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Introduction 
 

This study evaluated the usability of the THOR-50M in reclined seating configurations. 
Three seats were chosen for this assessment. The THOR-50 M was positioned at five different 
recline angles throughout the range of seat recline angles. In each position, quantitative and 
qualitative data were documented to better understand the potential issues for use in a reclined 
seat frontal crash. The complete list of positioning tests performed is reported in Appendix A. 
 
Method/Test Hardware 
 

Two OEM seats and one generic testing seat were used in this study. These seats were a 
Honda Odyssey second row captain’s chair (Figure 1), a Honda Acura TLX front row captain’s 
chair (Figure 2), and a generic semi-rigid seat with articulating seat pan and anti-submarining 
pan developed by Uriot et al., 2015 (referred to as the LAB seat) (Figure 3). 
 

 
Figure 1. Honda Odyssey upright (left) and reclined (right) posture. 
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Figure 2. Honda Acura TLX upright (left) and reclined (right) posture. 
 

 
Figure 3. LAB Semi-Rigid Seat with Articulating Seat Pan and Anti-Submarining Pan upright 
(left) and reclined (right) posture. 
 
Each seat was rigidly mounted to a test sled buck for consistency in 3-D digitization and 
quantitative dummy evaluation. An OSCAR H-point machine was used to measure and mark the 
H-point location as well as determine the nominal upright seat back angle (25°) on the OEM 
seats. The OEM seats were then positioned mid-track for each positioning test unless otherwise 
noted. The TLX seat also had a seatpan with adjustable angle – this was placed in the mid-angle 
position unless otherwise noted. The LAB seat recline angles were determined by mapping the 
equivalent OEM seatback angle to the torso angle of the THOR-50M, measured between the 
acromion screw on the shoulder and the H-point (Figure 4). 
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Figure 4. Measurement points for the torso angle, to determine the equivalent seatback angle for  
the LAB seat (using torso angle measurements from the OEM seat trials as a reference).  
 
The H-point location on the LAB seat was determined based off previous testing done at UVA, 
as well as our understanding of the recline angles being targeted for testing under NHTSA’s 
current reclined posture dynamic test program.. From these measurements, the five equally 
spaced recline angles for positioning the THOR-50M were determined and are shown in Table 1. 
 
Table 1. Target Seatback Recline Angles.  

 LAB – Torso Angle LAB – Equivalent 
Seatback Angle 

Odyssey – Seatback 
Angle 

TLX – Seatback 
Angle 

1 30° 25° 25° 25° 
2 45° 40° 35° 35° 
3 55° 50° 45° 45° 
4 65° 60° 55° 55° 
5 75° 70° 65° 65° 

 
Once these target angles were determined, the THOR-50M was positioned in each seat in 

the recline configurations using UVA’s THOR positioning procedure detailed further in 

Acromion Screw - Shoulder 

H-Point 
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Appendix B. This procedure was modified from NHTSA’s Revised THOR 50th Percentile Male 
Dummy Seating Procedure, customizing it for use in reclined positons. For data acquisition, the 
five-axis T12 load cell was recorded to monitor the forces and moments of the lower spine. To 
accomplish this for static testing, the THOR-50M data acquisition diagnostics were run while the 
THOR-50M was in the nominal upright position and allowed for 10 minutes of sensor warm up 
time to mitigate load cell drift. A one second snapshot of the T12 load cell data was then 
recorded at this upright position. Data acquisition diagnostics were then bypassed for 
consecutive tests with like conditions, but at different recline angles. When the THOR-50M was 
positioned in each recline angle, a one second snapshot of load cell data was recorded. The 
THOR-50M head, T1, T6, T12, and pelvis tilt sensors were also recorded manually in live view 
once the THOR-50M was fully positioned.  3-D position digitization of the seat and dummy 
using a Romer Absolute Arm was also conducted in each of the recline positions (with full 3D 
laser scan performed in select configurations). Both the target points and the 3-D scans were then 
aligned to a common coordinate system for comparison purposes. This was done using the 
Honda Odyssey seat with the THOR-50M in the erect posture and the jacket off in the nominal 
upright angle (Test 12 in the Test Matrix) as the reference test, to which all other tests were 
aligned.  
 
