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MORE PRECISE 
TIMEKEEPING DEVICE 
SYNCHRONIZES 
CRITICAL UTILITY 
FUNCTIONS

To connect to the 
national grid, the 
electrical energy 
from solar panels, 
wind turbines, or 
batteries is passed 
through inverters 
or power electronic 
converters. 
(Courtesy: 
Shutterstock)
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Utility substations require extremely precise sub-millisecond time 
synchronization to facilitate improved location of faults, multi-rate 
billing, power-flow monitoring, and event reconstruction.
By DEL WILLIAMS

Precise timekeeping is fundamental to the function of 
the power grid and is used in many applications to 
improve reliability, reduce costs, predict and prevent 
faults, and check operation of devices. As such, the 

power grid requires precise time synchronization across 
system-wide devices, often with sub-millisecond accuracy. 

To accomplish this, extremely precise satellite clocks 
serve as the time source for the network time protocol, and 
the information is distributed to the other devices on the 
network. In fact, satellite clocks are standard within electric 
utility substations and at certain distribution line locations. 

“If all of your distribution points or substations have ac-
cess to a satellite clock, they share a common source for cor-
relation,” said Nathan Irvin, product manager of networking 
products at NovaTech Automation, a leading U.S. provider 
of automation and engineering solutions for power utilities 
headquartered in Quakertown, Pennsylvania. 

Despite being extremely accurate, utilities are continu-
ously seeking even greater precision in timekeeping. Luckily, 
advancements in satellite clock design and programming 
can enhance accuracy. Currently, the accuracy is pushing 
toward achieving a margin of plus or minus 20 nanoseconds.

Utilities anticipate significant benefits from the im-
proved accuracy, including more precise location of faults, 
multi-rate billing, power-flow monitoring, and event recon-
struction.

HIGHLY ACCURATE SATELLITE CLOCKS
Satellite clocks work by connecting with orbiting satellites 
that maintain precise time using highly accurate atomic 
clocks. At the substation, the satellite clock receives time 
from the satellites in orbit. Using advanced algorithms, it 
then accounts for external factors to provide an accurate 
time.

To improve the speed of connection and accuracy, some 
clocks provide multi-constellation support, which provides 
the ability to lock into any available satellites orbiting the 
planet. The satellites include GPS, maintained by the U.S. 
but used globally; European Union’s global navigation sat-
ellite system GALILEO; China’s BEIDOU satellite navigation 
system; and Russia’s GLONASS global navigation satellite 
system.

The satellite clock serves network time protocol (NTP) 
to other devices on the network. These devices are typically 

“agnostic” and can be used as a time source for any device in 
the substation, regardless of brand. 

Still, companies like NovaTech continue to invest in re-
search and development to achieve even incremental im-
provements in clock accuracy in the sub-millisecond range.

Novatech has long served the utility industry. The compa-
ny’s flagship product, Orion, is a communication and auto-

mation processor that can connect to nearly any substation 
device in its native protocol, perform advanced math and 
logic, and securely present the source or calculated data to 
any number of clients in their own protocol. Orion connects 
to IEDs such as microprocessor-based relays, meters, event 
recorders, and RTUs before connecting to a preexisting en-
terprise network or SCADA system.

“While any satellite clock can access satellites as a time 
source, the hardware and software within the satellite clock 
can make it more precise and accurate,” Irvin said. “So, in 
addition to our previous utility solutions, NovaTech offers 
timekeeping devices.”

The latest release is the Kronos Series 3. Named after Kro-
nos, the god of time, the satellite clock provides multi-con-
stellation support and includes several upgraded features 
including antenna-cable delay compensation.

“By building antenna cable-delay compensation into the 
algorithms for calculating time, along with multi-constel-
lation support, we’re able to provide best in class accuracy,” 
Irvin said.  

The Series 3 offers increased output flexibility for sync-
ing devices with their optimal mechanisms, supporting both 
traditional legacy formats and the latest technologies, such 
as Ethernet over fiber.

The Kronos Series 3 supports PTP, NTP, and SNTP. Com-
mon legacy formats also supported include modulated and 
unmodulated IRIG-B over twisted pair, coax, or fiber; and 
PPS or PPM signals

The Kronos 3 supports parallel redundancy protocol (PRP) 
and the high-availability seamless redundancy (HSR) within 
an ethernet network. These protocols are used to implement 
zero-loss redundancy on wired ethernet.

“Because it is critical to maintain time and communica-
tion between the various IEDs, utilities want to build their 
ethernet networks in a way that if one ethernet network 
goes down, there is a backup that the same traffic flows 
across,” Irvin said. 

The net results of these upgrades are more precise time 
with sub-millisecond accuracy.

“In the prior version of Kronos, the master clock was able 
to achieve 60-nanosecond maximum time deviation while 
locked with the satellite. For Series 3, that drops to 20 nano-
seconds,” Irvin said.

Satellite clocks must also be concerned with “holdover,” 
which refers to the ability of a clock or timing device to 
maintain its accuracy and continue functioning reliably 
even when it temporarily loses its external reference signal 
due to adverse weather conditions, interference, or other 
factors.

