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A vutk PIVO)Y tdaraoe U SEMULATE

HEAD/NECA i NEMATICS

Bdekygrouns 9f the invention

Fr1ela of the Inventioun. The present invention relates to

5 anthropomorphic dummies used in crash testing, and riore
particularly to & tour pivot lirsage to simulate head/neck
kinematics for such summies.

.

Description of the prrior Art. =ncac and aeck mechunisms currently

used in anthropuiivrphic dunmivc. are not based upon scientific

10 feasures Gf biving hooan response Lo impact. Theteiore, there
exists observec¢ uiticrences between the impact response of hutian
volunteers and that of current o aiaioes which Show th et the dunny
neck systems are particularly ueticient. See “Hybricd 11l - A
Biomechanically tasea Crash Test Dunmy®, Paper 770u3Z by J. King

15 Foster, James U. hortge and Michael J. Wolanin, Proceedings ot
2lst Stapp Car Cresh Corference, SBE, Inc., (1977); ard
“Comparison of hircuatic Paraunezcrs between Hybiru [ . Kead and
Nk System wiz: ru.an Volunteers tor -G, Accelerczi o Profiles*,
Papor 760801 oy wittianm M, kuzzy 1Il and Leonard L .rick,

20 rroceedings of zutn Stapp Car Crosh Conterence, Si-, Inc.,
(lyie, s What 1: eesired s & heeu,fnech winenztic .ootepn we ioh

Gty dccurately veptcts living bo o or rospoense to i.pact in vecer
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to design sater 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 simulate head/ﬁeck kinematics. The linkage has a
pitch-rol!l link wnich rotates about a tirst pivot fixed in an
upper body and which secures the lower end of a neck link in 2
second pivot. The upper end of the neck link is ;eéured tn a
third pivot tixed in a yaw-pitch link which in turn artficulates
about a fourth pivot fixed in a head. '

Therefore, it is an object of the present invention to
provide a head/neck kinematic system which sinulates live human
response to iupact.

Cther objects, advantages and novel features wiﬁl be
apparent trow the follcwing detailed description when read in
conjunction witn the appenced claims and attached drawing.

Brief Description of the Urawing

Figure 1 is a schematic view of a four pivot linkage to
simulate nhead/necx kincwatics according to the present invention.

Figur: ¥ is a schematic view of a four pivot linkage
suitable Tor Lse An e antnr ocgnorphic duay .

vescription uf tae Yreferred tubodinent

A b cfe et Limareatic v it MWSE ool .zp o1 tke head
versus lit.: theracic vertobeal (T-1) bedy pesitiors of a living

Curan suhy o ted to frental, lateral and oblijae crash inpact.
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Iniy data has been ubiuined trum human valunteers who underweal
Shurt duration dccelerations approximating these frisacts while
being monitored by anatumically muunfed clusters of inertial
transducers and phoutouraphic targets. The data is analyzed to
identify a spatial linkage which will reproduce the actua!
head/neck kinematics.

There are three aspects to this linksge: its form, its
geometry and its articulation., The form applies to the whble
rarge of humanity, ana even tc the primetes used in irmpact
testing. The geometry consists of those parameters which apply
the general torm to a single individuel, but whichk are constant
over each individucsl's entire history barring chatoos due tyu
ingury, disease or ¢dvancing rqge. lhe articulation consists of
thuse parameters thuet t1dentify a particular head versus T-1
position, and that very with tinte, describing the individual's
head versus T-1 response to impact.

Referring now to the Figure 1, a torsg 10 and o head 12 for
an anthropomorphic durmy is shown., At the T-1 position of the
torso 10 is rotatanly cunnected a pitch-roll link 14. A
yea=-nitch link 16 likewise is rotatably connected to the head 12,
bk Yipnk ¥ -comrecns the pitch-roll liak 14 an.t the yaw-pitch
117+« 1w, The upper ex¢ of the neck link 18 is pivotally
cunnected tou the yaw-pitch lini 16, and tae lower ¢nc is
pruvetally connected to the rell-piteh link 14, The result is a

1e 1 pivet linkage: the tirs: pivot 20 being at tye T-1
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pusition, the secunn pivot 22 being ot the neck link
l8/roll-pitcn link 14 connection, tne third pivot 24 being 2t the
neck link/yaw-pitch link 16 connection, and the fourth pivot 26
being at the head. \

The tour pivot linkage has, within the limits imposed by
widsagittal symmetry, nine geometrical parametérs. Fixing the
angle tormed .by tne axes of the fwo interior pivots - the.second
pivot 22 and the third pivot 24 - 2t ninety degrees reduce. the
parameters to the eight lengths indicz2ted in the Figure 1. The
lengths T-1, and T-1, are measured along the x and z axes of the
T-1 coordinate system 28, H, and Hy are measured along the head
coordinate systvs 3U. These lengths ~~fine the position of the
exterior pivots - the tirst pivot 20 and the fourth pivot 26. L}
detines the length trom the tirst pivot 20 to the.axis of the
third pivot 24, L, defines the length trom the tirst pivot to the
axis of the second pivot 22, Ly defines the length trom the
tourth bivot 26 to the axis of the third pivot, and Lg defines
the length from trne fourth pivot o the éxis of the second pivot.

The identitication process tor tha geometric parameters is
iterative. A li->ly set of geometrical parameters is selected
ind coupared to iac ectudl cita fren o single volunteer. The

articulationzl p:reneters are tittie: for each d=to position of

tne votunteer ... tne Guat iy Li oo . i, $a .. tear pver the
cntire dota set. Inis examinatics o+ [ eSts & new st of
deometrical paro,lers which are th- subjecter Lo the same
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comparison. This process leads to the best set ot yeometrical
Paramcters that the linkaye tourm offords for the particular
volunteer.

Figure 2 shows a particular linkage selected from a range-of
linkages which fit the observations equally well for its -
mechanical suitability for use in anthropomorpﬁic dummy design.
For a particular volunteer the geometric pérameters were:

T-ly = -6.54 cm, T-1, = -1.42 cm, Ly = 16.17 ¢em, L, = -1.41 cm,
L3 = 3.10 cm, Lg = 21.36 cm, Hy = -0.04 cm and H, = 5.84, The
performance of this linkage versus the data set resulted in a
residual weightea avérage displacement error of 0U.G17 mm. The
result ot eigenvector analysis demonstrate that the ranqge of
acceptable linkagqe geometrics is largye without increasing the

mean square residual beyond one percent.
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Abstract of the lInyention
A tour pivot linkaye to simulate head/neck kinematics. ;he linkage has a
pitch-roll link which rotates about a first pivot fixed im an upper body and
which secures the lower end of a neck link in a second pivot. The uppe} end
of the neck link is secured in a third pivot tixed in a yaw-pitch link which
in turn articulates about a fourth pivot fixed in 2 head.

\
.
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