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£ ?06OLQ6 INPRCMENENTS N AND RELATING TO BALL SCREWB The |nvent|on reIates
to a bakt. screw: %1t is known to- prOV|de -a balt screw conprising a 5

;ollomrqenber and formed mnth an ex- ternal. thread .of the sane pitch’as

duch a mahner that the t hreads define a helical path along whi

twlls can nove to deflne a bearing bet ween -sai'd spindl e and sai d hol | ow
denber. | Such. bal | screms require a recrrculatrng mechani smto. return the
‘Bal I's from one -end IH FEME IN AN RE ot PR BALL | BCREWES

jal | ~screws are dlsclosed havi'ng a ball recircuy] tin ui de- way - provi.ded .
ifnsi de  the’ $pi ndi &he InyRRfIOR Falatae i a rkal ?ﬁ#gtrng arrangenent s

que. t 0 gonsi le friction |os W 1L O_OQVer ontng
tihese’ dlgsadvgﬁllié’ member, fo %‘i q’%\@ht’f’b‘f‘f*ﬂ%@ He’éeﬁgba‘?‘l ?‘g
-qonprising relclediw et vidth o ristes hrm]tlbvannembear nand t £ rreed vzu.thr anl ex=

- tthe threads beaenqurQﬁubaklsnnqpqnved(hetwnnnmthér@PIh@dﬁoinOEDQEnﬂer and

he spi ndl e, puhergl tfrtl'{ rgrfb@f é’l?@ai gg&ﬁ%%ﬁg @HIERD: _
relatrvgoro- tatl.on. om/ne er €. spin a receéss 1s :
rovi ded’in the Qﬂrlridi é:dé'etlm tm@eﬁﬂﬁ'&lé &Q#ﬁm betweenisaid spingle

“gdj acent. t hr.aads.sand hdidldw Henlid# SCt WfoH i Pl Oscf!éﬁ@dre?uibé gecess for
- |d|ng the balls fromthe opening of .one of the ad %f h

cess to  hEeSEEFHRLIRg MRCRATHS™ Jo 1FRE aE@%t ORPBe( AB

schrlft 2 451 665 and. German Offenlegungsschrlft 2 741 333

-eirculating. arrangements are compllcated, expensive to.

N R o frlctlon losses. . _ _ . o L
':[ .“_\2?._ " With a view to overcomlng these dlsadvantages, the pre—'
' ” ”,-sent 1nventlon provrdes a ball. screw comprlsing a hollow R
. member formed with an internal thread, a sprndle recelved

H.of the same pltch as  the lnternal thread, a serles of ‘balls

:“t:tatlon of the hollow member and the splndle, a recess is-

.30 of two adjacent threads. and a pair of deflectors are pro-

'_ vided in the recess for guiding. the balls from the openrng '

- of one of ‘the adjacent threads into the recess. to the | )
“'f_openlng cf the other of the- adjacent threads .into the _
e " recess, the_bottom,surface of the recess and oppos;te' b“_

© .35 guide surfaces one on each deflector defining: a-substan-

of the helical path to the other. - In German Offenlegungs-“"'

1"way ‘provided- 1ns1de the sprndle. ‘However. such 1nterna1 re- -

@

wIIOW/ nber- formed with an internal'thread, a spindle received mnthlh the

‘qaid internal thread, a series of balls received between the tgrﬁﬁgjllt?ﬁ B
e

¥ f enl egungs- -schrift 2 451 665 and German Cffenlegungsschrlft 2 741 .333 15

4r e conpl i cat ed, = epERS iRHOWD-to r;swhr&eaarcbmsecﬁewedmprmmg ef fici ency;- o

e piich afSEREY AR 15 o Sle B J 4 PE %*gtﬁé‘%etgéggﬁét’&ééﬂe .

reads . |n50 ‘the .

'”_'15 =ball screws are disclosed hav1ng ‘a- ball rec1rcu1at1ng gulde-f:f'

'.ffﬁiproduce -and. cause a. reductlon in efflclency due to conslderable -f

within the hollow. member and formed with an external threadd_;rf"
r25ff:rece1ved between the threads bearingly and dr1v1ngly inter-":':h:.
‘connecting the hollow member and ‘the splndle, wherein, for . . ...

