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ABSTRACT 

 

There has been a significant increase in demand for commercial and non-commercial 

airplanes. In the aviation industry, aircraft seats play a vital role in occupant protection during air 

crash scenarios, and hence they are given utmost importance in design and efforts are made to 

customize them. So far, the regulations by the Federal Aviation Administration (FAA) address 

only the forward-facing seats. However, for oblique-facing aircraft seats, which are typically 

categorized to be oriented between 18 to 90 degrees, no such regulations exist. The aim of this 

research is to examine potential injuries to the occupants on oblique-facing seats. To reach the 

goal, the finite element (FE) modeling and simulations are carried out in both rigid and a typical 

representative aviation seat, with and without arm-rest. The FAA Hybrid-III and Hybrid-II 

anthropomorphic test devices (ATDs) are utilized for simulations. The dynamic conditions of Test-

1 (14-G) and Test-2 (16-G) pulses are applied for both forward-facing and oblique-facing seats in 

various configurations. Hence, the respective pulses are applied in the longitudinal and lateral 

directions to the occupants. The simulations are carried out for six various seat configurations and 

restraint systems. The injuries to the head, neck, torso, and pelvis areas of the occupants are 

recorded. The responses from the oblique-facing seats are compared with those from the forward-

facing seats. The results are also compared with experimental ones from literature, and 

configurations which better protect the occupants in oblique-facing seats are arrived at. The 

responses of FAA Hybrid-III and Hybrid-II ATD’s are compared. It is observed that for Test-1 

condition, the spinal loadings are reduced in oblique seats compared to those for the forward-

facing seats. The occupants are exposed to both lateral forces and moments in both Test-1 and 

Test-2 oblique-facing seat conditions. Out of all the cases, the configuration with 45 degrees seat, 

arm-rest, body-centered belt is identified to provide best protection to the occupants. 
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CHAPTER 1 

1 INTRODUCTION 
1.1 Background  
 

The safest form of the transportation is the air travel (Kane, 2003). The deaths for every 

100 million miles traveled is 0.01. For train travel, it is 0.04 and for automobiles, it is 0.94 (Kane, 

2003). Nonetheless, aircraft seating, structures, and cabin interior need to be continuously designed 

for better crashworthiness and occupant protection. The regulations by the FAA have a purpose to 

protect the passengers in crash scenarios, especially at the time of landing for forward-facing seats 

with (CFR) Parts 25.562 and 25.785 regulatory standards (Regulations, 1970). The Test-1 

conditions, 14g pulse loading is applied in both the vertical and longitudinal directions while the 

Test-2 condition, 16 g pulse loading is applied in the longitudinal direction. The key factors of the 

FAA regulation have contributed to low commercial airline fatality rate for forward-facing seats. 

Figure 1.1 shows the accidents for a commercial jet for over 54 years span., i.e. from 1959- 2013 

 

Figure 1.1 Accident Rates, Worldwide Commercial Jet Fleet – 1959 through 2013 (Eskiler, 
2015) 
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It is observed that the fatalities correspond typically to  onboard flights, thus the necessity 

for aviation safety has been increased during the 1990s. Figure 1.2 shows the fatal accident from 

1987 to 2000. It can be observed that more than one-fourth contribution to these accidents is due 

to loss of control. 

 

 

 

 

 

 

Figure 1.2 Airliner Fatal Accidents from 1987-2000 in US and Foreign Carrier (Kane, 2003) 

Also, 80 percent of all aviation accidents occur shortly before, after, or during take of or 

landing (Lankarani, 2016). The installation of seats at an oblique angle (18-90 degrees) for 

increased comfort and versatility requires assessment. The modification has been done to Test-1 

and Test-2 and development of the dynamic test for oblique-facing crash started between 1985 and 

1990 (DeWeese e. a., 2015). To assess the knowledge of the injuries which the occupants are 

exposed to and for protection of occupants for both aviation and automotive applications, 

accountable research has been done by both industries. Possible common injuries, are observed, 

and injuries to the head, torso and pelvic region. Aviation industry has been focusing on neck 

injury and flailing injuries. However, the failure to restrict the side-facing seats, which are an 

“equivalent level of safety”, compared with as frontal impacts have been the problem of the FAA 

(Philippens, et al., 2009). The aircraft industry requires a safe standard for an oblique angle, where 

the seating density and comfort for the passengers or the occupants seated are considered. During 
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oblique seating landing, airplane presents unique challenges since the occupant experience 

complex, multi-axis loading, and related injuries might differ from those of the forward-facing 

seats. The FAA has initiated in developing injury evaluation methods and criteria's for ensuring 

the safety of the occupants in the oblique orientations, which are affordable and provide protection 

to the occupants from the side-facing or forward-facing orientations (Yoganandan et al., 2014). 

This also involves determining the human impact and the injury biomechanics for predicting 

injuries in the occupants during a survival crash. 

1.2 Current Regulation CFR 25.562 

The aviation seat crashworthiness regulations for transport airplanes and the regulations 

information related to the test conditions, pulse acceleration levels and anthropomorphic test 

devices are elaborated. 

1.2.1 Test-1 Condition, 14-G Pulse Loading 

In this test condition, the impact 14 g produces force component along the spinal column 

of the occupant in a combination with the longitudinal force component. This test evaluates the 

critical compressive force on the pelvic and lumbar under in combined downward and forward 

impact loading (Soltis, 1995). The gravity load is applied in the vertically downward direction. 

Figure 1.3 illustrates the setup for the test and the loads applied to the seat. 

1.2.2 Test-2 Condition, 16-G Pulse Loading  

The aim of this test to determine the structural performance of the seat system itself and 

the occupant/cabin interaction in a scenario where the loading is along the longitudinal axis of the 

airplane with a combination with some lateral impact (Soltis, 1995). In this test, injuries typically 

to the head, chest, and spine of the occupants are examined. Although not part of the regulation, 

the tension force in the lumbar tension have been evaluated in this study as well. The pelvic 
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restraints and torso restraints are also calculated in this research. The gravity is applied in the 

vertical downward direction. Simulation model setup for the above test is shown in Figure 1.4 

 

Figure 1.3 Test-1, Forward-Facing Seat (Soltis, 1995) 

 

Figure 1.4 Test-2, Forward-Facing seat (Soltis, 1995) 

The ATD’s, normally the FAA Hybrid-III or the Hybrid-II, is positioned on the seats and belt is 

fitted to restraint the pelvis during the impacts. The occupants expose to the loading in the head, 

torso, neck, and pelvis region in both tests. The structural response of the seat is also evaluated in 

Test-2.  
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1.3 Injury Pass/Fail Criteria for Forward-Facing Seats 

The advisory circular of CFR 25.562 describes the pass/fail criteria to evaluate and minimizes 

the occupant injuries caused due to the impact forces (Regulation, 2006).  Figure 1.5 shows the 

pass/fail criteria as per FAA for forward-facing seats. The criteria include: 

 For Test-2, the Head Impact should not exceed the Head Injury Criteria (HIC)-36 (or HIC-15 

of 700), 

 For Test-2, the femur loads cannot exceed 2250 lb (10.00 kN),  

 For Test-2, The tension loads in individual straps should not exceed 1750 lb (7.78kN), 

 

Figure 1.5 Federal Aviation Administration Regulation for Frontal Impact Seats (Regulation, 

2006) 

 The lumbar compression load cannot exceed 1500 lb (6.67 kN) for Test-1 

 For restraining the torso, if the more than one strap is used, the maximum tension does not 

exceed the value of 2000 lbs (8.90 KN) 
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Added measures are also included in this study, based on the oblique loading impacts technical 

criteria from FAA and data from literature. These include: 

 Based on the Post Mortem Human Subject (PMHS) tests the maximum tension load on the 

lumbar should not exceed 5.2 kN (Federal Aviation Administration, 2017). Additional research 

on the regulatory standards as per FAA show that the tension limit of 12.7 kN (Humm, et al., 

2015).  

The requirements mentioned above provided by FAA is for longitudinal facing seats. However, 

no current regulation exists for oblique facing seats. Inadequate parallels are drawn, but forward- 

facing standards cannot be directly applied. The special condition is required and as per PNM-25-

27 for oblique-facing seats shown in Table 1.1. 

Table 1.1 Injury Criteria for Oblique-Facing Seats (Federal Aviation Administration, 2017) 

Condition PS- ANM-25-27- Oblique Facing seats 

Pelvic Acceleration The parts of the ATD near the pelvis must move beyond the 
edges of the seat supporting structure. 

Lumbar Loads The tension in the Fz direction, for the lumbar, cannot exceed 
to 1200 lb (5.2kN) 

 

1.4 Injury Parameters 

The Injury parameters described in the previous section are individually described here. 

There are based on the acceleration pulse as prescribed motion applied the impact conditions and 

can be validated with the standards by LS-Dyna. The injury parameters which are concentrated in 

this study are for the head, neck, torso, and pelvis regions.  
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1.4.1 Head Injury Criteria 

Head Injuries are one of the most severe types of injuries which will lead to the death of the 

occupant during crashes. In the aviation sector, the head Injuries are reduced by seeing the head 

path in the crash and protecting it with the airbags and other passive restraint systems. The equation 

1.1 show the formula for the HIC. Also, an injury criterion has defined the government of the 

United States for the head. For frontal facing impact, HIC does not increase the value of 1000 was 

set for 36 ms, and 700 was set for 15 ms by the automotive industry (Versace, 1971). 

 

1.4.2 Neck Injury 
 

The injuries of the neck can typically happen to the passenger during the rear collisions.  

During the collision, head lags the torso region and neck reaches the maximum permissible limits 

and a sudden neck force is generated. If the head rotates rearward, then it is called hyper-extension. 

Whereas, if the head rotates forward, it is called hyper-flexion.   

 

Figure 1.6 Neck Extension and Tension Scenario (Mertz & Patrick, 1971) 

(1.1) 
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Figure 1.6 shows the neck extension and tension scenario. In this research, it is seen that 

there might be a possibility of neck failure for passenger oblique facing seats. Figure 1.7 shows 

the Neck load and moments under FMVSS 208 Injury Criteria for 50% male or Hybrid III ATD. 

The maximum tension force should not get exceeded 4170 N. The neck peak compression should 

not be above 4000 N and the shear force has a threshold value of 3100 N. Table 1.2 gives a list of 

all the injury thresholds for a 50th percentile male in a neck injury (Mertz & Patrick, 1971). 

Table 1.2 Neck Injury Criteria for Hybrid-III 50th Percentile Male (Mertz & Patrick, 1971) 

Neck Peak Tension Force 4170 N 

Neck Peak Compression Force 4000N 

Neck Extension Moment 57 Nm 

Neck Flexion Moment 190 Nm 

Neck Shear Force 3100 N 

Nij 1.0 

 

In addition, the Nij is evaluated from combination of neck load and  nec moments evaluated as 

Nij 

Nij = Fz/Fzc + My/Mc                  (1.2) 

Where Fz is the axial load, Fzc is the critical intercept value of load used for normalization, My is 

flexion/ extension bending moment, Myc is the critical intercept value for moment used in 

normalization. There are four values of Nij namely, Nte, Ntf, Nce, and Ncf based on 

tension/compression loading and extension/flexion moment on the neck and the Nij Limit is < 1.0 

(Prasad & Daniel, 1984) 
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1.4.3 Thorax Injury 
 

 In oblique facing collisons, 20.2 % of the injuries are contributed by the thorax region. To 

identify the injuries to the torso region, the deflection and acceleration are necessary to be 

evaluated.  The maximum chest deflection is 63 mm and acceleration are 60 G’s as per FMVSS 

208 Chest Injury criteria. Table 1.3 shows the  injury criteria for the torso as per FMVSS 208. 

Table 1.3 Torso Injury Criteria as per FMVSS 208 (Viano, 1989) 

 

Thorax injuries usually occur when the thorax is suddenly decelerated by blunt impact. 

There are three different injuries causing mechanisms. The Figure 1.7 shows the three types of 

chest loading and injuries in the thorax region, namely elastic, viscous and inertial. There can be 

described as, 

 

Figure 1.7 Types of Chest Deflection in the Thorax Region (Research Council, 1985) 
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Elastic: The compression of the body due to the increase in elastic tolerance and with slow or high 

deformation leads to the injury. 

Viscous: Shock waves produced due to impulsion, which results in internal injuries because of an 

increase in the viscous tolerance without deformation of the outside body. 

Inertial: When the acceleration is applied, it tears the internal structure because of inertia effects 

injuries in the thorax can be seen. 

1.4.4 Pelvic Injury 
 

The pelvic region consists of the hip joint, iliac wings, sacrum, and pubic rami. Due to lateral 

acceleration in the oblique facing seats the pelvic region is carefully noticed. The pelvic restraints 

must remain on the Occupant during the entire test with forwarding and oblique facing seats. The 

limit for the pelvic acceleration should not exceed 130g according to FMVSS 2014 regulations 

(NHTSA Technical Report, 1999). The compressive load between the pelvis and lumbar of the 

ATD should not exceed 1500 lbs (6.67 kN). Axial pelvic load for 50% male ATD should not 

increase 2250 lbs Belts loads which are one the pelvis does not exceed 1750 lbs (7.78 kN). 

