
mailto:Karen.E.Jackson-1@nasa.gov
mailto:Justin.D.Littell@nasa.gov
mailto:Martin.S.Annett@nasa.gov


https://en.wikipedia.org/wiki/Jet_aircraft
https://en.wikipedia.org/wiki/Airliner
https://en.wikipedia.org/wiki/Netherlands
https://en.wikipedia.org/wiki/Aircraft
https://en.wikipedia.org/wiki/Fokker










 

Rev. 04/2018 for Earth & Space Conf. 

velocity data were output directly from the simulation.  The test/analysis comparisons 
of acceleration and velocity responses are shown in Figures 7 (a) and (b), respectively, 
for the port window location at FS 5805 (see Figure 5).  At this location, the model 
exhibits four acceleration peaks, the first two peaks are higher in magnitude than the 
test.  However, the overall pulse durations are similar.  It is also interesting to note that, 
even after filtering using an SAE CFC 60-Hz filter, the test signal still contains many 
oscillations.  The velocity responses at this location, shown in Figure 7(b), indicate that 
both the test and predicted curves agree well during the initial portion of the pulse, up 
to approximately 0.015-s.  After this time, the predicted response removes velocity 
more quickly than the test and crosses zero velocity slightly before the test response. 

 

   
                (a)Acceleration responses.                       (b) Velocity responses. 
 

Figure 7. Acceleration and velocity comparisons at the port window at FS 5805. 
 
The test/analysis comparisons of acceleration and velocity responses are shown in 
Figures 8 (a) and (b), respectively, for the port aisle location at FS 5805 (see Figure 5).  
The test and model acceleration time histories both indicate an initial negative peak of 
25-g.  Subsequently, the model exhibits two peaks of 50- and 30-g, but generally 
matches the test response following the first large peak.  The velocity responses agree 
well, crossing zero velocity at approximately the same time and exhibiting similar 
rebound responses. 
 
The test/analysis comparisons of acceleration and velocity responses are shown in 
Figures 9 (a) and (b), respectively, for the starboard window location at FS 5805 (see 
Figure 5). The test and model acceleration time histories agree very well, especially 
during the early part of the pulse.  The simulation matches the magnitude and phase of 
the test oscillations well, up to 0.075-s.  After 0.075-s, the model over predicts the test 
acceleration responses.  The velocity responses agree very well, again up to 0.075-s.  
After this time, the two curves deviate and the model curve crosses zero velocity earlier 
than the test. 
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                 (a)Acceleration responses.                          (b) Velocity responses. 
 

Figure 8. Acceleration and velocity comparisons at the port aisle at FS 5805. 
 

    
                 (a)Acceleration responses.                          (b) Velocity responses. 
 

Figure 9. Acceleration and velocity comparisons at the starboard window at FS 
5805. 

 
The test/analysis comparisons of acceleration and velocity responses are shown in 
Figures 10 (a) and (b), respectively, for the port window location at FS 6805 (see Figure 
5).  The model acceleration response again exhibits four peaks and matches the 
duration of the test response exactly.  The test acceleration response contains many 
oscillations, making it difficult to discern a definitive pulse shape.  The test and model 
velocity responses agree well, even crossing zero at the same time, though the rebound 
velocity responses are different between test and model. 
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(a) Acceleration responses.                        (b) Velocity responses. 

 

Figure 10. Acceleration and velocity comparisons at the port window at FS 6805. 
 
The test/analysis comparisons of acceleration and velocity responses are shown in 
Figures 11 (a) and (b), respectively, for the port aisle location at FS 6805 (see Figure 
5).  The level of agreement between the test and model acceleration responses is not as 
good as seen previously.  The model exhibits a peak of 40-g at 0.04-s, and the test 
response exhibits a peak of 44-g at 0.056-s.  Even the test and model velocity responses 
do not agree well.  The test exhibits an initial negative velocity, which is not observed 
in the model response.  Both curves cross zero velocity at different times and show 
different rebound responses. 

 

        
             (a)Acceleration responses.                      (b) Velocity responses. 
 

Figure 11. Acceleration and velocity comparisons at the port aisle at FS 6805. 
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The test/analysis comparisons of acceleration and velocity responses are shown in 
Figures 12 (a) and (b), respectively, for the starboard aisle location at FS 6805 (see 
Figure 5).  At this location, the model acceleration response exhibits two peaks, one of 
31.5-g and the second at 21-g.  Once again, the test response contains many 
oscillations.  The model crosses zero velocity sooner than the test velocity response.  
In addition, the model response removes velocity more quickly than the test and has a 
different rebound response than the test. 
 

