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EXECUTIVE SUMMARY 


Motorcoach travel is a very safe mode of highway transportation in the United States.  Over the 
ten year period between 1999 and 2008, on average, 16 fatalities have occurred annually to 
occupants of motorcoaches in crash and rollover events, with two of these fatalities being drivers 
and 14 being passengers. Among the 14 motorcoach passenger fatalities, 66 percent occurred in 
rollover events and 34 percent in roadside and multi-vehicle impacts.  Ejection from 
motorcoaches accounts for 81 percent of passenger fatalities in motorcoach rollover events. [1]. 

Passenger ejections can be reduced by using a number of different technologies, such as reducing 
openings by using stronger window retention methods, improvements to the integrity of window 
and other glazing areas, use of seat belts, etc.  For passenger ejection, incorporation of seat belts 
has been pursued as the most expedient way to mitigate ejection.  Crash and sled tests to study 
the effects of using seat belts are described in the report. 

The National Highway Traffic Safety Administration (NHTSA) conducted a crash test in 
December 2007 at the NHTSA Vehicle Research and Test Center (VRTC) in East Liberty, Ohio.  
The primary purpose of the crash test was to record the crash pulse from a severe frontal crash of 
a motorcoach.  This pulse was used in a sled test program to evaluate restraint performance. 
Unbelted dummies and dummies with lap belts had high head accelerations and Nij values, while 
the dummies with lap/shoulder belts had low head and neck loads.  All dummies had low chest 
accelerations, chest displacements, and femur loads.  All belted dummies remained in their seats 
while the unbelted dummies ended up in the aisle or in the seats in front of them.  There was no 
evidence of any “compartmentalization” in the unbelted seat configurations, as the unbelted 
dummies did not stay in their seats. All seat attachments (including baseline) remained intact.  
The seats did not separate from the floor or side-rail. 

The crash pulse from the crash test (VRTC pulse) was used in sled tests to simulate such impacts 
and to study the dummy kinematics and injury assessment values under different seating and 
dummy size combinations.  Some tests were also conducted using the Europe (ECE) Regulation 
80 pulse. Like in the crash test, the higher dummy injury measures were mostly limited to HIC 
and Nij, although the unbelted 5th females often recorded high femur loads.  When the VRTC 
pulse was used, no lap/shoulder belted dummy had a Nij which exceeded the IARV, and only 
one lap/shoulder belted dummy recorded a HIC response above the injury assessment reference 
values (IARV). Rear loading of the target seat by unbelted dummies often led to increased 
injury values for the lap/shoulder belted dummy, compared to tests that had no rear dummy 
loading. The ECE pulse produced higher HIC responses than the VRTC pulse.  Several of the 
lap/shoulder belted dummies exceeded the IARV for HIC when tested with the ECE pulse.  The 
ECE pulse has a shorter duration and higher peak acceleration than the VRTC pulse. 

Static pull tests were developed to subject the seat belts, seat belt anchorages, seat structures, and 
seat anchors to forces observed in the sled tests.  The static tests will ensure that the seat belt 
assemblies and the seat hardware in complying systems will withstand the forces generated in 
such crash environments. 
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1.0 BACKGROUND 

Motorcoach travel is a very safe mode of highway transportation in the United States.  Over the 
ten year period between 1999 and 2008, on average, 16 fatalities have occurred annually to 
occupants of motorcoaches in crash and rollover events, with two of these fatalities being drivers 
and 14 being passengers. Among the 14 motorcoach passenger fatalities, 66 percent occurred in 
rollover events and 34 percent in roadside and multi-vehicle impacts.  Ejection from 
motorcoaches accounts for 81 percent of passenger fatalities in motorcoach rollover events. [1]. 

Passenger ejections can be reduced by using a number of different technologies, such as reducing 
openings by using stronger window retention methods, improvements to the integrity of window 
and other glazing areas, use of seat belts, etc.  For passenger ejection, incorporation of seat belts 
has been pursued as the most expedient way to mitigate ejection [2].  Crash and sled tests to 
study the effects of using seat belts are described in the following sections. 

2.0 CRASH TEST 

2.1 Introduction 

The National Highway Traffic Safety Administration (NHTSA) conducted a crash test in 
December 2007 at the NHTSA Vehicle Research and Test Center in East Liberty, Ohio (Test # 
6294 in NHTSA Vehicle Crash Test Database). The primary purpose of the crash test was to 
record the crash pulse from a severe frontal crash of a motorcoach.  This pulse was used in a sled 
test program to evaluate restraint performance (discussed in Chapter 3).   

Figure 1 shows the motorcoach used in the test.  It was a 2000 MCI 102EL3 Renaissance with a 
Detroit Diesel Series 60 diesel engine and B500 Allison Automatic transmission.  The coach was 
45 ft (1372 cm) long, 12 ft 6 inches (381 cm) tall, with 54 seats (34 inches apart longitudinally).  
The weight as tested (including dummies and equipment) was 42,720 lbs (19,378 kg). 

Figure 1 - Motorcoach Used for Crash Test 

The coach had unbelted seats from American Seating Company, seats with 2 and lap/shoulder 
belts from Amaya, and a seat with lap/shoulder belts from Freedman Seating Company. 