TLX alignment: 

𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑥𝑥,𝑇𝑇𝑇𝑇𝑇𝑇 − 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑥𝑥,𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 
𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝑆𝑆𝐻𝐻𝑆𝑆𝑆𝑆𝑆𝑆ℎ𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖𝑖𝑖𝐻𝐻𝐻𝐻𝐻𝐻𝑂𝑂,𝑇𝑇𝑇𝑇𝑇𝑇 − 𝑆𝑆𝑆𝑆𝑆𝑆𝐻𝐻𝑆𝑆𝑆𝑆𝑆𝑆ℎ𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖𝑖𝑖𝐻𝐻𝐻𝐻𝐻𝐻𝑂𝑂,𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 

𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑧𝑧,𝑇𝑇𝑇𝑇𝑇𝑇 − 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑧𝑧,𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 
LAB alignment: 

𝑑𝑑𝑑𝑑𝑇𝑇𝐿𝐿𝐿𝐿 = 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑥𝑥,𝑇𝑇𝐿𝐿𝐿𝐿 − 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑥𝑥,𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 
𝑑𝑑𝑑𝑑𝑇𝑇𝐿𝐿𝐿𝐿 = 0 

𝑑𝑑𝑑𝑑𝑇𝑇𝐿𝐿𝐿𝐿 = 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑧𝑧,𝑇𝑇𝐿𝐿𝐿𝐿 − 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑧𝑧,𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 
 
Alignment factors were calculated for the TLX and LAB seats based on a single exemplar test 
for each (tests 22 and test 02 respectively; upright, erect spine, jacket off). The X and Z 
coordinate alignment factors were calculated to align the dummy H-point location with that of 
the reference test. The Y coordinate alignment factor was calculated based on the seat centerline. 
By having a single set of alignment factors for each seat (as opposed to an alignment factor for 
each trial), this preserved any variation that occurred in the H-point location between trials (for 
example, preserving the difference in H-point location in cases where the H-point was moved 25 
mm forward). All testing conditions are detailed in the test matrix in Appendix B. 
 
Results/Observations 
 

The results of the initial positioning procedure are shown below. Figure 5 shows the 
position of the THOR-50M in each recline test position. The targets used for cross-test 
comparison of the recline positions are the head, shoulder, H-point, knee, and ankle. A 
comprehensive list of targets is reported in Appendix C. For all tests, THOR-50M behavior 
behaved as expected. Figures 5 and 6 show that as the recline angle increased, sensor angles 
increased, and a greater moment was measured in the T12 load cell. These figures illustrate an 
overview of the data collected, with the full data reported in Appendices D and E. Further 
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analysis may include separating seat and test conditions (e.g., jacket on v. off) to further study 
their effects on the THOR-50M in recline positions.  

 

Figure 5. X-Z plane view of THOR-50M positioning from 3-D digitization. 
 

Figure 6. THOR-50M tilt sensor angles vs torso angle.  
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Figure 7. THOR-50M T12 My vs Torso Angle.  
 

 
Figure 8. Exemplar 3D model of the Acura TLX seat (left) and with the THOR-50M (right). 3D 
laser scans were recorded for each of the seats in each of the recline angles (without the dummy), 
as well as for select dummy trials. 
 

In addition to the quantitative data capture, the THOR-50M was thoroughly examined to 
observe any problem areas that may need to be addressed to improve usability in reclined 
configurations (e.g., gaps, interference, failures, etc.). These observations are summarized below. 
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Pelvis Flesh 

The current shape of the THOR-50M pelvis flesh limits hip extension, which limited the 
ability to both rotate the pelvis rearward and maintain contact between the thigh and the seat to 
accommodate increasing recline. The pelvis flesh also began to interfere with the posterior pelvic 
block as well as with the posterior thigh flesh. 
 

 
Figure 9. Lateral view of the pelvis flesh showing interference with hip extension and the thigh 
flesh, as well as the gap that opens between the pelvis and thigh flesh. 

