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Abstract 
 
In this paper, a method of modeling a seat belt on a crew seat during a dynamic seat testing was studied. The body 

segments of the occupant were modeled with joints that consisted of various stiffness, damping, and friction. Three 
types of seat belt restraint systems were investigated and an analysis on the injury assessment of the helicopter's crew 
under a drop impact was conducted. The effectiveness of the seat belt system for crashworthiness and safety was like-
wise evaluated. From the impact analysis results, it was determined that the head, neck, and spine of the crew body can 
be easily damaged in the vertical direction more than the longitudinal direction. Based on the verified model, the hu-
man body’s behavior was studied using three point restraint systems. The displacement and injury level of the 12-point 
restraint system was the smallest. 
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1. Introduction 

Military aircraft commonly consists of an escape 
seat and a controller to control the escape system for 
occupant survivability [1]. Thoroughly understanding 
how a human responds in an impulsive environment is 
essential to prevent injuries [2, 3]. Many impro-
vements have been accomplished through various 
studies and analyses, and these results have been 
applied to new aircraft designs [4]. 

From 1955 to 1965, a popular approach to the 
determination of an aircraft’s structural crash design 
capability was to perform full-scale crash tests. Tests 
of this nature are extremely expensive, particularly 
when the test article increases in size, such as in 
current wide-body jets. In addition to cost, the test 

conditions are not repeatable. The 1970s witnessed 
significant advances in the computer modeling of 
nonlinear crash dynamic behavior, both at the 
substructure and airframe level [5]. A full-scale crash 
test of the Sikorsky ACAP flight test helicopter was 
performed at the Impact Dynamics Research Facility 
of the NASA Langley Research Center in June 1999. 
The purpose of the test was to generate experimental 
data for correlation with a nonlinear, explicit transient 
dynamic crash simulation developed using the MSC 
Dytran finite element code. For the test the helicopter 
was outfitted with two crew members, two troop seats, 
and four anthropomorphic test dummies [5]. In this 
paper, three restraint scenarios are considered: 5, 7, 
and 12-point restraint systems. 
 

2. Crash environment 

2.1 Requirements of seat design 

The conditions of performance requirement for 
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military helicopter seats were defined by JSSG-2010-
7 [1]. These conditions consist of a static load test and 
a dynamic load test. Figure 1 shows the cockpit seat 
design and the static load test [1]. Table 1 shows the 
dynamic test parameters for military rotary-wing 
aircraft. Working with a 50 %tile of human model 
crew (male), we considered the following: human 
body: 77.3 kg, clothes: 14 kg, helmet: 1.5 kg, shoes: 
1.9 kg, and total mass: 81.1 kg.m 

 
Table 1. Dynamic test parameters for military rotary-wing air-
craft (MIL-S-58095) [1]. 
 

Test condition and seat orientation 

Test 1: Downward, Forward, 
and Lateral Loads 

Test 2: Forward and Lateral 
Loads 

 
Pitch Roll Yaw Pitch Roll Yaw

-30 10 0 0 0 -30 

Test pulse required 

Parameter Limits Parameter Limits 

t0 sec 
t1 sec 

GTest 1 

0.000 
0.061 

48 

t0 sec 
t2 sec 

GTest 2 

0.000 
0.100 

30 

 

 
 
Fig. 1. Cockpit seat design and static load test [1]. 

 
2.2 Cushion modeling of seat 

The comfort characteristics of automotive seats are 
strongly related to various seat design factors and 
their static and dynamic properties, including 
vibration attenuation characteristic and pressure 
distribution at the human seat interface. The widely 
used polyurethane foam cushions possess highly 
nonlinear visco-elastic properties. The energy 
restoring and dissipation properties of such cushions 
are strongly dependent upon the subject’s posture and 
physical characteristics and the magnitude and 
frequency of vibration excitation [5]. Figure 2 shows 
a pilot seat with six degree of freedoms. 
 

3. Crew modeling and analytical results of 
human behavior 

3.1 Injury criterion 

Currently, military crash-resistant seating systems 
for rotary-wing and light fixed-wing aircraft are 
evaluated against criteria established by a NASA 
memorandum published by Eiband, entitled “Human 
Tolerance to Rapidly Applied Accelerations: A 
Summary of the Literature.” These criteria were pub-
lished in 1959 and were based on human and animal 
test data. Much of the data were collected for a vari-
ety of full-torso restraints as well as head restraints in 
some cases. 

 
3.1.1 Head injury criterion 
With recent advances in automotive crash safety, 

the National Highway Traffic Safety Administration 
(NHTSA) has promulgated several injury criteria that 
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Fig. 2. Crew seat with six degree of freedoms. 
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Fig. 3. Injury assessment curves of Hybrid Ш-type adult dum-
mies [1]. 
 
could also have applications to military crash safety 
[5]. Foremost among these criteria is the head injury 
criterion (HIC). The HIC duration should be limited 
to 15 milliseconds or less to calculate the HIC value 
for a given head acceleration-time history. HIC values 
are required under 1113 at 5 %tile small female, 1000 
at 50 %tile midsize male, and 957 at 95 %tile large 
male. HIC is defined as follows: 

 
(1)

 
where t1 and t2 are the initial and final times (in sec-
onds) of the interval, respectively, during which HIC 
attains a maximum value and acceleration is meas-
ured in g's. 

