;e3e||}j| 6TzkS02 SEP 2002 *166166* VEH CLE OCCUPANT RESTRAI NT HARNESS The
present application clains priority fromthe filing date of the provisional
pat ent application serial nunmber 60/07?8, 59 m W 19, 1998, il:@gd
"Vehi cl e Cccupant Restraint Harness” (attomﬂl ﬂfﬂ m lﬂm unber S%I 215@ :
BACKGROUND Field of the Invention The present igyghtion relates to safety
apparatus. Specifically, the present invention relates to a textile harness

restraint worn by an o i ol ith the

pur pose of reducing i nw&gpﬁ&gi@@{%gﬁ%ﬁéﬁﬂmﬁ@@g ly injuries
to the occupant's upper torso and head. Background of the Invention During
a crash, an occupant in a vehicl.e (aircraft, car, train, _etc.) is”%aneral |y
injured due to rapléenpreasent applieation ¢lapmsprigraty Famcthe filing date of the
structure or conponents. Accordingly) the vehicle's occupant restraint
systemis a kpyovisiomal@atentnapplication seyisindimber 604078538 filedi Miawely 19,

Al t hough occupant restraint systens have inproved over the years,

convent i onal §§98;-ém§1§§§vgﬁidr@mﬁ§§ﬁiRle@ttraiﬁiorzapﬁesédw@ﬁféyyda grain the

head and upper torso orward or | ateral displacenent 1 n“crashes.
Several conventignal i harness systens are currently used. Each
system has onBuB}%%@Eﬁhé?ﬁﬁﬁ's and shoul der straps which fasten 02
SEQ 2002 directly into a coupling device. Four-point release attachnent
systens have four_connections, two for shoulder straps and two for |ap
belts. Five- pWK@QJ%@Ibttachrrent systens are four-point rel ease
attachnment systens_which have a crotch strap and a corresponding rel ease.
One- poi nt rel ease Hiekdohshe Invendignnave a 1 ap belt and di agonal shoul der
belt. A primary drawback of conventional systens is that they are subject
to user error. Thi Thepreeentuswentionelates e salpdrmppasatvadjSnecifioally; dke r ai nt
straps and belts manually. Left to his or her own devices) the occupant
general 'y wilpresent inedritéon télateeidta textilethmrnlkes paitrdindfwaraXdbynaMoccupant
effectiveness. One reason for this is that doing so overly restricts
mobility, an ol t 3 ATCURARG RS THE over
protection. i%fvﬁ;?raggﬁ{?@rrdgg?fg%%%s‘?r aps ar eﬁidggs%gr%(gé&?% thems%lb%lé:rkﬁggft
by the

survivable crash, especially injuries to the occupant’s upper torso and head.

Background of the Invention

During a crash, an occupant in a vehicle (aircraft, car, train, etc.) is
generally injured due to rapid motion and/or striking the vehicle’s interior
structure or components. Accordingly, the vehicle’s occupant restraint
system is a key component in minimizing and preventing such injury.
Although occupant restraint systems have improved over the years,
conventional seat-mounted harness restraints do not adequately restrain

the head and upper torso from forward or lateral displacement in crashes.

Several conventional restraint harness systems are currently used.

Each system has one or more lap belts and shoulder straps which fasten
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occupant. Because the straps are | oose, the occupant noves significantly
forward and/or upward during a crash. The notion continues until the slack
is renmoved. Anot her inportant drawback of conventional textile HanSEBeﬂmﬂs
that they expose a narrow area of the occupant's shoul ders and chest to a
hi gh concentration of crash force. Distribution of the crash force is a
functioh of occupant |oading during a crash. Wen an occupant | oads the

har ness during a crash, the force is distributed along the straps) and
inparted to OGHHRANY irkokOEBuing 6vipei Moar Poirtorllésde atTielimeht systedeshhab! e
to maxi m ze the strap area that contacts the body. Doing so, disperses the

1, 7 o5 o eaiiBa, RURERRREr SRRt N HFRMRE Rl

restraint harness. Several inflatable restrajint systens are presently under
devel opnent f aelesise attachment sxstemsrare fode Peiptrelsasesijachunent pestems U. S.
Pat ent 5, 282,648 (incorporated herein by reference), uses small inflatable

bags att ached whichtteavehaetateh shrapend astoregspondingreleases | Qok-poidt pelewisde
head support. Al fhough this systemeffectively redistributes crash | oads,

it requires stippchishent SyAeRistHAR 4 tap BEIthAIT@agoARLLRNIER belich addi tional
structure includes pyrotechnic gas generators to inflate the inflatable

bags at the tine of inpact. The inflatable bags renove the undesired sl ack.

coml exi ty of the & BrnEs Wb FEH eAehRE Beths 18 hRF e brfRlbioehay

consi derably reduces the drawbacks of conventional harnesses descri bed
above. Mor eovép USEF erEord cEhisapbecayse hyehicly eqcupant Myustradust any reseainbt

add significantly to the cost and conplexity of the restraint harness by
requiring sigstfapsaamd beltachamadllyrolefti todiis ondier Dwusdevined, the acegpaned is a
restraint harness that reduces occupant-required adjustnments, maxim zes

strap area, aE@anﬂj‘ wiRGH R Hte AR he Qs HHIMD theGidfhof MaxiMusgn SEP 2002

SUMVARY OF THE | NVENTI ON The present invention reduces occupant novenent

during a cras foe@ﬁveness. One reason for this is that doing so overly restricts mobility,
and when given the choice, occupants tend to choose mobility over
protection. As a result, restraint straps are loose due to the slack left by the
occupant. Because the straps are loose, the occupant moves significantly

forward and/or upward during a crash. The motion continues until the slack

1s removed.

Another important drawback of conventional textile harnesses is that
they expose a narrow area of the occupant’s shoulders and chest to a high
concentration of crash force. Distribution of the crash force is a function of
occupant loading during a crash. When an occupant loads the harness
during a crash, the force is distributed along the strap(s) and imparted to
occupant’s body at the points of contact. Thus, it is desirable to maximize

the strap area that contacts the body. Doing so, disperses the force across a



wel | as the anount of force that is inparted to any given body area,

t hereby reducing the extent and severity of crash-related inj uriﬂe Sgp 2002
provi des these benefits through a construction that produces a tIghter
restraint while distributing crash-induced | oads over a conparatively w der
area of .an occupant's upper body than conventional systens. In addition,
the present invention provides at |east as nmuch nobility for the occupant
during normal operation as nventional , harness .restraints. reopver, .t he
b esent i nven(ETBRCS AT OBt (B SEOBRTRY T PAT REY Terur s ey MR EBEGE of
material or requiring major nodifications to the aircraft or vehicle
structure. Thénpnydertheiosoepantoerusedbihtheeesirainthprmess. which i s attached
to the seat of a vehicle. The harness restraint of the present invention
protects the occupant in the event of a crash. The present invention
significantly over Syvesaltin€flatsbleamstisinthsystpmstdre preverithy aadee development
textile harness restraints by incorporating a rightrand |eft pulley

configurati °“bea1rE§af‘é§§>?ﬁEati{ﬂ§ Oriu sk&th! dPsertRY RIS PURhLEON
produce a pull "ratio o to 1. This pull “ratio 1s sufficrent to prevent
appreci abl e occ t-i on _dur | a_crash. In practice,, thi |l ratio is
not exactly Z%B%é)gggéz}i’ﬁg’é’%ﬁg?d ﬂg’ff’df’c@lﬁ‘# cgﬁu&gs ?W@”s&"?]é;egtﬁn{aags
conpression of the occupant's body parts; however, w thout give in the
conmponent s of attaehed|todhe sbanldprrkanness sing@sfarpmeye islﬁqkomtgpb@wéxécmdy 2
to 1. 4 0 2 SEP 2002 In addition to reducing slack in the harness strap,
the pul l ey coshipguitatARRoesh this Pisesmrdffdchivent redistpibatesierasdi Radky #p ar ea
for wider distribution of crash-induced force. The greater strap area

di stributes t QE% uE§Etx‘?fccﬂ?reci'haécmi@i\ﬁﬁrtoatlﬁr}?ﬁh%s BRELLAROT SRR aQFcﬁHB@Q{)'OZy

body, thereby r cing the force at any given polnt on the occupant’

