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FOREWORD

This report was prepareod by/6odyear Aerospace Corporation, Akron, Ohio,
under Contract F08635-72-C-0096 ýwith the Air Force Armament Laboratory, Eglin
Air Force Base, Florida. The report covers the period from 1 January 1972
through 30 September 1972. Lieutenant Page G. McGirr (DUOC) was program
monitor for the Armament Laboratory.

The contractor's report number is GER-15693. Contractor personnel con-
tributing to this report were A. C. Aebisacher, Recovery Systems Engineering
Department; N. *T. Karaffa, proj-66i engineer; S. A. Weinberg, aerodynamic
analysis; 3. F. Houmard, fabric structural analysis; R. A. Yurick, Mechanical
structural analysis; and E. L. Fargo, test operations.
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ABSTRACT

Two retarder systems for the MK82, utilizing ram-air inflated Ballutes,
were designed, developed, fabricated, and tested. One system was designed
for MK82 mine application and the other system for MK82 general purpose
bomb application. Ballistic characteristics of the MK82 general purpose
system in the low drag mode are to be comparable to the MK82/MAU-93 and in
the high drag mode to be comparable to the HK82/MKI5. The system is to
function in association with MAU-146 timer, F, MU-54 fuze, and ATU-35 drive
assembly.* Basic technical disciplines presented herein are design, aero-
dynamic analysis, and structural analysis. Vibration test results are also
presented. Both types of systems were delivered for flight testing and system
feasibility testing by the Armament Development and Test Center.

Distribution limited to U. S. Government agencies only; this report documents
test and evaluation; distribution limitation applied September 1972. Other
requests for this document must be referred to the Air Force Armament
Laboratory (DLJC), Eglin Air Force Base, Florida 32542.
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SECTION I

INTRODUCTION

Aerial delivery of general purpose bombs is sometimes accomplished from
aircraft flying at low altitudes. These low-altitude-delivered bombs are pro-
vided with high aerodynamic drag devices. The purpose of the high drag device
is to decelerate the bomb to (1) insure sufficient distance between the air-
craft and the exploding bomb, (2) improve accuracy by eliminating ricocheting
or glancing rebound of the bomb due to a low impact angle with the ground,
(3) obtain maximum effectiveness of the bomb by causing a high impact angle,
and (4) control the impact velocity so that proper fuze functioning and proper
ground penetration are achieved. Figure 1 depicts the flight profile of a
bomb with and without a high drag device.

Current delivery of the MK82 general purpose (GP) 500-pound bomb con-
figured with a MK1S high drag retarder is limited structurally to a low speed
aircraft release. Furthermore, cases of marginal aerodynamic stability have
been reported during delivery of MK82 GP bombs configured with MAU-93 low
drag fins. Also, improvements are needed in delivery of the MK82 mine
device configured with a MK1S retarder since this configuration could leave
a tell-tale signature after impact in the form of broken retarder arms, A
candidate to enhance aerial delivery of the MK82 GP bomb and mine device is
a ram air-inflatable decelerator called a Ballutel (BALLoon parachUTE).
Accordingly, two retarder systems incorporating the Ballute were designed and
developed. Ten MK82 GP bomb retarder systems and ten MK82 mine device
retarder systems were fabricated and delivered to the Air Force for flight
testing to determine feasibility of the systems. The basic components of the
developed system are presented in Figure 2.

The report gives the performance goals, development design, and engineer-
ing data utilized and derived during this task. The basic technical disciplines
presented are design, aerodynamic analysis, and structural analysis. Vibra-
tion test results are also presented.

,IT. M., Goodyear Aerospace Corporation, Akron, Ohio 44315
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WITH ADDITIONAL AERODYNAMIC DRAG

Figure 1. Bomb Flight Profile With and Without Additional
Aerodynamic Drag
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SECTION II

DESIGN REQUIREMENTS

1. GENERAL

Under USAF Contract F08635-72-C-0096 with the Air Force Armament
Laboratory (AFATL), the contractor was to design, fabricate, test, and
deliver twenty Ballute retarder systems. The systems were for flight test
evaluation to determine feasibility. The retarder system was to consist/of
an aerodynamic canister assembly, a ram air-inflated asrodynamic decelerator,
and a clamp assembly as depicted in Figure 2.

These systems are to be capable of providing ballistic flight control by
functioning in both the low aerodynamic drag mode and in the high aerodynamic
drag mode. The low-drag mode will be fin stabilized. The high-drag mode will
be achieved by deploying the ram air-inflated Ballute. These modes are depicted
in Figure 3.

A system having the capability of functioning in either the low or high-

drag modes will enhance the low altitude delivery of GP bombs.

INFLATION INLETS

CAN~ISTER~ M5EIALy

AERODYNAMICDEC9LERATOR

CANISTER

k.gre 3. MKC2 ItegiP n

s m
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2. OBJECTIVES

The Ballute retarder systems were to be designed for use with the MK82
general purpose (CP) 500-pound bomb and with the MK82 mine device. These
systems were to have the following performaace goals:

(1) MK82 GP Bomb Retarder System

(a) The retarder system will have the capability for both
low and high drag modes.

(b) The terminal velocity for the MK82 GP bomb will be
approximately 238 feet per second with the retarder
system in the high-drag mode.

(c) The aerodynamic characteristics of the MK82 GP bomb
with the retarder system in the low-drag mode will be
equal to or better than the aerodynamic characteristics
of the NK82 GP bomb with the MAU-93 fin.

(d) The deployed Ballute shall produce sufficient decelera-
tion loads (more than 4 g's for more than 0.6 seconds)
so as to be compatible with arming requirements of the
FMU-54/B fuze.

(e) The low-drag configuration is to be the same as that

used for the mine device.

(2) MK82 Mine Device Retarder System

(a) The retarder system will have the capability for both
- low and high-drag modes.

(b) The terminal velocity for the MK82 mine device will
be approximately 400 feet per second with the retarder
system in the high-drag mode.

(c) There will be burial of the retarder system so that
detection of the planted mine is minimized by the
absence of debris at the impact point.

The design conditions for both retarder systems were:

(1) Case I - Tail Panel (Fin) - Mach 1.3 at an altitude of
10,000 feet and at an angle of attack of ±20 degrees.
This requirement represents the maximum release conditions
for the system without retarder deployment anticipated for
future Air Force requirements.

(2) Case 2 - Clamp Assembly - tMach 0.9 at an altitude of
250 feet and at an angle of attack of *20 degrees.
This requirement represents the maximou release conditions
for the system with retarder deployment anticipated during
-this flieht .est progr.

7ý



(3) Case 3 - Ballute - Mach 1.1 at an altitude of 2,000 feet
and dt a 0 degree angle of attack. This requirement represents
the maximum deployment condition for the retarder design.
It represents a free-fall drop from 35,000 feet altitude based
on contractor estimated aerodynamic data.

Vd
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SECTION III

SYSTEM CONFIGURATIONS

1. GENERAL

The configuration of the retarder systems for ti:e MK82 GP bomb and for
the MK82 mine device is essentially the same and is shown in Figure 2. The
only basic difference is the size and construction of the aerodynamic decelera-
tor or Ballute. This section describes design features of these configurations.

.The aerodynamic and structural analyses associated with these design featuzes are
presented in subsequent sections.

2. SYSTEM CONFIGURATION

"The system consists of a clamp assitmbly, a canister assembly, and an
aerodynamic decelerator. Details of the components are as follows:

a. Clamn Assembly (P/N 3113300-001-101)

The purpose of this clamp assembly, shown in Figure 4, is to attach the
* canister assembly to the GP bomb or mine device. It incorporates an indexing

pin for orienting the fine on the canister with the suspension lugs on the
bomb. This orientation is accomplished by inserting the pin into one of the
sixteen equally spaced holes located in the aft surface of the bomb and
inserting the other end into the hole located on the front face of the
canister.

rCLAMP RING

14S24671-47 SCOXW (2 iXQU )/)b)
Nh.51401-6-5 WAENIUz, RADIU5 (4 KXQUZIXD)
MS21045-6 NUT 12 MOUZIRD)

i ll~~INMX BL4CK •.--

czue&aagaz

6
. 7V

,,,• •2 .12•9...1
.I,..• NO CLAM ,B•N•
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As shown in Figure 4, this assembly consists of two halves of a clamp
ring, a 4130 steel clamp band and an indexing block.

The two halves of the clamp ring are contoured to mate with the aft end
of the bomb and with the forward end of the canister. The steel clamp band
holds the two halves of the clamp ring in their mated position.

Structurally the clamp assembly transmits* all flight loads to and from
* the bomb and the canister. Included in these flight loads are deployment,

deceleration, and stabilization loads developed by the aerodynamic decelerator.

The calculated weight of this assembly is 12.63 pounds.

b. Canister Assembly (P/N 3113200-005-101)

The canister assembly consists of a Ballute canister, forward Ballute
attachment, and a release mechanism.

The cylindrical Ballute canister,,shown in Figure 5, is an aluminum
casting with four stabilizer fins. A 365 aluminum alloy is used in this
casting.

The finned canister, when attached to the bomb, forms the low drag con-
figuration. The front end of the canister is contoured to mate with the clamp
assembly. The forward section incorporates mounting provisions for the
ATU-35 drive assembly device and an access panel for servicing the bomb's tail

15.000

-16.12

MOTEs ALL DIKEUSZONS IN INCHZS

Figure 5. #alluto Canister



fuze. The middle portion includes mounting provisions for the forward Ballute

tolaccept the release mecbanism. The canister is capable of containing either
BalJute in the stowed configuration. Aerodynamically, the canister provid..
stability during low-drag mode. Structurally, the canister protects the stowed
Ballute, retains the deployed Ballute, and transfers the aerodynamic drag load
from the deployed Ballute to the bomb. The 29-inch-long canister weighs
34.4 pounds with access and ATU-35 provisions; and 37.0 pounds without these
provisions.

The forward Ballute attachment (P/N 3113600-002-11) consists of two halves
of a metal band. The forward end of the Ballute is clamped between these halves

* and the canister. All the aerodynamic drag load is transmitted from the Ballute
* through this clamp to the canister.

The release mechanism (P/N 3113600-002-101) is a spring-loaded device shown
in Figure 6. The release mechanism acts as a closure to the empty Ballute
canister or as a release when a retarder is used. The mechanism is retained in
the canister at three equally spaced points by two drive lock pins and one
machined slot. When released, the mechanism in pulled rearward by aerodynamic
base drag causing deployment of the BalIlute.

The release assembly incorporates the aft Bullute attachment which
enables the Ballute to assume its tuck-back shape. The tuck-back shape is
achieved by restraining the rearward movement of the aft cover plate and
Ballute aft assembly with a center tube.

ACTUATOR
ABSURDLY

li~ure 6. ~~eAs~~



c. Aerodynamic Decelerator

The aerodynamic decelerator design concept is essentially the same for
the GP bomb as it is for the mine device. The profile, method of construction,
and attachments are generally the same. The only difference between the two
designs is the inflated size- therefore, the structural requirement for the
fabric is also different. The type of aerodynamic decelerator used in this
design is a ram air-inflated device called a Ballute (P/N 3113400-001-107)
and is shown in Figure 7. The basic components of the Ballute are the center
tube, Ballute, burble fence, and air inlets.

The purpose of the center tube is to transmit all the aerodynamic drag
from the Ballute to the canister. The base drag is transferred to the center
tube by means of the aft attachment, while the front or impact drag is trans-
mitted through the forward attachment. The total load. is then transferred to
the canister by means of the canister attachment. The center tube design
incorporates chafing strips at the forward and aft attachments to prevent
damage to the Ballute during the inflation process. The center tube is con-
structed from the same type of material that in used in the basic Ballute.

The Ballute is the drag producing body. It is constructed from four
forward and four aft gores which have been heat-formed to the prescribed shape.
Shape form is achieved by affixing Griege goods to a mold and then applying
heat at 325"F for 15 minutes. Griege goods are fabrics that have not been
heat set as part of its normal manufacturing processes. Fabrics woven from
thermal sensitive synthetic yarns, such as nylon, are heat treated and tensioned

! Arm INLIT

'/ IUSZl ?MCI

(PAIT Of Ph 005)

3 WWS %1~lot"

VALVE AFT 00

FOAW= SJU s r"METAL DOIJSR
- ATTMKOm I SINF ORKONT?~

FWD BALLUTZ

xnaIJ IM C 3ANIUTfLVum AwLUcY
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Figure 7. WK82 l01lute., Descriptive Details
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during manufacturing to improve the strength-to-weight and rupture elongatior
characteristics. The Ballute is assembled by sewing the gores together with
a zig-zag stitch. The material used in the Ballute is square-woven Nylonz.
("Square woven" indicates that the strength is the same in both the fill and
the warp directions.) Fabrics utilized in this effort are woven with two sets
of yarns oriented perpendicular to each other. The set of yarns that is
oriented in the direction of the fabric as it unrolls is known as warp yarn,
and the direction is referred to as the warp direction. The remaining set of
yarns are oriented in the direction across the roll of fabric and is known as
fill yarn. This direction is referred to as the fill direction. Normally,
the warp direction is synonymous with the length and the fill direction is
synonymous with the width of the fabric. The Ballute for the mine device is
29 inches in diatater (referred to as 29-inch Ballute) and is constructed
using fabric rated at 1050 pounds per inch in both directions (warp and fill).
The Ballute for the GP bomb is 41 inches in dia"eter (referred to as a 41-
inch Ballute) and is constructed using fabric rAt-, at 1500 pounds per inch
in both directions.