"~ returning the balls to be rec1rcu1ated during relatlve ro- fﬂi:f[f

l-;eprov1ded in the spindle between the opposite thread flanks-tfffu'

e:tially_sqqareesided,'externally'ooen:U-shapedfgﬁidewayf;g:t_ﬂ5"h



{zcesm o bortom srface o e rocse st 55 e sutacer (5]
E " - subst an-' tIaI |y square 15/
. 'gfgpemgffagggﬁ\r’fy rdoi/ -2 between the two szu dqopem f}lggedl negt erhal Iyt
respective ends of th g es are formed in-the spindle thread at the
1 surface of the reces e g“'demﬁy, the grooves running into the: botton1 5
4 QU|de sur- .faces on fhé deflecrgfgeafglélthefFOEtonlsurface s flat and fhe'
1 the.i nvent SO a I n order that j - :
| b, vents on ooy e, e b Yot dppaongaana roadly carri g 1o erfct
Iwithe 10 Y nt"th Wi |17 now be descrlbe g¥ I -
1 ongi t udi n;fa erencemoatpueeﬁermaama@ggpg n§TRRE g ep'?éurgae&m and
- SEFAAR]e | B pLal 2 beht ﬁésiecaﬁver endg of the SRIGREy, the

1Figure 2 is a view of a defl ect
| or o e
{ Fi gure 2a is agmms orurping gkrFRCERE ‘C'Fﬁ% aprgetg?l%o%%o:‘thﬁ\gtaﬁerﬁ I'I a' L n

’;r:??;ilzl Fﬂg f%?irébf%péhé'Bbtﬁbﬁssusﬁabeomsaﬁdng and &&ae ighide
g shdft?uZO . stf@keSpQBthGI SiFFﬁé%Faaﬁg %%nga%k secti on through a: A =
jaccumul ation,. proviggdopgkl pRagaehet lhubnmgltnlsngghe?d\ﬁtﬂo ré’\cﬁ# "g‘ié‘{é“t“d .

{bal I screm/substant|a1l as.sh e
Q Ei Qi ﬂ séhichn s
4 hok I'ow int er nagn¢ FAREA4¥JCI5TLS m’yé’F°' %%[f%eltf E)a(rilm%écfeﬂfa@%m = & f?;zggw a..
examp and

:iMﬂth an |nternehe§gbgadlli how bg Hesexdbed by way o
| ”"'j_10- - reference to -the accompanying draw1ng wherein: :
" Figure 1 is a 10ng1tud1na1 sectlon through a ball

screw accordrng to the lnventlon, _ ]
' ‘Pigure 2- is a plan v1ew of a deflector fornuse in

L '1fpthe ball screw, . _ _
-___'15‘,.=' Flgure 2a 1s a view. of the deflector in: the dlrectron,'T

. of the arrow IIa in Figure 2, . t'.;“'
T Flgure 3 ls a part1a1 cross-sectlon along the sectlon:

" 1line III—III in Figure 1, and _
R ) Flgure 4 is a 1ongltudina1 sectlon through a short-l3
e liOZQ stroke push/pull cyl;nder, which is sealed ‘to prevent dlrtf

B Jaccumulatlon, prov;ded with- permanent lubrlcatlon and" .

fhwhlch comprlses a ball screw substantlally as shown in

 Pigure 1 to 3.. | _ _
~ Figures 1 and 3 show a hollow 1nterna11y threaded

'25 - ‘member ‘in the form of a ball nut 1 formed wlth an- 1nterna1* o

" 'thread 13_hav;ng_thread l.)-"

e e



_,I‘,anksla andvmthanv\/mchlsrecelvedaball spin ' ‘an. . t
-xternal thread,12 with thread flanks-2a, -the. thlroeaglselz2 ngbggngnof t.he V4l
ama ‘fﬁb. © The’ threads 12 -and 13 define a heli cal path whi ch receives a -
_ erlé 'bal I's 3 that define a bearing between the ball. nut - 1. and -t he
_p| ndle 2. A -flat surface i's produced, for - exarrple by~ mII|ng bet ween
- he two outer ‘frost thread f1anks 2a.0f two nost adjacent turns 011‘ the =

