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1 .0 l NTRODUCT l ON 

Tne purpose of this report is to present methods and results for a 

series of 2j tests using primate subjects. This is the second of c 

series of reports from a project addressing itself to the generation o f  

fundamental knohlledge to achieve four results: 

1 .  Quan~ification of the impact response of the human thorax using 

human cadaver and laboratory animal1 test subjects; 

2. Definition of performance specifications which insure impact 

response fideiity between human and surrogtte thoraxes; 

3 ,  Compi lstion of analytic51 functions rrhich relate kinematic 

response of the thorax to the actual injuries which have been observed 

in the exper imenial portion of the project; and, 

4 .  Development of a side impact device matching thoracic response 

corridors obtained during the project. 

The present report is concerned priniariiy with the first of .the 

four items listed above. 

S e c t i o ~  2 will be devoted to a discussion of the thoracic 

instrumentation package, with particular emphasis on the differences 

between primate and human cadaver instrumentation. 

Section 3 will present the test matrix and a description cf each 

test type. Both frontal and side impact tests are included. Restraints 

include energy absorbing steering columns padded with foam or airbass. 

Section 4 presents detai 1s of test protocol and methods. As with 

section 2, the emphasis w i  1 1  be on the differences between primate and 

human cadaver tests. Extensive reference will be made to a previous 

repcrt, Ouantification of Thoracic R e s ~ o n s e  and Iniury: the Gathering 

of Data, i inal Report, Contract DOT-HS-4-00921, Highway Safety Research 

Institcte, Ann Arbor, Michigan, August 1982. 

'Animals have been cared for and handled according to AALAC guidelines. 



One appendix has been prepared containing individual test 

descriptors, autopsy results, analog data, and filtered digital data 

displays. 



2.0 THORACIC INSTRUMERTATLON 

The instrumenzation package was selected to reflect the procedures 

used foi human cadaver subjects and was modified only enough to permit 

the attachment of transducers to living primates with minimum injury. 

T o  this end, the following array of transducers was attached: four 

rib accelerometers, one spinal accelerometer complex, a vascular 

pressure transducer and a tracheal pressure transducer. The rib 

accelerometers were mounted in pairs on both sides of the chest. The 

l o ~ e r  accelerometers had their sensitive axes in the Posterior-Anterior 

direction (x-axis), and were attached to the ninth rib at its most 

lateral point. The upper acceierometers, attached to the fifth ribs, 

were oriented along the Y-axis, that is, Right-Left. 

The spinal accelerometer complex was a biaxial mount attached over 

the spine at the sixth thoracic vertebra for most tests. The 

accelerometers attashed to this mount were oriented along the Anterior- 

Posterior ( X )  and Superior-Inferior (Z) axis. A few of the later tests 

(76T004, 76TOQj, 78T102) used a triaxial mount on the spine. The side 

impact tests (76T004, 76f005) also included a pelvic triaxial mount. 

The tracheal and vascular pressure transducers were inserted into 

the airway and the abdominal aorta (routed through the femoral artery), 

respectively, in manners similar to those used for human cadaver 

subjects. 

The sternal accelerometers used in the human cadaver tests were not 

used (except for the first test on a cadaver primate) because it was 

believed that the cartilaginous nature of the primate sternum would be 

unable to provide adequate support for the mounts. 

In some cases instrumentation failures prevented obtaining of 

useful information. 

Section 4 describes the techniques of mounting transducers on the 

subjects. Section 5 and the Appendix detail the exact transducer array 

used for all subjects in the test series. 



3 . 0  TEST MATRIX AND DESCRIPTION O F  EACH TEST TYPE 

3.1 Test Facility 

The impact sled facility at HSRI was used for this test series. 

The sled moves on a 45-foot track into a p~eumatic decelerator and has 

the capability of a 75 mph velocity change and a 75 G deceleration. The 
7 

basic sled is a 975 lb test platform which is 6.5 ft'. The various 

seating structures and other equipment associated with the tests were 

bolted directly to the sled or to a structure of steel channels which 

was then bolted to the sled. The impact sled is driven by a compressed- 

gas-powered ram, and is stopped by air-powered disk brakes, The sled 

operates on the principle of rebound, achieving the desired veloeity 

change by :eversing its direction during the impact with a pneumatic 

decelerator. The sled payload i s  1,224 lbs. Equipment for acquiring 

and recording data includes high-speed cameras and a 65,000 watt 

lighting system. Accelerations, forces, and other physical quantities 

were transdueed and recorded on magnetic tape. A l l  controls were 

remotely operated, using safety-interlocked eleceronie sequences. 

3.2 Geometry of Test Fixtures for Primate and Cadaver Tests 

Figure 1 shows the geometry of the sled buck used for both human 

cadaver and primate tests. The dimensions are given in inches, The 

first number is for the cadaver and the second number, shown in 

parenthesis, is scaled to the baboon primate. Superimposed on the sled 

buck geometry is the full forward and full rearward geometry for a 1972 

Maverick including the location of the steering column. The hardware is 

designed for the sled buck (seat midway in travel) as we1 1 as for the 

column, belt, or airbag arrangements. Scaling to the primate is based 

on a reduction to one-third. This number has been selected based on 

measurements of baboon chest width so that the collapsible column will 

"fit" the baboon chest breadth in approximately the same manner as the 

full-size column matches the human chest, 

Shown in Figure 2 is the geometry of the steering wheel used for 

t h e  primate tests. The rim is made from bent mild steel rod while the 

"dish" is made from steel sheet stock which can be oaddeci for tests. 





The column has been scaled to collapse at approximately 70 Ibs. This 

was determined using the scaling formula 

where 

ESI = Estimated Severity of Injury 

f = force of impact 

r = impact duration 

r~ = mass of the animal 

a = contact area 

developed by Stalnaker and reported in "The Mechanisms of Injury in 

Blunt Abdominal Trauma," by M. L. Trollope, R. L. Stalnaker, J. H. 

McElhaney, and C, F. Frcy, Journal of Trauma, Vol. 13, No. 11, 

pp. 962-970, 1973. The impact tests upon which chis is based were blunt 

impacts to the lower hzlf of the sternum, representing steering nub 

impact. The primary difference between these data and the planned 

txperirnents appears to be that the primate will impact the target rather 

than the impactor striking the primate. The assumptions were: 

- ES I (estimated severity of injury) = 3 

- m - 32 I b  (the average weight of the subject baboons) 

7 - a = 3.54 in' (hub area from Figure 2) 

- b = 0.03 sec. (anticipated to be a typical duration 
based on past exper i ence) 

This result necessitated design of a column which collapsed at 70 

lb. rather than 2000 15., the load required to collapse the naverick 

column. The rim for the Maverick steering wheel collapses at about 600 

lb. This was scaled to 21 Ib so that the primary load was applied to 

the taboon subject by the hub. 

Figure 3 i s  a schematic of the overall data handling system used on 

the primate :=st series. Analog transducer data was digitized and 



F i  gure 2 Scaled s t  eeri ~g rii~eel s ci iemati  c 
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filtered with output review possible at any stage. High speed 

photographic data wera also available for analysis. 

3.3 Test Matrix 

Table 3.1 is a summary description of the tests conducted in the 

primate test series. The first column gives the test n u m b e ~ .  A l l  tests 

are listed in chronological order. The test numbers with an "A" prefix 

were conducted between June and October 197s9 while those beginning wiih 
a "76" or "78" were conducted in 1976 or 1978, respectively. 

The second column gives the test velocity in miles per hour, while 

the third column gives the deceleration rate in G 1 s .  The fourth column 

1 ists the type of test which was conducted on each subject. A l  l tests 

are fronttl impacts unless otherwise noted (76T004, 76T805) . A1 1 

frontal impact tests were conducted using haraware similar to that used 

in the human cadaver tests but scaled down to primate proportions, 

The fifth column contains the maximum A I S  obtained from the thorax 

as determined during the autopsy. Higher or lower A I S  numbers may have 

been obtained from other body regjons such 8s head, abdomen, or 

extremities. Data on these injuries, if any, are included in the 

Appendix. 

The last column lists the subject weight. Age and gender 

information are not given because the test population was entirely 

composed of j uven i l e ma 1 es . 
Table 3.2 is a summary of the body measurements taken on each 

subject prior to testing. The subject code used in Table 3.1 is also 

used here. Figure 4 is a copy of the form used to record the 

measurements and illustrates the actual points measured. 

