UNCLASSIFIED

AD NUMBER

AD907851

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies only; Test and Evaluation; Sep
1972. Other requests shall be referred to
the Air Force Armament Laboratory, Attn:
DLJC, Eglin AFB, FL 32542.

AUTHORITY

USADTC 1ltr, 14 Mar 1979

THIS PAGE IS UNCLASSIFIED




V
AFATL-TR-72-179

B R » % o

Matidwe

/MK82 BALLUTE RETARDER 3YSTEM

AD 907851 /

I,
o

GOODYEAR AEROSPACE CORPORATION

TECHMICAL REPORT AFATL-TR-72-17%

>

SEPTEMBER 1975 ] |

FILE COPY

N R
S

@ g

L

Y g e,
¥

/
}‘" ’

S TR L

sepamrn

L

ARG T L TSR YA M A3 2

N e i

5
P " 7
M ‘r‘,.v “? !“"43 l : [
JUE—" Dt FRDOC. RS DS B et
K ’ o



e

"

S

Y
e e ]
T gy £aeey
o3

ki
&

IAI » Iy .,‘,Nsa i
P
AN

s 3
G i
R !
; :
i H
8 :
: k)

! (o]
e M o o
SR NOERITD /8.



- 4
asty  wice

0

1 COPY

AVATLABLE. T

v
i

LIT

"g:' T

0 DTIC CONTAIN

bd
i
3

s &

bord

-y

A
3

i Wl
§
&
iy

»
k|

e

Fi=

REPRODUCED FROM
BEST AVAILABLE COPY




__L‘—A-A

@« _

MK82 Ballute Retarder System

P N. T. Kareffa

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




FOREWORD

?

'/'W
This report was prepared by/ﬁhodyear Aerospace Corporation, Akron, Ohio,
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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 MKB82 mine application and the other system for MK82 general purpose
bomb application. Ballistic characteristics of the MKB2 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 MK82/MK1& The system 1is to
function in association with MAU-146 timer, FMU-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. 8. Government agencles 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
alrecraft flying at low altitudes, These low-altitude-delivered hombs 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 & high impact angle,
and (4) control the impact velocity so that proper fuze functioning and proper
ground penetrgtion are achieved. Figure 1 depicts the f£light 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 MK15 high drag retarder is limited structurally to a low speed
alrcraft release., Furthermore, cases of marginal aerodynamic stabllity have
been reported during delivery of MKB2 GP bombs configured with MAU-93 low
drag fins. Also, improvements are needed in delivery of the MKS2 mine
device configured with a MK15 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 Alr 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,

17, M., Goodyear Aerospace Corporation, Akron, Ohio 44315
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Figure 1. Bomb Flight Profile With and Without Addicional
Aerodynamic Drag
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1. CLAMP ASSEMBLY

2. CAIISTER ASSEMBLY

3, FORWARD BALLUTE ATTACHMENT

4. AFT BALLUTE ATTACHMENT
: 5a, 41-INCH DIAMETER BALLUTE (G,P, BOMB)
; b, 29-INCH DIAMETER BALLUTE (MINE DEVICE)
) 6. RELEASE MECHANISM
7. AIR INLETS
3 AY'T COVER PLATE




SECTION II

DESIGN REQUIREMENTS

1. GENERAL

Under USAF Contract FO8635-72-C-0096 with the Air Force Armament
Laboratory (AFATL), the contractor was to design, fabricate, cest, and
deliver twenty Ballute retarder systems. The systems were for tlight test
evaluation to determine feasibility. The retarder syetem was to consist-of
an gerodynamic canister assembly, a ram air-inflated srnrodynamic 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

CANISTER ASSEMBLY

OECSLERATOR

TIMER

CANISTER
ABSEMBLY

Pigure 3. MKB2 Btaging
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2. OBJECTIVES

The Ballute retarder sysiems were to be designed for use with the MK82

general purpose (GP) 500-pound bomb and with the MKB82 mine device. These
systems were to have the following performauce 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 MKB2 GP homb 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 MKBZ 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)
s0 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 capebility 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)

(2)

Case 1 - 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,

Case 2 - Clamp Assembly - Mach 0.9 at an altitude of

250 feet and at an angle of attack of 220 degrees.

This requirement represents ths maximum release conditions
for the system with rttlrdor d.ploynont anticipatcd during
this £light test progrem. -

e me———— e
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(3) Case 3 - Ballute - Mach 1.1 at an altitude of 2,000 feet
and at 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,
Ll




SECTION III

SYSTEM CONFIGURATIONS

1. GENERAL

The configuracion of the retarder systems for ¢i:e MK82 GP bomb and for
the MKBZ 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 featuies are

presented in subsequent sections.
2. SYSTEM CONFIGURATION

The system consists of a clamp aseambly, & canister sssembly, and an
aerodynamic decelerator, Details of the components are as follows:

a. Clamo Assembly (P/N 3113300-001-101)
* The purpose of this clamp assembly, shown in Figure “..1l to attach the

canigter aesembly to the GP bomb or mine device. It incorporates an indexing
pin for orienting the fins 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.,

CLANP RING
(3 REQUIRED)

MB246708-47 SCREW (2 REQUIRED)
NAS1401-6-5 WABHER, RADIUS (4 “QUI!ID)
M821045-6 NUT (2 REQUIRED)

NAB1898-3.1 1 \ k
SHOULDER SCRRW CLANP BAND
(6 REQUIARD)

» o SECTION B-B

_ Pigure 4.  Clamp Assembly .
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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 acceas panel for servicing the bomb's tail

| s
)
rd
I’
s

G g . TR S G S S MY VR ebase b W

: _ﬁﬁ\ - e

e
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16.12 -

NOTE: ALL DIMENRIONS IN INCHES

Figure 5. Ballute Canister
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fuze, The middle portion includes mounting provisions for the forward Ballute
clamp- and for the MAU-146/B timer. The aft end of the canister is configured
to accept the release mechanism, The canister is capable of containing either
Ballute in the stowed configuration, Aerodynamically, the canister provides
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 thie 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 is pulled rearward by aerodynamic
base drag causing deployment of the Ballute. '

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
ASSEMBLY
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¢, 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 18 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 ail 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 is used in the basic Ballute,

The Ballute is the drag producing body. It is constructed from four
forward and four aft gorea 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

AIR INLEY

BURBLE FENCE
(PART OF WD OORER)

REINFORCEMENT

™ BALLUTE CANISTER REFERENCE
IS

'

Figure 7. MK82 Ballute 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 pame in both the fi111 and

l the warp directions.) Fabricas 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 1s referred to as the warp direction. The remeining set of

‘ yarns are oriented in the direction across the roll of fabric and 18 known as

l fill yarn. This direction {s referred to as the fill direction. Normally,
the warp direction is synonymous with the length and the £i11 direction is

| synonymous with the width of the fabric. The Ballute for the mine device is

‘ - 29 inches in diumeter (referred to as 29-inch Ballute) and is constructed .
using fabric rated at 1050 pounds per inch in both directions (warp and f£ill),

| : The Ballute for the GP bomb is 41 inches in diamnter (referred to as a 41-

inch Ballute) and is constructed using fabric rat: 1 at 1500 pounds per inch
: in both directions,

It should also be noted that the fabric for the 4l-inch Ballute is
uncoated. Some of the advantages of using uncoated over coated fabrics are:

! (1) Better structural integrity since individual yarns Jn 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 1
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 4l-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 i8s an aerodynamic device that ia 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 ateel, 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 has four inlets; the frontal ares
of each inlet is 5.97 square inches for a total of 23,88 square inches,

e e ks -SRI, At A ‘-f-‘.—““—-_‘ e e———

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

—_—

2T M., B, 1. UuPont de Nemours & Co.. Inc,. Wilmington, Del.

