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VEKTICAL DROP TEST OF A TRANSPORT FUSELAGE SECTION
LOCATED FORWARD 0" THE WING

M. Susan Williams
Robert J. Hayduk

Langley Research Center

SUMMARY

A 12-foot long Boeing 707 fuselage section was drop tested at the
NASA Langley Research Center to measure structural, seat, and occupant
response to vertical crash loads. Occupant response was simulated with
anthropomorphic dummies. The specimen had nominally zero pitch, roll,
and yaw at impact with a sink speed of 20 ft/sec. Results from this drop
test and future drop tests of other transport sections will be used to
orepare for a full-scale crash test of a B-720 in July, 1984.

Post—test inspection showed that the section bottom collapsed inward
approximately 2 ft. Preliminary data traces indicated maximum normal
accelerations of 20 g at the fuselage bottom, 10 to 12 g at the cabin
floor, and 6.5 to 8 g at the dummy pelvises.

INTRODUCTION

As part of the NASA LaRC Transport Crash Test program, reference 1,
various fuselage sections from Boeing 707 transport aircraft were
acquired for dynamic drop testing. The structural response data from
these tests will be used to corroborate the DYCAST computer program,
reference 2, being developed for crash analysis of aircraft structures.
Another purpose of these tests 1s to determine structural, seat, and
occupant response to vertical crash loads in preparation for a full-scale
crash test of remotely piloted B-720 to be conducted at NasA/Nryden in
July, 1984 as part ot a joint NASA/FAA program.

This report presents photographs and preliminary data traces from
the first Transport Section Drop Test conducted April 26, 1983. This 12
foot 1long, 14.2 foot high section located just forward of the wing, was
drop tested at 20 ft/sec wusing the Vertical Test Apparatus at NASA
Langley Research Center. Results from this test provide an indication of
vertical loads and accelerations to be expected in the full-scale crash

test.
TEST SPECIMEN

The fuselage section 1is shown suspended in the Vertical 7Test
Apparatus at the Impact Dynamics Research Facility in figure 1. The 12
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foot~long section was cut from a Boeing 707 10 in. forward of Body
Station (BS) 600 to 10 in. aft of BS 600J (Fig.2) (Ref. 3). After
removing nonstructural 1items, such as interior paneling, insulation,
storage bins, ducting, etc., the bare section weighed 1870 1bs. The
section weighed 5051 1lbs when loaded with seats, anthropomorphic dummies,
and instrumentation. The structural beams and paneling, which form the
lower bulkhead closing off the cargo bay at BS 600J, were removed in
order to make the subfloor structural strength uniform lengthwise.

As can be seen in Figure 1, the fuselage section is open on both
ends. In a crash the response of this fuselage section would depend on
the transmission of forces and moments between the section and the rest
of the structure. This interaction is very difficult to predict and
simulate. Consequently, a very simple end restraint tension cable system
was used to provide outward radial restraint only.

Figure 3 is a floor layout of seats, instrumeutation junction box, a
simulated power distribution pallet (for weight simulation) and a battery
for camera power. Seats were located on the test section approximately
as they are to be located on the full-scale airplane test. Seats A, B,
D, and F were modified with two aluminum strips to reinforce the seat
pans and help prevent seat pan failure. Each strip was three 1inches
wide, 6064 — TO aluminum sheet metal, 0.100 inch thick and ran the entire
width of the seat. For comparison, seat C was not modified and wags left
with its original rubberized fabric seat pan. Eight 50th percentile, 165
1b, Part 572 anthropomorphic dummies (Ref. 4) were distributed among the
five tripie seats as follows:

Seat Anthropomorphic Dummy Location
A Center

B Center

c Qutboard, Center, Inboard

D Center, Outboard

F Center

All dummies had normal (aligned with the spine) and longitudinal
(fore-and-aft perpendicular to the spine) accelerometers in their head
and pelvis and were restrained with standard lap belts. A 95th
percentile dummy (195 1b) sat 1in the inboard location of seat F,
restrained with a standard 1lap belt, but was not instrumented with
accelerometers. Weights (see Fig. 4) were used to load the remaining
six occupant locations. Table I gives the weight and coordinates of all
articles and ballast onboard the section at test time. The origin
(0,0,0) was chosen to be along the centerline of the fuselage (X), BS
600F (Y), and on top of the floor (Z). Figure 5 gives the seat leg
locations in inches relative to the front edge of the test section floor.
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TEST APPARATUS AND METHODS

The NASA Vertical Test Apparatus (VTA) (Fig. 1) was wused to drop
test the transport section and to provide a stable guide mechanism for
the vertical impact test. The VTA was designed for the followlng
conditions:

1. Maximum impact velocity = 50 ft/sec

2. Maximum specimen dimensions - 12 ft diameter, 26 ft long,
10,000 1b weight

Test conditions for the transport section “est fell below these limits.

