222 3543 -1- C442/S Title: Rol I'i ng Bodi es Fi gl dof invention This
invention relates to linear guides and is concerned with the contTolléd
rokling of rolling elements |ocated in a guide, and with a |l ongitudi nal

gui dance system having rolling bodies and a rolling body guide mt Q@@ 3<%
thereto. Background to the invention Rolling bodies (e.g. roller slide

t abl es) and the associ ated gui des on- which, they run are used for the | ow
frictiomperformance of novenment sequences, for which a specificelinear or

| ongi tudi nal gui de systemtype- has been desi gned. Numerous Ionmd44§/§ﬂ

gui de systens with rollers, balls and other rolling bodies are known. Wat

I s al ways sought is a very lowfriction relative novenent between two

bodi es, e.g. a guide or track and an el enent novabl e thereon, i.e. the
rolling body. Nowadays such ] angi tudj .1‘§uides are a function of the
conponent s of cererticnal—B—Peartigs= wher eof nunerous different
constructions exist. It is comon to all of themthat the balls are
arranged in a row, which are placed in alignnment in a ball race or cage. An
exanple is provided by US Patent 2 952 145, in which two rows of balls are
so arranged wit Fiedgheaft invemuiamot her that they roll on one another. The
object is to mnimze sliding friction, but this only occurs in the

i ndi cated construction if the -2- force pattern through the | oading
passes preci sel ¥ i RYIEAEIPHAGLIRRT Lo Hhmsasr Juides [apdyilfy copge fned

critical with the controlled rolling of rolling elements located in
a guide, and with a longitudinal guidance system having

F/ : rolling bodies and a rolling body guide matched thereto.

Background to the invention

Rolliné bodies (e.g. roller slide tables) and the
associated guides on which they run are used for the low
friction performance of movement sequences, for which a
- specific linear or longitudinal guide system type has been
aesigned. Numerous longitudinal guide systems with
rollers, balls and other rolling bodies are known. What
is always sought is a very low-friction relative movement
between two bodies, e.g. a guide or track and an element
A S movable thereon, i.e. the rolling body. Nowadays such
longitudinal guides are a function of the components of
conventional ball bearings, whereof numerous different
constructions exist. It is common to all of them that the
balls are arranged in a row, which are placed in alignment
in a ball race or cage. An example is provided by US
Patent 2 952 145, in which two rows of balls are so
arranged with respect to one another that they roll on one
another. The object is to minimize sliding friction, but
this only occurs in the indicated construction if the



and cannot be maintained in operation, because the two parts displ aceabl e
~relative to one another and nounted on balls undergo relative turning and
4 even the slightest rotation neans that the apparatus is not operating in
~an opti mum manner. Thus, there is no real operating case |leading to the

obj ect of the aforenentioned publi shedz s-peci fication because, as stated,
this construction cannot absorb a "sloping" force application wthout a
consi der abl €aricee pat ttdvm hmbiugh fhhecthaandin@hwa,sscéesmrteeutsh&ys;tmughg
the sol utiond\gaGa! IR OF Gt C I 1R aliind ae! R cBliRgLE 1PO NT for

each pair of ba to the necessary manufacturing precl sion, these

rol | i ng bodid@§ \Gammath dey madntadnadciin aperatdomay becaugendhsl [tWoexpensi ve,
Do used. obrgy |t Lﬁﬂﬁtﬁ?@?ﬁ“’gﬁ B“E’é“&‘“%“?t R o nd
us
not for pﬂeﬁéﬂgﬁf%% "'d‘?g y @mei@ﬁ@é fprise a
gui de r ai I a-mtatt\&@rasmrﬁ aﬂaag:umlm Hp@xalratu\shli@h nate dp&tr@.ltd&@ndﬁt a@ by
neans of a Ennlrr %rﬂnaergw dﬁ.‘o%l rréhaeq‘eé (irol | ng HOQ%L %g cges\egw de
n-t th Eall a

bl ock npves e rai I's revolve I'n~close ces via a
return chandeadingudie uauq thteam @f dhenaforemeationedc puldlighedi t abl e for.

| arge displ %g:%{@.@ﬁ:ﬂ%:ﬁ%é&%s%oera%t %‘Ea‘t’édanléhﬂgs 'cth‘Egu'é‘E‘i’%\&ercanﬁB‘Eh

circulating races are al so subject t.o prob in the case of
rolling el eRPFOTR:AL 1 1OR NG’ aﬁ%fqee@@nlrhsa&tlgnow1§hpate|aenents mist be
gvlo: ded, whicohsiidedabde aie@ riesphedisld dinghfriationst . Tﬁurs,e?agaphee the
al | s nust resse cons t. pressure | t he _quide_cont act
surfaces ofgsﬁp Mﬁﬂé1‘¥h|? e éUQ oﬁ ?@ Qﬂﬁ %ﬁéfetggﬁhﬂﬁagéBBUt a

stick-slip- ﬁﬁeélmlted to a 31ng1e point for each pair of balls. [

Due to the necessary manufacturing precision, these
rolling bodies with the always associated race-way are
generally ékpensive, and for most applications specially
édapted.typés or constructions have to be used. However,
this means that they can only be used in one field and not
for muitiple_purposes. '
Roll guidance systems exist which comprise a guide rail
~and two associated guide blocks, which are interconnected
by means of a web to form a guide carriage (rolling boéy).
When the guide block moves on the rails, the balls revolve - -
in closed ball races via a return channel. Such ball bd
rotation elements are particularly suitable for large
~ displacements and can be operated in any position.
However, sﬁch-circulating ball races are also subject to
_problems, and in the case of rolling element return guides '
any feed impacts of said elements must be avoided, which
involves a corresponding technical cost. For example, the
balls must be pressed with a constant pressure against the
guide contact surfaces of the rail. This is also



R ’ * :

di splaceability. In addition, it is genETaIIy~neceshar& t g+ use

“F s

profil e-ground raceways. Although these solutions are robust and proVén,
théy are conplicated and expensive. For the |owest possible friction, guide
rails exist with single-row flat ball cages and the rolling elements are in
t wo- poi nt contact with the raceways. These |inear guides adapt in optinmm
manner to the |oading direction and are .ng —sensitive to angle errors in
the trahsverse direction. They are not suitable for passing round curves.
Preference is given to the use of needle rollers, cylinder rollers, etc.

wi t h which | oos I . Jossihle dn flat i.des.__In
general, ball rglle?%% Y bé’ﬁr '%graeﬁgst%ar%?lg{&gb%&t % 5%’3%%5% el(?s-% &&
| oadi ngs. Rol | ddisipd ameabdldiittabl e Inoraddddditonad]idstiisn gemewaldyt fneceaslary

gui des are robugl, ad HHdeiqW unPdadeilafs Y %fl%_%%ug@i' leh@4eded 138 ons
preci se (clearance-free). A problemof the present invéntion is to provide

a | ongit udi nal" @¥ied &iebasdp ARdaRrevied ey Bd19 iaaprdd@ptedi @@dand a rol ling
body gui dabl e t bgpeinaiveli ch has a | ow overall frictional resistance in
such a way that the proportion of the rolling resistance preponderates in .
all conventional |oading cases and the frictional resistance of the rolling
body is always Fept the dowesitmpaosslibladdirtiickion,hgudder alalillsorgiittdiwidh
gui dance syste b TBHE i AR0%31A! USS 32 ther hgg pr. rtiQn .qQf,
pl astics, w t.th{I“?"r]fSa}i r i%’ng ltaﬁ:e%?ﬁqr g:(?ttg%rsl ?t% cs\ﬁr e)ci]’t?irir e gofeg%%r?téﬁlt%u&:_}r?alm
gui dance syst entwoFpod nusontast with the gadewayist.udlhesegdiiagace sgydesm
which has a S"Bﬂ%bkcﬁhfbﬁ%imum manner to the loading direction and are
e not sensitive to angle errors in the transverse direction.

They are not suitable for passing round curves.

Preference is given to the use of needle rollers, cylinder

rollers, etc. with which loose bearings are also possible

in flat cage guides.

In general, ball rails for ball guides are used for higher
speeds and loadings. Roll rails are suitable for exact
adjusting movements. Ball guides are robust and roll
guides, particularly cross roll guides are precise
(clearance-free).