3.4 Frontal Impact Sled Tests. Unpadded Columns. 

Figure 5 shows an oblique side view of the apparatus and 
positioning for the five tests using energy absorbing steering columns 

and lap belt restraints. The test seat, steering wheel, and column 

travel were scaled to primate proportions. Figure 6 is a drawing of the 

scaled columns and energy absorbing apparatus. 
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TABLE 3.1 SUMMARY OF TESTS WITH PRIMATE SUBJECTS 

TEST t VELOCITY I ACCEL/ TEST TYPE 1 AIS I WEIGHT 
(mph) I ( G ' s )  i 1 (Kg) 

I 

* CADAVER PRIMATE SUBJECT 

12.0 

12.0 

14.5 

10.0 

14.0 

13.5 

13.0 

13.0 

11.0 

S o f t  EA - column & l a p  b e l t  / 
S o f t  EA - column & l a p  b e l t  

S o f t  EA - co 1 umn & 1 ap be1 t 

4 

3  

S t i f f e s t E A - c o l u m n w / p a d & l a p b e l t  

S t i f f e s t  EA - column w/pad & l a p  b e l t  

S t i f f e s t  EA - column w/pad & l a p  b e l t  

S o f t  EA - column & l a p  be1 t 

S t i f f  EA - column & l a p  b e l t  1 ;  
S t i f f  EA - column w/pad & l a p  b e l t  1 

3 14.0 

S t i f f  EA - column w/pad -& l a p  be1 t 

S t i f f e s t  EA - column w/pad & l a p  b e l t  

S t i f f e s t  EA - column w/pad & l a p  b e l t  

4 

5 

S t i f f e s t  E A -  c o l u m a w / a i r b a g  & l a p  be? 3 

i S t i f f e s t  EA - column w /a i r bag  & l a p  be4 4 

S t i f f e s t  EA - column w /a i r bag  & a l p  be1 1 

S t i f f  EA - column w / s o f t  pad, l a p  b e l t  1 

4-5 

5 

4 

13.9 

17.7 

13.0 

15.8 

14.6 

15.8 

S t i f f  EA - column w / s o f t  pad, l a p  b e l t  

S t i f f  EA - column w / s o f t  pad, l a p  b e l t  

S t i f f  EA - column w/a i rbag,  l a p  b e l t  

S t i f f  EA - column w/a i  rbag, l a p  b e l t  

La t .  impact ,  r i g i d  b a r r i e r  

L a t ,  impact ,  r i g i d  b a r r i e r  

EA column w /Sco t t  foam pad 

3-4 1 16.0 

2-3 1 17.0 

2 - 3  

3-4 

12.2 

16.0 

2 I :::: 
1 / 14 .8  
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TABLE 3.2 (continued) 

CIRCUMFERENCE (INCHES) 

(15) (16) (18) ' (19) 
Y a i s f  Biceps 1 hiT!t 1 Thigh Calf 
(H ip )  

- - - 
13.5 6 0 5  4.3 8.5 6 . 0  I 14.0 9.0 4.0 8.5 6.0 

13.3 6.0 3.3 8.0 5.3 
14.5 7.0 4.3 10.0 15.5 

14.0 7.5 1 4.8 9.5 1 6.0 

1 4.0 6,5 l3.8 9.5 1 6 . 0  

13.8 7.5 4.5 

14.0 6.0 4.3 6.5 
15.0 6.8 5.0 

15.0 7.0 4.5 9.5 

16.0 8.0 5.0 10.0 7.0 

14.0 6.5 5.75 9.0 6,5 

14.3 1 8.0 4.5 9.3 
I 

7.3 
14.3 7.5 4.0 9.3 1 6.5 

15.0 8.3 4.4 11.5 6.5 

16.0 / 7.5 1 4 . 5  11.0 7.25 
16.0 6.5 

13.0 9.3 6.5 
14.5 8.0 9.5 6.5 
15.0 9.3 5.8 

14.0 8.0 8.0 6.5 
15.8 7.1 4.7 10.0 7.3 

I 

(20) 
Ankle 
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Figure 4. Body Pleasure~nent Fonn. 



F i g u r e  5 .  F r o n t a l  Impact  S l e d  T e s t  S e t u p .  Unpadded Column. 







Three different stiffnesses of energy absorbing rod material were 

used in the front impact primate tests, l a ~ e i  led "soft", "stiff", and 

"stiffest", depending upon the level of force required to bend the rod. 

3.5 Frontal lmoact Sled Tests. Foam Padded Columns. 

Figure 7 shows a perpendicular side view of a typical padded column 
frontal impact test. Note that the only major difference in apparatus 

and positioning between this test and the unpadded column test shown in 

Figure 5 is the presence of two inches of foam padding material placed 

over the steering column hub and filling the area within the riser. 

A total of 12 tests were performed using various combinations of 

pad and column stiffness, velocity and deceleration. 

3.6 Frontal l m ~ a e t  Sled Tests. Airbaa Padded Column. 

Five tests were performed using an energy absorbing steering column 

with a hub-mounted airbag. The test configuration was the same as that 

used in the padded column tests with the airbag replacing the foam pad. 

The airbag was inf lated and sealed prior to the test, and was not 

intended to vent during impact. As before, a variety of column 

stiffnesses, velocities and decelerations were used in rne airbag tests. 

3.7 Rioid Side Imoact Tests 

Two side impact tests using primate subjects were performed in 

early 1976. Figure 8 shows the side view of a rigid barrier side 

impact primate test. 

As can be seen, the apparatus used consists of a backboard mounted 

an the regular side impact sled buck used in the human cadaver tests and 

positioned so the primate can sit erect with his feet on the floor. 

The sequenct of actions which occur during a test is as follows. 

The sled Suck is first brought up to speed. In order to accomplish this 

and maintain the proper initial position of the subject, a series of 

bolsters was placed on the right side of the subject. Next, the sled 

enters the deceleration phase. During this phase the sled is stopped 

and its motion reversed. The total change in velocity generated during 





this phase represents the target velocity difference (AV) for the 

interaction between the subject and the side structures. Whi le the sled 

motion is being' reversed, the unrestrained subject begins to s i  ide along 

the low friction seat surface buiidiag up a velocity relative to the 

sled about equal to the change in velocity generated by the 

deceleration. The distance between subject and door structures was 

selected to allow completion of sled deceleration before the 

interaction. 

Note that for side sled tests the veiocity noted in Table 3.1 is 

the closing velocity between the suSject and the side structure. 



4.0 TEST PROTOCOLS AND METHODS 

1 I n t roduc t i on  

The t e s t  ppotocol s and methods used i n  the pr  imate t e s t  ser ies  were 

taken almost i n  t h e i r  e n t i r e t y  from the pro toco ls  and methods developed 

f o r  the human cadaver subjects.  Rather than unnecessar i 1 y dupl i cate 

mater ia l  p rev iousty  reported, t h i s  sec t ion  w i l l  r e f e r  t o  the e a r l i e r  

document (See page 1 f o r  reference) f o r  those cases. 

As f o r  the human cadaver tests,  the p rc toco ls  and methods can b t  

d i v ided  convenient ly  i n t o  two areas: those d a r l i n g  w i t h  the subject  

( the primate) and those invo lv ing  the laboratory.  The subject  must be 

sedated, measured, instrumented and otherwise prepared f o r  the tes t :  

tested, then removed from the t e s t  f i x t u r e  and t rans fe r red  from the s led  

laboratory t o  the anatomy laboratory f o r  t t r m i n a t i o n  and autopsy, 

I n  a p a r a l l e l  precess, the laboratory must be prepared, the t e s t  

f i x t u r e  assembled, the data c o l l e c t i o n  e lec t ron i cs  and photograohic 

cameras prepared and tes ted p r i o r  t o  the impact t e s t .  A f te r  the tes t ,  

the lab must be cleaned and pre l iminary  data ana lys is  performed. Two 

d i s t i n c t  p ro toco ls  were developed, one f o r  each area. Figures 9 and 10 

are samples of those protocols. 

The d iscuss ion which fo l lows i n  t h i s  sec t ion  w i l l  be i n  two Darts. 

I t  w i l l  e laborate the a c t i v i t i e s ,  methods, procedures, and hardware used 

i n  the pr imate t e s t  ser ies.  