The VTA 18 located at the north west 1l:g of the gantry structure at
the Impact Dynamics Research Facility (Ref. 5). The gantry provides
support through lateral ties to the VIA. The VTA (70 ft high) consists
of a 7 1/2 ton hoist platform on two support. columns. Each column has
rails to guide the vertical motion of a lift frame to which a specimen
can be attached for drop testing. The specimen impacts a steel
reinforced concrete pad at the bottom of the VIA while the support frame
is decelerated by impacting shock absorbers. A power quick-release hook
is used to lift the support frame and specimen to the desired drop
height.

For the transport section test, the section was connected to the
support frame by a series of cables with turnbuckles to adjust cable
length and control the impact attitude. The impact attitude for the test
was O degree pitch, O degree yaw, and O degree roll. The section was
raised 6 ft 2.5 in above the impact surface to obtain a vertical impact
velocity of 20 ft/sec. The section contacted the concrete prior to the
support frame impacting the shock absorbers.

INSTRUMENTATION AND DATA REDUCTION

DC accelerometers were used in the dummies and on the aircraft
structure to obtain continuous recordings during the dynamic drop test.
The accelerometers were mounted on aluminum blocks, which were then
mounted to the structure (Fig. 6). Strain gages were located on the
support frames bereath the floor. Figures 7a and 7b show the location of
the accelerometers and strain gages and also show the positive axis
directions. Four extensometers (see Fig. 6) were mounted on the
gection, two above the floor and two below to measure deflection of the
fuselage relative to the floor. All data were transmitted to a tape
recorder through an umbilical cable that was hard-wired to the data
acquisition system.

The analog signals were filtered during recording at 600 Hz and
subsequently digitized at 4000 samples per second. The digitized
accelerometer data were passed through the following digital filters:

Dummy Head 180 Hz
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Dummy Pelvis 180 Hz
Alrcraft Structure 20 Hz

The extensometer data and strain gage data are not presented in this
preliminary data report.

Motion pictures were taken at 400 pictures per second during the
experiment. The cameras were located onboard the test section and on the

ground. Still photographs were taken before and after the test.
GENERAL RESULTS

Figures B8a through 8d show post-tes: damage to the transport
section. The frontal view of the section ir. figure 8a shows that the
fuselage beneath the floor collapsed approximately 2 ft. No apparent
damage occurred to the upper fuselage. fioor, or seats during the test.

Bending failure of the frames occurred on both sides of the fuselage
at approx nately one third the vertical height from the fuselage bottom
to the top of the floor. On the port side, the skin folded between bays
at the bending failure (Fig. 8b). The floor in the baggage compartment
buckled inward and upward, and bolt holes were sheared through on the
port side where the edge of the floor was fastened down (Fig. 8c).
Tensile failures due to bending occurred along access holes benzath the
baggage compartment floor (Figs. 8b and 8c). Figure 8d shows a frame on
the starboard side approximately 2 1t below the floor at BS 600H, which
failed in bending where the cross sectional thickness of the frame was
decreasing.

Acceleration time histories for the structure and anthropomorphic
dummies are given in figures 9a through 9s and 10a through 10p,
respectively. The locations of the acceleration traces are identified by
word descriptions and by numbers, which are shown in figures 7a and 7b.
The locations of the acceleration traces in the dummies are also
identified by word descriptions and by numbers referring to figure 3.
These data traces are presented in an unrefined form in order to make
them available quickly. Futher refinement will correct for zero shifts.

The maximum normal acceleration of the first pulse was measured on
the bottom of the fuselage and was approximately 20 g (20 Hz filter) with
a time duration of 0.03 sec. Secondary pulses were in the 6 to 12 g
range. Normal accelerations measured orn the frames approximately
one-third and two-thirds the vertical distance between the botiom of the
fuselage and floor on the starboard side were characterized by two
pulses. The first pulse ranged from 8 to 10 g for approximately 0.03
sec. The acceleration levels dropped soon after the buckling failure
occurred and began increasing again as the structure stiffened to a
maximum of 10 to 12 g for approximately 0.05 sec (second pulse).

Crushing of the fuselage structure in the baggage area resulted in
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lower accelerations at the floor level as compared to the measured
acceleration of the fuselage bottom. The normal acceleration traces at
the floor beam / frame intersection had a first pulse of about 10 g for
0.03 to 0.04 sec followed by a second pulse of 12 g for 0.06 sec.
Maximum normal accelerations measured under the inboard seat rails on the
floor beams were approximately 8 g for 0.04 sec for the first pulse and 6
g for 0.12 sec for the second pulse.

The highest normal acceleration level measured occurred,
surprisingly, at the roof. The roof normal accelerometers at BS 600D and
600H (figures 9r and 9s) show an oscillatory rather than pulse response,
as exhibited on the floor and undercarriage. Nearly 24 g for 0.04 -cec
was measured during the first half wave at BS 600H. This oscillatory
respongse at the rocf is in the 10 to 12 cycle per second range, clearly
at structurel vibration levels.

