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ABSTRACI

This report contains detail loads and stress analyses showing that the
MAU-12A/A Bomb Ejector Rack is adequate for external carriage of stores
on US Air Force aircraft, It was determined that carrying a 20-inch-
diameter store on the 30-inch shackles produces the largest stress in the
components of the rack. Therefore, these conditions were used exclusively

in the analysis,

The load conditions for the 14-inch shackles were investigated to ensure
that no critical local stress problems are produced. Determination of the

allowable ultimate vertical load for these shackles is included.

Stress analyses are presented for critical conditions of each component,
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AIR FORCE DRAWINGS - MAU-12A/A BOMB EJECTOR RACK

062B13022 Bolt, Mounting, Breech
60C46530 Link, Connecting, Shackle

60C 46538 Clevis, Guide, Over-Center Spring
60C46540 Trunnion, Clevis

60C 46541 Bellcrank, Inflight, Safety Lock
63C14370 Rod, Shackle Actuating, Forward
63C1437] Rod, Shackle Actuating, Aft
63C14383 Pin, Linkage

04C13032 Piston, Slave

60D46528 Shackle, 30-inch Spacing
63D14368 Body, Retainer Cartridge
64D13082 Plug, Slave Piston, Retaining
63D14374 Tube, Gas, Assembly of
63D14375 Tube, Gas

63D14378 Retainer, Cartridge

63D14379 Retainer, Cartridge, Assembly of
60H46522 Block, Cylinder, Ejection Piston
60H46534 Sideplate, Left Hand

60H46535 Sideplate, Right Hand

63H14361 Breech, Bomb Ejector, Rack
63H1 4366 Block, Orifice Housing

63H14376 Tee, Connecting, Gas Tube
63J14362 Bellcrank, Actuating, Rod
63J14363 Shackle, 14-inch Spucing

63D14369 Fitting, Drag, Vertical, Assembly of
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SUMMARY OF MINIMUM MARGINS OF SAFETY

Refer to Critical Type stress
Part _page section or loading M.S.
Side plate 39 Section A-A  Bending and tension +0.05
Swaybrace 4] Section D-D Bending +0.09
Swaybrace 42 Section E-E  Bending +0.02Yield)
Swaybrace 43 Section F-F  Bending +0.0% Yield)
Swaybrace 44 Section G-G  Bending and +0.07
(Cylinder block) compression
Swaybrace 45 Aircraft Shear +0.02
(Cylinder block) attachment Bearing +0.22
Forward 30" 49 Section A-A  Bending +0.13
shackle
Forward 30" 53 Section D-U  Bending, tension +0.11
shackle and shear
Aft 30" shackle 54 Section A-A  Bending +0.28
Aft 30" shackle 55 Section B-B  Bending +0.24
Aft 30" shackle 57 Section D-D  Bending, tension +0.10
and shear

Forward link 59 Section A-A  Bearing +1.89
connector
Forward 14" 61 Section B-B  Shear and bending +0.10
shackle
Forward 14" 62 Section C-C  Bending and +0.15
shackle compression
Aft 14" shackle 65 Section B-B  Bending +0.40
Aft 14" shackle 66 Section C-C  Bending and +0.46

_ compression
Forward actuating 68 Section A-A Compression +0.67
rod
Forward actuating 69 Section B-B Bending +0.11
rod {Connecting

pin)

Center bellcrunk 71 Section A-A  Bending and shear +0.23
Center bellcrank 72 Lug analysis Shear +0.10
Safety lock 76 Section B-B  Bending +0.13
bellcrank
Clevis trunnion 80 Section A-A  Bending and shear +0.85
Aft actuating rod 82 Section B-B Compression and +0.43

vi

bending



SUMMARY OF MINIMUM MARGINS OF SAFETY (cont'd)

Refer to Critical

Type stress

Part page section or loading M.S.

Vertical drag 85 Side plate Shear +0.01

fitting fastener

Vertical drag 86 Side plate Shear-out +0.10

fitting attachment

breech 89 Section A~A  Tension +0.01*

Slave piston 90 Compression +0. 32"

Slave piston plug 90 Thread area Shear +1.84*

Cartridge body 91 Section B-B Tension +0.32*

retainer

Cartridge body 91 "O'" ring Compression +0.15*%

retainer groove

Cartridge retainer 92 Thread area Shear +0.52*

cap

Cartridge retainer 93 Section B-B  Shear +0. 32%

cap

Tee gas tube 94 Section A-A  Tension +0.42*

Tee gas tube 95 Section C-C  Tension +0.06*

Gas tube 95 Tension +0.14*

Tee gas tube 96 Side plate Shear +0.06*
attachment

*The ultimate factor of safety is 2.5 times the gas pressure limit load for all
Ballistic System components. Ultimate factor of safety of 1.5 times limit

loads is used for all other components.

