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FOREWORD

This report was prepared by Hercules Incorporated, Bacchus Works,
Magna, Utah under United States Air Force Contract F33615-72-1725,
Project 1369, Task 03, Graphite Composite Landing Gear Components. The
program was administered by the Air Force Flight Dynamics Laboratory,
Wright-Patterson Air Force Base, Ohio, under the direction of Gerald C,
Shumaker (AFFDL/FEM).

This is Volume II, Appendices, of the final report, two volumes,
covering the work performed from February 28, 1973 to February 1977.
Volume I of the report contains the technical discussion. Hercules per-
sonnel directly participating on the program were:

Program Manager L. C. Jensen
Program Engineer H. L. Pritt
Fabrication Engineer J. Witzel
Design Supervisor J. N. Burns
Design Engineer E. R. Torres
Design Engineer R. E, Thompson

The report was submitted by the authors for publication as a
Technical Report in June 1977,
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The strength reduction in boron/epoxy test data
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strength F7 versus D/, for various laminate
layup orientations of N‘nnuu 3.100 Type ll
are presented in Figures 0.2, 2,23 and 6,
which were obtained from R\n rence o, 8.
design curves

for temperatures up to 375°F are shown in
Frgure 6.2.2.25 from References 6.2 and 6, 25,
The shearout, net-tension, and bearing tem-

Z L'"l
The
shown represcent the lower bound
data and are valid for the parameter range perature correction curves shown should be
designated, Countersunk fastener joint data
are presented in paragraph 6,2,2, 1.2,

considered applicable only for the laminate
orientations designated,
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2C SR
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ULTIMATE LOADS APPLIED TO OUTER CYLINDER

2 X
Jx b

g
\61
oUiLR (_}2_1—‘_1 R
Load Conditicas xl.ﬂ Y[.B YK XC ZC YC XUB YUB

2 pt. | sux vert 1a | -9500 | -15300 | s200 | 1100 | -9300 | 7500 | 3c00 | 10100
t;x;tng Spin-up 18 12100 3900 | -6800 500 | 4100 | 3300 | -2800 | 2000
2 spring Back | I1C | -16200 | -18200 | 9100 | 900 | -7600 | 6200 | o400 | 9100
25| ran Kax Vert 2a | -16000 | ~19600 | 9000 | 1000 | -8900 {-7230 | 6400 | 10400
3§ fﬁﬁl’m Spring Back | 2¢ | -14900 | -17000 | 9700 | 00 | -5600 | 4600 | 4500 | 7200
prife | Righe | -1400| 6100 | 300 | -1000{ 9000 [-7300 { 500 | -1800
Landing | ) .¢e 38| -1400 | -21000 | t600 | 2600 -22600 {18300 | S00 | 13300
n | Braked Roll 4a | 14700 ] 1300 | -6100 700] -6300 | s100 | -7500 | 4800
f;:::: Reversed Brake sa | -17900 | -14000 | 8200 700{ -6300 | s100 ( &0 [ ssco
‘7’:% Right Turn 6a| -1800 | -19100 | 1700 | 2600 -22700 | 18200 | 00 | 11600

Note: Loads in pounds.
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Figure 140. Graphite/Fpoxy to Steel Mechanical Joint Single Lap Bearing
Strength Versus e/D at Room Temperature (Type AS/3002, Batch)
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The strength reduction in boron/epoxy test data

Craplite /‘.l.‘))'~m". data on vquivalent beaving Fleveted-Tomperature Effects -

Strencte versus D/t, tor various Laminate
Layup ovientations of Naruco 5200, Type 1, tor temperatures uap to 375 F are shown in
are precented i Figures o, 2, 2,23 and v, 2, 2, 24,
The
s o=hown represent the lower hound
valid for the

Countersuny fastene s jotat data

; . ; Figure 6,2, 2,25 trom References 0, 2 and 6, 25,
which woere ontuamed (o Poference o, 4, .
The shearout, noi-tension, and bearing tem-

design carve

diat and are BLCler range perdure correction curves shown should be

designated, considered applicable only for the laminate

are preseated an paragraph o, 2, 2.1, 2, uricntations designated,
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-8
TABLE
ULTIMATE IDADS(I) USED TO DESIGN THE OUTER CYLINDER/TRUNNION
Location® F, M M M v v v T
x y ecs x y res
1 0 22,000 16,000 27,200 17,900 10,400 20,700 78,000
2 0 9,000 62,000 62.700 17,900 10,400 20,700 78,000
3 -8900 51,000 135,000 144,000 17,900 10,400 20,700 78,000
4 -8900 31,000 176,000 178,500 17,200 3,170 17,500 76,000
5 -8900 39,000 223,000 226,500 17,200 7,230 18,650 76.000
6 -8900 22,000 264,000 265,000 17,200 7,230 18,650 76,000
7 -8900 9,000 281,000 281,000 9,800 7,230 12,150 76,000
p. -2 p.ZZ-6
(1) Maximum values from Pégeres through4 regardless of load condition; all
load conditions lumped together. This will provide a slightly conservative
analysis.
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Lowos AT RTTACAME~T

T
Ts A-3N 0 RARCRARPT T, / 3
VRIS AFT
T S
2 <
T
FORWARD / 1
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Figure IV.16. Trunnion Reaction Loads in H,S,V System

TABLE IV.17
TRUNNION REACTION LOADS IN H,S,v SYSTEM FOR BALL JOINTS

Forward Aft
Case T3 Lbs Tp Lbs T3 Lbs Tj Lbs T2 Lbs T3 Lbs

1A 13,066 5970 3866 -6,958 1547 0
1B -14,404 -2965 0 17,088 6267 -8124
1C 21,255 7816 8313 -16,254 -1661 0
2A 21,259 8146 7965 -15,403 -938 0
2C 22,379 7630 9393 -18,675 -3071 0
3A -6,308 5066 17 -8,418 6657 0
3B 9,354 -495 26 7,135 -1771 0
4A -17,884 -2251 0 22,017 7338 -8444
5A 24,253 7309 8363 -20,120 -2222 0
6A -4,196 5432 -14 -6,732 6709 0
7 1,851 3394 -2173 5,648 5836 0

NOTE ! LOWmDS PprLy AT CESNToR oM™ RR crRARTT
RTTACHMmENT fBuswiv g ,
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Figure IV.18. Trunnion Reaction Loads

TABLE 1V.19
TRUNNION REACTION LOADS IN THE x,y,z SYSTEM FOR BALL JOINTS

Cond F, Lbs F, Lbs  F, Lbs Ay Lbs Ay Lbs A, Lbs

1A 5,320 -5,970 -12,544 -787  -1,547 6,913
1B -1,630 2,965 14,311 -6,137 -6,267 -17,897
1C 10,665 -7,816 -20,177 -1,840 16,612 16,149
24 10,320 -8,146 -20,217 -1,743 938 15,303
2¢ 11,865 -7,630 -21,171 -2,114 3,071 18,553
3A -697  -5,066 6,269 -953  -6,657 8,363
3B 1,084 495  -9,290 807 1,771  -7,089

4A ~2,024 2,251 17,769 -5,897 -7,338 -22,831
5A 11,054 -7,309 -23,150 -2,277 2,222 19,990

6A =488 -5,432 4,167 -762 -6,709 6,688
7 -1,949 -3,394  -2,085 639 -5,836  -5,611
69
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TENSILE SHEAR CLEAVAGE PEEL
The basic types of structural stress.

Tensile stress results when forces perpendicular to the plane of the joint are distributed uniformly over
the entire bonded area. If the joint is properly designed, all of the adhesive will contribute to the strength
of the bond. Unfortunately, loads rarely are axial and often develop into cleavage stresses. This can be
prevented, however, by physical restraints.

Shear stress occurs when force is applied parallel to the planc of the joint and distributed uniformly over
the bonded arca. Most joints are designed for this type of stress, Here, too, all of the adhesive contributes
to the strength of the bond. Since shear bonds are relatively simple to make, joints which depend upon an
adhesive’s shear strength are more common than teasile joints.,

Shear loads concentrate ar the ends of a lap joint and only slightly affect the joint's middle pottion. Loads
tesulting from bending of the material can be reduced cither by beveling the ends to allow bending, removing
material to reduce stiffness, increaging flexibility by inserting a less rigid materjal between stiff adherends,
or bonding flexible doublers on the outer surfaces at points where bending occurs.

Cleavage, an undesirable type of stress, is similar to tensile stress because force is applied perpendicular

to the planc of the joint. Cleavage stress, however, is concentrated along one side of the bond, while other
arcas remain almost unstressed, Cleavage conditions should be avoided in the design of a joint.

Peel is another undesirable type of stress. It is unlike shear stress in that force is applied approximately
perpendicular to the plane of the joint. Peel stress, however, is confined to a very thin line at the edge of
the bond. When peel occurs the remaining bond arca makes no contribution to the strength of the joint.

Added width in a joint can increase the resistance to peel stress, ot you can lap the mote flexible end over
the stiffer adherend. You can also inhibit peel by stiffening the end of the flexible member: that is, by
addmg cither bonded doublers or a mechanical stop such as a rivet, or by recessing the end of the flexible

=P e =P oz

Methods of reducing pecl stresses at the point where pecl starts.

A joint is rarely subjected to just one type of stress, Commonly, scveral types act togethet to weaken the
joint. This fact should be berne in mind when designing a joint.

Structural adhesives have the highest resistance to tensile or shear stresses, and designs which subject
the bond w clcavage or pecl forces should be avoided. The working area of the bond should be as large
‘ as possible. Suength is dircetly proportional to the bond width; increasing the width will always increase
1 the strength of a joint. Increasing the depth, or amount of overlap, does not always increase the bond
strength, however. Peel stress is distributed only by increasing the width of a joint; thus depth has no
cffect. 95
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APPENDIX A
PART V

LOADS USED IN THE
DESIGN AND ANALYSIS

OF THE LEFT MAIN LANDING GEAR
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AN A

VeA. Applied Loads

The following loads were calculated from the Cessna test results
for the right main landing geai of the A-37B aircraft. The coordinate
system used for the right gear is {-verted for the left, automatically,
and needs no further sign changes.

The loads calculated for the end of the axle agree with the Bendix
loads table in Reference i, except that Reference { has two minor errors.
They have accidently switched the Fy loads for cases 3A and 3B, thereby
effecting the corresponding bending moments Mg and M.

