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NOTICE
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operation, the United States Government thereby incurs no responsibility nor any
obligation whatsoever; and the fact that the government may have formulated,
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E sing the holder or any other person or corporation, or conveying any rights or
permission to manufacture, use, or sell any patented invention that may in any
wvay be related thereto.

This report has been reviewed by the Information Office (OI) and is releasable
to the National Technical Information Service (NTIS). At NTIS, it will be avail-
; able to the general public, including foreign nations.
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life~cycle cost advantages of composite material hardware for landing gear.

The B-1 Nose Landing Gear has been used as the baseline and the hardware has
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‘"function'' constraint,

Concept |, substitution (form, fit and function) parts have been designed and
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FOREWORD

This is Volume Il, Appendices, of a two volume Final Report which was
prepared by the Los Angeles Division of Rockwell International, Los Angeles,
California, under United STates Air Force Contract F33615-76-C-3021, Air
Force Project No. 2402, Task No. 240201, ''New Concepts in Composite Material
Landing Gear for Military Aircraft.' The program is being administrated by
the Air Force Flight Dynamics Laboratory, Wright-Patterson Air Force Base,
Ohio, under the direction of Mr. J. Hampton (AFFDL/FEM).

This volume contains the Appendices to Volume 1, the final report,
covering work performed from April 1976 through February 1978. Volume |
of the report contains the technical discussion. Rockwell International
personnel directly participating on the program were:

V., E. Wilson Program Manager

F. W. Atkins Systems Engineer

J. Rohlen Structures Engineer

J. Kirkhoff Contract Administration

The report was submitted in February 1978.
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SECTION | ,

INTRODUCT {ON

Composite materials have outstanding strength and stiffness characteris-
tics which can be used advantageously in the design of landing gear hardware
The objective of this program was to explore the extent to which composite
material could be used in a complete landing gear system, and the cost and
weight benefits that could result from this usage.

The Air Force, through AFFDL, has sponsored a number of successfui com-
posite landing gear hardware programs. These have established the feasibility
of using composite material for certain landing gear components, but all hard-
ware designed was constrained by ''form, fit and function.'" This program has
three separate sections so that hardware was designed under three distinct
levels of constraint. The first is ''Substitution,'" with '""form, fit and
function' constraints. The second section is '"Modification' with both '"fit
and function' constraints. The third section is ''Redesign'' with only the
"function' constraint.

This program is phase oriented with this report covering Phase |.
Phase Il will not be started until this report and a presentation of its
contents is approved by the Air Force. A Phase | and Phase !! task flow
diagram is shown in figure I.

The approach used for the Phase | section followed the task outline shown
in figure | and resulted in the choice of the B-| Nose Landing Gear, see
figure 2, as the baseline. Conceptual designs for composite landing gear hard-
ware were then developed for each section and level of constraint as descrited

above. Methodology to be used in the Phase || preliminary design and to be
used in generating data plots to illustrate the advantages of composite land-
ing gear hardware has been determined and documented in the Methodology
Section.

Evaluations of the design concepts created in this phase were then used
as the basis for recommendations of concepts which should be carried into
Phase || for preliminary design effort.
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SECTION 1!
SUMMARY

This report describes the effort conducted on Phase | of the two-phase
Air Force Contract New£E33645=-26-C~-3021, ¥New Concepts in Composite Material
Landing Gear for Military Aircrafc.V¥

This Phase | section was structured to determine the maximum practical use
of composite material for landing gear hardware under three specific sets of
constraints._  The effort was conducted in accordance with the Task Flow Diagram
of Figure 1.
2.1 BASELINE

The B-1 Nose Landing Gear has been selected for the baseline svstem and
rationale for the seclection made on the basis that it meets contract require-
ments; it is a current Air Force airplane (over 175,000 lbs. gross weight)
and is completely described by the information listed below:

|. Design criteria from MIL-A-8862

Z. Design requirements from the B-1 Prime ltem Development Speciti-
cation

3. Volume constraints from the B~1 System Definition Manual (SDM)
4. Structural attachments from the B-1 SDM

§. Nose gear hardware dimensions from the B-1 Engineering drawinags
6. Kinematics from the B8-1 SOM |
7. Nose gear external loads from the B-1 SOM

8. Nose gear internal loads trom the B-1 Structures Group

9. Weights from the B-1 Weight Status report

10. Cost data from B-i Major Contracts Cost Analysis Group

11. Life-cycle costs ‘rom the B-1 Operations Analysis Program

12. Maintainability from the Integrated Logistics Program
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13. Environmental data from the B-1 SDM

14. Reliability data from the B-1 Reliability Program

2.2 DESIGN CONCEPTS

The Design Concepts section of this program resulted in the selection of
intermediate strength graphite/epoxy as the baseline composite material for use
in the design studies. The three design sections included:

|. Substitution, constrained by form, fit and function;

2. Modified, constrained by fit and function, and

3. Redesigned, constrained by function only.

These designs were qualitatively evaluated by the experts in materials,
structures, fabrication, weights and cost and a summary of these evaluations
is presented in section VI, page 92. A summary of conclusions reached

appears with the sections below.

2.2.1 Concept | - Substitution

Baseline information and drawings of B-l nose gear metallic hardware was
studied and conceptual design drawings were made for composite and composite/
metal parts which have identical key dimensions, and can be substituted on a
part-for-part basis for the baseline metallic hardware. Some of these con-
cepts were designed to have composite material spliced to metallic end fittings
to meet the high load requirements within the form constraint. Table | lists
the parts designed in this section. All parts except the torque links (very
high technical risk) are recommended for further effort in Phase I1.

2.2.2 Concept 2 - Modified

Existing structural attachments were used, but kinematics of the drag
braces and down lock links were revised to allow increased usage of composites.
It was determined that for this concept the piston and the lower end of the
strut cylinder must remain metallic since the larger diameter required for
composite parts would result in having to spread the nose wheels and this
would violate the stowage limit (fit) constraint. Table Il lists the parts
designed in this section. All listed parts are recommended for further
effort in Phase 1|1,
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TABLE )

SUMMARY

CONCEPT | - SUBSTITUTION

PART

PART DESCRIPTION

REMARKS

Drag Brace - Fwd.

Drag Brace - Aft.

Down Lock - Fwd.

Down Lock =~ Aft.

Torque Link

Strut-A-Trunnion
Arms

Strut-B-Trunnion
Arms

wWheels

Composite tube with metal end
fittings.

Composite ''I'' Beam with metal
end fittings.

Inverted ''U'" section all com=
posite part.

Composite "I' section with
one metal end fitting.

All composite solid section

Composite Trunnion Arms
section including actuator
arms bonded to metal strut

Two Composite Box section
torque arms bolted to metal
strut and actuator arms

All composite. Two=-piece
dish shaped.

Recommended for
Phase ||

Same

Same

Same

Very high technical
risk. Part not
recommended .

Very high technical
risk. Part not
recommended
Recommended for

Phase ||

Same




TABLE 11
SUMMARY

CONCEPT 2 - MODIFIED

|
g1 PART PART DESCRIPTION REMARKS
L
k! | Drag Brace - Fwd. All composite box sections with Recommended for .
! ""racetrack'' caps. Phase |1 I
| Drag Brace - Aft All composite box sections with Same
""'racetrack'' caps.
4
‘ﬁ Spreader Bar- Composite tube with metal end Same
? (Drag Brace) fittings.
b Down Lock = Fwd. All composite "'I'' section with Same
1! g ""racetrack' caps.
}{
8 Down Lock - Aft All composite "I' section with Same
E ""'racetrack'' caps.
t; Torque Link All composite-solid section Same
! No base lugs
i i
f ! Strut-Trunnion Trunnion arms-flattened cone Same
{:3 Arms shape metal strut and actuator
3 '% arms.
: .
: i Wheels All composite 3-piece with rims Same
‘i and drum
.

2.2.3 Concept 3 - Redesigned

Studies were made to evaluate the use of landing gear concepts which were
allowed to differ from the baseline system in kinematics, attachment location
and storage volume, see Table II1I. A 'leaf''spring' concept, shown in
figure 35 was evaluated as a very high technical risk and not weight effective.
On that basis, effort on this concept was stopped. The size of the bE-1 nose
gear is an important factor against usage of this concept, but the ''leaf spring"

nose gear configuration may prove to be a viable weight effective system on a
smaller fighter airplane.




TABLE 11|
SUMMARY

CONCEPT 3 ~ REDESIGNED

PART

PART DESCRIPTION

REMARKS

‘"Leaf Spring'' Concept

Drag Brace - Fwd.
(3-8 Concept)

Drage Brace - Aft
(3-8 Concept)

Spreader Bar
{Drag Brace)

Down Lock - Fwd.

Down Lock - Aft
| Torque Link

|
|

Strut - Complete

Laminated composite leaves
with resilient plastic
layers between leaves.

inter-

All composite "H'' section
with '"'racetrack'' caps and
stiffener clips.

Same

Composite tube and end
fittings.

All composite section

with "racetrack'' caps.
Same

All composite with solid
section and no lugs on base.

Composite inner pressure

Very

high technical

risk = no weight advan

tage

Recommended for

| Phase |1

Same

Same

Same

Same

- not recommended

cylinder, outer flattened cone
shaped trunnion arms and lugs.

|
Composite pressure cylinder |Very high technical
and axle attach lugs. [risk. Part not
recommended .

Piston

|
[

| Recommended for
Phase | 1.

Composite cylinder with
metal wheel retainer.

All composite 2-piece with Same
integral bolt spacers.

)
i
i
i

L]
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A conceptual design was made of a ''trailing arm'' nose gear, but it
requires a large change in storage volume and did not appear to have any
major advantages. The study using the same concept as the baseline and
only slightly changed kinematics, provided a nose gear system which allowed
the maximum use of composite material while restricting changes to a minor
widening of the nose gear wheel well. The wheels on this study were moved
farther apart to allow room for a composite piston and strut. The ''leaf
spring' landing gear concept and the ''piston' on 3-A concept are considered
very high technical risk and are not recommended for turther effort in

Phase 1. All other listed parts are recommended.

2.3 RESULTS ”

The general results of the Phase | etfort show that the most effective
gains in the use of composite structure occur in the ''Redesign'' Concept 3,
section where more design freedom is allowed. This is because space limita-
tions are removed which restrained the use of composites in some areas of
the landing gear structure. Concept | and 2 resulted in more compromises in
the design, because of increased restrictions, and a lesser use of composite
structure; however, the concepts developed will still generally result in
cost effective hardware, but to a lesser extent, based on the limited evalua-
tion performed in Phase |.

Many structural elements ot landing gear hardware are axially loaded and
the weight effective ''racetrack'' gonfiguration was used similar to that used
in previous composite landing gear programs. This contiguration, as pre-
viously used, has inherent structural weaknesses near the end ot the member
where large interlaminar shear forces occur between the ''racetrack'' and the
web reinforcements. A solution to this problem is shown in tigure 3, which
uses a series of ''racetracks' interleaved with shear webs which should signi- ‘
ficantly improve the strength and fatigue properties of the ''racetrack'' con- }
tiguration. This design is shown in Concept 3b. i
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Figure 3. Structural Concept For Axially
Loaded Struts
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b SECTION 111

BASEL INE

The B-1 nose landing gear installation consists of a semicantilevered
shock strut with twin wheels and tires, a steering damping unit, and strut
fairing doors. The shock strut is a dual chambered air-oil piston type. The
forward retracting nose gear is attached to fuselage structural beams by a
journaled trunnion at the top of the strut, and by a forward mounted folding
drag brace. With the gear in the down and locked position, the drag brace is
ki held in the on-center position by a jury strut downlock at the apex of the

1
i draq brace. A spring bungee holds the jury strut in its locked position.
! The nose gear strut incorporates a centering cam to center the nose wheels {
4 automatically and hold them centered while the shock strut is extended. ‘
3
|
3 3.1 RATIONALE FOR SELECTION
[
! The B-] nose landing gear was selected as the baseline system for this
¥ program for the following reasons:
}
; ° The B-1 meets contract requirements for a baseline landing gear system.
® It is a current Air Force aircraft. Three aircraft are currently §
being flight tested, and production is expected to start late in 1976. F
!
i  The B-1 gross weight is 395,000 pounds which is over twice the con-
E tract minimum requirement of 175,000 pounds gross weight.
- ]
»; 3 : g i
3 The design requirements and constraints for the B-I! nose landing gear {
‘ are available from the B-1 Prime ltem Development Specification and
3 the B-1 System Definition Manual. s
K

; ® B-1 Division engineering drawings, layouts and vendor drawings are
available to define the Air Vehicle (A/V) No. 4 nose landing gear
hardware.

® The B-1 nose gear is relatively simple and provides a baseline system
which can be readily handled within the scope of this program.

Production of the B-1 nose gear for A/V No. 4 has not yet started,
so changes as a result of this or possible follow-on programs could
be implemented early in the production run.

e AT gl o BTy IR ki e - S



B " The B-1 contract is expected to reach a total of 240 aircraft, thus,
i Cost savings in the nose gear could result in large total savings
over the life of the program.
‘ ®  The proximity of the B-1 design section makes the nose gear designers
| readily available ftor consultation.
1 ° Cost and weight data for the baseline is readily available, and B-)
| - 3 ¥ .
ks experts can be contacted tor assistance on weight and cost estimates
Ee | for the new hardware.
b1 3.2 BASELINE DESCRIPTION
Al
i \ 5y W o ; .
= The data presented in this section completely describes all the design
A parameters and constraints which were used in the development of the current
t B-1 A/V No. & nose gear system design,
EX
3 . = -
1 3.2.1 Design (Criteria
2
2 The B-1 nose landing gear has been designed to comply with the landing
A and ground handling loads requirements of MIL-A-8862. This specification is
B not included with this report since it is readily available.
3
3.2.2 Design Requirements
E.

The B-! design requirements from the Prime ltem Development Specitica-
tion (CP109L2001IB) are presented in Appendix 8.

-

3.2.3 Dimensional Constraints

The B-1 System Definition Manual (NA=69-190-2) describes the dimensional f
4 constraints associated with the nose gear system. The volume constraints, 1
structural attachments and kinematics are shown on drawing L9340068,

sheets 1, 2 and 3 (figures &, §, and 6).

3.2.4 Metallic Hardware Dimensions

Dimensions of the A/V No. 4 metallic nose gear hardware are given on:
B8-1 Engineering drawings; L3K00308, sheets | and 2, L34003)), sheets | and
2 (figures 7, 8, 9, and 10); layout LI340074 (figure 11); Menasco drawing
3002600, sheets | and 2; and 3002602 (fiqures 12, 13 and 14, and 3002687,
sheets | and 2 (figures 15 and 16); and on Goodyear drawing PD 2661, sheets
| and 2 (figures 17 and 18).
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3.2.5 External Loads

A summary of nose gear loads for B-1 A/V No. 4, from the B-1 Systems
Definition Manual is presented in Appendix C. Included are the following: -

ONOWVI FWN —

(Vo]

10.
1.
12.

.,.Landiﬂgy—Taxf;”ahd"Hﬁﬁéi?Hj Loads

Dual Wheel Load Distribution
Ultimate Load Determination
Fuselage Support Structure Deflections
Temperature Condition

Drop Test Requirements

Actuation System Loads

Nose Gear Uplock Loads

Nose Gear Door Link Loads

Nose Gear Steering Torque

Repeated Loads Design Requirements
Nose Landing Gear Support Reactions

3.2.6 Component Loads

The loads on B-1 nose gear components for A/V No. 4, as used for struct-
ural analysis of the metallic hardware, are presented in this section.

A.

