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NOTICE

This document is disseminated under the sponsorship of
the Department of Transportation in the interest of
information exchange. The United States Government
assumes no liability for the contents or use thereof.

The United States Government does not endorse products
or manufacturers. Trade or manufacturer's names appear

herein solely because they are considered essential to
the object of this report.
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TECHNICAL DISCUSSION

The two test aircraft utilized for this strain gage instrumentation and calibration
of a transport aircraft fuselage in longitudinal bending were the Boeing 707-131B
and the Boeing 720-027. Longitudinal bending is defined in this report as the
bending induced along the fuselage length (and about the nose and main landing gear
fulcrum points) as caused by vertical up and down loads applied at the tail.
Figures 1 and 2, and table 1, depict and compare some of the aircraft's general
characteristics and dimensions for the two test vehicles. The load reaction and
jacking points are shown as well as the aft fuselage strain gaged statioms at BS
1030. The FAA Technical Center test specimen was the Boeing 707-131B and the test
specimen for the corresponding FAA/NASA experiment at Dryden (Edwards Air Force
Base (AFB), California) was the Boeing 720-027, the candidate aircraft for the
Controlled Impact Demonstration (CID).

TABLE 1. TEST AIRCRAFT GENERAL DATA

Boeing Boeing
Aircraft Version 720-027 707-131
FAA Type Certificate No. 4A28 No. 4A21
Data Sheet
Aircraft Serial Number 18066 17668
Maximum Ramp Weight 230,000 . 248,000
(pounds) - (pounds)
Maximum Landing Weight 175,000 190,000
(pounds) (pounds)
Fuselage Length 1,566 inches 1,666 inches
Fuselage Length 646 inches 646 inches
(Aft of BS 1030)
Moment Arm Between 532 inches 411 inches

Load Application Station
and Instrumented Station

As depicted in figures 1 and 2, it can be reasoned that, for geometrically and
elastically identical structures of the aft section of the fuselage (i.e., aft of
BS-1020), a moment distribution induced in the aft structure by a vertical load
applied near the tail and reacted by the nose and main gear support points will be
similar in both aircraft and proportional to the product of the applied load and
the application distance (i.e., the moment arm). Although it is assumed, for the
purpose of this experiment, that the two fuselage structures aft of BS~1020 are
essentially geometrically and elastically identical structures, no detailed con-
struction parts number and "parts-count” comparison was made of the two test air-
craft fuselages. It is recognized that, depending on the buyer/customer, each air-
craft could have different structural versions, but it is presumed that structural
changes in the very aft sections of these two aircraft are not vast. Further, for






Test Arrangement and Approaches

Figures 5 through 13 present photographs of the calibration test arrangement and
the various items of test apparatus, identified as follows:

Figure 5 -~ Boeing 707-131 Fuselage

Figure 6 - Main Gear Bogie Jacks

Figure 7 - Aft Body Station Attachment Rig

Figure 8 - Tail Loading Structure and Aft Fuselage
Figure 9 - Tail Upload at Aft Pressure Bulkhead

Figure 10 - Tail Download at Aft Pressure Bulkhead

Figure 11 - Calibrated Load Cell

Figure 12 - Data Acquisition System and Support Computer

Figure 13 - On—-Site Data Monitoring, Conditioning and Printing Setup

Two items of test apparatus are of particular interest; the tail load cell pictured
in figure 11 allowed direct measurement of the vertical, up and down loads applied
to the fuselage and greatly increased the confidence level in the data (figure 14).
Also, the portable computer-supported data acquisition system (housed in the van)
allowed reduced (dimensional) data plots to be available virtually online (figures
12 and 13). These facilities permitted the tests to be conducted and data reduced
in one afternoon of testing.

The vertical load application apparatus, comnsisting of loading fixtures, a wide
nylon bridle strap around the forward part of the fuselage and anchored to the
ground (to inhibit nose lift-off for large tail downloads) and calibrated hydraulic
jacks (figures 5 through 11), allowed precise vertical loading and positioning of
the fuselage with backup transduction in the form of calibrated hydraulic pressure
gages. These gages, calibrated in pounds-of-force at the jacks, were hand recorded
and the data are presented in table 2. It should be noted that the bending moment
data of figures 15 thru 18 were plotted using only the more accurate load cell
readings shown in table 2. The hydraulic gage gear location readings also shown

in the table are listed for the record only.

The loading apparatus and tail yoke were qualified for operation at loads up to
13,500 pounds at the tail jacking point and as limited by yeild stress (no factor
of safety) in the loading fixture yoke.

TEST RESULTS

The test results are presented in figures 15 through 18; figures 15 and 17 are
graphs of primary channels for upward and downward loadings. Figures 16 and 18 are
plots of the secondary (or redundant) channel data. Comparison of primary and
secondary plots demonstrates that both channels are in good agreement for all
loadings.

The data presented in figures 15 through 18 serve to calibrate the instrumentation
for measuring fuselage longitudinal bending moment .at BS 1030 (as induced by a
vertical load applied at a moment arm of 411 inches from BS 1030). For downloads
these data are quite linear and give slopes of 34,400 in-lb/ue for channels 1 and
2, and 25,000 in-lb/ue for channels 3 and 4. The upload data are quite nonlinear,
due possibly to the uploading of the riveted structure by removal of the dead
weight gravity loading. The slopes as drawn reflect the apparent zero shift.

The tail movement and fuselage deflection data presented in figure 19 serve to
indicate- further the nonlinear nature of the structure around the zero absolute
load.
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FIGURE 1. COMPARISON OF TEST AIRCRAFT GENERAL CHARACTERISTICS
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787 Strain Test Data {Channel #2 vs. Channel #35 % 411 in 1}
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FIGURE 16. SECONDARY (REDUNDANT) STRAIN CHANNEL 2 VERSUS APPLIED BENDING MOMENT







707 Strain Test Data {Channel #4 vs. Channel #35 % 411 in 1} P
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FIGURE 18. SECONDARY (REDUNDANT) STRAIN CHANNEL 4 VERSUS
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