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This report was prepared by the Lockheed-California Company under 
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Technical Monitor, Federal Aviation Administration. 

The program leader and principal investigator was Gil Wittlin of the 

Lockheed-California Company. Bill LaBarge provided KRASH analysis support. 

The Lockheed effort was performed in the Flutter and Dynamics Department. 
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EXECUTIVE SUMMARY 

This document describes the effort performed under Contract 

DTFA03-84-00004, Task Order No.6. The study described in this report is 

subsequent to the CID pre-test and CIn correlation presented in references 1 

and 2, respectively. 

The KRASH model refined in the aforementioned efforts was used to perform 

parameteric sensitivity studies for severe, but survivable, crash scenarios. 

The previous KRASH correlation and model refinements are briefly discussed in 

this report. Analyses were performed for air-to-ground, ground-to-ground, and 

longitudinal impacts and the results are presented in the form of triangular 

pulses with definitions of the peak amplitude, base time duration and pulse 

change of velocity. The analytically obtained data are integrated with the 

full-scale aircraft and section test data to formulate crash design velocity 

envelopes. The results of the parameter study suggest the following dynamic 

test conditions for seats: 

1. Combined Vertical-Longitudinal pulse with seat oriented 30 degrees 

from the vertical; the resultant floor pulse parameters are: 

flV 32 ft/sec, flt .15 sec., Amplitude 13g. 

2. Longitudinal pulse; the floor pulse parameters are: 

flV ~ 33 ft/sec, flt = .20 sec.; Amplitude - 109 

The pulses presented are higher than the indicated airframe fuselage 

bending and shear strengths to account for rebound and rotational effects. 

The study results are summarized with regard to the impact that the test 

and analyses data have had on formulating crash design criteria. In the 

process of discussing the major data areas, the progress achieved as well as 

associated limitations are discussed and suggested additional efforts are 

defined. 
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SECTION 1 

INTRODUCTION 

On December 1, 1984, the FAA/NASA jointly sponsored (reference 1) 

Controlled Impact Demonstation (CID) test was conducted. The CID test was a 

major milestone in a series of inter-related analyses and tests prescribed in 

the FAA Crash Dynamics program which is depicted in figure 1-1. Prior to the 

CID test, several section and impact tests including analyses were performed. 

The results of these experiments are described in reference 2. Subsequent to 

the CID test, correlation between KRASH pretest analyses and actual test data 

was evaluated. The actual CID test resulted in an unsymmetrical impact which 

was modeled and the results compared with the recorded test data (reference 

3). The results of this effort (described in reference 3) showed generally 

good agreement between the pretest analyses and the actual test data for both 

a stick (figure 1-2) and an expanded model (figure 1-3). The stick model 

responses were more representative of the floor pulses measured during the CID 

test than were the expanded model results. The measured responses indicated 

that the fuselage fundamental bending frequency was evident and contributed 

significantly to the Cln test floor pulse. The CIn test impact level was not 

sufficiently high enough to verify the additional beam responses obtained from 

the expanded model. Thus, with emphasis on establishing floor pulses based on 

fuselage structural integrity limits (ultimate shear and bending moment), the 

use of the stick model provides the most feasible and direct approach and as 

such was used in the initial parameter studies. The overall program from 

pre-CIO to parametric sensitivity studies 'is depicted in figure 1-4. Prior to 

the CIO test, fuselage sections and a full airplane were drop tested. The 

data obtained from these tests were used to refine KRASH simulations to obtain 

structure acceleration responses and moment/shear distributions. The KRASH 

output was used in the assessment of a planned impact condition which called 

for a severe, but survivable impact. 
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The validated KRASH simulation model provides the basis for the post-CID 

effort. This report briefly summarizes the correlation results and then 

describes some initial modifications to the KRASH model subsequent to the 

correlation and prior to the parameter sensitivity analyses. During the 

course of the parameter variation investigation the following crash scenarios 

were analyzed: 

• Air-to-Ground impact (gears retracted) 

• Air-to-Ground impact (gears extended) 

• Ground-to-Ground impact (gears retracted) 

The program flow chart, shown in figure 1-5, depicts the sequence of analyses 

events leading to the development of crash design velocity envelopes. This 

phase of the effort involved several interactions as a result of the input of 

additional data during the course of the investigation. As noted earlier, 

prior to the parametric sensitivity analyses the KRASH model's capabilities 

were refined to (a) improve the expanded model's flexibility to be in better 

agreement with available data, and (b) correct the stick model's geometry. 

The initial analyses were then performed for the air-to-ground (gears 

retracted) scenario, followed by the ground-to-ground scenario, also with 

gears retracted. The results from the ground-to-ground analyses indicated a 

need to update the nose-gear bulkhead representation. This refinement was 

made using existing available test data (reference 4). KRASH's modeling 

capabilities were revised and a new set of results was obtained. In addition 

to the two scenarios initially investigated, air-to-ground (gears extended) 

and longitudinal impacts were also analyzed. The latter analysis was aided by 

the use of existing available cylinder axial crush test data, also obtained 

from reference 4. The analytical results yielded vertical, longitudinal, and 

combined vertical-longitudinal pulses. The analyses results, along with the 

full-scale test data (L-1649. Cln) and fuselage section test data, were then 

used to formulate crash design velocity envelopes. 
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SECTION 2 

POST-CORRELATION STUOIES 

2.1 SUMMARY OF CIO CORRELATION RESULTS 

The CIO correlation effort is described in detail in reference 3. A 

synopsis of the findings of this study follow below: 

The initial fuselage impact with the ground occurred at a sink speed of 

approximately 14 feet/second (ft/sec), nose down (-2 degrees). This 

condition, modeled as a symmetrical impact with the KRASH stick model, showed 

agreement with the test data with regard to peak vertical acceleration and 

fuselage underside crush distance. The analysis indicated higher shear and 

moment load interaction curve (LIC) values than were estimated from the 

measured bending moments. However, the analytically determined LIC values 

indicated that the airframe strength had not been exceeded, which was 

consistent with the results from the CIO test. 

The KRASH stick model results depicting the CIO unsymmetrical 

air-to-ground impact from the time of engine No. 1 contact through to fuse lag 

contact shows agreement with the sequence and time of occurrence of 

siginificant events such as engine No.1, engine No.2 and fuselage ground 

contact. The airplane cg velocity is reduced from an initial 17.3 ft/sec to 

approximately 14 ft/sec when the fuselage hits the ground which is consistent 

with the test data. The crush magnitudes and distritution, as well as the LIC 

values which indicate fuselage airframe strength margins exist at that impact 

level, are also consistent with the test results. However, the fuselage 

vertical accelerations from the mid-fuselage (FS820) through to the aft 

fuselage (FSI400) are higher than the levels recorded during the CIO test. 

The actual test data also differs from the results obtained from the 

abbreviated 14 ft/sec fuselage impact analysis results. The analyses showed 

that the responses are somewhat sensitive to the initial loading 

(aerodynamics) conditions and the manner in which those loads change. The 

difference in acceleration responses noted may be due to the manner in which 

these external forces are represented in the KRASH model. 

2-1 



The fuselage vertical acceleration responses obtained from the post-Crn 

analyses, both the symmetrical impact on the fuselage at 14 ft/sec, and the 

unsymmetrical impact on the No.1 engine at 17.3 ft/sec are shown in 

figure 2-1, along with the measured crn test data range. The acceleration 

values represent peak g's for a triangular pulse with a base duration between 

0.100 and 0.150 second. The longitudinal pulses are approximately 3 to 4 g's 

along the fuselage. 
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An analyses of the results for the planned CIn symmetrical (O-degree 

roll, yaw) and the actual CIn unsymmetrical (-13 degree roll, yaw) condition 

for the one-degree nose-up and 17.3 ft/sec sink rate impact are shown in 

figure 2-2. The fuselage crush distribution is similar to that experienced 

during the full-scale airplane drop test, commonly referred to as the 

"Laurinburg" test, which was a symmetrical, 17 ft/sec sink speed impact. The 

17.3 ft/sec symmetrical impact shows a peak LIC of 0.78. By linear 

extrapolation, this data indicates the LIC ratio of 1.0 (limit of airframe 

strength) would be reached at a sink speed of 20 ft/sec. However, the 

responses are most likely not a linear relationship with impact velocity, but 

more a function of available crush distance. 

Comparisons of the stick model versus the expanded model fuselage results 

for a symmetrical 17 ft/sec impact with a 1 degree nose-up attitude engines-on 

are shown in figure 2-3. The LIC values generally range between 0.60 and 

0.70. The peak vertical accelerations, also shown in figure 2-3 are 

reasonably close for fuselage station 199 through to fuselage station 960. 

Aft of this location station the expanded model responses are approximately 

2/3 the values of the stick model. The crush distributions for both the stick 

and the expanded models follow the same trend. They are both within the crush 

distances observed for the "Laurinburg" test, which was performed for the same 

impact condition as the CIn. The "Laurinburg" test differed from the CIn test 

in that the former did not have aerodynamic loading and forward velocity. As 

noted in reference 3, the differences between the stick and expanded model 

representations need further investigation to ascertain their influence on the 

respective results. 

The fuselage peak vertical acceleration versus base duration for the 

triangular pulses associated with the analyses and test results is shown in 

figure 2-4. The acceleration responses are shown for the passenger region 

only (FS460-FS1400). As expected there is substantial scatter. For the most 

part the test and analyses results fall in the shaded area which is between 4g 

to 109 peak and 0.100 to 0.170 second base duration. 
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From figure 2-1, shown earlier, there are differences between the peak 

vertical accelerations obtained from the full unsymmetrical analysis, the 

analysis of the symmetrical impact on the forward fuselage and the test data. 

Several areas in the model and impact condition representation may contribute 

to such a difference. These include: 

• The effect of both the initial and time varying aerodynamic loading -
For example, the moment response data as shown in figure 2-5 shows the 

No. 1 engine impacting first and then followed by impact of the 

fuselage while, the symmetrical model analysis starts at the point 

designated "nose-impact," with an aerodynamic loading applied so as to 

develop the moment distribution measured. The unsymmetrical model 

analysis starts at the point noted "initial engine impact." For the 

analyses to be identical, the moments would have to be developed from 
"initial engine impact" through "initial fuselage impact" as shown in 

figure 2-5. This does not occur in the model. Model revisions to 

allow more detail in engine/wing attachment and application of 

aerodynamic loading may be needed to evaluate this effect. 
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• Representation of engine/wing/fuselage attachments - For example, the 

unsymmetrical model results indicate that a pitch rotational velocity 

develops at the time the fuselage impacts; it is approximately 0.05 to 

0.010 rad/sec. The actual contact velocity of the fuselage mass at 

time of ground contact, in some cases, is noted to be higher than the 

cg velocity, resulting in higher peak acceleration values. When 

initial pitch and roll rotational velocities were included such that 

the resultant 17.3 ft/sec vertical contact velocity consisted of both 

translational and rotational components, the results were in better 

agreement with the test data. 

The analytical wing response results are of interest in light of the 

measured and observed (photographic) ern test results. The analytically 

obtained moment and shear distributions, along with estimated strength levels 

and available test data, are shown in figures 2-6 and 2-7, respectively. The 

curves suggest that for the 13 degree roll, 17.3 ft/sec. sink speed condition 

the wing structural integrity is at or near its limit. For this impact 

condition, the left outboard wing section has the highest potential for 

failure. Failure initiated at the left wing tip would progressively work its 

way inboard. Since there was no fuel tank rupture, nor significant fuel spill 

as a result of this failure, it is presumed that the wing fuel containment 

requirements are met for this crash scenario. Analytical studies, described 

in reference 17, were performed for a gears-up airplane contacting the ground 

with one wing low. The pitch attitude was level, or slightly nose-up. These 

conditions are similar to the ern test. The report goes on to state that 

crushing and wearing-off the tip and outer wing will begin when contact is 

made with the ground and will progress along the wing until either a fuel tank 

is opened, the wing is broken off, or the airplane is righted by the loads 

which are crumbling the outer wing. The study concluded that for an airplane 

carrying fuel in the entire span of the structural box, the fuel can be 

contained at roll attitudes up to 12 degrees, independent of descent angle. 

With no fuel carried outboard of the 80 percent semi-span location, the fuel 
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can be contained up to a roll attitude of 15 +1 degrees. The ern test, with a 

roll attitude of 13 degrees and considering the extent of wing damage 

experienced at impact, tend to confirm these earlier findings. 

The analyses results showed that for symmetrical impact at 17.3 ft/sec 

impact and a +1 degree pitch attitude, the moment and shear distribution along 

the wing will be substantially below its estimated strength as is depicted in 

figures 2-8 and 2-9, respectively. 

The correlation results suggested several concerns that need to be 

addressed with additional analyses and/or tests. The following is a brief 

discussion of these items: 

• How sensitive are the responses to assumed external loading 

(aerodynamics) and initial rotational velocities (pitch, roll, yaw) 

within the range of survivable impact speeds and attitudes? Analysis, 

as opposed to testing, is a more practical attempt to clarify this 

item. 

• What is the trend of the response of the airframe as a function of 

pitch attitude? For example, do the fuselage extremities respond in 

the manner indicated by the results of the limited range of analyses 

performed during the correlation study? Additional analysis supported 

by limited testing appears necessary. 

• What is the appropriate representation of the engine/wing and 

wing/fuselage attachments and can a refined model provide better 

agreement with test data, both during initial engine-ground contact 

and subsequent fuselage-ground contact? While the effort (described 

in reference 3) did not dwell on the engine or wing representation, 

the results indicate that this is an area that could be further 

explored. 
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2.2 POST-CID CORRELATION MODEL REFINEMENTS 

Subsequent to the KRASH correlation with test data, additional analyses 

have been performed to determine the effect of model refinements. As noted in 

Section 6 (reference 2), the comparison of the stick model's versus the 

expanded model's initial static deflections and LIC ratios were improved as a 

result of model refinements. The refinements discussed in this section were 

not included in the pre-CID analyses results reported in reference 2 nor in 

the correlation analyses reported in reference 3. Specifically, the changes 

are: 

• Stick Model 

(a) Correct wing waterline locations. The original stick model was 

formulated prior to the NASTRAN-IC code change to KRASH85 and 

contained wing stations for a deflected position due to an 

initial aerodynamic loading distribution. 

(b) Provide an additional wing-to-fuselage beam attachment at the 

wing leading edge location (FS620). This change increases the 

number of beams to 17 and 25, for the symmetric and unsymmetric 

models, respectively. The number of masses remains 17 and 24, 

respectively. 

• Expanded Model 

(a) Provide the lower fuselage longitudinal beams with additional 

compressive area to be in agreement with the cross-sectional area 

distribution as shown in the data. 

(b) Eliminate one mass and beam from each wing. This change reduces 

a symmetrical model from 48 masses and 137 beams to 47 masses and 

136 beams. This change makes the wing representation alike for 

both the stick and expanded models. 
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A comparison of stick and expanded model initial static deflections and 

LIC ratios is shown in tables 2-1 and 2-2, respectively. Results prior to and 

after the aforementioned changes are noted. In general, the model changes 

resulted in an improved comparison between the stick and expanded models. 

The results from several impact conditions were compared to determine 

the effect the model changes would have on overall response. Table 2-3 shows 

stick model generated data of LIC, fuselage crush and peak impulse for both 

symmetrical and unsymmetrical impacts. Representation A compares favorably 

with Representation B, and Representation C compares favorably with 

Representation D. The latter comparison shows a relatively large discrepancy 

in the LIC value at FS300. A closer review of the response data shows that 

the LICs at FS300, for Representations C and D, are equal to 0.15 at about 

0.45 second after impact. At that time, the downward shear is between 18,200 
6 6

and 18,600 lb. and the downward moment is between 2.44 x 10 and 2.64 x 10 

in-lb. Thereafter, both analyses show extremely low LICs except for the 

latter analysis, Representation D, which exhibits a short duration upward 
6shear of 49,000 lb. accompanied by a low (1 x 10 in-lb) upward moment. This 

combination of loading results in a sharp rise in the LIC value to 0.30 which 

quickly reduces to less than 0.10. This situation occurs at the time the 

forward spring (FS199) reaches its peak deflection and starts to unload. For 

Representation C, when the forward-most spring (FS199) starts to unload at 

0.531 sec, the shear reverses but is only 8,400 lb. While the exact cause of 

the discrepancy is not known, the phasing of external spring loading and 

unloading at FS199 and FS300 most likely contributed to this situation. 

Table 2-4 shows the comparison of results generated by the expanded model 

changes. The results for a symmetrical impact condition with a 17.3 ft/sec 

sink speed and +1 degree pitch show that while some differences may exist, the 

overall assessment of LIC, crush and impulse data is unaltered by the model 

changes. The model changes described do not alter the correlation results. 
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TABLE 2-1. COMPARISON OF STATIC DEFLECTIONS 

LOCATION 

DEFLECTION, INCHES 

DIFFERENCE. 
INCHES 

STICK MODEL 
FIGURE 1·2 

EXPANDED MODEL 
FIGURE 1·3 

FUSELAGE 

FS 199 -1.07 1-1.30) -3.42 1-1.90) 2.3510.601 

FS 300 -0.83 (-1.01) -2.99 (-1.711 2.09 (0.70) 

FS 460 -0.45 (-1.35) -2.25 (-1.35) 1.80 (0.77) 

FS 620 -0.16 1-0.23) -1.32 1-0.80) 1.1610.571 

FS 820 0(0) o(0) o (0) 

FS 960 -0.21 (-0.21) -0.Q3 (-0.09) 0.18 (0.12) 

FS 1040 -0.49 (-0.49) -0.16 1-0.09) 0.3310.26) 

FS 1200 -1.25 1-1.251 -0.94 1-0.99l 0.31 (0.26) 

FS 1400 -2.65 1-2.65) -2.54 (-2.57) 0.11 1O.08l 

FS 1570 -4.07 (-4.07) -4.03 (-4.'10) 0.40 10.03) 

WING 

ROOT +0.81 (+0.841 +0.61 (+0.63) 0.20 {O.211 

TIP +40.5 (+39.6) +41.2 (+39.9) 0.70 (0.301 

(XXX) REVISED MODEL RESULTS 

TABLE 2-2. COMPARISON OF BEAM INITIAL LOAD INTERACTION CURVE (LIC) RATIOS 

CURVE NO. FUSELAGE STATION 

LOAD INTERACTION CURVE RATIO 

STICK MODEL EXPANDED MODEL 

1 300 0.011 (0.0111 0.009 10.009) 

2 350 0.061 (0.061) 0.062 (0.0621 

3 450 0.058 (0.057) 0.052 (0.052) 

4 480 0.122 (0,123) 0.120 (0.1181 

5 540 0.12210.123) 0.120 (0.118l 

6 600 0.124 (0.124) 0.121 (0.1211 

7 620 0.151 (0.3321 0.258 (0.233) 

8 820 0.209 fO.344) 0.360 (0.326) 

9 820 0.426 10.427) 0.431 (0.4291 

10 960 0.203 (0.2031 0.205 10.204) 
11 960 0.203 (0.203) 0.205 (0.204) 
12 1000 0.249 (0.249) 0.251 (0.2501 

13 1080 0.245 (0.245) 0.248 (0.247) 
14 1160 0.273 (0.2731 0.276 (0.2751 
15 1210 0.190 10.190) 0.192 (D.191) 

16 1320 0.158 (0.158) 0.163 to.162l 
17 1400 0.199 (0.199) 0.203 (0.202) 
18 1400 0.177 (0.177) 0.181 (0.181) 

(XXX) REVISED MODEL RESULTS 

2-14 



TABLE 2-3. COMPARISON OF STICK MODEL REVISIONS 

_2 0 PITCH, 14 FT/SEC SINK SPEED, 
SYMMETRICAL IMPACT 

00 PITCH, -13 0 ROLL AND YAW, 
17.3 FT/SEC SINK SPEED. 
UNSYMMETRICAL IMPACT 

®17 MASSES 
A 16 BEAMS 

® 17 MASSES 
B 17 BEAMS 

®24 MASSES 
23 BEAMS 

® 24 MASSES 
25 BEAMS 

lie @FS 
300 0.50 0.52 0.15 0.30 
350 0.49 0.49 0.57 0.55 
450 0.40 0.40 0.51 0.49 
600 0.45 0.48 0.44 0.38 
990 0.59 0.47 0.78 0.80 

1090 0.63 0.64 0.77 0.78 
1210 0.46 0.44 0.75 0.75 

CRUSH fiNCHES) @FS 
300 7.6 8.0 7.8 8.4 
460 4.6 4.5 5.5 6.0 
620 4.0 3.8 4.5 4.7 
820 2.8 2.9 3.5 3.5 
960 5.9 6.9 3.0 3.0 

1040 8.0 9.4 1.9 1.8 
1200 2.3 4.8 - -

PEAK IMPUSE G·SEC @FS 
199 0.93 1.00 1.06 1.04 
300 0.85 0.91 0.94 0.93 
460 0.72 0.75 0.77 0.77 
620 0.62 0.63 0.72 0.71 
820 0.51 0.50 0.66 0.64 
960 0.46 0.45 0.58 0.61 

1040 0.44 0.42 0.55 0.54 
1200 0.41 0.39 0.57 0.56 
1400 0.39 0.38 0.57 0.55 
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TABLE 2-4. COMPARISON OF RESULTS DUE TO EXPANDED MODEL REVISIONS 

+1 0 PITCH, 17.3 FTfSEC SINK SPEED, SYMMETRICAL (a) 

CORRELATION MODEL 
48 MASSES 
137 BEAMS 

STIFFER MODEL 
48 MASSES 
137 BEAMS 

STIFFER MODEL REVISED WING 
47 MASSES 
136 BEAMS 

lIC @ FS 

300 0.25 0.28 0.29 
350 0.78 0.77 0.66 
450 0.64 0.66 0.57 
600 0.60 0.70 0.68 
990 0.82 0.79 0.68 

1090 0.82 0.79 0.82 
1210 0.58 0.68 0.57 

CRUSH liN.) @ FS (b) 

300 7.817.6 8.0/8.0 7.9/7.6 
460 5.0 5.7 5.1 
620 4.8/5.1 5.3/5.4 4.7/4.7 
820 7.7/8.2 7.2/8.0 6.517.4 
960 9.019.8 6.3/9.2 6.0/8.7 

1080 9.1 8.5 8.1 
1240 3.4 3.4 3.1 

PEAK IMPULSE G·SEC 
@ FS (b) 

199 0.97/0.95 0.95/0.90 0.9411.00 
300 0.91/0.87 0.87/0.83 0.77/0.90 
450 0.73/0.74 0.7310.72 0.6310.73 
620 0.61/0.63 0.63/0.63 0.63/0.64 
820 0.64/0.61 0.64/0.62 0.63/0.61 
960 0.60/0.62 0.5810.61 0.6010.60 

1080 0.64/0.63 0.61/0.62 0.60/0.61 
1240 0.77/0.66 0.6910.66 0.68/0.64 
1400 0.7110.73 0.77/0.74 0.76/0.73 

(a) MODELS INCLUDE PRE·Cm ENGINE LOAD·DEFLECTION CURVE ANO AERODYANMIC LOADING DISTRIBUTION 
(b) TWO VALUES REPRESENT CENTERLINE AND FLOOR/FRAME INTERSECTION LOCATIONS, RESPECTIVelY 
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SECTION 3 

PARAMETRIC SENSITIVITY INVESTIGATION 

3.1 VERTICAL PULSE 

The floor vertical pulse magnitudes and distribution are affected by the 

vertical descent rate or effective normal velocity (ENV), airplane pitch 

attitude, aerodynamic loads, initial impact location, and engine configuration 

and involvement. However, if criteria is established for a tolerable floor 

pulse based on an acceptable level of fuselage shell structural integrity, 

then an entire crash sequence may not be necessary. Knowing the cause of the 

fuselage impact conditions may not be as important as knowing the actual 

fuselage impact levels. For example, the CIn test impact condition is noted 

as 17.3 ft/sec sink speed, a-degree pitch, 13-degree yaw, 13-degree roll. For 

this particular attitude the left wing engines are involved prior to fuselage 

impact. The engine involvement is such that the fuselage impacts at a reduced 

sink speed (14 ft/sec) and different attitude (2 degrees nose-down). For a 

17.3 ft/sec symmetrical impact at a level pitch attitude, the engine 

involvement is less and the initial fuselage impact speed is at, or near, the 

original impact velocity. In reality then, for purposes of evaluating floor 

pulses, the 17.3 ft/sec symmetrical impact is the condition which directly 

affects the fuselage, while the 17.3 ft/sec unsymmetrical impact is, in 

reality, a 14 ft/sec, -2-degree pitch fuselage impact. The aerodynamic 

loading distribution and/or the subsequent loading consequence of earlier 

sequential events (i.e., engine-wing failures) can alter the fuselage 

responses. While the monitoring of the complete sequence of events is of 

interest, a more direct approach would be to develop an envelope of airframe 

loads and floor accelerations for a range of fuselage impact velocities and 

attitudes. Either a no-external-loading (aerodynamic) condition or a 

predetermined aerodynamic distribution should be applied throughout the range 

investigated. Probably the most difficult decision is determining the 

appropriate level of airframe structural integrity to be established as 

criteria. For the purpose of this study it was decided that breakup of the 
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airframe is initiated when the fuselage strength, bending moment and/or shear 

is exceeded. The initiation of fuselage breakup represents the limit of 

structural integrity because the events that occur beyond this point are 

difficult to project. 

3.1.1 Air-to-Ground, Gears Retracted 

3.1.1.1 Initial Analyses 

The initial parametric sensitivity analyses were performed with the KRASH 

stick model. The following assumptions were made. 

• Impact directly on fuselage, no engine crush involved 

• Symmetrical impact, no roll or yaw 

• No initial external loading, i.e., aerodynamic forces 

• No rupture of beams 

• Load interaction curve (LIC) > 1.0 indicates limit of airframe 

integrity. 

• Maximum crush before restiffening occurs is: 

10-inch wing center section, FS620-820 

IS-inch wing MLG aft bulkhead, FS960 

24-inch fuselage frame sections, FS300, 460, 1040, 1240 

Figures 3-1 through 3-5 contain plots of the peak acceleration for a 

triangular pulse, time duration of the pulse and associated change in velocity 

for fuselage impacts with pitch attitudes of +6 degrees, +3 degrees, 0 degree, 

-3 degrees and -6 degrees, respectively. Included on each plot is a 

tabulation of the fuselage underside crush and LIC ratios. These data are 

cross-plotted on figures 3-6 and 3-7 for the forward fuselage locations (460, 

820) and aft fuselage locations (960, 1200), respectively. Figure 3-8 shows 

the crush at the respective fuselage locations in relation to the respective 
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impact conditions at which LIe values exceed 1.0. The respective crush limits 

are noted in this latter figure. Crush beyond these limits results in an 

extremely stiff load-deflection curve, which tends to produce correspondingly 

higher loads. The crush spring at FS300 is unique in that it represents a 

bulkhead which produces high loads for a small deflection. The load 

associated with deflections beyond 4.4 inches is extremely small. From 

figure 3-8 it can be observed that some impact conditions cause crushing of 

the fuselage which results in the occurrence of restiffening loads. 

Figures 3-9 and 3-10 show the envelopes of peak acceleration, airplane initial 

impact velocity and floor velocity change. The latter can be higher than the 

airplane initial velocity due to (1) rebound and (2) rotational velocity. The 

peak acceleration (g ), pulse definition (triangular, base duration) and floor 
p 

velocity change are the parameters which govern potential seat dynamic test 

requirements. The data shown in figure 3-9, are for a 0.IS0-second triangular 

pulse. It is based on using the highest velocity change pulses from figures 

3-6 and 3-7 and adjusting the peak g and At to produce the same velocity
p 

change. The data provided in figures 3-9 and 3-10 indicate that the positive 

pitch attitudes provide for higher velocity change pulses. It appears that 

the initial impact on the aft fuselage occurs with more available initial 

crushing (FS960, 1200) than when impacting on the forward fuselage (FS460, 

820), and thus the floor pulses tend to be of longer duration (compare 

figures 3-6 and 3-7). 

3.1.1.2 Refined Analyses 

The initial analytical results were obtained prior to the incorporation 

into the model of a revised nose gear bulkhead crush representation. This 

model change is described in Sections 3.2.1 and 3.3.1. Subsequent to this 

revision, several conditions were rerun and the analyses were expanded. Table 

3-1 shows a summary of previously presented responses for the -6 degree, 

o degree and +6 degree pitch attitudes investigated. The significant response 

change in velocity (dV), peak acceleration (g ), equivalent triangular pulses
p 

(for equal dV) for base durations of 0.150 and 0.200 second, and the 

associated fuselage crush distances, are presented. Figures 3-11 and 3-12 

show the peak vertical accelerations and associated triangular base durations 
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TABLE 3-1. AIR-TO-GROUND IMPACT ANALYSES RESULTS 

IMPACT 
CONDITION 

FUSELAGE 
STATION gpeak 

VELOCITY 
CHANGE, 
IN./SEC 

PEAK ACCELERATION, 9 * 
CRUSH 

DISTANCE, 
INCHES 

At = 0.150 
SECONDS 

At = 0.200 
SECONDS 

SIX·DEGREE NOSE·DOWN 300 12.0 235 8.1 6.1 12.6 
PITCH, 15 FT/SEC 460 8.5 135 4.7 3.5 7.3 

SINK SPEED 620 7.2 110 3.7 2.8 4.8 
820 8.3 210 7.2 5.4 10.6 
960 9.0 240 8.2 6.2 19.1 

1040 12.4 190 6.5 4.9 23.3 
1200 12.2 160 5.5 4.1 24.9 

ZERO·DEGREE 300 11.2 400 13.8 10.4 12.5 
PITCH, 20 FT/SEC 460 13.6 320 11.0 8.3 11.4 

SINK SPEED 620 13.0 315 10.9 8.2 11.1 
820 10.7 290 10.0 7.5 11.5 
960 11.4 276 9.6 7.2 13.5 

1040 10.0 272 9.3 7.0 14.5 
1200 10.4 260 8.9 6.7 8.0 

SIX·DEGREE NOSE·UP 300 19.3 360 12.4 9.3 3.9 
PITCH, 15 FT/SEC 460 9.9 280 9.7 7.3 4.1 

SINK SPEED 620 7.9 180 6.3 4.7 6.5 
820 7.5 170 5.9 4.4 11.3 
960 7.3 200 6.9 5.2 17.6 

1040 6.8 290 9.5 7.5 21.1 
1200 6.8 345 11.8 8.9 21.2 

* FOR A TRIANGULAR PULSE SHAPE WITH A BASE DURATION (At) AND VELOCITY CHANGE AS NOTED 

obtained directly from the analyses for the forward fuselage (FS300, 460, 620) 

and the mid-aft fuselage (FS960, 1040, 1200). Figures 3-11 and 3-12 update 

the data presented in figures 3-9 and 3-10. The responses shown in figures 

3-11 and 3-12 contain pulses which have a dt range primarily between 0.137 

second and 0.178 second, peak vertical acceleration values between 7g and 13g, 

and velocity changes between 216 in/sec and 400 in/sec. These values are 

associated with an envelope of impact conditions in which the fuselage shell 

integrity is considered at the threshold of exceedance. The longitudinal 

pulse for these conditions is assumed to be proportional to the vertical pulse 

in magnitude as a function of ground coefficient of friction (i.e., ~ = 0.5, 

g = O.5g). The data shown in table 3-1 are plotted in figures 3-13 throughx z 
3-16. The accelerations, shown in figure 3-13, are presented without regard 

to time duration. Figures 3-14 and 3-15 present the analyses results on the 
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basis of 0.150 second and 0.200 second base duration triangular pulses, 

respectively. These pulse durations are reasonable approximations for floor 

dynamic test pulses. Also shown, in figures 3-14 and 3-15, are lines of 

constant velocity change (~V). As can be observed from these two plots, the 

response for the most part reflects a velocity change approaching 300 in/sec 

to 400 in/sec in the most forward passenger region (FS300), 300 in/sec in the 

passenger mid-cabin region and 300 in/sec to 350 in/sec in the passenger aft 

cabin area. The crushing distribution for the air-to-ground impacts is shown 

in figure 3-16. Passenger forward cabin and mid-cabin underfloor crushing can 

reach 10 to 12 inches. Passenger aft cabin underfloor crushing can be more 

extensive (particularly between the main landing gear aft bulkhead (FS960» 

and the fuselage aft pressure bulkhead (FS1400), and reach 20 to 25 inches. 

The latter crush is within the range of crush obtained during FAA/NASA 

narrow-body fuselage section testing performed at initial impact velocities of 

20 ft/sec to 35 ft/sec. The floor peak accelerations, measured during the 

FAA/NASA section tests, are approximately 8g to 109. This compares with the 

7g to 10.5g, shown in figure 3-12. 

The data shown in figures 3-11 through 3-16 and table 3-1 reflect a 

tendency for the modeled aircraft to rotate after initial impact. In the case 

of an initial nose-down impact, the airplane eventually settles on the aft 

fueslage, which shows substantial crush. The flat (zero-degree pitch) impact 

shows a relatively evenly distributed peak acceleration and fuselage crush 

distribution. However, there is an indication that the velocity change is 

greater at the extreme forward of the fuselage. The initial nose-up impact 

results in a higher peak acceleration and velocity change at the forward 

fuselage than at the aft fuselage where the airplane initially hits the 

ground. It is possible that the analytical simulation allows for more rebound 

than exists and thus the velocity changes associated with post-impact behavior 

are more severe than those experienced at initial impact. However, the 

following data tend to suggest that rotational and rebound effects could be 

significant: (1) During the eID test when the fuselage first impacts the 

ground the sink speed is noted to be 14 to 15 ft/sec. The integrated 

acceleration traces indicate that the changes of velocity for the associated 
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pulses from the cockpit (forward of the impact location) through to the wing 

leading edge station (aft of the impact location) vary from 15.2 to 21.0 

ft/sec., and (2) the result of NASA light fixed-wing aircraft tests which are 

reported in numerous documents. Reference 9 reports on light airplane 

(twin-engine, low-wing) crash tests (gears retracted) at three pitch angles 

(impact on concrete) and reference 10 data report on low-wing, single-engine 

crash tests (gears extended) under three different conditions, including 30 

degrees nose-down onto concrete terrain. In both reports the data indicated 

that the subsequent slap down can be significant such that the latter peak 

accelerations approach the magnitude experienced at the initial impact 

location. There are, of course, differences in structure and size between 

light fixed-wing and transport category aircraft. The extended size of the 

larger aircraft could easily induce higher rotational velocities, particularly 

if structural failure is localized and the aircraft remains rigid, as it 

appears to have happened in the full-scale CID crash test. 

Subsequent to the reformulation of information that is presented in 

table 3-1 and figures 3-11 through 3-16, additional analyses were performed to 

investigate: 

• The change in the crush characterization of the nose-gear bulkhead 

(similar to that used in the ramp impact) to ascertain if the 

aircraft air-to-ground analyses results are affected. 

• The incorporation of wing and engine responses and the monitoring of 

wing shear and bending moment versus estimated strength allowables. 

Wing correlation results reported in reference 1 showed reasonable 

agreement between test and analyses results for wing bending and 

shear; and thus airframe strength considerations extended to wing, as 

well as fuselage capability, appear appropriate. 

The conditions analyzed are noted in table 3-2. The results for the 

fuselage responses to these conditions are shown in table 3-3. A sample plot 

of acceleration responses for Condition No. 7 at mid-fuselage location (FS820) 

is shown in figure 3-17. The unfiltered acceleration peak is 13.6g (vertical) 
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and 5.1g (longitudinal). The base duration of this pulse is about 0.108 

second and the change in vertical velocity during this time is 315 in/sec. 

Based on a triangular pulse of equal velocity change and base duration, the 

peak amplitude is 15.1g which is the value shown in table 3-3. 

The acceleration response for several groups of conditions in the form of a 

triangular pulse is shown in figures 3-18, 3-19 and 3-20. The data is a 

cross-plot of peak g, At, and AV. Similarly, figures 3-21, 3-22 and 3-23 show 

fuselage LIC and underside crush for the same sets of conditions. The data 

from all these conditions (7 through 12) are plotted slightly different in 

figure 3-24. This figure contains the same data (g, At and AV) as figures 

3-18, 3-19 and 3-20, but shows envelopes of velocity change. The majority of 

the response data clusters between Av of 22 ft/sec to 27 ft/sec and a At 

between 0.12 second and 0.16 second. 

TABLE 3-2. DESCRIPTION OF ANALYSES: AIR-TO-GROUND IMPACT CONDITIONS 

CONDITION 
NO. 

AIRPLANE 
INITIAL 

SINK SPEED 
FT/SEC 

PITCH 
ATTITUDE 
DEGREES 

INITIAL 
LIFT 

ENGINE 
GROUND 

CONTACT 

FORWARD 
VELOCITY 

COMPONENT 
(155 KTS) 

REVISED 
NOSE GEAR 
BULKHEAD 

CRUSH 

1 22 0 NO YES YES YES 

2 22 + 1 NO YES YES YES 

3 20 + 1 NO YES YES YES 

4 17.3 + 1 NO YES YES YES 

5 17.3 +1 YES YES YES YES 

6 22 0 NO NO NO YES 

7 22 0 NO NO YES YES 

8 20 0 NO NO YES NO 

9 20 0 NO NO YES YES 

10 15 -6 NO NO YES YES 

11 15 +6 NO NO YES YES 

12 15 -6 NO NO YES NO 

13 15 +6 NO NO YES NO 
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TABLE 3-3. FUSELAGE RESPONSE PARAMETERS FOR DIFFERENT IMPACT CONDITIONS 

w 
I.... 

0' 

Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition 

No.1 NO.2 NO.3 NO.4 No.5 NO.6 No.7 No.8 No.9 No.l0 No. 11 No.12 No.13 

L1C Ratlo@ FS 

350 .71 .82 .57 .59 .57 .50 .57 .87 .52 .97 .65 1.0 .63 

450 .7\ .95 .59 .60 .68 .57 .64 1.0 .46 .97 .73 1.15 .76 

540 .82 .94 .68 .73 .80 .71 .74 1.0 .28 .86 .94 0.99 .93 

600/620 .68 .83 .66 .67 .75 .71 .77 .90 .70 .79 .94 .90 .91 

I 960 .60 1.2 .74 .52 

I 

.71 .53 .72 .62 .67 .98 .83 1.27 .82 

I 

990 .77 1.1 .97 .55 .78 .64 .78 .78 .61 1.3 .89 .92 .88 

1090 .68 .95 .93 .71 .97 .74 .69 .72 .56 1.17 1.05 .84 .99 

1160 .75 1.02 .81 .65 .89 .83 .77 .70 .62 1.03 1.00 .77 .97 

1210 .94 .99 .86 .58 .75 1.02 .99 .90 .82 1.03 .89 .82 .86 

1320 .92 1.07 .84 .61 .76 .98 .95 .85 I .79 1.01 .88 .82 .86 

1400 .99 1.08 .9 .68 .83 1.08 1.04 .95 

I 

.87 1.07 .93 .87 .9 

Crush linchesl,@ FS 

300 10.0 9.4 7.7 5.9 5.0 8.8 10.1 12.4 8.7 3.9 4.3 12.6 3.9 

460 10.1 95 8.2 5.8 4.3 9.4 10.3 11.4 8.8 - 4.4 7.3 4.1 

I 
620 10.8 10.5 8.9 7.3 5.1 10.6 11.1 11.2 10.0 3.1 6.6 4.8 6.5 

820 11.8 12.4 11.7 10.4 7.3 123 12.1 11.5 11.5 11.2 11.4 10.6 11.3 
I 960 13.8 14.9 14.1 12.8 9.8 15.0 15.8 13.5 14.3 19.2 17.8 19.1 17.6 

1040 16.3 17.0 14.6 12.9 10.3 16.9 17.7 14.9 15.2 22.9 21.1 23.3 21.1 

1240 10.7 11.3 6.4 3.8 2.4 10.8 11.7 8.1 7.4 23.7 21.2 24.9 21.2 

Triangular Pulse Data @FS, 

I '(g, .l.t).l.V 

199 117.2,.145) 484 128.5,.1101587 117.9 .. 150) 525 125.2,.0951468 126.6 .. 0951494 (11.8,.222) 500 (16.8,.1441467 (20.2,.108) 430 111.9,.1561371 117.8,.0661 230 (27.0,.0901 470 119.0,.084) 287 (27.8,.084) 450 I 
300 1146,.150) 429 117.5,.1351483 117.8,.1301429 118.3,.0951335 121.0,.0901365 114.0,.1621441 115.0 .. ,4414,71115.0,.,26) 364 110.0,.1801349 113.4,.072) 187 121.0,.0901362 19.0 .. 158) 256 119.0,.1021389 

460 118.6,.105) 377 112.5,.1651413 (17.4,.100) 350 (11.3,.1351296 111.0,.1501319 117.7,.108) 370 118.9,.102) 376 (14.0,.1201322 113.0,.1261316 15.7,.150) 166 (10.2,.1441285 14.7,.1681155 19.2,.150) 261 
620 116.6,.110) 355 16.41.1051347 113.1,.1251324 (9.1,.1501264 (8.0,.170) 263 115.9,.1141350 (17.8,.1021351 114.0,.114) 309 111.7,.1321298 18.0 .. 1381205 16.3,.1761224 15.8,.,621175116.4.. ,48) 1781 
820 113.4,.120) 310 12.11.1351314 110.3,.145) 287 18,1,.150) 234 18.7,.1401236 114.4,.1141316 115.1,.1081 315 im.9,.144) 286 110.9,.1321278 110.2,.1441270 15.1,.1801153 16.0,.1921220 15.2 .. 1741171 
960 02.2,.125) 295 12.51.1301312 111.0,.135} 285 17.6,.1501 219 

1 

18.8,.1401239 (12.8,.1201296 02.8,.120) 2991111.0,.126} 269 110.4,.1321266 111.8,.144) 324 15.5 .. 2461258 17.0,.1961295 15.1,.2441256 [ 
1040 112.0,.1251289 13.31.1251320 111.0.. 1351288 (7.6,.1451212 19.2,.1301250 112.2,.120) 283 112.6,.1201291 110.4 .. 132) 265 (10.2,.1321 260 113.3,.144) 366 16.1,.2461290 18.4,.18612961 (6.2,.244) 2931 
1200 111.0,.1251262 13.71.1251341 111.2,.1351290 (7.1,.17512381110.6,.140) 268 110.1,.1261247 (,1.6,.,20)269 

1 

19.8,.,381190- 19.2,.1381242 113.5,.1561402 17.2,.2521350 110.7,.200) 386 17.2,.2521350 
1400 (8.6,.2001335 10.21.1891363 19.7,190) 331 17.6,.190) 277 1110.9,.140) 282 I 7.3,.210) 297 ( 8..1,.210) 334 18.1,.2041319 17.6,.210) 309 113.6 .. 191500 (8.4,.258) 420.111.4,.2401528 18.2,.2521396 

- Also (6.8,.2281 300 



MASS UNFILTEREJ) AtXELERA1IONtG'Sl 

TlME«SEC) XACC VAl:t ZACC 
• SCALE FACTOR. Z.USE+OO 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.• 1 ••••••••• 1 
0.0 0.0 0.0 1.000£.00 
'.G06 -S.U6E·00 0.0 -1.0Ili(l(+01 
O.oIZ -Z.589£+00 0.0 -1.477£.00 
0.018 -:.191£.000.0 -6.1$3£+00 
0.024 -3.114£+000.0 -7.D08£.00 
O.OSO -S.ltO,£.oO 0.0 -6.240£+00 
o.au -Z.6S9£.00 0.0 -5.44'£+00 
O.O"Z -Z.SUE+OO 0.0 -5.211£.00 
0.0. -2.248£.00 0.0 -S.2,ue.oo 
0.0504 -5.481£+00 0.0 -a.S25E.OD 
0.060 -4.1!58:£.00 0.0 -1.~lOE·Ol 
0.066 -S.07ti£+OD 0.0 -1.357£.01 
0.012 -4.837£.00 0.0 -1.310£+').1 
0.018 -4.7-.&e·oo 0.0 -1.154£.01 
0.08(; -4.'026£.000.0 -'.5,IE.00 
0.090 -5 ••41£:+000.0 -7.:511£+00 
0.096 -2.855E.00 0.0 -4.557E.OO 
0.102 -2.040e.oo 0.0 -1.459E·Oo 
O.IDS -1.7S8E.00 0.0 2.416£-01 
0.114 -1.28Z£+OO 0.0 1.:J.lSE.OO 
0.120 -6.41'E-01 0.0 2.'96£+00 
0.126 -3.:22£-01 0.0 4.444E.00 
O.U2 -4.75::£-01 0.0 4.815£·00 
a.lSS -6.201£-01 0.0 04.451£.00 
0.1410 -6.810E-OI 0.0 $.741E+00 
0.150 -6.'15£-01 0.0 2.870E.00 
0.156 -8.11::£-01 0.0 1.700E.Oo 
0.162 -'.685£-01 0.0 -2.2IieE-01 
0.168 -'.1S11E-0) 0.0 -).'18£.00 
0.114 -'.519E-Ol 0.0 -S.165£.00 
0.180 -7.982£-01 0.0 -S.41i6E+oa 
0.186 -'.9S8E-Ol 0.0 -Z."2E.Oo 
0.192 -S.'SlE-Ol 0.0 -2 .... 7(;£.00 
0.198 - .... 12...E-OI 0.0 -2.019E"'00 
0.204 -1. ...4:::E-Ol 0.0 -1.487£+00 
0.210 8.88IE-0: 0.0 -B.SS6E-0) 
0.216 2.479£-01 0.0 -1.175£-01 
0.::::::2 4.64. ....£-0: 0.0 -6.Ii37E-Ol 
0.228 1.11%£-01 0.0 -1li.05Z[-01 
0.254 1.512E-0: 0.0 -5.096£-01 
0.240 -1.100£-01 0.0 -5.760E-Ol 
O.21i' -2.503£-01 0.0 -o4.1I0E-0) 
0.252 -40.:37£-01 0.0 -1.885£-01 
0.258 -'.):9E-DJ 0.0 1.518£-01 
0.264 -7.516E-Ol 0.0 4.434£-01 
0.270 -8.605E-Ol 0.0 5.1li/t1[-OJ 
0.2" -".65::£-01 0.0 4.6Z1E-OI 
o.ze: -I.OBO£.OD 0.0 3.:05£-0) 
0.288 -1.198£+00 0.0 2.660£-0) 
O.2~ -1.:'~E·OO 0.0 3.8z1£-OI 
O.SOD -1.51'£+00 0.0 6.157E-01 
0.506 -1.459£.00 0.0 1.0,5E.OO 
O.SI: -1.418E.00 0.0 1.560£+00 
0.118 -l.U!E+OO 0.0 1.995E.OO 
0.524 -1.'''£+000.0 2.54,E.OO 

... 
• • 
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.· · · 
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Figure 3-17. Fuselage Mass No. 5 Acceleration Response, Condition No. 7 
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Figure 3-24. Analytically Obtained Vertical Pulses 

The wing/engine responses are tabulated in table 3-4. The wing response 

data for Condition No.7 (table 3-2), indicates that the bending moments are 

approaching the estimated bending ultimate strength and the shears are 

exceeding the estimate ultimate shear capability along the wing span. The 

peak accelerations are 14.3g vertical and 4.8g longitudinal (fore-aft) at wing 

inboard mass location No. 11. The analytically obtained wing mass No. 11 

pulse data is shown in figure 3-25. The response data indicates an equivalent 

(same velocity, time period) triangular pulse in the vertical direction of: 

peak acceleration (gp) 13.5g 
change in velocity (~V) 312 in/sec. 
base duration (~t) 0.120 sec. 