The maximum normal pelvis accelerations for the dummies in the
modified seats (reinforcing straps under the seat pan) were approximately
8 g (filtered at 180 Hz) for both the first and second pulses; however,
the duration of the second pulse was longer (0.09 sec as compared to 0.06
sec). The same type of trace with two distinct acceleration peaks was
also seen in the normal pelvis acceleration of the dummies in the
unmodified seat. The maximum normal acceleration was approximately 6.5 g
for each pulse, and the total time duration for both pulses was about
0.24 sec. The accelerations were lower in the unmodified seat, since the
loads experienced during the test were not high enough to cause seat pan
failure. The unmodified seat was not nearly as stiff as the modified
seats with reinforced aluminum seat pans and consequently allowed the
dummy occupants to stop over a longer distance with less acceleration.

CONCLUDING REMARKS

A Boeing 707 fuselage section was drop tested at the Impact Dynamics
Research Facility, NASA Langley Research Center, to study structural,
seat, and occupant response to vertical crash loads. The section,
located just forward of the wing, was tested at 20 ft/sec vertical impact
velocity without roll, pitch, or yaw.

From post-test inspection of the fuselage section and preliminary
data traces the following were concluded:

l. The lower fuselage section (baggage compartment) collapsed
inward approximately 2 ft during the test.

2. Bending fallures developed along both sides of the section
at one third the vertical height between the fuselage
bottom and floor.

3. No damage occurred to the upper fuselage, floor, or seats.

4. A maximum normal acceleration of 20 g (20 Hz filter) was
measured on the fuselage bottom.
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5. Due to the crushing of the lower fuselage, the maximum

normal accelerations on the floor were 10 to 12 g (20 Hz
filter).

6. Maximum normal pelvic accelerations measured in the

anthropomorphic dummies ranged from 6.5 to 8 g
(180 Hz filter).
This report is a quick release of technical information before
complete refinement and evaluation. Consequently, the above conclusions
are preliminary and subject to reconsideration.
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TABLE I.- TRANSPORT SECTION TEST WEIGHT DISTRIBUTION

Item Weight(1bs.) X(in) Y(in) Z(in)

Empty weight 1870 : 0 0 0
Seat A: inboard 146 42 -19 -24
center 188 42 -38 -24
outboard 154 42 -57 -24

Seat B: inboard 154 42 13 -24
center 188 42 38 -24
outboard 148 42 57 -24

Seat C: inboard 187 -18 -19 -24
center 188 -18 -38 -24
outboard 187 -18 -57 =24

Seat D: inboard 154 12 19 -24
center 188 12 38 -24
outboard 187 12 57 -24

Seat F: inboard 217 -47 19 -24
center 188 -47 38 -24
outboard 148 -47 57 -24
Junction box 60 21 -36 -4
Pallet 145 -48 -36 -5
Camera 1 & mount 30 50 -3 -78
Light 1 6 54 <23 -84
famera 2 & mount 30 50 47 -66
Light 2 6 54 38 -78
Camera 3 & mount 30 0 -42 -60
Light 3 6 14 -45 -72
Camera 4 & mount 30 0 43 -60
Light 4 6 6 44 -72
Time code box & battery 8 30 -70 <12
Battery 18 28 -55 -3
Camera timing panel 4 10 -70 -12
Ballast 20 ~65 -54 43
Ballast 20 -50 -54 43
Ballast 40 -65 -48 50
Ballast 20 -50 -48 50
Ballast 40 -65 -37 61

Ballast 40 -65 0 72
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Figure 1.- Transport section suspended in Vertical Test Apparatus.
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Figure 5.- Seat leg locations relative to front edge of section.
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(a) Structural acceleration time histories.
Figure 9.- Acceleration time histories measured on the aircraft structure. 2]
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(b) Structural acceleration time histories.

22 Figure 9.- Continued.
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(c) Structural acceleration time histories.
Figure 9.- Continued. 23
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Figure 9.- Continued.

3% .40 .45 50 .55 .60

g
4
i

¥




Acceleration,

Acceleration,

9

0 — OR!GINAL DAZE ¥,
; OF PGOR GuaLiiy Channel 23
20 — Starboard frame - T
— BS600D
10 —
- /
Ja N
- el
-10 .
—
—
-20 —
[
-30 m]Lummlmmmlmulmu. IJIIIL]I_LJ_LLLL__L]_J_LUJ
0 Jdo .15 .20 .25 .30 .35 .40 .45 .50 .55
Time, sec
30 —
— Channel 24
20 E_ Starboard frame - N
— BS 600D
10 —
FANA o
[
—
-10 —
20 —
-30 Cllll|llll|llllIIIIl![llllllllhlllltLlllliHilULllLlL[lHLJ
o .06 .10 .15 .20 .25 .30 .3 .40 .45 .50 .55 .60
Time_ sec
(e) Structural acceleration time histories.
Figure 9.- Continued. 28
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(f) Strucwural acceleration time histories.
Figure 9.~ Continued.