& i ndle-2. - The wi-dth of the planar-surface 5, neasured i.n the axial
flirection-of-the spindle 2, is deternined by the axial aci ng between 10
¥ g:{)?oglutrg[ eln?%?;%‘g h:[aﬁ‘,atdnai |uamk5n 2Aich 'Elserécsngeu @maﬂhépsu¢f @ehavifi@adred
P ri an :
Jeternined b3xtemBal EF?% ﬁ”héf‘ da%giaq‘lkrglsd %egthgo%huﬁgd%f;s SID:IB reugligg 2 18 l' '
ﬁ: 1; ; 8' igt |O %’t'f‘f, saigélcplu tbhe bahé sth3padthdf m.lagdafﬁﬂe 3 Relicak Reth whie ?/n t he
: e ba nuf 1 o)

| anks [ 4. ant99%4vYB3I3 sﬁﬁ’taslc’%%ﬁrﬁée? gcg%lttésef?ﬂgf’hggggianc%g%eb?hg&%b?ﬁl }:lhgrgﬁ?g B

B, . whichs couhk i1f ankedinsespipgle ghuced d
£l i ght curvature al crgreshe erefic Wthe surface 5 with a -

T, eads
42, 13 .defj ne a helﬁcfd:lut nfaeers tlﬁePRS’&PF%d’S*’"E(P ampgﬁ]%gh géé-hg rlfat%%posme

.gnds' onto 51 T

: ?ﬁ%% most @ﬁréﬁ&’?ﬁéﬁks529rdf-tw¢chaeuaaqyatent(twens\nf

hal-l s can reC| rcu from one end of the_hel | cal path to Qé@ea[ GTrLQe. S
xia :

eci rcul at or ppimtieade dhetwaltharl £he RARDRT (HETECH ac'ge%s"lrg al d

__ ?L{/?gggr Sr ﬁﬁﬁ%‘\érygtqpn pd’fe%ﬁatsptiﬁdis Qyi g4 Ritsthiiinadelsy 4he a&l@évq@c@ngrt@taeen

durfacels, | ﬁa%%élu§é¥(‘)rr?ﬂ;s€e?ﬂ?ﬁgé§dol%?ks% orﬁéer lp J.?&mr g\ﬁ/: H%a%nr%gos :&é&%ured_ -

.Jassage of -t hgohalihatdy dBdrighenaridies hial itbal axial mlafﬁat3é¢rfb°§u?"fuagé~l%{]'g"e;e he

¥ ra?dmﬁf‘ghgf‘ ol 31 phAG A (Ut e Sorbaanh Rt dnenit floank
desi gn in Fi guagssurticiumhtlyito. allow’ the fadis of, WHEN gqoapﬁ?%&r"?ap‘ﬁ‘&cégr@“

| : g\gegul; ?acésk’g F\&%Hrﬁhéaavﬁ gpl Eh?a ggﬁrem._sl ﬁaama}a/ oGt bt angagﬁslmbyt fuligh -

