❚ MISSILE TESTING

Paradise lost
A review of the MK 41 VLS, the missiles it launches, the type of tests Lockheed Martin
conducts on the VLS, why the data acquisition portion of the testing process was upgraded
and characteristics of the new data acquisition system
❚ Nicole Faubert

White Sands. The name has always sounded as if it’s a quiet, lush
resort. Yet, White Sands in southwestern New Mexico is one of the
world’s busiest places for testing and evaluating potentially volatile
materials, space flight components, and rocket propulsion systems.
NASA, the Department of Defense, other federal agencies, universities, and commercial industry, conduct extensive tests in this area.
There is no sense of normalcy at White Sands. This is the only
area across the USA, that is jolted by missiles firing out of a 30ft
tall launching system known as the MK41 Vertical Launching
System (VLS). The basic MK41 VLS building block consists of an
eight cell missile module designed to be installed below-deck on
surface ships. Each module is a complete, stand-alone dual-redun-
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dant canister launcher. The canister launching system is controlled
by a Launch Control Unit (LCU). Both the launching system and
the LCU are manufactured by Lockheed Martin. In addition, each
module consists of a gas management system, missile canisters,
ballistic deck and hatches with deluge and sprinklers, and walkways. The MK41 VLS is currently deployed at sea in 13 different
configurations, ranging from a single module with eight cells to
16 modules with 128 cells.
MK41 is the only launch system of its kind that is capable of
rapidly firing a different missile in each of its cells, including antiair, anti-submarine, surface-to-surface, and strike.
At the White Sands Missile Range in New Mexico, Lockheed
Martin regularly conducts environmental testing of the MK41 VLS
in order to verify or improve the integrity of their product.
During the last two years, Mike Geesey, a staff engineer with
17 years at Lockheed Martin, supervised replacement of an
antiquated Mag tape data acquisition system, originally used to
conduct the VLS tests, with a VXI-based system. “It was a vast
improvement, especially noise wise,” explained Geesey. “With the

old tape recorders and the old FM systems, noise was a lot more
of a factor than it is today. (Several of) the newer VXI modules
have anti-aliasing filters built into them. We can change the
filtering programmatically if we want. We can change the gain
programmatically. Everything is simple to set up. Very simple to
change. And our resolution has gotten very, very good.”
Lockheed Martin’s core business areas are electronic systems,
aeronautics, space, technology services and integrated systems and
solutions. The corporation’s vision is to be the world’s best systems integrator in aerospace, defense and technology services.
Comprised of all, or portions of 17 heritage companies, Lockheed
Martin had 2003 sales of UA$31.8 billion and employs approximately 130,000 people.
Three VLS sizes
Each VLS module contains a plenum base and uptake hatch to
vent the exhaust gases from a fired missile. The plenum and
uptake hatch are lined with ablative material to protect the structure from the missile exhaust.
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1. The US Naval RIM-7 Sea
Sparrow is used as a anti-missile defence system

RIM-7 SEA SPARROW
NATO Missile (US Navy Sea Sparrows) for surface-to-air
anti-missile defense has a range of 30nm. They are radarguided, air-to-air missiles with high explosive warheads. The
Navy uses the Sea Sparrow version aboard ships
as a surface-to-air anti-missile defense. The versatile
Sparrow has all-weather, all-altitude operational capability
and can attack high-performance aircraft and missiles from
any direction.