i £ R S ebiriin e o e o oo otanp o P <mm | ArAAS (gt 97 a0

[FRE VP -

Acceleration 0

Acceleration,

0
9

OR!GINAL PAGE 13

- OF POCR QUALITY

E Channel 27

_y Starboard frame - N

— BS600H

[

:"/ ﬂ }_vﬁl\ PV~ oumaer o=

. \\-\’/ﬂ. 7 —=

= \/ \f

[

:1||||u||]|||||1||||a|u||m!uu||;||||11||1|||lu1||:|j1|

o .56 .10 .15 .20 .25 .30 .3% .40 .45 .50 .5 .60
Time, sec

"

- Channel 28

-_._ Starboard frame - L

— BS600H

EIILIILLIIILIJIIIII'HILIHIIIJHI’IIHILIIIIHUILHIlllJ_L'

o .06 .10 .15 .20 .25 .30 .3 .40 .45 .50 .55 .60
Time, sec

(g) Structura) acceleration time histories.
Figure 9.- Continued. 27



Y

« TR PR PR Tl e - -
e . oA - v
W MERPEPEE Ry T FR TR Sk ¢

Acceleration,

g

Acceleration,

g

0

3

HTIIIH'IIH]

20

10

0

Channel 29
Starboard frame - T

3
%

<Jrllllllll|illl]
8
p i

[Illfl”ll

oo o] coocdheodbod beoecbeodbo oo g |
00 .10 .15 .20 .5 .30 .35 .40 .45 50 55 .60

Time, sec

S OTT]

Channei 30
Starboard frame - N
BS600H

B e T [\

\/\/“’" o

o
-
=

illI]LllliLlJIJlHlllIIIJIIIIIIIJLIIUJIIHL‘HIJLUIJLIJII]

0 .05 .0 .15 .20 .5 .30 B 40 .45 .50 55 .0 |-

Time, sec

(h) Structural acceleration time histories.
Figure 9.- Continued.

. P ke




channel 3
Starboard frame - L
BS 600H

20

10

Acceleration, g

g
\M
a0 .4 5 .5 60
\ 30
‘; Channel 32
: ’% 20 starboard frame - 1
’i BS 600H
i Acceleration, g —
{ q

b T . ‘\
30 ' it k Pl \
o .0 10 .1 20 .0 3 .3 4 O 50 .5 N .
Time, sec \
(1) structural acceleration time histories.
Figure 9.- Continued. 29



" Acceleration, 0

3

Acceleration,

30

E Channel 7

- Frame/floor beam - N

— Port side, BS600D

[ Bad channel

:IJJlLuuhlnluulehmhmhmhmhunhlullml

o .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec

E Channel 8

E’ Frame/floor beam - L

— Port side, BS600D

MW’”’W

.

’:

_mhudmlllmhml|auluullmhnﬂlmhlulun]

o .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60 .
Time, sec

(j) Structural acceleration time histories.
Figure 9.- Continued.

.




- © v e ,.‘,.‘ el

» . .
WCREE AT DA e

.
olg LEmaied . et T -

L . 3
e TR Y
.

Acceleration, 0

&

20

10

Acceleration, 0

Figure 9.- Continued.

E Channel 9
— Frame/floor beam - N
— Port side, BS600G
o\ ya e~
— \/, ~
-
‘IIIlllllI|IIIIILl!lllIIIlJJIlIIIIJIHI]hIII|II"lllllllLLlJ
o .5 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec
E Channel 10
:“ Frame/floor beam - L
- Port side, BS600G
—:-'\w"_"" WM”—\\:
:mula|i||u:||u|L|1un‘|mlnuluuhulln||||m|1u4|
v .05 .10 .5 .20 .25 .30 .3 .40 .45 .50 .55 .60
Time, sec
(k) Structural acceleration time histories. .

MR o s o fim F e N

——p



L. I

- reoryiimy M

oy -

-y

. B .
e S R e T, P AN VIS N WA WOT @7 B

g

00—

- ‘ Channe! 11
20— Frame/floor beam - N
10 ; Starboard side, BS600D

~

A

Acceleration, 0

/””J\\““"’”/ﬂﬂ‘h‘_ﬂ——‘\\\_i//,N\\“’

st
E

.20 -
-30:11||||||lelnulllullllllhlufl|H|||¢1|HH|HHMHJJ
0o .05 .10 .15 .20 25 .30 .3% .40 .45 .50 .5 .60
2 Time, sec
E Channel 12
20 E‘ Frame/floor beam - L
— Starboard side, BS600D
10 —
Acceleration, 0 - s
g i S T —
10 —
—
.20__—
-30_mlm|J¢11|LU||H¢|||H|lambnﬂuulm|]JmLau| :
o .06 .10 .}5 ., 20 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec
32 (1) Structural acceleration time histories.