1.5 Literature Review 

The relevant literature on the study of oblique impacts can be grouped in to three categories 

namely  

o Human Response in Oblique impacts 

o Side Impacts Occupant Protection 

o Structural Response of Aviation Seats and ATD’s 

o Oblique Impacts on Aviation Seats. 

Three sources are individually described next. 
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1.5.1 Human Response in Oblique Impacts 

The research on the ATDs started after 1950. Earlier, the human volunteers, animals, and 

cadavers are used in crash tests. There was difficulty in comparing the data between the human, 

animals, and cadavers. To overcome all these difficulties, Sierra Engineering Co. created the first 

crash test occupant. However, this dummy was not able to meet the comparison limits. In 1971 the 

first crash test dummy was made by General Motors named Hybrid-1 (Assaro, D., 2017). The 

upgradation to Hybrid- 1 occupants led to the 50th percentile Hybrid-III, which is widely used in 

the automotive sector.  The modification in Hybrid-III led to FAA Hybrid-III dummy for the 

Aviation Crash scenarios. 

(Shaw, et al., 2006) studied the thoracic response of PMHS in lateral and oblique sides 

with low energy impacts. The data collected in this research was from a chest band which was 

fitted on the thorax, to measure the thoracic deflection. The test impact on the PMHS was done 

at a speed of 2.5m/s (Shaw, 2006). They concluded that the forces are much higher in the lateral 

direction than the Oblique. However, the deflection showed the opposite behavior, Oblique 

deflection is greater than the lateral deflection. 

  (Subit, et al., 2010) conducted the tests to provide the biomechanical response of the thorax 

in Oblique and lateral loading using Human Cadavers. The impacts were from left and right side 

at different angles such as lateral, +15 degrees posterolateral, -15 degrees anterolateral at three 

different positions (shoulder, upper chest and mid-chest) with constant velocities 1, 3, and 6 m/s. 

nineteen tests were performed (Subit, et al., 2010). To measure the deflection a standard data 

acquisition system and an Optoelectronic stereophotogrammetric system was used and for the rib 

fractures, palpation and necropsy of the torso were done after each test. Consequently, it was seen 

that the forces increase from mid-chest to the shoulders. Whereas, the deflections were negligible 
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in upper and lower chest impacts. The rib fractures were seen much higher in anterolateral impacts 

than others (Subit, et al., 2010). 

(Deweese, et al., 2012) examined side impacts crash on aviation seats. In this study three 

crash configurations were studied for determining the forces, displacement and acceleration and 

the kinematics behavior of Euro SID ES-2 and Es-2re dummies. To evaluate the inflatable 

restraints, the loads of torso of 20 lb were applied at the intersection of the midsagittal plane and 

the bottom rib, the head is set to the midpoint of the available range of Z-axis rotation, separated 

the knees by 4 inches, positioned the arms with respect to torso at an angle of 40 degrees. These 

changes helped in reproducing the seating method for Euro-SID dummies like FAA Hybrid-III. 

Later the dynamic test was reproduced on ATD’s. This evaluation showed that configurations 

permitting excessive lateral flail did not pass, and those that limit it by combining effective restraint 

system geometry with a barrier or inflatable restraint passed readily (DeWeese, 2012). The 

outcome of his research helped in reducing the injuries in seating scenarios particularly in the 

region of head acceleration, neck loads, chest acceleration, and rib deflection 

1.5.2 Side Impacts Occupant Protection  
 

(Lankarani, et al., 1998) conducted a study on the kinematics of the occupant in side-facing 

aviation seats. In this study, the side facing impacts were conducted with ES-2RE SID dummy 

while resting it on a rigid couch and facing it to a generic bulkhead, to see the maximum injuries. 

The study continued with adding a Hybrid-II ATD occupant a beside the SID dummy. The 

analytical side of this study was also reviewed and compared. In conclusion, they came up with 

simple guidelines for certification of the side facing seats. 
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(Sasikumar, 2016) made a study on frontal impacts for human model and dummy models 

with consideration of an airbag, without an airbag and without a seatbelt. The test was conducted 

in MADYMO and compared as per federal regulation standards FMVSS 208. The concentration 

of his research was in the torso region with chest deflection, chest acceleration, and Viscous 

Criterion (VC) calculations. Sasikumar concluded that oblique and frontal impact test have similar 

results. However, the tires, suspension, and firewall affected during a collision can lead to severe 

injuries in the occupant. It was observed that airbags and the 3-point seatbelt played a vital role in 

occupant safety and reduce the loads in the spine region. (Sasikumar, 2016) 

(Koppisetty, 2017) investigated the study on ES-2RE and Human Body Model (HBM) for 

crash dynamic simulation according to FMVSS 214 regulation standards. The crash simulation of 

the Vehicle was done using LS-Dyna and the responses of the occupant were evaluated in 

MADYMO. With the sled test, the study of Prescribed Structural Motion (PSM) is performed for 

near-side door panels with ES-2RE dummy and HBM occupants in MADYMO. He concluded that 

there was a similar behavior between ES-2RE dummy and HBM in terms of kinematics. On the 

other hand, with regards to the injury parameters, HBM was higher by 20-30% in both the 

restrained and unrestrained scenarios (Koppisetty, 2017) 

  (Tay et al., 2013) studied the numerical analysis of the pre-deployment effects of Side-

Impact Airbags in reducing the occupant injuries. This research was focused on side impact airbags 

pre-deployment, which were installed in a new vehicle model to reduce the occupant injuries. In 

order to deploy the airbag, the vehicle needs sensors to activate, which a required displacement 

measurement, velocity and acceleration measurements are needed to meet the threshold limit. To 

meet this limit, an ideal pre-crash sensing system was installed with the assumption made with 

velocity and acceleration for side airbags (SABs) algorithm (Tay et al., 2013). An ES-2RE ATD 
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was used to examine the crash scenarios. Different velocities ranging from 33.5 mph to 50 mph 

were applied to the FEA simulation. In conclusion, the injuries which are severe in side-impact 

crashes, such as, HIC, Thoracic Trauma Index (TTI), and thorax deflection were reduced using the 

pre-deployment of SABs. Also, the potential of reducing airbag parameters such as deployment 

velocity and rise rate would directly contribute to reducing airbag-related injuries. 

1.5.3  Structural Response of Aviation Seats and ATD’s 
 

A research, related to the 16G and 14G conditions for aircraft crashes was done by (Dhole, 

2010) was reviewed. The aircraft seat and dynamic test under 25.562 was modeled. This included 

the Test-1 and Test-2 dynamic conditions with experimental pulses carried out at the National 

Institute for Aviation Research (NIAR). The various cases were studied by replacing the 

component and changing the properties of an aircraft seat such as belt, cushion and dummy 

replacement with FAA Hybrid-III The study concluded that the FTSS H II 50th %  ATD model 

delivered good results with lumbar loads, torso accelerations, and pelvic accelerations with the test 

carried out at NIAR (Dhole, 2010). 

(Bhonge, 2008) developed on Methodology for aircraft seat certification by dynamic finite 

element analysis (DFEA). The Pitch and roll conditions were also studied for the structural 

response for Aircraft seat and the response of Hybrid-III 50th percentile ATD’s were recorded. The 

comparison of the DFEA and test results indicated reasonable correlation, establishing confidence 

in DFEA methodology. The goal of the Finite Element Analysis (FEA) was not only to design seat 

but also to substantiate the certification tests (Bhonge, 2008).   
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1.5.4 Oblique Impacts on Aviation Seats 
 

(Moghaddami, 2017) simulated the required cases for oblique-facing aircraft seats under 

FAR Test-2 dynamic conditions with multibody dynamics simulations. In his research, the rigid 

seat was modeled in MADYMO and the various test conditions were simulated. To restrain and 

protect the occupants, the body-centered belt was modeled. Three different conditions were 

conducted but the lower extremity leg restraints were neglected in all cases. Rather positioning the 

seats at various orientations (45 degrees and 30 degrees) the applied force was broken into the sine 

and cosine components (Moghaddami, 2017). In addition to Hybrid-III occupant, an ES-2RE 

dummy was also considered. The forces and moments in the torso and lumbar region were 

calculated and validated with the experimental results. Also, for the ES- 2RE occupant, the torso 

injuries such as TTI, Viscous Criteria, chest deflection were addressed.  The study concluded that 

the case scenario with 45-degree impact orientation, armrest, and belts were the optimum 

protection for the oblique facing seats. This study was limited to Test-2 conditions and only utilized 

multi body modeling and simulation approaches.  

[Humm et, al., 2015] conducted the experimental study on preliminary FAA Hybrid-III 

spinal injury criteria for oblique-facing aircraft seats.  In this research, twelve sled tests with four 

pulse severities and three configurations were conducted. Table 1.4 and Figure 1.8 show the details 

of the various configurations. The conditions were 45-degrees, no armrest, pelvis restrained with 

two belts, legs restrained; 45-degree, with armrest, single lap belt, legs restrained; 30-degrees 

armrest, two lap belts, legs unrestrained. The thoracic and lumbar spine forces were recorded. 

Overall, it was seen that the peak tension force in thoracic and lumbar spine region ranged from 

10-12.7 kN for a highest pulse and 3.6-4.2 kN for the lowest pulse. Comparing the experimental 
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results with PMHS data, they came up with a suggestion that the tension loads in the spine must 

be 5.2 kN in FAA Hybrid III for oblique loading in aviation crash scenarios (Humm, et al., 2015). 

Table 1.4 Three Conditons With and Without Arm-Rest and Body-Centered Belt (Humm, et al., 

2015) 

 

 

Figure 1.8 Configurations for Oblique-Facing Seat Tests (Humm, et al., 2015) 
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It can be observed from the research that LS-Dyna and MADYMO models showed a good 

correlation with the experimental results. With the help of Finite element method, the limitation 

standard in oblique facing scenarios can also be improved for both the Test-1 and Test-2 

conditions. Also, both rigid and aviation seats cases can be considered.  The mathematical material 

models can also be developed in the LS-Dyna interface. The impact dynamics behavior for crash 

test dummies such as FAA Hybrid-III and Hybrid-II can be analyzed by conducting oblique-facing 

seat tests using FAA Test-1 and Test-2 conditions. 
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CHAPTER 2 
 

2 OBJECTIVES AND GENERAL METHODOLOGY 
 

2.1 Objectives 

The goal of this research is to examine the dynamic response of an occupant in oblique-facing 

aircraft seats in various configurations. To achieve this goal, the following objectives have been 

identified. 

• To develop finite element models of the passenger/restraint system for various oblique 

configurations 

• To compare the results from the simulations with FAA Hybrid-III in Ls-Dyna with the 

experimental results 

• To utilize these simulations for comparisons of various other configurations and restraint 

systems and conduct the same simulations with a representative Aviation seat and to 

compare the results 

• To evaluate appropriate injury criteria, including lumbar and thoracic forces and moments, 

chest acceleration, chest deflection, neck loads, Head Injury Criteria (HIC) and straps load. 

• To compare the responses for both Test-1 and Test-2 dynamic test conditions for forward-

facing and oblique-facing seats. 

• To identify the configurations that provide better protection the occupants in oblique-facing 

aircraft seats. 

2.2 General Methodology 
 

The thesis begins with the development of a rigid seat and a representative aviation seat 

models for the CFR 25.562 emergency landing crash conditions. The 16g Test-1 and 14g Test-2 
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conditions with baseline longitudinal pulse are then conducted with a FAA Hybrid III and a Hybrid 

-II for forward-facing impacts. Further, tests with oblique facing seats are then simulated. The 

three cases are replicated from the literature for the rigid seat, Case 1: orientation of model to 45 

degrees with a lap belt, body-centered belt, and lower extremity restrained; Case 2: orientation of 

model to 45 degrees with lap belt and lower extremity restrained and no Body-centered belt; Case 

3: orientation of the model to 30 degrees with lap belt and Body-centered belt but no Armrest and 

lower extremity restrained.  

 

Figure 2.1 Progression of Steps for Simulations and Analysis 

 

 Figure 2.1 shows the progression of research steps for the simulations and analysis for both 

the occupants and for the rigid and the representative aviation seats. It should be noted that the 

aviation seat has the similar cases, but lower extremity constrained is not considered in all the 

cases. Other cases are also studied interaction with an only body-centered belt and no armrest; the 
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only body-centered belt, and arm-rest, only lap belt and Armrest; examining the injuries to the 

occupant when placed on a rigid and a representative aviation seat. 

2.3  Computer-Aided Engineering Tools 

Computer Aided Engineering (CAE) tools are widely used in both Aviation and 

Automotive Industries, as to conduct the real-time crash kinematics is costly. CAE tools can be 

used multiple times, which improvise the safety, Strength, and luxury of the people during travel. 

The progress of the CAE increased in the 21st century where almost all the crash scenario is 

controlled by computer tools than the physical testing. Some of the tools used in the research are 

discussed briefly as follows.  