General characteristics: RIM-7 Sea Sparrow

An armored deck with armored hatches above each missile cell
and the exhaust gas uptake protect the module. The Launch
Sequencer (LSEQ), part of each module, responds to the Launch
Control Unit command to launch a missile by preparing the
module and missiles for launch. If a missile warhead in a canister
should overheat or ignite accidentally, a safety deluge system
sprays water on it and any empty canisters. A separate sprinkler
system provides fire protection for the external launcher space.
The VLS is manufactured in three different sizes to meet most
hull and mission requirements:
• MK41 Strike length is the largest system. It is approximately
30ft tall from the top of the hatch to the bottom of
the plenum and can accommodate missiles for every
warfare mission;
• MK41 Tactical length is more than seven feet shorter than
the Strike length and accommodates missiles up to approximately 18.5ft in length;
• MK41 Self-Defense Launcher (SDL) is specifically designed
for ship self defense. Shorter and lighter than the other two
models, the size and weight of the SDL make it ideal for
smaller ships, such as corvettes and frigates, and for aircraft
carriers with limited deck and hull space.
Although the Tactical and SDL models can be sold outside of the
USA, most of Lockheed Martin’s testing is on the Strike model, as
it is produced exclusively for US naval ships. Lockheed Martin
tests the actual launch sequencer that communicates all the
commands to the missile for launch. They build the launchers in
Baltimore, Maryland to be placed on ships as full 8-cell units. A
single ship may have eight 8-cell units (64 cells) in one magazine.
United Defense, L.P. manufactures the canisters for the MK41s
and provides the mechanical lead for the system. Lockheed Martin provides electronics leadership for the system and Raytheon
typically provides the rocket propelled missiles fired from the
system. The VLS is frequently tested with the following missiles:
• SM2-Block II, III, IIIA, IV: Used for anti-missile defense.
• Vertical Launch ASROC (VLA): An anti-submarine weapon;
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Primary function: Air-to-air and surface-to-air
radar-guided missile
Contractors: Raytheon Co. and General Dynamics
Powerplant: Hercules MK-58 solid-propellant
rocket motor
Thrust: Classified
Speed: More than 2,660mph (4,256kph)
Length: 12 feet (3.64 meters)
Warhead: Annular blast fragmentation warhead,
90lb (40.5kg)
Guidance system: Raytheon semi-active on continuous
wave or pulsed Doppler radar energy

• Tomahawk (THAWK): Long-range subsonic cruise missile;
• RIM-7 Sea Sparrows: Radar-guided missiles used by NATO;
• Evolved Sea Sparrow Missile (EESM): An upgrade of the Sea
Sparrow missiles are still undergoing flight tests.
VLS test objectives
The wide variety of missile firing capability of the MK41 VLS
requires extensive testing. Lockheed Martin’s engineering team
conducts these tests at the systems integration laboratory for
launching systems, in Baltimore. This is where Geesey of
Lockheed Martin works. His responsibilities include designing
special test equipment for the systems integration lab as well as
designing and operating data acquisition systems used to collect
data on the VLS and R&D programs (many R&D programs are
classified and cannot be discussed).
Geesey frequently travels to White Sands, New Mexico in order
to supervise the testing of the MK41 VLS. According to him:
“We put pressure transducers, accelerometers, strain gauges, temperature sensors, usually K-type thermocouples, and calorimeter
plates (which are other types of temperature sensors) and we put
these in the plenum of the launching system. They do a real-life
missile launch. They arm the booster and fire off the missile and
we collect pressures, temperatures, strains, accelerations, whatever
the rocket motor and the missile happens to do to the launcher.
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2. The Tomahawk with fighter
escort 3. The SM-2 is primarily
a defense weapon for the
US Navy

TOMAHAWK (THAWK)

“Other than actual flyouts,” said Geesey, “We sometimes do
restrained firings where we actually hold the missiles in the canister and inside the launcher, to make sure it can survive that type
of punishment. And we collect a lot more data when we do that
kind of test, because we want to see what kind of punishment
we’re really taking when we do that.”
The tests indicate the punishment for which the launcher, the
canister, essentially anything touched by the plume of flame
originating from the launched rocket, is subjected. “It’s a pretty
rough environment. When we shoot what’s called a Standard Missile Block IV (SM-2ER Block IV), made by Raytheon, there are four
nozzles on this rocket booster and it just roars. You can actually
feel the pressure differential in the building (that houses the
testing equipment) 75ft away,” Geesey commented.
During testing, Lockheed Martin monitors what they call ‘mass
flow’, which refers to the environment of flame, gas and pressure
created within the launcher. Geesey explained that they measure,
“how much flow exists within the launcher itself and how that flow
reacts inside the launcher. The data we collect helps our analysts to
prove out our models, because they do all these mass flow models
to prove how the launcher is going to handle the flow from the rocket
motor when we light it off,” he said. “And they’ll put the gauges in
the places that they believe will help them prove their model the best.
And then they’ll get the real data and they can run these real numbers into their models to see how close they are with their analysis.”

Tomahawk® Block II uses a Terrain Contour Matching (TERCOM) and
Digital Scene Matching Area Correlation (DSMAC) missile guidance system. Block III adds a Global Positioning Satellite guidance capability to
TERCOM and DSMAC. Radar detection of the missile is extremely difficult because of the small radar cross-section and low altitude. Tomahawk® has two warhead configurations: a 1,000lb blast/fragmentary unitary warhead and a general-purpose submunition dispenser with
combined effect bomblets.

