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FOR
ARLEIGH BURKE DDG 51 AEGIS CLASS DESTROYERS

Robert Kimbley
LeRoy Bates

Naval Ship Weapon Systems Engineering Station
Port Hueneme, California 93043

ABSTRACT

Portable Telemetry Data Receive/Record Sets (TDRRS) are temporarily installed in Navy
ships to record and display data from tactical surface-to-air and surface-to-surface missiles
(e.g., STANDARD, HARPOON, TOMAHAWK and SEA SPARROW). The Arleigh
Burke DDG 51 AEGIS class Destroyer is the fleet’s newest Man-of-War. The first ship of
this class, the USS Arleigh Burke (DDG 51), was recently commissioned on 4 July 1991.
Permanent telemetry data RF and control transmission cabling systems will be installed in
these Destroyers. The purpose of the dedicated cabling system is to deliver high quality
telemetry data to the portable TDRRS. A dedicated quality interface guarantees reliable
communications with the STANDARD Missile (SM) 2 during the pre-exit and initial
airborne stages during missile launched from the ship’s Vertical Launch System (VLS).
Previous ship classes depended on portable cables and equipment to provide for this
function. Cables were brought through hatchways and bulkheads to the telemetry receiving
and recording equipments. The DDG 51 AEGIS Class Destroyer uses a Collective
Protection System (CPS) that provides for differential inside air pressure that is greater
than the outside air pressure. This is intended to prevent chemical, biological, and nuclear
contamination from entering the ship. To preserve CPS integrity, telemetry cabling is
routed through airtight bulkhead connectors.

This paper introduces the new integrated shipboard telemetry cable interface and the
recently developed fleet telemetry receive and record system. Discussions will be provided
on the SM 2 Vertical Launch System telemetry data transfer and the latest state-of-the-art
receive and record equipment installed on the Arleigh Burke DDG 51 AEGIS Class
Destroyers.



INTRODUCTION

Prior to 1991 the U.S. Navy utilized portable telemetry cabling and equipment positioned
on AEGIS Cruisers involved in missile exercises, on various missile ranges, in different
parts of the world. With the advent of AEGIS MK 41 Vertical Launching System (VLS),
AEGIS Cruisers had minor amounts of permanent telemetry cabling installed; all other
cabling had to be portable.

The Arleigh Burke DDG 51 AEGIS Class Destroyer is being built with permanent
telemetry cabling routed between the antenna systems above deck and the physical fitness
room below deck. The physical fitness room is temporarily converted to the telemetry
equipment room to facilitate capture of missile flight data. Missile systems used on this
class of ship are the SM 2 (surface-to-air), and the HARPOON and TOMAHAWK cruise
missiles (surface-to-surface). During the same development time frame as the Arleigh
Burke, a new compatible Telemetry Data Receive/Record Set (TDRRS) was developed
and manufactured along with the associated Portable Medium Range Antenna (PMRA)
system. The telemetry cabling on Arleigh Burke was designed and installed to
accommodate the new TDRRS Portable Telemetry Receiving System (PTRS) and PMRA
system.

SHIPBOARD TELEMETRY SYSTEM DESIGN

The shipboard telemetry system design was required to accommodate a diverse and
dynamic set of system interface requirements. System cabling provides pseudo bus
structure that interfaces the systems antenna resources above deck with the telemetry
instrumentation below deck. Figure 1 provides a summary illustration of the cabling
interface system. In Figure 1 the shipboard telemetry cabling resources are indicated in
bold lines, equipment bounded by the dashed and bold lines are permanently installed in
the ship. Major elements of the system operational requirements that helped forge the
shipboard telemetry system design are discussed in the following paragraphs.

A. Missile Configuration

The majority of missiles fired from DDG 51 AEGIS Class Destroyers during training
exercises will be the SM 2 missiles with Warhead Compatible Telemeter (WCT) (e.g.,
AN/DKT-53A/B, AN/DKT 71). All STANDARD Missiles, with the WCT installed,
launched from DDG 51 AEGIS Class Destroyers have the capability to be warhead burst
tactical rounds. This occurs when the ship’s telemetry power is not applied before missile
launch. However, variations exist and are listed as follows:



Figure 1 Shipboard Telemetry Interface System

1. WCT with missile warhead enabled and telemetry antenna configured as either
directional (RF energy focused for optimum shipboard reception) or omni-
directional (RF energy in the form of an expanding donut around the missile).