. 15 - ;the thread flanks’ la eon the ball nut. l., Th*s results xn ‘the spac;ng

"_d shown 1n Figure 3, ‘which could if d931red be reducsd by redesxgnlng

N

hfthe surface. 5 wlth a sllght curvature along ths clrcumference of ths

| : splndle.-

p h-:,V%.- - Thus, the threads 12, 13 define a helxcal path for “the balls s,f{fl;:ﬁ
| 2d " .which opens at oppOSLts ends onto the surfacs 5. The surface S pro— -
_ N _-uldes a path, over which the balls can “eclrﬂulafe from one end of the ,h'
£ l'sf_:: - hallcal path to the other. The rac1rculatary passage of- the balls 3 ;-" :
- .. over the surface 5 is. aided by deflectors 14 which present ball ouxdlng'":ﬂf'
_ _'_”_ urfacss 4. Grooves 6 are. prnv1ded, runnlrg from the ‘snds of the '
'rfzsf“__hellcal path onte. the surface 5, in. the spindle thread 12, in order to
_ . -_provide for unhlndered passage of - the balls to and from the hellcal .
Uf-(i;w:@'path and the surface 5. The requ;red angle @ (between the gulds '
'_ ; surfaces 4 and the thread flank 2a), at whlch the balls 3 are re-]"
"_'5ﬂ-c1rcu1ated, can be determlned from. the design in Flgures l and-3°if.
30 ._effect of the slop1ng surfaces 6, ‘is alloued for. In Flgure l two
‘ ' *'gulde elements, namely substantlally flat ‘guide’ surfaces 4, whlch are
_ h'-approxzmately axlally spaced apart from and parallel to one ‘another, are
lz_lnd*cated by broken. lines,. ths sa1d ‘guide surfaces comblnlng WLth part Q_Ql:“
‘p'of the surface S, viewed in ax1a1 longltudlnal sectlon through ths '
}Sslv_splndle 2, to deflne a generally U-shaped section: ball reczrculatlng

 guideway 18. - As can be seen- from FlguLe 1 the ball reclrculatxng ;”.




A

I nd
'thelcauggagz grqteg Ihnes the sai d gui de surfaces -conbi ni ng with part
splndltke: to def: wed i n axi al -l 'ongitudinal section through the- p35 °
gui deway 18.  As ne a_gereral |y U-shaped section ball recirculatin
gui deway 18.is sIFSEtPi Egﬁ? l;{gp1r:gure L, the ball. rec'rC“|at'ngg '
th ally_ap one end (int ’
e threads 12). Figures 2 and 2a show the thus degern1Egda;ﬁ:pgegglPﬁeto

rovi-d (
pI -ded with threafiedsod o7thE|gnreadS|lBMstrates a short-stroke -

recircul ating

of a ‘hol|%w spPFEPES o
w sh
gui ded in end gheery Boef thiie parpofey is Eg%% | tgﬁkég%@agﬂ!%daéyev

1 ubri cat
ing .sintere brggzg RSaLsRIR LD aalsdidiﬁ:a‘lsa:to]dey pshipwil sylinder.

seals.10.to prevent e fromescap

1 penetrating. uBﬁm&smg anoRd e e lgé’%aﬁnagl dir gglgace ur:‘;{];grhgures 1
Bidseeine

4 reciprocating no
1spi ndl-e 2, agdt vgnent gf & A lonlyt ohe 2all reclnnqiﬁg*qg

dnnectln
_:drIVe andlbe danyedesn#e@h%»plececé{ e tr# {&J f#Eﬂﬂé%i gﬁidxmgqnsncano,
{forces to be tgansmiftiotg t:t}pm%ﬂmmmoﬁglgga#hﬁfqueaeq 5 and regs o

'should consnst of

('he sane
The ball splnr?l[ o1 dlg A ife NAGm S0t Nl WoPLow sp:.ndle. B

.i'fThe two hollow shaft ends of the ball splndle 2 are gulded
in ‘end pleces 8 of the ball nut 1, for example in-: self—-

- of sultable seals 10 to prevent grease from -escaping . and -
'T_d1rt and water from penetratlng._l Bores 11 enable. ‘the .
7_grease to'be replaced durlng the recxprocatlng movement of
o the ball nut 1. o - - o
020 . A square head 16 -on. the splndle 2, and a conneCting S
; plece 17 on the nut 1 enable the arrangement to drlve and

-be drlven.'

R ; to be- transmltted, the material used for ‘the deflectors 14
. 25 _should COnSlst of the same material as the. ball spindle 2.

: -1f'._.: . and ball nut 1, ‘that is to. say it should have the same hard-l .

