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Government may have formulated, furnished, or In any way supplied the
said drawings, specifications, or other data, is not to be regarded by ‘
implification or otherwise as in any manner licensing 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 way be
related thereto.
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i
s This report covers the period 16 pecember 1974 through 21 :
RS October 1975. The efforts reported her:in were sponsored by the ‘
‘i & Air Force Flight Dynamics Laboratory (AI'FDL) under joint manage- ;
ey b ment and technical direction of AFFDL and the Air Force Materials ‘
. Laboratory (AFML), Wright-Patterson Air Force Base, Ohio. j
. f
S This work was performed under Contract F33615-73-C-3001 ;
L o "Advanced Metallic Air Vehicle Structure' (AMAVS) as a part of ‘
é, @ the Advanced Metallic Structures, Advanced Development Programs :
TS (AMS ADP), Program Element 63211F, Project Number 486UQ104. |
S J. S. Ford II, Lt. Col., USAF (AFFDL/FBA), is the ADP Manager, '
£ gv with Mr, N. G, Tupper (AFML) serving as Deputy ADP Manager. i
S Mr. C. R. Waitz (AFFDL/FBA) is the Project Engineer for the AMAVS )
% R Program, ]
<358 ’.:‘
ﬁ ﬁf Earlier documentation of this program is contained in the !
b B following AFFDL~TR-XX-Y reports: i
A :
JiN. Phase Reports Interim Reports ;
% B E ]
B Ph I  Prel. Design - 73-40 1st 73-1
b Ph II  Detail Design ~ 74-17 2nd 73-77 .
el Ph III Fabrication - : 3rd 74-98 1
A 4th 75-40 5
2 ? Principal General Dynamics contributors to this report were: ‘
A 3
L ® R. C. Bissell =~ Program Manager !
53 R. E. Miller - Stress Analysis &
e if 3 K. D. Mabry - Structural Design ;
i?j x R. S. Chambers - Stress Analysis .
By :
%; % This work was performed during the period 16 December 1974 :
. through 21 October 1975. It was submitted by the authors in y
! gﬁ November 1975. &
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INTRODUCT1O0ON

This interim report summarizes the accomplishments of the
Advanced Metallic Air Vehicle Structure (AMAVS) Program from
16 December 1974 to 21 October 1975. This work is part of the
Air Force's Advanced M-tallic Structures, Advanced Development
Program. It was performed under contract to the Air Force Flight
Dynamics Laboratory (AFFDL) by the Fort Worth Division of General
Dynamics at Fort Worth, Texas.
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The ten months covered by this report include the final ac-
tivities of Phase III (Fabrication), the mating operation at WPAFB,
and the Phase IV test support activities leading to start of the
fatigue portion of the Full Scale Test Program. Also included is
the additional material testing funded under the "Credible Option"
task and design activities required to comply with the contractual
drawing requirements. Tasks accomplished in Phase [1I, Fabrica-
tion, and during the mating operation at WPAFB are reported in

% AFFDL-XX-Y, to be published, and included the following significant

& items:

{:

; 1. TFabrication of the '"No-Box" Box (NBB) configuration of

¥ the Wing Carrythrough Structure (WCIS). .
i

3 2. Instrumentation of the WCTS and fit-checking of test fix- ;
= ture parts to the WCIS, :
E 3. Mating of the test fixture upper structure to the WCIS at -
. WPAFB.

f 4, TInstallation of the dummy gear assemblies, positioning

g% of the mated upper structure on the test fixture base :
8 and installation of the dummy wings. ;
?g Fabrication of all program hardware items, including the WCTS 4
% and Full Scale Test fixture parts was completed. Reassembly of :
g@ the test fixture and mating of the WCTS to the upper test fixture

) was accomplished at WPAFB. Completion of the hydraulic, electrical/ :
electronic, and other systems to create an operational test system :
was accomplished by Structural Test Facility personnel. A base-

line NDI inspection on the WCTIS, strain surveys to verify load 3
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distribution, reprogramming of control/data systems to incorporate
updated loads from Rockwell International (RI), and system check-
out runs were accomplished prior to start of the fatigue test on
21 October 1975.

- S

A contract change to incorporate updated loads/spectrum data
from RI was received in July, 1975. Intent of this change was
to incorporate the updated DVT-2 spectrum data into the AMAVS
program. Ram loads and fatigue spectrum data were generated from
the RI data and provided to AFFDL/FBT for use in reprogramming
of the computer programs., A preliminary fatigue analysis of the
WCIS using the updated data was accomplished. Static loads data
from RI will allow completion of the additional analyses required,
i.e. stress, fracture, and fatigue.