Forward Drag Brace
1. 134500 1b. Tension (ULT)
2. 136400 1b. Comp. (uLT)

Aft Drag Brace
1. 250500 1b. Tension (ULT)
2. 25400 1b. Comp. (uLT)

Spreader Bar - Drag Brace

1. Axial Compression of 46600 Ib. (ULT) in
combination with end moments equal and
opposite of 20000 inch- pounds (ULT)

2. Axial Tension of 47300 I1b. (ULT) with
17700 inch - pounds (ULT) end moments

Down Lock Links

1. + 11000 1b. (Design) axial load, with a
transverse load applied to the forward
end acting upward of 559 1b.(Limit)

2. Axial stiffness requirement of lock link and
and back-up structure - K 25000 Ib/inch
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o= ==\ "pex Toad + 24500 1b. (Design)
F. Strut and trunnion arm loads are shown in figure 19.
G. Piston loads are shown in figure 20.
H. Axle loads are shown in figure 21.
I. Wheel loads are shown in figure 22.

3.2.7 Nose Landing Gear System Weight

The weight of the B-1 nose gear component parts, as given in the Weight
Status Report #A45, 3 May 1976, is shown in Table IV. Columns under ''Weight
Status'' indicate the percentage of the weight of the component that is
"estimated,' ''calculated,' and '"actual.'" It should be noted that many of
the parts for A/V No. 4 have not been built and are therefore 100% estimated
or calculated.

3.2.8 Environmental Data

The environmental data is presented in Appendix D.

3.2.9 Reliability

The baseline reliability of the B-1 nose landing gear for A/V No. 4 wil)
be based on the reliability of the mechanical equipment installation com-
ponents of the nose gear, including the wheels but not tires. Table V pre-
sents the predicted hardware reliability expressed in ''mean time between
corrective maintenance action'' (MTBCMA).

The predicted MTBCMA for the baseline B-| nose landing gear is 715.5
flight hours representing a hardware failure rate of 1397.7 x 1076 flight

hours.

3.2.10 Maintainability

The baseline maintainability costs for the B-1 A/V No. 4 nose landing
gear system is based on consideration of the following '"line replaceable
units' (LRU) and ''shop replaceable units' (SRU). See Table VI.

The B-1 baseline nose gear maintenance costs are shown in Table VII.
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TABLE IV

NOSE GEAR WEIGHT DETAILS

A/V NO. 4 - STATUS NO. 45. 3 MAY 1976

t AN 9103 WEIGHT WEIGHT STATUS
CODE PART DESCRIPTIONS LBS A/V $ EST. |% CALC |3 ACT
| 11 B 06 | WHEELS (2) 115.0 o -- 100.0
11 B 07 | TIRES (2) 138.0 -- 100.0 --
‘ 11B09 | N, 6.0 = -- 100.0
| TOTAL RUNNING GEAR (259.0) i = -
" 11 B 34 | DRAG BRACES 100.0 100.0 : == | --
11 B 38 | SHOCK STRUT 586.4 - 6.82| 93.17
11 B 40 | BEAM ASSY. (AXLE) 1 - = © 100.0
11 B 41 | TORQUE ARMS (2) 15.6 -- -- . 100.0
: 11 B 43 | SHIMY DAMP/STEER. CONTROL 184.3 -- 3.63 96.36
! 11 B 47 | FITTINGS - BODY 68.0 100.0 | -- --
TOTAL STRUCTURE (985.8) == -- --
11 B WTB/STRUCTURE (1244.8) 13.49| 14.83| 71.66
12 D 13 | CONTROLS 4.3 e 23.25| 76.74
3 12 D 22 | PLUMBING 6.3 -- 100.0 --
; 12 D 28 | FLUID 2.4 -- 100.0 | --
: 12D STEERING CONTROLS (13.0) -- 74.61| 25.38
12 E 13 | CONTROLS 1.0 100.0 | -- --
2 2 E 14 | WIRING, CONDUIT, ETC. 14.8 e 100.0 | --
12 E 16 | MECHANISM 0.3 100.0 | -- --
: 12 E 21 | CONTROLS 9.9 100.0 | -- -
! 12 E 22 | PLUMBING 7.8 100.0 | -- --
12 E 26 | ACTUATORS 62.8 100.0 | -- --
12 E 28 | FLUID 8.9 .o 100.0 | --
12 E 41 | LOCKING MECHANISM 41.2 100.0 | -- --
12 E 45 | POSITION IND. MECH. 2.0 100.0 | -- --
12 E RETRACT CONTROLS (148.7) 84.06| 15.93| --
[ 12 F BRAKE OPER. CONTROLS (10.0) 100.0 | -- --
| 126 EMERG'Y. EXT. CONTROLS {4.0) 85.0 | 15.0 | --
‘ TOTAL NOSE GEAR 1420.5




TABLE V - B-1 NLG BASELINE HARDWARE RELIABILITY

WORK MECHANICAL EQUIPMENT QryY. HARDWARE RATE
| UNIT CODE INSTALLATION COMPONENTS PER A/C| (PER 10° HOURS)

13BAA SHOCK STRUT 256.

| 13BAB ' DRAG BRACE ASSY, UPPER | 20.
13BAC | UPLOCK ASSY. | 278,

CISBAD | DOORLOCK ASSY. FWD. L 178,

13BAE ' DOOR SEQUENCE LINK ASSY. 51,

13BAF ' BUMPER-WHEEL STOP 2 8.

13BAH . JURY BRACE

13BAJ | TENSION SPRING FORWARD DOORLOCK

13BAK BUNGEE, AFT DOORLOCK

| 13BAL TENSION SPRING, DOWNLOCK

13BAM TENSION SPRING, UPLOCK

13BAN BUNGEE, WHEEL STOP BUMPER

| 13BAP DRAG BRACE ASSY. LOWER

13BAQ TORQUE ARM ASSY.

13BAR ACTUATION ASSY, LH W/W DOOR

| 13BAS ACTUATION ASSY.,RH W/W DOOR

© O o = O O O &

.
o

13BDA WHEEL ASSY., (INCL. FALSE AXLE)

£ T



! TABLE VI

B-1 NOSE LANDING GEAR HARDWARE REPLACEABILITY

k| REPLACEABLE

: NOMENCLATURE CODE WORK UNIT CODE
Shock Strut - Nose Landing Gear* LRU 13BAA
Cylinder, Shock Strut - NLG SRU 13BAASA
Piston, Shock Strut - NLG SRU 13BAA9B
Drag Brace, Upper - NLG LRU 13BAB
Jury Brace - NLG LRU 13BAH

@ Drag Brace, Lower - NLG LRU 13BAP

3 Torque Arm Assembly-NLG LRU 13BAQ

J Wheel/Tire Assembly-NLG*#* LRU 13BDA

¥ Wheel  Assembly-NLG SRU 13DA9A

| *Due to the fact that the shock strut assembly must be removed

1 from the aircraft for repair, the complete assembly, consisting
of strut (cylinder) and piston, must also be considered, as well
as the component parts, for the purposes of this study.

**Only the nose landing gear wheel is to be considered as a
composite candidate, however, due to the fact that the wheel/
tire assembly is removed from the aircraft for repair, the
complete assembly must be considered for the purposes of this
study.
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The following assumptions have been made:

3.2 o1

|. The current B-1 support concept was used,

A. Depot repair of the listed items.
B. Spare LRU's are stocked at the using wing level.

2. The current operational concept for the B-1 was used.
Two hundred and ten operational aircraft (7 wings
with 30 aircraft each).

A. One combat crew training squadron wing with
30 aircraft flying 977 hours per month.
B. Six normal wings with 30 aircraft flying
525 hours per month.
3. The baseline costs were projected in 1976 dollars.

4. The time span of the support is 10 years.

Cost

The baseline cost data for the B-1 nose landing gear hardware for

A/V No.

4 is, in part, estimated since no parts have been fabricated. All

costs are given in 1976 dollars and for a production quantity of 240 aircraft.

A,

Strut Assembly

The nose gear shock strut, consisting of the strut (cylinder) the
piston and the torque links, is subcontracted to Menasco Manu-
facturing Company. Nonrecurring costs have been negotiated, and
recurring costs have been estimated for production quantities
using the ship 4 through 7 costs and projected using an 89% slope.

. Nonrecurring Cost $ 245,320
2. Recurring Cost § 78,632/shipset

Downlock Links

Cost estimates for the upper and lower downlock links were based
on price quotes from the material division and the machining cost
estimating department. The recurring cost for material is pro-
jected on a 95% (Wright) cost reduction curve (CRC) and the
machining costs on a 78% CRC.

1. Nonrecurring Cost $ 56,587
2. Recurring Cost S 450/ship set
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C. Wheel

The wheel is subcontracted to Goodyear Aerospace Corporation
and the cost has been negotiated. The production cost reduction
slope is assumed to be a very shallow 98% slope.

l. Nonerecurring Cost $ -0- (No design change)
2. Recurring Cost $ 9,408/ship set

D. Drag Braces !

The cost estimate for the forward and aft drag braces are based
on a supplier quote. The production quantity is projected on a

92% CRC.
I. Nonrecurring Cost $62,660
2. Recurring Cost $10,195/ship set

3.2.12 Life Cycle Costs

The B-I nose gear baseline [ife cycle costs have been estimated using
the data from the Reliability, Maintainability and Cost sections. The total
Life Cycle Cost is $24,702,638, for the mechanical equipment components
listed, based on 240 aircraft. Table VIII lists life cycle costs by each
major component.
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TABLE VIII
LIFE CYCLE COST

(1976 Dollars)

i ; 240 Shipset ;
i Nomenclature Implementation Acquisition Support ]
| (Nonrecurring) (Recurring) :
f_v Nose Landing Gear
1. Shock Strut Assy. 278,537
3 2. Cylinder 56,194
| 3. Piston 65,077
4 4. Toraue Link 35,620
4 245,320 18,872,000 435,428
{ Drag Braces
3 1. Upper 99,759
; 2. Lower 59,939
6 62,660 2,346,700 159,698
; Down Lock (Jury Brace)
b 1. Upper
E | 2. Lower
k| 56,587 ~ 107,917 11,398
f Wheel
(Wheel Assembly) 19,131
1. (shipset) (wheel) 0 2,258,013 27,786 f ﬂ
TOTAL 364,567 23,684,630 653,441 = !
GRAND TOTAL $24,702,638, TOTAL LIFE CYCLE COST ?




SECTION 1V

DESIGN CONCEPTS

The five conceptual design studies for Phase | presented in this section
have been made to determine the potential of using composite material for the
B-1 nose landing gear. Studies have been made for three design concepts each
having different constraints. The concepts are:

Substitution - Constrained by form, fit and function.
Modi fied - Constrained by fit and function.

Redesigned - Constrained by function only.

MATERIAL SELECTION

The baseline material system selected for this study effort is inter-
mediate strength graphite/epoxy. The intermediate strength graphite fiber
offers a good balance between fiber characteristics and fiber cost. The use
of a high temperature, 275 to 350 F, service epoxy is indicated for the com-

posite matrix in order to meet the environmental requirements for the B-1.

The selection of composite landing gear materials for this study program
was based on design considerations and material property parameters. These
design considerations and property parameters are presented in table IX.

Fiber strength and modulus provide a measure of composite material
mechanical property potential, and the ultimate tensile elongation indicates
the potential overload capacity. Matrix temperature limitations and resis-
tance to environmental degradation are resin selection criteria. Ultimate
elongation of the resin also has been considered for maximum composite per-=
formance, and high transverse lamina elongation generally result in:

First-ply failure strains above the static design limit load.
Reduced composite notch sensitivity.

Matrix processability will influence composite properties, transverse
strain capacity, and laminate reproducibility. Prepreg resins exhibiting
good tack drape and shelf life characteristics that can be molded into low
void composites will improve composite mechanical properties and fabrication
economics .

The selection of landing gear component composite materials includes con-
sideration of the various reinforcements. In addition to the various candidate
types of graphite fiber, nongraphitic fibers such as Kevlar 49, S-glass, and
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b TABLE IX . COMPOSITE LANDING
f GEAR MATERIAL SELECTION PROPERTY
i. ! CONSIDERATIONS
- Static loading - Fiber
: Load direction Strength
1 Stiffness requirement Modulus
! Factor of safety Tensile strain
f" Viscoelastic considerations Matrix compatibility
K
\ - Failure criteria - Resin
) Strain Temperature limitations
¥ Strength Transverse tensilk strain
L/ Processability
E | - Dynamic Loading Environmental compatibility
| Fatigue life - Composite
Impact
Fracture Toughness Laminate orientation
- Enviromment Configura;ion mechanical ;
| properties :
'i Temperature Coefficient of expansion
Compatibility Initial failure strain
Corrosion Coefficient of friction

Moisture
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boron has been considered for this program. Orthotropic laminate mechanical
properties for typical 60-percent fiber volume composite materials are pre-
sented in table X. The composite properties presented indicate an average
unidirection (0°) tensile strength of 230 (+30) KSI for all the reinforce-
ments with the exception of HM graphite fiber. The reinforcements, other
than graphite, are high strength structurally efficient materials exhibiting
completely different elastic constants, physical characteristics, and thermal
properties.

The coefficient of thermal expansion of various composite materials and
isotropic materials are presented in table XI. The unidirectional laminate
coefficients provide an indication of range of values obtainable by tailoring
the laminate to a desired value. The use of high thermal coefficient
materials, such as aluminum, will be avoided to minimize thermally induced
internal stresses. Titanium and low thermal expansion steels will be favored
for mating to ''tailored'' composites with minimal thermal mismatch.

Material properties for various candidate materials are given in tables
X and XIl. Typical properties for continuous fiber reinforced laminates in
an epoxy matrix are shown in table X. Table XI| gives typical properties for
chopped fiber reinforced compressed molded thermoset materials.

The third edition of the Advanced Composite Design Guide has served as
the basis for unidirectional oriented ply composite mechanical properties.
The orientations selected during this study consider such factors as pre-
dicted laminate strain to initial failure, coefficient of thermal expansion,
environmental knock-down factors, and etc.

The environmental requirements for the nose wheel landing gear are shown
in Section |ll. The thermal exposure temperature of 265° F for the gear
require that,as a minimum, a 350° F curing composite matrix resin be utilized.
Other environmental conditions are not critical to the selection of a base-
line composite material system. The most significant environmental effect
to be considered is the combined effect of moisture on the mechanical pro-
perties. The ''wet'' design allowables established for graphite/epoxy in
various advanced composite application programs are to be utilized for this
study.

4.2 CONCEPT 1 - SUBSTITUTION

The design concepts in this study are limited to composite material sub-
stitution for the existing metal hardware on a component by component basis.
The composite hardware must have identical key dimensions to satisfy the form,
fit and function of the metal baseline components.

b7
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TABLE X
TYPICAL COMPOSITE PROPERTIES
UNIDIRECTIONAL - 60-PERCENT FIBER VOLUME

Material
_ AS/ HMS/ Kevlar/ | S-Glass/| Boron/
E | Property Epoxy Epoxy Epoxy Epoxy Epoxy
b : : 6
: Elastic censtants (psi x 107)
2 0° tensile modulus 19.8 28.0 12.5 8.8 30.0
F 0° compression modulus 16.0 24.8 10.5 7.4 30.0
fl 90° tensile modulus 1.4 1.4 0.8 1.9 2.7 !
2 90° compression modulus 1.4 1.4 0.8 1.9 2.7
4 Poisson's ratio 0.30 0.30 0.325 0.30 0.21
}g In-plane shear modulus 0.65 0.65 0.4 0.55 0.70
f% Thermal expansion coefficients
# (in./in./°F x 1079)
ﬁ 0° coefficient 0.2 § -0.3 <ol 6.0 2.3
! 90° coefficient 15:6 | 130 32.0 20.0 10.6
; Ultimate strains (%)
| i
E | 0° tensile 115 0.5 1.8 2.8 0.65 |
| 0° compression 1.40 | 0.6 0.3 1.7 * {
E | 90° tensile 0.03 0.4 0.57 0.33 0.40 |
3} 90° compression 1.90 1.0 5.1 2.4 iy o]
@ ; '!
1 i Ultimate strenghts (psi X 103) . {
b ] !
' 0° tensile 220.0 145.0 210.0 250.0 200.0 |
i 0° compression 220.0 145.0 38.0 115.0 350.0 ‘
90° tensile 8.4 6.0 2.8 5.1 0.4 |
90° comression 30.0 25.0 20.0 25.0 40.0 {
In-plane shear 18.6 8.0 6.0 6.0 15 ‘
Density (1b/in.>) 0.056| 0.057| 0.050| 0.072{ 0.072 i
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E | TABLE XI
COEFFICIENT OF THERMAL EXPANSION
(@ IN. 107 IN./IN. /°F)

Unidirectional Laminate

3 Isotropic

i Material Parallel Perpendicular Material
* 3.5 j
b S-glass . 11 %

k| Kevlar 49* -2.0 30 -

L

E | LHS* -0.1 14 A

; -0.5

i HM® -0.5 15 = §
: UHM* -0.8 17 - 1
4 3
& Boron* 2.3 8 <= 3
b Aluminum = — 12 - 14

i

.'} Steel - - 6.~ 10

ié Titanium - - A7

;'.

