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ABSTRACT (MOO

This report describes three BAYONET vehicles which were suc-
cessfully tested to demonstrate an aerodynamic delivery technique for
accurately delivering earth penetrating weapons to a target. Delivery
of BAYONET is by high-performance aircraft flying at low altitudes.
The test data and results of the three tests are presented.
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REPORT ON BAYONET WINGED VEHICLES
TESTS 239-13, 239-14, AND 239-15

Introduction

BAYONET is a winged, REB-type vehicle delivered from low-flying air-

craft and designed to provide a small circular probable error. The system is

being developed jointly by Sandia Corporation and the Air Force Weapons

Laboratory. The BAYONET system allows the aircraft to approach the target

at low altitude and release the vehicle in a level attitude. After release, the

BAYONET wing is positioned to impart a high negative lift to the vehicle which

flies almost a circular arc with an 1100 foot radius. The turn radius remains

almost constant for release speeds from 500-900 fps. At impact, the aero-

dynamic structures shear off, and the centerbody penetrates the target. The

centerbody is capable of housing a small nuclear warhead.

This report describes the three tests (239-13, 239-14, and 239-15) con-

ducted to date and evaluates the performance. Although this report draws no

comparison between this system and present systems, correlation of the CEP

between BAYONET and parachute systems and of penetration versus laydown

should be noted.

A more detailed report of the BAYONET system is presented in SC-WD-

66-458, Bayonet Status Report, prepared by Division 5613 which has the design

responsibility for BAYONET.

Test Objectives

The primary objectives of the three tests were as follows:

1. To establish correlation between the actual and theoretical trajectories.

2. To demonstrate the structural integrity of the aerodynamic frame.
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3. To demonstrate delivery accuracy including the contribution from both the

vehicle and the aircraft system.

4. To demonstrate the capability of the centerbody to penetrate a dirt

target.

5. To evaluate the structural integrity of the penetrating body.

6. To demonstrate compatibility between BAYONET and the F4C aircraft.

7. To evaluate the aerodynamic stability of the vehicle.

Conclusions

The objectives of the program were successfully accomplished. The per-

formance of BAYONET has demonstrated that a winged vehicle can be delivered

accurately from high-performance aircraft. Two of the three tests successfully

demonstrated the ability of BAYONET to penetrate dirt targets at angles as low

24 degrees. The aerodynamic performance characteristics of the vehicle dupli-

cated almost identically the theoretical trajectories.

Test Vehicle Description

Each of the test vehicles was a full-scale winged BAYONET. The nose

section, which was made of maraging steel, has an outside diameter of 6. 7

inches and employs a six-calibre tangent ogive nose. The nose section was used

to house the telemetry system. The remainder of the vehicle structure (i. e. ,

afterbody, fin section, wing, and wing attachment sleeve) was procured by con-

tract from Douglas Aircraft Company. Attachment of the wing to the centerbody

was accomplished by two hinged joints on the sleeve; it was secured on the for-

ward end by a snubber joint (part of the snubber joint is an arrester tube which

T 1_7 77: D
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deforms to control the amount of angular displacement of the wing relative to the

centerbody). The wing is held in a carry position by two cables secured to the

forward lug. At release, the cables are unlatched and the wing pivots. Rivets

are used to attach the sleeve and fin section to the centerbody. At impact, these

rivets shear to deploy the sleeve and fin section. Roll damping is provided by

rollerons on each end of the wing. The rollerons are air driven and are unlatched

when the wing pivots.

A TC-27 explosive gas generator is used to start the deployment of the

wing. To initiate the TC-27, a capacitor is charged with aircraft power when

the aircraft monitor and control (AMAC) system is in an armed position; a pull-

out switch (MC982) completes the circuit to the TC-27.

Drawing P13384, Figure 1, shows the materials used in each vehicle and

the physical characteristics of each unit. Figures 2 and 3 are typical views of

the test vehicles.

Instrumentation

Two FM/FM RF links were used in each of the tests to provide data con-

cerning:

1. Aerodynamic stability. Triaxial roll stabilized gyros and rate gyros

were employed to determine attitude and dynamic performance of the

vehicle.

2. Aerodynamic drag induced accelerations. A set of triaxial acceler-

ometers was located near the CG for these measurements.

3. Wing displacement. The angular position of the wing was determined

from a displacement gage located between the vehicle centerbody and

the wing. Location of this instrument is shown in Figure 1.

4. Vibration. On Tests 239-13 and 239-14 the vertical vibration was

measured at the wing tips. These data were for Douglas Aircraft

Corporation for their use in the study of wing flutter characteristics.

The resulting data from the measurements will not be presented as

part of this report.
7
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5. Time interval for wing deployment. Capacitor voltage was measured

on a relatively high-frequency response channel primarily to determine

the time interval between release, activation of the TC-27, and wing

displacement.

Following is a listing of the subcarrier frequencies used for these measure-

ments.