 
Figure 10. Lateral view of the pelvis flesh with limited hip extension. The lumbar spine flex joint 
tends to exhibit a large amount of extension, due to the pelvis being limited in its ability to rotate 
rearward. 
 
Lumbar Spine 

The lumbar spine rubber began to pull apart from the metal as the torso reclined. While 
the lumbar spine exhibited artificial extension in some cases (e.g., Figure 10 above), in other 
cases lumbar spine extension was a natural consequence of seat geometry (e.g., the Honda 
Odyssey seat with a high pivot point, Figure 1). Thus, to accommodate different potential seat 
geometries it is important for the lumbar spine to be able to achieve a large amount of extension, 
while still maintaining structural integrity. 
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Figure 11. Lumbar spine part separation seen in reclined postures 
 
Jacket and Gaps 

The pelvis strap on the jacket tended to become very tight in reclined positions, limiting 
the ability to recline the torso and shunting moment away from the lumbar spine (up to 10 Nm 
difference in some cases). Large gaps surrounding the pelvis and the abdomen also opened up 
when positioning the THOR-50M in reclined positions. 

 
Figure 12. Pelvis strap tightness seen in recline positions (left) and major gap forming in the 
abdomen during recline (right).  
 
Discussion 
 

The goal of the initial assessment was to determine the limitations of positioning the 
THOR-50M in reclined seats and recommend modifications for use in these test configurations. 
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The testing completed at UVA revealed multiple areas of concern that should be considered 
when designing the modifications to the THOR-50M. These concerns included the pelvis flesh 
(including limitations on hip extension), the lumbar spine, the jacket, and the gaps in the 
abdomen, pelvis, and thighs formed during positioning. Through evaluating the three different 
seats, it became apparent that any modifications to the THOR-50M would need to be versatile 
enough so that the dummy may be usable in a wide variety of seat geometries. For example, the 
high-pivot point of the Odyssey seat resulted in a large amount of extension in the lumbar spine. 
Thus, in that case we should not seek to reduce extension of the lumbar spine, but instead to 
accommodate that particular seat geometry the THOR-50M needs to have a lumbar spine flex 
joint that is capable of experiencing large amounts of extension while still maintaining structural 
integrity. In other cases (e.g. the TLX with a lower pivot point), the seat geometry may be such 
that less lumbar spine extension is warranted, but instead more of the recline occurs through 
backwards rotation of the pelvis (and extension of the hips).  

 

 
Figure 13. Honda Odyssey seat (left) with high-pivot point and Honda Acura TLX seat (right) 
with lower pivot point.  
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Figure 14. Comparison of Honda Odyssey (left) and Honda Acura TLX (right) seat geometries in 
recline posture. Odyssey seat resulted in greater lumbar spine extension whereas TLX resulted in 
more backwards pelvis rotation.  
 
Thus, in conceptualizing the THOR-50M modifications, we should not be focused on 
customizing the dummy for a specific seating configuration (as that would simply constrain its 
use to specific seat geometries). Instead we should focus on increasing the positioning versatility 
of the THOR-50M, improving its ability to achieve a wide range of postures while still 
maintaining geometric and structural integrity.   
 
With those considerations in mind, the key components of the proposed modification are: 
• Articulated pelvis flesh (to allow increased hip extension), with provisions for gap-filling 
(e.g., hip shields, potentially combining upper and lower thigh flesh, etc.) 
• New “upper lumbar spine flex joint” positioned to replace the lumbar pitch adjuster 
(designed to allow increased flexibility in the lumbar spine, while still accommodating the 
lumbar/thoracic load cell) 
• Abdomen – option for a slotted/toothed abdomen foam configuration to allow 
articulation, potentially with extended/reconfigured bib to fill gaps 
• Jacket – option for modified jacket with elasticated abdomen section and/or elasticated 
pelvis strap (to increase flexibility while filling gaps) 
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Appendix A 
Test Matrix 
 