It should also be noted that the fabric for the 41-inch Ballute is
uncoated. Some of the advantages of using uncoated over coated fabrics are:

(1) Better structural integrity since individual yarns in uncoated
fabric can orient themselves to the direction of the applied
load.

(2) Higher strength-to-weight ratio since coating is not added.

(3) Easier packaging since coated fabric tends to be stiff and
rigid.

Subsequent to the fabrication of the 29-inch Ballutes, analysis of
in-house tests indicated that the porosity of the fabric was at least two
times greater than the 41-inch Ballute fabric. Accordingly, the fabric for
the 29-inch Ballutes was coated with a PRC (synthetic rubber) compound to
reduce fabric porosity to insure proper low launch speed inflation.

The burble fence is an aerodynamic device that is attached aft of the
Ballute's equator. Its purpose i3 to uniformly trip the airflow over the
aft portion of the Ballute, which provides a stabilizing effect at subsonic
speeds. The burble fence uses the same construction techniques and the same
type of fabric as the Ballute.

The inlets used are semi-circular in shape and fabricated from corrosion-
resistant steel. The 29-inch Ballute is provided with eight inlets; the
frontal area of each inlet is 1.03 square inches for a total of 8.24 square
inches per Ballute. The 41-inch Ballute bas four inlets; the frontal area
of each inlet is 5.97 square inches for a total of 23.88 square inches.

Basic dimensions for the three configurations are presented in Figures
8, 9, and 10.

2T'.M, H. I. DuPont de Nemours 4 Co., Inc., Wilainston, Del.
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SECTION IV

AERODYNAMIC ANALYSES

I. STABILITY OF THE MK82 BOMB WITH A BALLUTE CANISTER

The MK82 bomb modified with a Ballute canister afterbody was analyzed
in order to determine the tail panel (fin) size required to provide a static

margin at subsonic speeds equal to that of the original MK82 bomb. The
static stability margin of the MK82 Ba~liute/canister was estimated by com-
bining the body-alone aerodynamic characteristics with estimated contributions
for the tail panel and the tail-body interference. For the analyses, a tail
panel leading edge sweep of 450 was considered and tail panel chord length was
varied. Body-alone wind-tunnel data from Reference 1 and the tail panel aero-
dynamic characteristics as determined by the methods of Reference 2 were used.
Good agreement with the tall panel plus tail-body interference characteristics
of the one caliber tail panel of Reference 1 was achieved with this procedure.

Stability margins were estimated for MK82/Ballute canister combinations
employing tail panels with a 16-inch span and various root chord lengths mounted
on both a 26-inch and a 29-inch long canister. To show the effect of varying
the tail panel span, the stability margins for a 15-inch span and a 17-inch
span, one caliber root chord Lail panel also was estimated, The results of
this analysis, presented in Figure 11, show that all cases examined yielded
subsonic speed static margins in excess of 1.3 caliber. Additional static
margin can be achieved by increasing the span,

2.0 r T.E..LNGTH(IN.) SPAN (IN4I II 90. e9 170 0 93.69 16a 90.89 16

Mg 82/M.NU-93

I!1.0 CRC
.. c. • 39.5 IN. NOOE REY,

. _1 CALIBER -10.75 IN.

0.5

rj zTT

m(FN T.YI .)

0 - 4 a a 10 1.4 14 16 18

Ca, ROOT CHORD, INCUB

Figure 11. NEtimated Variation of Center of Pressure at Low
Subsonic Velocities - WS2/Dallute Canister
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As a result of the analysis, a 3/4 caliber (8.05-inch chord) tail panel
with a 16-inch span was recommended for use on the modified MK82 bomb with a
Ballute canister afterbody, The stability of the modified bomb should be
comparable to that of the original MK82.

It should be noted that chronologically the above recommendation was
made prior to the analysis of AFATL wind tunnel tests on MK82/Ballute
canister configurations with 3/4, 1, and 1-1/2 caliber (root chord) fins.
Also, prior to the annlysis, the contractor had to release procurement
instructions for canister castings. These procurement instructions were
released for the 1-1/2 caliber fin configuration because it would be easier
to shorten than to lengthen the cast aluminum fins. Subsequently, the
analysis of wind tunnel test data did not indicate any trend of fin stability.
Accordingly, it was decided, with AFATL agreement, to initiate flight testing
with the longer 1-1/2 caliber fin since shortening of the fin, if required,
would necessitate a minimal effort.

2. DESIGN LOADS FOR THE 3/4 CALIBER TAIL PANEL AND FOR THE 1-1/2 CALIBER
TAIL PANEL

The aerodynamic forces on the 3/4 caliber tail panel and on the 1-1/2
caliber tail panel were calibrated for the two cases noted below. Case I
tail loads were used to determine the structural design of the tail, while
Case 2 tail panel loods were used along with the Ballute loads of subsection
5 to determine the clamp assembly structural requirements.

Angle of Dynamic
Mach Altitude Attack Pressure

C.ase Description No. (feet) (degrees) (Paf)

1 Tail Fin 1.30 10,000 ±20 1721
Structural
Analysis

2 Clamp Assembly 0.91 250 ±20 1230
Structural
Analysis

The analyses of the tail panel airloads were based on the methods of
References 2 and 3 and considered both the loads on the tail panel in the
presence of the body and the carryover loads from the tail panel onto the
canister body. The nonlinear forces at angle of attack due to viscous cross
flow were analyzed based on results for similar configurations, Reference 4.
The normal forces and centers of pressure for the two tail panels are shown
for the two design cases. It should be noted that the centers of pressure
are measured from the trailing edge of the tail panel and that the tail panel
load refers to the normal force on a single tail panel.

14
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DESIGN LOADS FOR THE 3/4-CALIBER TAIL PANEL (FIN)

Fin Normal Fin Center of Fin + Carryover Fin + Carryover
Force Pressure Normal Force Center of Pressure

Case ( b)_ (in.) _(lb) (in.

1 420 4.03 1050 3.50

2 .290 5.16 810 5 38

DESIGN LOADS FOR THE 1-1/2-CALIBER TAIL PANEL (FIN)

Fin Normal Fin Center of Fin + Carryover Fin + Carryover
Force Pressure Normal Force Center of Pressure

Case _(lb) (in.) (Ib) (in.)

1 475 11.0 1310 9.2

2 334 12.8 896 13.2

The Ballute load calculated as a part of the Case 2 clamp assembly
structural analysis is discussed in subsection 5.

3. BALLUTE PRESSURE DISTRIBUTION

A pressure distribution over the fully inflated 41-inch Ballute was
developed for use in the structural analysis of the Ballute. The design con-
dition selected was 1212 feet/second at 2000 feet altitude, corresponding to
a design Mach number of I.I. The pressure distributions were derived using
the experimental data of Reference 5. The resulting pressure distributions
are plotted in Figure 12. The original pressure distribution estimate shown
in the figure was made during the program's proposal stage and has since been
revised in accordance with a more detailed analysis of the experimental data.
Both pressure distributions, when integrated, yielded drag coefficients larger
by 10 to 20 percent than would be predicted based on the analysis of the
following section.

Therefore, the results of the structural analysis are conservative, and
the Ballute should be capable of sustaining loads in excess of those actually
associated with the design condition. These larger drag values resulting from
the integrated pressure distribution may be explained by the presence of
separated flow regions on the Ballute surface which are not taken into account
in the estimated pressure distributions.

S15 q

I I-' -r



0.8

--- ORIGINAL ESTIMATE
o. 2REVISED ESTIMTE

0-

i-0,2

-0. 4 -.- .e

-0.6 ___30 10 0

X - INCHES

Figure 12. Estimated Pressure Distribution -41-Inch Ballute

4. BALLUTE I-RAG COEFFICIENT

The incremental zero-lift drag coefficient for the Ballute in the
presence of the M4K82 bomb forebody were estimated based on the M-117 Ballute
results of Reference 6. The incremvental drag coefficients were determined
for both the 29-inch and the 41-inch Ballutes, and the results, referenced
to the bomb cross-sectional area, are presented in Figure 13. To determine
the totel drag coefficient for the MK82/inflated Ballute, the bomb-alone
drag coefficient (although small compared to that of the Ballute) should be
added to the drag values of Figure 13.

5. DESIGN LOADS FOR 41-INCH BALLUTE AND CANISTER

The aerodynamic forces on the 41-inch Ballute were calculated for the
design cases listed below:

16
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Figure 13. Estimated Variation of Ballute Incremental Drag

Angle of Dynamic
Mach Altitude Attack Pressure

Case Description No. (feetj) (degrees) .psf)

2 Clamp Assembly 0.91 250 ±20 1230
Structural
Analysis

3 Ballut. i.1 2000 0 1650
Structural
Analysis

Case 2 defines the clamp assembly design condition and includes the aero-
dynamic loads transmitted to the canister from both the Ballute and the 3/4
caliber tail (see tail analysis of subsection 2). For the Case 2 analysis,
the Ballute was assumed rigid and undeformed at 200 angle of attack. The Ballute
aerodynamic wind tunnel data of Reference 7 shows that the Ballute drag co-
efficient is almost constant with angle of attack and that the Ballute lift
coefficient is approximately sero for all angles of attack. Then, for 200 angle
of attack at Mach 0.91, the Ballute drag coefficient (CD), lift coefficient
(CL), based on the forebody reference area (8REF - 0.63 ft2 ), are

CD = 14.1 CL - 0

17



Transforming the above wind-axis coefficients into the btdy-axis system
and mulliplying by the dynamic pressure of 1650 pef and the reference area
0.63 ft , the forces on the Ballute are as follows:

Normal Force - 3420 lb

Axial Force 0 10,250 lb

From the analysis of the data of Reference 8, the Ballute center of
pressure was estimated to be 5.4 inches aft of the Ballute base.

For the Case 3, 41-inch Ballute structural analysis, the Mach 1.1 drag
load, calculated from Figure 13, is 15,000 pounds.

6. MK82 BOMB/BALLUTE TERMINAL VELOCITIES

For a system weight of 550 pounds, the steady-state terminal velocities
were computed for the MK82 with the fully inflated 29-inch Ballute and 41-
inch Ballute. The drag coefficients for these systems, as well as for the
NK82/Ballute canister, are shown in Figure 14. The drag of the MK82/Ballute

16,0 REF.ARSA - Td7/4 - 0.83 Fe'

d - IT'7 IN. DW MAX. DIA.

14.0 L TI

12.0 . . . 1

6 .0 NX s2 /IIEVLATED 29-IN. BALLUTE

I _

'MR $a/BAL"uTIC CANISTER$

S80

0 ,4 0.4 o.6 o.u 1.0 1.2 1.4

-Figure 14. Estimated Variation of Drag Coefficients
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canister was est.mated by determining the incremental drag due to the change
in afterbody shape from a boattail to a cylinder and adding this to the basic
MK82 wind tunnel drag data of Reference 9. The MK82/inflated Ballute drag
is the total of the MK82 drag and the incremental Ballute drag from Figure 13.

Terminal velocity, VT was calculated from the equation

1 I W 1/2
T -P CDSRef

where P - Sea level density u 0.002378 slug/ft 3

W m Weight N/ 550 lb

CD n Drag coefficient
D2

S =Ref Reference area m 0.63 ft2

"Results of these calculations are

VT = 338 ft/sec (MK82/29-inch Ballute)

VT - 241 ft/sec (MK82/41-inch Ballute)

The 241 ft/sec terminal velocity with the 41-inch Ballute satisfies
closely the design goal, while the 338-ft/sec terminal velocity with the 29-
inch Ballute system undershoots the design goal of a 400-ft/sec impact velocity.
It should be noted that the computed terminal velocities are the minimum
velocities at which impact will occur. The utilization of the 29-inch system
is based on pre-contract analysis conducted by the contractor. A result of
this analysis indicated that a 29-inch Ballute will satisfy the impact velocity
design goal of 300 to 400 feet per second.

7. EFFECT OF MACH NUMBER ON STABILITY

* The static stability characteristics for the MK82/Ballute canister were
analyzed by considering the stability contributions of the bomb plus Ballute
canister separately from that of the tail panels. For the Ballute canister
without tail panels, the MK82 bomb alone (no tail) wind tunnel data from
References 1 and 10 were adjusted to account for the presence of the oylindrical
"Ballute canister in place of the boattail section on the original MK82. Adjust-
ments were derived from a comparison of bomb (without tail) data with stability
data on a 2.5-caliber ogive plus cylindrical afterbody from Reference 11.