In the longitudinal direction, the equivalent triangular pulse can be 

described as: 

peak acceleration (gp) 6.2g 
change in velocity (~V) 140 in/sec. 
base duration (~t) 0.120 sec. 
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TABLE 3-4. WING AND ENGINE RESPONSE ANALYSIS RESULTS 

Condition 
No.1 

Condition 
No.2 

Condition 
No.3 

Condition 
No.4 

Condition 
No.5 

Condition 
No.6 

Condition 
NO.7 

Condition 
No.8 

Condition 
No.9 

Condition 
No.l0 

Condition 
NO.ll 

Condition 
No. 12 

Condition 
No.13 

Peak Acceleration@B.L. 
(b) fbT TIiT 

118.3 14.3 13.3 8.6 7.6 8.6 14.2 14.3 8.4 8.0 7.4 
271.8 13.0 13.2 10.0 7.0 7.7 10.8 10.9 7.4 8.0 4.2 
430.7 16.8 17.4 12.3 9.8 7.3 11.8 12.0 8.0 9.5 5.3 
583.5 15.0 13.9 11.8 7.0 5.1 8.5 10.1 8.6 4.8 6.7 
740.6 

Peak Engine 
Acceleration @ B. L. 

34.3 36.6 30.4 13.1 17.1 18.6 19.2 16.2 17.8 11.8 

321.6 12.1 12.8 11.7 10.0 8.9 13.3 12.8 10.0 9.4 5.1 
551.6 

Peak Wing Shear (Sz) 
LB x 103 Between B. L.'s 

13.8 14.3 11.6 14.8 8.0 8.9 8.6 7.5 8.1 5.8 

(a) (250)0·118.3 282.0 290.0 269.0 203.4 127.8 316.8 332.0 262.0 279.0 263.0 
118.3·271.8 (200) 215.0 228.0 182.0 129.7 72.9 265.0 264.0 209.0 235.0 157.0 
271.8-430.7 (110) 70.0 83.0 67.7 46.8 46.4 91.3 84.0 72.6 80.0 84.0 
430.7-583.5 ( 40) 

Peak Wing Bending 
Moment (M ) 
in-lb. x 106@B.L. (a) 

54.6 56.0 38.7 38.7 35.8 81.4 79.0 68.0 80.0 71.0 

Root (75) 53.2 57.3 49.5 37.5 19.6 67.6 69.0 57.6 65.8 55.8 
118.3 (50) 37.0 38.4 34.0 26.2 15.7 46.3 46.5 44.8 48.0 48.0 
271.8 (3D) 24.3 24.9 16.8 16.2 12.5 31.3 32.0 29.1 29.0 27.0 
430.7 (15) 16.7 17.3 12.5 9.6 7.2 14.9 15.3 14.2 14.4 12.5 
583.5 (1O) 9.3 9.9 8.1 3.7 4.1 5.1 5.3 4.5 4.9 3.4 

VJ 
I 

N 
VJ 

(a) () - Denotes estimated ultimate strength 

(bl Wing data was not obtained for these earlier runs. 
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MASS 11 &»FILTERED ACCELE'RATJONIG"Sl 

TlIlEt:$EC) ~ YACC ZACC SCALE FACTQR _ 2 .. 110E+00 

.. 0:0 .. ·····0:0····· .. ·Ii:.·' ··i:oOOE;OO" ; ;.. 1 1 

0.006 
0.012 
0.018 
0.02' 
O.OSO 
0.056 
0.04% 
0.04. 
0.054 
0 .. 0'0 
0.066 
0.072 
0 .. 078 
0.08"1 
0.0'0 
0.096 
0.10% 
0.108 
0.114 
0.120 
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a.U2 
0.158 
0.144 
D.ISO 
0.15' 
0.16% 
0.168 
0.114 
0.180 
0 .. 186 
0.192 
0 .. 198 
04201i 
04210 
0.216 
0.222 
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Figure 3-25. Wing Mass No. 11 Acceleration Response, 

· · ·. 

Condition 7 

A summary of the variation in acceleration pulse along the wing span is 

noted in table 3-5. The responses shown for wing masses 14 and 15 occur 

within 0.250 second after initial fuselage impact with the ground. Subsequent 

to this time, these masses exhibit large oscillatory motion and associated 

higher velocity and accelerations. Since the condition analyzed has zero 

lift, the wing tip (mass 15) shows the potential for ground contact after 

about 0.250 second, which would alter the responses thereafter. The model 

does not contain ground contact springs for the outer wing masses, however, so 

the wing responses noted can be considered associated with the deceleration 

forces without wing obstacle/ground contact mass No.l1. Responses can be 

taken as representative for such a high sink speed impact, particularly for 

the wing inboard tanks. Comparisons of wing shear and moments for the level 

pitch attitude condition at two different sink speeds (Condition Nos. 7 and 9) 
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TABLE 3-5. VARIATION OF ACCELERATION PULSE ALONG WING SPAN 

Location Direction 

Triangular Pulse Parameters 

gp ~t ~V 

Mass 12 Up 
Aft 

10.8 
5.4 

.150 

.144 
316 
142 

Mass 13 Up 
Aft 

1l.2 
5.5 

.132 

.220 
368 
150 

Mass 14 Up 
Aft 

8.2 
6.2 

.078 

.246 
140 
300 

Mass 15 Down 
Aft 

21.5 
13.4 

.120 

.138 
482 
371 

are shown in figure 3-26. It can be observed that the increase in initial 

sink speed from 20 ft/sec to 22 ft/sec produced a slightly higher bending 

moment distribution and a significant increase in shear loads. Figure 3-27 

presents comparative wing bending and shear data for the nose-down impact (No. 

10) and the nose-up impact (No. 11). The results are similar except for the 

shear BL inboard of the inboard engine. This aspect of the data appears 

inconsistent and could relate to engine~ing modeling. 

The comparison of results for many of the conditions analyzed is shown in 

table 3-6. 
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TABLE 3-6. COMPARISONS OF ANALYSES RESULTS FOR DIFFERENT IMPACT CONDITIONS 

Condition A vs. Condition B(a) Discussion of Results 

No.1 vs. NO.2 
Comparison of 00 and +1 0 pitch, engine 
contact, equal sink speed (22 ft/seel. 

+1 0 pitch (No.2) results in higher L1C's (~10·15%), higher AV's at extremes, slightly less crush (fwd) and more 
crush (aft). Both conditions produce high Wing Shears (Sz) and Bending Moment (My), particularly inboard 
of BL 271.B. Condition No.2 slightly higher Sz and My. 

No.2 vs. No.3 
Comparison of 22 and 20 ft/sec sink speed, 
Same pitch (+1 0 ), engine contact. 

Higher sink speed (No.2) produces L1C ~ 1.0, more crush and increased AV's (~10%). L1C;" 1.0 estimated to 
occur closer to 21 ft/sec. Wing Sz and My at condition No.3 appear to be within allowables but exceed 
strengths at condition NO.2. 

NO.4 vs. NO.5 
Comparison of effect of no lift and initial 
aerodynamic loading, same pitch (+1 0 ). 
Same sink speed (17.3 ft/sec) and 
engine contact. 

Initial Lift (No.5) produces slightly lower L1C, less crush and higher AV's (5·10%). Neither condition reaches 
L1C =1.0. Neither condition produces wing Sz and My near allowables. Impact sequences differ. 

NO.6 vs. No.7 
Comparison of no forward velocity and fwd. 
velocity. Same sink speed (22 ft/sec), pitch 
(00), no lift, no I!hgine contact. 

Results are similar. No fwd. velocity condition (No.6) produces less forward fuselage crush. AV's and L1C's 
within 5:10%. Wing Sz and ~y. about the same. Exceed estimated all~wable~. These conditions produce 
higher wing responses than similar conditions (No.1 and No.2) but with engine ground contact. 

NO.1 vs. No.7 
Comparison of engine ground contact versus 
no engine ground contact for same sink speed 
(22 ft/sec), pitch (00) and no lift. 

Results are similar for fuselage responses for condition No.1. Inboard engine fails shortly after ground contact 
(further model review is warranted). Outboard engine contacts much later and fails after peak fuselage crush 
occurs. Wing Sz and My substantially higher for condition NO.7. 

No. Bvs. No.9 Revised crush characteristics (No.9) results in less forward fuselage crush, lower L1C's (all < 0.87), lower AV's. 
Comparison of effect of revising nose gear However, wing Sz and My values marginal compared to estimated allowable strength. This could be a limiting 
bulkhead crush spring. No.9 with revised factor. 
crush characteristics. NO.8 with 'old' crush 
charactersitics. Same sink speed (22 ft/sec), 
pitch (00) and no engine contact. 

NO.7 vs. No.8 
Comparison of effect of revising nose gear 
bulkhead crush spring. Nu. 7 has revised 
crush, but is run at 22 ftlsec sink speed. No.8 
has 'old' crush and a sink speed (20 ft/sec.). 
Same pitch (00), no lift, no engine contact. 

Higher sink speed and revised crush condition (No.7) equates to condition No. Bwith regard to fuselage L1C's. 
No.7 produces higher AV's (- 5 to 15%)' However, No.7 produces substantially higher wing Sz and My 
responses, particularly when compared to the estimated allowables. 

No. lOvs. No. 12 The revised crush condition (No. 10) produces substantially less forward fuselage crush and slightly less aft 
Comparison of effect of revising nose gear crush (~ 5%). Case No. 10 results in aft fuselage L1C's > 1.0 and forward fuselage L1C's nearly =1.0 while 
bulkhead crush spring. No.1 0 has revised case No. 12 produced L1C > 1. in the forward fuselage and L1C'-:;; .87 in the aft. AV's for No. 10 are generally 
crush. Same sink speed (15 ft/sec), pitch 
(_6 0), no lift, no engine contact. 

higher throughout. The wing S and My values are high enough to exceed the allowable strengths for NO.1 O. 
No wing responses were plotteJfor No. 12. The current results for the -60 pitch probably suggest lower initial 
sink speeds (perhaps 14 ftlsed are appropriate to stay within airframe strength. 

No. 11 vs. No. 13 
Comparison of effect of revising nose gear 
bulkhead crush spring. No. 11 has revised 
crush. Same sink speed (15 ft/sec), pitch 
(+6 0), no lift, no engine contact. 

The revised crush condition (No. 11) produces about the results (L1C, crush and pulses) as No. 13. The wing 
S6 and My values are lower than the corresponding _6 0 pitch case (No. 10) and probably just below the allow· 
a les. The previously reported +6 0 pitch results still appear appropriate. 

w 
I 

N 
00 

(a) See Table 3·2 for description of conditions. 



3.1.2 Air-to-Ground, Gears Extended 

An all-gears-extended configuration was analyzed for the following impact 

conditions: 

Sink Speed (ft/sec) Pitch Attitude (degrees) 

1. 18 -6 

2. 20 ° 3. 18 +6 

For all three cases the following assumptions apply: 

No lift forces• 
Forward velocity =• 
Ground coefficient (u) =• 
Main gear failure loads;• 

Fz, Vertical Force 

Fx, Longitudinal Force 

Nose gear failure loads;• 
Fz = 130,000 lb. , Fx = 

262 ft/sec 

0.35 

428,000 lb. , 

165,000 lb. 

78,000 lb. 

Prior to the analysis of the three no-lift cases, a comparison of lift 

versus no-lift was performed for 20 ft/sec sink speed, +1 degree pitch 

attitude. Both of these cases, as well as all subsequent runs were for a 

period of 0.49 second after impact. With lift forces, the gears withstand the 

impact load for a longer time. During this period of time the fuselage loads 

are relatively low, averaging about 3g vertically for approximately 0.35 

second. Without lift, the main gear experiences a failure at 0.146 second 

after impact and subsequently the fuselage experiences significantly higher 

forces when it impacts the ground. The lift condition, if run at higher 

initial impact velocities, would also result in main gear failures and 

subsequent fuselage impact with the ground. Thus, the no-lift analysis allows 

for evaluating critical fuselage impact loads in a shorter analysis time. In 

all three no-lift cases, the nose and main gears fail and the fuselage 

contacts the ground. 
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Table 3-7 compares the fuselage LIC ratios, crush distances, and vertical 

acceleration pulses for the -6, -0 and +6-degree impact attitudes. In all 

three impact conditions, an LIC ratio of 1.0 or greater is reached in the 

forward, mid, and/or aft fuselage regions. For the -6 degree pitch condition, 

the fuselage has crushed only in the forward region. During the 0.49 second 

of analysis, the airplane has not rotated onto the mid or aft fuselage. For 

the +6 degree pitch condition, the fuselage rotates onto the forward end and 

slaps down on the nose. The high-short duration primary response pulses 

include this effect. The triangular pulses associated with all three 

conditions vary in time duration, acceleration level and change in velocity. 

These pulses are plotted on a peak g versus At curve, figure 3-28. With the 

exception of the fuselage extremes (i.e., nose location) the change in 

velocity associated with pulses at limits of fuselage structural integrity are 

generally 25 ft/sec or less. 
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TABLE 3-7. COMPARISON OF PEAK LIC RATIO, FUSELAGE CRUSH, AND VERTICAL 
ACCELERATION FOR ALL GEARS EXTENDED CONDITIONS 

TRIANGULAR 
(t>v,t;t) 

(3) 

23.6 (440, .095) 
18.6 (370, .100) 

10.2 (354,.180) 

10.6 (330, .160) 
7.6 (250,.165) 

8.2 (230,.140) 

w 17.2 (220,.065)
I 

w .... 
12 (200,.085) 

MAXIMUM MAXIMUM ACCELERATION, 
LIC RATIO CRUSH, INCHES gpeak, 

F.S. 
LOCATION CD 0 0 CD 0 0 0) 

--
199 - - 6.0 4.7 + 19.4 (355, .095) 
300 .43 .475 .33 9.7 13.0 8.4+ 18.0 (295,.085) 
350 .86 .78 .82 
450 .91 :90 .88 3.2 11·7 6.1+ 13.8 (226, .085) 
480 1.47 .80 .96 
540 1.47 .84 1.02 
600 1.25 .75 .92 
620 1.12 .87 1.05 - 10.6 6.8+ 8.6 (160, .095) 
960/960 .80/.83 1.05/ .93 1.01/1.15 - 10.8 12.0 10.4 (90, .065) 
990 .89 1.13 1.53 -
1090 1.15 .98 1.00 - 9.7 14.9 7.9 (100, .075) 
1160 1.04 .92 1.11 -
1210 .83 1.06 1.08 .2+ 15.8 7.4 (100, .070) 
1320 .88 .97 1.03 -
1400/1400 1.13/1.06 1.1/1.1 1.15/1.18 7.4 (100,.070) 

~ 18 't/.ec .1nk .peed, -6 degeee p'tch 
2 20 it/sec sink speed, 0 degree pitch 
3 l~ it/sec sink speed, +6 degree pitch 

+ Indicates peak crush value was not reached at time =0.49 second 

PULSE 

CD 

38.0 (312,.035) 
{24.0 (240,.045)} 

9.6 (188,.100) 
16.2 (215,.065) 

6.8 (170, .080) 
10.0 (250,.130) 

9.8 (260,.140) 

{22.0 (260,.065)} 
12.0 (310,.140) 
14.0 (300,.100) 



Table 3-8 shows the wing span-wise bending moment and shear distribution 

for the three-pitch attitude conditions. The shear and bending moments are 

highest for the 0 degree condition. The shear values indicate that the 

strength of the wing is either marginal or exceeded for some of these 

conditions. The previous analyses predicted high outboard wing shear relative 

to the estimated strength, which was not confirmed by eID test data. Thus, it 

is most likely that the wing strength is satisfactory or at worst marginal for 

the three conditions analyzed. 

TABLE 3-8. KRASH WING PEAK BENDING MOMENT AND SHEAR RESPONSES 

6BENDING MOMENT, IN.-LB x 10 

MASS NO. BL 

5 
11 
12 
13 
14 
15 

ROOT 
-118 
-271 
-430 
-583 
-740 

MASS NO. 
i-j BL 

11-12 
11-12 
12-13 
13-14 
14-15 

0/-118 
-118/-271 
-271/-430 
-430/-583 
-583/-740 

& 

33. 
27.6 
8.6 
5.3 
4.5 

<1-

~ 

48. 
29. 
18. 

8.1 
4.1 

<1-

&. 

41-
25. 
18. 

6.7 
3.4 

<1-

& &. 
SHEAR, 

& 
LB 

269. 277. 179. 
84. 142. 123. 
61. 80. 61-
32. 54. 48. 
23. 24. 23. 

& sink speed = 18 ft/sec, pitch = -6 degrees 

& sink speed = 20 ft/sec, pitch = o degrees 

& sink speed = 18 ft/sec, pitch = ~ degrees 
.&. values are not simultaneous 
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ESTIMATED ULTIMATE 

75. 
50. 
30. 
15. 
10. 

5. 

3 x 10 

ESTIMATED ULTIMATE 

250. -300. 
200. 
110. 
40. 
10. 



3.1.3 Comparison with Previous Air-to-Ground Analysis 

The analysis of a medium size transport aircraft (155,000 lb. gross 

weight) which is about the size of the L-1649 and about 20,000 lb. lighter 

than the maximum design landing weight of the crn test article, was reported 

in reference 4. The dimensions of the aircraft analyzed are shown in 

figure 3-29. The crushing springs used in the reference 4 model are shown in 

figure 3-30. The stiffness series No. 1 was the initial crushing data used 

and the limited deformation distance coupled with excessive force as the 

structure bottomed producing unrealistic results. Stiffness series Nos. 2, 3 

and 4 included refinements based on drop test results. Reference 4 analysis 

results are presented in table 3-9. A comparison of the results for the 

15 ft/sec impact with the aircraft in a 0 degree pitch attitude is shown in 

table 3-10. The models show peak vertical accelerations within the range of 

9 to 10 g's (Reference 4) and 9 to 10.5 g's (Crn model). The Lrc ratios for 

both models show that the margins of safety at that impact level are between 

0.3 to 0.58 (reference 4) and between 0.32 to 0.52 (Crn model). The reference 

4 model shows generally more crush than the crn model, particularly at the aft 

end. Crush is a function of both fuselage contour and fuselage underside 

crushing characteristics. Figure 3-31 shows how the two airplane contours 

differ, which partially explains the difference in aft fuselage crush. Figure 

3-32 compares the fuselage underside crush springs used for the two models. 

The crn model appears to provide higher crush energy absorption which would 

also tend to reduce the crush distance. 
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TABLE 3-9. A SUMMARY OF TEST CASE COMPUTER RUNS (REFERENCE 4) 

-12,307 -20,130 -24,831 -30,547 -32,088 
-13,926 -24,448 -34,534 -40,690 -66,274 
-11,474 -15,618 -25,675 -31.830 -35,327 
4,888 -10,561 -21,175 -33,711 -49,053 

-16,617 -24.633 -34,611 -39,530 -73,565 
-15,990 -25,197 -29,493 -43,764 -59,279 
-9,866 -16,217 -28,690 -33.034 -38.257 

-10,403 -19,833 -31,972 -38.854 -28,810 
-4,709 -7,542 -11.984 -12,156 -19,196 

-16.800 -30,000 -38.000 -45,000 -80,000 

Sta. 15 
Angle1 Veloclty2 Stlff- (max g) 
(deg) (ft/sec:, neaa3 Mode'l + -

0 15 3 Flex 20 -11 
+2 10 4 Flex 31 -22 
+5 10 3 Flex 33 -24 
+5 15 3 Rigid 8 -2 
+5 15 3 Flex 35 -24 
+5 20 3 Flex 35 -23 
-5 15 4 Flex 35 -20 
-7.5 15 3 Flex 19 -17 
5° Ramp 3 Flex 34 -22 

Sta. 1 Sta. 2 
(In.) (In.) 

0 15 3 Flex 0 
2 10 4 Flex 1 
5 10 3 Flex 2 
5 15 3 Rigid 13 
5 15 3 Flex 2 
5 20 3 Flex 16 

-5 15 4 Flex 1 
-7.5 15 3 Flex 0 
5° Ramp 3 Flex 0 

Angle1 Velocity2 Stlff-
(deg) (ft/sec) ness3 Mode4 Sta. 25 Stat 35 

0 15 3 Flex 6,116 9,846 
2 10 4 Flex 12,585 23,327* 
5 10 3 Flex 13,538 19,995 
5 15 3 Rigid 16,555 29,722* 
5 15 3 Flex 17,215* 25,083* 
5 20 3 Flex 14.277 22,427 

-5 15 4 Flex 10,842 15,029 
-7.5 15 3 Flex 9,839 12,611 
5° Ramp 3 Flex 17,807* 25,460* 
Calculated Allowable M 16.800 22,800 

0 15 3 Flex 
2 10 4 Flex 
5 10 3 Flex 
5 IS 3 Rigid 
5 15 3 Flex 
5 20 3 Flex 

-5 15 4 Flex 
-7.5 15 3 Flex 
5° Ramp 3 Flex 
Calculated Allowable M 

Notes: 1. + impact angle is nose down. 
2. Velocity component normal to fuselage. 
3. Stiffness series per Figure 4 (lower fuselage crushing). 
4. Flexible mode Is 6 modes with dampening. 
5. Reference Figure 1 for station locations. 

Stat 55Stat 25 

(max g) (max g) 

++ -
-7 1211 

15 -13 10 
20 -15 17 

7 -2 5 
-1727 -17 

-14 1416 
-1017 9 

17 -17 16 
17 -15 16 

Sta. 85 

(max g) 

-+ 

8 -7 
16 -11 
19 -11 

4 -2 
22 -12 
14 -18 
10 -10 
13 -13 
12 -8 

-
~ 

-9 
-12 

-
-21 
-16 
-10 
-13 
-11 

Maximum Displacement (Stnu:ture Crushed), Inches 

Sta. 3 Sta. 6 stat 9Sta. 4 Sta. 5 Sta. 8Sta. 7 
(In.)(In. ) (In.) (in.)(in. ) (in.) 

3410 1610 11 11 15 
6 177 6 69 11 

207 2 3 39 40t4 
3612 12 23 40t18 14 

40t40t13 5 5 2211 
40t23 20 17 18 40t 40t 

30 3418 21 24 386 
40t40t 40t 40t15 25 37 
40t2 2510 17 40t 40t 

Maximum Plus Moment (Compression Top) 
(In.-kiDSI 

Stat 45 Sa. 55 Sta. 65 Sta. 75 

11,516 10,187 16,679 8.532 
32,442* 37,173* 58,116* 35,784* 
26,804 32,316* 51,816* 36,785* 
39,976* 45,495* 51,081* 37,932* 
32,734* 42,451* 56,212* 58,092* 
26,855 33,524* 66,815* 45.189* 
16.282 13.790 43,077* 21,160 
24,954 29,935* 41,837* 35,043* 
30,657* 34,596* 51,195* 29,215* 
27,200 29,800 34,000 29,000 

Maximum Minus Moment (Tension Top) 

-26,537 
-62,451* 
-36,515 
-42,750 
-54.590 
-47,235 
-25,261 
-37,343 
-28,093 
-62,000 

t Beyond Floor Level 

Sta. 85 

8.845 
28,710* 
29,047* 
24.930* 
45,738* 
41.449* 
13,469 
36,700* 
25,760* 
19,400 

-20,012 
-42,881 
-24.926 
-24,005 
-38.856 
-39,206 
-19,382 
-20,276 
-19,397 
-45,000 

* Allowable Moment Exceeded 

Sta. 95 

(max g) 

+ -
14 -9 
16 -11 
21 -19 

5 -4 
24 -21 
22 -22 

-20 
22 
14 

-26 
15 -18 

(In. ) 

32 
16 
40t 

40t 

40 t 

40t 
35 
40t 
40 t 

Sta. 95 

8,358 
24,024* 
23,832* 
12,835* 
44.674* 
31,891* 
11,074* 
28,483* 
17,595* 
10.100 

-17,749 
-25,845 
-17,160 
-12.904 
-36,071 
-23,503 
-22.075 
-13,320 
-12,479 
-30,000 
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FUSELAGE STATION 187 325 432 546 641 831 964 1097 1249 1484 
I 

D s s s 
"'C::::::::::::---T~-- --"] 

MASS STATION 678 9 10 
WEIGHT (LBI 83,11211,332 10,100 7,124 8,300 

1 2 3 4 5 

4,705 7,475 8.486 7,887 6,591 

(8) REFERENCE 4 AIRPLANE CONFIGURATION 

Figure 3-29. Analytical Study, Test Case Model (Reference 4) 

TABLE 3-10. COMPARISON OF ANALYSIS RESULTS, SINK SPEED = 15 FT/SEC, 0 DEGREE 
PITCH 

PEAK VERTICAL L1C RATIOS CRUSH DISTANCE, IN.FUSELAGE STATION 
ACCELERATION, 9 

REFERENCE 2 CID REFERENCE 4 REFERENCE 4 CIDREFERENCE 4 CID CID 

100.70 0.55 7.6 

432 450 

10 9.0325 300/350 

100.67 0.55 6.4 

546 540 

- -
11 6.3 

641 * 620 (a) 

- 0.65 0.52-
0.48 (a)'10 11 6.3 

631 * 820 (a) 

10.5 0.67 

0.57 (a) 16 6.7 

964 * 960 

- 0.42-
9.3 Ie) 

1097 1040/1090 

0.56 15- 0.45-
9.7 (el 

1249 1210/1240 

9.9 0.46 0.68 348 

1.4 (el0.60 0.49 32- -

(a) BULKHEAD CRUSHING 

(b) AVERAGE OF TWO VALUES 

(el MAXIMUM VALUE AT ENO OF ANALYSIS 
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Figure 3-30. Lower Fuselage Spring Data - Test Cases (Reference 4) 
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I 
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~ 
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Figure 3-32. Comparison of Lower Fuselage Spring Data 
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The comparisons for the nose-up and nose-down impact simulations show 

similar trends with regard to each model, although the differences are more 

widespread. For example, a comparison of peak accelerations at the same three 

locations shown in table 3-10 indicates the differences in the peak 

acceleration values as shown in table 3-11. The fundamental bending frequency 

of the airplane described in reference 4 is 3.25 Hz, which is close to the 

fundamental bending frequency of the CIn test airplane (3.37 Hz). However, 

from analytically obtained sample acceleration time histories (figure 3-33) 

that are presented in reference 4, it appears that the reference 4 model 

exhibits higher frequency responses which account for higher peak values. 

Similarly, the comparison for crush and LIC ratios at the two pitch attitudes 

shows differences in magnitude, but similar trends. The LIC ratios, shown in 

table 3-11, are based on bending allowables which produce tension at the top 

of the fuselage shell. The data from table 3-8 indicate that the reference 4 

study used lower compression bending allowables; thus, exceedance of strength 

was usually due to the compression loads. The CIn analysis assumes equal 

bending strength in compression and tension. However, it does base failure on 

combined moment and shear. From the LIC ratios, shown in table 3-11, it is 

noted that the nose-down impact is in good agreement except for the fuselage 

extremes and at the mid-fuselage (FS820). FS820 values for the CIn were not 

available, thus FS620 values were used in the analysis. In reality, FS820 

strength is greater than the strength at either FS620 or FS960 as shown in 

table 3-12. With the proper strength values the LIC ratio at FS820 shown in 

table 3-11 would be reduced to less than 1.0 and show good agreement with the 

reference 4 results. For the nose-up impact, the CIn LIC ratios are generally 

higher. Table 3-12 shows the bending allowables used in the two analyses, as 

well as the allowable for the smaller airplane if scaled to the strength of 

the larger airplane. The scale factor used is the ratio of the fuselage shell 

radius cubed. Typical fuselage diameters are 140 inches and 170 inches, 

respectively for the two airplanes analyzed. Both the suggested scale factor 

and fuselage size were obtained from the mass and size scaling trend study 

described in reference 5. It is only a guideline and may represent an upper 

limit. However, by using such a factor it can be seen that the CIn allowables 
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TABLE 3-11. COMPARISON OF ANALYSIS RESULTS 

NOSE·DOWN (a) NOS·UP (h) 
FUSELAGE STATION 

LOCATION PEAK PEAK 
VERTICAL CRUSH L1C VERTICAL CRUSH L1C 

ACCELERATION DISTANCE RATIO ACCELERATION DISTANCE RATIO 
(g) (inches) (U) [Inches) 

CID REF. 4 CID REF. 4 CID REF. 4 CID REF. 4 CID REF. 4 CID REF. 4 CID 

325 300/350 27 12.0 15 0.4 1.00 0.63 17 19 11 13.8 0.63 1.00 

432 460 - - 25 4.1 0.75 0.76 - - 13 7.3 0.67 1.15 

546 540 - - 37 5.2 0.90 0.93 - - 5 6.0 0.84 0.99 

641 620 17 7.0 40 (e) 6.5 0.91 0.91 16 8 5 4.8 0.89 0.81 

831 820 - - 40 (e) 11.1 0.91 1.37(d - - 22 10.6 0.36 1.13ldJ 

964 960 - - 40 (e) 17.7 0.90 0.81 (d - - 40\e) 19.1 0.60 0.99{dJ 

1097 1040/1090 22 12.4 40 (e) 21.0 0.89 0.99 13 7 40{el 23.3 0.45 0.84 

1249 1210/1240 - - 40 Ie) 21.1 1.2 0.86 - - 40lel 24.9 0.42 0.83 

(a] 5 DEGREES FOR REF. 4; 6 DEGREES FOR CID 

(b) 7.5 DEGREES FOR REF. 4; 6 DEGREES FOR CID 

(e) BEYOND FLOOR LEVEL 

(d) AVERAGE OF TWO VALUES 

TABLE 3-12. COMPARISON OF ULTIMATE BENDING MOMENTS 

F.S. LOCATION 

REFERENCE 4 ULTIMATE 
(in·Kips) 

CID ULTIMATE 
(in-Kips) 

REFERENCE 4 DATA SCALED 
(a) 

COMPRESSION TENSION TENSION = COMPRESSION COMPRESSION TENSION 

325 350 

432 450 

546 540 

641 620 

831 820 

964 960 

1097 1090 

1249 1210 

16800 

22800 

27200 

29800 

34000 

29000 

19400 

10100 

16800 

30000 

38000 

45000 

80000 

62000 

45000 

30000 

39000 

45000 

50000 

62500 

(b) 

96000 

75000 

50000 

29000 

39398 

47000 

51494 

58752 

50112 

33523 

17280 

29000 

51840 

65664 

77760 

138000 

107000 

77760 

51840 

(a) SCALED FACTOR - 1.728, a = Mel! 0: M/y3 (b) USED FS620 VALUE, SHOULD BE ~ FS960 VALUE 

3-40 



w 
I 

.po. 

.-

0> 

Z 
o 
j::::
c:r 
a:: 
LU 
-' 
LU 
U 
LU 
c::J 

STATION 1 STATION 2 STATION 3 STATION 4 STATION 5 

0> 

Z 
o 
j::::
c:r
a:: 
LU..... 
LU 
U 
LU 
c::J 

STATION 1 STATION 2 STATION 3 STATION 4 STATION 5 

Figure 3-33. Deceleration - Fuselage Crash Impact Study - Flexible Body - 5 Degree Impact 
Angle - 10 Ft/Sec Normal Velocity - Stiffness 4 (Reference 4) 



are reasonable. although somewhat high, except at FS820 for the reasons stated 

earlier. 

Figure 3-34 shows a comparison of initial impact velocity versus pitch 

attitude at the limit of airplane airframe integrity generated from the two 

analyses. Despite some differences between the two approaches (i.e., computer 

programs, airplane configurations, crush characteristics) the curves still 

show a similar assessment. 
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ANALYSES 

-6 0 

PITCH ATTITUDE, DEGREES 

Figure 3-34. Airplane Impact Velocity Versus Pitch Attitude. 
Air-to-Ground Scenario 

3.2 COMBINED LONGITUDINAL-VERTICAL PULSE 

For the air-to-ground conditions analyzed in this study, the magnitude of 

the floor longitudinal pulses are relatively low in relation to the vertical 

pulse. This is due primarily to the fact that the impact attitude is shallow 

(~6 degrees) and thus the longitudinal acceleration is approximately equal 

to the coefficient of friction times the peak vertical acceleration. As the 

impact angle increases, the relative magnitudes of the longitudinal and 
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vertical pulses become closer. The L-1649 test (reference 6) results, which 

were obtained for 6-degree and 20-degree slope impacts, illustrate this point. 

As the impact angle increases, the longitudinal pulse would dominate (i.e., 

90-degree slope or wall). This trend is illustrated in figure 3-35. However, 

the magnitude of the longitudinal pulse does not necessarily increase as the 

effective longitudinal velocity change (~V) increases, as was observed from 

the L-1649 crash test results, shown in figure 3-36. 

In the L-1649 test there were two distinct ground impacts: a 6-degree 

impact by the airplane moving at a forward velocity of 172 ft/sec (ENV* = 18.4 

ft/sec); and a 20-degree slope impact by the airplane moving at a forward 

velocity of 110 ft/sec (ENV = 37.6 ft/sec). In the latter impact, the 

airframe's structural integrity was exceeded, as noted by failure of the 

fuselage shell at two locations: aft of the cockpit and aft of the wing 

trailing edge (figure 3-37). From figure 3-36 it can be noted that the peak 

acceleration at an airplane cockpit location, FS195, is approximately 20g for 

both the 6- and 20-degree slope impacts, despite the fact that the effective 

longitudinal velocity resulting from the latter impact is approximately 30 

percent higher than the effective velocity change (~V) associated with the 

impact onto the shallower slope. At the mid-fuselage station (FS685), the 

response shapes are similar and magnitudes are nearly equal, despite the 

latter having a longer duration and, consequently, a higher effective 

longitudinal ~V. The ramp impact represents a ground-to-ground impact 

condition which provides both vertical and longitudinal pulses of substantial 

levels. 

3.2.1 Ground-to-Ground Analysis 

Several preliminary computer simulation runs were made to investigate 

responses for a ramp impact. The stick model, three views of which are shown 

in figure 3-38, was used. The ramp angle (4.4 degrees) and forward speed 

(3140 in/sec) were constant for these initial runs, so that the ENV is 

approximately 20 ft/sec for all cases. Nine cases are tabulated in table 

3-13. For this type of impact, it was found that the treatment of the 

*ENV = Effective Normal Velocity = product of forward velocity and sine of 
ramp angle 
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1DENOTES DEFLECTION VALUES 

CRUSH SPRING 
AT FS 199 IMASS NO.1) 

CRUSH SPRING 
AT FS 300 (MASS NO. 21 

100.000 

TABLE 3-13. PRELIMINARY RAMP IMPACT CASES 

CASE 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

(al 

(b) 

SLOPE ANGLE = 4.4 0 

FWD. VELOCITY - 3140 IN/SEC 
ENV = 3140 (SIN 4.4 OJ :::: 20 FT/SEC 

FOR CRUSH SPRING AT FS 199, "D" - 10 

111) (3.31
200,000 

~ 
ci 
""g 

"C" "0" 

DEFLECTION, INCHES 

NOSE SPRINGS (FS JODI 
LOAD DEFLECTION CURVE 

(FIG J·J91 
C D KD 

20 24 50.000 
10 24 50,000 
20 24 50,000 
20 24 50.000 
4.4 30 100,000 
10 18 50,000 
4.4 18 100,000 
4.4 18 100,000 
4.4 18 100,000 

GROUND 
FLEXIBILITY 
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1.0 
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0.5 

Figure 3-39. Nose Gear Bulkhead Crush Spring Characteristics 

3-46 



nose gear bulkhead crush springs can significantly influence the results. 

Figure 3-39 shows the characteristic crush springs used for the nose gear 

bulkhead representation. The nose gear crush characteristics for cases 8 and 

9, in table 3-13, were used for the previously reported air-to-ground impacts. 

For those conditions, deflections at masses 1 and 2 were not high enough to 

cause spring, K to bottom. However, for the ramp impact, the influence of 
c 

impacting the nose section and deflecting the spring sufficiently to bottom it 

out (particularly at FS199) produced loads which exceeded the airfame 

capability (LIC ) 1.0) by substantial margins. Based on the L-1649 ramp 

impact test results (reference 6), the deflections at the forward region 

appeared excessive. Based on the test results, reported in reference 4, the 

KRASH model representation of the nose gear bulkhead region crush did not 

appear to provide adequate energy absorption. The test and analysis results 

are reported in reference 4 and were discussed in more detail earlier in this 

section. The nose gear bulkhead is assumed to fail after the initial peak 

loads of 100,000 lb. and 200,000 lb. at FS199 and FS300, respectively, are 

reached. Thereafter, the load-carrying capability is considered to be 

significantly reduced. Because of the possibility that the load-carrying 

capability was reduced too drastically, variations in these two crush (FS199 

and FS300) characteristics were investigated along with the effect of flexible 

ground. The latter is realistic since the L-1649 impacted on an earthern 

slope. Case Nos. 1 and 4 are considered to be more realistic representations 

than the initial runs (cases 7, 8, 9). The LIC ratio, fuselage crush and peak 

acceleration data obtained from these two conditions, along with case No.8 

results, are shown in table 3-14. The acceleration values shown in table 3-14 

do not necessarily occur simultaneously and the base duration of triangular 

pulses are generally less than 0.150 second, particularly for the higher peak 

values. Case No. 1 values appear to provide a closer match to the L-1649 test 

results. Case No. 4 values appear to be low and may reflect too much ground 

displacement. When the ground flexibility is stiffened (case No.3, table 

3-13), the acceleration peaks values increase approximately 30 percent and 

20 percent for the vertical and longitudinal directions, respectively. 

However, the LIC ratios generally reflect the same overall magnitudes, 

although there are individual changes. 
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Acceleration time plots for case No.1, table 3-14, for the vertical and 

longitudinal directions are shown in figures 3-40 and 3-41, respectively. 

Case No. 1 shows LIC values greater than 1.0 at two locations (FS1090, 

FSl160). Both results are considered to be on the high side. Figure 3-42 

shows the analysis results versus the LIC curve used in the analysis, as well 

as the correct curve which is appropriate for FS1080. The LIC value (1.08) 

would reduce 10 percent with the corrected curve. Furthermore, the results 

are sensitive to the slope of the LIC curve in the region shown. If, for 

example, My and Sz values of 75,000 in-Ibs and 250,000 lb were extended and no 

interaction line used, the LIC ratio would be closer to 0.75. Similarily, 

figure 3-43 shows the LIC curve at FSl160. As shown, the margin is -.02. 

Projecting the My and Sz values without the interaction, as was done for 

figure 3-42, results in a 0.80 LIC ratio. 

A review of LIC curves at other fuselage stations indicated that even if 

the curves were revised as noted to decrease the LIC ratios to 0.75 or 0.80 

at these two locations, the most critical location would be at the forward 

fuselage FS540. The margin there would be +0.09 instead of +0.06 (LIC =0.94) 

as noted in table 3-14. Thus, the case No. 1 results (LIC = 0.91) are 

interpreted as marginal with regard to fuselage strength. Subsequent ramp 

impact analysis, described later in this section, are run at a higher ENV to 

account for the LIC curves possibly resulting in somewhat higher ratios in 

some locations. If the LIC data is changed in the model the comparison with 

earlier air-to-ground results would be distorted. 

Figure 3-44 is a cross-plot of the associated velocity changes in the 

vertical (~V ) and longitudinal (~V ) directions. The velocity change values z x 
are obtained for an approximate 200 msec duration and can be taken at several 

periods in each run for different combinations of ~V and ~V. The rampx z 
analysis results are superimposed on the air-to-ground analysis results in 

figures 3-45 and 3-46 for acceleration and crush, respectively. 