Test #   Seat Name Seatback Angle 

Target 
Equivalent 
Seatback 

Angle 

Measured Torso 
Angle Spine Position H-point Position Jacket 

1 

LAB 

1 25 29.18 Slouched Normal Off 
2 1 25 30.50 Erect Normal Off 
3 2 40 45.19 Erect Normal Off 
4 3 50 54.10 Erect Normal Off 
5 4 60 65.39 Erect Normal Off 
6 5 70 75.55 Erect Normal Off 
7 5 70 76.45 Slouched Normal Off 
8 1 25 30.47 Erect Normal On 
9 4 60 66.00 Erect Normal On 

10 

Odyssey 

1 25 33.07 Erect Normal On 
11 5 65 58.94 Erect Normal On 
12 1 25 34.01 Erect Normal Off 
13 2 35 41.69 Erect Normal Off 
14 3 45 49.01 Erect Normal Off 
15 4 55 55.54 Erect Normal Off 
16 5 65 61.95 Erect Normal Off 
17 5 65 63.57 Erect 25 mm forward Off 
18 1 25 33.03 Slouched Normal Off 
19 5 65 59.21 Slouched Normal Off 
20 

TLX 

1 25 30.54 Slouched Normal Off 
21 5 65 62.57 Slouched Normal Off 
22 1 25 31.29 Erect Normal Off 
23 2 35 40.53 Erect Normal Off 
24 3 45 49.79 Erect Normal Off 
25 4 55 57.78 Erect Normal Off 
26 5 65 64.18 Erect Normal Off 
27 5 65 67.42 Erect Seatpan Tilt Off 
28 5 65 66.31 Erect 25 mm forward Off 
29 1 25 30.47 Erect Normal On 
30 5 65 62.94 Erect Normal On 
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Appendix B 
UVA THOR Positioning Procedure 
 
1. Position the seat’s adjustable lumbar supports and any additional support to the lowest 

or retracted adjustment positions. 
2. Using any adjustment of the head restraint, position it to its highest setting. If the seat 

has armrests, fold them up to the most retracted position. 
3. Mark the centerline of the seat using a vehicle longitudinal, vertical (XZ) plane. 

3.1. For future reference, locate and mark the line on the seat cushion that is the intersection 
of the XZ plane, which passes through the centerline of the seat and the seat cushion. 

4. Mark the range of seat travel 
4.1. Move the seat through its full range of motion using all controls 
4.2. Using only the controls that primarily move the seat in the fore-aft direction, mark the 

fore-aft seat positions. Mark each position so that there is a visual indication when the 
seat is at a particular position. 

4.2.1.  For manual seats, move the seat forward one detent at a time and mark each 
detent. 

4.2.2.  For power seats, mark the rearmost, middle, and foremost positions.  
4.3. If the seat or seat cushion height and tilt is adjustable, using any control other than the 

parts which primarily move the seat or seat cushion fore-aft, put the seat at the lowest 
position (minimum height) with the tilt at mid angle. Mark on the seat at the seat cushion 
mid-angle tilt.  

5. Set the seat for H-point machine 
5.1. Using the control that primarily moves the seat fore and aft, move the seat to the mid-

track position as marked by the reference marks made previously. 
 

6. Determine seat back angles and the H-point location with the H-Point machine 
(OSCAR) 

Position the three-dimensional H-point manikin (i.e., H-point machine) specified in 
Society of Automotive Engineers (SAE) Surface Vehicle Standard J826, in the seat as 
follows: 

6.1. Place the seat and back assembly of the H-Point machine such that its plane of symmetry 
is coincident with the centerline marking on the seat. 

6.2. Install the lower leg and foot segments. 
6.3. Set the length of the lower leg segments at 414 mm (16.3 in) and the length of the thigh 

bar at 401 mm (15.8 in). 
6.4. Leg and foot placement  

6.4.1.  Insert the pin so that the right foot angle is not less than 87°. 
6.4.2.  Adjust the left leg to be the same distance from H-point machine centerline as the 

right leg. 
6.4.3.  With the T-bar level, place the left foot on the toe board with the rearmost point 

of the heel resting on the floor pan as close as possible to the point of intersection of 
the planes described by the toe board and the floor pan and not on the wheel well 
projection. If the foot cannot be positioned on the toe board, set it on the floor pan. 