The effect of these adjustments to Cma and CNa was to increase the
stability of the MK82/Balluto canister over that of the iK82 bomb body aloiae
due to elimination of the destabilizing boattail. The resulting 1K82 Ba!llte
canister without tail panels CNa and Cma are shown as a function of Mach

number in ligures 15 and 16, respectively.
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Figure 15. Estimated Variation of Normal Force Coefficient
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Figure 16. Estimated Variation of Pitching Moment Coefficient
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The stability contribution of the 3/4-caliber cruciform tail panels was
determined as in References 2 and 12 based on linear aerodynamic character-
istics at small angles of attack. The resulting CN, and Cm due to the

tail lift in the presence of the canister and the lift carryover from the
tail onto the canister are shown in Figures 15 and 16, along with the total
CN and Cm0 for the MK82/Ballute canister. The static margin (s.m.) is

defined as follows:

sm. = Cm /CN•

It is measured in calibers forward from the MK82 center of gravity
(Reference Station 39.5) and is plotted in Figure 17 as a function of Mach
number. (Note that a stable vehicle will have a negative static margin.)

For comparison, the static margin of the original MK82/MAU-93 is also
plotted on Figure 17. At all Mach numbers, the stability of the MK82/Ballute
canister with a 3/4-caliber tail exceeds that of the original MK82 bomb.

-3.0
C.G. - STA 39.5
d - 10.75 IN.- 1 CALIBER X 2/BALLUTE CANISTER
14AX (1 1/2 CAL. CHORD AND

S82/ LUTE CANISTER SP TA)
-2.0 CAL. CHORD AND

16 IN4. SPAN TAIL)

-1.0____
-La ORIGINAL HK O2/MAU 93 WIND TUNNEL DATA, RE,.

P 00 (+ CONFIGURATION)

0
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

MACH NO.

Figure 17. Estimated Variation of Static Margin with Mach Number

The above stability analysis was repeated for the 1-1/2-caliber tail
panels, and the resulting static margins are shown in Figure 17. For most
Mach numbers, the stability of the NK82/Ballute canister with 1-1/2-caliber
tail panels exceeds that of the original M4K82 bomb.
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8. EFFECT OF ROLL ATTITUDE ON STATIC STABILITY

The preceding stability analyses were performed with the MK82/Ballute
canister at zero roll angle (0 - 0). This corresponds to a plus configuration
in which the angle-of-attack vector lies in the plane of one pair of opposing
tail panels. Stability characteristics determined at 0 = 0 generally are
assumed valid (with only small error) at other roll attitudes, and this
assumption normally would be used herein. However, at least for the original
MK82, several questions have arisen regarding the variation of static margin
with roll attitude.

To investigate these questions, a review was made of the wind tunnel data
of References 1 and 9 for the original MK82 and Reference 10 for the MK82
with a Naval Ordnance Laboratory (NOL) modified tail (larger fin ; 15 percent
greater area). In Figure 18, the original MK82 bomb static margin is plotted
versus Mach number for both 0 - 0° and 0 - 450 roll attitudes. An unusually
large variation of static margin with roll attitude is observed in the vicinity
of Mach 1.0. For the MK82/NOL tail, the static margins plotted in Figure 19
show a significant dependence on roll attitude at all Mach numbers with the
difference in static margin maximized at Mach 1.0. While the values of static
margin for the original MK82 at 0 - 0 increase greatly near Mach 1.0, the
static margin at 0 - 0 for the modified tail MK82 decreases near Mach 1.0. To
further confuse the situation, the wind tunnel data of Reference 13 for the
M-117 bomb (which is similar to the MK82) is plotted in Figure 20 and shows
almost no effect of roll attitude on static margin, even near Mach 1.0.

-2.0 c.o. - STA 39.2
" dMAX "- 10.75"IN. - I CALIBER

•1.6 2 0 NOTE(.

NQ 45 N

-0.8

(2) STATIC •AA•INS - CALCJLATSD BASED (11
8.4 5Wpx1 Tint 00 & 40 USI*G DATA OF

0 0 02NAVOUD 1RPW. 56 7 9,I____
012 0.4 0.6 0.5 1.0 1.2 1.4

MAC• NO.

Figure 18. Variation of Static Margin with Mach Number end Roll
Attitude -W)82 /MtU..93
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The differences in geometries of the cited configurations do not offer
any clue to the flow mechanism causing the measured variations in stability
with roll attitude, although any variation would presumably be related to the
change in downwash and crosaflow fields impinging on the tail panels.

The effect of roll angle on stability that will result by replacing the
MAU-93 tail with the Ballute canister is not known. Only by performing a
static stability wind tunnel test of the MK82/Ballute canister munition can
this effect be determined.

9. DYNAMIC STABILITY CONSIDERATIONS

For the original MK82/MAU-93, flight instabilities have occurred in
some of the bomb drops. These instabilities occur at transonic speeds and pro-
duce a coning motion similar to a pitch-roll coupling. This MK82 dynamic in-
stability may be caused, in part, by the large variation of static margin with
roll attitude, as shown in Figure 18. However, no dynamic analysis of this
system has been performed,and any statement as to cause would be speculative.

For the MK82/NOL modified tail, no flight instabilties have been observed
in the 36 flights to date. However, this small number of flights precludes the
conclusion that the problem is solved. Also, from Figure 19, the MK82/NOL
modified tail has a large variation of static stability with roll attitude and
only a slight increase in the levels of static margin over the original MK82/
MAU-93 (taking into account the different moment reference centers in Figures
18 and 19).

Since the cause of the observed flight instability is unknown, it is not
possible to design the MK82/Ballute canister so as to avoid the cause of the
flight instability. The munition can be designed with the highest possible
level of static stability consistent with the imposed length and span con-
straints. It would, of course, be desirable to design the vehicle so as to 1
minimize the variation of static margin with roll attitude. Neither of these
steps will ensure a dynamically stable munition.

There is one additional consideration insofar as achieving a dynamically
stable munition is concerned. The munition should be designed to minimize
the possibility of pitch-roll resonance. To do this, many munitions, including
the MK82 , have used canted tail surfaces to produce a sufficiently high
acceleration and steady-state spin rate so as to drive through and remain above
the munitions' natural pitching frequency and thus avoid pitch-roll instability.
The MK82/Ballute canister does not currently employ any aerodynamics spin
system. While tail cant may be unnecessary, especially during the first phase
of the program, the possibility of using canted tail panels at a later date
should be kept in mind.

10. CONCLUSIONS AND RZCOOIRNDATIONS

From the analyses, the following are concluded:

(1) The Itatic margin of the NK82/Ballute ucuister with 3/4-
caliber tail chord exceeds that of thd original iKS2/IMAU-93
at all lEach numbers of interest.
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(2) The variation with roll attitude of static margin cannot
be predicted either analytically or by comparison with
existing wind tunnel data.

(3) The dynamic stability of the MK82/Ballute canister cannot
be predicted. The magnitude of the static margin, the
effect of roll attitude on static stability, and the proper
fin cant can contribute to reducing the likelihood of a
dynamic instability occurring.

To obtain information to ensure a stable vehicle, a wind tunnel test
program is recommended. This program will supply aerodynamic data not presently
available. The test matrix should include Mach numbers from 0.2 to 1.4 and
angle of attack from -5° to +30*. The tests will be directed toward obtaining
the following information on the MK82/Ballute canister:

"(I1) Effect of roll attitude on static stability

Six component force and moment data should be measured
at 0 00, 22.50, and 450

(2) Accurate linear and nonlinear static aerodynamic characteristics

In conjunction with item i, data will be obtained to verify
the predicted linear characteristics and to ensure static
stability at high angles of attack.

(3) Dynamic stability characteristics

"Tests should be performed to define the dynamic stability of
the munition at various Mach numbers and angles of attack.

(4) Effect of tail planform on static and dynamic stability

Planform variations (leading edge sweep, chord length, etc.)
should be considered to determine the optimum statically
and dynamically stable configurations.

(5) Effect of tail cant on static and dynamic stability

The effect on aerodynamic characteristics of varying tail
cant angle should be determined.

In addition to the wind tunnel test program, the test results should be
employed in performing six-degree-of-freedom computer simulations to analyze,

munition flight stability.

'Ii
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SECTION V

STRUCTURAL ANALYSIS

1. GENERAL

The objective of this section is to show the ability of the Ballute
retarder system to withstand the loads imposed during flight as discussed
in Section IV, Aerodynamic Analysis. This section is presented in two parts,
namely fabric analysis and metal analysis.

2. FABRIC ANALYSIS

a. Dynamic Stresses During Ballute Deployment

Ballute deployment is initiated by release of the aft-cover plate (Item
8 of Figure 2). The differential base pressure acts on this plate to pro-
vide the extraction force that extends the uninflated Ballute parallel to the
bomb's longitudinal axis of revolution. Full extension corresponds to the
fabricated length of the inner fabric sleeve as shown in Figure 21.

The base drag pressure coefficient is taken from Figure 12 as,

C "-0.53 (Also plotted in Figure 28).

The governing loading condition is Case 3, page 17 for which the dynamic

pressure is,

q - 1650 pounds per square foot

or,

1650
q 144 11.45 pounds per square inch

Hence, by definition,

Pb a C q q -(0.53) (11.45) a-6.068 pounds per square inch

The diameters of the inner fabric sleeve and of the cover plate are con-
sidered equal to the inner diameter from Figure 5$ i.e.,

di a 8.0 inches

The extraction force is,

Pe Pb 7- di2  - (6.068)(+ýf)(8)2 - 305 pounds

This force is essentially constant durtlig extraction so that the total
work done is simply,
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LONGITUDINAL AXIS OF 2.237 4 6 5 8

R~EVOLUT ION

M4UNITION LX

(1) CLAMP ASSEMBLY
(2) CANISTER ASSEMBLY
(3) FORWARD BALLUTE ATTACHMENT
(4) AFT BALLUTE ATTACHMENT AND COVER PLATE PRIOR TO DEPLOYMENT

(5) AFT BALLUTE ATTACHMENT AND COVER PLATE AT FULL EXTENSION

(6) INNER FABRIC SLEEVE
(7) PACKAGED BALLUTE
(8) UNINFLATED BALLUTE AT FULL EXTENSION

AFABRICATED LENGTH OF THE INNER FABRIC SLEEVE - 42 INCHES FOR THE

41-INCH DIAMETER BALLUTE AND 35 INCHES FOR THE 29-INCH DIAMETER BALLUTE

x - LONGITUDINAL DISPLACEMENT OF THE COVER PLATEI, IN INCHES

u MAXIMUM LONGITUDINAL DISPLACEMENT OF THE COVER PLATE - 24 INCHES FOR THE

41-INCH DIAMETER BALIJJTE AND 17 INCHES FOR THE 29-INCH DIAMETER BALIJJTE

Pb DIFFERENTIAL BASE PRESSURE IN POUNDS PER SQUARE IRCH

Figure 21. Longitudinal Extraction of the Uninflated Ballute
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We a x Fe w (24) (305) - 7320 inch-pounds

This work must be absorbed as strain energy in the inner fabric sleeve.
The unit strain energy to be absorbed is,

We 7320
U 7320 a 6.935 inch.-pounds per square inch.
nrId1  17(42)(8)

The sleeve is constructed of a single ply of fabric having the warp and
fill threads oriented in the longitudinal and circumferential directions,
respectively. Therefore, only the longitudinal threads absorb the above
energy.

A typical stress-strain curve for high tenacity, nylon filament yarns,
as taken from Reference 14,is. plotted in Figure 22. As shown, the breaking
tenacity is 7.5 grams per denier. The ultimate breaking strength of the
sleeve fabric for the 41-inch diameter Ballute is,

F u 0 1500 pounds per inch in the warp direction,

F u = 1500 pounds per inch in the fill direction.

On this basis, the ordinate scale of stress in pounds per inch is added
to Figure 22. Setting the area under the stress-strain curve equal to the
required unit strain energy gives the desired longitudinal stress level,

2
0Up

2E

V = E 42(4100)(6.935) - 238 pounds per inch,

For an ultimate factor of safety of F.S. - 2, the margin of safety is,

Ftu _1_500 i

M.S. F (F.S1) ('") - + 2.1528 - I ±?..2. for the

41-inch diameter Ballute).