The pulley configuratio f the, present invention operat be i xed
poinbs set by PR AP RARLETHE 25 AP O e gt Fie EIATAELR hefc 1 o
the seat. The fixed portions of the restraint harness incl ude: 12 aleft
and right | apabéhe tineehimpacic hBle inflateble bags wafaove the underired skagk. seat
respectively and connected together at the center of the occupant's body by
a nmultipl e poHtwewwretiseadditmaaietrtiuct@)e addesigniivdntiygtet thehaist ded st rap
adjuster attached to the nultiple rel ease attachnent; and, 3) a left and

ri ght shoul degogpisiatpbt td. a neck strap to the top of the seat. The

shoul der strap adjusters and shoul der gui des provide openings through which
straps can be routed and bars over which the straps can Freely travel.

It is desirable to have a restraint harness that considerably reduces
the drawbacks of conventional harnesses described above. Moreover, it is
desirable if the reduction in limitations does not add significantly to the cost
and complexity of the restraint harness by requiring significant structural
modifications. Thus, what is required is a restraint harness that reduces

occupant-required adjustments, maximizes strap area, and limits occupant

motion during a crash.



Using the fixed points described above, the pulley configuration of the
present invention is devised as follows. The right pulley confi ﬁi%ﬁ&f?mﬂ
consists of a vertical strap attached to the right lap belt. Fr t
attachnent point, the vertical strap is routed up through the right

shoul der gui de, down through the right strap adjuster) and back up to an
attachnment point on the right shoul der guide. The vertical strap freely
travel s over ‘the right shoul der guide and right shoul der strap adjuster

bars and i s agUiMIMARY OP PHEBNVENTION he right [ap belt and undersi de

of the right shoul der guide. This sane vertical strap is continuously

attached fromthe righiresbRiir¥@htiBHIrd8ucé belpiit mBfemenk d%%‘i@%)afc?gélﬁ’,%
e

to the |l eft shoul der duide. Beyond the attachnent point at the

gt oi de. sl 8 P iRl AP pRORORP RNl e <R YR Slk B Ry oF

each other. ,For simplification, only the right_ side |s described; however,
it is under st sedueingitheeatentrandiseyerity of seashaslatpddniurirtedlt Movidesgthese
vertical strap through the shoul der gui des and adjusters in the sequence
descri bed abobenefitiseigroupk av@nstruetiontthap producesnadightencestrairit whiler so
tw ce on each side. Conventional harness restraints have either a single

di agonal shoulidersi c&@hQH&uéécmfaadewFPaecdrﬁﬁ_arwa'y Qﬁhﬁf PeS ) afl r ap.

Thus, the present invention provides at |east tw ce as” much strap area in
contact with the occupant as .a.conventional harness restraint. The w der
strap area ingf stq;g)eg?bé)gy ftg?ntcﬂﬂvﬁ’il@?P? ﬁ}'ﬁq;(?ﬁ"sof %?‘i‘?ﬁﬂ%&h&é’d’e%%e,
and provides greater restraint agai nst occupant novenent. The present

i nvention pr ouiveasiamhprayidesrtineasi anmueh mepilitofor theycaupanhdaringorenmal
straps. This is because the webbing vertical straps can nove freely through
t he gui des andp&tmidries caivempiond] haterss.restraihts Moreever, the ppessant

i nvention achieves its goal of providing the occupant freedom of nobility

when wearing (R Evidesthesé Bbneffts withduPiRer g Bup isrtaH8REriAf 0rd

crash, the occupant nbves forward thereby |oading the harness. The pulley
configuration_of .the present .. nVﬁntl n.onl Yrc?%go&svet}ﬁaeos%ﬁj&%%‘ to nove

forward appro&?Wé‘l Sﬁog-rﬁgﬁhfic? 8n%||03§%%8e t

The present invention is a harness restraint which is attached to the
seat of a vehicle. The harness restraint of the present invention protects the
occupant in the event of a crash. The present invention significantly
overcomes the aforementioned problems with conventional textile harness
restraints by incorporating a right and left pulley configuration in its design.
The right and left pulley configuration produce a pull ratio of 2 to 1. This
pull ratio is sufficient to prevent appreciable occupant motion during a
crash. In practice, this pull ratio is not exactly 2 to 1 because of minimal
elongation of the straps and compression of the occupant’s body parts;
however, without give in the components of the pulley configuration, the

pull ratio would be exactly 2 to 1.



he/ she woul d nove during a crash with a conventional harness restraint. The
pul l ey action reduces slack in the straps, secures the occupant tg ghﬁgly z(mg
the seat, and limts the frontal and | ateral displacenent of the ocCc n
upper body, arns, and head. The harness restraint of the present invention
also limts vertical novenent because the vertical straps on each side of
the occupant's body attach to the five-point rel ease attachnent and | ap

belt in an approxi gat [ Al s LIk @bh strap
and |lap belt attac@n@?{‘ﬁ%ﬁégg% +éel§§csg% |E:1]gr at ?loir)lﬂ%%/g gttﬁgﬁ’ggxggé‘%&rlnventi on
provides a long gtrap.length over ich the Ioaigjgforceis distri buted,

as wel | as a KPBREYralionet thepresept IMyRntion PRRVIde e strap @rea for wiger

novenent. The pulley configuration causes nost of the crash force to be
pl aced on t he distrilpdidd of ciashiiddnegd faocet [Thecgrestemstrap area\dstrilnutek the
harness restraints. This is desirahle because the occupant's shoul ders are

stronger and bgtcb&y a%ﬂagﬁ%vbpa\égréaﬁéﬁﬁ&tidipoﬁmmcabaﬁgs ib%g,cﬁhér@ﬁf' Lhe

chest. The rermaining force is distributed across the chest by the webbi ng

area of the straps_that extend fraom . | der el belt and to
the five-poi ntre&'é?lggg eé?’f"&#n%‘}?{ .8“’ h&? OrIglglggtt?ﬁ%boz‘ﬂt‘g?‘nﬁg? bB‘?gfsh forces to
parts of the occupant's body better able to withstand the crash forces
reduces the extent and severity of injuries that the occupant is likely to
sustain during a chg’sehPu y C@%@Eﬁoﬁdg‘rzt c%ﬁﬁ’i‘wd}‘ﬂﬁn%}ocn Rergtesobgtavaep
the present invention to provide a seat harness restraint that protects the