6.4.3.1. Foot on toe board 
6.4.3.2. Foot on floor pan 
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6.5. Apply the lower leg weights. 
6.6. Apply the thigh weights. 
6.7. Tilt the back pan forward against the forward stop and draw the H-point machine away 

from the seatback using the T-bar. 
6.8. Re-positioning the H-point machine. 

6.8.1.  Allow the H-point machine to slide rearward until a forward horizontal re-
straining load on the T-bar is no longer required due to the seat pan contacting the 
seat back. 

6.8.2.  Slide the H-point machine rearward by a horizontal rearward load applied at the 
T-bar until the seat pan contacts the seat back. 

6.9. Apply a 10 kg load at the intersection of the hip angle quadrant and the T-bar housing 
along a line from the above intersection to a point just above the thigh bar housing. 

6.10. Again apply a 10 kg load at the intersection of the hip angle quadrant and the T-
bar housing along a line from the above intersection to a point just above the thigh bar 
housing. 

6.11. Carefully return the back pan to the seat back. 
6.12. Install the right and left buttock weights. 
6.13. Install the eight torso weights, alternating the installation between right and left. 
6.14. Tilt the back pan forward until the stop is contacted. 
6.15. Rock the H-point machine from side to side over a 10° arc (5° to each side of the 

vertical centerline) for three complete cycles. Restrain the T-bar during rocking so that 
the seat pan does not change position. Minimize any inadvertent exterior loads applied in 
a vertical or fore-aft direction. The feet are free to move during this rocking motion. 

6.16. Without applying a forward or lateral load, lift the right foot off the floor the 
minimum amount necessary until no additional forward foot movement is obtained. 

6.17. Lower the right foot until the heel is in contact with the floor pan and the ball of 
the foot is in contact with the floor, toe board, or undepressed accelerator pedal. 

6.18. Without applying a forward or lateral load, lift the left foot off the floor the mini-
mum amount necessary until no additional forward foot movement is obtained. 

6.19. Lower the left foot until the heel is in contact with the floor pan and the ball of the 
foot is in contact with the floor or toe board. 

6.20. Is the seat pan level? 
6.20.1. Yes. Go to step 6.23. 
6.20.2. No. Go to step 6.22. 

6.21. Apply a sufficient lateral load to the top of the seatback pan to level the H-point 
machine seat pan on the seat. 

6.22. Holding the T-bar to prevent the H-point machine from sliding forward on the 
seat cushion, return the seatback pan to the seatback. 

6.23. Holding the T-bar to prevent the H-point machine from sliding forward on the 
seat cushion, apply a rearward force perpendicular to the back angle bar just above the 
torso weights until either 66 N (15 lb) of force is reached or the hip angle is increased by 
3°, whichever occurs first. Minimize the exterior downward or side forces applied to the 
H-point machine. Release the force. Repeat this step until the resulting hip angle is 
identical. Complete as many force applications as necessary and record the results in the 
following table: 
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Force App. Hip Angle 

1  
2  
3  
4  
5  

 
6.24. Is the H-point machine level? 

6.24.1. Yes. Go to step 6.26. 
6.24.2. No. Go back to step 6.15 and repeat steps to re-level H-point machine. 

6.25. Set the seat back in the position that produces a torso (back) angle of 25° from 
vertical when measured with the SAE J826 H-point machine. For seat backs with 
discrete positions, if a torso (back) angle of 25° from vertical cannot be achieved, set the 
seat back in the detent that yields a torso (back) angle as close as possible to 25° from 
vertical. This will be the nominal upright angle. 

6.26. Record the torso angle in the table below: 
 

Torso Angle 
Nominal Seat Back Angle (˚)  

 
6.27. Calculate recline angle intervals from nominal angle and maximum recline angle.  
6.28. Create laser tracking lines: Draw a line coincident with a laser and the OSCAR H-

point. 
6.28.1. The THOR H-point is offset 20 mm forward and 20 mm above the H-point 

machine H-point. Additionally, the THOR-50M test seating position is 25 mm 
rearward of mid-track or the detent closest to this position that is not greater than 25 
mm rearward of mid-track. In the table below calculate the THOR-50M H-point 
location in relation to the H-point machine H-point. 