‘ness and’ toughness. ,ﬁj-

f_ T f:ﬂ'-ﬁz‘w In the event ofllow rotatlonal speeds and small forces,--”

- 1t is posszble to use, for the deflectors 14, plastic mate-
' 30' -r1al which has the ‘advantage of creatlng nozseless runn*ng
‘when the balls pass over the deflectors.-,- s 8

.. appy oxi mat el | A
i y aX|aI|y spaced apart from and parall el to one another, - i?é£7

deflectors .14 mhlch are screwed
shown) |'ocat edyuidemapslasis oﬁl%%ztge%%éog&% ?Hcg)lr(o?ﬁ endcigmothenot -
i's' purpose, is I

pUShfpulI cyl . S
U T Rigwnas of oAt 288 é@“%ﬁébéhﬁgtdéterm&ﬁedhshapeno!|gbpes'p ,

a”y.des'red NUgDET e@Eo By Ch4 bahich Ued o
The civcunt eéto c earecapaswﬁsvgbﬁd@ﬁa 398U dRtRE L -
| Reunt er ence o %—p@t? l"H'ﬁF| 'igtﬁtéﬁ I'ﬁebB&"e's aal ndine thei sum%;t%\%%?gr%n?

”}:15. ‘lubricating 51ntered bronze bearings. 9, and sealed by means '

In the event of high rotatlonal speeds and great-forces;j

B ‘phe ball screw. according to ‘Figures 1 to. 4”converts the”
{4 . "frotatlon of the spindle 2 into a translatory mot
- in the d1rect1on.of the_double arrovw X.. It is. obvzously p0551l

ion of. the nut

I UL S



a @“balh nui 1, that 'is “to say it should have the' sane hard-. hess.and : iu_@

tofghness In thé event. of . | ow rotational -speeds and: snall forces, it is [
‘;S|UIQ % use, -for the deerCtors 14, plastic mate- 30 . rial: mhlch has

&5 advaxfége of creati.ng noi sel-ess runni ng when the balls pass. over the

¢/ | ectors.. The ball screw according to Figures 1-to:4 converts the _

rdf ation of .the . spindle 2 into a tranalgtqrynntlon of thenut | in the -

iff ect'i on of .the double arrow x.- It is obviousty p055|bl ~ in principlé

| of f ect KifgnBiigcipyertsl o ewfbett RS nlellaSc’ Hetd AR AN @fgodi nent s.

-Ti- ball recirgc atlng g s 18 are advantageously hardened. . However, _f'
with the knowhiBatratedcg¥apedaryhembodimentsihe i ntroduction, “the -

g][]giem lng of the bghé bfaurs-gb@?ﬁ&ga?ti?@e aaaanag%feutsts a&@%ldiﬁrﬁ&ageeousu{h
diff ficulties ni f or.m dept hs a Ss in occur aus. e.
cqnpl i cat ed Jé%’r"sl%‘% *t he5RWE rbalwg'tpec?’rec%l%&%& %%'dic,r. use
bt he z5gcodrrpanytmg Shtﬁo&ul‘:fah.oat,(rjeheeharﬁhm:inqalmfl&he rbas.l]J trdoirculating -

S st an ar unjts or to sur ce ana LN | Ontra,,St

tfe descri be RARERES PRSP §c?86bsé§ E’&ﬁgﬁeﬁ‘%ﬁﬁiﬁtﬁﬁm.oﬁb‘%

”528& ol (SePEQD, RTLlhCRaYT) EIT AT oclhe Wﬁgsd'r%vﬁaﬁg'ihgn
bglls 3 are rhncmof ntl:egacgompanyd;ngl wsrnctumaaalstrg@sm cohds fary a-
‘IlOW m@ﬂm”rééﬁf@dlﬂ‘&Hh-standard unlts or to surface damage durlng
: '.operatlon.f In contrast, the descrlbed example of ball o
_screw_accord;ng to the invention, comprising the flat.surf__
\?& 'face 5 and the sloping surfaces;s}"creates a simple uniform
. .surface which permits probiém-free uniform”hafdening;f"
15” m;;” In addltlon, it should be mentloned that for the sake