The crash test speed was 30 mph (48.3 kph) into a fixed rigid barrier at zero degrees, full overlap 
condition. The test collected data from 355 dummy channels and 26 vehicle channels at 12,500 
samples/sec. 
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2.2 Selection of the motorcoach 

Motor Coach Industries (MCI) is one of the leading manufacturers of motorcoaches in use in the 
North American market.  According to Polk, ABA estimates, in 2007, MCI, Prevost, ABC/Van 
Hool and Setra had market shares of 56%, 23%, 19% and 2% of the industry-wide fleet of 
49,493 units, respectively. According to National Bus Trader estimates, MCI had 38% of the 
annual sales (1,794) in the private coach segment in 2007.  For 2009, the annual sales market 
share for MCI, Prevost, ABC/Van Hool and Setra were 49%, 21%, 22% and 8% of annual sales. 

The MCI E-series Renaissance bus was introduced in 1996 and is still sold as the top-of-the line 
tour bus model by MCI. 

2.3 Seats used in the crash and sled tests 

The motorcoach used in the crash test came with unbelted seats from the American Seating 
Company (see Figure 2).   

Figure 2 – Unbelted Seats from the American Seating Company 

At the time of the crash test (Fall 2007), there were no known suppliers of motorcoach seats with 
belts. Therefore, custom solutions from existing suppliers of seats were sought.  Freedman 
Seating supplies belted seats for transit buses and small and mid-size coaches.  Custom belted 
seats for the MCI motorcoach were purchased from Freedman Seating (see Figure 3).   

Figure 3 – Custom Lap/Shoulder Belted Seats from the Freedman Seating Company 
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Additionally, custom seats made by Amaya and based on the European market for belted seats 
were purchased (see Figure 4).  These seats were versions of seats, modified to fit in the MCI 
102EL3 bus used in this program, designed to meet the following Economic Commission for 
Europe (ECE),bus definitions (as defined in Regulation 14, TRANS/WP.29/78/Rev.1/Amend2): 

M3: Vehicles with more than eight seats (plus driver) and mass greater than five tonnes (11,023 
lbs). This uses a load equivalent to 6.6 g. These seats are referred to as “7G seats” in this report. 

M2: Vehicles with more than eight seats (plus driver) and mass less than five tonnes (11,023 
lbs). This uses a load equivalent to 10 g. These seats are referred to as “10G seats” in this 
report. 

Figure 4 – European Lap/Shoulder Belted Seats from Amaya 

In order to study the effect of having lap belts, custom 7G seats with lap belts, made by Amaya 
were also purchased. 

2.4 Crash test conditions 

A full frontal crash into a fixed rigid barrier at a speed of 30 mph was selected, which represents 
a severe crash condition (pre-test set-up is shown in Figure 5).  Since the deceleration pulse from 
this test was to be used for sled testing to evaluate restraints, it was judged that a severe crash 
was the most suitable.  A crash that occurred in southern Kentucky in June 2007 would be an 
example of such a severe crash.  A 1987 MCI motorcoach carrying 42 adult and 22 child 
passengers crashed into an overpass support about 75 miles north of Nashville on Interstate 65, at 
highway speed, (see Figure 6). The driver and one passenger were killed.  Other crash 
conditions, including some European requirements, were simulated on the sled tests described 
later in the report. 
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Figure 5 – Pre-Test Set-Up for Motorcoach Crash Test 

Figure 6 – Kentucky Motorcoach Crash Scene 
(photograph by Associated Press) 

2.5 Dummy and instrumentation placement 

The crash test used 22 instrumented dummies at different seat locations throughout the bus.  The 
types and numbers of dummies used were as follows: 

Hybrid III 50th percentile male – 5 ft, 9 inches (175 cm) tall and 170 lb (77 kg) - 17 dummies 
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Hybrid III 5th percentile female – 5 ft (150 cm) tall and 110 lb (50 kg) - 3 dummies 
Hybrid III 95th percentile male – 6 ft, 2 inches (188 cm) tall and 220 lb (100 kg) - 2 dummies 

Each dummy had accelerometers in the head and chest, load cells in the upper neck and femurs, 
and a chest displacement potentiometer. 

The locations of the dummies and vehicle-mounted accelerometers (3 axes at locations A, B, C, 
D, and E) are shown in Figure 7. Locating accelerometers at various locations, on the 
longitudinal structural beam of the coach, allowed for the measurement of the crash pulse in both 
the crush zone and the occupant area. 

The belted dummies of different size combinations were seated on the right side of the aisle in 
Rows 9R, 11R, 13R in Amaya 7 g seats with lap/shoulder belts.  The corresponding unbelted 
dummy size combinations were seated on the left of the aisle in baseline unbelted seats 
(American Seating Co.), in rows 8L, 10L, and 12L.  This allowed for a direct comparison of 
dummy injury assessments and kinematics for belted and unbelted dummies (and the 
performance of the seat structures). 

A single, lap belts only Amaya seat was installed in Row 5L.  This was to study the performance 
of lap belts in restraining 50th percentile male and 5th percentile female dummies. 

The effect of rear loading from unbelted dummies in the seats behind the belted seats was also 
examined.  Mid-size male dummies were seated in lap/shoulder belted seats from Amaya and 
Freedman Seating in rows 4R and 6R, respectively.  They were subject to rear loading from 
unbelted dummies in rows 5R and 7R. The belted seats in rows 4R and 6R were attached to the 
bus using reinforced structures, shown in Figure 8.  The intent was to study the dummy injury 
assessments and kinematics without the seats getting detached from the bus.  The rest of the nine 
occupied and 13 unoccupied rows were attached to the bus using OEM equipment (T-bolts) 
shown in Figure 9. 
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Figure 7 – Dummy Seating Locations and Vehicle-Mounted Accelerometer Placement 
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Figure 8 – Reinforced Seat Mountings for Rows 4R and 6R 

Figure 9 – OEM Seat-Mounting Attachments 

2.6 Photographic coverage 

The crash test was extensively documented using ten on-board high-speed (1000 fps) cameras 
(three high resolution (1536 x 1024), seven standard resolution (752 x 752)), nine off-board high 
speed cameras, including overhead and underbody views (eight high resolution, one medium 
resolution (640 x 480)), two real-time panning views, and pre and post-test still photographs.  
The locations of the high-speed cameras are shown in Figure 10. 