10




B L T T B et Ll S TR

/f' Canister Assembly
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' SECTION IV

i AERODYNAMIC ANALYSES

1, STABILITY OF THE MK82 BOMB WITH A BALLUTL 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 Ballute/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 45° was considered and tail panel chord lemgth was
varied, Body-alone wind=tunnel data from Reference 1 and the tail panel aero-
dynamlc characteristics as determined by the methods of Reference 2 were used.
Good agreement with the tail 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 tail panel also was estimated, The results of

_ this analysis, presented in Figure 11, show that all cases examined yielded
, . subsonic speed static margine in excess of 1,3 caliber. Additional static
margin can be achieved by increasing the span,

2.0 . :
FIN T.E.LENGTH(IN.) SPAN(IN i
® 90.89 17
e O 93,89 16
A C 90.89 16
. I | 4 90,89 15
v . 1 . 5 - ]
- Q
: Q
: N MK 82/MAU-93 _
: , a
f 1,0 c
ﬁ 5 R -4 X .. " 30.5 IN, NOSE REF,
b E A® 4 1 CALIBER = 10,78 IN,
1. 3 <::::::9 &; ! 8.75
¥ 0.5 ,
: N T
e a FIN
A o TRAILING
T I EDGE (FIN T.E.)
: . A 0 l l S | :
Al ) 3 4 [ 8 10 1% 14 16 18

Cy» ROOT CHORD, INCHKS

Figure 11. Estimated Variation of Center of Pressure at Low
¢ y Subsonic Velocities - MK82/Ballute Canister
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As a result of the analysis, a 3/4 caliber (8,05~inch chord) tail panel
with a l6-inch span was recommended for use on the modified MK82 bomb with a
l 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 U
‘ 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 analysis, the contractor had to release procurement
instructions for canister castings,

v
These procurement instructions were i
| ' released for the 1-1/2 caliber fin configuration because it would be easier q
' 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, 4
would necessitate a minimal effort,

|

1 2, DESIGN LOADS ¥OR 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 1
‘ tail loads were uged to determine the structural design of the tail, while

Case 2 tail panel loads were used glong with the Ballute loads of subsection
5 to determine the clamp assembly structural requirements,

Angle of Dynami ¢
Mach Altitude Attack Pressure
Case Description No. (feet) (degrees) (psf) (
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 s
canister body, The nonlinear forces at angla of attack due to viscous cross d
flow were analyzed based on results for similar configurations, Reference 4.
{ The normal forces and centers of pressure for the two tall panels are shown
i for the two design cases. It should be noted that the centers of pressure d

are measured from the trailing edga of the tail panel and that the tail panel .
load refers to the normal force on a single tail panel,

o
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DESIGN T.O0ADS 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 (1b) (in.) (1b) (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 (1b) (in.) (1lb) (in,)
1 475 11.0 1310 9,2
2 334 12.8 896 13,2

The Ballute lovad 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 1,1. 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 integratad, ylelded 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 sccount
in the estimated pressure distributions.
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Figure 12, Estimated Pressure Distribution - 41-Inch Ballute

4, BALLUTE D'RAG COEFFICIENT

The incremental zero-lift drag coefficlent for the Ballute in the
presence of the MK82 bomb forebody were estimated based on the M-117 Ballute
results of Reference 6., The incrémental drag cnefficients were determined
for both the 29-inch and the 4l-inch Ballutes, and the results, refervenced
to the bomb cross-sectional area, are presented in Figure 13. To determine
the tot21 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 4le«inch Ballute were calculated for the
design cases listed below:
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Figure 13, Estimated Variation of Ballute Incremental Drag

Angle of Dynamic
Mach Altitude Attack Pressure
Case Description No, gfeet} (degrees) (psf)
2 Clamp Assembly 0,91 250 $20 1230
Structural
Analysis
3 Ballute 1.1 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 sssumed rigid and undeformed at 20° ungle 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 1lift
coefficient is approximately zero for all angles of attack. Then, for 20° angle
of attack at Mach 0.91, the Ballute drag coefficient (CD), 1ift coefficient
(Cr)s based on the forebody reference area (Sppp ™ 0.63 £t2), are

CD = 14.1 CL = 0

17
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Transforming the above wind-axis coefficients into the budy-axis system
and mulsiplying by the dynamic pressure of 1650 psf and the reference area

0.63 £t<, the forces on the Ballute are as follows:
Normal Force = 3420 1b
Axial Force = 10,250 1b

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, 4l-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
MK82 /Ballute canister, are shown in Figure 14, The drag of the MK82/Ballute

16,0

REF,AREA - rdd/4 - 0,83 FI3
d ="10,78 1IN, BONB MAX, DIA,

MK 82 /INFLATED 41<IN, BALLUTE

Lﬁ 10,0
]
.
& .
- J/ \
E 6.0 MK 62 /INFLATED 29=-I¥, BALLUTE
4.0 =
ok
ECALE CHANGE
0,4

0a - v

"MK §3/BALLUTE CANISTER

0 0,3 0.4 0,8 0.8 1.0 1.3 1.4
MACR NO.

Figure 14, Estimated Variation of Drag Coefficients
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canister was estimated 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, V., was calculated from the equation

T

1/2

\Y = l-L x.—.__y___
T p CDSRof

where P = Sea level denaity = 0,002378 slug/ft>
W = Weight =’ 550 1b

C,, ™ Drag coefficient

S = Reference area = 0,63 ft2

Results of these calculations are

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

Vo = 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 & 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 statfc 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 c¢ylindrical
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 Cpy and Cy, was to increase the
stability of the MK82/Ballute canister over that of the MK82 bomb body aloue
due to elimination of the destabilizing boattail. The resulting MK82 Ball-te
canister without tail panels ch and cma are shown as a function of Mach

number in Figures 13 and 16, ;olp-ctivoly.
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The stabllity 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 Cma due to the
tail 1ift 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
CNg and Cp, for the MK82/Ballute canister. The static margin (s.m.) is

defined as follows:

8.m. = C'“cu /CNa .

It 1s 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 MKB82/Ballute
canister with a 3/4-caliber tail exceeds that of the original MK82 bomb,
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-u-f---_-.--- ” \§

]ORIGINAL MK B2/MAU 93 WIND TUNNEL DATA, REF. B

-

STATIC MARGIN,
(CALIBERS F¥D
\
LY
~
N
\
Z
’

§ = 0° (+ CONFIGURATION) I

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 margine sre shown in Figure 17, For most
Mach numbers, the stability of the MKB2/Ballute canister with l-1/2-caliber
tail panels exceeds that of the original MK82 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)., 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 generally are
aseumed valid (with only emall error) at other roll attitudes, and this
assumption nommally 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 MKB2 and Reference 10 for the MKS82
with a Naval Ordnance Laboratory (NOL) modified tail (larger fin ; 15 percent
greater area). In Figure 18, the original MK82 bomb statjc margin is plotted
versus Mach number for both @ = 0° and @ = 45° 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 increase greatly near Mach 1,0, the
static margin at @ = 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,
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Figure 18, Variation of Static Margin with Mach Numbar and Roll !
Attitude « MK82 /MAU-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
J with roll attitude, although any variation would presumably be related to the
change in downwash and crossflow fields impinging on the tail panels,

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

. -~ A‘—‘A-

1 ; 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-
i ' duce a coning motion similar to a pitch-roll coupling. This MK82 dynamic ine
' _ stability may be caused, in part, by the large variation of static margin with
' . roll attitude, as shown {n Figure 18, However, no dynamic analysis of this
‘ system has been performed,and any statement ag to cause would be speculative,

I For the MKS82/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
modifled 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),

[ ___‘-‘ A A a

Since the cause of the observed flight instability is unknown, it is not
possible to design the MKB2/Ballute canister so as to avoid the cause of the
flight inetability, The munition can be designed with the highest possible
level of static atability consistent with the imposed langth and span con-
straints, It would, of course, be desirable to design the vehicle so as to ‘
minimize the variation of static margin with roll attitude, Neither of these
steps will ensure a dynamically stable munition.

[
{
{
i

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 steddy-satate spin rate so as to drive through and »smain 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 posaibility of using canted tail panels at a later date

| should be kept in mind. 4

10. CONCLUSIONS AND RECOMMENDATIONS .
, From the ana}ylcl, ths following ars concluded:
{1fh ' (1) The xtntic margin of the stzlnallut; canister with 3/4-

caliber tail chord exceeds that of thé original MK82/MAU-93
at all Mach 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
R 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
progran is recommended. This program will gupply 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 iuformation on the MKB2/Ballute canister:

o (1) Effect of roll attitude on static stability

Six component force and moment data should be measured
at § = 0°, 22,5°, and 45°.

