Engineers QT-616-1020R    