~ A problem of the present invention is to provide a

- : : longitudinal guidance apparatus having a folling body

. guide and a rolling body guidable therein, which has a low
overall frictional resistance in such a way that the
proportion of the rolling resistance preponderates in all
conventional loading cases and the frictional resistance

 of the rolling body is always kept at a minimum. In
addition, the'overall longitudinal guidance system must
make it possible to use a very high proportion of
plastics, without impairing the characteristics required
of longitudinal guidance systems. This must lead to a



di spl aceability, mnimumfrictional re5|stance, uhrestrlctedly Iong

di spl acement paths and this must be the case wi'th'1 ow ‘producti o' costs
using materials, e.g. plastics which are favourable fromthe cost and.
processi ng standp0|nt and which also permts a nore uni versal use than is
the case with conventional |ongitudinal guidance systems. Summary of

I nvention According to the present invention there is provided a -

| ongi tudi nal gui dance appar at us haV|nd & rolling body guide and a rolhpmg
body gui dabl e ther ich in the rol y ar arm d rolling

el enent s and°§ﬁﬁﬁ8§ﬁ“?&c§§ c@o&ﬁﬁFﬁE'lﬁ 18§d$ﬁ§ Po? &P S%H%irggﬁﬁm)body
gui de belngdasgmadeabhanmgu winimuai If riettienalf gesietandeng the rolling

el enents, wherein th [ b t' e n n ) i ng body
cage in MhIBHrFﬁFééCESF&' &%gﬂe%g% g%%FgegF gﬁQh% %ndrgggssg§gFL§Egu de
channel contaenicagef e thadlowr @iricdug tdloanees ts malllngnMsrrmltSh 1oldl«i ng

el ement raiLs uRiied %‘ic‘i‘ﬂl-”a‘f"él |f¥.v%9r§'br1@n%@mt Rae rc'&%tcg@lae?r'd&sls'ﬂ@s from

t he bearing polnt of l'ing element on.its rail to a contact point

bet ween tmostépﬂpﬁgnéléﬁénﬁ§lpbrﬁ#§ﬁ FBrHdEsafgmeres N3 iyers@dsi?Ssne support
. face is proghdad iisn tBACIkasRCHIEN ‘onfRntabhnialy 10hgTend inade guddamaeh
rolling elenent in such a way that a line perpendicular to this support
face is al s8Y856%Bantial |y perpendicul ar to the connecting line fromthe
bearing point of the rolling element on its rail to the contact or rolling

poi nt betmeggmhggyrgkl&Bge%kgggnts As stated, a |ongitudinal guidance
system conptt+ses =0 _

According to the present invention there is provided a o/
longitudinal guidance apparatus having a rolling body

guide and a rolling body guidable therein, in which in the
rolling body are arranged rolling elements and support

faces for coupling in 1oading forces, the rolling body

guide being a guide channel with rail members for

receiving the rolling elements, wherein the rolling body

has at least one 1ntegrated rolling body cage in which

three rolling elements are arranged in recesses the guide
channel containing for each rolling element a rail member

with rolling element rails which are mutually so arranged

that the connect1ng lines from the bearing point of a

rolling element on its’ ra11 to a contact point between two J;)_
rolling elements form an obtuse angle, and at least one . ~
support face is provided in each recess in the rolling

element cage for.each rolling element in such a way that a
line perpendlcular to this support face is also

.substantlally perpendicular to the connecting line from

the bearing point of the rolling element on its rail to

the contact or rolling point betweén two rolling

elements.

As stated, a longitudinal ghidance system comprises a



rgl'ling body and its rolling body .guide. The rolling, body:canprises parts
mjved rel ative to one another, nmuch as in the system consisting of a notor
c?r and a road, in which the car (seen fromthe engine) conprises a seat
hqusi ng and rolling wheels. The problemis therefore also‘to cope with the
rglati ve novenents within the rolling body. In the same way as the wei ght
off the seat housing in the car is supported on the axles with the wheels

(rollgng el enents) arranged thereon, the e.g. ball cage of a rolling body -
myst be support t | | B ng | i bra

agtion to the gﬁgig&em%& %de}; ioérélde%%n 1S na%e%b%%leéf'degﬁa{%{i C]??sdy
pdssi bl e to supmAmPRiReHRArEhGROW tIRL VTS §h AR RIPEABL « HEHCh 3§ elR s
a |mni mum sl i di Rehd rdFdt ), cod it of 4 oot adad rdnd iDnAdad £sistviieh

will I be limted to r0'Ii£§%fri€tio ,. Which, is known to be the |qwest.
rgsistarce. It ISP TR P e i IRF L TIIRA 1595 13 RFAY ic}b?'f%’nnq han
sljiding fri C]'E i orandlheol himd rwlodelosn. cdlipd i prpb bepet e rtherdfiomesakso gto acope
conpressi ve force), by ,mean f. ' i 10 [ ot her,
i.e. fromone bd’&f‘q th%er%[%}-x%%&%ﬁ%f%@#&gﬁ gécl@éan{&;lg%%‘ﬁr@% ‘the
rel ative novenent between the bodies is close to or is zero. In the case of
bal 1 The of rount ot ot a1 e P B B Ty e | 10
] s only zero or close reto a .
rotational poIeFQPe%st?HPékﬁﬁﬁdcﬁPf?ﬁ%n%%ﬁ?§1Y*ﬁ?r ?iéhf%&ﬁs{%&ii}ﬁ%, and
in tBe : nnﬁdijatﬁlléxﬁéﬁéy_&hﬂr@éd tioywaen, the tdgy cdsel bfcagdadf ,awhi ch
can be | ooked upo an_isotropi o) | I 1.4 | b ere,
or nore correct Iﬁlon]i]ﬂf%q?%‘fx rﬁ"f% ﬁ%%b%p%é%%%#é)i%%g&ﬁﬁe%#% é’ew%q\%bl em

al sowexi sts of in order to bring the force action to the guideway.

The invention is based on the idea that if it is possible |
to support the ball cage on the balls in such a way that
there is a minimum sliding friction, then most of the
total frictional resistance will be limited to rolling
friction, which is known to be the lowest resistance. It
is much easier to technically control rolling friction

than sliding friction.

The low-friction coupling together_of forces (e.g. a
compressive force) by means of two bodies moving relative
to one another, i.e. from one body to the other, takes
place most advantageously if the relative movement between

,
\(
.,

the bodies is close to or is zero. 1In the case of rolling
bodies this constitutes a prbblem. Thus, in the case of
one rolling ball the circumferential speed is only zero or
élose thereto at the rotational pole, i.e. the position
from which the rolling axis extends, and in the immediate
vicinity thereof. However, in the case of a ball, which
can be looked upon as an isotropic body, this rolling axis
can be anywhere, or more correctly in an infinite number
of positions. Therefore the problem also exists of




-6- controlling the rolling elenments in such aima& that .their rolling axes

during rolling are located in space, in such & 'way that ‘the ball '‘cage can

be supported in the closer region of the rotational pole, i.e. a rotation
i nvariant zone on a rolling ball, and is also in fact supported there in
different |loading situations. As a result of a specific arrangenent of the

rolling elements in a cage, and during rolling also a relationship to a
gui de channel with ball rails, on whith the rolling el ements can rol |y

At hougn {IOEREIEae LMLy ELATRAL "1l a8 4 VRE PR eREL R 20°S

posi ti onal Inoldeifigeakém hdwr ng , ro ki pg cd ee r bocabed dimespacakedn usechf balls

as rolling gl | ' [ t ' ted b 3 e shown
That when (oIl (Rt the afh 340 S Dhe EpESOM B eAl dlosel

st ochast i c 5RO PH Eihcrokalrioral | _
period. Appon¥ ich & tieodlhepksashpvandiais tabsd rist fade cogbppoeteant [err] for

a pure rolling frjct (hard) is 0.001, and for

on of steel (hard), on sjeel
sliding fritd§%h % é&{kﬁ‘?ﬂFs} 1ng $LYUARINAS The approxi mately

equally divided up mxed friction thereof between the sane hard materials

Is 0.01 to 0.015, i.e. it is alnost precisely hal fway between.