Figure 9.- Continued.

s
P o

—— e



e MW@%

Acceleration, 0

&

20

10

Acceleration, 0

E Channel 13
— Frame/floor beam - N
- Starboard side, BS600F
: PN
2V, W“ —
:m1|Lu||nuJ|1qud|mlnuhmluuluulmzluu!
0o .56 .10 .5 .2 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec
- Channel 14
- Frame/floor bezm - L
— Starboard side, BS600F
;ﬁ\/—\'ﬁ\wﬁm—rwﬂ——\_ﬂﬁ"
—
:___
:muluulun[uulmlhml;m' mlmul.mhlnlm;}
o .06 .10 .15 .20 .25 .30 .3 .40 .5
Time, sec

(m) Structural acceleration time histories.
Figure 9.~ Continued. 33




&

s 3
Surrrrr‘qTrﬁ—]

Channel 15
Frame/floor beam - N
Starboard side, BS600H

. Acceleration, 0

II Iflzfl TT
!
(
(

20 5
-3051|L[L11|Juu'm||||u||mlmnlmlllmhujlimlnml
; o .06 .10 .15 .20 .25 .30 .35 .40 .45 50 .55 .60
Time, sec
i 30—
’ - Channel 16
20 — Frame/floor beam - L
| -~ Starboard side, BS600H
g 10—
! —
i Acceleration, 0 EA_VM . -
3 20—
E'_
—
.20—-_—
-BO;IIJlIIHiHIILIIII[IUI‘HIILHlJIIIIl[!LiJIIILIIlll!!llll"

o .6 .10 .15 .20 .25 .30 .35 .40 .45 .50 .5 .60

Time, sec

(n) Structural acceleration time histories.

34 Figure 9.- Continued.



wr e WE
St

TAPRMCRS e | e Tuoinet s

‘e

30—
E Channel 17
20 — Floor beam/inboard seat rail - N
— Port side, BS600D
10 —
—
Acceleration, 0 E—A A
-10 —
—
20 [—
-30;111|J|u|||uhu|||ilx|nm[lmJJmJJmllulllmiunl
o .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec
30 —
—
— Channel 18
20 — Floor beam/inboard seat rail - L
- Port side, BS600D
10 —
Acceleration, 0 -
g EJ\W et T e
-10 —
- i
al
- .
-30 "TJ,IlJ L1 L! LLIJ,III I[I 111 I|JAlLilgllll 'IIJ_LJJ A LJIALJJ 111 IJI Lll‘
o .6 .10 .15 .20 .25 .30 .3% .40 .45 .50 .55 .60
Time, sec

(0) Structural acceleration time histories.
Figure 9.- Continued, 35




dd

‘A - K} o s
, b e e e o

- Acceleration,

Acceleration,

g

36

0

0

E Channel 19

- Floor beam/inboard seat rail - N

- Starboard side, BS600F

| —_——T=

= \/ WW

—

—

:LLIIIIJLL!ILH!IIlllllllllllL’H_Ll|!lLl'JllllHiilliJllllUJ

6 .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60

Time, sec

E Channel 20

“:" Floor beam/inboard seat rail - L

— Starboard side, BS600F

E%ZZ“—J‘::><:7¥%qﬂhmjﬂvﬁmﬂr e e e =

I :

g !
oo b oo hod oo bod e bt T

o .05 .10 .15 .20 .5 .30 .35 .40 .45 .50 .55 .60

Time, sec

(p) Structural acceleration time histories.
Figure 9.- Continued.




: V‘ngc:.\wa R L

¥ Sk o3 AR 149

‘ *;‘E‘ ‘

Acceleration, 0

&

20

10

Acceleration, 0

- Channel 5
— Floor beam - T
— BS 600E
,:—m-“/\ A NN s TN
:uuluu]miluu[uuhmlmﬂuuluuluu’uu\uuJ
O 0 10 15 .20 .25 .30 .3 .40 .45 50 .55 .60
Time, sec
- Channel 6
E— Floor beam - T
:_ BS 600G
-
— Bad channel
;IH!HHIHHIHHI[HI,HH‘[UJII!II|HH|IHL!(IH(HHf
o .05 .10 .15 .20 .25 .30 .3 .40 .45 .50 .55 .60
Time, sec
(q) Structural acceleration tim: histories.
igure 9.- Continued. 37

[ T T
s R



- PW-B'I‘ L “

-

20

Yool
(=]

Acceleration,
g

o

—
o

4
N
o

-

3

20

10

Acceleration, 0

38

ol

~ ORIGINAL PAGE IS Channel 1

— OF POOR QUALITY Roof - N

— BS600D

EVAN l _*/\ LN, N

V VAV

E_

-

:unlunluuiunflmlml[mlln|||Jmnlmrlnmi|||||

o .05 .10 .15 .20 .25 .30 .3 .40 .45 .50 .55 .60
Tire, sec

E Channel 2

- Roof - L

E_ BS600D

. /\\/\ //\ A N

-

[~

thl|lUlJllllIHll||L||hlltlllHllLLIIHlilllldllJllLLU| ‘

o .06 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60_
Time, sec

(r) Structural acceleration time histories.
Figure 9.- Continued.



e R

. - N - 3 N
T I I R R e et oL L

o

20

fo—
o

Acceleration,
g

o

1
P
o

o
o

=

&8

20

10

Acceleration, 0

E Channel 3

:_ Roof - N

— BS 600 H

t

= TN

— “‘*x\,,/’ N\

2 V\/

=iRR1RNERARRRIRRRR I RRRRA RN RERRERRARE SRRRI RERRIRNRRRANEE

o .05 .10 .5 .20 .25 .30 .3 .40 .45 .50 .55 .60
Time, sec

i Channel 4

- Roof - L

- BS600H

e e

- N/

F;_

t:

-

.

jllll[lll!llllllllllllllillllIlll"llllll_lllllllllllllllllll

o .06 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55
Time, sec

(s) Structural acceleration time histories.