40
The 29-inch diameter Ballute will also be deployed at q n 1650 pounds

per square foot (Case 3). The preceding equations are applied in the follow-
ing calculations to determine the margin of safety for the inner fabric sleeve:
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We - X M FCe (17)(305) 5185 inch-pounds,

w
u -... d Mf. 5185 ' 5.895 inch-pounds per square inch

T? Idi (35) (8)

The s•leeve is constructed identically tie that of the 41-inch diameter
Ballute except that the ultimate breaking strength is,

F tu 1050 pounds per inch in the warp direction

F tu 1050 pounds per inch in the fill direction

Therefore,

E 1050 (4100) - 2870 pounds per inch

a = 4 22(2870)(5.895) - 184 pounds per inch

tu 1050M.S. (F.S.)(T) - 1 (= 4 - I+l..85 (forthe 29-inch

diameter Ballute),

Subsequent to the longitudinal extrilct.ion of the uninflated Ballute as
shown in Figure 21, the ram-air inlets (see iUigure 2) are exposed to the air
stream. The influx of air causes the Ballute to grow in the radial direction
from the initial shape of Figure 21 to the fully inflated shape of Figure .2.
Any given cross section of the Ballbute, taken normal to the axis of symmetry,
will expand during inflat.on until it reaches its maximum diameter. At this
instant, a circumferential dynamic stress occurs because the radial velocity
component of the internal air mass must be stagnated.

It is possible to calculate this circumferential stress by equating the
strain energy-absorbing capacity of the Ballute fabric to the kinetic energy
of the internal air since this energy must be absorbed by the fabric at the
instant of full inflation.

The largest cirtumferential stress occurs on the cross section of unit
width that travels the largest radial distance. This hoop of fabric is
located at the equator of the Ballute as shown in Figure 23. The kinetic
energy of the inflation air pushing upon this hoop can be found by writing
an expression for the pressure force applied to a differential element at any
radius, r, then integrating over all values of r and over a radial angle of
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r .. .

JW -prd~dr (refer to Figure 24)

,f ~~f =prdgdr -21fe prdr()

rb 0r b

where, (refer to Figure 24)

W -the applied kinetic energy in inch-pounds

p, - the internal air pressure in pounds per square inch

r b the initial radius of the expanding unit width hoop
in inches

R -the final radius of the expanding unit width hoop
in inches.

UNIT WIDTH,
FULLY INFLATED BALLJ.,TE\ ý..JFABRIC HOOP

K_
IN4TERMESDIATE INFLATED SHAPE -.

EQUATOR OF THE BALLUTE~!I

Figure 23. Radial Expansion of the Inflating Ballute

In order to integrate uquation (1), the internal pressure must be
expressed as a function of the radius. Estimation of this function is

based upon the following logic:
(1) Upon exposure of the ram-.air inlets to the air stream, the

Bellute does not expand until the internal air pressure
becomes greater than the external air pressure. Hence, at
r -rb, the differential pressure is, p -0
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- _--- /DIFFERENTIAL ELEMENT

UNITY

Figure 24. Equatorial, Fabric H1oop at an Intermediate Stage
of Inflation

(2) Since there exists a constant inlet area, the flow rate is
limited, whereas the volume to be filled increases on the
order of the radius cubed. Therefore, it is reasonable to
assume that the differential pressure increases more rapidly
when r approaches R than when r is near rb* In
general, this is mathematically stated as,

p "k (r - rb)n (2)

where,

k - a constant

n - a constant exponent

Equation (2) is shown in Figure 25 using several values of n.

A conservatively large value of applied kinetic energy will
result from the lower values of n since the areas under these
curves are involved. However, n - I represents a constant
rate of increasing pressure that is considered to be unrealistic
because of the constant inlet area to volume growth relationship
as mentioned above. Therefore# n - 2 will be used in the
calculations that follow.

(3) In order for the Ballute to expand, an external, virtual air
mess must be displaced. This is implicity ignored by the
conservative assumption that the maximum.internal differential
pressure developed is equal to the dynawkc pressure.
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n-i1

n=2

P/k n-3

0R

Figure 25. Pressure Increase

The desired pressure function as based upon the preceding discussion
may be written as

2

p q ( b

Substituting equation (3) into equation (1), integrating and reducing
yields,

W " (3R2 14 R rb + 17 rb2))
6 b b

Although r - d /2 4.0 inches, it is conservative to take rb = 0
so that by equation (4),

w x "..n£_. 2. (5)
2

Since the area of the unit width hoop is simply 2 w R, the unit strain
energy to be absorbed is given by,

i2
U• u -it- s R• - R (- 6)
u 21R 4 V R 4

Recall that q 11.45 pounds per square inch. Hence, the unit strain
energies to be absorbed by the 29-inch and by the 41-inch diameter Ballutes
becomes, respectively,
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_&R (_"5) 1-1 41.5 inch-pounds per square inch

u 11.45 (41) * 58.7 inch-pounds per square inch.

Next consider the strain energy-absorbing capacity of the Ballute fabric.
The Ballute is constructed so that the warp and fill threads of the single
ply fabric are oriented at a 45-degree bias angle with respect to the Ballute's
equator. Hence, a typical unit area of an equatorial hoop (refer to Figure
24) is as shown in Figurý 26. The total length of warp and fill threads
within this unit area absorbs the applied unit stiain energy. The following
approach is used to determine this length:

(1) Let nw and nj denote the number of warp threads and the
number of fill threads per unit width, respectively. For
the balanced woven cloth of these Ballutes, nw - nf - n.
The corresponding thread spacing is shown in Figure 26.

(2) For a load applied normal to a side of the unit area in
Figure 26, the number of threads that are loaded is,

N - 2 (n n n q_2 threads per inch. (7)

(3) The length of each loaded thread, such as the length abc, def
or gh of Figure 26, is always constant and equal to,

It - 4 inches per inch. (8)

(4) Therefore, the total thread length within the unit area
of Figure 26 is simply,

N I = 2n threads per inch. (9)
t

The significance of Equation 9 is that the bias construction absorbs
twice as much strain energy than a construction having the warp and fill
threads oriented parallel and normal to the circumferential direction. There-
foie, since the stress-strain curve of Figure 22 applies to each of the warp
and to the fill thread sets, the unit strain energies to be absorbed in each
are simply the preceding values of u divided by the unit length N ft/n
from Equation(9h i.e.

.t - 41.5 20.75 inch-pounds per square inchNJ t t 2 for the 29-inch diameter Ballute
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Figure 26. Unit Area of An Equatorial, Fabric Hoop

and,

= 58, * 29,35 inch-pounds per square inch for the
2 41-inch diameter Ballute

Consider the 41-inch diameter Ballute. A straightforward nunerical
integration of the area under the stress-strain curve as shown by the shaded
ares in Figure 22 yields a fabric stress of,

a - 706 pounds per inch.

Following the preceding calculations, the corr'esponding margin of safety
is,

• M 8 " "FU'' . = ,1500 .. .
145 -t"• (~."o " - "(2)(706)' "1 * 4.06~

I~i For the 1050-pound-per-inch ultimate strength fabric of the 29-inch

C f

• t diameter Ballute, a stress-strain curve is shown in Figure 27. This was
based upon that of Figure 22. A numerical integration of the area under this

:and

curve as shown by the shaded area in Figure 27 yields a fabric stress of,

a 496 pounds per inch.

Following the prc n c t c
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Figure 27. Stress-Strain Curve for the 1050 Pounds Per Inch Fabric

(29-Inch Diameter Ballute)

The corresponding margin of safety is,

M.S. -1 - 50+.6
(F.S.) (a) (2) (496) 1

b. Symmetrical Steady-State Stresses

Subsequent to deployment and full inflation of the Ballute to an internal
pressure equal to the dynamic pressure, q, the critical pressure vessel, mem-
brane stresses occur. The governing loading condition is the maximum predicted
aerodynamic drag and pressure distribution on the 41-inch diameter Ballute as
discussed in Section IV, Subsection 3, "Ballute Pressure Distribution."

At the point in time when the pressure distribution of Figure 12 occurs,
the Ballute is analyzed as a membrane of revolution loaded symmetrically to
its axis; i.e., the longitudinal axis of the bomb. Classical membrane theory
such as presented in Chapter 14 of Refarence 15 is Applied to determine the
principal membrane stresses; i.e., No in the meridian direction and N9 in the
circumferential direction (refer to Figure 213 of Reference 15).
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As a pressure vessel, the Ballute is subjected to a variable differential
pressure with respect to the meridian location. In particular, the differ-
ential pressure is the internal pressure, q, minus the external pressure that
by definition is given by, cpq; i.e.,

differential Pressure A P = q - c q - (1 - c )q (10)

In equation 10 , positive values of c denote external local pressures
directed towards the axis of revolutign as shown in Figure 28.

The principal membrane stresses are given by Equations 255 and 256 of
Reference 13 that become, respectively,

2 n y N0 coo 0 - R (11)

and

N¢ No

-+ Ap, (12)

where:

y - radial coordinate of the point of interest as used in
Figure 28 in inches

0 - meridian slope angle of the point of interest as shown
in Figure 28

R - resultant load acting parallel to the axis of revolution
on a portion of the shell defined by a parallel circle
through the point of interest in pounds.

r and r 2 - the principal radii of curvature at the point of interest
in the meridional and in the circumferential directions,
respectively.

Therefore, for A p in units of pounds per square inch, and per the
above definitions, the units on No and No are strosses in pounds per inch.

(1) The Principal Meridian Stresses, No (Refer to Figure 28)

The critical locations are the forward boundary at Point 1 having

S- 30 inches and y w 4 inches, the Ballute's equator at Point 3 having
x - 0 and y * 20.5 inches, siid the aft boundary at Point 6 having x - 6
inches and y 4 inches.
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The meridian stresses of Table I result from the following calculations.
The margins of safety in Table I are based upon a factor of safety of F.S. -

2 and an ultimate fabric strength of Ftu - 1500 pounds per inch. The equation
for the margin of safety is,

Ft F 1u 750
M.S. (F. S.) N•0  N0

TABLE I. PRINCIPAL MERIDIAN STRESSES AND MARGINS OF SAFETY

Location Number Meridian Stress Margin of Safety
(Reference Figure 28) N M.S.

,(pound per inch)

1 395 +0.89

3 111 +5.75

6 440 +0.70

Point 6

The slope angle is measured from Figure 28 as

06 - 14' 36'.

The resultant force, R, is given by the integrated differential pressure
acting upon an annular area of outer and inner radii equal to the y values at
Point 4 and Point 6, respectively. Point 4 is used since 04 900 so that,

0N4 coo004 a 0

Per the polar equation of the aft profile in Figure 28, the value of y
at Point 4 may be calculated as

Y4  " 14.5 inches.
!!

From the pressure distribution of Figure 28, the base drag pressure
coefficient is constant at

Cp - -0.53.

Substitution of these values into Equation (10) and solving for R gives

R-lCq( 2 2 a2
p '- N Y6 - (1.53)(11.45) ( 32  42 10690 pounds.
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Substitution into Equation (11) gives

N 0,690 440 pounds per inch.
06 = 2 if (4) cos 14= 36'

Note that the external base drag force on the annular area between 4 and
6 is simply

. (10,690) 3703 pounds.D4-1 (01.53'

Point 3

Obviously 03 - 0 and the integrated differential pressure acting on the
annulararea of outer and inner radii equal to the y values at Point 3 and
Point 4, respectively,is used in determining the resultant force R. However,
the total force R must Also include the aerodynamic drag on the burble fence.
With reference to Figure 28, the total burble fence drag is considered to be
reacted at Point 3.

A variable pressure acts on the forward surface of the burble fence as
shown in Figure 28. This surface is divided into four annular rings as
indicated. An average value of Cp is applied to each ring and a summation
is made in Table 1I using C. values and radial coordinates as read from
Figure, 28.

TABLE II. SUMMATION OF DRAG ON THE FORWARD BURBLE FENCE SURFACE

Ring Width of Ring, Average Radius, rr Average Value
Number w R (inches) of Ring (inches) of C p, Cpa (w R) (r r) (C )

1 1 21 0.6 12.6

2 0.5 21.75 0.34 3.7

3 0.3 22.15 0.12 0.8

4 0.2 22.4 -0.29 - 1,3

- 15.8

Therefore,

2 nrq Z (wR)(r)) ( 2 (11.45) (15.8) - 1137 pounds.
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From Figure 28, the rear surface of the burble fence is subjected to the
constant base drag pressure coefficient of -0.53 so that the drag force on it
is simply,

- 2 .T-2(0.53)(l1.45) rr (22.5 - 20.52) 1640 pounds.

Letting Db denote the total drag force on the burble fences gives,

Db = 1137 + 1640 - 2777 pounds.

The resultant force that is reacted at Point 3 is

R - Db + (lC-) q ) y2 - - 2777 + (1.53)(11.45) (FO. 52 4. 52)

0 2777 + 11556 - 14,335 pounds.