B Epoxy resin - - 30 - S0

*
60-percent fiber volume epoxy composite

TABLE XII
:
TYPICAL PROPERTIES FOR COMPRESSION-MOLDED CHOPPED-FIBER/EPOXY CONPOSITES '
i
Material ‘
Mechanical Property AS/Epoxy ! HMS/Fpoxy Boron/Epoxy ﬁ:’ Glass/Epoxy
Tensile strength (psi x 103) 30.0 30.0 35.0 i 27.0
i Tensile modulus (psi x 10°) 6.7 8.0 10.0 g 3.0
‘ Corpressive strength (psi x 10°) 0.0 3.0 50.0 i sew
Bearing strength (psi x 10%) $0.0 - 65.0 i - }
Densizy (Ib/in.>) 0.087 0.059 0.076 ' 0.06§ i
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The B-1 nose landing gear hardware has been studied to determine whether

§ individual parts could be made from composite material and still satisfy the

4 above constraints. In several cases, investigation showed that sections of

3 some parts should remain metal to accommodate the high loads within the ''form'
constraint, but it was felt that these parts could still be viable candidates

using spliced metal/composite construction.
Components chosen for study included: drag braces, forward and aft;
down locks, forward and aft; the torque link; strut trunnion arms; and the

wheels. See figure 23.

4.2.1. Forward Drag Brace

The drag braces attach to the forward side of the strut and stabilize it
in a fore and aft direction. The drag brace folds for stowage about a center
pivot. The forward section is dual and connects the center pivot to both
wheel well side walls, see figure 23. The loads in the forward drag brace
are axial and the tension load is 134,500 pounds ultimate and the compression
load is 136,400 pounds ultimate.

The baseline B-1 part, figures 9 and 10, is a forging made from HP 9-4~30
steel which is heat treated to 220,000 to 240,000 psi. The part is cylindri-
cal with lug ends which connect the part to the upper structure supports and
to the aft drag brace.

The design concept shown in figure 24 is an example of the spliced metal/
composite construction previously referred to. Two end fittings are made of
220,000 to 240,000 psi heat treated steel. The lugs on these fittings are
identical to the baseline so that they can react the high loads and mate with
the adjoining parts without changes. These end fittings are multi-step lap
spliced to the cylindrical composite section. This 37.3 inch long composite
tube is laminated graphite epoxy (Gr/Ep) using more than 80% 0° (longitudinal)
plies and less than 20% + 15° (spiral wound) plies. This composite tube is
co-cured to the end fittings using a 5-~inch long multi-step lap splice.

|
'
|
l

4.2.2 Aft Drag Brace

The aft drag brace is a single structural component which connects the
apex of the dual forward drag braces to the strut, see figure 23. The loads
in the aft drag braces are axial and the tension load is 250,500 pounds
ultimate and the compression load is 254,000 pounds ultimate.

- aomr—————

The baseline B-1 aft drag brace, figures 7 and 8, is an "|'" section
forging made from MIL-S-8844 Class 3 300M steel which is heat treated to
280,000 to 300,000 psi. The '"I'" section terminates in end lugs which are
50
§ e
<8
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Figure 23, B-1 Nose Landing Gear Components
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drilled for bearings. The forward end is pinned to the apex of the forward
drag braces and the aft end is fastened to the strut.

The composite aft drag brace shown in figure 25 also uses the spliced
metal/composite construction since steel end fittings are required to accom-
modate the high loads within the form constraint. The bearing end of these
fittings is identical to the baseline part, but each fitting isonly 10.25
inches long and terminates in a double multi-step lap joint for both caps
and webs of the composite ''I'' section.

The graphite epoxy laminated ''I'' section is made up of back-to-back
channel shaped laminates, using 50% + 45° plies and 50% 0° (longitudinal)
plies, with reinforced caps using more than 90% 0° plies and less than 10%

a 15° plies. This "I'" section is 27.6 inches long and overlaps each end
fitting 6.4 inches. The composite web is multi-step lap spliced to both

sides of the web portion of the end fittings and the composite caps are
multi-step lap spliced to both sides of both top and bottom cap sections of
the end fittings to provide enough bond area to transfer the high axial loads.
The entire assembly is then co-cured.

4.2.3 Forward Down Lock

The down lock struts, forward and aft, serve as a jury strut which holds
the drag braces in the ''on center' position when the gear is in the down
position. The down lock struts connect the center joint of the drag braces to
the fuselage structure, and are designed with an ''over center' locking feature
to assure that the drag braces will be supported. The loads in the down lock
struts are axial and bending (a + 11,000 pound design axial load with a
transverse load applied to the aft end of the forward link acting upward of
559 pounds limit). The axial stiffness requirement for the lock links and
backup structure ''K' must be greater than 25,000 pound/inches.

The baseline B-1 forward down lock, figure 11, is a 7075 aluminum alloy
forging. The forward portion of the part is an '"I'" section joined to a
channel shaped aft section to straddle the aft down lock strut in the '‘over
center' lock area.

The design concept shown in figure 26 is a graphite epoxy laminated
inverted '"U"' shaped part using ''race track'' windings cver laminated side
walls and upper webs. The ''race tracks'' will be more than 90% 0° plies
and the laminated webs will be 50% 0° plies and 50% + 45° plies. This
entire assembly will be co-cured.
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4.2.4 Aft Down Lock

The oft down lock connects the over center locking end of the forward
down lock tu the fuselage structure. The loads are as given in the Forward
Down Lock section.

The baseline B-1 aft down lock, figure 11, is an "'I'" section 7075 alumi-
num alloy die forging. The forward section in the over-center lock area is
a solid section and the aft end has a single lug for structural attachment,
and dual lugs for attachment of the actuating cylinder.

The composite aft down lock uses the spliced metal/composite construction
which was employed on the drag braces. The aft end is aluminum and is
identical to the end of the baseline aft down lock. This is necessary in
order to react the high loads in the thin lug sections required to meet the
form constraint and to assure interchangeability with the baseline components.

Figure 27 shows the composite design concept for the aft down lock. The
aluminum actuator end is multi-step lap spliced to the graphite epoxy
laminated ''I'" section. The ''I'' section consists of back-to-back channel
shaped laminates using 50% + 45° plies and 50% 0° (longitudinal) plies with
''race track'' wound caps using more than 90% 0° plies and less than 10% + 15°
plies. The composite section is 23.25 inches long with 2.75 inch splice
overlaps. The composite web is multi-step spliced to both sides of the
aluminum lug, and the composite caps are multi-step spliced to the inside
surface of the aluminum caps from the lug. The caps are continued around
(race track) the forward end of the lock link. The ends are reinforced using
laminated fillets of 50% + 45° and 50% 0° plies. The forward fillet will be
9 inches long to reinforce the over-center lock area. The entire assembly
will be co-cured.

4.2.5 Torque Links

There are two torque links which are located ~n the aft side of the
lower strut, see figure 23. They provide hinged links betwecen the fixed
outer strut and the rotating and translating inrer piston/ax </wheel assembly.
This allows steering and up and down motion of the nose wheel. 7he links are
loaded by steering torque and the apex load on each link is + 24,500 pounds
(design).

Menasco Manufacturing Company will build the baseline torque links.
They will be aluminum forgings, triangular shaped, fastened together at the
apex and mounted to the strut ard the piston at the base, see “igure 13
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The design concept shown in figure 28 is a graphite epoxy laminated part
using ''race track' wound laminations. The outer race track laminate will be
more than 80% 0° (base to apex) plies with less than 20% + 45° plies. The
inner race track laminate will be 60% 0° plies and 40% + 45° plies. The
laminated inner block will be 50% 0° plies and 50% + 45° plies. The assembly
will be co-cured. o

4.2.6 Strut and Trunnion Arms

The strut is the structural component whicn fastens to the trunnion
fittings on the fuselage structure, it contains the shock absorbing system
and supports the piston/axle/wheel assembly. It provides for attachment of
major components such as the actuating cylinders, the drag braces, the up
lock, the steering system, the torque links and the piston/axle/wheel assembly.
The loads are given in figure 19 and 20.

Menasco will build the baseline strut using a machined aluminum alloy
forging. This one piece part will include the cylindrical strut, the trunnion
arms and the actuation cylinder attachment horns, see figures 15 and 16.

Two design studies were made of the strut and trunnion arms. Both studies
use an aluminum strut section to assure that the attachment for major com-
ponents, listed in the first paragraph above, will meet the form constraint
and fit the metallic mating parts.

Study A, figure 29, features a graphite epoxy composite one piece section
which incorporates both actuator horns, trunnion arms and a center cylindrical
tube which is mechanically fastened to the aluminum center strut. Both the
actuator horns and the trunnion arms use race track wound cap sections using
at least 90% 0° and less than 10% + 45° plies. The webs will be 50% ol 45°
25% 0° and 25% 90° plies. The caps will be multi~step lap spliced to the
horn and trunnion race track wound plies, and to the laminations forming the
tube around the strut. Additional 0° race track plies will be wound around
the top and bottom of the tubular section to tie the trunnion arms to the
strut. The entire composite subassembly will be co-cured.

Study B, figure 30, shows an aluminum strut, simila* to the baseline
except for two additional sets of lugs which pick up th® composite trunnion
arms. The apex of the trunnion arms are fastened to the actuator horn/
trunnion arm end fitting. The strut is then assembled using mechanical
fasteners. The composite trunnion arms are a triangular box section with
beams to the apex and upper and lower webs connected by channel sections at
the base leg and across the center.
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The two beams are ''I'' sections with caps which consist of a ''race track'"
wound around a solid laminated certer section, and channel section webs.
The cap ''race track' and center section laminate will be at least 90% 0°
plies with less than 10% * 15° plies. The channel section beam webs and the
top and bottom box webs will be 50% + 45°, 25% 0° and 25% 90° plies. The
beam end corners of the box section ;re composite spools with flanges to
pick up the webs. They will be ''race track'' wound around the fastener hole
using 50% + 45°, 25% 0° and 25% 90° plies.

''Race track'' beam caps together with corner spools, the top and bottom
box webs, the long beam channel web and the center stiffener channel web will
be co-cured. |In a secondary operation, the channel webs on the base and short
side will be bonded to close out the trunnion arm box assembly.

4.2.7 Wheels

The B-1 baseline nose landing gear has dual wheels, see figure 23. Each
wheel consists of an inboard and an outboard wheel half which are bolted
together. These half wheels are dish shaped aluminum alloy ‘orgings, see
figure 17. Goodyear Aerospace will build the wheels. The loads on the
wheels are given in figure 22.

The composite wheel, shown in figure 31, is made up of two laminated
graphite epoxy wheel halves which are bolted together to form a complete
wheel. The wheel halves will be laid up with plies, as shown in figure 31
Both 0° (radial), and + 45° plies will be continuous from hub to rim, and
90° (hoop) plies will be continuous around both hub and rim areas. Machined
ring shaped inserts are used in both hub and rim '"Tee'' areas, as shown in
figure 31. The inserts will be precured before machining to size and
used in the wheel layup. This assembly will then be co-cured. : ?

4.3 CONCEPT 2 - MODIFIED

This study was made to determine what additional usage of composites
could be gained by removing the ''form'' constraint which limited Concept |
dasigns. The Concept 2 designs are constrained by the existing attachment,
stowage and functional requirements (''fit and function') of the baseline
B-1 metallic nose gear. The existing location of the strut trunnions, the
drag brace structure mounts, the gear retract cylinder mounts and the up
lock hook mounts were retained. The size of the baseline nose gear wheel
well and stowage clearances were also retained.

Study showed that the wheel well width constraint required that the
piston and the lower strut (cylinder) remain metallic to avoid a larger

69

e T TR Y e T, D T g TSI TR o




B-l NOSE GEAR
AXLE , S.EEBVE
4 BEARWWGS

CONCEPT




"i‘

R i e T e e N S

———————

)

LAY UP PATTERN

A S § 5 A S i, i

WHEEL ASSEMBLY BOLTS

BEAR\NG PRE-LOAD TURE
HELD W PLACE N ASS@MBLY

COMPOSITE AXLE //

—s METAL SETANWNG cav\ce

CONCEPT

2

Figure 31,

B g
/2

STUDY - CON
NOSE GEAR




WHEEL ASSEMBLY BOUTS

BEAR\NG PRE-LOAD TuUWR
HELD ™ PLACE N ASSEMBLY

—
R e
——— — = | e paine
= ‘mlu —S METAL RuTANNG DavicE

I

EPT 2

Figure 31,

o Argses e Do ADVANCED
INTERNATIONAL AIRPORY « LOS ANGEL ES, CALIFORNIA %0000 ""’“
STUDY - COMPOSITE WHEELS , B-1 ik
NOSE GEne | mmasE 1. concerr 1 &2 |D6/51-406

=

. = o




N

- i U it

diameter composite cylinder which would force the nose wheels apart and
create interference with the nose gear well side walls. Two studies have
been made of drag braces, down lock links, torque arms, strut and wheels
to improve the usage of composites by altering the ''form'' of the parts.

4.3.1 Concept 2 - Study A

This nose gear concept works as described in the ''baseline section,
except that the kinematics of the drag braces and the lock links have been
revised, see figure 32. The drag brace lower attachment was moved down
the strut to the location of the ''up lock' pin. This kept all the highly
loaded lugs on the lower, metallic section of the strut. The upper mount
for the down lock links was moved to allow a change in configuration of the
upper strut.

The drag braces are all composite in this concept since the configura-
tion of the ends have been revised. The drag brace mounting pins and fittings
have been enlarged to accept the required larger size of the composite drag
brace end configurations. Both forward and aft drag braces now feature a
dual ''race track' configuration in which the race track caps are positioned
on each corner of a rectangular box section. This allows the size of the
box section, and therefore the cap locations, to vary according to the
section property needs of the part. At the midpoint of the long axially
loaded member, the box section is square so that the cap locations produce
equal section properties in both the X-X and Y-Y directions. The box section
sidewalls are stiffened by beading the inner ply of the laminated web and
bonding it to the flat webs.

The configuration of the down\lock links have been revised to improve
the joint design and the usage of composites. The forward (lower) down
lock is a one piece link which fastens to the drag brace apex pin between
the lugs of the aft drag brace. This avoids the necessity of a separate
down lock lug on the drag brace, which is difficult to fabricate using
composites. The upper end of the forward down lock is extended beyond the
pivot pin to act as an over-center latch.

The aft (upper) down lock is a dual link configuration which provides
for both the forward down lock link and the actuator/bungee to mount between
the links. A pin between the links acts with the extended forward link to
provide the over-center latch feature. Both the single forward and the dual
aft links will use the ''race track'' design concept.

Torque link mounting lugs on both the strut (cylinder) and piston have
been revised to allow a change in torque link design. A center shear lug
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has been added to the base of the torque link to relieve the load on the two
3 outside lugs. The link will be ''race track' wound over a solid laminated
4 core.

j The strut has retained the hydraulic-pneumatic load absorption features
b, of the baseline strut. This concept uses the baseline piston. The cylinder
and lower strut section is metallic, but uses titanium for better compati-
bility with composites. The inside titanium cylinder is bonded to the out-
side composite strut which is shaped like a flattened cone. This shape offers
a good load path to the trunnion and is stiffened with horizontal bulkheads
and vertical webs. The gear retract cylinder bell cranks are aluminum and
are mounted on the trunnion pins and attached to the strut body by shear pins.