Figure 9.- Concluded.

39

60 |

!
|
1

i



A

IR ¥ S

Acceleration,

Acceleration,

40

g

20
16 E Channe! 39
IZE Head - N
8 Seat A, center
B
P —/"quAa ﬂ”Jm«“ﬁA[UJLrlkqd““vaJ"w/\J\
E LT T
Y
-8 E?.
12 E-
16 =
-ZO:HIIIJLIL'UJLlHIILLJII]MLL!ULI‘tlH]LLHLUJIJJJI_LJ__IJ_U_J
o .56 .10 .15 .20 .2 .30 .3% .40 .45 .5 .55 .60
Time, sec
20 —
165— Channel 40
lzg_ Head - L
8 ;_ Seat A, center
4;__— v\'\[\j (/.A/W'\‘u'v,'.
: l\,\h, !
07 k\,\,\f“ﬁ AT A
4E
.8"—:"—-
2
-16 E-
-Zoqlll]llLlllllJ!IlllllHI[IIlllllll'lHlllJLleLlil'JlllilHj
o .6 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
Time sec
{a) Occupant accelerations.

Figure 10.- Acceleration time histories measured in anthropomorphic dummies.

S il s
S Tk A

oo



- ' e .
AN WB A S ABmova e o s oa me s

Acceleration,
g

Acceleration,
g

20 —

16 = Channel 41

12 - ' Pelvis- N

8 %_ Seat A, center

‘e

— g

OE\’H W, AWV"‘f /N _M&_R:

E

.8E
12 E
“"E | |
20 B o hicd oo b boeedheec b e b b
o .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60

Time, sec
2
1 Channel 42
Pelvis - L

Seat A, center

ol
AR R ( \;/\/\Aﬂﬂ‘ﬂ'._ﬂ up'\"\‘{\f\'\m A/u \'\4 _ﬂ AR !’\‘_ _ﬂ_!x.ﬂCMA%
AW Y ko ey

i

=
0
4E
-8;;"
12
16 -
-20§IIIIIIIIlllllllll|l|l]llllllllllllllllllllllllllllllllllll!
o .56 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec
(b) Gccupant accelerations. 4

Figure 10.- Continued,



e,

3 20 —
- -
’ 16 & Channe! 43
12 E- Head - N
== Seat C, outboard
-
Acceleration, 0 = \"N\M\a
g 4E — \\VN\\\V/vﬂ’w//f’ \\J\\\va/fjp
s
€2E
-16 —
2080 b boeededbood b e b
; o .66 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
3 Time, sec
y g
'} 16 & Channel 44
E 125- Head - L
' 8 =5 Seat C, outboard
' -
f 4= ~
Acceleration, o J\ /\/\ #\'\ P
g :_-_: N
4F
_8_5:—
RE
126 E-
-Zoqli‘lllll!lllllUlIIllil{l!lllllllllHI|LUJLIIIL|IHIJHIIJ .
o .06 .10 .15 .20 .25 .30 .3% .40 .45 .50 .55 .60
Time, sec '
a2 (c) Occupant accelerstions.

Figure 10.- Continued.

O
-



Y YN

20
16 Channel 45
12 Pelvis - N
8 Seat C, outboard
4 S
Accelerauon, E——--ﬁ/‘

-12
1 E
<20 =111 |

PP N

L] lii L il! i |Ii [ l!l Il' 11 l! L III 1 !Il lll L1l Jl 111 l|

o .06 .10 .15 .20 .25 .30 .3 .40 .45 .5 .5 .60
Time, sec
20 =
16 — Channel 46
12 — Pelvis - L
= Seat C, outboard
4= ~
Acceleration, | E NW[J \\N"L‘/\ SN -
g = Y
4=
8=
-
12 =
16 £
-20 :qlgllll llll L]l LJ! ll[lgill llJ ILJ lll,ill Lid [lJ [l Ill ll,lll llJ Ll ll
o .06 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec '

(d} Cccupant acclerations.
Figure 10.- Continued. 43




»
+ asmn 1" PN

3 _

20

165_ Channel 47
12 E Head - N
8 f_ Seat C, center
‘e
Acceleration, o = ,___A_:_W~-'Jw\,»\\v\
B R
4E
-8
E
-16 £
-zo:tllll||||||||||J1|r!mlfuuhuﬂm||||u’1|1||1m|||11|
o .05 .10 .15 .20 .25- .30 .35 .40 .45 .50 .5 .60
Time, sec
20 =
16-:-— Channel 48
12 é;— Head - L
8 = Seat C, center
=
Acceleration, 0 - A ﬁv\ .
g = \‘\,\// \‘\/ T
= /
4E
-8%“
-12 E?' :
1 |
-ZOrTHllllJllllllllLIIllllIII_LHI!llllllllllllIJIIILLIHJJIJIUI : ’
o .05 .10 .15 .20 .25 .30 .3 .40 .4 .5 .55 .60
Time, sec !
a (e) Occupant accelerations,

Figure 10.- Continued.