4.2 Primate Handlinu and Instrumentat ion 

The t o p i c  o f  pr imate handl ing and instrwnenta;ion can be d iv ided 

i n t o  the f o l l o w i n g  categories: 

Obtain ing the primate 
Pre l  iminary a c t i v i t i e s  
Surgical  rou t i nes  
Pre- test  a c t i v i t i e s  
Post- test  a c t i v i t i e s  
Autopsy 
Disposal o f  the cadaver 

Eacn o f  tnese w i  l l be d i  scussed i n  turn.  







4 .2 .1  Primate kcouisition 

The primates were obtained through the Unit for Laboratory Animal 

Medicine of the University of Hichigan School of Medicine. They were 

transported to the HSRl laboratory as needed and kept in a vivarium. 

The primates were fed and watered and their cages cleaned as necessary 

during the period between their arrival at HSRl and the test. 

Great pains were taken at all times to minimize contact between 

Institute personnel and the primates tc preclude the transmission of any 

distase in eirher direction. A l l  persons working with the primates were 

required to wear full length lab coats and OSHA-approved maiks. If 

contact was zniicipated, gloves would be worn. A 1 1  personnel who came 

in contact with the primates were required to undergo annual OHSA- 

approved physical examinations, which included tuberculin tests, as one 

requisite of their employment. 

4.2.2 Preiiminary Activities 

The first task on the day of the test was to sedate the primate. 

This was accomplished by restraining the animal in an immobilizing cage. 

With the primate thus confined, it was possible to administer an initial 

anesthetic. A dose o f  Ketslar (20 mg/kg) wcs admi nietered 

intramuscularly. Typically, the primate would be unconscious in less 

than two minutes. The animal was then remeved from the cage and fitted 

with a venous catheier in either the right or left leg for further 

anesthetic injections. The level of anesthetization was maintained 

through the use of sodium pentobarbital in the following ways. An 

initial injection of 25 mg/kg of sodium pentobarbital was administered. 

The subject was then monitored for the duration of the experiment for 

breathing, heart rate, eye reflex and deep reflex as well as muscle tone 

and any spontaneous movements. Additional doses of sodium pentobarbital 

were administered as needed along with routine care (such as sal ine 

injections to maintain blood volume). The subject was maintained in an 

anesthetized state until the animal wes killed after the impact test. 

The method of termination consisted of a lethal dose of sodium 

pentobarbital along with a bilateral pneumothorax. 



4.2.3 Suroical Routines 

After the drug catheter was inserted, the animal was shaved in the 

areas where transducers would be mounted. One series of body measures, 

similar to those taken for the human cadaver subjects, were recorded for 

each animal at this time. 

Rib and spinal accelerometer mounts were attached to the body using 

stainless steel wires.. A femoral catheter was inserted to provide a 

channel for a vascular pressure transducer. A tracheotomy was performed 

and the animal intubaied to provide a channel for the airway transducer. 

The techniques used in attaching the mounts were essentially the same as 

the techniques used for the human cadaver subjects with the following 

differences: 

1. the rib mounts were placed over the skin, not directly on the 

rib surface; 

2. the spinal mount was placed over the spine, not bolted directly 

to the bone, and held in place by steel wires; and, 

3. the tracheal tube was not plugged, so that the animal could 

continue to breath. 

The transducers used were the same as those used in the human 

cadaver tests, as were the rib mounts and tubes. The spinal mount was a 

slightly modified version of the human cadaver spinal mount. 

A final sanitary preparation completed the procedures. 

4.2.4 Pre-test Activities 

After the subject was moved from the surgical lab to the sled lab, 

the various transducers needed for the test were attached to the mounts 

and the animal was placed on the sled. 

When the subject was in place, and phototargets had been applied, 

initial (setup) photographs were taken. Following this, the 

instrumentation was given a final check and the test was conducted. 

4.2.5 Post-test Aetivities. 

After impact, the subject was carefully removed from the sled and 

placed on a rol I ing table. Vital functions were checked to determine 



whether the animal was sti 1 1  al.ive. Tne transducers were then removed 

and the subject transported to the anatomy laboratory. At this time the 

subject was killed with a dose cf Dopram, Euthol or other humane toxic 

agent. 

An autopsy was performtd on each subject to determine the nature 

and the extent of injuries sustained ES a result of the impact tests. 

(If the autopsy wes not to be performtd immediately, the primate cadaver 

was placed in cold storage until such time.) Particular attention was 

said to the thorax; cervical, thoracic, and lumbar spines, and abdominal 

viscera. A thorough examination of each area was performed and any 

unusual injuries were noted and photographed. Examples of the autopsy 

recording forms can be found in the complete test data in the Appendix. 

A t  the conclusion of the autopsy, the primate cadaver was sealed 

into a polyethylene bag and frozen. The remains were later given to 

other units of the University for other research purposes. 

4 . 3  Laboratory Procedures 

The routines of laboratory procedures were the same for the 

primates tests as for the human cadaver tests. This is detailed in the 

first report (See page 1 for reference) and will not be repeated here. 

The only significant procedural change was in the final clean up. 

After a primate test, all exposed surfaces were cleaned with a 

bactericidal solution to prevent any possible disease transfer. 



APPENDIX. I N D I V I D U A L  TEST REPORTS. 

The f o l l o w i n g  pages c o n s t i t u t e  a complete s e t  o f  transducer and 

autopsy data f o r  a1 1 p r ima te  t e s t s  performed d u r i n g  t h i s  p r o j e e t .  The 

data are  presented i n  the  order  i n  which the  t e s t s  were performed. 

k t  t he  t ime each t e s t  was performed, i t  was assigned a " t e s t  

number." For the  e a r l  i e s t  t e s t s  ( 1 9 7 j ) ,  t h i s  was a l e t t e r ,  " A "  f o l  lowed 

by a th ree  d i g i t  number. The 1975 t e s t  s e r i e s  (both pr imate  and human 

cadaver) f o r  t h i s  p r o j e c t  a re  i n  an unbroken s e r i e s  from A-867 through 

A-937. La ter  t e s t s  a re  numbered w i t h  a two-d ig i  t year i d e n t i f i e r  ("76", 

e.g.),  a s i n g l e  l e t t t r  ('ITt', f o r  thorax  t e s t s ) ,  and a th ree  d i g i t  

number. A l l  t e s t s  f o r  t h i s  p r o j e c t  subsequent t o  1975 were numbered i n  

sequence, i r r e s p e c t i v e  o f  year. 

The f o l l o w i n g  data  are  supp l i ed  f o r  each t e s t :  

a. a Summary Test  Report 

b. a Pr imate I n j u r y  Report 

c .  d e t a i l e d  autopsy f i n d i n g  diagrams (as needed), 

d. p l o t s  o f  t ransducer channels made d i r e c t l y  from the  analog 

iape, i n te rp re ted  and sca led  ("Brush reco rd  i ngs") , and 

e. p l o t s  maae from d i g i t i z e d ,  f i l t e r e d  and scaled transducer data 

a long w i t h  i n t e r p r e t i v e  i n fo rma t ion  on the  p l o t s .  

The t e s t  and autopsy summary sheets need no f u r t h e r  e labora t ion .  

The autopsy diagrams were made on t h e  b a s i s  o f  records,  notes and 

drawings made a t  t he  t ime o f  t he  autopsy, 

The Brush record ings  were made s h o r t l y  a f t e r  t h e  t e s t  was 

performed. The analog tape (s) con ta i  n i  ng the  t ransducer data was played 

back a t  reduced speed, and the  tape d r i v e ' s  ou tpu t  was fed  d i r e c t l y  i n t o  

the  Brush recorder .  These data  were then scaled, and values o f  

important  peaks recorded on the  cha r t .  They were then cu t ,  assembled i n  

a presentable form, and l a b e l l e d  w i t h  t e s t  numbers and channel name. An 

arrow, i n d i c a t i n g  d i r e c t i o n  o f  t ime f low,  w i t h  a l eng th  equ iva len t  t o  

100 msec, was drawn a t  t he  bottom of the  page. 



Computer-generated plots were prepared from the digitized, filtered - - 

and scaled transducer data. Each trace on these plots represents one 

trensducer channel from one test. T o  the left of each trace is a scale 

from which the signal magnitude can be derived. The numeric value next 

to the bar is the number of units of signal magnitude per division on 

the bar. Also to the left of each trace is its.channe1 number. Time 

scales in milliseconds and number of points are given at the bottom and 

top, respectively. The time origin is the arbitrary start-of- 

digitization, and bears no useful relationship to "to1' or the "start-of- 

test." The test number is given at the top of the right edge of the 

chart . Thi s i s usua 1 1 y suf f ixed wi th the number "- 1" or "-2" i ndi cat i ng 

the analog tape drive used to record the raw data (I=Hontywell 7600, 

2-CEt) . These plots were prepared using the fol lowing data processing: 

a. electronic filtering to appropriately band limit the response and 

minimize aliasing in the A / D  process; b .  analog to digital conversion at 

a 100 E t  sampling rate; and, c. digital filtering with a finite impulse 

response filter having the following characteristics; pass band 

frequency = 100 Hz, SiOp band frequency + 189 Hz, pass band ripple + 

,045 dB, and stop hand gain = -1OOdB. 