The wheel for Concept 2 is shown in figure 31. The configuration has
been changed to spread out the bearings and to provide a direct load path
from the tire beads down to the support points on the axle. The metallic
axle sleeve,which is assembled with the wheel and bearings, has been retained
since it improves maintainability by allowing wheel replacement on the ''line'
without handling the bearings.

4.3.2 Concept 2 - Study B

Kinematics of the B version of Concept 2 is approximately the same as
the A version described in the previous section. The major change is in the
configuration of the strut. This study uses axially loaded side braces to
react the vertical loads and stabilize the strut for side loads. The drag
brace reacts forward and aft loads the same as on Study A.

The strut consists of a titanium cylinder which has all the highly
loaded lugs near the lower end. These include provisions for the drag brace,
the side braces, the up lock pin and the steering mechanism. The location
of the side braces at this position produces a larger side moment restraint
arm, thus lowering the axial loads in the side braces. The center strut
cylinder is keyed and bonded to the upper composite tube which will react the
steering torque at the upper trunnion cross shaft. The nose gear retract
cylinder bell cranks are aluminum and are bolted to composite sleeves
attached to the trunnion shaft. (See figure 33.)

The configuration of the axially loaded struts, including the side struts,
are '"'racetrack'' caps on box sections, similar to the struts described in study
A, except that the ends are provided with aligning features which reduce
secondary bending moments from the truss.

Torque link lugs have been increased in span to provide a full width

shear key effect. The axle hub on the piston has been increased in
diameter to allow the use of a composite axle as shown in figure 33.
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4.3.3 Display Model

A one-fifth scale working model cf Concept 2-A will be built during the
Phase || effort. This model will be mounted in a display case and will be
manually extended and retracted, see figure 34. A shipping case will be
furnished to protect the model and display case during transportation.

The model will be built to scale (1/5) and will be constructed from
fiberglass, aluminum and wood. [t will be sturdy enough to withstand
transportation, handling and repeated operation of the extend-retract cycle.
The model will operate the same as the actual landing gear except that it
will be actuated by removing a latch pin and manually lowering the gear to
the extended position. The drag links will unfold and the down lock links
will "over-center' latch to hold the drag links in position. The retract
procedure will consist of manually moving the down lock links off the
over-center position and raising the gear to the retracted position and
engaging the latch.

The display case will be constructed of aluminum, plexigiass and wood.
It is designed so that the operation of the gear can be viewed from any
direction. The case will be supported on four removable legs so that the
gear can be lowered out the bottom of the case without interference. The
legs will be removable so that the display case and stowed legs can be con-
tained in a minimum sized shipping case. This case will be constructed from
plywood. The case will be approximately 30 inches long, 14 inches high and
13 inches wide. The model, display case and shipping case will weigh
approximately 27 pounds.

L.4 CONCEPT 3 - REDESIGN

Studies for Concept 3 were conducted to determine nose landing gear con-
figurations which could foster the maximum practical use of composite material
for landing gear hardware. With both the “'form'' and the ''fit'' constraints
removed, the nose gear concepts were evaluated using only the 'function'' con-
straint.

The most innovative nose landing gear system studied was the composite
""leaf spring'' design shown in figure 35. This system uses a series of flat
composite plates bonded to resilient material between them. The '‘leaf spring"
will deflect and load up to absorb the kinetic energy, but it will also
""kick-back' this energy so the resilient material between the leaves is
necessary to reduce the high energy return. The problem is that the efficiency
of a system like this is much lower than a hydraulic strut, thus causing the
vertical axle displacement to be increased for the same energy absorption
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requirements. Side loads on the wheel would create an undesirable torque

load in the ''leaf spring' strut. Stabilizing hardware would be required to
hold the castoring axis to a near vertical position at all axle displacements.
Preliminary studies suggest that this type of mechanism is not weight effec-
tive, therefore, it was not considered for further study.

Studies in Concept '| showed that the whee! well width was probably the
most critical '"fit' constraint, and with that removed, additional parts can
be made using composites. With the nose gear wheels allowed to spread, the
lower cylinder and the piston can now be composite. Two studies have been
made for this concept. Study A uses a configuration very similar to the
baseline and Study B uses a different, but conventional, '‘trailing arm'"
concept.

4. 4.1 Concept 3 - Study A

Kinematics of this nose gear varies from the baseline only slightly in
that the gear retract cylinder is relocated and pulls the gear up rather than
pushing on the strut bell crank to retract it, see figure 36. The trunnion
locations for both the strut and the upper drag braces have been retained.
The wheel well volume has been increased due to the necessity of moving the
side walls apart to accommodate the wider wheel spacing. The less than 2-
inch widening of the wheel well does not require relocation of any major
equipment.

The piston has been designed using composite material, and the diameter
enlarged over the baseline to accommodate the high loads using composite
allowables. This forced the wheels apart and required moving the side walls
of the wheel well. The piston is a graphite/epoxy layup using + 45° and
90° oriented fibers. Bonded to the lower end of the cylindrical piston is a
laminated composite fitting which provides for axle and torque link attach-
ments. The piston moves up and down on chrome plated steel bearings which
are fastened to the composite cylinder. The wear characteristics of this
combination of materials has proven satisfactory (see reference 8) for the
expected life cycles required for this application.

The inside cylinder of the strut is a graphite epoxy filament wound tube
with a hemispherical top. This is the pressurized component of the strut.
The internal hydraulic-puenematic load absorption system is similar to the
baseline except for the larger diameter of the cylinder. The chrome plated
steel bearings are bonded and pinned to the composite cylinder. The lower
bearing ring is threaded to provide for an end ring which retains the
metallic gear assembly of the steering unit. This steering system is similar
to the baseline, but the diameter is larger to accommodate the composite
cylinder.
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The upper strut section is a flattened cone shape and is similar to
Concept 2 except that the gear retract bell cranks have been eliminated and
the actuator mounts directly to the strut body. Both the actuator and the
main strut mounts are composite bushings, bonded to the strut. Through
shafts connect the bushings to assure that no moment loads are imposed on the
bushings. The drag strut and steering system lugs are laminated composite 1
and are bonded to the strut. The clamp type drag brace lugs are bolted to
assure that the bond to the strut is not subjected to peel loads.

The drag braces are ''race track' wound caps with laminated webs similar
to the Concept 2 braces except that the pins and end fittings are designed
so that the axis of rotation is always normal to the drag brace webs so that
the loads are always axial.

Torque links are similar in construction to the Concept 2 design except
that the mounting lugs have been widened so that the base can be solid and
act as a shear lug without the need to machine the base.

The wheel concept shown is similar to Concept 2 except that a machined
fiber cylinder is used as a base filler in the rim section and composite

spacer bushings are provided for the tension bolts joining the wheel halves.

L.4.2 Concept 3 - Study B

The nose gear arrangement for this study is a departure from the base-
line but still a conventional gear. |t is a trailing arm concept with a
vertical pivot for full circle steering capability, see figure 37. The
steering unit can be similar to the baseline. The strut trunnion location
has been retained, but the drag brace upper trunnions have been moved. The
volume of the wheel well has been changed to accommodate this concept. The
upper surface was raised and the side walls moved apart to provide clearance
for the wheels. This change would require moving equipment as well as
structure. |

The drag braces and down locks are similar to that shown on Concept 3,
Study A. The upper strut area is also similar except that the strut mount-
ing and gear retract cylinder attach bushings are bonded to the outside
wall of the strut and to an internal vertical web instead of having a through
shaft as on Concept 3, Study A. The strut cylinder is not the shock absorb-
ing system in this concept, but it does have provisions for the rotating
stem of the vertical pivot. A composite sleeve is bonded to the inside of
the strut and acts as the rubbing surface for the chrome plated steel stem.
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The steel stem is integral with the gear for the steering system. The
, upper portion of the stem has two bearing areas which are chrome plated and
’ bear against the composite sleeve. The lower end provides for the shock
absorbing cylinder attach lugs and the pins for the trailing arm member.

The trailing arm member is a '"U'" shaped part with ''race track'' wound
side wall beams and a bonded laminated bottom web. The beams are designed

to react the axial loads and the bottom web, the shear load due to steering
torque.

The structural concept for axially loaded struts is designed to use
| multiple narrow ''race track'' caps which are bonded to the webs by wrapping

| the webs around the caps. This provides a better tie between them by
B increasing the bond area and force them to work together and reduce the
% potential for cracking at the interface.
4

A one-fifth scale model of Concept 3-A will be built during the Phase

Il effort. The model and display case will be similar to that described for
the Concept 2 model, see figure 34.

LS RO S &

e A Dt SN

| 91 é, PRECEDING PAGE BLANK

-

P S S S ———————m e e —



i,
i.

..,,._.‘.,.,_—w-v.

SECTION V

METHODOLOGY
This section describes the methodology which will be used to provide the
data necessary to assess and illustrate the payoffs from the use of composite
material for landing gear hardware. These data will be used to generate plots

showing potential initial cost savings, life-cycle cost savings, and total
weight reduction versus percent by weight of composite material in the landing
gear.

5.1 DESIGN

The design concepts selected in Phase | for further study will be
analyzed to see how improvements can be made to optimize the use of composites
to produce a more efficient design. |Inputs from the materials, structures,
producibility and reliability sections will be used to modify the design con-
cept. A preliminary design drawing will! then be made. It will show critical
dimensions, material identification, layup orientation, gages, and type of
construction.

The drawing will then be routed to these same sections ftor checking to
see whether further improvements can be made to the part. After incorporating
the changes, if any, the preliminary design drawing will be sent to the reli-
ability, logistics, cost and weight groups for analysis. See figure 38.

5.2 MATERIALS

During Phase || the designs will be evaluated to assure that the resin
and fiber system is optimum and that fabrication processes planned for the
part will produce a viable composite part. Conferences will be held with
design and fabrication personnel to determine if design changes can be made
to improve producibility and whether feasible manufacturing techniques can be
developed to produce more efficient structural parts.

5.3 STRUCTURAL ANALYSIS

During the Phase || effort a structural analysis of the preliminary
designs will be made to assure that sizing of the parts is realistic and that
weights can be calculated with the required degree of accuracy. The gear com-
ponents can be considered generally as elements subjected basically to
axial tension compression and/or beam bending loads.

The material strength allowable and elastic properties will be generated
using the AC-50/AC-50A programs described on page 77. The local strength
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margins of safety of the composite will be checked using the AC-3R program
described on page 77.

§.3.1 Forward and Aft DOrag Braces

The forward and aft drag braces are basically pin supported colums sub-
ject to concentrated uniaxial tension compression loads. This particular
geometry-loading combination results in compiex stress distributions in the 3
vicinity of the pin supports and uniform cross-sectional strain distribution
away from them. Recognizing this situation, the analysis of each brace can
be separated into parts. The central portion of each brace in which uniform
cross-sectional strains exist can be considered using conventional advanced
composite analysis methods, as described in the Advanced Composites Design
Guide (reference 1). The structural behavior in the pin connection regions
would be analyzed with correlative analysis techniques based on the load

—

B\ distribution patterns generated in the analysis of an advanced composite

1 wing pivot program (reference 2) and related programs, references 3 and 4.
4

\ 5.3.2 Forward and Aft Drag Brace Center Sections

b} Due to de St. Venant's principle, the end effects of a uniaxially loaded
long column are localized and the cross-sectional strain distributions away

E from them are uniform. The latter behavior exists in the forwara and aft

: drag brace center sections. Hence, a finite-element analysis of these

3 regions is unnecessary. Exissing conventional advanced composite analysis
tools can be readily used. To fully characterize the center region of each
brace, strength and local stability of their webs and flanges, as well as a
general stability analysis would be required. The strength analysis of the
web and flange laminate layups can be performed with the point stress analysis
computer program, AC-3R (reference 1).

Local instability would be analyzed with methods described in the
Advanced Composite Design Guide. Flange crippling can be characteri:ed as f
; the buckling of an infinitely long plate simply supported on three edages. !
lts governing equation is:

t 2
£
T Bl E—
bf
where
FccR = Crippling stress of the flange
va = Shear modulus of the flange laminate
E te = Thickness of the flange laminate
|
& be = Width of the flange
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Local buckling of the brace web can be idealized as the buckling of an
infinitely long panel simply supported on all four edges whose failure
equation is:

011022 * 0y,

where
N = Buckling load per unit length of web
X,CR
by ™ Width of web
Dij = Flexural rigidities of the web laminate

General stability of each brace can be considered using the equation

Per

where
Brace buckling load

Equivalent axial modulus

Moment of inertia of the brace cross - section
Distance between pin supports

End restraint coefficient

Buckling behavior in the two planes of symmetry of each brace must
be considered.

Redesign of the brace center region cross - section would be performed
if any of these analyses indicated unacceptable structural behavior in that
member.
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5.3.3 Pin Connection Regions

The complex nature of the stress distribution, caused by the concentrated
applied loads in the vicinity of the pinned ends of each brace, necessitates
a local analysis of typical ends to ensure the adequacy of their design.
Provided that the geometry and applied loading of each pin end are similar to
the concept considered in the AFFDL technical report, ''Preliminary Design
and Analysis of an Advanced Composite Wing Pivot Structure'' (reference 2),

a correlation may be drawn as to the load introduction patterns and resulting
stress distrubtions from the results of this program. However, the accuracy
of this analysis/inte-nal loads generation shall only be as efficient as the
initial assumptions made in comparing the separate design concepts. To
initially size the developed design concepts, an iteration of a point stress
analysis computer program, AC-3R, will be required to check the developed
margins-of-safety.

5.3.4 Upper and Lower Downlock Arms

The upper (aft) and lower (forward) downlock arms are tension-compression
axially loaded members with transverse loads introduced by the downlock
actuator on the upper (aft) arm at one end and the off-center reaction loads
at the juncture of the upper and lower arms. This results in combined axial
and bending loaded members (beam-column) which will be analyzed using pro-
cedures previously described for the drag brace components and from references
| and 5.

5.3.5 Tubular St-ut Assembly

The primary loading conditions are those of (tension/ccmpression) fatigue
and beam column bending. The fixity of this element allows the use of con-
ventional advanced composite analysis methods (reference !) for tubular !
shells. These methods are based primarily on orthoc~opic shell theory and t
employ little or no computer analysis. However, once material allowables
have been generated and a preliminary sizing developed for known loads, the
point stress analysis program, AC-3R (reference 1) will be implemented to
develop appropriate margins of safety and thus determine the necessity of
design iterations

5.3.6 A-Frame Truss Assembly (Trunnion)

The A-frame truss structure (trunnion), which supports the tubular strut
assembly, may be idealized as pinned at the upper fuselage pivot attachments
and statically determined. This simplification lends itself to the use of
conventional advanced composites analysis methods (reference 1) for beam
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column theory. In this manner, tension, compression and beam bending, as
well as local instability and fatigue loads, may be resolved without the use
of computer programs. However, the pinned end of the structure may be sub-
ject to complex loads distributions due to the induced combined loading con-
ditions and complex part geometry. Therefore, the lug attachments of the
truss assembly will be analyzed similar to the pin connection regions of the
drag braces previously described.

5.3.7 Torque Arm Link

The torque arm links, transmit the turning loads from the wheel-lower-=
piston assembly to the tubular strut assembly. The upper and lower arms
are linked to allow extension or retraction of the piston assembly into the
strut assembly.

The torque arms can be considered a cantilever beam type structure
loaded at one end and reacted by shear and couple loads at the opposite
end. The reacting couple loads are perpendicular to the applied end load
direction.

Tension, compression, and shear loads can be developed based on a
strength of materials approach with sufficient accuracy to determine pre-
liminary structural sizing. The point stress analysis program, AC-3R
(reference 1) will be used when material orientation, and known internal
loads are established. This will develop the combined loads margins of
safety and thus determine the necessity for any further design modifications.

