
Fault Managed Power Systems 
(FMPS)
Ernie Gallo



Four-Legged Stool of Success for a New 
Powering Technology

Use Outdoors or areas controlled by utilities
- GO95 – 128
- NESC

Indoor and customer premise use
- NEC
- UL Listing Requirements



⁻ Lower-band 5G provides a blanket layer for wide 
coverage, sometimes referred to as the coverage layer. 
Low-band refers to frequencies below 1 GHz used to roll 
out substantial 5G coverage as quickly as possible. A 
low-band cell site can cover hundreds of square miles as 
well as deliver a downlink data rate from 30-75 Mbps 
download. 

⁻ Mid-band 5G is suited to provide solutions in major 
metropolitan areas. Mid-band 5G uses mid-range 
frequencies (spanning 1 GHz and 6 GHz) that strike a 
balance between coverage and capacity, with operators 
currently deploying 2.5 GHz in the U.S. This is sometimes 
referred to as Sub-6 or Sub-6 GHz 5G and provides 
service over a fairly large service areas and provides 
download speeds around 115-223 Mbps. 

⁻ High-band or millimeter Wave (mmWave) 5G is also 
well suited to provide high-speed connectivity in major 
metropolitan areas. Peak speeds of nearly 1 Gbps, and 
upload speeds near 50 Mbps.

Different Flavors of 5G



What Is a Small Cell?



Power Deployment Obstacles



Local Power



High Power Demand



RFT-V Power
(Remote Feeding Telecommunications, Voltage Limited)



A new powering alternative



Power Topologies



Examples of FMPS powering architectures



A new powering alternative 
    Facilitates efficient centralized battery back-up



Evolution of centralized powering techniques 



Safety and Protection Concerns
⁻ Electric Shock

⁻ Available fault energy

⁻ Functional safety

⁻ Cables

⁻ IEC 60479-1: Effects of current on human beings and livestock –Part 1: General aspects

⁻ IEC 60479-2: Effects of current on human beings and livestock –Part 2: Special aspects



Shock Hazard



Shock Hazard



Let - Go



1 Second Exposure 60 Hz
Shock is a function of  voltage, current flowing through the heart, body/skin resistance, (wet-dry)  time 
and frequency



Ventricular Fibrillation



Safety and Protection Concerns
Shock hazard  =  Body current magnitude, current flow duration and current path



Standards?

• ATIS Technical Report ATIS-0600040                  
Fault Managed Power Distribution Technologies –Human Contact Fault Analysis

• NEC – Article 726 – Class 4 (CL4) Power Systems
• UL 1400-1 (Class 4 Equipment)
• UL 1400-2 (Class 4 Cables)
• IEC 60479-1: Effects of current on human beings and livestock –Part 1: General aspects
• IEC 60479-2: Effects of current on human beings and livestock –Part 2: Special aspects
• Max Power Delivered: System Dependent (e.g., 2000 W @ 400 V)
• Power Delivery Reach: Systems Dependent (e.g., 2000 m)
• NESC National Electrical Safety Code 
• California General Oder Documents GO95, GO126
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ATIS, NEC, NESC, UL, IEC

Standards?

Standards?



NEC – New Article 726  Class 4 Power Systems 



Safety Standards



• Ensure that safety-related control 
functions perform reliably to minimize 
risk

• Fault and failure-mode analysis
•  Fail-safe modes
• MTBF (critical components)
• Critical component redundancy
• Safety-related software analysis 
• What if the monitoring system fails?

Functional Safety Certification Requirements for FMPS



2022 & 2023
• Fast Track process initiated 
• SC4 (aerial) – accepted CP on Rule 

224B with some modification and 
reviewed proposed definitions

• SC7 (underground) – CP passed 
ballot on Rule 344 with some 
modification 

• SC1 – currently considering CPs on 2 
definitions pertinent to FMPS

• If  SC1 votes to accept, then the CPs 
need to go to the Main Committee 
for final review and incorporation 
into the current NESC 

2021 & 2022
• SCs recognized that FMPS was a technology that 

needed review before next code is issued
• SC4 initiated a Working  Group (WG 4.8) to 

review applicability of, and possible gaps in, 
NESC Rules and definitions 

WG 4.8 concluded that 
• Current  NESC Rules generally cover the 

necessary safety criteria needed for FMPS 
applications

• A clear definition of FMPS would be beneficial 
for code clarity  

• The requirement in Rule 224B and 344 for a 
metallic shield could be relaxed for FMPS 
systems. 

• Change Proposals (CPs) were prepared and 
submitted – 1 on 224B, 1 on 344, and 2 on 
definitions

FMPS and the NESC



FMPS Panel Discussion
Examples of FMPS powering architectures

P2P

Bus
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