(2) Accurate linesr and nonlinear static aerodynamic characteristics
In conjunction with item 1, 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 tall planform on static and dynamic stability

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

-
o T

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

e IO

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

T In addition to the wind tunnel test progvam, the test results should be
By employed in performing six-Cegree-of-freedom computer simulations to analyze 4
¥ munition flight stability. <
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SECTION V

STRUCTURAL ANALYSIS

1. GENERAL

The objective of this section i{s to show the ability of the Ballute
retarder system to withatand 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-
P 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,

“ CP =-0,53 (Also plotted in Figure 28),
b
|
The governing loading condition is Caae 3, page 17 for which the dynamic
pressure is,
q = 1650 pounds per square foot i
or,
q = l%%% = 11.45 pounds per square inch, H
; Hence, by definition,

Py, ™ Cp q = -(0,53) (11.45) =-6,068 pounds per square inch
L , b

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

} d, = 8.0 inches ,

] The extraction force is,

PSS

Fo =B + dj_2 - (6.068)"(7;”')(8)2 = 305 pounds ,

! This force is essentially constant durlug extraction so that the total
l work done is simply,
|

..
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£ = FABRICATED LENGTH OF THE INNER FABRIC SLEEVE = 42 INCHES FOR ‘THE
4)-INCH DIAMETER BALLUTE AND 35 INCHES FOR THE 29-INCH DIAMETER BALLUTE

X = LONGITUDINAL DISPLACEMENT OF THE COVER PLATE, IN INCHES

Ky ™ MAXIMUM LONGITUDINAL DISPLACEMENT OF THE COVER PLATE = 24 INCHES FOR THE

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

Py, = DIFFERENTIAL BASE PRESSURE IN POUNDS PER SQUARE IWCH

[ ' (1) CLAMP ASSEMBLY

Rt o
i caeis Sl SRS

Figure 21, Longitudinal Extraction of the Uninflated Ballute




W, =%, F, = (26) (305) = 7320 inch-pounds -

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

we 7320
= = - s " I .
u nldi CTIO) 6.935 inch.-pounds per square inch

The sleeve is constructed of a single ply of fabric having the warp and
fi1l 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 l4,1s plotted in Figure 22, As shown, tha breaking
tenacity is 7.5 grams per denler, The ultimate breaking strength of the
sleeve fabric for the 4l-inch diameter Ballute is,

Fcu = 1500 pounds per inch in the warp direction,

Ftu = 1500 pounds per inch in the £i1l 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
o

2E i

o = 4/2Eu = 42(4100)(6,935) = 238 pounds per inch.

For an ultimate factor of sgfety of F.8, = 2, the margln of safety is,

Fou 1500
M.5, = Iy (o - 1 = -75’?5§§y- « 1w 42,15 for the
41-inch diameter Ballute).

The 29~inch diameter Ballute will also be daployed at q » 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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W =x F = (17)(305) = 5185 inch-pounds,

oy

- e B 5185
u mhd, 7 (35 (8)

The sleeve 18 constructed identically tio that of the 41-inch diameter
‘ Ballute except that the ultimate breaking strength is,

5.895 inch-pounds per square inch

The largest circ.umferential stress occura on the cross section of unit
width that travels the largest radial distance, This hoop of fabric is

. Ftu = 1050 pounds per inch in the warp direction ‘
N ) R {
|

b Ftu = 1050 pounds per inch in the fill direction K

' ) |

i . Therefore, j

i 1050 .

) E = (_TEBE-) (4100) 2870 pounds per inch
)

' 0 = -\/2Eu = 4/2(2870)(5.895) = 184 pounds per inch
M5, = Ttw w1050 6s (or the 29-inch
T F.s5.) (o 2)(184 e
diameter Ballute). 1
Subsequent to the longitudinal extriction of the uninflated Ballute as
’ shown in Figure 21, the ram-air inlets (see Figure 2) are exposed to the air
stream., The influx of alr 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 Ballute, taken normal to the axis of symmetry,
will expand during inflatfon untii it reaches 1ts maximum diameter, At this
} instant, a circumferential dynamic stress occurs because the radial velocity
i ) component of the internal air mass must be stagnated.
It s 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,
d
l

located at the equacor of the Ballute as shown in Figure 23, The kinetic

i
y 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
2n .




JW = prdodr (refer to Figure 24)
R 2n R
W = / f = prdedr = 2 rrf prdr (1
T, o T
where, (refer to Figure 24)

W = the applied kinetic energy in inch~pounds
p = the internal air pressure in pounds per square inch

= the initial radius of the expandingunit width hoop
in inches

R = the final radius of the expanding unit width hoop
in inches,

UNIT WIDTH,
FULLY INFLATED BALLQTE\\ —{ p—/ FABRIC HOOP

~zdr
INTERMEDIATE INFLATED SHAPE g 1T
CANISTER

O\ g T_l_
" _— - E 3-r;j:

EQUATOR OF THE BALLUTE—

Figure 23, Radial Expansion of the Inflating Ballute

In orxder to integrate uquation (1), the internal pressure muat 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
Ballute does not expand until the internal air pressure
becomes greater than the external air pressure. Hence, at
r = r,, the differential pressure is, p = 0.

i

e e el




DIFFERENTIAL ELEMENT

Figure 24. Equatorial, Fabric Hoop 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 rapldly
wvhen r approaches R than when r 18 near Tpe In ‘
general, this is mathematically stated as,

p = k (r- rb)n (2)
where, {
k = a constant {
1. 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 1
curves are involved, However, n = 1 represents a constant

rate of increasing pressure that is considered to be unrealistic .

because of the constant inlet azea to volume growth relationship
as mentionad above. Therefore, n = 2 will be used in the

calculations that follow.

(3) 1In order for the Ballute to expand, an external, virtual air
mass must be displaced, This is implicity ignored by the
conservative assumption that the maximum internal differential
pressure developed is equal to the dynaui'c pressure.
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Figure 25, Pressure Increase

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

2
: T T -
R T, 1
Substituting equation (3) into equation (1), integrating and reducing
yields, 1
Woe 28 R’ wRr +171D). ) J

: Although = d /2 = 4.0 inches, it is conservative to take r, = 0 1
! so that by eqult?on (4

2 wom 29 g2, (5) 1
: ¢ |
t ; . Since the area of the unit width hoop 1is simply 2 » R, the unit strain
f % energy to be absorbed is given by,

e

S \. N R*  _ _gR |
i e S x 2 aulielir sl (® |

Recall thatq = 11.45 pounds per square inch. Heuce, the unit strain ?
- energies to be absorbed by the 29-inch and by the 4l-inch diameter Ballutes
AR becomes, respectively, ‘




u = %5 = ( 11£45 ) ( 29 ) = 41,5 inch-pounds per square inch

= (—llgii) (41) = 58,7 inch-pounds per square inch .

v

Next consider the strain energy-absorbing capacity of the Ballute fabric,
The Ballute is constructed so that the warp and £i11 threads of the single
ply fabric are oriented at a 45-degree blas 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 Figure 26, The total length of warp and fill threads
within this unit area absorbs the applied unit stiain energy, The following
approach 1s used to determine this length:

(1) Let n, and ny denote the number of warp threads and the
number of fill threads per unit width, respectively., For
the balanced woven cloth of these Ballutes, n, = n. = 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 42 threads per inch, (7

N2

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

1, = \j2 inches per inch. (8)

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

N ‘t = 2n threads per inch. ¢

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 normaul to the circumferential direction. There-
fore, 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 bs absorbed in each
are simply the preceding values of u divided by the unit length N lt/n
from Equation (9, i.e.

u, " —:%t— - —4-;—2— = 20.75 inch-pounds per square inch

for the 29-inch digmntor Ballute
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Figure 26. Unit Area of An Equatorial, Fabric Hoop

and,

u = =287 . 29,35 inch-pounds per square inch for the

t 2 41=inch diameter Ballute

Consider the 4l-inch diameter Ballute. A straightforward numerical
integration of the drea under the stress-strain curve as shown by the shaded
area in Figure 22 yields a fabric stress of,

o = 706 pounds per inch.
Following the preceding calculations, the corresponding margin of safety

is,

F
. ¢ 1500 ..
M. 8. (p.sj Toy l = (2)(706) - 1 30.06

For the 1050-pound-per~-inch ultimate strength fabric of the 29~inch
diameter Ballute, a stress-strain curve is shown in Figure 27. This vas
basaed upen that of Figure 22. A numerical integration of the area under this
curve as shown by the shaded area in Figure 27 yields a fabric stress of,

O = 496 pounds per inch,
a5
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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,

F
tu . 1050 _ . .
MnSo (FOSTY (a')— -1 (2 (496 1 +o.06

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 lcading condition is the maximum predicted
aerodynamic drag and pressure distribution on the 4l-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 & membrane of revolution loaded symmetrically to
its axis; i.e,, the longitudinal axis of the bomb, Classical membrane theory
such as presented in Chapter l4 of Refsrence 15 is applied to determine the
principal membrane stresses; i.e., Ng ir the meridian direction and Ny 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, cpd} i,e.,

differential Pressure = Ap = q = cpq = (1 - cp)q' (10)
In equation 10, positive values of c_  denote external local pressures
directed towards the axis of revolutiBn as shown in Figure 28,
The principal membrane stresses are given by Equations 255 and 256 of

Reference 1% that become, respectively,

2 ny NG cos ¢ = R (11)

and
N N
- Ap (12)
T ) ’
where!