Constructionally every effort

with the aforementioned advantages.. Although the
geometrically symmetrical ball shape has the least .
positionally defined behaviour, the preferted embodiment

makes use of balls as rolling elements. 1In the'discussioq

of the embodiment it will be shown that when using the
proposed techniéal teaching there is a uniform stochastic
wear on a sphérical roiling element over a longer
operating period. '

Appropriate text books show that the friction coefficient
M for a pure rolling friction of steel (hard) on steel
(hard) is 0.001, and for sliding friction of steel on
steel is 0.1 to 0.15. The approximately équally divided
up mixed friction thereof between the same hard materials

. is 0.01 to 0.015, i.e. it is almost precisely halfway

between. Constructionally every effort is made to obtain
pure Eolling friction, which naturally leads to
corresponding constréints. A high rolling friction
proportion is obtained in a roller or needle bearing and
with reservatins also in a ball bearing and in linear
guides, in which only a cylindrical rolling element
provides the force between the two partners moving

PRIt cheft BVERtAEIQmgtBvaptast i ng

is made to obtain pure rolling friction,
whi ch nat udd |13y tesulkt tef corspepibhit ar vorgemenhief theaixgllindging friction

proportion diendHtd Nad 4 Nesyd Oldfd MriPHELPERY kg Maide{Sseh gt i ns

also in a ball bearjng_and 1n |jnear guides, in which only a cyljndrical
rol ling el &feft %ﬂ%ﬁﬁ(ﬁﬁ?qqﬁ;fwﬁ{h;hﬁk %?an%qukﬁhrﬁﬁé e _

elements can roll, there is provided a longitudinal system



-7- relative to one another. However, ‘it nust be Borde ininind that. the
rolling friction can.e.g. exceed a:'system inmmnent sliding friction from

t he resi stance standpoint. A |ongitudinal gui dance system according to the
i nventi on makes us of the advantages of a ball as a-rolling elenment, whil st
still controlling the other, less desired characteristics. Unlike in the
case of.~conventional | ongitudinal guidancersystens, in the system accordi ng
to the Wnvention a pretension or prestressing is not required, so that
there is al so norebative tetonebanothercl chowever, Uit estst chedbyrieonin

di spl acenent pat ' aj. . and f ]t rse _
directions and ﬁgﬁ%éﬁghggogﬁéakﬁfgigg %%gégﬁi%r%§§1?hégu%ﬁg%¥§a§ ?¥EEeThe
basi ¢ charact er i bumagent al wdysg nfir ichiomdfromn prof répistancadstandpeist ar e
required and also no roller or ball circulation is needed, which occurs

where | arge stroke Iengt&a,ar needed. Balls which rgjl in a cage are ,
supported in the? | LeRSFtEdinal FRtdaRce Yt tenacFRLdRE R Hhe otV et iony
the cage with a nakés cascofif Enenddvantpges, of| a dbal fas cd | Dol Diwgir S1 éheni €,

and this significanily coniri . fhe, i ot Si pce, Jhus, it is
advant ageous for¥ iiﬁ%a§€1£%p€§$€§%%?+%€ %%gtﬁéh%§1|f%§%61%ﬁﬁﬁﬁl to only
cone into effectchhpaetehbsticsunf@nkike ainsphedcase tée denventsiomab or
close to zero, '1@:11%%&{1&1%9@59&@ s tafs I OLh | 0% Ded tdd %a@tﬁh@and

the rolling axis. ese are speed- 1nvariant points or Totation poles
whi ch, dependi ngtlfm 1REeRBLIPRNY BFEEERSHRR | OF CRFEHEr ¢RRE AL DRMhere on its
surface. Brief desgiipédpnsofthée €liéré NS also no need to set a bearing

i clearance. Unrestrictedly long displacement paths can be
obtained and forces from all transverse directions and
moments about all axes are absorbed in such a way that the
basic characteristics is always maintained. No profile-
ground.raceways are required and also no roller or ball

| circulation is needed, which occurs where large stroke
lengths are needed.

Balls which roll in a cage are supported in the latter
during the movement. If this occurs on one part of the
cage with a high circumferential speed, sliding friction
occurs there and this significantly contributes to the )
total resistance. Thus, it is advantageous for the cage
\fi support acting on the ball arrangement to only come into
effect where the circumferential speed of the ball is zero
or close to zero, i.e. at the two points on the rolling
ball from which extend the rolling axis. These are speed-
invariant points or rotation pdles which, depending on the
rolling of the ball, can be located anywhere on its

surface.

Brief description of the drawings




-8- An enbodi nent of the invention using balls“as:rolhlng elenents will now’
be described in detail with reference to the acconpanying, dramﬁngs in
which: Figure 1A is a front view of a rolling body according to 'the.
invention inserted in a guide channel; Figure 1B shows the rolling

el ement cage with two ball triplets in perspective, and in section through
a ball triplet as shown in Fig. 1A ,_Fggure 1C shows the rolling el enent
cage in cross- section in the vicinity of the ball centre of the tr|Mqﬁ

Figure 1D Aﬁh&ﬁ\ﬁoaﬂn@ﬁ’ﬁsafcihé{elﬁ‘v%ﬁﬁigﬁrt?gl ngQijsnés g%ﬁ{&ﬁe pfof'Te

in a guide channel mept , ral

plurality df %W?%ﬁ%dw+£leﬁﬁ %d¢g§°rlbe§ 1%c€%?ﬂ+%gw%%hF¥3fe{¢9°§e§ﬂ from

the side, ttige gaccdompanying deawingoveneshi¢he. only one hal f being
visible, so that in this way a "chain" of rolling bodies can be fornmed and

in turn constitutes a rolling body; Figure 2B shows a rolling body formed
fromtwo sgbigure|1%g bbeli @sfromt cetew cofeawohlime bady accer@ingnd a

connecting web; F'gure'@5:théhﬂMﬁeﬁ%IéﬁtiﬁﬁilégdEqﬁ éﬁ%ﬁaéésgﬁg++g 1 Pf

rolling bodies; Figure 3A represents t nemat1 cs e rolrrng body
abstracted fron1the ball; Figure 3B diagrammtically shows the

“bal anci ng'Fiapité®MB  shows the rolling element cage with two ball
triplets in perspective, and in section
through a ball triplet as shown in Fig. 1A;

Figure 1C shows the rolling element cage in cross- k)
section in the vicinity of the ball centre of
the triplet;

Figure 1D shows in perspective a preferred embodiment
of a race profile in a guide channel without

rolling element rails;

Figufe 2A shows a plurality of aligned rolling bodies



on the ball triplet in the rolling direction through the rolling friction
between two.balls rolling on one another and on a race; Figure 3C

di agrammat’i cal |y shows the preferred pattern of the rolling points between
the balls of a triplet and with respect to the race; Figure 4 shows the
division of the forces in the rolling body in the case of |oading from
above thriough the centre of the arrangenent (conprehen3|ve | oad); Figure 5A
shows t ¥ division of the forces |n the rol? |ng body |n the case of | oadi ng
from bel ow through the centre

- 5 .
shows two rolling el enents fo?’ Je’l‘-?f%‘?:a%i’p% a]’t‘}’ngseﬁﬂ’ rﬁr%t ts "ﬁ' the

accordance with the present |gmmﬁn|dhanﬁhxnbenng cowmed, tihee dionly omeof

the forces in the rolling bo %é%h Eﬁﬁ% Ly S through
the centre (side |oading); quyauil‘g g 951%1 a%\r}?‘sgl'{)(r?nof s %?rcags in
the rolling body in the case o¢h4m t¢hgrobling Peding gane tt%efq,féfrﬁdf e@nd

(rotary loading); and Figure $n tushoMEns¥ Qrbesli arers1 Mirid) vodi}0sed,

tubul ar rolling body guide, in which the rolling bodies are conbined in the
formof a chain. Detailed description As shown in Fig. 1A a rolling body 1
according to the Figuwreéi2B | sslmmvstaummiimgs bd’ciaybﬁmﬁmd:cfmnento isutsuch a
way Lhat Gt Ts supported 'n SPSIL{RY B e£Sld Gllrl bdde Sl dhe Hati S

three balls. This basic arrangene
' triplet and a connecting web:

?igure 2C shows a further variant of a plurality of

o . .
rolling bodies;
Figure 3A represents the kinematics of the rolling body
abstracted from the ball; '
Figure 3B diagrammatically shows the “balancing” action
. on the ball triplet in the rolling direction
through the rolling friction between two
balls rolling on one another and on a race;
Figure 3C diagrammatically shows the preferred pattern
- of the rolling points between the balls of a
ot triplet and with respect to the race;

Figure 4 shows the division of the forces in the
rolling body in the case of loading from
above through the centre of the arrangement
(comprehensive load): '

Figure 5A shows the division of the forces in the
rolling body in the case of loading from
below through the centre (tensile loading):



t

conprises three balls 3 whose centres, when. connect ed in each gase by t wo
bal |l radii, describe an equil ateral trlangle The bal ls* rolil. one upon the
ot her, whi ch permts an unrestricted stroke without having to follow.a ball .
circulation path. Each ball has four possible contact points for rolling.