6.28.2. H-point location 
THOR-50M H-Point Location 

X (mm) OSCAR H-point + 20 mm – (          mm from mid track) 
Z (mm) OSCAR H-point + 20 mm 

 
6.28.3. Draw a line on the buck coincident with the calculated X location of the THOR-

50M H-point. Measure and mark on the seat the calculated Z location of the THOR-
50-M H-point. 

6.29. Remove the H-point machine. 
 
7. Once the H-point has been determined, verify the following before positioning the 

THOR-50M in the test seat. 
7.1. Make sure the neck is placed in the neutral position setting and the spine box is placed in 

the desired testing position before placing the dummy in the seat. 
7.2. Verify the head and pelvis tilt sensors installed in the dummy are reading correctly about 

the X and Y axes 
7.3. Record the lumbar spine pitch change joint and neck pitch change joint settings below: 
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7.3.1. Lumbar spine pitch change joint __________ 
7.3.2. Neck pitch change joint __________ 

7.4. Verify the seat back and seat cushion angles are in the correct locations. 
 
8. Positioning the THOR-50M in the nominal seat posture 

8.1. Verify dummy neck and lumbar spine pitch angle positions while dummy is still 
supported from gantry crane. 

8.2. Move the seat to the testing position (25 mm rearward of mid-track or detent closest to 
this position that is not greater than 25 mm rearward of mid-track) and place the test 
dummy in the seat with the thighs resting on the seat cushion. 

8.3. Position the test dummy in the seat such that its plane of symmetry is coincident with the 
centerline marking on the seat cushion, seat back, and head restraint and its H-point is 
approximately above the laser tracking line. 

8.4. Bend the upper torso forward and then lay it back against the seat back. Push the 
shoulders of the dummy fully rearward. Using the installed tilt sensors, position the 
dummy so that it sits squarely and level in both the X- and Y-axes in the seat. Verify that 
the pelvis angle about the Y-axis is 33°±2.5°.  

8.5. To the extent practicable keep the left and right thighs and legs in vertical planes and in 
contact with the seat cushion. 

8.6. Without including pelvis or torso movement, keep the thighs and the legs in vertical 
planes throughout the procedure. If possible, maintain a knee spacing of 225 mm, as 
measured between the centerline of the knees with the knees being equidistant from the 
seat centerline. Also, position and maintain the feet equidistant from the centerline of the 
seat. 

8.7. For each foot, if possible, set the toe as far forward and flat as possible with the heel 
resting on the ground.  

8.8. Determine THOR target H-point with the pre-measured laser lines and adjust the dummy 
to be coincident with this position 

8.9. Determine if the H-point is within ± 10 mm of the target location in the horizontal (X) 
and the vertical (Z) directions – adjust the dummy if necessary. Take note if dummy is 
unable to achieve target H-point in reclined position. 

8.10. Confirm, using the tilt sensors, that the dummy is positioned such that a 
horizontal, lateral line passing through the dummy’s hip pivot center is perpendicular to 
the center XZ plane of the seat – adjust the dummy if necessary. 

 
9. Positioning the THOR-50M in recline postures 

9.1. As the seat reclines, hold the thighs downward to maintain contact with the seat cushion 
and try to maintain the H-point.  

9.1.1. If the H-point has moved, record the X and Z axis movement below 
9.1.1.1. X (mm) __________ 
9.1.1.2. Z (mm) __________ 

9.2. Once the desired recline angle is achieved, push the shoulders fully rearward against the 
seat back while still pressing into the thighs.  

9.3. Let go of the thighs, press the shoulders rearward into the seatback, press the knees 
down into the seat cushion, and then push the shoulders once more into the seatback.  
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9.4. Using the installed tilt sensors, adjust the dummy so that it sits squarely and level in both 
the X- and Y-axes in the seat. Measure the knee spacing and adjust to 225 mm, as 
measured between the centerline of the knees with the knees being equidistant from the 
seat centerline.  

