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SECTION I 

INTRODUCTION AND SUMMARY 

The Air Force is currently developing an Electronically Agile Radar (EAR) 
for possible incorporation into a strategic weapon system in the 1980 time 
frame. The EAR is an X-band, multimode radar designed to perform air-to- 
ground mapping, velocity measurements, and terrain following/terrain avoid- 
ance functions in accordance with strategic weapon system requirements. The 
candidate strategic weapon systems which EAR addresses are the B-l, FB-111, 
and B-52. The EAR development plcn includes flight testing in a B-5?G Test 
Bed aircraft. 

The Boeing Company has conducted a Flight Test Interface Investigation under 
Air Force Contract F33615-76-1145. The objective of the investigation was 
to provide data for formulation of a flight test plan by the EAR development 
contractor (Westinghouse Electric Corporation) and to compile data for follow- 
on activity concerned with Class II aircraft modification and EAR flight test. 
The investigation addressed installation provisions and interfaces for the 
EAR Test Article and instrumentation as well as test planning and test support 
requirements. The time phasing of the interface investigation paralleled 
the final months of EAR Service Test Model detail design and preliminary 
design of EAR flight test instrumentation. Coordination with the Westinghouse 
Electric Corporation was continuous throughout the investigation. 

Space provisions were developed for the EAR test article and instrumentation 
based on EAR installation requirements. In the nose radome cavity, these 
provisions were also constrained to critical EAR equipment locations that 
are feasible for any subsequent B-52 implementation considering other B-b2 
systems (e.g. ECM). All other locations considered only flight test bed 
requirements. The selected antenna location is on the Station 96 bulkhead 
centered at Buttock Line 0 and Waterline 165.8 with related electronic equip- 
ment in appropriate proximity. A new rigid frame will mount the antenna and 
inertial motion sensor. An EAR operator's station is provided at the B-52 
radar navigator's station, the EAR test engineer's console is at the B-52 
gunner's station. 

The EAR Test Article and instrumentation are projected to give a net increase 
of 13+ kilowatts in the cabin heat load which exceeds B-52 environmental control 
system reserves. The installation provisions will include a liquid cooling 
system and an additional air-conditioning pack. 

Major elements of the B-52 bombing/navigation system (BNS) must be deleted to 
make room for the EAR. A B-52 navigation capability independent of the Test 
Article and a source of airplane state data for Test Article interface is 
provided based on use of the AGM-69A carrier navigator, the ancillary doppler 
and compass systems, and selected BNS components. 

Flight test planning, including a structured definition of"associate contractor 
responsibilities for materials and services, was worked out in coordination 
witn Westinghouse. The EAR development contractor will determine conditions 
and objective for each flight and operate all EAR associated systems and 
instrumentation. Boeing will accomplish airplane operations and detailed 
scheduling in consonance with Westinghouse requirements. The handling of 

1 
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test data includes quick look analysis at Wichita and in depth analysis at 
Baltimore. 

The interface investigation also provided B-52 technical data affecting EAR 
service test model design activities. These include aerodynamic, engine 
performance, and flight control system characteristics as well as determination 
of radome beam deflection compensation reouirements. 



SECTION II 

STUDY TASKS 

The specific tasks to be accomplished were: 

1. TASK 1  -  EAR  INSTALLATION 

1) Provide a general configuration for installation of EAR in the B-52 
nose area in terms of form fit, function, weight and environmental 
control. 

2) From this general configuration determine line lengths to interface 
EAR components, radome characteristics, and power and cooling pro- 
visions. 

3) Provide B-52 flight characteristics data for implementation of 
EAR TF/TA parameters. 

4) Determine feasibility and requirements for synchronization of EVS 
to EAR. 

2. TASK 2 - MOTION SENSOR/NAVIGATOR INSTALLATION 

1) Provide a preliminary design configuration for installation of 
motion sensor/navigator which takes into account the EAR motion 
compensation requirements. 

2) Provide data related to physical  installation as it relates to 
the EAR contractor's test planning. 

3) Determine the interface avionics required for interface of the 
motion sensor/navigator to resident airplane systems. 

3. TASK 3 -  INSTRUMENTATION INSTALLATION 

1) Provide a general configuration for installation of EAR instru- 
mentation, ancillary equipment and test engineer's console. 

2) Determine availability of prime console space for test engineer's 
console from consideration of required equipment retentions at 
the RN/N stations. 

3) Determine general requirements for test bed airplane and environ- 
ment instrumentation. 

4. TASK 4 - FLIGHT TEST PLANNING 

1)  Provide test planning data in the areas of airplane basing, crew 
requirements, data handling and ground station, airplane main- 
tenance (per Attachment 1 of AFSCR 66-24), EAR maintenance, test 
instrumentation maintenance, EAR support facilities, flight safety, 
test range coordination, EMI test and B-52 peculiar overall test 
planning. 
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2) Prepare a work statement and schedule defining test bed contractor 
activities and materials required to prepare the airplane and 
support the planned test. 

3) Assist the Air Force and EAR contractor in defining test range 
requirements, including remote/portable range instrumentation 
systems and data recording/processing needs. 

4) Support EAR instrumentation planning and design in terms of time 
coordination, ground station compatibility and environmental 
considerations. 



SECTION III 

INSTALLATION REQUIREMENTS 

1. TEST ARTICLE 

The Test Article is defined as the EAR, the motion sensor/navigator and 
associated ancillary equipment. The configuration of the test article 
is controlled by the EAR development contractor. The installation approach 
developed in this study was determined considering the following installa- 
ation requirements which evolved through continuing coordination with 
Westinghouse: 

1) The EAR antenna and the IMU should be installed on common, rigid 
structure in close proximity to one another to minimize their 
relative motion. 

6 

7 

8 

9 

10 

n 

The BIT horn antenna will be mounted as a part of the EAR antenna. 

The distance between the Transmitter and the Transmitter High 
Voltage Power Supply should be minimized because of the high 
voltage cabling between the two units. The high voltage cable 
will be supplied by Westinghouse. 

The maximum length of 10-30498 cable between the digital assembly 
and the Low Power RF Assembly (LPRF) shall be 30 feet because of 
the (25 MHz) data rate carried by these interconnecting cables. 

The maximum length of 10-30498 cable between the Microwave assembly 
and the LPRF shall be 12 feet to minimize the impact on receiver 
noise figure. 

The maximum length of waveguide run between the Transmitter and 
the Microwave assembly shall be 10 feet. 

The maximum length of the three "phase matched" waveguide runs 
between the Microwave assembly and the antenna shall be 6 feet. 
These phase matched waveguides will be supplied by Westinghouse. 

The maximum length of 10-30498 cable between the Transmitter and 
the LPRF shall be 8 feet. 

The Scan Converter/Pattern Raster Generator (SC/PRG) will be located 
in the crew compartment so that it is readily accessible during 
flight. 

Except for the IMU, all of the Inertia! Navigation Units and the 
EAR units will be hard mounted directly to structure. The IMU 
isolators, however, are part of the GFP supplied IMU unit. 

The following units may be ram air cooled: 
■ 

•    Transmitter high voltage power supply (HVPS)    2 each 

■ 



• Interface Electronics Unit (IEU) 

• Digital Computer Unit DCU (ROLM 1602 Computer) 

• Digital Assembly 

• 5 Volt inverter power supplies (HO-3) 4 each 

• Low Voltage Bulk Power Supply (HO-2) 

• Process and Display Unit (PDC) 

• Scan Converter/Pattern Raster Generator (SC/PRG) 

• Liquid Coolant Heat Exchanger 

t Low Power RF Unit 

12) Inertial Nav Unit IMU to IEU shall be 20 ft. maximum length. 

13) The maximum length of flexible 10-30498 cable between the Driver 
power supply and the antenna shall be 8 feet. 

14) The following units will be interconnected with flexible 10-30498 
RF coaxial line: 

• LPRF and Transmitter 

• LPRF and Microwave Assembly 

15) The EAR Test Article Antenna and FPA/P&C main and redundant 
transmitters will be liquid cooled. 

2.  RESIDENT SYSTEMS 

Resident systems are defined as those systems presently installed in the 
B-52. In order to install the Test Article in the B-52, several of these 
systems will be relocated or removed. 

The following installation requirements pertain to ECM equipment in the 
nose radome area. Although the ECM systems are net required to be operational 
for the Flight Test, these requirements were considered to assure that 
locations of critical EAR equipments were feasible in terms of any sub- 
sequent B-52 implementation so that measured EAR capability might be 
representative of a strategic weapon system implementation. 

It is intended that during test installation design, complete installation 
provisions will not be engineered for the relocated nose radome equipment. 

S. AN/ALQ-117 

1) The maximum waveguide length between the PD transmit antenna in 
the eyebrow window and the PD transceiver is 10 feet. 

. 



2)    The naxinum RF coaxial  line length between the PD receiver antenna 
and t'^c t'D transceiver is 7 feet. 

3) The maximum coaxial  line/waveguide length between the PR receiver 
and the PR receive antenna is 5.5 feet (2 feet flex guide plus 
3.5 feet of 10-30498 coax).    This assumes an increase in the 
length of only the ccsxial  line portion of the transmission line 
system. 

4) The waveguide lengths between the PR transmitter and the antenna 
selector switch; and between the antenna selector switch and the 
six antennas cannot be increased beyond their present lengths. 

5) The maximum length of the 10-30498 coaxial  line between the PR 
transmitter and the PR receiver is 4 feet. 

AN/ALT-28 

The length of the waveguides between the dual  horn antenna and the 
existing isolators should not be increased. 

■ 

--■ 



SECTION IV 

TEST SYSTEM INSTALLATION 

Space provision layouts for the EAR test article and EAR instrumentation 
were developed. The layouts evolved in response to installation require- 
ments and test planning jointly developed with Westinghouse as the test 
system design progressed. The EAR test installation involves deletion 
of not only the B-52 forward looking radar, but major elements of the 
bombing/navigation computer group as well, including the remote module 
racks, the power modules rack, and numerous controls and displays. 

1. ANTENNA LOCATION 

The placement of t!ie EAR antenna - SPN/GEANS IMU and associated equipment 
in the nose radome area for the development flight test will require 
removal of the complete complement of ECM equipment and racks in that 
area. 

A new rigidized frame assembly will be required to mount the EAR antenna 
and the SPN/GEANS IMU within the allowable relative motion tolerances. 
The Station 96 bulkhead and supporting structure adjacent to the cabin 
floor will be modified to provide precision attachment points for the 
antenna mount and to maintain the required alignment. The IMU mounting 
plate will provide attachment points for optical alignment fixtures to 
permit an alignment check between the mount and IMU to track the fatigue 
rate of the IMU shock mount. 

An early determination was made that the EAR and ECM antennas should be 
located as far aft as possible (near the B.S.96 bulkhead) in order to maxi- 
mize the frontal area available for assignment. 

Initially, four  B-52 nose radome configurations were developed taking into 
consideration spatial dimensions, installation requirements, and B-52 
resident system requirements. Frontal views of t!ie four configurations, 
respectively labeled 1A, 2A, 3A, and 4A are shown in Figures 1 and 2. A 
preliminary microwave analysis of these four configurations was accomplished. 
This analysis included Radome Boresight Error, Inter and Intra System Isola- 
tion, and Antenna Pattern/Gain. Tables I, II and III, respectively, 
summarize the results.  From these data. Configuration 1A was selected. 
The selection was especially influenced by the Isolation analysis which 
shows Configuration 1A to have no degraded systems. Antenna Pattern coverage 
and gain analyses showed both Configurations 1A and 2A to be acceptable. The 
radome boresight error data indicated that the apparent complexity of the 
required beam deflection compensation was similar for locations 1A, 2A, and 
3A, and only moderately complicated by location 4A. 

■ 
■ 
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TABLE I 

EAR RADOME BORESIGHT ERROR ANALYSIS 

ELEV. 

ANGLE POLARIZATIO 

ERROR 

1 DIRECTION 

CON rIGUR ̂TION 

3A 1A & 2A 4A 

AZ. ANGLE AZ. ANGLE AZ. ANGLE 

0° 20° 45° 0° 20" 45° 0° 20° 45° 

+45° 

VERT. VERT. +0.5 -2.0 — +0.7 +0.R +0.1 -2.4 
HORIZ. 0.0 »2.3 ^ 0.0 + 1.5 . 11 , 

HORIZ. 
VERT. — — — — — — — — — 

HORIZ. — — — — — — — — 

+20° 

VERT. 
VERT. -2.3 -1.2 -0.9 -1.1 -1.3 -0.3 +1.7 +0.9 + 1.5 

HORIZ. 0.0 +2.7 +0.9 -0.1 +0.4 -0.3 0.0 +3.2 -1.9 

HORIZ. 
VERT. — — - — — — — — — 

HORIZ. — — - — — — — — — 

0° 

VERT. 
VERT.' -1.6 +0.3 +0.2 -1.5 + 0.3 -0.2 +1.8 -0.3 + 1.0 

HORIZ. 0.0 + 1.4 +2.7 0.0 +1.3 +0.7 0.0 1-0.8 +0.1 

HORIZ. 
VERT. -4.1 -2.9 -4.0 -2.2 - +4.6 + 1.8 — 

HORIZ. 0.0 -1.5 — 0.0 -0.8 — 0.0 -0.2 — 

-20° 

VERT. 
VERT. -0.4 -0.3 0.0 -0.4 +0.4 +0.6 -0.2 + 1.5 + 1.4 

HORIZ. 0.0 +0.4 +1.0 0.0 +2.1 +0.3 0.0 +2.6 +1.1 

HORIZ. 
VERT. -1.3 -1.4 — -1.2 -0.85 _ -0.6 +0.9 — 

HORIZ. 0.0 -1.4 — 0.0 -0.6 — 0.0 +1.0 — 

-45° 

VERT. 
VERT. -0.2 -3.6 — -0.2 -1.6 — -0.1 + 1.1 - 

HORIZ. -0.1 +0.7 — 0.0 +0.6 — 0.0 +1.9 — 

HORIZ. 
VERT. — — — — — — — — 

HORIZ. — — — — — — — — — 

NOTE:    BORESIGHT ERROR GIVEN  IN MILLIRADIANS. 

11 
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2.  EQUIPMENT INSTALLATION 

Drawing SK W-AI-452, sheets 1 thru 7, shows the planned location of the 
EAR Test Article equipment. See Appendix. The mock ACUC and its per- 
ipherals are installed in an instrumentation rack as shown in section IV.3. 

A new equipment rack will be provided in the radome cavity between the 
Station 96 and Station 150 bulkheads below the cabin floor.  This rack 
will provide mounting and air cooling provisions for the Microwave Assem- 
bly, Antenna Driver Power Supplies 1 and 2, Transmitter Low Voltage Power 
Supply and both main and redundant High Voltage Assemblies (HVA) and 
Protection & Control/FPA assemblies. The radar pressurization pump/system 
will be located on this rack also. 

Equipment to be located in the area immediately aft of the Station 175 
bulkhead in the lower crew compartment are: 

1) Low Power RF 

2) Low Voltage Bulk Power Supply 

3) GEANS Interface Electronics Unit (IEU) 

4) GEANS IEU Shock Mount 

The forward BNS Console will be modified as required to install the follow- 
ing equipment. 

1) Processor Display & Control 

2) Hand Control and Electronics 

3) GEANS Control Display Unit (CDU) 

4) GEANS Power Distribution Panel (or equivalent) 

The existing BNS Power Supply rack will be removed and a new rack fabricated 
and installed. The doppler amplifier will be relocated from the lower 
forward end of the crew compartment and installed in the aft end of the new 
rack. The GEANS Avionics Interface Unit and Digital Computer (DCU) will be 
installed in the rack above the doppler amplifier and the DCU will be 
shrouded and cooled with forced air. A pivoted assembly will be incorpor- 
ated into the forward end of the rack area and will provide equipment 
mounting and cooling provisions for the Digital Assembly, SC/PRG, IAU and 
four power supplies. The assembly will pivot to permit maintenance/removal 
of the IAU and four power supplies. The Transient Battery Box will be 
mounted on the fix rack structure just aft of the Radar Operator's seat. 
Estimated interconnecting line lengths for this configuration are shown in 
Table IV. 

14 



TABLE IV 

B-52/EAR TEST ARTICLE WIRE BUNDLES 

FROM CABLE 
REF. 

TO 
APPROX. 
LENGTH 
INFECT 

B-52 AC Power EAR #1 Driver Power Supply Jl 
HOI (Ref. :i) 

24 

B-52 AC Power EAR #2 Driver Power Supply Jl 
HOI (Ref. 22) 

24 

B-52 AC Power EAR LV Bulk Power Supply Jl HO 2 
(Ref. 11) 

17 

B-52 AC Power #1 5V Inverter HO 3 (Ref. TBD) 20 

B-52 AC Power #2 5V Inverter HO 3 (Ref. TBD) 20 

B-52 AC Power #3 5V Inverter HO 3 (Ref. TBD) 20 

B-52 AC Power H  5V Inverter HO 3 (Ref. TBD) 
1 

20 

B-52 30 AC Power EAR Low Voltage Power Supply Jl 
h'O 4 (Ref. 32) 

24 

B-52 30 AC Power F.AR Main Transmitter HVPS Jl 
(Ref. 33) 

20 

B-52 30 AC Power EAR Redundant Transmitter HVPS 
Jl (Ref. 34) 

25 

B-52 AC Power EAR Main Transmitter J3 (Ref. 37) 22 

B-52 AC Power EAR Redundant Transmitter J3 
(Ref. 38) 

26 

B-52 Squat Switch EAR Main Transmitter J2 (Ref. 44) 35 

B-52 Squat Switch EAR Redundant Transmitter J2 
J2 (Ref. 45) 

40 

B-52 AC Power EAR TF/TA Control (Ref. 52) 15 
B-52 AC Power EAR Microwave Jl (Ref. 61) 20 

B-52 AC Power EAR Multimode Display (Ref. 64) 10 

B-52 AC Power EAR Test Control & Monitor Panel 
(Ref. 83) 

20 

B-52 AC Power EAR Oscillograph (Ref. 85) 18 

B-52 AC Power SPN/GEANS Power Distribution 
Panel 4J1 (Ref. TBD) 

10 

EAR LPRF Jl 1 EAR Digital Assembly Synchronize^ 24 

EAR LPRF Jl 2 EAR Digital Assembly RSP 24 

R>«MI«w*f)Wmw ■ 



TABLE  IV    (Contd.) 

FROM 
" T 
CABLE j 
REF. 

1          TO 
APPROX.1 
LENGTH 
IN FEET 

| EAR LPRF J2 3 I EAR Digital Assembly Synchronizer 24  i 

| EAR LPRF J2 4 j  EAR Digital Assembly RSP 24 

| EAR LPRF J2 5 1 j  EAR Digital Assembly RDP 24  ! 

| EAR Digital Assembly Synchro- 
|  nizer 

6 j  EAR Scan Converter and Pattern 
Raster Generator 

5  ä 

| EAR Microwave Unit J? 7 EAR Digital Assembly Synchronizer 23  j 

} EAR Microwave Unit J2 8 | 1  EAR Digital Assembly Synchronizer 23  | 

Low Voltage Bulk P.S. HO 2 J3 9 j !  LPRF J3 3 

Low Voltage Bulk P.S. J2 10 j  Microwave Unit (SA1) Jl 14  | 

Digital Assembly, J TBD 5V Inverter #1 HO 3 4  1 
Digital Assembly, J TBD |  5V Inverter #2 HO 3 4 

Digital Assembly, J TBD 5V Inverter #3 HO 3 4  | 

1 Diaital Assemblv. J TBD 1  5V Inverter #4 HO 3 4  1 

Digital Assembly, BSC Jl 12| 
j  Antenna, J TBD 23  i 

Digital Assembly, BSC J2 13 i  Antenna, J TBD 23  j 

Digital Assembly, BSC J3 14 Antenna, J TBD 23 

Digital Assembly, BSC J4 15 |  Antenna, J TBD 23 

LPRF J2 16 i  Microwave Unit J2 15 

Digital Assembly BSC J6 17 |  #2 Driver PS J2 24 

Digital Assembly BSC J6 18 j  #1 Driver PS J2 26  ! 

