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New developments
in laser weapons
Thanks to a legion of science fiction books, comics, TV
shows and films, the clear majority of us are well-versed
in simple point-and-shoot laser weapons, with their
seemingly endless energy reserves and red, green or blue
flashes of light. Not in common use today, laser weapons
have been the stuff of science fiction for decades, but all
this is about to change as technology brings laser weapons
into reality.

The idea of a laser weapon – a small, lightweight gun that
can instantly fire a brightly-coloured laser, felling an enemy in
an instant – is centuries old. In 1898, H. G. Wells’ ‘War of the
Worlds’ famously brought the idea of the ray-gun into the literary
world, and since then, the Star Wars franchise has truly brought
laser weapons to the masses.
The first laser was demonstrated back in 1960 at Hughes
Research Laboratories, and we’ve come a long way since then.
Today, military laser programmes are focused on creating
weapons that can disable – destruction, or indeed, anything
beyond minor physical damage, is still a long way off - enemy
targets such as vehicles, communications systems, equipment,
and power supplies. In contrast with the movies, laser weapons
are not currently being designed for use on enemy combatants;
under the US Defence Department policy and the United
Nation’s (UN) Convention on Certain Conventional Weapons
(CCW), the use of laser weapons on humans is banned.
Laser weapons work in the same way as non-weaponized
lasers, deployed in everyday life in devices such as printers,
scanners, thermometers, cutting, welding and LIDAR, by
focusing a huge amount of energy into a single point. The
concept of using laser as a weapon has received huge amounts
of interest from government, military and academic groups
around the world – not only is it a ‘cool’ new toy popular with
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younger engineers and designers; they could also be extremely
effective. Indeed, the advantages compared with traditional
kinetic weapons include:

•
•
•
•

Accuracy: Laser weapons are highly accurate. They are
expected to drastically reduce civilian deaths and collateral
damage compared with conventional kinetic weapons.
Speed: Travelling much faster than traditional weaponry, laser
beams provide an extremely rapid form of defence or attack.
Cost: A traditional single-use missile may cost anywhere
from thousands to millions of US Dollars, while lasers can
be fired for as little as US$0.59/use and are fully reusable.
Stealth: Lasers can wreak considerable damage on enemy
targets with no sound or other warning from miles away. The
red, blue or other coloured light beams we see in science
fiction will be left to science fiction; when laser weapons
come into use, the energy beams will likely be entirely
colourless.

Artist’s rendering of Lockheed Martin’s HELIOS system
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Billions of US Dollars have been invested over the past
decades into moving lasers from a scientific principle to an actual
functioning weapon. Investments have fluctuated with the
political landscape and in line with scientific developments,
peaking at US$2.4 billion in 1989 during the height of the
Strategic Defense Initiative (SDI), also known as Star Wars, and
falling shortly after when it became clear that MegaWatt-sized
lasers, capable of massive destruction, were an unrealistic goal.
As with all new technologies, laser weapons also have their
limitations:

•

•
•
•
•
•

Size, weight and Power (SWaP): Lasers require massive
amounts of power, which can make them large and unwieldly,
limiting their mobility. While advancements are being made
in this area, there’s still a lot of room for improvement – we
won’t be seeing a lightweight ray-gun for some time yet!
Line of sight: Line of sight must be maintained between laser
and target.
Atmospheric conditions: Fog, smoke, clouds, natural
turbulence and other atmospheric events alter the way the
laser travels, reducing its effectiveness.
Maintenance: A reusable weapon must be regularly
maintained.
Cooling: Lasers generate vast quantities of waste heat, which
can damage the system if it is not dispersed rapidly enough.
Counter-weapons: As research into laser weaponry
becomes more advanced, so too do counter-measures that
can reduce or nullify their effects.

Despite the limitations, the benefits of laser weapons have
proven too great to be ignored, and, as usual, military arms of
the US Government have been keen to be at the forefront of the
technology.
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Lockheed Martin advances projects with Air Force Research
Lab and US Navy
Lockheed Martin is one of the world’s leading players in the
laser weapons field, having completed the design, development
and demonstration of a 60kW class beam combined fibre laser
for the US Army early in 2017. During testing, the laser produced
a single 58kW beam, representing a world record for a laser of
this type.
Later in September, a Lockheed Martin-built prototype laser
weapon system, the Advanced Test High Energy Asset
(ATHENA) was demonstrated at the US Army’s White Sands
Missile Range in New Mexico. The 30kW class weapon bought
down five Outlaw unmanned aerial systems (UAS) during the
joint test with the Army Space and Missile Defense Command.
“The tests at White Sands against aerial targets validated
our lethality models and replicated the results we’ve seen against
static targets at our own test range,” said Keoki Jackson,
Lockheed Martin’s Chief Technology Officer. “As we mature the
technology behind laser weapon systems, we’re making the
entire system more effective and moving closer to a laser
weapon that will provide greater protection to our warfighters
by taking on more sophisticated threats from a longer range.”
More recently in November 2017, the Air Force Research
Lab (AFRL) awarded Lockheed Martin US$26.3 million for the
design, development and production of a high-power fibre laser.
AFRL plans to test the laser on a tactical fighter jet by 2021.
The contract is part of AFRL’s Self-protect High Energy Laser
Demonstrator (SHiELD) program and is a major step forward in
the maturation of protective airborne laser systems.
“Lockheed Martin continues to rapidly advance laser weapon
systems and the technologies that make them possible,” said
Dr. Rob Afzal, Senior Fellow of Laser Weapon Systems at
Lockheed Martin. “We have demonstrated our ability to use
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directed energy to counter threats from the ground and look
forward to future tests from the air as part of the SHiELD system.”
The SHiELD program includes three subsystems:

•
•
•

SHiELD Turret Research in Aero Effects (STRAFE), the
beam control system, which will direct the laser onto the
target.
Laser Pod Research & Development (LPRD), the pod
mounted on the tactical fighter jet, which will power and cool
the laser.
Laser Advancements for Next-generation Compact
Environments (LANCE), the high energy laser itself, which
can be trained on adversary targets to disable them. LANCE
is designed to operate in a compact environment, thus the
Lockheed Martin team has focused on developing a
compact, high efficiency laser within challenging size, weight
and power constraints.