occupant of afixadmoinfs sasbyopdrss of e vebicleocdupamd enstraintahameshk attachies
anot her object of the present invention to utilize a pulley arrangenent to

achi eve opti nygerestsi The fikdd pdetidns bf the 285toRIrR Hardbsé helhAv-entd Rt had
limt vertical novenment and forward and | ateral displacenent of an

f
occupant’s u p?@’htti?g%e?p %agg %gta\%ﬂgh 18 tBe %Rsa}i‘xd ),}ighi; ?&%gﬁtﬁgrseggjagﬁ}ec&fv]p}y e

present invention provi € Strap area Tor tri ron o
crash | oads acrqss the shoul ders d chest area. It i f.urt her qbject of
the i nvent | onaR8 SARRGHE iPEFHHES At B CSHARE RO SoEpaRhs PRAY MY HEIUEBYS at i on
while providing a secure restraint. It is another object of the present
i nvention to pPuitgteaseratsachunent; 2hatleftsard sighy sheuidsm strap adiusser
conventional seating systens. It is a further object of the present
invention to ptiachdéd ta thestulaipk rélbase doeshnoint] ahdp8ua defs iagdi fightant or
structural conplexity over
shoulder guide attached by a neck strap to the top of the seat. The shoulder
strap adjusters and shoulder guides provide openings through which straps

can be routed and bars over which the straps can freely travel.

Using the fixed points described above, the pulley configuration of the
present invention is devised as follows. The right pulley configuration
consists of a vertical strap attached to the right lap belt. From that
attachment point, the vertical strap is routed up through the right shoulder
guide, down through the right strap adjuster, and back up to an attachment
point on the right shoulder guide. The vertical strap freely travels over the

right shoulder guide and right shoulder strap adjuster bars and is anchored



conventional restraint systems. These and other objects of the present
invention are described in greater detail in the detailed descrrﬂtzcgERﬁﬂmz
the invention, the appended draw ngs, and the attached clains. 8

2002 DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic di agram of the
front view of the preferred enbodi ment of the present-invention. Figure | A
is a schematic of a shoul der gui de which can be used in the preferred
enbodi ment of the present invention. Figure 1B is a schematic of a shoul der

strap adj ust eroWhé glplariaptselt aad underSidef ehe Hight shvwdenpaide0 I THiR&apheseENt
invention. Figure 2 1s a schematic diagramof a side view of the preferred

cood ortof el 3o bINARMbAy oA R drmpRb el AR o) of

t he two-to-one"pl eyc rgura descrip

preferred enbodi nent of the |nvent| n illus ted.in the draw n specrfrc
terni nol ogy i @ler@the seck giraps khr OaF}EetLiﬁh ﬁmgéerg‘q%déwmwfﬁw i's not
intended to be limted to the specrfrc terns selected, and it is to be

under st ood t hattashehestppsintiat thedeftisholldde guade, thectertical strgpipratesdss whi ch
operate in a simlar manner to acconplish a sim|ar purpose. DETAILED

DESCRI PTI ON O digt nggﬂng\l'oﬁ'tﬂigr@sst}ﬂe ﬁgﬂt dideNINedefiORid FRRBPRIIGONt @i Ni ng

straps, fittings, adj usters, five- por nt rel ease attachnent sSystém and an
inertial reel st 2 SEP 200T ittin I t m; Whi rem
such as right® %?ré tllmi’%ﬁe Y, °p§r981 §ﬁ8 aﬁ%ogﬁra %Hﬁglr%*d Biry %

| eft side of the harness only. It is understood, however t hat
subst anti al | yrighd sideris ﬁm@rbe&i howeyenohit Laderssrod that hejefigsigeisat ed f or
the right side of,the harness. The restraint harness of the preferred

enbodi nent i sicharit?&)etlly srmagxgledai nt harness. However, the pulley
configuration of the present invention can be applied to other kinds of
har nesses.

Routing the vertical strap through the shoulder guides and adjusters
in the sequence described above causes the vertical straps to cross an
occupant’s torso twice on each side. Conventional harness restraints have
either a single diagonal shoulder strap or one right and one left vertical
(torso) strap. Thus, the present invention provides at least twice as much
strap area in contact with the occupant as a conventional harness restraint.

The wider strap area increases the area for the distribution of crash-induced

force, and provides greater restraint against occupant movement.

The present invention provides the occupant with the same mobility
as conventional straps. This is because the webbing vertical straps can
move freely through the guides and shoulder strap adjusters. In this
manner, the present invention achieves its goal of providing the occupant

freedom of mobility when wearing the harness restraint.



Referring to Figures 1 and 2, the preferred enbodi mrent of the present

i nvention includes a left lap belt having an upper section 25 and) 4 SERef002
section 22, a left vertical strap 26, a left netal shoul der guide 28, a
l.eft vertical adjusting strap 29 having a netal end fitting 30, and a |eft
shoul der strap adjuster 27. As expl ai ned above, there is a correspondi ng

ri ght side conponent (not shown) for each |eft side conponent. The

restrai nt harness system of the present invention also ingcl,udes ngck
strap 40, an opti oﬁ’aﬁ’%%ﬁ%‘%‘?ﬁ%ﬁ&?@v&e ﬁqoc,‘lpan%é%?}'ﬁsr{gg‘f’? éhﬂ? %1? Bai nt

| ocki ng device (not shown), one or nore neck strap attachment conponents
42, a conventthertzdrresse e pullextenfiguration o thapresantanventiomanlyoadows nore
conventional seat attachnents 21, that anchor the left |lap and verti cal

straps to thegheeeuphh¥s tnovk forwesd apprsimabelyadrechalf the dsfigntdigiatgui de 28
whi ch can be used in a preferred enbodi ment of the present invention. The

shoul der gui de ,28 i fe 51 ee : i bars

28a and 28b ;{Teé%}ﬁ%lws\ﬁnuli{% Eﬁéﬂéeds rgpas&%?hmzﬁ%aér&r?gggﬁbgggtrlg{%? g(%?&tr %%iﬁpr esent
i nvention 10 ‘"0 2 SEP 2002 can be routed. It would be apparent t hose

skilled in t@%P@?Hé@w&qeéﬂ@e%g]ﬁckénﬁgﬁatw’ BFUTER e DUHDARLHERtE 1 o
facilitate strap routing. It would further be apparent to those skilled in
the art that theceateand limiss £Be fndakand tkevhalpdisplactpient of theaaticupaavai | abl e
by a variety of vendors. For exanple, such parts can generally be found in

the parachut g usidyy arfis) EnMSAA! STIsd/Rliriess resgaaitrAdt thefprEaint iS¥khtion

