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Section 1.0- Summary 
 

Specific Aim: 
This study evaluated the response of small post-mortem human surrogates (PMHS) subjected to a belt 
loading test condition. The specimens were subjected to belt loading using a seatbelt pull mechanism, 
with the PMHS seated upright in a fixed-back configuration. 
 
Overview: 
This test report details the testing done on PMHS. This testing focused on characterizing the response of 
the abdomen when subjected to a belt pull into the abdomen at a nominal velocity of 3.4 + 0.4 m/s. The 
fixture was replicated to mimic Lamielle et al (2008) setup, with the PMHS seated upright on a table 
with the back constrained. The test setup was identical to the previous “non-injurious” test series 
(ABDSB01, 02, 03), except the current test series was aimed to induce damages to abdominal organs. 
The compression was limited to approximately 50% of the seated abdominal depth measured at the 
time of testing. The methodology used to test the PMHS in such a scenario is detailed throughout the 
report. 

 
Section 2.0- Methods 

 
Test Fixture: 
 

The seatbelt loading device described in Ramachandra et al (2016) was modified to accommodate a back 

support and used to test small PMHS to mimic the Lamielle et al (2008) setup. The device used a 

pneumatic piston to pull a seatbelt into the abdomen of the specimen in a controlled manner. The test 

fixture utilized pressurized nitrogen to propel a piston, with a 4-inch bore and 10-inch stroke, rearward 

(Figure A1). This piston was connected to a T-bar mechanism, which also featured attachment points for 

a standard seatbelt.  As the piston pulled the T-bar rearward, the seatbelt was driven into the abdomen 

of each PMHS.  The T-bar had a mass of 9.1 kg positioned in front of a load-cell while the seatbelt, standard 

46 mm webbing, was attached to the T-bar using adjustable clamps to account for various abdomen 

widths. The T-bar was oriented left to right and positioned behind the specimen in an ‘out’ starting 

position.  It was guided backwards by Teflon bushings in steel tubing when fired. Both sides of the seatbelt 

were kept parallel to each other at a distance equal to the seated abdomen width of the specimen during 

the event. A schematic of the setup is provided in Appendix A, Figure A2. 

 

PMHS Selection and Preparation: 
 

A total of three PMHS were obtained through The Ohio State University’s Body Donor Program and their 

use was approved by the Body Donor Program’s Advisory Committee. All specimens were screened for 

infectious diseases, and a dual energy X-ray absorptiometry (DXA) scan was used to exclude specimens 

with osteoporosis. Specimens were required to have a body mass index (BMI) less than 29.9 and obese 

specimens were excluded.  Specimens that had major abdominal scars or a history of abdominal disease 

were also excluded. A computed tomography (CT) scan was done prior to acceptance of each PMHS to 

check for pre-existing issues such as fractures or artificial implants. Testing on all three PMHS was 

performed within 72 to 120 hours post death. The specimens were stored in a cooler set at four degree 



 

 

Celsius overnight but were brought up to room temperature of twenty one degrees Celsius prior to firing. 

Anthropometry of the PMHS were measured and recorded. Abdominal measurements such as depth, 

circumference and width were taken during specimen evaluation. The abdominal depth and width 

measurements were taken again after positioning the subject in order to adjust the belt width and ram 

stroke. Prior to installing instrumentation, warm saline of around forty degrees Celsius was flushed 

through both arterial and venous systems to clear all clots from the abdominal aorta and IVC. The saline 

used for vascular perfusion was measured to be thirty degree Celsius at the time of testing. The bladder 

and colon were not evacuated. 

 

Instrumentation: 

 

Internal instrumentation included pressure transducers (Millar instruments, TX, Model #SP-524) attached 

to angiographic catheters routed through Foley catheters.  The pressure transducer assemblies were 

inserted into the abdominal aorta and inferior vena cava (IVC). To re-pressurize the abdominal region of 

each PMHS, Foley balloons in the venous system were inflated between the heart and liver in the IVC and 

just above the bifurcation of the iliac veins. In the aorta, Foley balloons were inflated around the level of 

11th and 12th thoracic vertebrae and just above the bifurcation to iliac arteries. The CT scan images 

featuring the Foley balloon placement are shown in Appendix B. 