#1 Driver PS J4 19 1  #2 Driver PS J3 6  j 

#1 Driver PS J3 20 j  Antenna J TBD 8  1 

Digital Assembly RDP J TBD 23 I  #1 Driver Power Supply J2 26  j 

Digital Assembly RDP J TBD 24 |  #2 Driver Power Supply J2 24  | 

Digital Assembly RDP J TBD 25 !  Microwave Unit J2 25  j 

Digital Assembly RDP J TBD 26 j  Main Transmitter Jl 21  j 

Digital Assembly RDP J TBD 27 |  Redundant Transmitter Jl 24 

Digital Assembly RDP J TBD 28 SC/PRG J TBD 6  j 

Digital Assembly RDP J TBD 29 1  Radar Multimode Display J TBD 19  | 

Transmitter LVPS J2 30 I  Main Transmitter HVPS Jl 10 

Transmitter LVPS J3 31 |  Redundant Transmitter HVPS Jl 10  | 

Main Transmitter HVPS Jl 35 Digital Assembly Synchronizer 
I   J TBD 

21  j 

Redundant Transmitter HVPS Jl 36 \     Digital Assembly Synchronizer 
|   J TBD 

24 

16 
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TABLE IV (tontd.) 

FROM CABLE 
REF 

TO 
APPROX. 
LENGTH 
IN FEET 

Microwave Unit J6 
79 1 !  Redundant Transmitter J TBD 12 

\       Microwave Unit J7 80 Antenna 0 TBD 6  i 

Microwave Unit J8 81 Antenna 0 TBD 6 ! 

Digital Assembly RDP J TBD 82 Test Control and Monitor Panel 02 20  i 

Test Control & Monitor Panel J3 84 Oscillograph 0 TBD 8 \ 

Digital Assembly RDP J TBD 86 IAU 0 TBD 10  | 

IAU J TBD 87 I  Mock ACUC 0 TBD 20 

Mock ACUC J TBD 88 SPN/GEANS IEU 202 21  1 
!   IMU 1J3            W0003 63 i  IEU 2 05 16 

AIU 6J2            W0007 68 CDU 3 01 16 

IMU 1J2            W0023 61 IEU 207 16 

1   IMU 1J1            W0024 62 1 |  IEU 206 lb 

IEU 2J1            W0025 65 AIU 603 22 

AIU 601            W0026 67 DCU 05 23 

AIU 6J5            W0027 66 |  DCU 01 24 

IEU AUX I/O 2J2      W TBD 88 Mock ACUC 0 TBD 18 

AIU 604            W TBD 69 1  PCP SRI 22 

IEU 204           W TBD 70 j  PCP TBD 10  i 

Battery 01         W TBD 71 1  PCP TBD 22  j 

|  Battery 02         W TBD 72 |  PCP TBD 22 

IMU Interface EAR 1 OG W TBD 

1 

(  EADR DIGITAL ASSY 

1 

20 

1 
i 
j: 

■ 

! 
1 
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TABLE IV (Contd.) 

FROM CABLE 
REF. 

TO APPROX. 
LENGTH 
IN FEET 

Main Transmitter HVPS Jl 39 ! Transmitter LVPS J3 10 

Redundant Transmitter HVPS Jl 40 <  Transmitter LVPS J2 10 

Main Transmitter J2 41 Microwave Unit J2 6 

Redundant Transmitter J2 42 Microwave Unit J2 12 

Redundant Transmitter 43 Main Transmitter J2 10 

LPRF Unit J4 46 Microwave Unit J TBD 16 

LPRF Unit J5 47 Microwave Unit J TBD 16 

LPRF Unit J6 48 Microwave Unit J TBD 16 

Digital Assembly RSP J TBD 49 SC/PRG J TBD 6 

SC/PRG J TBD 50 Radar Multimode Display J TBD 23 

SC/PRG J TBD 51 Radar Multimode Display J TBD 23 

Radar Multimode Display J TBD 53 TF/TA Control J TBD 12 

Hand Control J IBÜ bb Kaaar Hummode Dibplay J TDD 

Display J TBD 58 Display Repeater J TBD TBD 

Radar Multimode Display J TBD 59 TF/TA Recorder J TBD TBD 

Radar Multimode Display J 1BD 60 Video Distribution J TBD 19 

Microwave Unit J2 62 Antenna 03 6 

Microwave Unit J2 63 Antenna J2 6 

Microwave Unit WG TBD 65 Antenna WG TBD 6 

Microwave Unit WG TBD 66 Antenna WG TBD 6 

Microwave Unit WG TBD 67 Antenna WG TBD 6 

Microwave Unit WG TBD 68 Redundant Transmitter WG TBD 10 

Microwave Unit WG TBD 69 Main Transmitter WG TBD 6 

LPRF Unit Jll 70 Test Point Panel J TBD 18 

LPRF Unit J12 71 Test Point Panel J TBD 18 

LPRF Unit J13 72 Test Point Panel J TBD 18 

LPRF Unit J14 73 Test Point Panel J TBD 18 

LPRF Unit J15 74 Test Point Panel J TBD 18 

Digital Assembly RSP J TBD 75 SC/PRG J TBD 6 

LPRF Unit J7 76 Main Transmitter J TBD (OSM) 10 

LPRF Unit 08 (TNC) 77 Redundant Transmitter J TBD (OSM) 10 

Microwave Unit J5 78 Main Transmitter J TBD 4 

18 



INSTRUMENTATION 

The instrumentation required for the Flioht Test program is beinq determined 
through a coordinated effort. Westinghouse has the responsibility to 
identify required instrumentation for the Test Article, 
bility is to identify B-52 Test Bed instrumentation. 

Boeing's responsv 

A list of the equipment to be used is shown in Table V. The AR-200 analog 
tape recorder, signal conditioning, instrumentation, control panel, and 
SRAM CAE digital instrumentation are provided for test bed instrumentation, 
Table VI lists the airplane test bed and environmental signals to be 
instrumented. 

The current instrumentation is shown in Figures 3, 4, 5, and 6. The basic 
criteria used to develop this configuration were spatial dimensions, and 
in-flight accessibility to particular units. Figure 7 shows a general 
overview of the airplane with sectional instrumentation locations broken 
out. Most of the equipment will be installed in the 41 section except for 
a camera mounted on the vertical fin, inverter installation on the alterna- 
tor deck, TR unit mounted in the forward wheel well, and CIRIS equipment 
which will be a bomb bay platform installation and in the Navigator's 
Console. 

The B-52 airplane does not provide a source of 115 VAC 60 Hz power. An 
inverter with an output of at least 3000 watts will be required to accommo- 
date +hp rpnuirements of the test article. Unitron Model PS62-600 can meet 
this requirement. 

Instrumentation in the 41 section will be in four areas and will require 
three installation racks. Figure 3 shows the installation in the upper 
41 section right hand side directly forward of the EWO seat. Equipment 
mounted in these racks will be: 

Video Mixer 

Floating Point Processor 

Video Recorder 

Mock ACUC Computer 

CA Power Supply 

19 



TABLE V 

EAR INSTRUMENTATION EQUIPMENT LIST 

RDP CONSOLE 

Intell.  Unit 
Keyboard 
CRT Display 
Floppy Disc 

* DIMENSIONS (inches) 

20 W x 13.5 H x 26 D 
18.5 W x 3.5 H x 6.5 D 
18.5 W x 12.5 H x 16 D 
17 W x 9.7 H x 19.25 D 

MOCK ACUC 

Computer 
PWR Supply 
Punch Tape Reader 
Floating Point Processor 

19 W x 8.7 H x 17.4 0 
19 W x 5.25 H x 18 D 
19 W x 5.3 H x 11  D 
19 W x 7 H x 17.4 D 

■ 

OSCILLOSCOPE 
SPECTRUM ANAL. 
FREQ. COUNTER 
DIGITAL MULTIMETER 
TCCT    nnTMT    DflMCI 

TARGETS IMULATOR 
TEST MONITOR AND CONTROL PANEL 
INST. CONTROL PANEL 
DIGITAL BUFFER AND ANALOG SIG.  COND. 
RADAR STATUS PANEL 
PATCH PANEL 
TCG IRIG.  "A" 
ANALOG TAPE RECORDER 
X-Y MONITOR 
VIDEO RECORDER 
VIDEO MIXER 
TCG IRIG.  "B" 

OAR-200 ANALOG TAPE RECORDER 
VOICE TAPE RECORDER 

©SIGNAL CONDITIONING 
35MM CAMERA 
T.V. CAMERA 
T.R. UNITS (2 EACH) 
INVERTOR 

0INSTR. CONTROL PANEL 
CIRIS 

®SRAM CAE DIGITAL INST. 

19 W x 5.3 H x 22.8 D 
19 W x 16 H x 18.4 D 
16.8 W x 3.5 H x 13.2 D 
8.7 W x 6 H x 15.3 D 
iqWx3Hx6D 

24H x 24 D 
x 12 H x 13.1   D 
x 14 H x 8 D 
24 H x 24 D 
x 6 H x 6 D 
5.2 H x 12 D 
3.5 H x 22 D 
21  H x 12.5 D 
x 12.2 H x 24 D 
15.6 H x 8.6 D 
3.5 H x 10.8 D 

5Wx8Hxl5D 
10 W x 5H x 24 D 
5 W x 8 H x 15 D 
19 W x 5 H x 22 D 
3 W x 12 H x 12 D (EST.) 
3Wx5HxlOD (EST.) 
6Wx6Hxl5D 
9 W x  10 H x 22 D 
5.75 W x 12 H x 5 D (EST.) 

?   x    ?   x   ? 
5.75 W x'2.25 H x 4 D 

19 W X 

16.5 W 
5.75 w 
19 W X 

5.75 w 
19 W X 

19 W X 

19 W X 

16.8 W 
19 W X 

10 W X 

® Provide for Test 
Bed Instrumentation 
Signals 

Dimensions are only estimates of equipment 
Westinghouse would like.    Some equipment 
not designed or built yet. 
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TABLE VI 

PRELIMINARY MEASUREMENT LIST 
FOR A/C TEST BED & ENV. SIGNALS 

1. Pressure Altitude 

2. Airspeed 

3. Mach Number 

4. Radar Altitude (APN-194) 

5. Radar Altitude Validity 

6. NACG 

7. Pitch Angle 

8. Roll Angle 

9. Angle of Attack 

10. Gross Weight and CG. (Manual) 

11. Heading 

12. SRAM Channel 7 Data 

13. Control Column Position 

14. Control Wneel Position 

15. Rudder r/Rdal Position 

16. Environmental Temperatures (26) 

17. Environmental Pressures (16) 

18. Environmental Air Flows (13) 

19. OAT 

20. 400 Hz Airplane System Voltage 

21. 28 VDC Airplane System Voltage 

22. True Airspeed 

23. Forward Viewing Camera 

24. Downward Viewing Camera 

25. Oscilloscope Camera 

21 
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VIDEO   MIXER ^ n 

FLOATING POINT 
PROCESSOR 

19x7x17.4 

u 

RELOCATE 
CHEMICAL TOILET 
TO LOWER 41 SECT, 

m: si 
VIDEO   RECORDER 

(ON  SLIDES) 

t—.M 

MOCK  ACUC 
CA   COMPUTER 

I9«8.7>H7.4 

3E S 
CA   COMPUTER 
PWR   SUPPUT 

19 «5.4X17.4 

ac 31 
UPPER 41   SECT   R.H. SIDE 

Figure 3.    EAR Instrumentation 
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Figure 4 shows the installation in the upper left-hand side of the 41 
section. Available space and mounting provisions (with minor modifica- 
tions) are sufficient at this location to install equipment without 
adding a rack. Equipment mounted in this area will be: 

Voice Recorder 

RDP Console Intel 1. Unit 

Floppy Disc Recorder 

IRIG "B" TCG 

IRIG "A" TCG 

Patch Panel 

AR 200 Electronics 

An AR 200 Tape Recorder is to be floor mounted in the aisle in front of 
the other equipment. There are also space provisions in this area for tape 
stowage. 

Figure 5 shows the installation in the lower 41 section. Two new racks 
will be installed in the area now occupied by the BNS Remote Modules 
Rack. Equipment mounted in these racks will be: 

Digital Buffer & Analog Sig Conditioner 

Target Simulator 

DC    Cnn Tarvr. D/-.<~/-.v< <■</■.«. 

2 Test Equipment 

Space vor Analyzer Plug-In Stowage 

Figure 6 shows the configuration of the Test Engineer's Console at the 
Gunner's Station.    New panels and equipment to be installed at this station 
will be: 

RDP Console CRT Display 

EVS Monitor 

Time Display 

X-Y TV Monitor 

Direct Record Oscillograph 

Test Control and Monitor Panel 

Instrumentation Control Panel 

This installation will require a complete redesign and rework of the 
Gunner's Station Console. 

23 

JL 



0   • 5 S 

UJ o 
to 

i 
J 

u 
cn 

cr 
UJ 
Q. 

3 

c 
o 
•r- 

ro 
+-> 
c 
OJ 
E 
3 
S- 
•M 
00 
C 

3 
CD 

24 



\ A 

ANALYZER   PLUG-IN 
STORAGE 

SIZE TBO 

PC 500   TAPE 
RECORDER   IN 
SHOCK   MOUNT 
RACK 

21.29.5.21 

fSIZE MAY BE  REDUCED "N 
\£IITH  NEW DESIGN  RACty 

TEST EQUIPMENT 

• I 
I    TEST  EQUIPMENT I 
I I 

TARGET  SIMULATOR 

I9«24i24 

DIGITAL  BUFFER ( 
ANALOG   SIG. CONG 

19.24.24 

DESIGN, »8,«   INSTALL 
2  NEW EQUIPMENT  RACKS 
IN LWR. 41 SECT   R.H. SIDE, JUU 

figure 5. EAR Instrumentation 
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^ SECTION V 

ENVIRONMENTAL CONTROL PROVISIONS 

Nearly al,l of the equipment and instrumentation are located in the cabin and 
nose radome compartments. A list of EAR and ancillary equipment is shown in 
Table VII. 

1.  LIQUID COOLING REQUIREMENTS 

Three items of EAR equipment, the antenna, transmitter FPA/P&C main, and trans- 
mitter FPA/P&C redundant, must be liquid cooled. Boeing will be responsible 
for providing the entire liquid circulation and cooling system. The liquid 
cooled components will be located in the nose radome but, since liquid coolant 
temperature at equipment inlets cannot exceed 100oF, conditioned air is required 
for a heat sink. Therefore, the heat exchanger must either be located in the 
cabin or conditioned air must be piped to the nose radome. 

There are three modes of operation, two of which involve a 500-watt dummy load. 
The modes and heat dissipation as defined by Westinghouse are as follows: 

Mode 1 - Normal Operation 

Antenna 
Transmitter FPA/P&C, 
Transmitter FPA/P&C, 
Dummy Load 

TOTAL 

Main 
Redundant 

Mode 2 - Dummy Load or no RF Drive Operation 

Antenna 
Dummy Load (dissipated in antenna) 
Transmitter FPA/P&C, Main 
Transmitter FPA/P&C, Redundant 

TOTAL 

Mode 3 - 

Antenna 
Dummy Load (dissipated in transmitter, main) 
Transmitter FPA/P&C, Main 
Transmitter FPA/P&C, Redundant 

TOTAL 

790 Watts 
1,420 Watts 

300 Watts 
 0 

2,510 Watts 

635 Watts 
500 Watts 

1,420 Watts 
300 Watts 

2,855 Watts 

635 Watts 
500 Watts 

1,420 Watts 
300 Watts 

2,855 Watts 

The system is shown schematically on Figure 8 with resulting system temperatures 
for Mode 2. 
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TABLE VII 

EAR AND SPN/GEANS EQUIPMENT LIST  fO 

TYPE OF HEAT API 

NO. VENDOR 
COOLING DISSIP. LOCATION 

COMPONENT REQ'D DWG. NO. ÖL> WATTS 3> 

EAR COMPONENTS 

1  Antenna 641R421 Liq 1135* NR 
2  Driver P.S. No. 1 641R422 FA 300 NR 
3  Driver P.S. No. 2 641R422 FA 300 NR 
4  Transmitter, HVPS Main 641R475 FA 650 NR 
5  Transmitter, HVPS Redundant 641R475 FA 650 NR 
6  Transmitter, LVPS 641R422 FA 300 NR 
7  Microwave 641R474 FA 800 NR 
8  Low Power RF 641R477 FA 845 C 
9  Low Voltage Bulk P.S. 641R422 FA 600 C 

10  Transmitter, FPA/P&C Main 641R476 LIQ 1420 C 
11  Transmitter, FPA/P&C Redundant 641R476 LIQ 300 C 
12  Digital Assembly 641R427 FA 2410 C 
15  Invener, 5V no.   1 ommtt t-M JbU L 
14  Inverter, 5V No. 2 641R422 FA 350 C 
15  Inverter, 5V No. 3 641R422 FA 350 C 
16  Inverter, 5V No. 4 641R422 FA 350 c 
17  Pattern Raster Gen. FA 425 c 
18  Processor Assembly FA 700 c 
19  TF/TA FA 10 c 

SPN/GEANS 

1  DCU AMC 210 c 
2  AIU FA 350 c 
3  IEU FA 170 c 
4  IMU FA 212 NR 
5  CDU AMB 50 C 
6  Battery AMB " 

ny 

This chart based on   Westinghouse chart dated 12 January 1976 

LIQ - Liquid Cooled;    FA - Forced Air;   AMB - Ambient Air Cooled by 
free convection. 

NR - Nose Radome; C - Cabin 

Includes 500W for dummy load. 
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Additional  requirements for the liquid system are as follows: 

: 

ANTENNA 

|  TRANSMITTER 
FPA/P&C 
MAIN 

1 TRANSMITTER   | 
i   FPA/P&C     i 
|  REDUNDANT    | 

\   Type of Liquid Coolant Coolanol 25 Coolanol 25 Coolanol 25   | 

1 Liquid flow required, .5 2.0 !    2.0      j 
1  niinimum-gpm 

| Maximum heat dissipation 
|  - watts 

1135 1420 300 

| Maximum allowable cool- 
\       ant inlet temp - 0F 

100 100 100      j 

| Liquid pressure drop at 
1  minimum required flow 

.5 15 15 

j  - psi 

| Volume of liquid in 
1  equipment - in.3 
j  (approx.) 

50 100    j 100 

Contamination of the liquid coolant must be controlled such that the dielectric 
strength does not become less than 20 kilowatts per .10 inch gap at 250C. 

Liquid coolant system is not required to operate during airplane taxi or takeoff. 