Each ball can bear at two points on ball rails 6 of a nenber in the running
‘channel 4 and on two points with one gach on a partner ball, so that there
are nine instead of twelve possible contact points for three balls. IL.VMII

be shown herigjutad t3 t hetiows) td»icffxed.'BIlitnd oabmwsm tmrsgﬁedﬁfdx of these

contacting pornts are s t ou portin rolling
purposes. On the ball 4§ng é?ﬁ% é#] éﬁ& é) c%ﬁﬁﬁ%ﬂﬁe beari ng
poi nts have the sane sﬁdﬁtmgeﬁﬁmﬁmanEntxqpp0|nts W th respect to the two
partner balls. The balls are loose in a cage (Fig.|B), i.e. conbined or

arranged w thout prestressing. This cage is prefereably integrated into the
rol|ing bodigitnaich ur e stEferthe dighi 3 ken | ofadthey farsees ofn viieh sone will

be di scussed herei naft efo1 iy h&ld;ﬁ ﬁor@m NéPs € Y adadi A A cape val | s
at support faces 5, but always gee - |nvar|ant 0|nt so that the

sliding friction resultﬁ%ﬁ?fFQHHQQEa pRRRtES f beh oadifh i mum Fig 1B

shows the rolling elenent cage with (tmﬁce) t hree rolllng el emrent chanbers
7, in this case receivi bor n |ve for two pal |l trlplets and
in sectionﬁ%@b_—the %?P&Yﬁe? € ‘#11‘(1\% %% ARRE b triplet, as
shown in Fig. 1A The reprkEsentsedyoi ithe ataon of tveikicinl tloslialy an -
extent that it essenti r e o] b-1ike
aaliar?ogliga/% Otfrpc% é&@é (¥o %rf@%@'ﬁ EY:l3 _

menber with a fixing openi o anot .
. o/

Figure 8 shows an embodiment with a closed, tubular

rolling body guide, in which the rolling
bodies are combined in the form of a chain.

Detailed description

As shown in Fig. 1A, a rolling body 1 according to the
invention is constructed as the basic component in such a
way'that_it is supported in each movement position in
itself,i.e. on its three balls. This basic arrangement
comprises three balls 3 whbse’centres, when connected in
each case by two ball radii, describe an equilateral
triangle. The balls roll one upon the other, which ' -
'permits an unrestricted stroke without having to follow a

ball circulation path. Each ball has four possible

contact points for rolling. Each ball can bear at two
" points on ball rails 6 of a member in the running channel

4 and on two points with one each on a partnef ball, so

that there are nine instead of twelve possible contact

points for three ballé. It will be shown hereinafter that

'in different loading cases three to six of these
contacting points are simultaneously used for supporting
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rolling body part. The rolling body is:a sub-rolling body, and as will be
descri bed hereinafter a plurality of rolling bodi es can be conbined into
one: Fig.1C shows the rolling el ement cage in cross-section in the vicinity
of the ball centre of a ball triplet housed therein. It is here possible to
see details such as the inward deformati ons 10 of the chanber bores 7 at

t he out.side, which keep the balls 3 trapped in their bores. Depending on
the material used, e.g. in the case of - PCNﬂ(polyoxyhethylene) a plastics
material fromthe polﬁ Qetal roup whic characterized gh surface

har dness and go88dw&QtiiRg: B 8PF§F|cs°ntﬁ§eeP5§9|EP§} 6f°Fh§hﬁaF§WP8Fs
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cage is supportb@ldﬁ-th@hﬁoﬁaﬂﬂ@nacsnﬂpeseoﬁnthecaghlKHggb&BDs 3.eThe
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arranged in the formof ball rail g hann era
2. Fig. 1D showpPrefeyeadlycinteaxrasedr dntedtepseliéng bedy Pﬁﬁéﬁﬁyrﬁroflle

for a guide Cha@@@bnﬁﬂn@ @hldaerabbalﬁaecaebllaq WRE¥hCcaeflel Wikl JbelB
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of the rolling bheycageawaﬂdblatThappart fecker 5, butr adwaya aheabspgeedre

preferably prOVEgQQfWEPQWEBQBtCO%Ba%halagﬁé si?dkpgtF}QStﬁéh'§e§§EE§8§i”9

t he surface of at one can ow therr sai d
face correspondﬁﬁ@mtGhﬁhéupﬁ9fénﬁﬁﬁé6&slﬁo&§ a minimum.
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Fig 1B shows the rolling element cage with (twice) three
rolling element chambers 7, in this case receiving bores,
in perspective for two ball triplets and in section
through the channels in which can be housed a ball
triplet, as shown in Fig. 1lA. The represented
configuration is reduced to such an extent that it
essentially only represents one ball cage and a web-like
‘'member with a fixing opening 8 for fixing to another
rolling body part. The rolling body is a sub-rolling
body, and as will be described hereinafter a plurality of
rolling bodies can be combined into one.

Fig 1C shows the rolling element cage in cross-section in
the vicinity of the ball centre of a ball triplet housed
therein. It is here possible to see details such as the
inward deformations 10 of the chamber bores 7 at the
outside, which keep the balls 3 trapped in their bores.
Depending on the material used, e.g. in the case of POM
(polyoxymethylene), a plastics material from the
polyacetal group which is characterized by high surface
hardness and good wear characteristics, the elasticity of
the material ensures by means of such a deformation that



application. In the case of flat rail nmenbers the tol erance between the
balls, the housing and the actual rail nenbers can be greater. \Wen rai
menbers with a curved contact face are used, the tol erances nust be
“..smaller. Fig 2A is a side view of a linear arrangement of individual
rolling bodies 1,1', 1" etc., which in each case contain two ball

trriplets. Such arrangenents can be conbined in a random manner and/or. can
be randonly interconnected. For exampig,-with an elastic connection besh ween
the rolling body el enents, they can be conbined to forma rolling chain.
Wth such rtihéihgl]:haan bedfescedtbhrod:@hn{:yhboslgma&bmﬁntma]zhrhemﬁ&y have

one tripl et amahsﬁs%&tmeay EPrbcEiyyfi (BOEE, Cofy DEg ORIghNed. SO

that the ro 3% odz accor to t e Inventioh can also b
advant agemB‘P?s e fo seq ﬁheoﬁ%?lh@arimm%%t%oﬂ\ﬁé%hlgWMSt%ace in
all directig@gge 'i‘sSQ@,IG Sortéd ehaﬁseoi—oweiéﬂl éeﬂ?ﬂ@@réf the 841fenghannel

orof (16 | o BREH b e gartueEl EaRting PheodyBrafe el & fta rol fadt as o

profile is
hom1roIIingehcmbﬁsscanohg natﬂs;nwhhehfare1mtram¢eeltmmfhe fdww ol | ing

bodies 1,1 ne_ b b ple igidly r ted by means
of a web 111;%1?}%@3\1{_%83’ ﬁ%y%%r%ggéoﬁﬁtge%odyg# o?&gé%ug\l/)ﬁgﬂ ongi t udi nal
gui de. The fixing nmeans 8,8 can, if desired, be constructed as a pivot

beari ng wi tiy §i nfpi gndips mrﬁerapéétwanal mﬁe&%&ﬁa{myomversa' ly

t he descri bed r0|||£80€ g gan ig urt her poss 1ty of universa
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rolling rolling body cage in Fig. 1B matches this. It is possible

' to see three inclined beds for rails with slots 6' for

receiving in each case two ball rails 6, on which the
balls 3 of the rolling body 1 can roll. The rail members
inserted in the beds are preferably provided with flat
contact faces, so that the balls contacting the surface of
the rail members at one point can follow their path on
said f§ce corresponding to the instahtaneous load
application. In the case of flat rail members the
tolerance between the balls, the housing and the actual
rail members can be greater. When rail members with a
curved contact face are'used, the tolerances must be
smaller. |