Limit loads tested for by Cessna are found in Reference &. A
total of eleven loading conditions are defined hy Cessna and are identified
and coded in Table V,1,

TABLE V.1

LOADING CONDITION CHART

Code

1A F 2 Points Maximum vertical
1B Level Spin-up

1C Landing Landing Spring back

2A Tail Down Maximum vertical
2C Landing Spring back

3A Drift Right

3B + Landing Left

4A P Braked roll

5A Static Reverse brake

6A Right turn

7 L 2G taxi

Limit loads for a 14,000 pound A-37B aircraft, as found by
Cessna, are shown in Figure V,2 and listed in Table V.3,




6X%k“ ﬁ;1'
v
S, ¥
*—
FV
F

WHEEL BASE

Figure V.2. Wheel Load Vectors Whose Values are Listed in
Table V.3
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TABLE V.3 o JhE3
LIMIT LOADS ON 14,000 #A-37B AT WHEEL+
Condition FH Fs Fv

(pounds) (pounds) (pounds)
1A -2,582 0 10,326
1B 5,401 0 4,541
1C -5,550 0 8,489
2A% -5,296 0 9,946
2C* -6,247 0 6,290
3A 0 -4,130 5,163
3B 0 3,098 5,163
4A 5,600 0 7,000
5A -5,600 0 7,000
6A 0 3,244 7,688
7 0 0 12,790

* See Figure V,4

+ Reference 6
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s

-V SIN 14° + H cos 14°
V cos 14° + H SIN 14°

< =
U

CONDITION H v
24 -2733 10,932
2c -4540 7,615

CONDITION H v
2A -5296 9946
2C -6247 6290

Figure V,4. Calculations for Tail-Down Condition
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The objective of the applied loads analysis is to transfer
the loads in the H,S,V system at the wheel base to the near end of the axle
in the x,y,z system. This point on the axle is the centroid of the tire.
The reason for doing this transformation and rotation allows for a simpler
loads analysis on the rest of the gear.

The transformation and rotation is achieved as shown in Figures
V,5 and V.6 below.

LEFT MAIN
LANDING GEAR

LEFT HAND
RULE FOR MOMENTS i

LEFT HAND
COORDINATE SYSTEM

WHEEL BASE

Figure V.5, Over-all View
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Figure V.6. Rotating Forces at Wheel Base

F =

F, F,F will
x* "y’ Tz

Next,

from the Fyx, Fy, and F,

Figure V,.7).

o _ . o
FH cos 6.5 FV sin 6.5

. fo) [o]
FH sin 6.5 + FV cos 6.5

also be the same forces at the axle.

moments about the x, y, and z axes can be easily found
loads and are calculated at the axle (see
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8.346 = 8.4 COS 6.5°
0.951 = 8.4 SIN 6.5°

0.951

TR

—> Y =S

WHEEL BASE

0.951 IN.

Figure V.7

Solutions of moments about the x, y, z axes translated to the end
of the axle, due to loads Fy, Fy, F, at the wheel base, are given below.

8.346 Fy

*
-8.346 Fx - .951 F,

M
X

My

Mz

..951 Fy

*My = 0 for nonbraking conditions. That is, M, ¢ 0 for cases 4A and SA

only.

—— s ¢
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Tables V.8 and V.9 1ist the limit and ultimate applied loads
at the axle. The ultimate loads are 1.5 x the limit loads.

TABLE V.8
LIMIT LOADS AT THE AXLE END

No. Fx Fyﬁ Fgﬁ Mx Afy Mz
1A 1 -3735 0 9967 0 0 0
1B 2 4853 o 5124 0 0 0
1c 3 -6476 0 7806 0 0 0
2A 4 -6388 0 9283 0 0 0
2C 5 -6919 0 5542 0 0 0
3A 6 -585 -4130 5130  -34469 0 -3928
38 7 -585 3098 5130 25856 0 2947
4A 8 4771 0 7590 0 -47037 0
5A 9 -6357 0 6322 0 47043 0
6A 10 -871 -3844 7639 -32083 0 -3656
7 11 * 0 0 12708 0 0 0
*Upon calculation = -1448. However, for taxi conditions

the inertia of the tire is neglected.
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TABLE V,9 AN

ULTIMATE LOADS AT THE AXLE END
( = 1.5 x LIMIT)

No. Fx Fyf Fz Mx M§ Mz
1A 1 -5603 0 14951 0 0 0
1B 2 7280 0 7686 0 0 0
1C 3 -9714 0 11709 0 0 0
2A 4 -9582 0 13925 0 0 0
2C 5 -10379 0 8313 0 0 0
3A 6 -878 -6195 7695 -51704 0 -5892
3B 7 -878 4647 7695 38784 0 4421
4A 8 7157 0 11385 0 -70556 0
5A 9 -9536 0 9483 0 70565 0
6A 10 -1307 -5766 11459  -48125 0 -5484
7 11 0 0 19062 0 0 0

V.B. Free Body loads

The free body loads for the outer and inner assemblies have
been adopted from Reference 4 and are summarized in Figures V.10 and
V12 and Tables V,11 and V,13, Corrections for conditions 3A and
3B have been made, and the slight shift in side brace position with
respect to the outer cylinder has been neglected. The loads given do
account for a 7.5-inch axle length.




oHAPF "

Xyp AND Yy RELATE TO !
THE UPPER BEARING

REACTION WITH THE I.D.

OF THE OUTER CYLINDER.

X g AND Y;p RELATE TO
THE LOWER BEARING

REACTION WITH THE I.D.
OF THE OUTER CYLINDER,

Figure V,10. 1Inner Assembly Load Definition

TABLE V.11
INNER ASSEMBLY APPLIED LOADS#*

Cond. Xup YuB X8 s ¢
1A -3900 -10100 9500 15300 -5200
1B 4800 -2900 -12100 -3900 6800
1C -6400 -9100 16200 18200 -9100
2A -6400 -10400 16000 19400 -9000
2C -4500 -7200 14900 17000 -9700
34 -500 -13300 1400 21000 -1600
3B -500 1800 1400 -6100 -300
4A 7500 -4800 -14700 -1300 6100
5A -8300 ~5800 17900 14000 -8200
64 -500 -11600 1800 19100 -1700
7+ 0 0 0 0 0
*Loads acting ON, not BY, the assembly.
+ZG taxi load acts through fluid pressure.
¢ 123
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UB AND LB REFER TO THE
UPPER AND LOWER BEARING
LOCATIONS ON THE 0.D.
OF THE PISTON.

Xc, Yo, AND Zo ARE
SIDE BRACE REACTIONS.

Figure V.12. Outer Assembly Load Definition

TABLE V,13
OUTER ASSEMBLY LOADS*

Cond XUB YUB X, Yc Zc xLB YLB YK
1A 3900 10000 1100 7500 -9300 -9500 -15300 5200
1B -4800 2900 500 3300 -4100 12100 3900 -6800
1C 6400 9100 900 6200 -7600 -16200 -18200 9100
2A 6400 10400 1000 -7230 -8900 -1600 -19400 9000
2C 4500 7200 600 4600 -5600 -14900 -17000 9700
3A 500 13300 2600 18300 -22600 -1400 -21000 1600
3B 500 -1800 -1000 -7300 9000 -1400 6100 300
4A -7500 4800 700 5100 -6300 14700 1300 -6100
5A 8300 5800 700 5100 -6300 -17900 -14000 8200
6A 500 11600 2600 18400 -22700 -1800 -19100 1700
7+ o 0 0 0 0 0 0 (]

*
Loads acting ON, not BY, the assembly.

+ZG Taxi load acts through fluid pressure to trunnion.
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2
v.C. Reaction Loads b T

Free body loads not shown in Figure 12 of the previous section
are the reaction loads between the aircraft frame and the trunnion of the
landing gear. Because these loads are critical to the trunnion design,
an indeterminate analysis using the finite-element method was performed.
Rigid beams were used to model portions of the gear as shown in Figure
V.14 below.

REACTION
POINTS
I//‘, SIDE BRACE BEAM
TRUNNION
BEAM
OUTER CYLINDER
PISTON BEAM
ALL LOADS
APPLIED HERE
(SEE SECTION 1V,A)
AXLE BEAM

Figure V,14. Finite-Element Beam Model of Landing Gear.

In Figure V.14, the reaction points are the forward and aft
lug locations on the trunnion. This model allows for easy and quick
calculations of all lug loads for all loading (landing and static) condi-
tions. Also, two boundary conditions were looked at, at the reaction
points. One is a ball joint and the other a single pin joint (see Figure
V.15 below).
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4 /C'{‘L =

BALL JOINT (NO
REACTIéN ngg?g;S AT SINGLE PIN JOINT (2 MOMENTS
AT EACH REACTION POINT)

Figure V,15. Boundary Conditions at Reaction Points

The two boundary conditions at the reaction points were analyzed
to two extreme load conditions on the trunnion. The ball joint creates a
conservative load state at the base of the trunnion arms (at the junction
near the outer cylinder), and a single pin joint creates a conservative
load state at the lugs. 1In reality, the load state is somewhere between
these two boundary conditions because of the "slop'" or looseness between
the lugs and the frame of the aircraft. Both conditions are investigated
in the chapter on trunnion design and analysis.