vii
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1. INTRODUCTION

This report presents the load and stress analysis of the MAU-12A/A Bomb
E jector Rack in accordance with the requirements listed in paragraph 3.7 of
MIL-A-.8868. Stress analyses are presented for critical conditions of each

component,

The design for the bomb ejector rack was determined by loading conditions
No. 2 and No., 6, shown in table 3, which produce the most critical local loads

in the structural parts of the bomb rack.

Unless specifically noted, all loads, load factors, and allowables shown
are ultimate values.* Included in the report is a Summary of Minimum Margins

of Safety above ultimate values.

Since forces and moments presented refer to left- hand, wing-mounted
store installations, all loads and stress analyses in this report also pertain
to left-haiid assemblies with right-hand values opposite, unless otherwise

specifically noted.

2. STRUCTURAL DESCRIPTION

The MAU-12A/A Bomb E jector Rack has been designed to function as a
structural support and release mechanism for external carriage of stores on
US Air Force aircraft. The rack is basically a ballistic-gas actuated
mechanism which is enclosed by a structural body composed of side plates
and close-out channels. The major gas system components (i.e., breech and

piston blocks) also serve as primary structural members.

Within the housing, two sets of shackles are provided; one set on 30-inch
spacing and the other on 14-inch spacing. The 30-inch and l4-inch shackles
are designed so the drag load (longitudinal) applied to the store will be reactea
by the end drag fitting or the provided section of the cylinder block respectively.
The 30-inch shackles and 14-inch shackles are connected by compression links.
From the shackles, load is transmitted through the compressing links to a
central bellcrank. The link loads on the bellcrank are overcenter, producing

an unbalanced moment on the bellcrank. This unbalanced moment is reacted

*The ultimate factor of safety is 1.5 times the limit load for all components
except those in the gas system. The ultimate factor of safety for those com-
ponents is 2.5,
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by a tension link. Under normal conditions, a down load on the shackles tends

to keep the linkage closed.

A breech block is provided which holds two ARD 446-1 cartridges. These
cartridges fire, when subjected to a dc potential of 24 volts, furnishing a
high-pressure gas source. Each cartridge is provided with a separate firing
circuit. Should one cartridge fail to receive firing current, the other cart-

ridge is capable of igniting it sympathetically.

From the breech, the high-pressure gas is used in two ways: (a) a small
slave piston is actuated which contacts a striker block attached to the main
bellcrank; this piston force produces sufficient moment to overcome the
existing closing moment due to the link loads, thus opening the linkage; (b)
The main portion of the gas is piped through a tee-shaped tube to the forward
and aft cylinder block where the gas is then utilized to drive *he ejection
pistons down on the store. After the pistons have extended through their full
stroke, trapped, high-pressure gas is used to return the pistons to their

normal positions.

The rack is capable of varying thrust output to the ejection pistons by
orificing the gas flow. Orificing is accomplished by the proper positioning
of a slide containing two through-drilled holes. Two slides are located in the
gas system, one each between the ends of the tee tube and the cylinder bliocks.
Through the use of these orifices, the peak thrust may t wvaried.

The rack design also includes an in-flight lock system which is composed
primarily of a solenoid, locking pawl (bellcrank), and three rotary switches.

The pawl is spring-loaded to the normally closed position and is actuated by

an electrical impulse delivered to the solenoid.

3 LOAD ANALYSIS

a. Applied loads and store reactions

The loads and moments in table 1 which are used in this analysis are
derived from data presented in MIL-A-859]. The moments and forces are
reacted at the 30-inch spacing shackles and the 20-inch spacing swaybraces
of the bomb rack. The reactions of the shackles and swaybraces arr based

upon the method of load distribution shown in MIL-A-859] except for the

2
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reactions caused by the yawing moment distribution. In this analysis, 60 per-
cent of the yawing moment applied at the C. G. of the store is assumed to be
reacted by a couple at the 30-inch shackles, and 40 percent of the yawing

moment is reacted by the swaybraces. This assumption is based upon

empirical data obtained from static load tests conducted at the Sandia Corpora-
tion, Albuquerque, New Mexico. Thirty-three tests conducted on the MAU-12A/A
Bomb Radk verifys the percentage of the yawing moment reacted by the sway-

braces.

