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ABSTRACT

Instrumenting the operational B-2 Strategic Bomber presents some unique problems. For
example, the requirement to remain operational dictates that the aircraft must retain its
stealth characteristics. This means traditional antennas cannot simply be attached to the
airframe. A solution to this problem is an antenna designed with stealth, or Low
Observable (LO), attributes. Stealth is not an absolute; it is relative. Therefore, antenna
design becomes a balancing act between the LO relativity, antenna directivity, and
antenna gain. Weapons testing is an additional concern, where instrumented ordinances
transmit data that must be monitored real-time prior to launch. Stealth vehicles must carry
weapons internally, restricting the Radio Frequency (RF) transmission of telemetered
data from the weapon. With the development of future stealthy conveyances, such as the
F-22, Joint Strike Fighter (JSF), ground, and ocean-going craft, these concerns will
become even more prevalent.
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INTRODUCTION

The United States Congress has mandated that major Air Force weapon system
procurements like the B-2, be independently tested in operation. To this end, the Air
Force Operational Test and Evaluation Center (AFOTEC) was formed. The B-2 Test
Team (Detachment 8 of the 79th Test and Evaluation Group, part of the 53rd Test Wing
headquartered at Eglin Air Force Base, Florida) was chartered by AFOTEC to perform
operational testing of the Spirit B-2 Stealth Bomber. The Test Team is stationed with the
509th Bomb Wing (operators and maintainers of the B-2) at Whiteman Air Force Base,
Missouri.



The original B-2 test concept called for operational testing of selected airframes. Due to
the complexity of the system and the limit of 20 production aircraft, down from the
inceptive 132, almost all aircraft are now being modified, by Time Compliance Technical
Order (TCTO), to accommodate operational instrumentation systems.

One of the primary requirements of testing an operational weapon system is that it must
remain operational while instrumented. In other words, it must retain all design integrity
to remain capable for war. For example, dual-redundant buses cannot be routed in the
same harness assembly, since this would cause susceptibility to a single failure point.
Additionally, any modification made to the aircraft must be temporary. The aircraft must
be returned to its production configuration when testing is complete. So, performing
permanent alterations on the weapons system (i.e. drilling holes) is prohibited unless a
TCTO (a permanent and very costly post-production modification procedure) is
accomplished. Finally, in the event of an emergency, a temporary instrumentation
modification must have a “Master Power” switch, for a crewmember to turn off all power
to the temporary equipment.

There are several issues to consider when temporarily modifying a stealth vehicle for
operational tests. Many are the same concerns with any operational vehicle. For instance,
hardware mounting location, cable routing through pressurized bulkheads, aircraft system
integration, and power interfacing. With a stealth vehicle, there is the additional concern
of stealth itself. The term stealth, in the context of this paper, is concerned with the Radar
Cross Section (RCS) of the aircraft. To maintain operational readiness, changing RCS
must be minimized as much as practical, if not completely eliminated. Any modification
to the exterior of the vehicle affects RCS to some degree. There are several methods to
reduce RCS.

B-2 OPERATIONAL TESTS AND CONSIDERATIONS

Currently, there are three temporary test rack systems for B-2 operational tests. All three
mount inside the crew compartment of the bomber. They are constantly evolving to
support new tests; provide more accurate data; and reduce the impact of installation,
maintenance, operational interference, and removal. The three existing systems are (1)
Airborne Instrumentation System (AIS), (2) Range Instrumentation System (RIS), and (3)
Weapons Re-radiation System (WRS). Each of these systems has been designed and
enhanced to decrease impact to the B-2’s LO stealth characteristics and LO maintenance.

Airborne Instrumentation System. The B-2 Bomber is a fly-by-wire aircraft; therefore,
all the control and monitoring functions are electronic signals. These signals are
transferred between the aircrew, Line Replaceable Units (LRU), aircraft systems, and
back to the crew via several dual-redundant MIL-STD-1553B buses.
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The AIS was designed to “tap” into and record these buses thereby giving engineers a
vast amount of data for analysis. The AIS (see block diagram) consists of two sub-
systems, a Data Acquisition Recording System (DARS) and a crew compartment
video/audio capture system. The DARS taps into six of the dual-redundant MIL-STD-
1553B buses and records them in bulk onto an Ampex Model 107 Digital Cartridge
Recording System Incremental (DCRSi). DARS also has a Global Positioning System
(GPS) receiver for Time Space Position Indicator (TSPI) that is recorded on the DCRSi.
A Teac Hi-8 triple-deck video recorder captures video through up to three miniature
cameras and captures audio from the crew communication system. Finally, AIS has a
time code generator for IRIG B time tagging both the DCRSi and video/audio tapes. This
time tagging allows precise correlation between the two mediums during post-mission

analysis. After post-processing the data tapes, analysts can accurately scrutinize the
different aircraft systems’ performance. The Control Display Unit, Control Display
Panel, and Video Control Panel mount in the console of the jet giving the crew access to
system operation and instrumentation equipment status. A “Master Power” shut-off (not
shown in the diagram) is also installed in the crew compartment.

One way of reducing RCS on the B-2 is the smooth curvature of the exterior surface on
the aircraft. The original GPS antenna for AIS protruded from the B-2, seriously
influencing the aircraft’s LO characteristics. The antenna required over 60 hours of LO
maintenance to restore the bomber to operational status after a test mission. This problem



was overcome by using a splitter to tap into the transmission line of the aircraft’s existing
production GPS antenna thus eliminating RCS impact and LO maintenance.

Range Instrumentation System. RIS is used during missions that measure the
“stealthiness” of the aircraft. This type of mission requires real-time monitoring by a
ground station as well as a way of tracking the precise position of the aircraft. This
system is re-programmable and therefore very versatile. It is currently used for a variety
of mission profiles.

