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CHAPTER 2

PROCEDURE

2.1 BOX BEAMS AND TENSION TIES

The thermoelastic response of simple aircraft type structures
was studied using specimens called box beams, which were long,
slender structures consisting of two faces and two webs fastened to-
gether with screws and dowel pins, and tension ties, which were thin
bars of rectangular cross-section stressed in tension, The specimens
were made of aluminum and magnesium materials and each was
mounted with its longitudinal axis in a vertical plane and with its front
face normal to the intended burst point. The beams, rigidly clamped
at one end, were exposed as cantilevers, as shown in Fig. 2.1; and
the ties were loaded by leaf springs, such that the material stress at
the peak of the thermal phase would be between yield and ultimate, A
tension tie and its loading device are shown in Fig, 2.2,

Fig. 2.1 Box Beam and Mount Fig. 2.2 Tension Tie and Loading
Device
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The absorptivity of the specimens was adjusted so as to achieve
temperature rises up to a maximum of 400°F in the ties and in the
front faces of the beams. At least one strain gage and one thermocouple
were attached to each specimen to measure the time-history unit elong-
ation and temperature of the metal,

Details of the thermoelastic study utilizing box beams and tension
ties are given in Appendix B,

2,2 HORIZONTAL STABILIZER AND ELEVATOR ASSEMBLY (T-28)

The response of preloaded aircraft components to separate and
coupled inputs was determined using horizontal stabilizer and elevator
assemblies from T-28 aircraft, These specimens, representative of
thin-skin, all-metal construction, were mounted vertically, with the
chord oriented normal to blast incidence and with the control surface
locked. A bending preload was applied to each stabilizer to simulate
in-flight conditions. At each of three ranges, one assembly was ex-
posed to thermal energy but shielded from blast, a second assembly
was shielded from thermal but exposed to blast, and a third was ex-
posed to both thermal and blast inputs, as shown in Fig. 2.3. Three

Fig. 2.3 One Set of T-28 Stabilizers. Left to Right; Shielded from
Blast, Shielded from Thermal, and Unshielded.

ranges were chosen such that the maximum stress in the rear spar of
the unshielded stabilizer would be between yield and ultimate for the
shortest range, at yield for the intermediate distance, and slightly be-
low yield for the longest range. Instrumentation consisted of strain
gages and thermocouples attached to the skin panels and spars of the
specimens.

Details of the coupling study utilizing T-28 horizontal stabhilizer
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Oscillograph instrumentation channels totaled 36 at Station
6500 during Shot 9.

2.5.3  Station 7200

Station 7200 consisted primarily of the second set of T-28
stabilizers. As at Station 6500, the construction consisted of a line of
bases with the instrument shelter behind the center of the line, The
design of the shelter at Station 7200, however, was different from that
at Station 6500 in that it was completely above ground with a much
larger earth embankment for protection,

Figure 2,14 shows the detailed arrangement; reading from

Fig. 2.14 Display at Station 7200, Shot 9

left to right there was:

1. A T-28 stabilizer, unshielded.

2. A set of input instruments,

3. A bonded metal panel with free edges and inside a blast
shield.

4, A second T-28 stabilizer, inside a blast shield, which
also contained a calorimeter,

5. A bonded metal hat panel with fixed edges, enclosed in its
blast shield, g e s ¢

6. A set of input instruments, i 9 3 |

7. A T-28 stabilizer, shielded from thermal energy.

The total number of oscillograph channels used at Station 7200
during Shot 9 was 35,

!
k £.5.4 Station 8800

The third set of T-28 stabilizers was located at Station 8800, PGS
With the exception that there were no bonded metal panels, the arrange- Lot e
ment of the specimen and construction of Station 8800 were identical i 250 ¥
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Fig. 3.3 Thermal Damage To Fig. 3.4a Stabilizer Shield From g
Stabilizer at Range Blast Station 6500, e
3500, Shot 10 Shot 9 ae
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Fig. 3.4b Stabilizer Unshielded Fig. 3.4c Stabilizer Shielded 2
Station 6500, Shot 9 From Thermal Station |

6500, Shot 9 O |
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Good motion pictures showing the effects of the thermal and
blast inputs on the stabilizers and the operation of the thermal shield
were obtained. The operation of all blast and thermal shields and all
mounting and loading frames was satisfactory.

3.4 MISCELLANEQUS SPECIMENS

A total of 36 bonded metal aircraft panels of three types, hat,
waffle, and honeycomb core, were exposed during Shots 9 and 10, For
each type of panel, a range of damage from negligible to severe was
obtained. Bond release was apparent on at least one of each type panel,

Seven waffle panels were exposed. An example of damage to this
type panel is shown in Fig. 3.7. Panel No. 5 sustained a maximum

Fig. 3.7 Typical Damage to Waffle Panel

depth of buckle of 1/4 in, and a skin temperature rise of between 420°F
and 514°F, Bond release occurred at four places, two on the doublers
and two on the waffle stiffeners. Twelve time-histories of strain and
temperature measurements oif two waffle panels were obtained; these
and all other data pertaining to bonded metal aircrait panels are pre-
sented in Appendix D,