2. SPN/GEANS EQUIPMENT REQUIREMENTS 

The SPN/GEANS equipment and cooling information are as follows: 

i          COMPONENT 
TYPE COOLING 

REQUIRED 

HEAT 
DISSIPATION 

WATTS LOCATION | 

\     ROLM Digital Computer Unit (DCU) Ambient 210 Cabin  | 

Avionics Interface Unit (AIU) Forced Air 350 Cabin  j 

| Interface Electronics Unit (IEU) Forced Air 170 Cabin  | 

Inertial Measuring Unit (IMU) Forced Air 212 Nose Radomel 

1 Control Display Unit (DCU) Ambient 50 Cabin  \ 
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Required airflow as function of ambient and inlet air temperatures are shown 
on Figures 9, 10, and 11. Pressure drop characteristics are as follows: 

IMU aAP =1.8 in H20 9  3.0 lb/min. 

AIU aAP - 1.75 in H20 9  2.0 lb/min. 

IEU aAP ■ 1.75 in H20 9 2.0 lb/min. 

The IMU must be located in the nose radome compartment and also must be cooled 
with refrigerated air. Therefore, since the required airflow is relatively low, 
the original concept was to bleed cabin air through the IMU as shown on Figure 12. 
Since SPN/GEANS must operate during takeoff, taxi, and low level flight where 
the cabin air is unpressurized, a fan is required. Also, in order to limit the 
flow when the cabin is pressurized, a shutoff valve is required. A check valve 
is required to prevent blower recirculation. This appears to be a feasible system, 
however, now that an additional air conditioning pack will be used, this concept 
may be changed. (Note: the narrow band of temperatures and flow rates shown on 
Figures 10 and 11.) 

3. NOSE RADOME EAR AIR COOLED EQUIPMENT 

EAR air cooled equipment located in the nose radome consists of six units. These 
units were originally intended to be cooled with ram air as shown on Figure 13. 
There has been continued interest in providing the cooling margin afforded by 
air conditioned air if the impact on B-52 modification complexity was not severe. 
Since an additional air conditioning pack was required for cabin equipment, even 
without the nose radome equipment, the standing decision now is to procure an air 
conditioning package capable of cooling cabin and nose radome equipment. 

4. CABIN SYSTEM REQUIREMENTS 

-i« 

A list of EAR equipment and cooling information, as received from Westinghouse, 
is shown on Table VIII. Also, the following verbal information was obtained: 

1) Cooling airflow required, in a general sense, is 3.4 lb/min per KW 
heat dissipation with inlet air temperature of 850F. However, for the 
study, airflow required as a function of inlet air temperature may be 
calculated assuming 160oF outlet air temperature. This applies to 
all basic EAR air-cooled equipment except the digital assembly. Maximum 
allowable outlet temperature for this digital assembly should be that 
determined from the chart using 850F inlet temperature, 

2) Pressure drop of the units is oAP =2.0 inches of water at the flows 
stated in the chart. 

3) EAR equipment is not required to operate during taxi. 

Data on Tables IX, X, and XI summarize total cabin heat load changes as used in 
the study. 
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Figure 9.     IEU and AIU Flow Rates 
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Figurfc 10.    IMU Airflow Rates  (Sheet 1 of 2) 



! 

Figure 11. IMU Airflow Rates (Sheet 2 of 2) 
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TABLE VIII 

EAR CONFIGURATION 
REDUNDANT SYSTEM 

WEIGHT 
VOL. 

IN3 
DISS. TYPE OF AIRFLOW C00LAN0L I/O 

LBS. i WATTS COOLING i LB/MIN gpm DRAWING 

Antenna 317 (4) 790 Liq.(l) 0.5 641R421 

Driver P.S. No. 1 25 695 |  375 Air 1  1.2 641R422 

Driver P.5. No. 2 25 1  695 375 1  1.2 

i Low Power R.F. 78 4330 1180 Air 4.0 641R477 

: Low Voltage Bulk P.S. 22 655 440 Air 1.5 641R422 

' Transmitter  T Main 
64 | 1940 1420 Liq. (1) |  2.0 641R476 

! FPA/p&C    URed. 64 1940 300 2.0 

1 Transmitter  ( ' Main 
69 1960 650 Air 2.2 641R475 

HVPS       i-Red. 69 1960 2.2 

; Transmitter LVPS 19 645 320 Air 1.0 641R422 

Microwave 55 2995 685 Air 2.3 641R474 

Digital Assembly 80 2500 2070 Air 9.8 641R427 

- No. 1 24 645 630 Air 2.1 641R422 

Digital Assy f " No- 2 

<   Inverter   i - No. 3 

- No. 4 

24 

24 

645 

645 

630 

630 

Air 2.1 

2.1 

24 645 630 2.1 

SC/PR6 25 875 550 Air 2.6 

TOTALS 1008 
( 
23770 
13.75 ft 

J1675 
3)    i 

36.4(3) 2.0(3) 

Without SC/PRG and 
Inverter No. 4 959 22250 10495 31.7(3) 

(1) Increase by 0.5 KW for testing into dummy load or no RF drive. The dumny load 
is on the antenna. With no RF drive, the additional dissipation is in the TWT 
collector. 

(2) Total flow of 2 gpm may be by series flow through the three LRU's if sufficient 
pressure drop 1s available. 

(3) Cooling air at 850F. 

(4) Antenna volume Is 13,500 In.3. 
■   ■ 
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TABLE IX 

SUMMARY OF CABIN HEAT LOADS 

• COMPARTMENT U - ^Modules Rack Area) 

Deleted: 

Aft Modules Rack        918 watts 
Forward Modules Rack    1,348 watts 

Total  2,266 watts 
Piped  1,521 watts 
Ambient       745 watts 

Added: 

Digital Assembly   2,410 watts (T 
Inverter 5V, No. 1   350 watts 
Inverter 5V, No. 2   350 watts 
Inverter 5V, No. 3   350 watts 
Inverter 5V, No. 4   350 watts 

GEANS DCU   210 watts 
GEANS AIU   350 watts 

TOTAL  5,370 watts 

Instrumentation   3,800 watts * 
EAR + Instr  9,170 watts 

out max. 

out max. 

140oF) 

160oF 

Originally Piped Equipment which Remains: 

6209947 Indicator Elec. Unit Frame . . 
6605600 Heading Vel. Elec. Unit Frame. 
6609600 Regulator Elec. Unit Frame . . 

TOTAL 

92,5 watts 
97.8 watts 
36.0 watts 

226.3 watts 

*2100 watts may be in back bay ambient coole'J, 120oF maximum ambient. 

APiped Total ■ 5750 - 1521 ■ 3849 {2410 watts is T . = 140ÜF 
(1439 watts is T°^ ■ 160oF 

AAmbient = 1700 - 745 ■ 955 watts (or 3800 - 745 = 3055 watts if all in cabin) 
Total Original Piped ■ 1521 + 226.3 = 1747.3 watts 
Total Final Piped (160oF) = Orig. + D - 1747.3 + 1439 

= 3186 watts (10,871.6 btu/hr.) 
Total Final Piped (140oF) ■ 2410 watts (8222.9 btu/hr.) 
Original Total Heat Load = 3250 watts (11,090 btu/Hr.) 
Original Total Ambient Load ■ Tot?l-Piped ■ 3250-1747.3 = 
Final Total Ambient = Orig. + Instr. - Deleted = 1502.7 + 

1602.7 watts 
1700-745 = 2457.7 watts 

Final Total Heat Load ■ 3186 + 2410 + 2457.7 ■ 8053.7 (27,479.22 btu/hr.) 
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TABLE X 

SUMMARY OF CABIN HEAT LOADS 

• COMPARTMENT W - (Wine Cellar) 

Deleted 

Nav. Sta 1,100 watts 
Radar Nav. Sta       841 watts 

Total     1,941 watts 

Piped 
Ambient 

1,115 watts 
826 watts 

Added 

1305 watts 
Tout max- = 

Pattern Raster Generator      425 watts 
Processor Display (PDC)    700 watts 
TF/TA            10 watts 
GEANS IEU  170 watts 
Liq. System Hx      2,855 watts 
Instrumentation   2,067 watts (Amb. T 

■ 120oF) 
Total      6,227 watts 

Original Piped Equipment Which Remains: 

AM946 Doppler   140 watts 

160oF 

Amb. 

APiped ■ 1305 - 1115 ■ 190 watts  (assume all  is Tout = ^0°?) 
Total Original Piped (160oF) ■ 140 + 565 + 550 ■ 1255 watts 
Total  Final  Piped (160oF) = Orig. + A ■ 1255 + 190 ■ 1445 watts  (4930.3 btu/hr.) 
Total Liq.  System = 2855 watts  (9741.2 btu/hr.) 
Original Total Heat Load ■ 6171 watts (21.057 btu/hr.) 
Original Total Ambient Heat Load = Total-piped ■ 6171-1255 

= 4916 watts  (16,773 btu/hr.) 
Final Total Ambient = Original + Instr.-Deleted = 4916 + 2067-826 ■ 6157 watts 

(21,007 btu/hr.) 
Final Total Heat Load = 6157 + 2855 + 1445 = 10,457 watts (35,679.3 btu/hr.) 
AAmb. ■ 2067 - 826 ■ 1241 watts  (4234.3 btu/hr.) 

Compartment V - (BNS Sta.) 
Deleted • 0 
Added = 450 watts (Instrumentation) 

Gunner's Station - 
Deleted ■ 0 
Added = 1508 watts (Instrumentation). 

J 
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TABLE XI 

SUMMARY OF CABIN HEAT LOADS 

LOCATION WITHIN CABIN 
BEFORE 

(btu/hr.) 

EAR 

(watts) 

AFTER BASIC 
EAR SYSTEM 

(watts) 

AFTER EAR 
PLUS IMSTR. 

(watts) 

Pilot Station 9,979.3 2,924.76 2,924.76 2,924.76 

Upper Aisle 341.0 99.94 99.94 99.94 

Gunner Station 4,250.0 1,245.60 1,245.60 2,753.0 

Wine Cellar (Com- 
partment W) 

21,057.0 6,171.45 8,390.0 10,457.0 

Nav. Station (Com- 
partment V) 

1,415.0 414.71 414.71 864.0 

Compartment U 11,090.0 3,250.29 6,354.0 10,154.0 

Aft Elec. Compart- 
ment 

4,266.4 1,250.41 1,250.41 1,250.41 

Compartment M 952.2 279.07 279.07 279.07 

Compartment X 4,263.0 1,249.41 1,249.41 1,249.41 

RH El?c. Compartment 10,668.0 3,126.61 3,126.61 3,126.61 

Compartment Z 2,953.0 865.47 865.47 865.47 

Compartment Y 1,536.0 450.17 450.17 450.17 

TOTAl 72,770.9 21.327.89 26.650.14 34,473.84 

Upper Deck Total 11,491.44 11,491.44 12,998.84 

Luwer Deck Total 9,836.45 15,158.70 21,475.00 

AEAR Basic ■ + 5322.25 watts (all in lower deck) 

Alnstr. = + 7823.7 watts; 1507.4 watts upper deck, 6316.3 watts lower deck 

AEAR + Instr. ■ + 5322.25 + 7823.7 = * 13,145.95 watts. 
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A computer program, capable of calculating air conditioning system performance 
and the resulting cabin compartment temperatures, was used to analyze the EAR 
configuration. Initially, the system was analyzed to determine whether adequate 
cooling could be provided by the existing air conditioning system. For this 
configuration, all possible equipment was assumed cooled with ram air. Changes 
in the configuration and operating conditions such as modified precooler, 
modified 380F control, relaxing design goals for crew compartment ambinent tem- 
peratures, narrowing the flight speed/altitude envelope, and ambient temperature 
limitations were required. The conclusion was that the necessary limitations 
would not be acceptable. Figure 14 shows an allowable envelope of speed versus 
free stream ambient temperature for sea level flight. This chart shows that, 
for example, in order to fly at Mach No. = .4 at sea level, ambient temperature 
cannot be less than -120F or greater than 690F. Figure 14 is for cabin airflow 
distribution optimized for low level flight and may not be the desirable distri- 
bution for altitude operation. Many conditions at low level and high altitudes 
were analyzed and serious limitations at high altitudes were encountered. 

It was concluded that an additional air conditioning pack was needed. System 
flow requirements, as a function of equipment inlet temperature, were developed. 
Results are shown in Figure 15. The three major manufacturers of air cycle re- 
frigeration packs, AiResearch, Hamilton Standard, and Stratos have been given 
preliminary requirements and asked for information as to availability of equip- 
ment. Responses are incomplete at this time and a pack has not been selected. 
A preliminary investigation of availability, capability, cost, and procurement 
time has been accomplished. It appears that a modified pack from a B-47 aircraft 
offers a feasible solution. The apparent required modifications include modified 
flow control, 380F air line relocation, and added shut-off valve, and perhaps a 
safety shroud. 

. 
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Figure 15.    Preliminary Total Cooling Airflow Requirement Versus 
Inlet Temperature For EAR System Including Installation 
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SECTION VI 

AVIONICS  INTERFACES 

1. TEST ARTICLE INTERFACES 

The EAR and SPN/GEANS systems will require input data from and supply data to 
B-52 systems during the flight test program. These data signals are listed 
in Table XII and further discussed in the paragraphs of Section VI.2 thru 
VI.17 below. Table XIII lists the operational systems impacted by this inter- 
face. 

2. RADAR ALTITUDE (HR) 

Radar altitude will  be provided by an APN-194 radar altimeter.    This altimeter 
will  replace the APN-150 and supply altitude data through the interface unit 
to the EAR.    See Figure   16.    The altitude signal  format is digital serial 
binary and is readout upon receipt of a clock signal  from the EAR. 

3. RADAR ALTITUDE VALIDITY 

Radar altitude validity is required by EAR.    The APN-194 will supply a 5 volt 
positive DC signal when valid radar altitude data is available.    See Figure 
16. 

4. TRUE AIRSPEED 

True airspeed will be computed for the EAR with selected BNS components (See 
Section VI.18). The application of existing components for this function 
eliminates the need for new functional circuit design and does not disturb 
the airspeed interface with other functions. (BNS computed airspeed is used 
in the establishment of a vertical reference platform for pitch and roll data 
generation). See Figure 22. Figure 17 depicts the data flow between BNS com- 
ponents as required for airspeed computation. Two servo loops, fi(M) and V/\, 
are used to compute true airspeed. The temperature transducer, static pressure 
transducer, static pressure calibrator, and dynamic pressure transducer provide 
inputs to the airspeed computer. This electro-mechanical computer is driven 
by amplifiers relocated to the Heading Electronics Frame. Required voltage 
amplitudes and phases are developed by the AC signal power supply, AC excitation 
power supply, and +300V DC power supply. 

An alternate source of true airspeed for the Test Article is the C-2A True 
Airspeed Computer. It would provide true airspeed as synchro data. The 
quality and format of the true airspeed signal desired for the Test Article 
will determine which source will be utilized. 

5. MACH NUMBER 

Mach number (M) is computed by the C2A Computer, 
supplied to the EAR radar. 

Its synchro output is 
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TABLE XII 

PARAMETER REQUIREMENTS 

EAR 

Signal Symbol 

Radar Altitude HP 
Radar Altitude Validity 

True Airspeed VA 
Mach Number M 

Normal Acceleration NACG 

Center of Gravity Location CGL 
Pilot Control Stick Position 

Angle of Attack AOA 
Audio Warning 

Terrain Following Failure Indication 

Display Synchronization 

Video 

Power 

SPN/GEANS 

Barometric Altitude Ha 

Magnetic Heading hm 
Airplane Pitch P 
Airplane Roll r 
Power 

Discussed in 
Paragraph 

VI. 2 

VI 3 

VI 4 

VI 5 

VI 6 

VI 7 

VI 8 

VI 9 

VI .10 

VI 11 

VI 12 

VI .13 

VI .14 

VI.15 

VI.16 

VI.17 

VI.17 

VI.14 
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TABLE XIII 

INTERFACE IMPACTED OPERATIONAL SYSTEMS 

AN/APN194 

AN/ASB-16 (Part) 

C-2A 

Radar Altimeter 
Bombing Navigational 
Computer 

True Airspeed Computer 

Angle-of-Attack 

Replaces AN/APN-150 

Selected Components In- 
stalled in a non-standard 
configuration 

AN/ASQ-151 Electro Optical Viewing 
System 

CPU-66/A(   ) Altitude Encoding Altitude 
Computer 

AGM-69A SRAM 

N-l Compass System 

AN/AJA-1 True Heading Computer 

MD-1 Astro Compass 

AN/APN-89A Doppler Radar 

Some symbology not avail- 
able.    Manual steering only 

No change in required data 
format 

No BNS Memory Mode Input 

■ 
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AN/APN-194 
RADAR ALTIMETER 

(RT~1015) 

CLOCK 

INTERFACE 
UNIT 

PWR ON 
TEST 

ARTICLE 
(EAR) 

^CLOCK 
m  HR  ©^ HR     W 

VALID ©^ 

7.505V 

j 

6427000 
AC SIGNAL 

POWER SUPPLY 

Ha    ®w rn   SRAM 
MCU/BDU 

59 -AAA^ 'V/W  
157+   2.2K 

^GND #6 

Ha Q>m 
ALTITUDE 
COMPUTER 

CPU-66/A(ü) 

TEST ARTICLE 
(SPN/GEANS) 

© Digital, 0 to 5000 feet. Serial binary. 

(D Linear Analog, 0 to 50000 feet; 10000 feet/volt, 

(3) Synchro output, 26V excitation. 

® +5V DC. 

Figure 16. Altitude Data Interface 
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6. NORMAL ACCELERATION (NACG) 

Normal acceleration (NACG) will be supplied to the EAR from flight test 
instrumentation. 

7. CENTER OF GRAVITY LOCATION  (CGL) 

Center of gravity location (CG. ) can be computed during flight by translating 
recorded total  fuel readings to CG location.    Normal  fuel  distribution and 
usage will be required. 

8. PILOT CONTROL STICK POSITION 

Pilot control stick position will be monitored with a linear potentiometer 
added to the control stick linkage. This technique has been successfully 
utilized on previous test programs. 

9. ANGLE OF ATTACK (AOA) 

Angle of Attack (AOA) will be computed by the Angle of Attack Computer and 
transmitted as synchro data to the EAR. The same signal will be used which 
normally is supplied to the BNS radar antenna and TA servos. The power source 
for this signal is from the BNS regulated power units. 

10. AUDIO WARNING 

In the TF mode, a warning signal from the EAR to the interphone system will 
be supplied which will infonn the pilot to initiate either climb or descent 
to maintain a desired profile. 

11. TERRAIN FOLLOWING FAILURE  INDICATION 

In the TF mode, a signal will  be provided from the EAR to turn on a warning 
light wnen reliable data is not available. 

