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Pield of the Invenitiun. The present invention relates to

5 anthropomorphic auvitaies used ill .rash testing, dnd riore

particularly to a tour pivot l~n.J4e to simulate head/neck

kinem.atics for sucti •uumies.

Description of the erior Art. ;,,,:,o anc neck rmech .i'.t:;is currently

used in anthropuotph i c du r;,=l:- ire riot based upirn scientific

10 U.lfdsures UO li il •,q . rFeSp•a;-, Lo ir.pact. lheielui e, there

exists observed e it hrenlces a'etween the impact res;,onse of hui.-,ari

vo~utwttv r,. alnd tl., uf currert w;hL; S which %ho0, {!,!t the o!;-,1;1Y

neck systems are particularly ueticient. See "Hybhtie Ill - A

Riomechanically Lase. Crash Test Durimy", Paper 77C'093 by J. King

15 Foster, James U. Kortge and Michael J. Wolanin, Proceedings of

21st Stapp Car Cirvst Corference, SAE, Inc., (1977); mird

"LoCwparison of kive;ntwtic Paraue:crs betwzeen Hybit,; V: Head and

N.-:k System wi-: r:u,.'1n Volun:eers tor "Ux Accelerj,.. ,I Profiles",

t'3pz-r /6UGU] D2 , .illiari P1. tuzzy III and Leonard L.t.rick,

20 Froceedings of ?,ýtn Stapp Car Cr.,;h Conterence, $A;., Inc.,

~ ~:,. Wha t i i red i s a, fI;c .1 t i. i nsui.,z Ir P: W

, eo t c uc rdtel:, ,t v1cts ivi r .I - V. u, se to L.j ct in v;,t:er
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to design sdter and more efticient impact protection systems for

use in all kinus of vehicles.

Summary of the Invention

Accordingly, the present invention provides a four pivot

linkage to siaulate head/neck kinematics. The linkage has a

pitch-roll link which rotates about a tirst pivot fixed in an

upper body and which secures the lower end of a neck link in a

second pivot. The upper end of the neck link is secured in a.

third pivot fixed in a yaw-pitch link which in turn articulates

10 about a fourth pivot fixed in a head.

Therefore, it is an object of the present invention to

provide a head/neck kineriatic system which sinulates live human

response to impact.

Uther ooj-cts, advant.'ges ano novel features willI be

15 apparent trom the followinti detailed description when read in

conjunction with the appenued claims and attached drawing.

brief Description of the Drawinq

Figure I is a schematic view of a four pivot linkage to

siulatp nedd/n-Lck kinf.m'atics according to the present invention.

20 Figur. ! is a scheriatir view of a four pivot linjage

suitdble a , , I . , ant,,r 1 , J: "'Jrpic t1.*l.v•,

:scriJ•ti-un ur r,, treferred Ea.,tudir,!!.-itt

A . V *.�o~ ,. t l" S', " i" if 1 . r, . .- -I t h'e,( head

vf.su') lii . t.,rac1c vert2b'! (c-I) h'ndV 4c'. ior;S of a living

25 ."a r s t.. titid to frntil 1 teral an1nd ont i:;,ie crash itipact.
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fIll-, d t i h been ubt d jlil i,, frugii huaima v' unteers wtl(p underw..iiL

Shurt auratiou JdLc 'I r'aL iri, approxifmdtin,) these i1,.JLts whilI

being rmonitored by andtunically ruuntea clusters of inertial

transducers and phutouraphic targets. The data is analyzed to

5 identify a spatial linkdge which will reproduce the dCtual

heau/neck kinemnatiLS.

There are three aspects to this linkage: its form, its

geometery and its articulation. The forn applies to the whole

rarge of humanity, ana even to tne prine.es used in ir.pact

10 testing. The geonetry consists of those parameters which apply

the general torr.m tu a s ingqle individudl, but whici are constdrnt

over each lndividu,:I's eritire history barrirng char,,.-,I due tV

injury, aisease or advancing i,.e. ihe articuldticw: consists of

thuse parameters thit identity a particular hedd VI'rsuis T-1

15 position, arid thit %.:r) with tit.'t, describing the iridividuaI's

head versus T-1 response to impact.