Arkansas. Figure 1B illustrates schematically a shoul der strap adjuster 27

whi ch can be yse gnh@? @?%glﬁégggngggp%aglﬁg;thg fve%@@al@t?%fsn&n 'je@ﬁeﬁ?i%%ﬁ thdne

shoul der strap adjustie e erably stee rectang avi ng

three bars 2 7a, 27 ng 27c around which the straps of the harness .
restraint, ofocﬁmalb‘?%g%ai’ at i fbv(,;ﬁpcgg% F&??%%?Ptia{:ﬁmﬁlt&ng aﬁg’ﬁztrlé’nt to
those skilled in the art that rollers can be used for the bars 27a, 27b
and/ or 27c t @xf approxiziede straaght-Hoeicogfiguratigauwiths e ¢rotchhsirappaddap to
those skilled in the art that shoulder strap adjuster 27 is a standard part

that is readibejt astachaking. Mepallspcirdgigurationarfdhe prededit ioxaitide prerdss
parts can generally be found in the parachute industry. Al straps of the

preferred e i \ t lwiki ; A i ; I f
nyl on and pg}aglg?g?}}%v%ggléng,O%?gir}?ﬁ?ﬁgg%é&ddﬁ?g?fd%ﬁE%\ﬁglr%%%%%fgg%%gtﬁpe of

uebbing. The fock, Ladi i atEaR, daicdy IRdEol: POLUER! BHoRO oty
configuration causes most of the crash force to be placed on the occupant’s
shoulders, not the chest as in conventional harness restraints. This is
desirable because the occupant’s shoulders are stronger and better suited to
withstand the force of an impact than the chest. The remaining force is
distributed across the chest by the webbing area of the straps that extend
from the shoulders to the lap belt and to the five-point release attachment.
The redistribution of crash forces to parts of the occupant’s body better able

to withstand the crash forces reduces the extent and severity of injuries that

the occupant is likely to sustain during a crash.



sections .22 of the lap belts that attach to the seat are a certain wdth,
e.g., 2 inches wide. Al other straps are another width, e.g., 1iq3/24SEpcm
wide. m O 2 SEP 200 These sizes are conpatible with conventional,

exi sting seat attachnent widths. The harness is attached to the seat at
four,points. These points are the restraint |ocking device (not shown), the
two lap end vertical belt seat attachnments 21, and a crotch strap seat
attachment 34. The left lap belt has a | ower section 22 and an upper

section 25. Each | . i : J [ ewn
to one end and a s%%tc ggﬁgbﬁﬁg%st%%jgg%gﬁé?ﬁeeég{t Egygg%@%ﬂggﬁﬁﬁgpazgee%
upper section_ 25 has an end %ittin 24 _sewn to one end whi.ch | ocks jnto a
five-point reh8yBessyaskraingt ?EQEth?ﬁSCH‘.e OFRAPIRGL Y #Y a&FFabroT r|vghigig|in
upper section 25 threads through a I ap belt adjuster 23. Each end of
vertical straph2@vest sEasverash.each lL.ap belt |ower section 22 near the seat
attachnent 21 at a point 35. The vertical strap arrangenent is produced by
routing the vertical strap 26 on one side upward fromwhere it is sewn to

the lower section 22i0inétMerlobfedtel thébren invéntibhtowdilia N pulleyshaped
shoul der gui de 28, downward through the shoul der strap adjuster 27, again

upward to anv\%ﬁ%fébhﬁéﬁtPOL&BFyggﬁfim%rﬁmm&?r gui de 28) al ong the neck
ic Sttap [

strap 40 to e vertica s continuously attached, down
al ong the opposite side through an attachnent point under the opposite

shoul der gui de 28, _do t hrpugh the, opposi te shoul der .str dj uster 2?7,
upwar d t hrough the delﬁg‘g%ﬁ- t‘te“#b Bf’l?é? O‘Sﬁ?ed‘@"fgmﬁt@d]f’fﬂﬁé}'?&?"fg f}lo‘f?ﬂze’staﬁéoz
downward toward the opposite lap belt | ower section 22 to which it is sewn
at a poi nt 35forveand and tgrenal displacemensdf av oshuepanes uppied ®ods amsl kérmdn i n
Figure 2A. Neck-strap 40 is |ikew se attached to a simlar shoul der guide
on the opposi darfigdechdsH. he occupant. Neck strap 40 substantially prevents
t he occupant's head and upper torso from novenment during a crash. Each of
the straps 26, 40 and 41 are sewn together continuously fromthe |eft

shoul der guide 28 1istdigothiedBbjeet 8ptdeprdddhe tnvethitéh thkotilE R NESTap
restraint forns a

area for wide distribution of crash loads across the shoulders and chest area.
It is a further object of the invention to allow sufficient occupant

mobility during normal operation while providing a secure restraint.

It is another object of the present invention to provide a restraint that

is easily retrofitted onto conventional seating systems.

It is a further object of the present invention to provide a restraint
that does not introduce significant or structural complexity over

conventional restraint systems.

These and other objects of the present invention are described in
greater detail in the detailed description of the invention, the appended

drawings, and the attached claims.



conplete unit. This routing achieves a pulley effect which limts the
forward novement of the occupant during a crash by one-half over( 2 SEP 2002
conventional harness restraints. By way of exanple, Figure 2A illustrates
how t he forward novenent of the occupant is restrained by one-half during a
crash. In the exanple, the' occupant has left two inches of slack 44 in the
vertical strap 26. In the event of a crash, the pulley configuration

defi ned by gui nt to nove only one inch in
any directi Onﬁlﬁépﬁémﬁgﬁ{?#ﬂggﬁ eg ?}?arc 46. Thus, the occupant can
nove only one inch_in the up directiop indi c?tgd by arrow 46a or _one_inch
in the forward dir &dgwgsnl is ﬁ&F@%@HCHga@F‘%‘B\B 488 front isw of the nrafexrsd
direction therebetween, as indicated by arc 46. 13 ~2S-" Z~~2 It

shoul d by not ethbdditnenn of thee preskat imverdndrodi nent, no slack is left in strap
26. Rather, the occupant should renove as nuch slack as possible, while
still maintaining a reasonable confort level. The invention still achieves

its primary goal s IRe@MSEA id asEHEMASICf sSsthsitldet Eatde/whidr &t be WdBd 3RHAT
of occupant novenent during a crash, due to any residual slack in the strap

and due to stretchi of- the str | ng. . reduction in occupant
novenent duri Rﬁeé%ﬁ%’ﬂggﬁh&h‘?qﬁiOgﬁf}ﬁggéﬁﬁtgés&ﬁ?&| i kel i hood and severity
of occupant injury resulting fromthe crash. This routing al so

approxi mat el y doubles the anmount of strap.ar contactj.ng the occupant over
conventional restrarFiHres fse‘i"rﬁ&’qfﬁﬁgl,c qfﬁes}?'cléﬁaFraFﬁtap Pgtr?ﬁ'd‘f%lfﬁéaﬁr ent
invention distributes crash force over a |larger portion of the occupant's
body, t her ebyusediir tingpréferredrambodimentfithemreseninventioart i cul ar porti on
of the occupant's body as conpared to conventional restraint systens. The
reduction in the concentration of crash force significantly reduces the

| i kel i hood and sevFigurg Dis schemamtic diggrayn oDarside vieor nhitheopesfatriedn) t he
vertical strap 26 is allowed to freely slide through the shoul der gui des 28

and shoul der gt 3R AShHSH feSpréent/fiventicgedom of notion provides
substantially the same degree of nobility to the occupant as conventional,

exi sting harnesses. Each vertical adjustnent strap 29 has an end fitting 30

sewn onto one end. gIhi, AR { Lid:AGd dibbGh 8 chOtRolBSdR gty t he

five-point rel ease

configuration.