Twenty-four hat panels were exposed. Figure 3,8 shows the
damage inflicted on one of each of the four hat panel configurations
tested. These four panels were located at Range 4800 during Shot 10,
The two panels with 0,020 in. skin and free edges, the one completely
and the other partially u‘radxated were subjected to temperature rises
between 430°F and 524 °F, whereas the temperatures of the two panels
with 0,025 in, skin, one with free edge: and the other with fixed edges,
were raised between 378°F and 404°F. On all four panels the maximum
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(a) 0.020' Skin, Free Edges (b) 0.020" Skin, Partially

(c) 0.025" Skin, Free Edges

Fig. 3.8 Damage of One Set of Hat Panels
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(d) 0.025" Skin Fixed Edges
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depth of buckle was about 7/64 in, ; however, no bond release was
apparent on any of these four panels., At a higher thermal flux, two
other hat panels with 0. 025 in, skin experienced bond release when
subjected to peak temperatures greater than 635°F, Fourteen channels
of time-history strain and temperature data were obtained from three
hat panels,

Five honeycomb core panels were exposed. The damage shown
in Fig. 3.9 is representative of the reaction of honeycomb core panels
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Fig. 3.9 Typical Damage to Honeycomb Core Panel

to the thermal input, The panel shown was No. 32 which was exposed
during Shot 10 at a range of 4000 ft, where the total thermal energy
incident normal to the panel was 18.5 cal/sq cm, For this type panel,
bond release occurred at temperatures as low as 300°F, Two time-
history temperature measurements were obtained {rom one panel.

The B-36 horizontal stabilizer and elevator assembly suffered
very light damage during Shot 9 at a range of 13,585 ft, where the in-
puts were 3.3 cal/sq cm and 1.2 psi. During Shot 10 at a range of
5350 ft with inputs of 14.4 cal/sq cm and 3.2 psi, the assembly was
damaged beyond economical repair, There was evidence of damage N SACAENC N e B
due to both thermal and blast inputs with the skin scorched and buckled, * - 3
ribs and bulkheads crushed, and access doors opened and blown away,

The B-36 wing section, exposed during Shot 9 at input levels of
23 cal/sq cm and 5.7 psi, was very heavily damaged. Temp-tape data
indicated that temperatures as high as 635°F were realized on skin 3
panels. Thin aluminum and magnesium skins were scorched, and the N . |
adhesive bond between the hat stiffeners and the skin failed, Thicker > PR
skin was dished in between supporting stringers and ribs, bulkheads
were crushed, and spar webs were buckled. In Appendix D of this
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Fig. C.8 Installations on Level and Slanted Concrete Bases

Fig. C.9 Stabilizer Mounting Fixtures
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inspected for damage, Damage in the form of spar buckling and skin
wrinkling was predominant, A diagonal wrinkle, shown in Fig. C.21,
starting at the intersection of the rear spar and the station 7.5 rib
(exposed side) was detected on nearly all installations exposed to blast,
The structure was reinforced by a doubler at this point, Another

n typical failure, shown in Fig. C.22, consisted of a skin buckle on the

......

Fig. C.21 Typical Skin Buckle on Fig. C.22 Typical Root Buckle
Irradiated Surface at on Unexposed Side of
Intersection of Rear Elevator
Spar and Root Rib

rib and the elevator trim tab, A failure evident on all stabilizers ex-
posed to blast was a series of parallel, diagounal buckles in the rear
spar web beginning at the reinforced root web section and extending
outboard to station 40, No similar effects on the rear spar web of
stabilizers exposed only to thermal energy were discovered. As a re=-
sult of the spar web buckles, permanent set in the affected stabilizers
was observed both from the postshot inspection and from the difference
in the preload strains measured before and after the shot, A typical
web buckle is presented in Fig, C, 23,

3
: " R - L4
unexposed side of the elevator at the intersection of the root elevator o

TR

Fig. C.23 Typical Rear Spar Web Buckles
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Fig. C.26 Over-all Damage Sustained by Stabilizer Exposed to Thermal
Radiation Only, Station 3500, Shot 10
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3/64" Buckle Depth, Panel No. 18
(Typical of Panels No. 18 and 19)

5/32'" Buckle Depth, Panel No. 22

7/64" Buckle Depth, Panel No. 23

Bond Release, Panel No. 22

Fig. D.18 Typical Thermal Damage to 0. 025 in. Hat Panels, Free

Edges
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3/32" Buckle Depth, Panel No. 24 7/64" Buckle Depth, Panei No. 29
(Typical of Panels No. 24, 25, 26,
27, 30)
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1/8" Buckle Depth, Panel No. 28 Bond Release, Panel No. 37

(Typical of Panels No. 28 and 37)
[} ' . . : (

Fig. D.19 Typical Thermal Damage to 0. 025 in. Hat Panels, Fixed

Edges
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Fig. D.43 B-36 Left Wing Outer Panel Prior to Shot 9, Range 4800 ft
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Fig. D.44 B-36 Wing Section Prior to Shot 9, Range 4800 ft, Showing

Plywood Bulkhead at Qutboard Extremity
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Fig.

Fig.

D. 69

Aircraft Undercarriage Component Panels, Range 3460 ft,
Shot 7

Close-up of Hydraulic Components Panel, Range 1920 ft,
Shot 7
263
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