Figures V,16 and V,18 and Tables V.17 and V.19 show and
list the loads, respectively, for the ball joint boundary condition in
both the H,S,V and x,y,z systems. Figures V.20 and V,22 and Tables
V.21 and V,23 show and list, respectively, the single pin joint boundary
conditions in both the H,S,V and x,y,z systems.
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N

T3

T
FORWARD

.-5_-‘

Figure V,16. Trunnion Reaction Loads in H,S,V System

TABLE V.17
TRUNNION REACTION LOADS IN H,S,V SYSTEM FOR BALL JOINTS

Forward Aft
Case T} Lbs Tp Lbs T3 Lbs T3 Lbs To Lbs T3 Lbs

1A 13,066 5970 3866 -6,958 1547 0
1B -14,404 -2965 0 17,088 6267 -8124
1c 21,255 7816 8313 -16,254 -1661 0
2A 21,259 8146 7965 -15,403 -938 0
2C 22,379 7630 9393 -18,675 -3071 0
3A -6,308 5066 17 -8,418 6657 0
3B 9,354 -495 26 7,135 -1771 0
4A  -17,884 -2251 0 22,017 7338 -8444
5A 24,253 7309 8363 -20,120 -2222 0
6A -4,196 5432 -14 -6,732 6709 0
7 1,851 3394 -2173 5,648 5836 0




r - e 1
A
z AFT _
z ék,fc‘j’/;
A
h [f A7 %
R
/V
Fz ‘-“1>>y
FY
Fx,/C7'
FORWARD
—4

Figure V.18. Trunnion Reaction Loads

TABLE V,19
TRUNNION REACTION LOADS IN THE x,y,z SYSTEM FOR BALL JOINTS

Cond Fy Lbs Fy Lbs F, Lbs A, Lbs Ay Lbs A, Lbs

1A 5,320 -5,970 -~12,544 ~-787  -1,547 6,913
1B ~-1,630 2,965 14,311 -6,137 -6,267 -17,897
1C 10,665 -7,816 -20,177 -1,840 16,612 16,149
2A 10,320 -8,146 ~20,217 -1,743 938 15,303
2C 11,865 -7,630 -21,171 -2,114 3,071 18,553
3A -697 -5,066 6,269 -953 -6,657 8,363
3B 1,084 495 -9,290 807 1,771 -7,089

4A -2,024 2,251 17,769 -5,897 -7,338 -22,831
5A 11,054 -7,309 -23,150 -2,277 2,222 19,990

6A -488 =5,432 4,167 -762 -6,709 6,688
- -1,949 -3,39 -2,085 639 -5,836 -5,611
128
: T T SNy . ——y o




3
T //57
R, 2 AFT
e < _
H
v . 6‘/({[1‘1.“.
S 1

3 1
FORWARD \
A R

—

Figure V,20. Trunnion Reaction Loads

TABLE V,21

TRUNNION REACTION LOADS IN THE H,S,C SYSTEM FOR
SINGLE PIN CONDITION

Cond Ty Lbs Tz Lbs T Lbs Ry In./Lbs Rz In./Lbs

1A 17,466 6,918 3,866  =-21,992 52,458
1B -21,371 -5,017 0 13,867 -61,777
F 1C 29,522 9,887 8,313  -30,337 87,401
0o 24 29,336 10,125 7,965  -31,285 87,063
R 2C 31,435 9,977 9,393 -30,222 92,678
W 3A -5,785 4,670 17 -16,426 -20,397
A 3B 9,781 -204 26 1,135 32,486
R 4A  -26,714  ~4,389 0 11,610 -77,037
D 5a 34,040 9,395 8,363  -28,648 100,390
6A -3,504 5,103 -14 -17,791 -13,096
7 983 2,819 -2,173  -10,427 4,658
14 -11,358 599 0 9,488 5,555
18 24,055 8,320 -8,124 13,190 -30,077
1c  -24,521 =-3,731 0 3,041 21,59
24 -23,480 -2,918 0 5,186 19,426
A 2 -27,731 -5,418 0 -719 26,710
3aA -8,941 7,053 0 21,649 27,286
3B 6,708 -2,062 0 ~4,968 -26,854
4A 30,848 9,476  -8,443 16,579 -39,384
5A  -29,907 -4,308 0 1,141 28,644
6A -7,334 7,038 0 22,123 21,033
; 7 6,515 6,411 0 18,006 -16,093
129
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Figure V,22. Trunnion Reaction 1.-1ds

TABLE V,23

TRUNNION REACTION LOADS IN THE x,y,z SYSTEM 1
SINGLE PIN CONDITION

Cond Fy Lbs Fy Lbs  F Lbs  Mf_ In./Lbs M'y In./Lbs MF, In./Lbs

y

1A 5,818  -6,918 -16, 16 2,489 52,458 -21,850

1B -2,419 5,017 21,233 -1,569 -61,777 13,777

F 1c 11,601 -9,887 -28,391 3,434 87,401 -30,141
0 2A 11,234 -10,125 -28,245 3,541 87,063 -31,083
R 2C 12,891 9,977  -30,187 3,421 92,678 -30,027
W 3A -637 4,670 5,749 1,859 -20,397 -16,320
A 3B 1,133 204 -9,715 -128 32,486 1,127
R 4A  -3,024 4,389 26,542 -1,314 -77,037 11,535
D 5A 12,162  -9,395 -32,874 3,243 100,390 -28.463
6A -420 -5,103 3,569 2,013 -13,096 -17,676

7 -2,047 -2,819  --1,222 1,180 4,658 -10,359

Cond A, Lbs Ay Lbs A, Lbs MAx In./Lbs gﬁy In./Lbs MAZ In./Lbs

1A -1,285 -599 11,284 -1,074 5,555 9,427

1B -5,348 -8,320 -24,820 -1,493 -30,077 13,105

ic -2,775 3,731 24,363 -344 21,59 3,021

2A -2,658 3,918  23,32° -587 19,426 5,152

A 2C -3,139 5,418 27,552 81 26,710 -714
F 3A -1,012  -7,053 -8,883 -2,450 27,286 21,509
T 2r 759 2,062 -6,664 562 -26,854 -4,936
. -4,896 -9,476  -31,605 -1,876 -39,384 16,472

5A -3,385 4,308 29,714 -129 28,644 1,133

6A -830 -7,038 7,286 -2,504 21,033 21,980

7 737 -6,411 -6,473 -2,038 -16,093 17,890
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Transformations to get A; F:, Mj,
following equations shown below.
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The loads given from the computer output were the Tj, R: loads.

: were made by calculations uging the

-Tszd

aft
_Tz
T fwd fwd

3 cos 6.5 + ’I‘1

cos 6.5 + Tl sin 6.5

fwd | fwd
T3 sin 6.5 - T1

. a
T3 sin 6.5 T1

-R sin 6.5

sin 6.5

cos 6.5

ft cos 6.5

Figure v,26 stk-ws the general computer~plotted, deflected
shapes of the landing gear under the given load conditions.




Figure V.26 — 19
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(a) LOAD CONDITION 1A (b) LOAD CONDITION 1B
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(d) LOAD CONDITION 2a

(c) LOAD CONDITION 1C
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Figure V.26
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(e) LOAD CONDITION 2C

(f) LOAD CONDITION 3A
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(8) LOAD CONDITION 3B (h) LOAD CONDITION 4A

d 133




4h(‘l(l* ;'11

/

(i) LOAD CONDITION 5A (i) LOAD CONDITION 6A
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(k) LOAD CONDITION 7
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APPENDIX B

T
H
]
!
!
FABRICATION OF COMPOSITE
LANDING GEAR COMPONENTS '
Fabrication of the graphite composite components for the landing gear
was performed using a combination of hand layups and tape winding of the
plies with frequent compaction steps. Written procedures and M&IR's were
used for all composite part fabrication.

The outer cylinder/trunnion was constructed and cured as a unit. The
side brace, torque arm attachments, inner cylinder, and gussets were cured
separately and bonded in position as the final operation.

The fabrication processes and fabrication tooling are presented in
the following paragraphs.

1.0 Torque Arm Attachment

The torque arm attachment is shown on Drawing 83008500432 (Figures
II-1 and II-2). The tools used in the fabrication of the part are the inner
ply insert mold (Figure II-3, Drawing 83008S00437), the exterior band set
mold (Figure II-4, Drawing 830085S00438) and the layup tool (Figures II-5
and II-6, Drawing 83008500439). The spacer block (Item 5 of Drawing
83008S00432) was machined from a chopped graphite composite billet so no
tooling was required for fabrication.

Using 3501-5/AS prepreg tape, the following fabrication procedures
were used:

1,1 Torque Arm Attachment Fabrication Process

A, Inner ply insert preform layup (Mold Drawing 83008500437)
1. Clean mold with MEK and allow to dry.
2. Apply Frecote #33 mold release to contact su:laces.
3. Cut 36 each 90° plies as shown in Table II-I with
the fiber direction in the length direction as
shown in Figure II-7,
4. Cut 10 each 0° plies (plies 37 through 46) as

shown in Table II-I with the fiber direction in
the width direction as shown in F.gvre 1I-8,

5. Place all 46 plies sequentially in the mold with
ply No. 1 being laid in the mold firs:. The first
ply and all subsequent plies are to be laid in the
mold so that the one edge touches the curved
portion”of the mold as shown in Figure II-9,
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Ply Length Ply Length Length
No. Figure II-7 No, Figure II-7| Figure II-8

1 .800 24 +455

2 .785 25 <440

3 .770 26 .425

4 .755 27 .410

5 .740 28 .395

6 .725 29 .380

7 .710 30 .365

8 .695 31 .550

9 .680 32 .335

10 .665 33 .320

11 .650 34 . 305

12 .635 35 .290

13 .620 36 .275

14 .605 37 .260
15 .590 38 . 245
16 .575 39 .230
17 .560 40 .215
18 +545 41 .200
19 .530 42 .170
20 .515 43 . 155
21 .500 44 . 140
22 .485 45 .125
23 470 46 .110

TABLE II-I
INNER PLY INSERT FILLET PLY LENGTH VERSUS PLY NO.
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ogj—-Fiber Orientation = |————— f

———»‘ Length |eel—

Cutting Pattern for 90° Sets

Figure II-7

Width (Constant =

Width of Mold)

Fiber Orientation i

L

———'l Length [“—

Cutting Pattern for 0° sets

Figure II-8

Width (Constant =

Width of Mold)
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t‘fc-_,
Each ply touches ———— . 6 s
curved portion <;¥ 43
of mold A\ 2 \

Inner Ply Insert Fillet Ply Placement

Figure II-©

-t - Width (Constant =
Wwidth of Mold)

Cutting Pattern for +45° Sets

Figure II-10
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6. Cut and lay up 11 sets of iﬁo, +45°, 9027 .
Each set will be cut in the length direction
as shown in Table II-II and Figure II-10.

7. Cut and lay up 11 sets of /0°, -45°, 9077 _.
Each set will be cut in the length direction
as shown in Table II-II and Figure TI-11.

8. Place the 11 sets of lOo, +45°, 927s sequentially
in the mold with set No. 1 being laid in the
mold first., The first set and all subsequent
sets are to be laid in the mold as shown in
Figure II-12 with the one edge touching the
vertical portion of the mold opposite the
curved metal insert,

9. Place piston in mold (Figure II-13) and place
assembly in press. Set pressure to 200 psi.
Hold temperature and pressure for 10 minutes.
Maintain pressure and reduce temperature.
Remove pressure when part is at room temperature
or below,

10, Strip inner ply insert from mold.

11, Repeat Steps Al through A4,

12. Place the 11 sets of /0°, -45°, 907_ (made in

Step 7) sequentially in the mold as was done
in Step 8.