Substitution into Equation (11) gives

N 14,335 111 pounds per inch.
03 2 p (20.5)

Note that the external base drag force on the annular area between
locations 3 and 4 is

D V-1(3) (11556) - 4004 pounds.D3-4 = 1.53

Point I

The total aerodynamic drag force applied to the Ballute and its burble
fence must be reacted at the two boundary attachments, namely locations 1 and
6 of Figure 28. The reaction at Point 6 is already known from the meridian
stress at point 6; i..e. N . This reactive force is

0 06
F 6  

2 rn Y6  N0  cos

6

* 2 n (4)(440) cos 140 36' = 10,690 pounds.

The total applied drag force may be expressed as (refer to Figure 28)

D. D 1-3 + Db + D3-4 + D4-6. (13)

. D... -.D. .. ..... ... ... ,
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In equation (13), only the term D1 . 3 is yet to be determined. This repre-
sents the external aerodynamic drag force acting upon the forward surface of
the Ballute.

In Figure 28, consider the pressure coefficient distribution between
Locations I and 3 on the Ballute. This curve may be closely approximated by
a series of eight straight lines between the points a through i as indicated.
The corresponding locations of these points on the surface of the Ballute are
indicated by the intercepts of the vertical dashed lines in Figure 28. The
radial coordinate of each of these intercepts is taken from Figure 28 and
used to define the inner and outer radii of each of the eight annular areas
upon which the average pressure coefficient is applied. This summation
technique is similar to that used for the burble fence in Table II. For
example, the drag force on the rIng between Points c and d of Figure 28 is
given by

D (C + C ) q 2 (yd2 2(14)
ci-2 2)

(0.46 + 0.38) .- 5) - 19.22 i7 q.

Calculations similar to that of equation(14)are performed for each of
the eight rings in Table III. A cumulative total is made to indicate the
increasing drag force from Point 1 towards Point 3.

Therefore, the total drag on the forward surface of the Ballute is
(uiing the last value in Table III)

D. 209.35 mq - 209.35 w (11.45) a 7530 pounds.

The total drag force on the Ballute and its burble fence is given by
substituting all of the preceding drag values into equation (13); i.e.,

D - 7530 + 2777 + 4004 + 3703 - 18,014 pounds.

Consideration of equilibrium of forces in the longitudinal direction
yields the reactive force at the forward Ballute boundary attachment as

F D-F 6  - 18,014 - 10,690 - 7324 pounds.

The slope angle at. Point 1 may efther be measured, in Figure 28 or deter-
mined by differentiation of the given equation of the forward profile as

01 = 420 23'.
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TABLE III. SUMMATION OF DRAG ON THE FORWARD BALLITE SURFACE

Lucltion Pressure Aerluge Radiuii Area of Ring (A/r ) C X (A/n ) 0
Number CoeffLcient Vrelsure y D)ivided by f. PCV pfl

eff ic et (Ineh ) A/r (,q. in. (Square Inche))

117 4
0.6. 65 44,53 A4,53

b 0.65 9

0,.5 129,25 71,09 114,62

* 0,46 14.5

0,42 45,75 19,22 134,84

d 0.38 16

0,38 68 25,84 160.68
e 0,38 18

0,405 18.25 7 39 168,07

f 0.43 18.5

0.465 7.44 3.46 171,53

0.5 18.7

0,5 50.31 25,16 196,69

h 0.5 20

0,625 20.25 12.66 20%.35
-1 0.75 20.5

The desired meridian stress is [refer to Equation(1l)]
N xl * 7324 w 395 pounds per inch.

0 1 2 " Yj coo 0 1  2 i- (4) cos 42023'

(2) The Principal Circumferential Stresses, No

Having determined the meridian stresses at Points 1, 3, and 6, the
corresponding circumferential stresses may be calculated per Equation (12.
Here, the differential pressure is given by substituting the proper values

"oi for Cp from Figure 28 into Equation(lO)along with q - 11.45 pounds per square
inch as previously used.

* , The principal radii of curvature; i.e., r and r 2 , are shown in Figure
213 of Reference 15. Figure 29 is based upon 1he shape of Figure 28 and Is
sketched to indicate these radii of curvature. r1 and r 2 are in the meridian
plane and perpendicular to the meridian plane, respectively. r2 is easily
obtained from geometry since the center lies on the axis of revolution.

In general, from Figure 29,

r (1y5oW)
2 y se(4
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BALLUTE EQUATOR.,,

2 6,--" AXIS OF

0- 2 REVOLUTION

Figure 29. Ballute Profile Showing Principal Radii of Curvature

In calculus, it is shown that the expression for the meridian radius of

curvature is
3/2

[1 + (dy/dx)21
1 d 2 yidx 2

Of course, dy/dx - tan 0 so that

sec
d 2Y 2

The second derivative of the equation that describes the forward surface
of the Ballute (see Figure 28) is

d 2 Y/dx2  2 (0.024583) - 6 (0.00020833) xF, (17)

The second derivative of the parametric equations that describe the aft
surface of the Ballute is derived as follows:
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dy/dO = -60.12 sin a cos$ - 16.06 sin13 (18)

dx/d3 m 30.06 (sin2p - cos 1 ) + 16.06 cos 1 (19)

d d2 y/df . 60.12 (sin 2 -cos ) - 16.06 coo 1 (20)

d 2 x/d 2 . 120.24 sin p cos 3 - 16.06 sin p (21)

Front any advanced calculus text, it may be shown that

d2 y/dx 2  (dx/dp) (d 2y/dp2) - (dy/d )(d 2x/d• 2)
d .. . .. .. . . . (22)

(dx/d 
3

Point 6

From Figure 28, 06 140 361, Y6 -4 inches, and p-tan' ( -6.5
tan"I 2.4 -67* 23'.

sin P - -0.9231, cos P - 0.38456.

Substituting these values into Equations C16) through (22) and simplifying
yields

d 2 Y/dx2  . 0.097638 (inches) 1

sec 3 14.60 .
o 1 0.097638 11.3 inches.

Per Equation (15),

r sec 0 - -4 sec 14.6* - -4.134 inches.

From Table I, N " 440 pounds per inch
06
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From Figure 28, -pW 0.53 so that in Equation (10)

AP - (1.53) (11.45) -17,519 pounds per square inch.

Substituting the above values into Equation(12.), and solving for Ngives

N r .... No

440
= -.13 (1.51.3 88.5 pounds per inch.

The margin of safety at Point 6 Ior FS. -2 and for Ftu - 1500 pounds
per inch is

1500
M.S. - (2) (88.75)3 - 1 a 7.7

Point 3

The following values are taken from Figure 28:

C 0.76 at point i of the pressure curve
p

0 m0 degrees

x F3 -0 inches YF3 ' 20.5 inches.

Substituti.ng into Equations (10), (17~), (16), and (15) gives

ap - (1 - 0.76) (11.45) -2.75 pounds per square inch,

2 2 *x 2 (0.024583) - 0.049166 (inches)'

r096 20.34 inches,

r 1  20.5 inches.

From Table 1, N 03 111 pounds per inch.
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Substituting these values into Equation (12) and solving for N0 gives

111.

N * 20.5 (2.75 - 20.34 ) - -55.4 pounds per inch.

Note that this negative sign indicates a compressive stress which tends
to wrinkle the fabric since it has no compressive resistance. In order to

. prevent this situation, the forward 1 rofile is revised with a fourth order
curve in replacement of the third order curve of Figure 28. The equation of
this revised. forward profile was determined by trial and error to be

YF 2 = 10 + 7.639 x 10' xF - 1.62044 x 10 2 (23)

The meridian radius of curvature at Point 3 is next determined for this
revised shape and the corresponding circumferential stress is calculated
using the preceding methods:

tan 0 dyF/dxF = (2 x 10-2 + 3 x 7.639 x 10 4x 4 x 1.62044 x 10-5 XF2) F

. (2 + 0.22917 x - 0.00648176 x 2 F
F F 100(24)

d 2yF/dxF2  = (2 + 0.45834 xF - 0.0194453 xF 2) x 10i2 (25)

At Point 3, x. a 0 so that by Equation C61

_ _ _ _ _1.

. " 50 inches.
d d 2yF/dx

2 F 0

Substituting the proper values into Equation (12) and solving for N0 gives

N 20.5 (2.75 0.9 pounds per inch.
93 5

Point 1

Here, xF - 30 inches (refer to Figure 28). Substituting this value into
Equation 24 and solving for the slope angle gives

- tan- 0.91245 " 42 23'.
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This agrees with the angle of Figure 28. , the meridian stress at
Point 1 remains unchanged from that previous',. .-* u.,ined for the third degreecurtve. "

From Equations (1$, (25) and (161

i 4 sec 420 23' - 5.45 inches,
r2 2

d yF/dx - -0.0175057,

rI U -144.5 inches.

At Point a on the pressure plot of Figure 28, Cp 0.7 so that from
Equation 10),

Ap 0 (1 - 0.7)(11.45) a 3.435 pounds per square inch.

From Page 43,

N 0 = 395 pounds per inch

Substituting the above values into Equation (12)and solving for N. gives

395

N = 5.45 (3.435 + 144.5 . ) 33.6 pounds per inch.

The positive values of No1 and N3 show that the forward Ballute profile

is stable, i.e., unwrinkled.

3. METAL ANALYSIS

a. General

Five principal metal components, as denoted in Figure 2, are structurally
analyzed herein. The resulting calculated margins of safety are presented in
Table IV. These margins are based upon yield and ultimate factors of safety
of 1.15 and 1.5, respectively.

b. Loads

* The three design loading conditions are discussed in Section IV. Cases
1 and 2 occur at a 20-degree angle of attack and therefore yield the critical
side loading conditions. Since the Ballute is never deployed under the

48

I [ ., .. ..I I I I I I I | i.



TABLE IV. SUMMARY OF THE CALCULATED MARGINS OF SAFETY FOR THE
METAL COMPONENTS

l:Colponeilt Refer to Critical Loading Governing Calculated Reference
(He ferens Figure 2) Figure Co.ndition Streas Margin of 1. .

Number. (Reference Pages Condition Safety Numbe.
13, 17, nd i8,
Sention IV)

3. Forward Ballute "alamp Rinl
MS 3519-320 Screw@ 2 Coos 3 Single Shear 0,119 so

9, Tail Panel (Fin)
356-T6 Alumitnum 2, 8, ii Case I Bending 46,82 51

6, Seor '.ate I o t'1. 2, 6 Cae 3 Balnding +0,30 52
Slegnle +eH,,|ani an

A181 1020 steel

2, Cno:m ter Assembly
SIIll 2,5,30.31 Came 2 lending +0.98 56"156-T6 Alumintum
Aft Ring 5,31,32,33 Cane 2 Bending +0,29 61
356-Tb Aluminum
Forward Joint 2,5,31,34 Coam 2 Combined +0,06 64
356-T6 Aluminum Tenslin aend

Bending

*, Clamp land Assiembly 2.4,34,35 Case 2 Lombined
Clamp Ring Tension and +2,29 66

C,4142.;1 Ste@l Bending
Clamp Band 2,4,35,36 Cue 2 Tenalon -0.02 68

4130 9teel
Guseetad Clamp Hond
Area 4,38,39 Cast 2 Combirnid +0,08 73

Tensian and
Ilndins

HS24b78-47 S|rrws 4,38 Cooe 2 Tension +0.30 73

conditions of Case 1, the largest side loads that are applied to the Ballute
and that are transmitted to the canister will occur under Case 2 only. Case 1
is used only for analysis of the tail panels (fins) where the maximum panel
force is 475 pounds for the 1-1/2 caliber tail panel (refer to Page 15).

The maximum drag force of 18,014 pounds (refer to Page 42) occurs under
Case 3 at a zero angle of attack as given in Section IV, Page 17. This has
been used in the fabric analysis section and applies herein to the analysis
of the forward Ballute clamp ring and the rear plate (refer to Figures 2 and
6). This axial load is not critical to the canister and its components since
the bending load due to the case 2 side loading was found to govern.

C. Analysil

(1) Forward Ballute Clamp Ring. The location of this ring is sketched
in Figure 2. The ring is split in two halves and is located internal to the
canister. The cylindrical fabric sleeve of the Ballute is clamped between
this ring and the canister to provide the reaction to the entire Ballute drag 4'
force of D - 16,014 pounds. The critical components are the screws that connect 4
the clamp ring halves to the canister. There are a total of ten screws used; i.e.,
N " 10. Each of these are loaded in single shear to a limit load level of i

SDV D . 18014-- 1 1801.4 pounds per screw.N 10
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Standard, MS 35191-320 screws are used that have an ultimate single shear
strength of

V = 3240 pounds per screw.u

For an ultimate factor of safety of F.S. - 1.5, the margin of safety is

M.S. V u 1 3240 - 1 - +0.19.
(F.S.)(V') (1.5)(1801.4)"

(2) Tail Panel (Fin). This component is sketched in Figure 2. It is an
integral part of the canister. This is a casting of 356-T6 aluminum alloy for
which the tensile yield and ultimate strengths are given on Page 3-275 of
Reference 16 as, respectively

Fty = 20,000 pounds per square inch

F - 30,000 pounds per square inch.
tu

As previously noted, the maximum force that is applied normal to the
surface of the fin is, P - 475 pounds for the 1-1/2 caliber tail, Case 1,
Page 15 of Section IV.