Fig.2A is a side view of a linear arrangement of
individual rolling bodies 1,1', 1" etc., which in each
case contain two ball trriplets. Such arrangements can be
combinea in a random manner and/or'cah be randomly
interconnected. For example, with an elastic connection
between the rolling body elements, they can be combined to
form a rolling chain. With such rolling chain bodies with
rolling body elemenﬁs which only have one ﬁriplet, guides
with relatively small curve radii can be obtained, so that
the rolling body according to the invention can also be



body 1,1',1" has on its rolllng elenent cage a QU|de | i nkage 12 with a
downwardl y directed pin 8 and at the top on said cage a bush 8, in such a
way~that the pin can be inserted in the bush of a follow ng cage and in
this way fornms a chain. Fig. 3A shows a representation of a bal

abstraction for discussing the kinematic conditions of such a rolling body.
Three driving or driven groups. AA, BB and CC conprise in each case one
shaft a*‘b and ¢ on which are arranged i n <eath <ase two gear wheel's, which
are in engagenent with one another or with the exterior at engagement

points [err] Poi mdvintadecusiy ruged timrr:hﬁiimt@rwfeycilmvgeia‘.r whtiedl scdnveying

one group to the qt{ieds ég)lﬂ{ Saﬂr itfé%ﬂ:iédsorlrp %f-reou(f“ h ng

body to the outside on t gui de ral | nbers. this case 'S
group and BB, CC a%'rae”drq‘%’@?‘Frgsr'OLﬁS%e 9H'iid’53 c&iqr@%@mﬁ%%& e MAHaactlyom
the use of rotati arsed révys,ball b1y r@&tulaﬂﬂlaﬂyf eH ipmdta Ao Ehemis

by vectors at right g t he, pap ne (a dot in a ring indicating
an upwards directitif #ﬂf thﬁ 4) é§§4) i ndi cating a dowhwar ds
direction). Thus at points [err] the rotational direction is into the

paper plane, and gy %{% o @qﬂbé{& & r&‘%ﬂ{ Sd ¥d ]'how&ocifhtnge t%% ls can

plane, so that the r ae & whol into the ane or,

in other words, wRg dges Ilfbrﬂ‘tﬁ &@mm\mv@:qhﬁw i t§‘W%W Hodies
vertical guide standingsh WGP wlqnecrilﬁlec@raﬂée 1SRRI S3itlet ddiidledtd

26 5 gear vl ch th#‘q?&“%rpeé‘?ai‘%”ﬁ iy i A g, o Ling bodl
v ~ for a curving longitudinal guide. The fixing means 8,8'
can, if desired, be constructed as a pivot bearing with
pins in the bore. This exampie shows how extremely
universally the described rolling body can be used.

A further possibility of universal usability is shown by
the 1ininglup of rollingbodies in Fig. 2C. Each rolling
body 1,1',1" has on its rolling element cage a guide
linkage 12 with a downwardly directed pin 8' and at the
top on said cage a bush 8, in such a way that the pin can
be inserted in the bush of a following cage and in this
way forms a chain. _ ) .
) Fig. 3A show5'a'representation of a ball abstraction for
g?; discussing the kinematic conditions of such a rolling
| body. Three driving or driven groups AA, BB and CC
comprise in each case one shaft a, b and ¢ on which are
arranged in each case two gear wheels, which are in
engagement with one another or with the exterior at
engagement points¢4f,r. Pointsﬁq%,ﬂ are transition points
of the gear wheels from one group to the other and points
d;474)x:ﬁ:ﬁ are transition points from the rolling body to
the outside on the guide rail members. 1In this case AA is
a driving group and BB, CC are driven groups. Thus, a is
the driven axle. Apart from the use of rotation arrows,




On wi t hdrawi ng t he abstraction again, in which the individual gear whéeels

represented discs cut out of the ball, and form ng the same into balls
~again, 'it can be seen that the three balls, in the case of isotropic force
~engagenent rolling on one another, are able to roll along a path w thout

sliding on one another or on one of the three rail menbers with the two
ball rails.
rolling friction occurs, which has-a‘ﬂészaining action in opposition t¢

t he rol

l'ing

3B shows ho
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P&ggeqrrangenent of the ball rails with respect to the triplet
y 1n such a way that the spacing [err] of the rails of a rai

menber is the same a the spacing [err] of the contact points w th respect

. to

It can be seen clearly that the three wheel pairs with the \J/
engagement points «£,4,% behave in ﬁhe same way as a gear
which, rolling on itself, is able to roll along a path.

On withdrawing the abstraction again, in which the
individual gear wheels represented discs cut out of the
ball, and forming the same into balls again; it can be
seen that the three balls, in the case of isotropic force
engagement rolling on one another, are able to roll along
a path without sliding on one another or on one of the
three rail members with the two ball rails. The balls axe
mutually support each other only at one.point, where _
rolling friction occurs, which has a restraining actioﬂ in
opposition to the rolling direction, as in the.Case of '\t
rolling friction on the rails. ~
Fig 3B shows how an approximate balance is maintained with
fespect to the rolling friction of two balls 3 rolling on
one another and moving forwards in a guide. Thus, if it
is not systematically destabilized, the ball triplet is
also not supported in an uncontrolled manner on the cage
walls and does not produce there a sliding'frictioh in
uncontrolléd manner. . This would be the case with
permanentiy supporting on a ball zone at higher



the two partner balls. The rolling points [err] are at the location of the
ball rail 6 i.ndicated.in the bottompart of the drawing. Wth the indicated
trﬁangular arrangenent the rolling radii of all three balls are always the
sane. This leads to an identical circunferential speed of all the rolling
balls, so that the force application alwa is passes through the rolling axis
and is therefore dlstrlbuted over . the rait® Th the ball channel in such a

way t hat~t he baI 'gf does, npt hav w@gsorb orces d| S]EI aci ng the
triplet. Thus, ekential sspee rPyrRtay Se of

non-use, i.e. oelfﬁecl\as oéfth‘mgutypephxmrmi cound baddwer arieti oosel y nount ed
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-16- rails). Télbdindefrhoeions, | ax attesviorby oéghemimdnteent res of the ball s,
so that the latter are not exposed to greater friction than through the

size of the spherical sufaces which formif the balls can be pressed into
the cage wal | s.Fithe3@ almocdgmvsmstagmbes@aag'ﬂ'gmmbmqﬂpmtanﬂ drage ani pl et
body, the ball fagre, sDeSre t Sy SalpS @fgﬂ hehZ 65, G%H.Slﬁ 3% S
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a the spacingA -/3of the contact points with respect to
the two partnef balls. The rolling points o£ are at the
location of the ball rail 6 indicated in the bottom part
of the drawing. With the indicated triangular arrahgement
the rolling radii of all three balls are always the same.
This leads to an identical circumferential speed of all
the rolling balls, so that the force applicatibn always
passes through the rolling axis and is therefore
distributed over the rails in the ball channel in such a
way that the ball éage-does not have to absorb forces
displacing the triplet. Thus, as stated, it is a rolling
ball triplet.

A
In the case of non-use, i.e. outside of the guide channel,
the balls are loosely mounted in a cage and are only
secured against dropping out. The cage can be made from
metal or plastics, the hardness of the material used being
significant, because in the case of a loading of the balls
it must also participate in this loading. The force
coupled by the cage into the rotational centre is always
transferred via two balls to the rﬁnnihg channel having
for each ball a rail with two bearing points (on the ball



cavity). Wth reference to Figs. 4 to 7-and.based on Figs.|A and 1C, - - '
~certain | oading cases of the discussed rolling body in the guide channel
~will he investigated. For the resolution of the forces, use is made pf a
vector representation, whose sumvector is indicated as a thi ck arrow and
whose partial vectors are shown as thin arrows. The force represented as a
vector is directed in resolved formonto the points in the rolling body at
which they act. Fig. 4 shows the |oading to a rolling body fron1above@) . e.
LL S prezfed into the roIIing.body‘ghﬁdé with the guide rails, and si'X of
e possible nine contact points pafrticipate, |n this load]jng case a |ower
bal 10 1 5 prabbel: agBiase Phe caub st | [pERbea cob okse 1 Rel denfrce T, ' s
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With reference to Figs. 4 to 7 and based on Figs.lA and
1C, certain loading cases of the-discusséd rolling body in
the guide channel will be investigated. For the
resolution of the forces.iuse is made of a vector
representation, whose sum vector is indicated as a thick
arrow and whose partial vectors are shown as thin arrows.
The force'representéd as a vector is directed in resolved
form onto the points in the rolling body at which they
act. .