In the following description of the preferred embodiment of the
invention illustrated in the drawings, specific terminology is used for the
sake of clarity. However, the invention is not intended to be limited to the
specific terms selected, and it is to be understood that each specific term
includes all technical equivalents which operate in a similar manner to

accomplish a similar purpose.

DETAILED DESCRIPTION OF THE INVENTION
Figures 1 and 2 show a seat harness containing straps, fittings,

adjusters, a five-point release attachment system, and an inertial reel strap



0 2 ~ =~ 2002 attachment 31. The other end of the vertical adjustnent strap
29 is threaded through a shoul der strap adjuster 27. The neck strf®R GEP 2002
sewn over the portion of the vertical strap 26 between the right and | eft
shoul der guides 28. In turn, the right and |eft shoul der guides 28 are sewn
onto each end of the neck strap 40. An optional strap cover 45 can be

pl aced over the neck strap 40 and shoul der gui des 28. The optional strap
cover 45 provi des added confort and hel ps prevent wear on the straps. A

neck lead-in str 41 is, sewn.al.ong the center,line t ck .strap 40 at
one end and n@@ﬁgﬁﬁt&ﬁ'l it%wgé(ibe@geomﬁr? eﬁ‘ﬁcpaﬁsrlégﬁz %aiﬁﬁéﬁa hfeltlﬁst' PRg 42
to a restraint |ocking device (not shown) at the other end. The fitting 42

i s rectangul ashamh imedetadl and nystbargiom the lefiside pfithe harnessonlys Ibémded t o
the strap nylon. The restraint |ocking device is located within the seat

back. The fivemierifoolichedeverithat Biibstantiallytiheaaim®mdteeiadé apdnt i nventi on
i ncludes a crotch strap 33. One end of the crotch strap 33 is attached to a

netal seat adj SNARA R 3 T %l LtLi 34 is
attached to tﬁggé@?h? ﬁo%&stﬁ%ﬁn%plﬁﬁge%?%ﬁh%ﬁ% %%@FEJZ% ggg{ag% e%%'r II21%‘333 IS
attached to the fiye-poi-nt rel ease attachnent. 31 using ap end fitting 32.
The end fitti Agstsaintsharngesiod thepr Pmeghegg?éw‘%@.l% %ﬁsﬁeﬁfﬁélrgﬁ@m%d
configuration utilizes a five-point release attachnment, the present

i nventi on coulHowéws, ke pailelyganfiguratidn ef fleupresenhinvesitias eambeayppied to 15
0 2 ~~ 2002 This alternative would only elimnate the crotch strap. It

woul d be appaleRér kihdsEreartekédsed in the art that other rel ease attachnent
mechani snms having one or nore rel eases can be designed to enploy the pulley

concept of the present invention to reduce the anmount of novenent of the

occupant during a (ﬁe%&t}i{xgng Ffl%tgx%goi' 39 figd B§éf[eﬁ'eﬁferét'§%igﬁﬁte6fr & ppresen'c

enbodi ment of the present~invéntion has been presente e purposes of
illustration and desct i(ﬁt idon (in é i’tl i.s_not intended %.o be. ex aul(sgt ive or
to it the Fhveioormdlaene hidie beriaiRg AoHaRa Feckin g ERAd RV he
present invention can be used in ground, sea, or_air vehicles, including
trains, trucksectieras, aeftvertiealtsirapBbps lefhmetal shoulder guidey 28anilefti ons
and nodifications of the enbodi ment described herein will be obvious to one
of ordinary skitticalradjhetiagtstrap 29 flavimgf a metal end fitting 30, and a left shoulder
strap adjuster 27. As explained above, there is a corresponding right side
component (not shown) for each left side component. The restraint harness
system of the present invention also includes a neck strap 40, an optional
neck strap cover 45, a lead-in strap 41, a restraint locking device (not
shown), one or more neck strap attachment components 42, a conventional

five-point release attachment system 31, and one or more conventional seat

attachments 21, that anchor the left lap and vertical straps to the seat.

Figure 1A illustrates schematically a shoulder guide 28 which can be
used in a preferred embodiment of the present invention. The shoulder
guide 28 is a metal (preferably steel) rectangle having two bars 28a and 28b

around which the straps of the harness restraint of the present invention

10



t he above information. The scope of the invention is to be defined only by
the cl ai ns appended hereto, and by their equivalents. 16 0 2 S5 gggzz
WHAT IS CLAIMED I'S: 1. A vehicle occupant restraint harness co iLs : mg)
a pulley configuration that mnimzes occupant notion during a crash and
maxi m zes occupant nobility during normal use; (b) a lap belt attached to a
side vehicle attachnent point; (c) a shoulder strap adjuster attached to
said | ap belt; (dg a shoul der gui de attached to a_top.vehicle attachnent

poi nt; and (e)can peronted. ki wepldihearrarent e thoseskilighin the pativhat yallers| ity
of times to contact said occupant's body with a greater strap area than a
si ngl e crossi ngarpbesisedor siaé Haree284 snd/os 28hto favilitatefstrap aoutihgadhweoitld
point on said |lap belt, up through said shoul der guide, down through said
shoul der st aPrAthUShE aprABheR thes@eilledan R Hr: BRATEhANa8AElichon gl

gui de. 2. The vehrcle og%ﬁpant restraint harness of claiml, erern the
pul I ey configuration produces. a pyll rati reater. thap 1:1, such that the
pul | ey confi gutaddakdnaxt & afalscnega%éé(at}? e?ré{ﬁpebf Ogﬁe%&?ﬁ?p r ‘?’ﬁamﬁiﬁ’
vehi cl e occupant restraint harness to | ess than a_distance of slack in the
vertical strapsuch parts caphgeriezaldy bepeund inthe parachhie edustsy, fbm verdors
further conprising a multiple-point release attachnent to connect said | ap
belt and sai d ghguhsPorgédraft dAdiows Batith,0getdieas. 4. The vehicl e occupant
restraint harness of claim3, further conprising a crotch strap, with one
end of said crotch strap connected to a bottomvehicle 17 i 0 2 CEP 200z
attachnent point angidhie (3 Nelsieids SoRIRALEANY o sﬁ%hﬂiéﬁ&t%éﬁhﬁj&@%g%ge' ease

attachnent. 5. A ve occupant restraint harness conprising:
mul ti pl e-point yelease,attachnent: .(b),a night | elt, with one.end.0f
Sai d Fight | o BB O PRYIEA 68 Rrefdrend Srbiinentlt Beimrestah thittia The
other end of said right |ap belt connected to said nultiple-point release
attachment; (choulder strapmdiaster 28iis B Bakaldpepierablystpelaractangledving
attached to a left vehicle
three bars 27a, 27b and 27c around which the straps of the harness
restraini, of the present invention can be routed. It would be apparent to
those skilled in the art that rollers can be used for the bars 27a, 27b and/or
27c¢ to facilitate strap routing. It would further be apparent to those skilled
in the art that shoulder strap adjuster 27 is a standard part that is readily

available from a variety of vendors. For example, such parts can generally

be found in the parachute industry.