AL, oot 3 e~



f IR

e ———————— T o A & 4y
.

- Acceleration,

Acceleration,
g

20;—
16 = Channel 49
12 B~ Pelvis - N
8 E_ Seat C, center
4E
OE—‘* I‘ v‘m\
AN
_3;_
12
-16 =
-203ilI‘JIIJIIIH|1H||III||I:H|IHJ!HJI|lllLlJ_lll|llllllllll
o .05 .10 .15 .20 .25 .30 .3 .40 .45 .50 .55 .60
Time, sec
20 =
16 = Channel 50
123—- Pelvis - L
8 E_ Seat C, center
4E- [\,/\
O: ! /v\’\M""V\M e
E_,__MW\{ o S <
4E
-3;—
12 &
16 E- |
-20q|IIIIIII!llllJllIllllllllllllIlil||!lLlLlHllllllHIlIlIH!
o .56 .10 .15 .20 .25 .30 .3% .40 .45 .50 .55 .60
Time, sec
(f) Occupant accelerations.
Figure 10.- Continued, 45

it o

PR

D T




" E——

B e e g

[ SUU

20 —
16 = Channel 51
12 E- Head - N
= Seat C, inboard
‘£
Acceleration, 0 = A /\ //V\\’\,:“—\\
g —
4 E- \’\/\\/ \f/
8=
—
-125—
16 E-
-ZofuLJIIHJJ’HJIIIHIIHI||1HL|lmhujjmllllHluulmll
o .05 .10 .15 .20 .25 .30 .3% .40 .45 .50 .55 .60
Time, sec
20 —
16 = Channel 52
12 = Head - L
8= Seat C, inboard
4= -
Acceleration, 5___.‘,_,,,\/\‘ s \\_\ S N
g - y
4= v\//
-8?3-
<12 =
-16%—
-204un||mluulnu!nuluuluu‘im!nuluulnnduﬂ
o .06 .10 .15 .20 .25 .30 .3% .40 .45 .50 .5 .60
Time, sec
" (g9) Occupant accelerations.

5

Figure 10.- Continued.

-
S




: ', "v"' )

20 —
16 - Channel 53
12 E- Pelvis - N
= Seat C, inboard
4E-
Acceleration, 0 :———«V/\\ - /”\\__\\\M
g —
F1==
12 5
16 E-
2080 bbb bbb o]l b b
0 .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec
20 =
16 i—— Channel 54
= Pelvis - L
== Seat C, inboard
= (A
Acceleration, .E / A o
q 0= SUTAREY e s
4
-8 g—-
1R2E
-16 =
-ZOF-ILI‘IIIIJ*}{H‘JHLIIlllililllIJLl{JLH}LHLLUH‘IJH‘]LIIJ
o .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec
(h) Occupant accelerations.
Figure 10.- Continued. 47

i
a: 1




LI N - . ,q a
. J:Mymhg‘sin‘ﬁtfﬁwmm

et L
Wfpnaux,n- . e
0

! T - N [ N ‘F.“ ’
. e ,7 R . . - e, . . - . . ..
Efr:...___..s..;_h et RN IR ROV SRR N PR PTG 1 S AN N I S o

-
LA

20 —
16 £ Channel 55
12 E- Head - N
8 = Seat B, center
4=
Acceleration, = . e e
g -
£ W
8
12 =
-16 =
20 B o b oo oo bbb
o .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .5 .60
Time, sec
205—
16 = Channel 56
12 = Head - L
8= Seat B, center
4
Acceleration, o e P s S
g = \ ,\/\ﬂ oM
4E \//
.3‘5‘-»
12 =
16 =~
-ZOqJIlLlHI!lHI'HIIlllllIlIIJlIILIllJiLJIIIJLLJHlLHIIIHiI
o .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec
a8 (1) Occupant accelerations.
Figure 10.- Continued.




ny
o

16 — | Channel 57
12 = Pelvis - N
= Seat B, center
=
Acceleration, = ™ //\ /\\ ——
! S AN
ad=u
-8;—
12 £
-165—
-20 H HuuumhmllmlJJI]LLIHHJJHJIHHL]Im[md
0O .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60
Time, sec
20
16 Channel 58
Pelvis - L

Seat B, center

Acceleration,
g

AP

A o o o
W‘ZWI‘ T T
>
)
>
=
<
/
|
;