5.3.8 Wheel Analysis

The analysis of the wheel will be performed using a strength of materials
approach. The geometrical constraint of form fit and function necessitates a
wheel geometry very similar to the metal baseline, but with the avoidance of
sharp corners and the use of increased wall thicknesses to reduce shear stress
levels and tapered thicknesses to provide smooth load transitions. Methods
provided in references |, 5, and 6 will be used.

33 AleCEszon,
The axle-piston components will be preliminary analyzed using the

strength of materials approach. Where composite materials are used, the
methods described for the drag brace will be used.

53,10 Sereader Bar

The spreader bar transmits the two forward drag brace loads into the
drag brace support points in the fuselage through localized bending. Also,
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the spreader bar ties both the left and right hand forward drag braces
together as a truss unit. A strength of materials approach will be used to
determine preliminary structural sizing. Where composite materials are used,
the methods described for the drag brace will be used.

5.3.11 AC-50/AC-50A Design Strength and Characterization for Advanced Composites

These two linear analysis computer programs will be used to provide
material property input to program AC~3R by calculating initial laminate
failure strength, final failure strength and synthetic design allowable
strength (for either stress or strain design criteria), elastic properties,
and physical constants for cross-plied advanced composite laminates. Program
AC-50 produces carpet plots in numerical and graphical form (see figures 40
and 41) for the [0/:6/90]S family of laminates. Program AC-50A calculates
these numbers for any layup with up to 10 different orientations and materials.

5.3.12 AC-3R Margin-of-Safety Calculations

This program calculates; (1) the laminate flexural! and extensional
constants when treated as a set of laminae (Aij, Bij' and D;~) or as an
orthotropic homogeneous material (Ex. Ey, ny. Uyey and nyo; and (2) the
stresses, strains, and margins of safety for prescribed layers, given the
external loads. The prescribable external loads are the inplane (Nx, Ny,
and Nxy), rotational (Mx, My, and Mxy), and transverse (Qx, Qy,) stress
resultants at a point (figure 39) as well as the temperature differential
(AT) within each layer. The transverse shear stresses, Sxy and Syz, are

only computed when the laminate is prescribed to be symmetric.

Figure 39. Structural Element Applicable External Loads
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Lamination theory is used in the calculations. Two types of margin of safety
may be computed:

I. The strength criteria (where R = stress resultant)

RL =1 (fiber)
2 2 g
Ry + RLT 24 (matrix)

fL
Ry = e

L

f
arikl
Rip = —
LT

2. The strain criteria

R

s

|
R

/7

s

RLT

R, =

|
: Ti (allowable)

|~

rof e

The margin of safety is defined as the amount that all the stress
resultants R must be increased in order that the laminate reach the incipient
failure condition (i.e., the equality holds).

As can be seen in figure 42, either stress or strain (fiber or matrix)
failure conditions may be easily recognized and the need for design/sizing
iterations assessed. The problem illustrated is for an AVCO 5505 [0/:95/90]
cross-plied boron/epoxy laminate at room temperature, under combined loading
conditions (NX = 2000 Ib/in., Ny = 1000 Ib/in., and NXY = 500 Ib/in.). It
can be readily seen that the lowest margin of safety generated is 3 percent
and matrix (strain is critical,)

5.4 MASS PROPERTIES

Preliminary design drawings generated during the Phase |l effort will
be used to develop the required mass properties. Weight and center of
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gravity data will be calculated from these drawings. The nose gear component
weights will also be broken down by material types to develop a material break-
down for support of the cost model. The weight data will involve the basic
weight parameters of volume displacement and material density.

The weight data necessary for the plots will be obtained by using the
baseline weights of the B-1 metallic components and calculated composite
hardware weights, The difference will give the total weight reduction. The
estimated weight reduction will be calculated using the weight of the struct-
ural moving hardware components; forward and aft drag braces, forward and aft
down lock links, torque links strut, piston axle and wheel. |In addition,
certain other items will change in Concept 3 and therefore must be included
in the total weight. They are; new actuators, steering system and nitrogen
and oil charges.

5.5 FABRICATION

During the Phase || effort, manufacturing specialists will make a tool-
ing and fabrication study, in depth, of the concepts selected during Phase |
for preliminary design. Studies will include: simplification of parts for

lower cost fabrication, alternate tooling concepts for lower cost and con-
ceptual manufacturing technology development for better producibility.

Conferences will be held during the preliminary design stage with all
disciplines involved to assure that as the design progresses, producibility
will receive necessary consideration. All preliminary design drawings will
be checked prior to release.

A complete tooling and fabrication plan will be developed for each
design. It will specify what tooling is required for each fabrication step,
and what manufacturing processes will be used to make each part. Estimated
hours for both tooling and fabrication will be provided for cost estimates
of the parts.

5.6 COST

The Phase || preliminary designs of composite parts and the baseline
metal parts will be subjected to a detailed cost analysis. Hardware cost
data for the concepts selected for Phase || will be ''grass roots'' estimates

by manufacturing experts. These estimates will be compared to standards
which are being established for the B-1 program. Variance between estimates
and standards will be reconciled. The standards are being developed from
the test specimens and production hardware currently under contract (vertical
stabilizer, weapons bay doors, stub box, etc.). Information from the com-
posite material suppliers and the manufacturers of composite structures is
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being evaluated to supplement our data. Our current composite programs are
being continuously scrutinized for the purpose of developing learning curve
trends for production quantities. Composite material estimates will be based
on projections provided by the suppliers. Those items not selected to utilize
composite materials will be evaluated on current cost or estimated based on
corporate standards and projected for production quantities. The cost data
for each of the composite parts and for the comparison baseline metal parts
will be presented on forms similar to figures 43 and 44 and will be compared
against quantity using curves similar to figure 45.

5.7 RELIABILITY
The hardware reliability analysis will utilize a serial computer math
model. Table X!I!| presents an example of the format and output data of the
hardware reliability analysis.
Explanation of Output Data:
WUC Number - Work Unit Code Number

MEL Number - B-1 Master Equipment List Number

Nomenclature ~ Description of Component(s) Represented by
WUC/MEL Number

MTBCMA - Mean Time Between Corrective Maintenance Action
MTBCMA = 1.0/Hardware Rate (Hour Rate)

Hdwr. Rate = C(Corrective Maintenance Action Rate
(Per 106 Flight Hours)

QPA = Quantity Per Aircraft

UF - Utilization Factor (Multiplying Factor to Account
for Components with Excessive Ground Operating Time)

TOTAL MTBCMA = 1.0
HOWR RATE X QPA X UF

Percent Contrib. - Percent Contribution of the Individual WUC
(Component) to the Total Subsystem MTBCMA

Cum Percent - Cummulative Percent Contribution of the WUC‘s
(Components)
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CONTRACT RELEASE
QUANTITY QUANT I TY
PROO.
PART NAME

Tl FGD ASScM

MATERIAL COST =
FABRICATION CO3T =
TOOL ING COST -

PURCHASED LABCR COST=

Q AD R A COST

TOTAL COST OF ASSeraLy
TOTAL COST PER POUND OF ASSEMBLY =

TOTAL WEIGHT OF ASSEMBLY

Figure 43.

QUANTITY ANALYST
PER SHIP
| TIHACEK
QUANTLTY WNIT
PER ASSY cost
1. 9513.29  81.100
3293.08 COST PER POND
5765.05 COST FEK POXD
4S5.17 COST FER POUND
COST PER POUND
COST FER POLND
= §9513.29
117.30
- 81.10

WIT
WE[GHT

REQUESTED

334

L .ASCAN| -

COST PER
POLND

117.30

40.61

71.09
5.61

DEPT DATE
wl 12-3-"'M
COST PCR

PER CENT OF TOTAL
PCR CENT CF TOTAL
PER CENT OF TOTAL
PER CENT OF TOTAL
PER CENT 07 TOTAL

COSTS SHOWN PROVIDE A RELATIVE COMPARISON OF
CONCEPTS FOR DESIGN EVALUATION. THESE COSTS
DO NOT INCLUDE ALL ELEMENTS REQUIRED FOR
PRICING. ESTIMATES FOR FACILITIES, EQUIPMENT,
RESEARCH, DEVELOPMENT, TEST, AND ENGINEERING

ARE NOT INCLUDED.

T1 FGD Concept L3400008

MODEL

PCRCENT coST
OF ASSCHM.

100.00

™Mn.62
60.60
4.78

Summary of Dash-Numbered Parts in Concept No.l -




SS——

R B i

"L, A TIAIIN G, ape OB Y o e,

011165 1]
120&™ 0333

CONTRACT RELEASE GUANT I TY ANALYST REGLESTED oEPT DATE MOOCLL
OUANT | TY QUANTLTY FER SHIP ey

PROD. 12. 1. TIHACEK L. ASCANI wl 12-3-

PART NAE QUANTITY WNIT WNIT COST PER COST PER PERCENT COST
PER ASSY cost WEIGNT POUND OF ASSEM.

GR/EP COMPOS ASSY L13402009 1. 7500.10  39.400 180.36 100.00
MATERIAL COST - 3299.27 COST FER PUUND = 83.7™v PER CENT OF TOTAL = 43.93
FASRICATION COST = 33ul.49 COST PER PGLND = 83.79 PER CENT OF TOTAL = w.02
TOOL ING CUST - AN COST PER PCLAD = 22.83 PER CENT OF TOTAL = 11.99
PURCHASED LASOR COSi+ COST PER POLAD = PER CENT OF TOTAL -

Q A\D R A COST - COST PER POUND = PER CENT OF TOTAL =

TOTAL COST OF ASSCMELY «$ 7500.10

TOTAL COST PER POURD OF ASSEMS.Y = 197.36

TOTAL WEIGHT OF ASSEFSLY - 39.%0

COSTS SHOWN PROVIDE A RELATIVE COMPARISON OF
CONCEPTS FOR DESIGN EVALUATION. THESE COSTS
DO NOT INCLUDE ALL ELEMENTS REQUIRED FOR
PRICING. ESTIMATES FOR FACILITIES, EQUIPMENT,
RESEARCH, DEVELOPMENT, TEST, AND ENGINEERING
ARE NOT INCLUDED.

Figure 44, Summary of Dash-NMumbered Parts in Concept No. 2 -
Gr/Ep COMPOS Concept L340000B
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Rank - WUC's (Components) are Ranked by Percent Contri-
bution of the Total Subsystem MTBCMA

The analysis is based on each components hardware failure rate, which
is a function of the component's corrective maintenance frequency, the hard-
ware reliability approach was chosen due to the unavailability of historical
operational failure data on composite components. On this basis a hardware
reliability analysis based on component corrective maintenance frequencies
was concluded to be more meaningful at this time.

5.8 MAINTENANCE

The preliminary design drawings will be evaluated in terms of mainten-
ance required during the ten year support time span and the cost of this
support will be estimated as an increase or decrease from the baseline costs
previously reported.

The change ()) in support cost is given by the following equation.
) Support Cost = ) Spares Cost = )\ AGE Cost + A Personnel Cost

A. Spares = |nitial Spares + Recurring Spares + Parts & Kits
B. AGE = Cost of Special AGE for all Bases
C. Personnel = Cost of Maintenance Airmen and their Training

A-1. The "Initial Spares'' costs equation is given below:

Initial Spares Costs = Maintenance Demand RAte
x Quantity/Aircraft
x Flight Hours/Month/Wing
Turn=-around Time
Number of Wings
Unit Cost of Spare

x x x

The change (d) in cost is given below.

A lnitial Spares Cost = Initial Spares Cost (Composite)
= Initial Spares Cost (Baseline Metallic)

A-2. The '"Recurring Spares'' cost equation is shown below:

Quantity Recurring Spares = Maintenance Demand Rate
x Quantity per Aircraft
x Total Fleet Flying Hours
x Condemnation Factor
Cost Recurring Spares = Quantity x Unit Cost
A Recurring Spares Cost = Recurring Spares Cost (Composite)
— Recurring Spares Cost (Baseline)
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1
- A-3. The "Parts/Kits' cost equation is given below:
Parts/Kits Cost = Maintenance Demand Rate
x Total Fleet Flying Hours
x Repair Factor
x Unit Cost
Repair Factor = F (Unit Cost & Historical Repair
Data)
A Parts/Kits Cost = Parts/Kits Cost (Composite)
— Parts/Kits Cost (Baseline)
i B. AGE costs are given by the following equation.
» g A AGE Cost = A Quantity
3 x Number of Wings
k" x Unit Cost
E | A Quantity = Maintenance Demand Rate
11 x Quantity per Aircraft
.{ x Flying Hours/Month/Wing
’3 x A Mean Time to Repair
# x 1/(Operating Time x 0.9)
! C. Personnel cost is given by the equation below:
A Personnel Cost = \ Maintenance Demand Rate
x Quantity per Aircraft
x Total Fleet Flying Hours
x Cost/Productive Manhours
i x Maintenance Task Time
Cost per productive manhour includes efficiency, personnel types,
; and training of maintenance airmen.

§.9 LIFE CYCLE COST

Life cycle cost is the sum of development, production, and support
costs. The assumed life cycle cost baseline will be the existing metallic
design. This baseline will be compared separately with each of the proposed
composite concepts and the cost deltas shown. An attempt will be made to
identify all areas of cost impact. Particular attention will be paid to
problems that might be encountered in field maintenance: probability of
accidental damage, special tool requirements, material and training necessary
for composite repair, »nd repair task time. Special problems that will be
addressed include galvanic corrosion and wear of composite bearing surfaces.
Such factors will be expressed in terms of a |0-year maintenance cost.
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The affect of changes in empty weight on fuel and tanker requirements will
also be evaluated. A summary of the life cycle cost evaluation will be made
for each of the proposed concepts. This summary will include explanations of
the major factors affecting each element of life cycle cost.

5.10 DATA PRESENTATION

Data generated in the above sections will be presented graphically to
best illustrate the payoffs from the use of composite material. Three data
plots will be made: initial cost savings; life cycle cost savings; and

total weight reduction; all plotted against percent (by weight) of composite 5
hardware used in the nose gear. See example in figure 46.

The weight data for the plots will be generated as described on page 80.

The percent (by weight) of composite hardware will be obtained by using
the total weight of composite hardware for each concept, and calculating its
percentage of the total weight of the nose landing gear system.

The cost and life cycle cost savings data will be generated as described
in the previous sections. Each of the three concepts will yield cost and
weight savings data. These data points can then be plotted on each chart
and curves drawn to illustrate the advantages of using a greater percentage
of composites in the landing gear.

11




cosT
SAVINGS
($)

ko LIFE
¥ CYCLE
: COST
§ SAVINGS
) ($)

TOTAL

~ " REDUCTION
(POUNDS )

l T : ks
CONCEPT 3

CONCEPT 1

|
|
| | |

l | s

% (BY WEIGHT) COMPOSITE HARDWARE USED
INITIAL COST SAVINGS CHART

T T : S

: o 2' CONCEPT 3
CONCEPT 1 | |

| | |

l | i i

% (BY WEIGHT) COMPOSITE HARDWARE USED
LIFE CYCLE COST SAVINGS CHART

 WEIGHT-- -

CONCEPT 1

% (BY WEIGHT) COMPOSITE HARDWARE USED
TOTAL WEIGHT REDUCTION CHART

FIGURE 46 DATA PLOT EXAMPLES

112




SECTION VI

EVALUAT ION

6.1 RATING SYSTEM

Design concepts studied during Phase | have been evaluated and rated
to provide a basis for selection of parts to be carried forward into Phase ||
for Preliminary Design and Analysis. The evaluation of these Phase | studies
has been made by all disciplines concerned and the information generated has
been organized into rating tables and each design studied has beer rated to
indicate whether it is a ''good,'' ''Moderately effective'' or ''marginally
effective'' design. Weighting factors were then assigned to each rating
according to their importance in the overall system.

The baseline composite material, Graphite/Epoxy, was used in all designs
and therefore was not used for rating the designs. A qualitative cost evalua-
tion indicates that most designs could be cost effective and would result in
weight savings over the baseline metallic part. A better cost estimate would
require more information on tooling and manufacturing processes than could
be generated in this time limited program.