A Package

Subcarrier
Frequency

(kHz) 

7.35

10. 5

14.5

22. 0

30. 0

40. 0

52. 5

70. 0

B Package

Roll

Yaw

Pitch

Lateral acceleration (CG)

Vertical acceleration (CG)

Wing deployment (angle vs time)

Vibration (wing tip)

Vibration (wing tip)

Telemetry discretes

Roll rate

Yaw rate

Pitch rate

Longitudinal acceleration (CG)

Capacitor voltage

Vibration (wing tip)

Vibration (wing tip)

A view of one of the instrumentation packages is shown in Figure 4.

Test Results

General

BAYONET is designed for release at speeds less than 900 fps TAS at alti-

tudes sufficient to allow the vehicle to turn to an attitude that will permit pene-

tration into the impact medium. Impact tests of full size vehicles and 1-inch

scale models have indicated that BAYONET will penetrate dirt targets at impact

angles greater than 15 degrees above the horizontal. Figure 5 shows the

BAYONET theoretical trajectories as deduced from studies and wind-tunneltests.

Six BAYONET vehicles were procured to fulfill the test program objectives.

The initial testing of the full-scale vehicles was a flyaround test to demonstrate

compatibility between the aircraft and weapon and also to evaluate the damping

8
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characteristics of the weapon aerodynamic structures. The first drop test was

conducted at a high altitude (3000 feet) to study release characteristics and to

evaluate the trajectory during a long flight period. The second vehicle was

released at maximum speed to demonstrate the bombing accuracy and the capa-

bility of the vehicle to penetrate a dirt target. These two tests were very suc-

cessful and the basic objectives of the program were achieved.

Because of the high negative lift and the relative small size of BAYONET,

the vehicle was very difficult to track optically during the trajectory. As a

result, very little documentary film was acquired on these tests. The third

vehicle test was to demonstrate repeatability and to provide demonstration to a

group of interested personnel from the DOD and AEC. The program objectives

were met with these three tests. The remaining three vehicles are being held to

study the penetration capability of the vehicle when impacting hard targets.

Release Conditions

All tests were conducted at Tonopah Test Range. In the first test (239-13),

a countdown from ground personnel was used for the vehicle release point. In

the last two tests, the offset target was used, and release conditions were con-

trolled by the aircraft crew. Table I illustrates the conditions at release and

also presents a tabulation of the pertinent test data.

Separation

The vehicle separated properly from the aircraft on each of the tests. The

centerline of the BAYONET wing is about 1/2 degree below the centerline of the

BAYONET centerbody. The BAYONET centerbody is 1/2 degree above the

waterline of the F4C; this arrangement results in the BAYONET wing being level

with the waterline. At the speeds used for these tests, the angle of attack of

the F4C varies from 0. 5 to 1. 5 degrees. The pitch gyro data have been cor-

rected to reflect these initial attitude conditions. On the first two tests, the

aircraft employed two Mk 2 Mod 1 cartridges to eject the vehicle at release.

The vehicle pitched up slightly when ejection occurred. On the final test, one

Mk 1 Mod 3 cartridge and one Mk 2 Mod 1 cartridge were used. The Mk 1

Mod 3 charge has about twice the thrust of a Mk 2 Mod 1. With this additional

41111111111
0,4
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TABLE I

Data Summary

Test Vehicles
239-13* 	 239-14 239-15

Actual 	 Desired 	 Actual Desired Actual 	 Desired        
Release Data

Test date 	 1/31/66 	 3/21/66

Altitude (feet above terrain) 	 3211 	 3000 	 187

Aircraft angle of attack (deg) 	 1.5 	 1.5 	 0.6

Speed (fps TAS) 	 827 	 800 	 916

Aircraft vertical velocity (fps) 	 9 (down) 	 0 	 3 (up)

Bomb sight depression 	 N/A 	 N/A 	 210

Dynamic pressure (lbs/ft 2 )	 637 	 764

F4C aircraft No. 	 651 	 654

Rack ejection cartridges 	 Two Mk 2 Mod 1 	 Two Mk 2 Mod 1

Trajectory Data

Maximum positive angle of attack (deg) 	 5.5 	 0 	 6

Maximum negative angle of attack (deg) 	 3.0 	 0 	 3

Wing incidence angle (deg) 	 15.5 	 —14.5 	 14.7

Time of full wing deployment (sec) 	 0.040 	 <0. 050 	 0.040

180

0.6

900

0

210

0

0

—15

<0. 050

4/28/66

114

0.6

910

10 (up)

180

730

654

One Mk 1 Mod 3
One Mk 2 Mod 1

2

2.5

15.1

0.045

120

0.6

900

0

180

0

0

—15

<0. 050
Average normal acceleration (g) 	 13 	 Bad instrument 	 18

Average longitudinal acceleration (g) 	 4 	 5 	 5.5
Time of flight (sec) 	 1.0 	 0.82 	 0.616
Range (ft) 	 710 	 690** 	 670 	 670** 	 510 	 550**
Drift (ft) 	 21 left 	 18 left 	 10 left
Maximum roll rate (deg/sec) 	 65 	 > 100 	 66