Fig. 4 shows the loading to a rolling body from above,
i.e. it is pressed into the rolling body guide with the _
guide rails, and six of the possible nine contact points ?\vﬂ
participate. In this ldading case a lower ball Q is
preséed against the two ball rails 6 of the rail member.
It is simultaneously supported on two other balls S and R
-and attempts to force them apart. These two balls are
consequently pressed aginst the ball rails of their rail
members, so that the triplet is fixed between the rail
members and the_balls; Depending on the loading case, the
balls are supported on only one or both rails (indicated
respectively by a thicker dot). The rolling axis W of
ball O is horizontal (at right angles to the running



It can easily be seen that. the roIIing radii to the ball/ball and ball/rail
nenber contact points are the sane for all three balls. It is also

possi bl e to see how the forces are symetrically subdivi ded over these
appli'cation points. A symmetrical structure.like the triplet is capable of
subdividing all possible external force applications such that there is

al ways a*favourable ratio of high rollisg#riction to low sliding friction
for.theseveral|l frictional resistance.. The position-of the rolling axis and
the magni tude dfiddution), rhd athe rOMHAYRy raﬁmai W tdfe ﬂwm:mi tdt(hleg-hbaa.as

stated, the bal S bot I|S

force appl I cat |Aon rgf{ke%% #S‘D‘i c} cﬁa\%}?%g:%r a Ot y ou F?Q gwogtsa
channel, such &9 % therstourand raze rnmqarmiﬂiémim @@eremnd-iatetrhrlee of the
nine possible aarg;tl]eoo' e Fb%rgté C'vﬁﬁ Gn e té&%eb%f' %o%-ﬁ'&qcﬁn@r ‘is

supported on thel rails and si nul t.aneousl y. relieve this

force applicat |Rﬂ?1qii$§‘qdatqeéraqi§’% tipaselyy ;FPusd tthe rt(’y’ilﬁlﬁé'r b nﬁ’é'(ge,
nor by one of tdig:pwﬂémrorbadﬂés,poﬁnﬁtsrcﬂ |l iﬂheurtimad@itelmmratw them

The rolling bod .S S rted, on e t otati r. ant points D
of the now faCI‘%lfdltr% &é%@iﬁ S%sa _ §~ 3:# i§iefh%°1t\?8‘
rolling axes V\/Iatre:q)r ss:i]qayby: gt chate tmwtﬂmeilzr@ riaidiuhe:ol &he ng case
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o 18, & ool 1ol 1800 S gy e 6105, LR g
case only a verfprsidly tﬁiﬁ% bfarli]ﬁ-i oftcd® P se posedile o see how i'jhleoaded

ball Qis |ocatm s tdie taynmadinten 182l dubdivided vl ath e applidativh
not L/ the operatl %.case svgrhmei\nr etr.:tlhc%.rle sltsruaq;urm\/%.lq(e the triplet is
. capable of subdividing all possible external force
applications such that there is always a favourable ratio
of high rolling friction to low sliding friction for the
overall frictional resistance. The position of the
rolling axis and ‘the magnitude of the rolling radii always
remain the same although, as stated, the balls can be
supported on one or both rails. '

Fig. 5A shows a force application attempting to draw the
rolling body out of its guide channel, such as e.g.

occurs in a purely suspended operation, three of the nine
possible contact points partiéipating. The two balls R
and S are supported on their ball rails 6 and _
simultaneously relieve ball Q. In this force application,
the latter is neither loaded by the rolling body cage, nor
by one of the partner balls, and rolls in unloaded manner
with them.. The rolling body cage is supported on the two
rotation-invariant points D of the now facing rotational
centres of the two balls R . and S. The two rolling axes W
are precisley at 60° to one another, as in the loading
case of Fig. 4. The rolling radii are identical, so that
the two loaded balls have the same circumferential speed,



-~ pull) and rolls on the sane without participating ih the fqrqefaction. On
the basis of the special |oading cage shown in Fig,:5A%t .iis possible to
construct an arrangenment (not in accordance with the invention) with only
two balls and which can be used for an overhead conveyor, and once again
three of the possible nine contact points participate. However, this is a
speci al case for an operating form _iRgwhich purely tensile |oads occur at
right angles to the guide channel . Thi's arrangenent is shown if F'g'liB
The recess gh@vhtled iR Ehds5Aokak ngakhs® bﬁ_lgrfh_t RISQK Wart In*ﬂ?%éa" menber
provi ded fo% sajd ball m%;h t he ng balk rail.s in the ro |n% ody gui de.
The rol ling 568%188g8aﬂo hE8B8ST5% ol FPRgthédd rpartondetchaldf Qaleri pl et
and rolls ihoaateddanctheﬁthotbartneepbhl&gn&&ﬂadsuEgéngédobﬁﬁbﬁﬁﬂon
conveyor, f X I I 0. e K can,be conbined in
eithe¥ e|as?§ég|?ggf?Sx?E?eg§?9§FfBgquFSdWHSﬁﬁe%?eas 8 PBcBRKBRBed for
the rollingPBbddy apfiprellsTha tbecsameswitthouk padeicipading ¢ortkeponds to
that discussgdebNakt@orA and need not be discussed again here. Fig 6. shows

a loading case in which the guide 2 is pressed laterally on the rolling
. body 1 or the latter is pressed to the |eft against the guide, six of the

nder the agh o bh BepiELuouL Toreas. bor rRe e Ao e e e
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clarity and for a better understanding the ~
three of the possible nine contact points participate. o
However, this is a special case for an operating form, in
which purely tensile loads occur at_right.angles to the
guide channel. This arrangement is shown if Fig. 5B. The
reéess_provided in Fig.5A for ball Q is omitted, as is the
rail member provided for said ball with the two ball rails
in the rolling body guide. The rolling body cage now
houses a rolling body pair instead of a triplet and rolls
in accordance with the inventive method. For an overhead
conveyor, for example, chains can be formed, which can be
combined in either elastically flexible or articulated‘
manner, as is recommended for the rolling body triplet.
The force resolution under loading corresponds to that

<

discussed in Fig.5A and need not be discussed'again here.

Fig 6. shows a loading case in which the guide 2 is
pressed latefally on ‘the rolling body 1 or the latter is
pressed to the left against the guide, six of the possible
contact points participating. This loading case occurs
for example under the action of centrifugal forces, but
the centre of gravity of the rolling bddy must be in the
guide channel. However this loading cése is discussed in
order to show that the actually oécuring mixed forms of
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rolling body cage is w dened by an angle on which the force is directed in
such a-way that it acts precisely on the triplet- centre. The rails of bal
S ﬁress the | atter. agai nst the two balls R and Q which, as in the two
previ ous cases, are in each case pressed agai nst the baII rail 6 of the
particul ar ra|I menber, so that the triplet can be stabilized. The force
acts as if the rolling body-were pressed_ f m.t he right agai nst the guide,
so that “he cage, indicated by the arrows o? the vect or system shown, is

supported at thrféa&@'Eb§léw03héh§aﬁé|Eﬁar&éﬂ@fﬂstﬂc@aag §ﬁéﬁn0§n09&ea1
rotational centr in,the o s the general

dr awi ngs
rot ati onal centrg°6F eFSIIlﬁareFéﬁEﬁFY ??é gogh%mEngﬁﬁlF9d%¥?B% g chhe
accordi ng to whi zbllbagf bodg eagéengsowifiénredobyi ag bﬂdleSoﬁtﬁRﬂﬁﬁSth@ tilt

(axtally rotate) ebbgesageat Debt gabhdguhR ly ohie Ofe! hEH DE0BPSSIY! &)

contact points par I'Ci pat | has a si

balls, rail nenbthe EnupbageceotUﬂe of the prev10us|y descrlbed force
applications to the | ongitudinal guidance system As soon as one of the
three balls is | oaded b the pressure of the cage on one of its rotation
centres, it inpafFpe Fﬂé oPSegﬁé%iﬂgPEﬂs§t5¥% 13ktencagaiaskr the| twoballise

rolling points, ROaAd8 QOowhikRr, oasrxﬁatheOEwéhpré@w@s apdls és pngf&rintedént he

all ocated rail nenbe ta tr t heni ng, of _ t he
rol ler ball ba||°???pP5?898§ ﬁﬂﬁégs o#éflﬁﬁgf hf é °€h ?k &dhort ed
at three points. ranltMembeasesohéhabrtheappiptet|cﬁnfbenstmbnbagedpagmms

[gggd the tri pﬁgﬁéél S8 BO! DEStflgObol PLAk HOEY WEFL'SPedbedOctdR! chl®
k/ right agalnst the guide, so that the cage, indicated by
the arrows of the vector system shown, is supported at
three points 4@ on the balls, namely in each case on one
rotational centre D of a ball. . As in the other drawings,

D is the general rotational centre of a rolling element.