] bbb boedbocd oo
0 .10 .15 .20 .25 .30 .3% .40 .45 .50 .55 .60

Time, sec

-20

T
o N o

(J) Occupant accelerations.
* Figure 10.- Continued. 49




B

Vew .ot o

ZOE—
16 = Channel 59
-
12 — Head - N
8 = Seat D, outboard
4=
Acceleration, o E A T e —
g E i / \\v
al=n
-8EL_
-IZE—
-16___
-20.JllllluJilIIIlIll'IIIIIIJlIIJlIi'llll!IIII{JIIJJIIthJJ_J_j
o .05 .10 .15 .20 .25 .30 .35 .40 .45 .5 .55 .60
Time, sec
20 —
lnyE Channel 60
12E— Head - L
Seat D, outboard
4=

Accelt;ration, OE,:WM \v///\ /J \ o~
4%— M

-8 1
-16

YL

-ZOIEHIIIIIII|IIIIIHlllIllIIHILIllII|I4Ll|IIlIlIlll|IlHllJ_l_|_' N
o .06 .10 .15 .20 .25 .30 .3% .40 .45 .5 .5 .60
Time, sec
50 (k) Occupant accelerations.

Figure 10,- Continued.



)~ en gty

A T

il o+

Acceleration,

g

Acceleration,
Y

Channel 61
Pelvis - N
Seat D, outboard

& o0 RS
I]l‘FI{TI1 flil} F[ill I iii lt[i' l"‘i !'[5"@||||1]
N

0 A N AL T N e
\ M

) |

" \ i/
-12
-16 £
20 b o eodeedbee o b b

o .05 .10 .5 .20 .25 .30 .3 .40 .45 .50 .55 .60

Time, sec

20 —

16 = Channel 62

12 EE- Pelvis - L

= \ Seat D, outboard ‘
4 g;“ \ {f\.fn‘I i :
S ANDNL { VN

4 -

8=

=
-12 =
=16 — .
205 bocd oo b o o becn b b !
o .05 .10 .15 .20 .25 .30 .3 .40 .45 .50 .55 .60 '

Time, sec

o e Be e
. -

(1) Occupant accelerations.

Figure 10.- Continued. 51

A U vt

Rhar Uit Wi A Y



S Ap—

. . L b
ORI N SN SUNUNUREEE SRS TSRO

~Acceleration,

Acceleration,

52

g

20
16
12
8
4
0

Channel 63

Head - N

Seat D, center

AN

lllllll!llllﬂllllll;THllHIlHHlIHlIHH]’

T

CNAA

IIII'II'I]IIIJ|IIJJLILJJ'lLJL"IlI]JJJ[IJJIIJIJLL'JIILI

Y
(]
S M

— = DD
co N o8 O

L1
.05

.10

A5

20 .25 .30 .35

Time, sec

40 .45

.50

Channel 64

Head - L

Seat D, center

&

-3
-12
-16

moi’_w‘?‘m;lmyirm‘lml

[\

.55

//"“\m\\,_ o
\ B

.60

=20 | H'I]LIHIIIIJJLIIJIIUJ[LIliLlllilLliJlUliLlllJ[llllIlIll'

0

05

.10

A5

200 .5 .30 .3

Time, sec

.40 .45

(m) Occupant accelerations.

Figure 10.- Continued,

v ——r———

.50

.55

.60



20

16 E Channel 66
123_ Pelvis - L
8 _E__ Seat D, center
4E-
Acceleration, OE M /\,\M R Ny
A
-8;—-
‘12
16 £
-20:Hllhm|s|||l||||im||1|11|Lu1|1Hjllullmlhmlnul
o .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .5 .60
Time, sec
20:—
165— Channel 65
125— Pelvis - N
8 %_ Seat D, center
4E
Acceleration, 0 B — AL e NN
g = N
VV \«\/
-8§-
-12;—
-16 E-
-20 H.1 lLlllllIllllllllllllllLlllllllllllllllIlllllllllllllllll
0 .05 Jd0 .15 20 .25 .30 .3% .40 .45 .50 .55 .60
Time, sec
(n) Occupant acc-lerations.
Figure 10.- Continued. 53




‘e S
. R .o v
L canta ot BT .

=. . v
e . T TR S

Acceleration,

Acceleration,

54

g

20
16 Channel 67
12 Head - N
8 Seat F, center
4
0 o vl \ p\ __/\/“"M "”““‘AL’\r.-\.“:fMW-"’L%
= \J Y gy e
4E \ [
8-
12 g_
15 .
-20“41111111&1UJl:mhnu!uuMm‘-l_,mhmm|L11UL!L:H|
0 .05 .10 .15 .20 .5 .30 .35 .40 .45 .50 .55 .60
Time, sec
20 —
16 = Channel 68
12 = Head - L
8 = Seat F, center
4=
0 E‘;&.J‘v*'\mnn - s N/‘M‘%""’LJ—VW‘“’ AN ps

= W e TN
\’\/‘/

-12
-16
-20 ¢ HlJilHLIIU_IJ_LHIUH'l(llllllLlHlllllllLHlJlL'lllJlLil

0o .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .5 .60

Time, sec
(0) Occupant accelerations.
Figure 10.- Continued.
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