Following the plots is a summary table, printed during the scaling/ 

filtering portion of the analog-to-digital process. Among other 

information, this gives the test number and, for each channel digitized, 

the channel number, name of channel contents and units of measure. 

Scale factor (uni ts/vol t) , signal f rtqutncy (approximately 1600 ttz for 

all), data of digitization and other general information are also given. 



Summary Test Report 

Thoracic Injury Project (Contract DOT-HS-4-00921) Highway Safety Research 
Ins t i tu te  - The University o f  Michigan 

Test No. : A-871 

Test Date: June 10, 1975 

Test Subject 

Species - Baboon (cadaver) 
Sex - Male 
Ueight - 12 kg.  

Restraint System 

Soft EA-col umn 

Velocity 

24.0 mph 

Deceleration 

10.0 G's 

Injuries 

Dislocation of 8th r ight  r i b  a t  sternum. 
Small laceration on r ight  lung. 
Fracture of sternum a t  s i t e  of sternal mounting screw. 

AIS Number Estimate 



THOR4CIC INJURY PROJECT 

PRIKATE i N JURY REPORT 

Test Number A-871 

dnatomi cai  Anomal ies or Cf i n i  t a l  Observations 

i . Thoraci c S kei eton 

2 .  Hear: 

3 ,  Lungs Minor b i  1 ateral  hemopneumothorax -- probably surgical 1y 
i nduced. 

4 .  Other s t ructures  or systems 

in jur ies  observed 

1 .  External 

2 .  Sony or Cart i l  agi nous Structures 
Dislocation of Rg right a t  sternum. 
Fracture o f  sternum a t  s i t e  of  sternal mounting screw. 

3 .  Heart a n d  Vascular 

4. Lungs 1 cm laceration r ight  lung, lateral  -- possibly surgically 
induced . 

5 .  Other s t~uc tu res  or systems 
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Sumary Test Report 

Thoraci c Injury Project (Contract DOT-HS-4-00921) H i  gnway Safety Research 
Ins ts'tute - The University of Michigan 

Test do. : A-872 

Test Date: June 12, 1975 

Test Subject 

Species - baboon 
Sex - male 
deight - 12 kg. 

Rest rai n t Sy s tern 

Soft EA column 

Velocity 

30.5 mpn 

Deceleration 

29.6 G ' o  

Injuries 

Laceration almost through 1 e f t  1 ung. 
Right lung b o t t o m  lobe bruised near vessels and bronchi. 
Right ribs (6,7) broken, l e f t  ( 5 , 6 , 7 ) .  
Dent in cartilage a t  bottom of sternum 
Small t ea r  on surface of 1 iver a t  adhesion. 

AiS Nuher Estimate 

4 



THORACIC iNJURY PROJECT 

PRIEAX i N J U R Y  REPORT 

Tes; Number A-872 

3 a t e  6-12-75 

Anatomicai Anomalies or  Clinical Observations 

1 . Tnoraci c Skeleton 

2 .  Heart 

3 .  Lungs 

4 .  Other s t ructures  or systems 

I n  juri  es observed 

1 .  External none noted. 

2 .  Bony or Cart i l  agi nous Structures Fractures of R r ight  and R5-, 
l e f t ,  l a t e ra l .  Dents in cart i lage of Rgm10 bilaJera1, near 
junctions of R g  and R,  

? .  Heart and Vascular none noted. 

4 .  Lungs Laceration into l e f t  middle a n d  lower lobes, almost through 
l u n g .  Right lower lobe bruised near vessels and  bronchi. 

5 .  Other s t ructures  or systems 2" 1 aceration through capsule, 
upper r i g h t  lobe o f  l ive r .  (Diaphragmatic adhesion tore loose 
on impact. ) Hemoperi toneum. 



THORACI C IMPACT PROJECT 
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THORACIC IMPACT PROJECT 
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TMORACIC IMPACT PROJECT 
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Summary Test Report 

Thoracic Injury Project (Contract DOT-HS-4-00921) Highway Safety Research 
Ins t i tu te  - The University of Michigan 

Test 110. : A-873 

f e s t  Date: June 13, 1975 

f e s t  Subject 

Species - baboon 
Sex - Male 
Weight - 14.5 kg. 

Res t ra i  n t  Sys tern 

Soft EA column and  lap be1 t 

Vel oci ty  

30.1 mph 

Deceleration 

30.4 G's 

Injuries 

Right clavicle dislocatsd a t  sternum. 
Hemothorax and external longitudinal cut of l e f t  pectoral 

muscle down t o  ribs 2, 3, 4 which were broken do t o  wheel 
impact. 

AIS Number Estimate 

3 



THORACIC INJURY PROJECT 

P R I  KATE INJURY REPORT 

f e s ~  Number A-873 

Anetami c z i  Anomal ies or Cl i ni cal Observations 

1 . Thoraci c S kei e t o n  

2 .  Heart 

3 .  Lungs 

4 .  Other s tructures or systems 

Injuries  observed 

1 .  External none noted. 

2 .  Bony or Czrtil asinous Structures Right clavicle dislocated a t  
sternum. Fractures of R Z m q  l e f t ,  1 ateral .  

2 ,  Heart a n d  Vcscular none noted. 

4. Lungs Some small areas of hemorrhage, a l l  less than 1 crn 
diameter. Hemothorax ( 4 - 5  cc free blood) . 

5 .  Other structures or systems Laceration of right pectoralis 
over s i t e  of fractures, through t o  bone. 
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Summary Test  Report 

Thoracic In jury  Pro jec t  (Contract DOT-HS-4-00921) Highway Safe ty  Research 
I n s t i t u t e  - The University o f  Michigan 

Test No. : A-878 

Test  Date: June 25, 1975 

Test  Subject  

Species - baboon (cadaver) 
Sex - Male 
Weight - 10 k g .  

Res t ra in t  System 

Sof t  EA-column w i t h  l a p  be l t  

Velocity 

30.1 mph  

Deceleration 

30.0 G;s 

I n j u r i e s  

Peri cardi  a1 hematoma 
Liver l a c e r a t i o n s  ( 2  subcapsulary and 1 t e a r  through 

capsule approximately 2 cm. long) 

AIS Number Estimate 



Y i O R A C I C  iNJURY PROJECT 

PRIMATE iNJURY REPORT 

f es: Number A-878 

Date 6-27-75 

Anatomi cat Anomalies or Cl ini  cal Observations 

1 , Thoracic S kel etsn 

2 .  Heart 

3 .  bungs Left 1 ung looks tubercular. 

4.  Other struc:ures o r  systems Hemorrhage around transducer 
mounts on l e f t  ribs -- probably surgically induced. 

I n j  uri es observed 

1 . External none noted. 

2 .  3ony or Carti 1 a g i  nous Structures No fractures or dislocations. 

2 .  Heart and Vascular Hematoma on peri cardium. 

4 .  Lungs 

5 .  Other s 3 u c t u r e s  or sys terns Three l ive r  lacerations -- two 
subcapsulary, one torn through capsule ( 2  cn l o n g ) .  Minimal 
hemoperi tonuem. 
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Summarv Test Report 

Thoracic Injury Project (Contract DOT-HS-4-00921) Highway Safety Research 
Ins t i tu te  - The University of Michigan 

Test No. : A-879 

Test Date: June 25,  1975 

Test Subject 

Species - Baboon 
Sex - Male 
Weight - .I4 k g .  