All straps of the preferred embodiment, except for the neck lead-in
strap 41, are made of nylon and polyester webbing, e.g., the 7000 1b. nylon
and polyester type of webbing. The neck lead-in strap 41 is made of
polyester webbing, e.g., the 8000 1b. type of polyester webbing. The lower
sections 22 of the lap belts that attach to the seat are a certain width, e.g., 2

inches wide. All other straps are another width, e.g., 1-3/4 inches wide.
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attachnment point and the other end of said left lap belt connected to said
hul tiple point release attachnment; (d) a right vertical adjust rrﬁ(r;zt §§Pr 2602
with one end of said right vertical adjustnment strap connected i d

mul tipl e-point rel ease attachnent and the other end attached to a right
shoul der strap adjuster; (e) a left vertical adjustnent strap, with one end
of said left vertical adjustnent strap connected to said nultiple-point

rel ease attachnment and the other end attached to a | eft shoul der strap

et i shoul cor TReRGELeS pECamib PlepRL e Ret, GRRag bERPaRRLARIGH, 0, °

ri ght shoul der .q(I:)ui de, and with the center of said neck strap attached to a
neck | ead-in 91 t&"ﬁ; wherein said neck lead-in strap is attached to a top
vehicl e attachment point; (g) a left pulley configuration using a |eft
vertical strap routed froman 18 a ~ SEP 200T attachnent point on said
left lap belt up tThelgimessid attfchedHotheseay @it dour poimts: Ahesgpointiaref t
shoul der strap adjuster, and up to an attachnment point on said |eft

shoul der gui dgje FRrdif} 1GtkiAPAEviBe! (hStysHowh), §HE @%antaiim@ex@idau Bt y&itt i cal
strap routed froman attachnent point on said right lap belt up through

and up Lo an Seaisar Eoit<oroeh B SR afthiiherd oo’ 5l The "

restraint harness of claim5, further conprising a strap cover encl osing
said neck strap, sajd vertical strap, said |eft shqulder guide, and said
ri ght shoul der gui dee left lam elt hasaloferRecHon2%ang a5 WPRCT sfckiog; 40 Ajagh
| eft and right shoul der guides and said |left and right shoul der strap

adj ust er s haveprlrltlawer seotibe22 kasoa hap Weltcadivater 2 sewnrd onegind avdta cal
straps travel, respectively. 8. The restraint harness of claim5, wherein

said right | ajeabelttachsnént $eédwh 8pthebthersendl Baghtlaydelt epperashctinent
strap, said left vertical adjustnent strap, said right vertical strap, said

left verti Callgg ﬁﬁl%nél%ié%z?ﬂsmgo %Héiec):\dzg PR in PO Bivie oiﬂ¥ Irg%éaggldb

pol yester webbing an n sald nec -In strap 1S made 0
pol yester webbing. 9. A nmeth {[,gr restraini,ng a hi ¢l e occupant . during a
raih: conpr idthgipRat Srisw o 8 HEHPRAAT SehqpheT RbetrraHE PP ght
and a left lap belt; 19

threads through a lap belt adjuster 23.

Each end of vertical strap 26 is sewn to each lap belt iower section 22
near the seat attachment 21 at a point 35. The vertical strap arrangement
is produced by routing the vertical strap 26 on one side upward from where
it is sewn to the lower section 22 of the lap belt at point 35, through an oval-
shaped shoulder guide 28, downward through the shoulder strap adjuster
27, again upward to an attachment point under the shoulder guide 28, along
the neck strap 40 to which the vertical strap 26 is continuously attached,
down along the opposite side through an attachment point under the
opposite shoulder guide 28, down through the opposite shoulder strap

adjuster 27, upward through the opposite shoulder guide 28, and finally

12



"0 2 SEP 200 (b) attaching a vertical strap to said left lap belt at a left
attachment point; (c) routing said vertical strap fromsaid left ?y@hm
poi nt up through a left shoul der guide, down through a |eft shouq e "‘étrap
adj uster, up through an attachment point at said |left shoul der guide, up
through a top vehicle attachnent point, down through an attachnent point at
a right shoul der guide, down through a right shoul der strap adjuster, up
t hrough said right shoul der guide, and down toward said right lap belt; and
(d) attachi ngdswnsvardrtowaai themopposive dap beltilgwer sagtianel? tawhichiiyfs sewn
attachnment point. 10. A vehicle occupant restraint harness conprising: (a)
a nul tipl e-po%ggﬁcﬂl@gg.e attachnent; (b) a right lap belt, with a first end
of the right lap belt attached to a right vehicle attachnent point and a
second end of the right lap bélt connected to the nmultiple-point rel ease
attachnment; (c) a kef . ] 1 : - hel t

Nelde iRl B8 d mpiehba fo Lol Btidd 2818 shBlin LERIAGE A

attached to a left ve nent pol nt and~a secon

| ap belt connected to the | tiple-pqinf releasge tachment; (d).a left
pul I ey confi ghiegkistraR A0ps EEprseaaqt@&gec&q apimyuar %?&%W‘@? QBdbgoi nt, and
a left upper fixed point, wherein the left strap is attached to the left

| ap belt, andoppositeusidd of thentdupansf tNe¢cdpstivep 40t substaptialle prevantapber fi xed
point, through the left |ower fixed point, and through the |eft upper fixed

poi nt, and i sp@bpanrethda@ A uf)ﬁeﬁtéggﬁzﬂﬂﬁ&rénﬁféﬁt APRRE aVE@BEE! EAhtFaneent

point, and wherein the left pulley configuration produces a left pull ratio

that reduces olagkoRnebltd £f hroldpR oRNRl Slndalbdlly LI BE 1SRN QAN O

conprising a Ti strap, a’rig pol n arig
fixed point, wherein the right strap is ajtached to fhe right lap belt, is
routed from tHEde;sFhio ﬂaepnsgr ﬁhfflﬂﬁsagﬁl%éé 5 ghet E}tﬁpé?mqs)% asﬁféil}ﬂfgr’ﬂﬁr%ugh
the right |lower fixed point, and through the right upper fixed point, and
is attached teompletghmitupper vehicle attachment point, and wherein the
right pulley configuration produces a right pull ratio that reduces sl ack
in the right strap. 11. The restraint harness of claim10, wherein the left
pul | ratio and theThisgfouting dchietdsta pulle® effectswhilick Hatitd thee foetardul | ey
configuration limts a distance of novement of an occupant in the vehicle
occupant restggisheR8bPERS oéipaak [du@ingda crash by one-half over conventional

harness restraints. By way of example, Figure 2A illustrates how the

forward movement of the occupant is restrained bjf one-half during a crash.