Fig.7 shows finally a loading case, according to which the
force actlng on the rolllng bodies attempts to tilt
(axially rotate) the same in its guide channel, six of the
nine possible contact points partlc;patlng. Such a
tilting has a similar effect on the balls, rail members
and cage to. one of - the previously described force o
applications to the longitudinal guidance system. As soon
as one of the three balls is loaded by the pressure of the
cage on one of its rotation centres, it imparts the force
acting on it to the two partner balls via the rolling
points, so as to take over part of the force and transfer
it to the allocated rail members. As stated, this leads
to a strengthening of the roller ball ball triplet, on
whose rotational centres the cage is supported at three
péints. In this case the force application from the cage-
- passes round the triplet balls on points 4@ of rotational
centres D, so that the torque shown, which attempts to



rotate the rolling body in the guide channel.,, i.s formed by the force
. guidance through virtually all the rolling axes. Fig 8. shows an enbodi nent
« of a l'ongitudinal guidance system in which the rolling body gui de is,
““closed all around and surrounds in tubular manner-a rolling body chai n.
This enbodiment is intended to illustraate the universality of the
I nventive nmethod and the construction possibilities. derivable therefrom
However, it is only shown here afteT stussing the various | oading cages

and no further speci al nsi i O ed be th ret.0. re it is a
matter of XHRRE tg'!?ai %&[%3:0}51 rﬁ‘r‘f’g%’d‘&% ’n g8 FormadL ¥y gui de
and enabl i rthdf BoreRe ignidare aﬁumdgmnﬂfmuaady @’ rhedolddaig al pat h.

~ This longitudi nal guide can be rigid or flexible, according to choice or

the hardne§&S§* the material used. Thus Fig. 8 shows to begin with a
possibility as to how a rolling body can be placed in an all-round closed

rol I'ing bO(ﬁi#tﬂ I&rows dr | dHdaifidrt tAr'eae X giﬁ:u%i'n%lardiﬁ'&%é n arolling

body cage he rotational centres or poles hr ough "whi ch extends the
rolling axisysiemr drshdsh dhe Falid nebedys stideyde closed @ldks 6 in the

. rolling bod¢diitidand ¥ Buhddieth Raibulad Imarhedn aVMticlll iire Bafdy s 3roll.

As dlscusse i,n con ectlo th Fi a r ef d f
four or a”’edg qﬁargsit %f ]itﬂﬁ?d’%%g ﬁ? qﬁﬂ-’-}ﬁ?‘- t%{oc?lidg g
flat rol I | mzipa!frsa‘lmty ruf be anvﬁnﬂweolmehh@maﬂd rthed coristivetion
suffi cient Lodlli3a 14Q et e Jdifl o SHULRIE. Plidhdvet! i d

overal | tofFerance an e varying force app ‘i cations. The ro Ilngtbody
gui de 2 cashown herevmfifferc (dirranssing fhenoar ionn ilepdine qased émdand t he

rail ”E”beh§‘¥ﬂ}ther special consideration need be given thereto. 7
Here it is a matter of a novel chain formed as rolling
bodies, running in a closed guide and enablihg forces to
be axially transferred to a random spatial path. This
longitudinal guide can be rigid or flexible, according to
choice or the hardness of the material used.

Thus Fig. 8 shows to begin with a possibility'as to how a
rolling body can be placed in an all-round closed rolling
body guide 2. A triplet with three balls 3 is arranged in
a-roliing body cage 1. The rotational centres or poles D,
through which extends the rolling axis W, are supported on
the faces 5 of caée 1. In slots 6' in the rolling body
guide 2 are pro?ided ball rails 6 on which the balls 3
roll. As discussed in connection with Fig. 1D, use is
again preferably made of four or multi-edge rails instead
of round rails, in order to provide a flat rolling path
for the balls. This rolling path need only be
sufficiently wide to lead to the "snakelike" path
resulting from the overall tolerance and the varying force
applications. ' '

The rolling body guide 2 can e.g. be manufactured by
continous casting or extrusion and the rail members can



-21- subsequently be drawn'in again or also cast in the same operation. The
rolling elenent cage with the rolling elenents - are connnected either in
fléxible or articulated manner, if a curved configuration is required, but
a rigid connection between two or nore rolling bodies can al so be a sought
solution. This systemis nore suitable for a rigid construction than for a
flexi bl e construction. A longitudinal guidgnce systemw th rolling body and
rol | i ng™8ody gui de constructed according to the indiicated method can ful fil

functions such as,e&qiathiid! 68 BYalkdiom &j@i:’g%ﬁ’e‘ali}é&“’éaaéé | 1G4l nal-

gui dance systenms wth palls or other, rolling bodi es, when such materials

are used. 1f netoReLMHL P astTre FRLIng elensnt sage it thauielidagsy st ens
are obt ai ned, hvvrérémaws e&fél'ed&?ximweéwidiﬁ:ﬁld/igf- lﬁzjeghm €33 hdﬂtihﬁﬂ%t@d”ler
appropriate characteristigs, lf_a parti ar_ nobiljty is .so it can.

al so be achi eved"WtH ¢ he p?o?)%%ve%é)n%?r"g URRF R 5 r[ef’?é‘ud"l‘e%o a rigid
enbodi ments. | n ¢drmemtbbon neetweearnotwo hexr apore rolligss wdiesctcaon alfsd e r

i nt ended use thap . : NOSSidaldd td ' S\ 1t i ng.
This al so appli Zeg_ %%@t{lﬂg”%é 0 |c?rg'nt ﬂﬁﬁﬁﬁ%?‘%e@a@rﬁﬁﬁﬁlﬁ ﬁfd;ycfryaal
operation one orf¥gid ierngrerekion than fok@ fihaxdblspiqanatiractdies and

al so m xed forns, can altenately occur in rapid sequence. It can be seen
that each force applicati to the.rolling body s always transferred in
the direction of IRRTETIFIRAL @ulfdanas, subsem with, Tolling boly and ',

coupled in to theolking hody tdwl detxinsinalctoshtaceording ttdou theoddetl daxled

h Its vi ' | 1 Sted
then rolls via t ar%aé;c‘g%‘grfs'?lsp%]f rﬁxlec%rs P e 1 1S eq ri:%/ known

frictional resis ( ng Triction
o exclusively metallic longitudinal guidance systems with

balls or other rolling bodies, when such materials are
used. If metal and plastic are used, then longitudinal
guidance systems are obtained, which are either
inexpensive and/or lightweight or have:other éppropriate
characteristics. 1If a particular mobility is sought, it
can also be achieved with the proposed method and one of
the pfbposed embodiments. '

In the embodiments shown here, it is less a function of
their intended use than the numerous possibilities
'provided by this teaching. This also applies to the

T embodiment fo Fig.8.

It is clear that in actual operation one or all the
presently discussed force application cases and also mixed
forms, can altenately occur in rapid sequence. It can be
seen that each force application to the rolling body is
always transferred in the direction of the rolling axes of
the balls, i.e. partial forces are coupled in to the balls
via the rotational centres. The thus loaded ball then
rolls via the 2x2'points of rail member and partner balls.
The frictional resistance consists of the rolling friction



-22- of nine (not twelve) rolling bearing points and the sliding frictton
‘fron12 to 3 rotational centre points. Since the rolling friction, as
_explained in connection with Fig. 3B, keeps the triplet in balance'in the
paper plane and this balance is only briefly elimnated by disturbances in
the rolling sequence, e.g. by positive/negative accelerations (inpacts,

vi brations, acceleratins and decelerations), but is then restored agaln

is also possible to add an "accidental" sliding frictional resistance s
the "cal cul abl e" frictional resistanc® but thIS can onIy be determ ne

enpirically and, has not roved [ rfant, dur tests. -shown by Figs.
2A, 2B and 9%, niRg h(ret 'é?lY"Eﬁ I%’d’&ﬁill%%a b@’r’?"rﬁeda the r andom form
A bal | cageslsd:mg friet idnefroma? tdie3 of otet Honal d:dsmti‘ml;b:slmsed so that

such a rolld(ibodye | 2o{£1 801 ¥EL Yk £OR! | as | Lxy AAUG {4 Yol SUEPL O 110

bodies is connecte I°C connec i on, ohe’ can rmake a
chai n whi crwithl%lgur%ﬁt skerps mw;ﬂf-nkﬁﬁtm degt kanceynkh e pdper. g. very

sui tabl e f g5 n&hadmg C@ﬁ'i@YBeilar'uf:e | g LORLY A58 f 1R SPIVEIHE &by Chai n
conveyor the chain is f% or dramn t hrough the gui de channe
tEhR

. consi derabl@%??’éﬁ?ﬁc?%s LLing segienroms2-Be Peduced by the use of
| ubri cants posTrtesﬁeﬁ:te@hmvé emcsemwsm{ssq tmpedtid Utwivrdt ibds for the

the proposdieet t At tn it “teesTirt Ciona 1ot B T en retid e tnd &
chain slidiagaim, althisnelsdaposeiivbe ctoerid sarch'acdivlentssl Stekickims a
chain ro'l'fﬁhéfiéﬁélcfﬁgqﬁiance to the "calculable" frictional
resistance, but this can only be determined empirically ;_)
and has not proved important during tests.