Restraint Svstem 

Stiffened EA col.urnn with lap belt  

Velocity 

30.0 mph 

Deceleration 

30.0 G's 

Injuries 

1 arge, deep 1 acerati on, l e f t  upper anterior thorax 
w i t h  extensive bruising. 

perforation of l e f t  hemi thorax between R j  and Rq, 
under surface 1 acerati on. 

m i  nor peri cardi a1 hemorrhage 
gross hemorrhage - 1 ungs with scattered petechiae; 

kmo?neumo t horax 

AIS Number Estimate 



nome1 c I N J U R Y  PROJECT 

PRf KATE INJURY REPORT 

Date 6-25-75 

Anatomical Anomal i es or Cl i ni cal Observations 

1 . Thoraci c Skeleton 

2 .  Heart 

3 .  Lungs 

4 .  Other s t ructures  or systems 

Injur i  es observed 

1 .  External Large ( 6  X 1.5 cm), deep laceration ( t o  bone) , l e f t  
upper anterior  thorax. Extensive bruioi ng from stsering wheel 
rim. Perforation of l e f t  hemithorax between R j  and R4,  under 
surface laceration. 

2 .  Bony or Carti 1 agi nous S t r u c t u ~ s  No r ib  fractures or  dislocations 
noted. Contusions and hemorrhage medial r ib cage and adjacent 
1 ung surface below laceration. 

3 ,  Heart and  V~scu l a r  Peri cardi a1 hemorrhage w i t h o u t  damage t o  
underlying muscl e. 

4 .  Lungs Much hemorrhage. Petechiae spotted around both 1 ungs . 
Hemothorax. Pneumothorax. 

5. Other s t ructures  or systems Large 1 aceration (noted above), 
through l e f t  pec to~a l  i s  and i n t o  pectoral i s  abdominal i s .  
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S u m  ry Tes t Re~o r t  

Tnoraci c i n  jury Project (Contract DOT-HS-4-00921) Hi ghvay Safety Research 
Ins t i  tute - The University of Michigan 

Test No.: A-ti85 

Test Date: July 1 7 ,  1975 

Test Suoject 

Species - baboon 
Sex - Male 
Neig'nt - 13.5 kg. 

Restraint System 

Sti  ifened EA column with pad insert  and 1 ap be1 t 

Vel oci t v  
I 

30.0 mph 

Deceleration 

30.0 GIs 

I r l  j uri es 

Hemorrhage and fractures 2nd rib (1 and R )  and 3rd rib (I). 
Hemorrhage of peri cardi urn a t  carotid juncture. 

AIS Number Estimate 

4 



THORACIC INJURY PROJECT 

P R I M E  INJURY REPORT 

T e s t  Number A-885 

Date 7-9 7-75 

Anatomi caT Anornal i es or Cl i n i  cal Observations 

7 . Thosaci c S kei eton 

2 .  Heart 

3 .  Lungs 

4 .  O t i l e ~  $:ruetiires or systems 

In jur ies  observed 

I .  External Subcutaneous hemorrhage over Rl and R 2 ,  l e f t .  

2 .  Bony or Carti 1 agi nous Structures Fractures o f  R l e f t  a t  costo- 
chondral junction. Incomplete fracture o f  R p  r i i d  a t  costochondral 
junction. 

3 .  Heart and Vascular Peri cardial hemorrhage a t  carotid juncture. 
Pneumoperi cardium. 

4 .  Lungs 

5 .  Other srructures a r  systems Small  subcutaneous hematoma on 
abdominal wall. 



THORAC! C IMPACT PROJECT 

Test # kPFkf 

Date 7-17  7 i f  

Papio 



S L E D  O E C E L i R A T I b r  PULSE 

RIGHT UPPER RIB 
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R l M T  LOUER R I B  

ACCELEROMETER 

L E T  UPPER R I B  

A C C E i E R O m R  

L i F i  LOUER RIB 

ACCELEROMEER 

THORAX 4-P A C C i l E R u m R  

l H O R 4 X  I-S ACCELEROMETER 
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Summary Tes t Report 

Tilo raci c Injury Project (Contract DOT-HS-4-00921) Hi ghway Safety Res earcn 
Ins t i tu te  - The University of Michigan 

Test No.: A-886 

Test Date: July 18, 1975 

Test Subject 

Species - Baboon 
Sex - Male 
Weight - 13.0 kg. 

Restraint System 

Stiffened f A  column w i t h  inser t  pad and lap be1 t 

Deceleration 

30.0 G's 

Injuries 

Some hemorrhage on surface of right lung. 
Small torn spot on one of the pulmnary ar ter ies .  

AIS Nunber Estimate 



TdORACIC INJURY PROJECT 

PRIYATE I N  JURY REPORT 

Test  Number A-886 
I - 1 8 - i 5  

Dare 

Anatomf cal Anomalies or Cl i n i  c t f  Observations 

1 .  Thortci c Skeleton 

2 .  Heart 

3 .  Lungs 

4 .  Other s t ruc tu re s  or systems 
urethra1 clamping. 

I n  j uri es observed 

1. External none observed. 

2 .  Sony or Carti  1 agi nous S t ruc tures  
or dis locat ions.  

Bladder rupture secondary t o  

No rib o r  s ternal  f ractures  

2 .  Heart and Vascu;ar none observed. 

. Lungs Petechiae a t  t i p  of l e f t  lung. Superficial  hemorrhage 
on r igh t  lung. Small t ea r  on one pulmonary a r te ry .  

5 .  Other structures or systems HemorrRage on lower i n t e r i o r  
abdominal wall ,  the s i t e  and shape of s ea tbe l t .  Superficial  
b i la te ra l  poster ior  kidney contusions. Hemorrhage on lower 
abdominal mesentery. 



SLED 3ECELi%iTiOli PULSE 
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Summary fes t Report 

Tinoracic Injury Project (Contract DOT-HS-4-00921) Highway Safety Research 
Ins t i tu te  - The University of Micnigan 

Test do.: A-898 

T e s t  Date: July 30, 1375 

Test Subject 

Species - Baboon (cadaver) 
Sex - Male 
Weight - 7 3 kg.  

Restraint System 

S t i f f e s t  column w i t h  inser t  pad and lap be1 t 

Vel oci ty  

30.0 mph 

Oeceleration 

30.0 G's 

Sl ight nemorrnage spots on neart. 
Hemrrnage on pulmonary arteries - l e f t  side. 
Bruises, one severe, on. a l l  lobes of l e f t  lung, 
Minor bruises on right lung. 

AIS Nunber Estimate 

5 



THOMCI C I N J U R Y  PROJECT 

PRIKATE i NJURY REPORT 

Test Number A-898 

,Anatomi caT Anomal ies  or Cl i n f  cal Observations 

1 . Thoraci c Skeleton 

2 .  Heart Possible heart worms. 

3 .  Lungs 

4 .  Other s t ructures  or  systems Swollen lymph nodes. 

In jur ies  observed 

. External none noted. 

2 .  Bony or Car;f i agi nous Structures No fractures t o  r ibs ,  sternum, 
spine. 

3 .  Heart and Vascui ar Sl i g h t  hemorrhage on arch and posterior 
heart.  ( 7  spots total  , 2 small on rear . )  Hemorrhage on renal 
artery.  

4. Lungs Extensive hemorrhage on 1 e f t  pulmonary a r te r i es .  Contusions 
on al l  lobes l e f t  lung -- severe on middle lobe. Very s l igh t  
contusions on right lung. 

5. Other s t ructures  or sys terns Minor discoloration on mesentery 
around small intest ine.  



THORACIC IMPACT PROJECT 
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Surmnary Ttst Report 

Thoracic Injury Project (Contract DOT-HS-4-00921) Highway Safety Research 
Ins t i tu te  - The University of Michigan 

Tes t No. : A-899 

Test Date: July 30, 1975 

Test Subject 

Species - Ba~oon 
Sex - Male 
Weignt - 11 kg. 

Res t ra i  n t  Sys tem 

S t i f f e s t  EA column with pad insert  and  lap be1 t 

Ve1 oci ty 

30.0 mph 

Deceleration 

30.0 G's 

Injuries 

Anatomical anomaly in location o f  inferior  vena cava may be 
re1 aced t o  hemorrhage therein. 
Bruise on t i p  of l e f t  ventricle ( < I  mm deep). 
Small t ea r  in membrane surrounding spleen. 

AIS dumoer Estimate 



THORACIC INJURY PROJECT 

PRIYATE INJURY REPORT 

Test N~nbe? 4-899 

Date 7-30-75 

Anatomical Anornal i es or C? i n i  cai Observations 

i . Tharaci c S ke7 eton 

2 .  Heart Inferior  vena cava located anterioral l y .  

3 .  Lungs cysts. 

4. Other s t ructures  or systems Grossly en1 arged thalamus, 
Cysts on l ive r  (leaking b i l e ) .  

i n j  urf es observed 

1 .  External Minor belt  burn, r ight  groin. 