2.7 Summary of results 

The measured speed of the crash test was 30.36 mph (48.86 kph).  The peak deceleration was 
about 13 g at 125 milliseconds, obtained from accelerometer data filtered to SAE CFC 60 
(shown in Figure 11). The velocity and displacement curves, obtained by integrating the 
accelerometer data, are shown in Figures 12 and 13, respectively. 
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Figure 10 – Locations of High-Speed Cameras 
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Figure 11 – Vehicle Deceleration from Crash Test 
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Figure 12 – Vehicle Velocity from Crash Test 
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Figure 13 – Vehicle Displacement from Crash Test 
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The displacement plot shows a peak dynamic crush of approx 77 inches (196 cm).  Post-test 
pictures of the damage are shown in Figures 14 and 15. 

Figure 14 – Frontal Views of Damage from Crash Test 

Figure 15 – Side View of Damage from Crash Test 
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2.8 Dummy injury assessments 

The dummy injury assessment values from the crash test are listed in the Appendix.  All 
dummies had chest and femur injury values less than 80 percent of the associated injury 
assessment reference values (IARV), so these are not shown in this section.   

The head injury criteria (HIC) values for the dummies are shown in Figure 16.  The values 
exceeding the IARV of 700 are shown in red, and the values below 80 percent of the IARV are 
shown in green. The resultant head accelerations of the dummies are shown in Figures 17 to 20.  
Figure 17 shows high head acceleration values for the unbelted 5th percentile female dummy and 
the dummy restrained by lap belts.  Similarly, Figures 18 and 19 show that the unbelted 50th 

percentile male dummies (dotted line) had much higher head accelerations than belted dummies 
(solid line), especially when interacting with the seat in front of the dummy.  Head accelerations 
in the 150 ms – 200 ms timeframe resulted from head of the dummy striking the seat in front of 
the dummy.  The unbelted dummy #177 had a secondary impact at approx 350 ms into the 
fixture for video cameras two rows forward of the dummy. 

The neck injury criteria (Nij) and the corresponding component of the maximum Nij 
(compression, tension, flexion, and extension) are shown in Figure 21. 
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Window  Aisle 

439 77 


1308 843
785 1356 


204 157 


613 728 


700* 754 


349 118 


336 570 

195 38 


210 1959 
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Figure 16 - HIC Values Obtained in Crash Test 
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Figure 17 - Resultant Head Accelerations – 5th Female 
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Figure 18 - Resultant Head Accelerations – 50th Male - Rear 
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Figure 19 - Head Accelerations – 50th M - Front 
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 Figure 20 - Head Accelerations – 95th M 
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Aisle Window 

Window  Aisle .83 CF ---

.97 CE .56 CF 
.40 TE 4.75 CE

.65 CF .68 CF 

.53 CE .50 CF 

1.35 CE .57 CE 
.51 CF .72 CF 

.45 CE ---
.31 CF .25 TE 

.36 CF 2.05 CF 
.20 CF .28 TF 

Figure 21 - Neck Injury Values (Nij) 
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Figure 22 – Post-test positions of belted dummies 

2.9 Observations 

Unbelted dummies and dummies with lap belts had high head accelerations and Nij values, while 
the dummies with lap/shoulder belts had low head and neck loads.  All dummies had low chest 
accelerations, chest displacements, and femur loads. 

The unbelted dummies typically made the first head contact with the back of the seat in front 
within 150 to 180 milliseconds.  The belted dummies did not strike the seat in front in any 
significant way, except for the 95th male dummy in row 9R, which struck the seat in front with 
the knees and head. 

The dummies in lap/shoulder belts had HIC values below 80 percent of the IARV, while the 
unbelted dummies and dummies in lap belts had HIC values exceeding the IARV.  The high 
head acceleration of the unbelted dummy #177 in the 8L window seat at 350 milliseconds 
(relatively late in the event) was caused by the head striking a camera mount two rows in front of 
the seat. 

All belted dummies remained in their seats (Figure 22), while the unbelted dummies ended up in 
the aisle or in the seats in front of them (Figures 23).  There was no evidence of any 
“compartmentalization” in the unbelted seat configurations, as the unbelted dummies did not stay 
in their seats (Figure 24). 

The dummies with high neck loads were either unbelted or in 2-pt belts. 
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 Figure 23 – Post-test positions of unbelted dummies 
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Figure 24 - Lack of compartmentalization of unbelted dummies 
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Figure 26 - Dummy contact with seat in front 

 
 Figure 25 - Damage to the seat mounting hardware 

All seat attachments (including baseline) remained intact.  The seats did not separate from the 
floor or side-rail. There was one failure of the seat frame at the floor attachment (Figure 25).  
This was a baseline seat (not designed for belts).  This unoccupied seat had high forces exerted 
on it by unbelted 50th male and 95th male dummies in the row behind it. 

The baseline seats and the Freedman seat back were bent and/or broken when impacted by 
unbelted dummies in the seats behind them (Figure 26). 

The D-ring mount of the belted Amaya seat in row 11R failed (Figure 27).  The D-ring is 
attached to the seat back using two bolts.  The top bolt sheared, resulting in forward excursion of 
the D-ring. However, this did not result in dummy contact with the seats in front or high injury 
assessment values. 