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

@ = 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.

ry and r, = the principal radil of curvature at the point of interest
in the maridional and in the circumferential directions,
respectively,

Therefore, for Ap in units of pounds per square inch, and per the
above definitions, the units on Ng and Ng are strosses in pounds per inch,

(1) The Principal Meridian Stresses, Ny (Refer to Figure 28)
The critical locations are the forward boundary at Point 1 having
x = 30 inches and y = 4 inches, the Ballute's equator at Point 3 having

x =0 and y » 20.5 inches, and the aft boundary at Point 6 having x = 6
inches and y = 4 inches,
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Figure 28. Meridian Profile and Pressures for the 41-Inch Ballute
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The meridian stresses of Table I result from the following caleculations.
The margins of safety in Table I are based upon a factor of safety of F.§, =
2 and an ultimgte fabric strength of F,,, = 1500 pounds per inch, The equation
. for the margin of safety is,

F
M.S., = tu -1 = 750

! (F.S.) N¢ N¢

TABLE I, PRINCIPAL MERIDIAN STRESSES AND MARGINS OF SAFETY

' Location Number Meridian Stress Margin of Safety
(Reference Figure 28) N M.S.
. (poundg per inch)
. 1 395 +0,89
3 111 +5,75
6 440 +0,70
Point 6 J
The slope angle is measured from Figure 28 as
- e ! - ‘
¢6 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 theoy values at
Point 4 and Point 6, respectively, Point 4 ig used since ¢4 « 90° go that, 1

| B Ny, cos @ = 0
2, 4

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

, 14.5 inches.

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

2 C - -0.53.
p

Substitution of thess values into Equation (10) and solving for R gives
2 2 IZ—BZ 2
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Substitution into Equation (11) gives

- 10,690 -
N¢6 T (4) cos 147 36" 440 pounds per inch.

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

0.5 -
D, * (1.5.) (10,690) = 3703 pounds.

Point 3

Obviously @3 = 0 and the integrated differential pressure acting on the
annular area 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 2B, the total hurble 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 vings as
indicated. An average value of C, is applied to egch ring and a summation
is made in Table II using Cp values and radial coordinates as read from
Figure- 280

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

Ring |Width of Ring, | Average Radius, r, | Average Value

Number Wo (inches) of Ring (inches) of C,C (wo)(x )(C_ )
P’ Py L

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

4 002 - 2204 '0029 - 1:3

z = 15.8

Therefore,

2rq X (HR)(r;_)(CP) = 2 (11,45) (15.8) = 1137 pounds.
[ §




i From Figure 28, the rear surface of the burble fence 1s subjected to the
i constant base drag pressure coefficient of -0.53 so that the drag force on 1t
! is simply,

' (0.53) (11.45) = (37,52 - 20,52) = 1640 pounds.

1 Lecting Dy denote the total drag force on the burble fences glves,
, D = 1137 + 1640 = 2777 pounds.

b

The resultant force that is reacted at Point 3 is

2_{2732)

-y

R = Dy (1-C) qw (y32 . yaz) = 2777 + (1.53)(11.45) m (20,5

= 2777 + 11556 = 14,335 pounds.

Substitution into Equation (11) gives

14,335

- 4
N¢3 -~ 5 €205 111 pounds per inch.

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

(- D, ™ (—J%=%§~J (11556) = 4004 pounds.

Point 1

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 2lready known from -the meridian
stress at point 6; {i.e, N0 . This reactive force is

6

Fx6 = 2 Ye N¢6 cos ¢6

= 2 n (4)(440) cos 14° 36' = 10,690 pounds,

The total applied drag force may be expressed as (refer to Figure 28) 1

4
D = Dy g * Dy + Dy, * Dy, (13)

R s S
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In equation (13), only the term D
sents the extetnal aerodynamic drag

.3 18 yet to be determined, This repre-
}orc
the Ballute,

e acting upon the forward surface of

In Figure 28, consider the pressure coefficient distribution between
Locations 1 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 2B, 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 rilng between Points ¢ and d of Figure 28 is
glven by

- L 2 2
D 4 3 (Cpc + de) q (yd - yc) (14)

.
.

~ T q (0.6 +0,38) (1§ - 1459 = 19,22 maq,

Calculations similar to that of equation(l4)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
(using the last value in Table III)

D1.3 = 209,35 mq = 209.35n (11.45) = 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

Fxl 8 [ . Fx6 = 18,014 - 10,690 = 7324 pounds.

’

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

- ]
¢1 ' 42" 23',
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TABLE ITI., SUMMATION OF DRAG ON THE FORWARD BALLUTE SURFACE

Lueation | Pressure /\,wruge Rocdius Arendo§ Ring (A/r) Cpnv L (A/m ) Cpﬂv l
Nunbe ¢ Coefflcient -lr:;:‘\il::ent (1xchu) 2}:' ',“ql:yi';:) (Square Inches) (fquate Inches)
hpll\l

il 0,72 4

0.6. . 65 44,53 44,53
b 0.065% 9

0,55 129,25 71,09 115,62
g 0,46 14,5

0,62 45,78 19,22 134,84
d 0.38 16

0,38 68 25,84 160,68
[} 0,38 18

0,405 18,25 719 168,07
£ 0,43 18,5

0,465 7. 44 3,46 171,53
¥ 0,5 18,7

0.5 50,31 25,16 196, 6Y
h 0.5 20

0,625 20,25 12,66 207,35
i 0,75 20.5

1

The desired meridian stress is [refer to Equation(llﬂ

P
x1 - 7324 - .
¢1 -— v, cos ¢1 R (4$Acoa 737337 395 pounds per inch,

N

(2) The Principal Circumferential Stresses, Ng

Having determined the meridian stresses at Points 1, 3, and 6, rhe
corresponding clircumferential stresses may be calculated per Equation {12)
Here, the differential pressure is given by substituting the proper values
for Cp from Figure 28 into Equation (l0)aleng with ¢ = 11,45 pounds per sjquare
inch as previously used.

: The principal radii of curvature; i.,e,, r, and r,, are shown in Figuce
213 of Reference 15, Figure 29 is based upon %he shape of Figure 28 and is
sketched to indicate these radii of curvature. r] and rp are in the meridian
plane and perpendicular to the meridian plane, respectivaly, rs is easily
obtained from geometry since the center lies on the axis of revolution,

In genaral, from Figure 29,

r, = ysecd (15)
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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)> . ;
r, = , . )
3 {
u 0Of course, dy/dx = tan @ so that ‘
aeca_g_ ! |
W PR (16) !
d°y/ dx ‘
The second derivative of the equation that describes the forward surface . |
of the Ballute (see Figure 28) is p
a®y/ax? = 2 (0.024583) - 6 (0.00020833) xp. (17) |

The secund derivative of the parametric equations that describe the aft '
surface of the Ballute is derived as follows: o




——

dylagp = -60,12 sin g cosb - 16,06 ain g8 (18)

dx/dp = 30,06 (sin’p =« cos’B ) + 16.06 cos B (19)
2, .2 2 2
d°y/dB = 60,12 (sin"g -cos"g ) =~ 16,06 cos g8 (20)
a%¢/dp% = 120,24 sin B cos P - 16.06 sin B 21)
From any advanced calculus ¢ext, 1t may be shown that
| J
s o (awap) (d%yap?) - (ay/ep Y@*xsap D
d“y/dx" = (22)
(dx/d g8 )
Point 6
From Figure 28, fg = 14° 36', yg = 4 inches, and = tan~! (—3—'5—6—_-—2)

= tan'l- 2.4 = -67°23',

gin § = 0,9231, cos § = 0,38456,

Substituting these values into Equations (16) through (22) and simplifying
yields

d’y/ax® = 0.097638 (inches)”!