“Earlier this year, we delivered a 60 kW-class laser to be
installed on a US Army ground vehicle. It’s a completely new
and different challenge to get a laser system into a smaller,
airborne test platform. It’s exciting to see this technology mature
enough to embed in an aircraft,” said Afzal. “The development
of high power laser systems like SHiELD show laser weapon
system technologies are becoming real. The technologies are
ready to be produced, tested and deployed on aircraft, ground
vehicles and ships.”
Later in March, the US Navy awarded Lockheed Martin
a US$150 million contract, with options worth up to US$942.8
million, for the development, manufacture and delivery of two
high power laser weapon systems, including intelligence,
surveillance and reconnaissance (ISR) and counter-unmanned
aerial system (counter-UAS) capabilities, by fiscal year 2020.
With the High Energy Laser and Integrated Optical-dazzler with
Surveillance (HELIOS) system, Lockheed Martin will help the
US Navy take a major step forward in its goal to field laser
weapon systems aboard surface ships.
“The HELIOS program is the first of its kind, and brings
together laser weapon, long-range ISR and counter-UAS
capabilities, dramatically increasing the situational awareness
and layered defense options available to the US Navy,”
said Michele Evans, Vice President and General Manager of
Integrated Warfare Systems and Sensors. “This is a true system
of capabilities, and we’re honoured the Navy trusted Lockheed
Martin to be a part of fielding these robust systems to the fleet.”
HELIOS combines three key capabilities, brought together
for the first time in one weapon system:

•

A high-energy laser system: The high-energy fibre laser
will be designed to counter unmanned aerial systems and
small boats. The energy and thermal management system

The ‘non-lethal’ ZKZM-500 laser assault rifle
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•

•

will leverage Lockheed Martin experience on Department
of Defense programs, and the cooling system will be
designed for maximum adaptability onboard ships. In
addition, Lockheed Martin will bring decades of shipboard
integration experience, reducing risk and increasing
reliability.
A long-range ISR capability: HELIOS sensors will be part
of an integrated weapon system, designed to provide
decision-makers with maximum access to information.
HELIOS data will be available on the Lockheed Martin-led
Aegis Combat System.
A counter-UAS dazzler capability: The HELIOS dazzler
will be designed to obscure adversarial UAS-based ISR
capabilities.

Lockheed Martin will deliver two units for test by fiscal year
2020. One unit will be delivered for shipboard integration on
an Arleigh Burke-class destroyer, and the other will be used for
land testing at White Sands Missile Range.
China develops portable laser weapon
According to the South China Morning Post (SCMP), July saw
the announcement that China has developed a portable laser
weapon that is effective for up to 800m. Powered by a
rechargeable lithium battery pack, the rifle can fire more than
1,000 shots, each lasting no longer than two seconds.
The ‘non-lethal’ ZKZM-500 laser assault rifle can produce
an energy beam invisible to the naked eye which can pass
through windows and cause ‘instant carbonisation’ of human
skin and tissue, according to researchers. Developed at the Xian
Institute of Optics and Precision Mechanics at the Chinese
Academy of Sciences in Shaanxi Province, the weapon is
apparently able to burn through clothes instantly: “If the fabric is
flammable, the whole person will be set on fire.”
Weighing in at 3kg, the ZKZM-500 can be mounted on cars,
boats and planes, and is ready for mass production. The
prototype was built by ZKZM Laser; the company is now
reportedly seeking a partner with a weapons production licence
or a partner in the security or defence industry, in order to start
large-scale production at a cost of US$15,000 per rifle.
The first units are expected to be given to anti-terrorism
squads in the Chinese Armed Police. The rifle will be effective
for a variety of situations, including hostage situations and covert
military operations. According to reports, the laser has been
tuned to an invisible frequency and produces absolutely no
sound: “Nobody will know where the attack came from. It will
look like an accident,” said one researcher.
Raytheon to develop 100kW class laser weapon system for
US Army
In July, Raytheon announced that it was developing a 100kW
class laser weapon system preliminary design for integration
onboard the Family of Medium Tactical Vehicles under the US
Army’s US$10 million High Energy Laser Tactical Vehicle
Demonstration (HEL TVD) program contract. HEL TVD, a US
Army science and technology demonstration program, is part
of the Army’s Indirect Fire Protection Capability Increment 2
initiative.
“The beauty of this system is that it’s self-contained,” said Roy
Azevedo, Vice President of Intelligence, Reconnaissance and
Surveillance Systems at Raytheon’s Space and Airborne
Systems business unit. “Multi-spectral targeting sensors, fibrecombined lasers, power and thermal sub-systems are
incorporated in a single package. This system is being designed
to knock out rockets, artillery or mortar fire, or small drones.”
Upon HEL TVD Program Option Two completion, the one
supplier will be awarded a system development and demonstration
contract by the US Army to build and integrate a weapon system
on the Family of Medium Tactical Vehicles. A System, Development
and Demonstration contract decision, valued at nearly US$130
GMC
million, is expected early in 2019.

15