Referring now to the Figure 1, a torso 10 and j head 12 for

an anthropomorphic dur.my is shown. At the T-1 position of the

torso 1O is rotatably connected a pitch.-roll link 14. A

20 yc,.-!.itch link 16 C ii.ise is rotatably connected to the head 12.

ck ili 1- ' -le'e s the itcli-roll i:nk 14 a,.' the yaw-pitch

h: c ihe Lpper ev,,J of t.e pec link r. is juivotally

c : tin n cted to the yaw-p tch I in;. ib, ano LfI.i Io0iei c:!;d is

,v..tal Iy connected tV, tý.e rcll-pitch litk It. Ithe result i.s a

25 1 1 p ivut I i nkage: t te iri" I, vot ?( t'irIni. at tno T-1
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pusitiotn, the st.ot,,, pivot ?2 being dt the neck link

1z3/roll-pitcn link 14 connection, the third pivot 24 beinq jt the

neck link/yaw-pitch link 16 connection, and the fourth pivot 26

being at the head.

5 The tour pivot linkage has, within the limits imposed by

,,lidsagittal symmetry, nine geomietrical parameters. Fixing the

angle tormed.by trie axes of the two interior pivots - the second

pivot 2? and the third pivot 24 - at ninety degrees reducet. the

parameters to the eight lengths indic.-ted in the Figure 1. The

10 lengths T-Ix and T-1. are measured alonq the x and z axes of the

T-I coordinate system 28, Hz and Hx are measured along the head

coordinate systt!:, 3u. These lengths 'r.fine the position of the

exterior pivots - ttie tirst pivot 20 and the fourth pivot 26. LI

defines the length from the first pivot 20 to the axis of the

15 third pivot 24, LZ defines the length from the first pivot to the

axis of the second pivot 2Z, L3 defines the length trom the

fourth pivot 2b to the axis of the third pivot, and L4 defines

the length from tne fourth pivot to the axis of the second pivot.

The iderttirication proctss for the geometric parameters is

20 iterative. A I;fly set of (jeonetrical parameters is selected

;u(i coi ipared to -:.n actual C• ta tr,.,i a single vsl'Jnteer. lhe

3rticuloLion-l p.-r-,eeters are titte-." tor each detd oosition of

.tie vOiurmCeC ' Lt.le L I. r" V c'. . v,, the

(entire Cata se,'. lils exarifl~tiý . tS a f¾it 'i.. .It of

25 !li ;eo: otrical p uiro .e.•rs whiLh tre tV, st. bjecteLf tIj the sa:vie
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comparI-on. Tiis process leads to the best set of yeometrical

parameters that the Iinkage lruvi dffords for the par-ticular

volunteer.

Figure 2 shows a particular linkage selected from a range-of

5 linkages which fit the observations equally well for its

mechanical suitability for use in anthropomorphic dummy design.

For a particular volunteer the geometric parameters were:

T-1x = -6.54 cm, T-1z = -1.42 cm, L1 - 16:17 cm, Lz = -1.41 cm,

L3 = 3.10 cm, L 4 = 21.3b cm, Hx - 0.04 cm and Hz - 5.84. The

10 performance of this linkage versus the data set resulted in a

residual weightea average displacement error of 0.017 mm. The

result of eigenvector analysis denonstrate that the ranqe of

acceptable linkage geometrics is large without incre.asing the

mean square residual beyond one percent.

15

20

25 S~,.. C.O ,
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Abstract of the Invention

A tour pivot linkdae to simulate head/neck kinematics. The linkage has a

pitch-roll link which rotates about a first pivot fixed in an upper body and

which secures the lower end of a neck link in a second pivot. The upper end

of the neck link is secured in a third pivot fixed in'a yaw-pitch link which

in turn articulates about a fourth pivot fixed in a head.
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