3 o
. o Bec” 14.6
¥y 0007638 11.3 inches.

Per Equation (15)

r, = -¥g sec @ = -4 gec 14,6° = 4,134 inches,

From Table I, Nﬂ = 440 pounds per inch |
6 ,




From Figure 28, Cp = .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 N0 gives ’

N
N, = r. (Ap- —2) '
U 2 b4
6 1 AN B
440 .
= -4,134 (17,519 --—TT-§~) = 88,5 pounds per inch,
' The margin of safety at Point 6 for F.S5, = 2 and for Fy,, ™ 1500 pounds

per inch is

1500 .
MoSo (2 88-5 - 1 '7.470

Point 3
h- ‘ The following values are taken from Figure 28:
p

l
|
C = 0,76 at point 1 of the pressure curve 1
|
] * 0 degrees i

; Rpg 0 inches Ypy " 20,5 inches, 1
Substituting into Equations (10), (17), (16), and (15) gives
Aap = (1 -0,76) (11,45) = 2,75 pounds per square inch,

a®y/dx® = 2 (0.024583) = 0.049166 (inches)™ !, '

n—-—l--—— -
T 0. 049166 20,34 inches,

T, = Yp3 = 20,5 inches.

From Table I, N¢ = 111 pounds per inch,
3




Substituting these values into Equation (12) and solving for No gives

.

5034 -55.,4 pounds per inch,

N°3 = 20.5 (2,75 -

Note that this negative sign indicates a compressive stress which tends
to wrinkle the fabric since it has no compressive resistance. 1In order to
prevent this situation, the forward yrofile is revised with a fourth order
curve in replacement of the third order curve of Figure 28, The equation of
this reviged forward profile wus determined by trial and error to be

+ 7,639 x 107 x. - 1,62044 x 10> sz

-2 x
F

2 .
yF/xF 10 (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:

= - -2 =4 . . -5 2

tan @ dyF/dxF (2 x10°“ +3x 7,639 % 10 Xg 4 x 1,62044 x 10 g ) Xp
= (2 +0.22917 x_ - 0.00648176 x.2) ~—E-
) * F * F 100 (24)

-2

dzyF/dsz = (2 +0.45834 x; - 0.0194453 sz) x 10 (25)

At Point 3, Xp " 0 so that by Equation (L6),

r, = L - L = 50 inches,

1 dzyF/dsz 0,02

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

Ng = 20.5 (2.75 - =121y = 10,9 pounds per inch.
3
Point 1’

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

1

0,91245 = 42° 23',

Gl = tan

r P




This agrees with the angle of Figure 28, :«: ..., the meridian stress at
Point 1 remains unchanged from that previous:.; ..c¢-:cmined for the third degree
curve,

From Equations (15), (25) and (16),
t, = 4 sec 42° 23' = 5,45 inches,
a’yF/ax? = -0,0175057,
r, -144,.5 inches.

At Point a on the pressure plot of Figure 28, Cp = 0,7 so that from
Equation (10),

Ap = (1 - 0,7)(11.45) = 3,435 pounds per square inch,
From Page 43,
Nal = 395 pounds per inch
Substituting the above values into Equation (12) and solving for No gives

N = 5,45 (3.435 + —-3-2-5—-—)

% 144.5 = 33,6 pounds per inch.

The positive values of Nol and N°3 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 undar the
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TABLE IV, SUMMARY OF THE CALCULATED MARGINS OF SAFETY FOR THE
METAL COMPONENTS

e e e )
Component Refev to Critical Losding Governing Calculated Reference
(Referance Figure 2) Figure Condition Strann Margin of Puge

Numhe ra (Reference Pages Coundition Safety Numbe v
15, 17.and 18,

Section 1V)

3. Forward Ballute Clamp Ring

MY 3519-320 Scrous 1 Caws 3 Single Shear +0,19 50
9, Tall Panel (Fin)

I56=T6 Aluminum 2, 8, 11 Cane 1 Bending +, 82 51
6, Rear Plate of the 2, 6 Cive 3 Bending +0,30 52

Reledne Mechanism
A181 1020 Steel

¢, Cinfuter Assembly

Shell 2,5,30,31 Cane 2 Sending +,98 36
3%6+T6 Aluminum
Aft Ring $,31,32,33 Case 2 Bending +0.29 61
35676 Atuminum
Forward Joint 2,3,31,34 Cune 2 Combined +0,06 64
356-T6 Aluminum Tennive and
Bending
1, Clamp Band Assembly 2,4,34,33 Cane 2 tumbinad
Clamp Ring Tennion and +2,29 66
4142+1 Stewl Bending
Llamp Band 2,4,35,36 Caxe 2 ‘Tens{on «0,02 68
4130 Stael
Qusneted Clamp Bund
Area 4,38,39 Cave 2 Combinud +0,08 73
Tension and
Hending
MB24b78=41 Scraws 4,38 Cane 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 wns found to govern.

¢, Analysis

(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
force of D = 18,014 pounds, The critical components are the screws that connect
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

v = _%_ - .lggéﬁ—- = 1801.4 pounds per screw.
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Standard, MS 35191-320 screws are used that have an ultimate single shear
strength of

Vu = 3240 pounds per screw.

For an ultimate factor of safety of F,.8, = 1.5, the margin of safety is

Yy 3240

MSe = “FEym -~ ! ° TEyeony - ! " .19

(2) Tail Panel (Fin), This component is sketched in Figure 2, It is an
inctegral part of the canister. This 1s 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

Ftu = 30,000 pounds per square inch,

As previously noted, the maximum force that is applied normsl 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,rcantilevered beam with maximum

bending stresses occurring at the root chord cross section. The length of
this beam is calculated from Figure 1l as

[ = -+ (span - 8.75) == (16 - 8.75) ~ 3.63 inches.
Also per Figure 11, the root chord of the 1-1/2 caliber tail 1s

CR = (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.

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

o, " .3 Pl2 - 3(473)(3.63 w 2,222 pounds per square inch,

Cp 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,
F

t - 20,000 .
M.S. “TFT§T§T‘3;Y' -1 TR e Ty L te.se.

For ultimate,

Feu 30,000

M.Sn = "(F' '._s_'s. '?——Gb's- - 1 - "T""S?—rl.s 2’222 - 1 - +8.°°-

(3) Rear Plate, This plate is part of the release mechanism of Figures 2
and 6, 1Its radius and thickness are, respectively,

a = —%— (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 Case 3, This pressure is given by substituting the base drag
pressure coefficlent from Figure 28 into Equation (10} i.e.,

Ap * (1« CP) q = (1.53)(11.45) = 17,52 pounds per square inch,

The plate 1s 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.,

2 2
o = 2808 (3uuy) = 2OLDGIO 5 40.3
8t 8 (0.125)

» 24,000 pounds per square inch,

In the above equation, # = 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

Fty = 36,000 pounds per square inch,

Ftu = 55,000 pounds per square inch.




The corresponding margins of safety are, respectively,

36,000

M.s. (1.15) (24,000)

=1 = +0,30 on yleld,

- 55,000 -
M. S, 1,59 (24,000 -1 + 0,52 on ultimate,

(4) Caniste: Assembly (Reference Figures 2 and 5)

(a) Canister Shell, First consider the maximum drag load of 18,014
pounds of Case 1 that subjects the minimum cross sectional area of the canister
to pure tensile stresses, This cross gsection is located at the two access
holes and 1s sketched in Figure 30 using the dimensions of Figure 5.