 

The pressure transducers were then inserted into the vasculature to record pressure during the event. 

For PMHS15 and PMHS16, the pressure transducer locations included the superior IVC, inferior IVC 

(intersection of left and right common iliac veins), superior abdominal aorta (celiac trunk) and inferior 

abdominal aorta (intersection of left and right common iliac arteries).  

 

There was only one pressure sensor inserted into PMHS17 into the IVC. The superior and inferior aspects 

of the IVC were blocked using the Foley balloons. However, there were no sensors in the aorta and due 

to the size of the vasculature, Foley catheters could not be inserted through the femoral/iliac arteries. 

Instead, the iliac arteries were tied off close to the bifurcation of aorta to keep the vascular system 

isolated, similar to using the Foley balloon to block fluid from escaping the abdominal vasculature. 

 

Although the spinal motion was arrested for these tests, a six degree-of-freedom (6 DOF) motion block 

was attached to the third lumbar vertebra using a bridge mount that rested on the pedicles with one 

screw drilled though the vertebral body to measure any spinal displacement. Figure 1 shows a 

representation of 6DOF motion block placed in the PMHS.  

 

  
Figure 1: 6DOF motion block mounted on neural arch of third lumbar vertebrae 

 



 

 

A linear displacement potentiometer (Penny Giles, UK, Model #SLS190) mounted between the moving 

ram and its stationary frame measured ram displacement. A string potentiometer (Celesco, CA, Model 

#PT101) attached to the seatbelt webbing in front of the PMHS at the level of the umbilicus measured 

displacement of the belt with respect to the table. This measurement was also used as the abdomen 

penetration. In case of failure to obtain measurement from string potentiometer, a 3aω motion block was 

installed on the belt for redundancy. 

Seatbelt load cells (Denton, Model #5755) were affixed to the belt on the left and right sides of the 

specimen to measure belt forces. Belt force was calculated as the sum of forces obtained from the two 

seatbelt load cells. A load cell and a linear accelerometer (Endevco, CA, Model #7264c) was also attached 

behind the ram as a redundant measure to obtain inertially compensated loading data in case the belt 

load cells failed. Data was either collected using a TDAS G5 or TDAS SlicePro data acquisition system (DTS, 

Seal Beach, CA). 

 

Test Set-up: 
 
Following instrumentation, a pre-test CT scan was done. The CT scan was used to document the locations 

of the internal instrumentation in addition to identify any pre-existing injuries or post-test damage to the 

skeleton where possible. Figure 2 shows the pre-test position of the PMHS along with the external 

instrumentation used. Once the instrumentation was complete and subject positioned on the test 

apparatus, a FARO Arm (FARO Technologies Inc., Florida) was used to document subject position in all 

three dimensions and locate the initial position of the key landmarks.  

Prior to impact, the arms were lifted to shoulder level to ensure that they would not interfere with the 

movement of the PMHS. The lumbar spine was positioned to be upright without any slouch and the 

posterior aspect of the PMHS was maintained flush against the back plates. This allowed to minimize 

spinal flexion/extension during impact providing a true abdominal response. The legs splayed slightly 

outward in a natural seated position.  

 

The PMHS were kept in the seated position using a head halter connected via a ratchet strap to the frame 

of the fixture. The seatbelt was positioned to wrap around the anterior and lateral aspects of the PMHS 

abdomen at the mid-abdomen level. Anteriorly, this position corresponded to the umbilicus of the 

specimen. The initial belt tension was adjusted so that each belt load cell measured 10-20 N, to ensure 

repeatable initial position of the belt with respect to each PMHS and remove any slack. Both arterial and 

venous systems in the abdomen were re-pressurized using saline before each test to approximate 

physiological levels (14.0kPa in the aorta and 0.9kPa in the IVC).   