9.5. For each foot set the toe as far forward and flat as possible with the heel resting on the 
ground. Also, adjust and maintain the feet to be equidistant from the centerline of the 
seat. 
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Appendix C 
THOR-50M 3-D Digitization Targets 
 

Point # Target Location 

Point 1 Buck Origin 
Point 2 Buck Origin 
Point 3 Head COG 
Point 4 Head Rear Cranial Hole 
Point 5 Shoulder Acromion Screw 
Point 6 Chest Rib Screw 1 R 
Point 7 Chest Rib Screw 2 R 
Point 8 Chest Rib Screw 3 R 
Point 9 Chest Rib Screw 4 R 
Point 10 Chest Rib Screw 5 R 
Point 11 Chest Rib Screw 1 L 
Point 12 Chest Rib Screw 2 L 
Point 13 Chest Rib Screw 3 L 
Point 14 Chest Rib Screw 4 L 
Point 15 Chest Rib Screw 5 L 
Point 16 Chest Sternum Screw UR 
Point 17 Chest Sternum Screw UL 
Point 18 Chest Sternum Screw LR 
Point 19 Chest Sternum Screw LL 
Point 20 Chest IR-TRACC UR 
Point 21 Chest IR-TRACC UL 
Point 22 Chest IR-TRACC LR 
Point 23 Chest IR-TRACC LL 
Point 24 Abdomen IR-TRACC Bolt 
Point 25 Spine T1 Accelerometer 
Point 26 Pelvis H-point Right 
Point 27 Leg Knee Screw 
Point 28 Leg Ankle Potentiometer Lateral 
Point 29 Leg Ankle Potentiometer Anterior 
Point 30 Foot Accelerometer Cube 
Point 31 Foot Shoe Heel Point 
Point 32 Buck Origin 
Point 33 Rotatio Axis of the Seatpan/back 
Point 34 Seat Headrest Notch 
Point 35 Seat Cushion Front 
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Point 36 Buck Floor Z-Plane Reference Point 1 
Point 37 Buck Floor Z-Plane Reference Point 2 
Point 38 Buck Floor Z-Plane Reference Point 3 
Point 39 Buck Floor Z-Plane Reference Point 4 
Point 40 Pelvis H-point Left 
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35 

28 
29 

30 

25 
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Appendix D 
THOR-50M T12 Load Cell Data 
 

Test # Seat Name T12 FX 
(N) 

T12 FY 
(N) 

T12 FZ 
(N) 

T12 MX 
(Nm) 

T12 MY 
(Nm) 

1 

LAB Seat 

24.78 12.42 22.10 0.88 2.04 
2 12.01 15.09 19.78 0.93 1.18 
3 145.11 27.84 -17.20 0.19 -14.79 
4 186.83 28.83 -15.67 -0.72 -24.38 
5 268.34 25.52 14.18 -1.93 -42.65 
6 321.57 24.63 34.56 -1.52 -57.23 
7 243.35 5.16 149.59 -2.38 -60.36 
8 54.57 36.10 26.66 1.79 6.97 
9 230.29 16.40 -111.06 1.33 -16.23 
10 

Honda 
Odyssey 

22.57 33.71 62.50 1.68 2.47 
11 153.19 45.68 85.09 -0.24 -32.38 
12 38.35 56.36 81.67 0.96 4.90 
13 82.92 23.91 20.75 1.97 -14.28 
14 125.72 38.78 65.29 1.73 -24.89 
15 164.93 34.72 115.76 1.45 -35.23 
16 191.17 32.35 133.08 1.89 -44.72 
17 137.46 31.14 146.37 2.02 -35.91 
18 24.02 34.22 55.94 1.38 2.92 
19 136.82 38.28 182.97 1.02 -37.92 
20 