The fin is analyzed as a uniformly loaded, cantilevered beam with maximum
bending stresses occurring at the root chord cross section. The length of
this beam is calculated from Figure 11 as

2 (span - 8.75) 1 (16 - 8.75) A 3.63 inches.

Also per Figure 11, the root chord of the 1-1/2 caliber tail is

CR w (1.5) (10.75) - 16.12 inches.

The thickness of the fin at its root is given in Figure 8 as
t " 0.38 inches. a

Therefore, from any standard structural technology handbook, the bending
stress is simply

3 P - 37(,6 - 2,222 pounds per square inch.O'b 2 t2 .-
C t (16.12) (0.38)
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The corresponding margins of safety for yield and ultimate conditions

using factors of safety of 1.15 and 1.5, respectively, are calculated below:

For yield,

Fy 20,000

M.S. - - 1 20000 - 1 - +6.82.S(F.S.)( b7 (1.15)(2,222)

For ultimate,

Ftu 30.000M.S. b) - 1- (.5(2,222) " 1 * +8.00.

(3) Rear Plate. This plate is part of the release mechanisn of Figures 2
and 6. Its radius and thickness are, respectively,

aa -L (8.32) - 4.16 inches

t - 0.125 inches

The plate serves as a closure for the rear surface of the Ballute. As
such, it is subjected to the maximum differential pressure that occurs for
the aerodynamic Came 3. This pressure is given by substituting the base drag
pressure coefficient from Figure 28 into Equation (LO i.e.,

A pN (I - Cp) q - (1.53)(11.45) - 17.52 pounds per square inch.

The plate is clamped around its outer edge to the cylindrical fabric
sleeve of the Ballute, This provides a simply supported edge reaction to
the uniformly applied pressure force so that Case 1, Page 194 of Reference 17
may be directly applied to determine the maximum bending stress; i.e.,

3- - Pa (3 + ) 3 ,(1752)(4"16)2 (3 + 0.3)
b 8t 2  8 (0.125)

"24,000 pounds per square inch.

In the above equation, 14 - 0.3 is a good, average value of Poisson's
ratio for steel.

The material is low carbon AISI 1020 steel for which the yield and
ultimate tensile strengths are taken from Page 2-5 of Reference 16 as

Fy 36,000 pounds per square inch,

F * 55,000 pounds per square inch.
51
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The corresponding margins of safety are, respectively,

36,000

M.S. " 3 4,000 - - I a + 0.30 on yield,

(115 55.0070

M.S. ( 55,000 - 1 w + 0.52 on ultimate.(1, 5) (24,0007

(4) Canistei- Assembly (Reference Figures 2 and 5)

(a) Canister Shell. First consider the maximum drag load of 18,014
pounds of Case t that subjects the minimum cross sectional area of the canister
to pure tensile stresses. This cross section is located at the two access
holes and is sketched in Figure 30 using the dimensions of Figure 5.

Inner diameter, Di - 8 inches

Outer diameter, D - 8.75ýinches

DCentral, cut-out angles are,
3 INCHES...±3_' 4 INCHES

XAXIS sin- 1 2 30 degrees

9 02 sin 1 1.5 22 degrees

"y AXIS

Figure 30. Cross Section of Canister Shell at Access Holes

Let At denote the tensile area of Figure 30.

This is easily calculated as,

S01 ~+ 02

At " ( 1- 0 - 4 (D 2 0 2D

I( - 52 '7) (76.563- 64) 7 square inches.

-.-- **-*4*'T
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The tensile stress is then

S 18-1014 2,573 pounds per square inch. 4ot A - 7
At

This stress is less than the bending stress due to the side loading of

Case 2 that is calculated as follows:

From Section IV, Subsection 5, the normuil or side load is FN - 3,420

pounds and acts at the center of pressure that is located 5.4 inches aft of

the Ballute base. This is shown in Figure 31.

AFT CANISTER RING FN

, 'E 
, ICEACCESS HOLEI

VEE GROOVE OF FORWARD JOINT

5.4 INCHES

2. 5 INCHES ----- S

24 INCHESr 35 INCHES

Figure 31. Location of the Normal Force, FN

The critical bending section is also that of Figure 30. The maximum

bending moment on this section occurs at the forward end of the largest

access hole located 24 inches from the aft ring of the canister shell as

shown in Figure 31. The maximum bending moment for a 3420-pound side force

located per Figure 31 is then

M x - (24 + 35 + 5.4)(3,420) - 220,248 inch-potunds.

This bending moment far exceeds that which can be transmitted by the

inflated Ballute. The design bending moment will be reduced to agree with

the maximum estimated value of FN for which the Ballute will remain

essentially undeformed from its symmetrically inflated shape.

Under side loadinS, the Ballute is critical, at its minimum cross section

located at the aft ring of the canister in Figure 31. The bending moment at

thts section is given by
53
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MB - (35 + 5.4) F N 4 0 . 4 FN. (26)

The maximum value of MB is taken as that which will completely collapse
this cylindrical cross section. The contractor has theoretically derived and
experimentally verified that a pressurized fabric cylinder subjected to pure
bending will collapse at somewhat less than twice the bending moment required
for incipient wrinkling at the extreme fiber on the compression side of the
circular cross section. Let Mw denote this first wrinkling moment, then
the above statement is expressed as

MB a 2 Mw (27)

The membrane bending load is given by the classical flexural equation as

NB M I in pounds per inch (28)

where, for a circular cross section,

c M Di/2 in inches and

I N /8 Di3 ir. cubic inches.

Therefore,
4 Mw

NB N D2 (29)

A conservatively high value of Mw results by setting NR of Equation
(29) equal to the maximum longitudinal tensile membrane force due to the
10,250-pound drag load of Case 2 (refer to Subsection 5 of Section IV).
Such an equation means that the bending stress on the compression side will
exactly overcome the tensile stress due to aerodynamic drag thus causing
incipient wrinkling. Therefore,

4Mw D

7D D

or,

iMw 4 D - (10,250) 20,500 inch-pounds.
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Substituting into Equation(27) gives

MB = 41,000 inch-pounds.

Substituting into Equation(26)gives a maximum possible side force of

F 41,000 - 1015 pounds.N 40.4

The corresponding bending moment on the critical canister shell cross
sectipn of Figures 30 and 31 is then

MMAX 0 (24 + 35 + 5.4) (1015) w 65,366 inch-pounds.

A conservatively small value of the classically defined section modulus
(I/c) is given by assuming a 4-inch access hole on each aide of the cross
section in Figure 30. The moments of inertia about the x and about the y
axes of Figure 30 are, respectively,

ix M 81.68 inches to the fourth power,

I M 33.89 inches to the fourth power.y

These were calculated by the formulas on Page 4.1.8 of Reference 18 as
fol lows :

Ix 32 (.-2 1 )(Do 4 2 D 4 )I r+ s

2 1

y.( -134 _ -4- 30w + in cors

- (55.182) (-i- + 0.433) * 81.68 inches to the fourth power
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I *-~(-i -~1)(D
4 
-D

4) 1l sin (- 9- 1) cO_ -2

y 32 2-1r 1
2 1

o (55.182) (-f - 0.433) - 33.89 inches to the fourth power.3

The minimum section modulus obviously corresponds to the ly and is given
as (refer to Figure 30)

1 • _ o1 2 (g.73.89) 8.945 cubic inches.
c D 0cosO (8.75)T07,866)

Substituting this value of the section modulus along with the preceding
value of the maximum bending moment into the classical flexural equation
yields the desired bending stress

or C 65,366 , 7,308 pounds per square inch.•b = MMAX 1 8.945

This bending stress must be combined with the longitudinal tensile stress
due to the 10,250-pound drag load of Case 2. The net tensile area was pre-
viously calculated as At - 7 square inches. Hence, the longitudinal tensile
stress is

S10,250 1,464 pounds per square inch
t ' 7

The combined stress is

a ab + at a 7,308 + 1,464 a 8,772 pounds per square inch.

The material is the 356-T6 aluminum alloy casting so that the margins of
safety on yield and ultimate conditions are, respectively (refer to the tail
panel analysis of Paragraph 3-c-(2) of this se'ntion).

20,000MS. • (1.15)(8,772) - I + 0.98 on yield,

.S. W 30O0 -0 +1.27 on ultimate.
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(b) Aft Canister Ring. The aft ring is an integral part of the canister

casting. It is located as sketched in Figure 31. A cross section of this
ring region of the canister is shown in Figure 32 along with an end view of
the plane of the ring that indicates the distribution of the applied load.

The total load is applied in the plane of the ring and is equal to the

maximum possible side force of FN - 1015 pounus as previously calculated.
Since the cylindrical fabric sleeve of the Ballute is not attached to the

aft ring, it can only transfer the side load to the ring by bearing agaivst
the inner surface. This bearing load is considered to be distributed as a

cosine function over half of the ring's mean circumference as shown in
Figure 32.

5 • y DIRECTION
FN=1015 POUNDS

Di-8. 3 7 5 INCHES
DOW9,25 INHE

TANGENTIAL
D SHEAR REACTION 

.

.. _ _ (PMAX) COs

L
PM -" •APPLIED

FN FN FN LOAD

Figure 32, Section of Aft Canister Ring and Applied Shear Load

Let pMAX denote the maximum distribution load at 0 - 0 degrees in
Figure 32. Its relationship to FN is determined by integrating the forces in

the y direction of Figure 32 and equating to FN; i.e,

2 Rp 2 coo2 0 d 0 FN.
of

* 0

Integrating this equation gives
2 FN

P • pounds per inch. (30)
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In Equation(30), R is the mean radius of the ring that from Figure 32
is equal to

1 (O+1 1

R ( Di) +-- (9.25 + 8.375) - 4.406 inches.

Subst4tuting this value along with the value of F N into Equation(30)gives

2 1015
PAX 10 146.7 pounds per inch.

The internal in-the-plane of the ring forces and bending moments caused
by a cosine loading and tangential shear reaction are given in Case 18 of
Reference 19. This is directly applicable to the case of Figure 32. From
this reierence, two locations on the ring must be checked for critical
stresses; t.e.,

At 0 - 0 degrees

The bending moment is

R2
Mo° 0.06832 P MAXR2

W (0.06832)(146.7)(4.406)2 . 194.6 inch pounds.

The circumferential force is compressive and equal to

No -- 0.75 PMAX R - (-0.75)(146.7)(4.'06) - -484.8 pounds.

At 0- -,90 desrees

The bending moment is

M9 0  U 0.07438 (146.7)(4.406)2 . 211.8 inch polinds.

The circumfcrential force is tensile and equal to

N9 0  - 0.3927 (146.7)(4.406) 253.8 pounds.
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(A) RADIALLY LOADED CYLINDER (B) RADIALLY LOADED RING

Figure 33. Equivalence Between Radially Loaded Cylinder and Ring

In order to evaluate the section modulus (I/c) and the cross sectional
area (Ac) of this aft ring, an effective vidth denoted by the symbol b
in Figure 32 must be estimated. This is done by equating the circumferential
stress in a radially loaded ring of width b and thickness t to the maximum
circumferential stress in a cylinder subjected to a radial load of equal
magnitude as applied at the end of the cylinder. This approach is considered
representative of the case of Figure 32. These two cases are sketched in
Figure 33.

The symbols of Figure 33 are:

R - mean radius of the ring and cylinder in inches

P 0 radial load applied to ring and cylinder in pounds per inch

t - wall thickness of ring and cylinder in inches

b - width of the ring in inches

The maximum circumferential stress for the cylinder of Figure 33 is
given in Case 10, Page 271 of Reference 17 as

"-2 R ' 1" '2 pounds per square inch. (31)
I •' °MX " t .... R2 ýt2

The circumferential stress in the ring of Figure 33 is given by Case 1,
Page 268 of Reference 17, as

So- -p R
pounds per square inch. (32)

bt
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Setting a MAX per Equations(3t andS3), substituting P - 0.3 as

a representative value of Poisson's ratio for aluminum, and solving for the
effective width yields

b - 0.389 Rti inches. (33)

From Figure 32,

1

R( -(D 0  D) + D (9.25 + 8.375) - 4.406 inches,

t * - (D- Di) -.D (9.25 - 8.375) - 0.437 inches.

Therefore, from Equation(33),

b - 0.389 (4.406)(0.437) - 0.540 inches.