 

 

 
 
Figure 27 - Damage to D-ring mount 
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Figure 28 - Crash and sled pulses used (SAE CFC 60) 

Figure 28 shows the crash pulse (magenta) at the occupant compartment (away from the crush 
zone) from the crash test.  The data in this plot has been filtered to SAE CFC 60.  The sled pulse 
for most of the sled tests (referred to as the VRTC pulse in this document) is in black, while the 
sled pulse for the European ECE 80 conditions is in blue, and ECE 80 corridor is in red. 

3.0 SLED TESTS 

3.1 Introduction 

The primary purpose of the crash test was to record the crash pulse from a severe frontal crash of 
a motorcoach.  The crash pulse would be used in sled tests to simulate such impacts and to study 
the dummy kinematics and injury assessment values under different seating and dummy size 
combinations.  This allows for an understanding on how the crash environment affects the 
outcome and the likelihood of severe injuries or fatalities in such crashes. 

3.2 Sled pulse selection 



 

 

 
 

 
 

 
Figure 29 - Crash and sled pulses used (30 Hz cutoff) 

The HYGE sled produces sled pulses without any significant data above 30 Hz.  This can be seen 
in Figure 29, which has the same data as in Figure 28, except that the crash test pulse is filtered 
to a 30 Hz cutoff frequency. 

Figure 30 shows the velocity from the crash test and the sled tests simulating the crash and ECE 
80 sled pulse. The velocity time history and ΔV values from the crash test and the VRTC pulse 
are very similar. 
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Figure 30 - Crash and sled velocities 

3.3 Sled test setup 

The sled test used baseline (unbelted) seats from American Seating, and M3 and M2 seats from 
Amaya, as described in section 2.3.  These are referred to as “Amer Seat”, “Amaya” 7G and 
“Amaya” 10G, respectively in the test matrix (Figure 32). 

The sled setup consisted of three rows of seats:  front row, middle row, and rear row.  The belted 
seat was located in the middle row, attached to the sled at the floor and side rail through three 
axis load cells (Figure 31).  The front row was always unoccupied and provided surfaces for the 
dummies in the middle row to strike (with knees and head/neck).  The rear row was used for 
unbelted dummies that loaded the middle row, or it was left unoccupied.  The sled test matrix is 
shown in Figure 32. 
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 Figure 31 - Sled test setup with load cells at seat anchor of middle row seat 
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Figure 32 - Sled test matrix 



 

 

 

 

 
 Figure 33 - Angled sled test setup 

Test types 1 through 4 were intended to record varying amounts of force on the belted seat in the 
middle row.  Test types 2 through 5 replicated seating conditions used in the crash test (rows 9R 
through 13R). Test type 5 had dummies in seats with lap belts (lap belts).  Test types 6, 7, 8 and 
9 examined the compartmentalization provided by baseline and belted seats (7G and 10G) for 
unbelted dummies. Test type 10 looked at the effect of having belted dummies in reclined seats 
and the corresponding difference in the spacing between the seat-backs on belted and unbelted 
occupants. Test type 11 studied the effect of maximum loading from unbelted 95th male 
dummies in the rear seat.  The test # 11 of this type used the 10G seat in the middle row and 7G 
seat in the front row.  Test types 8 and 9 replicated certain seating conditions for a 15 degree 
oblique impact by angling the sled (Figure 33). 

3.4 Sled test results. 

The sled test results are in the Appendix. Like in the crash test, the higher dummy injury 
measures were mostly limited to HIC and Nij, although the unbelted 5th females often recorded 
high femur loads.  When the VRTC pulse was used, no lap/shoulder belted dummy had an Nij 
which exceeded the IARV, and only one lap/shoulder belted dummy recorded a HIC response 
above the IARV (test 11). Rear loading of the target seat by unbelted dummies often lead to 
increased injury values for the lap/shoulder belted dummy, compared to tests that had no rear 
dummy loading.  This was because rear loading caused the seat back of the belted seat to move 
forward, thereby increasing the likelihood of contact with the seat in front. 
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 Figure 34 - Angled sled test post test dummy positions 

The ECE pulse produced higher HIC response than the VRTC pulse. Several of the lap/shoulder 
belted dummies exceeded the IARV for HIC when tested with the ECE pulse.  The ECE pulse 
has a shorter duration and higher peak acceleration than the VRTC pulse. 

Dummy injuries measures (HIC and Nij) were elevated (i.e. above 80 percent of the IARV) or 
exceeded the IARV in the lap belt tests, due to head contact with the seat in front.  Nij values 
exceeded the IARV for all lap belted occupants and many unbelted ones.  The 5th female 
consistently recorded higher injury numbers when compared to the larger occupants in lap and 
unbelted conditions. 

Low injury numbers were recorded for 15 degree angled testing, however unbelted dummies 
were not contained between the seats and often fell into the aisle (Figure 34). 

When compared, the Amaya 7G and 10G seats injury values were relatively similar.  In test type 
11, the dummy in the middle row right side seat (10G) had high HIC because the head strike 
with the seat back of the front row seat.  In the corresponding test (# 10) with 7G seats, the 
dummy head contacted the head restraint instead of the seat back, possibly encountering a more 
compliant surface.  The unbelted 5th female dummy in the middle row right side of Test # 6 had 
high neck readings because of the chin contact with the upper part of the seat back of the front 
row seat. 