b. Aircraft attachment reactions

The calculated loads at the forward and aft shackles and swaybraces
of the bomb rack (table 1) are reacted at the forward and aft aircraft attachment
points. Calculations for the aircraft attachment reactions are based upon the

following assumptions:
(1) Vertical and lateral reactions
The bomb rack is assumed equivalent to a simply supported beam.
(2) Longitudinal reactions

The longitudinal load applied in the aft direction is assumed to he
reacted entirely at the aft aircraft attachment point, and when applied in the
forward direction is assumed to be reacted entirely at the forward aircraft

attachment point.
(3) Rolling moment reaction

The reacting rolling moments are due to the side loads applied
to the shackles and loads applied to the swaybraces. Since the swaybrace is
an integral of the part attached to the aircraft, the forward reacting rolling
moment is assumed to be due to the loads applied to the forward shackle and

swaybrace. The same assumption is used for the aft reacting rolling moment.

Sign convention, geometry, and general equations for calculation of
aircrait attachment reactions are shown in figure 1 and on pages 9 and 10,

Table 2 contains actual calculations of aircraft attachment reactions.
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AIRCRAFT ATTACHMENT REACTIONS
General E quations for Reactions

Vertical Reactions

f f a o f o _
Pz(25)+(Px+Px)(3.688)+(}‘SBR+ PSBL)cos 25 (20)-P:( 5)-R_(20)=0
f f a f f a
R, =1.25F, +0. 184(Px+ Px)+ 0. 906(PSBR+ PSBL)-O. 25 P2

a

f a f
P 25)-(Px+ Pz)( 3.688)-PL(5)+ (PSBR+

a o
PSBL)cos 25 (ZO)-Rza( 20)=0

R =1.25 Pa-o.184(P‘+p“)+o.9oe(Pa p2 )-0.2.5 pf
za Zz X X Z

sBRY- sBL

Longitudinal Reactions

L.ateral Reactions

f 20 sin 25°Ff

f ; o
Py(25)+ 20 sin 25 pSBR SBL

-PX5)-R (20)=0
y yf

f f f a
Ryf’ 1.25 Py+ 0.423 [PSBR'pSBL]-O' 25 Py

a a

. o . o f
p?( 251420 sin 257Pgpp-20 sin 257 Py ~F (5) -R_,(20) = 0

a a a {
Rya' 1.25 Py+ 0.423 [PSBR'pSBL] -0.25 Py

(See figure 1 for dimensions and sign convention)
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Rolling Moment Reactions

The reacting rolling moments are due to the sideloads applied to the 30-inch
shackles and the swaybraces. Since the swaybrace is an integral of the part
attached to the aircraft, the forward reacting rolling moment is assurned to be

due to the loads applied to the forward shackle and swaybrace. The same

assumption is used for the aft reacting rolling moment.

{ f f
M, +P (4. 063)+(PSBR-PSBL)(6. 350)= 0

f { f
M= -P(4. 063)-(PSBR-PSBL)(6. 350)

a a a
M2+ P;H. 063)+ (pSBR-pSBL)e. 350)= 0

a a a
M2 -p;(«s. 063)-(PSBR-PSBL)(6. 350)

10
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c. Linkage mechanism reactions

Loads and moments calculated for the linkage mechanism reactions
are the vertical and side loads transmitted from the shackles to the central
bellcrank. The longitudinal (drag) load is reacted by the end drag fitting

(reference Structural Lescription, page 1).

Sign conventions, geometry, and general equations for calculation of
the linkage mechanism reactions are shown in figure 2 and pages 13 through 24.

Table 3 contains actual calculations for these reactions.

11
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DIMENSION CALCULATIONS

(Reference page 13)

im0 <1187
- 3,878
6 = tan~} 0.3063 = 17.04°
> ?ﬁ"i%: 0.0565
o = sin"! 0.0565 = 3.24°
(o]
5 = 90°- 0= 90-17.04
» = 72.96°
in y = S35 = 0.0198
v = sin"1 0.0198 = 1.264°
e & %-'355;—2 = 1.090
a = tan"! 1.090 = 47.48°
B=a+6-vy
= 47.48 + 17.04 - 1. 26
B =63.2°

14

€ =6 -y

17.04 - 1.26 = 15.78°

Distance -- X and Y:

o5 - 1.952

tan o

w = tan") 1.952 = 62.89

0's 90 - [+ 6] - w

90 - [3.24 + 17.04]- 62.89

6'= 6.83°

EN =V(0.781)2 + (0.400)% = 0.878 in.