2.3.1 CATIA V5 

CATIA is the used for development of the design made by a European company called 

Dassault System (Dassault Systems, 2018). Most of the aerospace, automotive, manufacturing and 

electronic companies used for surfacing design, flexibility in modeling purpose. The different 

modules in the software help the user to know through the step by step procedure in the product 

development process from the conceptual sketch to the detail design. It encourages the genuine 

cooperative building over the multi-disciplinary broadened endeavor, including style from an 

outline, mechanical plan and hardware, and frameworks designing, overseeing computerized 

mock-up, machining, examination, and reenactment. 

2.3.2 HYPERMESH 

Hypermesh is an Altair software developed for Finite element analysis and a widely used 

in a variety of CAE tasks as meshing, penetration check, normal check, connection, applying the 

boundary conditions, applying the load cases to the process and check for the model (Altair, 2018). 

An engineer can sort out the errors before it runs for the analysis. The High-performance post 
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processing for different solvers like LS-Dyna, Opti struct, Nastran etc. helps to know about the 

stresses, displacement, Energies, load path, injuries and much more in the Analysis. In this 

research, all the above parameters have been checked and followed to get the design efficient 

product for Analysis. 

2.3.3 ANSA 

ANSA is a CAE tool especially developed by the automotive industry and later adapted in 

the aviation industry as well (BETA Simulation Solutions, 2018). The graphical user interface of 

this software is quite adaptable as you can see the tools on the screen instead of going into the sub 

panel. It was very much useful for the crash simulation. Meshing, setting up the deck with efficient 

meshing, connections, and load application. The tool was developed in Europe and currently 

running successfully in Unites states nowadays.  They have been always debates on the meshing 

method of ANSA and Hyper Mesh. By going through these tools in the research, it has concluded 

that both the software has the unique approach to solving and providing the best mesh. 

2.3.4 OASYS PRIMER 

The FEA tool design for the Ls-Dyna Interfaces Primer is an Arup software from Europe 

(Oasys-Software, 2018). It is very rare software used in the only in companies of North America, 

Europe and India. For modeling the occupant safety or passive safety, Primer helps to get on the 

fast and efficient method. The detailed way and easy access to the options, one can get easily debug 

the error which they face during the analysis and save time. In this research, 50% of the tool usage 

is done with Prime for load application, Occupant modeling like dummy positioning, seat belt 

fitting, seat squash, applying gravity load, controlling the control cards checking the model for the 

error. 
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2.3.5 LS-DYNA 

LS- Dyna is the solver in which the numerical calculation can be done for static, dynamic, 

Implicit, and explicit analysis and solves the real world complex problems (LSTC, 2018). It can 

be used in Windows, Linux and UNIX operating systems and has fully automated contact analysis 

capability and error checking features. The types of contacts, the material used in this interface 

enable the mathematical models by breaking down the matrices and solving the engineering 

problems. The applications of Ls-Dyna include, the follows. 

Crashworthiness simulation for (LSTC, 2018)   

- Automotive:  To analyze vehicle design and predict the behavior of the vehicle during 

a collision as well as occupant Injuries 

- - Aviation- For crash simulation for aircraft during landing, and occupant positioning 

with safety parameters, Birdstrike analysis. 

- Metal forming application for knowing the stress concentration and fatigue behavior of 

the metals. 

- Multi-Physics coupling with the other solvers, MADYMO for passive safety 

interaction  

- Failure analysis with component level testing, drop tower testing, Cadavers Impacts 

and many more. 

LS-Dyna computes on the cluster for solving the equation of the matrices in the analysis, where 

the machines are made run for symmetric multiprocessing (SMP) and massively parallel 

processing (MPP) machines. 
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CHAPTER 3 
 

3 MODEL DEVELOPMENT 
 

In this chapter, the finite element model of rigid seat and aviation seat have been developed 

and utilized to perform the dynamic simulations of oblique-facing crashes in LS-Dyna. The 

modeling method for both rigid and representative aviation seats are described next.  

3.1 Rigid Seat 

The rigid seat model has been developed in the Ls-Dyna interface, and meshing has been 

for the seat cushion, seat back, seat belt attachments, floor, a support stand for the belt. The 

properties to these components are assigned with rigid and connected to each other with extra 

nodes connection, which makes them enact as whole one rigid seat. The purpose of these 

connections is to connect the rigid parts and they are assumed to be the rigid body.  Figure 3.1 

shows the rigid seat model developed and used in this research.  

 

Figure 3.1 Rigid Seat Model Developed with Components and Elements for Simulation in Ls-

Dyna 
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The six parts used in the rigid seat represent one whole rigid body. The dimension of the 

bottom seat, top seat, floor, and armrest are tabulated in Table 3.1. The material properties 

assigned to the seat is MAT20 and constrained the seats in translational and rotational directions.  

The elements in the seats are shells and solids. The total number of elements is around 

40,000. The rigid seat is modeled in the x-y plane and the loads are applied on x- direction 

(longitudinal) and y-direction ( lateral) of the seat. 

Table 3.1 The dimension of the rigid seat parts 

 Length Breadth Width 
Back-seat 642.9 477.1 56.1 

Bottom- seat 466.1 470.2 65 
Floor 2082.2 1367.9 76.1 

Arrn-Rest 46.9 380.3 90.2 
 

3.2 Aviation Seat 

The aviation seat model was utilized in Ls-Dyna interface.  More than 100 components are 

meshed and assigned with 16 different materials and connected with connections like spot welds,  

 

Figure 3.2 Aviation Seat Model with Components and Elements of Simulation in Ls-Dyna 

Nodal rigid bodies, constrained rigid bodies, and extra nodes which resemble as the real 

prototype of a commercial aviation seat. The total number of elements is over 1.7 million. Figure 
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3.2 shows the aviation seat model used in this research. The contact between the parts of the seat 

used is single surface contacts and the element variations are controlled in control cards such as 

control, hourglass, output, shell, solid and timestep. 

3.3 Aviation Polyester Belt 

The finite element type belts are used in this research. The polyester material was used for 

the belts, which better restrain the occupant than other fabric material.  

 

Figure 3.3 Three different Belts Modeled for the Simulation of Occupants on Rigid and Aviation 

Seat 

These seat belts, elements are made with shell element, nodal rigid bodies and 1D elements at the 

end of the connection. Belts are used in three different locations, lap belt, body-centered belt, and 

lower extremity constrained belt. The normal belt has attached on both ends at seat belt attachment 
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and the lower extremity constraint belt is located on the femur to constraint the legs. Whereas the 

body-centered belt has an attachment on one of the side and the other end is behind the dummy on 

the support stand. 

 

Figure 3.4 Belt Wrapping on the Occupant 

 

Figure 3.5 Aviation Polyester Belt loading and Unloading Curves (FAA, 2015) 

The material used in Ls-Dyna modeling the finite element model of the belt is MAT 34, 

fabric and the loading and unloading values are assigned. The peak value of loading and 

unloading loads of belt is  10700 N and it is seen at 0.07 seconds (FAA, 2015). 
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3.4 Occupant Modeling  

The dummies used for this study are FAA Hybrid-III 50th percentile and Hybrid-II 50th 

percentile ATD’s designed for frontal impacts. The models were developed using the shell, thick 

shells, hexahedral and tetra elements. These dummies are both made for automotive and  Aviation 

crash and mandated in for federal regulations such as 14 CFR Parts 23.562, 25.562, 27.562, and 

29.562,  automotive regulation standards, FMVSS 208, FMVSS 214. 

 

Figure 3.6 Crash Test Prototype and FE Model of FAA Hybrid-III (Humanetics, 2018) 

Table 3.2 FAA Hybrid III Elements, Nodes, and Parts (Humanetics, 2018) 

Number of Shells 75104 
Number of Solids 131820 

Number of Nodes 132227 

Number of Parts 417 
 

The number of  parts of the FE model of the  FAA Hybrid-III are 417, and the total number 

of elements used for modeling are around 2 million. The FAA Hybrid-III with a high of 69.1 inches 

(175.5 cm) has detailed representation of chest and stomach region from which the injuries related 

to it can be calculated. Figure 3.6 shows the crash test model and the finite element of the FAA 

Hybrid-III. Both the dummies are selected for Ls-Dyna interface and setup of them are almost the 

same with weight and appearance. However, the FAA Hybrid III has detailed parts to measure the 
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deflections and thorax forces compares to Hybrid II. Figure 3.7  represents both crash test model 

and finite element model of Hybrid-II. 

 

Figure 3.7 Crash Test Prototype and FE Model of Hybrid-II (Humanetics, 2018) 

Table 3.3 Hybrid-II Elements, Nodes and Parts (Humanetics, 2018) 

Number of Shells 23058 
Number of Solids 79148 

Number of Nodes 97139 

Number of Parts 307 
 

Table 3.3 represents the number of parts and elements required for modeling the Hybrid-

II model. The structure of Hybrid-II is almost similar to that of FAA Hybrid-III. However, the 

number of elements is over a million less than FAA Hybrid-III, because the structure of FAA 

Hybrid-III includes a lot in detail in the thorax and neck compared to Hybrid-II. 

3.5 Pulse Loading Conditions for Test-1 and Test-2 

The input parameter for crash simulations is typically acceleration. The prescribed 

acceleration as per CFR 25.562 emergency landing condition is 14g for Test-1 for vertical- 

longitudinal direction, and 16g for Test-2, for longitudinal dominant. The oblique facing seats 

expose to the spinal loading in both longitudinal and lateral direction, which is the multi-axial 
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loading. The seat is fixed, and the forces applied on multi-directions to exhibits 14g force in 

oblique crashes. Figure 3.8 shows the input pulse on X (longitudinal) and Y (lateral) directions for 

Test-1 conditions.  

 

Figure 3.8 Acceleration Pulse Application in Test-1, Oblique-Facing Seats 

The longitudinal forces for the 30-degree and 45-degree orientations are 12.1 G and 9.9 G 

and the lateral component force for these angles are 7 G and 9.9 G.  Both the forces are applied in 

X and Y direction at the same time to resemble the 14 G-loading on the occupant experiences in 

oblique facing seats. 

Table 3.4 Test-1, Acceleration Pulse, at 30 and 45 Degrees in G’s 

14 G Acceleration  30 degrees 45 degrees 

Longitudinal Component (G) 12.12 G 9.99 G 

Lateral Component (G) 7.00 G 9.99 G 

 

The input acceleration for both 30 and 45 degrees, the pulse can be seen in Table 3.4 and 

Figure 3.9 plots the acceleration vs time pulse for input acceleration to both the orientations.  
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Figure 3. 9 Test-1, Acceleration Pulse at 30 and 45 Degrees in G’s 

In Test-2 condition, the longitudinal and lateral loads are applied on the occupant and are 

expected to have the effects of both longitudinal and lateral direction of impaction during the 

simulations. An ideal pulse o 16g forces are used for an impact. The peak of the pulse is 90 ms, 

the total time for the loading was applied till 0.3 sec, to observe the delayed response of the 

occupant. Figure 3.8 shows the input pulse on X (longitudinal) and Y (lateral) directions for Test-

1 conditions.  

 

Figure 3.10 Acceleration Pulse Application in Test-2, Oblique-Facing Seats (Moghaddami, 

2017) 
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Table 3.5 Test-2, Acceleration Pulse at 30 & 45 Degree in G’s (Moghaddami, 2017) 

       

Figure 3.11 Test-2, Acceleration Pulses at 30 and 45 degrees in G’s (Moghaddami, 2017) 

The pulse can be seen in Table 3.5 and Figure 3.11 plots the force vs time pulse for input 

acceleration to both the orientations. The longitudinal forces for the 30 degrees and 45-degree 

orientation are 13.59 G and 11.10 G and the lateral component force for these angles are 7.85 G 

and 11.10 G to experience a 16g loading in the oblique facing crash simulations. 

3.6 Model Conditions 

  The three different oblique configurations are simulated in this study with different 

orientations, belts, with and without arm-rest. Figure 3.12 shows the models condition for Test-2 

condition for rigid seat. The conditions include: 

Case-1: 45 degrees, body-centered belt and lap belt, no arm-rest, and lower extremity 

constrained. 

Case-2: 45 degrees, lap belt, arm-rest and lower extremity constrained 
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Case-3: 30 degrees, body- centered belt and lap belt, no arm-rest and no lower extremity 

constrained 

 

Figure 3.12 Models Condition for Test-2 for the Rigid Seat. 

The same conditions have been simulated for the Test-1. The representative aviation seat 

was also considered for both Test-1 and Test-2 conditions, while the leg restraints were ignored 
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CHAPTER 4 

4 SIMULATIONS AND RESULTS FOR TEST-1 CONDITIONS 
 

In Test-1, 14g pulse force is applied on the occupants in the longitudinal direction for a 

forward-facing seat. On the other hand, for oblique-facing seats, the 14 g pulse is divided into sine 

and cosine angles and loading are applied on the occupants in both longitudinal and lateral 

directions. The kinematics of FAA Hybrid-III and Hybrid-II are recorded in forward-facing 

impacts and all the three configurations as per the literature with both rigid and aviation seats. 

4.1 Forward-Facing Test-1, FAA Hybrid-III and Hybrid-II Cases with Rigid and 

Aviation Seats  

Rigid seat and Aviation seat are simulated to see the worst loading on the occupants. In 

Test-1, the dummy experience the vertical and lateral impacts on the spine. 