 



 

 

 
Figure 2: Pre-test positioning of PMHS on the seatbelt test device (A: Linear potentiometer on ram; B: Force transducer 

on ram; C: Seatbelt load cells; D: Load cells attached to thoracic and lumbar back plates; and E: String potentiometer 

attached to seatbelt). 

 

 

 
The abdominal region of each specimen was loaded by the seatbelt at approximately 3.4 + 0.4 m/s. In 

terms of input, test ABDSB06 was conducted using an accumulator pressure of 620 kPa whereas tests 

ABDSB07 and 08 were conducted at 758 kPa. The accumulator pressure was increased to increase the 

likelihood that the test would produce abdominal organ damages. The penetration was limited to 

approximately 50% of seated abdominal depth measured just prior to wrapping the seatbelt after final 

positioning. This limit was chosen in order to limit any damages created to the test fixture if the belt were 

to load the spine directly upon compression of the soft tissue in the abdomen. This also ensured that no 

catastrophic damages to the spine would occur leading to severe “unrealistic” abdominal organ damages. 

Each test was captured using high-speed cameras (Vision Research Inc., NJ, Phantom at 1000fps) placed 

laterally and oblique to the specimen. 
 

Damage Response: 
 
Following the test performed on each PMHS, a post-test CT scan was taken to document the change in 
locations of the internal instrumentation as well as any damage that occurred. An anatomical dissection 
was then conducted to note all damage in detail. Injury severity scores were assigned based on 
Abbreviated Injury Scale 2005 – update 2008 (Gennarelli et al. 2008).  
 



 

 

Data Analysis: 
 
Data were acquired at a sampling frequency of 20,000 Hz and in the laboratory coordinate system (LCS), 
with the positive x-axis directed from posterior to anterior, positive y-axis directed from left to right, and 
positive z-axis directed from superior to inferior, per standard SAE-J211.  
 
Abdomen penetration was defined as the deflection of the abdomen versus time, where the deflection is 
measured at the point anterior to the abdomen at the sagittal midline using a string potentiometer 
attached to the belt. Compression of the abdomen was defined as the percentage of penetration, 
calculated by dividing the abdominal penetration by initial abdominal depth measured just prior to firing 
each test. It must be noted that the seated abdomen depth varied between initial acceptance and just 
prior to firing the ram for the same specimen due to the perfusion of organs and vasculature. Abdomen 
penetration corresponded to the displacement of the seatbelt measured using the anterior string 
potentiometer. Belt force was calculated as the sum of forces obtained from the two seatbelt load cells. 
Abdomen penetration speed was found by differentiating abdomen penetration.  
 
Pressure readings in the abdominal aorta and IVC were recorded during each PMHS test. A fast Fourier 
Transform (FFT) analysis of the pressure signals was performed followed by filtering at CFC60. The peak 
rates of pressure change, Ṗmax, were calculated for IVC and compared with Ramachandra et al. (2016), 
where a value of 9.3 kPa/ms would correspond to a 50% risk of AIS 3+ abdominal injury.  
 

  



 

 

Section 3.0- Results 
 
A total of three tests were conducted on three post mortem human surrogates (PMHS). Table 1 shows 
pre-test characteristics of the tested PMHS. All of the PMHS were tested with vascular perfusion. The 
three tests in this series were conducted within 72 to 120 hours post death for testing. 

 

Table 1: Specimen information table (measurements listed are with the specimen in supine position at the time of 

acceptance) 

Subject 
# 

Test ID Test 
Date 

Age/ 
Sex 

Mass 
(kg) 

Stature 
(cm) 

Abd 
C’ference 
(cm) 

Abd  
Depth  
(cm) 

BMI L2-L4 
BMD  
(T-Score) 

PMHS15 ABDSB05 07/12/19 83F 55 175.5 68.0 15.5 17.9 -0.4 

PMHS16 ABDSB06 08/20/19 95F 55 156.0 90.0 19.3 22.6 -0.1 

PMHS17 ABDSB07 10/18/19 102F 37 152.4 60.8 14.9 14.9 -2.0 

Average 49 161.3 72.9 16.5 18.4  

 
 
Damage Response: 
 
The dissection results are tabulated in Table 2 and the organ damages observed are shown in Appendix 
B. Abdominal damage of AIS > 3 was sustained in two of the three subjects. It must be noted that these 
instances of skeletal damage are not considered for comparison with the pressure based injury predictor 
valuable since the risk function is based upon soft tissue damage in the abdomen and not related to 
skeletal damage. 