The RIS (see block diagram) has a Multiple Data Bus Monitor (MDBM) that is
programmed to extract selective data words from up to four dual-redundant MIL-STD-
1553B buses. These extracted words are modulated and telemetered on an S-Band carrier.
This provides a real-time performance analysis of systems’ statuses. For backup
purposes, the extracted words are also recorded on a Multi-Application Record/reproduce
System (MARS II) digital cassette tape recorder onboard the aircraft for post-mission
analysis. To aid in locating the exact position of the aircraft by the ground station, the
RIS also has a C-Band transponder. The ground station has an interrosponder to
interrogate the aircraft by transmitting a unique series of “pings”. The transponder
responds by answering with its own unique series. A C-Band antenna is installed on the
lower front of the aircraft. For near omni-directional purposes, the C-Band signal is split
and also sent to an antenna on the upper aft part of the aircraft. The Control Display
Panel, mounted in the console gives the crew access to system operation and
instrumentation equipment status. A “Master Power” shut-off (not shown in the diagram)
is also installed in the crew compartment.

For telemetry S-Band transmission and C-Band transceiving, antennas had to be
developed to reduce RCS impact. Consequently, conformal antennas, to retain the smooth
curvature of the bomber’s surface were designed. Obviously, antenna directivity is
adversely effected by this solution.

Another method which reduces RCS on the B-2 is to cover the exterior of the aircraft
with a LO material which absorbs the electro-magnetic energy of radar. Unfortunately,
telemetry and other transmissions are also comprised of electro-magnetic energy and
their power is subsequently reduced. The solution to this problem requires a compromise
between LO and antenna gain. For instance, the LO S-band antennas installed on the B-2
have an average gain of between –8db and –15db whereas a normal telemetry antenna
would have between 0db and –8db. Regrettably, security issues preclude the discussion
on many of the aspects of LO technology including LO material composition, detailed
antenna design, and even emission pattern specifications.

Since reducing structural and LO maintenance on the aircraft when installing and
removing antennas is a primary concern, a specially modified Crew Entry Door (CED)



and Defensive Management System (DMS) door is used. The modified CED and DMS
door has antennas permanently mounted. The theoretical result is a relatively simple
process of exchanging the production CED and DMS door with the modified CED and
DMS door on the aircraft scheduled to fly a test mission. In reality, however, the fastest a
CED has been changed with a crew of four technicians is twenty-one hours, at best, and
has taken as many as six people, including an engineer, 68 hours. The process requires
extensive adjustment procedures and specially designed tools to properly rig the door for
flight. In retrospect, permanently mounted antennas on every aircraft would have been
much more cost-effective. In fact, TCTO designs for permanently mounted antennas on
all operational B-2 bombers are now being investigated.

Weapons Re-radiation System. WRS was developed to help Sandia Laboratories certify
the integration of the B-83 nuclear weapon with the B-2 Strategic Bomber. Since its
development, however, it has also been used for testing other weapon systems, like the B-
61-11 deep-penetration nuclear weapon. Therefore, it is anticipated that weapon systems
now under development will also use a form of the WRS in the near future. One of these
new weapons that will require the WRS is the Joint StandOff Weapon (JSOW). The
WRS will have to be reconfigured for the each weapon system because of different
telemetry parameters. For safety and mission objectives, these ordinances require a real-
time pre-launch status.
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The WRS (see block diagram) has antennas mounted in the weapons bay of the B-2 to
collect the telemetered signals from up to four individually instrumented weapons. These
signals are routed through a bulkhead to four receivers and bit synchronizers on the WRS
rack and then recorded on a MARS II for post-processing. The crew is able to select for
retransmission one of the four frequencies with a rotary coaxial switch to be re-
transmitted for real-time analysis. The selected frequency is modulated and routed to an
S-Band antenna on the modified CED for transmission. The WRS, like the RIS, has C-
Band capabilities. The Control Display Panel, mounted in the console gives the crew
access to system operation and instrumentation equipment status. Again, a “Master
Power” shut-off (not shown in the diagram) is installed in the crew compartment.

A significant consideration that concerns weapons re-radiation within a weapons bay is
multi-path. The instrumentation on the weapon systems tested so far on the B-2 have a bit
rate of only 500 kilobits. This is low enough as not to cause a problem with multi-path.
However, as the bit-rate of the data being transmitted increases, it will most likely
become more susceptible to multi-path problems.

CONCLUSION

The current operational tests of the B-2 are projected to continue for the life cycle of the
aircraft. Many more tests are also being developed for future incorporation, which will
require increased instrumentation modifications. Notwithstanding, the point of this paper
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is to raise awareness among the test community in regard to the telemetry considerations
related to testing current and future operational stealth vehicles. These issues should be
considered early in the planning phase of new programs to minimize the impact of
installing telemetry packages aboard an operational test vehicle. For instance, surely the
F-22 and JSF will participate in such programs as Weapon System Evaluation Program
(WSEP) which involves firing instrumented air-to-air missiles at remotely piloted drones.
These instrumented missiles must be tracked and status checked by ground stations
and/or airborne telemetry platforms, such as the E-9, prior to launch. Since the F-22 and
JSF will carry their ordinances inside weapons bays, a re-radiation system will have to be
developed. Prevailing WSEP scenarios involve firing between three and eight hundred
missiles annually by fighter units from around the world. An awesome obstacle for the
managers of programs such as this is the constant modifying and de-modifying of the
participating aircraft, often a couple dozen a week. If requirements for introducing such
telemetry systems are not incorporated into the production of these new aircraft, very
costly TCTOs will undoubtedly result.
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