13. Repeat Steps 9 and 10,

B. Exterior band sets (Item 4 of Drawing 83008500432;
Mold Drawing 83008500438)

1. Clean mold with MEK,
2, Apply Frecote mold release to contact surfaces,

3. Cut out and lay up preform set No. 1 in the
mold., The orientation, length and ply number
within the set are given in Table II-III. The
cutting pattern and layup sequenre for the
set are shown in Figures II-14 and II-15,

4, Place the piston in the mold ang the assembly
in the press. 'B" stage at 200 F and 200 psi
for 10 minutes. Cool under pressure.
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Set No. Length
1 1.75
2 1.84
3 1.92
4 2.00
5 2.09
6 2.18
7 2.26
8 2.34
9 2.43

10 2,52
11 2.60
TABLE II-II

INMER PLY INSERT_SET LENGIH VERSUS SET NO.
£0°, +45°, 90%7_ or /0°, -45°, 907/
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Width (Constant = Width of
Mold)

7
90°
i
-45°
—'—"ﬁ Length e

Cutting Pattern for -45° sets

Figure II-11

e acm—

B

AN

Curved Metal \—_ Inner Ply Insert

Insert

Graphite Fillet

Position of Inner Ply Insert in Mold

Figure II-12
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| e~ /7 7]

Piston-Mold Assembly

Figure II-13 J
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Left Side Right Side

Ply No. Length Orientation Orientation
1 Full og 0°
2L 5,60 90 -
2R 5.60 -- 90°
3L 5.45 -45° --
3R 5.45 -- +45°
4L 5.30 90° --
4R 5,30 -- 90°
5L 5,15 0° --
5R 5,15 -- 0o°
6L 5,00 -45° --
6R Butt to - +45°

Ply 2L
7L-11R Full 0° 0°
8L 4.85 90° -
8R 4,85 - 90°
9L 4,70 -45° --
9R 4.70 -- +45°
10L 4.55 90° -
10R 4,55 - 90°
11L 4,40 0° -
12L Butt to -45° --

Ply 12R
12R 4.40 -- +45°
13L 4,25 o° -
13R 4,25 - 0°
14L 4.10 90° --
14R 4,10 - 90°
15L 3,95 -45° -5
15R 3.95 - +45
16L 3.80 90° -
16R 3.80 - 90°
17 Full 0° 0°
18L 3,65 -45° --
18R 3.65 -- +45°
19L 3,50 -45° -
19R 3.50 - +45°
20 Full 0° o°
21L 3,35 90° --
21R 3.35 -- 90°
221, 3,20 -45° --
22R 3.20 - +45°
23L 3,05 90° --
23R 3,05 -- 90°
24L 2,90 o° --
24R 2,90 -- o°
25L Butt to -45° --

Ply 21R o
25R 2,75 -- +45

TABLE II-TII

EXTERIOR BAND SETS, TORQUE ARM ATTACHMENT
SETS NO. 1 AND 4, PLY LENGTH VERSUS ORIENTATION
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10,

11.

12.

13.

14,

Strip preform set from mold,

Fabricate preform set No. 4 by repeating
Steps 1, 2, 3, 4 and 5.

Repeat Steps 1 and 2,

Cut out and lay up preform set No. 2 in the
mold, The orientation, length and ply number
within the set are given in Table II-IV. The
cutting pattern and layup sequence for the set
are shown in Figures II-14 and II-16.

Repeat Steps &4 and 5.

Fabricate preform set No., 5 by repeating Steps
1, 2, 8, 4 and 5.

Repeat Steps 1 and 2,

Cut out and lay up preform set No. 3 in the
mold. The orientation, length and ply number
within the set are given in Table II-V. The
cutting pattern and layup sequence for the set
are shown in Figures 1I-14 and II-17.

Repeat Steps 4 and 5.

Fabricate preform set No., 6 by repeating Steps
1, 2, 12, 4 and 5.

Forming exterior band sets on layup mandrel
(Mandrel Drawing 83008S500439)

1.

2.

Place layup mandrel in oven and heat to 200°F.

Using hot mandrel, drape each exterior band set
(fabricated in Section B) over the mandrel so

that they conform approximately to the shape

of the mandrel. This is a rough forming operation
so each set will be about the same shape.

Final assembly (Mandrel Drawing 83008500439)

1,

2‘

Fabricate an exterior aluminum sheet metal
(.050 in.) caul plate that will conform to the
outside dimensions of the cured band sets.
Refer to Drawing 83008500432 for dimensions.

Heat the layup mandrel to 200°F and place the

two inner ply insert preforms in position.
(See Figure II-18.)
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i Left Side Right Side

Ply No. Length Orientation Orientation
1L 5.60 0° -
SL-1R Full 0° 0°
2L 5.45 90° --
2R 5.45 -- 90°
3L 5.30 -45° -
3 5.30 .- +45°
A 5,15 90° --
4R 5,15 - 90°
5R 5.00 - 0°
6L 5,00 «45° -
6R Butt to - +45°

Ply 6L
7L 4,85 0° .
7R 4,85 - 0°
8L 4,70 90° --
8R 4,70 - 90°
9L 4,55 -45° --
9R 4,55 - +45°
10L 4,40 90° --
10R 4,40 -- 90°
11 Full 0° 0°
12 Full 0° 0°
13L 4,25 90° --
13R 4,25 -- 90°
141 4.10 -45° ==
14R 4.10 -- +45
15L 3.95 90° ==
15R 3.95 -- 90
16L 3,80 o° --
16R 3.80 -- o°
17L 3.65 -45° -5
17R Butt to - +45

Ply 12L o o
18L-22R Full 0 02
18R 3.65 - 0
191 3,50 90° --
19R 3.50 - 90°
20L 3.35 -45° ==
20R 3,35 - +45
21L 3,20 90 --
21R 3.20 - 90°
22L 3,05 0° .-
23L Butt to -45° -

Ply 22R o
23R 3,05 -5 +45
24L 2.90 0 -
24R 2,90 .- 0

TABLE II-IV

EXTERIOR BAND SETS, TORQUE ARM ATTACHMENT
SETS NO, 2 AND 5, PLY LENGTH VERSUS ORIENTATION

175

B . P - e e e .- -
“eebciliiniidiblinidsaiatiee—" : RS AG




M 3
{

I

b

"91-11 2an314
............. vl .
s P si’g ‘
umy> wiy anbiy '
A4
0O
aS% }

176




e e - o e

Ply No. Length Lgft Si?e Right Side
Orientation Orientation
1L 5.60 90° --
1R 5.60 - 90°
2L 5.45 -45° -
2R 5.45 - +45°
3L 5.30 90° -
3R 5.30 -- 90°
4 Full 0° 0°
5L 5,15 -45° -
5R 5.15 - +45°
6L 5.00 -45° --
6R 5,00 - +45°
7 Full 0° °
8L 4.85 90° -
8R 4,85 -- 90°
9L 4.70 -45° -
9R 4,70 - +45°
10L 4,55 90° -
10R 4,55 -- 90°
11L 4,40 0° -—-
1IR 4,40 -- 0°
12L Butt to -45° -
Ply 8R
12R 4,25 - +45°
13L 4,25 0° -
17L-13R Full 0° o°
141 4,10 90° -
14R 4.10 - 90°
15L 3.95 -45° -
15R 3.95 -- +45°
16L 3.80 90° -
16R 3,80 - 90°
17R 3.65 -- 0°
18L 3.65 -45° -
18R Butt to - +45°
Ply 18L
19L 3,50 0° -
19R 3.50 - 0°
20L 3.35 90° -
20R 3,35 == 90°
21L 3.20 -45 --
21R 3.20 .- +45°
22L 3,05 90° -
22R 3,05 - 90°
23 Full 0° 0°
TABLE II-V

EXTERICR BAND SETS, TORQUE ARM ATTACHMENT
SETS NO. 3 AND 6, PLY LENGTH VERSUS ORIENTATION
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7.

8.

Place exterior band set No. 1 in position (see
Figure II-17) and sequentially add band sets
Nos. 2, 3, 4, 5 and 6.

Place the caul plate over band set No. 6.
Wrap the assembly with TX-1040 release fabric.

Wrap this assembly with 12 end glass roving
using the No. 21 Winding Machine to rotate

the mandrel. Set the torque motor at 70 units
to apply proper roving tension.

Cool the assembly and remove the glass roving,
TX=-1040 and caul plate,

Trim excess prepreg at top of mandrel and place
end plate (Item 7 of Drawing 83008S00439) on
mandrel,

E. Final cure

1.

2.

Replace caul plate and TX~-1040 and wrap assembly
with 12 end glass roving.

Install vacuum bag over this assembly and cure
in autoclave.

Cure cycle:

a. Hold vacuum throughout cure cycle.

b. Raise temperature 3°/minute to 250°F,

c. Apply 100 psi at 200°F level.

d. Hold at 250°F for & hours.

e. Raise temperature at 3% minute to 300°F.
£, Hold for 1 hours at 300°F and 100 psi.

g. Cool down with 100 gsi pressure to room
temperature (or 150°F maximum),

F. Spacer block fabrication (Item 5 of Drawing 83008S00438)

1'

2-

Cut up 5 lbs of 3501/AS prepreg (.005 in,
thick) into 1/2 in. x 1/2 in., pieces.

Using a standard 4,75 in, diameter slug mold,

pack the cavity with 5 1lbs of chopped 3501/AS
prepreg.
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3. Place piston in mold and place assembly in
press.

4. Raise temperature to 250°F and apply 2000 psi
for 1/2 hour,

5. Raise temperature to 350°F and apply 2000 psi
for 2 hours.

6. Cool down and strip billet from mold.

7. Machine billet to configuration of Item 5 of
Drawing 83008500438,

2,0 8Side Brace Attachment

The side brace attachment is shown on Drawing 83008500433 (Figure
11-19 and 1I-20). The tools used in the fabrication of the part are tle
exterior band set mold (Figure I1I-21, Drawing 83008S00441) and the layup
tool (Figures II-22 and II-23, Drawing 83008500445). The spacing block
(Item 8 of Drawing 83008500433) was machined from a chopped graphite com-
posite billet so no tooling was required for fabrication. The outer spacer
right and outer spacer left (Items 4 and 5 of Drawing 83008500433) were
machined from a graphite composite flat plate so no tooling was required
for fabrication.

Using 3501-5/AS prepreg 3-in. tape, the following fabrication
procedures were used:

2.1 Side Brace Attachment Fabrication Procedure

A, Exterior band sets (Item 3 of Drawing 83008500433;
Mold Drawing 83008S00441)

1. Clean mold with MEK and allow to dry.
2. Apply Frecote #33 mold release to contact surfaces.

3. Cut out and lay up preform set No. 1 in the mold,
The orientation, length and ply number within the
set are given in Table II-VI. The cutting pattern
and layup sequence for the set are shown in
Figures 1I-24 and II-25,.