2. WCT with missile warhead disabled and telemetry antenna configured as either
directional or omni-directional.

General round selection planning requires ships to order out telemetry configured missiles
based on missile-to-target geometry. This geometry is from review of flight profiles and
primary missile receiving site location. Round selection planning includes definition of the
communications requirements between the missile and the telemetry receiver. SM 2
operational requirements are selected from a range of telemetry frequencies prior to missile
build-up. These frequencies are standard IRIG E-band frequencies and range between 



2200.5 MHZ and 2300.5 MHZ. Each missile is built-up at a Naval Weapon Station or all-
up-round facility with an assigned frequency and cannot be changed on the ship.

B. Ship operator and computer program

The Missile Systems Supervisor (MSS) in the Combat Information Center (CIC) selects
the primary and back-up telemetry equipped missiles. The MSS selects the missiles from
available inventory at his ship’s console. Once the missile location is entered into the
Combat System computer, the system will power up the selected missile’s WCT, and if
appropriate, power down the same missiles. Normally power down would not occur unless
warm-up time is exceeded due to excessive target engage time. MSS will make sure that
during a multi-missile firing event, missiles will not be launched using the same telemetry
frequency. Frequency conflicts usually cause loss of usable telemetry data. However, even
when missiles are configured with the same telemetry frequency, data can be recovered
when missiles are launched at a minimum of ten seconds intervals. This assumes close pre-
launch communications between the MSS, the shipboard telemetry operator, and the
missile range telemetry operator.

C. Telemetry transmission from missile to ship and retransmission from ship to
shore

1. The VLS missile canisters are RF radiation tight. This means external RF radiation
cannot get into the canister and pre-launch telemetry transmissions cannot get out of
the VLS canister.

2. The SM 2 MK 13 missile canisters have a telemetry antenna inside the canister and
a coaxial cable connection for this antenna on the outside of the canister. In order to
transmit telemetry from the ship prior to launch, the canister antenna must be
coaxially cabled through a retransmission amplifier system to an external
transmitting antenna. Heliax coaxial cables going from each VLS launcher bulkhead
to a Hoffman type connector box in the physical fitness room and on to a Hoffman
type connector box located by the ship’s quarterdeck, are permanent parts of the
ship. The other permanent cables from the physical fitness room are the telemetry
auto-track antenna, MK 56 Portable Medium Range Antenna (PMRA), system
cables and dual polarized manual horn antenna input heliax coaxial cables to the
telemetry receiving station located in the physical fitness room. The rest of the
transmission and receiving system is portable and must be installed prior to the
missile exercises. These portable items are listed in the following paragraphs:

a. Intra-launcher coaxial (Type N) cabling between the VLS missile canister and
the permanent VLS bulkhead connector.



b. Intra-launcher microwave signal combiners (if there are multiple telemetry
equipped missiles in the same launcher).

c. Telemetry retransmission amplifier and coaxial (Type N) cables for physical
fitness room, that is temporarily converted to the telemetry equipment room.

d. Telemetry retransmission transmit antenna and coaxial (Type N) cables to the
Hoffman type connector box in the passageway by the quarter deck.

e. Receiving antennas and coaxial (Type N) cables to the Hoffman type connector
box in the passageway by the quarter deck.

f. The TDRRS (e.g., AN/SKQ-9, 10, AERO, PTRS) is provided and operated by
Naval Sea Center, Atlantic or Pacific. The TDRRS is installed in the physical
fitness room, that is temporarily converted to the telemetry equipment room.

D. Ship Telemetry Antenna Placement and Cabling

The telemetry auto-track antenna system, the Portable Medium Range Antenna (PMRA),
will be placed port or starboard of the ship’s quarterdeck. Reversible Baxter bolts, low
profile padeye in the deck, will be used as hold downs for anchoring the antenna system to
the deck. The portable telemetry dual polarized manual horn antennas will be placed on
the 02 deck level around the forward stack and will be manually pointed. Positioning of
these antennas is shown in figure 2.

Figure 2 DDG 51 Telemetry Antenna Locations

This telemetry cabling system is designed to provide interface with two auto-track antenna
systems and two receiving dual polarized manual horn antennas mounted topside.
Additionally, the system is designed to interface with the two topside pre-exit transmit
antennas. During missile exercises, the Antenna Control Unit (ACU) for the auto-track
antenna system (PMRA) is located in the physical fitness room. The physical fitness room
is temporarily converted to house the telemetry receive/record and antenna systems control
equipment.



TELEMETRY RECEIVING AND RECORDING SYSTEM

A. Telemetry Data Receive/Record System (TDRRS) equipment

The following discussion focuses on the U.S. Navy’s most recently developed TDRRS
system. The MK 75 Mod 0 Portable Telemetry Receiving System (PTRS) with its
associated antenna system the MK 56 Mod 1 Portable Medium Range Antenna (PMRA)
are new telemetry equipment resources to the fleet’s TDRRS inventory. The PTRS and
PMRA are currently undergoing field level evaluations and acceptance testing.
Introduction of the PTRS and PMRA system into fleet operations is expected in early FY
92.