4.1.1 Forward-Facing, FAA Hybrid-III, Test-1, Rigid Seat 

Frontal Facing seat simulation with the acceleration pulse applied on the longitudinal 

direction is also done to compare the effect of orientation and role of the body-centered belt in the 

research. Figure 4.1 was at Test-1, with 3 belts and no arm-rest and the simulation snapshots for 

0.20 second. 

                       

Time = 0 sec      Time = 0.09 sec 

Figure 4.1 Rigid Seat, Test-1, FAA Hybrid-III Kinematics Snaps from Side and Front Views 
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Time = 0.15 sec     Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 4.1 (continued) 

4.1.2 Forward-Facing, Hybrid-II, Test-1, Rigid Seat 

A similar case is done with the Hybrid-II occupant to compare the occupant's response. 

Figure 4.2 for Test-1, with 3 belts, body-centered belt, normal belt, and leg restraint belt, no arm-

rest and the simulation snapshots for 0.20 second. 
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Time = 0 sec       Time = 0.09 sec 

 

              

Time = 0.15 sec      Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 4.2 Rigid Seat, Test-1, Hybrid-II Kinematics Snaps from Side and Front Views 
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4.1.3 Forward-Facing, FAA Hybrid-III, Test-1, Aviation Seat  

In representative aviation seat, the 16g pulse force is applied on the longitudinal direction 

and the normal belt is fitted on the pelvis to restraint the occupant during the impact. Figure 4.3 

was at Test-1, with 2 belts, body-centerd belt, and nomral belt, no arm-rest and the simulation 

snapshots for 0.20 second. The snapshots of the simulated cases are taken at 0. 90 ms, 150 ms, 180 

ms 200 ms.  

 

                      

Time = 0 sec       Time = 0.09 sec 

 

                         

Time = 0.15 sec      Time = 0.18 sec 

Figure 4.3  Aviation Seat, Test-1, FAA Hybrid-III Kinematics Snaps from Side and Front Views 
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Time = 0.20 sec 

Figure 4.3 (continued) 

4.1.4 Forward-Facing, Hybrid-II, Test-1, Aviation Seat 

Similar case is studied with the Hybrid-II ATD, to compare the responses of the occupants. 

Figure 4.4  for Test-1, with 2 belts, body- centered belt, lap belt, and no arm-rest and the simulation 

snapshots for 0.20 second. 

 

                 

Time = 0 sec       Time = 0.09 sec 

Figure 4.4 Aviation Seat, Test-1, Hybrid-II, Kinematics Snaps from Side and Front Views 
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Time = 0.15 sec      Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 4.4 (continued) 

4.2 Oblique-Facing Test-1, FAA Hybrid-III, and Hybrid-II Cases with Rigid Seat 

In Test-1 conditions, the oblique facing seats are exposed to the vertical longitudinal and 

lateral G –forces. The dynamic responses are expected to have the multi-axial loading. Both the 

rigid and aviation seats are considered to examine the worst- case scenario towards the occupant 

injuries in oblique-facing seats. 
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4.2.1  Oblique-Facing Test-1, FAA Hybrid-III, Case-1 

Case-1 was simulated with the same conditions as the literature. The occupant was 

positioned on the seats, the belts such as body-centered belt to restrained the lateral motion. The 

lap belt is fitted on the dummy.  The lower extremities are constrained with the belt. The 14 G-

force was applied to the occupant with a 45-degree angle. Figure 4.5 shows the simulation 

snapshots for 0.20 second of  Test-1,45-degrees, with 3 belts and no armrest. 

 

          

Time = 0 sec       Time = 0.09 sec 

 

                       

Time = 0.15 sec       Time = 0.18 sec 

 

 Figure 4.5 Rigid Seat, Test-1, Hybrid-II Case-1 Kinematics Snaps from Side and Front 

Views 
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      Time =0.20 sec 

Figure 4.5 (continued) 

4.2.2  Oblique-Facing, Test-1, FAA Hybrid-III, Case-2 

Case-2 was simulated with the same conditions as the literature. The occupant was 

positioned on the seats, the normal belt is modeled on the pelvic region. The arm-rest is considered 

to see the effect on the pelvis. The lower extremities are constrained with the belt. The 14 G-force 

was applied to the occupant with a 45-degree angle. Figure 4.6   project the Test-1 conditions, 45- 

degrees, with 2 belts and with arm-rest and the simulation snapshots for 0.20 second. 

 

                              

Time = 0 sec      Time = 0.09 sec 

Figure 4.6 Rigid Seat, Test-1, FAA Hybrid-III Case-2 Kinematics Snaps from Side and Front 

Views 
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Time = 0.15 sec     Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 4.6 (continued) 

4.2.3  Oblique- Facing, Test-1, FAA Hybrid-III, Case-3 

The kinematics of the Case-3 is also similar to the literatuere.The occupant has a larger 

deviatio. The arm rest is taken out and the body centered belt is taken in to consideration, the 

normal belt is modeled on the pelvis region. The 14 G pulse is applied with 30-degree angle. Figure 

4.7   displays the Test-1 conditions, 30-degrees, with 2 belts and with  no armrest and no leg 

restraint, and simulation snapshots for 0.20 second. 



 

42 

                    

Time = 0 sec       Time = 0.09 sec 

 

                  

Time = 0.15 sec      Time =0.18 sec 

 

 

Time = 0.20 sec 

Figure 4.7 Rigid Seat, Test-1, FAA Hybrid-III Case-3 Kinematics Snaps from Side and Front 

Views 
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4.2.4 Oblique-Facing, Test-1, Hybrid-II Case-1 

All the above simulations were repeated with a Hybrid-II dummy, where all the conditions 

are similar. This was done so to a better knowledge of the effects in oblique impacts and comparing 

the results will get a good posture for the detailed loading behavior of the occupants. The 

simulation cases are explained below. Case-1 in Figure 4.8 for Test 1, 45-degrees, with 3 belts and 

no arm-rest, and the simulation snapshots for 0.20 second. 

 

                                 

                 Time =0 sec                                                                           Time = 0.09 sec 

 

                               

  Time =0.15 sec                     Time = 0.18 sec 

Figure 4.8 Rigid Seat, Test-1, Hybrid-II, Case-1 Kinematics Snaps from Side and Front Views 
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Time = 0.20 sec  

Figure 4.8 (continued) 

4.2.5 Oblique-Facing, Test-1, Hybrid-II Case-2 

Case-2 in Figure 4.9 for Test 1, 45-degrees, with 3 belts and with  arm-rest and the 

simulation snapshots for 0.20 second. 

 

          

Time = 0 sec     Time = 0.09 sec   

Figure 4.9 Rigid Seat, Test-1, Hybrid-II, Case-2 Kinematics Snaps from Side and Front Views 
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Time = 0.15 sec     Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 4.9 (continued) 

4.2.6 Oblique-Facing, Test-1, Hybrid-II, Case-3 

Figure 4.10  for Case-3, Test-1, 30-degrees, with 2 belts and with  arm-rest and the 

simulation snapshots for 0.20 second. 
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Time = 0 sec     Time = 0.09 sec 

 

                           

Time =0.15 sec     Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 4.10 Rigid Seat, Test-1, Hybrid-II, Case-3 Kinematics Snaps from Side and Front Views 
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4.3 Oblique-Facing Test-1, FAA Hybrid-III and Hybrid-II Cases with Aviation Seat 

In Aviation seat cases, the lower extremity belt constrained has ignored and the 

kinematics of the cases like rigid seat is recorded. 

4.3.1 Oblique-Facing Aviation Seat -FAA Hybrid-III, Case-1 

The occupant was positioned on the aviation seat, the body-centered belt wraps on the 

dummy to restraint the dummy motion in lateral direction. The lap belt is on the dummy. The 14 

G-force was applied to the occupant with a 45-degree angle.  Figure 4.11 shows the oblique-faicng 

Test-1 conditons, with 45-degrees,  2 belts and no arm-rest and the simulation snapshots for 0.20 

second. 

                               

Time = 0 sec       Time =0.09 sec 

 

                                       

Time = 0.15 sec      Time = 0.18 sec 

Figure 4.11 Aviation Seat, Test-1, FAA Hybrid-III, Case-1 Kinematics Snaps from Side and Front 

Views 
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Time = 0.20 sec 

Figure 4.11 (continued) 

4.3.2  Oblique-Facing Aviation Seat -FAA Hybrid-III, Case-2 

Case-2 was simulated with the same conditions as Case-1 with few changes. The arm-rest 

is involved and the body-centered belt is removed. The occupant was positioned on the seats, the 

normal belt is modeled on the pelvic region. Case-2 in Figure 4.12 for Test 1, 45-degrees, with 1 

belt and with  arm-rest, and the simulation snapshots for 0.20 second. 

             

Time = 0 sec      Time = 0.09 sec 

Figure 4.12 Aviation Seat, Test-1, FAA Hybrid-III, Case-2 Kinematics Snaps from Side and 

Front Views 
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Time = 0.15 sec     Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 4.12 (continued) 

4.3.3  Oblique-Facing Aviation Seat, FAA Hybrid III, Case-3 

The kinematics of the Case-3 is assumed to be different as the orientation and load applied 

gets changed. In this case, the armrest is removed and the body-centered belt is added, the normal 

belt fitting is done on the pelvic region. The 14 G pulse is applied with 30-degree angle. Case-3 in 

Figure 4.13 for  Test-1, 30-degrees, with 2 belts and with  arm-rest, and the simulation snapshots 

for 0.20 second. 
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Time = 0 sec      Time = 0.09 sec 

 

                      

Time = 0.15 sec     Time = 0.18 sec 

 

 

Time =0.20 sec 

Figure 4.13 Aviation Seat, Test-1, FAA Hybrid III, Case-3 Kinematics Snaps from Side and 

Front Views 
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4.3.4 Oblique-Facing Aviation Seat, Hybrid-II, Case-1 

All the above simulations were repeated with a Hybrid II dummy, where all the 

conditions are similar. This was done so to a better perspective of the change in oblique facing 

seat impacts and comparing the results will get the detailed loading applied on the occupants. 

Case-1 in Figure 4.14  for Test-1, 45-degrees, with 3 belts and no armrest and the simulation 

snapshots for 0.20 second 

              

Time = 0 sec      Time = 0.09 sec 

        

                  

Time =0.15 sec     Time = 0.18 sec 

Figure 4.14 Aviation Seat, Test-1, Hybrid-II Case-1 Kinematics Snaps from Side and Front 

Views 
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     Time = 0.20 sec 

Figure 4.14(continued) 

4.3.5 Oblique-Facing Aviation Seat, Hybrid-II, Case-2 

Figure 4.15  shows the Case-2,   Test-1 condition, with  45-degrees orientation, 3 belts and 

with  arm-rest and the simulateion snapshots for 0.20 second. 

 

               

Time = 0 sec       Time = 0.09 sec 

Figure 4.15 Aviation Seat, Test-1, Hybrid-II, Case-2 Kinematics Snaps from Side and Front 

Views 
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Time = 0.15 sec      Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 4.15 (continued) 

4.3.6 Oblique-Facing, Aviation Seat, Hybrid-II Case-3 

 In Figure 4.16 shows Case-3, Test-1 conditon,with 30 degrees orientation, 2 belts and with  

arm-rest and the simulation snapshots for 0.20 second. 
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Time = 0 sec     Time = 0.09 sec  

 

                 

Time = 0.15 sec    Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 4.16 Aviation Seat, Test-1, Hybrid-II Case-3 Kinematics Snaps from Side and Front 

Views 
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4.4 Comparison of Results 

The forces and moments in the spine, for forward-facing and oblique facing cases are 

tabulated and compared. Also, some responses are compared with the experimental results. The 

injury parameters considered are the HIC, Neck Injury Criteria (Nij), chest deflection, and chest 

acceleration. Later, the belt forces are also calculated to compare the effect of the normal belt 

versus body-centered belt configurations.  

4.4.1 Injury Calculation - Forward-Facing, Rigid and Aviation Seats  

The compressive forces and moments in the forward-facing seats are evaluated for Test-1 

conditions. The moments in Torso and pelvis areas along shear and lateral direction are also 

evaluated and compared. Table 4.1 and Table 4.2 show the loads and moments in thorax and pelvis 

region for both FAA Hybrid-III and Hybrid-II. Tables 4.1, 4.2 show the forces and moments in 

thoracic and lumbar region for FAA Hybrid-III and Hybrid-II for rigid and aviation seats in 

forward-facing conditions. 