Subsequent to the preliminary ramp impact runs described, additional 

analyses were performed to investigate various ramp impact conditions. Three 
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TABLE 3-14. PRELIMINARY RAMP IMPACT ANALYTICAL RESULTS 

CASE NO. 

1 4 8 
L1C RATION F.S. 

300 0.47 0.44 2.20 
350 0.92 0.98 1.05 
450 0.89 0.88 1.24 
480 0.90 0.99 1.19 
540 0.94 1.05 1.22 
600 0.82 0.91 1.12 
620 0.76 0.73 1.02 

960/960 0.7/0.79 0.71/0.8 0.810.82 
990 0.86 0.87 1.0 
1090 1.08 1.01 1.08 
1160 1.02 0.98 1.03 
1210 0.89 0.93 0.9 
1320 0.88 0.94 0.88 

1400/1400 

CRUSH (IN) @ FS 

0.93/0.77 0.74/0.97 

(INCLUDES GROUND CRUSH DISTANCE) 

0.95/0.82 

199 9.0 10.0 (4) 14.3 
300 14.0 15.2 (8) 17.0 
460 8.4 10.6 (5) 9.7 
620 5.8 9.0 (8) 6.1 
820 7.5 12.2 (10.4) 6.3 
960 13.8 18.6 (10.4) 11.1 
1040 16.3 21.5 (2.3) 13.1 
1200 
1400 

(a} PEAK ACCEl. @ F.S. 

13.5 
-

18.4 (3.0) 4.6 

199 (1} 20.5/11.2 12.0/5.3 30.7/1.8 
300 (2) 10.8/9.3 8.6/5.3 21.519.4 
460 (3) 7.4/5.5 5.2/5.1 11.3/6.5 
620 (4) 5.4/5.8 3.6/4.9 12.3*/4.8 
820 (5) 5.1/5.4 4.014.8 8./5.3 
960 (6) 9.1*/6.8 4.4/4.7 6.6/5.8 

1040 (7) 10.3*/6.8 4.4/4.5 8.3*/6.4* 
1200 (8) 9.1 */6.7 6.2/4.5 11.1 */6.0 
1400 (9) 13./6.5 10.6/4.3 11.1 /5.9 

(a) DENOTES MASS NUMBER UNFILTERED DATA, VERTICAL/LONGITUDINAL 
* SHARP .010 DURATION PEAK 
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ramp angles were considered: 20, 8.8 and 4.4 degrees. The cases considered 

are tabulated in table 3-15. In all cases the forward speed of the vehicle 

was allowed to vary in order that the ENV could be maintained at 25 ft/sec.The 

forward speeds of the vehicle are 73.1, 163.4 and 325.9 ft/sec for ramp angles 

of 20, 8.8 and 4.4 degrees, respectively. 

Typically, the analytically determined vertical response of the airplane 

to a ramp impact is an initial acceleration peak immediately after impact with 

the ramp and then a secondary peak 0.10 to 0.20 second following the initial 

ramp impact. This second peak occurs when a crush spring "bottoms." In some 

cases, a third acceleration peak is evidenced within the time period 

investigated as the vehicle rotates and the aft section impacts the ground. 

Vertical acceleration response histories of forward, mid, and aft fuselage 

section masses are shown in figure 3-47. The amplitude of the initial peak of 

the forward section mass varies as the forward speed of the vehicle; 7.9g for 

the 20 degree ramp case compared to 19.8g for the 4.4 degree ramp case. The 

second response peak of the forward section mass appears to be a function of 

the ENV since the amplitude remains relatively constant for the three cases, 

26.8g, 22.3g, and 22.7g for ramp angles of 20, 8.8, and 4.4 degrees, 

respectively. 

The longitudinal response characteristics of the vehicle are not as well 

defined as the vertical response characteristics, see figure 3-48. Only in 

the 4.4 degree ramp impact case are the longitudinal characteristics similar 

to those of the vertical response, i.e., an initial response peak followed by 

a second peak 0.15 second later. Neither of the other two cases predict an 

initial impact peak and only the 20 degree case predicts the large second 

peak. 

Maximum vertical and longitudinal response peaks for the 20, the 8.8 and 

the 4.4 degree ramp cases are summarized in table 3-16, columns 1, 3, and 6, 

respectively. The peak values shown occur at different times in the runs and 

not simultaneously. The base duration of the peak amplitudes are generally 

less than 0.10 second. 
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TABLE 3-15. RAMP IMPACT CASES 

RAMP 
ANGLE 
IDEG) 

FWD 
YEL 

1FT/SEC) 
ENY* 

1FT/SEC) 

GROUND 
FLEX 

IIN/LS) REMARKS 

20.0 73.1 25.0 - BASELINE MODEL 
20.0 110.0 37.6 - BASELINE MODEL 
8.8 163.4 25.0 - BASELINE MODEL 
8.0 235.0 32.7 - BASELINE MODEL 
6.0 177.0 18.5 - BASELINE MODEL 
4.4 325.9 25.0 - BASELINE MODEL 

20.0 73.1 25.0 "- ROTATE MASS 1 - 20 DEG. NOSE UP 
8.8 163.4 25.0 - ROTATE MASS 1 - 8.8 DEG NOSE UP 
4.4 325.9 25.0 - ROTATE MASS 1 - 4.4 DEG NOSE UP 

20.0 73.1 25.0 - BASELINE MODEL WITH PLOW FORCE - 1 X 105 ILB) 
AT VERTICAL SPRINGS 1 AND 2 FOR FIRST 0.1 
SECONDS OF RUN. 

20.0 73.1 25.0 - MASS NODE 1 ADDED WITH HORIZONTAL SPRING. 
K1 SPRING SET. 

20.0 73.1 25.0 - MASS NODE 1 ADDED WITH HORIZONTAL SPRING. 

K2 SPRING SET. 

20.0 73.1 25.0 - MASS NODE 1 ADDED WITH HORIZONTAL SPRING. 
K3 SPRING SET. 

20.0 73.1 25.0 - MASS NODE 1 ADDED WITH HORIZONTAL SPRING. 
K4 SPRING SET. 

20.0 73.1 25.0 4 16 X 10-5 BASELINE MODEL WITH MASS 1 ROTATED 20 DEG. 

NOSE UP 

20.0 73.1 25.0 4 16 X 10-5 MASS 1 NODE ADDED WITH HORIZONTAL SPRING. 
K1 SPRING SET. 

*EFFECTIVE NORMAL VELOCITY 
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TABLE 3-16. MAXIMUM ACCELERATION 

w 
I 

V1 
00 

COLUMN 1 2 3 4 5 6 7 8 

8ASELINE MOOEL MASS 1 ROTATED 

SPRING SET K1 Kl Kl Kl Kl Kl Kl Kl 

ENV 1FT/SEC) 25 37.6 25 32.7 18.5 25 25 25 

FWO VEl 1FTISEC) 73.1 110 163.4 235 177 325.9 73.1 163.4 

RAMP ANGLE 10EG) 20 20 8.8 8 6 4.4 20 8.8 

FUSElAGE STATION 

199 
300 
460 
620 
820 
960 

1043.5 
1201.1 
1400 

-10.4/-26.8 
-13.2/-18.5 
-12.5/-10.1 
-7.9/- 8.0 
-7.8/-4.6 
-8.51- 3.9 

-9.4/-11.2 
-10.5/-14.9 
-10.0/- 24.4 

- 20.61- 60.0 
+24.5/- 40.6 
-18.2/- 15.0 
-15.6/+ 12.6 
-14.3/+8.7 

+20.1/-13.7 
+28.8/-20.1 
+42.1/-27.6 
+72.51 - 81.7 

-5.21-12.4 
-8.6/-18.2 
-6.5/-12.6 
-7.81-7.5 
-7.41-7.5 
-9.1/-9.7 

-9.61-12.6 
-16.5/-16.1 
-18.4/- 20.1 

-15.5/-38.8 
-15.2/- 28.0 
-13.5/-16.7 
- 12.6/-12.0 
-11.9/-18.4 
-13.4/- 19.2 
-15.9/- 25.6 
+25.61- 30.3 
+40.4/- 59.6 

-7.01-14.2 
-7.11~8.6 

-6.2/-8.8 
-5.51- 5.2 
-5.5/-7.1 
-5.51-13.3 
- 5.5/-16.2 
-7.8/-14.3 
- 9.2/-13.3 

-22.6/-22.7 
-6.4/-17.5 
-10.4/-21.5 
- 9.41-15.9 
-10.5/-11.4 
-13.1/-8.0 

-12.1/-13.7 
-13.4/-12.4 
-15.3/- 8.6 

-8.6/-22.4 
-13.8/-16.3 
-8.0/-11.3 
-6.8/-7.6 
-7.3/-3.5 
-8.4/- 3.5 
-8.8/-11.9 
-2.6/- 23.1 
-9.5/-34.9 

-12.9/- 20.0 
-12.2/-17.1 
-7.8/-12.3 
-7.2/-7.5 
-7.81-8.2 

-8.5/-11.5 
-10.51-12.9 
-14.1 1- 15.6 
-19.2/-22.9 

COLUMN 9 10 11 12 13 14 15 16 

PLOW 
FORCE MASS 1 NOOE ADDED 

GROUND 
FLEXI81l1TY 

SPRING SET KI Kl KI K2 K3 K4 KI Kl 

ENV (FT/SEC) 25 25 25 25 25 25 25 25 

FWD VEl (FT/SEC) 325.9 73.1 73.1 73.1 73.1 73.1 73.1 73.1 

RAMP ANGLE IDEGI 4.4 20 20 20 20 20 20 20 

FUSELAGE STATION 

199 
300 
460 
620 
820 
960 

1043.5 
1201.1 
1400 

- 24.0/- 23.7 
-10.1/-17.4 
-10.41-21.3 
-10.1/-15.9 
-10.7/-11.2 
-13.3/-9.5 

-12.0/-13.7 
-13.3/-11.3 
-15.1/- 8.6 

-12.0/-16.4 
-14.8/-15.5 
-10.81 -13.2 
-7.51-9.0 
-7.1/-4.8 
- 8.1 /+ 3.2 
-9.9/+3.0 

-7.61-21.1 
-8.7/-36.1 

-8.11-31.7 
-15.9/- 22.7 
-11.6/- 9.5 
-7.0/-8.5 
-6.9/-4.6 
-6.71-5.7 
-6.9/-7.9 
-7.1/-10.9 
+9.3/-17.1 

-26.1/- 28.3 
-10.2/-20.1 
-7.9/- 8.8 
-5.9/-7.8 
-6.1/-4.4 
-6.0/-2.5 
-6.3(-2.3 
-6.3/+4.2 
-7.5/+ 6.5 

- 22.9/- 20.8 
-12.31-17.1 
-9.9/+ 7.7 
-6.31+6.1 
-6.2/-3.6 
-6.4/-7.2 
-6.7/-11.1 

+10.8/-14.7 
+17.7/-28.3 

-10.9/-27.5 
-9.7/-21.1 
-8.2/-9.5 
-6.0/-7.9 
-6.2/-4.5 
-6.4/-2.5 
-6.6/-2.2 
-6.9/+4.2 
-7.9/+ 6.5 

-4.3/-12.9 
-4.6/-8.7 
-4.2/-5.6 
-4.1/-3.8 
-4.3/-3.0 
-4.5/-2.3 
-4.6/- 3.6 
-4.7/- 5.9 

-4.81-10.5 

- 5.3/- 8.6 
-5.0/+5.4 
-4.31-4.1 
-3.41-3.4 
- 3.3/- 2.3 
-3.7/-2.6 
-3.8/-3.4 
-4.3/- 5.4 
-5.0/- 8.4 



TABLE 3-17. MAXIMUM LIe RATIOS 

COLUMN 1 2 3 4 5 6 7 8 

BASELINE MODel 

Kl Kl Kl Kl Kl Kl 

MASS 1 ROTATED 

SPRING SET Kl Kl 

ENV iFTISEC) 25 37.6 25 32.7 18.5 25 25 25 

FWD Vel 1FT /SEC) 73.1 110 163.4 235 177 325.9 73.1 163.4 

RAMP ANGLE IDEGI 20 20 8.8 8 6 4.4 20 8.8 

FUSelAGE STATION 

300 1.75 3.25 1.61 1.97 .50 .43 1.72 1.59 
350 1.62 1.79 1.38 1.95 .90 .92 1.65 1.32 
450 1.69 1.82 1.45 1.93 .87 1.06 1.73 1.42 
4BO 1.14 1.45 1.32 1.33 .76 1.07 1.15 1.32 
540 1.15 1.55 1.41 1.43 .7B 1.10 1.17 1.42 
600 1.07 1.35 1.26 1.27 .71 1.00 1.0B 1.26 
620 .B9 1.07 .89 1.99 .75 2.19 .B9 .BB 
B20 1.12 1.49 1.22 1.6B .74 1.73 1.13 1.21 
B20 1.25 1.74 1.34 1.55 .B2 .91 1.26 1.33 
960 .6B .91 .73 .93 .56 .B3 .6B .73 
960 .63 .90 .64 .92 .57 .75 .64 .63 
990 .6B LOB .70 1.07 .67 .88 .68 .69 

1090 .79 1.06 .75 1.46 .71 .95 .79 .74 
1160 .75 1.03 .73 1.3B .72 .94 .75 .72 
1210 .58 1.12 .54 1.10 .79 1.02 .57 .62 
1320 .59 1.37 .54 1.44 .7B 1.01 .57 .63 
1400 .66 1.91 .82 1.96 .83 LOB .62 .81 
1400 .71 1.32 .70 1.59 .68 1.09 .72 .Bl 

COLUMN 9 10 11 12 13 14 15 16 

PLOW 
FORCE 

Kl Kl 

MASS 1 NODE ADDED GROUND 
FLEXIBILITY 

Kl KlSPRING SET Kl K2 K3 K4 

ENV 1FT/SEC) 25 25 25 25 25 25 25 25 

FWD Vel 1FT/SEC) 325.9 73.1 73.1 73.1 73.1 73.1 73.1 73.1 

RAMP ANGLE (DEGI 4.4 20 20 20 20 20 20 20 

FUSELAGE STATION 

300 .40 1.45 1.68 1.64 1.66 1.68 1.18 1.15 
350 .91 1.57 1.04 1.05 1.02 1.05 1.12 1.16 
450 1.05 1.57 1.22 1.23 1.17 1.22 1.24 1.33 
480 1.09 1.12 1.00 1.02 .98 1.02 1.11 1.07 
540 1.11 1.12 1.04 1.05 1.04 1.05 1.10 1.07 
600 1.02 1.05 .93 .95 .92 .95 1.04 1.00 
620 2.21 .90 .83 .84 .81 .B4 .86 .B6 
820 1.73 1.14 1.00 1.01 .94 1.02 1.10 1.04 
B20 .91 1.2B 1.12 1.13 1.10 1.14 1.23 1.15 
960 .83 .70 .57 .57 .59 .56 .59 .59 
960 .76 .65 .50 .49 .57 .48 .47 .50 
990 .88 .70 .54 .52 .68 .52 .60 .66 

1090 .96 .81 .50 .62 .66 .62 .4B .52 
1160 .95 .76 .57 .58 .62 .58 .48 .49 
1210 1.01 .59 .50 .57 .51 .56 .4B .44 
1320 1.01 .59 .49 .56 .60 .56 .46 .45 
1400 LOB .54 .64 .59 .72 .59 .50 .46 
1400 1.08 .53 .59 .48 .44 .48 .43 .37 
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The LIC ratios for the 20 and 8.8 degree ramp impact cases (see 

table 3-17, columns 1 and 3) indicate a general failure (LIC ) 1) in the 

forward sections of the airplane. In the 4.4 degree impact case (table 3-17, 

column 6)~ the analysis indicates that a major failure of the mid-section at 

FS620 (LIC ) 2) occurs and also marginal failures of the nose and aft sections 

(LIC ratios between 0.9 and 1.1). The high load at FS620 is produced when the 

crushing deflection at that station exceeds 10 inches. At this deflection the 

spring bottoms and becomes very stiff, thus producing very high loads for 

small increases in deflection. The LIC ratios for the 4.4 degree ramp are 

higher from FS620 to FS1400 when compared to the 8.8 degree and 20 degree ramp 

results. This trend at first impression would appear inconsistent. However, 

for the same ENV, the airplane forward velocity is almost 2 to 5 times faster. 

For the shallower (4.4 degree) ramp angle condition, the mid-fuselage contacts 

the slope (masses at FS300 and 460-960 do make ground contact at t = 0.0) at 

about .080 second after initial airplane contact with the ground. The FS620 

spring forces continue to act for about 0.150 second thereafter, during which 

time the vertical velocity change at that location is noted to be 250 in/sec 

(-21 ft/sec). For the shallow ramp condition~ the aircraft is completely on 

the ramp at the conclusion of the analysis (t 0.48 seconds). Conversely, 

for the steep (20-degree) ramp condition only a portion of the airplane 

(FSI99-460) has traversed the ramp during this same time period. For this 

condition the mid-fuselage stations (FS620 - FS960) along with the nose 

section (FSI99) make initial ground contact. The FS620 spring barely stays in 

contact with the ground and does not contact the sloped portion of the ground. 

During the time the spring at FS620 is in ground contact, the normal velocity 

change is minimal. The analysis results, if representative of the actual 

condition, would suggest that for a specified ENV the location of the critical 

LIC ratio could vary as a function of ramp angle as is depicted in 

figure 3-49. The LIC's in the KRASH model are related to vertical shears and 

bending moments. Thus, at a 90 degree ramp angle the forces should be 

primarily axial and the vertical loads are expected to reduce, hence the 

projection of low LIC's at 90 degrees. Similarly, for a zero degree ramp the 

vertical forces theoretically would be small as the airplane slides, and thus 

there would also be no significant vertical shear or bending moments 

(LIC's = 0). 
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Figure 3-49. LIC Ratio Versus Ramp Angle, ENV 25 ft/sec 

On the other hand, the analysis could be predicting this trend as a result 

of modeling the contact regions too rigidly. The air-to-ground ~6 degree 

pitch attitude impacts also showed significant airplane rigid body rotation 

after initial impact. The relative positions of the aircraft at t = 0.48 

seconds for the three slope impacts are shown in figure 3-50. Maximum 

crushing deflections are summarized in columns 1, 3, and 6 of table 3-18 for 

the three ramp cases. Note that the crushing deflection is fairly uniform 

over the length of the fuselage in the 4.4 degree ramp case. In the 20 degree 

ramp case, however, the major crush takes place in the forward and aft 

sections of the fuselage as the vehicle rides up the ramp and rotates thus 

causing the aft section to impact the ground. The KRASH model representation 

of the fuselage underside crush could be too stiff and therefore causing too 

much rotation for the higher ramp angle impacts. 

The energy distribution at the end of each of the three cases is 

summarized at the top of page 3-62. 
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Ramp 
Angle Degrees 

Percent of Total System Energy 

Strain Damping Crushing Friction 

20 
8.8 
4.4 

1.00 
0.38 
0.17 

0.59 
0.14 
0.06 

2.22 
1.11 
0.34 

52.32 
36.98 
24.38 

(a) 20 Deg Ramp; 25 fps ENV Normal Mass Orientation 
Side View (X-Z Plane) , 

5:~~'.Lo;, 
~~ 50.9: L " .."~ .', 

, ,
~ 0.0 ' -500,0' 0.0: 500,0-1500.0 ·1000.0 

FORE-AFTINTEGRATION TIME STEP - 0.47500 

(b) 8.8 Deg Ramp; 25 fps ENV; Normal Mass Orientation 
Side View IX·Z Plane} 

-I 250.0'] 

~ 2~Q,~1 
- '50,Oi­... 100.0

ffi 50,0 ,> 0.0 f-----------r-- i 

-1500.0 ·.'000.0 -500.0 0.0' 500,0' 1000.0 

INTEGRATION TIME STEP - 0.47500 FORE-AFT 

(e) 4.4 Deg Ramp: 25 fps ENV; Normal Mass Orientation 
Side View (X-Z Plane);i 30011jU 2~0.Oi , ,i= M8,'a: 100.0 

w 50.0' 
> 0,0~f-,~-Oo-.o-,-----"0'0-0.-0----.-50'0,-0-----0...'.0-'-----5'00-.0------'0'0-0.0-----"50-:"0.-0------,2='000.0 

INTEGRATION TIME STEP - 0.47500 FORE-AFT 

Figure 3-50. Stick Model Mass Position Plot 
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TABLE 3-18. MAXIMUM CRUSHING SPRING DEFLECTIONS 

COLUMN 1 2 3 4 5 6 7 8 

BASELINE MODEL 

Kl Kl Kl Kl Kl K1 

MASS ROTATED 

SPRING SET Kl Kl 

ENV 1FT /SEC) 25 37.6 25 32.7 18.5 25 25 25 

FWD VEL 1FT/SEC) 73·1 110 163.4 235 177 325.9 73.1 163.4 

RAMP ANGLE (DE G) 20 20 8.8 8 6 4.4 20 S.8 

FS SPRING 
AXIS 

199 1 16.1 23.5 .. ., .. .. .. .. 

199 3 33.7 36.7 30.9 32.7 10.5 24.7 33.9 30.6 
300 3 7.9 21.7" 27.2 30.1 13.3 28.5 6.0 26.8 
460 3 .. 8.4" 12.8 16.5 5.5 20.3 .. 12.9 
620 3 0.2 0.2 6.1 12.1 2.7 13.0 0.1 5.9 
B20 3 0.3 0.4 7.1" 10.8 4.2 6.3 0.4 6.8" 
960 3 1.1 1.0 8.4" 13.5 9.2" 10.9 1.1 8.2" 

1043.5 3 10.5 10.5 7.5" 15.1" 10.9" 14.3" 10.4" 7.2" 
1201.1 3 19.2 20.9 13.6 13.0" 10.6 13.6" 19.0" 13.6 
1400 3 1.1" 4.1 .. .. .. .. .. .. 

" END OF RUN VALUE 

COLUMN 9 10 11 12 13 14 15 16 

MASS 
ROTATED 

PLOW 
FORCE MASS 1 NOOE ADDEO 

GROUND 
FLEXIBILITY 

SPRING SET Kl Kl Kl K2 K3 K4 Kl Kl 

ENV 1FT/SEC) 25 25 25 25 25 25 25 25 

FWD VEL 1FT/SEC) 325.9 73.1 73.1 73.1 73.1 73.1 73.1 73.1 

RAMP ANGLE IDEGJ 4.4 20 20 20 20 20 20 20 

FS SPRING 
AXIS 

199 1 .. .. 23.7 22.6 43.4 22.8 .. 22.3 
199 3 24.6 32.2 18.2 18.0 221 17.9 30.1 22.7 
300 3 28.4 4.2 O.S 1.0 3.5 1.2 10.6 O.S 
460 3 20.2 -- .. .. .. .. 0.1 .. 

620 3 13.0 O.S 0.2 0.2 0.2 0.2 0.2 0.1 
820 3 6.4 0.5 0.6 0.6 0.4 0.6 0.3 0.2 
960 3 10.9 1.0 0.8 O.S 0.8 0.8 0.5 0.5 

1043.5 3 14.3" lOA" 9.7 9.2 10.1 9.1 12.0" 11.8 
1201.1 3 13.6" lS.9" 18.4 17.3 " 18.5 17.1 18.S" 1904 " 
1400 3 .. 0.8 0.1 004 -- 0.8" 1.3" 

" END OF RUN 
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In each of the three baseline cases, the dominant energy dissipation mechanism 

is the friction between the crushing springs and the ground, ranging from 

24 percent to over 50 percent of the total energy of the system. 

Comparing the baseline results with available data measured on the L-1649 

revealed that the relatively large longitudinal acceleration response pulse 

present in the forward section of the L-1649 (particularly at the 20-degree 

slope impact) was not obtained in the baseline analyses (see figure 3-36). 

Modifications were made to the B720 stick model in an attempt to duplicate 

the large initial longitudinal acceleration pulse observed in the L-1649 data. 

The model changes investigated are listed below. The results of runs made 

with each of the modifications are tabulated in the referenced columns of 

tables 3-16, 3-17 and 3-18. 

(1) Mass 1, and therefore the spring attached to mass 1, was rotated 

nose-up an angle equal to the ramp angle. Thus, the vertical 

(direction 3) crushing spring is initially oriented normal to the 

ramp. Results for ramp angles of 20, 8.8 and 4.4 degrees are 

tabulated in columns 7 through 9. 

(2) Mass 1 was rotated and a plowing force of 100,000 pounds was applied 

to mass 1 and mass 2 crushing springs. Results for a ramp angle of 

20 degrees are tabulated in column 10. 

(3) A massless node was added to mass 1. The horizontal crushing spring 

(direction 1) previously attached to mass 1 was moved and attached to 

the new node. The node was located such that at the time of impact, 

both the horizontal spring attached to mass 1, node 1 and the 

vertical spring attached to mass 1 were in contact with the ramp. 

Results for a ramp angle of 20 degrees are tabulated in column 11. 
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(4) The load deflection curves for the crushing springs attached to 

mass 1; mass 1, node 1; and mass 2 of the modification (3) model were 

altered. The baseline load deflection curves, see figures 3-51 and 

3-52, are referred to as the Kl spring set, while the three 

modifications investigated are called the K2, the K3 and the K4 

spring sets (see figures 3-53 through 3-55). The results for three 

modified spring sets and a ramp angle of 20 degrees are tabulated in 

columns 12 through 14. 

(5) A flexible ground (flexibility = 0.0000416 inch/pound) was added to 

the modification (1) and the modification (3) models. The results 

for a ramp angle of 20 degrees are tabulated in columns 15 and 16. 

This representation tends to result in lower response amplitude since 

the ground as well as the structure deforms. 

Although a broad range of modifications were applied to the baseline 

model, the large initial longitudinal acceleration response pulse at the 

extreme (nose) forward section of the fuselage apparent in the L-1649 data 

could not be simulated. However, the longitudinal pulse magnitudes throughout 

the remainder of the aircraft show agreement between analysis and measured 

responses during the length of analysis time investigated. 

The overall response characteristics of the 8-720 stick model for various 

ramp impact conditions were determined. Except as noted, the characteristics 

determined were, in general, consistent with those observed in the L-1649 

data. The stick model representation, however, may not have been of 

sufficient local detail to adequately predict the initial forward section 

longitudinal response pulse as seen in the L-1649 response data. Equivalent 

triangular pulse response levels were determined from the longitudinal and 

vertical response histories of the various stick models considered in this 

study. Response levels for model masses 1, 3, 5 and 8 are shown in figures 

3-56 and 3-57. 
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Tables 3-15 through 3-18 also contain analytical results for three 

additional impact conditions: 

1. 6-degree ramp, ENV = 18.5 ft/sec, forward velocity = 177 ft/sec 

2. 20-degree ramp, ENV = 37.6 ft/sec, forward velocity = 110 ft/sec 

3. 8-degree ramp, ENV = 32.7 ft/sec, forward velocity = 235 ft/sec 

The first two conditions are associated with the initial and second slope 

impacts for the L-1649 crash test (Reference 6). The latter condition is the 

impact associated with the DC-7 crash test (reference 7). Note that both the 

KRASH analysis and the L-1649 test results for the 6-degree slope impact 

indicate that no fuselage failure would have occurred. The analysis results 

indicate strength margins of at least +0.10. The 20-degree and the 8-degree 

slope impact conditions noted above did result in forward fuselage and 

subsequent rear fuselage failures during the respective crash tests. The 

analysis for both impacts show the likelihood of substantial failure occurring 

in both locations, as can be noted by the high LIC ratios. Acceleration 

history plots for these conditions are noted in figures 3-58 and 3-59 for the 

vertical and longitudinal directions, respectively. Figures 3-60 and 3-61 

show the acceleration, ~t, ~V relationships for the aforementioned additional 

three cases. 

3.2.2 Full-Scale Test Data 

The full-scale crash tests of the L-1649 (reference 6), in particular, 

and the DC-7 (reference 7), to a limited extent, provide the most meaningful 

combined vertical-longitudinal floor pulse data for medium sized transport 

airplanes. The CID (reference 8) being an air-to-ground impact resulted 

primarily in vertical pulses significantly higher than the corresponding 

longitudinal pulses. The magnitude of the longitudinal direction pulses was 

predictably related to the magnitude of the vertical pulses by the ground 

coefficient of friction. The floor accelerations obtained from the CID test 

were integrated. The change in vertical velocity associated with the 

accelerations pulses measured along the floor varied from 9 ft/sec to 21 

ft/sec at initial fuselage impact. Two typical pulses, a cockpit floor 
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location (BS228) and a forward fuselage floor location (BS540), are shown in 

figure 3-62, along with the calculated change in velocity, ~V. The L-1649 

floor pulses were obtained by integrating the acceleration time histories for 

both a 6-degree and 20-degree slope impact by the inch. The change in 

longitudinal velocity for the 6-degree slope impact varied from 14.2 ft/sec to 

28.7 ft/sec in the passenger region and was 26.8 ft/sec in the cockpit. The 

corresponding change in vertical velocity for this same impact conditions 

varied from 14.5 ft/sec to 22.7 ft/sec in the passenger region and reached 

31.2 ft/sec in the cockpit. The L-1649 impact floor pulses and velocity 

changes for the 6 degree slope are shown in figure 3-63. For the 20-degree 

slope impact, the L-1649 floor longitudinal pulses show a change in velocity 

from 15 ft/sec to 26.6 ft/sec in the passenger region and approximately 35 

ft/sec in the cockpit. The corresponding vertical velocity change was 15 

ft/sec in the passenger region and 39.5 ft/sec in the cockpit. Two major 

fuselage breaks occurred during the 20-degree slope impact. The 20-degree 

slope floor pulse data and associated calculated velocity changes are shown in 

figures 3-64a and 3-64b. Corresponding floor pulse data for the DC-7 test are 

only available from the cockpit for the 8-degree slope impact. These data are 

shown in figure 3-65. A summary of velocity change data obtained from both 

the L-1649 and DC-7 tests are shown in table 3-19. Composites of the vertical 

and longitudinal triangular shaped pulses from all three (L-1649, DC-7, eID) 

full-scale crash tests are shown in figures 3-66 and 3-67, respectively. 

Figure 3-66 also contains measured pulses from fuselage section vertical drop 

tests. 

3.3 LONGITUDINAL PULSE 

The air-to-ground impacts onto a rigid surface provide predominately 

vertical pulses. The longitudinal forces that will be developed for this type 

of condition, particularly within a pitch range of ~6 degrees, will normally 

be related to the ground coefficient of friction (~). For metal-to-concrete 

contact, a coefficient of friction of 0.3 to 0.5 is generally used. In order 

to develop substantial longitudinal forces, the impact will have to be into a 

sloped mound or the terrain will have to be extremely soft such that the ~ can 

increase to 1.0 or more. The extreme case with regard to a pure longitudinal 

force, would result from a head-on collision with an obstacle, such as a 
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TABLE 3-19. FLOOR PULSE VELOCITY CHANGES OBTAINED FROM 
THE L-1649 AND DC-7 TESTS 

L1649 TEST 

SIX·DEGREE SLOPE IMPACT - NO FUSELAGE FAILURE 

COCKPIT INOSEI RESPONSE MID·FUSELAGE CABIN RESPONSE 

d Vz - 31.2 FT/SEC 

d Vx - 26.8 FT/SEC 

d Vz - 14.5-22.7 FT/SEC 

d Vx - 14-28.7 FT/SEC 

TWENTY·DEGREE SLOPE IMPACT - FUSELAGE FAILURE !RUPTURE) 

COCKPIT (NOSEl RESPONSE MID·FUSELAGE CABIN RESPONSE 

d VZ r 39.5 FTJSEC 

d Vx - 35 FT/SEC 

d Vz - 13-15 FT/SEC 

d Vx - 16-26.6 FT/SEC 

DC·] TEST 

EIGHT DEGREE SLOPE IMPACT - FUSELAGE FAILLIRE (RUPTURE) 

COCKPIT (NOSEI RESPONSE MID-FUSELAGE CABIN RESPONSE 

d Vz - 46.8 FT/SEC 

d Vx - 24.8-48.8 FT/SEC NONE AVAILABLE 
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mountainside. Thus, if the axial crushing characteristics of transport 

airplane sections were available, an estimate of the responses in the 

longitudinal direction could be made. 

3.3.1 Specimen Test Data 

Cylinder axial crush tests were performed and the results are reported in 

reference 4. A summation of the tests are as follows: three types of 

specimens were drop-tested, cylindrical sections were tested to represent 

fuselage axial collapse and crushing, partial cylinders were tested to 

represent vertical collapse of fuselage structure below the passenger floor, 

and a structurally complete nose section (except for the nose landing gear) of 

a jet transport was tested to determine the vertical collapse characteristics 

of the structure. The axial cylinder structural configurations are shown in 

figure 3-68. The test results are shown in table 3-20. The collapse 

characteristics of three types of axial cylinder construction was similar in 

that accordian collapse was typical. Stringers required higher loads to 

collapse while the hat section stringer, close spaced frame cylinder provided 

the most effective configuration. The maximum energy absorbed was only 92,500 

ft-Ib per foot crushed (Cylinder No.3). 

One type of failure that could seriously affect crashworthiness occured 

on the zee-stiffened cylinder. A longitudinal skin splice was opened during 

two separate drops. A failure of this type can open up a large gap in the 

fuselage which could then allow an excellent path for ingestion of foreign 

material. 

The tear resistance of typical built-up, plate-stringer lower fuselage 

shell sturcture is affected by the skin material and the longitudinal 

stiffener, or stringer spacing to a great extent. Stringer material is of 

lesser consequence. Thick, ductile skin with closely spaced stringers appears 

to be the best combination. The thick skins resist puncture and the stringers 

act as crack stoppers if tearing does occur in the skin. Widely spaced 

stringers allow long tears which result in "plows" and "scoops," that can 

cause significant damage to the passenger floor and floor support structure as 

foreign objects are forced inside the shell. 
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TABLE 3-20. DROP TEST RESULTS AXIAL CYLINDER (REFERENCE 4) 

W 
I 

00 
.j::'-

SPECIMEN TYPE 
DROP 
NO. 

HEIGHT 
(FT) 

WEIGHT 
(LB) 

VELOCITY 
(FT/SEC) 

PEAK 
(G) 

PEAK 
LOAD 
(LD) IMPACT 

1 AXIAL CYLINDER 1 2 3,500 11 55 193,000 NEGLIGIBLE. 
1 AXIAL CYLINDER 2 4 3,500 16 62 220,000 LOCAL CRUSHING AT IMPACT END. 
1 AXIAL CYLINDER 3 8 3,500 23 45 157,000 SEVERE BUCKLES IN BAY I, SKIN SEAM 

SPLIT. 
1 AXIAL CYLINDER 4 10 3,500 25 29 102,000 COMPLETE COLLAPSE OF BAY I, 

BUCKLES IN BAY II . 
1 AXIAL CYLINDER 5 4 9,700 16 27 262,000 REMAINING BAY II CRUSHED, BUCKLES 

IN BAY III. 
1 AXIAL CYLINDER 6 8 9,700 23 17 165,000 BAY CRUSHED, BUCKLES IN BAY IV. 
1 AXIAL CYLINDER 7 12 9,700 28 27.5 267,000 BAY IV CRUSHED, SKIN SEAM OPENED 

IN BAY V. 
TOTAL ENERGY - 316,800 FHB 
DEFORMATION - 5.6 FT 

2 AXIAL CYLINDER 1 2 9,600 11 11 106,000 COMPLETE ACCORDIAN COLLAPSE OF 
BAYS I AND II. 

2 AXIAL CYLINDER 2 4 9,600 16 16.5 158,000 COMPLETE ACCORDIAN COLLAPSE OF 
BAY III. 

2 AXIAL CYLINDER 3 6 9,600 20 12.5 192,000 COMPLETE ACCORDIAN COLLAPSE OF 
BAY IV. 
TOTAL ENERGY - 115,200 FHB 
DEFORMATION - 5.4 FT 

3 AXIAL CYLINDER 1 8 9,600 23 25.6 246,000 BAY I COMPLETELY CRUSHED. 
3 AXIAL CYLINDER 2 15 9,600 31 33.8 325,000 BAYS II, III, AND IV CRUSHED, BAY V 

BUCKLED. 
TOTAL ENERGY - 220,800 FTU 
DEFORMATION = 2.32 FT 



A general increase in strength of the lower shell axial material is not 

the most efficient way to improve the crashworthy characteristics of a 

fuselage. In order to significantly improve the energy absorbing capacity by 

strengthening, a severe weight penalty is generally incurred and the 

decelerations levels produced as the structure is crushed would increase. An 

increase in longitudinal deceleration levels may produce axial failures in the 

occupied areas or cause early failures in the occupant tie-down chain (seats, 

seat attachment, seat belt, etc.). Gradually increasing axial strength 

towards the wing, particularly of the lower shell is generally required by the 

existing fuselage bending requirements. This configuration affords increased 

crashworthiness since it delays failure near the wing-to-fuselage joint. 

Review of the test results, provided in Table 3-20, in the following 

manner provides some points of interest: 

Energy (ft-Ib.)
The average force acting = = lb.• Deformation (ft) 

Avg. Force (lb.)
The average acceleration = g• Weight (lb.) 

Weight.Velocity
• The pulse duration (At) = sec

g.Force
(based on momentum Avg 
considerations) 

Summarizing these terms for the three test speciments the following 

information is obtained: 

Constant Force 
Avg. Force Avg. Accel. Pulse Duration 

Specimen (lb) (g) (sec) 

No. 1 56571 5.8 .149 

No. 2 21333 2.2 .279 

No. 3 95172 9.9 .097 
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If, instead of a constant force, a triangular pulse is considered, then the 

combination of force and incremental time would have to be revised to provide 

the same area under the curve. 

Considering specimen No. 1 to be more typical of current aircraft design, 

then the upper limit for a pure longitudinal pulse, triangular in nature, 

would be more like ~12g peak, approximately 0.15 second base duration and an 

incremental velocity of < 30 ft/sec. The axial cylinder No. 1 section test 

results, provided in reference 4, are representative of an airplane with a 

gross weight of 50,000 lb. The analysis described in reference 4 indicated 

that, under the assumptions of (1) uniform compression on the cross-section, 

and (2) instantaneous and constant load, a cylinder of the cross-section noted 

would absorb only 1-1/2 percent of the kinetic energy per foot of structure 

that is crushed for a 50,000 lb. aircraft moving forward at a velocity of 100 

mph. Using average test-allowable energies, the energy dissipated by 

structural crushing is reduced to only 0.33 percent of the aircraft's kinetic 

energy (16,800,000 ft-lb) per foot crushed. Both of these assumptions require 

100 percent efficiency in energy absorption which is not the case. Therefore, 

the energy dissipated by structural crushing is closer to 0.2 percent. Larger 

aircraft, while weighing more, also have additional material cross-sectional 

area, and thus, the results of the axial cylinder tests are most likely 

applicable to them as well. 

Reference 4 also describes the results of a drop test of a jet transport 

fuselage nose section. The section was structurally complete, except for the 

nose landing gear, and included the entire forward pressure bulkhead, nose 

landing gear box and pilot's cockpit wind screen (figure 3-69). Steel floor 

beams and floor panels were added to the section to increase the mass and 

provide the required center-of-gravity. The specimen was drop tested in an 

approximately 10 degree nose-down attitude to simulate the effects of vertical 

descent velocity. Impact was made on steel flooring covered with 1/2-inch 

plywood. The total weight of the specimen was 10,700 lb. 
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Figure 3-69. Fuselage Nose Section Prior to Drop (Reference 4) 
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The first drop, from 6 feet, simulated a 20 ft/sec vertical impact 

velocity. The forward pressure bulkhead was crushed and the aft bulkhead and 

intermediate frames failed. The total vertical collapse was approximately 

6 inches as the nose landing gear beams moved up and, for all practical 

purposes, remained intact. 

The final drop was made from 8 feet, or approximately 23 ft/sec sink 

speed. The forward bulkhead, aft bulkhead and intermediate frames continued 

to collapse, allowing the nose gear beams to continue upward until they 

contacted the floor structure. The fuselage floor beams were crushed by the 

box structure and the maximum deceleration occurred as the box structure 

contacted the steel floor structure. The average deceleration prior to this 

final impact was approximately 6g with an increase to 18g at final impact. 

The tests of this structure indicate that the nose landing gear beam 

support structure failure sequence is the primary concern rather than the 

actual energy absorbing capability. The structure withstood an impact 

velocity of approximately 20 ft/sec without catastrophic damage to the crew 

area. The failures produced by the initial impact, however, included a 

complete tension rupture on the aft bulkhead. This rupture allowed sufficient 

vertical translation of the comparatively intact nose landing gear beams 

during the second test to crush the crew floor support structure. The maximum 

loads developed by the structure would produce excessive bending moments along 

the fuselage, particularly in the wing attachment area. The fuselage nose 

test results are shown in table 3-21. 
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TABLE 3-21. DROP TEST RESULTS FUSELAGE NOSE (REFERENCE 4) 

SPECIMEN TYPE 

DROP 

NO. 

HEIGHT 

1fT) 
WEIGHT 

(LB) 
VELOCITY 

IFT/SECI 

PEAK 
(G) 

PEAK 

LOAD 
(LB) IMPACT DAMAGE 

FUSELAGE NOSE 

FUSELAGE NOSE 

1 

2 

6 

8 

10,700 

10,700 

20 

23 

35.5 2 

26 

380,000 

278,000 

AFT BULKHEAO FAILED IN TENSION, 

NOSE BULKHEAO CRUSHED. 

NOSE LANOING GEAR BEAMS RAISEO 

AND CRUSHED FLOOR. 

DROP 1 ENERGY ~ 64,000 FT·LB 

DEFORMATION ~ 0.50 FT 

NOTES: 1. CRUSHED PORTION (BAY I AND 9 INCHES OF BAY II) CUTOFF. 

2. AVERAGE IS 15g. 

A comparison of the energy absorption capability between the KRASH model 

crush parameters at the nose gear bulkhead location (mass 1, FS199 and mass 2, 

FS300) and the reference 4 crush parameters at similar locations (mass 1, 

FSI8? and mass 2, FS325) are as follows: 

ENERGY ABSORPTION CAPABILITY (IN-LB) 

KRASH Models Reference 4 (Fig. 3-27) 

Original for air-to- Revised for ramp Curve 2 Curve 3 
ground analysis impact Case No .1 

3,100,000 2,300,000 2,100,000900,000* 

* Restiffens at 10 inches of crush. All others are based on 
24 inches of crush available before restiffening. 