6.1.1 Weighting Factor

Subratings have been given for ''Fabrication,' "Technical Risk''-and - -
'"Weight Savings,'' but since all»ghgusubtatings'aré'hbi_honsidered equal in
their_ipfluance'Oﬂ"the"an51'}Qiing of the part, a ''weighting'' factor has
“been used. This ""weighting'' factor has been assigned a value of 1 to §
which indicates that the subrating has an effect on the total evaluation
rating of; | = negligible importance, 2 = moderate importance, 3 = important,
L = great importance, and 5 = very important.

6.1.2 Fabrication Rating

The fabrication rating indicates a consideration of manufacturing methods
necessary to produce the part and whether or not they are state-of-the-art.
Complexity and number of tools and fabrication time have also been considered.
A rating of | to 3 points has been used with; | = good, 2 = moderate, and
3 = marginal producibility. A weighting factor of 2 has been used indicating
""moderate importance.'

6.1.3 Technical Risk

Technical risk is a very important consideration and indicates the
estimated structural adequacy of a part built to the dosign concept studied.
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A rating of | to 4 points has been used with | = low, 2 = moderate,
3 = high, and 4 = very high risk design. A ''very high risk' design will not
be selected for further design effort in Phase !l. A weighting factor of §
has been used, indicating ''very great importance.'

6.1.4 Weight Savings

Weight saving ratings are based on the estimated weight saved when com-
pared to the baseline part. A rating of | to 3 points has been used with:
| = high, 2 = moderate, and 3 = low or no weight savings on the part. A
weighting factor of 3 has been used indicating ''important."

6.1.5 Evaluation Rating

Each of the design in all concepts have been rated and the rating
(a) and weighted ratings (b) have been entered as a/b in the columns in
Tables XIV, XV, XVI, XVil, and XVIil. The '‘evaluation' rating is the sum
of all the weighted subratings, (b), and could have a range of values from
10 to 35. The values indicate the rating of the design concept as:

a) 10-20 = good design
b) 21-30 = moderately effective design
c¢) 31-35 = marginal design

Designs rated ''marginal'' have not been selected for preliminary design
effort in Phase |1I.

6.2 CONCEPT | - SUBSTITUTION

Concept | - Substitution design, see figure 25-31, was constrained by
“"form, fit and function.' See Table XIV for rating of the designs.
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TABLE XIV

PHASE 1 CONCEPT 1 ''SUBSTITUTION'"
CONCEPT EVALUATION CHART

)
I II III IV
FABRICATION | TECHNICAL WEIGHT EVALUATION

DESIGN CONCEPT RATING RISK SAVINGS RATING

MWF = 2 WF = § WF =3 [+II+II1
Drag Brace - Fwd. **2/4 2/10 3/9 23
Drag Brace - Aft 3/6 2/10 3/9 25
Down Lock - Fwd. 3/6 3/15 3/9 30
Down Lock - Aft 2/4 3/15 : 3/9 28

!

Torque Link 2/4 4/20 l 3/9 33
Strut-Trunnion Arms-A 3/6 4/20 i - 3/9 35
Strut Trunnion Arms-B 2/4 . 3/15 3/9 28
Wheels 3/6 3/15 I 2/6 : 27

*W.F. = Weighting Factor
** 2/4 = 2 (Rating) X 2 (Weighting Factor) = 4 (Weighted Rating)

The ''very high technical risk' rating given to the designs for the
""Torque Links' and "Strut-Trunnion Arms-A'' eliminate these designs from further

effort in Phase Il of this program. ''Weight Savings'' ratings indicate that
""Substitution' parts will not be weight effective.

'Substitution'' designs, all rated ''moderately effective design,' and

recommended for further effort in Phase || include:
I. Drag Brace - Fwd.
2. Drag Brace - Aft
3. Down Lock = Fwd.
4. Down Lock - Aft
5. Strut - Trundion Arms-B
6. Wheels

115

e AT ST PN MY, -t T YT R R



6.3 CONCEPT 2 - MODIFICATION

Concept 2 - Modified design was constrained by ''fit and function'. Two
versions, Concept 2-A and Concept 2-B were produced and are rated separately.

Concept 2-A, see figure 32, is rated in Table XV

1 TABLE XV
1, PHASE 1 CONCEPT 2-A 'MODIFIED !
| CONCEPT EVALUATION CHART |
f I II IIL IV |
bl FABRICATION | TECHNICAL | WEIGHT | EVALUATION ;
¥ DESIGN CONCEPT RATING RISK SAVINGS RATING
! AWE = 2 WE - 5 WE - 3 [+11+111
A
b | Drag Brace - Fwd. 2/4 3/15 1/3 22 g |
Drag Brace - Aft 2/4 2/10 1/3 17 ‘
|
Spreader Bar-(Drag Brace) 2/4 2/10 3/9 | 23
\ {
' Down Lock - Fwd. 2/4 3/15 3/9 | 28
} ' Down Lock - Aft 2/4 3/15 39 | 28
4 3 . Torque Link 2/4 4/20 3/9 33
{
n Strut-Trunnion Arms 3/6 3/15 2/6 27
Wheel 3/6 3/15 1/3 24

*W.F. = Weighting Factor

The '"Torque Links' were again eliminated from further effort in Phase II

by a "very high technical risk' rating.
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Concept 2-B, see figure 33, is rated in Table XVI.

PHASE 1 CONCEPT 2-B

TABLE XVI

""MODIFIED"

CONCEPT EVALUATION CHART

i I II 111 IV
FABRICATION | TECHNICAL | WEIGHT EVALUATION
k. DESIGN CONCEPT RATING RISK SAVINGS RATING
i *W.F, = 2 W,F, = 5| WF, =3 T+TI+ITI
'g Drag Brace - Fwd. 3/6 2/10 1/3 19
4
K Drag Brace - Aft 2/4 2/10 1/3 17
3 Spreader Bar - (Drag Brace) 2/4 2/10 3/9 23
A
: ! Down Lock - Fwd. 2/4 3/15 3/9 28
)
; Down Lock - Aft 2/4 3/15 3/9 - - 28
i Torque Link 2/4 3/15 3/9 28
Strut-Trunnion Arms 3/6 3/15 3/9 30
Wheel (Same as 2-A) 3/6 3/15 1/3 24 {

b it

.

*W.F. = Weighting Factor ;

Kinematics on both Concept 2-A and 2-B is the same, so designs from
either study have been recommended for the Concept 2 effort in Phase |1,
based on their respective evaluations.

""Modified'" designs recommended for further effort in Phase || include:

|. Drag Brace - Fwd. - Concept 2-B - rated ''good design'' and

selected on the basis of lower
technical risk.

117

——-------------------lllllll-l.lllllﬂEﬂﬂt::ﬂ....éﬂhi‘




2. Drag Brace - Aft - Concept 2-A - rated ''good design'' and is the
same design as 2-8
2 3. Spreader Bar - Concept 2-B - rated ''moderately effective §

design'' mates with 2-B drag brace
and ratings are the same as 2-A

4. Down Lock - Fwd. - Concpet 2-A - rated ''moderately effective

2 design'' and 2-B is same design
i;' S. Down Lock - Aft - Concept 2-A =~ same as above

 § 6. Torque Link - Concept 2-B - rated ''moderately effective

3 design'' and Concept 2-A was a
;3 very high technical risk design
\ 7. Strut - Trunnion - Concept 2-A - rated ''moderately effective

Arms design'' and selected on the basis
of being more weight effetive

e

design on figure 31 is rated as
""moderately effective design'

8. Wheels - Concept 2

LA

6.4 CONCEPT 3 - REDESIGN

it

Concept 3 ''redesign'' studies were constrained by functicn only. Two
studies were made for this concept, concept 3-A and 3-B, and they have been
rated separately.

Concept 3-A, see figure 36, is rated in Table XVII.

Concept 3~B, see figure 37, is rated in Table XVIII. i

:ji
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PHASE 1 CONCEPT 3-A '"'REDESIGNED"

TABLE XVII

CONCEPT EVALUATION CHART

~
I II III IV
FABRICATION | TECHNICAL | WEIGHT EVALUATION
DESIGN CONCEPT RATING RISK SAVINGS RATING
*W.F, = 2 W.F. = S| W.F. =3 I+II+II1
Drag Brace - Fwd. 2/4 3/15 1/3 22
Drag Brace - Aft 2/4 3/15 1/3 22
Spreader Bar (Drag Brace) 2/4 3/15 1/3 22
Down Lock - Fwd. 2/4 3/15 3/9 28
Down Lock - Aft 2/4 3/15 3/9 28
Torque Link 2/4 3/15 3/9 28
Strut - Complete 3/6 3/15 1/3 24
(cylinder § trunnion arms)
Piston 3/6 4/20 2/6 32
Axle 2/4 3/15 2/6 25
Wheel 3/6 3/15 3/9 30

* W.F. = Weighting Factor

The '"Piston'' design was rated as a ''very high technical risk'' and

therefore is not recommended for further effort in Phase |1,
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PHASE 1 CONCEPT 3-B
CONCEPT EVALUATION CHART

TABLE XVIII

""REDESIGNED"'

I II III IV
FABRICATION TECHNICAL | WEIGHT EVALUATION
DESIGN CONCEPT RATING RISK SAVINGS RATING
*W.F. = 2 W.F. =5| WEFE=3 [+IT+II]
Drag Brace - Fwd. 3/6 2/10 1/3 19
(structural concept)
Drag Brace - Aft 3/6 2/10 1/3 19
(structural concept)
Spreader Bar 2/4 3/15 1/3 22
(drag brace-3-A)
Down Lock - Fwd. 2/4 3718 3/9 28
(same as 3-A)
Down Lock - Aft 2/4 3/15 3/9 28
(same as 3-A)
Strut - Complete 3/6 3/15 3/9 30
Stem (rotating) 2/4 3/15 3/9 28
Trailing Am 2/4 4/20 3/9 33
Axle 2/4 3/15 2/6 25
Wheel 3/6 3/15 3/9 30

(same as 3-A)

|

*W.F.- Weighting Factor

The '"Trailing Arm'' design was eliminated from
since it was rated as a very high risk design.

further effort in Phase |1




Both Concept 3-A and 3-B require a larger nose wheel well, but the change
required to accommodate the 3-A concept is slight, while a more extensive
revision would be required for the 3-B concept. In addition, concept 3-A is

maore weight effective; therefore,

it has been selected as the ''redesigned'

study to be carried into Phase ||, but since the drag links are similar, the
structural concept for axially loaded struts of concept 3-B will be used.

''"Redes igned'' part concepts recommended for further effort in Phase ||

include:

1. Drag Brace - Fwd. - Concept 3-B - rated ''good design'' and selected

2. Drag Brace - Aft

on the basis of lower technical
risk.

- Concept 3-B - rated ''good design'' and selected

on the basis of lower technical
risk.

The following are all rated as ''moderately effective design."

3. Spreader Bar

4, Down Lock - Fwd.
5. Down Lock - Aft
6. Torque Links

7. Strut - Complete
8., Axle

9. Wheel

- Concept
- Concept
- Concept
- Concept

- Concept

- Concept

- Concept

3-A

3-A

3-A

3-A

3-A

3-A

3-A

and 3-B are same design
and 3-B are same design
and 3-B are same design
required for 3-A concept
more weight effective

required for 3-A concept

no 3-B wheel concept
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SECTION VI

CONCLUSIONS

The following conclusions were reached as a result of work done on
Phase | of this two-phase program:

1.

The B-1 nose landing gear is well suited to use as a baseline
system,

Baseline requirements and constraints for the B-1 nose landing
gear present no major obstacle to the use of composite material
hardware.

More design, analysis and evaluation effort must be expended
before firm statements can be made as to the expected results
of this program.

Designs using composite material for landing gear hardware are
considered to be practical under all three levels of constraint:
form, fit and function; fit and function; and function only.

Usage of composite material for landing gear hardware can be
increased as design freedom is increased.

Methodology to provide and evaluate data necessary to illustrate
the pay-offs from the use of composite material hardware either

exis;s or has been developed during this phase.
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APPENDIX B

DESIGN REQUIREMENTS

The B-1 Prime |tem Development Specification (CP109L20018) lists the
following design requirements.

A. CHARACTERISTICS

1. Performance: Performance of the landing gear system (LGS) shall
permit accomplishment of the air vehicle performance specified in the para-
graphs entitled '"Flotation, Landing and Takeoff'' of CP621L2002 and ''Structural
Criteria' of CP621L2003 as modified by Appendix Ill, hereto, for MLG wheels,
tires and brakes. The LGS shall provide the following functions:

a. Absorb and/or transmit the static and dynamic energy resulting
from the air vehicle takeoff, landing, and ground maneuvering
operations.

b. Provide directional control to accomplish steering, turning,
pivoting, taxiing, and braking of the air vehicle.

c. Provide ground flotation for the air vehicle during ground
maneuvers.

d. Provide for retraction, extension and locking of the main and
nose gears for the flight and ground mode of operation, and
indication and warning to the pilot of gear position.

e. Provide for towing, tie-down, and wheel jacking. |

2. Landing Gear Operation The main and nose landing gear assemblies
shall be hydraulically operated and electrically controlled. Gear position
shall be selected by means of the landing gear control handle located in the
flight station. Sequencing shall be accomplished by use of switches, relays,
solenoid and/or mechanically operated valves. Protection against inadvertent

retraction of the landing gear with the air vehicle on the ground shall be
provided.

Retraction and Extension The main and nose landing gears shall be
, 'mtractable and completely enclosed when in the retracted position, The
wa v shall automatically lock in the extended and retracted position by means
« ' e mechanical locks. Locking the gears in either the extended or
' w twd pos tion shall not be dependent upon hydraulic pressure. The locks
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shall be designed such that they shall release the gears prior to or at the
same instant the gear extension actuator receives hydraulic pressure. The
main nose gear doors and gear uplock mechanisms shall be unlocked by hydraulic
power. Fairings and closures shall be designed with adequate clearance con-
sidering flat tire and flat strut conditions. Interruption of the control |
sequence or driving power to the landing gear and fairing door actuation
system during normal or emergency operation shall not result in system mal-
function or structural damage to any part of the air vehicle. The landing

! gear and fairing doors shall continue to the selected position upon reappli-
cation of hydraulic power.

L, Retraction and Extension Time Retraction and extension time for the
main and nose landing gear and door assemblies shall be as shown in Table B-1.
The main and nose landing gears shall be retracted and locked before the air
vehicle reaches 75 percent of the gear structural design limit speed (VLF)
at the maximum rate of acceleration.

i Ko s

TABLE B-1

o ot . ot

B4 RETRACT ION AND EXTENSION TIME

Maximum Allowable Maximum Allowable
Time to Open Doors Time to Retract
and Extend and and Lock Gears and
| tem Temperature Lock Gears Doors
a Above minus 20 F 15 Seconds 1€ Seconds
b Minus 65 F to minus 20 F 30 Seconds 30 Seconds i
|
L
6. Structural Design Speeds The main and nose landing gears shall be ' 1

designed to withstand air loads resulting from speeds up to 340 knots equi-~
valent air speeds (EAS) for all extension positions to full extension, and
shall be capable of operating (retraction and extension) at speeds up to
280 knotts EAS. Actuators and linkages shall be designed to withstand the
loads imposed by these design operating conditions, including the effects of
hydraulic surges and pressures.
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6. Emergency Gear Operation An emergency extension control shall be
provided that is independent of the normal gear operating controls. It shall
be possible to extend the landing gear to the down and locked position in the
event of any single hydraulic or electrical component failure. The landing
gear shall be capable of emergency extension to a down and locked position,
independent of the air vehicle hydraulic and electrical power generation
subsystems., Primary means of emergency operating power shall not be depen-
dent upon battery power. Emergency extension time shall not be greater than
twice the maximum allowable operating limits specified in Table B-1.

7. Free Fall Capability After uplock relase, the nose gear shall have
the capability of free fall extension and lock. Free fall extension and
lock of the main gear shall be a design goal, with the assistance of spring
bungees and/or stored hydraulic energy as required to assure safe operation.