Table 4.1 Rigid Seat, Test-1, Ideal Conditions, Forces and Moment in Thoracic and Lumbar 

Region for FAA Hybrid-III and Hybrid- II 

Output Threshold Orientation FAA Hybrid-III Hybrid-II 
Test-1 Test-1 

Thoracic Forces (kN) 
 Fz -4.39  
 Fy -0.09  
 Fx -0.06  

Lumbar Forces (kN) 
-6.67 Fz -4.68 -4.12 

 Fy -0.08 -0.37 
 Fx -0.61 -1.24 

Thoracic Moments (N-m) 
 My 120  
 Mx 0  

Lumbar Moments (N-m) 
 My 90 -70 
 Mx 10 10 
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Table 4.2 Aviation Seat, Test-1, Forces and Moment in the Thoracic and lumbar region for FAA 

Hybrid-III and Hybrid-II 

Output Threshold Orientation 
FAA Hybrid-III Hybrid-II 

Test-1 Test-1 

Thoracic Forces (kN) 

 Fz -5.66  
 Fy 0.06  
 Fx -0.83  

Lumbar Forces (kN) 
-6.67 Fz -6.65 -6.6 

 Fy 0.14 -0.02 
 Fx -0.78 1.66 

Thoracic Moments (N-m) 
 My 210  
 Mx 0  

Lumbar Moments (N-m) 
 My 120 -190 
 Mx 0 0 

 

4.4.2 Injury Calculation, Oblique-Facing Rigid Seat 

The loading in the oblique-facing rigid seats are calculated and compared for FAA Hybrid-

III and Hybrid-II. 

4.4.2.1 Thoracic and lumbar forces and moments 

The forces and moments in thorax and pelvis region are evaluated and compared with the 

occupant’s response. The forces and moments of thoracic and lumbar in tabulated and bar chart 

view to get the detailed study of the simulation. The moments in lateral and shear directions are 

calculated.  It has noted that the occupant experiences higher lateral moments in the oblique-facing 

crashes due to the multi-axial loading on the occupant’s spine. Table 4.5, Figures 4.16, 4.17 show 

the forces and moments in thoracic and lumbar region for the FAA Hybrid-III and Hybrid-II for a 

rigid seat in oblique- facing condition. 
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Table 4.3 Rigid Seat – Test 1, Oblique-Facing Conditions, Forces and Moment in Thoracic and 

Lumbar Region for FAA Hybrid-III and Hybrid-II 

Output Threshold Orientation 
FAA Hybrid-III Hybrid II 

1 2 3 1 2 3 

Thoracic 
Forces (kN) 

 Fz -3.49 -3.51 -3.96    

 Fy -1.36 -1.81 -1.11    

 Fx -0.74 -0.39 -0.8    

Lumbar Forces 
(kN) 

-6.67 Fz -3.71 -3.65 -4.28 -3.32 -3.36 -
3.85 

 Fy -1.54 -2.32 -1.24 -2.72 -2.84 -
1.15 

 Fx 0.25 -0.41 0.41 -1.72 -1.7 -
2.85 

Thoracic 
Moments (N-m) 

 My 100 100 100    

 Mx -60 -30 -20    

Lumbar 
Moments (N-m) 

 My 60 50 60 -40 140 -60 
 Mx -20 -10 0 -20 0 20 

 

 

Figure 4. 17 Rigid Seat, Test-1, FAA Hybrid-III, Bar graph of Thoracic and Lumbar Force and 

Moments 
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Figure 4.18 Rigid Seat, Test-1, Hybrid-II. Bar graph of Lumbar Forces and Moments 

 

4.4.2.2 Injury parameters and belt loads 

The loading in Neck loads, Head Injury Criteria, Chest deflection, and acceleration are 

calculated for both FAA Hybrid-III and Hybrid-II ATD’s. Tables 4.4, 4.5 show the injury 

parameters and belt loads for FAA Hybrid-III and Hybrid-II. 

Table 4.4 Rigid Seat Test-1, Injury parameters for FAA Hybrid-III and Hybrid-II 

Output Threshold Orientation 
FAA Hybrid III Hybrid II 

1 2 3 1 2 3 

Neck Forces (kN ) 

4.17 Fz 1.19 1.24 0.95    

 Fy -0.35 -0.31 -0.28    

3.1 Fx -0.31 -0.2 -0.39    

Neck Moments in (N-m) 190 
Fy -200 -200 -100    

Fx -100 0 0    

Neck Injury criteria (Nij) 1  0.3 0.28 0.24    

Head Injury Criteria (HIC) 1000  153.9 123 64 362 267.3 82.9 

Chest Deflection (mm) 63  32.1 34.9 27.9    

Chest Acceleration (G) 60   14.4 14.4 17.6 47.8 36.04 48.4 
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Table 4.5 Rigid Seat Test-1, Belt Loads for FAA Hybrid-III and Hybrid-II 

Belts 
Threshold 

Position FAA Hybrid III Hybrid II 
  1 2 3 1 2 3 

lap Belt (N) 

7780 

Left 1047 2812 98 193.7 1678 435 
 Right 0 1136.3 1634 1557.7 2731 1634 

Body-Centered Belt Left 3600  3471 3934.7  3102 
(N) Right 2780  2963 3360  3794 

Lower Extremity Constrained (N) Left 2843 1615  2712 1143  
 Right 2273 1552  1798 405  

 

It can be observed that neck forces and moments are quite small and within the limit. Out 

of all the cases, the Case-2 have the maximum neck tension force of 1.24 kN. Also, the HIC is 

high in Case-1, but it is within the threshold. Chest deflection of FAA Hybrid-III is high in Case-

2 and the thorax acceleration for both the occupants, are higher in the case with small lateral 

orientation. For the FAA Hybrid-III. The pelvic accelerations are higher in the case with arm-rest 

is considered, and for Hybrid-II, the orientation affects the pelvis more than arm-rest. All the belt 

loads are within and range below 7780 N. It is observed that cases with body-centered belt have a 

higher belt load value than the other belts. 

4.4.3 Injury Calculation- Oblique-Facing Aviation Seat  

The loading in the oblique-facing representative aviation seats is calculated and compared 

for FAA Hybrid-III and Hybrid-II for Test-1 Conditions. 

4.5.3.1 Thoracic and lumbar forces and moments 

Like rigid seat, in aviation seats, forces and moments in thorax and pelvis region are 

evaluated and compared with the experimental data of FAA Hybrid-III rigid seat cases from the 
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literature. Table 4.6, Figures 4.18, Figure 4.19 show the forces and moments in thoracic and lumbar 

region for FAA Hybrid-III and Hybrid-II for Aviation seats in oblique facing condition  

Table 4.6 Aviation Seat, Test-1, Forces and Moment in the Thoracic and Lumbar Region for 

FAA Hybrid-III and Hybrid-II 

Output 
 

Orientation 
FAA Hybrid III (Simulated 

Cases) 
Hybrid II (Simulated 

Cases) 
Threshold 1 2 3 1 2 3 

Thoracic Forces 
(kN) 

 Fz -3.58 -3.69 -4.51    
 Fy -1.58 -1.6 -1.22    
 Fx -0.97 -0.92 -1    

Lumbar Forces 
(kN) 

-6.67 
 
 

Fz -4.04 -4.16 -5.01 -4.1 -5.34 -5.13 
Fy -2.16 -2.29 -1.45 -2.01 -2.42 -1.47 
Fx -0.72 -0.91 -0.77 -3.48 -2.11 -1.77 

Thoracic 
Moments (N-m) 

 My -30 -20 -20    
 Mx 110 120 150    

Lumbar 
Moments (N-m) 

 My 70 -10 -10 260 -100 -90 
 Mx -10 70 100 -20 20 10 

 

The moments in lateral and shear directions are calculated.  It has noted that the occupant 

experiences higher lateral moments in the oblique-facing crashes due to the multi-axial loading on 

the occupant’s spine. The forces and moments for thoracic and lumbar areas are tabulated and bar 

chart view to get a detailed understanding of the kinematics. 

It can be observed that aviation seat has the same variations compared to the rigid seat, 

where oblique loading produces loading is less than the forward-facing loading. In the case of FAA 

Hybrid-III, the thoracic forces are the least in Case-1 with -3.58 kN and goes on increasing with 

Case-2 and Case-3, -3.69 kN and -4.51 kN. Similarly, with consideration of lumbar forces the 

maximum compressive load is seen in Case-3 with -5.01 kN, which shows that orientation does 

affect the torso and lumbar region, yet all within the range of lumbar compressive load of 6.67 kN. 
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Figure 4.19 Aviation seat- Test 1, FAA Hybrid-III Bar graph of Thoracic and Lumbar Force and 

Moments 

 

 

Figure 4.20 Aviation Seat, Test 1, Hybrid-II Bar graph of Lumbar Forces and Moments 

The moments in Hybrid-II are higher than for FAA Hybrid-III. The thoracic and lumbar 

compressive forces are higher as well, but they are within the threshold limit.  
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4.5.3.2 Injury parameters and belt loads 

The neck forces, moments, HIC, deflections and acceleration in the chest of both the 

occupants are calculated. The role of the belts to restraints the occupants from lateral motion is 

also observed. Tables 4.7 and 4.8 show the injury parameters and belt loads for FAA Hybrid-III 

and Hybrid-II. 

Table 4.7 Aviation seat Test- 1, Injury parameters for FAA Hybrid-III and Hybrid-II 

Output Threshold Orientation 
FAA Hybrid-III Hybrid-II 

1 2 3 1 2 3 

Neck forces (kN) 

4.17 Fz 1.69 1.77 0.88    

 Fy -0.3 -0.04 -0.02    

3.1 Fx -0.72 -0.05 -0.02    

Neck Moments (N-m) 190 
My -300 -300 -200    

Mx -100 -100 0    

Neck Injury criteria 
(Nij) 1  0.51 0.25 0.27    

Head Injury Criteria 
(HIC) 1000  332 274 48 365 240 135 

Chest Deflection (mm) 63  44.6 48.4 28.3    

Chest Acceleration 
(G) 60  14.5 14.8 18.5 40.9 39.7 40.9 

 

Table 4.8 Aviation seat Test-1, Belt Loads for FAA Hybrid III and Hybrid II  

Belts  Position FAA Hybrid III Hybrid II 

   1 2 3 1 2 3 

lap Belt (N) 

7780 N 

Left 1177 3085.8 2511 1713 2874 326.29 

Right 2733 5676.5 3487 2789 4632 1133.7 

Body-Centered Belt (N) 
Left 2725  2129 4810  4748 

Right 3200  2716 6789  4656 
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Neck forces and moments: The similar effect is seen as the rigid seat, where highest Tension 

force is seen in Case-2 and least forces is in Case-3. The value of HIC is higher in Case-1 than 

Case- 2 and Case-3 

Chest deflection and acceleration: The arm-rest effects the deflection and reduces the 

acceleration, but the Case-3 have the peak acceleration with 18.5 G’s for the FAA Hybrid-III and 

40.95 G’s in Hybrid-II. This is because of the orientation of the seats. 

Belt loads: All the loads are in the limit with is 7780 N. For FAA Hybrid III the Case-2 has 

higher loads compare to Case-1 and Case-3 and with Hybrid-II the body-centered belt plays the 

role as it is in the rigid seat. 

Overall for Test-1 conditions, and from simulated cases, the following can be observed: 

• The occupants are exposed to a combination of vertical and longitudinal loading, the spine 

loads in forward-facing seats are typically higher compared to the ones for oblique facing 

seats. 

• Similar results are observed in both rigid and aviation seats with both FAA Hybrid III and 

Hybrid II occupants. However, aviation seat cases exhibit a bit higher compressive load 

compare to the rigid seat. 

• Comparatively, worst case in thoracic and lumbar compressive forces and chest 

acceleration is Case 3, (30 degrees orientation). This indicates that seat orientation is 

important in injury response for occupants on oblique facing seats 

• The thoracic and lumbar moments are quite small and negligible. 

• Neck forces and moments and Head Injury Criteria are the least in Case 3. 
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• For the rigid seat, belt forces are highest in the Case 1, (45 degrees, body-centered belt and 

no armrest). Whereas for aviation seats, the belt forces are highest when the armrest is 

considered, but all within the tolerance. 
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CHAPTER 5 

5  SIMULATIONS AND RESULTS FOR TEST-2 CONDITIONS 

In Test-2, 16g pulse force is applied on the occupants in the longitudinal direction for a 

forward-facing seat. On the other hand, for the oblique-facing seats, the 16 g pulse divided into 

sine and cosine angles and forces are applied on the occupants in both longitudinal and lateral 

directions. The kinematics of FAA Hybrid-III and Hybrid-II are recorded in forward-facing 

impacts and all the three configurations as per the literature with both rigid and aviation seats. 

5.1 Forward-Facing Test-1, FAA Hybrid-III and Hybrid-II Cases with Rigid and 

Aviation Seats  

Rigid seat and Aviation seat are simulated to see the worst loading on the occupants. In 

Test-2, the dummy experiences the vertical and lateral impacts on the spine. 

5.1.1 Forward-Facing, Test-2, FAA Hybrid-III, Rigid Seat 

In Forward-Facing seat, the acceleration, 16g pulse was applied in the longitudinal 

direction. Figure 5.1 was at Test-2, with 3 belts and arm-rest and the simulation snapshots for 0.20 

second. 