=%
A e A et & e sty ety St etk MR < o o

N
N s

5 ) .

fr Material testing funded as part of the "Credible Option"

A task was completed except for certain portions which were deferred
jF in December, 1974 because of budgetary constraints. The deferred
A testing, comprising mechanical property testing on EB/GTA welded
§$ . 10 Nickel steel and crack growth testing on both 6A1-4V titanium
. and 1) Nickel steel, was reinstated 16 September 1975 and will be
i completed in early 1976.
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SECYION 2

TECHNICAL DISCIPLINES PROGRESS

stages of Phase III, Manufacturing, and the initial stages of

The progress made by the technical groups during the final o %
Phase IV, Test and Evaluation, ic reported in this section. N
%

A s SR A

2.1 UNGINE:k:i. ™

)

5 i

The engineering functions pragros: for the period 16 Decem-
ber 1974 to 21 Nciober 1975 is detailed below.

2.,1.1 3t:uo.tural Design

Decign activities duriag this reporting period include the
implementatinn or two scruntural design changes and the updating
of Engineeriag ivawvings for the NBP ccufiguration. The Design
Group alito prov '-d full ti-: bnpicering support during (1) the
final stagus oo the Wine Carrytims ough Structure (WCIS) fabrica-
tion (2) mating cf the WCTS to the upper test fixture (3) mating
€ the dummy landing gears and dunry wings and (4) full scale
test system set-up and check-out.

Ba o B
b o e

2.1.1.1 Design Chaages “ﬁ
5

A design change was incorporated to provide adequate fasten=- 3

er strength "o the wing sweep actuator fitting assembly. The ; %
original titanium Hi-'ok fasteners attaching the aluminum splice &
plate to * 2 basic support fittings were replaced with steel Hi- .
loks, In addition, four (4) steel Hi-loks were added to the 3
spiice plate of each assembly. &
]

Another design charge was also required to increase fastener %

i

strength, This change added a total of seventy~-two (72) steel
Hi-lok fasteners to the existing fastener pattern attaching the
epper panels to the Xp39 ribs.

2,1.1.2 Engincering Drawing Update

Skt

The NBB drawings require the incorporation of all outstand-
ing Engineering Change Notices (ECN) to reflect the configuration
of the Wing Carrythrough Structure (WCTS) as it was fabricated.

A total of 211 ECNs were outstanding on 92 drawings at the time

3
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the WCTS was completed. To date, 122 ECNs have been incorporated
on 54 drawings.

Jjpdating of the Engineering drawings also includes the prep=~
aration of Parts List (PL) for all 27 NBB assemvly and installa-
tion drawings onto Air Force forms. Preliminary preparation of
all PLs was accomplished, but final completion is dependent on
the ECN incorporation.

The FSIL configuration consists of 101 drawings of which 76
were completed at the time the NBB was selected for fabrication.
No additional work has been accomplished toward completion of the
25 remaining drawings.

2.1.2 Structural Analysis
2.1.2,1 General

During the reporting period, activities of Structural Analysis
personnel included the following:

1. Performed structural liaison during completion of WCTS
and simulated fuselage manufacture, prefitting of landing
gears and dummy wings, and during moving and installa-
tion in the test fixture at AFFDL's Structural Test
Facility at WPAFB.

2. Performed stress analysis of structural design changes
found to be necessary.

3. Updated additional portions of the preliminary stress
analysis to reflect results from the NBB 5 series of
math models,

4. Participated further in planning for the full scale test
program including completion of estimated and allowable
stress data at strain gage points for the simulated fuse-
lage, review of AFFDL test plans, and instrumentation
coordination.

Witnessed a portion of the full scale operational check-
out strain survey and reviewed all strain survey data
collected by AFFDL.

Coordinated loads update information and furnished necess-~
ary information to affected AFFDL and General Dynamics

sections.
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In order to preserve the credible option concept, current ¥
B-1 fatigue test spectrum loads were furnished formally by
Rockwell International (RI) in Report NA 75-346 and its revisions
for use in AMAVS fatigue testing and fatigue and fracture analy-~
In general, data was presented in the form of node forces
from a current RI math model for a set of basic conditions. With
a few exceptions, the basic conditions are 1lg or alg. A list of
the basic conditions, grouped according to wing sweep angle,is
given in Table 2.1.2~I. The maximum and minimum load sets for
each fatigue step in the fatigue test spectrum were specified as
linear combinations of the basic conditions. In addition, the
frequency of application of each load set was specified. (Table
2,1.2-11)
tion effects was also included in NA 75-346.

Subsequcat to the receipt of the fatigue test spectrum data
from RI, information was provided on the B-~1l analytic spectrum
for AMAVS fatigue and fracture analysis. Necessary RI math
model loads were furnished as well as a definition of the load
combinations for each load step. The analytic spectrum data is
presented in Table 2,1,2-I1I.