4, Place the piston in the mold and the assembly in
the press. "B'" stage at 200° F and 200 psi for
10 minutes., Cool under pressure.

5. Strip preform set from mold.

6. Fabricate preform set Nos. 3 and 5 by repeating
Steps 1, 2, 3, 4, and 5.
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Left Side Right Side
Ply No.
Length A Length B Orientation Length C Length D Orientation
1 Full Length 0° Full Length 0°
2 5,00 4,17 90° 4,04 4,41 90°
3 4.90 4,06 -45° 3.96 4.3 +45°
4 4,81 3.96 902 3,88 4.26 903
2 2°Z§ g.gg 420 ) 3.80 4.19 07
. . - utt to Ply 2 on left +45
7L-11R Full Length o Full Length 0°
7R - -- - 3.72 4,11 o°
8 4,53 3,64 90° 3.64 4,04 90°
9 4,44 3.54 -45° 3.56 3.96 +45°
10 4.3 3.44 90° 3.48 3.88 90°
11L 4,25 3.33 o° - - -
12 Butt to Ply 12 on Right -45° 3.40 3.81 +45°
13 4,15 3,23 o° 3.32 3.73 o°
14 4.06 3.12 90° 3,24 3.66 90°
15 3.97 3,02 -45° 3.16 3.58 +45°
16 3.87 2,91 90° 3.08 3.51 90°
17 Full Length 0° Full Length 0°
| 18 3.78 l 2,81 -45° 3.00 [473'43 +45°
TABLE II-VI

EXTERIOR BAND SETS, SIDE BRACE ATTACHMENT
SETS NO, 1, 3 AND 5, PLY LENGTH VERSUS ORIENTATION
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9.

10,

Repeat Steps 1 and 2,

Cut out and lay up preform set No. 2 in the
mold. The orientation, length and ply number
within the set are given in Table II-VII. The
cutting pattern and layup sequence for the

set are shown in Figures II-24 and II-25.

Repeat Steps 4 and 5,

Fabricate preform sets Nos., 4 and 6 by repeating
Steps 1, 2, 8, 4 and 5,

Acute corner preform

1.

10.

Due to the sharp angle formed by the 6°30"
requirement, the layup mandrel requires an
"acute corner preform" to preclude wrinkling
of the exterior band sets during cure. The
location of this preform on the layup mandrel
is shown in Figures II-27 and II-28,

Obtain a flat metal surface at least 2 in., x
5 in,

Clean surface with MEK.

Cut out and lay up on the flat surface an

"acute corner preform'". The orientation,

length and ply number within the set are given

in Table II-VIII. The cutting pattern and layup
sequence for the preforms are shown in Figure I11-29,

After plies are laid up as in Figure II-29, place
the preform assembly against the mold as shown

in Figures II-27 and II-28 with ply No. 17 against
the crease of the angle of the mold,

Place TX~1040 cloth over the preform and place
a vacuum bag over the assembly.

While underovacuum, place the assembly in the
oven at 200 F for 10 minutes.

Remove from oven and cool down while maintaining
vacuum,

Disassemble vacuum bag and TX-1040 and remove
preform, Trim the preform to a blend shape

with the mold surfaces with sandpaper. This blend
shape should form a smooth transition between

the straight side and cylinder portion of the
mandrel.
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Full Length
J

Left Side Right Side

Ply No

Length A Length B Orientation Length C Length D Orientation
1 5.00 4,17 -45° 4,04 4,41 +45°
2 Full Length 02 Full Length Og
3 4.90 4,06 90 3.96 4.3 90
A 4.81 3.96 -asg 3.88 4.26 +asg
5 4.72 3.85 90> 3.80 4.19 90°
6 4,62 3.75 0 3.72 4.11 0
7 Butt to Ply 3 on Right -45° 3.64 4,04 +45°
8L 4.53 | 3.64 0° -- -- --
8R-12L Full Length og Full Length og
9 A 3. . .
10 4,34 3.22 -22° g.ig g.gg +2§°
11 4,25 3.33 90° 3.40 3,81 903
12R -- -- - 3.32 3.73 0
13 4,15 3.23 -452 Butt to Ply 13 on Left +45§
14 4,06 3.12 0 3.24 3.66 0
15 3.97 3.02 90° 3.16 3.58 90°
16 3,87 2.91 -45° 3.08 3.51 +45°
17 3,78 2.81 90° 3.00 3.43 90°
18 0° Full Length 0°

TABLE II-VII

EXTERIOR BAND SETS, SIDE BRACE ATTACHMENT
SETS NO. 2, 4 AND 6, PLY LENGTH VERSUS ORIENTATION
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Top View Position
of
Acute Corner Preform

Figure II-27

L Acute Corner

Preform
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Acute Corner
Preform

. ———

v . s

End View Position
of
Acute Corner Preform
Figure II-28

. e v mme o ey w

194




Length 'B"

1.50
1.50
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.10
0.10

Length "A"

0.75
0.75
0,25
0.25
0.25
0.25
0.25
0.20
0.20
0.20
0.15
0.15
0.15
0.10
0.10
0.10
0.05

Ply No.

AN IT O 0o

TABLE II-VIII

ACUTE CORNER PREFORM
PLY LENGTH VERSUS ORIENTATION
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C. Forming exterior band sets on layup mandrel (Mandrel
Drawing 83008500445)

1,

2,

3.

Place layup mandrel in oven and heat to 200°F.

Place the "acute corner preform" on the mold as
shown in Figures II-27 and II-28,

Using the hot mandrel, drape each exterior band
set (fabricated in Section A) over the mandrel
so that they conform approximately to the shape
of the mandrel. This is a rough forming
operation so each set will be about the same
shape,

D. Final assembly (Mandrel Drawing 83008S500439)

1.

39

Fabricate an exterior aluminum sheet metal
(.050 in.) caul plate that will conform to the
outside dimensions of the cured band sets.
Refer to Drawing 83008500433 for dimensionms.

Heat the layup mandrel to 200°F and place the
"acute corner preform" in its proper place
(Step C2).

Place exterior band set No. 1 in position (see
Figure II-30) and sequentially add bad sets 2,
3, 4, 5 and 6.

Place the caul plate over band set No. 6.

Wrap the assembly with TX-1040 release fabric.
Wrap this assembly with 12 end glass roving
using the No., 21 Winding Machine to rotate the
mandrel. Set the torque motor at 70 units to

apply proper roving tension.

Cool the assembly and remove the glass roving,
TX~1040 and caul plate.

Trim excess prepreg at top of mandrel and place

end plate (Item 7 of Drawing 83008S00445) on
mandrel.
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E. Final cure

10

2.

Replace caul plate and TX-1040 and wrap
assembly with 12 end glass roving.

Install vacuum bay .ver this assembly and cure
in autoclave,

Cure cycle:

a, Hold vacuum throughout cycle.

b. Raise temperature 3%/minute to 250°F.

c. Apply 100 psi at 200°F level,

d. Hold at 250°F for 4 hours.

e. Raise temperature at 3°/minute to 300°F.
£, Hold for 1 hour at 300°F and 100 psi.

g. Cool down with 100 psi pressure to room
temperature (or 150 F maximum).

F. Spacing block fabrication (Item 8 of Drawing

83008500433)

1. Cut up 5 1bs of 3501/AS prepreg (.005 in. thick)
into 1/2 in. x 1/2 in. pieces.

2. Using a standard 4.75 in. diameter slug mold,
pack the cavity with 5 lbs of chopped 3501/AS
prepreg.

3, Place piston in mold and place assembly in
press.

4, Raise temperature to 250°F and apply 2000 psi
for 1/2 hour.

5. Raise temperature to 350°F and apply 2000 psi
for 2 hours.

6. Cool down and strip billet from mold.

7. Machine billet to configuration of Item 8 of

Drawing 83008500433,

199

e o




ey

3.0 1Inner Cylinder

The inner cylinder is shown on Drawing LCJ37001 (Figure II-31)
and was fabricated on a solid aluminum mandrel as shown on Drawing LCJ3002
(Figure II-32). S1lit 3501-5/AS prepreg tape was used with the following
procedure to fabricate this component.

3.1 Inner Cylinder Fabrication Process

A, Cylinder Wall Layup

1. Clean mandrel (LCJ370002) with Alcanox cleaner and |
water and allow to dry thoroughly.

2. Apply Frekote #33 release agent to mandrel and
bake in 350° oven for 1 hour.

3. Place mandrel in winding machine. '

4. Begin layup in Zone A (Figure II-33) by fitting ]
ply No. 1 of Table II-IX (+45°) to mandrel. All !
angle plies will continue spirally around the
mandrel for the full length of the zone. All
tape edges shall be built jointed. Make sure all
plies are against the shoulder of the mandrel.

5. Compact with overwind material.

6. Lay up Ply No. 2, Table II-IX (-45°) in Zone A
(Figure 11-33).

7. Apply bleeder overwrap material and overwind with
tension control set at 70 to 80 units. Apply low
heat with heat gun during overwind,

8. Cool to room temperature before removing compaction
material,

9. Any wrinkles that are visible after compaction
shall be worked out with a tongue depressor while
applying low heat from heat gun. After wrinkles
are removed, supervisor approval is required before
proceeding to next step.

10, Lay up Plies No. 3 and 4, Table II-IX (0°) in
Zone A, All ply edges shall be butt jointed.
Make sure all plies are against shoulder of mandrel,

11. Repeat steps 7, 8, and 9 for compaction,
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TABLE II-IX

PLY NUMBER, ORIENTATION AND DIMENSIONS FOR

INNER CYLINDER ZONE A

Orientation
Ply Starting width Length
No. At ID Longitudinal Circumferential
1 + 45° ~ 1-3/4 in. Cut as required to
form a butt joint

2 - 45° " "
3 o° ) )
A o° " "
5 - 45° " n
6 + 450 " "
7 o° " "

0 " u
g 420 “ "
10 - 45° " "
11 o° " "
12 o° " "
13 450 : !
14 + 45° " "
15 o° n "
16 o° " "
17 + 45° " "
18 45° " "
19 oo ” 11)
20 o° " "
21 - 452 " "
22 + 450 1] "
23 00 " "
24 00 " "
25 + 45° " "
26 45° " .
27 o° " "
28 0° 1) n
29 - 45° " "
30 + 45° . "
31 °° " "
32 0° " )
33 + 459 " ,
3 4s° " "
35 0 " "
16 00 " "
37 457 " "
38 + 45° " "
39 0° " "
40 0° " "
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12. Lay up Plies 5 and 6, Table II-IX (¥45°) in Zone A.
Make sure all plies are against shoulder of mandrel.