                        

Time = 0 sec       Time = 0.09 sec 

Figure 5.1 Rigid Seat, Test-2, FAA Hybrid-III Kinematics Snaps from Side and Front Views 
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Time = 0.15 sec          Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 5.1 (continued) 

5.1.2 Forward-Facing, Test-2,  Hybrid-II, Rigid Seat  

Similar impact simulations are done with the Hybrid-II FE model. Figure 5.2 shows Test-

2 conditions, with 3 belts and armrest and the screenshots for 0.20 second. 
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Time = 0 sec       Time = 0.09 sec 

 

                    

Time = 0.15 sec      Time = 0.18 sec 

 

 

   Time = 0.20 sec 

Figure 5.2 Rigid Seat, Test-2, Hybrid-II Kinematics Snaps from Side and Front Views 
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5.1.3 Forward-Facing, Test-2, FAA Hybrid-III, Aviation Seat 

In representative aviation seat, the 16g pulse force is applied on the longitudinal direction 

and the normal belt is fitted to restraint the occupant during the impact. The aviation seat in Test-

2 is expected to experience the frontal loading impacts with tension in the spine. The structural 

response of the seat, cushion and restraints system can contribute to the loading in the occupants. 

Figure 5.3 for Test-2, with 2 belts and no arm rest and the simulation snapshots for 0.20 second. 

                  

Time = 0 sec     Time = 0.09 sec 

 

                  

Time = 0.15 sec     Time = 0.18 sec 

Figure 5.3 Aviation Seat, Test-2, FAA Hybrid-III Case-1 Kinematics Snaps from Side and Front 

Views 



 

69 

 

Time = 0.20 sec 

Figure 5.3 (continued) 

5.1.4 Forward-Facing, Test-2, Hybrid-II, Aviation Seat 

Similar impact simulations are done with the Hybrid-II FE model . Figure 5.4 is for Test 

2, with 2 belts and no arm arm rest and the simulation snapshots for 0.20 second. 

 

            

Time = 0 sec      Time = 0.09 sec 

Figure 5.4 Aviation Seat, Test-2, FAA Hybrid-III Kinematics Snaps from Side and Front View 
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Time = 0.15 sec      Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 5.4 (continued) 

5.2 Oblique-Facing Test-2, FAA Hybrid-III and Hybrid-II Cases with Rigid Seat 

In Test-2 conditions, the oblique facing seats are exposed to the longitudinal and lateral 

g-loading. The dynamic responses are expected to have the multi-axial loading. Both the rigid 

and aviation seats are considered to examine the worst- case scenario towards the occupant 

injuries in oblique-facing seats. 
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5.2.1 Oblique-Facing, Test-2, FAA Hybrid-III, Case-1 

All the simulation in test 2 conditions are similar with the rigid and aviation seats case of 

the test 1 conditions. The aim is to see the tension loading in the spine, longitudinal and lateral 

directions and comparing the results with the experimental results of the literature.The kinematics 

of the occupants in the oblique facing conditions for both rigid and aviation seats are as follows. 

Figure 5.5 shows the Case-1 Test-2 conditon, with 45-degrees orientation, 3 belts and no arm-rest 

and the simulation snapshots for 0.20 second. 

                 

Time = 0 sec      Time = 0.09 sec 

 

                 

Time =0.15 sec     Time = 0.18 sec 

Figure 5.5 Rigid Seat, Test-2, Hybrid-II, Case-1 Kinematics Snaps from Side and Front Views 
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Time = 0.20 sec 

Figure 5.5 (continued) 

5.2.2 Oblique-Facing, Test-2, FAA Hybrid-III, Case-2 

In Case-2, arm-rest is taken in to consideration and body-centered belt is removed. Figure 

5.6 was at Test-2, 45-degrees, with 2 belts and with  arm-rest and the simulation snapshots for 0.20 

second. 

                   

Time = 0 sec      Time =0.09 sec 

Figure 5.6 Rigid Seat, Test-2, FAA Hybrid-III Case-2 Kinematics Snaps from Side and Front 

Views 
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Time = 0.15 sec     Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 5.6 (continued) 

5.2.3 Oblique-Facing Test-2, FAA Hybrid III, Case-3 

In Case-3, the orientation is changed from 45-degrees to 30-degrees and arm-rest is not 

taken into consideration. Figure 5.7  for  Test 2, 30-degrees, with 2 belts, body-centered belt and 

lap belt, without arm-rest and lower-extremity leg restrain and the simulation snapshots for 0.20 
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second. The occupant is expected to experience the loading in both longitudinal and lateral 

direction due to multi-axial loading in oblique-facing seats. Thus the moment in the lateral 

direction of the oblique-facing seats are expected to be higher compared to the forward-facing 

seats. 

 

                 

Time = 0 sec       Time = 0.09 sec 

 

                   

Time = 0.15 sec      Time =0.18 sec 

Figure 5.7 Rigid Seat, Test-2, FAA Hybrid-III Case-3 Kinematics Snaps from Side and Front 

Views 
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Time = 0.20 sec 

Figure 5.7 (continued) 

5.2.4 Oblique-Facing, Test-2, Hybrid-II, Case-1 

Similar cases are simulated with the Hybrid-II FE model and response of the simulation 

are quite similar. in Figure 5.8 is for Case-1 Test-2, 45-degrees, with 3-belts and no arm-rest and 

the simulation snapshots for 0.20 second. 

          

Time = 0 sec       Time = 0.09 sec 

Figure 5.8 Rigid Seat, Test-2, Hybrid-II Case-1 Kinematics Snaps from Side and Front Views 
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Time = 0.15 sec      Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 5.8 (continued) 

5.2.5 Oblique-Facing, Test-2, Hybrid-II, Case-2 

The body-centered belt affect the lateral mometns in the occupant in Case-1 condition. As 

the occupants expected to lateral loading and bending in Case-2, the orientation is unchanged, 
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the body-centered belt is removed and and arm-rest is taken in to consideration to observe the 

better  protection of the lateral movements and affect in the spine loading in the occupant. Figure 

5.9 for Test 2, 45-degrees, with 2 belts with  arm-rest and the simulation snapshots for 0.20 

second. 

 

             

Time = 0 sec      Time = 0.09 sec 

 

            

Time = 0.15 sec     Time = 0.18 sec 

Figure 5.9 Rigid Seat, Test-2, Hybrid-II, Case-2 Kinematics Snaps from Side and Front Views 
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Time = 0.20 sec 

Figure 5.9 (continued) 

5.2.6 Oblique-Facing Test-2, Hybrid II Case 3 

To observe the affect of orientation in Case-3, the orientation is  changed to 30-degrees 

and the arm-rest and lower extremity constrained is removed. In Figure 5.10 Case-3, for  Test- 2, 

30 degrees, with 2 belts and with  arm-rest and the simulation snapshots for 0.20 second. 

 

    

Time = 0 sec    Time = 0.09 sec 

Figure 5.10 Rigid Seat, Test-2, Hybrid-II Case-3 Kinematics Snaps from Side and Front Views 
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Time = 0.15 sec     Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 5.10 (continued) 

5.3 Oblique-Facing Test-2, FAA Hybrid-III and Hybrid-II Cases with Aviation Seat 

For the aviation seat cases, the lower extremity belt constrained has been ignored and the 

kinematics of the cases like rigid seat are recorded. 
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5.3.1 Oblique-Facing, Test-2, FAA Hybrid-III, Case-1 

In Case-1, the arm-rest is removed, the normal belt and body-centered belt is fitted on the 

FAA Hybrid-III occupant. Figure 5.11 for Test-2, 45-degrees, with 2 belts and no arm rest and the 

simulateion snapshots for 0.20 second. 

 

          

Time = 0 sec      Time= 0.09 sec 

 

                      

          Time = 0.15 sec     Time = 0.18 sec 

Figure 5.11 Aviation Seat- Test-2, FAA Hybrid-III Case-1 Kinematics Snaps from Side and 

Front Views 
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Time = 0.20 sec 

Figure 5.11(continued) 

5.3.2 Oblique-Facing, Test-2, FAA Hybrid-III, Case-2 

In Case-2, the arm-rest is taken in to consideration and body-centered belt is removed and 

simulation are recorded. Figure 5.12 compared to Test-2, 45-degrees, with 1 belt and with  arm-

rest and the simulation snapshots for 0.20 second. 

                  

Time = 0 sec     Time = 0.09 sec 

Figure 5.12 Aviation Seat, Test-2, FAA Hybrid-III Case-1 Kinematics Snaps from Side and 

Front Views 



 

82 

                      

Time = 0.15 sec     Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 5.12 (continued) 
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5.3.3 Oblique-Facing Test-2, FAA Hybrid III, Case-3 

To observe the affect of orientation in Case-3, the orientaiton is changed from 45 to 30 

degrees and arm-rest has removed. Figure 5.13 compared to  Test-2, 30-degrees, with 2 belts and 

without arm-rest and the simulateion snapshots for 0.20 second. 

 

              

Time = 0 sec      Time =0.09 sec 

 

                 

Time = 0.15 sec     Time = 0.18 sec 

Figure 5.13 Aviation seat- Test-2, FAA Hybrid-III Case-3 Kinematics Snaps from Side and 

Front Views 
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Time = 0.20 sec 

Figure 5.13 (continued) 

5.3.4 Oblique-Facing, Test-2, Hybrid-II, Case-1 

Similar cases of the aviaiton seat FAA Hybrid-III are simulated with Hybrid-II to compare 

to occupant response. In Figure 5.14 compared to Case-1, Test-2, 45-degrees, with 2 belts and no 

arm-rest and the simulation snapshots for 0.20 second. 

             

Time = 0 sec       Time = 0.09 sec 

Figure 5.14 Aviation Seat, Test-2, Hybrid-II, Case-1 Kinematics Snaps from Side and Front 

Views 
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Time = 0.15 sec      Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 5.14 (continued) 
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5.3.4 Oblique-Facing Test-2, Hybrid-II Case-2 

To notice the affect of arm-rest on the occupant during lateral movement in oblique-facing 

crash. In Case-2, arm-rest is taken in to consideration and body-centered belt is removed. Figure 

5.15 compared Test-2, 45-degrees, with 1 belt and with  arm rest and the simulateion snapshots 

for 0.20 second. 

                    

Time = 0 sec      Time = 0.09 sec 

 

             

Time = 0.15 sec     Time = 0.18 sec 

Figure 5.15 Aviation Seat- Test-2, FAA Hybrid-III Case-2 Kinematics Snaps from Side and 

Front Views 
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Time = 0.20 sec 

Figure 5.15 (continued) 

5.3.6 Oblique-Facing Test-2, Hybrid-II Case-3 

In Figure 5.16 compared to Case-3 , Test-2, 30-degrees, with 2 belts and with  arm-rest and 

the simulation snapshots for 0.20 second. 

 

             

Time = 0 sec       Time = 0.09 sec 

Figure 5.16 Aviation seat- Test2, FAA Hybrid-III Case-3 Kinematics Snaps from Side and Front 

Views 
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Time = 0.15 sec      Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 5.16 (continued) 
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5.4 Comparison of Results 
 

The forces and moments in the spine, for forward-facing and oblique facing cases are 

compared. Also, the loads are evaluated and compared with the experimental results. The injury 

parameters evaluated are the HIC, Nij, chest deflection. The acceleration in the chest is also 

evaluated. Later, the belt forces are also calculated to compare the effect of the normal belt versus 

body-centered belt.  

5.4.1 Injury Calculation - Forward-Facing, Rigid, and Aviation Seats 
 

The tension forces and moments in the forward-facing seats are evaluated. The loads and 

moment in the thorax and pelvis areas are tabulated for both FAA Hybrid-III and Hybrid-II. Tables 

5. 1 and 5.2 show the forces and moments in th thoracic and lumbar region for FAA Hybrid-III 

and Hybrid-II for rigid seat, Test-2 condition.  

Table 5.1 Rigid Seat, Test-2, Ideal Conditions, Forces and Moment in Thoracic and Lumbar 

Region for FAA Hybrid-III and Hybrid- II 

Output Orientation FAA Hybrid-III Hybrid-II 
Test-2 Test-2 

Thoracic Forces (kN) 
Fz 10.67  

Fy -0.26  
Fx -2.79  

Lumbar Forces (kN) 
Fz 12.37 10.79 
Fy 0.55 1.79 
Fx -2.85 -7.83 

Thoracic Moments (N-m) My -410  
Mx 0  

Lumbar Moments (N-m) My -110 350 
Mx 10 0 
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Table 5.2 Aviation Seat, Test-2, Forces and Moment in Thoracic and lumbar region for FAA 

Hybrid-III and Hybrid-II 

Output Orientation FAA Hybrid-III Hybrid-II 
Test-2 Test-2 

Thoracic Forces (kN) 
Fz 13.28  
Fy 0.24  
Fx -3.57  

Lumbar Forces (kN) 
Fz 14.25 10.8 

Fy 0.29 2.28 
Fx -5.82 -8.07 

Thoracic Moments (N-m) My -690  
Mx 10  

Lumbar Moments (N-m) My -620 360 
Mx 0 10 

    
 

Comparing the tension forces of both rigid and aviation seats in axial, shear and lateral 

directions it can be observed that the forces in aviation seat cases exhibit a bit higher tension force 

compared to rigid seat cases. The peak of axial tension loads for the rigid seat is within the 

threshold limit of 12.7 kN. However, in representative aviation seat, it has reached above the 

threshold limit as 13.28 kN in the thorax region and 14.25 kN in the lumbar region. It is also 

observed that the forces and moment in the lateral direction are quite negligible.   