 
3.1.2 Neck injury limit value 
Fig. 3 summarizes injury assessment reference val-

ues (IARVs) for Hybrid Ш-type adult dummies [1]. 
According to IARV, flexion bending moment was 190 
Nm and extension bending moment was 57 Nm. For 
axial neck compression serious injury did not occur 
under 1.1 KN, even though the load was endured for a 
long time. 
 
3.2 Restraint system 

A computer model of the helicopter occupant was 
developed through the commercial software Life-
MOD [2] using a seated Hybrid Ш (1750 mm, 77.3 
kg), which is generated in 19 segments. Cervical ver-
tebra consisted of one part in LifeMOD that was 
transfigured into seven parts in order to observe spe-
cific cervical vertebra behavior. Fig. 4 shows an ana-
lytical model with a seat, a human body, and a re-
straint system. The human body model consisted of 
25 segments and 24 joints. The mass of the helmet 
was added to the concentrated mass of the head. 

   

5-point 7-point 12-point

 

   

Analytical model 5-point 7-point 12-point
 
Fig. 4. Analytical model and three typical restraint systems [5]. 

 
 

(0.085 ~ 0.095, 1500)

(0.105, 1100)

(0.060, 3100)
5-point restraint system
7-point restraint system
12-point restraint system
IARV curve [6]

 
(a) Test 1 

 
5-point restraint system
7-point restraint system
12-point restraint system
IARV curve [6]

(0.115 ~ 0.125, 1500)

(0.135, 1100)

(0.090, 3100)

 
(b) Test 2 

 
Fig. 5. Absolute joint shear force history for three restraint sys-
tems. 

 
In this paper, three restraint scenarios are considered; 
5, 7, and 12-point restraint systems. Fig. 5 shows the 
three typical restraint systems [5]. The seat motion 
assumed a rigid-body motion. 
 
3.3 Analytical results of human behavior 

Figs. 5 (a) and (b) show the absolute joint shear 
force history of test 1 and test 2 for the three restraint 
systems, respectively. Figs. 6(a) and (b) show the 
neck joint torque history of test 1 and test 2 for the 
three restraint systems, respectively. 
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(a) Test 1 

 

5  -point restraint system
7  -point restraint system
12-point restraint system
IARV curve

-57 Nm

 
(b) Test 2 

 
Fig. 6. Joint torque history of neck for three restraint systems. 
 

4. Conclusions 

An analysis on the injury assessment of a helicop-
ter's crew under a drop impact was conducted. The 
effectiveness of the seat belt system for crashworthi-
ness and safety was evaluated. The conclusions are 
described as follows: 

1) From the impact analysis results, it was deter-
mined that the head, neck, and spine of the crew 
body can be easily damaged in the vertical direc-
tion more than the longitudinal direction. 

2) Based on the verified model, the human body’s 
behavior was studied using three point restraint 
systems. The displacement and injury level of 
the 12-point restraint system was the smallest. 

A developed musculoskeletal dynamic model can 
be applied to biomechanics, kinetics, medical science, 
and gait analysis. 
 

References 

[1] Department of defense joint service specification 
guide, Crew systems crash protection handbook, 

JSSG-2010-7, (1998). 
[2] J. H. Lee, Y. S. Lee and K. H. Han, A study on 

impact analysis of side kick in taekwondo, Interna-
tional Journal of Modern Physics (B), 22 (9-11) 
(2008) 1760-1765. 

[3] J. H. Lee, Y. S. Lee, K. H. Han, H. S. Lee and E. Y. 
Lee, A study on the dynamic analysis of side kick in 
taekwondo, Transactions of the KSME (A), 32 (1) 
(2008) 83-90. 

[4] MIL-S-58095(AV), Seat system, crashworthy, non-
ejection, aircrew, Military specification, (1971). 

[5] R. F. Chandler, Occupant crash protection in mili-
tary air transport, AGARD-AG-306, (1990) 75-89. 

 
 

Young-Shin Lee received a 
B.S. degree in Mechanical 
Engi-neering from Younsei 
University, Korea in 1972. He 
received master and Ph.D. 
degree in Mechanical Engi-
neering from Yonsei University, 
Korea in 1974 and 1980 respec-

tively. He is currently professor and Dean of Industry 
Graduate School and Director of BK21 Mechatronics 
Group at Chungnam National University, Korea. Prof. 
Lee's research interests are in area of impact mechan-
ics, optimal design, biomechanical analysis and shell 
structure analysis. 

 
Jung-Hyun Lee received a B.S. 
degree in Mechanical Design 
Engineering from Chungnam 
Na-tional University, Korea in 
2007. He received master degree 
in Mechanical Design 
Engineering from Chungnam 
National Uni-versity, Korea in 

2009. He is currently researcher of Korea Aerospace 
Research Institute, Korea. 

 
Kyu-Hyun Han received a B.S. 
degree in Mechanical Design 
Engineering from Hanbat Na-
tional University, Korea in 2002. 
He received master degree in 
Mechanical Design Engineering 
from Chungnam National Uni-
versity, Korea in 2004. He is 

currently researcher of Simuline Inc, Korea. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