8. Jacking Wheel jacking provisions shall be incorporated in accordance
with MIL-STD-809.

9. Towing Towing provisions shall be incorporated in accordance with
MIL-STD-805.

10. Attachment Provisions Provisions shall be made for attachment,
routing, and protection of electrical wire, switches, door operating linkages,
valves, nameplates, and hydraulic lines.

Il. Mooring Provisions The nose gear shock strut shall incorporate
mooring lugs for tie-down of the air vehicle.

12. Protection from Damage The effects of rocks, ice and other foreign
object damage shall be considered in the design and installation of hydraulic
lines and components.

13. Spare Strut Piston Seals Provisions shall be incorporated in the
design of the lower bearing and glad to carry spare seals as replacements
for the lower piston seal.

B. RELIABILITY %

s

The LGS shall incorporate those design characteristics essential to the
achievement of the quantitative and qualitative reliability requirements
specified for the air vehicle.




C. MAINTAINABILITY

1. Quantitative Maintainability The LGS shall incoporate those design
characteristics essential to the achievement of the quantitative maintain-
ability requirements specified for the air vehicle.

2. Qualitative Maintainability The standard Air Force policy of three
levels of maintenance (organizational, intermediate and depot) shall be
employed for the LGS. The following qualitative requirements shall apply.

3. General

a. The LGS shall be self-sufficient to the extent of permitting
preflight inspections to be performed without prepositioned
AGE, and permitting postflight inspections to be performed
without prepositioned AGE, except for step ladders or work-
stands, and ground safety locks/devices.

b. The LGS shall permit all maintenance to be accomplished
by Air Force technicians 5 skill level maintenance per-
sonnel, with occasional 7 skill level personnel, using
existing Air Force facilities and for most tasks, existing
AGE. Design for repair by Air Force technician 3 skill
level maintenance personnel shall be a goal.

c. Equipment design shall reflect thorough consideration of
the capabilities of human resources available to maintain
the equipment and the utilization of automatic test equip-
ment to support maintenance personnel.

D. MAJOR COMPONENT CHARACTERISTICS

1. Shock Struts - General The main and nose landing gear shock strut
shall comply with the requirements of MIL-L-8552, MIL-T-6053, AFSC DH 2-1,
and the engineering critical item development specifications. The shock
struts shall be designed such that the passage of oil through an orifice
shall absorb the energy of impact and in which dry nitorgen is used as the
elastic medium to restore the unsprung parts to their extended position.
The shock struts shall be capable of withstanding the loads derived from
MIL-A-8860, MIL-A-8862, MIL-A-8866, MIL-A-8867, and the load conditions
specified in CP621L2002 and CP621L2003, including static strength and four
lifetime fatigue requirements. The air vehicle design sinking speed shall
be 10 feet per second at the target landplane landing design weight and 8
feet per second at the target maximum design landing weight. The shock
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struts shall be capable of supporting the air vehicle on a flat strut (loss

of nitrogen) through the complete landing cycle, at normal landing conditions,
without damage to the shock struts or carry-through structure. A complete
landing cycle at normal landing conditions shall consist of landing at a
landplane landing design target weight at a sink speed of 8 feet per second.
The landing runout and taxi design lnad for the flat strut condition shall be
the static gear load at maximum taxi weight times a dynamic factor of 1.2,
Compression ratios shall be compatible with all applicable LGS design and
performance requirements.

2. Nose Gear Shock Strut The nose gear shock strut shall be of the con-
ventional air-oil piston type with provisions for mounting twin free rotating
wheels on a fixed axle. The shock strut shall withstand the loads induced
by the steering and damping unit.

3. Stroke The nose gear shock strut shall have a design vertical stroke
of 21 inches measured at the axle centerline and a design 7-inch stroke from
the static to compressed position.

4, Torsional Spring Rate The torsional spring rate of the nose gear
shock strut, in the static position, shall not exceed 1.4 x 104 radians
per 1000 inch-pounds.

5. Swivel Angle The nose gear shock strut shall alllow the nose wheels

to caster through 360 degrees rotation without requiring mechanical disconnect.

6. Nose Wheel Centering The nose gear shock strut shall be capable of
centering the nose wheels, prior to retraction, to within plus or minus 0.25
degree of center.

7. Interface Compatibility The nose gear shock strut shall be designed
for interface compatibility with the following:

a. Nose wheel assembly.
b. Tire (see figure B-| for tire clearance enveloupe dimensions).

c. Steering and damping unit, including all fittings and mountings
required to route hydraulic lines.

d. Air vehicle structure., The air vehicle structure shall provide
adequate space to permit retraction and extensicn of the nose gear
assembly without inerference or blinding. The doors shall operate
propertly without interfering with the retract/extend cycle of the
nose gear, Attachment provisions shall be provided to reduce the
tendencies of gear shimmy.
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E. WHEEL ASSEMBLIES - GENERAL

The main and nose landing gear wheel assemblies shall comply with the
requirements specified in the engineering critical item development speci-
fications and MIL-W-5013, except the wheels shall be capable of being rolled
a distance of 2500 miles, including consideration for combined radial and
side loads corresponding to those produced by 0.25g turns.

1. Overpressure Relief Valve A pressure relier valve shall be pro-
vided for the wheel to prevent overpressurization of thewheel and tire
assemb ly,

2. Tire Change Counter. Provisions shall be incorporated in each
wheel for recording a minimum of 50 tire changes.

3. Tire Pressure Gage A tire pressure gage shall be incorporated
on the outboard side of the wheel assembly. The gage shall conform to
MIL-G-83016, except the gage shall withstand exposure to vibration and to
a burst pressure of 625 psi.

F. NOSE GEAR WHEEL ASSEMBLY

1. Structural Loads The nose gear wheel assembly shall be capable
of withstanding the structural loads resulting from air vehicle takeoff,
landing and ground maneuvering operations.

2. Interface Compatibility The nose gear wheel assembly shall be
designed for interface compatibility with the nose landing gear shock
strut and for installation of a tubeless tire in accordance with figure
B-1. Stops shall be provided in the nose gear wheel well to prevent
rotation of the nose wheel after completion of the retraction cycle. The
physical interface shall be as defined in the engineering critical item
development specification.

G. STEERING AND DAMPING SUBSYSTEM

The steering and damping subsystem shall comply with the requirements
of MIL-S-8812, AFSC DH 2-1, and the engineering critical item development
specification. The steering and damping subsystem shall provide electri-
cally controlled, hydraulically powered angular displacement of the nose
landing gear wheels to permit directional control of the air vehicle during
ground maneuvers, including taxi, takeoff, and landing operations. In
addition, the subsystem shall provide effective shimmy damping to assure
dynamic stability of the nose landing gear under all ground operating con-
ditions.
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. 1. Swivel Range The steering and damping subsystem shall allow the

§ nose wheel to caster through 360-degree rotation without requiring mechani-
cal disconnects or lost motion cam mechanisms. Loss of steering power
shall result in the nose wheels being capable of returning to a neutral or
safe position. The nose wheels shall caster in a safe trail position, with
damping after loss of power and shall be capable of free caster to within

the powered steering range, from any parked position, with forward motion
of the air vehicle.
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The following pages present a summary of nose gear loads for the B-1

APPENDIX C
EXTERNAL LOADS

A/V #4 fram the B-1 System Definition Mamual.

Included are:

ra
.

10.
11,
12.

O W NN o N W
. . . . . .

Landing, Taxi, and Handling Loads
Dual Wheel Load Distribution
Ultimate Load Determination
Fuselage Support Structure Deflections
Temperature Condition

Drop Test Requirements

Actuation System Loads

Nose Gear Uplock Loads

Nose Gear Door Link Loads

Nose Gear Steering Torque

Repeated Loads Design Requirements
Nose Landing Gear Support Reactions
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NOSE GEAR LOADS

(Reference L287C2037, dated 30 January 1976)

1. LANDING, TAXI, AND HANDLING LOADS
Tables C-I, C-II, C-III, and C-IV define the loads attendant to the
landing, taxi, and handling conditions.
TABLE C-I
LANDING WEIGHTS AND SINK SPEEDS
Sink Speed (V)
Item Landing Condition Weight (fps)
a Landplane landing weight 263,330 10
b Maximum landing weignt 346,500 8
c Minimum landing weight 161,700 10
d Flat strut landing weight 263,330 8
TABLE C-II
NOSE GEAR "DESIGN" DYNAMIC LANDING LOADS
V (Parallel D (Perpendicular
Item Landing Condition to Strut) to Strut)
a Spinup (SU) 61,100 47,000
b Springback (SB) 98,500 -42,000
c Maximum vertical reaction
(MVR) 98,500 +24,600, -42,000
TABLE C-III
NOSE GEAR "LIMIT" TAXING LOADS FOR
W TAXI = 395,000 POUNDS
V (Parallel | D (Perpendicular S
Item Taxi Conditions to Strut) to Strut) (Side Load)
a Three-point braked roll | 85,296 — 5ises
b Unsymmet rical Braking 61,621 - £16,814
c Tuming 34,027 -— 13,611
d Dynamic taxi 93,500 — —
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TABLE C-IV
NOSE GEAR HANDLING LIMIT LOADS
PARALLEL AND PERPENDICULAR Tu GROUND
FOR W TAXI - 395,000 POUNDS

Item Condition eSS (Plapaliio D (®P~rnendicular
| to Strut) to Strut)
a Static reactioms: ; ‘
WL normal = 263,300; 36,630 a
WL maximum = 346,500| 39,150 a
WL minimum = 161,700, 18,270 a
W taxi = 395,000] 34,027 Q
b Towing ¢ 34,027 Ft maximum - 59,250
|
¢ ; Jacking (silde load = ! 53,710 $15,910
i 15,910 ! . R
General Notes.
a. Sign Convention.
(1) +V is up
(2) +D is aft
(3) +S is to right
b. Landing Conditionms.
(1) su, SB, and MVR loads act perpendicular and parallel to the strut
centerline and are applied at the centerline of the axle.
(2) Strut is extended a maximum of 85 percent at design load; tires
are static,
c¢. Taxi and Handling Conditions.
(1) All loads are perpendicular and parallel to the ground line and
are applied at the ground contact point. (See Figure C-1).
(2) The strut is in the static posicion corresponding to the airplane
weight being considered.
(3) Tires are static.
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d. HBandling Conditions. Towing znd jacking load combinatiocns shall be in
accordance with MIL-A-8862,

e. Secondary Loads. The load analysis shall include the effects of elastic
deflections.

f. Actuation Loads. Effects of actuating cylinder loads shall be con-
sidered when critical and applicable.

E 4 g. Side Loads. Side loads should be distributed to the trunnion support
: - fitting vsing a 60/40 distribution. In addition, induced equal and

g opposite side loads equal to 15 percent of the total (left-hand and
- right-hand) vertical trunnion load shall be applied in the inboard
direction to the trunnion if such a lsad combination is critical.

2 h. For taxi and ground handling load conditions at W taxi = 395,000
pounds, the definition of ultimate shall be 1.5 times the limit
extemal load applied at limit load deflectioms.

o e e
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2. DUAL WHEEL LOAD DISTRIBUTION

The nose landing gear loads specified herein shallbe distributed to the
respective wheels noted on Figure C-1 as follows:

1)

g, T T ——— 1) G S

Symmetrical Load Distribution.

Landing gear loads shall be equally
distributed to each wheel. :

Unsymmetrical Load Distriburion. The following conditions need not be
considered for unsymmetrical load distribution:

Unsymmetrical Braking.

(a) Unequal Tire Pressure Conditions.
shall be as follows:

Individual wheel loads
(See Figure C-I)

Case NL NR
A 60.0 40.0
B 40.0 60.0

Where the above values are percents of design or limit load.
For the tuming condition, side load to the right, 60 percent
need not be considered on the right wheel. For side load to
the left, 60 percent need not be considered on the left wheel.

(b) Flat Tire Conditions.
follows:

Individual wheel loads shall be as
(See Figure C-I).

Case NL NR
A 1.00 0
B 0 1.09

Where the above values are to be used with 60 percent of the
speciiied gear load for landing conditions and 50 percent for
taxi conditions, except:

The reaction shall not be less than static.

For three-point braked roll use V load = 64,150 pounds
limit,
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(b) Flat Tire Conditions. (Cont.)

For the turning condition a vertical load factor of 1.0
shall be acting at the center of gravity (CG). The '
side load factor at the CG shall be the most critical '
value (up to 50 percent for one flat tire) of that i
resulting from the most severe condition specified for ‘
no flat tires. For this condition, refer to the following:

For W Taxi = 395,000

145.41 inches
174,00 inches
618.82 inches
677.75 inches

ﬁ

LEVEL LANDING 6 = 1°42" _
¢ oo TAX! COMDITIONS 0 = 0° ?

Figure C-1I. Nose Gear Geometry




3. ULTIMATE LOAD DETERMINATION

Taxi and handling loads are "limit" loads and must be multiplied by 1.5
to obtafin ultimate loads. Landing loads are shown as '"design loads'" and
ultimate strength requirements do no apply; however, the deformation limita-
tion of MIL-A-8860 shall apply. 'Desfgn Loads" will be checked versus vield
strengths.

4. FUSELAGE SUPPORT STRUCTURE DEFLECT lONS

The angular rotation of the nose landing gear shock strut from {ts
undeflected (zero-G afrplane loading) posfition due to fuselage bending or
torsion, in addition to local detlections are shown {n Table C-V.

T.\BLE C“V

NOSE GEAR DEFLECTIONS

[ Bending Torsion 1
Item Condi tion | a (degrees) 8 (degrees)
a 2G taxt (1) Q° 48" -
b Braked roll (1) ! -1" 55 -
¢ Turning (1) { g* 18! x> 30" :
f d Spinup (2) ; heie - - |
’ e Springback () T | --
' £ Maximum vertical plus ! |
drag (2) ! B AT l -
' g Maximum vertical minus l
i drag (1) =1% 12' l -- |
NOTES (1) Based on ultimate loads. 5 :
(2) Rased on design loads. Positive « indicates an art gear rotation.

5. TEMPERATURE CONDITION

Components of the shock strut shall be designed for a temperature con-
dition of 160 F at time of application ot landing and tax{ loads. This con=-
dition i{s subsequent to 313 hours of exposure to an ambient temperature of
265 F.
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6. DROP TEST REQUIREMENTS

Drop tests shall be conducted {n accordance with MIL-T=-0053,

OX\‘(‘“(
the test conditions shall be as shown in lable C=V1.
TABLE C-VI
DROP TEST CONDITIONS
Contact Contact
Afrplane Attitude | Vertical Velocity Horizontal Max Gear
1t em Weight (degrees) (fps) Velocity (fps) load Factor

a WL normal Level 10 242 2.40
b WL maximum Lavel 8 279 .
c WL min{mum Lavel 10 193 4.80
d WL normal Lavel 8 242 2.40

(flac

strut)

Additional Drop Test Requirements. During tha drop tast, loads shall
not reach a peak value until at least 15 percent of thae total stroke has been
used. The shock strut dynamic charactaristics should approximate the data shown

in Table (-vII
TABLE C-VI1

DYNAMIC CHARACTERISTICS

¢ Damping coefficient See Figure -2

It em Nomenclature Charactaristics
a Static position Inches from extended position: 14
b Compression ratio 7.41; stroke zero to 14 inches

3.47; stroke 14 to 21 inches

14\
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Figure C-2.
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ACTUATION SYSTEM LOADS

The nose landing gear assembly shall be gtructurally capable of
withstanding exposure to 340-knot airloads without sustaining damage,

The nose landing gear assembly shall be capable of operating (retraction
and extension) at airspeeds up to 280 knots.