12.     DISPLAY SYNCHRONIZATION 

The EAR TA/TF video can be displayed on the present B-52 EVS.    Both the EVS 
and the EAR scan converted video are in 875 line RS-170 standard TV format, 
however the clock frequencies differ.    The EVS clock is at 13.44 MHz, or the 
512 multiple of the horizontal  frequency (512 H), while the EAR clock is 
available at 33.75 MHz which is approximately the 1286 multiple of the hori- 
zontal frequency (1286 II).    The TA/TF video could be displayed by providing 
EAR composite synch direct to the pilot's EVS monitor.    The preferred con- 
figuration, however, is to lock the EVS synch generator in the Video Distri- 
bution unit to the appropriate sub-multiple of the EAR clock frequency and in 
turn provide EVS vertical reset synch to the EAR scan converter.   The approach 
assures full EVS display flexibility, including flight director symbology, and 
puts the TA/TF video on an existing video distribution channel selectable with 
EVS controls. 
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The feasibility of phase-locking the EVS clock has been established. Cir- 
cuitrv developed for phase locking the clock in the EVS Automated Test Equip- 
ment is applicable. Since treating the EAR clock frequency as 1286H provides 
a prime divisor of 643, some consideration will be given to treating 33.75 MHz 
as 1280H to simplify the interface design. The resulting equivalent EVS clock 
frequency of 13.50 MHz represents a 0.45 percent deviation from nominal which 
is probablv excessive. 

Current EAR scan converter design does not consider an external vertical re- 
set derived from the EAR clock. If the scan converter cannot be so adapted, 
it will be necessary to modify the EVS video distribution unit to receive 
svnch pulses from the EAR in addition to the clock signal. The resulting 
configuration would still provide the desired EVS display flexibility including 
video selection. 

13. VIDEO 

Video data from the EAR will  be supplied to EVS.    The RS-170 format is com- 
patible with both systems. 

14. ELECTRICAL POWER INTERFACE 

The following electrical power types and quantity shall be provided to EAR 
Test Article. The B-52 Test Bed aircraft shall provide 118 volt nominal 
L-N, 30 400 Hz power and 28 volt nominal TR DC power, in accordance with 
Boeing Document D3-3908 Section V, to the equipment. 

The aircraft shall supply 5 volt nominal AC 400 Hz dimmable lighting power 
from a light dimming control. This power shall be used for panel edge lighting 
onlv. 

15. BAROMETRIC ALTITUDE (Ha) 

Barometric altitude will be provided by the CPU-66. See Figure 16. Its synchro 
output will be converted to an AC analog of 10,000 feet/volt in the Interface 
Unit for direct interface with the existing SRAM MCU/BDU. An identical voltage 
divider network and voltage source will be used to output this signal that is 
used in the standard configuration. Ha can also be inserted manually into 
the SRAM Carrier Navigator with a Special Instruction Code (SIC). This data 
will be supplied to the Test Article as either a synchro signal or as AC 
analog. The CPU-66 also has a digital output that could be converted to analog 
and used as a source for altitude data in lieu of the above synchro signal. 

16. HEADING (h, hj 

Airplane true heading (h) referenced to true north is determined by the standard 
configuration N-l, AJA-1, MD-1 heading systems. The most accurate heading 
available is normally used and is supplied to the Doppler Radar, the BNC 
Heading Data Computer 6106^00, and the AGM-69A SRAM Carrier Navigator. This 
heading can also be provided to the Test Article. The Heading Select Panel is 
used to select the heading system which is to supply heading data. 

.. 



Magnetic heading (hm) will also be supplied as a synchro signal from the N-l 
Master Indicator through the Interface Unit to the Test Article. See Figure 
21. 

17. PITCH AND ROLL (p and r) 

These stabilization signals will be developed by selected components of the 
BNS. See Figure 22. The Stabilization Data Generator 6129000 contains a 
platform which is gyro stabilized and torqued to a level position by sensing 
earth's gravitv vector and correcting for aircraft latitude, speed and heading. 
The Pitch and Roll Computer 6140000 outputs pitch and roll data for use by the 
doppler, astro tracker, and Test Article. This configuration was selected to 
have essentially no impact on existing interfaces. 

18.  B-52 TEST BED NAVIGATION 

The installation of the EAR, SPN/GEANS, and associated instrumentation in the 
aircraft for this test program could not be reasonably accomplished without 
the removal of certain equipment. Considerable space was gained in the lower 
compartment by removal of the AN/ASB-16 Bombing Navigation System (BNS). A 
navigational capability was retained by keeping the ÄPN-89A Doppler Radar, 
N-l/AJA-1 True Heading System, MD-1 Astrocompass and the AGM-69A Carrier 
Navigator inertial system operable. The Electro-Optical Viewing System (EVS) 
will also be operable. These systems have a normal interface with the BNS as 
shown in Table XIV. The interface developed for these parameters for the 
flight test program is discussed in the paragraphs as shown in Tabl? XxV. 

The resulting configuration will provide a test bed navigational capability 
independent of the Test Article as well as the necessary airplane and system 
data for interface with the Test Article. 

mmkm 

BNC built-in bombing and navigational test problems, unit heaters for units 
located in the pressurized sections, and certain interlock circuits will not 
be functional. 

19.  REQUIRED BOMBING NAVIGATIONAL COMPUTER (BNC) COMPONENTS 

Several BNC data parameters and control discretes normally supplied to other 
systems are required by this installation. This requirement will be fulfilled 
with the reinstallation of certain BNS components interconnected with modified 
aircraft wiring and with the addition of other equipments. See Table XV. 

Many BNS electrical and electronic functions are packaged in small cylindrical 
cans which are mounted in Electronic Unit Frames where they are cooled by 
forced air. The 18 cars required by this installation are taken from seven 
different frames and relocated into three frames to save space. 
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TABLE XIV 

BNS DELETION AFFECTED DATA INTERFACE 

Symbol 

Doppler 

Heading 
Ground Speed 
Ground Track Direction 
Pitch 
Roll 

h 

hifa 
P 
r 

N-l/AJM-1 

Airplane Loading 
Latitude 
Longitude 

h 
X 
0 

MD-1 Astro Compass 

Latitude 
Longitude 
Heading 

X 
0 
h 

SRAM Carrier Navigation 

Heading 
Easterly Velocity 
Northerly Velocity 

h 
VE 
VN 

Easterly Range to Radar 
Designated Crosshair Location 

Northerly Range to Radar 
Designated Crosshair Location 

Discretes 
Altitude 

EVS 

Hand Control Signals 
Time-To-Go 
Heading Error 
Roll 
Azimuth and Elevation Limits 
Azimuth of Line of Sight 
Elevation of Line of Sight 

RN 

H. 

TTG 
he 
r 
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Discussed in 
Paragraph 

VI.16 
VI. 21 
VI.22 
VI.17 
VI.17 

VI.16 
VI. 23 
VI.23 

VI. 23 
VI. 23 
VI.16 

VI.16 
VI. 24 
VI.24 
VI.25 

VI.25 

VI. 26 
VI.15 

VI.9 
N/A 
N/A 
VI.17 
N/A 
N/A 
N/A 

  



TABLE XV 

REQUIRED BNC COMPONENTS 

Hand Control 

Heading Data Computer 

Airs(.eod Computer 

Stabilization Data Generator 

Pitch and Roll Data Computer 

BNS Power Control 

Data Set Control 

Voltage Regulators (3) 

Heading Error Computer 

Computer 300V Power Supply 

Computer 150V Power Supply 

AC Excitation Power Supply 

AC Signal Power Supply 

Memory Point Electronics Frame 

Heading Electronics Frame 

Regulator Electronics Frame 

Temperature Transducer 

Static Pressure Transducer 

Differential Pressure Transducer 

Static Pressure Calibrator 

Heading Select Panel 

BNS Lighting Control 

6105000 

6106400 

6111000 

6129000 

6140000 

6145000 

6147000 

6152000 

6208200 

6402700 

6402800 

6426000 

6427000 

6599200 

6593000 

6609000 

6925000 

6926Ü00 

6927000 

6928000 

A328 

*     These units contain a non-standard configuration of cans. 
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6426000 

|0A|0B I^IIBVM 

6427000 
AC SIGNAL 

POWER SUPPLY 

HSV FILTERED 

30V 

2V /90o 

2V /-90c 

+30.01V 

-30.01V 
7.5Q5V 

GROUND 

U.5V /90c 

115V /O" 

0.5V /-90o 

3V 01 /160c 

6105000 
HAND CONTROL 

1] 6926000 
STATIC PRESSURE TRANSDUCER 

6927000 
DIFFERENTIAL 

PRESSURE TRANSDUCER 

6423000 QR-14 
QUADRATURE REJECTOR 

6423000 QR-15 
QUADRATURE REJECTOR 

EAR/GEANS INTERFACE BOX 

6111000 
TRUE AIRSPEED COMPUTER 

AM-946/APN-89 DOPPLER 

6423000 QRN-3 
QUADRATURE REJECTOR 

6147000 
DATA SET CONTROL 

6129000 
STAB. DATA GENERATOR 

Figure 18. AC Signal Power Supply Interface 
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REGULATED 
0A 08  0C 

"  f  V 
|    26V MO 

6426000 
AC EXCITATION 
POWER SUPPLY 

6423000 QR-14 
QUADRATURE REJECTOR 

26V 02 /O 

—^ 
6423000 QR-15 

QUADRATURE REJECTOR ^ 

26V 01 /-150o= 02 /-60 
'." .                             »- 

6111000 
AIRSPEED COMPUTER 

115V 30 
6129000 

STAB DATA GENERATOR 26V 01 ^-30 

115V 
AM-946 DOPPLER 

6106400 
HEADING DATA COMPUTER 

6140000 
PITCH & ROLL COMPUTER 

6208200 
HEADING ERROR COMPUTER 

115V 0A REG         j 
6443000 
FILAMENTS 

6443000 
FILAMENTS 14.5V 02 /O 

65V 02 /O 

^ 
6147000 

DATA SET CONTROL 1 1 1  1   1 
A10BI0C  115V 1 1 cw en Ttrntrn 

i i • JV   1 IL. 1 L.r\uu 

6427000 
AC SIGNAL 

POWER SUPPLY 

Figure 19. AC Excitation Power Supply Interface 
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115V 
30- 

640?700 
COMPUTER 300V 
POWER SUPPLY 

USl 
30 

6402800 
COMPUTER 150V 
POWER SUPPLY 

* NON-STANDARD 
CONFIGURATION 

300V 

OV I 300V 300V 

150V 

hQ}L 
145V -^* 

ARN-3 420 1 

ASN-3 421 

AS-13 421 1 

AS-14 421 

AS-15 421 
FILAMENT 443 ! 

POWER SUPPLY AMPLIFIER 4035 

6599000* 
HEADING ELECTRONICS FRAME 

300V 

145V 

150V 

AE-1 

AL-2 

AS-16 

AS-17 

FILAMENT 

6593000* 
MEMORY POINT 

ELECTRONICS FRAME 

150V 6208200 
HEADING ERROR COMPUTER 

Figure 20.    DC Power Distribution 
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The three selected frames are the Heading Electronics Unit Frame, 6593000, 
the Memory Point Electronics Unit Frame, 6599200, and the 6609000 Regulator 
Electronics Frame. These were chosen because the openings in the frames have 
the proper sizes to receive the required cans. 

Table XVI lists the cans required, their functional application, and their 
locations in the normal and test installations. Two can locations are to 
receive a different type can than in the normal installation. ARN-3 type 420 
replaces AT-J type 422 and 4035 replaces a dummy plate. The diameters of the 
replacements are the same as the replaced parts so no physical interface 
problem exists. 

The cans are normally connected to cables which are an integral part of the 
Relay Frames. Since these relay frames are not used in the test installation, 
the cans will connect directly with airplane wiring. A special wiring harness 
will be manufactured for this installation. A few relays, normally a part of 
the relay frames, will be required and will be physically located in the 
Interface Unit. 

All other BNC components required for this installation are panel mounted and 
do not require cooling. These are identified with the paragraphs that discuss 
parameter generation interface. 

20.  POWER REQUIREMENTS FOR BNS COMPUTER 

Power requirements for the Bombing Navigational Computer are n5V 30, 115V Ijü), 
and 28 VDC. The BNS components require critical AC voltage amplitude ratios 
as developed by the AC Signal Power Supply 6427000. See Figure 18. Voltages 
whose phase and amplitude are critical are provided by the AC Excitation Power 
Supply 6426000. See Figure 19. A regulated power supply controls the ampli- 
tude of each phase of a 115V 30 source from which other voltages are developed. 

The regulated power supply is composed of three voltage regulators 6152000 and 
three amplifiers 6153000(one for each of the 30 inputs). The regulators are 
panel mounted and the amplifiers are installed in the Regulator Electronics 
Unit Frame 6609000. 

DC voltages are generated by B-52H BNS power supplies. These DC supplies were 
chosen over the standard B-52G BNS power supply because they are air cooled 
rather than oil cooled, and because they are readily available. This negates 
a requirement for an oil pump, radiator, and plumbing. The B-52H power 
supplies are +300 volt Computer Power Supply 6402700 and +150 volt Computer 
Power Supply 6402800. See Figure 20. The +150 volt supply also provides 
+145 and +50 volts DC. 

21. GROUND SPEED (VRG) 

Ground speed is developed by the Doppler Radar and supplied to the Heading Error 
Computer 6208200 where it is resolved above the ground track angle (hgta) into 
north (Vw) and east (V^) velocity components to be used by the AGM-69A. See 
Figure 23. 
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TABLE XVI 

REQUIRED COMPONENTS OF ELECTRONIC UNIT FRAMES 

Function 

Airspeed 

Airspeed 

Airspeed 

Airspeed 

Heading 

Required Component 
Application & Part No. 

AS-14 

AS-15 

QR-14 

QR-15 

AS-13 

Velocity Components ASN-3 

Velocity Components QRN-3 

Velocity Components ARN-3 

Power Supply Filter 
Amplifier Amp 

Filament 
Transformer Fil 

Stabilization AE-1 

Stabilization AE-2 

Stabilization AS-16 

Stabilization AS-17 

Filament 
Transformer Fil 

421 

421 

423 

423 

421 

421 

423 

420* 

4035* 

443 

430 

430 

421 

421 

443 

Voltage Regulator       3-Amplifier     153 

*   These components are different from those 
normallv installed at this frame location. 

Standard 
Location 

Test Installation 
BNS Frame and 
Can Location 

6597000 6599200 AS-4 

6597000 6599200 AS-6 

6597000 6599200 QR-1 

6597000 6599200 QR-4 

6593000 6599200 AS-3 

6605000 6599200 AS-1 

6605000 6599200 qR-3 

6605000 6599200 AT-3 

6403300 6599200   Dummy 

6599200 6599200 Fil 

6593000 6593000 AE-1 

6593000 6593000 AE-2 

6595000 6593000 AS-11 

6595000 6593000 AS-13 

6593000 6593000 Fil 

6609000 6609000 3-Amplifier 
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22. GROUND TRACK DIRECTION (hgta) 

The azimuth of the ground track from true north is the sum of true heading and 
doppler drift. Heading is taken from the Heading Data Computer and added to 
the drift angle in the dopper AM-946. The output ground track angle is sent 
to the Heading Error Computer 6208200 where it is used in the generation of 
VN and V^. See Figure 23. 

23. LATITUDE AND LONGITUDE (X and 0) 

Latitude and longitude are normal inputs to the N-l/AJA-1 and MD-1. The 
systems have provisions to manually update these values when the BNS sipnals 
are not available. During the test program these values will be manually set. 
The vertical reference gyro also requires latitude data. This will be manually 
set on the Data Set Control 6147000. 

24. VELOCITY EAST AND VELOCITY NORTH (VE and VN) 

The velocity components for SRAM will be generated by the Heading Error 
Computer 6208200 in the same manner as in the normal installation. A BNS 
memory mode will not be available but SRAM is not programmed to use VE and 
Vfj when this secondary mode is employed. See Figure 23. 

25. RANGE EAST AND RANGE NORTH (RE and Rj 

These signals will be supplied from the Interface Unit to the AGM-69A if 
relative position data is available from the EAR which can be used by the 
Interface Unit to compute these range values. The visual check point mode 
is, of course, also available in the AGM-69A Carrier Navigator for initiali- 
zation and update. 

The EAR data would be converted as required to represent R£ and RN values as 
determined in a horizontal plane at the aimpoint elevation. The BNC values 
of true heading, airplane roll, airplane pitch and altitude would be used as 
required to compensate the EAR data for aircraft state. The Interface Unit 
would then supply analog values of RE and RN using the same reference voltage, 
impedance, and scale factor as on a standard B-52G aircraft. 

26. DISCRETES 

The AGM-69A and the EVS normally receive certain discretes and data in addition 
to that already discussed. The AGM-69A discretes of Low Altitude Calibrate, 
Altitude Calibrate, Bomb Door Open, and Bomb Mode will net be supplied by 
this configuration as they are not needed. Some symbology on the EVS displays 
will not be generated as sources for this data are not available, nor is this 
data required. Missing symbology includes Time-To-Go and Heading Error. 
BNS steering limit discretes also are not available or needed. 
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27. HAND CONTROL SIGNALS 

The BNS Hand Control 6105000 will be used to supply steering control for the 
EVS. The BNS AC Signal Power Supply will provide the excitation voltage as 
in a standard installation. 

28. INTERFACE UNIT 

The composite functions of the Interface Unit are shown in Figure 24. 
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Figure 24. Interface Unit 
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SECTION VII 

FLIGHT TEST PLANNING 

■ 

The following information is provided to aid the EAR development contractor 
with the Flight Test Planning. The information was generated using Boeing's 
past experience from other B-52 Flight Test Programs. It specifically 
describes requirements and available facilities relative to the airplane 
being based at Wichita and covers Crew Requirements, Data Handling, Data 
Processing Station, Airplane Maintenance, EAR Maintenance/Support Facilities, 
Flight/Ground Safety, Test Range Coordination, EMI/EMC Testing, and B-52 
Flight Planning. 

1. AIRPLANE BASING 

The EAR B-52 test airplane is scheduled to be based a 
facility, Wichita, Kansas. This location is centrall 
of government ranges for potential usage. The locati 
several military low altitude, high speed training ro 
and VFR low altitude training routes (TR) including s 
Wichita for test and evaluation of the B-52 airplane 
low level environment. Figures 25 and 25 show the re 
these ranges and routes. Although operations can be 
entire continental United States and adjacent waters, 
operation can be expected to be within a 500-nauticdl 

t the Boeing-Wichita 
y located to an array 
on is adjacent to 
utes (Olive Branch) 
ix originated by Boeing- 
and its systems in the 
lative locations of 
anticipated over the 
the concentration of 
mile range of Wichita. 

The Boeing-Wichita facility (AF Plant No. 13) is located adjacent to 
McConnell AFB, Kansas. Facilities and services to be made available to 
the EAR program include the following: Figure No. 27 shows the Boeing 
complex and indicates the current planned locations of many of the 
facilities. 

1) The test aircraft will be located on the north end of Ramp No. 
300, Positions 318, 319, or 320. The position is backed by a 
blast fence and includes air and electric utilities, tie down, 
and ramp flood lights. A line shack will be located adjacent 
to the aircraft. 

2) Avionic Laboratory facilities are located approximately 200 yards 
north of the airplane position. B-52 avionics and the inertial 
system bench maintenance can be accomplished in this building, 
primarily on the second floor. All standard Avionic Laboratory 
equipment is available as well as many unique facilities. 

3) The Flight Operations building contains facilities unique to 
flight crew requirements such as map room, locker and shower 
rooms, personal equipment storage and repair, ready room, weather 
briefing equipment, and radio communications equipment. 

4) Engineering offices are located on the third floor of the 
Administration Building, Cafeteria Building, and Experimental 
Flight Hangar. 