5.4.2 Injury Calculation- Oblique-Facing Rigid Seat and Compared with Experimental 

Cases from the Literature. 

The injuries of head, neck, torso and the loading in the spine are calculated and compared 

with FAA Hybrid-III and Hybrid-II. 
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5.5.2.1 Thoracic and lumbar forces and moments 

The forces and moments in thorax and pelvis region are evaluated and compared with the 

experimental data of FAA Hybrid-III rigid seat cases from the literature. The forces are taken in 

kilo newton and moments are tabulated in newton-meter. Table 5.2 and Figure 5.17, Figure 5.18 

shows the values for forces and moments of thoracic and lumbar in tabulated and bar chart view 

to get the detailed study of the simulation. 

Table 5.3 Rigid Seat, Test 2, Oblique Facing Conditions, Forces and Moment in the Thoracic 

and Lumbar Region for FAA Hybrid-III and Hybrid-II 

Output Orientati
on 

FAA Hybrid-III Hybrid- II FAA Hybrid-III 
Experiment 

1 2 3 1 2 3 1 2 3 

Thoracic Forces 
(kN) 

Fz 9.79 9.25 10.43 11.91 11.74 10.2
8 11 11.5 13 

Fy -2.19 -1.7 -2.54 -1.68 -1.97 -1.3 -2 -3.5 -2 
Fx -1.08 -2.42 -0.96 -2.44 -2.54 -2.93 -1 1 1.5 

Lumbar Forces 
(kN) 

Fz 11.5 10.25 12.67 10.54 10.27 10.9 10 11 11 
Fy -1.49 -2.46 -2.42 -3.26 -5.84 -1.8 -5 -7 -5.2 
Fx -2.04 -2.92 -0.53 -7.21 -4.93 -8.1 -3 -0.5 -7 

Thoracic 
Moments (N-m) 

My -330 -420 -370 -0.1 -0.13 -0.04 -130 -400 -120 
Mx -300 -130 -20 -0.47 -0.43 -0.54 120 450 130 

Lumbar Moments 
(N-m) 

My -80 -130 -90 330 290 360 170 200 300 
Mx -10 -20 0 10 0 10 -300 -400 -350 

 

The thoracic load values are within the limit with the experimental cases. While the lowest 

value is observed for Case-2. On the other hand, with lumbar loads, the larger value of loads is 

observed in small orientation case i.e 30-degrees and the least in the Case-2, where rigid arm-rest 

is considered. 
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Figure 5.17 Rigid Seat -Test 2, FAA Hybrid-III Bar Graph of Thoracic and Lumbar Force and 

Moments 

 

Figure 5.18 Rigid Seat, Test-2, Hybrid-II Bar Graph of Lumbar Forces and Moments 

5.5.2.2 Injury parameters and belt loads: 

The loading in neck, HIC, Nij, chest deflection, and acceleration are calculated for both 

FAA Hybrid-III and Hybrid-II ATD’s. Tables 5.3 and 5.4 and show the injury parameters and 

belt loads for FAA Hybrid-III and Hybrid-II. 
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Table 5.4 Rigid Seat Test-2, Injury Parameters for FAA Hybrid-III and Hybrid-II 

Output Threshold Orientation FAA Hybrid-III Hybrid-II 
1 2 3 1 2 3 

Neck forces (kN) 
4 Fz 2.79 2.79 2.99    
 Fy -0.01 -0.01 -0.09    

3.1 Fx -0.09 -1.1 -1.04    
Neck Moments (N-

m) 190 My -40 -40 -50    
Mx -10 -10 -10    

Neck Injury criteria 
(Nij) 1  0.92 0.98 0.91    

Head Injury 
Criteria (HIC) 1000  797 819 5157 471 549 3088 

Chest Deflection 
(mm) 63  37.4 43.3 28.1    

Chest Acceleration 
(G) 60  28.4 28.3 36.8 46.5 52.6 49.2 

 

Table 5.5 Rigid Seat Test-2, Belt Loads for FAA Hybrid-III and Hybrid-II 

Belts  Position FAA Hybrid III Hybrid II 
 Threshold  1 2 3 1 2 3 

lap Belt (N) 

7780 

Left 155 6614 1575 604 4766 2353 
 Right 3849 10069 3665 6211 7548 4454 

Body-Centered Belt (N) Left 6241  8439 6049  5604 
 Right 5904  6405 6457  5914 

Lower Extremity Constrained Left 2361 3480  1998 1059  
(N) Right 2259 2472  1153 951  

 

Neck forces and moments: Case-1 and Case-2 has the same tension force with values of 

2.79 kN, and the highest value is in Case-3 with 2.99 kN.  

HIC: The value for Head Injury Criteria are more in Case-3. Whereas, the case 1 and case 

2 are at the limit of 1000, because the head and knee impact during the simulation. 

 Chest deflection and acceleration: Deflection is high in the arm-rest case and the 

acceleration has larger variation more in Case-3 in FAA Hybrid-III and Case-2 in Hybrid-II 

 Belt loads: Belt loads are exceeded in Case-2 and Case-3 condition of FAA Hybrid III. 

Whereas, the loads are limited and more in case 2 of Hybrid-II and least in Case-3. 
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5.4.3 Injury Calculation- Oblique-Facing Aviation Seat and Compared with Experimental  

The loading in the oblique-facing representative seats are calculated and compared for 

FAA Hybrid-III and Hybrid-II. 

5.5.3.1 Thoracic and lumbar forces and moments 

Like rigid seat, in aviation seats, forces and moments in thorax and pelvis region are 

evaluated and compared with the experimental data of FAA Hybrid-III rigid seat cases from the 

literature. The forces and moments are tabulated in kilo newtons and newton-meter. The lateral 

moments are higher compared to the shear moments. Table 5.6 and Figures 5.19, 5.20 show the 

values for forces and moments of thoracic and lumbar in tabulated and bar chart view to get the 

detailed study of the simulation. 

Table 5.6 Aviation Seat, Test-2, Forces and Moment in Thoracic and Lumbar Region for FAA 

Hybrid-III and Hybrid-II 

Output Orientation FAA Hybrid-III Hybrid-II FAA Hybrid III - 
Experimental cases 

1 2 3 1 2 3 1 2 3 
Thoracic 
Forces 
(kN) 

Fz 11.9 11.7 10.2    11 11.5 13 
Fy -1.68 -1.97 -1.3    -2 -3.5 -2 
Fx -2.44 -2.54 -2.93    -1 1 1.5 

Lumbar 
Forces 
(kN) 

Fz 12.6 12.9 11.3 9.06 12.4 10.57 10 11 11 
Fy -1.7 -2.4 -1.5 -4.0 -5.8 -3.2 -5 -7 -5.2 
Fx -3.4 -2.9 -3.9 -6.5 -6.7 -7.9 -3 -0.5 -7 

Thoracic 
Moments 

(N-m) 

My -100 -130 -40    -130 -400 -120 

Mx -470 -430 -540    120 450 130 

Lumbar 
Moments 

(N-m) 

My -30 -45 -30 330 290 370 170 20 300 

Mx -160 -150 -180 0 0 10 -300 -400 -350 
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Figure 5.19 Aviation Seat, Test-2, FAA Hybrid-III Bar Graph of Thoracic and Lumbar Force and 

Moments 

 

Figure 5.20 Aviation Seat, Test-2, Hybrid- II Bar Graph of Lumbar Forces and Moments 

The failure is seen with the cases of aviation seat for both FAA Hybrid-III and Hybrid-II 

for the loads in both Thoracic and Lumbar region. The Case-3 for the simulated case is lesser for 

Thoracic loads than experimental cases. The lumbar loads are more in the Test 2 condition of 
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forward-facing seat., i.e 14.25 kN than the cases in Oblique impacts. The loads are higher for Case- 

1 and Case-2 of the FAA Hybrid III and less in Case-3 which is almost the same with the Case-3 

of test data. Whereas, the lumbar loads exceeded only in Case-2, where the armrest and normal 

belt is used. It can be inferred that the role of body-centered belt help for the reducing the loads on 

the lumbar region is significant.  

5.5.3.2 Injury parameters and belt loads 

The neck forces, moments, HIC, deflections and acceleration in the chest of both the 

occupants are calculated. The role of the belts to restraints the occupants from lateral motion is 

also seen. Tables 5.7, and 5.8 show the injury parameters and belt loads for FAA Hybrid-III and 

Hybrid-II. 

Table 5.7 Aviation seat Test 2, Injury Parameters for FAA Hybrid-III and Hybrid-II 

Output Threshold Orientation 
FAA Hybrid III Hybrid II 

1 2 3 1 2 3 

Neck forces (kN) 
4 Fz 4.06 3.22 3.86    
 Fy -0.03 -0.06 -0.01    

3.1 Fx -1.5 -1.5 -1.3    

Neck Moments (N-m) 190 
Fy -40 -40 650   

 
Fx -20 -20 -10   

 
Neck Injury criteria (Nij) 1  0.92 0.98 0.91    

Head Injury Criteria (HIC) 1000  1093 1154 1211 282 340 893 
Chest Deflection (mm) 63  23.7 23.9 25.4    
Chest Acceleration (G) 60   44.8 43.3 41.7 43.3 43 40 

 

Neck forces are higher in Case-1 which is almost the same limit with the threshold value., 

i.e 4.06 kN. The Case-3 stands the second in terms of neck forces with a value of 3.86 kN. The 

least value of 3.22 kN is seen in Case-2. The HIC fails and goes above the threshold in all the cases 
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of FAA Hybrid-III and below the limit of 1000 in Hybrid-II cases. Chest deflection is high in Case- 

3 and accelerations are almost the same for both the occupants. 

Table 5.8 Aviation Seat Test 2, Belt Loads for FAA Hybrid-III and Hybrid-II 

Belts  Position FAA Hybrid-III Hybrid-II 
  Threshold   1 2 3 1 2 3 

lap Belt (N) 
7780 

Left 4346 6391 5563 73.14 4730 795 
Right 6788 10180 7780 3587 9459 3428 

Body-Centered Belt (N)  Left 4381  3418 5284  5002 
Right 3507   3618 5118   4802 

 

Overall for Test-2 conditions, from simulated cases, the following can be observed  

• Lumbar spine tension forces and the thoracic forces are taken in consideration and 

compared with the experimental ones. The thoracic forces are observed to be similar 

compared experimental results.  

• The lumbar loads in Case 2 have the least loading for rigid seat scenario for both occupants. 

In Aviation seat, Case 2 the loads are just a bit higher than the threshold. 

• Neck forces and moments are generally higher in Case 3 for the both occupants  

• Belts loads are also higher when the armrest is used in both FAA Hybrid-III and Hybrid-

II. Also, an effect of the body-centered belt is observed. 

• In the rigid seat, the HIC value in Case 3 is under failure. Also, in aviation seat, all the 

three cases are under failure, due to the impact of the head to the knee. 

• Belt forces in the rigid seat exceeded the threshold in Case 2 and Case 3 for FAA Hybrid-

III and below the threshold for Hybrid-II. For aviation seat, the Case 2 fails for both the 

dummies. 

• The trend for Hybrid-II results are more similar to the trend for experimental results. 
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5.5 Structural Response of Aviation Seat and Rigid Seat 

The kinematics of the Aviation seat response shows that the aviation seat has the stresses 

in the leg, spreader, and tube parts of the seat. It can be observed that the seat cushion, seat and 

restraint system can amplify the loads. Therefore, the structural response of the aviation seat 

compared to a rigid seat does affect the loading in the spine. Figure 5.21 shows the stresses for 

aviation and rigid seats. The stress in aviation seat is about 19.87 MPa and it has observed that 

the rigid seat does not have the effect on the structure of the seat. The results for the aviation seat 

have magnified the forces on the occupant. 

 

 

 

Figure 5.21 Stresses in Aviation and Rigid Seat 
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CHAPTER 6 

6 OTHER CASES FOR FAA HYBRID-III WITH RIGID AND AVIATION SEATS 

  To observe the dynamic response of occupant and the representative aviation seats, three 

further configurations are studied with FAA Hybrid-III with rigid and aviation seats. The 

kinematics of the seats and dummy are recorded. The Table 6.1 and Figure 6.1 show the model 

condition for the FAA-Hybrid-III, Test-2 conditions. 

Table 6.1 Other configurations for the Test-2, FAA Hybrid-III 

Conditions Case-4 Case-5 Case-6 

Seat Angle (degrees) 30 45 45 

Arm Rest Yes Yes No 

Body-Centered Belt No Yes No 

Normal Belt Yes No Yes 

 

 

Figure 6.1 The Model Condition for FAA Hybrid-III, Test-2 Conditions  
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6.1 Oblique-Facing Test-2, FAA Hybrid-III Cases with Rigid and Aviation Seat 

To compare the response the simulation was done with rigid and Aviation seat with 3 

different configurations. 