Inner diameter, D, = 8 inches

Outer diameter, Do = 8,75 inches

Central, cut-out angles are,

01 - s:l.n-l (—-f;—) = 30 degrees

- -1
02 sin

ijé-) = 22 degrees

Sy axis

Figure 30, Cross Section of Canister Shell at Access Holes

Let A, denote the tensile area of Figure 30.
This is easily calculated as,
9, +0

A, = (1- 1130 2

s
P
(=]
1
=4

[N
~r

= (t- —B&—) £ (76.563 - 64) = 7 square inches,




The tensile stress is then

0 " 2 - 189014 = 2,573 pounds per square inch,

This stress is less than the bending stress due to the side loading of
Cage 2 that is calculated as follows:

From Section IV, Subsection 5, the normal or side load is Fy = 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

ACCESS HOLE -\

e
—

f’ N
VEE GROOVE OF FORWARD JOI

5.4 INCHES
2,5 INCHES ‘

T'24 INCHES ' 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 lavgest
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 ,

(24 + 35 + 5.4)(3,420) = 220,248 inch-pounds.

Yaax ”

This bending moment far exceeds that which can be transmitted by the
{aflated Ballute. The design bending moment will be reduced to agree with

the maximum estimated value of Fy for which the Ballute will remain
essentially undeformed from its symmetrically inflated shaps.

Under side loading, the Ballute is critical.at its minimum cross section
located at the aft ring of the canister in Figure 31, The bending moment at

this section is given by

e &
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My, = (35 + 5.4) Fy = 40.4 Fp. (26)

The maximum value of Mp 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
clrcular cross section, Let My denote this first wrinkling moment, then .
the above statement is expressed as

M, = 2M @n

B w

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

M ¢

in pounds per inch (28)

where, for a circular cross section,

c = Di/2 in inches and

I = T/8 D13 ir. cubie inches,

Therefore,
4 My,

1
N, = 29) 1
8 — (

A conservatively high value of M,, results by setting Ny 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 1IV).
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, !

4 M,

np 2 7D 4




Substituting into Equation (27) gives

l
¥
i MB = 41,000 inch~pounds. {

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

41,000
Fy = “'Zﬁ:i" = 1015 pounds,

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

P -

A conservatively small value of the classically defined section modulus
{1/c) is given by assuming a 4~inch access hole on each side of the croas
section in Figure 30, The moments of inertia about the x and about the y
axes of Figure 30 are, respectively,

' I, ™ 81.68 inches to the fourth power,
, 1
} ' Iy = 33,89 inches to the fourth pover,

MMAX = (24 + 35 + 5,4) (1015) = 65,366 inch-pounds, 1

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

follows: 1
si —- 4] - . 9
Te © ;2 (_’:’L ) 01) (D04 ) DiA) [1 * n(__.L'_T ol)cos( 2 1)] |
2. "1
- (En-wt (- LA "
; 32 2 T 7180 —+ cos —5)

= (55,182) G—g- 4+ 0,433) = 81,68 inches to the fourth powaer
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p

sin (*éL - 01) cos (—él - 01)]
[ i
2 1

1= (- 9) @ -p,Y -

= (55.182) (—- - 0,433) = 33,89 inches to the fourth power.

The minimum section modulus obviously corresponds to the 1y and 1s given
as (refer to Figure 30)

2 Iy

- o2 (33.89 -
T D, cos @, 8,75) (0,866 8.945 cubic inches.

Substituting thia 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

C 65,366
L "'%‘f"é?.‘g"‘" = 7,308 pounds per square inch.

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 A, ™ 7 square inches. Hence, the longitudinal tensile
stress 1s

a = “124%29_. = 1,464 pounds per square inch

The combined atress is
o= o, + o, * 7,308 + 1,464 = 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 sention),

20,000

M.S., = 1159 (8,773 -1 = + 0,98 on yield,

- 30,000 -
M.8. 0 8,772 «1 +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 posasible side force of Fy = 1015 pounds as previously calculated.
Since the cylindrical fabric sleeve of the Ballute is not attached to the
aft ring, i1t can only transfer the side load to the ring by bearing against
the inner surface, Thie bearing load is considered to be distributed as a
cosine function over half of the ring's mean circumference as shown in
Figure 32,

y DIRECTION
F\=1015 POUNDS

Di-8|375 INCHES
Do-9 «25 INCHES

TANGHENTIAL
SHEAR PEACTION

AN
—9"\ /}\
_l____ = (Puax cos g

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

Let pmAx denote the maximum distribution load at @ = O degrees in
Figure 32, 1Its relationship to Fy 18 determined by integrating the forces in
the y direction of Figure 32 and equating to Fy; i.e.,

L

ZRpMAx/2 cos @ a4 9 = F

[+]

et

Integrating this equation gives <

2 FN
Puax ™ —FR pounds per inch, (30)




In Equation(30), R 1is the mean radius of the ring that from Figure 32
is equal to

= = (9.25 +8.375) = 4.406 inches,

- L
R A (Do + Di)

Substt tuting this value along with the value of FN into Equation(30)gives

2 1015 -
I (‘ZTZBE) = 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 rsference, two locations on the ring must be checked for critical
streases; i.,e,,

At @ = 0 degrees

The bending moment is

2
M 0.06832 P aax R

= (0,06832) (146.7) (5.406)% = 194.6 inch pounds.
The circumferential force is compressive and equal to

No = .0,75 P R = («0,75)(146.7) (4. 406) = -484,8 pounds.

MAX

At @ = 90 degrees

The bending moment is

= 0.07438 (146.7)(4.406)* = 211,8 inch pounds.

Moo .

The circumfrrential force is tensile and equal to

NQO = 0.3927 (146,7)(4.406) = 253.8 pounds.




(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 width 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
magnltude 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 = 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

e =2 pR 4{7 3 (1 - I‘E)

g

pounds per square inch, (31)

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

R .
0= -—%—E- pounds per square inch, (32) &
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Setting o0 = Oy per Equationa(3]) and (32, substituting X = 0.3 as
a representative value of Poisson's ratio for aluminum, and solving for the
effective width yields

b = 0,389 \[R t inches, ‘ (33)
From Figure 32,
1
R = ~= (D, +D,) = = (9.25 +8.375) = 4,406 inches,
t = —— (0 -D,) = == (9.25 - 8.375) = 0,437 inches
2 ) i 2 * ‘ * ¢

Therefore, from Equation(33),

b = 0,389 4/ (4,406)(0,437) = 0,540 inches,

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

A, = bt = {0.54)(0.437) = 0,236 square inches,

2
Lo 2 . (0,23 2420 = 0,01719 cubtc inches.

For the preceding calculated forces and moments, the combined stresses
at § = 0 and at @ = 90 degrees hecome

At = () degrees

- o _ _o - . 4B4.8 __194.6
% A, 1 0,236 = ~0,01719

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

At = 90 degrees

o - s . Moc© _ 2538 , _ 2118
% " A I 0.236 0.01719

= 1075 + 12,321 = 13,396 pounds per square inch (tenaion).

!!Las_u-l--ndl.l
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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; ;.«.,

20,000

Mlsl = 1.15 (13,396 - 1 - "-0.29 on yield,

- 30,000 -
' M.S. 13 15:3337~ -] +0,49 on ultimate,

(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,

4// AXIS OF ROTATIONAL SYMMETRY

! ]

P o

RM-3.125 INCHES
Ri-2'75 INCHES

RMb-4.19 INCHES

A
l R°-3.90 INCHES

t=0.75 INCHES

|

a=0.6 INCHES

_ 0.40 INCHES
2SS J i
A
o f———66.9 INCHES——]
, (REFER TO FIGURE 31)
: F
N

O e e
.

Figure 34, Critical Stressed Area of the Forward Joint

e

o m—




e e fermme e o <t ottt 040 4] AR i m ok ST RS D s

E Loading Case 2 governs for which the longitudinal drag and side forces
are given on pages 34 and 55, respectively,as D = 10,250 pounds and
Fy = 1015 pounds,

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

™| (R, - 0.40)% - Rizl S [(3.9 - 0.40)% . 7752

>
]

14,73 square inches,

)
- The section modulus at the mean radius of this annulus may be determined
I from the formalas on page 4,1.5 of Reference 18 as follows:

: L.t
- c 2 R = 0.40 +R
o i

Lo b 2
®, - 0.40)* - R, ) o n ( 12.35% - 7.562)
) 6.25

“ 1 = 23.34 cubic inches,

The applied bending moment per Figure 34 is

M = 66,9 Fy ™ (66.9)(1015) = 67,904 inch pounds,

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

10,230 . 67,904 (34)

.