From the above tabulated data, it can be seen that the original nose gear 

bulkhead crush model did not provide for significant energy absorption. The 

revised model parameters are higher than the data used in the reference 2 

analysis. However, when scaled by the ratio of airplane weight (1.26), the 

reference 4 numbers would be 2,900,000 and 2,600,000, respectively. 
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3.3.2 Analyses Data 

The KRASH stick model used in the previous air-to-ground and ramp impact 

studies, was adapted for a longitudinal pulse study. The airplane is assumed 

to be moving forward in a level attitude when it hits a frontal 90-degree 

rigid wall. The cockpit of the fuselage (FSI99) is represented by a nonlinear 

crush spring. The forward fuselage structure (FSI99-620) is represented by 

nonlinear axial beams. The aircraft representation and properties are shown 

in figure 3-70 and table 3-22, respectively. The study was performed 

parametrically for: 

• Forward impact velocity range (20 to 50 ft/sec) 

• Three fuselage crush springs (figure 3-71) 

• Three nonlinear beam characteristics (figure 3-72) 

The fuselage crush variation represents an approximate spring rate 

between 26,700 lb/in and 40,000 lb/in. The lower rate approximates the data 

from tests reported in reference 4. The nonlinear beam variation allows for 

uniform deformation of 5, 10 and 20 inches of compression before failure. The 

lower spring rate (26,700 lb/in) and 20 inches uniform crush represent a 

design of highly crushable structure. Conversely, the higher spring rates and 

less uniform beam deformation is representative of a stiff, less yielding 

structure. The fuselage crush condition, K2, and beam nonlinear condition, 

Nl, are considered the nominal representation for the narrowbody airplane 

being studied. 
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Figure 3-70. KRASH Model for Forward Impact Into a 90 Degree Wall 

TABLE 3-22. MODEL PROPERTIES 

MASSES BEAMS 

AXIAL COMPRESSIVE DEFLECTION @1 

LENGTH STIFF. X 106 FAILURE LOAD FAILURE 

NO. F.S. W.L. NO. I·J IN LB./IN LB X 106 IN 

1 199 219. 1 1·2 101. 3.17 1.088 .343 

2 300 217.9 2 2·3 160.3 2.25 1.224 .545 

3 460 208.3 3 3-4 160. 2.25 1.224 .544 

4 520 205.8 4 4·5 200. 2.95 2.006 .680 

5 820 200. 5 5·6 140.5 4.2 2.006 .478 

6 960 211.9 6 6-7 83.7 6.81 1.938 .285 

7 1043 206.6 7 7·8 158.4 3.03 1.632 .538 

8 1201 222.4 8 8·9 201.7 1.83 1.258 .685 

9 1400 255.8 9 9·'10 175. 1.43 .850 .595 

10 1570 297.0 
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The results of this phase of the parametric sensitivity study are 

summarized in tables 3-23 to 3-25 and figures 3-73 to 3-76. The energy 

distribution, Table 3-23, shows: 

• Increase in strain energy percent as the crush spring stiffens, impact 

velocity increases and internal beam stiffness lessens. 

• The forward velocity is arrested in approximately 0.190 to 0.250 

second, the lower incremental time value is associated with the 

stiffer structure (i.e., K3, N1). 

The relationship between average acceleration and structural deformation 

for the nominal conditions (K2, N1), shown in table 3-24, indicates: 

• Increased failure, average acceleration and total crush distance as 

the impact velocity increases. 

The variation in average acceleration and deformation as a function of 

velocity, K variation and N variation is shown in table 3-25. 

• Average acceleration increases as impact velocity, fuselage stiffness, 

K, and internal beam stiffness, N, decrease. 

• Total crush distance increases as impact velocity increases and 

internal beam stiffness, N, decreases. 

• Total crush distance decreases as fuselage stiffness, K, increases. 

Figure 3-73 depicts the results noted in tables 3-24 and 3-25. 

Figure 3-74 shows the peak acceleration distribution along the fuselage as a 

function of impact velocities (30 ft/sec and 40 ft/sec) and the three forward 

fuselage spring rates. Figure 3-75 depicts the variation in average 

acceleration and total crush as a function of impact velocity for the nominal 

condition (K2, N1). Figure 3-76 attempts to relate the extent of airframe 
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TABLE 3-23. ENERGY DISTRIBUTION AS FUNCTION OF IMPACT VELOCITY AND 
NONLINEAR DEFORMATION CHARACTERISTICS 

Nl N2 NX 

VELOCITY 
Kl K2 K3 Kl K2 K3 Kl 

20 FT!SEC IKE - 14.3 X 106 IN-lB1 

CE 89.3 
SE 9.4 

KEMIN IT - .21) 

3D FT/SEC (KE - 32.3 X 106 (N-lBl 

CE 92.0 64.8 52.3 92.0 64.8 41.8 72.3 
SE 7.3 34.3 45.0 7.3 34.3 56.8 26.2 
KEMIN (T - .241 (T - .22~ (T - .191 (T = .241 (T -.22) (T - .201 (T - .22) 

40 FT/SEC (KE - 57.44 X 106 IN-lBl 

CE 67.2 55.2 28.3 55.2 53.9 22.5 
SE 30.7 41.8 66.4 43.2 44.6 75.1 
KEMIN (T - .25) IT - .23) [T - .20) [T - .25) IT - .24) IT - .231 

50 FT/SEC (KE - 89.75 X 106 IN-lB1 

CE 44.0 
SE 49.9 
KEMIN (T = 0.241 

CE, SE - CRUSH AND STRAIN ENERGY PERCENT OF TOTAL, AT TIME WHEN KE IS A MINIMUM. 
OAMPING ANO POTENTIAL ENERGY ACCOUNT FOR THE BALANCE. 

IT - .xxl = TIME AT WHICH KE IS A MINIMUM tA V 01 

TABLE 3-24. IMPACT VELOCITY VARIATION 

AV 
FT/SEC 

G· 
AVG 

DEFORMATION. INCHES 

FORWARO 
FUSElAGE 
FS70·199 

BEAM NO.1 
FS 199 . 

300 

BEAM NO.2 
FS 300 . 

460 

BEAM NO.3 
FS 460 . 

620 

BEAM NOS. 
4·9 

FA620·1400 TOTAL 

20 
30 
40 
50 

3. 
4.5 
6. 
7.5 

28: 
39.3· 
49: 
54: 

10.25 
8.0· 

10.5· 
10.8· 

.34 
.50 

10.8· 
11.1· 

.31 

.46 

.56· 
11.4· 

.22 

.34 

.40 

.70 

39.1 
48.6 
71.3 
88.0 

• BEAM EXCEEOS COMPRESSIVE FAilURE lOAO 
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TABLE 3-25. FUSELAGE AXIAL CRUSH SPRING AND BEAM NONLINEARITY VARIATIONS 

DEFORMA'I'ION, INCHES 

FORWARD BEAM NOS. 
CRUSH G* FUSELAGE BEAM NO.1 BEAM NO.2 BEAM NO.3 4·9 
SPRING AVG FS70·199 FS199·300 FA300·460 FS460·620 FS62·1400 TOTAL 

30 FT/SEC IMPACT VELOCITY; Nl 

Kl 4.0 49.6· .37 - .50 .46 .40 51.3 
K2 4.5 39.3- 8.0- .50 .46 .34 48.6 
K3 7.5 26.7- 10.5- .56- .53 .40 38.7 

30 FT/SEC IMPACT VELOCITY; N2 

Kl 4.0 49.6- .37 - 0.5 .45 .40 51.3 
K2 4.5 39.3- 8.0- 0.5 .46 .34 48.6 
K3 5.0 25.4- 14.3- 4.8- .45 .36 45.3 

40 FT/SEC IMPACT VELOCITY; Nl 

Kl 5.6 57.5- 10.5- 2.65-(bl .56- .41 71.6(b) 

K2 6.0 49.0- 10.55- 10.8- .56- .40 71.3 
K3 6.0Ib) 32.3- 10.65- 10.7- 6.8- .44 60.9 

40 FT/SEC IMPACT VELOCITY; N2 

Kl 4.5 51.5- 20.5- 5.5- .50 .35 78.4 
K2 5.0 45.6- 20.5- .63- .55- .50 67.8 
K3 5.8 30.9- 20.6- 13.1 - .56- .35 65.5 

- OENOTES COMPRESSIVE FAILURE LOAD EXCEEDED. 

(a) FWD. BEAM MASSES (1 AND 21 SHOW SUBSTANTIALLY HIGHER LEVELS 

(b) INCREASES AT FINAL TIME 

failure as a function of the velocity impact level. At 30 ft/sec, it can be 

anticipated that the forward passenger occupiable region will experience 

failures. These failures will progress as the impact velocity level 

increases. 

The results of this phase of the study suggest that: 

• At 20 ft/sec, no airframe failure in the passenger region (FS460-aft) 

is expected. 
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• At 30 ft/sec, 3 feet to 4 feet of crush is anticipated. The average 

acceleration is between 4g and 5g (7.5g experienced at condition K3, 

Nl), beam failure extends to FS460 (mid-forward fuselage). 

• At 40 ft/sec, 5 feet to 6.5 feet of crush is anticipated, the average 

acceleration is 4.5g to 6g, beam failure extends to FS620 (wing 

leading edge bulkhead). 

• It is inconsistent to anticipate high gIs, extreme crush and extended 

time duration to occur simultaneous. The less crush (stiffer 

structure, i.e., K3, Nl) will produce high acceleration in a smaller 

time span and, consequently, with loads which will produce airframe 

failures and at lower velocity changes. Conversely, increased crush 

(i.e., Kl, N2) will produce lower accelerations over an extended time. 

For a given K, N parameter set, failure loads will be associated with 

a higher velocity. 

• The wing responses (masses 11-15 in the KRASH model) for the 

longitudinal impact show peak accelerations of between 5.7g and 9.5g. 

The triangular pulse characteristic of this impact obtained from an 

average of several 30 ft/sec forward velocity impacts is: 

peak acceleration, g 9gp 

change in velocity, ~V, 390 in/sec 

base duration, ~t, 0.225 sec 

3.4 EFFECT OF BULKHEAD CRUSHING VARIATION 

In the previous analyses, the bottoming of the bulkhead crush springs in 

the simulation appears to have the most significant effect on producing 

failures. The FS620, 820 and 960 bulkhead springs used are shown in figure 

3-77. To investigate how the results would be altered, the vertical-only 

symmetrical impact condition with zero pitch attitude and no aerodynamic 

loading was analyzed with revised crush characteristics as denoted in figure 

3-77. 
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The results are tabulated in tables 3-26 to 3-30. The increase in uniform 

crush (to 24 inches) reduces the loads (LIC ratios decrease), increases the 

overall crush and reduces the vertical acceleration values for the same 22 

ft/sec impact velocity. This allows the airplane to impact at a higher 

initial sink speed before realizing LICs greater than 1.0 (an indication of 

airframe failure). The increased crush (case 2) at a 22 ft/sec impact 

velocity produces lower acceleration, longer duration pulses with less change 

overall in velocity, ~V, due to less rebounding and rotation. Increasing the 

impact velocity to 25 ft/sec with the increased crush (case 3) increases the 

acceleration levels but reduces the pulse duration and results in a higher 

velocity change, ~V, in the mid-to-aft fuselage. The acceleration levels in 

the forward fuselage do not change significantly, although the pulse durations 

and ~V's are somewhat higher. Cases 1, 2 and 3 results for the fuselage are 

shown in table 3-26. The wing responses for the comparative cases are shown 

in table 3-27. The immediate effect of additional fuselage crush at a 

corresponding initial sink speed (22 ft/sec) is to reduce the wing shear and 

bending moments to less than allowable values (cases 1 and 2). The increase 

in sink speed to 25 ft/sec with additional crush (case 3) raises the wing 

shear and moments to levels which are generally lower but comparable to the 

initial results (case 1). Compatibility between fuselage and wing strengths 

is closer for the case 3 results. Of interest, the wing and engine peak 

accelerations are lower for case 3 versus case 1. 

The results of the analysis in which the uniform crush is allowed to 

reach 36 inches is represented by cases 4 and 5. At a 25 ft/sec initial 

impact velocity (case 4), the fuselage aft pressure bulkhead barely makes 

contact with the ground. At a 27.5 ft/sec initial impact velocity, the aft 

bulkhead produces significant loads as it is an extremely stiff structure. 

The summary of fuselage and wing responses for the 36-inch cases, as well as 

the comparisons with the original baseline case, are shown in tables 3-28 and 

3-29, respectively. 
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TABLE 3-26. COMPARISON OF FLOOR RESPONSE RESULTS - INCREASE TO 24 INCH CRUSH 

LV 
I 

...... 
o 
N 

ACCELERATION RESPONSE 

FUSELAGE FUSELAGE EQUIYALENT TRIANGULAR PULSE 
STATION L1C RATIOS CRUSH, IN PEAK 9 9 l.t\tl AY· 

(1 ) (21 (3) (11 (21 (31 (11 121 131 (11 (21 131 

300/500 0.48 0.37 0.37 8.8 8.8 10.8 12.0 12.0 17.0 14.1(0.1621441 13.3(0.144)371 13.3(0.150)390 
450 0.55 0.35 0.35 9.4 9.5 12.2 14.7 11.8 11.3 17.7(0.1081370 11.0(0.156)328 12.0(0.150)347 

480/540 0.70 0.41 0.41 
600/620 0.75 0.71 0.83 10.6 11.9 15.6 15.6 10.5 10.5 15.9(0.114)350 9.4(0.1621293 10.4(0.1741352 

820 0.76 1.05 1.68 12.3 16.8 21.2 13.6 10.7 10.6 14.4(0.1141316 6.7(0.222)286 10.4(0.174)347 
960 0.52 0.79 1.54 15.0 21.9 25.1 11.8 7.5 12.3 12.810.1201296 5.410.2641276 10.210.174)342 
990 0.64 0.59 0.89 } 10.2(0.1741338
1090 0.75 0.41 0.82 

16.9 24.2 26.1 11.7 7.9 14.6 12.1 (0.1201283 5.410.2641272 

1160 0.84 0.37 0.89 
1210 1.04 0.43 1.01 } 9.3(0.1741315
1320 0.99 0.44 1.02 

10.8 19.2 20.2 13.0 6.0 16.6 10.1 (0.126)247 5.210.2701269 

1400 1.10 0.45 1.07 8.3 4.9 12.0 9.2(0.150)265 5.6(0.240)272 8.610.2161385 

NOTE: FOR ALL CASES; NO ENGINE GROUND CONTACT, FWD, VELOCITY, OR AERODYNAMIC LIFT; 24" UNIFORM CRUSH UNLESS SPECIFIED OTHERWISE. 

(1122 FT/SEC SINK SPEED, UNIFORM CRUSH DISTANCE AT FS 620, 820, 960 - 10", 10", 18". 

(21 22 FT/SEC SINK SPEED, UNIFORM CRUSH DISTANCE AT FS 620, 820, 960, = 24", 24", 24". 

(3) 25 FT/SEC SINK SPEED, SAME AS (21 CRUSH DISTANCE. 

* At IN SECONDS, AV IN INCHES/SECONDS. 



TABLE 3-27. COMPARISON OF WING RESPONSE RESULTS - INCREASE TO 24 INCH CRUSH 

SHEAR (SZI LOADS X '103 LB 

B. L. LOCATION ALLOWABLE (1 ) (2) (3) 

0-118 
118 - 271 
271 - 430 
430 - 583 
583 - 743 

250 
200 
110 
40 
10 

326. 
265. 

9" 
81. 
29. 

216. 
169. 
79. 
75. 
21.7 

282. 
210. 
93. 
92.6 
32.0 

BENDING (My) MOMENTS X 106 IN-LB 

B. L. LOCATION ALLOWABLE (1) (2) (3) 

ROOT 
BL 118 
BL 271 
BL 430 
BL 583 

75 
50 
30 
15 
10 

67.6 
46.3 
31.3 
14.9 

5.1 

47.2 
49. 
28.7 
14.4 

3.8 

58.3 
54. 
33. 
17.7 

5.7 

PEAK VERTICAL ACCELERATIONS 

B. L. LOCATION (1) (2) (3) 

118 
271 
430 
583 
743 

INBOARD ENIJINE 
OUTBOARD ENGINE 

14.2 
10.8 
11.8 

8.5 
18.6 
13.3 

8.9 

8.1 
5.8 
4.9 
6.8 

13.5 
9.2 
6.8 

8.5 
7.3 
7.2 
9.3 

20.4 
9.7 
9.0 

NOTE: FOR ALL CASES; NO ENGINE GROUND CONTACT, FWD. VELOCITY, OR AERODYNAMIC !.1FT; 24" UNIFORM CRUSH 
UNLESS SPECIFIED OTHERWISE. 

m 22 FT/SEC SINK SPEED, UNIFORM CRUSH DISTANCE AT FS 620, 820, 960 - 10", 10", 18" 

(2) 22 FT/SEC SINK SPEED, UNIFORM CRUSH DISTANCE AT FS 620, 820, 960 - 24", 24", 24" 

(3) 25 FT/SEC SINK SPEED, SAME AS (2l CRUSH DISTANCE. 
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TABLE 3-28. COMPARISON OF FLOOR RESPONSE RESULTS - INCREASE TO 36 INCH CRUSH 

W 
I 

I-' 
o 
.j:--

ACCELERATION RESPONSE 

FUSELAGE FUSELAGE EQUIVALENT TRIANGULAR PULSE 
STATION L1C RATIOS CRUSH, IN PEAK g g \J1t) AV· 

(1) (2) (3) (1 ) (2) (3) (1) (2) (3) (1 ) (2) (3) 

300/350 0.48 0.37 0.45 8.8 10.8 12.2 12.0 17.1 16.6 14.1(0.162)441 20.0lO.090)349 19.6lO.096)362 

450 0.55 0.33 0.50 9.4 12.2 14.6 14.7 11.3 11.6 17.7(0.108)370 11.5(0.162)358 12.5(0.174)420 

480/540 0.70 0.40 0.51 

600/620 0.75 0.75 0.98 10.6 15.5 18.9 15.6 10.5 10.5 15.9(0.114)350 10.2(0.162)320 11.9(0.174)396 

820 0.76 1.07 1.27 12.3 22.2 24.9 13.6 10.6 10.6 14.4(0.114)316 7.8(0.204)308 10.8(0.174)361 

960 0.52 0.80 1.10 15.0 28.8 32.2 11.8 9.4 12.5 12.8lO.120)296 7.2(0.198)274 10.2(0.174)342 

990 0.64 0.59 0.81 } 13.1 12.1 (0.120}283 
{ 6.5(0.198)252 } 

9.4(0.180)330
1090 0.75 0.43 0.73 

16.9 32.4 35.4 11.7 7.8 
5.2(0.294)300 

1160 0.84 0.41 0.87 
1210 1.04 0.48 1.01 } 29.4 5.2(0.294)300 { 9.0(0.198)28~} 
1320 0.99 0.49 .99 

10.8 32.3 13.0 6.7 13.4 10.1 (0.126)247 
6.2(0.300)367 

1400 1.10 0.50 1.07 8.3 5.1 16.7 9.2(0.150)265 5.3lO.300)300 9.0(0.198)346 

NOTE: FOR ALL CASES; NO ENGINE GROUND CONTACT, FWD, VELOCITY, OR AERODYNAMIC LIFT; 24" UNIFORM CRUSH UNLESS SPECIFIED OTHERWISE. 

(1) 22 FT/SEC SINK SPEED, UNIFORM CRUSH DISTANCE AT FS 620, 820, 960 - 10", 10", 18". 

(4) 25 FT/SEC SINK SPEED, UNIFORM CRUSH DISTANCE AT ALL LOCATIONS - 36", EXCEPT AT AFT BULKHEADS (FS1400). 

(5) 27.5 FT/SEC SINK SPEED, SAME AS (2) CRUSH DISTANCE. 

* At IN SECONDS, AV IN INCHES/SECONDS. 



TABLE 3-29. COMPARISON OF WING RESPONSE RESULTS - INCREASE TO 36 INCH CRUSH 

SHEAR (SZ) LOADS X 103 LB 

(3) 

0- 118 

(1 ) (2)B. L. LOCATION ALLOWABLE 

250 326. 229. 233. 
118 - 271 200 265. 182. 258. 
271 - 430 110 91. 86.5 99.7 
430 - 583 40 81. 79.5 89. 
583 - 743 10 29. 24.4 31.1 

BENDING (My) MOMENTS X 106 IN·LB 

(3) 

ROOT 

(2)ALLOWABLEB. L. LOCATION I1l 

75 67.6 49. 51.5 
Bl 118 46.3 59. 
Bl 271 

50 54. 
31.3 30. 32. 

Bl430 
30 
15 14.9 16.4 

Bl583 
15.3 

10 5.1 5.4 6.0 

PEAK VERTICAL ACCELERATIONS 

(1) (2) (3) 

118 

B. L. LOCATION 

8.2 12.3 
271 

14.2 
5.6 9.6 

430 
10.8 
11.8 5.7 9.5 

583 8.5 9.9 
743 

6.0 
18.6 19.6 

INBOARD ENGINE 
15.0 

13.3 11.5 
OUTBOARD ENGINE 

9.7 
8.9 7.4 9.2 

NOTE: FOR All CASES; NO ENGINE GROUND CONTACT, FWD. VELOCITY, DR AERODYNAMIC LIFT; 24" UNIFORM CRUSH 
UNLESS SPECIFIED OTHERWISE. 

(1 ) 22 FT/SEC SINK SPEED, UNIFORM CRUSH OISTANCE AT FS 620, 820, 960, 10",10",18" 

(2) 25 FT/SEC SINK SPEED, UNIFORM CRUSH DISTANCE AT All lOCATIONS - 36", EXCEPT AT AFT FUSElAGE 
BULKHEAD (FS 1400). 

(3) 27.5 FT/SEC SINK SPEED, SAME AS (2) CRUSH DISTANCE. 
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TABLE 3-30. OVERALL SUMMARY OF RESULTS 

w 
I ...... 

o 
(j\ 

FLOOR AV RANGE 

FT/SEC TYPICAL TRIANGULAR PULSES 

PASSENGER REGION FS 460-820 FS 960-1200 
INITIAL SINK MAXIMUM @ 

VELOCITY FS 300 BLKHD. At At 

CONDITION FT/SEC & FS1400 BLKHD. FS460-B20 FS960-1240 Up SEC Up SEC 

ORIGINAL CRUSH 22 36.7 26.3-30.8 20.6-24.7 14.4-17.7 0.120-0.114 10.1-12.8 0.126-0.120 
(CASEl ) 

24 INCH CRUSH 22 31.0 23.8-27.3 22.4-23. 6.7-11.0 0.222-0.156 5.2-6.4 0.270-0.264 
(CASE 2) 

24 INCH CRUSH 25 32.5 28.9-29.3 26.3-28.5 10.4-12.0 0.174-0.150 9.3-10.2 0.174 
ICASE 3) 

36 INCH CRUSH* 25 29.0** 25.7-30.0 23.-25. 7.8-11.5 0.204-0.162 5.2-7.2 0.294-0.198 
(CASE 4) 

36 INCH CRUSH* 27.5 30.1 * * 30-35 27.5-30.6 10.2-12.5 0.174 9-9.4 0.198-0.180 
(CASE 5) 

*AFT FUSELAGE BULKHEAD AT FS1400 IMPACTS AT 25 FT/SEC SINK SPEED AND EXCEEDS FAILURE LOAD AT 27.5 FT/SEC CONDITION. 

* *PRIMARY PULSE At .100 SECONDS, HIGHER AV's BUT LOWER g. LONGER At 



An overall comparison of the fuselage pulse data for five cases is 

provided in table 3-30. As with previous KRASH analyses results, the trends 

indicate that the more available crush, the lower the accelerations (g), the 

longer the pulse duration ~t»)and the relatively same or slightly higher 

velocity change (~V) occur at the threshold of airframe structural integrity. 

The vertical acceleration pulse data presented in tables 3-26 through 

3-30 are shown in figure 3-78, where the triangular pulse peak magnitude, g , 
p 

base time duration, ~t, and change in velocity, ~V, parameters are depicted. 

Also shown in figure 3-78 are measured responses from a vertical drop test of 

an FAA-conducted narrow-body fuselage section (CID type) with an impact 

velocity of 35 ft/sec. The fuselage crushed between 24 and 30 inches in this 

test. 
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SECTION 4 

4.0 CRASH DESIGN VELOCITY ENVELOPE 

The results of the parametric analyses and supporting test data have been 

presented in Section 3. The full-scale and section drop test triangular pulse 

data are summarized in figures 4-1 and 4-2 for the vertical and longitudinal 

directions, respectively. The test data in figure 4-1 show that typically 

high accelerations are associated with short durations and that the trend is 

for a decrease in amplitude as the duration of the pulse increases. The test 

data also show that while the pulses in the passenger cabin region of a 

transport airplane can vary substantially, they are generally associated with 

a change of velocity at or below 30 ft/sec, without the fuselage strength 

(shell bending, shear) being exceeded. Typically the vertical response can be 

characterized as a triangular pulse with a velocity change of 25 ft/sec, base 

duration of 0.15 second, and a peak amplitude of 109. The aircraft impact 

velocities associated with full-scale test data show no fuselage breaks 

occurred for an impact with a sink speed of 18.5 ft/sec or less, and a break 

occurs during an impact with a sink speed of 35 ft/sec. The full-scale crash 

test data are void between these two impact magnitudes. The test data in 

figure 4-2 show the same peak acceleration versus pulse duration trends for 

the longitudinal pulse as depicted for the vertical pulses in figure 4-1. The 

number of test data points is much less for the longitudinal direction than is 

available for the vertical direction. The characteristics of a longitudinal 

triangular pulse is a velocity change of 26 ft/sec, a base of duration of 

0.200 second, and a peak amplitude of 8g. The data presented in figures 4-1 

and 4-2, as well as subsequent figures 4-3 through 4-6 is in the form of a 

triangular pulse with the following parameters: velocity change, ~V, peak 

amplitude, g, and pulse rise time, t. The relationship between acceleration 
r ' 

velocity change and base duration for a triangular pulse is: 

~V 1/2(g) (32.2) ~t (units in feet/second) 

The pulse rise time t , which is normally referred to in dynamic test , r 
requirements, is approximately equal to 1/2 the pulse base duration, ~t. 

4-1 
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The analytically obtained vertical response data are summarized in 

figures 4-3 and 4-4. Air-to-ground gears retracted and extended cases are 

shown in figure 4-3. The vertical pulses for the air-to-ground analyses with 

fuselage crush variations are shown in figure 4-4. The air-to-ground analyses 

results presented in figure 4-3 suggest the characteristic triangular pulse in 

the vertical direction is a change of velocity in the range of 20 ft/sec to 

25 ft/sec. a base duration of between 0.11 and 0.16 second and a peak 

amplitude range of 8g to 12g. As is noted. the sink speed condition for the 

airframe which produces this pulse does not exceed 22 ft/sec (O-degree pitch) 

with gears retracted and maintains fuselage structural integrity. Figure 4-4 

provides analytical vertical response data obtained from the investigation 

into fuselage crush variation (Section 3.4). A triangular pulse of the nature 

of a change of velocity of 25 to 30 ft/sec. a base duration of between 

0.15 second to 0.20 second and a peak amplitude of 8g to 12g would be a 

reasonable extrapolation of this data. For the data presented in figures 4-3 

and 4-4. the amplitude versus pulse duration trend observed in the test data 

is evident. For air-to-ground impacts the longitudinal pulse can be 

approximated as having the same triangular pulse characteristics as the 

vertical pulse. but with an amplitude of between 0.4 and 0.5 times that of the 

peak vertical g. depending on ground coefficient of friction. 

The ramp impact analyses results are shown in figures 4-5 and 4-6 for the 

longitudinal and vertical pulses, respectively. Both the longitudinal and 

vertical pulses obtained from this set of analyses indicate relatively shorter 

duration pulses (less than 0.14 second base duration). While these pulses 

appear of shorter duration when compared to L1649 test data, the trend of 

higher peak accelerations at short pulse durations and lower peak 

accelerations at the longer durations prevails. Other than high vertical 

responses at the nose section for the 8 and 20 degree ramp impacts the 

velocity change throughout the fuselage is less than 30 ft/sec. The L-1649 

ramp impact test data (reference 6) showed similar trends. 

The data presented in figures 4-1 through 4-6 are summarized in 

table 4-1. Included are full-scale and section test results as well as KRASH 

analyses of various impact scenarios. While it is difficult to make direct 
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TABLE 4-1. SUMMARY OF FLOOR RESPONSE PULSES 

AlP 
(Section) 
Initial 
Im~ct Triall1;u1ar Pulse Range Ccmpare 

Con::Ii- at Sink I.o~itu:iinal Vertical With 
tion Speoo, hlp1. t.t t.V hlp1. t.t t.V Cordition 
tb. rata Ft/Sec g sec ft/sec g sec ft/sec N::>. 

0 'lFST 
Full-Scale Airplane 

1 L-1649 [60 slope] 18.5 .12-.20 14-29 5-108-10 .15-.20 15-23 12 
02 .20-.22 16-27 .15-.20 15-25L-1649 [20 slope] '37.6~® 5-10 5-10 14, IS 

14-150'3 cm [Air-to-Crourl, _2° pitch] - - .n-.20 14-216-8 8-

Sections 

4 NarrOlrtxrly section- - 8-10 17-2020 .11-.13 8, 9, 10 
vertical drop, 18" crush 

- -

-5 Wide-lxxly section- 20 .13 20 -13- -
vertical drop, 18" cnlSh 

6 NarrOlrtxrly section-drop, - - 12-14 .15-.1835 33-38 11 
24"-30" cnlSh 

-

7 - - -Axial Cy1irrler-10ngitu:iina1 12 .15 1630 

AIRPlANE ANALYSES° 

L3urinburg (+10 pitch) 8-10 .14-.16 17-208 17 - - 3, 4-
2209 Air-to-Cratnl (gears retractoo, .13-.14 22-26- 10-13 4 

0° pitch, 18" crush) 
--

10 Air-to-Grourl (gears exterdei, 200 .14-.18- 20-30 4 
0° pitch, 18" crush) 

- 8-11-

2S-27.5011 Air-to-grourd (gears retractoo, 8-12- - .1S-.20 25-30 6 
0

0 
pitch, 24"-36" crush) 

-

12 GrOlIrl-to-grourxl (60 slope) .11-.14 14-1718.5 6-9 .00-.118 10-15 1 

25.liJ .11-.16 14-205-8 .16-.21 17-26 6-8Grotm:!-to-groun:l (20° slope) -13 

14 Groum-to-grourl (20° slope) 37.600 14-17.11-.14 14 .lD 28 22 
.31)32.{Jfi!) 8-14 10-14 .09.05-.06 20 215 Groum-to--groum (80 slope) 

-16 90° wall-longitudinal - 7- 8-10 .20-.24 30 

St'rtiol1 I of this report~ _lBge Im"",t e 
2 Fuselage break or strength ex:ceeiance 

t>bse section trtall1;ular pulse responses; verti.Cill ~V = 39.5 ft!see,..lt = .10 sec, amplitu:ie = 24g 
. longituHna1 ..lV = 35.1 ft/sec,..lt = .12 sec, anplitu:ie = 18g

® tbse section responses; vertiCill ~V = 41,-45 ftlsec,..lt = .07-.08 sec, amplittrle = 34g 
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comparisons for each test condition, an attempt is made to relate analyses 

which are reasonably close to test conditions. For example, conditions 1 and 

12 are comparable because both involve a full airplane impact onto a 6-degree 

slope with the same ENV. Condition 2 compares with conditions 14 and 15 

because the ENVs are reasonably close, even though the ramp angles differ. 

The fuselage impact with the ground during the ern test (condition 3) is 

compared with the Laurinburg analysis (condition 8) only because both are 

relatively flat, symmetrical impacts in the sink speed range of 15.5 +1.5 

ft/sec. Narrow-body section drop test data (condition 4) are compared to 

conditions 8, 9, and 10 because the sink speed, attitude and crush distance 

experienced are reasonably close. The high sink speed test condition (No.6) 

is compared to the parameter analysis in which extensive crush is allowed 

(condition 11). The longitudinal cylinder test and wall impact analyses 

conditions (Nos. 7 and 16) are also compared. 

The composite of the analyses and test data is presented in figure 4-7 as 

vertical velocity change versus longitudinal velocity change. The data are 

representative of a triangular pulse with a base duration of between 0.15 and 

0.20 second. The amplitude associated with the pulse can be obtained from the 

following relationship: 

AV At sec. 
g = 

16.!At AV ft/see. 

Also shown in figure 4-7 is the envelope of the data in an attempt to 

indicate the estimated region of structural integrity. On the basis of the 

analyses and test results, two potential velocity change envelopes evolve: 

airframe integrity and seat dynamic pulse definition. These envelopes are 

shown in figure 4-8. The seat dynamic pulse is higher than the structural 

integrity envelope and accounts for rotational and rebound effects. 

The velocity envelopes shown in figures 4-7 and 4-8 suggest the following 

test conditions for seat dynamic triangular pulses. 
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1. Combined Vertical-Longitudinal with the following resultant 

parameters: 

tiV - 33.5 ft/sec; 

tit -= 0.150 second 

G - 13.8peak 

With a seat orientated 30 degrees from the vertical, the 

respective vertical and longitudinal components will be: 

Vertical 

G 
p 

== 12g 

tiv 29 ft/sec 

Longitudinal 

G 6.9g
p 

tiv 16.8 ft/sec 

2. Longitudinal-only 
~D.V = 35 ft/sec 

At = 0.200 second 

G - 11.0gpeak 

The first condition represents a high sink speed impact in which the 

longitudinal forces are related to the vertical forces approximately by a high 

(~~ .5) coefficient of friction. The second condition is an extreme case in 

which the only significant pulse would be longitudinal. Both conditions would 

appear to provide margins (1) above a realistic crash environment, and (2) 

above the structural integrity of the airframe. 
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SECTION 5 

SUMMARY OF RESULTS 

The effort described herein included parametric sensitivity analyses 

which incorporated: 

• pre-CID test fuselage section test data 
• post-CID test correlation results 
• previous available full-scale crash test data (L1649, DC-7) 
• previous available section test data and analytical modeling data 

(reference 4) 

For the air-to-ground analyses the following assumptions were adhered to: 

• Impact directly on fuselage, no engine crush involved 

• Symmetrical impact, no roll or yaw 

• No initial external loading, i.e., aerodynamic forces 

• No rupture of beams 

• Load interaction curve (LIC) > 1.0 indicates limit of airframe 
integrity 

• Maximum crush before restiffening occurs is: 

10-inch wing center section, FS620-820 
18-inch wing MLG aft bulkhead, FS960 
24-inch fuselage frame sections, FS300, 460, 1040, 1240 

Analysis results were initially obtained prior to the incorporation into 

the model of a revised nose-gear bulkhead crush representation which was 

obtained from reference 4 data and is described in Sections 3.2.1 and 3.3.1. 

Subsequent to the initial runs analyses were performed to incorporate: 

• revised nose-gear bulkhead crush characteristics 

• wing and engine response to allow monitoring of wing shear and bending 
moment versus estimated strength allowables 
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A summary of conditions analyzed for this type of impact condition is 

presented in table 3-2. The results of these analyses are presented in 

Section 3.1.1. 

The parametric study fuselage crush results for the revised nose gear 

bulkhead representation (Cases 7, 10, 11 in Table 3-2) are compared to the 

test data results in Figure 5-1. From Figure 5-1 it can be observed that 

parametric analyses results indicate that the underside crush throughout the 

entire fuselage length can be greater than that experienced during either the 

"Laurinburg" or "CID" full-scale tests. The analyses are performed at the 

threshold of airframe structural integrity which is more severe than either of 

the test conditions. 

For the air-to-ground, gear extended analyses the following three 

conditions were determined to be approximately the level at which fuselage 

structural integrity would be exceeded: 

Sink Speed (ft/sec) Pitch Attitude (deg.) 

1. 18 -6 
2. 20 o 
3. 18 +6 

For all cases of this type of impact the following assumptions applied: 

• No lift forces 

• Forward velocity 262 ft/sec 

• Ground coefficient (p) 0.35 

• Main gear failure loads; 

Fz, Vertical Force 428,000 lb., 
Fx, Longitudinal Force = 165,000 lb. 

• Nose gear failure loads; 

Fz = 130,000 lb., Fx 78,000 lb. 
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The no lift analysis allows for evaluating critical fuselage impact loads 

in a shorter analysis than otherwise would be accomplished with lift forces 

acting. The results of these analyses are presented in section 3.1.2. 

KRASH analyses results were also compared to previous air-to-ground 

impact analyses of a medium sized transport category airplane reported in 

reference 4. The two configurations (reference 4 and CIO models) are compared 

in figure 3-31. Differences that exist between the LIC, crush and 

accelerations values of the two models are described and explained. For 

example, the reference 4 peak accelerations are higher because the analysis 

contains very high frequency (short duration) responses which are normally 

filtered in current test practices when compared to analytical models. The 

reference 4 results also show higher fuselage crush which are easily explained 

by the load-deflection curves used in that model. Overall the model results 

are similar when one compares the airplane initial impact velocity versus 

pitch attitude curves as presented in figure 3-34. The results of those 

analyses are presented in section 3.1.3. 

For the air-to-ground impact conditions the magnitude of longitudinal 

pulses are relatively low in relation to the magnitude of the vertical pulses. 

To obtain combined longitudinal-vertical pulses such as those described in 

reference 6, ground-to-ground (ramp) impacts were performed. Included in 

these analyses were the following: 

1. 6-degree ramp, ENV = 18.5 ft/sec, forward velocity = 177 ft/sec 
2. 20-degree ramp, ENV = 37.6 ft/sec, forward velocity = 110 ft/sec 
3. 8-degree ramp. ENV = 32.7 ftlsec, forward velocity = 235 ft/sec 

These cases are representative of the reference 6 and 7 test conditions. 

The assessment of the fuselage failure modes experienced during the tests 

versus that obtained by analysis via LIC curves showed good agreement. The 

results of these analyses are described in section 3.2.1. 
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The measured acceleration obtained pulses from the L1649 (reference 6) 

and DC-7 (reference 7) full-scale ramp impact tests were integrated to obtain 

velocity changes as noted in figures 3-63 to 3-65 and table 3-19. The 

acceleration pulses and subsequent velocity calculations obtained from the 

L1649 test are of particular interest for the following reasons: 

• The gross takeoff weight (GTOW) for the L-1649 is approximately 
159,000 pounds which represents a mid-sized transport category 
aircraft. 

• The aircraft fuselage experienced two significant structural breaks 
during a ground slope impact. 

• The floor acceleration data illustrates a response trend which is 
considered to be characteristic of the larger FAR 25 transport 
airplanes. 

Briefly, this test incorporated two sequential impacts of the aircraft 

onto an earthen mound. Prior to the initial impact onto a 6-degree slope with 

the airplane moving with a forward velocity of 172 ft/sec (ENV = 18.5 ft/sec), 

the nose and main gears were failed, and the wing fuel tanks were ruptured as 

part of the crash scenario. Subsequent to the 6-degree slope impact, in which 

no airframe failures were experienced, the aircraft impacted a 20-degree slope 

while moving with a forward velocity of 110 ft/sec (ENV = 37.6 ft/sec) and two 

fuselage breaks occurred, as can be observed in figure 3-37. The longitudinal 

accelerations at two floor locations are shown in figure 3-36. From figure 

3-36 it can be noted that the peak g acceleration at the aircraft cockpit 

location (FS195) is approximately 20g for both the 6- and 20-degree slope 

impacts, despite the fact that the effective longitudinal velocity change 

resulting from the latter impact is approximately 30 percent higher than the 

effective longitudinal velocity change, ~V, associated with the impact onto 

the shallower slope. At the mid-fuselage station (FS685), the response shapes 

are similar and the magnitudes are nearly equal (despite the longer duration 

and, consequently, a higher effective longitudinal ~V). The vertical 

responses obtained during this test were not as clearly defined from the data. 

The distribution of the longitudinal floor pulses for the two slope impacts 

show that the cockpit floor response is substantially higher than the 
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responses throughout the passenger floor region. While the oscillatory nature 

of the response from FS685 to FSll65 suggests short duration peaks of 15g to 

20g exist, the longer duration pulse that normally applied to seat testing, is 

more nearly < 109 peak. These data are provided in section 3.2.2. 

Specimen test data obtained from reference 4 was utilized to refine the 

KRASH model. In particular fuselage nose gear bulkhead load-deflection 

behavior obtained from the reference 4 report showed that the earlier KRASH 

models underestimated the energy absorption capability in that region as noted 

below: 

ENERGY ABSORPTION CAPABILITY (IN-LB) 

Reference 4 (Fig. 3-27)KRASH Models 

Original for air-to- Revised for ramp Curve 2 Curve 3 
ground analysis impact Case No. 1 

3,100,000 2,300,000 2,100,000 
2,900,000** 

900,000* 
2,600,000** 

* Restiffens at 10 inches of crush. All others are based on 24 inches 
of crush available before restiffening. 

** When scaled by the ratio of the airplane weights (1. 26) 

In addition, cylinder axial crush test data was reviewed to obtain the 

following parameters. 

Energy (ft-lb)
• The average force acting = lb.

Deformation (ft) 

Avg. Force (lb.)
• The average acceleration = gWeight (lb.) 

Weight.Velocity
• The pulse duration (~t) = sec

g.Force A(based on momentum vg 
considerationsO) 
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Summarizing these terms for the three test specimens the following information 

is obtained: 

Specimen 
Avg. Force 

(lb) 
Avg. Accel. 

(g) 

Constant Force 
Pulse Duration 

(sec) 

No. 1* 

No. 2 

No. 3 

56571 

21333 

95172 

5.8 

2.2 

9.9 

.149 

.279 

.097 

* More Typical of Airplane Construction 

Using the reference 4 data and the model shown in figure 3-70 analyses 

were performed to obtain longitudinal pulses for a straight-on collision into 

a rigid vertical obstruction. The fuselage cockpit was represented by crush 

springs and the fuselage aft of the cockpit by nonlinear beams. The study was 

performed parametrically for variations in 

• forward impact velocity 
• crush spring characteristics 
• nonlinear beam characteristics 

The results of this sensitivity study suggest that: 

• at 20 ft/sec impact velocity, no airframe failure in the passenger 
region (FS460 and aft) would be anticipated 

• at 30 ft/sec impact velocity 3 to 4 ft. of crush could occur and the 
average acceleration would be between 4g to 5g 

• at 40 ft/sec, 5 to 6.5 ft. of crush could occur with an average 
acceleration of 4.5 g to 6g. 

• a ~t of ~.200 seconds is required for the KE to be absorbed in the 20 
to 50 ft/sec impact range. 
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The results of these analyses are described in section 3.3.2. 

Since the analysis results are tied to the model assumptions an 

additional parameter sensitivity analysis was performed to ascertain the 

affect of extended crush distance in critical bulkhead regions. The results 

show that the additional crush distance allows the airplane to impact at a 

higher initial sink speed before realizing a fuselage break (LIC > 1.0). 

However, the increased crush tends to produce lower accelerations and longer 

duration pulses. At some point the physical constraints of the location of. 

the bulkheads limit the amount of crush before a "hard point" is encountered. 

The analyses showed that for the CIn configuration, the aft bulkhead (FSI400) 

impacts the ground for a sink speed of 25 ft/sec and exceeds its failure load 

at a sink speed of 27.5 ft/sec, even with allowing 36 inches of crush 

throughout the rest of the structure. Table 3-30 illustrates the trend of 

pulse velocity, g , dt versus allowable crush. These analyses results are 
p 

provided in section 3.4. 

The available experimental data and analytical data developed during the 

effort described in this report have been combined to develop a crash design 

velocity envelope based on current transport fuselage strength. The 

analytical data are presented in the form of triangular pulse parameters: 

velocity change, ~V, peak amplitude, g, and pulse rise time t (pulse base 
r 

duration, ~t :::: 2 t ). Samples of these data are provided in figures 4-1 
r 

through 4-6, and a summary of these results is shown in table 4-1. It is 

difficult to make direct comparisons because for each condition there are many 

factors to consider such as: number, location and type of responses 

(strength, crush, acceleration), time histories, sequence of events, initial 

impact conditions. For some test and analyses conditions, extensive 

documentation of results has been previously presented; e.g., Reference 2 

describes all the pre-eIn analysis and testing, including the Laurinburg and 

section drop test data, while reference 3 describes in detail the eIn 

correlation, a brief portion of which is presented in section 2 of this 

report. Therefore, table 4-1 does not make a direct comparison between 

section drop test nor full-scale crash test and analyses, but instead, only 
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shows how the analyses performed during the current study relate to the 

available test data. The purpose of making such a comparison is to allow the 

total available data (analyses and tests) to be used to develop crash design 

velocity envelopes, which are shown in figures 4-7 and 4-8. 