4.0 STATIC SEAT PULL TESTS – TEST PROCEDURE 

4.1 Introduction 

The sled tests resulted in the belted seat (usually in the center row) being subjected to loads from 
dummies occupying the seat (pulling on the belts), and from the unbelted dummies in the rear 
seat. The reaction forces at the seat mounts were recorded using 3-axis load cells.  The seat belt 
tensions were also recorded during the sled tests.  These sled tests represented the crash 
environment from the severe crash test described in section 2.0 and the ECE pulse. 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Static pull tests were developed to subject the seat belts, seat belt anchorages, seat structures, and 
seat anchors (to the floor and side of the coach) to forces observed in the sled tests.  The static 
tests will ensure that the seat belt assemblies and the seat hardware in complying systems will 
withstand the forces generated in such crash environments. 

4.2 Estimating forces on the belted seat 

The intent of the static tests was to subject the belted seat to forces that were similar to the forces 
on the seat in certain representative sled tests.  Two different methods were used to estimate the 
forces on the belted seat. 

Method A: Estimate the forces on the seat from the following: 
•	 loads on the seat belts (from the inertia of the belted dummy) 
•	 loads on the lower seat back and frame from the knees/femur of the unbelted dummies in 

the rear seat 
•	 loads on the upper seat back from the head and upper torso of the unbelted dummies in 

the rear seat 

Method B: Estimate forces on the seat from the forces measured during the sled tests at the seat 
attachment points on the floor and the side-rail. 

4.2.1 Method A 

This method used the five selected sled tests to examine the time-history of forces on the seat.  
These consisted of the following: 

Inertial forces from belted occupants in the seat determined from 
Lap belts loads 
Shoulder belt loads 

Forces from unbelted occupants in the rear seat determined from 
Knee/femur loads into the lower seat frame 
Head/upper torso loads into the upper seat back 

The time-history of these forces were used to compute peak forces and longer sustained forces 
on the seat. The details are described in sections 4.2.1.1 through 4.2.1.3 below. 

4.2.1.1 Forces from seat belts 

In the sled tests, the seat belts exerted force on the seat structure due to the inertial loading of the 
belted dummy occupying the seat on the seat belt. These seat belt forces were recorded by belt 
tension load cells (Figure 35). In static pull tests, loads were applied on the seat through body-
blocks representing the torso and the pelvis of the dummies.  The purpose of the static tests is to 
pull at the torso and pelvic body blocks (green arrows) so that belt forces (red arrows) similar to 
those recorded in sled tests are achieved. In order to do this, a static pull test (described in sec. 
5.1.1) was conducted in which the shoulder and lap seat belt forces (red arrows) as well as the 
torso and pelvic block pulling forces (green arrows) were recorded.  
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Figure 35 - Belt forces in sled test 
 

 

 
 

Figure 36 - Belt forces and body block pulling forces in static test 



 

 

 

 

 

 

 

The seat belt forces generated in the test were recorded, along with the torso and pelvic block 
pulling forces, shown by red and green arrows, respectively in Figure 36.   

The data collected was used to generate a “transfer function” between each pulling force and the 
resulting seat belt force.  These transfer functions, shown in Figure 37A .. 37D, were 
implemented using a look-up table.  The table consisted of a list of belt forces and corresponding 
body block pulling forces recorded in the static test.  Thus, knowing the belt forces from sled 
tests, the corresponding body block pulling forces required to achieve those belt forces can be 
estimated using this transfer function lookup table. 

4.2.1.2 Forces from unbelted rear dummies 

From the sled tests, the force on the lower seat back and the seat frame from the knee/femur of 
the rear dummy was estimated by adding the compressive forces on the dummy femurs, recorded 
by the femur load cells.  The force from the head and upper torso striking the upper seat back 
was obtained by multiplying the resultant acceleration of the head and chest by the mass of the 
Hybrid III dummy head and upper torso, respectively.  For the 50th percentile male, these values 
are 4.54 kg and 17.2 kg, respectively. The values for the 95th percentile male are 4.94 kg and 
22.6 kg respectively. 

4.2.1.3 Example of Method A 

An example of the Method A calculations for Test #5 (080722-1) is shown in Figure 38. The 
peak forces on the seat occur about 125 milliseconds into the event, with the rear dummy loading 
the seat through the knee/femur (dotted lines) and the seat belts pulling on the seat (solid line), as 
shown in Figure 39. 
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Figure 37A – Left Passenger torso pulling force vs. belt tension transfer function 
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Figure 37B – Right Passenger torso pulling force vs. belt tension transfer function 
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 Figure 37C – Left Passenger pelvis pulling force vs. belt tension transfer function 
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Figure 37D – Right Passenger pelvis pulling force vs. belt tension transfer function 
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 Figure 38 - Shoulder (torso), lap (pelvic) body block pulling forces and femur loads from rear dummies 
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Figure 39 - Maximum rear loading (from femur load cells) 
 

 

 
Figure 40 - Maximum sustained force on the seat 
 
 

Later in the event, at approx 165 milliseconds, the forces on the seat reduce to a lower 
sustained force after the seat back deforms, as shown in Figure 40. 



 

 

 

 

 
 

  

 

The forces from the rear dummy head and chest striking the seat back occurred late in the 
event (approximately 180 milliseconds) and is of much lower magnitude than those from 
the belts and the rear dummy knees (Figure 41). 