The PTRS and PMRA system is designed to support a comprehensive family of PAM and
PCM missile telemeters. The system design has many strengths not available in other
telemetry ground station systems. The system design provides a portable rugged shipboard
compatible TDRRS, that can be configured as a single console record only system or dual
console real-time reception, analysis and display system. The system is compatible with
the KGR-66 encryption system to provide for full encrypted data processing of modern
high speed digital telemeters, such as the AN/DKT-71 WCT. The system provides real-
time and post-processing multi-media displays of telemetry data in engineering units or
digital data. Displayed information provides functional titles, signal magnitudes, and
scientific parametric units. The system design has the added advantage of an open
architecture which allows for ready adaptation to anticipate future PAM and PCM system
evolutions. Accommodation of future systems operational requirements will be
accomplished by providing for additional system operating software, that is easily
developed.

B. PTRS/PMRA System Characteristics

The PTRS and PMRA integrate into a portable high digital data rated shipboard telemetry
receiving, recording, and processing system. The system is fully integrated with shipboard
operational and support systems, servicing a wide range of PAM and PCM configured
missiles. The MK 75 and MK 56 telemetry receiving system was designed to give the
SMS fleet the capability to support the modern missiles systems with high PCM bit rates
and encrypted communication.

Functionally the PTRS/PMRA system is designed to acquire and track telemetry
configured SMS missiles operating with S-band transmitters. The PTRS/PMRA is
configured with menu selectable software operating routines that are designed to set-up the
system in pre-established operating modes for each missile/telemetry configuration. These
menu selectable routines include the SM configurations planned for use in the Arleigh



Burke DDG 51 Class Destroyers. The PTRS/PMRA was designed to provide S-band
telemetry reception in either PAM or PCM data transmission formats. The PTRS/PMRA
system receives, records, processes, and displays telemetry data in real time and post-
processing modes. The system also has built in capability to provide complete SM post
flight recorded telemetry data analysis. In flight data capture is provided for by on-line
magnetic tape and removable hard disk storage medias. System level functional and
interface characteristics are summarized in subsequent paragraphs. The PTRS/PMRA
system is design to be a portable stand-alone telemetry receiving system. Packaged in
separate stackable enclosures, the system builds up into two operationally independent
consoles. For a record only configuration only the first stack is needed. The PTRS
compatibility and capability attributes are summarized in the following paragraphs.

C. PTRS Compatibility and Capabilities

The PTRS is designed for shipboard operations, with portable rugged modular equipment
packaging. The PTRS system design integrates the use of commercial telemetry equipment
for optimal system maintenance and minimal cost of ownership. Figures 3 provides
illustrations of the MK 75. Figure 3 is an illustration of the PTRS fully configured for
normal telemetry data recovery operations. Figure 4 provides a functional block diagram of
the PTRS.

1. The PTRS is designed to operate with existing SMS telemetry antenna tracking
systems. The design provides for compatibility with:
a. The Portable Short Range UHF Receiving Antenna System EMP STS-12.
b. The existing Dual Polarized Manual Horn Antenna System.
c. An additional PMRA. The Antenna Control Unit (ACU) for the second PMRA

will be provided by interconnecting cabling not further than 8 feet away.
d. The Communications Tracking Set AN/SYR- 1 (the shipboard Phased Array

Antenna used with the SM Extended Range Missile).
2. Provisions are included for a second (optional) dual channel receiver combiner

which can be utilized for tracking of a second WCT configured STANDARD
missile.

3. The MK 75 PTRS and MK 56 PMRA system is designed for functional
compatibility with the Navy PAM and PCM telemeter systems listed in Table 1. In
order to provide for this comparability, the system has the equipment setups, missile
operational formats, and requisite data base included to allow real time telemetry
data reduction, display, or playback. The system Strip chart recorder/digital printer
and magnetic recorder/reproducer channels and range settings are predetermined for
fast and accurate data recovery. The interface configuration, instrumentation,
display and recording equipment set up and data base software are readily updated
or modified by the system user to provide for future growth.



Figure 3 MK 75 MOD 0 PTRS System

Figure 4 PTRS Functional Block Diagram



4. The high speed serial digital data UHF Satellite Communications Set AN/WSC-3.
5. The ship’s 110 VAC, 60 Hz single phase (MIL-STD-1399B, Type 1) power source.

Maximum power consumption does not exceed 2600 Watts of which 400 Watts
reserved for PMRA antenna system.

6. The ship’s sound powered telephone system defined in MIL-T-15514.
7. Provisions are provided for a second ACU/receiver status interface.