The desired cross-sectional area and section modulus of the ring may
now be calculated; i.e.,

A = b t % (0.54)(0.437) a 0.236 square inches,c

I bt2
I bt (0.236)( 0.4 37 ) * 0.01719 cubic inches.
C 6 6

For the preceding calculated forces and moments, the combined stresses

at 00 and at 0 - 90 degrees become

At 0 0 degrees

N M co o 484.8 194.6

0 A I 0.236 0.01719

-2,054 - 11,320 -13,374 pounds per square inch (compression)

At 0 90 degreess

N9 0  M90 c 253.8 + 211.8

"90 A 1 0.236 0.01719
c

= 1075 + 12,321 = 13,396 pounds per square inch (tension).
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The latter case governs for which the margins of safety are again calcu-
lated as for the fin and canister shell; .

M20,000
""S. (1.15)(13,396) Y 1 +0.29 on yield,

M.S. 530,0 - 1 +0.49 on ultimate.* (1.5)(13,3965

(c) Forward Joint, The clamp band assembly of Figure 2 connects the aft
end of the bomb or mine to the forward end of the canister assembly. The
external, annual vee groove that is an integral part of the canister forms
the forward joint that accepts the clamp band assembly. This joint is located
on the canister as shown in Figure 5. The critically stressed area is the
cross section A-A of Figure 34 taken through the bottom of the vee groove
that is located as shown in Figure 31.

/ AXIS OF ROTATIONAL SYMMETRY

T V
RM-3.125 INCHES CRi -2.75 INCHES

IRmb=4.19 INCHES

, a-0.6INHE
i o.40 INCHES

S* , .
A

, • k----- 66.9 INCHES -
•} ~(REFER TO FIGURE 31) F

FN

Figure 34, Critical Stressed Area of the Forward Joint
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Loading Case 2 governs for which the longitudinal drag and side forces
are given on pages 54 and 55, respectively,as D1 10,250 pounds and
FN - 1015 pounds.

The cross sectional area of the A-A annulus of Figure 34 is

At = (R 0.4)20 -R, 1(3.9- 0.40)2 -52

M 14.73 square inches.

The section modulus at the mean radius of this annulus may be determined
from the formulas on page 4.1.5 of Reference 18 as follows:

__ 0 -R( 1 .252 7.52

c 2" -' 0.40 + R / -2 6.25

= 23.34 cubic inches.

The applied bending moment per Figure 34 is

M - 66.9 F N = (66.9)(1015) = 67,904 inch pounds.

Hence, the maximum combined average stress on the Section A-A annulus is

+ MC . 10,250 67,904 (34)
°a A- 114.73 23.34

* 696 + 2,909 a 3,605 pounds per square inch.

A local bending stress must yet be combined with this average stress due
to the moment arm., a, indicated in Figure 34. This moment arm is the distance
from the neutral axis of Section A-A to the line of action of the resultant
bearing force between this forward joint and the mating clamp ring. The
neutral axis of a unit width of Section A-A is essentially coincident with the
mean radius that, from Figure 34 is

" .__ (R° 0.4 + ) - 3.125 inches.

62

.1..T

.. -



Consideration of the compatibility of dimensions between Figures 34 and
35 indicates that the resultant bearing force, Na, should be placed at half
the depth of the vee groove. Therefore, the moment arm is calculated per
Figure 34 as

a R 2 RM - 3.9 - 0.2 - 3.1 0.6 inches

The distributed force on Section A-A is simply

NAA - t aa C (R0 - 0.40 - Ri) d a (3.9 - 0.40 - 2.75)(3,605)

- (0.75)(3,605) - 2704 pounds per inch.

The distributed bearing force, Na, is given by equilibrium of longitudinal
forces as

Na NR a AA ( 2 ) (2704) - 2269 pounds perinch.

The local bending moment applied to a unit circumferential length of the
Section A-A annulus is then given with reference to Figure 34 as

Ma - a RM Na a a NA.A = (0.6)(2740)

a 1622 inch-pounds per inch.

The corresponding local bending stress is given by the classical flexural
formula as

6M

aa 6 (-622> - (10.667) (1622)
b t 2 (0.75)2

N 17,300 pounds per square inch.
gI

The combined stress is

aa +ab 3,605 + 17,300 20,905 pounds per square inch.
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Since this stress is slightly greater than the casting's yield strength
(Ft - 20,000 pounds per square inch), the extreme outer fibers of Section A-A
wily yield into the plastic range of the material. However, the entire section
will not yield, and a margin of safety on yield may be calculated using theory
of plasticity such as presented in Reference 20.

For the rectangular Section A-A, the shape factor per Figure Ia, Page

5.5013 of Reference 20 is,

k u 1.5

Using this shape factor, the yield and ultimate plastic strength allowables
for the 356-T6 aluminum casting are given in Figure le, Page 5.5029 of Refer-
ence 20, respectively; i.e.,

F = 25,500 pounds per square inch,py

F W 40,100 pounds per square inch.pu

The corresponding margins of safety are:

M.S. W 25,500
(1.15)(20,905) - I * +0.06 on plastic yield,

.S. a 40,1 - 1 +0.27 on plastic ultimate.

(5) Clamp Band Assembly

The clamp band assembly is shown in Figure 4. Its load-carrying
components are analyzed herein.

(a) Clamp Rin . The clamp ring is a split ring that mates to the
vee grooves of the bomb or mine and the forward joint of the Ballute canister.
The maximum applied load corresponds to Na of Figure 34. The component Na is
the longitudinal component of the bearing load between the clamp ring andijoint
surfaces, and is the only source of combined tensile and bending stresses to
be considered. The radial component, Nr, of Figure 35 passes directly through
this clamp ring to subject the clamp band to circumferential tension.

In Figure 35, the resultant distributed bearing forces are considered to
act at the mean radius of the bearing surfaces, Since these surfaces are
machined at 45-degree slope angles with respect to the axis of rotational
symmetry, it is obvious that Nr - Na.

From the forward joint analysis,

Na - 2269 pounds per inch.
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Id
AXIS OF ROTATIONAL SYMMETRY

RII3.615DIN. f
F 'n 3.906 IN.*

Nr N

r r
R0.4.375 IN.

45 DEG.

./ A

N A N aa. a

a.O~~~~~~3846 INN,______ ___

A

Figure 35. Critical. Stressed Area of the Clamp Ring

The tensile and bending stresses on Section A-A of Figure 35 are e•i1cu-
lated as follows-

a 1 R R 1 -

a (R +R (R+ ) +- (R Ri)

(4.375 - 3.615) - 0.38 inches
2

t Ro - Rn 4.375 - 3.906 = 0.469 inches.

I | The tensile stress is

*a N a 2269 - 4,838 pounds per square inch,.
a: t 0.469
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The bending stress is

6a N

a 6 a Na 6 (0.38)(2269)
b t (0.469)2

- 23,515 pounds per square inch.

The combined stress is

0 a a + ab = 4,838 + 23,515

" 28,353 pounds per square inch.

The ring is machined from 4142-H alloy steel tubing that is heat treated
to an ultimate tensile strength of FPu = 140,000 pounds per square incb. The
margin of safety is then

M.S. * 140,000
(1.5)(28,353) - 1 = +2.29.

(b) Clamp Band. The basic circumferential tension in the clamp band
is due to two of the distributed radial loads denoted by Nr in Figure 35.
2 Nr is the maximum radial toad due to the combined drag plus side loadings of
Case 2. Therefore, this load is not distributed uniformly around the circum-
ference of the band but is primarily distributed as a cosine function to be
compatible with the Mc/I stress term of Equation 34. In fact, tracing back
the calculations that lead to Nr - Na m 2269 pounds per inch show that 2 Nr
may be divided into a uniform distribution and into a cosine distribution
that are in direct proportion to the two right-hand terms of Equation 34,
respectively. These are calculated below and are shown in t?'e two free-body
diagrams in the plane of the clamp band of Figure 36.

N ru the uniformly distributed component of 2 Nrr 616

23_"- ) (2269) - 876 poinds per inch.

Nrc - the maximum value of the cosine distribution of 2 N

r

- 2 ( 2 119 ) (2269) - 3662 pounds per inch.

From Figure 35, these loads act on the radius

(Rn + R,) (3.906 + 3.615) - 3.761 Inches.
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Figure 36. Free Body Diagrams in the Plane of the Clamp Band

The thickness of the clamp band isa 0.08 inch. It is located around the
clamp ring per Figures 4 and 35 so that its mean radium is

R- (Re + 0.08) 4.375 + 0.04 = 4.415 inches2

Transfer of the above distributed forces to the mean circumference of
the band yields the reduced values of

N1) (876) -746 pounds per inch,

3.761

N c (3662) *3120 pounds per inch.
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Equilibrium of forces in Figure 36 yields the maximum circumferential
tension in the clamp band as follows:

T = R N " (4.415)(746) 3,294 pounds.

7/ 2T R N o o 2 d rr n
c rc f R N -rc 4 (4.415)(3120)

a 10,819 pounds.

The total maximum tension is therefore

T a Tu + T W 3,294 + 10,819 a 14,113 pounds (35)

The critical section of the clamp band is located at the attachment to
the index block of Figure 4. At this location, there are two 0.375-inch
diameter holes through the 2.66-inch wide band. The minimum net tensile area
of the 0.08-inch thick band is

At [2.66 - (2)(0.375)] (0.08) - 0.1528 square inches.

The applied tensile stress and the ultimate margin of safety for the
4130 steel band as heat treated to an ultimate tensile strength of Ftu
136,000 pounds per square inch are, respectively,

AT 14 12 92,363 pounds per square inch,A t 0.!M2

M..... 136 ,000

(1.5)(92,363) - 1 - -0.02.

This slightly negative margin shows that the index block attachment area
of the clamp band is the most critical area of the entire Ballute canister
assembly.

A stress check of the bend in the clamp band, where the two MS 24678-47
connecting screws of Figure 4 are located, is presented below. The first cal-
culation shows the excessive stresses that would result if the three gusset
plates were to be omitted. The second calculation considers the area to be
reinforced with the gussets of the present design. This area is detailed in
the free bodies of Figures 37 and 38. The applied load in both cases is given
by Equation(3I% i.,

T * 14,113 pounds.
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.25 R(TYP)

"* *1 1.25± .02 (TYP)

I', •_.66

TI7 LINE DRILL THRU 2 2PLACES L3751:8 006

.38t.02 .9:8'DIA 0DI

".340

.75.750

.16 R /
TYP T .1

252J
+.02

ALL DIMENSIONS ARE IN INCHES

Figure 37. Free Body of Bend in the Clamp Band, Gussets Omitted

The combined tensile and bending stress on Section A-A of Figure 37 is

T 6M
At bt2

where,

T - 14,113 pounds

t - thickness of the band - 0.08 inch

b - width of the band m 2.66 inches
At * tensil, area - bt (0.08)(2.66) 0.2128 square inches
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Figuref37ei

, (0.39)413 1 50 i

a * 04.212 6 (55- ' 66,320 + 1,938,680
2.66 (0,08) 2

|.2

Figure.3' where•the.area, 37 Ae

M ,0- (0. + •. -. 340-- 0 ) T (36)
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SECTION A-A of Fiqure 38

-- --- 2...2.66 TM .- ......... - 0.080 IN.

S-- .60 IN.

ý-...tu0o0 IN.

ITEM A X At9 AtX 2 10

(3) 0.080 x 0,60" 1 0,144 0.040 0.00576' 0,00023 0,00432

(1) 2.66 x 0.080' 2 0.213 0.380 0.08094 0,03076 010001L
X 0.357 0,08670 0.03099 0.00443

2 At x 0.08670 0.243 inches

E At 0."-575T- "023I~•

I A ZLAx 2  + Z To A tx

* 0.03099 + 0.00443 - (0.0867) (0.245)

" 0.01435 inch to the fourth power

Figure 39. Section Properties of the Gusseted Band Area

inertia, I, are calculated. The distance from the centroidal axis to the
extreme fiber on the tension side of the section is taken from Figure 39 as

c - * 0.60 + 0.08 - x - 0.68 - 0.243 - 0,437 inches.

The applied tension is given by EqtiaLion(351 This acts at the centroidal
distance of the cross section and is reacted at the screw centerlines. Hencu,
per the dimensions of Figures 38 and 39, the applied bonding moment is

M - (0.76 + 0.02 - 0.340 - ) T

a (0.44 - 0.243) (14,113) m 2,780 inch-pounds.
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The desired combined tensile and bending stress on Section A-A of Figure
38 is, therefore,

S T + c 14,113 + (2,780)(0.437)
Y At 1 0.357 0.01435

- 39,532 4 84,659 124,191 pounds per square inch. (37)

This stress level requires that the plastic range of the material's load-
elongation properties be considered in order to calculate an ultimate positive
margin of safety, As was previously used in the analysis of the forward joint,
the method of Reference 20 is applied.

The shape factor foz the section of Figure 39 is given by the equation on
Page 5.5013 of the reference as

k 2 c Q. 3t 3 -
3 J0.08) (0437)3 1.40

T 1 •0.01435 '' -

The 4130 steel alloy is heat treated to an ultimate tensile strength of
F u 0 136,000 pounds per square inch. The corresponding ultimate value of the
plastic bending stress, i.e. Fbu is taken from Figure if, Page 5,5030 of
Reference 20 as

Fbu a 186,000 pounds per square inch.