During holdover, the satellite clock relies on its internal 
oscillator or timing mechanism to continue providing time-
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keeping information until it can reestablish a connection 
with the satellites. For this, Kronos Series 3 offers enhanced 
accuracy through an optional oven-controlled crystal oscilla-
tor for better accuracy in longer holdover situations. 

An oven-controlled crystal oscillator (OCXO) is a type 
of crystal oscillator that maintains its frequency stability 
by controlling the temperature of the crystal within a tem-
perature-controlled oven. This helps to minimize frequency 
drift caused by temperature variations, resulting in better 
accuracy over longer holdover periods. 

“In holdover, TCXO has typical drift of 9ms/day, whereas 
OCXO has a typical drift of less than 100µs/day,” Irvin said. 

“All clocks also support out-of-bounds alarm when the time 
drifts more than a specified value.”

UTILITIES BENEFIT
According to Irvin, there are many applications in the power 
grid that can benefit from more precise timekeeping.

Multi-rate billing: Typically required accuracy: 0.5 to 1 
second.

To get better utilization of the grid, power utilities often 
charge different prices at different times of the day. The rev-
enue meters of utility and consumer as well as the machines 
and processes at the user’s site need a common time-base.

“Although this application does not require exception-
al time accuracy, it can benefit utilities that implement a 
multi-rate billing structure,” Irvin said. “To ensure they are 

charging the end customer accurately, they need to have a 
precise time source to know when they should switch the 
rates.”

Event reconstruction, sequence-of-events (SOE): Typically 
required accuracy: 1 to 5 ms (sub-cycle of the 50/60 Hz sine 
wave).

Events in the power grid need a spatial-temporal frame 
of reference (what happened where; what happened when) 
so that cause and effect can be correctly understood. 

In the analysis of the large blackout of August 2003 that 
lasted almost 48 hours and affected 10 million people in the 
northeastern and midwestern United States and the Canadi-
an province of Ontario, more time was spent ordering and 
manually time-tagging unsynchronized event recordings 
than on any other task.

“If some devices have a less accurate time source than 
others, then manual adjustments are required to properly 
reconstruct the events,” Irvin said. “Synchronizing the de-
vices in the network with a satellite clock eliminates a lot 
of this type of work.”

Power-flow monitoring: Typically required accuracy: 1 to 
10 µs.

The phase component of the so-called synchrophasors 
can be used to estimate the power flow and the stability of 
a power grid. The computation of synchrophasors is only 
possible if all the phasor measurement units (PMUs) use a 
common time base. 

Satellite clocks, standard in substations and distribution points, serve as the time source for the network time protocol (NTP), ensuring all 
devices share a common time reference. (Courtesy: NovaTech) 
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Traveling wave-based fault location: Typically required 
accuracy: better than 1 µs (for a 300 m fault location accuracy).

The location of faults can be accomplished by precisely 
time tagging wave fronts. Faults on the power transmission 
system cause transients that propagate along the transmis-
sion line as waves. Each wave is a composite of several fre-
quencies, ranging from a few kilohertz to several megahertz, 
having a fast-rising front and a slower decaying tail. 

“Composite waves have a propagation velocity and char-
acteristic impedance and travel near the speed of light away 
from the fault location toward line ends,” Irvin said. “The 
location of faults can be accomplished by precisely time-tag-
ging wave fronts as they cross a known point typically in 
substations at line ends.”

INTEGRATION OF RENEWABLE-ENERGY 
RESOURCES 
To connect to the national grid, the electrical energy from 
solar panels, wind turbines, or batteries is passed through 
inverters or power electronic converters. These devices con-
vert the DC (direct current) output from the sources into 
AC (alternating current) suitable for transmission and distri-
bution on the grid. In order to integrate renewable energy 
into the grid effectively, it must be synchronized with the 
existing grid frequency.

 “With all these distributed renewables, it is important 
for them to properly tie into the existing line. They need to 
match the waveform frequency accurately when they are 
adding power to the line,” Irvin said. “In addition to the syn-
chronization, it’s important to accurately understand how 
much power is being added and when that power is added, 
which is where satellite clocks can play a crucial role in re-
newable integrations.” 

For utilities, precision timekeeping plays a critical role in 

the operation and efficiency of the power grid, emphasizing 
the necessity for exact time synchronization across devices 
to enhance reliability, minimize costs, and facilitate fault 
prediction and prevention. 

With the use of highly accurate satellite clocks providing 
time synchronization with the potential to reach accuracies 
within plus or minus 20 nanoseconds, utilities are on the 
verge of achieving even greater operational precision.  
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For utilities, precise time synchronization is vital for fault location, 
multi-rate billing, power-flow monitoring, and event reconstruction. 
(Courtesy: NovaTech)

Companies like NovaTech invest heavily in R&D to achieve incremental improvements in time keeping accuracy. (Courtesy: NovaTech)

  In addition to the synchronization, it’s important to 
accurately understand how much power is being added and 
when that power is added, which is where satellite clocks can 
play a crucial role in renewable integrations.  
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