6.1.1 Oblique-Facing FAA Hybrid-III, Rigid Seat, Case-4 

The Case-4 is variation of Case-3. It remains at 30-degree angle, but the arm-rest and body-

centered belt are added. In Figure 6.2  compared to Case-4, Test-2, 30-degrees with no body 

centered belt and arm-rest  and the simulation snapshots for 0.20 second. 

                

Time = 0 sec      Time = 0.09 sec 

             

Time = 0.15 sec     Time = 0.18 sec 

Figure 6.2 Rigid Seat, Test-2, FAA Hybrid III Case-1 Kinematics Snaps from Side and Front 

Views 
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Time = 0.20 sec 

Figure 6.2 (continued) 

6.1.2 Oblique-Facing FAA Hybrid-III, Rigid Seat, Case-5 

For Case-5, both arm-rest and body-centered belt are considered and simulated and 

recorded the responses for FAA Hybrid-III. Figure 6.3 compared toTest-2, 45-degrees with arm-

rest and body-centered belt and the simulation snapshots for 0.20 second. 

 

                   

Time = 0 sec       Time = 0.09 sec 

Figure 6.3 Rigid Seat, Test-2, FAA Hybrid-III Case-2 Kinematics Snaps from Side and Front 

Views 
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Time = 0.15 sec      Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 6.3 (continued) 
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6.1.3 Oblique-Facing FAA Hybrid-III, Rigid seat, Case=6 

For Case-6, both arm-rest and body-centered belt are removed and only lap belt is 

considered. The simulated and recorded the responses for FAA Hybrid-III. In Figure 6.4 compared 

to Case-3 Test-2, 45-degrees with without armrest and Body-centered lap belt  and the simulation 

snapshots for 0.20 second. 

            

Time = 0 sec      Time = 0.09 sec 

 

    

Time = 0.15 sec     Time  = 0.18 sec 

Figure 6.4 Rigid Seat, Test-2, FAA Hybrid-III Case-2 Kinematics Snaps from Side and Front 

Views 
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Time = 0.20 sec 

Figure 6.4 (continued) 

6.1.4 Oblique-Facing FAA Hybrid-III, Case 4- Aviation seat 

Case-4 in aviation seat has orientation of 30-degrees with arm-rest and lap-belt. Figure 6.5 

compared to  Test-2, 30- degrees with lap-belt and armrest,  and the simulation snapshots for 0.20 

second. 

                     

Time = 0 sec       Time = 0.09 sec 

Figure 6.5 Aviation Seat, Test-2, FAA Hybrid-III Case-1 Kinematics Snaps from Side and Front 

Views 
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Time = 0.15 sec      Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 6.5 (continued) 

6.1.5 Oblique-Facing FAA Hybrid-III, Aviation Seat, Case-5 

Case-5, Aviation Seat. Figure 6.6 compared to Test 2, 45 degrees with arm rest and normal  

lap belt  and the simulation snapshots for 0.20 second 
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Time = 0 sec       Time = 0.09 sec 

 

       

Time = 0.15 sec      Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 6.6 Aviation Seat, Test-2, FAA Hybrid-III Case-2 Kinematics Snaps from Side and Front 

Views 
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6.1.6 Oblique-Facing FAA Hybrid-III, Aviation Seat, Case-6 

Case-6 with Aviation seat where only normal lap-belt is considered. The arm-rest and 

body-centered belt are removed and the orientation of the seat is at 45-degrees.  Figure 6.7 

compared at Test 2, 45 degrees with without armrest and normal belt  and the simulation snapshots 

for 0.20 second. 

 

                

Time = 0 sec      Time =0.09 sec 

 

      

Time = 0.15 sec     Time = 0.18 sec 

Figure 6.7 Aviation Seat, Test-2, FAA Hybrid-III Case-1 Kinematics Snaps from Side and Front 

Views 
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Time = 0.20 sec 

Figure 6.7 (continued) 

6.2 Comparison of Results 

The tension loading and bending moment in the spine are calculated and compared with 

the all the other cases of rigid and aviation seats for FAA Hybrid-III. 

6.2.1 Other Cases- Thoracic and Lumbar Region 

  The thoracic and lumbar forces in axial, lateral and shear directions are recorded. The 

bending moment in shear and lateral directions are calculated for rigid and aviation seat. The Table 

6.2 and Figures 6.8, 6.9 show the tabulated and bars graph view of the forces and moments. The 

moments are tabulated for a detailed view for the lateral and shear bending of the spine. The 

thoracic and lumbar moments are also higher in the lateral Y- direction when compared to the 

moments in the longitudinal X-directions. 
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Table 6.2 Rigid seat and Aviation seat – Test 2, Forces and Moments in the Thoracic and 

Lumbar region for FAA Hybrid III 

Output Orientaion FAA Hybrid-III- Rigid Seat FAA Hybrid-III- Aviation Seat 
    4 5 6 4 5 6 

Thoracic Forces 
(kN) 

Fz 10.09 10.03 9 10.84 10.08 11.34 
Fy -1.13 -1.03 -1 -1.36 -0.73 -2.25 
Fx -2.31 -2.26 -2 -3.08 -2.61 -2.45 

Lumbar Forces 
(kN) 

Fz 11.42 11.65 10 12.1 11.26 12.65 
Fy -1.52 -1.9 -2 -1.78 -1.27 -2.88 
Fx -2.32 -2.17 -3 -3.93 -2.74 -3.04 

Thoracic 
Moments (N-m) 

My -370 -340 0 -550 -430 -440 
Mx -20 -30 0 -40 -30 -110 

Lumbar 
Moments (N-m) 

My -440 -430 0 -370 -450 -280 
Mx -30 -20 0 60 10 10 

 

The Case-5 with 45 degrees orientation and with body-centered belt shows the most 

promising results to provide the protection guidelines to the occupants. 

 

Figure 6.8 Rigid seat -Test 2, FAA Hybrid III Bar graph of Thoracic and Lumbar Force and 

Moments 
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Figure 6.9 Aviation seat – Test 2, FAA Hybrid III Bar graph of Thoracic and Lumbar Force and 
Moments 

6.3 Oblique-Facing Test-1, FAA Hybrid-III Cases with Rigid and Aviation Seat 

Additional simulations are conducted for Test-1 condition with Case-5, with 45-degrees, 

Arm-rest and body-centered belt provides the better protection to the occupant than the Case-1 

with 45-degrees, body-centered belt and no Arm-rest for the Test-1 condition. The effect of Arm-

rest is taken in to consideration in Case-5. 

6.3.1 Oblique-Facing Test-1, FAA Hybrid-III Cases with Rigid Seat 

   In this Case-5, the rigid seat is simulated with body-centered belt and arm-rest with 45- 

degree orientation the Figure 6.10 shows the Case-5, kinematic response for the occupant with 

rigid seat orientated with 45-degrees, body-centered belt and arm-rest. 
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.                      

Time = 0 sec      Time = 0.09 sec 

 

                  

Time = 0.15 sec     Time = 0.18 sec 

 

 

Time = 0.20 sec 

Figure 6.10 Rigid Seat Test-1, FAA Hybrid-III Case-5 Kinematics Snaps from Side and Front 

Views 
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6.3.2 Oblique-Facing Test-1, FAA Hybrid-III Cases with Aviation Seat 

The similar case is simulated with the aviation seat to observe the structural response of 

the seat such as seat, cushion and restrain system on the occupants can magnify the loading in the 

spine loading. Figure 6.11 shows the Case-5, kinematic response for the occupant with rigid seat 

orientated with 45-degrees, body-centered belt and arm-rest. 

         

Time = 0 sec      Time = 0.09 sec 

 

      

Time = 0.15 sec     Time = 0.18 sec 

Figure 6.11 Aviation Seat, Test-1, FAA Hybrid-III Case-5 Kinematics Snaps from Side and 

Front Views 
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Time = 0.20 sec 

Figure 6.11 (continued) 

6.3.3 Other Cases- Thoracic and Lumbar Region 

The thoracic and lumbar forces in axial, lateral and shear directions are recorded. The 

bending moment in shear and lateral directions are calculated for rigid and aviation seat. Table 6.3 

shows the tabulated forces and moments. it has noted that the compressive forces in the rigid-seat 

are a bit lesser than the aviation seat. Similar to Test-2 in Test-1 cases, adding a body-centered belt 

to the armrest case in 45 degrees orientations affects the results in spine compression and controls 

the lateral movements of the occupants. Case-5 seems to be the best configuration for protecting 

the occupant both in Test-1 and Test-2 conditions. 
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Table 6.3 Rigid seat and Aviation Seat, Test-1, Forces and Moments in the Thoracic and Lumbar 

Region for FAA Hybrid-III 

Output Orientation 

Rigid Seat 
Test-1  
Case-5 

 

Aviation-Seat 
Test-1 
Case-5 

Thoracic Forces (kN) 
Fz -3.22 -3.39 
Fy -1.19 -1.28 
Fx -0.63 -0.70 

Lumbar Forces (kN) 
Fz -3.62 -3.72 
Fy -1.64 -1.80 
Fx -0.45 -0.58 

Thoracic Moments 
(N-m) 

My -10 -20 
Mx 80 90 

Lumbar Moments 
(N-m) 

My 60 76 
Mx -10 -30 
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CHAPTER 7 

7 CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

The goal of this study was to investigate the response of occupants on oblique facing aircraft 

seats and to compare them to the traditional forward-facing ones. The finite element modeling 

simulation were utilized in this study to arrive a best real-time configuration to protect the 

occupants. To achieve the goal, 3 various cases are considered. 

• 45°, normal belt, body-centered belt, no arm-rest, lower extremity constrained 

• 45°, normal belt, arm-rest, lower extremity constrained 

• 30°, normal belt, body-centered belt, no arm-rest, no lower extremity constrained 

Both rigid and representative aviation seats were considered. The Hybrid-II and FAA Hybrid-III 

models was also considered as the occupants. The FE models of the seats, occupants, restraint 

system were utilized to simulate the response of the FE ATD’s on oblique-facing seats for both 

Test-1 and Test-2 conditions. 

The following conclusions can be made from this study. 

• For Test-1, the results from the simulations indicate that the spine forces are within the 

limits of the compressive load criteria. However, for oblique facing compressive lumbar 

spine loads are less than for forward-facing ones, (about 30% less). However, the occupants 

are exposed to lateral compressive forces and moments are due to multiaxial loading. 
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• The physical quantities for all the cases are higher for Aviation seat compared to the rigid 

seat (about 0.5 kN in Thoracic forces and 1 kN in lumbar forces). The seat, cushion, and 

arm-rest amplify the loads on the occupants in aviation seats 

• The neck forces and moments and HIC are least in Case-3, but all within the threshold 

limit. The lesser orientation reduces the head and neck injuries. 

• Overall, for Test-1, the cases and injuries were taken into consideration the Case5, (45 

degrees, Armrest, and body-centered and normal belt) show the best protection to the 

occupants. While, Case 3, 30 degrees, no Armrest, and no body-centered belt have seen the 

highest loading, but yet all below tolerance 

• The simulation results for Test-2 conducted for all cases were within 10% of the 

experimental data for rigid seat cases. 

• For Test-2, the limit on tension force for spine as per PMHS data of 5.2 kN seems to be too 

low. Where all the experimental and computational cases to be failure conditions. The 12.7 

kN, is considered as the tension force as per experimental results seems to be more 

applicable. 

• The results from the simulations compared to the experimental data show a similar pattern 

in thoracic forces. However, the lumbar forces seem to be highest in aviation seats, Case 2 

condition. The aviation seat structure magnifies the loading to the occupant. 

• The tension force in the spine is lower in oblique-facing, 10- 12 kN compared to forward-

facing seats, 11-14 kN. 

• The oblique-facing seats expose the occupants to some degree of lateral force and bending 

moment. 
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• Belt forces are highest in Case-2, with more than 10 kN, where arm-rest is considered. 

Also, in Case-3, the belt forces are highest of 8 kN due to the lesser orientation. This 

indicates that Arm-rest and orientation do affect the occupants. However, Arm-rest and 

body-centered belt restrain the occupants from lateral movements. 

• The actual design of the seat does affect the longitudinal loads. The loads were about 10 to 

12 % higher for aviation seat compared to those with the rigid seat. 

• Overall for all the cases and injuries were taken into consideration the Case 5, (45 degrees, 

Armrest, and body-centered belt) would provide the optimum protection to the occupants. 

7.2 Recommendations 

The following recommendations are made to further this research. 

• Use of side impact dummy models, ES-2RE, the details injuries such as Thoracic Trauma 

Index (TTI), Viscous Criterion (VC) can be calculated. 

• Different belts combination with arm-rest and angles from 18 to 90 degrees should also be 

investigated. 

• Use of 3-point belt and 4-point belt for the oblique-facing seat and HIC response and other 

injury parameter response need to be examined. 

• Considering actual test pulse instead of the ideal pulse can give more appropriate results 

for correlation 

• The belts loading and unloading with accurate experimental values and with different 

materials can be used to the elastic behavior of the belt. 
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• The use of seat squash which replicates the real-time position of an occupant and helpful 

to know the exact loading on the spine. 

• Design modification with armrest and positioning at the different position can be done to 

see the effect in the thoracic region.  
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