 

Table 2: Damage summary (Abbreviated Injury Scale 2005 - Update 2008) 

Test # Abdominal  AIS Skeletal AIS 

ABDSB05 

Ruptured kidney(R) 

Partial tear jejunum 

Splenic capsule tear 

541640.4 

541424.3 

544222.2 

Rib fractures: R 7, 8, 9, 10, 11;  

L 8, 9, 10, 11 
450203.3 

ABDSB06 

Ruptured kidney(R) 

Full tear ileum 

Full tear duodenum 

Partial tear jejunum 

541640.4 

541426.4 

541024.4 

541424.3 

Rib fractures: R 6, 7, 8, 9, 10;  

L 6, 7, 8, 9, 10  
450203.3 

ABDSB07 None 0 
Rib fractures: R 8, 9, 10, 11;  

L 9, 10, 11  
450203.3 

 
 
Force-Penetration: 
 
The force-time and penetration-time histories for the PMHS tests are shown in Figure 3 and Figure 4 
respectively. Peak seatbelt forces ranged from 4.4 to 5.5 kN. The peak penetrations ranged from 70 to 



 

 

118 mm. Peak compression of the abdomen ranged from 36 to 50% with a mean compression of 44% 
among the three tests. Figure 5 shows the non-normalized belt force vs. abdomen penetration responses. 
The corresponding penetration vs. penetration velocities are presented in Figure 6. Peak penetration 
speeds, determined by differentiating penetration, averaged approximately 3.4 m/s. 
 

 
Figure 3: Force-time histories 

 

Figure 4: Abdomen penetration-time histories 



 

 

 
Figure 5: Belt-force vs. abdomen penetration responses 

 
Figure 6: Abdomen penetration vs. penetration velocity 

 
 
 



 

 

Pressure: 
 
For the perfusion pressure data, the pressure transducer with the highest peak (positive maximum) 
pressure was defined as Pmax. The values of Pmax from the abdominal aorta ranged from 150.3 to 217.9 kPa 
while the IVC transducers ranged from 39.7 to 245.0 kPa.  The peak vascular pressure values and the 
pressure traces of all PMHS tests are presented in Appendix B.  
 
Data from the pressure transducers were used to calculate the positive maximum rate of pressure change 
(Ṗmax) during the event up to Pmax. The values of Ṗmax are reported in Table B1 alongside the peak pressure 
values. The Ṗmax calculated for the abdominal aorta ranged from 6.2 to 20.7 kPa/ms, and Ṗmax in the IVC 
ranged from 39.7 to 245 kPa/ms. The calculated IVC Ṗmax for ABDSB05 was less than 9.3 kPa/s which was 
the 50% abdominal injury risk value suggest by Ramachandra et al (2016), but greater for ABDSB06 and 
07. 
 
 
 

Section 4.0- Discussion 
 
The general intent of this study was to load the abdomen in an injurious manner and obtain data to create 
an injury risk function (IRF) for the THOR-05F ATD, given its design and measurement capabilities such as 
the abdominal pressure sensors. This study conducted abdominal impact tests using three whole PMHS 
specimens in conditions like those described in Lamielle et al. (2008). The belt loading was applied at the 
umbilicus (approximately L3 vertebral height) and the subject was restrained with a fixed back restraint.  
 
Since the abdominal depths varied between PMHS at the time of testing, the penetration values were 
normalized by abdominal depths shown in Table 3, and the force vs. compression responses are shown in 
Figure 7.  The average peak compression observed at the peak belt load was 44%, lower than the target 
compression was 50%. 
 