2 .  Bony or Carti 1 agi nous Structures None observed. 

3 .  Heart and Vascular Hemorrhage on infer ior  vena cava. Bruise 
on t i p  of l e f t  ventricle. 

4 .  Lungs None observed. 

5 .  Other s t ructures  or systems Laceration of splenic capsule. 
Sl i g h t  hemorrhage i n  small intest ine.  
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Summary T e s t  Report 

Thorac ic  In ju ry  P r o j e c t  (Con t r ac t  DOT-IS-4-00921 ) Highway S a f e t y  Research 
I n s t i t u t e  - The Univers i ty  o f  Michigan 

T e s t  110, : A-904 

T e s t  Date: August 20, 1975 

T e s t  S u b j e c t  

Spec ies  - baboon 
Sex - Male 
i e i g n t  - 14 kg. 

R e s t r a i n t  System 

S t i f f e s t  EA column wi th  pad i n s e r t  and l a p  b e l t  

V e l o c i t y  

21.2 mph 

Dece l e ra t i on  

15.0 G's 

I n j u r i e s  

Small amount c l o t t e d  blood a t  j unc t ion  o f  l e f t  lung and f a s c i a .  
Hemorrnage througnout  thalmus. 
Mi nor  Hemorrnage of p e r i  c a r d i  urn. 

AIS Number Es t imate  



THORACIC INJURY PROJECT 

PRIMATE INJURY REPORT 

Test Number A-904 

Date 8-20-75 

Anatomical Anomal i es or C1 f n i  cal Observations 

1 . Thoracic Skeleton 

2 .  Heart 

3.  Lungs 

4. Other structures or systems Absent right kidney. 

Injuries observed 

1. External Bruising a t  s i t e s  of accelerometer mounts on 
right r ibs .  

2 .  Bony or Cartilaginous Structures None observed. 

3. Heart and Vascuf a r  Minor hemorrhage on pericardium. 

4 .  Lungs Small amount of clotted blood a t  junction of l e f t  lung 
and fascia. No other injury observed. 

- 
5. Other structures or systems Small amount of fluid (not blood) 

in thoracic cavity. Hemorrhage throughout thalamus. 
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Summary Tes t Report 

Thoraci c In jury Project (Contract DOT-HS-4-00921) Highway Safety Research 
Institute - The University of Michigan 

Test !lo,: Am905 

Test Date: August 21,  1975 

Test Subject 

Species - Baboon 
Sex - Male 
Weight - 13.9 kg. 

Restraint System 

Stiffest  E l  column with pad insert  and lap belt. 

Vel oci ty 

30.0 mph. 

Deceleration 

15.0 G's 

in juries 

Laceration (1 cm) or middle lobe l e f t  lung. 
Lesion on rignt atrium resulting i n  aneurism. 
Hemorrhage on anterior side of peri cardium. 

AIS Number Estimate 

4 



THORACIC I N J U R Y  PROJECT 

PRIRATE I N J U R Y  REPORT 

Test Number A-905 

Date  8-21 -75 

Anatomical Anomalies or tl i n i  ca? Observations 

1 , fhoraci c Skeleton 

2 .  Heart 

3 .  Lungs 

4. Other structures or systems 

Injuries observed 

1 .  External None observed. 

2 ,  Bony or Carti 1 agi nous Structures None observed. 

3 .  Heart and Vascular Contusion of  right atrium resulting in 
an aneurism. Hemorrhage on anterior pericardi um, 

4 .  Lungs Contusion on t ip  of  lobe of right lung, 1 un diameter. 

5 .  Other structures or systems Smal l  amount o f  free bile in 
abdomen. Slight hemorrhage on pancreatic subcapsule. 
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Sumrnary Test Re~ort  

Thoraci c In jury Project (Contract DOT-HS-4-00921) Hi gnway Safety Research 
Institute - The University of Michigan 

Test No. : A-906 

Test Date: August 21 , 1975 

Test Subject 

Species - baboon 
Sex - male 
Weight - 17.7 kg. 

Res trai  n t  Sys tern 

S t i f fes t  EA column with pad insert and lap belt 

Vel o ci t y  

21 . 2  mph 

Deceleration 

30 G's 

In j uri es 

Mucn hemorrhaging on 1st  and  2nd lobes of l e f t  l u n g .  
Hemorrhage of right l u n g  a t  intersection of pulmonary 

artery. 
Bruising and laceration a t  several locations in heart and 

neighboring vessels. 

AIS Number Estimate 



THORACIC. I N J U R Y  PROJECT 

PRIRATE I N J U R Y  REPORT 

Test Number A-906 

Date 8-21 -75 

Anatomical Anomalies or C1 i n i  cal Obse~vati  ons 

1 . Tnoraci c Skeleton 

2 .  Heart 

3 .  Lungs 

4 .  Other s t ructures  or  systems Bit tongue on impact. 

Z n j  u ~ i  es observed 

1 .  External Bruising on  anterior  thorax and abdomen from contact 
w i t h  steering wheel. Very $ 1  ight hemorrhage on surface of 
muscle t i ssue  over sternum. 

2 .  Bony or Carti l aai nous Structur5s No fractures. Hemorrhage 
a l o n g  mediaT surface of sternum. 

3 .  Heart and Vascular Hemorrhage and clotted blood over ent i re  
pericardium. Contusions extending ha1 f way through the muscle 
of  right ventricle a t  junction w i t h  l e f t  ventricle,  anterior 
superior surface of right ventri c1 e and posterior r ight  * 

4 .  lungs Severe hemorrhage on l e f t  lung, upper lobes. Hemorrhage 
on right l u n g  a t  junction of pulmonary a r te r i es .  Scattered 
petechiae in area under steering wheel impact si:e. Contusions 
and lacerations of both pulmonary a r te r i es .  

5. Other s t ructures  or system Sl i  g h t  hemorrhage around I e f t  upper 
and right lower r i b  accelerometer mounts. Some free bile i n  
peri toneurn. 

* 
ventricle a l o n g  1 ine of coronary a r te r i es .  

114 
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Summary Test  Report 

Thoracic Injury  Pro jec t  (Contract  DOT-HS-4-00921) Highway Safety  Research 
I n s t j t u t e  - The Universi ty o f  Michigan 

Tes t  110.: A-914 

Test  Date: August 28 ,  1975 

Tes t  Subject  

Species - baboon 
Sex - Male 
Weight - 13 kg. 

Res t ra in t  Sys tern 

S t i f f e s t  EA column vllith a i rbag i n s e r t  and l a p  b e l t  

Vel oci ty 

30.0 mph 

Deceleration 

15.0 G's 

In j uri es 

Bruise and t e a r  on a n t e r i o r  su r face  of pancreas 

A I S  Number Estimate 

3 



THORACIC INJURY PROJECT 

PRIFATE I N G U R Y  REPORT 

Number A-914 

Date 8-28-75 

Anatomi ca? Anoma? is or C? inical Observations 

1 . Thotact c Skeleton 

2 .  Heart 

3. bungs 

4 .  Other structures or sys tms  Much free blood, external t o  pleura, 
due  t o  laceration of t h i s d  intercostal vein as a result  of the 
attachment of spinal accelerometer mount. 

Injuries observed 

1 .  External None observed. 

S .  Bony or Carti 1 aqi nous Structures None observed. 

3 ,  Heart and  Vascular None observed. 

4 .  Lungs None observed. 

5 ,  Other structures or syszerns Contusions on anterior surface of  
pancreas. Several small contusions on pancreatic duct. Minor 
bruising on  intestines under area o f  be1 t .  
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Summary Tes t  Report  

Thorac ic  I n j u r y  P r o j e c t  (Con t rac t  DOT-HS-4-00921) Highway Sa fe ty  Research 
I n s t i t u t e  - The U n i v e r s i t y  o f  Michigan 

Tes t  No. : A-91 5  

T e s t  Date: August 29, 1975 

Tes t  Sub jec t  

Species - Baboon 
Sex - Male 
Weight - 15.8 kg .  

R e s t r a i n t  System 

S t i f f e s t  EA column w i t h  a i r b a g  i n s e r t  and l a p  b e l t .  