sin @' =—-L—
EN
Y = EN sin 8' = (0.878)(0.118%)
Y = 0.104 in.
tan 6' =-5Y(-
x=o_9'1_11°(’)§is= 0.868 in.
sin{g+0) = 1.362

h = 1.062(sin 20.28) = 0.368 in.
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BELLCRANK
- 2813 I
,-ﬂ
{’ \-\—P o |"—
\ \ d
\ ~ 3
\ 4 N
i' 2 f‘-\ ~
’ NP E
-:-_ = S -
d, |Es=: ""’*\"‘._" }’H'\ 2
) X7 | LINE OF ACTION
N [ / b
) /B~ _”
. '~ 878 1.629%
s \\l s
S~ +
750 £ 24 e 4 Ve
LINE OF ACTION X \:&\r
- ¢ -

LINE OF ACTION

1_DISTANCE TO LINE OF ACTION FROM POINT E

Y= 9+ 0=
tan ¢ = 8;?2 = 0.857
e = tan~1 0.857 =
p = € - vy = 40.60
sinB:_f_
EK
a=1(1.15310.347)
cosﬁz—_E_—

EK

b=1(1.153)0.938)

-M0.750)% + (0.875)>

1.153 in.

40.60°

20.28 = 20.132°

0.400 in.

1.082 in.

15

tan \

i

3.24 + 17.04 = 20.28° (Reference page 14)

2.813-a= 2.813- 0.400
2.413 1n.

1.625-b= 1.625- 1.082
0.543

g:§:§= 0.225

tan~1 0.225 - 12.68°
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1 DISTANCE TO LINE OF ACTION FROM POINT E
(Reference page 15)

d
sin 0:__1
K
a=90- B+ N]=90-[20.32+ 12.68] (Reference page 15)
a = 90.00 - 33.00 = 57.00°

d, = EK sin 57° = (1.153)0.838) = 0.968 in.

EH =J(3.875)2 +(1.187)% = 4.05 in. (Reference page 13)
dZ
sin y = — v = 1.264° (Reference pages 13 & 14)
EH
d,= EH sin 1.264° = (4.05(0.0198) = 0.080 in.
1.084
tan 0 = 5007 - 0.217
BELLCRANK
-1 o N
6 = tan " 0.217 = 12.24 ?
o= 8 -0 O = 6.81° 14" SHACKLE (FWD) ~ 1.084
H.
(Reference page 14) *
o' = 12.24 - 6.83 8007 ——>
= 5.41°
d3 -
sin ¢' = EN = 0.878 in. (Reference page 14)

EN

d3 = EN sin 5.41 = (0.878)(0.0943) = 0,083 in.

16
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FORWARD 30-INCH SHACKLE REACTIONS
(Reference Drawing 60D46528)

AZ
(1) ex
"A" n.l.‘nt
I +
k 1750
3129 bt 1 27180
E 2 H
& J P n..
y
-
o!
¥
750>  je—

Loads and reactions shown
in positive direction

General Equations for Reactions

¥+ ;
IM,y=0 : 0.750 PL_-1.750 R, = 0
0.750 f _ i
Re. = poog Py = 0.428F,
+
s =o : R, =P
z Az z
+
-
IF_ =0 Ro, + R, =0
R. = -R. - -0.428 P!
Ax ~ TG T T z
M. = 3.125 P!
Ax ' y

17
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FORWARD 14-INCH SHACKLE REACTION
(Reference Drawing 63J14363)

6 = 12.24°
(Reference page 16)

Loads and reactions shown
in positive directions

General Equation for Reactions

CH =/(1.375)2 + (1.500)°2

= 2.07 in, s
4C s tan" " %—'-g—g—g: tan'l 1.090
X C = 47.48°

o= 90 - [XC + 6]
= 90 - [47.48 + 12.24]
¢ = 30.28°
d= CH' cos e = (2.07)0.864)

d= 1.788 in.