Table 3: Abdominal measurements taken for belt width placement and restricting ram stroke 

 
Subject # Test ID Abd Width (cm) Abd Depth (cm) 

PMHS15 ABDSB05 22.0 21.8 

PMHS16 ABDSB06 28.0 25.0 

PMHS17 ABDSB07 19.2 21.2 

 
The objective of producing abdominal organ injuries was not achieved in all subjects, since ABDSB07 did 
not result in organ damages. This finding exemplifies subject to subject variability since this test had the 
highest vascular pressure and pressure rate of the test series. Additionally, the test also resulted in the 
lowest compression of the abdomen. Both of these factors may be attributed to the finding during autopsy 
that the abdominal viscera was well bound together via thick connective tissue. Hence, rather than moving 
independently within the abdomen, the organs moved as a whole inside the protective covering of the 
connective tissue, compressing the IVC posteriorly and at the same time resisting the belt thrust into the 
abdomen anteriorly. This is also supported by the stiff initial response followed by rapid increase in force 
due to mass accumulation.  



 

 

 

 
Figure 7: Belt-force vs. abdomen compression responses 

 

 
Section 5.0- Conclusion 

 
A total of three abdominal belt pull tests were conducted on three relatively small PMHS. The resulting 

nominal penetration velocity was 3.4 ± 0.4 m/s on a table with the back constrained. The mean 

abdominal compression was approximately 44% of the seated abdominal depth measured at the time of 

testing. 

¶ Abdominal organ damages occurred in two of the three tests. 

¶ The values of peak rate of vascular pressure change were inconsistent with the threshold of 

serious abdominal injuries as reported by Ramachandra et al. (2016). A separate pressure based 

injury risk function shall be investigated for small female injury prediction.  
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APPENDIX A 

 
Figure A1: Driving mechanism of the fixture, including a 20 gallon pressurized tank and 4” bore 10” stroke piston. Air of 

620kPa gets pushed into the piston when the input valve opens upon trigger, which in turn pulls the ram (T-Bar) 

backwards. Any air output from the piston was allowed to dissipate and not controlled using an output valve.  

 

 
Figure A2: Schematic of the fixed-back belt pull test setup 

 

 



 

 

APPENDIX B 

 

Figure B1: Vascular pressure traces from ABDSB05 

 

 

Figure B2: Vascular pressure traces from ABDSB06 



 

 

 

Figure B3: IVC pressure trace from ABDSB07 

 

 

Table B1: Peak pressure responses and calculated rate of pressure at each sensor location  

Test# Sensor Location Ṗmax (kPa/ms) Pmax (kPa) 

ABDSB05 aorta_sup - sensor fail 

 
aorta_inf 6.2 150.3 

 
IVC_sup 2.8 39.7 

 
IVC_inf 5.8 104.5* 

ABDSB06 aorta_sup - sensor fail 

 
aorta_inf 20.7 217.9 

 
IVC_sup 4.7 60.8 

 
IVC_inf 12.9 127.5 

ABDSB07 IVC_inf 31.5 245.0 

 

*Note: Maximum pressure value within the time of interest. 



 

 

     

Figure B2: CT images with sensor and balloon locations in abdominal vasculature (left to right: PMHS15, 16, 17);  

Note: There was only one pressure sensor inserted into PMHS17 into the IVC. The superior and inferior aspects of the IVC were 

blocked using the Foley balloons. However, there were no sensors in the aorta and due to the size of the vasculature, Foley 

catheters could not be inserted through the femoral/iliac arteries. Instead, the iliac arteries were tied off close to the bifurcation of 

aorta to keep the vascular system isolated, similar to using the Foley balloon to block fluid from escaping the abdominal 

vasculature. 