Wheel, tire, and steering and damping equipment weight per nose landing

gear assembly shall not exceed 439 pounds (tires and wheels 259 pounds;
steering unit 180 pounds). 1

Actuation Load Conditions. Static and facigue scrength conditions are
as follows:

Condition I: Static Strength Conditions (see Figure C-3).

a. Yield Requirements:

IA1C Piston driving, coupression
IAIT Piston driving, tension
IA2C Airload plus inertia loads dr:ving, compression

Ultimate Requirements:

6,000

IBIC = [IAlLC) 3200
’

6,000

IBIT = [IALT] 3200
»

IB2C = [IA2C] [1.50]

Condition II: Fatigue Strength Requirements (see Figure C-4).

Where: R = Retraction phase
E = Extension phase
IIR + IIE = 1 cycle
6,000 cycles = 1 life
@ Scatter factor = 4.0
Total requirement = (6,000)(4.0) = 24,000 cycles
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ACTUATION LOAD CONDITIONS - STATIC

™

Wi i HE i k] R i H
'.‘;"n-. B e B
L Pepds 4 :

‘.; ) s
I
N i e
- |
R 1
| : |
i e Sl

T
o

§s

-

T
RN ni RS €

| HIMGE NGMENT -

™ T UL EET

=L

YEMSION |

t

ROy i
&

——-rlﬂ'

o
8

Figure C-3.

Nose Cear Hinge Moment vs Retraction Angle
(Static Yield Condictions)
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ACTUATION LOAD CONDITIONS - FATIGUE
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Figure c-4. Nose Gear Hinge Moment vs Retraction Angle
(Fatigue Cycles)
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8. NOSE GEAR UPLOCK LOADS

UPSTOP (Us)

Tau.\'mo.u--l
FﬁL Aﬁus
CONDITION (POUNDS) (POUNDS)
(| VERTICAL GUST (+N.) 7,126 i
<:) ACTUATION SURGE PRESSURE FE 5.969
(5,400 LB~ INCHES) :
(:) ACTUATION ULTIMATE PRESSURE Lk 6.777
(6,000 LB-INCHES) .

ULTIMATE = (1.50) X (LIMIT)
(:) EQUIVALENT TO ULTIMATE LOADS
(:) YIELD LOADS

(1) VERTICAL GUST CONDITIONS ARE LIMIT LOAD CONDITIONS.

Figure ¢-5.

AR YA g I o AP S g MO

Nose Gear Uplock Loads
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9. NOSE GEAR DOOR LINK LOADS

DOOR LINK
SUPPORT LUGS
L. H. & R. H.

TRUNNION

2

| B e et s
.
STRUT DOOR
GEAR UP POSITION SHOWN
VERTTCAL LOAD DRAG LOAD
CURBITION (POUNDS ) (POUNDS)
DOOR | OPEN GEAR DOWN AIR SPEED
| 340 KT* -2,760 =950
DOOR | OPEN GEAR DOWN AIR SPEED
280 KT -1,865 -640
DOOR | CLOSED 2 PSI NEGATIVE
PRE-SURE -1,100 1,230

ACT ON THE RIGAT-HAND SIOE.

LOADS SHOWN ARE FOR THE LEFT-HAND SIDE.

®AIRSPEED OF 340 KNOTS IS A DESIGN LOAD.

L

REFER TO 10.3.7 '"'a' FOR REQUIREMENT.

OTHER CONGITIONS SHOWN ARE LIMIT LOAD CONDITIONS.

OADS OF THE SAME MAGNITUDE ALSO

Figure C-6. Nose Gear Door Link Loads
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- 10. NOSE GEAR STEERING TORQUE

60/40.

# b.

Figure C-
! output torque versus the cycles spectrum is as follows:

c.
s
» 300
e
™m
8 200
=
o
L}
! =
‘ S~
100
0

The "design torque' for nose gear steering shall be 350,000 inch-pounds.
The ultimate torque shall be 390,000 inch-pounds.
shall be reacted by a static scrubbing condition of the tires and shall be
distributed 60/40 with the higher load at the leading tire.
vertical load of 40,700 pounds also acting at this time to be distributed

Steering "design torque"

Assume a total

Steering Actuator Output Torque. The shock strut shall be capable of

withstanding a steering actuator rated output torqus (rated load) as shown on

7 , applied about the shock strut centerline. The percent of rated

Full steering angle (75 degrees right and left) at 100 percent rated

output torque; 50,000 cycles.

Fifty percent steering angle (37-1/2 degrees right and left) at

50 percent rated output torque; 25,000 cyclas.

Ten degrees steering angle each side of the shock strut centerline

at 25 percent rated output torque; 25,000 cycles.

MAX IMUN RATED QUTPUT
TORQUE = 210,000 LB-IN

RATED OUTPUT

TORQUE
o 10 20 30 40 50 60 _ 7947!0
STEERING ANGLE (DEGREES) | ’_Jf__

(TYP. ABOUT ¢ OF AtR VENICLE)

Figure C-7. Steering Actuator Rated Output Torque

148

e e ——

AT M 4 T A e A 0 P



—

11. REPEATED LOAD DESIGN REQUIREMENTS

The requirements are based on 2697 landings.

Loads Spectrum. The following landing, ground handling, and taxi

spectrum (Table C-VIII) comprise the repeated load design requirements for
one life of the aircraft. However, a scatter factor of 4.0 is required for
both the fatigue analysis and test program.

Actuation System Requirements. The nose landing gear shock strut and the

appropriate actuating mechanism shall be designed to withstand 6000 retraction/
extension cycles.
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NOSE_LANDING GEAR TEST SPECTRUM - (Continued)

3.

NOTES ~ Cont {inued

loads application Points and Strut Setting

All nose gear loads except towing loads ara applied at the ground line. The
towing loads ave applied at the towing attachment, 10.13 {nches above the

axle center line.

An average strut stroke setting of 5.0 inches (measured from fully extended
position) mav be usaed for the landing segmants, and a strut stroke setting of
la.0 {nches may be used for all other segments.




12. NOSE LANDING GEAR SUPPORT REACTIONS

P S

R__ﬁ-__,' SIGN CoONVENTIAN
VIEW +va S\vE
LOO KNG +D N\EW
L +s ALY
ouUTEeDd
To RT.

Figure C-8. Schematic - Nose Gear
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NOSE LANDING GEAR SUPPORT REACTIONS

DUE TO RETRACTION ACTUATORS: (Sheet 5.1)

During normal ground operation (landing and taxi., not towing or jacking)
the retraction actuators are pressurized to extend the gear. (400 psi on
the net area).

Net Area = 3.927 tnz

Pact = 3,927 x 4000 = 15708 1lbs. each (LIMIT)
The resulting support reactions are:
Drag Brace, Pt. E DE =
SE =
VE =
Left Trunnion DTL

VTL

Right Trunnion

VIR

(Ref. SDM IIB-10.2.7.2, Sht.
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APPENDIX D
ENVIRONMENTAL DATA

A. THERMODYNAMIC ENVIRONMENT DATA
The B-1 System Definition Manual lists the following external environment

data.

The temperature, pressure, and contaminant conditions to which the air
vehicle and subsystem equipment will be exposed are defined in this section.
Time of exposure and equipment operational requirements for both ground and
flight conditions are defined, including alert, start, takeoff, and in-flight

nommal and emergency ECS operation.

1. System Surrounding Environment. The weapon svstem shall be capable of

meeting specified worldwide conditions of weather and climate. \Values

for the extremes of worldwide climate shall be as specified in MIL-STD-I10.

2. Storage and Transit. The weapon svstem (air vehicle and equipment) shall
be capable of being started up after warmup to minus 65 F and performing

as required after being subjected to the following storage and transit

temperature and pressure conditions:

a. Temperature Minue 80 to plus 160F

b. Pressure 1.68 to 15.4 psia

c. Humidity Minus 65 to plus 85 F dewpoint

d. Rain 2-inch rainfall in 24-hour period

at 70F as shown by Table C-1.

e. Blowing Sand 10 to 1,000 micron diameter with
predaminant diameters between
150 and 300 microns; wind, 40 mph

160




! e. (continued) at 5-foot height; temperature,
100 F; concentration of sand

10 pounds per foot cross section

» f. Blowing Dust 6x10° grams/cc; 1 to 10 micron f
diameter; 40 mph at height of
S feet; temperature, 70 F

‘ TABLE D-1  RAINFALL PROPERTIES
E ‘ Applicable to packaging for storage and transit and to air vehicle

*‘ CONDITION

@' ITEM CRITERIA 1 | 2 3 4

{ a. Amount (inches) 12 2 11 7

: b. Duration (hours-minutes)|11:55 0:08 11:00 1:00

‘ Cs Rate (inch/hour) 1 24 1 7
d. Drop Size (mm), mean 2.28 4.0 223 5.2
e. Standard Deviation (mm) | 0.77 1.08 0.77 1.1

* Wind speed of 40 mph (35 knots) during this portion of cycle

T
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Temperature and Altitude (Pressure). Installed equipment shall withstand

exposure to the surrounding steady-state and transient t mperature and pre-

ssure conditions specified below:
TABLE D-II

AIR VEHICLE EQUIPMENT SURROUNDING TEMPERATURE AND PRESSURE CONDITIONS

ENVIRONMENTAL UNCOOLED EQUIPMENT

PARAMETERS UNPRESSURIZED
COMPARTMENTS
TEMPERATURE °F WHEEL WELL BAYS

GROUND
Nonoperating
Operating

INFLIGHT
NORMAL
Nonoperating
Operating
EMERGENCY

Operating and
Nonoperating

S Minute
Duration

Extended
Duration

TRANSIENT °F/sec

PRESSURE paia
GROUND

Operating and
Nonoperating 10.1 to 15.4

Compartment
Pressure Test




AIR VEHICLE EQUIPMENT SURROUNDING TEMPERATURE AND PRESSURE CONDITIONS
(continued)

UNCOOLED EQUIPMENT

ENVIRONMENTAL UNPRESSURI ZED
PARAMETERS COMPARTMENTS

TEMPERATURE °F WHEEL WELL BAYS
INFLIGHT
Normal

Operating and
Nonoperating .65 to 15.4

EMERGENCY

Operating and
Nonoperating

S Minute
Duration ke

Extended
Duration B

TRANSIENT psi/sec 0.5

Humidity. The humidity of surrounding air will range from zero to 182
grains of water per pond of dry air, including the condition of moisture

condensation in the form of liquid or frost.

Rain. The ground rain environment for the air vehicle and external
equipment will be the operational worldwide ground precipitation
extremes, Inflight rain shall be a design

consideration for erosion, leakage, and vision through transparent areas.

Icing. Air vehicle components and equipment exposed to the external
environment will experience icing conditions within the aircraft operating
envelope bounded by airspeeds up to mach 0.85 at sea level, mach 1.1

at 8,000 feet, and mach 1.2 at 20,000 feet,

Salt Fog and Spray. The air vehicle and installed equipment will be

exposed to salt-sea atmosphere having particle sizes as small as 1.0 micron

in diameter. 163




10.

Hail. The air vehicle and externally mounted equipment may be exposed to

hailstones having a diameter up to 3/4 inch.

Sand and Dust. Dust particles will vary from 0.1 to 10 microns in diameter,
and sand particles will vary from 10 to 1,000 microns in diameter, with
predominant diameters less than 300 microns, at a velocity of 1,750 plus
or minus 250 feet per minute. The sand and dust concentration will be up

to 0.5 gram per cubic foot of air.

Fungus. The air vehicle and equipment will be exposed to fungus growth as

encountered in tropical climates.

B. VIBRATION, ACOUSTIC NOISE, SHOCK AND ACCELERATION ENVIRONMENT DATA.

The B-1 Prime Item Development Specification lists the following data:

4.

1.

Vibration. The vibration levels to which the equipment shall be exposed
is specified in Tables C-3 and C-4 and are composite curves of the predicted
maximm vibration level encountered during air vehicle operation throughout

the flight envelope.

Mass Attenuation. The air vehicle vibration levels in Tables C-3 and C-4

shall be reduced for equipment weight in excess of 80 pounds.

Acoustics. The maximum aircraft equipment noise level encountered during
operation within the flight envelope shall be as shown by the internal and
external operating noise levels in Table C-7. The equipment internal
levels shall be based on the external levels and structural noise

transmission loss.

Shock. Equipment design shall be based on the requirement to withstand and
operate without malfunction during or after exposure, for a duration of

11 plus or minus 1 milliseconds, to:
a. Sawtooth shock pulses of 20G peak magnitude for rigidly mounted
equipment weighing less than 300 pounds, or
b. Half-sine wave shock pulses of 15G peak magnitude for shock mounted
equipment, or equipment weighing 300 pounds or more.

s sl




TABLE D-IT1I

b SINUSOIDAL VIBRATION LEVELS - EQUIPMENT OPERATING

Frequency Range
Cycles per Second (cps)

Double Amplitude (da)
Acceleration (G)

Nose gear wheel well
Nose gear (shock strut)

5 to 10
10 to 100

0.2 inch da displacement
1G peak

TABLE

RANDOM VIBRATION LEVEL - EQUIPMENT OPERATING

Frequency Range
Cycles per Second (cps)_

Acceleration Power
Spectral Density

Nose gear wheel well
Nose gear (shock strut)
20 to 300
300 to 1,000

+1,000 to 2,000

3 db pger octave increase
0.3.G” per cps

6 db per octave decrease




TABLE D-V

SINUSOIDAL VIBRATION LEVELS - EQUIPMENT NONOPERATING
(ACCELERATED TEST)

Frequency Range
Cycles per Second (cps)

Double Amplitude (da)/
Acceleration (G)

Nose gear wheel well

Nose gear (shock strut)

5§ to 10 0.27 inch da displacement
10 to 100 1.35G peak
TABLE D-VI

RANDOM VIBRATION LEVELS - EQUIPMENT NONOPERATING
(ACCELERATED TEST)

Frequency Range
Cycles per Second (cps)

Acceleration Power
Spectral Density

Nose gear wheel well
Nose gear (shock strut)

20 to 300
300 to 1,000
1,000 to 2,000

3 db per octave increase
0.037G2 per cps
6 db per octave decrease
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TABLE

D-VI1

MAXIMUM OVERALL ACOUSTIC NOISE LEVELS (DB)
(REFERENCED TO 0.0002 DYNE PER SQUARE CENTIMETER)

EXTERNAL EQUIPMENT INTERNAL EQUIPMENT
ZONE OPERATING NONOPERATING OPERATING NONOPERAT ING|
Nose (Cear 147 151 152 136
TABLE D-VIII

SINUSOIDAL - RANDOM EQUIVALENT - EQUIPMENT OPERATING

Frequency Range

Cycles per Second (cps)

Double Amplitude (da)/
Acceleration (G)

Nose gear wheel well

Nose gear (shock strut)

0.2 inch da displacement

1G peak

S to 10
10 to 140
140 to 200
200 to 2,000

0.001 inch da displacement

2G peak
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TABLE D-IX

SINUSOIDAL-RANDOM EQUIVALENT - EQUIPMENT NONOPERATING

Frequency Range
Cycles per Second (cps)

Double Amplitude (da)/
Acceleration (G)

Nose gear wheel well

Nose gear (shock strut)

3 o 10
10 to 140
140 to 200
200 to 2,000

0.27 inch da displacement
1.35G peak
0.0014 inch da displacement

2.7G peak

TABLE D-X

SPECTAL ENVIRONMENTS
EXTENDED LANDING GEAR - UNSPRUNG MASS

Frequency Range
Cycles per Second (cps)

Double Amplitude (da)/
Acceleration (G)

Nose gear (axle assembly)

Sinusoidal
S to 24
24 to 2,000

Sinusoidal

S to 28
28 to 2,000

Operating
0.5 inch da displacement

15G peak
Nonoperating

0.5 inch da displacement
20G peak
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D-X (Coutinued)

SPECIAL ENVIRONMENTS
EXTENDED LANDING GEAR - UNSPRUNG MASS (continued)

Frequency Range
Cvcles per Second (cps)

Double Amplitude (da)/
Acceleration (G)

Wheels
Sinusoidal Operating
5 to 34 0.5 inch da displacement
34 to 2,000 30G peak
Sinusoidal Nonoperating

S to 39
34 to 2,000

0.5 inch da displacement
140G peak
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