Table 1
PAM & PCM Telemeter Compatibility

The PTRS packaging design is based on a modular 19" rack mounted equipment case. The
system consists of several individual 19" instrument cases that house each of the PTRS
system resources. This approach provides for convenient system build-up and safe
transportability. Each instrument case houses selected commercial telemetry instruments
that are integrated into a complete system. This modular design accommodates both
system integration and equipment handling and transportation. The instrument cases
provide for secure equipment stacking, build-up, and tie-down. When completely racked
and integrated the system is designed to withstand sea state 5 levels.

The system modular cases are easy to handle aboard ship, providing for passage through
narrow and confined ship’s spaces. The system is designed for two technicians to
unpackage and integrate the system in less than 8 hours. The system is packaged with
interface cabling that limits interconnection error and promotes ease of integration at
remote sites.

The PTRS consists of a Telemetry Receiver Console and a Process/Display Console. The
Telemetry Receiver Console is designed with an integral Personal Computer (PC) to
function in either a fully integrated telemetry data processing mode or a stand-alone
telemetry record mode. In the stand-alone mode under PC control the console provides for
telemetry data capture and record operations. In this mode telemetry data is collected on
tape and hard disk media for post-processing or analysis at a later date. In the integrated
mode the Telemetry Receiver Console provides real-time telemetry data to the
Process/Display Console for analysis and display. The Process/Display Console provides
for real-time and post-processing analysis and display of missile flight telemetry data. The
Process/Display Console post-processing capability provides for analysis of missile



telemetry data that has been stored on magnetic media (e.g., analog tape or removable hard
disk). Figure 5 provides an illustration of the modular packaging and relative size of the
system. The left rack in Figure 5 is the Process/Display Console and the Telemetry
Receiver Console is positioned on the right.

Figure 5 PTRS Consoles and Instrument Modules

C. PMRA Compatibility and Capability

The MK 56 MOD 0 PMRA, illustrated in Figure 6, provides the missile telemetry
acquisition, reception, and tracking functions for the PTRS. The PMRA is an orthogonally
polarized, dual axis, space-stabilized, tracking antenna system that is used to receive
telemetry from surface-to-air missiles. Used in conjunction with a TDRRS telemetry
receiver that can supply conditioned detected AM and processed AGC feedback signals,
the PMRA provides for STANDARD missile telemetry signal acquisition and tracking.
The PMRA was developed for compatibility with the AN/SKQ-9, 10, AERO, and PTRS
TDRRS systems. The PMRA features a high gain (20.5 dB), suppressed side-lobes, dual
axis tracking, and stabilized operation in both azimuth and elevation. The PMRA is a fully
ruggedized and self-contained design for unattended operation in all-weather
environmental conditions.



Figure 6 Portable Medium Range Antenna

The PMRA consists of two units, the antenna/pedestal, and the Antenna Control Unit
(ACU). Figure 7 provides a functional block diagram of the PMRA with limited
information on the system interface characteristics. The antenna/pedestal is located above
deck, operating unattended in all weather conditions. The ACU is located below deck with
the PTRS to provide for system functional control. The ACU is microprocessor controlled
to provide for automated antenna positioning, missile autotrack, and status outputs. The
PMRA provides for manual, acquire/auto-track, search, and directed modes of operation.

CONCLUSION

The PTRS/PMRA coupled with Arleigh Burke DDG 51 AEGIS Class Destroyers’
permanent telemetry interface cabling system establishes a significant advancement in the
integrity and support of telemetry missile data collection and processing in the Surface
Missile System shipboard environment. Telemetry data acquisition and recovery have been
improved immeasurably by incorporation of dedicated ship, missile, and telemetry system
interfaces into the ships system interface. The long term preservation of cabling condition, 



Figure 7 PMRA Functional Block Diagram

reduced cable lengths, improved signal quality, reduced integration manhours, improved
quality and quantity of telemetry data recovery are but a few examples of the
improvements brought about by this approach.

Introduction of the PMRA brings about a whole new era of telemetry signal acquisition
and tracking. Its potential for improving pre-exit, near-hull, radiation cluttered, and
tangential flight telemetry data processing are only limited by the newness of its
introduction.

The introduction of the PTRS into the Navy TDRRS inventory provides a substantial
improvement over existing systems functional limitations and maintenance posture. Due to
available technology from the commercial sector, the PTRS design has proven to be a
supportable, high performance, affordable solution to the requirement for highdata rate
telemetry support. System supportability was made possible by the selection of
commercial telemetry instrumentation. Selection of commercially available telemetry
instrumentation permitted adaptation of established maintenance resources and procedures.
The functional superiority of the PTRS springboards the Navy TDRRS resources into
state-of-the-art high speed digital and encrypted telemetry data capability.