 

 

 

  



 

 

APPENDIX C 

    

Figure C1: Abdominal organ damages for ABDSB05: [left] ruptured right kidney; [center] splenic capsule tear;          

[right] partial tear in jejunum 

 

  

  

Figure C2: Skeletal damages for ABDSB05: [top] right 7, 8, 9, 10, 11th ribs; [bottom] left 8, 9, 10, 11th ribs 



 

 

 

Figure C3: Skeletal damages locations for ABDSB05 

 

 

       

Figure C4: Abdominal organ damages for ABDSB06: [left] ruptured right kidney; [center] complete tear of ileum; [right] 

complete tear duodenum and partial tear of jejunum 

  



 

 

  

Figure C5: Skeletal damages for ABDSB06: [left] left 6, 7, 8, 9, 10th ribs; [right] right 6, 7, 8, 9, 10th ribs 

 

 

Figure C6: Skeletal damages locations for ABDSB06 

 



 

 

          

Figure C7: Skeletal damages for ABDSB07: [left] left 9, 10, 11th ribs; [right] right 8, 9, 10, 11th ribs 

 

Figure C6: Skeletal damages locations for ABDSB07 



 

 

APPENDIX D 

ABDSB05 

 

Channel # Description Units Sensor Manufacturer 

1 RAM XG G'S ENDEVCO 

2 RAM XG – REDUNDANT G'S ENDEVCO 

3 RAM X DISPLACEMENT MM PENNYGILES 

4 RAM X FORCE NWT INTERFACE 

5 BACKPLATEPELVISFZ NWT HUMANETICS 

6 BACKPLATEPELVISFY NWT HUMANETICS 

7 BACKPLATEPELVISFX NWT HUMANETICS 

8 BACKPLATEPELVISMZ NWM HUMANETICS 

9 BACKPLATEPELVISMY NWM HUMANETICS 

10 BACKPLATEPELVISMX NWM HUMANETICS 

11 BACKPLATELUMBARFZ NWT HUMANETICS 

12 BACKPLATELUMBARFY NWT HUMANETICS 

13 BACKPLATELUMBARFX NWT HUMANETICS 

14 BACKPLATELUMBARMZ NWM HUMANETICS 

15 BACKPLATELUMBARMY NWM HUMANETICS 

16 BACKPLATELUMBARMX NWM HUMANETICS 

17 BACKPLATETHORAXFZ NWT HUMANETICS 

18 BACKPLATETHORAXFY NWT HUMANETICS 

19 BACKPLATETHORAXFX NWT HUMANETICS 

20 BACKPLATETHORAXMZ NWM HUMANETICS 

21 BACKPLATETHORAXMY NWM HUMANETICS 

22 BACKPLATETHORAXMX NWM HUMANETICS 

23 RIGHT SEAT BELT LOAD CELL NWT DENTON 

24 LEFT SEAT BELT LOAD CELL NWT DENTON 

25 SEAT BELT X DISPLACEMENT MM CELESCO 

26 L3 X ACCELEROMETER  (POSTERIOR) G'S ENDEVCO 

27 L3 Y ACCELEROMETER  (POSTERIOR) G'S ENDEVCO 

28 L3 Z ACCELEROMETER  (POSTERIOR) G'S ENDEVCO 

29 L3 X ANGULAR RATE SENSOR (POSTERIOR) DPS DTS 

30 L3 Y ANGULAR RATE SENSOR (POSTERIOR) DPS DTS 

31 L3 Z ANGULAR RATE SENSOR (POSTERIOR) DPS DTS 

32 
X ACCELEROMETER (SEATBELT-ANTERIOR 
ABDOMEN) G'S ENDEVCO 

33 
Y ACCELEROMETER (SEATBELT-ANTERIOR 
ABDOMEN) G'S ENDEVCO 

34 
Z ACCELEROMETER (SEATBELT-ANTERIOR 
ABDOMEN) G'S ENDEVCO 



 

 