The parametric sensitivity analyses combines data which evolved over a 

series of FAA sponsored R&D programs. Table 5-1 summarizes the achievements 

as well as notes the limitations that can be associated with both the test and 

analysis efforts. Despite the progress noted, there is still a need to 

acquire additional dynamic response data for transport airplanes. Such added 

data will enhance confidence in the use of analytical representations to 

determine aircraft structural responses for impact conditions which may 

produce significant longitudinal pulses as well as to investigate different 

design configurations. The analytical procedures could then be expanded to 

establish rational crash design and seat dynamic testing requirements for the 

wide range of FAR25 airplane configurations. 

The full-scale crash tests, the airplane section tests, and the 

subsequent modeling do not provide answers to the following pertinent 

questions: 

• What is airframe failure? This is a critical question since it 
affects the definition of a survivable envelope. The analysis 
presented in this study use current airframe strength exceedance as 
the limit of a survivable crash environment. 

• Can analysis confidently predict the limits of airframe structural 
integrity for an envelope of impact conditions and the range of 
design configurations covered in FAR25? The available test data does 
not address many impact conditions. The analysis treats only one 
narrow-body transport airplane configuration. 

• What magnitude and duration of floor impact pulse are associated with 
the critical seat/occupant longitudinal load? The ramp impact 
produces a severe longitudinal pulse, but only in the nose section of 
the airplane. 
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TABLE 5-1. ASSESSMENT OF FAA SPONSORED TEST AND ANALYSES PROGRAMS 

LIMITATIONSACHIEVEMENTS 

• WITH REGARD TO TEST DATA: 
HAS PROVIDED DATA WITH REGARDS TO: 

• PRE·CID FULL SCALE AIRPLANE, SECTION TESTS, SUPPORTING ANALYSIS 
- ONE AIRCRAFT SIZE TESTED 

- THE INITIAL APPLICATIDN DF MODELING TRANSPORT AIRCRAFT - ONE AIRCRAFT CONFIGURATION TESTED 
STRUCTURAL DYNAMIC RESPONSES WHICH SHOWED SATISFACTORY - THE FUSELAGE SECTION aROP TESTS DO NOT PROVIDE THE lOAD· 
AGREEMENT WITH THE L·1649 MID·FUSElAGE RESPONSES AND THAT DEFLECTION OF "HARO POINTS." 

- THE AMOUNT OF CRUSH EXPERIENCED BY THE SOFT SECTIONS AT THETHE lONGITUDINAL DYNAMIC PULSE WAS ADEQUATelY COVERED BY 
HIGHER SINK SPEEDS (35 FT/SECI IS MOST LIKELY NOT REALIZABLE IN AEXISTING 9g STATIC REQUIREMENTS (REFERENCE 51. 
CRASH SCENARIO. SUBSE~UENT PARAMETER STUDIES HAVE SHOWN - THE CID FUSelAGE IMPACT lEVELS WHICH WERE SUBSTANTIAllY 
THAT "HARD POINT" INTERFERENCE WILL OCCUR BEFORE THE FULLBElDW THE LIMITS OF THE AIRFRAME'S STRUCTURAL INTEGRITY. 
CRUSH OF THE SOFT SECTION IS DEVELOPED. 

- REPRESENTATIVE FUSelAGE UNDERSIDE CRUSH CHARACTERISTICS OF - THE LAURINBURG TEST DID NOT (a) PRODUCE FLOOR ACCELERATION
TYPICAL NARROW·BODY AIRPLANE SOFT FRAME STRUCTURE AND MEASUREMENTS, (b) EXHAUST THE CRUSH CAPABILITY OF THE "HARD 
FLOOR VERTICAL ACCELERATION RESPONSE FOR DIFFERENCE SINK POINT" STRUCTURE (FLOOR FAILURE DID OCCUR), NOR Ie) ADDRESS 
SPEEDS FROM TESTS AND COllABORATED WITH MDDELING ANALYSIS. MORE SEVERE PITCH·UP AND PITCH·OOWN IMPACTS. 

- THE PRE·CID TEST ANALYSIS INDICATED THAT THE AIRFRAME - THE DATA, WITH THE EXCEPTION OF A WIOE·BODY FUSELAGE SECTION 
RESPONSE AND, CONSEQUENTLY, THE IMPACT LEVELS AT WHICH DROP TEST, ARE APPLICABLE Ta ONE NARROW·BODY AIRCRAFT 
AIRFRAME STRUCTURAL INTEGRITY LEVELS ARE EXCEEDED ARE CONFIGURATION. 
STRONGLY INflUENCED BY "HARD POINTS" AND THE DEFLECTION AT - Na TEST DATA AVAILABLE FOR IMPACT AT HIGH PITCH·UP ATIlTUOE. 
WHICH STRUCTURE RE·STIFFENING OCCURS. 

- THE LAURINBURG TEST WHICH SHOWED THAT "HARD POINTS" 
EXHIBIT SIGNIFICANTlY MORE CRUSH THAN WAS OBSERVED IN THE 
LANDING GEAR WHEEL WELL SECTION TEST, WHICH WAS CONDUCTED 
WITHOUT THE WING STRUCTURE OR ITS EFFECTS. THE LAURINBURG 
TEST WHICH ALSO PROVIDED DATA RelATED TO FUSELAGE 
STRENGTH, FUSelAGE UNDERSIDE CRUSH OISTRIBUTIOIN AND 
IMPROVED THE CID MODELING. 

- THE PRE·Cm AND cm CORRELATION EFFORTS WHICH INDICATED THAT 
MODELING CAPABIlITY COULD BE ENHANCED WITH A WIDER RANGE 
OF SUPPDRTING TEST DATA AND ADDED ANALYTICAL FEATURES, 
I.E., CDMBINED FAILURE LOADS CRITERIA, PLASTIC HINGE 
REPRESENTATlDNS. INITIAL CONDITIDN LOADINGS. 

• CID CORRELATION AND POST·CID ANALYSIS HAVE PROVIDED DATA WITH • WITH REGARD TO ANALYSES: 
REGARD TO: - THE MODELING IS PERFORMED FOR ONE AIRPLANE CONFIGURATION. 

- AIRFRAME RESPONSE AS A FUNCTION OF SINK SPEED AND PITCH - THE REPONSES FOR PITCH·UP AND PITCH·DOWN CONDITIONS (+ 6 
ATTITUDE, DEGREES) HAVE NOT BEEN CONFIRMED SINCE AIR·TO·GROUND IMPACT 

- FUSelAGE BENDING AND SHEAR STRUCTURAL INTEGRITY AS A DATA HAS BEEN LIMITED TO LESS THAN 2DEGAEES. 
FUNCTION OF IMPACT CONDITION, - THE ANALYSES 00 NOT PRODUCE SUBSTANTIAL LONGITUOINAL PULSES 

- THE DEFINITION OF A POTENTIAL FLOOR PULSE lONGITUDINAL VERSUS DURING THE GROUNO·TO·GROUNO IMPACT CONDITION. THE ONLY 
EVIDENCE OF A RELATIVELY SEVERE LONGITUDINAL PULSE HAS BEEN THEVERTICAL CHANGE IN VELOCITY ENVELOPE WHICH IS RELATED TO 
MEASURED NaSE CABIN RESPONSE WHICH OCCURRED WHILE THEAIRFRAME STRENGTH. 
FUSELAGE EXPERIENCES A BREAK le.g., L·l S49 IMPACT ONTO A- THE CHANGE IN flOOR PULSE AMPLITUDE, DURATIDN AND VElDCITY 
200EGREE SlOPEI.AS A FUNCTION OF THE FUSELAGE CRUSH CHARACTERISTICS. 

- THE ANALYSES RESULTS ARE STRONGLY DEPENDENT ON THE- THE BENDING MOMENT RESPONSES OBTAINED FROM THE CID DATA 
AVAILABLE CRUSH DISTRIBUTION ALONG THE FUSELAGE UNDERSIDE.EXHIBITS LOW FREQUENCY FUSelAGE BENDING MODES. THUS, THE 
HARD POINTS" WHICH ARE lOCATED AT THE NOSE, MAIN GEAR. AFTUSE OF STICK MODelS TO RelATE TO OVERALL FUSELAGE BENDING 
PRESSURE BULKHEAD AND THE CENTER WING SECTION Will PRODUCELOADS IS APPROPRIATE. 
LOADS WHICH EXCEED AIRFRAME STRENGTH WHEN "BOTTOMING- DIRECT COMPARISON OF FUSELAGE AND WING PEAK RESPONSES AND 
OUT" OCCURS. LITTLE TEST DATA IS AVAilABLE TO CONFIRM THElENGTHWISE/SPANWISE DISTRIBUTION BETWEEN TEST AND ANALYSES. 

. CRUSH CAPABILITY OF THESE CRITICAL STRUCTURES. 



SECTION 6 

CONCLUSIONS 

1. Parameter sensitivity study results appear reasonable when compared to 

available analysis results and test data. 

2. Airframe and seat dynamic test crash design velocity change envelopes 

have been developed which are based on data from full-scale crash test, 

section impact tests, and KRASH parameter variation analyses. 
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	EXECUTIVE SUMMARY 
	This document describes the effort performed under Contract DTFA03-84-00004, Task Order No.6. The study described in this report is subsequent to the CID pre-test and CIn correlation presented in references 1 and 2, respectively. 
	The KRASH model refined in the aforementioned efforts was used to perform parameteric sensitivity studies for severe, but survivable, crash scenarios. The previous KRASH correlation and model refinements are briefly discussed in this report. Analyses were performed for air-to-ground, ground-to-ground, and longitudinal impacts and the results are presented in the form of triangular pulses with definitions of the peak amplitude, base time duration and pulse change of velocity. The analytically obtained data a
	1. 
	1. 
	1. 
	Combined Vertical-Longitudinal pulse with seat oriented 30 degrees from the vertical; the resultant floor pulse parameters are: flV 32 ft/sec, flt .15 sec., Amplitude 13g. 

	2. 
	2. 
	Longitudinal pulse; the floor pulse parameters are: flV ~ 33 ft/sec, flt = .20 sec.; Amplitude -109 


	The pulses presented are higher than the indicated airframe fuselage bending and shear strengths to account for rebound and rotational effects. 
	The study results are summarized with regard to the impact that the test and analyses data have had on formulating crash design criteria. In the process of discussing the major data areas, the progress achieved as well as associated limitations are discussed and suggested additional efforts are defined. 
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	SECTION 1 
	INTRODUCTION 
	On December 1, 1984, the FAA/NASA jointly sponsored (reference 1) Controlled Impact Demonstation (CID) test was conducted. The CID test was a major milestone in a series of inter-related analyses and tests prescribed in the FAA Crash Dynamics program which is depicted in figure 1-1. Prior to the CID test, several section and impact tests including analyses were performed. The results of these experiments are described in reference 2. Subsequent to the CID test, correlation between KRASH pretest analyses and
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	Figure
	Figure 1-3. Expanded ern KRASH Model 1-3 
	Figure 1-3. Expanded ern KRASH Model 1-3 
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	.. 
	The validated KRASH simulation model provides the basis for the post-CID effort. This report briefly summarizes the correlation results and then describes some initial modifications to the KRASH model subsequent to the correlation and prior to the parameter sensitivity analyses. During the course of the parameter variation investigation the following crash scenarios were analyzed: 
	• 
	• 
	• 
	Air-to-Ground impact (gears retracted) 

	• 
	• 
	Air-to-Ground impact (gears extended) 

	• 
	• 
	Ground-to-Ground impact (gears retracted) 


	The program flow chart, shown in figure 1-5, depicts the sequence of analyses events leading to the development of crash design velocity envelopes. This phase of the effort involved several interactions as a result of the input of additional data during the course of the investigation. As noted earlier, prior to the parametric sensitivity analyses the KRASH model's capabilities were refined to (a) improve the expanded model's flexibility to be in better agreement with available data, and (b) correct the sti
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	2.1 SUMMARY OF CIO CORRELATION RESULTS 
	2.1 SUMMARY OF CIO CORRELATION RESULTS 
	The CIO correlation effort is described in detail in reference 3. A synopsis of the findings of this study follow below: 
	The initial fuselage impact with the ground occurred at a sink speed of approximately 14 feet/second (ft/sec), nose down (-2 degrees). This condition, modeled as a symmetrical impact with the KRASH stick model, showed agreement with the test data with regard to peak vertical acceleration and fuselage underside crush distance. The analysis indicated higher shear and moment load interaction curve (LIC) values than were estimated from the measured bending moments. However, the analytically determined LIC value
	The KRASH stick model results depicting the CIO unsymmetrical air-to-ground impact from the time of engine No. 1 contact through to fuselag contact shows agreement with the sequence and time of occurrence of siginificant events such as engine No.1, engine No.2 and fuselage ground contact. The airplane cg velocity is reduced from an initial 17.3 ft/sec to approximately 14 ft/sec when the fuselage hits the ground which is consistent with the test data. The crush magnitudes and distritution, as well as the LIC
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	The fuselage vertical acceleration responses obtained from the post-Crn analyses, both the symmetrical impact on the fuselage at 14 ft/sec, and the unsymmetrical impact on the No.1 engine at 17.3 ft/sec are shown in figure 2-1, along with the measured crn test data range. The acceleration values represent peak g's for a triangular pulse with a base duration between 
	0.100 and 0.150 second. The longitudinal pulses are approximately 3 to 4 g's 
	0.100 and 0.150 second. The longitudinal pulses are approximately 3 to 4 g's 
	along the fuselage. 
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	Figure 2-1. Comparison of Post-test crn KRASH Analysis and Test Results for Fuselage Impact 
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	() TEST RESULTS 
	z:z ANALYSES' SYMMETRICAL IMPACT ON FORWARD FUSELAGE 
	X-X ANALYSIS" UNSYMMETRIC IMPACT ON ENGINE NO.1 
	1500 
	An analyses of the results for the planned CIn symmetrical (O-degree roll, yaw) and the actual CIn unsymmetrical (-13 degree roll, yaw) condition for the one-degree nose-up and 17.3 ft/sec sink rate impact are shown in figure 2-2. The fuselage crush distribution is similar to that experienced during the full-scale airplane drop test, commonly referred to as the "Laurinburg" test, which was a symmetrical, 17 ft/sec sink speed impact. The 
	17.3 ft/sec symmetrical impact shows a peak LIC of 0.78. By linear extrapolation, this data indicates the LIC ratio of 1.0 (limit of airframe strength) would be reached at a sink speed of 20 ft/sec. However, the responses are most likely not a linear relationship with impact velocity, but more a function of available crush distance. 
	Comparisons of the stick model versus the expanded model fuselage results for a symmetrical 17 ft/sec impact with a 1 degree nose-up attitude engines-on are shown in figure 2-3. The LIC values generally range between 0.60 and 
	0.70. The peak vertical accelerations, also shown in figure 2-3 are reasonably close for fuselage station 199 through to fuselage station 960. Aft of this location station the expanded model responses are approximately 2/3 the values of the stick model. The crush distributions for both the stick and the expanded models follow the same trend. They are both within the crush distances observed for the "Laurinburg" test, which was performed for the same impact condition as the CIn. The "Laurinburg" test differe
	The fuselage peak vertical acceleration versus base duration for the triangular pulses associated with the analyses and test results is shown in figure 2-4. The acceleration responses are shown for the passenger region only (FS460-FS1400). As expected there is substantial scatter. For the most part the test and analyses results fall in the shaded area which is between 4g to 109 peak and 0.100 to 0.170 second base duration. 
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	Figure 2-4. Triangular Shaped Vertical Acceleration Responses From Analyses and Test; Peak Magnitude Versus Base Duration, Passenger Region FS460-1400 
	From figure 2-1, shown earlier, there are differences between the peak vertical accelerations obtained from the full unsymmetrical analysis, the analysis of the symmetrical impact on the forward fuselage and the test data. Several areas in the model and impact condition representation may contribute 
	to such a difference. These include: 
	• effect of both the initial and time varying aerodynamic loading For example, the moment response data as shown in figure 2-5 shows the No. 1 engine impacting first and then followed by impact of the fuselage while, the symmetrical model analysis starts at the point 
	The 
	-

	designated "nose-impact," with an aerodynamic loading applied so as to 
	develop the moment distribution measured. The unsymmetrical model analysis starts at the point noted "initial engine impact." For the analyses to be identical, the moments would have to be developed from 
	"initial engine impact" through "initial fuselage impact" as shown in figure 2-5. This does not occur in the model. Model revisions to allow more detail in engine/wing attachment and application of 
	aerodynamic loading may be needed to evaluate this effect. 2-6 
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	Figure 2-5. CID Test Results, Engine and Fuselage Impacts 
	• Representation of engine/wing/fuselage attachments -For example, the unsymmetrical model results indicate that a pitch rotational velocity develops at the time the fuselage impacts; it is approximately 0.05 to 
	0.010 rad/sec. The actual contact velocity of the fuselage mass at time of ground contact, in some cases, is noted to be higher than the cg velocity, resulting in higher peak acceleration values. When initial pitch and roll rotational velocities were included such that the resultant 17.3 ft/sec vertical contact velocity consisted of both translational and rotational components, the results were in better agreement with the test data. 
	The analytical wing response results are of interest in light of the measured and observed (photographic) ern test results. The analytically obtained moment and shear distributions, along with estimated strength levels and available test data, are shown in figures 2-6 and 2-7, respectively. The curves suggest that for the 13 degree roll, 17.3 ft/sec. sink speed condition the wing structural integrity is at or near its limit. For this impact condition, the left outboard wing section has the highest potential
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	Figure 2-7. KRASH Analysis Wing Shear Distribution 2-9 
	can be contained up to a roll attitude of 15 +1 degrees. The ern test, with a roll attitude of 13 degrees and considering the extent of wing damage experienced at impact, tend to confirm these earlier findings. 
	The analyses results showed that for symmetrical impact at 17.3 ft/sec impact and a +1 degree pitch attitude, the moment and shear distribution along the wing will be substantially below its estimated strength as is depicted in figures 2-8 and 2-9, respectively. 
	The correlation results suggested several concerns that need to be addressed with additional analyses and/or tests. The following is a brief discussion of these items: 
	• 
	• 
	• 
	How sensitive are the responses to assumed external loading (aerodynamics) and initial rotational velocities (pitch, roll, yaw) within the range of survivable impact speeds and attitudes? Analysis, as opposed to testing, is a more practical attempt to clarify this item. 

	• 
	• 
	What is the trend of the response of the airframe as a function of pitch attitude? For example, do the fuselage extremities respond in the manner indicated by the results of the limited range of analyses performed during the correlation study? Additional analysis supported by limited testing appears necessary. 

	• 
	• 
	What is the appropriate representation of the engine/wing and wing/fuselage attachments and can a refined model provide better agreement with test data, both during initial engine-ground contact and subsequent fuselage-ground contact? While the effort (described in reference 3) did not dwell on the engine or wing representation, the results indicate that this is an area that could be further explored. 
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	Figure 2-8. KRASH Analysis Wing Bending Distribution for Symmetrical Impact; 17.3 Ft!Sec Sink Speed, +1 Degree Pitch Attitude 
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	2.2 POST-CID CORRELATION MODEL REFINEMENTS 
	2.2 POST-CID CORRELATION MODEL REFINEMENTS 
	Subsequent to the KRASH correlation with test data, additional analyses have been performed to determine the effect of model refinements. As noted in Section 6 (reference 2), the comparison of the stick model's versus the expanded model's initial static deflections and LIC ratios were improved as a result of model refinements. The refinements discussed in this section were not included in the pre-CID analyses results reported in reference 2 nor in the correlation analyses reported in reference 3. Specifical
	• Stick Model 
	(a) 
	(a) 
	(a) 
	Correct wing waterline locations. The original stick model was formulated prior to the NASTRAN-IC code change to KRASH85 and contained wing stations for a deflected position due to an initial aerodynamic loading distribution. 

	(b) 
	(b) 
	Provide an additional wing-to-fuselage beam attachment at the wing leading edge location (FS620). This change increases the number of beams to 17 and 25, for the symmetric and unsymmetric models, respectively. The number of masses remains 17 and 24, respectively. 


	• Expanded Model 
	(a) 
	(a) 
	(a) 
	Provide the lower fuselage longitudinal beams with additional compressive area to be in agreement with the cross-sectional area distribution as shown in the data. 

	(b) 
	(b) 
	Eliminate one mass and beam from each wing. This change reduces a symmetrical model from 48 masses and 137 beams to 47 masses and 136 beams. This change makes the wing representation alike for both the stick and expanded models. 
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	A comparison of stick and expanded model initial static deflections and LIC ratios is shown in tables 2-1 and 2-2, respectively. Results prior to and after the aforementioned changes are noted. In general, the model changes resulted in an improved comparison between the stick and expanded models. 
	The results from several impact conditions were compared to determine the effect the model changes would have on overall response. Table 2-3 shows stick model generated data of LIC, fuselage crush and peak impulse for both symmetrical and unsymmetrical impacts. Representation A compares favorably with Representation B, and Representation C compares favorably with Representation D. The latter comparison shows a relatively large discrepancy in the LIC value at FS300. A closer review of the response data shows
	0.45 second after impact. At that time, the downward shear is between 18,200 66
	and 18,600 lb. and the downward moment is between 2.44 x 10 and 2.64 x 10 
	in-lb. Thereafter, both analyses show extremely low LICs except for the 
	latter analysis, Representation D, which exhibits a short duration upward 
	6
	shear of 49,000 lb. accompanied by a low (1 x 10 in-lb) upward moment. This 
	combination of loading results in a sharp rise in the LIC value to 0.30 which 
	quickly reduces to less than 0.10. This situation occurs at the time the 
	forward spring (FS199) reaches its peak deflection and starts to unload. For 
	Representation C, when the forward-most spring (FS199) starts to unload at 
	0.531 sec, the shear reverses but is only 8,400 lb. While the exact cause of the discrepancy is not known, the phasing of external spring loading and unloading at FS199 and FS300 most likely contributed to this situation. 
	Table 2-4 shows the comparison of results generated by the expanded model changes. The results for a symmetrical impact condition with a 17.3 ft/sec sink speed and +1 degree pitch show that while some differences may exist, the overall assessment of LIC, crush and impulse data is unaltered by the model changes. The model changes described do not alter the correlation results. 
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	TABLE 2-1. COMPARISON OF STATIC DEFLECTIONS 
	LOCATION 
	LOCATION 
	LOCATION 
	DEFLECTION, INCHES 
	DIFFERENCE. INCHES 

	STICK MODEL FIGURE 1·2 
	STICK MODEL FIGURE 1·2 
	EXPANDED MODEL FIGURE 1·3 

	FUSELAGE 
	FUSELAGE 

	FS 199 
	FS 199 
	-1.07 1-1.30) 
	-3.42 1-1.90) 
	2.3510.601 

	FS 300 
	FS 300 
	-0.83 (-1.01) 
	-2.99 (-1.711 
	2.09 (0.70) 

	FS 460 
	FS 460 
	-0.45 (-1.35) 
	-2.25 (-1.35) 
	1.80 (0.77) 

	FS 620 
	FS 620 
	-0.16 1-0.23) 
	-1.32 1-0.80) 
	1.1610.571 

	FS 820 
	FS 820 
	0(0) 
	o(0) 
	o(0) 

	FS 960 
	FS 960 
	-0.21 (-0.21) 
	-0.Q3 (-0.09) 
	0.18 (0.12) 

	FS 1040 
	FS 1040 
	-0.49 (-0.49) 
	-0.16 1-0.09) 
	0.3310.26) 

	FS 1200 
	FS 1200 
	-1.25 1-1.251 
	-0.94 1-0.99l 
	0.31 (0.26) 

	FS 1400 
	FS 1400 
	-2.65 1-2.65) 
	-2.54 (-2.57) 
	0.11 1O.08l 

	FS 1570 
	FS 1570 
	-4.07 (-4.07) 
	-4.03 (-4.'10) 
	0.40 10.03) 

	WING 
	WING 

	ROOT 
	ROOT 
	+0.81 (+0.841 
	+0.61 (+0.63) 
	0.20 {O.211 

	TIP 
	TIP 
	+40.5 (+39.6) 
	+41.2 (+39.9) 
	0.70 (0.301 

	(XXX) REVISED MODEL RESULTS 
	(XXX) REVISED MODEL RESULTS 


	TABLE 2-2. COMPARISON OF BEAM INITIAL LOAD INTERACTION CURVE (LIC) RATIOS 
	CURVE NO. 
	CURVE NO. 
	CURVE NO. 
	FUSELAGE STATION 
	LOAD INTERACTION CURVE RATIO 

	STICK MODEL 
	STICK MODEL 
	EXPANDED MODEL 

	1 
	1 
	300 
	0.011 (0.0111 
	0.009 10.009) 

	2 
	2 
	350 
	0.061 (0.061) 
	0.062 (0.0621 

	3 
	3 
	450 
	0.058 (0.057) 
	0.052 (0.052) 

	4 
	4 
	480 
	0.122 (0,123) 
	0.120 (0.1181 

	5 
	5 
	540 
	0.12210.123) 
	0.120 (0.118l 

	6 
	6 
	600 
	0.124 (0.124) 
	0.121 (0.1211 

	7 
	7 
	620 
	0.151 (0.3321 
	0.258 (0.233) 

	8 
	8 
	820 
	0.209 fO.344) 
	0.360 (0.326) 

	9 
	9 
	820 
	0.426 10.427) 
	0.431 (0.4291 

	10 
	10 
	960 
	0.203 (0.2031 
	0.205 10.204) 

	11 
	11 
	960 
	0.203 (0.203) 
	0.205 (0.204) 

	12 
	12 
	1000 
	0.249 (0.249) 
	0.251 (0.2501 

	13 
	13 
	1080 
	0.245 (0.245) 
	0.248 (0.247) 

	14 
	14 
	1160 
	0.273 (0.2731 
	0.276 (0.2751 

	15 
	15 
	1210 
	0.190 10.190) 
	0.192 (D.191) 

	16 
	16 
	1320 
	0.158 (0.158) 
	0.163 to.162l 

	17 
	17 
	1400 
	0.199 (0.199) 
	0.203 (0.202) 

	18 
	18 
	1400 
	0.177 (0.177) 
	0.181 (0.181) 

	(XXX) REVISED MODEL RESULTS 
	(XXX) REVISED MODEL RESULTS 
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	TABLE 2-3. COMPARISON OF STICK MODEL REVISIONS 
	TABLE 2-3. COMPARISON OF STICK MODEL REVISIONS 
	TABLE 2-3. COMPARISON OF STICK MODEL REVISIONS 

	TR
	_2 0 PITCH, 14 FT/SEC SINK SPEED, SYMMETRICAL IMPACT 
	00 PITCH, -13 0 ROLL AND YAW, 17.3 FT/SEC SINK SPEED. UNSYMMETRICAL IMPACT 

	®17 MASSES A 16 BEAMS 
	®17 MASSES A 16 BEAMS 
	® 17 MASSES B 17 BEAMS 
	®24 MASSES 23 BEAMS 
	® 24 MASSES 25 BEAMS 

	lie @FS 
	lie @FS 

	300 
	300 
	0.50 
	0.52 
	0.15 
	0.30 

	350 
	350 
	0.49 
	0.49 
	0.57 
	0.55 

	450 
	450 
	0.40 
	0.40 
	0.51 
	0.49 

	600 
	600 
	0.45 
	0.48 
	0.44 
	0.38 

	990 
	990 
	0.59 
	0.47 
	0.78 
	0.80 

	1090 
	1090 
	0.63 
	0.64 
	0.77 
	0.78 

	1210 
	1210 
	0.46 
	0.44 
	0.75 
	0.75 

	CRUSH fiNCHES) @FS 
	CRUSH fiNCHES) @FS 

	300 
	300 
	7.6 
	8.0 
	7.8 
	8.4 

	460 
	460 
	4.6 
	4.5 
	5.5 
	6.0 

	620 
	620 
	4.0 
	3.8 
	4.5 
	4.7 

	820 
	820 
	2.8 
	2.9 
	3.5 
	3.5 

	960 
	960 
	5.9 
	6.9 
	3.0 
	3.0 

	1040 
	1040 
	8.0 
	9.4 
	1.9 
	1.8 

	1200 
	1200 
	2.3 
	4.8 
	-
	-

	PEAK IMPUSE G·SEC @FS 
	PEAK IMPUSE G·SEC @FS 

	199 
	199 
	0.93 
	1.00 
	1.06 
	1.04 

	300 
	300 
	0.85 
	0.91 
	0.94 
	0.93 

	460 
	460 
	0.72 
	0.75 
	0.77 
	0.77 

	620 
	620 
	0.62 
	0.63 
	0.72 
	0.71 

	820 
	820 
	0.51 
	0.50 
	0.66 
	0.64 

	960 
	960 
	0.46 
	0.45 
	0.58 
	0.61 

	1040 
	1040 
	0.44 
	0.42 
	0.55 
	0.54 

	1200 
	1200 
	0.41 
	0.39 
	0.57 
	0.56 

	1400 
	1400 
	0.39 
	0.38 
	0.57 
	0.55 
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	TABLE 2-4. COMPARISON OF RESULTS DUE TO EXPANDED MODEL REVISIONS 
	TABLE 2-4. COMPARISON OF RESULTS DUE TO EXPANDED MODEL REVISIONS 
	TABLE 2-4. COMPARISON OF RESULTS DUE TO EXPANDED MODEL REVISIONS 

	TR
	+1 0 PITCH, 17.3 FTfSEC SINK SPEED, SYMMETRICAL (a) 

	CORRELATION MODEL 48 MASSES 137 BEAMS 
	CORRELATION MODEL 48 MASSES 137 BEAMS 
	STIFFER MODEL 48 MASSES 137 BEAMS 
	STIFFER MODEL REVISED WING 47 MASSES 136 BEAMS 

	lIC @ FS 
	lIC @ FS 

	300 
	300 
	0.25 
	0.28 
	0.29 

	350 
	350 
	0.78 
	0.77 
	0.66 

	450 
	450 
	0.64 
	0.66 
	0.57 

	600 
	600 
	0.60 
	0.70 
	0.68 

	990 
	990 
	0.82 
	0.79 
	0.68 

	1090 
	1090 
	0.82 
	0.79 
	0.82 

	1210 
	1210 
	0.58 
	0.68 
	0.57 

	CRUSH liN.) @ FS (b) 
	CRUSH liN.) @ FS (b) 

	300 
	300 
	7.817.6 
	8.0/8.0 
	7.9/7.6 

	460 
	460 
	5.0 
	5.7 
	5.1 

	620 
	620 
	4.8/5.1 
	5.3/5.4 
	4.7/4.7 

	820 
	820 
	7.7/8.2 
	7.2/8.0 
	6.517.4 

	960 
	960 
	9.019.8 
	6.3/9.2 
	6.0/8.7 

	1080 
	1080 
	9.1 
	8.5 
	8.1 

	1240 
	1240 
	3.4 
	3.4 
	3.1 

	PEAK IMPULSE G·SEC 
	PEAK IMPULSE G·SEC 

	@ FS (b) 
	@ FS (b) 

	199 
	199 
	0.97/0.95 
	0.95/0.90 
	0.9411.00 

	300 
	300 
	0.91/0.87 
	0.87/0.83 
	0.77/0.90 

	450 
	450 
	0.73/0.74 
	0.7310.72 
	0.6310.73 

	620 
	620 
	0.61/0.63 
	0.63/0.63 
	0.63/0.64 

	820 
	820 
	0.64/0.61 
	0.64/0.62 
	0.63/0.61 

	960 
	960 
	0.60/0.62 
	0.5810.61 
	0.6010.60 

	1080 
	1080 
	0.64/0.63 
	0.61/0.62 
	0.60/0.61 

	1240 
	1240 
	0.77/0.66 
	0.6910.66 
	0.68/0.64 

	1400 
	1400 
	0.7110.73 
	0.77/0.74 
	0.76/0.73 

	(a) MODELS INCLUDE PRE·Cm ENGINE LOAD·DEFLECTION CURVE ANO AERODYANMIC LOADING DISTRIBUTION (b) TWO VALUES REPRESENT CENTERLINE AND FLOOR/FRAME INTERSECTION LOCATIONS, RESPECTIVelY 
	(a) MODELS INCLUDE PRE·Cm ENGINE LOAD·DEFLECTION CURVE ANO AERODYANMIC LOADING DISTRIBUTION (b) TWO VALUES REPRESENT CENTERLINE AND FLOOR/FRAME INTERSECTION LOCATIONS, RESPECTIVelY 
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	SECTION 3 
	PARAMETRIC SENSITIVITY INVESTIGATION 

	3.1 VERTICAL PULSE 
	3.1 VERTICAL PULSE 
	The floor vertical pulse magnitudes and distribution are affected by the vertical descent rate or effective normal velocity (ENV), airplane pitch attitude, aerodynamic loads, initial impact location, and engine configuration and involvement. However, if criteria is established for a tolerable floor pulse based on an acceptable level of fuselage shell structural integrity, then an entire crash sequence may not be necessary. Knowing the cause of the fuselage impact conditions may not be as important as knowin
	17.3 ft/sec symmetrical impact at a level pitch attitude, the engine involvement is less and the initial fuselage impact speed is at, or near, the original impact velocity. In reality then, for purposes of evaluating floor pulses, the 17.3 ft/sec symmetrical impact is the condition which directly affects the fuselage, while the 17.3 ft/sec unsymmetrical impact is, in reality, a 14 ft/sec, -2-degree pitch fuselage impact. The aerodynamic loading distribution and/or the subsequent loading consequence of earli
	3-1 
	airframe is initiated when the fuselage strength, bending moment and/or shear is exceeded. The initiation of fuselage breakup represents the limit of structural integrity because the events that occur beyond this point are difficult to project. 
	3.1.1 Air-to-Ground, Gears Retracted 
	3.1.1 Air-to-Ground, Gears Retracted 
	3.1.1.1 Initial Analyses 
	3.1.1.1 Initial Analyses 
	The initial parametric sensitivity analyses were performed with the KRASH stick model. The following assumptions were made. 
	• 
	• 
	• 
	Impact directly on fuselage, no engine crush involved 

	• 
	• 
	Symmetrical impact, no roll or yaw 

	• 
	• 
	No initial external loading, i.e., aerodynamic forces 

	• 
	• 
	No rupture of beams 

	• 
	• 
	Load interaction curve (LIC) > 1.0 indicates limit of airframe integrity. 

	• 
	• 
	Maximum crush before restiffening occurs is: 


	10-inch wing center section, FS620-820 
	IS-inch wing MLG aft bulkhead, FS960 
	24-inch fuselage frame sections, FS300, 460, 1040, 1240 
	Figures 3-1 through 3-5 contain plots of the peak acceleration for a triangular pulse, time duration of the pulse and associated change in velocity for fuselage impacts with pitch attitudes of +6 degrees, +3 degrees, 0 degree, -3 degrees and -6 degrees, respectively. Included on each plot is a tabulation of the fuselage underside crush and LIC ratios. These data are cross-plotted on figures 3-6 and 3-7 for the forward fuselage locations (460, 
	820) and aft fuselage locations (960, 1200), respectively. Figure 3-8 shows the crush at the respective fuselage locations in relation to the respective 
	3-2 
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	Figure 3-2. Floor Pulses for +3 Degree Pitch Attitude and 18 Ft/Sec Airplane Rate of Descent 
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	Figure 3-4. Floor Pulses for -3 Degree Pitch Attitude and 18 Ft/Sec Airplane Rate of Descent 
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	Figure 3-5. Floor Pulses for -6 Degree Pitch Attitude and 15 Ft/Sec Airplane Rate of Descent 
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	Figure 3-6. Floor Pulses at FS460-820 
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	Figure 3-7. Floor Pulses at FS960-1200 
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	impact conditions at which LIe values exceed 1.0. The respective crush limits are noted in this latter figure. Crush beyond these limits results in an extremely stiff load-deflection curve, which tends to produce correspondingly higher loads. The crush spring at FS300 is unique in that it represents a bulkhead which produces high loads for a small deflection. The load associated with deflections beyond 4.4 inches is extremely small. From figure 3-8 it can be observed that some impact conditions cause crushi
	airplane initial velocity due to (1) rebound and (2) rotational velocity. The peak acceleration (g ), pulse definition (triangular, base duration) and floor 
	p 
	velocity change are the parameters which govern potential seat dynamic test requirements. The data shown in figure 3-9, are for a 0.IS0-second triangular pulse. It is based on using the highest velocity change pulses from figures 3-6 and 3-7 and adjusting the peak g and At to produce the same velocity
	p 
	change. The data provided in figures 3-9 and 3-10 indicate that the positive 
	pitch attitudes provide for higher velocity change pulses. It appears that 
	the initial impact on the aft fuselage occurs with more available initial 
	crushing (FS960, 1200) than when impacting on the forward fuselage (FS460, 
	820), and thus the floor pulses tend to be of longer duration (compare 
	figures 3-6 and 3-7). 

	3.1.1.2 Refined Analyses 
	3.1.1.2 Refined Analyses 
	The initial analytical results were obtained prior to the incorporation into the model of a revised nose gear bulkhead crush representation. This model change is described in Sections 3.2.1 and 3.3.1. Subsequent to this revision, several conditions were rerun and the analyses were expanded. Table 3-1 shows a summary of previously presented responses for the -6 degree, 
	o degree and +6 degree pitch attitudes investigated. The significant response change in velocity (dV), peak acceleration (g ), equivalent triangular pulses
	p 
	(for equal dV) for base durations of 0.150 and 0.200 second, and the 
	associated fuselage crush distances, are presented. Figures 3-11 and 3-12 
	show the peak vertical accelerations and associated triangular base durations 
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	TABLE 3-1. AIR-TO-GROUND IMPACT ANALYSES RESULTS 
	IMPACT CONDITION 
	IMPACT CONDITION 
	IMPACT CONDITION 
	FUSELAGE STATION 
	gpeak 
	VELOCITY CHANGE, IN./SEC 
	PEAK ACCELERATION, 9 * 
	CRUSH DISTANCE, INCHES 

	At = 0.150 SECONDS 
	At = 0.150 SECONDS 
	At = 0.200 SECONDS 

	SIX·DEGREE NOSE·DOWN 
	SIX·DEGREE NOSE·DOWN 
	300 
	12.0 
	235 
	8.1 
	6.1 
	12.6 

	PITCH, 15 FT/SEC 
	PITCH, 15 FT/SEC 
	460 
	8.5 
	135 
	4.7 
	3.5 
	7.3 

	SINK SPEED 
	SINK SPEED 
	620 
	7.2 
	110 
	3.7 
	2.8 
	4.8 

	TR
	820 
	8.3 
	210 
	7.2 
	5.4 
	10.6 

	TR
	960 
	9.0 
	240 
	8.2 
	6.2 
	19.1 

	TR
	1040 
	12.4 
	190 
	6.5 
	4.9 
	23.3 

	TR
	1200 
	12.2 
	160 
	5.5 
	4.1 
	24.9 

	ZERO·DEGREE 
	ZERO·DEGREE 
	300 
	11.2 
	400 
	13.8 
	10.4 
	12.5 

	PITCH, 20 FT/SEC 
	PITCH, 20 FT/SEC 
	460 
	13.6 
	320 
	11.0 
	8.3 
	11.4 

	SINK SPEED 
	SINK SPEED 
	620 
	13.0 
	315 
	10.9 
	8.2 
	11.1 

	TR
	820 
	10.7 
	290 
	10.0 
	7.5 
	11.5 

	TR
	960 
	11.4 
	276 
	9.6 
	7.2 
	13.5 

	TR
	1040 
	10.0 
	272 
	9.3 
	7.0 
	14.5 

	TR
	1200 
	10.4 
	260 
	8.9 
	6.7 
	8.0 

	SIX·DEGREE NOSE·UP 
	SIX·DEGREE NOSE·UP 
	300 
	19.3 
	360 
	12.4 
	9.3 
	3.9 

	PITCH, 15 FT/SEC 
	PITCH, 15 FT/SEC 
	460 
	9.9 
	280 
	9.7 
	7.3 
	4.1 

	SINK SPEED 
	SINK SPEED 
	620 
	7.9 
	180 
	6.3 
	4.7 
	6.5 

	TR
	820 
	7.5 
	170 
	5.9 
	4.4 
	11.3 

	TR
	960 
	7.3 
	200 
	6.9 
	5.2 
	17.6 

	TR
	1040 
	6.8 
	290 
	9.5 
	7.5 
	21.1 

	TR
	1200 
	6.8 
	345 
	11.8 
	8.9 
	21.2 

	* FOR A TRIANGULAR PULSE SHAPE WITH A BASE DURATION (At) AND VELOCITY CHANGE AS NOTED 
	* FOR A TRIANGULAR PULSE SHAPE WITH A BASE DURATION (At) AND VELOCITY CHANGE AS NOTED 


	obtained directly from the analyses for the forward fuselage (FS300, 460, 620) and the mid-aft fuselage (FS960, 1040, 1200). Figures 3-11 and 3-12 update the data presented in figures 3-9 and 3-10. The responses shown in figures 3-11 and 3-12 contain pulses which have a dt range primarily between 0.137 second and 0.178 second, peak vertical acceleration values between 7g and 13g, and velocity changes between 216 in/sec and 400 in/sec. These values are associated with an envelope of impact conditions in whic
	xz 3-16. The accelerations, shown in figure 3-13, are presented without regard 
	to time duration. Figures 3-14 and 3-15 present the analyses results on the 
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	Figure 3-12. Aft Fuselage Floor Dynamic Triangular Pulse Parameters as a Function of Airplane Pitch Attitude at Impact -Revised Analysis 
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	basis of 0.150 second and 0.200 second base duration triangular pulses, respectively. These pulse durations are reasonable approximations for floor dynamic test pulses. Also shown, in figures 3-14 and 3-15, are lines of constant velocity change (~V). As can be observed from these two plots, the response for the most part reflects a velocity change approaching 300 in/sec to 400 in/sec in the most forward passenger region (FS300), 300 in/sec in the passenger mid-cabin region and 300 in/sec to 350 in/sec in th
	7g to 10.5g, shown in figure 3-12. 
	The data shown in figures 3-11 through 3-16 and table 3-1 reflect a tendency for the modeled aircraft to rotate after initial impact. In the case of an initial nose-down impact, the airplane eventually settles on the aft fueslage, which shows substantial crush. The flat (zero-degree pitch) impact shows a relatively evenly distributed peak acceleration and fuselage crush distribution. However, there is an indication that the velocity change is greater at the extreme forward of the fuselage. The initial nose-
	3-13 
	pulses from the cockpit (forward of the impact location) through to the wing leading edge station (aft of the impact location) vary from 15.2 to 21.0 ft/sec., and (2) the result of NASA light fixed-wing aircraft tests which are reported in numerous documents. Reference 9 reports on light airplane (twin-engine, low-wing) crash tests (gears retracted) at three pitch angles 
	(impact on concrete) and reference 10 data report on low-wing, single-engine crash tests (gears extended) under three different conditions, including 30 degrees nose-down onto concrete terrain. In both reports the data indicated that the subsequent slap down can be significant such that the latter peak accelerations approach the magnitude experienced at the initial impact location. There are, of course, differences in structure and size between light fixed-wing and transport category aircraft. The extended 
	larger aircraft could easily induce higher rotational velocities, particularly if structural failure is localized and the aircraft remains rigid, as it appears to have happened in the full-scale CID crash test. 
	Subsequent to the reformulation of information that is presented in table 3-1 and figures 3-11 through 3-16, additional analyses were performed to investigate: 
	• 
	• 
	• 
	The change in the crush characterization of the nose-gear bulkhead (similar to that used in the ramp impact) to ascertain if the aircraft air-to-ground analyses results are affected. 