5) The Data Processing Ground Station is located in the Experimental 
Flight Hangar. 
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2.  CREW REQUIREMENTS 

The flight crew consists of the command pilot (Boeing), second pilot (Boeing), 
navigator (Boeing), test system operator (Westinghouse), and test engineer 
(Westinghouse). The test system operator occupies the station normally 
occupied by the radar-navigator on the B-52 aircraft, and the test engineer 
occupies the station normally occupied by the gunner in the B-52G/H aircraft. 

A sixth position is available for an observer at the station normally occupied 
by the EWO in B-526/H aircraft. 

The Boeing flight personnel will be current on all applicable civil and 
military requi rements for operation of the test aircraft. 

All Westinghouse and other non-military personnel will be classified as 
observers and will be required to have current the following to participate 
in the test flights: 

1) A current Class II physical issued by an FAA certified flight 
physician. 

2) A current military altitude chamber indoctrination. 

3) Training in operation of B-52G ejection systems and emergency 
egress procedures. 

Material  relative to the latter requirement and training will  be provided by 
Boeing Flight Operations personnel.    Training in use and operation of personal 
flight equipment and flight station utilities will also be provided by Boeing. 

Personal flight equipment consisting of parachute, helment, oxygen equipment, 
and flight suit will be provided by Boeing. 

3.     DATA HANDLING 

Facilities and procedures are available at Boeing-Wichita for handling the 
various types of data obtained during a flight test program. A typical 
flight test data flow chart is sriown in Figure 28. 

Voice tape recordings will be made of all flight crew comments made during the 
course of a flight. Recordings will also be made of all communication between 
the test airplane and the ground. A file of these recordings is maintained 
for each test airplane and is available for review of any significant event 
occurring during a flight. 

Manual notes recorded bv members of the flight crew and radio room notes will 
become part of the Plans, Conferences and Data Document (PC&D). This document 
provides an organized source of crew comments and data to supplement tape 
recordings. 
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Photographic and oscillographic records obtained during flight will be filed 
and maintained in the Data Reduction Storeroom. Data recorded on magnetic 
tape (digital, analog and video) will be logged into the data storeroom. Tapes 
in the data storeroom will be available to the ground station for data process- 
ing or for tape reproduction. Data in all forms will be available to each 
organization requiring its use. 

Boeing will provide quick-look data processing of the aircraft recorded data. 
The processing will be accomplished on the two Westinghouse PCM systems (one 
standard, one non-standard), the vibration signals, and the B-52 PCM and FM 
systems. Quick-look results will be available for on-site evaluation and for 
editing. The format of the quick-look data will be general lists and/or plots, 
event lists, and analog stripouts. 

Duplicate copies of aircraft recorded tapes and associated data and editing 
and processing instructions will be provided to Westinghouse for further 
processing. Processed date returned to Wichita for review will be logged 
through the data center. 

Boeing will process environmental and B-52 peculiar data. 

4. TELEMETRY AND DATA PROCESSING STATION 

■ 

r 

Ground Station features and processes were reviewed and demonstrated for 
Westinghouse so that the EAR test olan could make appropriate use of the 
facilities.    The Telemetiy and Data Processing Station is equipped to process 
CCM, FM, and unique Serial/Digital data from both magnetic tapes, which have 
been recorded on the test vehicle, and from telemetry received in real time 
from the test vehicle. 

1435-1535 MHz(L) band or 2200-2300 MHz(S) band telemetry signals are received 
by a 10-foot parabolic reflector which is part of an auto-track telemetry 
system capable of receiving data from an air vehicle at distances up to 200 
miles from the Wichita facility.    The signals are demodulated by a Microdyne 
receiver and routed through an input selector panel to appropriate processing 
equipment. 

Magnetic tapes which have been recorded on a test vehicle may be reproduced on 
a 28-track wide band recorder, a 14-track wide band recorder, or a 14-track 
medium band recorder.    Recorder speeds from 1-7/8 to 120 IPS are available with 
limited capability at 15/16 and 240 IPS. 

Data are normally recorded as Narrow Band FM (IRIG Bands 2 through 18 - Propor- 
tional ±7.5%', Bands 3B through 21B - Constant Bandwidth ±4 KHz/ Bands 7C through 
35C - Constant Bandwidth ±8 KHz), Wide Band FM (450 KHz ±3«), Single Carrier FM 
(3.375 to 108 KHz ±40%), and Serial PCM.   An EMR Discriminator System is used to 
process the FM data and PCM data are routed to an EMR or Stellarmetrics System 
for decommutation.    NRZ, Bi-Phase, and Delay Modulation codes are available for 
use.   An additional capability for reducing data at faster speed 1s provided by 
an Astrodata FM discriminator system equipped with IRIG center frequency channels 
multiplied times 8.    Tapes may be played back at eight times the recording speed 
for faster data processing.    Data may be routed to either of two analog to digital 
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converters for input to the computers.    Twenty-four digital to analog converters 
(DAC's) are available in the EMR PCM system for output data and twenty DAC's are 
similarly available in the Stellarmetrics PCM System.    A Boeing-designed Serial/ 
Digital Processor built for the Air Launched Cruise Missile (ALCM) Program is 
available. 

Both IRIG-B and Eglin 17-bit time codes may be used through two Astrodata and 
one Datum Time Code Translators.    IRIG-A time codes may be decoded by utilizing 
additional plug-in modules. 

Data Formatting and display can be accomplished through two paths, allowing 
simultaneous processing of two data streams.    Analog outputs may be displayed 
on two 8-Channel Brush Strip Chart Recorders, an 8-Channel Beckman Chart Re- 
corder, and/or a Honeywell  18-Channel oscillograph. 

Data that are recorded on airborne analog tape recorders must be pre-processed 
to convert it to computer compatible format.    This "formatting" process takes 
the output data from the PCM frame synchronizer, analog-to-digital  converter, 
or special detection equipment and writes the data onto computer compatible 
digital  tapes.    This task is accomplished on a PDP-11/20 or PDP-11/45 mini- 
computer.    The data on the digital  tapes are in binary format in units often 
referred to as "counts". 

The computer compatible tapes may then be processed through the minicomputer or 
an IBM 370 computer to perform various computational  functions.    The first task 
is to convert the data to engineering units in scale/calibrate routines.    The 
task is to apply instrument calibration data or scale factors to the formatted 
data in counts with the result being data in engineering units (i.e., knots, 
psi, feet, degrees, etc.).   The engineering unit tape may then be used as input 
to general pjrpose list and/or plot proprams and data analysis programs. 

Data analysis programs analyze the data from a single input source or from 
multiple input sources such as between navigation system data and ground radar 
tracking data.    They may perform such functions as digitial filtering, aircraft 
performance, power spectral density, and navigation systems analysis, to name 
but a few examples.    The output of the data analysis programs may be on digital 
tapes or disks, on-line composite lists, general time history lists of data 
grouped for easy analysis, and/or time history and/or variable vs.- variable plots, 
the engineering unit tapes and the analy.is program tapes may be retained for 
long-term storage or re-used as required. 

Photographic data may be u'jed as input to analysis programs to allow for input 
of special gage or dial readings or strike camera readings.    Gage or dial read- 
ings are manually read from photopanel  film and the results input to such programs 
as engine performance, airspeed/altitude calibration programs, and others of 
similar nature. 

Strike camera film frames normally contain images of known and surveyed points. 
By digitizing the X-Y film coordinates of each surveyed point and correlating 
these readings with the geometric coordinates and altitude of the po ^t, the 
aircraft position data may be determined.    These position data are t.   i input 
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to the navigation analysis program, corrected for aircraft roll and pitch angles, 
and are then used in the program to determine position errors of the aircraft. 
The results of these computations are then handled the same as other analysis 
program output. 

Data turn-around times are dependent upon the lenc;.h of the flight or mission, 
the amount of data to be processed, the number of interfaces to be processed, 
and other factors. In general, quick-look data comprised of stripouts and 
limited lists, may be available from within a few hours to overnight. Computer 
compatible tapes and scale/calibrate data may be available twenty-four to seventy- 
two hours after receipt of detailed data requests. Analysis program outputs are 
dependent on the number of input data sources and the availability of such 
items as ground radar tracking data. These schedules should only be used 
as indicators o1 what to expect because they may be shortened or lengthened 
depending on specific contract requirements for data. 

5.  AIRPLANE MAINTENANCE 

Maintenance functions performed on the test airplane wili include: 

1) Receive airplane and accomplish a receiving inspection. 

2) Maintain aircraft and historical records and forms in accordance 
with applicable maintenance Technical Orders. 

3) Accomplish normal maintenance during modification, checkout, test 
and redelivery periods. This will consist of preventative maintenance 
and compliance with all applicable technical orders as well as 
correction of all flight squawks. 

4) 

5) 

Accomplish airplane preflights, postflights, fueling and support 
EAR maintenance, ground testing, flight testing and airplane re- 
delivery. 

Process, order T.O. kits and parts and accomplish organizational 
and intermediate level TCTO's. (Depot level TCTO's will not be 
accomplished unless authorized by the Air Force.) 

The Ground Operations Engineer will schedule and control all test oriented 
work accomplished on the test airplane. This provides a focal noint to ensure 
a smooth work flow and expeditious accomplishment of the test program. 

6.  EAR MAINTENANCE/SUPPORT FACILITIES 

The EAR system wi 
by Honeywell. It 
APN-194 radar alt 
provided for West 
approximately 200 
equipment between 
provided by Boein 
well as standard 
electrical power 

11 be maintained by Westinghouse and the SPN/GEANS system 
is  anticipated that Boeing-Wichita will maintain the GFP 

imeter equipment. Laboratory maintenance facilities will be 
inghouse and Honeywell in the Electronics Building which is 
yards from the B-52 parking area. Transportation of 
the test airplane and the Electronics Building can be 

g. Work benches, desks and chairs will be provided, as 
utilities including: telephone, lights, heating, cooling, 
(60 and 400 Hz, AC and 28 VDC) and compressed air. Laboratory 
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technician support will be provided by Boeing, as required by contract. 
Certification and calibration of Westinghouse and Honeywell test equipment ein 
be provided by the Boeing Certification and Calibration Laboratories. 

Support of Westinghouse and Honeywell personnel performing maintenance on board 
the test airplane will be provided by Boeing. This support will include: 
operation of ground support equipment (such as ground cooling and air condi- 
tioning, electrical power and lighting), operators for airplane systems, other 
than the test system, and mechanical and electrical shop support as required. 

In addition to the facilities mentioned above, Boeing-Wichita will provide the 
following facilities/space, services, supplies and equipment for the EAR 
Flight Test Program: 

Facilities/Space 

t Office Area 

• Conference Rooms 

0 Test Data Center 

• Document/Drawing/Secret Control Area 

• Reproduction Area 

t Parking 

Services 

• Industrial Safety 

t Security 

• Fire Protection 

• Emergency Medical 

• Mail 

Reproduction 

Audio Visual 

• Telephones/Communications 

Plant Services 

Photographic 

Repair of general purpose and other test equipment 

• An Instrumentation, Maintenance and Calibration Lab for the 
instrumentation on the B-52 shall be provided and maintained 
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Supplies 

t   Office 

t    Petroleum, Oil and Lubricants (POL)  (GFP) 

7.    FLIGHT AND GROUND SAFETY 

Boeing's Flight Operations proceaures are documented in D3--2918, "Boeing- 
Wicliita Flipht Test Procedures - (Military Contracts)".    These procedures 
show compliance with applicable Air Force regulations and safety directives. 
These procedures are reviewed and approved frequently by the resident Govern- 
ment Flight Representative of Detachment 21, AFLC, at Wichita.   This document 
covers crew training qualifications and flight, management. 

Any in-flight emergencies for the B-52 will be supported by a safety team 
composed of a current pilot and technical representatives of the required 
design or staff areas. 

The Kansas City Air Traffic Control Center is connected directly to the Boeing 
Control Tower and radio rooms by telephone lines.    By special arrangement, an 
Air Traffic Controller communicates with the Boeing flight crew through the 
Boeing transmitters on the same frequency used by test operations engineers 
in the radio room.    This very close coordination provides for expedited traffic 
clearances, constant traffic surveillance, minimum interruptions of test condi- 
tions and increased safety while in the Boeing flight test areas. 

The test airplane will be operated in accordance with the safety procedures 
described in the B-52G Flight Manual, T.O.  1B-52G-1. 

Certification of personnel for critical handling and ground operations is 
documented in D3-2741, Certification Document.    These operations include: 
engine starting and operation, braking procedures, egress system maintenance, 
towing operations and other requirements of AFR 127-101, Ground Accident Pre- 
vention Handbook.    All  industrial safety considerations are directed by the 
Manager of Industrial Safety and Plant Hygiene. 

8.    TEST RANGE COORDINATION 

Use of national ranges requires that the universal documentation system be 
followed.    The intended range user (EAR) starts the documentation system by 
preparing a Program Introduction (PI) Document.   The range responds with a 
Statement of Capability (SC) Document.    The user responds with a Program Re- 
quirements Document (PRO) which provides a complete and detailed statement 
of the range users requirements.   The PRO then provides the basis for the 
Program Support Plan (PSP) prepared by the range.    The Operations Require- 
ments (OR) Document is prepared to place requirements of the range for a 
specific test.    The range then prepares the Operations Directive to provide 
scheduling of range time and support for the actual test. 

76 



It is anticipated 
the CIRIS test ra 
range as well as 
most convenient a 
the near vicinity 
coordination and 
probably could be 
would be especial 
is more uncertain 
Figure 29. 

that coordination will  be required with CIGTIF for use of 
nge.    Coordination with Edwards AFB for use of the RADFAG 
other ranges may also be accomplished.    It will probably be 
nd more efficient to establish a corner reflector range in 
of Wichita.    This range could be used any time without prior 

scheduling.    Reflector arrangement would be flexible and 
changed during a flight.    The convenience of this range 

ly desirable during early testing when flight scheduling 
A candidate corner reflector range layout is shown in 

9.     EMI TESTS 

A minimum safety of flight EMI/EMC test will  be accomplished on the B-52G/ 
EAR system prior to first flight.    Compatibility of the essential B-52 
electronic systems to be used inflight with the EAR system will be accomplished. 
Testing will  be accomplished in accordance with MIL-E-6051A and will  be per- 
formed as outlined in the EMC Test Plan. 

These tests will be limited to a determination of whether or not possible 
electromagnetic interference caused by the new installations will be great 
enough to cause unsafe flight conditions and inhibit EAR development testing. 
B-52 systems will be operated in their most sensitive modes and monitored for 
interference while the EAR system is exercised in its normal modes. 

The airplane's 115 volt, three; phase, 400 cycle AC and 28 volt DC electrical 
power will be monitored to assure that proper voltages are maintained and 
to observe any excessive transients.    Interferences that are found will  be 
examined to determine coupling paths and levels of interference so that 
appropriate remedial actions can be recommended. 

Boeing-Wichita can provide the necessary frequency coordination required with 
the appropriate Government agencies for the EMI as well as other EAR testing. 

10.    B-52 FLIGHT PLANNING 

EAR flight planning will be accomplished in such a manner that the maximum 
results can be obtained from a given flight. 

The numerous low level routes convenient to Wichita will be utilized as far as 
possible to achieve the objectives of this program.    These routes provide 
nearly all types of terrain for radar evaluation.   There are high mountainous, 
flat plains, rolling plains, wooded and nonwooded terrains all within easy 
flying distance of Wichita.    All of these routes are sparsely populated and 
suitable for overflight.    A wide variety of manmade features are also avail- 
able, such as isolated radio and television towers, grain elevators (both steel 
and concrete), etc. 

Mission profile plans will be prepared prior to each flight.    This will provide 
for the optimum use of time and fuel.   Airplane gross weight and center of 
gravity will be monitored and plotted as a time history in the ground radio 
control room during flight. 
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This range would be 600 by 1,000 feet.    Six different reflector 
arrangement/spacing configurations could be provided using a 
maximum of 18 reflectors located on .47 surveyed points. 

Figure 29.    Candidate Corner Reflector Range 
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{ 
A chart showing the sequence of events required to accomplish a typical 
flight is shown in Figure 30. 

■ 
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Prep, of Govt. Range(s) 

Prep, of Special Range(s) 

Airplane Servicing 

System Maintenance 

Instrumentation Maintenance 

Flight Planning/Coord. 

Prefllght Briefing 

Airplane Prefllght 

Instrumentation Prefllght 

T»1 Readiness Review 

Det 21 Flight Approval 

Instr. Final Checks 

System Final Checks 

Annament/Crew Cmpt. 

Boelng/AFQC Insp. 

Airplane Records Release 

Fit. Crew Prefllght C/0 

Establish Conm. Network 

Conduct Test 

Remove Instr. Media 

Flight Crew OtorK'flng 

Airplane Postfl1c,ht 

Start Data ^dlt./Processing 

T-2 

AM 

T-l T-0 

PM AM PM AM 

57 

7 

V 
V 

V 

V 
V 

V- 

PM 

J7 

V 

V 

Figure 30.    Sequence of Events - Typical Flight Test 
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SECTION VIII 

FLIGHT TEST PROGRAM RESPONSIBILITY 

During the study phase, numerous contractor responsibilities were established 
for modifvinq the airplane, flight test planning, instrumentation, ground 
tests and flight tests. The following sections describe the contractor tasks 
during the Flight Test program. 

1.  TEST AIRPLANE MODIFICATION 

a. Group A Provisions 

Boeing     - Design, fabricate and install the Group "A" provisions 
for the test bed airplane. Design, fabricate and 
perform the installation alignment of the antenna/IMU 
mount to the airplane centerline. Provide the wiring, 
coax and waveguide for the airplane modification except 
for the waveguide between the antenna and microwave unit. 

Westinghouse - Support modification design to assure proper physical 
interface. Provide cabling information and special 
connectors required for airplane installation. Provide 
waveguide section between antenna and microwave unit. 
Support antenna/IMU installation alignment. 

b. Group B Installation 

Boeing Install Test Article Group B equipment on the airplane. 

Westinghouse - Provide Test Article Group B equipment and support 
installation on the airplane. 

c. Mechanical/Electrical Interface 

Boeing 

Westinghouse 

Maintain the Interface Control Drawing (ICD) controlling 
the uroup A provisions installed on the airplane, the 
interface between the B-52 and Test Article and the 
B-52 peculiar instrumentation. 

Provide installation requirements and approve the ICD 
developed bv Wichita. Maintain the ICD for the inter- 
face within the Test Article; e.g., between EAR, SPN/GEANS, 
Mock ACUC, IAU, Controls and Displays and associated 
instrumentation. 

Provide wire lists for interface of test article com- 
ponents. Update test article/airplane interface require- 
ments. 
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d. Instrutiicntation 

Boeing     - Provide airplane peculiar and environmental instru- 
mentation. Document instrumentation interface tie-in. 
Provide movie cameras, Ampex VR 3000 video recorder, 
115 VAC 400 Hz, 113 VAC 60 cycle and 28V DC power and 
IRIG "B" time code generator. Install, checkout and 
provide initial certification of instrumentation readiness, 

Westinghouse - Provide instrumentation peculiar to the test article. 
Provide connectors for the EAR instrumentation wiring, 
Support installation and checrout of the instrumentation 
on the airplane. 

e. Group B Equipment 

Boeing     - Provide airplane parameter sensors and interface 
electronics for supplying the interface to the Test 
Article and Test Article data to the airplane navigator. 
Provide modifications required for displaying EAR TF/TA 
video on the EVS monitors. 