V e l o c i t y  

21.2 mph 

Dece le ra t i on  

30.0 G ' s  

I n j u r i e s  

S p o t t y  hemorrhage on bo th  s ides  o f  per icard ium 
B r u i s e  on l e f t  a t r i u m  
B r u i s e  a t  j u n c t i o n  of venacava and r i g h t  a t r i u m  

AIS Number Es t imate  

4 



THORACIC INJURY PROJECT 

PRIKATE INJURY REPORT 

Test Number A- 91 5 

-i 4 ha .e 8-29-75 

Anatomi c a i  Anomalies or Cl ini cal Observations 

1 . Thoraci c Skeleton 

2 .  Heart 

3 .  Lungs 

4. Other structures or systems 

! n juri es observed 

1.  External Bruising in muscle tissue over sternum a t  R5 and over 
R6 l e f t .  

2 .  Sony or Carti 1 ag i  nous Structures No fractures or dislocations 
observed. 

3. Hear: and Vascslar 
2 Hemorrhage on pericardium (spotty) ,  approx- 

imately 10 an total on r ight ,  less on l e f t .  Small bruise a t  
junction of vena cava and  right atrium. Bruise on l e f t  atrium, 
1/3 through tissue. 

4, iungs None observed. 

5 .  Other structures or sys tems 
area of seat belt contact. 

Slight bruising o f  intestines under 



THORACI C IMP,4CT PROJECT 

vena cava 

left ventricie 

Papio 
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Sumary Test Report 

Tnoraci c Injury Project (Contract DOT-HS-4-00921) Hi gnway Safety Research 
Ins t i tu te  - The University of Michigan 

Test No.: A-916 

Test Date: August 29,  1975 

Test Subject 

Species - Baboon 
Sex - Male 
Weight - 14.6 kg. 

Res t rai n t Sys tern 

S t i f fes t  EA column w i t h  airbag inser t  and lap belt .  

Veloci ty 

2 1 . 2  mph 

Deceleration 

15.0 GIs 

Itlj uries 

Minor injuries.  

AIS Number Estimate 

1 



TWORACIC SNjURY PROJECT 

PRIKATE INJURY RE?ORf 

T z s t  Number A-91 6 

Date 8-29-75 

Anatomi  car Anomal ics or  CS inical  Observations 

i . Thoracic S kel e r ~ n  

2 .  Heart 

3.  Lungs 

4 .  Other structures or systems Very mi no~~hemor rk~ge  a t  junction of 
spine and R6 and R,, due to puncture of 6 and 7 intercostal 
veins, as a result  of the attachment of spinal accelerometer mount. 

Injuries observed 

1 External None observed. 

2 .  Bony or Carti 1 agi nous S t ructures NO fractures or dislocations. 

2 .  Heart and Vascular None observed. 

4. Lungs Minor petechial spotting, r ight  l u n g .  

5 .  C t ~ e r  s:rucrures O P  systems Slight bruising of the intest ines.  
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SUMM4RY TEST REPORT 

Tnoraci c Injury Project (Contract DOT-HS-4-00921) Highway Safety Research 

Inst i tute - Tine University of Michigan 

ies  t ih. : A-929 

Test Date: October 23, 1975  

Test Subject: 

Species - Baboon 

Sex - Male 

Weight - 1 5 . 7 5  kg.  

Restraint Sys tern 

S t i f f  EA column w i t h  sof t  inser t ,  l a p  be1 t 

Vel oci t y  

22.1 mph 

Deceleration 

9 . 2  G I s  

Injuries 

Insignificant lung hemorrhages 

AIS Number Estimate 

1  



THORACIC I N J U R Y  PROJECT 

PRIPATE I N J U R Y  REPORT 

Test Number ~ - 9 2 9  

S a f e  10-23-75 

Anatomi caT Anomal i es or Cl i n i  ca1 Observations 

i . Thoraci c S kel etan 

2 .  Heart 

3. Lungs 

4. Other structures or systems 

Injuries observed 

1 .  External None observed. 

2 .  Bony or t a r t i  1 agf nous Structures No fractures or d l  slocatfons . 

3 .  Heart and Vascular None observed. 

4 .  Lungs Minute  petechiae. 

5. Cther structures o r  systems No abdominal injuries observed. 





~1;knY PRESSURE 

VASCULAR PRESSURE 

TEST 8 A-929 











SUMM4RY TEST REPORT 

Thoracic !njury Prcject (Contract DOT-HS-4-00921) Highway Safety Research 

Ins t i  tute - The University of M i  chi gan 

Test No.: A-930 

Test Date: October 2 3 ,  1975 

Test Suoject 

Species - Baboon (cadaver) 

Sex - Male 

Weight - 16 kg 

Restraint Sys tem 

S t i f f  EA column witn sof t  inser t ,  lap belt  

Vel oci t y  

21.9 mpn 

Deceleration 

9 . 6  GIs 

Injuries 

Sl ignt  hemrrnage - fascia surrounding ascending aorta 

S l  i g n t  1 u n g  hemorrnaging 

Small bruise on lower anterior membrane portion of l e f t  kidney 

Pancreas bruise 

A15 Number Estimate 

3/ 4 



mORACIC I N J U R Y  P R O J E C T  

P R I R A f E  I N J U R Y  REPORT 

T e s t  Number A-330 

Date 10-23-75 

Anatomi c a i  Anomal ies or Cl i n i c a f  Observations 

1 .  Thoracic S kei eton 

2 .  Heart 

3 .  Lungs 

4 Other structgres or systems Parasitic cysts in 1 iver. 

1 n juri es observed 

1. External None observed. 

2 .  Sony or Carti 1 ag i  nous Structures No fractures or dislocations. 

3 Heart a n d  Vcscuiar Slight hemorrhage in fascia surrounding 
ascending aorta. 

4. Lungs Very slight petechiae. 

5 .  Othtr structures or system Small bruise on lower anterior 
membrane 1 e f t  kidney without damage to underlying tissue. Pancreas 
badly bruised. Slight bruising on viscera below duodenum. 
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SUMMARY TEST REPORT 

Tnoracic Injury Project (Contract DOT-HS-4-00921) Highway Safety Research 

Ins t i tu te  - The University of Michigan 

Test 140. : A-931 

Test Date: October 29, 1975 

Test Subject 

Species - Baboon 

Sex - Male 

Weigtlt - 1 7  kg  

Res trai  n t  Sys tem 

S t i f f  EA column with sof t  inse r t ,  lap belt  

Vei oci t y  

21 . 2  mph 

Deceleration 

10 G's 

Injuries 

Small hemorrnages a t  bot tom of l e f t  lung, on the diaphragm 

and on the membrane of the kidney 

AIS Number Estimate 

2/ 3 



THORACIC I N J U R Y  PROJECT 

PRIKATE INJURY REPORT 

Test Nunbe? A-931 

Date 10-29-75 

AnatomicaT Anomalies or Clinical Observations 

1 . Thoraci c S ksl eton 

2 .  Heart 

3 ,  bungs 

4 .  Other structures or systems Some superficfal bruising due t o  
accel erometer mounts. 

Tn,juri es observed 

1 .  External None observed. 

2 .  iony or Cartilaginous Structures No fractures OP dislocations. 

3. Heart and Vzscular None observed. 

4 .  Lungs Petechial hemorrhage base 1 e f t  1 u n g  . 

5. Other structures or systems Small hemorrhages on diaphragm below 
similar injuries on l e f t  l u n g .  Slight bruise on capsule o f  l e f t  
kidney . 



TEST T A-331 

UPPER ?I8 A C i i L F R O m T E R  

Y E ?  R I B  ACCELEROMETER 

1 0 0  nuec t-- 



LIr LAP UEL? LOAD 

A: UIY PRESSURE 

VAjCJiAk PRESSURE 

TEST t A - 9 ~ 1  











SUMMARY TEST REPORT 

Thoracic Injury Project (Contract DOT-HS-4-00921) Hignway Safety Research 

Ins t i tu te  - The University of Micnigan 

Test i40: A-932 

Test Date: October 30, 1975 

Test Subject 

Species - baboon 

Sex - Male 

Rest rai n t Sys tern 

S t i f f  EA col urn with airbag inse r t ,  lap be? t 

Velocity 

21.9  mpn 

Deceleration 

14.9  G's 

Injuries 

Sligncest spotted hemorrhaging in 1 ungs 

Slight hemorrhaging on membrane a t  t i p  of spleen 

AIS Numer Estimate 

2/ 3 



THORAClC I N J U R Y  P R O J E C T  

PRIKAX INJURY REPORT 

Test Number A-932 

Date 10-30-75 

Anatmi caT Anomal ies  or Cl i n i  cal Observations 

1 . Thoracic S kel eton  

2 .  Heart 

3 .  lungs 

4. Other s t ructures  o r  systems 

in jur ies  observed 

1 .  External None observed. 