General characteristics: Tomahawk Missile
Primary function: Long-range subsonic cruise missile for striking high
value or heavily defended land targets.
Contractor: Raytheon Systems Company, Tucson, Arizona
Unit cost: Approximately US$600,000 (from the last production contract)
Powerplant: Williams International F107-WR-402 cruise turbo-fan engine;
CSD/ARC solid-fuel booster
Range: 870nm (1,609 km)
Speed: Subsonic, about 550mph (880km/h)
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SM2-BLOCK II, III, IIIA, IV
The US Navy’s SM-2 missile family used for anti-missile defense, anti-aircraft defense and
offensive weapons against ships. SM-2s use tail controls and a solid-fuel rocket motor for
propulsion and maneuverability, and, in addition, extended range missiles have a booster
with thrust vector controls. All are guided by inertial navigation and mid-course commands
from AWS, and semi-active radar or an IR sensor for terminal homing.

General characteristics:
SM-2 Block IV Primary function: Fleet and extended area air defense
Contractor: Raytheon and others
Powerplant: Two-stage solid-fuel rockets
Range: 100-200nm
Guidance system: Semi-active radar homing
Warhead: Radar and contact fuse, blast-fragment
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4. The Tomahwak launched vertically
5. Vertical launch missiles provide the Navy
with a rapid response weapon

VERTICAL LAUNCH ASROC (VLA)
The VLA Missile is a rocket propelled, three-stage,
Anti-Submarine Warfare (ASW) weapon designed for deployment on
CG47, DDG51, and DD963 Class ships equipped with the MK41 Vertical
Launching System (VLS) and others. The VLA Missile provides the US
Naval fleet with the capability for rapid response, all weather delivery of
an MK46 MOD 5 Torpedo against threat submarines in any direction at
intermediate ranges.

General characteristics, VLA Missile

Besides collecting launcher data, there have been times when Lockheed Martin has provided rocket motor pressure data for Raytheon
using the data acquisition system installed at White Sands.
Lockheed Martin uses KineticSystems VXI hardware and
software exclusively to conduct their environmental testing of the
missile launches performed at the White Sands test grounds. “We
have patch panels in the launcher that route all of the temperature,
strain, and accelerometer data back into another building where
we have it hard-wired right to a KineticSystems rack. We collect
all the data that way,” Geesey elaborated.
“The KineticSystems (VXI modular hardware) is set up more
to do the type of testing that we are doing with the pressure
transducers and those type of sensors,” said Geesey. “VXI hardware
from other suppliers was set up more to look into scopes and
meters versus this type of data acquisition.”
VXI (VME eXtensions for Instrumentation) is an open standard
with extensive multivendor support. VXI defines fully shielded
modular instruments, rugged chassis EMI (electromagnetic interference) protection, tight power supply noise specifications and
uses the 32-bit VMEbus for primary backplane communication.
Its modular approach permits configuring a system with off-the-
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Primary function: Surface launched missile,
anti-submarine warfare weapon.
Contractor: Lockheed Martin, Naval Electronics &
Surveillance Systems
Powerplant: Solid-propellant rocket motor.
Range: ASW Intermediate range
Guidance system: Inertial Guidance
Warhead: MK46 MOD5 Torpedo (98lb of PBXN-103 high explosive (bulk
charge)

shelf building blocks that fit specific requirements.
According to Geesey, key considerations for the missile launch
environmental test data acquisition system were speed, accuracy
and versatility for handling the variety of data required and rockets
employed by the MK41 VLS.
Software dramatically cuts set-up time
DAQ Director™ is prepackaged data acquisition software that runs
under the popular Windows operating system. It uses VXI hardware
to acquire the data and LabVIEW software to provide the operator
interface and data analysis. According to KineticSystems, publisher
of the software, DAQ Director is designed to setup, control and
calibrate VXI hardware for acquiring data and optional LabVIEW
software to provide the operator interface and data analysis.
DAQ Director features a suite of preconfigured displays that
can be used with other user interfaces and analysis software and
claims no programming is required to use the software system as
delivered. Lockheed Martin is using DAQ Director software for its
MK41 VLS testing.
For Lockheed Martin, the VXI hardware and DAQ Director
software combination for their launcher testing is saving them significant setup time while providing the accuracy, speed and versatility they desired. The company recently purchased a second DAQ
system from KineticSystems that they will be taking to Japan. “We’re
actually working with Mitsubishi Heavy Industries as they work
to integrate a new missile into our system,” concluded Geesey. ❚
Nicole Faubert is the marketing manager for KineticSystems Company
based in the USA
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