Acura TLX 

18.75 22.65 36.52 1.35 1.46 
21 111.51 23.32 200.79 0.25 -46.61 
22 -0.71 1.73 -3.20 -0.28 -0.65 
23 47.18 6.29 -90.66 -1.29 -10.18 
24 136.64 34.17 39.65 0.05 -24.82 
25 188.18 43.13 89.41 0.43 -38.45 
26 211.58 28.37 129.63 -0.68 -47.12 
27 209.78 29.54 146.45 -1.04 -45.77 
28 164.03 55.22 146.43 -0.75 -38.76 
29 26.83 33.89 61.90 0.00 -2.37 
30 185.25 35.73 92.55 -0.18 -42.56 
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Appendix E 
THOR-50M Tilt Sensor Data 
 

Test # Seat Name Head 
X° 

Head 
Y° 

T1 
X° 

T1 
Y° 

T6 
X° 

T6 
Y° 

T12 
X° 

T12 
Y° 

Pelvis 
X° 

Pelvis 
Y° 

1 

LAB Seat 

0.1 6 -0.3 7 -0.5 25.3 -0.5 37.7 -0.6 35.1 
2 -0.1 14.1 -0.4 14.4 -0.7 33.8 0.1 28.2 -0.7 31.7 
3 -0.3 28.3 -0.1 31.3 -0.3 50.9 1 45.2 -0.2 38.8 
4 -0.7 40.6 0.2 41.8 -0.4 61.1 1.6 55.2 -0.3 43.8 
5 -0.6 58.3 0.3 55.9 0.1 74.8 2.4 68.6 0.2 49.1 
6 -0.9 73.8 0.2 68.8 -0.2 88.2 2.2 81 -0.2 54.3 
7 -0.3 70.4 0.4 63.9 0.3 79 2.9 88.4 0.5 58.9 
8 0.2 15.1 0 14.3 -0.4 33.3 0.4 27.8 -0.4 31.6 
9 0.6 58.5 1.2 54.1 0.5 73.5 2.9 67.5 0.4 55.2 
10 

Honda 
Odyssey 

-0.1 8.9 0 14.1 -0.3 34.8 0.5 29.2 -0.5 31.4 
11 -0.2 52.3 0.3 46.7 -0.2 64.1 1.8 58.3 -0.7 44.6 
12 0.1 6.4 -0.4 14.1 -0.9 35.4 0.1 29.9 -0.5 31.9 
13 0 18.1 -0.1 23.8 -0.7 44.6 0.7 39 -0.7 34.3 
14 -0.1 30.3 -0.1 33.4 -0.8 53.2 0.9 47.5 -0.7 37.6 
15 -0.2 42.5 -0.1 42.6 -0.6 61 1.1 55.2 -0.7 40.3 
16 -0.1 53.8 0.1 51.1 -0.5 68.9 1.7 63 -0.4 43 
17 -0.2 53.3 -0.1 52.5 -0.7 70.1 1.4 64.2 -0.4 47.1 
18 0.4 5.6 0.1 6.7 -0.1 25.2 0.8 38.3 -0.5 34.1 
19 0.3 47.4 0.6 42.5 0.3 57.3 1.9 69 -0.7 44.2 
20 

Acura TLX 

0.4 -1.4 -0.1 3.7 -0.2 23.7 0.6 36.3 -0.1 36.3 
21 -0.6 49.7 -0.6 46.3 -0.7 61.9 1.4 74.5 -0.1 52.3 
22 0.5 -3.1 0.1 10.5 -0.2 33.2 0.6 27.8 0 33 
23 0.2 10.3 -0.1 21.4 -0.5 43.6 0.7 37.9 0 38.6 
24 -0.1 23.6 -0.1 33.4 -0.4 54.9 1.1 49.1 0.3 43.7 
25 0.1 37.6 -0.1 44.1 -0.7 64.1 1.2 58.3 0.1 47.2 
26 -0.1 49.1 -0.1 52.6 -0.4 71.7 1.7 65.7 0.1 49.9 
27 -0.5 52 -0.4 55.7 -0.5 74.8 1.6 68.6 -0.2 53 
28 -0.3 50.5 -0.3 54.1 -0.8 73.1 1.4 67.2 -0.4 54.4 
29 0.3 -1.3 -0.4 10 -0.6 32.5 0.2 27 -0.4 32.1 
30 -0.4 51 0 50.1 -0.5 69.2 1.5 63.2 -0.1 50.9 

 
 