2. Bony or  Cartil aqi nous Structures No fractures or dislocations. 

3 .  Heart and Vascular None observed 

Mi nor petechi ae . 4 .  Lungs 

5 .  Other s t ructures  or systems 
t i p  o f  spleen. 

Slight hemorrhage on capsule  over 
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SUMMRY TEST REPORT 

Tnoraci c Injury Project (Contract DOT-HS-4-00921) E i  ghway Safety Research 

Ins t i  t u t e  - Tne University of Mi chi gan 

Test No. : A-933 

Test Date: October 30, 1975 

Test Subject 

Species - Baboon (Cadaver) 

Sex - Male 

Weight - 16 k g  

Res rrai n t Sys tern 

St i f f  EA column w i t h  airbag insert ,  lap a el t 

Vel oci t y  

?I .4 mpn 

Decel erat i  on 

14.9 G's 

In j uri es 

Rib fracture - R4 

Small hemorrhage on right lung 

Small l iver  tear  

Small rnesentary tear  near right kidney 

AIS Nunber Estimate 

3/ 4 



THORACIC. I N J U R Y  PROJECT 

PRIFATE INJURY REPORT 

Test Number A-933 

Date  s n-?n-75 

Anatomical Anomal3 es or Cl i n i  cal Observations 

1 . Thoraci c Skeleton 

2 .  Heart 

3 .  Lungs 

4. Other structures or systems 

Injuries observed 

1 .  External None observed . 

2.  Bony or Cartif agi nous Structures Fracture of R4 right lateral . 

3.  Hear t  and Vascular None observed . 

4. Lungs Small hemorrhage o n  l u n g .  

5 .  Other structures O P  systems Slight laceration o f  liver w i t h  
clotted b l o o d  present. Sl i g h t  mesentery tear near right kidney. 

180 



?ID? UPPER KI: ?Cti~E.WiliTiR 

LET UPPEK K:rr A:CELEROP!TER 
... 

-, , ,nORkX A-P A C L E L I R O M E E R  

THORAX 1.S AC:E,EROMETER 



LiFf LAP d E i 7  LOAD 

SXORII~G COLW LOAD 

A i l U A Y  PRESSURE 

VASCULAR PRESSURE 

Ai WAC PRESSURE 







SUMMARY TEST REPORT 

T h o r a c i  c I n j u r y  P r o j e c t  ( C o n t r a c t  DOT-HS-4-00921) Highway S a f e t y  Resea rch  

I n s t i t u t e  - The U n i v e r s i t y  of Mich igan  

TEST NO. : 76TOOA 

TEST DATE: March 1 0 ,  1976 

TEST SUBJECT: Male baboon - 1 6 . 4  kg 

RESTRAINT SYSTEM : 

None: L a t e r a l  i m p a c t  i n t o  r i g i d  f l a t  s u r f a c e .  

VELOCITY: 

C l o s i n g  v e l o c i t y  be tween s u b j e c t  and s u r f a c e  = 26.9 mph. 

INJURIES: 

L e f t  h i p  b r u i s e ,  1 un. i n  d i a m e t e r .  

Zygomat ic  a r c h  f r a c t u r e d .  T i p  of p a r o t i d  g l a n d  c r u s h e d .  

Minor hemorrhage  on p e r i c a r d i u m  (5 mm d i a .  ) .  

C a r t i l a g e  i n j u r y ,  t r a n s v e r s e ,  be tween T I 0  and TI1  a s  i f  t h e  
whole  t h i n g  had been pu1 l e d  l o o s e .  I t  was n o t  d i s c o n n e c t e d  
o r  r u p t u r e d  or was t h e  s p i n a l  c o r d  i n j u r e d .  

P a n c r e a s  - E x t e n s i v e  hemor rhag ing  . 
Left k i d n e y  - Mi n o r  hemorrhage  on c a p s u l e .  

Small  b r u i s e  on c o l o n .  

AIS NUMBER ESTIMATES: 

Thorax - 3 

Abdomen - 5 

Head - 2 

P e l v i s  - 1 



ROWACI C INJURY PROJECT 

BRIKATE INJURY REPORT 

Test Nmber 76T004 

Bate 3-1 0-76 

Anatomi ca? Anomal i es or Cl i n i  cal Observati ons 

1 . Thoraci c Skeleton 

2 .  Heart 

3 .  Lungs 

4 .  Other s t ructures  or systems 

I n.juri es observed 

1. Exzernal Contusion, l e f t  hip, 1 cm diameter, 2 mn deep into muscle. 

2 .  Bon or Carti l  aginous Structures Transverse fracture of spine 
Ltwetn T, 

and 
, without dislocation or cord damage. Mu1 t i p l e  

fractures of zyg a .  

2 .  Heart and Vascular Minor ( 5  mm diameter) hemorrhage on pericardium. 

4. Lungs None observed. 

5 .  Other s t ructures  or systems Extensive hemorrhage o f  pancreas. 
Minor hemorrhage i n  capsule o f  l e f t  kidney. S l i g h t  bruising in 
colon. 



T i O R A C I C  IMPACT PROJECT 

T e s t  i 7 $ 7 2 # 4  
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SUMMARY TEST REPORT 

Thoracic Injury Project (Contract DOT-HS-4-00921) Highway Safety Research 

Ins t i tu te  - The University of Michigan 

TEST NO. : 76T005 

TEST DATE: March 18, 1976 

TEST SUBJECT: Male baboon - 16 .4  kg. 

RESTRAINT SYSTEM: 

None: Lateral impact i n t o  rigid f l a t  surface. 

VELOCITY : 

Closing velocity between subject and surface = 18.4 mph. 

INJURIES : 

Left lung - Slight clottfng where i t  tore loose from chest 
wall ( 2  cc clot t ing) . 
Left kidney - Small bruise. 

Pancreas - Slight bruising. Duct intact .  

AIS NUMBEX ESTIMATES : 

Thorax - 2 

Abdomen - 3 



THORACIC INJURY PROJECT 

PRIRATE INJURY REPORT 

Test Number 76~09q 

Date 3-1 8-76 

Anatorni ca? Anomalies or C1 i nical Observations 

. Thoraci c Skeleton 

2 .  Heart 

3 .  L u n ~ s  

4 .  Other s t ruc tures  o r  systems 

in ju r i e s  observed 

1 .  External None observed. 

2 .  Bony or Cart i l  agi nous Structures No fractures or dislocations. 

2 .  Heart and Vcscul a r  None observed. 

4 .  Lunas Sl ight hemorrhage on surface of 1 e f t  1 ung (approximately 
'2 ml of clot ted blood present) where i t  tore loose from chest wall. 

5 .  Other s t ruc tures  or systems Small bruise l e f t  kidney. Minor 
contusion in  pancreas. No other abdominal injuries  observed. 
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Summary Test Report 

Thoracic Injury Project (Contract DOT-HS-4-00921) Highway Safety 

Research Ins t i tu te  - The University of Michigan 

Test No. : 78T102 

Test Date: February 2 ,  1978 

Pest Subject 

Species - Baboon 

Sex - Male 

Weight - 14.8 kg 

Restraint System 

EA Column with Scott foam pad inser t  

Velocity 

2 9 . 2  mph 

Deceleration 

10 g 

Injuries 

Minor bruises on right lung (118 cm.) as well as one such on l e f t  lung 

AIS Number Estimate 



THORACIC INJURY PROJECT 

PRIKATE INJURY REPORT 

T e s t  Nunber 78T103 

Date 

Anotomi caT Anomal ies  or CI i n i  cal Observatf ons 

1 . Thoraci c S ke? eton 

2 .  Heart Scar t issue l e f t  lower septum. 

3. Lungs 

4 .  Other structures or  system Intramuscuiar hemorrhage over R5 
1 e f t ;  i ntradermal hemorrhage near Rg 1 e f t ,  bo th  associated w i t h  
r ib  accelerometer mounts. 

Injuries observed 

1 .  External None observed. 

2 .  Bony or Carti 1 ag i  nous Structures No fractures or dislocations. 

3 .  Heart and Vcstular None observed. 

4. Lungs Few small ( 2  mm diameter) bruises on right lung. one 
small ( 2  mm diameter) bruise on l e f t  lung. 

5. Other structures or systems No abdominal injuries observed. 
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