13, Repeat steps 7, 8, and 9 for compaction.

14, Continue lay up in Zone A in accordance with
Table II-IX. Compact per steps 7, 8, and 9 every
two plies,

NOTE: The 40 plies are a calculated number. The
number of plies may be adjusted up or down
to ensure that the last ply at the inboard
edge of Zone A is approximately 0.010 in,
above the level of the bare mandrel in
Zone B, If adjustment is made, do not
change sequence of orientation.

15, Begin layup of cylinder in Zone B by fitting Ply
No. 41 of Table II-X (+45°) to Zone B (Figure
II1-33) on the mandrel, All angle plies will con-
tinue spirally around the mandrel for the full ‘
length of the zone. All ply edges shall be butt
jointed., Make sure all plies are against the
shoulder of the mandrel.

16, Compact with overwind material.

17. Lay up Ply No. 42 of Table II-X (-45°) to Zone B
(Figure II-33) on the mandrel.

18, Apply bleeder overwrap material and overwind with
tension control set at 70 to 80 units. Apply low
heat with heat gun during overwind.

19. Cool to room temperature before removing compaction
material.

20. Any wrinkles that are visible after compaction
shall be worked out with a tongue depressor while
applying low heat from heat gun. After wrinkles
are removed, supervisor approval is required
before proceeding to next step.

21. Lay up Plies No. 43 and 44, Table II-X (0°) in
Zone B, All ply edges shall be butt jointed.
Make sure all plies are against shoulder of mandrel.

22, Repeat steps 18, 19, and 20 for compaction.
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TABLE II-X

PLY NUMBER, ORIENTATION AND DIMENSICNS FOR
INNER CYLINDER ZONE B

Orientation

Ply Starting Width Length

No. At ID Longitudinal Circumferential

41 + 45° Varies from Cut as required to
2-1/4 to 2-3/8 in. form a butt joint

42 - 450 1] t

43 oo n 1"

44 00 " "

45 - 45° " ¥

23, Lay up Plies No. 45 and 46, Table II-X (+45°) in
Zone B, All ply edges shall be butt jointed. i
Make sure all plies are against shoulder of mandrel. i

24, Repeat steps 18, 19, and 20 for compaction.

25. Continue layups in Zone B in accordance with Table
I1-X. Compact per steps 18, 19, and 20,

26. Apply porous scrim cloth over entire area of Zone B.
Wrap one heavy Armalon ply around mandrel. Over-
wind with tension control set at 70 to 80 units
while applying low heat to prepreg with heat gun.
Install thermocouple and place in vacuum bag. Draw
vacuum and heat to 200 + 10° F until excess resin
migrates into bleeder. Cool to room temperature
under vacuum.

27. Remove bleeder material.

28, Begin layup over Zone C by fitting Ply No., 46
of Table II-XI (+45°). All angle plies will
continue spirally around the mandrel for the full
length of the zone., Ply edges shall be butt
jointed, Make sure ends of plies are against
shoulder of mandrel.

29, Compact with overwind material,
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TABLE II-XI f

PLY NUMBER, ORIENTATION AND DIMENSIONS FOR %
INNER CYLINDER ZONE C

Orientation
Ply Starting Width Length
No. At ID longitudinal Circunferential
46 + 45° ~ 17-5/8 in. Cut as required to
form a butt joint
47 0° " "
48 0° n "
49 + 45° " "
50 - 45° " "
51 0° " " J
52 0° " "
53 - 45° " L
54 + 45° " "
55 0° " "
56 0° " " |
57 + 45° " " *
58 45° " "
59 0° " "
60 0° " "
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30.

31.

32.

33.

34,

35,

36.

37.

38,

39.

40,

41,

Lay up Plies No. 47 and 48, Table II-XI (0°) over
Zone C. All ply edges shall be butt jointed.
Make sure all plies are against shoulder of mandrel.

Apply bleeder overwrap and overwind with tension
control set at 70 to 80 units. Apply low heat to
prepreg with heat gun during overwind.

Cool to room temperature before removing compaction
material,

Any wrinkles that are visible after compaction
shall be worked out with a tongue depressor while
applying low heat from heat gun. After wrinkles
are removed, supervision approval is required
before proceeding to next step.

Lay up Plies No. 49 and 50, Table II-XI (0°) over
Zone C, All ply edges shall be butt jointed.
Make sure all plies are against shoulder of mandrel.

Repeat steps 31, 32, and 33 for compaction.

Continue layup in Zone C in accordance with Table
II-XI. Compact per steps 31, 32, and 33 every
two plies.

Begin layup over Zone D by fitting Ply No. 61 of
Table II-XII (-45°). All angle plies shall con-
tinue spirally around the mandrel over the entire
length of the zone. Ply edges shall be butt jointed.

Compact with overwind.

Lay up Ply No. 62 of Table II-XII (+45°) over
Zone D,

Apply porous scrim cloth over entire area of

Zone D, Wrap one heavy Armalon ply around mandrel.
Overwind with tension control set at 70 to 80 units
while applying low heat to prepreg with heat gun.
Install thermocouple and place in vacuum bag.

Draw vacuum and heat to 200 + 10° F until excess
resin migrates into bleeder. Cool to room tempera-
ture under vacuum,

Remc re compaction material.
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TABLE II-XII

PLY NUMBER, ORIENTATION AND DIMENSIONS FOR
INNER CYLINDER, ZONE D

Orientation

Ply Starting Width Length

No. at ID Longitudinal Circumferential

61 - 45° ~20-3/8 in, Cut as required to
form a butt joint

62 + 450 1" "

63 OO " "

64 0° " "

65 + 45° " "

66 - 450 " T

67 00 " "

68 0° " "

69 - 450 " "

42, Any wrinkles that are visible after compaction
shall be worked out with a tongue depressor while
applying low heat from heat gun., After wrinkles
are removed, supervisor approval is required before
proceeding to next step.

43, Lay up Plies No. 63 and 64 over Zone D. All ply
edges shall be butt jointed.

44, Repeat steps 40, 41, and 42 for compaction.
45, Continue layup in Zone D in accordance with Table

II-XII. Compact every two plies per steps 40,
41, and 42,

46, Lay up Ply No. 69, Table II-XII (-450) over Zone D.
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' 47, Apply porous scrim cloth over entire area of Zone D.
| Wrap one heavy Armalon ply around mandrel. Over-
wind with tension control set at 70 to 80 units
while applying low heat to prepreg with heat gun,
Install thermocouple and install in vacuum bag.

48, 1Install in autoclave, draw vacuum, and apply
pressure. Heat to 250° t.10° F. Maintain pressure
and vacuum during cooldown to room temperature.

49, Remove compaction material.

B. Inner Cylinder Cure

1. Apply porous scrim over entire layup.

2. Overwind using a tension setting of 70 to 80 units
while applying low heat with heat gun.

3. Install thermocouple, vacuum line, and vacuum
bag.
4, Place in autoclave.

5. Hold vacuum throughout cure cycle

6. Apply 100 psi pressure initially.

7. Raise temperature 3% /minute to 250° F,

8. Hold at 250° F for 1 hour

9. Raise temperature at 3° /minute to 300° F.
10. Hold for 1/2 hour at 300° F.

11. Raise temperature at 3°/minute to 350° F.
12, Hold for 2 hours at 350° F.

13. Cool down to 150° F under pressure,

14. Remove from autoclave at 150° F or below.
15. Remove from mandrel.

; 16. Postcure for 2 hours at 400° F.
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4.0 OQuter Cylinder Trunnion !

The outer cylinder/trunnion is shown in Figure II-34, Fabrication
was performed using the trunnion mandrel assembly seen in Figures II-35
and II-36, Using 3501-5/AS prepreg tape, the following fabrication procedure
was used.

4,1 Outer Cylinder/Trunnion Fabrication Process

A. Outer Cylinder/Trunnion Wall Layup

1 1. Thoroughly clean the mandrel with Alconox and
water. Allow to dry.

2. Apply Frekote No. 33 release agent and bake at
350° F for 1 hour. Cool to room temperature.

3. Brush a coat of 3501-5 resin on the mandrel and
air dry for approximately 20 minutes.

4., Using 3-inch tape6 start the layup of Ply No. 1,
Figure II-37 (-45"). The layup will start at the
chuck end of the outer cylinder and continue to
the beginning of the ramp area, Ply will be
completed with edges of tape butt jointed. Use
heat gun to hold tape in place, if required.

5. Starting where the outer cylinder layup stopped,
continue -45° layup for the ramp area and flat
surfaces, Cut the 3-inch tape as required to main-
tain 45° angle on the ramp area. At the point
where the cylinder layup stops and the ramp and
flat surface layups start, maintain 1/4 inch over-
lap throughout, Stagger this overlap on future
plies, (Figure II-38.)

6. Lay up Ply No. 2 (+45°) by repeating steps 4 and
5, except Ply No. 2 is 90~ from Ply No. 1 (Figure
11-38).

7. Lay up Ply No. 3a (OO) using prepreg slit to a
width that can be easily worked without wrinkling
(approximately 1/4 inch or wider depending on
location), Layup this ply so that "B" and "C"
dimensions of Figure II-39 and Table II-XIII are
sacisfied.

8. Finish Ply No. 3a (0°) in the flat areas by laying

over ply of 3 inch tape or wider per Figure II-39
and Table II-XIII,
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Figure II-37.