    
                 (a)Acceleration responses.                      (b) Velocity responses. 
 

Figure 12. Acceleration and velocity comparisons at the starboard aisle at FS 
6805. 

 
The test/analysis comparisons of acceleration and velocity responses are shown in 
Figures 13 (a) and (b), respectively, for the starboard window location at FS 6805 (see 
Figure 5).  At this location, the model and test acceleration responses are similar, both 
responses exhibiting several peaks of similar magnitude.  The velocity responses agree 
fairly well, with the model response removing velocity more quickly than the test and 
crossing zero sooner than the test.  Both curves have similar rebound responses and 
magnitudes. 
 
As a means of performing a more rigorous test/analysis comparison, the average 
acceleration was calculated for the experimental and analytical responses.  The average 
acceleration was obtained by calculating the area under the acceleration curve from 
time zero to the end time of the pulse duration, and then dividing the area by the pulse 
duration.  In general, the pulse duration was determined as the time of maximum 
rebound.  These data are shown in Table 1, along with percentage differences between 
test and model data.  All of the percentage differences are under 20%, indicating a 
reasonable level of test/analysis agreement.  Note that 5 of 7 data points are under 10%. 
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                (a)Acceleration responses.                     (b) Velocity responses. 
 

Figure 13. Acceleration and velocity comparisons at the starboard window at FS 
6805. 

 
Table 1. Test-analysis comparison. 

Location Pulse Duration, s Average 
Acceleration, g 

Percent 
Difference, % 

 Test Model Test Model  
Port Window at FS 5805 0.088 0.114 10.97 9.5 13.4 
Port Aisle at FS 5805 0.1034 0.1034 10.47 10.53 0.57 
Starboard Window at FS 5805 0.164 0.164 6.3 6.4 1.6 
Port Window at FS 6805 0.134 0.134 7.48 7.59 1.5 
Port Aisle at FS 6805 0.136 0.115 8.94 9.46 5.8 
Starboard Aisle at FS 6805 0.119 0.119 8.38 8.36 0.24 
Starboard Window at FS 6805 0.166 0.146 6.4 7.4 15.6 

 
Comparison of Structural Deformation and Failure 
A post-test photograph of the test section is shown in Figures 14(a), in which the 
section has been completely unloaded, including removal of the hat racks, floor panels, 
and luggage.  Discrete failure points at the floor level, as well as plastic deformation of 
the bottom centerline of the section, are evident.  A picture of the model at 0.2-s, which 
is the end time of the simulation, is shown in Figure 14(b) without the luggage, hat 
racks, floor panels, and the soil impact surface.  The model exhibits extensive failure 
of the floor support beams, especially in the central region of the floor.  These failures 
are likely caused by flexure of the floor panels and pressure from the luggage.  
Alternatively, the test article has discrete failures of the floor support beams and seat 
tracks, as shown in Figure 15. Floor level failures include one complete separation of 
the seat tracks, and failures of the side-to-side floor support beams, as depicted in 
Figure 15.  An impact sequence, taken from the high-speed video coverage, is shown 
in Figure 16. This figure depicts airframe deformation, as well as seat failures and 
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occupant flailing.  Note that both the model and the test article exhibit plastic 
deformation of the lower structure between the stanchions.  Additional information 
regarding the F-28 section test can be found in Littell (2017). 
 

          
                              (a)Post-test photo.                  (b) Model photo at 0.2-s. 
 

Figure 14. Post-test photo and model depiction at 0.2-s of the F-28 section. 
 

 
Figure 15. Photograph of floor-level failures. 

 

 
 

Figure 16. Impact sequence of the test. 
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A sequence of model deformation is shown in Figure 17 for four time steps.  The model 
shows excessive deformation of the luggage, indicating that the material properties 
may be inaccurate.  However, some luggage deformation is evident in the test 
sequence, shown in Figure 16.  The luggage does exert an upward force on the floor 
beams, which are bending due to seat track loading.  It is interesting to note that the 
cargo door, which is located on the lower right side of the section when viewing the 
photos in Figure 16, causes asymmetry in the deformation pattern of the section.  
However, this effect is not seen in the model, likely due to the presence of the luggage.  
The cargo door and surrounding support structure were included in the model. 
  

  
Time = 0.05-s Time = 0.1-s 

  
Time = 0.15-s Time = 0.2-s 

 

Figure 17. Model deformation sequence. 
 
DISCUSSION OF RESULTS 
 
This paper has presented the results of a finite element simulation of a F-28 forward 
fuselage section vertical drop test.  The focus of the test/analysis comparisons was on 
seat track responses and structural deformations and failures.   A comparison of average 
accelerations between the test and predicted responses indicated that 