As shown by Figs. 2a, 2B and 2C, such triplet rolling

bodies can be lined up in random form. A ball cage is not
much wider than the diameter of the balls used, so that

such a rolling body is relatively small. If a plurality

of such rolling bodies is connected by an articulated or
elastic connection, one can make a chain Which rolls
surprisingly easily in its guide, and which is e.g. very
suitable for a chain conveyor. If in the case of a
conventional chain conveyor the chain is pushed or drawn
through the guide channel, considerable sliding o
resistances occur, which must be reduced by the use of L
lubricants. These sliding resistances also constitute a
limit for the chain'conveyor length. It is clear that in

the case of a chain formed from the proposed rolling

bodies the use of lubricants is not decisive and a chain
sliding in a channel has nowhere near such a low

resistance as a chain rolling in its channel.



_23- C442/S CLAIMS 1. A | ongi t udi nal gui dance appératUthaﬁingﬁa3r@IIFHg
body guide (2) and a rolling b 1) gui dabl e therein,:.in ‘whi.chi,n the
rolling body are- ed rolling etements (3) and support faces (5) for

coupling in | oadin “r&“ | I'i ng body guide (2) being a guide
channel (4) with aﬁmﬁM\m Bireceiving the rolling el ements, wherein
the rolling body rat®| east” one integrated rolling body cage in which
three gl ling el ements (3) "are arranged i%?® recesses (7), the guide channe
(4) containing for each rolling element (3) a rail nenber with rollin
element rails (6) which are nutually so arranged that the connecﬂQQﬁf 4 nes
fromthe bearingugmMsit of a rolling elenent on its rail to a contact point
between two rolTing el enents forman obtuse angle, and at |east one support
face (5) is provided in each recess (7) in the rolling elenment cage for
each rolling el tnem I®)gitudimdl aywiada ndmtappdiat pdragamdl culmalliog hi s

SuppOrt T Bce (Modf QLA SRS 2 PO AR Y JBddIA LRGN dine

fromthe bearing l1ng ele ) onits rall to

contact or rol |¥iClpol mtthretnelek Ravbedy |ang) aEnged (SHlig dagnantisis
according to cl el M dng WighRALt | £ (STERREScALEMy HIP Teddimg slveuy
cage for each rolling elenent_ (3) are PFOVIdBd two facing su oré faceﬁl
(5). 3. Appar at'tRe akebHRhPId Juids 1o Reirma qw%.%wqrﬁégtr ) i
el ement cage hagaill REMBEELSERS Kde B 1My gtk i 1o Bl inteanel emditedy, pitssreint o’
"ol ined to oncBfotabrim Sode bl EHFS B TR i B e SO 8L,
C body cage in which three rolling elements (3) are arranged
~ in reéesses (7), the guide channel (4) containing for each
rolling element (3) a rail member with rolling element
rails (6) which are mutually so arranged that the
connecting lines from the bearing point of a rolling
element on its rail to a contact point between two rollimng
elements form an obtuse angle, and at least one support
face (5) is provided in each recess (7) in the rolling
element cage for each rolling element (3) in such a way
that a line perpendicular to this support face (5) is also
substantially perpendicular to the connecting line from
the bearing point of the rolling element (3) on its rail
to the contact or rolling point between two rolling
geg\ . elements _(3);‘

2. Apparatus according to claim 1, wherein in the
recesses (7) in the rolling element cage for each rolling
element (3) are provided two facing support faces (5).

3. Apparatus according to claim 1 or claim 2 in which the
rolling element cage has three recesses (7) arranged in a
plane, which pass into one another and into which are

integrated support faces (5), which are inclined to one
" another by an angle of 120° and which serve to receive or
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suppo se one rolllng el enent (3).» Apparatus accordlng ‘
to cla he rolling el ements (3) are balle 5--Apparatus
accordumqmnﬂmmauw claim4, in which the rolling el enent cage is.made .
froma sorderc than the rolling elenents. 6. Apparatus according to
any one of clainms 3 to 5, in which the outer opening (10) of recesses (7)

for receiving the rolling elenents (3)24ro0ss-sectionally tapers inwardly
bel ow the | argest cross-section of the rolling elenent, in such a way %pﬁt

a rolling el suppér€ 3in ceactbecd d& appedr 6111 e ébaesﬁt(V:)). 7. Apparatus
according to claim5 or claim6, in which the cross-sectional taper is so

di mensi oned and the rolling elenent cage material is so selected, that the
rol ling eIenéntSAEEardmn$rm¢QmmﬂimHotosﬂhprdB}nimrwhd¢Metb@tsbhbiby

preisure QE éﬁgm%g€§s§3 2 r &PRR] fL Us according to any one of the clains 3

to in iC

ere are at least two rolling element cages with their
associ ated sets of three rolling elenents in a rolling body (1). 9.

Appar at us acsordApgaf@t&éaa@&&r@{n@ed»%?amnswctslattt@ dpiinnpibeis are

set at an a ubst ally 120 ot h rat us
.accordi ng tog%?atﬂt ng e %ﬂtgﬁﬁﬁﬁraﬁlm?égﬁ) °%u%s?%§??€ﬁﬁ? %Bhﬁ}lses t wo
paral |l el rolthag theneolling | sléddnts. - 25-

6. Apparatus according to any one of claims 3 to 5, in

which the outer opening (10) of recesses (7) for

receiving the rolling elements (3) cross-sectionaliy : U
tapers inwardly below the largest cross-section of the
rolling element, in such a way that a rolling element (3)

can be trapped in the recess (7).

7. Apparatus according to claim 5 or claim 6, in which the
cross-sectional taper is so dimensioned and the rolling
element cage material is so selected, that the rolling
elements can be introduced or snapped in from the outside
by pressure in the recess.

8. Apparatus according to any one of the claims 3 to 7)

in which there are at least two rolling element cages with AT
their associated sets of three rolling elements in a N
rolling body (1). | |

9. Apparatus according to claim 1 or claim 2, in which
the rail members are set at an angle of substantially 120°
_to one another. |

10. Apparatus according to claim 9, in which each rail
member substantially comprises two parallel rolling
element rails (6).



11 Appar at us accordi ng to_gLaLﬂLﬂ.Or ctaim9 in which bhe nolllng el ement
rails are made of—a harder material than the remainder ‘of the gui de’

channel . 12. App to any one of the claims 9 to 11, in which
the rolling bodymﬁ! m‘mw mm‘ sed all-round and is provided at
equi -angul ar dis esS with rfail* nenbers with rolling elenent-rails (6).

13. Apparatus according to any one of ctafPs~3 to 12, in which a plurality
of rolﬁhng bodies is used in a rolling body guide. 14. Apparatuss according

to claim 13, which the lined up rolling bodies (1) are interconnected in
el astically flekilbl Bpparatuscatacedingnhercldbn Bpparelasmadcbndwnich othe

claim 13 or clajpgyif, 'Eé&ﬁéﬁé }Qﬂé%*é“ﬁ%@é’déff%ﬂ'H&réﬁ} ﬁ\é}:&“’%ﬁethan

all-round and is rov angu st an rs with
rol ling elenenttP§| Fempgpdef pa rBh?lﬂ@1@¢eﬁ%ﬁP§GQU|ded therein conprising a
plurality of sets of three balls. 16. A longitudinal guidance apparatus
havi ng a roIIin e and a rtolli body UId ble there
substantial |y a géP fa Y- PHEQT ng%?%ne Eﬂﬁ ﬁgaéﬂﬁmﬂ kR 11,
Figures 1 to 4,15Awhmdh6the Bob11u@ebadgoqpamglng)dtamcngsed all-round

: and is provided at egui-angular_distances with rail

members with rolling element rails (6).

13. Apparatus according to any one of claims 3 to 12, in
which a plurality of rolling bodies is used in a rolling
body guide.
14. Apparatus according to claim 13, which the lined up
rolling bodies (1) are interconnected in eiastically
flexible or articulated manner. |

15. Apparatus according to claim 13 or claim 14, in which
the rolling body guide (2) is closed all-round and is
'provided at equi-angular distances with rail members with
rolling element rails (6), the rolling elements guided
therein comprising a plurality of sets of three balls.

L,f ' 16. A longitudinal guidance apparatus having a rolling
body guide and a rolling body guidable'therein
substantially as herein described with reference to, and
as shown in Figures 1 to 4; SA and 6 to 8 of the
accompanying drawings.