In the example, the occupant has left two inches of slack 44 in the vertical

strap 26. In the event of a crash, the pulley configuration defined by guides

27 and 28 allows the occupant to move only one inch in any direction in the

quadrant illustrated by arc 46. Thus, the occupant can move only one inch

in the up direction indicated by arrow 46a or one inch in the forward

direction, indicated by arrow 46b, or one inch in any direction therebetween,

as indicated by arc 46.
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di stance of slack in the left strap, and the right pulley configuratio '
Fimts the distance of novenent of the occupant in the vehicle gcé&%&nﬂz
restraint harness to half of a distance of slack in the right strap. 12.
The restraint harness of claim 10, further conprising: (f) a neck strap
attached to the left upper fixed point and the right upper fixed point; and
(g) a Lead-in strap attached to the neck strap and a vehicle structure,
wherein the left strap and the right strap are a single strap that is

attached to the n lenN56H; t i nt
and the right uppg?'lg\}/%&li%%%g{t%\ggﬁ%%ﬁft%o gﬁféﬁgge 0 2%5%@?8%;%& ]‘f‘ﬁg
restraint harness of claim 10, wherein the Jl.eft pull ratiio.and the rjght
pul | ratio afB S§FaReEr f?ﬁfg?r’lﬂf ocCyPADE ﬁlaqulfiﬁgnrcg\ﬁ aﬁ)m"r%@&ﬁ#g}{?ﬁé’]ﬂ’?‘bn
limts a distance of novenent of a occugant in the vehicle occupant

restrai nt hawiside still inedstaihing areq caphfast develi Thehimveationsstilhp, and
the right pulley configuration limts the distance of novenent of the

occupant in lhgiMRRIied Bri s begAtisd ibireBacerdss sibstattfally Gile-Rattithance

of slack in the right strap. 14. The restraint harness of claim210, further
conprising a _crotc

and” connect o8 g hef bislBaRP BRIt s Qe aRfhy SH fo Sxgut ST MadT

har ness of claim 10, wherein the eft%& wer fixed_ point _and the right | ower
fixed point &he%maaérd@tmaﬁﬁr%t&}lw e StRaP % e reductigpddr fi xed
poi nt and the right upper fixed point are shoul der guides. 16. The

restrai nt haoneasganf molvaiment Surimeaerash bignsfhcar tie reduceaphadikedtheood and
attached to the nultiple-point release attachnent. 17. The restraint

harness of clai&idpof YARIPRANY ihieyTReulttes frot dasciish. attached to an upper
vehi cl e attachment point. 18. The restraint harness of claim15, wherein

t he shoul der strap adjusters and the shoul der gui des ‘i ncl ude one of bars

and rol | ers over hlighohfiRe!dAs appfAfnfiiel, dibIeOie Shifh di3elan bdvel

19. A pulley configuratron-for ccupant harness restrdl nt system

rising: 22 .2 SAP 2D02 : :
conpri sing contac(gmg &13 occll:i%ant over conventional restraint systems. Thus, the

restraint system of the present invention distributes crash force over a
larger portion of the occupant’s body, thereby reducing the amount of crash
force on any particular portion of the occupant’s body as compared to
conventional restraint systems. The reduction in the concentration of crash

force significantly reduces the likelihood and severity of occupant injury.

During normal operation, the vertical strap 26 is allowed to freely
slide through the shoulder guides 28 and shoulder strap adjusters 27. This
freedom of motion provides substantially the same degree of mobility to the

occupant as conventional, existing harnesses.

Each vertical adjustment strap 29 has an end fitting 30 sewn onto one

end. This end fitting 30 buckles into the top of the five-point release
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(a) a strap with a first end and a second end; (b) an upper attachment ’
point that attaches the first end of the strap to a vehicle abovB argt? 2002
occupant's torso; (e) a lower attachnent point that attaches the second end
of the strap to the vehicle below the occupant's torso; (d) an upper fixed
pull ey point; and (e) a |lower fixed pulley point, wherein the strap is
routed fromthe |lower attachnment point through the upper fixed pulley

poi nt, through the lower fixed pulle oint, through the upper fixed pulley
poi nt, and toatﬁwhumntﬁhtThehﬂmrteq%@ he vegtical adjvistment strapaf is est r ai nt
harness for restraining an occupant's torso in a vehicle, conprising; (a)
an upper fixeghyislde@thpeigh a shehlder! stygy afijusesk 2l | ey point bel ow the upper
fixed pulley point; (c) a strap routed from bel ow t he occupant's torso
around the upper fixed pulley point, around the |ower fixed pulley point,

and to above the Oﬁgg‘}g&?"&r&%ég"gndﬂ o@?tﬁ@%&z&?}d&%&ii&@&%ﬁmﬁ%trﬁpﬁ%? 20,

wherein the strap irst en a secon rern t end

is attached to the vehicle, bel t he cupapt' s,torso a bel ow t ower
fixed pull ey 'B%"’me,n “Eﬁéagé%ﬁic‘f?’@ﬁﬁf Ffes, Ofe 4D EHTR) e\/‘%ﬁgﬁ?BQSE%ve t he
occupant's torso and above the upper fixed pulley point, 23 0 2 SEP 2002
and wherei n ts$kowdenguidesrRiaxsisdwwantheadh exd ofthe nedustdapid. upper fi xed
pul |l ey point, around the |lower fixed pulley point, and to the second end.
22. The restraint harness of claim 20, wherein the upper fixed pulley point

i s a shoul der gui danaptidig steiedovet ¥6daplid phacedontr tite Aedk sirApatl] asger .
23. The restraint harness of claim 22, wherein the shoul der guide and the

t dj ust eg | . f : U
strap adi ust elndylabs gaidReR TR BitioRibiial BV 4P Rl 88l Eordbthna
AL9,

A A& A&@ . AN. A9S. A. Ah . A LA, A&LJ?. Aufy; AS. AN. A AR_A A
AN . AbelRs B @%%%’%%&”{‘% G%‘B’Fm”tﬁf%’%]e@%’é‘aﬁﬁ? ?&]lé SPER ong the
a]J c<a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
<al X *{ = center line of the neck strap 40 at one end 'and mechanically connected by an
Inertia reel strap end fitting 42 to a restraint locking device (not shown) at
the other end. The fitting 42 is rectangular and made of molded nylon or
epoxy material that is bonded to the strap nylon. The restraint locking

device 1s located within the seat back.

The five-point release attachment embodiment of the present
invention includes a crotch strap 33. One end of the crotch strap 33 is
attached to a metal seat adjustment fitting 34. The metal seat adjustment
fitting 34 is attached to the seat (not shown). The other end of the crotch
strap 33 is attached to the five-point release attachment 31 using an end
fitting 32. The end fitting 32 is sewn to the crotch strap 33. Although the
preferred configuration utilizes a five-point release attachment, the present

invention could also be configured with a four-point release attachment.
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3. The vehicle occupant restraint harness of claim 1, further comprising a
multiple-point release attachment to connect said lap belt and said shoulder strap
adjuster together.