Figure 41 - Forces from head and torso of the rear dummy 

This figure shows the total force on the seat (from the belts and rear dummy knees) from 
the two dummies, along with the forces from the head and the chest of the rear dummy 
striking the seat back. The forces on the upper seat back from the rear dummies are 
relatively small compared to the forces from the belts and rear dummy knees.  Therefore, 
static tests were run on the seats with body blocks to pull on the torso and lap belts 
(Figure 36) and a lower rear loading bar 20 inches above the floor (Figure 42) to 
represent loading from the knees of the dummies in the rear seat.  The seat belts and the 
rear bar were pulled to a pre-determined peak force (attained in 30 seconds), and then the 
forces were reduced (within 1 second) to a lower, pre-determined value (seen in Figure 
38) and held for another 30 seconds. The method for determining the peak force and the 
lower force is described below. The timing for attaining the peak and hold forces, were 
based on FMVSS No. 222 final rule published in October 2008. 
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Figure 42 - Rear loading bar setup 

To estimate the pulling forces needed for the body blocks and the lower rear loading bar 
in the static tests, Figure 38 was used to determine the time, Tmax, at which the total force 
on the seat reached a maximum in the sled tests.  Total femur loads from the rear dummy, 
Fmax(rear), were recorded at Tmax. Individual seat belt forces at Tmax, Pmax(lap) and 
Pmax(sh), were obtained from the lap and shoulder belt force-time histories (Figure 43). 

Similarly, Thold was defined as the time at which total force on seat reached a plateau. 
The total femur loads from rear dummy, Fhold(rear), and individual seat belt forces, 
Phold(lap) and Phold(sh), were recorded at Thold. 
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Figure 43 - Pulling forces of individual body blocks 

4.2.1.4 Results of Method A 

Forces on the belted seats were calculated for five sled tests (# 3, 5, 10, 11, 13).  These 

cover the range of seating conditions, including 50th male dummies without rear loading, 

to 5th female and 50th male dummies with rear loading from unbelted 95th male dummies.  

The forces on the seats in these tests are shown in Table 1.
 



 

 

 

  
 

 
    

 
   

 
   

                 

 

 

 

  
 

 

   
 

 

 

Table 1 - Peak and sustained loads in selected sled tests (using Method A) 

Dummy Rear Seat Tmax Fmax Pmax Thold Fhold Phold Phold 
Test # Position size dummy type rear Pmax lapsh rear lap sh 

msec N N N msec N N N 
3 Left 50th NA 7g 123 NA 3829 6055 180 NA 1910 6492 
3 Right 50th NA 7g 118 NA 6750 5262 180 NA 3893 5540 
5 Left 50th 50th 7g 127 7036 6756 4654 170 4600 4681 4613 
5 Right 50th 50th 7g 120 9231 2620 4760 165 3450 1520 3764 
10 Left 5th 95th 7g 126 7041 5570 3700 165 5500 4600 3600 
10 Right 50th 95th 7g 118 7543 6455 5442 164 3809 2763 4328 
13 Left 50th 50th 10g 125 6450 5687 5149 150 4719 3774 5213 
13 Right 50th 50th 10g 124 9459 5916 5105 162 2854 2639 4506 
11 Left 5th 95th 10g 112 5892 3598 4154 164 5149 2698 4101 
11 Right 50th 95th 10g 121 8705 4082 10199 165 5009 2055 4909 

Loads for use in the static tests were determined based on the average of the values listed 
in Table 1 for tests #5, 10, 11, and 13 (#3 did not have rear loading).  For the rear loading 
bar, the sums of the left and right positions were used.  For the torso and pelvis loads on 
the individual seating positions, the left and right forces were not summed.  The resulting 
proposed load profile for Method A was as follows: 

THE FOLLOWING ALL OCCURS SIMULTANEOUSLY 
Attain the following loads within 30 seconds: 

Rear bar Loading: Load up to 15,340 N 
For each seating position: 

Pelvic Body Block Loading: Load up to 5,085 N 

Torso Body Block Loading: Load up to 5,400 N 


Reduce to the following loads within 1 second of attaining the above peak loads: 

Rear bar Loading: Reduce to 8,770 N 
For each seating position: 

Pelvic Body Block Loading: Reduce to 3,100 N 
Torso Body Block Loading: Reduce to 4,380 N 

Hold for 30 seconds 

4.2.2 Method B 

This method used the forces recorded at the seat anchors (on the floor and the side-rail) 
from the sled tests to determine a static load profile.  All forces acting on the seat are 
transferred to the bus structure through the seat anchors.  The longitudinal (X) component 
of the forces at the seat anchors are added together to determine the peak and sustained 
hold loads for the static test profile.  As an example, the resulting total force from sled 
test #5 is plotted in Figure 44. 
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Figure 44 - Sum of Horizontal forces at seat attachment locations 

A transfer function (in the form of a table) was obtained between the total body-block 
pulling forces (torso and pelvic) and the forces at the seat anchors from a static test.  A 
graphical representation of the relationship between the total body block pulling forces 
and the X-component of the forces recorded at the seat anchors is shown in Figure 45.   

Figure 45 - Body block pulling forces vs. loads at seat attachments 
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The transfer function was used to create the pulling force-time history shown in Figure 
46. This figure shows the sum of the pulling forces needed (at the four body blocks (left 
and right torso and pelvis blocks)) to produce the same total longitudinal forces at all the 
load cells at the seat attachments.  Note that this method does not use any rear loading 
bar, as all forces at the seat anchors are attributed to loading through the body-blocks 
only. 

Figure 46 -Total pulling forces on all body blocks for selected sled tests 

The peak and hold pulling forces thus obtained were divided equally between the four 
body blocks (two torso and two pelvic) for both occupants of the seat.  This was because 
the seat anchor load cells record the total force on the seat, and cannot differentiate 
between the various pulling forces at the different belts.  Using this method, the peak and 
hold values of pulling force were calculated for sled tests # 3, 5, 13, 10, and 11 (Table 2). 