	• 
	• 
	The incorporation of wing and engine responses and the monitoring of wing shear and bending moment versus estimated strength allowables. Wing correlation results reported in reference 1 showed reasonable agreement between test and analyses results for wing bending and shear; and thus airframe strength considerations extended to wing, as well as fuselage capability, appear appropriate. 


	The conditions analyzed are noted in table 3-2. The results for the fuselage responses to these conditions are shown in table 3-3. A sample plot of acceleration responses for Condition No. 7 at mid-fuselage location (FS820) is shown in figure 3-17. The unfiltered acceleration peak is 13.6g (vertical) 
	3-14 
	and 5.1g (longitudinal). The base duration of this pulse is about 0.108 second and the change in vertical velocity during this time is 315 in/sec. Based on a triangular pulse of equal velocity change and base duration, the peak amplitude is 15.1g which is the value shown in table 3-3. 
	The acceleration response for several groups of conditions in the form of a triangular pulse is shown in figures 3-18, 3-19 and 3-20. The data is a cross-plot of peak g, At, and AV. Similarly, figures 3-21, 3-22 and 3-23 show fuselage LIC and underside crush for the same sets of conditions. The data from all these conditions (7 through 12) are plotted slightly different in figure 3-24. This figure contains the same data (g, At and AV) as figures 3-18, 3-19 and 3-20, but shows envelopes of velocity change. T
	TABLE 3-2. DESCRIPTION OF ANALYSES: AIR-TO-GROUND IMPACT CONDITIONS 
	CONDITION NO. 
	CONDITION NO. 
	CONDITION NO. 
	AIRPLANE INITIAL SINK SPEED FT/SEC 
	PITCH ATTITUDE DEGREES 
	INITIAL LIFT 
	ENGINE GROUND CONTACT 
	FORWARD VELOCITY COMPONENT (155 KTS) 
	REVISED NOSE GEAR BULKHEAD CRUSH 

	1 
	1 
	22 
	0 
	NO 
	YES 
	YES 
	YES 

	2 
	2 
	22 
	+ 1 
	NO 
	YES 
	YES 
	YES 

	3 
	3 
	20 
	+ 1 
	NO 
	YES 
	YES 
	YES 

	4 
	4 
	17.3 
	+ 1 
	NO 
	YES 
	YES 
	YES 

	5 
	5 
	17.3 
	+1 
	YES 
	YES 
	YES 
	YES 

	6 
	6 
	22 
	0 
	NO 
	NO 
	NO 
	YES 

	7 
	7 
	22 
	0 
	NO 
	NO 
	YES 
	YES 

	8 
	8 
	20 
	0 
	NO 
	NO 
	YES 
	NO 

	9 
	9 
	20 
	0 
	NO 
	NO 
	YES 
	YES 

	10 
	10 
	15 
	-6 
	NO 
	NO 
	YES 
	YES 

	11 
	11 
	15 
	+6 
	NO 
	NO 
	YES 
	YES 

	12 
	12 
	15 
	-6 
	NO 
	NO 
	YES 
	NO 

	13 
	13 
	15 
	+6 
	NO 
	NO 
	YES 
	NO 
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	• SCALE FACTOR. Z.USE+OO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•1 •••••••••1 
	0.0 0.0 0.0 '.G06 -S.U6E·00 0.0 -1.0Ili(l(+01 O.oIZ -Z.589£+00 0.0 -0.018 -:.191£.000.0 -6.1$3£+00 0.024 -3.114£+000.0 -O.OSO -0.0 -6.240£+00 o.au -0.0 -5.44'£+00 O.O"Z -Z.SUE+OO 0.0 -0.0. -0.0 -0.0504 -5.481£+00 0.0 --1.~lOE·Ol 0.066 -S.07ti£+OD 0.0 -0.012 -0.0 -1.310£+').1 0.018 -4.7-.&e·oo 0.0 -0.08(; -4.'026£.000.0 -'.5,IE.00 0.090 -5 ••41£:+000.0 -7.:511£+00 0.096 -0.0 -0.102 -0.0 -1.459E·Oo O.IDS -0.0 2.416£-01 0.114 -1.28Z£+OO 0.0 0.120 -6.41'E-01 0.0 2.'96£+00 0.126 -3.:22£-01 0.0 O.U2 -4.75::£-01 0
	1.000£.00 
	1.477£.00 
	7.D08£.00 
	S.ltO,£.oO 
	Z.6S9£.00 
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	S.2,ue.oo 
	a.S25E.OD 
	0.060 -0.0 
	4.1!58:£.00 
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	1.700E.Oo 
	S.165£.00 
	Z."2E.Oo 
	I.OBO£.OD 

	O.2~ -1.:'~E·OO 0.0 3.8z1£-OI 
	O.SOD -1.51'£+00 0.0 6.157E-01 
	0.506 -0.0 
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	1.0,5E.OO 

	O.SI: -0.0 1.560£+00 
	1.418E.00 
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	Figure 3-17. Fuselage Mass No. 5 Acceleration Response, Condition No. 7 
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	3-18 
	1.3 
	o 
	i= 
	a: 
	~ 

	== 
	-' 
	24 22 
	20 18 
	~ ~ 16 
	z 
	~ 
	t;; 14 
	o 
	%: 
	~ 12 
	a:: 
	u 
	'10 
	8 6 
	4 
	300 
	A ( L...l. L...l. 0 0 6. A A 6. -... b6. 0 ..... 0 0 ~ ~ ~..... ("') y -0 r n 0 ~ n 0 CONDITION SYMBOLNO. 7 ~ n 8 ~l". 9 0 1" I J I 300 600 900 1200 150G FUSELAGE STATION. IN. 0.3 0.4 0.5 0.6 1.2 1.1 1.0 0.9 0.8 0.7 
	0 u fl 0 6. 1"'1 6. e If!0 -.. 0 CONDITION NO. 7 8 9 ... [ 2 
	600 900 
	FUSElAGE STATION. IN 
	c 
	A 
	0 
	SYMBOL 
	0 
	6. 
	0 
	Figure
	Figure
	1200 1500 
	Figure 3-21. Comparison of LIC and Crush Data for Conditions 7, 8, 9 
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	Figure 3-22. Comparison of LIC and Crush Data for Conditions 10, 12 
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	Figure 3-24. 
	Figure 3-24. 
	Analytically Obtained Vertical Pulses 


	The wing/engine responses are tabulated in table 3-4. The wing response data for Condition No.7 (table 3-2), indicates that the bending moments are approaching the estimated bending ultimate strength and the shears are exceeding the estimate ultimate shear capability along the wing span. The peak accelerations are 14.3g vertical and 4.8g longitudinal (fore-aft) at wing inboard mass location No. 11. The analytically obtained wing mass No. 11 pulse data is shown in figure 3-25. The response data indicates an 
	peak acceleration (gp) 13.5g change in velocity (~V) 312 in/sec. base duration (~t) 0.120 sec. 
	In the longitudinal direction, the equivalent triangular pulse can be described as: 
	peak acceleration (gp) 6.2g change in velocity (~V) 140 in/sec. base duration (~t) 0.120 sec. 
	3-22 
	TABLE 3-4. WING AND ENGINE RESPONSE ANALYSIS RESULTS 
	TABLE 3-4. WING AND ENGINE RESPONSE ANALYSIS RESULTS 
	TABLE 3-4. WING AND ENGINE RESPONSE ANALYSIS RESULTS 

	TR
	Condition No.1 
	Condition No.2 
	Condition No.3 
	Condition No.4 
	Condition No.5 
	Condition No.6 
	Condition NO.7 
	Condition No.8 
	Condition No.9 
	Condition No.l0 
	Condition NO.ll 
	Condition No. 12 
	Condition No.13 

	Peak Acceleration@B.L. 
	Peak Acceleration@B.L. 
	(b) 
	fbT 
	TIiT 

	118.3 
	118.3 
	14.3 
	13.3 
	8.6 
	7.6 
	8.6 
	14.2 
	14.3 
	8.4 
	8.0 
	7.4 

	271.8 
	271.8 
	13.0 
	13.2 
	10.0 
	7.0 
	7.7 
	10.8 
	10.9 
	7.4 
	8.0 
	4.2 

	430.7 
	430.7 
	16.8 
	17.4 
	12.3 
	9.8 
	7.3 
	11.8 
	12.0 
	8.0 
	9.5 
	5.3 

	583.5 
	583.5 
	15.0 
	13.9 
	11.8 
	7.0 
	5.1 
	8.5 
	10.1 
	8.6 
	4.8 
	6.7 

	740.6 Peak Engine Acceleration @ B. L. 
	740.6 Peak Engine Acceleration @ B. L. 
	34.3 
	36.6 
	30.4 
	13.1 
	17.1 
	18.6 
	19.2 
	16.2 
	17.8 
	11.8 

	321.6 
	321.6 
	12.1 
	12.8 
	11.7 
	10.0 
	8.9 
	13.3 
	12.8 
	10.0 
	9.4 
	5.1 

	551.6 Peak Wing Shear (Sz) LB x 103 Between B. L.'s 
	551.6 Peak Wing Shear (Sz) LB x 103 Between B. L.'s 
	13.8 
	14.3 
	11.6 
	14.8 
	8.0 
	8.9 
	8.6 
	7.5 
	8.1 
	5.8 

	(a) (250)0·118.3 
	(a) (250)0·118.3 
	282.0 
	290.0 
	269.0 
	203.4 
	127.8 
	316.8 
	332.0 
	262.0 
	279.0 
	263.0 

	118.3·271.8 (200) 
	118.3·271.8 (200) 
	215.0 
	228.0 
	182.0 
	129.7 
	72.9 
	265.0 
	264.0 
	209.0 
	235.0 
	157.0 

	271.8-430.7 (110) 
	271.8-430.7 (110) 
	70.0 
	83.0 
	67.7 
	46.8 
	46.4 
	91.3 
	84.0 
	72.6 
	80.0 
	84.0 

	430.7-583.5 ( 40) Peak Wing Bending Moment (M ) in-lb. x 106@B.L. (a) 
	430.7-583.5 ( 40) Peak Wing Bending Moment (M ) in-lb. x 106@B.L. (a) 
	54.6 
	56.0 
	38.7 
	38.7 
	35.8 
	81.4 
	79.0 
	68.0 
	80.0 
	71.0 

	Root (75) 
	Root (75) 
	53.2 
	57.3 
	49.5 
	37.5 
	19.6 
	67.6 
	69.0 
	57.6 
	65.8 
	55.8 

	118.3 (50) 
	118.3 (50) 
	37.0 
	38.4 
	34.0 
	26.2 
	15.7 
	46.3 
	46.5 
	44.8 
	48.0 
	48.0 

	271.8 (3D) 
	271.8 (3D) 
	24.3 
	24.9 
	16.8 
	16.2 
	12.5 
	31.3 
	32.0 
	29.1 
	29.0 
	27.0 

	430.7 (15) 
	430.7 (15) 
	16.7 
	17.3 
	12.5 
	9.6 
	7.2 
	14.9 
	15.3 
	14.2 
	14.4 
	12.5 

	583.5 (1O) 
	583.5 (1O) 
	9.3 
	9.9 
	8.1 
	3.7 
	4.1 
	5.1 
	5.3 
	4.5 
	4.9 
	3.4 


	VJ I N VJ 
	(a) () -Denotes estimated ultimate strength (bl Wing data was not obtained for these earlier runs. 
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	Figure 3-25. Wing Mass No. 11 Acceleration Response, 
	· 
	· 
	·. 
	Condition 7 
	A summary of the variation in acceleration pulse along the wing span is noted in table 3-5. The responses shown for wing masses 14 and 15 occur within 0.250 second after initial fuselage impact with the ground. Subsequent to this time, these masses exhibit large oscillatory motion and associated higher velocity and accelerations. Since the condition analyzed has zero lift, the wing tip (mass 15) shows the potential for ground contact after about 0.250 second, which would alter the responses thereafter. The 
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	TABLE 3-5. VARIATION OF ACCELERATION PULSE ALONG WING SPAN 
	TABLE 3-5. VARIATION OF ACCELERATION PULSE ALONG WING SPAN 
	TABLE 3-5. VARIATION OF ACCELERATION PULSE ALONG WING SPAN 

	Location 
	Location 
	Direction 
	Triangular Pulse Parameters 

	gp 
	gp 
	~t 
	~V 

	Mass 12 
	Mass 12 
	Up Aft 
	10.8 5.4 
	.150 .144 
	316 142 

	Mass 13 
	Mass 13 
	Up Aft 
	1l.2 5.5 
	.132 .220 
	368 150 

	Mass 14 
	Mass 14 
	Up Aft 
	8.2 6.2 
	.078 .246 
	140 300 

	Mass 15 
	Mass 15 
	Down Aft 
	21.5 13.4 
	.120 .138 
	482 371 


	are shown in figure 3-26. It can be observed that the increase in initial sink speed from 20 ft/sec to 22 ft/sec produced a slightly higher bending moment distribution and a significant increase in shear loads. Figure 3-27 presents comparative wing bending and shear data for the nose-down impact (No. 
	10) and the nose-up impact (No. 11). The results are similar except for the shear BL inboard of the inboard engine. This aspect of the data appears engine~ing modeling. 
	inconsistent and could relate to 

	The comparison of results for many of the conditions analyzed is shown in table 3-6. 
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	Figure 3-26. Comparison of Wing Shear and Bending, Conditions 7, 9 
	to 
	o 
	x co 
	..... 
	!i; 
	I­
	:z 
	..... 
	:::E 
	o 
	:::E 
	2i 
	:z 
	~ 

	:z 
	..... 
	co 
	600 700 800 
	CONDITION SYMBOL I---+--+--t---+--+--t---+-I NO. 1+--+---+-4----1 ~ "~ /' ESTIMATED dTRENhH 50 1---+---1-~+---+----Y'"--t---+--1-~f---+--+---+--+--+---+~ .n... ' ...... / "~ 25 f---+---1--+---+-~:::!-""_""'+--1-~f---+--+---+--+--+---+---I ~'""-Q 75 r---+---1--+---+--+--+---+-1 10 o 1'... " 11 A 100 200 300 400 500 WING Bl, INCHES 
	300 
	250 
	200 
	(") 
	0 
	~ 
	x 
	co 150 
	..... 
	a;
	-

	« 
	..... 
	z 
	en 
	100 
	50 
	100 200 300 400 500 600 700 800 
	1.1"\ CONDITION SYMBOL I~\. NO. 10 0 " <> 11 A ~ "'" 1'" "'J.ilo ~, '" ESTIMATED STRENGTH ... '\. V /" "' o " " '-.., () L~ " I......... -......r-r--..~ 
	WING Bl, INCHES 
	Figure 3-27. Comparison of Wing Shear and Bending, Conditions 10, 11 
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	TABLE 3-6. COMPARISONS OF ANALYSES RESULTS FOR DIFFERENT IMPACT CONDITIONS 
	TABLE 3-6. COMPARISONS OF ANALYSES RESULTS FOR DIFFERENT IMPACT CONDITIONS 
	TABLE 3-6. COMPARISONS OF ANALYSES RESULTS FOR DIFFERENT IMPACT CONDITIONS 

	Condition A vs. Condition B(a) 
	Condition A vs. Condition B(a) 
	Discussion of Results 

	No.1 vs. NO.2 Comparison of 00 and +1 0 pitch, engine contact, equal sink speed (22 ft/seel. 
	No.1 vs. NO.2 Comparison of 00 and +1 0 pitch, engine contact, equal sink speed (22 ft/seel. 
	+1 0 pitch (No.2) results in higher L1C's (~10·15%), higher AV's at extremes, slightly less crush (fwd) and more crush (aft). Both conditions produce high Wing Shears (Sz) and Bending Moment (My), particularly inboard of BL 271.B. Condition No.2 slightly higher Sz and My. 

	No.2 vs. No.3 Comparison of 22 and 20 ft/sec sink speed, Same pitch (+1 0 ), engine contact. 
	No.2 vs. No.3 Comparison of 22 and 20 ft/sec sink speed, Same pitch (+1 0 ), engine contact. 
	Higher sink speed (No.2) produces L1C ~ 1.0, more crush and increased AV's (~10%). L1C;" 1.0 estimated to occur closer to 21 ft/sec. Wing Sz and My at condition No.3 appear to be within allowables but exceed strengths at condition NO.2. 

	NO.4 vs. NO.5 Comparison of effect of no lift and initial aerodynamic loading, same pitch (+1 0 ). Same sink speed (17.3 ft/sec) and engine contact. 
	NO.4 vs. NO.5 Comparison of effect of no lift and initial aerodynamic loading, same pitch (+1 0 ). Same sink speed (17.3 ft/sec) and engine contact. 
	Initial Lift (No.5) produces slightly lower L1C, less crush and higher AV's (5·10%). Neither condition reaches L1C =1.0. Neither condition produces wing Sz and My near allowables. Impact sequences differ. 

	NO.6 vs. No.7 Comparison of no forward velocity and fwd. velocity. Same sink speed (22 ft/sec), pitch (00), no lift, no I!hgine contact. 
	NO.6 vs. No.7 Comparison of no forward velocity and fwd. velocity. Same sink speed (22 ft/sec), pitch (00), no lift, no I!hgine contact. 
	Results are similar. No fwd. velocity condition (No.6) produces less forward fuselage crush. AV's and L1C's within 5:10%. Wing Sz and ~y. about the same. Exceed estimated all~wable~. These conditions produce higher wing responses than similar conditions (No.1 and No.2) but with engine ground contact. 

	NO.1 vs. No.7 Comparison of engine ground contact versus no engine ground contact for same sink speed (22 ft/sec), pitch (00) and no lift. 
	NO.1 vs. No.7 Comparison of engine ground contact versus no engine ground contact for same sink speed (22 ft/sec), pitch (00) and no lift. 
	Results are similar for fuselage responses for condition No.1. Inboard engine fails shortly after ground contact (further model review is warranted). Outboard engine contacts much later and fails after peak fuselage crush occurs. Wing Sz and My substantially higher for condition NO.7. 

	No. Bvs. No.9 
	No. Bvs. No.9 
	Revised crush characteristics (No.9) results in less forward fuselage crush, lower L1C's (all < 0.87), lower AV's. 

	Comparison of effect of revising nose gear 
	Comparison of effect of revising nose gear 
	However, wing Sz and My values marginal compared to estimated allowable strength. This could be a limiting 

	bulkhead crush spring. No.9 with revised 
	bulkhead crush spring. No.9 with revised 
	factor. 

	crush characteristics. NO.8 with 'old' crush 
	crush characteristics. NO.8 with 'old' crush 

	charactersitics. Same sink speed (22 ft/sec), 
	charactersitics. Same sink speed (22 ft/sec), 

	pitch (00) and no engine contact. 
	pitch (00) and no engine contact. 

	NO.7 vs. No.8 Comparison of effect of revising nose gear bulkhead crush spring. Nu. 7 has revised crush, but is run at 22 ftlsec sink speed. No.8 has 'old' crush and a sink speed (20 ft/sec.). Same pitch (00), no lift, no engine contact. 
	NO.7 vs. No.8 Comparison of effect of revising nose gear bulkhead crush spring. Nu. 7 has revised crush, but is run at 22 ftlsec sink speed. No.8 has 'old' crush and a sink speed (20 ft/sec.). Same pitch (00), no lift, no engine contact. 
	Higher sink speed and revised crush condition (No.7) equates to condition No. Bwith regard to fuselage L1C's. No.7 produces higher AV's (-5 to 15%)' However, No.7 produces substantially higher wing Sz and My responses, particularly when compared to the estimated allowables. 

	No. lOvs. No. 12 
	No. lOvs. No. 12 
	The revised crush condition (No. 10) produces substantially less forward fuselage crush and slightly less aft 

	Comparison of effect of revising nose gear 
	Comparison of effect of revising nose gear 
	crush (~ 5%). Case No. 10 results in aft fuselage L1C's > 1.0 and forward fuselage L1C's nearly =1.0 while 

	bulkhead crush spring. No.1 0 has revised 
	bulkhead crush spring. No.1 0 has revised 
	case No. 12 produced L1C > 1. in the forward fuselage and L1C'-:;; .87 in the aft. AV's for No. 10 are generally 

	crush. Same sink speed (15 ft/sec), pitch (_6 0), no lift, no engine contact. 
	crush. Same sink speed (15 ft/sec), pitch (_6 0), no lift, no engine contact. 
	higher throughout. The wing S and My values are high enough to exceed the allowable strengths for NO.1 O. No wing responses were plotteJfor No. 12. The current results for the -60 pitch probably suggest lower initial sink speeds (perhaps 14 ftlsed are appropriate to stay within airframe strength. 

	No. 11 vs. No. 13 Comparison of effect of revising nose gear bulkhead crush spring. No. 11 has revised crush. Same sink speed (15 ft/sec), pitch (+6 0), no lift, no engine contact. 
	No. 11 vs. No. 13 Comparison of effect of revising nose gear bulkhead crush spring. No. 11 has revised crush. Same sink speed (15 ft/sec), pitch (+6 0), no lift, no engine contact. 
	The revised crush condition (No. 11) produces about the results (L1C, crush and pulses) as No. 13. The wing S6 and My values are lower than the corresponding _6 0 pitch case (No. 10) and probably just below the allow· a les. The previously reported +6 0 pitch results still appear appropriate. 


	w 
	I N 00 
	(a) See Table 3·2 for description of conditions. 





	3.1.2 Air-to-Ground, Gears Extended 
	3.1.2 Air-to-Ground, Gears Extended 
	An all-gears-extended configuration was analyzed for the following impact conditions: 
	Sink Speed (ft/sec) Pitch Attitude (degrees) 1.18 -6 2. 20 
	° 
	3.18 +6 
	For all three cases the following assumptions apply: 
	No lift forces
	• 
	Forward velocity =
	• 
	Ground coefficient (u) =
	• 
	Main gear failure loads;
	• 
	Fz, Vertical Force Fx, Longitudinal Force Nose gear failure loads;
	• 
	Fz = 130,000 lb. , Fx = 
	262 ft/sec 0.35 
	428,000 lb. , 165,000 lb. 
	78,000 lb. 
	Prior to the analysis of the three no-lift cases, a comparison of lift versus no-lift was performed for 20 ft/sec sink speed, +1 degree pitch attitude. Both of these cases, as well as all subsequent runs were for a period of 0.49 second after impact. With lift forces, the gears withstand the impact load for a longer time. During this period of time the fuselage loads are relatively low, averaging about 3g vertically for approximately 0.35 second. Without lift, the main gear experiences a failure at 0.146 se
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	Table 3-7 compares the fuselage LIC ratios, crush distances, and vertical acceleration pulses for the -6, -0 and +6-degree impact attitudes. In all three impact conditions, an LIC ratio of 1.0 or greater is reached in the forward, mid, and/or aft fuselage regions. For the -6 degree pitch condition, the fuselage has crushed only in the forward region. During the 0.49 second of analysis, the airplane has not rotated onto the mid or aft fuselage. For the +6 degree pitch condition, the fuselage rotates onto the
	exception of the fuselage 
	exception of the fuselage 
	exception of the fuselage 
	extremes 
	(i.e., 
	nose 
	location) the change in 

	velocity associated with pulses 
	velocity associated with pulses 
	at 
	limits of fu
	selage structural integrity 
	are 

	generally 25 ft/sec 
	generally 25 ft/sec 
	or 
	less. 
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	Figure 3-28. Analytically Obtained Vertical Pulses -Gears Extended Condition 
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	TRIANGULAR (t>v,t;t) 
	(3) 
	23.6 (440, .095) 18.6 (370, .100) 
	23.6 (440, .095) 18.6 (370, .100) 
	10.2 (354,.180) 
	10.6 (330, .160) 7.6 (250,.165) 8.2 (230,.140) w 
	17.2 (220,.065)
	I 
	w 
	.... 
	12 (200,.085) 
	MAXIMUM MAXIMUM ACCELERATION, LIC RATIO CRUSH, INCHES gpeak, F.S. LOCATION CD 0 0 CD 0 0 0) --199 --6.0 4.7 + 19.4 (355, .095) 300 .43 .475 .33 9.7 13.0 8.4+ 18.0 (295,.085) 350 .86 .78 .82 450 .91 :90 .88 3.2 11·7 6.1+ 13.8 (226, .085) 480 1.47 .80 .96 540 1.47 .84 1.02 600 1.25 .75 .92 620 1.12 .87 1.05 -10.6 6.8+ 8.6 (160, .095) 960/960 .80/.83 1.05/ .93 1.01/1.15 -10.8 12.0 10.4 (90, .065) 990 .89 1.13 1.53 -1090 1.15 .98 1.00 -9.7 14.9 7.9 (100, .075) 1160 1.04 .92 1.11 -1210 .83 1.06 1.08 .2+ 15.8 7.4
	TABLE 3-7. COMPARISON OF PEAK LIC RATIO, FUSELAGE CRUSH, AND VERTICAL ACCELERATION FOR ALL GEARS EXTENDED CONDITIONS 
	TABLE 3-7. COMPARISON OF PEAK LIC RATIO, FUSELAGE CRUSH, AND VERTICAL ACCELERATION FOR ALL GEARS EXTENDED CONDITIONS 


	PULSE 
	CD 
	38.0 (312,.035) {24.0 (240,.045)} 9.6 (188,.100) 16.2 (215,.065) 
	6.8 (170, .080) 10.0 (250,.130) 
	9.8 (260,.140) 
	{22.0 (260,.065)} 12.0 (310,.140) 14.0 (300,.100) 
	Table 3-8 shows the wing span-wise bending moment and shear distribution for the three-pitch attitude conditions. The shear and bending moments are highest for the 0 degree condition. The shear values indicate that the strength of the wing is either marginal or exceeded for some of these conditions. The previous analyses predicted high outboard wing shear relative to the estimated strength, which was not confirmed by eID test data. Thus, it is most likely that the wing strength is satisfactory or at worst m
	TABLE 3-8. KRASH WING PEAK BENDING MOMENT AND SHEAR RESPONSES 
	6
	BENDING MOMENT, IN.-LB x 10 
	MASS 
	MASS 
	MASS 
	NO. 
	BL 

	5 11 12 13 14 15 
	5 11 12 13 14 15 
	ROOT -118 -271 -430 -583 -740 

	MASS NO. i-j 
	MASS NO. i-j 
	BL 

	11-12 11-12 12-13 13-14 14-15 
	11-12 11-12 12-13 13-14 14-15 
	0/-118 -118/-271 -271/-430 -430/-583 -583/-740 


	& 33. 27.6 8.6 5.3 4.5 <1
	& 33. 27.6 8.6 5.3 4.5 <1
	& 33. 27.6 8.6 5.3 4.5 <1
	-

	~ 48. 29. 18. 8.1 4.1 <1
	-

	&. 4125. 18. 6.7 3.4 <1
	-
	-


	& 
	& 
	&. 
	SHEAR, & 
	LB 


	269. 
	269. 
	269. 
	277. 
	179. 

	84. 
	84. 
	142. 
	123. 

	61. 
	61. 
	80. 
	61
	-


	32. 
	32. 
	54. 
	48. 

	23. 
	23. 
	24. 
	23. 


	sink speed = 18 ft/sec, pitch = -6 degrees sink speed = 20 ft/sec, pitch = o degrees sink speed = 18 ft/sec, pitch = ~ degrees 
	& 
	& 
	& 

	.
	values are not simultaneous 
	&. 
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	ESTIMATED ULTIMATE 
	75. 50. 30. 15. 10. 5. 
	3 
	x 10 
	ESTIMATED ULTIMATE 
	250. -300. 200. 110. 
	40. 10. 




	3.1.3 Comparison with Previous Air-to-Ground Analysis 
	3.1.3 Comparison with Previous Air-to-Ground Analysis 
	The analysis of a medium size transport aircraft (155,000 lb. gross weight) which is about the size of the L-1649 and about 20,000 lb. lighter than the maximum design landing weight of the crn test article, was reported in reference 4. The dimensions of the aircraft analyzed are shown in figure 3-29. The crushing springs used in the reference 4 model are shown in figure 3-30. The stiffness series No. 1 was the initial crushing data used and the limited deformation distance coupled with excessive force as th
	0.3 to 0.58 (reference 4) and between 0.32 to 0.52 (Crn model). The reference 4 model shows generally more crush than the crn model, particularly at the aft end. Crush is a function of both fuselage contour and fuselage underside crushing characteristics. Figure 3-31 shows how the two airplane contours differ, which partially explains the difference in aft fuselage crush. Figure 3-32 compares the fuselage underside crush springs used for the two models. The crn model appears to provide higher crush energy a
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	TABLE 3-9. A SUMMARY OF TEST CASE COMPUTER RUNS (REFERENCE 4) 
	-12,307 -20,130 -24,831 -30,547 -32,088 -13,926 -24,448 -34,534 -40,690 -66,274 -11,474 -15,618 -25,675 -31.830 -35,327 4,888 -10,561 -21,175 -33,711 -49,053 -16,617 -24.633 -34,611 -39,530 -73,565 -15,990 -25,197 -29,493 -43,764 -59,279 -9,866 -16,217 -28,690 -33.034 -38.257 -10,403 -19,833 -31,972 -38.854 -28,810 -4,709 -7,542 -11.984 -12,156 -19,196 -16.800 -30,000 -38.000 -45,000 -80,000 Sta. 15 Angle1 Veloclty2 Stlff-(max g) (deg) (ft/sec:, neaa3 Mode'l + -0 15 3 Flex 20 -11 +2 10 4 Flex 31 -22 +5 10 3
	Stat 55
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	Maximum Minus Moment (Tension Top) 
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	Figure 3-29. Analytical Study, Test Case Model (Reference 4) 
	TABLE 3-10. COMPARISON OF ANALYSIS RESULTS, SINK SPEED = 15 FT/SEC, 0 DEGREE PITCH 
	PEAK VERTICAL 
	PEAK VERTICAL 
	L1C RATIOS 
	L1C RATIOS 
	CRUSH DISTANCE, IN.

	FUSELAGE STATION 

	ACCELERATION, 9 REFERENCE 2 CID 
	ACCELERATION, 9 REFERENCE 2 CID 
	REFERENCE 4 
	REFERENCE 4 
	REFERENCE 4 
	CID


	REFERENCE 4 
	REFERENCE 4 
	CID 
	CID 
	10
	0.70 
	0.55 
	7.6 432 450 
	10 
	9.0
	325 300/350 
	10
	0.67 
	0.55 
	6.4 546 540 
	-
	-
	11 
	6.3 641 * 620 (a) 
	6.3 641 * 620 (a) 
	-
	0.65 
	0.52
	-
	0.48 (a)
	'10 
	11 
	6.3 631 * 820 (a) 
	10.5 
	0.67 
	0.57 (a) 
	16 
	6.7 964 * 960 
	-
	0.42
	-
	9.3 Ie) 1097 1040/1090 
	0.56 
	15
	-
	0.45
	-
	9.7 (el 1249 1210/1240 
	9.9 
	0.46 
	0.68 
	34
	8 
	1.4 (el
	1.4 (el
	0.60 
	0.49 
	32
	-
	-
	(a) 
	(a) 
	(a) 
	BULKHEAD CRUSHING 

	(b) 
	(b) 
	AVERAGE OF TWO VALUES (el MAXIMUM VALUE AT ENO OF ANALYSIS 
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	Figure 3-32. Comparison of Lower Fuselage Spring Data 3-38 
	Figure 3-32. Comparison of Lower Fuselage Spring Data 3-38 


	The comparisons for the nose-up and nose-down impact simulations show similar trends with regard to each model, although the differences are more widespread. For example, a comparison of peak accelerations at the same three locations shown in table 3-10 indicates the differences in the peak acceleration values as shown in table 3-11. The fundamental bending frequency of the airplane described in reference 4 is 3.25 Hz, which is close to the fundamental bending frequency of the CIn test airplane (3.37 Hz). H
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	NOSE·DOWN (a) NOS·UP (h) FUSELAGE STATION LOCATION PEAK PEAK VERTICAL CRUSH L1C VERTICAL CRUSH L1C ACCELERATION DISTANCE RATIO ACCELERATION DISTANCE RATIO (g) (inches) (U) [Inches) CID REF. 4 CID REF. 4 CID REF. 4 CID REF. 4 CID REF. 4 CID REF. 4 CID 325 300/350 27 12.0 15 0.4 1.00 0.63 17 19 11 13.8 0.63 1.00 432 460 --25 4.1 0.75 0.76 --13 7.3 0.67 1.15 546 540 --37 5.2 0.90 0.93 --5 6.0 0.84 0.99 641 620 17 7.0 40 (e) 6.5 0.91 0.91 16 8 5 4.8 0.89 0.81 831 820 --40 (e) 11.1 0.91 1.37(d --22 10.6 0.36 1.1
	TABLE 3-11. COMPARISON OF ANALYSIS RESULTS 
	TABLE 3-11. COMPARISON OF ANALYSIS RESULTS 


	TABLE 3-12. COMPARISON OF ULTIMATE BENDING MOMENTS 
	F.S. LOCATION 
	F.S. LOCATION 
	F.S. LOCATION 
	REFERENCE 4 ULTIMATE (in·Kips) 
	CID ULTIMATE (in-Kips) 
	REFERENCE 4 DATA SCALED (a) 

	COMPRESSION 
	COMPRESSION 
	TENSION 
	TENSION = COMPRESSION 
	COMPRESSION 
	TENSION 

	325 350 432 450 546 540 641 620 831 820 964 960 1097 1090 1249 1210 
	325 350 432 450 546 540 641 620 831 820 964 960 1097 1090 1249 1210 
	16800 22800 27200 29800 34000 29000 19400 10100 
	16800 30000 38000 45000 80000 62000 45000 30000 
	39000 45000 50000 62500 (b) 96000 75000 50000 
	29000 39398 47000 51494 58752 50112 33523 17280 
	29000 51840 65664 77760 138000 107000 77760 51840 

	(a) SCALED FACTOR -1.728, a = Mel! 0: M/y3 
	(a) SCALED FACTOR -1.728, a = Mel! 0: M/y3 
	(b) USED FS620 VALUE, SHOULD BE ~ FS960 VALUE 
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	Figure 3-33. Deceleration -Fuselage Crash Impact Study -Flexible Body -5 Degree Impact Angle -10 Ft/Sec Normal Velocity -Stiffness 4 (Reference 4) 
	are reasonable. although somewhat high, except at FS820 for the reasons stated earlier. 
	Figure 3-34 shows a comparison of initial impact velocity versus pitch attitude at the limit of airplane airframe integrity generated from the two analyses. Despite some differences between the two approaches (i.e., computer programs, airplane configurations, crush characteristics) the curves still show a similar assessment. 
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	3.2 COMBINED LONGITUDINAL-VERTICAL PULSE 
	3.2 COMBINED LONGITUDINAL-VERTICAL PULSE 
	For the air-to-ground conditions analyzed in this study, the magnitude of the floor longitudinal pulses are relatively low in relation to the vertical pulse. This is due primarily to the fact that the impact attitude is shallow 
	(~6 degrees) and thus the longitudinal acceleration is approximately equal to the coefficient of friction times the peak vertical acceleration. As the impact angle increases, the relative magnitudes of the longitudinal and 
	3-42 
	vertical pulses become closer. The L-1649 test (reference 6) results, which were obtained for 6-degree and 20-degree slope impacts, illustrate this point. As the impact angle increases, the longitudinal pulse would dominate (i.e., 90-degree slope or wall). This trend is illustrated in figure 3-35. However, 
	the magnitude of the longitudinal pulse does not necessarily increase as the effective longitudinal velocity change (~V) increases, as was observed from 
	the L-1649 crash test results, shown in figure 3-36. 
	In the L-1649 test there were two distinct ground impacts: a 6-degree impact by the airplane moving at a forward velocity of 172 ft/sec (ENV* = 18.4 ft/sec); and a 20-degree slope impact by the airplane moving at a forward velocity of 110 ft/sec (ENV = 37.6 ft/sec). In the latter impact, the airframe's structural integrity was exceeded, as noted by failure of the fuselage shell at two locations: aft of the cockpit and aft of the wing trailing edge (figure 3-37). From figure 3-36 it can be noted that the pea
	3.2.1 Ground-to-Ground Analysis 
	3.2.1 Ground-to-Ground Analysis 
	Several preliminary computer simulation runs were made to investigate responses for a ramp impact. The stick model, three views of which are shown in figure 3-38, was used. The ramp angle (4.4 degrees) and forward speed (3140 in/sec) were constant for these initial runs, so that the ENV is approximately 20 ft/sec for all cases. Nine cases are tabulated in table 3-13. For this type of impact, it was found that the treatment of the 
	*ENV = Effective Normal Velocity = product of forward velocity and sine of ramp angle 
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	Figure 3-35. Trend of Relative Responses Versus Impact Angle 
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	Figure 3-37. L-1649 Wreckage Shows Two Fuselage Breaks 3-44 
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	TABLE 3-13. PRELIMINARY RAMP IMPACT CASES 
	TABLE 3-13. PRELIMINARY RAMP IMPACT CASES 
	TABLE 3-13. PRELIMINARY RAMP IMPACT CASES 

	NOSE SPRINGS (FS JODI 
	NOSE SPRINGS (FS JODI 
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	LOAD DEFLECTION CURVE 
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	(FIG J·J91 
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	Figure 3-39. Nose Gear Bulkhead Crush Spring Characteristics 
	nose gear bulkhead crush springs can significantly influence the results. Figure 3-39 shows the characteristic crush springs used for the nose gear bulkhead representation. The nose gear crush characteristics for cases 8 and 9, in table 3-13, were used for the previously reported air-to-ground impacts. For those conditions, deflections at masses 1 and 2 were not high enough to cause spring, K to bottom. However, for the ramp impact, the influence of 
	c impacting the nose section and deflecting the spring sufficiently to bottom it out (particularly at FS199) produced loads which exceeded the airfame capability (LIC ) 1.0) by substantial margins. Based on the L-1649 ramp impact test results (reference 6), the deflections at the forward region appeared excessive. Based on the test results, reported in reference 4, the KRASH model representation of the nose gear bulkhead region crush did not appear to provide adequate energy absorption. The test and analysi
	3-47 
	Acceleration time plots for case No.1, table 3-14, for the vertical and longitudinal directions are shown in figures 3-40 and 3-41, respectively. Case No. 1 shows LIC values greater than 1.0 at two locations (FS1090, FSl160). Both results are considered to be on the high side. Figure 3-42 shows the analysis results versus the LIC curve used in the analysis, as well as the correct curve which is appropriate for FS1080. The LIC value (1.08) would reduce 10 percent with the corrected curve. Furthermore, the re
	A review of LIC curves at other fuselage stations indicated that even if the curves were revised as noted to decrease the LIC ratios to 0.75 or 0.80 at these two locations, the most critical location would be at the forward fuselage FS540. The margin there would be +0.09 instead of +0.06 (LIC =0.94) as noted in table 3-14. Thus, the case No. 1 results (LIC = 0.91) are interpreted as marginal with regard to fuselage strength. Subsequent ramp impact analysis, described later in this section, are run at a high
	Figure 3-44 is a cross-plot of the associated velocity changes in the vertical (~V ) and longitudinal (~V ) directions. The velocity change values 
	zx are obtained for an approximate 200 msec duration and can be taken at several 
	periods in each run for different combinations of ~V and ~V. The ramp
	xz analysis results are superimposed on the air-to-ground analysis results in 
	figures 3-45 and 3-46 for acceleration and crush, respectively. 
	Subsequent to the preliminary ramp impact runs described, additional analyses were performed to investigate various ramp impact conditions. Three 
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	TABLE 3-14. PRELIMINARY RAMP IMPACT ANALYTICAL RESULTS 
	Table
	TR
	CASE NO. 

	TR
	1 
	4 
	8 

	L1C RATION F.S. 
	L1C RATION F.S. 

	300 
	300 
	0.47 
	0.44 
	2.20 

	350 
	350 
	0.92 
	0.98 
	1.05 

	450 
	450 
	0.89 
	0.88 
	1.24 

	480 
	480 
	0.90 
	0.99 
	1.19 

	540 
	540 
	0.94 
	1.05 
	1.22 

	600 
	600 
	0.82 
	0.91 
	1.12 

	620 
	620 
	0.76 
	0.73 
	1.02 

	960/960 
	960/960 
	0.7/0.79 
	0.71/0.8 
	0.810.82 

	990 
	990 
	0.86 
	0.87 
	1.0 

	1090 
	1090 
	1.08 
	1.01 
	1.08 

	1160 
	1160 
	1.02 
	0.98 
	1.03 

	1210 
	1210 
	0.89 
	0.93 
	0.9 

	1320 
	1320 
	0.88 
	0.94 
	0.88 

	1400/1400 CRUSH (IN) @ FS 
	1400/1400 CRUSH (IN) @ FS 
	0.93/0.77 
	0.74/0.97 (INCLUDES GROUND CRUSH DISTANCE) 
	0.95/0.82 

	199 
	199 
	9.0 
	10.0 (4) 
	14.3 

	300 
	300 
	14.0 
	15.2 (8) 
	17.0 

	460 
	460 
	8.4 
	10.6 (5) 
	9.7 

	620 
	620 
	5.8 
	9.0 (8) 
	6.1 

	820 
	820 
	7.5 
	12.2 (10.4) 
	6.3 

	960 
	960 
	13.8 
	18.6 (10.4) 
	11.1 

	1040 
	1040 
	16.3 
	21.5 (2.3) 
	13.1 

	1200 1400 (a} PEAK ACCEl. @ F.S. 
	1200 1400 (a} PEAK ACCEl. @ F.S. 
	13.5 -
	18.4 (3.0) 
	4.6 

	199 (1} 
	199 (1} 
	20.5/11.2 
	12.0/5.3 
	30.7/1.8 

	300 (2) 
	300 (2) 
	10.8/9.3 
	8.6/5.3 
	21.519.4 

	460 (3) 
	460 (3) 
	7.4/5.5 
	5.2/5.1 
	11.3/6.5 

	620 (4) 
	620 (4) 
	5.4/5.8 
	3.6/4.9 
	12.3*/4.8 

	820 (5) 
	820 (5) 
	5.1/5.4 
	4.014.8 
	8./5.3 

	960 (6) 
	960 (6) 
	9.1*/6.8 
	4.4/4.7 
	6.6/5.8 

	1040 (7) 
	1040 (7) 
	10.3*/6.8 
	4.4/4.5 
	8.3*/6.4* 

	1200 (8) 
	1200 (8) 
	9.1 */6.7 
	6.2/4.5 
	11.1 */6.0 

	1400 (9) 
	1400 (9) 
	13./6.5 
	10.6/4.3 
	11.1 /5.9 

	(a) DENOTES MASS NUMBER UNFILTERED DATA, VERTICAL/LONGITUDINAL * SHARP .010 DURATION PEAK 
	(a) DENOTES MASS NUMBER UNFILTERED DATA, VERTICAL/LONGITUDINAL * SHARP .010 DURATION PEAK 
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	Figure 3-42. Maximum Allowable Moment and Shear Envelope -Negative Bending ­Body Station 1120 (FS1080) 
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	ramp angles were considered: 20, 8.8 and 4.4 degrees. The cases considered are tabulated in table 3-15. In all cases the forward speed of the vehicle was allowed to vary in order that the ENV could be maintained at 25 ft/sec.The forward speeds of the vehicle are 73.1, 163.4 and 325.9 ft/sec for ramp angles of 20, 8.8 and 4.4 degrees, respectively. 
	Typically, the analytically determined vertical response of the airplane to a ramp impact is an initial acceleration peak immediately after impact with the ramp and then a secondary peak 0.10 to 0.20 second following the initial ramp impact. This second peak occurs when a crush spring "bottoms." In some cases, a third acceleration peak is evidenced within the time period investigated as the vehicle rotates and the aft section impacts the ground. Vertical acceleration response histories of forward, mid, and 
	The longitudinal response characteristics of the vehicle are not as well defined as the vertical response characteristics, see figure 3-48. Only in the 4.4 degree ramp impact case are the longitudinal characteristics similar to those of the vertical response, i.e., an initial response peak followed by a second peak 0.15 second later. Neither of the other two cases predict an initial impact peak and only the 20 degree case predicts the large second peak. 
	Maximum vertical and longitudinal response peaks for the 20, the 8.8 and the 4.4 degree ramp cases are summarized in table 3-16, columns 1, 3, and 6, respectively. The peak values shown occur at different times in the runs and not simultaneously. The base duration of the peak amplitudes are generally less than 0.10 second. 
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	TABLE 3-15. RAMP IMPACT CASES 
	TABLE 3-15. RAMP IMPACT CASES 
	TABLE 3-15. RAMP IMPACT CASES 

	RAMP ANGLE IDEG) 
	RAMP ANGLE IDEG) 
	FWD YEL 1FT/SEC) 
	ENY* 1FT/SEC) 
	GROUND FLEX IIN/LS) 
	REMARKS 

	20.0 
	20.0 
	73.1 
	25.0 
	-
	BASELINE MODEL 

	20.0 
	20.0 
	110.0 
	37.6 
	-
	BASELINE MODEL 

	8.8 
	8.8 
	163.4 
	25.0 
	-
	BASELINE MODEL 

	8.0 
	8.0 
	235.0 
	32.7 
	-
	BASELINE MODEL 

	6.0 
	6.0 
	177.0 
	18.5 
	-
	BASELINE MODEL 

	4.4 
	4.4 
	325.9 
	25.0 
	-
	BASELINE MODEL 

	20.0 
	20.0 
	73.1 
	25.0 
	"
	-

	ROTATE MASS 1 20 DEG. NOSE UP 
	-


	8.8 
	8.8 
	163.4 
	25.0 
	-
	ROTATE MASS 1 8.8 DEG NOSE UP 
	-


	4.4 
	4.4 
	325.9 
	25.0 
	-
	ROTATE MASS 1 4.4 DEG NOSE UP 
	-


	20.0 
	20.0 
	73.1 
	25.0 
	-
	BASELINE MODEL WITH PLOW FORCE -1 X 105 ILB) AT VERTICAL SPRINGS 1 AND 2 FOR FIRST 0.1 SECONDS OF RUN. 