Westinghouse - Provide the EAR, motion sensor, surrogate computer 
complex and ancillary equipment comprising the Test 
Article. 

f. Reference System Installation 

Boeing     - Provide installation provisions and install -'n the 
airplane. 

Westinghouse - Provide requirements for reference system data. 

Air Force   - Provide installation requirements anc' wiring information. 

g. Airplane Demodification 

Boeing     - Restore airplane upon AFAL direction. 

2. SYSTEM TESTING 

a. Radome Tests 

Boeing - Modify Antenna Test Range.    Conduct antenna/radome tests 
and document results. 

Westinghouse - Provide the antenna and special test equipment recjired 
for handling and steering the antenna beam.    Support the 
lab testing. 
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EAR Lab Tests 

Boeing Provide the antenna/IMU mount. The mount will be returned 
for installation on the airplane for the Flight Test 
Program. 

Provide a set of flexible RF coax cables. A second set 
of cables will be provided for airplane installation. 

c. Operations and Maintenance 

Boeing - Ferry airplane to Wichita and conduct a receiving 
inspection inventory. Provide the pilot, copilot and 
navigator during the Flight Test Program. Provide air- 
plane maintenance. Maintain and certify instrumentation 
during the Flight Test. Support special testing of the 
Test Article. 

Westinghouse - Provide radar operator and test engineer to operate the 
EAR peculiar instrumentation. Maintain the Test Article 
and support instrumentation maintenance and calibration. 
Conduct special tests on the Test Article. 

d. Test Direction 

Boeing 

Westinghouse 

- Provide flight and airplane operations direction including 
airplane scheduling, release and test range coordination. 
Prepare "Plan of Test" documentation for each flight de- 
tailing test conditions to be flown. 

Provide overall test  planning and objective. Determine 
test conditions and objectives for each flight. 

The Westinghouse test plan will include an experiment design indicating the 
various conditions and probable sample size, etc. The flight by flight "Plan 
of Test" will incorporate those appropriate tests for each flight based on 
Westinghouse objectives for that flight. 

e. Ground Tests 

Boeing     - Prepare test procedures for electrical power quality, 
ground vibration, environmental system performance and 
EMC tests. Conduct ground tests and support Test Article 
checkout. 

Wer.tinghouse - Prepare test procedures and conduct checkout of the Test 
Article. Support EMC tests and assist in evaluating 
conditions affecting EAR tests. 

f. Flight Tests 

Boeing Conduct checkout flight{s) after airplane mcdU cat 
Evaluate environmental and EMI data acquirec' dur .'ng 
checkout flight. 

Provide airplane operations and operate airplane, 
environmental and reference system instrumentation 
during data flights, 
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Westinghouse Conduct Test Article checkout on modification acceptance 
flight(s). Operate Test Article and EAR peculiar 
instrumentation during date flights. 

g. Data Reduction and Analysis 

Boeing     - Perform data reduction of Flight Test data. Perform data 
handling and management functions to provide data in for- 
mats required. Provide airplane performance evaluations 
and support "quick look" analysis activities. 

Westinghouse - Provide data reduction requirements for Test Article 
instrumentation. Conduct "quick look" and in-depth 
system analysis. 
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SECTION IX 

ANALYSES AND TECHNICAL DATA 

1. ANTENNA/RADOME INTERACTION 

An antenna/radome analysis was performed on the interactions between the 
EAR antenna and the B-52 Nose Radome for the selected antenna location. 

The analysis performed provides the computed boresight errors created 
by the B-52 Phase VI nose radone for both vertical and horizontal polar- 
ization for a multiplicity of look angles within the required window area. 
This window area is defined as that area required for the EAR antenra to 
operate within a 60-degree half angle cone about the antenna axis. For 
the purposes of this analysis, the forward fare of the EAR antenna was located 
at Buttock line 0.0 and Water line 165.8. In addition, the analysis 
provides computed boresight errors as a function of frequency over the 
EAR system frequency band for four representative look angles within the 
RF window, off axis angle slope curves for some 19 look angles within the 
RF window, and nose radome transmission efficiencies for 19 look angles. 
Radome boresight errors were calculated for the low, center, and high 
frequencies of the EAR system, while the off-axis angle slope curves and 
radome transmission efficiencies were calculated at the center frequency 
only. The maximum boresight errors calculated were -6.9 milliradians for 
horizontal polarization and +4.8 milliradians for vertical polarization, 
both at the center frequency. The minimum transmission efficiency was 
71.3 percent at the center frequency. The maximum boresight error delta 
versus frequency for any one look angle was 0.3 milliradians. 

2. ANTENNA/RADOME COMPUTER PROGRAMS 

The radome boresight error off-axis angle error slope curves, and radome 
transmission efficiencies computations were performed utilizing three 
Boeing developed computer programs. Briefly, two of these programs com- 
pute the far field pattern of an antenna, defined by a line of point 
source? of any amplitude and phase distribution, with the radome character- 
istics included in one program and deleted in the other. This task is 
accomplished by generating a near field point source distribution just 
outside the radome surface where each point is the vector sum of the 
contributions from each of the antenna aperture distribution points with 
the insertion loss and phase delay created by the radome included o^ 
deleted. It is then a simple matter to generate the far field pattern 
from this near field distribution. The amplitude and phase distributions 
of the line of point sources representing the antenna were provided by 
Westinghouse for both the 0-degree rotation vertical distribution and 
0-degree tilt horizontal distribution. Phase adjustments were performed 
by Boeing to achieve non-zero rotation and tilt angles. The insertion 
loss and phase delay are determined within the program by applying the 
Fresnel Equations to a multiple layered media where the complex parameters 
(permittivity, permeability and dielectric, and magnetic loss tangents) 
and the thickness of each layer are known. The shape of the B-52 nose 
radome is defined by 2768 points in three dimensional space which are used 
along with the location of each antenna aperture point to determine the 
incidence angle and polarization angle for each ray intersecting the radome. 
A third computer program was developed to utilize the output of the first 
two programs to calculate and plot the off-axis angle error slope curves. 
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3.  RADOME BORESIGHT ERROR COMPUTATIONS 

The boresight error created by the B-52 nose radotne has been computed for 
46 look angles in vertical polarization and 16 look angles for horizontal 
polarization at the center frequency of the EAR system. These errors 
were calculated using the difference pattern amplitude to obtain the 
greatest accuracy. The data is tabulated in Tables 17 and 18 and is 
oiven in terms of horizontal error and vertical error for each look angle, 
the errors are given in milliradians with positive numbers indicating 
the upward direction for vertical errors and the outboard direction for the 
horizontal errors. The coordinate system utilized to define the look 
angle is shown in Figure 31. 

♦Z (UP) 

♦X (FHD) 

FACE OF EAR ANTENNA (Z-Y PLANE) 

+Y 

Figure 31. Radome Boresight Coordinate System 

■ 4. BORESIGHT ERROR FREQUENCY DEPENDENCE 

In addition to the boresight error computations made on the B-52 nose 
radome at the center frequency of the EAR system, computations of the bore- 
sight error were performed at the maximum and minimum frequencies of the 
EAR system frequency band. The boresight error was computed at these 
frequencies for four points for both vertical and horizontal polarizations. 
The look angles chosen exhibited both large and small boresight error and 
should be representative of the entire window area. These errors are 
shown in Table 19. These errors again were calculated using the difference 
pattern antenna distribution for greatest accuracy. The maximum variation 
indicated across the frequency band of interest is 0.3 milliradians. 
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TABLE XV11 

RADOME BORESIGHT ERRORS  (MILLIRADIANS)  - 

CENTER FREQUENCY 

i     TILT 

|       ANGLE j    PLANE 
1                                     ROTATION ANGLE 

1        00 
1      lo0 |        20° \       30° |      45° 1           o         j 

j       60 

60° 1       V i   -o.o 1 1 -- -- 1       —            i 

H +0.1 '"" i — -- 1       —            * 
j     45° V +0.4 -1.9 1   -2.1 +2.1 -- 1       —            | 

1        H 1    +0.0 +1.6 +2.2 +2.2 — I       —            1 

1     30° V -0.2 -2.5 -1.9 -2.1 -1.0 1 
H 0.0 +4.5 +2.8 +0.7 +0.5 | 

j      20° V -2.1 -1.1 -1.0 -0.8 -0.7 i 
H 0.0 +4.8 +2.6 +0.9 +1.4 

|     109 
V -2.7 -0.6 -0.2 -0.7 -0.8 1 
H 0.0 +2.7 +2.0 +0.6 +0.2 1 

0° 
V -1.5 -0.3 +0.3 -0.5 +0.1 +0.3 

H 0.0 +1.4 +1.3 +1.0 +3.2 +1.4 

-10° 
V -0.8 -0.2 +0.2 -0.7 0.0 — 

H 0.0 +0.1 +1.4 +0.5 -1.2 — 

-20° 
v -0.5 0.0 -0.4 -1.9 -0.1 1 
H 0.0 +0.2 +0.3 +0.5 +1.5 i 

-30° 
V -0.3 -0.1 -2.1 -2.4 -0.3 1 

H 0.0 +0.5 +0.4 -1.1 +0.1 i 

-45° 
V -0.1 -0.8 -3.5 +1.6 — 1 
H -0.1 +0.4 +0.6    | -0.2     1 — 1 

-eoP 
v    ! 0.0    | —     i — — — 1 
H 0.0 —    j —     | ! — 1 

VERTICAL POLARIZATION 87 
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TABLE XVIII 

RADOME BORESIGHT ERRORS (MILLIRADIANS) 

CENTER FREQUENCY 

TILT 
ANGLE PLANE 

ROTATION ANGLE 

0° 10° 20° 30° 

10° 
V -6.9 -5.0 -3.6 -2.3 

H 0.0 -0.8 -0.7 -0.4 

0° 
V -4.1 -3.2 -2.9 -2.1 

H 0.0 -1.4 -1.5 -0.8 

-10° 
V -2.4 -2.1 -2.1 -2.0 

H 0.0 -1.3 -1.3 -2.5 

-20° 
V -1.3 -1.3 -1.4 -2.7 

H 0.0 -1.0 -1.4 -0.9 

HORIZONTAL POLARIZATION 

■ 

.  : 

■ 
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TABLE XIX 

RADOME BORESIGHT ERRORS (MILLIRADIANS) 

FREQUENCY DEPENDENCE 

■ 

| TILT 
ANGLE PLANE FREQ. 

1              ROTATION ANGLE               ' 

j        10° 1       20° 

VERT. POL. HORIZ. POL. VERT. POL. HORIZ. POL. 

0° 

VERT. 

LO -0.3 -3.2 +0.3 -3.0 

MID -0.3 -3.2 +0.3 -2.9 

HI -0.4 -3.3 +0.1 -2.9 

HORIZ. 

LO +1.4 -1.4 +1.4 -1.6 

MID +1.4 -1.4 +1.3 -1.5 

HI +1.4 -1.4 +1.2 -1.4    | 

-in0 

VERT. 

LO -0.0 -2.1 +0.4 -2.1 

MID -0.2 -2.1 +0.2 -2.1    | 

HI -0.2 -2.1 +0.1 -2.1    | 

HORIZ. 

LO +0.0 -1.2 +1.6 -1.4 

MID +0.1 -1.3 +1.4 -1.3   j 

HI   | +0.2 -1.3 +1.3 -1.3   | 

5.    OFF-AXIS ERROR SLOPE COMPUTATION 

The off-axis angle function (K) was computed for 19 different look angles within 
the 60° conical window of the EAR antenna.    This angle function is defined by 
the following equation: 

R. [Sj     *   |A|   * COS  (Y& - y£) 
Li **        
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where A 
A 

h 
Z 

A 

Pattern phase angle of the difference pattern 

Phase angle of the sum pattern 

Magnitude of the sum pattern 

Magnitude of the difference pattern. 

The off-axis angle function was computed for both with radome and without 
radome (free space). The function was evaluated for an angular variation of 
plus and minus 2.5° about the designated look angle in both the vertical and 
horizontal planes. 

For the vertical plane curves, the "At 
and the rotation angle is a phi angle. 

Degrees" angle is a theta angle, 
The vertical plane plots compare K vs 

theta, with the center angle being the "At  Degrees" angle. For the hori- 
zontal plane plots, the "At   Degrees" angle is a phi angle and the tilt 
angle is a theta angle. The horizontal plane plots compare K vs phi. with the 
center angle being again the "At   Degrees" angle. 

The off-axis error slope curves are provided in Figures 32 thru 69. 

Transmission efficiency for 19 look angles has been calculated for the B-52 nose 
radome. The values are provided in terms of percent of power transmitted through 
the radome and represents contributions from both the vertical and horizontal 
plane distributions. These transmission efficiencies are shown in Table XX. 

TABLE XX 

TRANSMISSION EFFICIENCY 

CENTER FREQUENCY 

TILT 
| ANGLE 

]                       ROTATION ANGLE                    | 

0° 10° |     20° 30° 45°   j 

!   45° 71.3 -- 79.0 __ 1 
\         30° -- 79.2 i -- 1 
i   20° 82.7 82.6 -- 85.0   | 

!   10° -- 84.3 -- 84.4 | 

0° 89.7 ... 86.2 -- 85.4   | 

1  -10° -- 86.5 -- 84.9 1 
!  -20° 89.0 — 86.3 -- 86.5   | 

1  -300 86.9 -- -- -- 

1  -45° 84.4 -- 83.5 -- — 
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Figure 32.    Off-Axis Angle Error Slope 
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Figure 33.    Off-Axis Angle Error Slope 
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Figure 34.    Off-Axis Angle Error Slope 
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Figure 35.    Off-Axis Angle Error Slope 
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Figure 36. Off-Ax1s Angle Error Slope 
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Figure 3C.    Off-Axis Angle Error Slope 
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Figure 39.    Off-Axis Angle Error Slope 
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Figure 40. Off-Axis Angle Error Slope 
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Figure 41.   Off-Axis Angle trror Slope 
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Figure 42.    Off-Axis Angle Error Slope 
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Figure 43.    Off-Axis Angle Error Slope 
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Figure 44.    Off-Axis Angle Error Slope 

103 



VERTKRL PDLflRIZRTIDN 
VERTICRL PLRNE 

RT 20  DEGREES 
TILT RNELE = 0 
RDTRTIDN RNELE = 0 
PHI = 0 

*   -   ANTENNA  WITHOUT RADOME 

■• H 

5       2     2.5 
DEEREE5 

Figure 45.    Off-Axis Angle Error Slope 
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Figure 46.    Off-Axis Angle Error Slope 
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Figure 47.    Off-Axis Angle Error Slope 
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Figure 48.    Off-Axis Angle Error Slope 
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Figure 49.    Off-Axis Angle Error Slope 
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Figure 50.    Off-Axis Angle Error Slope 

109 



T S 

VERTICAL PDLflRIZflTIDN 
HDRiZGNTRL PLRNE 

RT 0  DEEREE5 
TILT RNELE = -H5 
RDTRTIDN RNBLE = El 
THETfl = 30 
♦ - ANTENNA WITHOUT RADOHE 

5  2  2.5 
DEEREE5 

Figure 51. Off-Axis Angle Error Slope 

110 

mrmmmMt—*-. mmiw*-1 



VERTICAL PDLRRIZRTIDN 
HDRIZDNTRL PLANE 

AT 0  DEEREE5 
TILT ANGLE • -20 
RDTATIDN ANGLE = 0 
THETR = 90 
* - ANTENNA WITHOUT PADOME 

-2.5  -2 

Figure 52.    Off-Axis Angle Error Slope 

111 

1 
■ ■ 



-2.5  -2  -l.S -I  -0.S 

T 5 

■■ H 

- 3 

•■ 2 

VERTICAL PDLHRIZflTIDN 
HORIZONTAL PLANE 

AT 0  DE5REE5 
TILT RNBLE ■ El 
ROTATION ANBLE = 0 
THETR = 90 
* - ANTENNA WITHOUT RADOME 

—3 

.,_H 

*-5 

Figure 53.    Off-Axis Angle Error Slope 
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Figure 54.    Off-Axis Angle Error Slope 
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Figure 56.    Off-Axis Angle Error Slope 
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Figure 58.    Off-Axis Angle Error Slope 
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Figure 59.    Off-Axis Angle Error Slope 
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Figure 60.    Off-Axis Angle Error Slope 
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Figure 61.    Off-Axis Angle Error Slope 
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Figure 63.    Off-Axis Angle Error Slope 
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Figure 66.    Off-Axis Angle Error Slope 
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ANTENNA/IMU RELATIVE MOTION 

This study determined the magnitude of relative motion between the 
SPN/GEANS IMU and EAR antenna phase center.    Relative motion values 
must be known in order to achieve desired radar performance character- 
istics.    A portion of the relative motion is due to the type of mount- 
ing  installation used.    The preferred B-52 installation concept is too 
hard mount the antenna to the  IMU on a common assembly and hard mount 
the assembly to airplane structure.    Figure 70 is a sketch detailing 
this mounting assembly.    Requirements defined by Westinqhouse for 
relative motion were 100 urads allowable in relative rotation and 4.0 
x 10"'+ ft. allowable in relative translation.    Results of the study 
determined worse case relative rotation to be 53.1  urads rms, which is 
well  within the requirement.    The worst case relative translation was 
4.2 x 10-4 ft, which is slightly excessive.    Two solutions are suggested 
to bring the translation motion within required limits. 

The electronically agile radar (EAR) requires motion compensation of the 
antenna phase center.    An inertial motion unit  (IMU or GEANS)  is used 
to measure motion to be compensated.    Because of inherent physical  re- 
straints the IMU must be located remote from the antenna phase center. 
This condition permits relative motion between the IMU and antenna 
phase center if the connecting structure is flexible.    The problem is 
to determine if the magnitude of relative motion in a B-52 installation 
precludes achieving desired radar performance characteristics. 

Two B-l  EAR installation concepts have been analyzed by Westinghouse 
(Ref.  Antenna/IMU Mounting for Motion Compensation, EAR Memo #177).    One 
concept combines the antenna and  IMU on a common structural  assembly and, 
in turn, mounts the assembly to airplane structure through vibration 
isolators.    A second concept installs the antenna and IMU as separate 
installations with the antenna hard mounted and the IMU mounted on 
vibration isolators.    As expected, the first concept results in signif- 
icantly lower relative motion than the second concept.    The comparative 
analyses serve to verify that when mounting the two units separately 
(IMU on isolators and the antenna hard mounted) most of the relative 
motion is induced through isolator flexibility.    The analyses  indicated 
that for the 3-1   installation, either concept will maintain relative 
motion witMn acceptable limits. 

Presently the preferred B-52 installation concept is to hard mount the 
antenna and IMU on a common structural assembly and, in turn, hard mount 
the assembly to airplane structure.    The concept is shown in Figure 70. 
The present IMU design (Ref. Honeywell Dwg.  DGG8099A) contains its own 
built-in isolation system; therefore, the IMU will be isolated while the 
antenna will be hard mounted.    This installation corresponds to the second 
concept analyzed by Westinghouse.    Additionally, the IMU isolation system 
used in the B-52 installation will be the same one that was in the West- 
inghouse relative motion analysis.    Since it has been shown that most of 
the relative motion is induced through isolator flexibility, a reasonable 
estimate of isolator induced relative motion in the B-52 can be made 
directly from B-l  analysis results.    In this analysis relative motion 
caused by both isolator and B-52 EAR mounting assembly flexibility will 
be analyzed. 
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7,.    RELATIVE MOTION  INDUCED BY ISOLATION FLEXIBILITY 

Relative motion induced by isolator flexibility can be estimated by 
considering the relationship between response and excitation of the 
following base excited system. 