Maximum pitch rate (deg/sec) 	 110 	 145 	 132

Calculated turn radius (ft) 	 1260 	 1290** 	 1280 	 1290** 	 1190 	 1200**

Impact Data

Velocity (fps GS) 	 710 	 780 	 790
Pitch angle (deg) 	 32 	 31 	 23.5

Pitch rate (deg/sec) 	 0 	 10 	 42

Roll angle (deg) 	 30 CW 	 14 CW 	 17 CW
Roll rate (deg/sec) 	 0 	 10 	 30
Angle of attach (deg) 	 0.5 	 0 	 0.5
Distance from target (ft) 	 50 short 	 39 short

10 left 	 10 left
Trajectory ang , _ (deg) 	 32.5 	 34 	 31	 31 	 23 	 25

Vehicle At Rest Data

Distance from target (ft) 	 26 short 	 15 short
20 left 	 10 left

Pitch angle (deg) 	 No data 	 18.5
Pitch of nose (in.) 	 108 	 91
Slant penetration depth (ft) 	 26 	 26

The trajectory for 239-13 has been evaluated over a fall distance of 213 feet.
**Based upon actual release conditions.
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thrust, the vehicle (239-15) did not pitch up at release. Reduction in this initial

pitch angle apparently helps the vehicle to stabilize sooner after release (see

the comparative graphs of angles of attack in Figure 6).

Wing Deployment

The TC27 thrust initiators fired on each of the tests, and each wing de-

flected properly. On the first test, the airspeed at release was 800 fps and the

wing deployed 15 degrees. This was about one degree further than was expected

at that speed. Therefore, on the last two tests a stronger crush tube was used

to restrain the wing during deployment. The resulting deflections on the last two

tests were 14. 2 and 14. 6 degrees, even though the release speed was increased

to 900 fps. The desired time for the wing to fully deploy is less than 0. 050

second. The time for deployment ranged from 0. 040 to 0. 045 second on the tests.

Plots of wing deflection are shown in Figure 7.

Aerodynamic Performance

The performance of each of the vehicles during trajectory was closely

related to the predicted performance. This demonstrated that the trajectory of

the vehicle is not greatly affected by changes in the release speed. In Figure 8

it can be seen that after a fall distance of 114 feet (distance of fall for 239-15)

the spread in range component between the three vehicles is less than 25 feet;

also, the close comparison with the theoretical curve can be noted on this graph.

Each of the vehicles drifted to the left after release (Figures 9, 10, and 11).

The vehicles began to roll clockwise shortly after release, which would cause

the vehicle to fly left of the desired course line. The drift was less than ten

feet after a fall distance of 114 feet for each of the vehicles. The reason for

the consistent clockwise rotation is not explained. This effect could have been

caused by (1) wind (but the wind direction varied on each of the tests), (2) lateral

center of gravity (but this turned out to be on the right side of all vehicles),

(3) asymmetry of the external shape caused by the displacement gage on the left

side of the vehicle, (4) asymmetry of the air flow under the aircraft caused by

the camera pods (on the first two tests the right pod was forward of the left pod,

but on the last test all structures were asymmetrical).
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The vertical accelerations depend upon the speed of the vehicle. The

recorded value of acceleration and angle at impact is closely related to the

values obtained when the actual speeds and turn radius of the vehicle are em-

ployed. The recorded accelerations and trajectory angles are shown in Figures

12 through 17.

The BAYONET aerodynamic structures were designed to provide an angle

of attack of less than 5 degrees at impact. Figures 18, 19, and 20 show that, after

a fall distance of about 100 feet, the pitch oscillations are fairly well damped and

that the vehicles would have impacted at angles of attack of less than two degrees.

The pitch and roll attitudes and rates are presented in Figures 21 through

26. There were no significant indications in the yaw direction; therefore, these

data are not presented. The altitude versus flight time for the vehicles is shown

in Figure 27. Figure 28 shows the unit from Test 239-15 after completion of the

test.

Impact and Penetration Performance

Test vehicle 239-13 was not intended to provide any data related to penetra-

bility because of the high altitude release employed for the study of aerodynamic

characteristics. The other two vehicles successfully penetrated the dirt target.

Table I shows the pertinent aspects of the impact parameters. It should be noted

that the vehicles impacted within 55 feet of the target and that the final rest posi-

tion was within 35 feet of the target.

On both of the impact tests, the aerodynamic structures successfully

sheared off at impact. Final inspection of test vehicle 239-14 revealed that five

of the eight screws that secure the afterbody to the nose section were broken.

The nose section is intended to protect the warhead and firing system after im-

pact; therefore, damage to the afterbody is not considered to be a problem. No

other damage was noted on the vehicles. Figure 28 shows test vehicle 239-15

after penetration and removal of the dirt from the centerbody.

T.! T,,-/-7
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