	20.0 
	20.0 
	73.1 
	25.0 
	-
	MASS NODE 1 ADDED WITH HORIZONTAL SPRING. K1 SPRING SET. 

	20.0 
	20.0 
	73.1 
	25.0 
	-
	MASS NODE 1 ADDED WITH HORIZONTAL SPRING. K2 SPRING SET. 

	20.0 
	20.0 
	73.1 
	25.0 
	-
	MASS NODE 1 ADDED WITH HORIZONTAL SPRING. K3 SPRING SET. 

	20.0 
	20.0 
	73.1 
	25.0 
	-
	MASS NODE 1 ADDED WITH HORIZONTAL SPRING. K4 SPRING SET. 

	20.0 
	20.0 
	73.1 
	25.0 
	4 16 X 10-5 
	BASELINE MODEL WITH MASS 1 ROTATED 20 DEG. NOSE UP 

	20.0 
	20.0 
	73.1 
	25.0 
	4 16 X 10-5 
	MASS 1 NODE ADDED WITH HORIZONTAL SPRING. K1 SPRING SET. 
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	TABLE 3-16. MAXIMUM ACCELERATION 
	TABLE 3-16. MAXIMUM ACCELERATION 
	TABLE 3-16. MAXIMUM ACCELERATION 

	COLUMN 
	COLUMN 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 

	TR
	8ASELINE MOOEL 
	MASS 1 ROTATED 

	SPRING SET 
	SPRING SET 
	K1 
	Kl 
	Kl 
	Kl 
	Kl 
	Kl 
	Kl 
	Kl 

	ENV 1FT/SEC) 
	ENV 1FT/SEC) 
	25 
	37.6 
	25 
	32.7 
	18.5 
	25 
	25 
	25 

	FWO VEl 1FTISEC) 
	FWO VEl 1FTISEC) 
	73.1 
	110 
	163.4 
	235 
	177 
	325.9 
	73.1 
	163.4 

	RAMP ANGLE 10EG) 
	RAMP ANGLE 10EG) 
	20 
	20 
	8.8 
	8 
	6 
	4.4 
	20 
	8.8 

	FUSElAGE STATION 
	FUSElAGE STATION 

	199 300 460 620 820 960 1043.5 1201.1 1400 
	199 300 460 620 820 960 1043.5 1201.1 1400 
	-10.4/-26.8 -13.2/-18.5 -12.5/-10.1 -7.9/-8.0 -7.8/-4.6 -8.51-3.9 -9.4/-11.2 -10.5/-14.9 -10.0/-24.4 
	-20.61-60.0 +24.5/-40.6 -18.2/-15.0 -15.6/+ 12.6 -14.3/+8.7 +20.1/-13.7 +28.8/-20.1 +42.1/-27.6 +72.51 -81.7 
	-5.21-12.4 -8.6/-18.2 -6.5/-12.6 -7.81-7.5 -7.41-7.5 -9.1/-9.7 -9.61-12.6 -16.5/-16.1 -18.4/-20.1 
	-15.5/-38.8 -15.2/-28.0 -13.5/-16.7 -12.6/-12.0 -11.9/-18.4 -13.4/-19.2 -15.9/-25.6 +25.61-30.3 +40.4/-59.6 
	-7.01-14.2 -7.11~8.6 -6.2/-8.8 -5.51-5.2 -5.5/-7.1 -5.51-13.3 -5.5/-16.2 -7.8/-14.3 -9.2/-13.3 
	-22.6/-22.7 -6.4/-17.5 -10.4/-21.5 -9.41-15.9 -10.5/-11.4 -13.1/-8.0 -12.1/-13.7 -13.4/-12.4 -15.3/-8.6 
	-8.6/-22.4 -13.8/-16.3 -8.0/-11.3 -6.8/-7.6 -7.3/-3.5 -8.4/-3.5 -8.8/-11.9 -2.6/-23.1 -9.5/-34.9 
	-12.9/-20.0 -12.2/-17.1 -7.8/-12.3 -7.2/-7.5 -7.81-8.2 -8.5/-11.5 -10.51-12.9 -14.1 1-15.6 -19.2/-22.9 


	COLUMN 
	COLUMN 
	COLUMN 
	9 
	10 
	11 
	12 
	13 
	14 
	15 
	16 

	TR
	PLOW FORCE 
	MASS 1 NOOE ADDED 
	GROUND FLEXI81l1TY 

	SPRING SET 
	SPRING SET 
	KI 
	Kl 
	KI 
	K2 
	K3 
	K4 
	KI 
	Kl 

	ENV (FT/SEC) 
	ENV (FT/SEC) 
	25 
	25 
	25 
	25 
	25 
	25 
	25 
	25 

	FWD VEl (FT/SEC) 
	FWD VEl (FT/SEC) 
	325.9 
	73.1 
	73.1 
	73.1 
	73.1 
	73.1 
	73.1 
	73.1 

	RAMP ANGLE IDEGI 
	RAMP ANGLE IDEGI 
	4.4 
	20 
	20 
	20 
	20 
	20 
	20 
	20 

	FUSELAGE STATION 199 300 460 620 820 960 1043.5 1201.1 1400 
	FUSELAGE STATION 199 300 460 620 820 960 1043.5 1201.1 1400 
	-24.0/-23.7 -10.1/-17.4 -10.41-21.3 -10.1/-15.9 -10.7/-11.2 -13.3/-9.5 -12.0/-13.7 -13.3/-11.3 -15.1/-8.6 
	-12.0/-16.4 -14.8/-15.5 -10.81 -13.2 -7.51-9.0 -7.1/-4.8 -8.1 /+ 3.2 -9.9/+3.0 -7.61-21.1 -8.7/-36.1 
	-8.11-31.7 -15.9/-22.7 -11.6/-9.5 -7.0/-8.5 -6.9/-4.6 -6.71-5.7 -6.9/-7.9 -7.1/-10.9 +9.3/-17.1 
	-26.1/-28.3 -10.2/-20.1 -7.9/-8.8 -5.9/-7.8 -6.1/-4.4 -6.0/-2.5 -6.3(-2.3 -6.3/+4.2 -7.5/+ 6.5 
	-22.9/-20.8 -12.31-17.1 -9.9/+ 7.7 -6.31+6.1 -6.2/-3.6 -6.4/-7.2 -6.7/-11.1 +10.8/-14.7 +17.7/-28.3 
	-10.9/-27.5 -9.7/-21.1 -8.2/-9.5 -6.0/-7.9 -6.2/-4.5 -6.4/-2.5 -6.6/-2.2 -6.9/+4.2 -7.9/+ 6.5 
	-4.3/-12.9 -4.6/-8.7 -4.2/-5.6 -4.1/-3.8 -4.3/-3.0 -4.5/-2.3 -4.6/-3.6 -4.7/-5.9 -4.81-10.5 
	-5.3/-8.6 -5.0/+5.4 -4.31-4.1 -3.41-3.4 -3.3/-2.3 -3.7/-2.6 -3.8/-3.4 -4.3/-5.4 -5.0/-8.4 


	TABLE 3-17. MAXIMUM LIe RATIOS 
	COLUMN 
	COLUMN 
	COLUMN 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 

	TR
	BASELINE MODel Kl Kl Kl Kl Kl Kl 
	MASS 1 ROTATED 

	SPRING SET 
	SPRING SET 
	Kl 
	Kl 

	ENV iFTISEC) 
	ENV iFTISEC) 
	25 
	37.6 
	25 
	32.7 
	18.5 
	25 
	25 
	25 

	FWD Vel 1FT /SEC) 
	FWD Vel 1FT /SEC) 
	73.1 
	110 
	163.4 
	235 
	177 
	325.9 
	73.1 
	163.4 

	RAMP ANGLE IDEGI 
	RAMP ANGLE IDEGI 
	20 
	20 
	8.8 
	8 
	6 
	4.4 
	20 
	8.8 

	FUSelAGE STATION 
	FUSelAGE STATION 

	300 
	300 
	1.75 
	3.25 
	1.61 
	1.97 
	.50 
	.43 
	1.72 
	1.59 

	350 
	350 
	1.62 
	1.79 
	1.38 
	1.95 
	.90 
	.92 
	1.65 
	1.32 

	450 
	450 
	1.69 
	1.82 
	1.45 
	1.93 
	.87 
	1.06 
	1.73 
	1.42 

	4BO 
	4BO 
	1.14 
	1.45 
	1.32 
	1.33 
	.76 
	1.07 
	1.15 
	1.32 

	540 
	540 
	1.15 
	1.55 
	1.41 
	1.43 
	.7B 
	1.10 
	1.17 
	1.42 

	600 
	600 
	1.07 
	1.35 
	1.26 
	1.27 
	.71 
	1.00 
	1.0B 
	1.26 

	620 
	620 
	.B9 
	1.07 
	.89 
	1.99 
	.75 
	2.19 
	.B9 
	.BB 

	B20 
	B20 
	1.12 
	1.49 
	1.22 
	1.6B 
	.74 
	1.73 
	1.13 
	1.21 

	B20 
	B20 
	1.25 
	1.74 
	1.34 
	1.55 
	.B2 
	.91 
	1.26 
	1.33 

	960 
	960 
	.6B 
	.91 
	.73 
	.93 
	.56 
	.B3 
	.6B 
	.73 

	960 
	960 
	.63 
	.90 
	.64 
	.92 
	.57 
	.75 
	.64 
	.63 

	990 
	990 
	.6B 
	LOB 
	.70 
	1.07 
	.67 
	.88 
	.68 
	.69 

	1090 
	1090 
	.79 
	1.06 
	.75 
	1.46 
	.71 
	.95 
	.79 
	.74 

	1160 
	1160 
	.75 
	1.03 
	.73 
	1.3B 
	.72 
	.94 
	.75 
	.72 

	1210 
	1210 
	.58 
	1.12 
	.54 
	1.10 
	.79 
	1.02 
	.57 
	.62 

	1320 
	1320 
	.59 
	1.37 
	.54 
	1.44 
	.7B 
	1.01 
	.57 
	.63 

	1400 
	1400 
	.66 
	1.91 
	.82 
	1.96 
	.83 
	LOB 
	.62 
	.81 

	1400 
	1400 
	.71 
	1.32 
	.70 
	1.59 
	.68 
	1.09 
	.72 
	.Bl 


	COLUMN 
	COLUMN 
	COLUMN 
	9 
	10 
	11 
	12 
	13 
	14 
	15 
	16 

	TR
	PLOW FORCE Kl Kl 
	MASS 1 NODE ADDED 
	GROUND FLEXIBILITY Kl Kl

	SPRING SET 
	SPRING SET 
	Kl 
	K2 
	K3 
	K4 

	ENV 1FT/SEC) 
	ENV 1FT/SEC) 
	25 
	25 
	25 
	25 
	25 
	25 
	25 
	25 

	FWD Vel 1FT/SEC) 
	FWD Vel 1FT/SEC) 
	325.9 
	73.1 
	73.1 
	73.1 
	73.1 
	73.1 
	73.1 
	73.1 

	RAMP ANGLE (DEGI 
	RAMP ANGLE (DEGI 
	4.4 
	20 
	20 
	20 
	20 
	20 
	20 
	20 

	FUSELAGE STATION 
	FUSELAGE STATION 

	300 
	300 
	.40 
	1.45 
	1.68 
	1.64 
	1.66 
	1.68 
	1.18 
	1.15 

	350 
	350 
	.91 
	1.57 
	1.04 
	1.05 
	1.02 
	1.05 
	1.12 
	1.16 

	450 
	450 
	1.05 
	1.57 
	1.22 
	1.23 
	1.17 
	1.22 
	1.24 
	1.33 

	480 
	480 
	1.09 
	1.12 
	1.00 
	1.02 
	.98 
	1.02 
	1.11 
	1.07 

	540 
	540 
	1.11 
	1.12 
	1.04 
	1.05 
	1.04 
	1.05 
	1.10 
	1.07 

	600 
	600 
	1.02 
	1.05 
	.93 
	.95 
	.92 
	.95 
	1.04 
	1.00 

	620 
	620 
	2.21 
	.90 
	.83 
	.84 
	.81 
	.B4 
	.86 
	.B6 

	820 
	820 
	1.73 
	1.14 
	1.00 
	1.01 
	.94 
	1.02 
	1.10 
	1.04 

	B20 
	B20 
	.91 
	1.2B 
	1.12 
	1.13 
	1.10 
	1.14 
	1.23 
	1.15 

	960 
	960 
	.83 
	.70 
	.57 
	.57 
	.59 
	.56 
	.59 
	.59 

	960 
	960 
	.76 
	.65 
	.50 
	.49 
	.57 
	.48 
	.47 
	.50 

	990 
	990 
	.88 
	.70 
	.54 
	.52 
	.68 
	.52 
	.60 
	.66 

	1090 
	1090 
	.96 
	.81 
	.50 
	.62 
	.66 
	.62 
	.4B 
	.52 

	1160 
	1160 
	.95 
	.76 
	.57 
	.58 
	.62 
	.58 
	.48 
	.49 

	1210 
	1210 
	1.01 
	.59 
	.50 
	.57 
	.51 
	.56 
	.4B 
	.44 

	1320 
	1320 
	1.01 
	.59 
	.49 
	.56 
	.60 
	.56 
	.46 
	.45 

	1400 
	1400 
	LOB 
	.54 
	.64 
	.59 
	.72 
	.59 
	.50 
	.46 

	1400 
	1400 
	1.08 
	.53 
	.59 
	.48 
	.44 
	.48 
	.43 
	.37 


	The LIC ratios for the 20 and 8.8 degree ramp impact cases (see table 3-17, columns 1 and 3) indicate a general failure (LIC ) 1) in the forward sections of the airplane. In the 4.4 degree impact case (table 3-17, column 6)~ the analysis indicates that a major failure of the mid-section at FS620 (LIC ) 2) occurs and also marginal failures of the nose and aft sections (LIC ratios between 0.9 and 1.1). The high load at FS620 is produced when the crushing deflection at that station exceeds 10 inches. At this d
	(LIC's = 0). 
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	Figure 3-49. LIC Ratio Versus Ramp Angle, ENV 25 ft/sec 
	On the other hand, the analysis could be predicting this trend as a result of modeling the contact regions too rigidly. The air-to-ground ~6 degree pitch attitude impacts also showed significant airplane rigid body rotation after initial impact. The relative positions of the aircraft at t = 0.48 seconds for the three slope impacts are shown in figure 3-50. Maximum crushing deflections are summarized in columns 1, 3, and 6 of table 3-18 for the three ramp cases. Note that the crushing deflection is fairly un
	The energy distribution at the end of each of the three cases is summarized at the top of page 3-62. 
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	Ramp Angle Degrees 
	Ramp Angle Degrees 
	Ramp Angle Degrees 
	Percent of Total System Energy 

	Strain 
	Strain 
	Damping 
	Crushing 
	Friction 

	20 8.8 4.4 
	20 8.8 4.4 
	1.00 0.38 0.17 
	0.59 0.14 0.06 
	2.22 1.11 0.34 
	52.32 36.98 24.38 
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	TABLE 3-18. MAXIMUM CRUSHING SPRING DEFLECTIONS 
	COLUMN 
	COLUMN 
	COLUMN 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 

	TR
	BASELINE MODEL Kl Kl Kl Kl Kl K1 
	MASS ROTATED 

	SPRING SET 
	SPRING SET 
	Kl 
	Kl 

	ENV 1FT /SEC) 
	ENV 1FT /SEC) 
	25 
	37.6 
	25 
	32.7 
	18.5 
	25 
	25 
	25 

	FWD VEL 1FT/SEC) 
	FWD VEL 1FT/SEC) 
	73·1 
	110 
	163.4 
	235 
	177 
	325.9 
	73.1 
	163.4 

	RAMP ANGLE (DE G) 
	RAMP ANGLE (DE G) 
	20 
	20 
	8.8 
	8 
	6 
	4.4 
	20 
	S.8 

	FS SPRING 
	FS SPRING 

	AXIS 
	AXIS 

	199 1 
	199 1 
	16.1 
	23.5 
	.. 
	., 
	.. 
	.. 
	.. 
	.. 

	199 3 
	199 3 
	33.7 
	36.7 
	30.9 
	32.7 
	10.5 
	24.7 
	33.9 
	30.6 

	300 3 
	300 3 
	7.9 
	21.7" 
	27.2 
	30.1 
	13.3 
	28.5 
	6.0 
	26.8 

	460 3 
	460 3 
	.. 
	8.4" 
	12.8 
	16.5 
	5.5 
	20.3 
	.. 
	12.9 

	620 3 
	620 3 
	0.2 
	0.2 
	6.1 
	12.1 
	2.7 
	13.0 
	0.1 
	5.9 

	B20 3 
	B20 3 
	0.3 
	0.4 
	7.1" 
	10.8 
	4.2 
	6.3 
	0.4 
	6.8" 

	960 3 
	960 3 
	1.1 
	1.0 
	8.4" 
	13.5 
	9.2" 
	10.9 
	1.1 
	8.2" 

	1043.5 3 
	1043.5 3 
	10.5 
	10.5 
	7.5" 
	15.1" 
	10.9" 
	14.3" 
	10.4" 
	7.2" 

	1201.1 3 
	1201.1 3 
	19.2 
	20.9 
	13.6 
	13.0" 
	10.6 
	13.6" 
	19.0" 
	13.6 

	1400 3 
	1400 3 
	1.1" 
	4.1 
	.. 
	.. 
	.. 
	.. 
	.. 
	.. 


	" END OF RUN VALUE 
	COLUMN 
	COLUMN 
	COLUMN 
	9 
	10 
	11 
	12 
	13 
	14 
	15 
	16 

	TR
	MASS ROTATED 
	PLOW FORCE 
	MASS 1 NOOE ADDEO 
	GROUND FLEXIBILITY 

	SPRING SET 
	SPRING SET 
	Kl 
	Kl 
	Kl 
	K2 
	K3 
	K4 
	Kl 
	Kl 

	ENV 1FT/SEC) 
	ENV 1FT/SEC) 
	25 
	25 
	25 
	25 
	25 
	25 
	25 
	25 

	FWD VEL 1FT/SEC) 
	FWD VEL 1FT/SEC) 
	325.9 
	73.1 
	73.1 
	73.1 
	73.1 
	73.1 
	73.1 
	73.1 

	RAMP ANGLE IDEGJ 
	RAMP ANGLE IDEGJ 
	4.4 
	20 
	20 
	20 
	20 
	20 
	20 
	20 

	FS SPRING 
	FS SPRING 

	AXIS 
	AXIS 

	199 1 
	199 1 
	.. 
	.. 
	23.7 
	22.6 
	43.4 
	22.8 
	.. 
	22.3 

	199 3 
	199 3 
	24.6 
	32.2 
	18.2 
	18.0 
	221 
	17.9 
	30.1 
	22.7 

	300 3 
	300 3 
	28.4 
	4.2 
	O.S 
	1.0 
	3.5 
	1.2 
	10.6 
	O.S 

	460 3 
	460 3 
	20.2 
	-
	-

	.. 
	.. 
	.. 
	.. 
	0.1 
	.. 

	620 3 
	620 3 
	13.0 
	O.S 
	0.2 
	0.2 
	0.2 
	0.2 
	0.2 
	0.1 

	820 3 
	820 3 
	6.4 
	0.5 
	0.6 
	0.6 
	0.4 
	0.6 
	0.3 
	0.2 

	960 3 
	960 3 
	10.9 
	1.0 
	0.8 
	O.S 
	0.8 
	0.8 
	0.5 
	0.5 

	1043.5 3 
	1043.5 3 
	14.3" 
	lOA" 
	9.7 
	9.2 
	10.1 
	9.1 
	12.0" 
	11.8 

	1201.1 3 
	1201.1 3 
	13.6" 
	lS.9" 
	18.4 
	17.3 " 
	18.5 
	17.1 
	18.S" 
	1904 " 

	1400 3 
	1400 3 
	.. 
	0.8 
	0.1 
	004 
	-
	-

	0.8" 
	1.3" 


	" END OF RUN 
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	In each of the three baseline cases, the dominant energy dissipation mechanism is the friction between the crushing springs and the ground, ranging from 24 percent to over 50 percent of the total energy of the system. 
	Comparing the baseline results with available data measured on the L-1649 revealed that the relatively large longitudinal acceleration response pulse present in the forward section of the L-1649 (particularly at the 20-degree slope impact) was not obtained in the baseline analyses (see figure 3-36). 
	Modifications were made to the B720 stick model in an attempt to duplicate the large initial longitudinal acceleration pulse observed in the L-1649 data. The model changes investigated are listed below. The results of runs made with each of the modifications are tabulated in the referenced columns of tables 3-16, 3-17 and 3-18. 
	(1) 
	(1) 
	(1) 
	Mass 1, and therefore the spring attached to mass 1, was rotated nose-up an angle equal to the ramp angle. Thus, the vertical (direction 3) crushing spring is initially oriented normal to the ramp. Results for ramp angles of 20, 8.8 and 4.4 degrees are tabulated in columns 7 through 9. 

	(2) 
	(2) 
	Mass 1 was rotated and a plowing force of 100,000 pounds was applied to mass 1 and mass 2 crushing springs. Results for a ramp angle of 20 degrees are tabulated in column 10. 

	(3) 
	(3) 
	A massless node was added to mass 1. The horizontal crushing spring (direction 1) previously attached to mass 1 was moved and attached to the new node. The node was located such that at the time of impact, both the horizontal spring attached to mass 1, node 1 and the vertical spring attached to mass 1 were in contact with the ramp. Results for a ramp angle of 20 degrees are tabulated in column 11. 

	(4) 
	(4) 
	The load deflection curves for the crushing springs attached to mass 1; mass 1, node 1; and mass 2 of the modification (3) model were altered. The baseline load deflection curves, see figures 3-51 and 3-52, are referred to as the Kl spring set, while the three modifications investigated are called the K2, the K3 and the K4 spring sets (see figures 3-53 through 3-55). The results for three modified spring sets and a ramp angle of 20 degrees are tabulated in columns 12 through 14. 

	(5) 
	(5) 
	A flexible ground (flexibility = 0.0000416 inch/pound) was added to the modification (1) and the modification (3) models. The results for a ramp angle of 20 degrees are tabulated in columns 15 and 16. This representation tends to result in lower response amplitude since the ground as well as the structure deforms. 


	3-64 
	Although a broad range of modifications were applied to the baseline model, the large initial longitudinal acceleration response pulse at the extreme (nose) forward section of the fuselage apparent in the L-1649 data could not be simulated. However, the longitudinal pulse magnitudes throughout the remainder of the aircraft show agreement between analysis and measured responses during the length of analysis time investigated. 
	The overall response characteristics of the 8-720 stick model for various ramp impact conditions were determined. Except as noted, the characteristics determined were, in general, consistent with those observed in the L-1649 data. The stick model representation, however, may not have been of sufficient local detail to adequately predict the initial forward section longitudinal response pulse as seen in the L-1649 response data. Equivalent triangular pulse response levels were determined from the longitudina
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	Figure 3-56. Longitudinal Pulses Obtained from Ramp Impacts 
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	Figure 3-57. Vertical Pulses Obtained from Ramp Impacts 
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	CHANGE IN VELOCITY \AlII. fTlStC. ENVELOPES 
	Tables 3-15 through 3-18 also contain analytical results for three additional impact conditions: 
	1. 
	1. 
	1. 
	6-degree ramp, ENV = 18.5 ft/sec, forward velocity = ft/sec 
	177 


	2. 
	2. 
	20-degree ramp, ENV = 37.6 ft/sec, forward velocity = 110 ft/sec 

	3. 
	3. 
	8-degree ramp, ENV = 32.7 ft/sec, forward velocity = 235 ft/sec 


	The first two conditions are associated with the initial and second slope impacts for the L-1649 crash test (Reference 6). The latter condition is the impact associated with the DC-7 crash test (reference 7). Note that both the KRASH analysis and the L-1649 test results for the 6-degree slope impact indicate that no fuselage failure would have occurred. The analysis results indicate strength margins of at least +0.10. The 20-degree and the 8-degree slope impact conditions noted above did result in forward f
	3.2.2 Full-Scale Test Data 
	3.2.2 Full-Scale Test Data 
	The full-scale crash tests of the L-1649 (reference 6), in particular, and the DC-7 (reference 7), to a limited extent, provide the most meaningful combined vertical-longitudinal floor pulse data for medium sized transport airplanes. The CID (reference 8) being an air-to-ground impact resulted primarily in vertical pulses significantly higher than the corresponding longitudinal pulses. The magnitude of the longitudinal direction pulses was predictably related to the magnitude of the vertical pulses by the g
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	Baseline Stick Model Vertical Acceleration Histories 
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	Figure 3-59. Baseline Stick Model Longitudinal Acceleration Histories 
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	location (BS228) and a forward fuselage floor location (BS540), are shown in figure 3-62, along with the calculated change in velocity, ~V. The L-1649 floor pulses were obtained by integrating the acceleration time histories for both a 6-degree and 20-degree slope impact by the inch. The change in longitudinal velocity for the 6-degree slope impact varied from 14.2 ft/sec to 
	28.7 ft/sec in the passenger region and was 26.8 ft/sec in the cockpit. The corresponding change in vertical velocity for this same impact conditions varied from 14.5 ft/sec to 22.7 ft/sec in the passenger region and reached 
	31.2 ft/sec in the cockpit. The L-1649 impact floor pulses and velocity changes for the 6 degree slope are shown in figure 3-63. For the 20-degree slope impact, the L-1649 floor longitudinal pulses show a change in velocity from 15 ft/sec to 26.6 ft/sec in the passenger region and approximately 35 ft/sec in the cockpit. The corresponding vertical velocity change was 15 ft/sec in the passenger region and 39.5 ft/sec in the cockpit. Two major fuselage breaks occurred during the 20-degree slope impact. The 20-

	3.3 LONGITUDINAL PULSE 
	3.3 LONGITUDINAL PULSE 
	The air-to-ground impacts onto a rigid surface provide predominately vertical pulses. The longitudinal forces that will be developed for this type ~6 degrees, will normally be related to the ground coefficient of friction (~). For metal-to-concrete contact, a coefficient of friction of 0.3 to 0.5 is generally used. In order to develop substantial longitudinal forces, the impact will have to be into a sloped mound or the terrain will have to be extremely soft such that the ~ can increase to 1.0 or more. The 
	of condition, particularly within a pitch range of 
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	TABLE 
	TABLE 
	TABLE 
	3-19. 
	FLOOR PULSE 
	VELOCITY 
	CHANGES 
	OBTAINED 
	FROM 

	TR
	THE 
	L-1649 AND 
	DC-7 
	TESTS 

	L1649 TEST 
	L1649 TEST 


	SIX·DEGREE SLOPE IMPACT -NO FUSELAGE FAILURE 
	SIX·DEGREE SLOPE IMPACT -NO FUSELAGE FAILURE 
	SIX·DEGREE SLOPE IMPACT -NO FUSELAGE FAILURE 

	COCKPIT INOSEI RESPONSE 
	COCKPIT INOSEI RESPONSE 
	MID·FUSELAGE CABIN RESPONSE 

	d Vz -31.2 FT/SEC d Vx -26.8 FT/SEC 
	d Vz -31.2 FT/SEC d Vx -26.8 FT/SEC 
	d Vz -14.5-22.7 FT/SEC d Vx -14-28.7 FT/SEC 

	TWENTY·DEGREE SLOPE IMPACT -FUSELAGE FAILURE !RUPTURE) 
	TWENTY·DEGREE SLOPE IMPACT -FUSELAGE FAILURE !RUPTURE) 

	COCKPIT (NOSEl RESPONSE 
	COCKPIT (NOSEl RESPONSE 
	MID·FUSELAGE CABIN RESPONSE 

	d VZ r 39.5 FTJSEC d Vx -35 FT/SEC 
	d VZ r 39.5 FTJSEC d Vx -35 FT/SEC 
	d Vz -13-15 FT/SEC d Vx -16-26.6 FT/SEC 


	DC·] TEST 
	EIGHT DEGREE SLOPE IMPACT 
	EIGHT DEGREE SLOPE IMPACT 
	EIGHT DEGREE SLOPE IMPACT 
	-FUSELAGE FAILLIRE (RUPTURE) 

	COCKPIT (NOSEI RESPONSE 
	COCKPIT (NOSEI RESPONSE 
	MID-FUSELAGE CABIN RESPONSE 

	d Vz -46.8 FT/SEC d Vx -24.8-48.8 FT/SEC 
	d Vz -46.8 FT/SEC d Vx -24.8-48.8 FT/SEC 
	NONE AVAILABLE 
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	mountainside. Thus, if the axial crushing characteristics of transport airplane sections were available, an estimate of the responses in the 
	longitudinal direction could be made. 
	3.3.1 Specimen Test Data 
	3.3.1 Specimen Test Data 
	Cylinder axial crush tests were performed and the results are reported in reference 4. A summation of the tests are as follows: three types of specimens were drop-tested, cylindrical sections were tested to represent fuselage axial collapse and crushing, partial cylinders were tested to represent vertical collapse of fuselage structure below the passenger floor, and a structurally complete nose section (except for the nose landing gear) of a jet transport was tested to determine the vertical collapse charac
	One type of failure that could seriously affect crashworthiness occured on the zee-stiffened cylinder. A longitudinal skin splice was opened during two separate drops. A failure of this type can open up a large gap in the fuselage which could then allow an excellent path for ingestion of foreign material. 
	The tear resistance of typical built-up, plate-stringer lower fuselage shell sturcture is affected by the skin material and the longitudinal stiffener, or stringer spacing to a great extent. Stringer material is of lesser consequence. Thick, ductile skin with closely spaced stringers appears to be the best combination. The thick skins resist puncture and the stringers act as crack stoppers if tearing does occur in the skin. Widely spaced stringers allow long tears which result in "plows" and "scoops," that 
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	Figure 3-68. Structural Configurations, Axial Test Cylinders (Reference 4) 
	W I 
	00 
	.j::'
	-

	TABLE 3-20. DROP TEST RESULTS AXIAL CYLINDER (REFERENCE 4) 
	TABLE 3-20. DROP TEST RESULTS AXIAL CYLINDER (REFERENCE 4) 
	TABLE 3-20. DROP TEST RESULTS AXIAL CYLINDER (REFERENCE 4) 

	SPECIMEN 
	SPECIMEN 
	TYPE 
	DROP NO. 
	HEIGHT (FT) 
	WEIGHT (LB) 
	VELOCITY (FT/SEC) 
	PEAK (G) 
	PEAK LOAD (LD) 
	IMPACT 

	1 
	1 
	AXIAL CYLINDER 
	1 
	2 
	3,500 
	11 
	55 
	193,000 
	NEGLIGIBLE. 

	1 
	1 
	AXIAL CYLINDER 
	2 
	4 
	3,500 
	16 
	62 
	220,000 
	LOCAL CRUSHING AT IMPACT END. 

	1 
	1 
	AXIAL CYLINDER 
	3 
	8 
	3,500 
	23 
	45 
	157,000 
	SEVERE BUCKLES IN BAY I, SKIN SEAM SPLIT. 

	1 
	1 
	AXIAL CYLINDER 
	4 
	10 
	3,500 
	25 
	29 
	102,000 
	COMPLETE COLLAPSE OF BAY I, BUCKLES IN BAY II . 

	1 
	1 
	AXIAL CYLINDER 
	5 
	4 
	9,700 
	16 
	27 
	262,000 
	REMAINING BAY II CRUSHED, BUCKLES IN BAY III. 

	1 
	1 
	AXIAL CYLINDER 
	6 
	8 
	9,700 
	23 
	17 
	165,000 
	BAY CRUSHED, BUCKLES IN BAY IV. 

	1 
	1 
	AXIAL CYLINDER 
	7 
	12 
	9,700 
	28 
	27.5 
	267,000 
	BAY IV CRUSHED, SKIN SEAM OPENED IN BAY V. TOTAL ENERGY -316,800 FHB DEFORMATION -5.6 FT 

	2 
	2 
	AXIAL CYLINDER 
	1 
	2 
	9,600 
	11 
	11 
	106,000 
	COMPLETE ACCORDIAN COLLAPSE OF BAYS I AND II. 

	2 
	2 
	AXIAL CYLINDER 
	2 
	4 
	9,600 
	16 
	16.5 
	158,000 
	COMPLETE ACCORDIAN COLLAPSE OF BAY III. 

	2 
	2 
	AXIAL CYLINDER 
	3 
	6 
	9,600 
	20 
	12.5 
	192,000 
	COMPLETE ACCORDIAN COLLAPSE OF BAY IV. TOTAL ENERGY -115,200 FHB DEFORMATION -5.4 FT 

	3 
	3 
	AXIAL CYLINDER 
	1 
	8 
	9,600 
	23 
	25.6 
	246,000 
	BAY I COMPLETELY CRUSHED. 

	3 
	3 
	AXIAL CYLINDER 
	2 
	15 
	9,600 
	31 
	33.8 
	325,000 
	BAYS II, III, AND IV CRUSHED, BAY V BUCKLED. TOTAL ENERGY -220,800 FTU DEFORMATION = 2.32 FT 


	A general increase in strength of the lower shell axial material is not the most efficient way to improve the crashworthy characteristics of a fuselage. In order to significantly improve the energy absorbing capacity by strengthening, a severe weight penalty is generally incurred and the decelerations levels produced as the structure is crushed would increase. An increase in longitudinal deceleration levels may produce axial failures in the occupied areas or cause early failures in the occupant tie-down cha
	Review of the test results, provided in Table 3-20, in the following manner provides some points of interest: 
	Energy (ft-Ib.)
	The average force acting == lb.
	• 
	• 
	• 
	• 
	Deformation (ft) Avg. Force (lb.)

	The average acceleration =g

	• 
	• 
	• 
	Weight (lb.) 

	Weight.Velocity

	• 
	• 
	The pulse duration (At) = sec


	g.Force
	(based on momentum Avg considerations) Summarizing these terms for the three test speciments the following information is obtained: 
	Table
	TR
	Constant Force 

	TR
	Avg. Force 
	Avg. Accel. 
	Pulse Duration 

	Specimen 
	Specimen 
	(lb) 
	(g) 
	(sec) 

	No. 1 
	No. 1 
	56571 
	5.8 
	.149 

	No. 2 
	No. 2 
	21333 
	2.2 
	.279 

	No. 3 
	No. 3 
	95172 
	9.9 
	.097 


	If, instead of a constant force, a triangular pulse is considered, then the combination of force and incremental time would have to be revised to provide the same area under the curve. 
	Considering specimen No. 1 to be more typical of current aircraft design, then the upper limit for a pure longitudinal pulse, triangular in nature, would be more like ~12g peak, approximately 0.15 second base duration and an incremental velocity of < ft/sec. The axial cylinder No. 1 section test results, provided in reference 4, are representative of an airplane with a gross weight of 50,000 lb. The analysis described in reference 4 indicated that, under the assumptions of (1) uniform compression on the cro
	30 

	Reference 4 also describes the results of a drop test of a jet transport fuselage nose section. The section was structurally complete, except for the nose landing gear, and included the entire forward pressure bulkhead, nose landing gear box and pilot's cockpit wind screen (figure 3-69). Steel floor beams and floor panels were added to the section to increase the mass and provide the required center-of-gravity. The specimen was drop tested in an approximately 10 degree nose-down attitude to simulate the eff
	.. "?~"."."'. :1 ',' 
	Figure 3-69. Fuselage Nose Section Prior to Drop (Reference 4) 
	Figure 3-69. Fuselage Nose Section Prior to Drop (Reference 4) 
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	The first drop, from 6 feet, simulated a 20 ft/sec vertical impact velocity. The forward pressure bulkhead was crushed and the aft bulkhead and intermediate frames failed. The total vertical collapse was approximately 6 inches as the nose landing gear beams moved up and, for all practical purposes, remained intact. 
	The final drop was made from 8 feet, or approximately 23 ft/sec sink speed. The forward bulkhead, aft bulkhead and intermediate frames continued to collapse, allowing the nose gear beams to continue upward until they contacted the floor structure. The fuselage floor beams were crushed by the box structure and the maximum deceleration occurred as the box structure contacted the steel floor structure. The average deceleration prior to this final impact was approximately 6g with an increase to 18g at final imp
	The tests of this structure indicate that the nose landing gear beam support structure failure sequence is the primary concern rather than the actual energy absorbing capability. The structure withstood an impact velocity of approximately 20 ft/sec without catastrophic damage to the crew area. The failures produced by the initial impact, however, included a complete tension rupture on the aft bulkhead. This rupture allowed sufficient vertical translation of the comparatively intact nose landing gear beams d
	TABLE 3-21. DROP TEST RESULTS FUSELAGE NOSE (REFERENCE 4) 
	TABLE 3-21. DROP TEST RESULTS FUSELAGE NOSE (REFERENCE 4) 
	TABLE 3-21. DROP TEST RESULTS FUSELAGE NOSE (REFERENCE 4) 

	SPECIMEN 
	SPECIMEN 
	TYPE 
	DROP NO. 
	HEIGHT 1fT) 
	WEIGHT (LB) 
	VELOCITY IFT/SECI 
	PEAK (G) 
	PEAK LOAD (LB) 
	IMPACT DAMAGE 

	TR
	FUSELAGE NOSE FUSELAGE NOSE 
	1 2 
	6 8 
	10,700 10,700 
	20 23 
	35.5 2 26 
	380,000 278,000 
	AFT BULKHEAO FAILED IN TENSION, NOSE BULKHEAO CRUSHED. NOSE LANOING GEAR BEAMS RAISEO AND CRUSHED FLOOR. DROP 1 ENERGY ~ 64,000 FT·LB DEFORMATION ~ 0.50 FT 

	NOTES: 1. CRUSHED PORTION (BAY I AND 9 INCHES OF BAY II) CUTOFF. 2. AVERAGE IS 15g. 
	NOTES: 1. CRUSHED PORTION (BAY I AND 9 INCHES OF BAY II) CUTOFF. 2. AVERAGE IS 15g. 


	A comparison of the energy absorption capability between the KRASH model crush parameters at the nose gear bulkhead location (mass 1, FS199 and mass 2, FS300) and the reference 4 crush parameters at similar locations (mass 1, FSI8? and mass 2, FS325) are as follows: 
	ENERGY ABSORPTION CAPABILITY (IN-LB) 
	KRASH Models 
	Reference 4 (Fig. 3-27) 
	Original for air-to-
	Revised for ramp 
	Curve 2 
	Curve 3 ground analysis 
	impact Case No .1 
	3,100,000 
	3,100,000 
	2,300,000 
	2,100,000

	900,000* 
	* Restiffens at 10 inches of crush. All others are based on 24 inches of crush available before restiffening. 
	From the above tabulated data, it can be seen that the original nose gear bulkhead crush model did not provide for significant energy absorption. The revised model parameters are higher than the data used in the reference 2 analysis. However, when scaled by the ratio of airplane weight (1.26), the reference 4 numbers would be 2,900,000 and 2,600,000, respectively. 
	3.3.2 Analyses Data 
	3.3.2 Analyses Data 
	The KRASH stick model used in the previous air-to-ground and ramp impact studies, was adapted for a longitudinal pulse study. The airplane is assumed to be moving forward in a level attitude when it hits a frontal 90-degree rigid wall. The cockpit of the fuselage (FSI99) is represented by a nonlinear crush spring. The forward fuselage structure (FSI99-620) is represented by nonlinear axial beams. The aircraft representation and properties are shown in figure 3-70 and table 3-22, respectively. The study was 
	• 
	• 
	• 
	Forward impact velocity range (20 to 50 ft/sec) 

	• 
	• 
	Three fuselage crush springs (figure 3-71) 

	• 
	• 
	Three nonlinear beam characteristics (figure 3-72) 


	The fuselage crush variation represents an approximate spring rate between 26,700 lb/in and 40,000 lb/in. The lower rate approximates the data from tests reported in reference 4. The nonlinear beam variation allows for uniform deformation of 5, 10 and 20 inches of compression before failure. The lower spring rate (26,700 lb/in) and 20 inches uniform crush represent a design of highly crushable structure. Conversely, the higher spring rates and less uniform beam deformation is representative of a stiff, less
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	Figure 3-70. KRASH Model for Forward Impact Into a 90 Degree Wall TABLE 3-22. MODEL PROPERTIES 
	Figure
	Table
	TR
	MASSES 
	BEAMS 

	TR
	AXIAL 
	COMPRESSIVE 
	DEFLECTION @1 

	TR
	LENGTH 
	STIFF. X 106 
	FAILURE LOAD 
	FAILURE 

	NO. 
	NO. 
	F.S. 
	W.L. 
	NO. 
	I·J 
	IN 
	LB./IN 
	LB X 106 
	IN 

	1 
	1 
	199 
	219. 
	1 
	1·2 
	101. 
	3.17 
	1.088 
	.343 

	2 
	2 
	300 
	217.9 
	2 
	2·3 
	160.3 
	2.25 
	1.224 
	.545 

	3 
	3 
	460 
	208.3 
	3 
	3-4 
	160. 
	2.25 
	1.224 
	.544 

	4 
	4 
	520 
	205.8 
	4 
	4·5 
	200. 
	2.95 
	2.006 
	.680 

	5 
	5 
	820 
	200. 
	5 
	5·6 
	140.5 
	4.2 
	2.006 
	.478 

	6 
	6 
	960 
	211.9 
	6 
	6-7 
	83.7 
	6.81 
	1.938 
	.285 

	7 
	7 
	1043 
	206.6 
	7 
	7·8 
	158.4 
	3.03 
	1.632 
	.538 

	8 
	8 
	1201 
	222.4 
	8 
	8·9 
	201.7 
	1.83 
	1.258 
	.685 

	9 
	9 
	1400 
	255.8 
	9 
	9·'10 
	175. 
	1.43 
	.850 
	.595 

	10 
	10 
	1570 
	297.0 
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	The results of this phase of the parametric sensitivity study are summarized in tables 3-23 to 3-25 and figures 3-73 to 3-76. The energy distribution, Table 3-23, shows: 
	• 
	• 
	• 
	Increase in strain energy percent as the crush spring stiffens, impact velocity increases and internal beam stiffness lessens. 