- . D_ .M .
i Oq At I 14,73 23.34

= 696 4+ 2,909 = 3,605 pounds per square inch,

A local bending stress must yet be combined with this average stress due
to the mowent arm, &, 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 18 essentially coincident with the )

mean radius that, from Figure 34 is

s A o T~

ol

(RO - 0-4 + Ri) = 3-125 1nch050

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

‘ a = R -—220 _R = 3.9-02-3.1 = 0.6 inches d
|
'f The distributed force on Section A-A is simply
S {
'n' . ' " " - - ' = - - 1
y g NAA t o, (Ro 0.40 Ri) o, (3.9 - 0,40 - 2,75)(3,605) g
y {
l : = (0.75)(3,605) = 2704 pounds per inch, L |
z
‘ - The distributed bearing force, Na’ is given by equilibrium of longitudinal
| : forces as
i
. Ry
. . 3,125
. N = ———— N = (=pbtrx=—)  (2704) = 2269 pounds per
|
a RM ta AA ( 3.725 ) inch,
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
Ry @
M, = a K Na = aNy , = (0.6) (2740)
= 1622 inch-pounds per inch.
The corresponding local bending stress is given by the classical flexural
i : formula as .
.' { 6 M §
‘ ; o = e 2 EUSD L (90,667) (1622)
’ ; b t (0,75)
" é : = 17,300 pounds per square inch, 1
K ,
: ‘
. The combined stress is ]
l {
’ ‘ o = o, *+ o, = 3,605+ 17,300 = 20,905 pounds per square inch. :
' !
: |
!




Since this stress is slightly greater than the casting's yield strength
(Fy, = 20,000 pounds per square inch), the extreme outer fibers of Section A-A
wild 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 la, Page
5.5013 of Reference 20 is,

k = 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,,

pr = 25,500 pounds per square inch,

Fpu = 40,100 pounds per square inch,

The corresponding wmargins of safety are:

- 25,500 ]

40,100

M. 8, = (1.5) (20,508) " 1 = 40,27 on plastic ultimate,

(5) Clamp Band Assembly

The clamp band assembly is shown in Figure 4, 1Its load~carrying
components are analyzed herein.

(a) Clamp RinE. 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 Ny of Figure 34, The component N, is
the longitudinal component of the bearing load between the clamp ring and "joint
surfaces, and is the only source of combined tensile and bending stresses to
be considered. The radial component, N,, 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-degrec slope angles with respect to the axis of rotational
symmetry, it is obvious that N, = Ng.

From the forward joint analysis,

N_ = 2269 pounds par inch,
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Figure 35, Critical Stressed Area of the Clamp Ring

The tensile and bending stresses on Section A-A of Figure 35 are calcu- q
lated as follows:

- ol L - L '
a L R, +R) - == (R +R) L &, - R ‘
- —,:— (4.375 - 3.615) = 0,38 inches

t = Ro - Rn - 45375 - 3-906 bt 0.469 inches.

The tensile stress is

N
g = _ = 32229 = 4,838 pounds per square inch. ‘
t L]




The bending stress is

. ba N, 6 (0.38) (2269)
oy = ) - 3
t (0.469)

23,515 pounds per square inch,

The combined stress is

o= o4 + o, = 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 F,, = 140,000 pounds per square inch. The
margin of safety is then

140,000

M., (1.5) (28,353)

« 1 = 42,29,

(b) Clamp Band., The basic circumferential tension in the clamp band
is due to two of the distributed radial loads denoted by N, in Figure 35.
2N, is the maximum radial load 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, 1In fact, tracing back
the calculations that lead to Ny = Na = 2269 pounds per inch show that 2N,
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 the two free-body
diagrams in the plane of the clamp band of Figure 36.

Nru = the uniformly distributed component of 2 Nr

696
2 (5ogp5) (2269) = 876 pornds per inch.

Nye * the maximum value of the cosine distribution of 2 Nr

- 2 ( g,zgg ) (2269) = 3662 pounds per inch,

From Figure 35, these loads act on the radius

+mﬁﬁ)h+@mumm)-uumm.
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Figure 36, Free Body Diagrams in the Plane of the Clamp Band

The thickness of the clamp band is 0,08 inch., It is located around the
clamp ring per Figures 4 and 35 so that its mean radius is

0.08 )

3 m 4,375 4+ 0,04 = 4,415 inches

R = (RQ +

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

N, - (%f%%%) (876) = 746 pounds per inch,

N, " (%f%%%) (3662) = 3120 pounds per inch,




g

Equilibrium of forces in Figure 36 yilelds the maximum circumferential
tension in the clamp band as follows:

.

T, = RN, = (4.415)(746) = 3,294 pounds,

u r
n/2
. 20d9 = == RN = == (4,415)(3120)
Tc R Nrc cos 4 re 4 '
(<}
= 10,819 pounds,
The total maximum tension 18 therefore
T = Tu + Tc = 3,294 + 10,819 = 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 F., =
136,000 pounds per square inch are, respectively,

- T _ . 14,113 _
o -K:- 371353 92,363 pounds per square inch,

A 136,000 . - .
M,8, (1.5y(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 1s detailed in

the free bodies of Figures 37 and 38, The applied load in both cases is given
by Equation(35) {1,a.,

T = 14,113 pounds.
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Figure 37, TFree Body of Bend in the Clamp Band, Gussets Omitted

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

o= = + 6M2
t bt

where,
T = 14,113 pounds

t = thickness of the band = 0,08 inch

o

= width of the band = 2.66 inchas

At = tensile area = bt = (0,08)(2.66) = 00,2128 square inches
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‘ : Figure 38, Free Body of Bend in the Clamp Band, Gussets Included

f-78%.02

| M = the applied bending moment, that from the dimensions of #
Figure 37 is

M = (0.75 + 0,02 - 0.340 - —O—"z’-"-—) T (36)
|
* - (0.39)(14,113) = 5,504 inch-pounds )
|
b
|

Therefore,

14,113 6 (5,504) ) oj
o = 43 - 66,320 + 1,938,680
.2128 2.66 (0.08)%

= 2,005,000 pounds per square inch,

Next, consider the gusseted design of Figure 38 and again calculate the
combined stresses across Section A-A of this figure. This area is shown in 1

x » and moment of

Figure 39 where the area, Z At’ centroidal distance,




SECTION A~A of Figura 38

- —‘“'_""‘2»66 TN.‘""“""“""" t -~ 0.080 IN.

. T

-—-l }v-tﬂo «0B0 IN.

IR A % A At 1,
(3) 0,080 x 0,60" 1 0,146 0,040  0.00576  0,00043  0,004%
(1) 2,66 x 0,080" 2  0.213 0,380  0,0809  0.03076  0,00011
£ = 0,357 0,08670  0,03099  0,00443
ZA x
= b . 0.08670 . ‘
® b At LA 0,243 inches
I = ZAx® + L1 - RTAx
t "o t

0.03099 + 0,00443 - (0,0867)(0,243)
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 tansion ias given by Equation(35. This acts at the centrnidal
* distance of the cross section and is reacted at the screw centerlines. Hencu,
b per the dimensions of Figures 38 and 39, the applied bouding moment is

M = (0.76 +0,02 - 0,340 - x) T

i = (0,44 - 0,243) (14,113) = 2,780 inch-pounds.
)
)
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The desired combined tensile and bending stress on Section A-A of Figure
38 is, therefore,

G = T s Mo o 14,113 " (2,780) (0,437)
LA I 0,357 0.01435

= 39,532 + 84,659 = 124,19]1 pounds per square inch, 37)

This stress ievel requires that the plastic range of the material's load-
elongation propertles 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 for the section of Figure 39 is given by the equation on
Pege 5,5013 of the reference as

w 2c¢cQ _ 3t 3 _ _3(0,08 3 .
k — I- € _ﬁjél_n’oS—S.L (0,437) 1.40

The 4130 steel alloy is heat treated to ar ultimate tensile strength of
FEU = 136,000 pounds per square inch, The corresponding ultimate value of the
plas

tic banding stress, i.e. Fy is taken from Figure 1f, Page 5.5030 of
Reference 29 as

Fbu = 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.85. ¢
oy b
M.S. 1 - T -

( F.5. o, )“

bu Ftu

(Refer to Figure 1d, Page 5.5028 of Reference 20 )

F.S, = the ultimate factor of safety = 1.5
o, * 39,532 pounds per square inch (Equation 37)

o, * 84,659 pounds per square inch (Equation 37)

n = an exponent given in Figure lc, Page 5,35027 of Reference 20
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In order to obtain the above value for n 1n the referenced figure,
the following two parameters must be determined:

Y = 0,93 for the steel with F " 136,000 pounds per square inch
as interpolated in tﬁe table on Page 5.5023 of Reference 20,

PAX L Ehe X 0283 | g
2 3t o? 3 (0.08 )(0.437)°

(Refer to Figure 39)

Entering these two values in the referenced figure gives

n = 1,74,

Therefore,

1.74
ws w . LL.5)(84,659) | _(1.5)(39,532)
+S. 186,000 136000
= 1. 0.683 - (0,436)1°7% = 40,08,

(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

P,o" 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 13,800

L] u - L - L]
M.8. T35 1 73733%775377 1 +0.30.