35 
X ANGULAR RATE SENSOR (SEATBELT-
ANTERIOR ABDOMEN) DPS DTS 

36 
Y ANGULAR RATE SENSOR (SEATBELT-
ANTERIOR ABDOMEN) DPS DTS 

37 
Z ANGULAR RATE SENSOR (SEATBELT-
ANTERIOR ABDOMEN) DPS DTS 

38 AORTA (SUPERIOR) PRESSURE KPA MILLAR 

39 IVC (SUPERIOR) PRESSURE KPA MILLAR 

40 AORTA (INFERIOR) PRESSURE KPA MILLAR 

41 IVC (INFERIOR) PRESSURE KPA MILLAR 

42 BELT FORCE ON ABDOMEN NWT 
CALCULATED AS SUM OF 
CHANNELS 23 and 24, CFC60 

43 ABDOMEN PENETRATION  MM 
CALCULATED FROM CHANNEL 
25, CFC60 

 

  



 

 

ABDSB06 

Channel # Description Units Sensor Manufacturer 

1 RAM XG G'S ENDEVCO 

2 RAM XG – REDUNDANT G'S ENDEVCO 

3 RAM X DISPLACEMENT MM PENNYGILES 

4 RAM X FORCE NWT INTERFACE 

5 BACKPLATEPELVISFX NWT HUMANETICS 

6 BACKPLATEPELVISFY NWT HUMANETICS 

7 BACKPLATEPELVISFZ NWT HUMANETICS 

8 BACKPLATEPELVISMX NWM HUMANETICS 

9 BACKPLATEPELVISMY NWM HUMANETICS 

10 BACKPLATEPELVISMZ NWM HUMANETICS 

11 BACKPLATELUMBARFX NWT HUMANETICS 

12 BACKPLATELUMBARFY NWT HUMANETICS 

13 BACKPLATELUMBARFZ NWT HUMANETICS 

14 BACKPLATELUMBARMX NWM HUMANETICS 

15 BACKPLATELUMBARMY NWM HUMANETICS 

16 BACKPLATELUMBARMZ NWM HUMANETICS 

17 BACKPLATETHORAXFX NWT HUMANETICS 

18 BACKPLATETHORAXFY NWT HUMANETICS 

19 BACKPLATETHORAXFZ NWT HUMANETICS 

20 BACKPLATETHORAXMX NWM HUMANETICS 

21 BACKPLATETHORAXMY NWM HUMANETICS 

22 BACKPLATETHORAXMZ NWM HUMANETICS 

23 RIGHT SEAT BELT LOAD CELL NWT DENTON 

24 LEFT SEAT BELT LOAD CELL NWT DENTON 

25 SEAT BELT X DISPLACEMENT MM 
MEASUREMENT 
SPECIALTIES 

26 L3 X ACCELEROMETER  (POSTERIOR) G'S ENDEVCO 

27 L3 Y ACCELEROMETER  (POSTERIOR) G'S ENDEVCO 

28 L3 Z ACCELEROMETER  (POSTERIOR) G'S ENDEVCO 

29 L3 X ANGULAR RATE SENSOR (POSTERIOR) DPS DTS 

30 L3 Y ANGULAR RATE SENSOR (POSTERIOR) DPS DTS 

31 L3 Z ANGULAR RATE SENSOR (POSTERIOR) DPS DTS 

32 X ACCELEROMETER (SEATBELT-ANTERIOR ABDOMEN) G'S ENDEVCO 

33 Y ACCELEROMETER (SEATBELT-ANTERIOR ABDOMEN) G'S ENDEVCO 

34 Z ACCELEROMETER (SEATBELT-ANTERIOR ABDOMEN) G'S ENDEVCO 

35 
X ANGULAR RATE SENSOR (SEATBELT-ANTERIOR 
ABDOMEN) DPS DTS 

36 
Y ANGULAR RATE SENSOR (SEATBELT-ANTERIOR 
ABDOMEN) DPS DTS 

37 
Z ANGULAR RATE SENSOR (SEATBELT-ANTERIOR 
ABDOMEN) DPS DTS 



 

 