. of 51mpllfy1ng the draw1ng the balls 3 are not shown 1n _f-”
'F;gure 1._. SR : S S
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an i nternal thread a splndle recelved mnthl he holl ow menber and fornmet«{ [
“wi't F* ah externak thread of the same pitch as the I nternal thread, a serles v
3 of "bal|s# ecei ved: bet ween the threads bear]j ngl mmmﬂmm "IHIH“I o
f-lntercbhnectlng t he hol | ow-nmenber and the spin returnlng

‘the balTs to be recirculated during relative rofatfor of' tRe 10 hol l'ow
ﬁ'nenber and the spindle, a recess is provhded i n the splndle bet ween the
4 opposite. thread flanks. of two adjacent.t

4 provided in the.recess for gui-ding the fromthe openi'ng of one of the
4 adj acent threads into the recess -to th Bﬂ&k S

k adj acent ‘threads into the recess, the bottom surface of the.. recess and.
i_opp05|te gui de, sur f n e t @r heafliow WEMhe&UE@wmﬁdiﬂﬂﬁh
"Lyt ARy hicebyoashptstias

1 squar e- si ded, Xt er guideway hetween the t
4 openings. 20 &n inteppal threadasacrRiR8de KeCrAi ﬁyﬂm ﬁ\i\f%z’%&g'ﬁ%m
j'surface themé;i?g% Sahd Ebphed3with Bl bxtereiylathiledidred ithe|ssme pidich -

ng of the:other of. the 15

claim 2 erein-

tt f ft
AR Lt EE e, énlsgé'trleﬁ%gs%dlb@r@%)v;?%& 344 bbuser

-ba' I's to the sghd Gﬂtésa@ybeénn@lbahhdsan:ewmlqt alnmracmmaenmgl the aim 2.
or -cl'aim3-wherein the said guide Surfat ifﬁ %?tdrﬁﬁﬁ ihe
substantlally hal havcneBbes: andeShe 524 e accormpanying
dLaMﬂng The tﬁéllsfttheSﬁeemreuaeted dhasnbeamhaﬂanhngﬁﬁttgn of t

4 phot ocopyl ng the li-capts ori.gi ript ded ‘fxf,‘\ﬁthe

1 mani scri pt0 ane‘hﬁhgﬁgsmmBSH apd &P‘Pf is%‘r%t Ced Ig‘ea(fééﬁhe ori‘g r?gll t lescrlg

{ cont ai ni ng t hegpinabesbetweeanthénepposihe hneshddiankoPh Her f
;the Patent Orftﬁreads and a palr of deflectors are provided in the recess :

. for guiding the balls from the openlng of one of the adjacentjt:

:-fthreads into the recess to. the open-ng of the other of the
---15-h'adjacent threads 1nto the. recess, the bottom surface of theij'
| ' recess and opposxte gulde surfaces one on each deflector
defﬂnlng a substantlally square-51ded, externally ooen
B U-shaped guldeway between the two said openlngs." ) '

.'”lzd ”:2;-*eA.ba113screw”as claimed in:claim 1lwherein_the]bottom.f.'=:
" surface of the recess is_flat, _ '

.'3.: A ball ‘screvw. as, clalmed in. c1a1m 1 or. ‘claim 2 whereln S
o -the bottom surface of the- recess is prov1ded with a groove ﬁ.fl_
-Lf: 25 " at each said opening for unrestrlcted entry and ex1t oF the;tj
r;balls to - the sa1d guldeway. : ' .

-.t:;hu h: 4. A ball.screw as claimed. in c1a1m 1, c1a1m 2 or c1a1m 3Lll-:
_et. | _whereln the sald gulde surfaces are flat. ' '

| "".5' a ‘ball screw substantlally as herelnbefore descrlbed |

'ewlth reference to the accompanylng draw1ng.3 R '

: the applicants original' IS
: . 'Ihe text of the specificat:.on has been reproduced by photocopying S
| suou-. typescript. . It may contain a few mianuscript amendmenta which are difficult to read. ‘~The .~ -
- .original typesc:.'.i.pt con..aining these nanuscnpt smendments may be inspected on the premises o
of the Patent Office S _ _ _ .
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reads and a pair of deflectors: are"'”