LT Ty - n

Trunnion Lay Up Sequence
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Full coverage of
mandrel is required
to this plane,

26,50"
Min. '

Tilted Adapter

——

{ 1/4"

Overlap

ot A —— e

To maintain 45° angle in Zcne A,
cut 3" tape as required. Overlap
tape as shovn,

Trunnion Lavup Detaill
o for
4457 Plies, ['ull Coverage

Figure II-38

i 216




26.50" ___—._————"‘—'r\

1/4" Wide Tape

3" Tape or
Wider

[

Lavup Procedure

Tilted Adapter Fiber Direction

1. Llay slit tape on mandrel until the C dimension is satisfied.
2. Lay slit tape on manirel until the B dimension is satisfied.
3. lay 3" or wider tape (1 ply) in area shown in above sketch,

Trunnion Layup Detail
o for
0~ Plies

Figure II-39
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TABLE II-XIII

0° PLIES
Ply No. "B" Dimension (in.) #c' pimension (in.)
3a 15.15 3.00
15.15 3.00
14.45 4,12
14.45 4,12
lba 15.05 3.16
21 14,35 4.28
22a 14.35 4,28
28 14,95 3.32
29 14,95 3.32
34 14.25 4.44
35a 14,25 4 .44
41 14,85 3.48
42 14.85 3.48
47 15,15 4,60
48a 15.15 4,60
54 14.75 3.64
55 14,75 3.64
58 14.05 4,76
59a 14.05 4.76
63 14.65 3.80
* 64 14.65 3.80
68a 13.95 4.92
69 13.95 4.92
72 14.55 3.96
73a 14.55 3.96
4 218
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10.

11.

12,

13.

14.

15.

16.

17.

Lay up Ply No. 36 (-45°) and 3c (+45°) per Figure
11-40 using prepreg slit to a width that can be
easily worked without wrinkling to meet dimensions
"M" and "N' of Table II-XIV. Use heat gun to hold
tape in place as required. Trim the tape so that
no more than 1/4 inch overlap is obtained. Stagger
the overlap on future plies,

Lay up Ply No. 4 (Oo) by repeating steps 7 and 8
per Figure I1I-39 and Table II-XIII.

Apply a layer of porous scrim cloth and one layer
of Machburg cloth over the entire layup. Starting
at the bottom of the ramp. wind 90° glass roving
on the cylinder section towards the chuck using

a tension setting of 70 to 80 uaits. In the ramp
area only, apply adouble face tape. Starting at
the bottom of the ramp, wind 90 glass roving
toward the tail stock with a tension setting of

70 to 80 units,

Place a thermocouple onto the prepreg, install
blue peel, vacuum line, and vacuum bag.

Place assembly in autoclave. Heat part to 200

+ 15° and apply pressure for 20 minutes. Turn
off heat and pressure and open autoclave door.
Leave vacuum on for a minimum of 12 hours before
starting the next step. Record time assembly was
placed in and taken out of heat source.

Remove compaction materials. Any wrinkles that
are visible after compaction shall be worked out
with a tongue depressor and heat gun. After
wrinkles are removed, supervisor approval is
required before proceeding to next step.

Lay up Ply No, § (+45°) and Ply No, 6 (-450) by
repeating steps 4, 5, and 6.

Lay up Plies No, 6b (Oo) and No. 6¢ (0°) per
Figure II-41 and Table II-XVI by repeating
technique of step 9.

Using 1/4 inch wide prepreg, wind ply No. 7 (90°)
according to Figure II-42 and Table II-XV, Stort
at the bottom of the ramp and wind on the cylinder
towards the chuck using Centerline No. 1. For the
elliptical section, start at the bottom of the ramp
and wind towards the tail stock using Centerline
No. 2. Tnesion control shall be set at 35 to 40
units,
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~4—»~ Notes Fiber Direction

Tilted Adapter

+45° Reinforcement Plies,
Typ. 2 Places

Trunnion Layup Detail
o for
+45° Reinforcement Plies

Figure II-40
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TABLE II-XIV
45° REINFORCEMENT PLIES
"D" Dimension "E" Dimension "F" Dimension
Ply No. (in.) (in.) (in.)
10 21,15 5.49 6.48
11 21,15 5.49 6.48
17 21,22 5.37 6.31
18 21,22 5,37 6.31
24 21,29 5.25 6.14
25 21.29 5,25 6.14
32 21,36 5.13 5.97
33 21,36 5.13 5.97
39 21.43 5.02 5.80
40 21.43 5.01 5.80
45 21,50 4,89 5.63
46 21,50 4.89 5.63
52 21.57 4.77 5.46
53 21.57 4,77 5.46
76 21.64 4.65 5.29
1 77 21.64 4.65 5.29
78 21.71 4.53 5.12
79 21.71 4.53 5.12
80 21.78 4,41 4,95
81 21,78 4.41 4.95
82 21.85 4.29 4,78
83 21.85 4,29 4.78
84 21.92 4,17 4.61
85 21.92 4,17 4,61
86 21.99 4,05 4,44
87 21,99 4,05 4.44
88 22,06 3.93 4,27
89 22,06 3.93 4,27
90 22,13 3.81 4.00
91 22,13 3.81 4,10
92 22,20 3.69 3.93
93 22,20 3.69 3.93
94 22,27 3.57 3,76
95 22,27 3.57 3.76
96 22,34 3.45 3.59
97 22,34 3.45 3.59
98 22.41 3.33 3.42
99 22,41 3.33 3.42
100 22,48 3.21 3.25
101 22.48 3,21 3,25
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TABLE II-XIV (Cont)

45° REINFORCEMENT PLIES

"D" Dimension “E" Dimension "§* Dimension
Ply No. (in.) (in.) (in.)

102 22.55 3.09 3.08
103 22.55 3,09 3.08
104 22.62 2.97 2.91
105 22.62 2.97 2,91
106 22.69 2.85 2.74
107 22.69 2.85 2,74
108 22.76 2.73 2,57
109 22.76 2.73 2,57
110 22.83 2,61 2.40
111 22.83 2.61 2,40
112 22,90 2,49 2,23
113 22,90 2,49 2,23
114 22.97 2.37 2.06
115 22.97 2.37 2,06
116 23.04 2.25 1.89
117 23.04 2,25 1.89
118 23,11 2,13 1,72
119 23.11 2,13 1,72
120 23.18 2,01 1.55
121 23,18 2,01 1,55

i
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26.5"
Min.

Tilted Adapter

-}

90° plies in Zone H to be 90° plies in Zone J to be
wound about 1 Wound about ¢

Trunnion Tayup Detail
o for
90" Plies, Full Coverage

Figure TII-41
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le— ©

r—- Tilted Adapter

-l M -
[} []
'
4
- &
- - 7~
]

i
' |
'

- L
a——— K
Plies in Zone K to be Plies in Zon¢ L to be
wound about (Ll' Wound about 0;2.

Trunnion Layup Detail
for
Reinforcement Plies

Figure II-42
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TABLE II-XV

FULL COVERAGE 90° PLIES

Ply No. "G" Dimension (in.)

7 12,10

20 11,66

27a 11.22
36 10.78
49 10,34
60 9.90
67 9.46
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18. Compact in accordance with steps 11, 12, 13, and 14,

19. Repeat steps 7 and 8 for layup of Plies No. 8 (0°)
and 9a (0°) per Figure II-39 and Table II-XIII.

20. Repeat step 9 for layup of Plies No. 9b (+45°)
and 9c (-450) in accordance with Figure II-42 and
Table II-XVI).

21. Lay up Plies No. 10 (+45°) and 11 (-45°) in
accordance with Figure II-40 and Table II-XIV.

22, Repeat steps 4 and 5 for Ply No., 12 (-450) layup
per Figures II-37 and IX-38.

23. Compact by repeating steps 11, 12, 13, and 14,

24, Repeat step 6 for Ply No. 13 +45°) per Figures
I1-37 and II-38.

25. Lay up Ply No. l4a (0°) by repeating steps 7 and
8 in accordance with Figure II-39 and Tabl.. II-XIII,

26. Lay up Ply No. 14b (90°) per Figure II-42 . d
Table II-XVI by repeating step 9.

27. Lay up Ply No. l4c (0°) per Figure II-42 and
Table II-XVI by repeating step 9.

28. Lay up Ply No. 15 (0°) per Figure II-39 and
Table II-XIII by repeating steps 7 and 8,

29. Compact by repeating steps 11, 12, 13, and 14,

30. Lay up Ply No. 16 (+45°) per Figures II-37 and II-38
by repeating step 6.

31. Lay up Plies No. 17 (-450) and 18 6+45°) in
accordance with Figures II-40 and Table II-XIV.

32, Lay up Ply No. 19a (-45°) per Figures II-37 and
I1-38 by rz2peating steps 4 and 5.

33. Lay up Plies No. 16b (-45°) and 19¢ (+45°) in
accordance with Figure II-42 and Table II-XVI by
repeating step 9,

34, Wind Ply No, 20 (90°) according to Figure II-41
and Table II-XV by repeating step 17.
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Ply No.

3b

3¢

6b

6¢c

9b

Sc
14b
1l4¢
19b
19¢
22b
22¢c
27b
27c¢
30b
30c
35b
35¢
38b
38¢
43b
43¢
48b
48¢c
51b
Slc
56b
56¢
59b
59¢
62b
€2¢
65b
65c¢
68b
68¢c
71b
71c
73b
73c¢

TABLE II-XVI

LOCAL REINFORCEMENT PLIES

Orientation "M" Dimension "N"' Dimension
(Deg) (in.) (in.)
45 11.77 13.39
+45 11.77 13.39
4] 11.645 13.515
0 11.645 13.515
+45 11,520 13.640
=45 11,520 13.640
90 11,395 13.765
0 11,395 13.765
=45 11.270 13.890
+45 11,270 13.890
0 11,145 14.015
0 11.145 14.015
+45 11,020 14.140
=45 11,020 14,140
90 10.895 14,265
0 10.895 14.265
=45 10.770 14.390
+45 10.770 14.390
0 10.645 14.515
0 10.645 14.515
+45 10.520 14.640
-45 10.520 14.640
90 10.395 14.765
0 10.395 14.765
=45 10.270 14.890
+45 10,270 14.890
0 10. 145 15.015
4] 10. 145 15,015
+45 10,020 15.140
45 10.020 15.140
90 9.895 15.265
0 9.895 15.265
=45 9,770 15.390
+45 9,770 15.390
0 9.045 15.515
0 9,045 15,515
+45 9,520 15.640
=45 9.520 15.640
0 9.020 16.140
0 9,020 16. 140
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35. Compact by repeating steps 11, 12, 13, and 14.
36, Lay up Plies No. 21 (Oo) and 22a (0°) in accordance

with Figure II-39 and Table II-XIII by repeating
steps 7 and 8.

37. Lay up Plies No. 22b (0°%) and 22¢ (0% per Figure
I1-42 and Table II-XVI by repeating step 9.

38. Lay up Ply No. 23 (-45°) per Figures II-37 and
II-38 by repeating steps 4 and 5.

39, Compact by repeating steps 11, 12, 13, and 14.