 

 
 

 
          

 

 

 

 

 

 

 

 

 

 

Table 2 - Peak and sustained loads in selected sled tests (using Method B) 

Test # 

Subject 
Dummy 
(aisle) 

Subject 
Dummy 
(rail) 

Rear 
Dummy 

Seat 
Type 

Pmax 
Total 

Phold 
Total 

Pmax 
Body 
Block 

Phold 
Body 
Block 

N N N N 
3 50th 50th ---- 7G 25585 13000 6396 3250 
5 50th 50th 50th 7G 40387 30000 10097 7500 
13 50th 50th 50th 10G 48569 26000 12142 6500 
10 5th 50th 95th 7G 42084 26000 10521 6500 
11 5th 50th 95th 10G 41155 26000 10289 6500 

Loads for use in the static tests were determined based on the average of the Pmax and 
Phold body block values listed in Table 2 for tests #5, 10, 11, and 13 (#3 did not have rear 
loading). The results were as follows:  

For each seating position, simultaneously: 

Attain the following loads within 30 seconds: 
Pelvic Loading: Load up to 10,760 N 
Torso Loading: Load up to 10,760 N 

Reduce to the following loads within 1 second of attaining the above peak loads: 
Pelvic Loading: Reduce to 6,750 N 
Torso Loading: Reduce to 6,750 N 

Hold for 30 seconds 

In one instance (test 13), using 10G Amaya seats, the peak force on the seat indicated that 
each body block should be pulled at 12,124 N.  This compares to the FMVSS No. 210 
requirements (for passenger vehicles) of a pulling force of 13,345 N for each body block. 

5.0 STATIC SEAT PULL TESTS – TEST RESULTS 

Two types of static pull tests were conducted:  with load cells at the seat attachment 
locations (rigid mounting) and with the seats attached using seat rails from a motorcoach 
(more realistic mounting and no load cells). 

5.1 Tests with load cells at seat attachment locations 

5.1.1 Amaya 7G seat – slow pull to failure 

This test was conducted with the purpose of finding a transfer function between the 
forces recorded at the seat attachment points and the pulling forces on the body blocks.  
This allows the estimation of the pulling forces required to attain the same seat anchor 
loads observed in the sled tests (Method B in section 4.2.2).  Seat belt tension forces were 
also recorded, which allowed the estimation of the body block pulling forces required to 
attain the belt tensions observed in the sled tests (Method A in section 4.2.1). 
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This test was run with the seat attached to a rigid aluminum plate using 3-axis load cells 
(Figure 47), which recorded forces in the following three directions: 

X: Positive forward 
Y: Positive to the right (when viewed as seated) 
Z: Positive downwards 

Forces were applied to the body blocks until the seat failed, as shown in Figure 48.  The 
seat belt tensions recorded from this test are shown in Figure 49.  The corresponding 
body block pulling forces are shown in Figure 50.   These data were combined to get the 
transfer function between the body block pulling forces and the seat belt tension forces 
(discussed previously in section 4.2.1.1 and Figure 37A .. 37D, and repeated here in 
Figure 51). 

Figure 47 - Load cells at seat attachment points 

Figure 48 - Static pull and seat failure 



 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

 
 

Seat belt forces => red arrows 

Figure 49 - Seat belt forces in static test (red arrows) 
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Torso and pelvic forces => green arrows 

Figure 50 - Body block pulling forces in static test (green arrows) 
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 Figure 51 - Body block pulling forces vs. belt tension forces 
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5.1.2 Amaya 7G seat using Method A 

This test was run to observe the performance of the Amaya 7G seat (used in the crash test 
and most sled tests) using the procedure derived using Method A (in section 4.2.1.4).  A 
rear loading bar was used (Figure 52). The pulling forces on the body block are shown in 
Figure 53. 

Figure 52 - Use of rear loading bar 

52
 



 

 
 

 
 

 

 
 
 
 

Figure 53 - Body block pulling forces 

The test equipment could not apply the requirements as stated in Section 4.2.1.4.  While 
the seat structure did not break, the test equipment could not accommodate the excessive 
deformation of the structure and did not attain the desired pulling forces (peak force of 
5085 N and 5400 N in pelvic and torso body blocks, respectively) within 30 seconds.  
This was because the hydraulic cylinders attached to the body blocks were unable to 
dynamically adjust to the rapid and excessive seat deformation caused by the rear loading 
bar. 
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5.1.3 Amaya 10G seat using current FMVSS 210 pulling forces. 

The Amaya 10G seat was tested per current FMVSS No. 210 conditions (achieving 
13,345 N in each body block in 30 sec, holding for 10 seconds).  This was to verify that 
the seat would meet the current FMVSS No. 210 requirements.   

This test was conducted using load cells at the seat anchor locations and no rear loading 
bar. The post-test damage to the seat and attachment locations was minimal.  There was 
some bending (but no fracture) at the side attachment tab and the seat lateral frame to the 
pedestal (Figure 54). The results of this test are shown in Figures 55 through 58, and as 
can be seen, this seat passed the FMVSS No. 210 requirements (sustained force of 13,345 
N for each body block). 

Figure 54 - Post-test damage to the 10G seat 
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 Figure 55 - Left torso body block pulling force 
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Figure 56 - Left pelvis body block pulling force 
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 Figure 57 - Right torso body block pulling force 
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 Figure 58 - Right pelvis body block pulling force 
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5.2 Tests using seat rails 

The purpose of these tests was to determine if the Amaya 7G and 10G seats would meet 
the current FMVSS No. 210 requirements when using hardware used in motorcoaches to 
attach the seats to the floor and sides. 