2 ” ‘u’iﬁ{fiﬁi‘\jﬁ s w‘ie'»}.ki‘?a{ﬂﬁ:\'{*'Waﬁﬁgﬁjﬁgg‘gf;ﬁ;v (Y i , \mm%%%f ;" A
7. Coordinated the planned usage of data gathering channels ﬁi
for subsequent testing. Hq
8. Converted General Dynamics TNI overall WCIS model to 7?
General Dynamics UGO program for more efficient stress > Qg
determination during loads update efforts. LB
%
&
2,1.2,2 Design Loads %
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Supplementary data for such items as wing sweeping fric-
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2.1.2.3 Analysis of Structural Changes

The existing titanium Hi-Lok pattern attaching the X7223903
aluminum splice plate to the basic wing sweep actuator fittings
was found to be structurally deficient so a new pattern using
eight additional steel Hi-Loks per airplane was developed and ana-
lyzed.

It was also found that the fastener patterns at Xp39 and
XF84 for the upper cover chordwise splices were not adequate for
the final math model loads and patterns incorporating added and
increased size fasteners were analyzed tc arrive at an accepthle
configuration.

2,1.,2,4 Strain Survey, Full Scale Test

AFFDL Structural Test Facility personnel first performed the
test operations check out and strain survey task through the static
application of each of the fatigue test conditions specified in
FZS-219, Rev. B. This included loading at selected increments to
the following percentages of 1limit load which represented maximums
for the original spectrum:

85.1% of AS2000 (A=1
92,1% of AS5000 (A=1
60.8% of AS7000 ( A= 159) Taxi
71.3% of AS9000 (A=2
64.2% of AS10000 ( A=6

For the flight conditions, 5 psig internal pressure was applied
at maximum loads.
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Since equipment limitations prevented reading and recording
all strain gage channels simultaneously, the gages not connected
for the first series were connected and runs for AS 2000 and

AS 10000 were repeated since a review of the initial data indicated
that they were representative conditions,.

| ,.,.”.,
SRSt Lt
TR TR ey & el o7

Following these tests, the updated fatigue conditions were
reviewed and it was decided that Fatigue Condition 117 should be
run Since it was for a 550 sweep angle for which no prior data

had been obtained. Loals were applied in increments up to 100%

of the condition and 5 psig. internal pressure was applied.

Finally, the test was rerun with the disconnected channelsconnected.

Computer printouts of all sensor readings were received from
AFFDL and the raw data was reviewed. It was found, in general,
that no excessively high stresses existed in the WCTS although
some were less than predicted and some were greater.
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Sample data for several representative points is shown in
Table 2.1.2-IV. No significaunt nonlinear behavior was observed.
The left hand instrumented shear strut (Gage 7001) showed better 5
agreement with predicted loads than did the right hand strut. :
(Gage 7002)., Complete agreement was not expected since these

loads are very sensitive to upper lug angles which have manufac-

turi.g variations. 1In addition, the right hand strut attachment

had soue variable looseness for a portion of the testing.

One area of concern was the lugs where bending was indicated
by corresponding guages on upper and lower surfaces, The measured
and predicted stresses are shown in Figures 2.,1.2-7 and 2.1.2-3
for the upper and lower lugs. Although bending was present, it
was decided that no tension stresses were high enouy;h to indicate
a potential fatigue problem.

As a measure of the efficacy of the test fixture in applying
the fuselage interface loads to the WCIS, the axial stresses in

the longerons near 932 and 992 were compared with those predictec
by the simulated fuselage math model for corresponding locations,
The comparisons are shown in Table 2,1,2-V, Relatively good
agreement was obtained for the major members, particularly since
the predicted stresses are based on estimations of effective

axial area to supplement the relatively gross finite element simu-
lation of the simulated fuselage and adjacent structure. Pre-
liminary review of the data indicates that shear flows do not agree
as well, but because of the limited number of strain gages, a full
comparison is not possible, By way of additional cowmparison,
ratios of the predicted simulated fuselage longeron loads to the
NARSAP values furnished by RI are included in the table. :

It should be noted that for all strain survey data presented
small corrections for zero shift were not made in most instances

so that stresses as obtained from gages are preliminary in nature.
In addition, axial stresses from axial gages reflect no correction 3
for biaxial stresses. ;

As a part of the strain survey, deflections of the fixture
and of the specimen relative to the test fixture were measured.
In general, the wing vip deflections wers greater than predicted.
A full review of the data has not been made, but a portion of the
discrepancy appears to lie in greater than expected fixture de-
flections which alloved fuselage pitch to occur,

Further review of the test data is planned.
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