For the combined stress condition, the interaction method on Page 5.5023
of the reference is applied to give the margin of safety,

F.S.Gb - F.S. a n

FFbu Ftu

(Refer to Figure ld, Page 5.5028 of Reference 20 )

who re:

F.S. - the ultimate factor of safety - 1.5

O
Ga = 39,532 pounds per square inch (Equation 37)

Gb - 84,659 pounds per square inch (Equation 37)

n = an exponent given i.n Figure Ic, Page 5.5027 of Reference 20
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In order to obtain the above value for n in the referenced figure,
the following two parameters must be determined:

Y - 0.93 for the steel with F u 0 136,000 pounds per square inch
as interpolated in t~e table on Page 5.5023 of Reference 20.

Z At _ At x (0.357)(0.243) 1.89.
2Q 3 t c 2  3 (0.08)(0.437)2

(Refer to Figure 39)

Entering these two values in the referenced figure gives

n 1.74.

Therefore,

1.74

M.S. (l.5)(84,6592 ! (1.5) (39,532)
'186,000 136,000 1

1 1 - 0.683 - (0.436)1.74 +0.08.

(C) MS 24678-47 Screws. These two screws connect the terminal ends
of the clamp band and are located between the three gussets of Figure 38. The
screws are shown on the clamp band assembly of Figure 4.

The ultimate tensile strength per each of the two screws is given in
the MS Standard as

Pu = 13,800 pounds per screw.

The applied load per screw is one-half of the circumferential tension
of Equation(35); i.e.,

P (14,113) - 7,057 pounds per screw.

Therefore, the ultimate margin of safety is

P

M.S. P u 13,800M.S.= u I -(l.5)(7,057)" -1 +0.30.
S(F.S.) P -
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SECTION VI

VIBRATION TESTS

i. GENERAL

Sinusoidal vibration tests were conducted to determine whether the MK82
Ballute retarder system could withstand the vibrational environment in sub-
sequent flight tests. The retarder system tested met the requirements, and
no damage or deterioration of the retarder system occurred as a result of
these tests.

2. TEST PROCEDURE

a. Introduction

Vibration tests were conducted in accordance with MIL-STD-810B, MeLhod
514.1, Procedure 1, Part I, Curve G. These tests consisted of a vibration
survey at reduced input levels, resonant dwells, and cycling tests. These
tests were conducted in each of the three mutually perpendicular axes. A
maximum acceleration level of 14-g was used for tests in lieu of 15-g. This
reduction of test level is permitted by MIL-STD-810B as a result of the
62-pound weight of the retarder system. A total test time of 3 hours per axis
of test was performed.

Instrumentation in the form of a triaxial accelerometer was placed at the
aft end of the retarder system near the root of a fin. One accelerometer was
placed on each of two transverse fins. Figure 40 illustrates the instrumenta-
tion.

The vibration input control was at the forward end of retarder system
adjacent to the interface of the vibration adapter plate. Oscillographic
recordings were made of input control and accelerometer outputs.

b. Transverse Axis Number 1 Tests

A vibration adapter plate was attached to an auxiliary hydrostatic bearing
vibration table, The MK82 Ballute retarder system was attached to the adapter
plate by means of the clamp assembly.

The axis of applied vibration was parallel to one set of fins and was
designated as Transverse Axis Number 1. Figures 40 and 41 show the installs-
tion.

c. Transverse Axis Number 2 Tests

The MK82 Ballute retarder system was rotated approximately 90 degrees
on the adapter plate such that the applied vibration was in the other trans-
verse axis which was designated as the Transverse Axis Number 2. This installa-
tion is shown in Figures 42 and 43.
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Figure 40. Vibration Instrumentation and Transverse Axis
Number 1 Installation

Figure 41. Transverse Axis Number 1 Installation
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Figure ~ ~ ~ ~ 4 42, TrnvreAi 4ube* ntlain

Figure 42. Transverse Axis Number 2 Installation.
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d. Longitudinal Axis Tests

The adapter plate was removed from the auxiliary hydrostatic bearing
vibration table and reattached directly to the vibration exciter head. The
MK82 Ballute retarder system was then attached to the vibration adapter
plate. Figure 44 shows the longitudinal axis installation.

3. TEST RESULTS

All test equipment used was maintained and calibrated in accordance with
MIL-C-45662A, dated 9 February 1962. A list of equipment used is presented
in Table V.

Visual examinations were performed upon completion of each dwell test
and upon completion of cycling tests. There were no indications of damage
or deterioration of the retarder system as a result of vibration tests.
During Transverse Axis Number I tests, a discrepancy was noted on the clamp
ring, and the results are documented in Transverse Axis Number 2 test results.

a. Transverse Axis Number 1 Tests

During the reduced input survey vibration tests (10 g input), the monitor
accelerometers on the fins were relocated to 1/3 of the distance from the root
of the fin to the tip. This change was necessitated due to high (700 ± g)
levels recorded on fins tips at approximately 900 Hz which would destroy
instrumentation. All vibration test levels recorded for the fins will reflect
the resonant values from this new attachment point.

Figure 44. Longitudinal Axis Installation
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TABLE V. VIBRATION TEST EQUIPMENT

I tem Equipment Model Sari I Calibrati on
No. Name Manufacturer Number Number Range Accuracy Date and Cycle

I Vibration System MB Mfg. Co. C-210 L6554 20,000 N/A 3-6-72
Force Lb

2 Acce leronsotere Endevco 2213 6840 2 He ±t2% 3-3-72 4 months
Control (2) 8820 5K IHe 0-10000 4-13-72 3 months

3 Amplifiers (5) Unholts-Dickte CVA6S05 L7176 0.10000 .t3% 5-11-72 3 months
R106 L7179 5 He to

L7181 10 ,
L7136 HzL7187

4 Accelerometers, Endavco 2226C TF38 0-10000 ±2% 3-3-72 4 months
Monitor (5) T?71 5 Hz-IOK

UJ13 Hez
TG51

5 Oscillograph Honeywell 1012 L3658 1-160 In, 12% 4-17-72 3 months
/Sec

6 Galvanometera Honeywell M-5000 52015 DC-3K Ha 5% 9-16-72 9 months
(6) 18333

153494
153533
153532
1F321487

Four resonant frequencies were noted during resonance search tests and
are listed below:

(1) 110 to 115 Hz. - This is the first banding mode of the entire
system. The resonant freo,•ency started at 115 Hz and shifted
to 110 11z alter 12 m.,nuteo of dwell tests. This was due to
slight wear 4 ng of the clamn ring against the fixture and the
Ballute canister.

(2) 479 Hz, - This resonant condition was noted on Pickup No. 4
Transverse Axis No. 2 fin and appears to be a bending mode
of fin. At T + 8 minutes the resonant frequency was shifted
to 408 Hz, There is no known reason for the frequency change.
No damage was noted.

(3) 920 Hz. - This condition wae noted on the same fin as resonance
No. 2. A Q (transmissibility at resonance) of B.6 was recorded.
This is possibly a bending mode of the fin.

(4) 1106 Hz. - A 100 g level was recorded on Transverse Axis No. 2
fin. Upon completion of cycling tests and each of the dwell
tests, visual examinations wore made to determine whether there
was any damage.
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Two hours of dwell tests, 30 minutes at each of the above
frequencies and one hour of cycling, from 5 to 2000 to 5 Hz
in 20-minute sweeps, were performed. These examinations
revealed no damage to case or contents that could be seen
without complete disassembly.

Table VI lists the recorded values obtained during dwell tests.

b. Transverse Axis Number 2 Tests

During the resonance search tests (3g), the recorded outputs of the
monitor accelerometer channels revealed a resonance at 70 Hz with much impact
loading.

The clamp assembly was removed, and inspection revealed the clamp ring
was touching in only two areas.

The clamp ring was machined so that it would mate the Ballute canister
to the vibration fixture more effectively.

The resonance search was repeated and the four resonant frequencies
chosen from this are listed below.

(1) 125 Hz - The retarder system is in a bending mode. No
change in resonant frequency was recorded during tests.

(2) 959 Rz - This was a resonant condition for the Transverse
Axis Number I fin and for the Ballute canister at the root
of the fin. A 200 g level was recorded on Channel No. 5.

(3) 1199 Hz - This was a resonant condition for the Transverse
Axis Number 1 fin in bending. A 190 g output level was
recorded.

(4) 1B97 Hz - This was a local resonance at the aft end of the
Ballute canister near the root of a fin. Channel No. 2
recorded a level of 91 g.

Four resonance dwells, each of 30 minutes in duration, and three cycles
each of 20 minutes in duration, were performed fora total test time of
3 hours.

The visual examination after each dwell test and after the c.ycling tests
revealed no damage or deterioration as a result of vibration tests.

Table VII lists the data recorded during dwell tests. a
S c. Longitudinal Axis Tests

The resonance search revealed only one resonant frequency at 954 Hz. This

appeared to be a compression mode along the longitudinal axis 'Wth an output
response level of 120 g. A 30-minute resonant dvell was run at this frequency.
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TABLE VI. TEST DATA - TRANSVERSE AXIS NUMBER 1

Frequency Input Aft End of ballute Canister Finm
(Hz) Level Transverse No. I Transeversm No. 2 Larigitudnln ran verse go. 2 Transverse No.

(G) (C) (G) (0) (C) (U)

115 14 50 6 18 60 18

109 14 50 to 70 6 to 10* 18 to 27* 50 to 70* 7)0 to 40*

Not@ I

448 14 7.5 12 6.5 45 54

408 14 8 13 7 34 48

Note 2

920 14 50 24 40 130 100

1106 14 24 21 55 100 45

Two frequencies modulating against each other only minimum and maximum
valuou recorded.

Note I - The resonant frequency started at 115 oz Arid shifted to 110 He after 12 minutes
of dwell testing. Ths remaining portion of teat period was conducted at the
new (109 Hz) resonant frequency.

Note 2 - The originsl resonant frequency of 448 HIz shifted to 408 Hz after 8 minutes
ca testing. Test period concluded at new frequency.

TABLE VtI. TEST DATA - TRANSVERSE AXIS NUMBER 2

Frequency lnput Aft End of Bllute C11 fin.
(Ha) Level Transverse No, I Trensverse No. Longitudinal Transverse No. 2 Transverse N.. I

| (0) 10.) (0) (a) (G) (a)

125 14 o - 70* 50 - 120* 40 - 80 20 50 *bo - 10*

955 14 15 60 27 100 L80

1199 14 8 35 15 55 190

1897 14 17 91 18 25 20

* Two frequencies modulating e•ginot each other. Both minimum and maximum values were reoorded
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Two and one-half hours of cycling, with a 20-minute duration per cycle, were
then performed to comply with the three-hour vibration requirement.

The post-dwell and cycling visual examinations revealed no damage or
deterioration to the MK82 Ballute retarder system as a result of vibration
tests.

Table VIII lists the data obtained during the dwell test.

4. CONCLUSIONS

The results of the visual inspections and data gathered indicate that
the MK82 Ballute retarder system will withstand the vibration environment
which was simulated.

TABLE VIII, TEST DATA - LONGITUDINAL AXIS

vreqki. ýY linput Aft Eind .MI WIItdl L (:0 -1-I Pin
(01z) I'sV. I a TrAtiverre No. I 1"•rani•ivro No. 7 Longitudinol Traw,,iverso No, 2 Tauvivergv No. 1

a) )o (0) .M (0) (0) (0I)

K3 14 80 30 120 60 70

't.
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SECTION VII

CONCLUSIONS AND RECOMMENDATIONS

Conclusions and recommendations resulting from this advance development

effort follow:

1. CONCLUSIONS

(a) The estimated static margin of the MK82/Ballute canister is
equal to or giiater than the MK82/MAU-93 for most Mach
numbers of concern.

(b) The variation of static margin with roll attitude cannot be
predicted either analytically or by comparison of available
wind tunnel data.

(c) The dynamic stability cannot be predicted due to nonavailability
of wind tunnel and flight test data.

(d) Results of the structural analysis indicate that the developed
system is structurally adequate for subsequent flight testing,

(e) Results of the vibration tests indicate that the system can
withstand the vibration environment of subsequent flight
testing.

2. RECOMMENDATIONS

(a) A wind tunnel test orogram is recommended to determine the
following:

(I) Effect of roll attitude on static stability.

(2) Linear and nonlinear static Aerodynamic characteristics.

(3) Dynamic stability characteristic variations with Mach
number and angle of attack.

(4) Effect of the tail planform on static and dynamic stability.

(b) A static load test program is recommended to determine the
following:

(1) Structural limits of the clamp and canister assemblies.

(2) Minimum nylon strength required for Ballute construction.
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