73




SECTION VI

VIBRATION TESTS

1., GENERAL

Sinusoidal vibration tests were conducted to determine whether the MK82
Ballute retarder system could withstand the vibrational environment in sub-
sequent flight testa, 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, Meihod
514,1, Procedure 1, Part I, Curve G. These teats consisted of a vibration
survey at reduced input levels, resonant dwells, and cycling tests. These
teats 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 acceleroweter was placed at the
aft end of the retarder system near the oot 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 syastem
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 installa-
tion,

¢. Transverse Axis Number 2 Tesats

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,




Figure 40, Vibration Instrumentation and Transverse Axis
Number 1 Ingtallation {

Figure 41, Transverse Axis Number 1 Installation 4
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Figure 42, Transverss Axis Number 2 Installation.
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l" i Figure 43. 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 RESULIS

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 vibratlon tests.
During Trausverse Axis Number 1 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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No.

Equipment
Natne

TABLE V.

Manufactutrer

Model
Number

Serial
Number

VIBRATION TEST EQUIPMENT

Range

Calibration

Accuracy

Date and Cycle

Vibration System
Acceleronieters
Control (2)

Amplifiers (3)

Accelerometers,

Monitor (5)

Oscillograph

Galvanometers
(6)

MB Mfg, Ca.

Endevco

Unholte«Dickie

Endaveo

.Honeywell

Honeywall

C-210

2213

CVAS05

RMGS

2226C

1012

M-5000

L6554

6840
8820

L7176
L7179
L7181
L7186
L7187

TF38
TF71
i3
TG51
UN14

L3658

52018
18333
1534494
153533
153532
1¥321487

20,000
Force Lb

2 He
3K He

0- 10006

0-1000G

1¢160 In,
/sec

DC-3K Hy

N/A

£2%
0-10000

3%

5 He to
10 R

He

2%
5 He-10K
He

3-6-72

3-3-72 4 monthe
4-13-72 3 months
5211=72 3 montha

3:3-72 4 months

4=17-72 3 months

9-16-72 9 months

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

(1) 110 to 115 Hz, - This is the first bending mode of the entire

system.

to 110 Hz after 12 sinuvies of dwell tests.

The resonant freqnmency started at 115 Hz and shifted
This was due to

slight wear'1g of the clawp ring against the fixture and the
Ballute canister,

(2) 479 Hz. - This resonant condition was noted on Pickup No. 4
Transverse Axls No. 2 fin and appears to be a bending mode
At T + 8 minutes the resonant frequency was shifted

of fin.

(3)

)

to 408 Hz, There is no known reason for the frequency change,
No damage was noted,

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

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 were 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 J
without complete disassembly. }

Table VI lists the recorded values obtainad during dwell tests,

b. Transverse Axis Number 2 Tests W
' During the regonamce search tests (3g), the recorded outputs of the
monitor accelerometer channels revealed a resonance at 70 Hz with much impact
loading. ‘
. 1
The clamp assembly was removed, ard inspection revealed the clamp ring !
was touching in only two areas, 9
|

The clamp ring was mechined so that it would matc the Ballute canisterx
to the vibration fixture more effectively.

The resonance search was repeated and the four resonant frequencies |
chosen from thies are listed below,

. (1) 125 Hz - The returder system is in & bending mode, No
P change in resonant frequency was recorded during tests.

(2) 959 Hz - This was a resonant condition for the Transverse
Axis Number 1 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) 1897 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 dwelle, each of 30 minutes in duration, and three cycles
e@ach of 20 minutes in duration, were performed for'a total teat time of

3 hours.

The visual examination after each dwell test and after the cycling vests
revealed no damage or deterioration aps a result of vibration tests, ‘

Table VII lists the data recorded during dwell tests. N
* ¢, Longitudinal Axis Tests
The resonance search revealed only one resonant frequency at 954 Hez., This

appeared to be a compression mode along the longitudinal axis with an output ‘
reaponse lavel of 120 g. A 30-minute resonant dwall was run at this frequency, '
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TABLE VI.

TEST DATA - TRANSVERSE AXIS NUMBER 1

R

; Praquency Aft End of Ballute Canister Finu
i (Hz) Level | Transvecse No. 1]iranaverse Wo. 2 Longltudlnel| Transvarse No. | TFansversc Nov I | \
(©) ©) (©) () «)
115 14 50 6 18 60 18
109 {714 50 to 70 ¥ 6 to 10 * 18 to 27 * 50 to 70 * 70 to 40 *
‘ Note 1
448 14 7.5 12 6,5 458 54 '
j we | 1 8 15 ’ 34 m
Note 2 * '
920 14 50 24 40 130 100
1106 14 H 21 [} 100 45

*
Two frequencies modulating againat each other only minimum and maximum
valusu recorded.

Note 1 « The resonsnt frequency started at 115 He and shifted to 110 He after 12 minutes
of dwell testing, ‘The remsining portion of test period was condusted at the
new (109 He) resondnt frequency.

Note 2 « The original resonant Fraquency of 448 He shifted tuv 408 Hr after B minutes
of testing, Test period concluded at tew frequency,

TABLE V1I.

TEST DATA « TRANSVERSE AXIS NUMBER 2

Frequancy Input Aft End of Helluts Cunjeter I

(Hz) Level Transverss No, 1 Transverse No, ¢ Longitudinal Transverse No, 2 Transverse No, 1
.- ©@ () e ()] ©) (@)

128 14 60 . 70 % $0 - 120 ¥ 40 - 80 20 .« 30 % 50 « 100 *

938 14 15 60 27 100 180

1199 14 8 38 18 55 190

1897 14 17 91 18 23 20

* Two frequencies modulating against each other. Both minimum and meximum values were recorded
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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

tests,

Table VIII lists the data obtained during the dwell test,

4. CONCLUSIONS

MK82 Ballute retarder system as a result of vibration

The results of the visual inspections and data gathered indicate that
the MKB2 Ballute retarder system will withstand the vibration environment
which was simulated,

TABLE VIII,

TEST DATA - LONGITUDINAL AXIS

e e e oo e b i 5 et 4 - S e e o e e e etk e
Frequengy luput Aft_tnd of Bailute Go.inter Fiom
(Ha) Levals | Transverse Nu, 1 Trandvarse No, ? Longltudingl Tranuverse No, 2 Transverde No, 1
[{5)] w) () ()}
BY3 14 80 30 120 60 10
81
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SECTION VII

CONCLUSIONS AND RECOMMENDATIONS

Conclueions and recommendations resulting from this advance development
effort follow:

1, CONCLUSIONS

(a)

(b)

(c)

(d)

(e)

The estimated static margin of the MK82/Ballute canister is
equal to or grsater than the MKB2/MAU-93 for most Mach
numbers of concern,

The varigtion of static margin with roll attitude cannot be
predicted elther analytically or by comparison of avallable
wind tunnel data.

The dynamic stability cannot be predicted due to nonavailability
of wind tunnel and flight test data,

Results of the structural analysis indicate that the developed
system is atructurally adequate for subsequent flight testing,

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

2. RECOMMENDATIONS

(a)

(b)

A wind tunnel test program is recommended to determine the
following:

(1) Effect of roll attitude on static stability.
(2) lLinear and nonlinear statlc 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,

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

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

(2) Minimum nylon strength required for Ballute construction,
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