38 AORTA (SUPERIOR) PRESSURE KPA MILLAR 

39 IVC (SUPERIOR) PRESSURE KPA MILLAR 

40 AORTA (INFERIOR) PRESSURE KPA MILLAR 

41 IVC (INFERIOR) PRESSURE KPA MILLAR 

42 BELT FORCE ON ABDOMEN NWT 

CALCULATED AS SUM OF 
CHANNELS 23 and 24, 
CFC60 

43 ABDOMEN PENETRATION  MM 
CALCULATED FROM 
CHANNEL 25, CFC60 

 

  



 

 

ABDSB07 

Channel # Description Units Sensor Manufacturer 

1 RAM XG G'S ENDEVCO 

2 RAM XG – REDUNDANT G'S ENDEVCO 

3 RAM X DISPLACEMENT MM PENNYGILES 

4 RAM X FORCE NWT INTERFACE 

5 BACKPLATETHORAXFX NWT HUMANETICS 

6 BACKPLATETHORAXFY NWT HUMANETICS 

7 BACKPLATETHORAXFZ NWT HUMANETICS 

8 BACKPLATETHORAXMX NWM HUMANETICS 

9 BACKPLATETHORAXMY NWM HUMANETICS 

10 BACKPLATETHORAXMZ NWM HUMANETICS 

11 BACKPLATEPELVISFX NWT HUMANETICS 

12 BACKPLATEPELVISFY NWT HUMANETICS 

13 BACKPLATEPELVISFZ NWT HUMANETICS 

14 BACKPLATEPELVISMX NWM HUMANETICS 

15 BACKPLATEPELVISMY NWM HUMANETICS 

16 BACKPLATEPELVISMZ NWM HUMANETICS 

17 BACKPLATELUMBARFX NWT HUMANETICS 

18 BACKPLATELUMBARFY NWT HUMANETICS 

19 BACKPLATELUMBARFZ NWT HUMANETICS 

20 BACKPLATELUMBARMX NWM HUMANETICS 

21 BACKPLATELUMBARMY NWM HUMANETICS 

22 BACKPLATELUMBARMZ NWM HUMANETICS 

23 RIGHT SEAT BELT LOAD CELL NWT DENTON 

24 LEFT SEAT BELT LOAD CELL NWT DENTON 

25 SEAT BELT X DISPLACEMENT MM 
MEASUREMENT 
SPECIALTIES 

26 L3 X ACCELEROMETER  (POSTERIOR) G'S ENDEVCO 

27 L3 Y ACCELEROMETER  (POSTERIOR) G'S ENDEVCO 

28 L3 Z ACCELEROMETER  (POSTERIOR) G'S ENDEVCO 

29 L3 X ANGULAR RATE SENSOR (POSTERIOR) DPS DTS 

30 L3 Y ANGULAR RATE SENSOR (POSTERIOR) DPS DTS 

31 L3 Z ANGULAR RATE SENSOR (POSTERIOR) DPS DTS 

32 X ACCELEROMETER (SEATBELT-ANTERIOR ABDOMEN) G'S ENDEVCO 

33 Y ACCELEROMETER (SEATBELT-ANTERIOR ABDOMEN) G'S ENDEVCO 

34 Z ACCELEROMETER (SEATBELT-ANTERIOR ABDOMEN) G'S ENDEVCO 

35 
X ANGULAR RATE SENSOR (SEATBELT-ANTERIOR 
ABDOMEN) DPS DTS 

36 AORTA (SUPERIOR) PRESSURE KPA MILLAR 

37 IVC (INFERIOR) PRESSURE KPA MILLAR 

38 IVC (SUPERIOR) PRESSURE KPA MILLAR 



 

 

39 BELT FORCE ON ABDOMEN NWT 

CALCULATED AS SUM OF 
CHANNELS 23 and 24, 
CFC60 

40 ABDOMEN PENETRATION  MM 
CALCULATED FROM 
CHANNEL 25, CFC60 

 

NOTE: Test ABDSB07 did not include pressure transducers in the inferior or superior abdominal aorta; and superior IVC.  

 

 

 