18
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)

IM
c

ik

0

of

1.750 P, - 1.788 R, = 0
1,750
Ry = Toag Por = 0.980 b,
*.R,, = 0.980 [0.428 Pl - 0.4195p
H z . z
Rcz = RH' sin 6
= 0.212 R,
“R__ = 0.212 [0.4195 p‘]
cZ Z
f
- 0.0889 P
. 4
ch + RH' cos 6 - PG' =0
R_ = Pg, -0.97 Ry,

G

0.044 P,

f

0.0188 P
=

P, -0.976 [0.980 PG,]

0.044 [0.428 P

19

f

(Reference page 18)

fz] (Reference page 17)
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AFT 30-INCH SHACKLE REACTIONS
(Reference Dr: wing 60D46528)

€— 2.500—> R,,
250 <
(1Y
8 Ryy
yy Lﬁ 1) F
Y 1750
-0-—-,)-—-1» e 2750
3.12% G L 1P
"t/ Re
N Y
y >
[ ]
]
Y 750 —» o

LLoads and reactions shown in
Positive directions

General Equations for Reactions

‘N .
IMByz 0o : RG(1.750)-PZ(0.750)= 0
0.750 .,a a
RG= 1.750 pz= 0.428 pz
+
a
IFz=0f. RBZ-PZ
-+ =
IF =0 RBx= -RG = -0.428 Pz

20
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AFT 14-INCH SHACKLE REACTIONS
(Reference Drawing 63J14363)

T Ay T
LINE OF ACTlON)\ 1500 -2674°

General Equations for Reactions

HD =J/(1.375)2 + (1.5000% = 2.07 in.

63.26° (Reference page 14)

B

d
cos ¢ = —
D p= 90 -8 = 90 - 63.26 = 26.74°
HD cos 26.74° = d
d =(2.0710.894) = 1.848 in.
o
ZMDz 0
RHd = 1.75 P'G
1.75 ., ,
Ry, = 0.948 [0.428 I‘i] (Reference page 20)

0.406 P2
e

21
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+
XFZ'- OT
% (o]
Ry, = Ry sin15.78° = 0.2718 R
= 0.1103 P2
y A
—>+
SF =0

o
RUx + RH cos 15.78 -PG =0

Ry, = Pg - (0.962) Ry = P - (0.962)0.948) P’
.R.. = 0.090P._. = 0.090 (0.428 P?| = 0.0386 P2
Dx G z z

22
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BELLCRANK REACTIONS

(Reference Drawing 63J14362)

(0.083) P

+ (0.080) PH - (0.968) RK = 0

Hl
0.083 0.080
(0a) P+ (5068

0.0858 P, + 0.0827 P,

x
]

0.0858 [0.4195 sz] + 0.0827 [0.406 }‘:] (Reference

pages 19 and 21)

0.03 P! + 0.0336 P2
y A Z

M = RK sin 12.68(0.875) (Reference Drawing 63J14362 for
dimensions)

(0 875)(0.2195) [0.036 1-'2 + 0.0336 1;’]

0.00692 'Y + 0.00645 P?
Z Z

23
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IF
z

IF
x

+

R, cos 12.68(0.875)

K

(0.875K0.975) [0.036 P‘z + 0.0336 p:]

0.0307 P{ + 0.02865 P2
b A Zz

Py, sin 12.24° + P, sin 15.78° - R_ sin 12.68° = 0

H K

0.2195R,, - 0.212P,, - 0.272P

K H' H

0.4195 sz (Reference page 19)

0.406 P> (Reference page 21)

f

Ry = 0.036 P_+ 0.0336 P: (Reference page 23)

K

f

+ 0.0336 p“] - 0.212 [0.4195 P‘]
y A Zz Z

0.2195 [0. 036 P

0.272 [0.406 p:]

f

0.0079 P + 0.00738 p: - 0.1105 p: - 0.0889 P

f
z
f
z

-0.081 F' - 0.103 p:

cos 15.78 + R, cos 12.68 = 0

PH, cos 12.24 - P K

H

- 0.975 R

-0.976 P H K

g + 0.9625 P

-0.976 [0.4195 P‘z] + 0.9625 [0.406 p:]

-0.975 [0.036 P‘z + 0.0336 P:]

f
z

f

-0.410 P_ + 0.3904 p: -0.0351 P - 0.0328 p:

-0.4451 P! + 0.3576 P®
z Z

24
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4. STRUCTURAL STRESS ANALYSIS

The stress analysis for the MAU-12A/A Bomb L jector Rack is presented
in three sections: (a) body analysis (side plates and swaybraces); (b) linkage

mechanism and drag fitting analysis; and (c) ballistic gas system analysis.

The body analysis is based upon the loads and moments produced by load
condition No., 6 (reference tables 2 and 3) shown in figure 7. The components
of these loads, in a vertical and horizontal plane, are shown in figure 8 with

the shear and moment diagrams presented in figures 9 and 10.

LLoads and moments produced by load condition No. 2 (reference tables 2

and 3) pres<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>