4, The vehicle occupant restraint harness of claim 3, further comprising a

crotch strap, with one end of said crotch strap connected to a bottom vehicle
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394.0% 5. A vehicle occupant restraint harness comprising:

(a) a mu]tiple-point release attachment;

(b) a right lap belt, with one end of said right lap belt attached to a right
vehicle attachment point and the other end of said right lap belt connected to said
multiple-point release attachment;

(c) a left lap belt, with one end of said left lap belt attached to a left vehicle
attachment point and the other end of said left lap belt connected to said multiple-
point release attachment;

(d) a right vertical adjustment strap, with one end of said right vertical
adjustment strap connected to said multiple-point release attachment and the other
end attached to a right shoulder strap adjuster;

(e) a left vertical adjustment strap, with one end of said left vertical
adjustment strap connected to said multiple-point release attachment and the other
end attached to a left shoulder strap adjuster;

(f) a neck strap, with one end of said neck strap attached to a left shoulder
guide, with the other end of said neck strap attached to a right shoulder guide, and
with the center of said neck strap attached to a neck lead-in strap, wherein said
neck lead-in strap is attached to a top vehicle attachment point;

(g) a left pulley configuration using a left vertical strap routed from an
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attachment point on said left lap belt up through said left shoulder guide, down
through said left shoulder strap adjuster, and up to an attachment point on said left
shoulder guide; and

(h) a right Pulley configuration using a right vertical strap routed from an
attachment point on said right lap belt up through said right shoulder guide, down
through said right shoulder strap adjuster, and up to an attachment point on said
right shoulder guide.
6. The restraint harness of claim 5, further comprising a strap cover enclosing
said neck strap, said vertical strap, said left shoulder guide, and said right shoulder
guide.
7. The restraint harness of claim 5, wherein said left and right shoulder guides
and said left and right shoulder strap adjusters have rotating rollers around which
said left and right vertical straps travel, respectively.
8. The restraint harness of claim 5, wherein said right lap belt, said left lap
belt, said right vertical adjustment strap, said left vertical adjustment strap, said
right vertical strap, said left vertical strap, and said neck strap are made of 7000 lb.
nylon and polyester webbing and wherein said neck lead-in strap is made of 8000
1b. polyester webbing.
9. A method for restraining a vehicle occupant during a crash, comprising the
steps of:

(a) restraining said occupant with a right and a left lap belt;
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(b) attaching a vertical strap to said left lap belt at a left attachment point;

(c) routing said vertical strap from said left attachment point up through a
left shoulder guide, down through a left shoulder strap adjuster, up through an
attachment point at said left shoulder guide, up through a top vehicle attachment
point, down through an attachment point at a right shoulder guide, down through a
right shoulder strap adjuster, up through said right shoulder guide, and down
toward said right lap belt; and

(d) attaching said vertical strap to said right lap belt at.a right attachment
point.

10. A vehicle occupant restraint harness comprising;:

(a) a multiple-point release attachment;

(b) a right lap belt, with a first end of the right lap belt attached to a right
vehicle attachment point and a second end of the right lap belt connected to the
multiple-point release attachment;

(c) a left lap belt, with a first end of the left lap belt attached to a left
vehicle attachment point and a second end of the left lap belt connected to the
multiple-point release attachment;

(d) a left pulley configuration comprising a left strap, a left lower fixed
point, and a left upper fixed point, wherein the left strap is attached to the left lap
belt, and is routed from the left lap belt through the left upper fixed point, through

the left lower fixed point, and through the left upper fixed point, and is attached to
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(e) a right pulley configuration comprising a right strap, a right lower fixed
point, and a right upper fixed point, wherein the right strap is attached to the right
lap belt, is routed from the right lap belt through the right upper fixed point,
through the right lower fixed point, and through the right upper fixed point, and is
attached to a right upper vehicle attachment point, and wherein the right pulley
configuration produces a right pull ratio that reduces slack in the right strap.

11.  The restraint harness of claim 10, wherein the left pull ratio and the right
pull ratio are 2:1, such that the left pulley configuration limits a distance of
movement of an occupant in the vehicle occupant restraint harness to half of a
distance of slack in the left strap, and the right pulley configuration limits the
distance of movement of the occupant in the vehicle occupant restraint harness to
half of a distance of slack in the right strap.

12.  The restraint harness of claim 10, further comprising:

(f) a neck strap attached to the left upper fixed point and the right upper
fixed point; and

(g) a lead-in strap attached to the neck strap and a vehicle structure,

wherein the left strap and the right strap are a single strap that is attached to
the neck strap between the left upper vehicle attachment point and the right upper

vehicle attachment point.
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13.  The restraint harness of claim 10, wherein the left pull ratio and the right
pull ratio are greater than 1:1, such that the left pulley configuration limits a
distance of movement of a occupant in the vehicle occupant restraint harness to
less than a distanc_:e of slack in the left strap, and the right pulley configuration
limits the distance of movement of the occupant in the vehicle occupant restraint
harness to less than a distance of slack in the right strap.

14.  The restraint harness of claim 10, further comprising a crotch strap
connected to a bottom vehicle attachment point and connected to the multiple-
point release attachment.

15.  The restraint harness of claim 10, wherein the left lower fixed point and the
right lower fixed point are shoulder strap adjusters, and wherein the left upper
fixed point and the right upper fixed point are shoulder guides.

16.  The restraint harness of claim 15, wherein the shoulder strap adjusters are
attached to the multiple-point release attachment.

17.  The restraint harness of claim 15, wherein the shoulder guides are attached
to an upper vehicle attachment point.

18.  The restraint harness of claim 15, wherein the shoulder strap adjusters and
the shoulder guides include one of bars and rollers over which the left strap and
the right strap freely travel.

19. A pulley configuration for a vehicle occupant harness restraint system,
comprising:
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(a) a strap with a first end and a second end;

(b) an upper attachment point that attaches the first end of the strap to a
vehicle above an occupant's torso;

(e) a lower attachment point that attaches the second end of the strap to the
vehicle below the occupant's torso;

(d) an upper fixed pulley point; and

(e) a lower fixed pulley point,

wherein the strap is routed from the lower attachment point through the
upper fixed pulley point, through the lower fixed pulley point, through the upper
fixed pulley point, and to the upper attachment point.

20. A vehicle occupant restraint harness for restraining an occupant's torso in a
vehicle, comprising;

(a) an upper fixed pulley point;

(b) a lower fixed pulley point below the upper fixed pulley point;

(c) a strap routed from below the occupant's torso around the upper fixed
pulley point, around the lower fixed pulley point, and to above the occupant's
torso.

21.  The restraint harness of claim 20, wherein the strap has a first end and a
second end, wherein the first end is attached to the vehicle below the occupant's
torso and below the lower fixed pulley point, and the second end is attached to the
vehicle above the occupant's torso and above the upper fixed pulley point,

23



U& ()- Y. @0% U& ()-+10% U& ()- )10% U& ()- <cbC :10% USz10% & () -

y10% & ()-9%40% & ()- 10 U 10 U 10 U 910% U& ()-7910% U& ()-CdbC_: 10%
USz10% & ()- 910% & ()-10% & ()- M10% & ()-10% & ()- M 10% & 0)2 SEP 2002
Nor mal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font &I1;T"(-2:8r>D4l OTX-"chnt' zX

"+N2X: BJRZ8al h! pxpZ[\]~_" abcdefghijgX "X O7!"$% )+, ./0234,6 8:;

; <>@\r C\ ECHI KLyNt PRI SEUVWY] T\ / ~) * . abHAKT Pgi j knopg-t . vwxz| 5} ~&kI mmopqr st uvwx
yz{| } ~6Ti mes Newahdwheftinah&otrap év rodited froftothie first end drotindchempper fixed
I"#B9& ()*+,-./0123456789: ;

<=>7 @BCDEF G B MNCRBRA WA e cARARS S8Thd, haRORMY Stcdniperat | 1 -
22.  The restraint harness of claim 20, wherein the upper fixed pulley point is a
shoulder guide and the lower fixed pulley point is a strap adjuster.
23.  The restraint harness of claim 22, wherein the shoulder guide and the strap

adjuster include one of a bar and a roller over which the strap freely travels.
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