40, Lay up Plies No. 24 (+45°) and 25 (-45°) per
Figure II-40 and Table II-XIV,

41, Lay up Ply No. 26 (+45°) per Figures 1I-37 and II-38
by repeating step 6. -

42, Wind Ply No. 27 a (90°) per Figure II-41 and
Table II-XV by repeating step 17,

43. Lay up Plies No. 27b (+45°) and 27c¢ (-~45°) per
Figure II-42 and Table II-XVI by repeating step 9.

44, Lay up Ply No. 28 (0°) by repeating steps 7 and
8 in accordance with Figure II-3a and Table
IT-XITII.

45. Compact by repeating steps 11, 12, 13, and 14.

46, Lay up Ply No. 29 (0°) by repeating steps 7 and 8
in accordance with Figure II-39 and Table II-XIII,

47, Lay up Ply No. 30a (+45°) in accordance with
Figure II-39 and II-40 by repeating step 6.

48. Lay up Plies No. 30b (90°) and 30c (0°) per
Figure II-42 and Table II-XVI by repeating step 9.

49, Lay up Ply No. 31 (-45°) in accordance with
Figures II-39 and II-40 by repeating steps 4 and 5.

50. Lay up Plies No. 32 (-45°) and 33 (+45°) per
Figure II-40 and Table II-XIV.

51, Compact by repeating steps 11, 12, 13, and 14,
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52.

53.

S4.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

Lay up Plies No. 34 (0°) and 35a (0°) per Figure
I1-39 and Table II-XIII by repeating steps 7 and 8.

Lay up Plies No. 35b (-45°) and 35¢ (+45°) per
Figure II-42 and Table II-XVI by repeating step 9.

Wind Ply No. 36 (90°) in accordance with Figure
II-41 and Table II-XV by repeating step 17.

Compact by repeating steps 11, 12, 13, and 14.

Lay up Plies No. 37 (-45°) and 38a (+45°) in
accordance with Figures II-37 and II-38 by repeat-
ing steps 4, 5, and 6.

Lay up Plies No. 38b (0°) and 38c (00) in accord-
ance with Figure II-42 and Table II-XVI by repeat-
ing step 9.

Lay up Plies No. 39 (+45°) and 40 (-45°) per
Figure II-40 and Table II-XIV.

Lay up Ply No. 41 (0°) in accordance with Figure
II-39 and Table II-XIII by repeating steps 7 and 8.

Compact by repeating steps 11, 12, 13, and 1l4.

Lay up Ply No. 42 (0°) per Figure II-39 and Table
II-XIII by repeating steps 7 and 8.

Lay up Ply No. 43a in accordance with Figures II-37
and KK-38 by repeating step 6.

Lay up Plies No. 43b +45°) and 43¢ (-45°) in

accordance with Figure II-42 and Table II-XVI by
repeating step 9.

Lay up Ply No. 44 (-450) in accordance with Figure
II-37 and II-38 by repeating steps 4 and 5,

Lay up Plies No. 45 (-45°) and 46 6+45°) in accord-
ance with Figure II-40 and Table II-XIV,.

Compact by repeating steps 11, 12, 13, and 14,

Lay up Plies No. 47 (0°) and 48a (0°) per Figure
II-39 and Table II-XIII by repeating steps 7 and 8.

Lay up Plies No. 48b (90°) and 48c (O°) in accord-

ance with Figure II-42 and Table II-XVI by repeat-
ing step 9.
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69. Wind Ply No. 49 (900) in accordance with Figure
I1-41 and Table II-XV by repeating step l7.

70. Compact by repeating steps 11, 12, 13, and 14,

71. Lay up Plies No. 50 (-45°) and 5la (+45°) in
accordance with Figures II-37 and II-38, steps
4, 5, and 6.

72. Lay up Plies No. 51b (~45°) and Slc (+45°) in
accordance with Figure II-42 and Table II-XVI by
repeating step 9.

73. Lay up Plies No. 52 (+45°) and 53 (-450) per
Figure II-40 and Table II-XIV.

74. Lay up Ply No. 54 (0%°) in accordance with Figure
II-39 and Table II-XIII by repeating steps 7 and 8.

75. Compact by repeating steps 11, 12, 13, and 14,

76. Lay up Ply No. 55 (0°) in accordance with Figure
I11-39 and Table II-XIII by repeating steps 7 and 8.

77. Lay up Ply No. 56a (+45°) 1a accordance with
Figures II-37 and II-38 and step 6.

78. Lay up Plies No. 56b (0°) and 56c (0°) per Figure
II-42 and Table II-XVI by repeating step 9.

79. Lay up Ply No. 57 (-45°) in accordance with Figures
II-37 and II-38,

80. Compact by repeating steps 11, 12, 13, and 14,

81, Lay up Plies No. 58 (0°) and 59a (0°) per Figure
I1-39 and Table II-XIII by repeating steps 7 and 8.

82. Lay up Plies No. 59b (+45°) and 59¢ (-45°) in
accordance with Figure II-42 and Table II-XVI by
repeating step 9.

83. Wind Ply No. 60 (90°) in accordance with Figure
II-41 and Table II-XV by repeating step 17.

84. Compact by repeating steps 11, 12, 13, and 1l4.
85. Lay up Plies No. 61 (-45°) and 62a (+45°) in

accordance with Figures 11-37 and II-38, steps
4, 5, and 6.
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86.

87.

88.

89.

90.

91.

92,

93.

9.

95.

96.

97.

98.

99.

100.

101.

102.

Lay up Plies No, 62b (90°) and 62c (00) per Figure
I1-42 and Table II-XVI by repeating step 9,

Lay up Ply No. 63 (0%) per Figure II-39 and Table
II-XIII by repeating steps 7 and 8.

Compact by repeating steps 11, 12, 13, and 14.

Lay up Ply No. 64 (0°) per Figure II-39 and Table
I1-XI1I by repeating steps 7 and 8.

Lay up Ply No. 65a (+45°) per Figures II-37 and
1I-38, step 6.

Lay up Plies No. 65b (-450) and 65¢ (+45°) in
accordance with Figure II-42 and Table II-XVI by
repeating step 9.

Lay up Ply No. 66 (-45°) per Figures 1I-37 and
II-38, steps 4 and 5.

Compact by repeating steps 11, 12, 13, and 14,

Wind Ply No. 67 (90°) in accordance with Figure
II-41 and Table II-XV by repeating step 17.

Lay up Ply No. 68a 0% per Figure II-39 and
Table II-XIII by repeating steps 7 and 8.

Lay up Plies No. 68b (0°) and 68c (0°) per Figure
I1-42 and Table II-XVI by repeating step 9.

Lay up Ply No. 69 (Oo) in accordance with Figure
II-39 and Table II-XIII by repeating steps 7 and 8.

Compact by repeating steps 11, 12, 13, and 14,
Lay up Plies No. 70 (-45°) and 71a (+45°) in
accordance with Figures II-37 and II-38, steps
4, 5, and 6,

Lay up Plies No. 71b (+45%) and 71c (~45%) per
Figure II-42 and Table II-XVI by repeating step 9.

Lay up Ply No. 72 (0°) per Figure II-39 and Table
II-XIII by repeating steps 7 and 8.

Compact by repeating steps 11, 12, 13, and 14.
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103. Lay up Ply No. 73a (0°) in accordance with Figure
IT1-39 and Table II-XIII by repeating steps 7 and 8.

104. Lay up Plies No. 73b (0°) and 73c (00) per Figure
II-42 and Table II-XVI by repeating step 9.

105. Lay up Ply No. 74 (+45°) in accordance with Figures
IT1-37 and II-38, step 6,

106, Compact by repeating steps 11, 12, 13, and 14.

107. Lay up Ply No. 75 (-45°) in accordance with Figures
I1-37 and 1I-38, steps 4 and 5.

108. Lay up Plies No. 76 (-45%); 77 (+45°); 78 (+45°),
79 (-45°) per Figure II-40 and Table II-XIV.

109, Compact by placing Machburg cloth over patch area
and overwind with glass roving while applying heat
from heat gun. Allow to cool to room temperature
before removing compaction material,

110. Lay up Plies No. 80 (-45°); 81 (+45°); 82 (+45°);
83 (-45°); 84 (-45°); 85 (+45°); 86 (+45°); 87
(-45°); 88 (-45°); 89 (+45°); 90 (+45°); 91 (-459)
in accordance with Figure II-40 and Table II-XIV,

111. Compact by repeating step 109.

112, Lay up Plies No. 92 (-45°%); 93 (+45°); 9% +45%);
95 (-4s°) 96 (-45°); 97 (+4s ); 98 (+45°); 99
(-45 ), 100 (-45°); 101 (+45°); 102 (+45°); 103
(-45 ) in accordance with Figure II-40 and Table
II-XIV.

113, Compact by repeating step 109.

114. Lay up Plies No. 104 (-45 ), 105 (+4s°), 106
(+45°); 107 (-4s°), 108 (-45°); 109 (+45°); 110
(+45%); 111 (-45°); 112 (-45°); 113 (+45°); in
accordance with Figure II-40 and Table II-X1V.

115. Compact by repeating step 109.

116, Lay up Plies No. 114 Q+45 ), 115 (-45 ), 116
(-45°); 117 (+45 ); 118 (+45%); 119 (-45°); 120
(-45%); 121 (+45 ); in accordance with Figure II-40
and Table II-XIV.
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B.

c.

117.

118.

Compact as follows: Apply porous scrim cloth over
entire layup and cover with one ply of Machburg
cloth; fix thermocouple onto prepreg; install
vacuum bag; place in vacuum bag and position tn
autoclave; apply vacuum and pressure; heat part to
250° + 15° F; cool part to room temperature before
releasing vacuum and pressure,.

Repeat step 14,

Final Cure

Cover entire layup with porous scrim.

Apply double-faced tape to sloped areas of layup.
Wind compacting material over entire layup,
Apply thermocouple and install vacuum line,
Install in vacuum bag and check for leaks.

Place in autoclave.

The cure cycle is as follows:

a. Hold vacuum throughout cycle.

b. Apply 100 psi pressure intially.

¢. Raise temperature 3° F/minute to 250° F.
d. Hold at 250° F for one hour.

e. Raise temperature at 3% F/minute to 300° F.

f. Hold at 300° F for 30 minutes.
g. Raise temperature at 3° F/minute to 350° F.
h. Hold for 2 hours at 350° F and 100 psi.

i. Cool down to 150° F while maintaining pres-
sure and vacuum,

j+ Remove from autoclave at 150° F or below.

k. Remove cure materials and equipment.

Machinin

1.

Machine 1n accordance with drawing (CJA37B10, Rev D).
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