130 



BS 96.0 

BL 00 

/-AIRPLANE 
^ STRUCTURE 

IMU SUPPORT 
CANTILEVER 

NOTE:    INFORMATION CONTAINED IN THIS FIGURE HAS 
BEEN SCALED FROM SK-W-AI-452 AND IS 
THEREFORE APPROXIMATE. 

Figure 70.    Mounting Assembly 

"■"""....-i,-.^ , 

131 



IMU ;'  ^oit) = System response 

Itl 

XB(t) = Base excitation 

Vf)B-1   = T (f)IMU WXB(f)B-l 

where 
Wx (f)B_-|  ■ Spectra of IMU response to B-1 excitation 

T(f) IMU = Transfer function of IMU isolation system 

Wx (f)B_^  = Spectra of B-l excitation 

•*. T2(f)lMU    ■ WXR(f)B,1 

Since the IMU vibration isolation system used for the B-l installation is 
the same one that will be used for the B-52 installation, the following 
relationship exists: 

T2(f) 
WV%52 

iMu ■ wem Bv"B-52 

. WXR(OB-1   _ WXRWB-52 

or 

further 

%(f'B-52 - ["xB'
f'B-52] [%'f»B-l] 

Vf)B-1 

f WXR^f)B-52df = I   [WxB(f)B-52][WXR(f)B-l^df 
rl 

14 
Wl<B'f's-l 

or 

{XD) RyB-52 J     [MXB^)B-52][WXR(nB-l]df 

W
XB(f)B-l 
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Since the various response spectras (WXR(^)B.I) are not known, the above 

integral cannot be evaluated.    However, when considering that most of the 
relative motion is induced through isolator flexibility it is seen that the 
interval of integration is small.    Therefore, a reasonable approximation of 
the integral can be made by replacing the spectras with their respective 
RMS values evaluated over the frequency range of the isolation system. 

WR- 

where 

B-52 

(VB-52 
(
VB-52 

^VB-I 

Wfl.52 
(Xp) R;B-1 

(XB) B^B-1 

B-52 IMU RMS response due to isolator motion 

B-52 IMU base RMS excitation 

B-l  IMU RMS response due to isolator motion 

B-l  IMU base RMS excitation 

Using the above relationship, if B-52 and B-l excitations are known, then 
B-52 IMU/ANTENNA isolator induced relative motions can be computed from B-l 
IMU/ANTENNA relative motions. 

RMS EXCITATIONS 

For isolation system inducea motions the excitation frequency band width will 
be taken to be the range of frequencies that the isolation system has a trans- 
mi ssibility greater than one.    The upper frequency of the range is calculated 
as follows: 

Upper frequency ■ (s/f~ ){40)     56 Hz 

The lower frequency will be assumed to be zero.    Therefore, the frequency 
ranae of interest if 0 - 56 Hz. Table XXI  summürizes the R*!S content of 
accelerations for the B-l and B-52 in this frequency range. 

TABLE XXI - RMS EXCITATIONS 

Airplane 

Gust 
Excitations 

9 mis 

Random          | 
Structural       | 
Excitations      \ 

9rms           1 

B-l .795 .30 

i   B-52 ,381 .21               j 
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B-1 EAR RELATIVE MOTIONS 

B-l EAR relative motions are summarized in the following table. 

TABLE XXII - B-l EAR RELATIVE MOTIONS 

■ 

Excitations* 

**RMS RELATIVE MOTION                   1 
Translation 

Ft. 
Rotation       t 

MRAD            I 

Gust 4.0 x 10"4 31.0             | 

Random 
Structural 3.6 x ID"4 68.0             1 

* Rotational excitations presented for the B-l are not known for 
B-52 and therefore will not be considered in this analysis. 
Also, sinusoidal excitation presented in the B-l analysis will 
not be considered because it is less representative of structural 
excitations than the random excitation. 

** Use of these values to determine isolator induced motion assumes 
that all motion reported in the Westinghouse analysis is a result 
of isolator flexibility. 

B-52 EAR RELATIVE MOTIONS 

B-52 EAR relative motions can now be calculated using the foregoing formula 
and data. 

Motion induced by gust excitation becomes: 

(XR)B_52(TRANSLATI0N) = (.381/.795)(4.0)    ■    1.9 x 10"4 Ft. 

(XR)B_52(ROTATI0N)        »  (.381/.795)(31)      =    14.8 yRADS 

Motion induced by random structural excitation becomes: 

(XR)B_52(TRANSLATI0N) » (.21/.3)(3.6) - 2.5 x 10"4 Ft. 

(XR)B_52(R0TATI0N)   - (.21/.3)(68)  - 48 yiRADS 

8.     RELATIVE MOTION  INDUCED BY MOUNTING STRUCTURE ASSEMBLY 

A first order approximation of the magnitude of relative motion resulting from 
B-52 mounting structure flexibility can be estimated by considering relative 
deflections of the cantilevers that make up the B-52 mounting structure.    From 
Inspection of Figure 70, it can be seen that the assembly is the most flexible 
about the lateral axis.   As a result it will be assumed that rotations about 
both longitudinal and vertical axes are less than rotation about the lateral 
axis.   Additionally, it will be assumed that the first mode of vibration is 
the principal contributor to relative motions. 
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Angular Relative Motion 

Angular rotations from the fundamental bending modes of the basic structure 
cantilever and IMU support structure cantilever can be calculated as follows; 

Assumptions: CG's of antenna and IMU located at geometric center of 
antenna and IMU respectively. It is further assumed that 
the antenna phase center is near antenna CG. 

Effective length of the basic structure cantilever taken 
to be from WL 182. 

Antenna/IMU combined load point * (30)(300H40)(65) = 31.78 In. 
365 

/, Combined load point is at WL ■ 195 - 31.78 = 163.22. 

Fundamental frequency of a cantilever beam ■ /3EI 

v m*3 

The basic structure cantilever has the following parameters: 

E 30 x 106 Lbs/In2. 

!-2[?T«io4V)] = 2[35r((2)4-(1-5)j = 1.07 In 

I 

m 

182 

365 m 
-  163.22 - 18.78 In. 

» .95 Lb-Sec2/In. 

*n--ym 
{.95)(18.73) 

f ■ 19.8 Hz. n 

30x10 )0-0?) * ,24.21 Rads/Sec. 

The IMU support structure cantilever has the following parameters: 

E 30 x 106 Lbs/In2. 

I   »1.07 In*. 
65 2 

m   ■ ^gg- ' .17 Lbs-Sec /In. 

i ss 103.5 - 96 - 7.5 In. 

w. :3)(30xl06)(1.07) 

(.17){7.5)3 

f   -   184.5 Hz. n 

■ 1158.76 Rads/Sec. 
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Since 19.8 Hz «184.5 Hz the IMU support structure can be considered essentially 
rigid when compared to the basic support structure. Angular rotation about the 
lateral axis occurring at the antenna CG may be calculated if it is assumed that 
the antenna also moves rigidly with the basic structure. The calculations are 
as follows: 

BEAM 
LOADING 

BEAM 
FLEXURE 

BEAM 
MOMENT 

WL 182 

ANTENNA WL 165 
WL 163.22 

IMU    WL 155 — 

WL 147 

6855 In-Lbs. 

650 In-Lbs. 

Antenna Rotation = AM/ANj* 

El 

IMU Rotation = AM,jMUv 

El 

(650)(17Hl7/2)(6205) = .001987 Rads, 

(30xl06)(l.ö7) 

(6855)(18.78/2)    = .002001  Rads. 

(30xl06)(1.07) 

Relativ« Antenna/IMU Rotation • .002001 - .001987 ■ 14.0 pRads. 

The above calculations are based on a one g acceleration field.    From unpublished 
B-52 vibration data the acceleration power spectral level at this location and 
at 20 Hz for loaded structure is approximately .0003 gvHz.    Assuming a Q of 3 
the mean square response becomes: 

g2      .   ÜV   . (3.14)(3p)(.0g02l m    om 

.•. Relative rotation ■ {14)(.17)« 2.4 pRads rms. 

Relative rotation induced from the IMU support cantilever can likewise be 
determined by the following calculations. 

BEAM 
LOADING 

65, LBS. 

BEAM 
FLEXURE 

BEAM 
MOMENT 

f— 7.5   H 

IMU Rotation B(488H75/2)   . 
(30xl06)(1.07) 

488 IN-LBS. 

,000057 Rads. 

It will be assumed that antenna rotation is zero at this frequency. 
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As before the calculations are based on a one g acceleration field.    The       p 
acceleration power spectral  level at this frequency is approximately .0001 g /Hz. 
Assuming a Q of 3 the mean square response becomes: 

g2      .  (3.14)(3)^186)(.0001) .    ü876 

'rms .3 

Relative motion ■ (.000057)(.3) ■ 17 yRads rms. 

Translational Relative Motion 

■ 

Relative translation will be calculated using standard cantilever beam deflection 
equations. Longitudinal deflections at antenna and IMU CG's can be calculated 
as follows: 

where 

Antenna deflection ■ 

IMU deflection 

PU-XAr (3b-i + XA) 
~5ET— 

Pb2 (3Ä-3X. -b) 
6ET      1 

30.xl06 Lbs/In2. 

P = 365 Lbs 

E 

I «1.07 In". 

t °  35.0 In. 

b * 18.78 In. 

XA « 18.0 In. 

Xj « 8.0 In. 

Antenna deflection « (365)(35-18)  
(6)(30xl06)(1.07) 

g 

IMU deflection 

Relative translation 

" .17 

.    (365)(18.78)<; 

(6)(30xl06)(1.07) 

[(3)(18.78) - 35 + 18] » .0215 In, 

[(3)(35) - (3)(8) - 18.78] = .04158 In. 

,04158 - .0215 « .0201  In, 

rms 
A 

Relative translation - (.17)(.0201) • 2.8 x 10"H Ft. 
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Relative translation induced from the fundamental  IMU support cantilever mode 
(185 Hz) can likewise be determine by the followinq calculations. 

3ET 
IMU deflection 

P ■ 65 Lbs. 

t    *  7.5 In. 

E = 30.xl06 Lbs/In2. 

I =1.07 In*. 

IMU deflection (65)(7.5r 

(3)(30xl0o)(1.07) 
0.00028 In. 

g  *  .3 

Assuming that antenna phase center translation is zero at this frequency, the 
relative translation becomes: 

Relative translation = Plj^OO28) = o.07 x 10"4 Ft. rms. 

Total rms relative rotation due to airplane structure 

■ /(2.4)2 + (17)2 = 17.2 yRads rms. 

Total rms relative translation due to airplane structure 

*• 2.8 x 10"4 Ft. rms. 

9. TOTAL RELATIVE MOTION OF B-52 EAR INSTALLATION 

Summing isolator and airplane structural contributions, total B-52 relative 
rotations and translations become: 

Total rms relative rotations /(14.8)2+(48)2+(17.2)2 53.1 Rads rms. 

/ ToUl rms relative translations »/ (1.9)2+(2.5)2+(2.8)2 « 4.2xl0'4 Ft. rms. 

The allowable relative rotation is 100//rads. Worst case relative rotations 
of the B-52 installation (53.1 /irads rms) is well within the requirement. 
The allowable relative translation is 4.0 x 10"4 ft. Worst case relative 
translation of the B-52 installation (4.2 x lO"4 ft. rms) slightly exceeds the 
requirement. 

Relative translation can be reduced within the requirements by either (1) placing 
the IMU higher up on the basic installation structure, or (2) by adding a support 
at the lower end of the basic Installation structure. It Is recoranended that the 
most feasible of these design changes be Incorporated so that relative translations 
will be reduced within acceptable limits. 
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10. B-52 FLIGHT CHARACTERISTICS DATA FOR TF/TA IMPLEMENTATION 

B-52 flight characteristics data provided for the Westinghouse TF/TA simu- 
lation program are contained in this section. The data are presented 
through definitions, equations, charts, graphs, and schematic diagrams. 
The data describe longitudinal non-linear aero coefficients for translation 
in a vertical plane, rotation in the pitch axis, elevator control surface 
characteristics, pertinent geometric, weight, and inertial data, control 
column force and displacement data, and pertinent performance and flight 
envelope data. 

a. Aerodynamic Characteristics - Lift Force Coefficient 

The dimensionless aerodynamic lift force coefficient is given in 
terms of its signif.cant components by the equation below. 

I 

At a given flight condition: 

1* CL C.   - C, + A (cA 

dC. 

•BASIC 

127/' 

^(5^ «Win,   *S., 
o V ^ELASTIC **Z       z 

dC. 

dq 
127) + K 

'BASIC 

Kl 

Basic lift coefficient for the right airplane 
at   -^ = 0°,  in free air and with the landing 
gear retracted. 

w = o 

Char 
due 

nge in basic lift coefficient at a ina 
to aeroelasticity. y 

■ 0C 

&) ELASTIC 

dCl 

3?r 

dCL 

"dl 

Change in slope basic lift coefficient with 
angle of attack due to the aeroelasticity. 

■ Change in basic lift coefficient due to aero- 
elastic inertia relief caused by normal load 
factor, n . (For wings level steady state 
flight, n^ - 1.0.) 

= Change in basic lift coefficient due to non- 
dimensional ized rate of change of angle of 
attack. 

■ 
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dCL 

dq 

dCL 

d^> 

Change in basic lift coefficient due to non- 
dimensional ized pitch rate. 

Change in basic lift coefficient due to change 
in stabilizer angle from ^= 0°. 

K . JC. 
e   L 

e 

= Change in basic lift coefficient due to change 
in elevator angle from 6 =0°. a      e 

The lift coefficient data are depicted in Figures 71 through 85. 
Drag coefficient data are shown in Figure 101. 
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Figure /I. L'ft Coefficient - Effect of Angle of Attack on Basic Centerline 



Figure 72. Lift Coefficient - Aeroelastic Effect on A(CL) awing ■ 0° 
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Figure 73.    Lift Coefficient - Aeroelastic Effect on A(dCL/da) 
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Figure 74.    Lift Coefficient - Effect of Normal Load Factor @ 200,000 Lbs. 
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Figure 75.    Lift Coefficient - Effect of Normal Load Factor (3 300,000 Lbs. 
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Figure 76.    Lift Coefficient - Effect of Normal Load Factor § 400,000 Lbs. 
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Figure 77. Lift Coefficient - Effect of Normal Load Factor I 488.000 Lbs. 
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Figure 78. Lift Coefficient - Effect of £ 
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Figure 79.    Lift Coefficient - Effect of q    @   200,000 Lbs. 
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Figure 80. Lift Coefficient - Effect of q 0 300,000 Lbs. 
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Figure 81.    Lift Coefficient - Effect of q   6   400,000 
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Figure 82. Lift Coefficient - Effect of c @ 488,000 Lbs. 
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Figure 83.    Lift Coefficient - Effect of Stabil 
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Figure 84. Lift Coefficient - Effect of Elevator 
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Figure 85. Elevator - Effectiveness Factor 
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b.    Pitching Moment Coefficient 

The dimensionless aerodynamic pitching moment coefficient is given 
in terms of ito significant components by the equation below. 

At a given flight condition: 

C   » C m     ^m 0.25 BASIC [  m0.25/aw»0 
* A/ dC

m 1.25 I   . aw1t 

ELASTIC 

0.25 I   . "wing 
da     / 

+ dC
m 0.25 . n2   +"CL (e.g. -0.25)   + dC 

dn. 

m0.25     (|) 
da 

dC 

dq \ 2v 

dC. 
+ _V25    ["oc W     "O.ZS      . >Ä/    +K 

dC m 0.25 

d A/ d«5. 

m 0.25, BASIC 
Basic pitching moment coefficient for the rigid 
airplane at 0^ = 0°, in free air and with the 
landing gear retracted. 

\m0.Z5J 
Change in basic pitching moment coefficient at 
o- i^„ - 0° due to aeroelasticity. wing 

A/dC m 
= Change in slope of pitching moment coefficient 

0.25 with angle of attack due to aeroelasticity. 

da ELASTIC 

dC m 0.25 
dn. 

=   Change in basic pitching moment coefficient due 
to aeroelastic Inertia relief caused by normal 
load factor, n .    (For wings level, steady flight, 
nz ■ 1.0).       z 

CL (e.g. -0.25) Change in basic pitching moment coefficient due 
to center of gravity variation from 25% M.A.C. 
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dc
m 
0.25 

dd 

- Change in basic pitching moment coefficient due 
to non-dimensionalized rate of change of angle 
of attack. 

dC
m m 
0.25 

dq 

= Change in basic pitching moment coefficient due 
to non-dimensionalized pitch rate. 

dC, m 
0.25 

dto 

Ke      m0.25 

d5. 

=    Change in basic pitching moment coefficient due 
to change in stabilizer angl-; from ^ ■ 0°. 

Change in the basic pitching moment coefficient 
due to change in elevator angle from 6   = 0°. 

Figures 86 through 100 describe the pitching moment data 

■ 
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Figure 86.    Pitching Moment Coefficient - Effect of Angle of Attach on C^ 25 Basic 

    "*  ■    l4*-:.-— 
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Figure 87.    Pitching Moment Coefficient - Aeroelastic Effect on 4CM0 25 ^ «w = 0C 
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Figure 88.    Pitching Moment Coefficient - Aeroelastic Effect on 4(dCM0 25^^ 
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Figure 89.    Pitching Moment Coefficient - Effect of Normal  Load Factor 
G.W.  200,000 Lbs. 
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Figure 90. Pitching Moment Coefficient - Effect of Normal Load Factor 
G.W. 300,000 Lbs. 
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Figure 91. Pitching Moment Coefficient - Effect of Normal Load Factor - 
G.W. 400,000 Lbs. 
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•^qure 92.    Pitching Moment Coefficient - Effect of Normal Load Factor 
G.W.  488,000 Lbs. 
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Figure 93. Pitching Moment Coefficient - Effect 
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Figure 95.    Pitching Moment Coefficient - Effect of q ß 300,000 Lbs. 

167 

x~. 



' 1 ^ 

pt.t 

I.;:.:. 

lit 
I- 

q " :"rrf~r 
■-.:1::,. 

•ll-',' .-jkU. --H- 

■r !:\:"::T 

o 
T'~ 

..... 
! ; 

i 1;   : :    •! 

i .'!,:: 

' 

Figure 96. Pitching Moment Coefficient - Effect of 'q 0 400,000 Lbs. 
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Figure 98. Pitching Moment Coefficient - Aeroelastlc Effect 
On Stabilizer Effectiveness 
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figure 99.    Pitching Moment Coefficient - Aeroelastic Effect 
On Elevator Effectiveness 
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Figure TOO,    Engine Pitching Moment - Arm - Flaps Up 
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Figure 101. Drag Coefficient Effect of Mach Number 
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•/■ In-Flight Limits 

The values given below are considered to be the maximum in-flight 
limits of the airplane. 

a. Minimum Angular Velocities 

1) Pitch rate 
2) Yaw rate 
3) Roll rate 

6.50/sec, 
50/sec. 

407sec, 

. 

b. Maximum Angular Accelerations 

1) Pitch acceleration  30o/sec.^ 
2) \aw acceleration   120/sec^ 
3) Roll acceleration  450/sec2 

c. Maximum rates of climb and dive 

1) Maximum steady rate of climb = 9000 ft/min. 
2) Maximum rate of climb = 28,000 ft/min. 