The side rail was an actual section taken from the crashed bus and mounted to the static 
test fixture the same as it was in the coach (Figure 59).  A floor rail from a motorcoach 
was welded onto a steel plate using the same weld pattern used in the bus (Figure 60).  In 
the bus, the rails were welded onto the longitudinal frame rail running down the center of 
the bus under the floor (Figure 61). All tests were conducted to the current FMVSS No. 
210 loads. 

Figure 59 - Coach side rail used in static test 
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Figure 60 - Coach floor rail used in static test 

Figure 61 - Coach longitudinal floor-rail used to attach the seats 
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5.2.1 Amaya 7G seat test 

The Amaya 7G seat was attached to the floor rails and tested to 13,345 N on each of the 
four body blocks (Figure 62). This seat met the requirements on FMVSS No. 210, as 
shown in Figures 63 through 66. 

Figure 62 - Amaya 7G seat static test using floor and side rails 
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 Figure 63 - Left torso body block pulling force 
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 Figure 64 - Left pelvis body block pulling force 
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 Figure 65 - Right torso body block pulling force 
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 Figure 66 - Right pelvis body block pulling force 

65
 



 

 

 

 

 

5.2.2 Amaya 10G seat test #1 with seat rails 

An Amaya 10G seat was then tested using the same floor and side mounting rails used in 
the 7G seat test described in Section 5.2.1.  The seat rails failed on the floor rear 
attachment bolt, resulting in the seat coming loose from the rails (Figure 67) and the 
FMVSS No. 210 requirements not being met, as shown in Figures 68 through 71. 

Figure 67 - Amaya 10G seat using floor and side rails used previously 
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 Figure 68 - Left torso body block pulling force 
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 Figure 69 - Left pelvis body block pulling force 
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 Figure 70 - Right torso body block pulling force 
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 Figure 71 - Right pelvis body block pulling force 
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The floor rail was considered to have been weakened from its prior use in the 7G seat 
test. The floor and side rails from this test are shown in Figure 72, clearly showing the 
locations where the rail yielded under load. 

Figure 72 - Damage to the floor and side rails 

5.2.3 Amaya 10G seat test #2 with seat rails 

Another test with the 10G seat was conducted using pieces of the floor and side rail that 
had not been used in any previous tests (Figure 73).  This time, the rails did not fail and 
the seat was able to sustain the pulling force of 13,345 N on each body block, as shown in 
Figures 74 through 77. 

Figure 73 - Amaya 10G seat using new floor and side rails 
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 Figure 74 - Left torso body block pulling force 
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 Figure 75 - Left pelvis body block pulling force 
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 Figure 76 - Right torso body block pulling force 
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 Figure 77 - Right pelvis body block pulling force 
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6.0 SUMMARY 

The study of the feasibility and effectiveness of using seat belts on motorcoaches, 
described in this report, consisted of three distinct phases: crash testing, sled tests and 
static pull tests. 

The motorcoach crash test (section 2.0) demonstrated the effectiveness of lap/shoulder 
seat belts in severe frontal crashes of motorcoaches.  All belted dummies remained in the 
seats and generally had much lower injury assessment values than unbelted dummies.  
Lap belts alone (lap belts) were not effective in protecting the occupants in the frontal 
crash mode.  All the seats stayed attached to the floor and side rails during the event.  The 
crash pulse recorded had a peak value of approx 13 g and duration of about 300 
milliseconds (although the vehicle continued to move forward for an additional 125 ms).  
The dynamic crush in the crash test was approximately 6.5 ft. 

Sled tests were conducted to observe the dummy kinematics and the forces on the seats 
under various crash conditions.  The crash pulses observed in the crash test, as well as 
that used by ECE regulations, were replicated in these tests.  Two different belted seats 
meeting ECE requirements were used, along with baseline unbelted seats used in the 
USA fleets. Dummy injury assessment values and seat anchor forces were recorded for 
different dummy sizes, rear loading from unbelted dummies, and crash angles. 

Static pull tests were conducted to replicate the seat anchor forces attained in selected 
sled tests. Two different methods were considered for estimating the pulling forces on 
the body blocks for the static pull tests: Method A used the seat belt tensions and 
knee/femur loads from unbelted dummies in the rear seat; Method B used forces recorded 
at the seat anchor load cells.  Method B was the more direct method in that it used seat 
anchor load cell data from both sled and static tests.  However, this method cannot 
differentiate between the loads on the belt anchors and the loads on the seat structures.  It 
also averages the forces for the left and right seating positions. Even so, the belt anchor 
forces are still ultimately transferred through the seat anchors. Thus, Method B does 
replicate the combined loads on the seat anchors, including the inertial loads due to the 
mass of the seat. 

Static test procedures were developed using both these methods.  Method B, when 
applied to the most severe test (#13) indicated that the body blocks be pulled at 12,124 N 
each, which is close to the current FMVSS No. 210 requirement of 13,345 N. 

Finally, static tests under the current FMVSS No. 210 conditions were conducted on the 
7G and 10G seats, as installed on the floor and side rails mounting hardware of the bus.  
Both the seats passed the FMVSS No. 210 requirements. 
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APPENDIX 

Injury Assessment Values 

78 



 

 
 

A.1 - Crash Test 
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A.2 - Sled Test HIC 
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A.3 - Sled Test Nij 
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A.4 - Sled Test Chest G’s 
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A.5 - Sled Test Chest Deflection 
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A.6 - Sled Test Max Femur Loads 



 

 

A.7 - Seat Anchor Load Cell Peak Loads 
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