	• 
	• 
	The forward velocity is arrested in approximately 0.190 to 0.250 second, the lower incremental time value is associated with the stiffer structure (i.e., K3, N1). 


	The relationship between average acceleration and structural deformation for the nominal conditions (K2, N1), shown in table 3-24, indicates: 
	• Increased failure, average acceleration and total crush distance as the impact velocity increases. 
	The variation in average acceleration and deformation as a function of velocity, K variation and N variation is shown in table 3-25. 
	• 
	• 
	• 
	Average acceleration increases as impact velocity, fuselage stiffness, K, and internal beam stiffness, N, decrease. 

	• 
	• 
	Total crush distance increases as impact velocity increases and internal beam stiffness, N, decreases. 

	• 
	• 
	Total crush distance decreases as fuselage stiffness, K, increases. 


	Figure 3-73 depicts the results noted in tables 3-24 and 3-25. Figure 3-74 shows the peak acceleration distribution along the fuselage as a function of impact velocities (30 ft/sec and 40 ft/sec) and the three forward fuselage spring rates. Figure 3-75 depicts the variation in average acceleration and total crush as a function of impact velocity for the nominal condition (K2, N1). Figure 3-76 attempts to relate the extent of airframe 
	Nl N2 NX VELOCITY Kl K2 K3 Kl K2 K3 Kl 20 FT!SEC IKE -14.3 X 106 IN-lB1 CE 89.3 SE 9.4 KEMIN IT -.21) 3D FT/SEC (KE -32.3 X 106 (N-lBl CE 92.0 64.8 52.3 92.0 64.8 41.8 72.3 SE 7.3 34.3 45.0 7.3 34.3 56.8 26.2 KEMIN (T -.241 (T -.22~ (T -.191 (T = .241 (T -.22) (T -.201 (T -.22) 40 FT/SEC (KE -57.44 X 106 IN-lBl CE 67.2 55.2 28.3 55.2 53.9 22.5 SE 30.7 41.8 66.4 43.2 44.6 75.1 KEMIN (T -.25) IT -.23) [T -.20) [T -.25) IT -.24) IT -.231 50 FT/SEC (KE -89.75 X 106 IN-lB1 CE 44.0 SE 49.9 KEMIN (T = 0.241 CE, SE
	TABLE 3-23. ENERGY DISTRIBUTION AS FUNCTION OF IMPACT VELOCITY AND NONLINEAR DEFORMATION CHARACTERISTICS 
	TABLE 3-23. ENERGY DISTRIBUTION AS FUNCTION OF IMPACT VELOCITY AND NONLINEAR DEFORMATION CHARACTERISTICS 


	TABLE 3-24. IMPACT VELOCITY VARIATION 
	AV FT/SEC 
	AV FT/SEC 
	AV FT/SEC 
	G· AVG 
	DEFORMATION. INCHES 

	FORWARO FUSElAGE FS70·199 
	FORWARO FUSElAGE FS70·199 
	BEAM NO.1 FS 199 . 300 
	BEAM NO.2 FS 300 . 460 
	BEAM NO.3 FS 460 . 620 
	BEAM NOS. 4·9 FA620·1400 
	TOTAL 

	20 30 40 50 
	20 30 40 50 
	3. 4.5 6. 7.5 
	28: 39.3· 49: 54: 
	10.25 8.0· 10.5· 10.8· 
	.34 .50 10.8· 11.1· 
	.31 .46 .56· 11.4· 
	.22 .34 .40 .70 
	39.1 48.6 71.3 88.0 

	• BEAM EXCEEOS COMPRESSIVE FAilURE lOAO 
	• BEAM EXCEEOS COMPRESSIVE FAilURE lOAO 


	DEFORMA'I'ION, INCHES FORWARD BEAM NOS. CRUSH G* FUSELAGE BEAM NO.1 BEAM NO.2 BEAM NO.3 4·9 SPRING AVG FS70·199 FS199·300 FA300·460 FS460·620 FS62·1400 TOTAL 30 FT/SEC IMPACT VELOCITY; Nl Kl 4.0 49.6· .37 -.50 .46 .40 51.3 K2 4.5 39.3-8.0-.50 .46 .34 48.6 K3 7.5 26.7-10.5-.56-.53 .40 38.7 30 FT/SEC IMPACT VELOCITY; N2 Kl 4.0 49.6-.37 -0.5 .45 .40 51.3 K2 4.5 39.3-8.0-0.5 .46 .34 48.6 K3 5.0 25.4-14.3-4.8-.45 .36 45.3 40 FT/SEC IMPACT VELOCITY; Nl Kl 5.6 57.5-10.5-2.65-(bl .56-.41 71.6(b) K2 6.0 49.0-10.55-1
	TABLE 3-25. FUSELAGE AXIAL CRUSH SPRING AND BEAM NONLINEARITY VARIATIONS 
	TABLE 3-25. FUSELAGE AXIAL CRUSH SPRING AND BEAM NONLINEARITY VARIATIONS 


	failure as a function of the velocity impact level. At 30 ft/sec, it can be anticipated that the forward passenger occupiable region will experience failures. These failures will progress as the impact velocity level increases. 
	The results of this phase of the study suggest that: 
	• At 20 ft/sec, no airframe failure in the passenger region (FS460-aft) is expected. 
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	• 
	At 30 ft/sec, 3 feet to 4 feet of crush is anticipated. The average acceleration is between 4g and 5g (7.5g experienced at condition K3, Nl), beam failure extends to FS460 (mid-forward fuselage). 

	• 
	• 
	At 40 ft/sec, 5 feet to 6.5 feet of crush is anticipated, the average acceleration is 4.5g to 6g, beam failure extends to FS620 (wing leading edge bulkhead). 

	• 
	• 
	It is inconsistent to anticipate high gIs, extreme crush and extended time duration to occur simultaneous. The less crush (stiffer structure, i.e., K3, Nl) will produce high acceleration in a smaller time span and, consequently, with loads which will produce airframe failures and at lower velocity changes. Conversely, increased crush (i.e., Kl, N2) will produce lower accelerations over an extended time. For a given K, N parameter set, failure loads will be associated with a higher velocity. 

	• 
	• 
	The wing responses (masses 11-15 in the KRASH model) for the longitudinal impact show peak accelerations of between 5.7g and 9.5g. The triangular pulse characteristic of this impact obtained from an average of several 30 ft/sec forward velocity impacts is: 


	peak acceleration, g 9g
	p 
	change in velocity, ~V, 390 in/sec 
	base duration, ~t, 0.225 sec 


	3.4 EFFECT OF BULKHEAD CRUSHING VARIATION 
	3.4 EFFECT OF BULKHEAD CRUSHING VARIATION 
	In the previous analyses, the bottoming of the bulkhead crush springs in the simulation appears to have the most significant effect on producing failures. The FS620, 820 and 960 bulkhead springs used are shown in figure 3-77. To investigate how the results would be altered, the vertical-only symmetrical impact condition with zero pitch attitude and no aerodynamic loading was analyzed with revised crush characteristics as denoted in figure 3-77. 
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	Figure 3-77. Variation of Lower Fuselage Spring Data 3-100 
	Figure 3-77. Variation of Lower Fuselage Spring Data 3-100 


	The results are tabulated in tables 3-26 to 3-30. The increase in uniform crush (to 24 inches) reduces the loads (LIC ratios decrease), increases the overall crush and reduces the vertical acceleration values for the same 22 ft/sec impact velocity. This allows the airplane to impact at a higher initial sink speed before realizing LICs greater than 1.0 (an indication of airframe failure). The increased crush (case 2) at a 22 ft/sec impact velocity produces lower acceleration, longer duration pulses with less
	the forward fuselage do not change significantly, although the pulse durations and ~V's are somewhat higher. Cases 1, 2 and 3 results for the fuselage are shown in table 3-26. The wing responses for the comparative cases are shown in table 3-27. The immediate effect of additional fuselage crush at a 
	corresponding initial sink speed (22 ft/sec) is to reduce the wing shear and 
	bending moments to less than allowable values (cases 1 and 2). The increase in sink speed to 25 ft/sec with additional crush (case 3) raises the wing 
	shear and moments to levels which are generally lower but comparable to the 
	initial results (case 1). Compatibility between fuselage and wing strengths 
	is closer for the case 3 results. Of interest, the wing and engine peak 
	accelerations are lower for case 3 versus case 1. 
	The results of the analysis in which the uniform crush is allowed to reach 36 inches is represented by cases 4 and 5. At a 25 ft/sec initial impact velocity (case 4), the fuselage aft pressure bulkhead barely makes contact with the ground. At a 27.5 ft/sec initial impact velocity, the aft bulkhead produces significant loads as it is an extremely stiff structure. The summary of fuselage and wing responses for the 36-inch cases, as well as the comparisons with the original baseline case, are shown in tables 3
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	LV I 
	...... 
	o 
	N 
	ACCELERATION RESPONSE FUSELAGE FUSELAGE EQUIYALENT TRIANGULAR PULSE STATION L1C RATIOS CRUSH, IN PEAK 9 9 l.t\tl AY· (1 ) (21 (3) (11 (21 (31 (11 121 131 (11 (21 131 300/500 0.48 0.37 0.37 8.8 8.8 10.8 12.0 12.0 17.0 14.1(0.1621441 13.3(0.144)371 13.3(0.150)390 450 0.55 0.35 0.35 9.4 9.5 12.2 14.7 11.8 11.3 17.7(0.1081370 11.0(0.156)328 12.0(0.150)347 480/540 0.70 0.41 0.41 600/620 0.75 0.71 0.83 10.6 11.9 15.6 15.6 10.5 10.5 15.9(0.114)350 9.4(0.1621293 10.4(0.1741352 820 0.76 1.05 1.68 12.3 16.8 21.2 13.6
	TABLE 3-26. COMPARISON OF FLOOR RESPONSE RESULTS -INCREASE TO 24 INCH CRUSH 
	TABLE 3-26. COMPARISON OF FLOOR RESPONSE RESULTS -INCREASE TO 24 INCH CRUSH 


	TABLE 3-27. COMPARISON OF WING RESPONSE RESULTS -INCREASE TO 24 INCH CRUSH 
	SHEAR (SZI LOADS X '10LB 
	3 

	B. L. LOCATION 
	B. L. LOCATION 
	B. L. LOCATION 
	ALLOWABLE 
	(1 ) 
	(2) 
	(3) 

	0-118 118 -271 271 -430 430 -583 583 -743 
	0-118 118 -271 271 -430 430 -583 583 -743 
	250 200 110 40 10 
	326. 265. 9" 81. 29. 
	216. 169. 79. 75. 21.7 
	282. 210. 93. 92.6 32.0 

	TR
	BENDING (My) MOM
	ENTS X 106 IN-LB 

	B. L. LOCATION 
	B. L. LOCATION 
	ALLOWABLE 
	(1) 
	(2) 
	(3) 

	ROOT BL 118 BL 271 BL 430 BL 583 
	ROOT BL 118 BL 271 BL 430 BL 583 
	75 50 30 15 10 
	67.6 46.3 31.3 14.9 5.1 
	47.2 49. 28.7 14.4 3.8 
	58.3 54. 33. 17.7 5.7 

	TR
	PEAK VERTICAL ACCELERATIONS 

	B. L. LOCATION 
	B. L. LOCATION 
	(1) 
	(2) 
	(3) 

	118 271 430 583 743 INBOARD ENIJINE OUTBOARD ENGINE 
	118 271 430 583 743 INBOARD ENIJINE OUTBOARD ENGINE 
	14.2 10.8 11.8 8.5 18.6 13.3 8.9 
	8.1 5.8 4.9 6.8 13.5 9.2 6.8 
	8.5 7.3 7.2 9.3 20.4 9.7 9.0 


	NOTE: FOR ALL CASES; NO ENGINE GROUND CONTACT, FWD. VELOCITY, OR AERODYNAMIC !.1FT; 24" UNIFORM CRUSH UNLESS SPECIFIED OTHERWISE. 
	m 22 FT/SEC SINK SPEED, UNIFORM CRUSH DISTANCE AT FS 620, 820, 960 -10", 10", 18" 
	(2) 
	(2) 
	(2) 
	22 FT/SEC SINK SPEED, UNIFORM CRUSH DISTANCE AT FS 620, 820, 960 -24", 24", 24" 

	(3) 
	(3) 
	25 FT/SEC SINK SPEED, SAME AS (2l CRUSH DISTANCE. 
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	ACCELERATION RESPONSE FUSELAGE FUSELAGE EQUIVALENT TRIANGULAR PULSE STATION L1C RATIOS CRUSH, IN PEAK g g \J1t) AV· (1) (2) (3) (1 ) (2) (3) (1) (2) (3) (1 ) (2) (3) 300/350 0.48 0.37 0.45 8.8 10.8 12.2 12.0 17.1 16.6 14.1(0.162)441 20.0lO.090)349 19.6lO.096)362 450 0.55 0.33 0.50 9.4 12.2 14.6 14.7 11.3 11.6 17.7(0.108)370 11.5(0.162)358 12.5(0.174)420 480/540 0.70 0.40 0.51 600/620 0.75 0.75 0.98 10.6 15.5 18.9 15.6 10.5 10.5 15.9(0.114)350 10.2(0.162)320 11.9(0.174)396 820 0.76 1.07 1.27 12.3 22.2 24.9 1
	TABLE 3-28. COMPARISON OF FLOOR RESPONSE RESULTS -INCREASE TO 36 INCH CRUSH 
	TABLE 3-28. COMPARISON OF FLOOR RESPONSE RESULTS -INCREASE TO 36 INCH CRUSH 


	TABLE 3-29. COMPARISON OF WING RESPONSE RESULTS -INCREASE TO 36 INCH CRUSH 
	SHEAR (SZ) LOADS X 10LB 
	3 

	(3) 0-118 
	(1 ) 
	(2)
	B. L. LOCATION 
	B. L. LOCATION 
	ALLOWABLE 

	250 
	326. 
	229. 
	233. 118 -271 
	200 
	265. 
	182. 
	258. 271 -430 
	110 
	91. 
	86.5 
	99.7 430 -583 
	99.7 430 -583 
	40 
	81. 
	79.5 
	89. 583 -743 
	10 
	29. 
	24.4 
	31.1 
	BENDING (My) MOMENTS X 10IN·LB 
	6 

	(3) ROOT 
	(2)
	ALLOWABLE
	ALLOWABLE
	B. L. LOCATION 

	I1l 
	75 
	67.6 
	49. 
	51.5 Bl 118 
	46.3 
	59. Bl 271 
	50 
	54. 
	31.3 
	30. 
	32. Bl430 
	30 
	15 
	15 
	14.9 

	16.4 Bl583 
	15.3 
	10 
	5.1 
	5.4 
	6.0 
	PEAK VERTICAL ACCELERATIONS 
	(1) 
	(2) 
	(3) 118 
	B. L. LOCATION 
	B. L. LOCATION 
	8.2 

	12.3 271 
	14.2 
	5.6 
	9.6 430 
	10.8 
	11.8 
	5.7 
	9.5 583 
	8.5 
	9.9 743 
	6.0 
	18.6 
	19.6 INBOARD ENGINE 
	15.0 
	13.3 
	11.5 OUTBOARD ENGINE 
	11.5 OUTBOARD ENGINE 
	9.7 
	8.9 
	7.4 
	9.2 
	NOTE: FOR All CASES; NO ENGINE GROUND CONTACT, FWD. VELOCITY, DR AERODYNAMIC LIFT; 24" UNIFORM CRUSH UNLESS SPECIFIED OTHERWISE. 
	(1 ) 22 FT/SEC SINK SPEED, UNIFORM CRUSH OISTANCE AT FS 620, 820, 960, 10",10",18" 
	(2) 
	(2) 
	(2) 
	25 FT/SEC SINK SPEED, UNIFORM CRUSH DISTANCE AT All lOCATIONS -36", EXCEPT AT AFT FUSElAGE BULKHEAD (FS 1400). 

	(3) 
	(3) 
	27.5 FT/SEC SINK SPEED, SAME AS (2) CRUSH DISTANCE. 


	w I 
	...... 
	o 
	(j\ 
	FLOOR AV RANGE FT/SEC TYPICAL TRIANGULAR PULSES PASSENGER REGION FS 460-820 FS 960-1200 INITIAL SINK MAXIMUM @ VELOCITY FS 300 BLKHD. At At CONDITION FT/SEC & FS1400 BLKHD. FS460-B20 FS960-1240 Up SEC Up SEC ORIGINAL CRUSH 22 36.7 26.3-30.8 20.6-24.7 14.4-17.7 0.120-0.114 10.1-12.8 0.126-0.120 (CASEl ) 24 INCH CRUSH 22 31.0 23.8-27.3 22.4-23. 6.7-11.0 0.222-0.156 5.2-6.4 0.270-0.264 (CASE 2) 24 INCH CRUSH 25 32.5 28.9-29.3 26.3-28.5 10.4-12.0 0.174-0.150 9.3-10.2 0.174 ICASE 3) 36 INCH CRUSH* 25 29.0** 25.7
	TABLE 3-30. OVERALL SUMMARY OF RESULTS 
	TABLE 3-30. OVERALL SUMMARY OF RESULTS 


	An overall comparison of the fuselage pulse data for five cases is provided in table 3-30. As with previous KRASH analyses results, the trends indicate that the more available crush, the lower the accelerations (g), the longer the pulse duration ~t»)and the relatively same or slightly higher velocity change (~V) occur at the threshold of airframe structural integrity. 
	The vertical acceleration pulse data presented in tables 3-26 through 3-30 are shown in figure 3-78, where the triangular pulse peak magnitude, g , 
	p base time duration, ~t, and change in velocity, ~V, parameters are depicted. Also shown in figure 3-78 are measured responses from a vertical drop test of an FAA-conducted narrow-body fuselage section (CID type) with an impact velocity of 35 ft/sec. The fuselage crushed between 24 and 30 inches in this test. 
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	4.0 CRASH DESIGN VELOCITY ENVELOPE 
	4.0 CRASH DESIGN VELOCITY ENVELOPE 
	The results of the parametric analyses and supporting test data have been presented in Section 3. The full-scale and section drop test triangular pulse data are summarized in figures 4-1 and 4-2 for the vertical and longitudinal directions, respectively. The test data in figure 4-1 show that typically high accelerations are associated with short durations and that the trend is for a decrease in amplitude as the duration of the pulse increases. The test data also show that while the pulses in the passenger c
	0.200 second, and a peak amplitude of 8g. The data presented in figures 4-1 and 4-2, as well as subsequent figures 4-3 through 4-6 is in the form of a triangular pulse with the following parameters: velocity change, ~V, peak amplitude, g, and pulse rise time, t. The relationship between acceleration 
	r' 
	velocity change and base duration for a triangular pulse is: 
	~V 1/2(g) (32.2) ~t (units in feet/second) 
	The pulse rise time t , which is normally referred to in dynamic test 
	,r requirements, is approximately equal to 1/2 the pulse base duration, ~t. 
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	Figure 4-1. Summary of Measured Vertical Pulses 
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	Figure 4-2. Summary of Measured Longitudinal Pulses 
	The analytically obtained vertical response data are summarized in figures 4-3 and 4-4. Air-to-ground gears retracted and extended cases are shown in figure 4-3. The vertical pulses for the air-to-ground analyses with fuselage crush variations are shown in figure 4-4. The air-to-ground analyses results presented in figure 4-3 suggest the characteristic triangular pulse in the vertical direction is a change of velocity in the range of 20 ft/sec to 25 ft/sec. a base duration of between 0.11 and 0.16 second an
	0.15 second to 0.20 second and a peak amplitude of 8g to 12g would be a reasonable extrapolation of this data. For the data presented in figures 4-3 and 4-4. the amplitude versus pulse duration trend observed in the test data is evident. For air-to-ground impacts the longitudinal pulse can be approximated as having the same triangular pulse characteristics as the vertical pulse. but with an amplitude of between 0.4 and 0.5 times that of the peak vertical g. depending on ground coefficient of friction. 
	The ramp impact analyses results are shown in figures 4-5 and 4-6 for the longitudinal and vertical pulses, respectively. Both the longitudinal and vertical pulses obtained from this set of analyses indicate relatively shorter duration pulses (less than 0.14 second base duration). While these pulses appear of shorter duration when compared to L1649 test data, the trend of higher peak accelerations at short pulse durations and lower peak accelerations at the longer durations prevails. Other than high vertica
	The data presented in figures 4-1 through 4-6 are summarized in table 4-1. Included are full-scale and section test results as well as KRASH analyses of various impact scenarios. While it is difficult to make direct 
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	comparisons for each test condition, an attempt is made to relate analyses which are reasonably close to test conditions. For example, conditions 1 and 12 are comparable because both involve a full airplane impact onto a 6-degree slope with the same ENV. Condition 2 compares with conditions 14 and 15 because the ENVs are reasonably close, even though the ramp angles differ. The fuselage impact with the ground during the ern test (condition 3) is compared with the Laurinburg analysis (condition 8) only becau
	The composite of the analyses and test data is presented in figure 4-7 as vertical velocity change versus longitudinal velocity change. The data are representative of a triangular pulse with a base duration of between 0.15 and 
	0.20 second. The amplitude associated with the pulse can be obtained from the following relationship: 
	AV At sec. AV ft/see. 
	g
	= 
	16.!At 

	Also shown in figure 4-7 is the envelope of the data in an attempt to indicate the estimated region of structural integrity. On the basis of the analyses and test results, two potential velocity change envelopes evolve: airframe integrity and seat dynamic pulse definition. These envelopes are shown in figure 4-8. The seat dynamic pulse is higher than the structural integrity envelope and accounts for rotational and rebound effects. 
	The velocity envelopes shown in figures 4-7 and 4-8 suggest the following test conditions for seat dynamic triangular pulses. 
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	Figure 4-7. Velocity Envelope for Transport Category Airplane Seat Dynamic Pulses 
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	Figure 4-8. Structure and Seat Test Velocity Change Envelopes 4-11 
	Figure 4-8. Structure and Seat Test Velocity Change Envelopes 4-11 
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	1. Combined Vertical-Longitudinal with the following resultant 
	parameters: tiV -33.5 ft/sec; tit -= 0.150 second G -13.8
	peak 
	With a seat orientated 30 degrees from the vertical, the respective vertical and longitudinal components will be: 
	Vertical 
	Vertical 
	Vertical 

	G p 
	G p 
	== 
	12g 

	tiv 
	tiv 
	29 
	ft/sec 


	Longitudinal G 6.9g
	p 
	tiv 16.8 ft/sec 
	2. Longitudinal-only 
	~
	D.V = 35 ft/sec At = 0.200 second G-11.0g
	peak 
	The first condition represents a high sink speed impact in which the longitudinal forces are related to the vertical forces approximately by a high (~~ .5) coefficient of friction. The second condition is an extreme case in which the only significant pulse would be longitudinal. Both conditions would appear to provide margins (1) above a realistic crash environment, and (2) above the structural integrity of the airframe. 
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	SECTION 5 
	SUMMARY OF RESULTS 
	The effort described herein included parametric sensitivity analyses 
	which incorporated: 
	• 
	• 
	• 
	pre-CID test fuselage section test data 

	• 
	• 
	post-CID test correlation results 

	• 
	• 
	previous available full-scale crash test data (L1649, DC-7) 

	• 
	• 
	previous available section test data and analytical modeling data (reference 4) 


	For the air-to-ground analyses the following assumptions were adhered to: 
	• 
	• 
	• 
	Impact directly on fuselage, no engine crush involved 

	• 
	• 
	Symmetrical impact, no roll or yaw 

	• 
	• 
	No initial external loading, i.e., aerodynamic forces 

	• 
	• 
	No rupture of beams 

	• 
	• 
	Load interaction curve (LIC) > 1.0 indicates limit of airframe integrity 

	• 
	• 
	Maximum crush before restiffening occurs is: 


	10-inch wing center section, FS620-820 18-inch wing MLG aft bulkhead, FS960 24-inch fuselage frame sections, FS300, 460, 1040, 1240 
	Analysis results were initially obtained prior to the incorporation into the model of a revised nose-gear bulkhead crush representation which was obtained from reference 4 data and is described in Sections 3.2.1 and 3.3.1. Subsequent to the initial runs analyses were performed to incorporate: 
	• 
	• 
	• 
	revised nose-gear bulkhead crush characteristics 

	• 
	• 
	wing and engine response to allow monitoring of wing shear and bending moment versus estimated strength allowables 
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	A summary of conditions analyzed for this type of impact condition is presented in table 3-2. The results of these analyses are presented in Section 3.1.1. 
	The parametric study fuselage crush results for the revised nose gear bulkhead representation (Cases 7, 10, 11 in Table 3-2) are compared to the test data results in Figure 5-1. From Figure 5-1 it can be observed that parametric analyses results indicate that the underside crush throughout the entire fuselage length can be greater than that experienced during either the "Laurinburg" or "CID" full-scale tests. The analyses are performed at the threshold of airframe structural integrity which is more severe t
	For the air-to-ground, gear extended analyses the following three conditions were determined to be approximately the level at which fuselage structural integrity would be exceeded: 
	Sink Speed (ft/sec) Pitch Attitude (deg.) 
	1.18 -6 2.20 o 3.18 +6 
	For all cases of this type of impact the following assumptions applied: 
	• 
	• 
	• 
	No lift forces 

	• 
	• 
	Forward velocity 262 ft/sec 

	• 
	• 
	Ground coefficient (p) 0.35 

	• 
	• 
	Main gear failure loads; 

	• 
	• 
	Nose gear failure loads; 


	Fz, Vertical Force 428,000 lb., Fx, Longitudinal Force = 165,000 lb. 
	Fz = 130,000 lb., Fx 78,000 lb. 
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	Figure 5-1. Fuselage Crush Comparison; "Laurinburg", "CID", and Parametric Analyses 
	The no lift analysis allows for evaluating critical fuselage impact loads in a shorter analysis than otherwise would be accomplished with lift forces acting. The results of these analyses are presented in section 3.1.2. 
	KRASH analyses results were also compared to previous air-to-ground impact analyses of a medium sized transport category airplane reported in reference 4. The two configurations (reference 4 and CIO models) are compared in figure 3-31. Differences that exist between the LIC, crush and accelerations values of the two models are described and explained. For example, the reference 4 peak accelerations are higher because the analysis contains very high frequency (short duration) responses which are normally fil
	For the air-to-ground impact conditions the magnitude of longitudinal pulses are relatively low in relation to the magnitude of the vertical pulses. To obtain combined longitudinal-vertical pulses such as those described in reference 6, ground-to-ground (ramp) impacts were performed. Included in these analyses were the following: 
	1. 
	1. 
	1. 
	6-degree ramp, ENV = 18.5 ft/sec, forward velocity = ft/sec 
	177 


	2. 
	2. 
	20-degree ramp, ENV = 37.6 ft/sec, forward velocity = ft/sec 
	110 


	3. 
	3. 
	8-degree ramp. ENV = 32.7 ftlsec, forward velocity = 235 ft/sec 


	These cases are representative of the reference 6 and 7 test conditions. The assessment of the fuselage failure modes experienced during the tests versus that obtained by analysis via LIC curves showed good agreement. The results of these analyses are described in section 3.2.1. 
	5-4 
	The measured acceleration obtained pulses from the L1649 (reference 6) and DC-7 (reference 7) full-scale ramp impact tests were integrated to obtain velocity changes as noted in figures 3-63 to 3-65 and table 3-19. The acceleration pulses and subsequent velocity calculations obtained from the L1649 test are of particular interest for the following reasons: 
	• The gross 
	• The gross 
	• The gross 
	takeoff weight (GTOW) 
	for the L-1649 
	is approximately 

	159,000 pounds which represents 
	159,000 pounds which represents 
	a 
	mid-sized transport category 

	aircraft. 
	aircraft. 


	• 
	• 
	• 
	The aircraft fuselage experienced two significant structural breaks during a ground slope impact. 

	• 
	• 
	The floor acceleration data illustrates a response trend which is considered to be characteristic of the larger FAR 25 transport airplanes. 


	Briefly, this test incorporated two sequential impacts of the aircraft onto an earthen mound. Prior to the initial impact onto a 6-degree slope with the airplane moving with a forward velocity of 172 ft/sec (ENV = 18.5 ft/sec), the nose and main gears were failed, and the wing fuel tanks were ruptured as part of the crash scenario. Subsequent to the 6-degree slope impact, in which no airframe failures were experienced, the aircraft impacted a 20-degree slope while moving with a forward velocity of 110 ft/se
	5-5 
	responses throughout the passenger floor region. While the oscillatory nature of the response from FS685 to FSll65 suggests short duration peaks of 15g to 20g exist, the longer duration pulse that normally applied to seat testing, is more nearly < peak. These data are provided in section 3.2.2. 
	109 

	Specimen test data obtained from reference 4 was utilized to refine the KRASH model. In particular fuselage nose gear bulkhead load-deflection behavior obtained from the reference 4 report showed that the earlier KRASH models underestimated the energy absorption capability in that region as noted below: 
	ENERGY ABSORPTION CAPABILITY (IN-LB) 
	Reference 4 (Fig. 3-27)
	KRASH Models 
	Original for air-to-
	Revised for ramp 
	Curve 2 
	Curve 3 ground analysis 
	impact Case No. 1 
	3,100,000 
	2,300,000 
	2,100,000 2,900,000** 
	2,100,000 2,900,000** 
	900,000* 
	2,600,000** 

	* Restiffens at 10 inches of crush. All others are based on 24 inches 
	of crush available before restiffening. ** When scaled by the ratio of the airplane weights (1. 26) 
	In addition, cylinder axial crush test data was reviewed to obtain the following parameters. 
	Energy (ft-lb)
	• 
	• 
	• 
	• 
	The average force acting = lb.

	Deformation (ft) Avg. Force (lb.)

	• 
	• 
	• 
	The average acceleration = g

	Weight (lb.) Weight.Velocity

	• 
	• 
	The pulse duration (~t) = sec


	g.Force A
	(based on momentum vg considerationsO) 
	5-6 
	Summarizing these terms for the three test specimens the following information is obtained: 
	Specimen 
	Specimen 
	Specimen 
	Avg. Force (lb) 
	Avg. Accel. (g) 
	Constant Force Pulse Duration (sec) 

	No. 1* No. 2 No. 3 
	No. 1* No. 2 No. 3 
	56571 21333 95172 
	5.8 2.2 9.9 
	.149 .279 .097 

	* More Typical of Airplane Construction 
	* More Typical of Airplane Construction 


	Using the reference 4 data and the model shown in figure 3-70 analyses 
	were performed to obtain longitudinal pulses for a straight-on collision into 
	a rigid vertical obstruction. The fuselage cockpit was represented by crush 
	springs and the fuselage aft of the cockpit by nonlinear beams. The study was 
	performed parametrically for variations in 
	• 
	• 
	• 
	forward impact velocity 

	• 
	• 
	crush spring characteristics 

	• 
	• 
	nonlinear beam characteristics 


	The results of this sensitivity study suggest that: 
	• 
	• 
	• 
	at 20 ft/sec impact velocity, no airframe failure in the passenger region (FS460 and aft) would be anticipated 

	• 
	• 
	at 30 ft/sec impact velocity 3 to 4 ft. of crush could occur and the average acceleration would be between 4g to 5g 

	• 
	• 
	at 40 ft/sec, 5 to 6.5 ft. of crush could occur with an average acceleration of 4.5 g to 6g. 

	•a 
	•a 
	~t of ~.200 seconds is required for the KE to be absorbed in the 20 to 50 ft/sec impact range. 


	The results of these analyses are described in section 3.3.2. 
	Since the analysis results are tied to the model assumptions an additional parameter sensitivity analysis was performed to ascertain the affect of extended crush distance in critical bulkhead regions. The results show that the additional crush distance allows the airplane to impact at a higher initial sink speed before realizing a fuselage break (LIC > 1.0). However, the increased crush tends to produce lower accelerations and longer duration pulses. At some point the physical constraints of the location of
	p 
	provided in section 3.4. 
	The available experimental data and analytical data developed during the effort described in this report have been combined to develop a crash design velocity envelope based on current transport fuselage strength. The analytical data are presented in the form of triangular pulse parameters: velocity change, ~V, peak amplitude, g, and pulse rise time t (pulse base 
	r 
	duration, ~t :::: 2 t ). Samples of these data are provided in figures 4-1 
	r 
	through 4-6, and a summary of these results is shown in table 4-1. It is difficult to make direct comparisons because for each condition there are many factors to consider such as: number, location and type of responses (strength, crush, acceleration), time histories, sequence of events, initial impact conditions. For some test and analyses conditions, extensive documentation of results has been previously presented; e.g., Reference 2 describes all the pre-eIn analysis and testing, including the Laurinburg 
	5-8 
	shows how the analyses performed during the current study relate to the available test data. The purpose of making such a comparison is to allow the total available data (analyses and tests) to be used to develop crash design velocity envelopes, which are shown in figures 4-7 and 4-8. 
	The parametric sensitivity analyses combines data which evolved over a series of FAA sponsored R&D programs. Table 5-1 summarizes the achievements as well as notes the limitations that can be associated with both the test and analysis efforts. Despite the progress noted, there is still a need to acquire additional dynamic response data for transport airplanes. Such added data will enhance confidence in the use of analytical representations to determine aircraft structural responses for impact conditions whi
	The full-scale crash tests, the airplane section tests, and the subsequent modeling do not provide answers to the following pertinent questions: 
	• 
	• 
	• 
	What is airframe failure? This is a critical question since it affects the definition of a survivable envelope. The analysis presented in this study use current airframe strength exceedance as the limit of a survivable crash environment. 

	• 
	• 
	Can analysis confidently predict the limits of airframe structural integrity for an envelope of impact conditions and the range of design configurations covered in FAR25? The available test data does not address many impact conditions. The analysis treats only one narrow-body transport airplane configuration. 

	• 
	• 
	What magnitude and duration of floor impact pulse are associated with the critical seat/occupant longitudinal load? The ramp impact produces a severe longitudinal pulse, but only in the nose section of the airplane. 


	1U'l 
	I 
	TABLE 5-1. ASSESSMENT OF FAA SPONSORED TEST AND ANALYSES PROGRAMS 
	Figure
	Figure
	LIMITATIONS
	LIMITATIONS
	ACHIEVEMENTS 

	• 
	• 
	• 
	WITH REGARD TO TEST DATA: HAS PROVIDED DATA WITH REGARDS TO: 

	• 
	• 
	PRE·CID FULL SCALE AIRPLANE, SECTION TESTS, SUPPORTING ANALYSIS 


	-ONE AIRCRAFT SIZE TESTED -THE INITIAL APPLICATIDN DF MODELING TRANSPORT AIRCRAFT 
	-ONE AIRCRAFT CONFIGURATION TESTED STRUCTURAL DYNAMIC RESPONSES WHICH SHOWED SATISFACTORY 
	-THE FUSELAGE SECTION aROP TESTS DO NOT PROVIDE THE lOAD· AGREEMENT WITH THE L·1649 MID·FUSElAGE RESPONSES AND THAT 
	DEFLECTION OF "HARO POINTS." -THE AMOUNT OF CRUSH EXPERIENCED BY THE SOFT SECTIONS AT THE
	THE lONGITUDINAL DYNAMIC PULSE WAS ADEQUATelY COVERED BY 
	HIGHER SINK SPEEDS (35 FT/SECI IS MOST LIKELY NOT REALIZABLE IN A
	HIGHER SINK SPEEDS (35 FT/SECI IS MOST LIKELY NOT REALIZABLE IN A
	EXISTING 9g STATIC REQUIREMENTS (REFERENCE 51. 

	CRASH SCENARIO. SUBSE~UENT PARAMETER STUDIES HAVE SHOWN 
	-THE CID FUSelAGE IMPACT lEVELS WHICH WERE SUBSTANTIAllY 
	THAT "HARD POINT" INTERFERENCE WILL OCCUR BEFORE THE FULL
	BElDW THE LIMITS OF THE AIRFRAME'S STRUCTURAL INTEGRITY. 
	CRUSH OF THE SOFT SECTION IS DEVELOPED. 
	-REPRESENTATIVE FUSelAGE UNDERSIDE CRUSH CHARACTERISTICS OF 
	-REPRESENTATIVE FUSelAGE UNDERSIDE CRUSH CHARACTERISTICS OF 
	-THE LAURINBURG TEST DID NOT (a) PRODUCE FLOOR ACCELERATION
	TYPICAL NARROW·BODY AIRPLANE SOFT FRAME STRUCTURE AND 
	MEASUREMENTS, (b) EXHAUST THE CRUSH CAPABILITY OF THE "HARD 
	FLOOR VERTICAL ACCELERATION RESPONSE FOR DIFFERENCE SINK 
	POINT" STRUCTURE (FLOOR FAILURE DID OCCUR), NOR Ie) ADDRESS 
	SPEEDS FROM TESTS AND COllABORATED WITH MDDELING ANALYSIS. 

	MORE SEVERE PITCH·UP AND PITCH·OOWN IMPACTS. 
	-THE PRE·CID TEST ANALYSIS INDICATED THAT THE AIRFRAME 
	-THE DATA, WITH THE EXCEPTION OF A WIOE·BODY FUSELAGE SECTION RESPONSE AND, CONSEQUENTLY, THE IMPACT LEVELS AT WHICH 
	DROP TEST, ARE APPLICABLE Ta ONE NARROW·BODY AIRCRAFT AIRFRAME STRUCTURAL INTEGRITY LEVELS ARE EXCEEDED ARE 
	CONFIGURATION. STRONGLY INflUENCED BY "HARD POINTS" AND THE DEFLECTION AT 
	-Na TEST DATA AVAILABLE FOR IMPACT AT HIGH PITCH·UP ATIlTUOE. WHICH STRUCTURE RE·STIFFENING OCCURS. 
	-THE LAURINBURG TEST WHICH SHOWED THAT "HARD POINTS" EXHIBIT SIGNIFICANTlY MORE CRUSH THAN WAS OBSERVED IN THE LANDING GEAR WHEEL WELL SECTION TEST, WHICH WAS CONDUCTED 
	WITHOUT THE WING STRUCTURE OR ITS EFFECTS. THE LAURINBURG TEST WHICH ALSO PROVIDED DATA RelATED TO FUSELAGE STRENGTH, FUSelAGE UNDERSIDE CRUSH OISTRIBUTIOIN AND IMPROVED THE CID MODELING. 
	-THE PRE·Cm AND cm CORRELATION EFFORTS WHICH INDICATED THAT MODELING CAPABIlITY COULD BE ENHANCED WITH A WIDER RANGE OF SUPPDRTING TEST DATA AND ADDED ANALYTICAL FEATURES, I.E., CDMBINED FAILURE LOADS CRITERIA, PLASTIC HINGE REPRESENTATlDNS. INITIAL CONDITIDN LOADINGS. 
	Figure
	• 
	• 
	• 
	CID CORRELATION AND POST·CID ANALYSIS HAVE PROVIDED DATA WITH 

	• 
	• 
	WITH REGARD TO ANALYSES: REGARD TO: 


	-THE MODELING IS PERFORMED FOR ONE AIRPLANE CONFIGURATION. -AIRFRAME RESPONSE AS A FUNCTION OF SINK SPEED AND PITCH 
	-THE REPONSES FOR PITCH·UP AND PITCH·DOWN CONDITIONS (+ 6 ATTITUDE, 
	DEGREES) HAVE NOT BEEN CONFIRMED SINCE AIR·TO·GROUND IMPACT -FUSelAGE BENDING AND SHEAR STRUCTURAL INTEGRITY AS A 
	DATA HAS BEEN LIMITED TO LESS THAN 2DEGAEES. FUNCTION OF IMPACT CONDITION, 
	-THE ANALYSES 00 NOT PRODUCE SUBSTANTIAL LONGITUOINAL PULSES -THE DEFINITION OF A POTENTIAL FLOOR PULSE lONGITUDINAL VERSUS 
	DURING THE GROUNO·TO·GROUNO IMPACT CONDITION. THE ONLY EVIDENCE OF A RELATIVELY SEVERE LONGITUDINAL PULSE HAS BEEN THE
	DURING THE GROUNO·TO·GROUNO IMPACT CONDITION. THE ONLY EVIDENCE OF A RELATIVELY SEVERE LONGITUDINAL PULSE HAS BEEN THE
	VERTICAL CHANGE IN VELOCITY ENVELOPE WHICH IS RELATED TO 
	MEASURED NaSE CABIN RESPONSE WHICH OCCURRED WHILE THE
	AIRFRAME STRENGTH. 

	FUSELAGE EXPERIENCES A BREAK le.g., L·l S49 IMPACT ONTO A
	-THE CHANGE IN flOOR PULSE AMPLITUDE, DURATIDN AND VElDCITY 
	-THE CHANGE IN flOOR PULSE AMPLITUDE, DURATIDN AND VElDCITY 
	200EGREE SlOPEI.

	AS A FUNCTION OF THE FUSELAGE CRUSH CHARACTERISTICS. 
	-THE ANALYSES RESULTS ARE STRONGLY DEPENDENT ON THE
	-THE ANALYSES RESULTS ARE STRONGLY DEPENDENT ON THE
	-THE BENDING MOMENT RESPONSES OBTAINED FROM THE CID DATA 
	AVAILABLE CRUSH DISTRIBUTION ALONG THE FUSELAGE UNDERSIDE.

	EXHIBITS LOW FREQUENCY FUSelAGE BENDING MODES. THUS, THE 
	HARD POINTS" WHICH ARE lOCATED AT THE NOSE, MAIN GEAR. AFT
	USE OF STICK MODelS TO RelATE TO OVERALL FUSELAGE BENDING 
	USE OF STICK MODelS TO RelATE TO OVERALL FUSELAGE BENDING 
	PRESSURE BULKHEAD AND THE CENTER WING SECTION Will PRODUCE
	LOADS IS APPROPRIATE. 

	LOADS WHICH EXCEED AIRFRAME STRENGTH WHEN "BOTTOMING
	LOADS WHICH EXCEED AIRFRAME STRENGTH WHEN "BOTTOMING
	-DIRECT COMPARISON OF FUSELAGE AND WING PEAK RESPONSES AND 
	OUT" OCCURS. LITTLE TEST DATA IS AVAilABLE TO CONFIRM THE
	lENGTHWISE/SPANWISE DISTRIBUTION BETWEEN TEST AND ANALYSES. 

	. CRUSH CAPABILITY OF THESE CRITICAL STRUCTURES. 
	SECTION 6 
	CONCLUSIONS 
	1. 
	1. 
	1. 
	Parameter sensitivity study results appear reasonable when compared to available analysis results and test data. 

	2. 
	2. 
	Airframe and seat dynamic test crash design velocity change envelopes have been developed which are based on data from full-scale crash test, section impact tests, and KRASH parameter variation analyses. 
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