(Zoon climb) 
3) Maximum rate of descent = 32,000 ft/min. 

d. Maximum Normal Acceleration 

2g at Gross Weights above 325,000 lb. and at all weights 
flaps down. 

e. Maximum forward velocity and acceleration 

1) Maximum speed ■ 554 knots true at 20,000 ft. 
2) Maximum acceleration = 16.8 ft/sec.2 

f. Maximum rate of change in angle of attack = 6.50/sec. 

g. Maximum Pitch Angle 

1) Positive ■ 30 
2) Negative ■ 30 

Tables XXIII and XXIV provide geometrical and moment of inertia data, 
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TABLE XXIII  (Sheet 1 of 2) 

MOMENT OF INERTIA TABLE 
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TABLE XXIII (Sheet 2 of 2) 

MOMENT OF INERTIA TABLE 
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TABLE XXIV 

GEOMETRIC DATA 

..j-r-i-r-rf-!-l-:4T 
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11. ENGINE PERFORMANCE DATA 

Figure 102 provides an index to the performance data. 

FLIEHT        
Q.OOD»TIO»OS: 
ALTlTOOt 
MACH    KJO. 

TMROST 

nC tJO./O J-»«A LIUIL 

toS - asooo rr 

Fife   OO. /07- UOO   MACH  MO 
lOi' HI(iM  MACH «Q. 

Pife ^o.to^mflli 

CMfetVte   PKeftSU^E    RATIO 

pic NO. no im 

Figure 102.    Engine Performance Date index 
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Figure 103.    B-5^H Engine Pressure Ratio Versus Throttle Position 
Angle at Sea Level Altitude 
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Figure 104.    B-52H Engine Pressure Ratio Versus Throttle Posltloi 
Angle at 5000 Ft. Altitude 
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Figure 105.    B-52H Engine Pressure Ratio Versus Throttle Position 
Angle at 15,000 Ft. Alticude 

IS' 



"i I; 
ip 
2.6 

T.i. 
i,. 

vr m ENGINE PRESSURE RATIO 
THROTTLE  POSITION. ANGLE RELATIONSHIP: 
8-52H 

■ i. ••-r 

j:.TF33rPT3 ENGINES 
 |.._J... I,...;.^ 

.. ..pLEEO VALVES CLOSED 

_.!lLsTANDARO.,DAy ...A „ .. J.„.| ^.L„ _ 1 

,..;:t. 
iMf 

LI;.:, 
|J: 

—p-4 

r^-FI'THROTTLE 
i1# 

THROTTLETPOSITIONi'ANQLr ~ DEG,REE3 

Figure 106.    B-52H Engine Pressure Ratio Versus Throttle Position 
Angle at 25,000 Ft. Altitude 
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Figure 107. Net Thrust - Low Mach Number 
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Figure 108. Net Thrust - High Mach Number 
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Figure 109.    Fuel  Flow - Bleed Valves Closed 
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Figure 111.    B-52H Engine Pressure Ratio Acceleration Characteristics 
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Figure 112.    B-52H Fuel Flow Acceleration Characteristics From Idle 
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Figure 113.    B-52H Fuel Flow Deceleration Characteristics From 
Military to Idle Power 



12. B-52 LONGITUDINAL FLIGHT CONTROL SYSTEM 

The longitudinal flight control system consists of the following elements: 
manual control system, autopilot (AFCS), stability augmentation system (SAS), 
and hydraulically powered control surfaces (elevator and stabilizer). The 
elevator drive system is depicted in Figure 114. Note that the autopilot 
is in parallel with the manual control system while the SAS provides a series 
input to the elevator. 

a. Manual Control System 

1) Elevator 

Salient features of the elevator system are presented below. 
Additional details of the elevator control system/autopilot 
interface are shown in Figure 125. 

2) Control Column - Elevator Displacement Relationship 

Under no load conditions (zero cable stretch), fore and aft con- 
trol column deflections of 14.23 degrees generate elevator de- 
flections of * 19 degrees. Stops exist at 17.16 degrees of 
column and il9 degrees of elevator. 

3) Elevator Actuator Force and Rate Limits 

The elevator actuators are force limited at - 8,200 pounds, and 
an 80 degree/second no load elevator rate limit exists. The 
corresponding inflight elevator deflection limits versus airspeed 
and altitude are defined by Figure 115 for normal operation with 
full hydraulic power. 

4) Elevator Actuator Dynamics 

Within the linear range, below actuator rate and position limits, 
the following transfer function describes elevator actuator re- 
sponse to mechanical input commands. 

^Elevator 
zlElevator Command      (S+38 

5)    Elevator Hysteresis 

(36.5)(17,200) 
.5)(S^+34.5 S+17, 

 de£ 
200) deg 

Elevator hysteresis about the hinge line is estimated as 0.1 
degrees. 

6) Stabilizer 

The trim system is discussed in the following paragraphs. Auto- 
pilot automatic trim is discussed in Section IX.14. 
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Figure 115.    Effect of Elevator Actuator Force Limit 
(Elevator Slowdown) 

192 

— 



T 

7) Trim Wheel - Stabilizer Displacement Relationship 

With the trim wheel rotated to the aft stop, the pilot's and 
copilot's trim indicators indicate 4 degrees (4 "units") nose up 
and the stabilizer moves to the 4 degree leading edge down posi- 
tion. With the trim wheel rotated to the forward stop, the pilot's 
and copilot's trim indicators indicate 9 degrees (9 "units") nose 
down and the stabilizer leading edge deflects up to the 9 degree 
position. The nominal force required to rotate the trim wheel is 
estimated at 7.5 pounds applied at the periphery of the wheel and 
the maximum trim wheel force permitted is limited to 10 pounds. 
One revolution of the trim wheel yields 1 degree of stabilizer 
deflection. 

The trim wheel may be used to overpower the autopilot stabilizer 
trim servo or the stabilizer electric trim motor. The overpower 
force required at the periphery of the trim wheel to stop the auto- 
pilot trim servo is 28 to 38 pounds and the force required to over- 
power the electrical trim motor is 60 to 75 pounds. 

8) Stabilizer Electrical Trim 

With the aft AC power box stabilizer trim actuator circuit breaker 
and the pilot's trim control circuit breaker closed and the aisle 
control stand stabilizer trim cutout switch in the normal position, 
the stabilizer may be trimmed using one of the two stabilizer trim 
switches. Electrical operation of the trim system also results in 
rotation of the manual trim wheels. 

5) Stabilizer Trim Rate Limit 

Stabilizer rate limits are set by hydraulic flow limits and electrical 
input rate limits into the followup system. Electrical input into 
the followup system is equivalent to approximately 0.65 degrees of 
stabilizer per second. However, stabilizer rate limits are essen- 
tially set by hydraulic flow rates under most conditions, and may 
range from 0.5 to 0.75 deg/sec depending on engine thrust setting. 

10) Stabilizer Trim Circuit Breakers, Cutout and Force Switches 

Multiple means of disabling stabilizer trim are provided. A trim con- 
trol circuit breaker marked "Trim Contr" is located on the pilot's 
circuit breaker panel. The trim function of the trim buttons is also 
disabled any time the autopilot elevator servo cutout switch is "in" 
and the autopilot servos are engaged. Stabilizer trim may also be 
disabled by breaking the trim control circuits with the stabilizer 
trim cutout switch. Manual control of stabilizer trim is not affected 
by either the trim control circuit breaker or the trim cutout switch. 

Force switches, installed within the control column linkage, also 
provide the pilots with a means to immediately interrupt stabilizer 
trim movement. When pilot column force above a threshold of 24 to 36 
pounds is applied, power to the trim motor clutch on the side yielding 
trim opposing the column force is interrupted. Trim remains available 
in the direction compatible with applied column force through use of 
the trim buttons. Normal two direction electrical trim operation re- 
turns upon relaxation of column force to below the threshold level. 
In addition, with this column force applied, and with the elevator 
servo opposing the applied force, the autopilot iisengages. The auto- 
pilot then remains disengaged until manually re-engaged. Force switch 
operation does not affect manual trim operation through the trim 
wheel/cable linkage. 
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13. PITCH STABILITY AUGMENTATION SYSTEM (SAS) 

a. Pitch SAS Functional Description 

The B-52 SAS provided the contemporary stability augmentation 
function. Pitch rate is fed back to the elevator through a 
washout filter to augment short period and structure mode damping. 

Triple redundant signal paths with failure monitoring are used, 
providing fail operation capability. Indicators also provide 
warning if two associated channel failure of the pitch SAS occur 
and the SAS disengages. 

A SAS control panel is located on the pilot's forward instrument 
panel. Engage/Disengage switches are provided. These switches 
are automatically returned to the disengaged position when re- 
leased by system failure logic circuitry. The SAS receives power 
through four DC circuit breakers and six AC circuit breakers. 

b. Pitch SAS Analytical Description 

Figure 116 defines the pitch SAS block diagram and associated 
linear transfer functions for system elements. The elevator 
actuator-surface is part of the Manual Control System. 

14. AUTOMATIC FLIGHT CONTROL SYSTEM (PITCH AXIS) 

This section contains an abridged description of the autopilot pitch axis. 
The synchronization, stabilization, and low level modes of operation are in- 
cluded, along with the pitch safety functions and automatic trim functions. 
Details of the interlock system and the air refuel, altitude hold, and 
automatic approach modes havs been deleted. 

Air Force T.O. 5A1-2-28-32, A/A 426-11 Automatic Flight Control System 
Field Maintenance Instructions, contains a complete description of the AFCS 
components and theory of operation, 

a. Synchronization Mode 

The autopilot is in the synchronization mode any time the Pilot 
switch is on and the Servo switch is in the disengaged position. 
In this mode, the autopilot servo drum is declutched from the 
autopilot servo motor and the autopilot does not drive the 
manual flight control system. The pitch controller follows the 
airplane pitch attitude to provide smooth engagement when the 
stabilization mode is engaged. 

b. Stabilization Mode 

The flight stabilization or attitude hold mode is selected by 
turning on the Pilot switch and engaging the Servo switch. In 
this mode the conventional attitude hold function is provided and 
"hands off" flying is possible. Maneuvering may be accomplished 
through the Flight Controller while in this mode. Movement of 
the contol column is restrained by the autopilot servo. 
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This mode is not suitable for low level flying because precision 
pitch axis control cannot be obtained using the Flight Controller 
Pitch Knob located on the aisle stand. At low altitudes, the 
stabilization mode should be engaged only long enough to ascer- 
tain that the autopilot is functioning properly, then the low 
level mode should be engaged. 

c. Low Level Mode 

The low level mode may be engaged, providing the flight stabiliza- 
tion mode has been previously selected. This system essentially 
allows the pilot to perturbate the reference airplane attitude 
being held by the flight stabilization mode, through use of the 
control column. Force transducers (links) sense control column 
force and drive the autopilot giving a "power steering" effect. 
Automatic "g" limiting gradually decreases this effect as normal 
acceleration levels increase. Returning the Low Level switch to 
OFF will disengage the autopilot (i.e., return to synchronization 
mode). 

d. Safety Functions 

Two pitch safety functions are provided: the pitch overpower func- 
tion and the safety monitor function. The figure below illustrates 
the pitch overpower function, which is operative in all modes. The 
servo control output and the output of the pilot's force links are 
compaied to determine if the autopilot is aiding or opposing the 
manual command at the control column.  If the autopilot is oppos- 
ing the manual command and a control column force of over 30 pounds 
is being applied, the autopilot will be disengaged. 
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Figure 117. Pitch Overpower Function 

The safety monitor function, as shown in Figure 118 protects against 
excessive pitch angular acceleration due to a malfunction or error 
in manual control. This safety monitor function operates in all 
modes except synchronization, low level, and aerial refuel. Using 
one forward and one aft accelerometer, an angular acceleration 
signal is derived and compared to the servo control output. If 
excessive angular acceleration is sensed, and if the autopilot servo 
control is not operating to alleviate this acceleration, the auto- 
pilot will be disengaged when preset limits are exceeded. An ex- 
cessive servo control command in the absence of a corresponding 
derived pitch angular acceleration can also result in disengagement. 
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5. DETAILED SYSTEM DESCRIPTION 

a. Command Control Section 

An abridged representation of the pitch axis command control 
section is presented in Figure 119. Physical signal representa- 
tions (400 Hz AC, 3 wire synchro, and synchro shaft position) 
have not been preserved. 

Mode selection is perfürmed with the three position switch. The 
interlock system restricts mode switching to the sequences in- 
dicated in the mode transition diagram. In the low level mode, 
the pitch knob is clutched to a detent switch and any attempt 
to rotate the pitch knob will disengage the autopilot. 

The command control section accepts inputs from the following 
units: pitch attitude gyro, flight controller pitch knob, and 
the steering coupler (see Figure 127). The data is processed and 
used to drive the pitch servo amplifier (see Figure 122). 

A simplified representation of the system in the engaged config- 
uration is shown in Figure 120. The output of the pitch command 
synchro and the pitch integrator is summed by the pitch integrator 
synchro to form the pitch reference attitude. This reference 
attitude is introduced as a command to the pitch followup loop 
(first order lag) by the pitch followup synchro. The output of 
the pitch followup loop (shaft position) is introduced as a com- 
mand to the stabilization loop through the elevator synchro. 
Additional commands may be introduced to the pitch followup loop 
through the summing junction as indicated. In the low level mode, 
the steering coupler provides commands to the points labeled 
"INPUTS". 
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In the disenqaqed configuration (synchronization mode) the com- 
mand sequence is reversed, as illustrated in Figure 121. A given 
pitch angle sensed by the vertical gyro drives the pitch followup 
shaft in an equal and opposite direction. This then commands the 
pitch followup shaft in an equal and opposite direction. This 
then commands the pitch integrator (which now has a feedback loop 
closed around it). In the steady state the pitch integrator shaft 
rotation will be synchronized with the aircraft pitch attitude. 
Thus, when the system is engaged, the reference attitude (pitch 
integrator synchro output) corresponds to the aircraft attitude 
and engage transients are thereby minimized. 

b. Servo Amplifier 

A block diagram of the pitch servo amplifier is presented in 
Figure 122. Four basic input signals drive the servo amplifier. 
The rate command from the command control section is demodulated 
to DC and passed through a derived rate networ!-. The dis- 
placement command from the command control section is summed 
with a position feedback signal developed by the repeatback 
synchro. These 400 Hz AC signals are transformer coupled to a 
signal derived from the servo control output voltage. Tap 
switches on the amplifier determine relative gains and the de- 
rived rate filter break frequencies. 

The DC and AC 
power amplifi 
voltages are 
conduct on al 
fied output, 
while for 400 
form. The ga 
RMS output as 
of the servo 
has been used 

signals are summed and amplified in the mixer and 
er stages of the servo amplifier. Plate and cathode 
400 Hz AC and the mixer and power amplifier stages 
ternating half cycles producing a half wave recti- 
For DC inputs the output waveshape has a sine form 
Hz AC inputs the output waveshape has a sine squared 

ins labeled Form Factor account for the changes in 
a function of the input waveform. The waveshape 

controller output may vary and aii average form factor 

I 
1 

The power amplifier stage is subject to saturation as indicated 
on Figure 122. 

The servo amplifier output provides field excitation to the servo 
control unit, a constant speed motor-generator power amplifier. 

c. Servo Control, Servo Motor and Drive Assembly 

The servo control and servo motor and drive assembly are shown in 
a general form in Figure 123. Figure 124 defines the servo control 
hysteresis. Tne servo control armature resistance has been com- 
bined with the load resistance to form the total resistance Rj. 
Table XXV defines the motor constants and gear ratios for each axis. 

When the servo clutch is engaged, the motor back drives the manual 
flight control system and the feel system. The servo motor delivers 
torque to the mechanical system through the servo drum. Servo drum 
rate affects delivered torque through the motor back EMF coupling 
represented by K^. 
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The motor is also geared to a repeatback synchro which provides 
position feedback to the servo amplifier. Note that the repeat- 
back synchro is always driven by the motor and cannot be de- 
clutched. 

* itm*m\m>immim*'*'->r*~-t 

During sycnrhonization the autopilot is declutched from the 
control system and the servo motor is virtually unloaded. Under 
this condition, motor rate is approximately proportional to 
motor input voltage. 

The voltage applied to the servo motor is fed back to the servo 
amplifier. A signal proportional to servo armature current is 
used to control the automatic pitch trim system. This signal 
is sensed across a ten ohm series resistor. 

d. Interface to Primary Flight Control System 

Autopilot servo drum torque output is transmitted via cable and 
summed with pilot input and feel system torques to drive the 
manual flight control system. Figure 125 illustrates the 
mechanical linkages and dynamic relationships for the pitch axis. 
Figure 126 defines the feel system forces applied to the aft 
quadrant. 

e. Pitch Axis Steering and G-Limiting 

Figure 127 defines the pitch steering and g-limiting transfer 
function.    Pilot/copilot commands through the control columns and 
aircraft acceleration detected by the pitch accelerometer provide 
input commands.    After processing, the signals are mixed to pro- 
vide control  surface rate and position commands to the amplifier 
assembly. 

The pitch and acceleration channels each provide threshold circuitry 
to energize the pitch threshold relay, K8587.    This relay is ener- 
gized if either or both thresholds are exceeded.    In the energized 
state, this relay enables the pitch integrator servo to respond to 
steering signals as shown on Figure 119 and disables the pitch trim 
servo as shown on Figure 133.    Pitch steering electronic gain and 
deadzone are defined on Figure 128.    Figure 129 defines the accel- 
erometer gradient.    The acceleration gain and deadzone provided by 
the steering coupler electronics are defined on Figure 130. 

f.    Pitch Overpower Control 

Pitch overpower control is defined on Fi 
are actuated through the pilot/copilot c 
overpower control. The elevator servo c 
processed through the steering coupler e 
the elevator servo voltage is aiding or 
command. If the elevator servo voltage 
overpower threshold, the overpower relay 
the overpower relay disengages the servo 
aircraft to manual flight control  (synch 

gure 131.    Overpower switches 
ontrol columns to enable 
ontrol voltage is then 
lectronics to determine if 
opposing the control column 
is opposing and exceeds the 
is energized.    Energizing 
switch and return the 

ronization mode). 
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g. Safety Monitor Amplifier 

The Safety Monitor Amplifier is defined by Figure 132. Aircraft 
pitch angular acceleration and servo control output voltage are 
monitored to energize and/or de-energize automatic cutoff relays. 

If the signal difference between the angular acceleration signal 
path and the servo control signal path exceeds the limit of -2.18 
volts, the AFCS will automatically disengage. The safety monitor 
is bypassed in the low level mode. 

h. Automatic Pitch Trim Control System 

Tht AFCS automatic pitch trim function is defined by Figure 133. 
When the appropriate interlock conditions are satisfied, power 
will be available at terminal 839. A servo controller voltage 
of sufficient magnitude at terminal 723 will energize the current 
sensitive automatic trim control relay. Depending on the pol- 
arity of the amplifier input, either trim power relay K4606 or 
K4607 will be energized to provide a signal path for the servo 
motor armature. Autopilot trim servo displacement provides a 
command to the stabilizer actuator for stabilizer trim. 
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APPENDIX 

CONTENTS Sheets 1 thru 7 of Drawing SK-W-AI-452, 
"Placement Study - EAR/GEANS Equipment, 
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