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Abstract

Little geometricdeviation of the threadgroove on the nut or pin could causethe deteriorationof ary ball
threads elementsEffectsof alterationin connectingangleandactionanglehave beencalculatecandtestedwith
measuremerdf well andnotwell machinedall threadedjears A little bit biggeractionanglethanthe nominal
onecausedall blockingin the ball returningtubesandin caseof outsidevaluesof otherdimensionghe earof
thereturningtubecanbreakmainly at extremelyheavy load.

1 Intr oduction

In orderto reducethewearandto increasehenefficiency threadsareusedin somegearsin which thereareballs
betweenthe nut andthe pin threads. For thesethreadednachinegyroovesof the sameprofile cross-sectiorare
developedbothonthenutandthe pin for theballs. Theballsdo planetarymotionalongthe spiralin thethread so
in additionto their motioncomponentlongthe longitudinalaxis of the threadthey work similarly to the balls of
therolling bearings.Also the physicalbehaiour of the ballsandthe bearingcanbe approachedccordingto the
theoriesdevelopedfor the ball bearings Comparedo the bearingsa fundamentadlifferenceis thatthe ballsin the
pathgroove do notreturnalwaysto thesamepositionbut doingaprogressie motionaswell. In thethreadthey roll
from the startof the threadtowardsthe endof thethreadsothey enterthe groovesandleave them. Theaim of the
performedtestsis to analysetheseenteringandleaving conditionsin function of somegeometriccharacteristics
andtheload.

For the examinationwe madecalculationgegardingto the effectsof somesizesof thethreadon the motionof
theballs,primarily analysingvhatsizedifferencesancausesignificantforceon the ballsfor enteringandleaving
thethreadsIn orderto confirmthe calculationsmeasurementsereperformedo determingheimpressingorce
andthethreadtorquetogetherfor gearsof differentthreadprofiles.

2 Parts and operation of the ball thread

Theballthreads apartof agearbutit canbeunambiguouslgeparateffom thegearandconsistsof thefollowing
items:

e pin

e nut

e balls

e ball returningtube
e its fixture

Thepin andthe nuthave the samdeadandgenerallythe sameprofile shapeIn this casetheanglesconnecting
to the profile of the ballsarethe sameaswell thatis for thesethreadghe angleof actionin the unloadedhreadis
thesameastheconnectingangle.In thethreadtheballsalign closeandgenerallycontacto eachother Thestartof



thethreadis really wherethe ballsenterthethread.This placeis the boremadeonthe nutwheretheball returning
tubeis connectedTheotherendof thistubeis attheendof thenutandit returnstheleaving ballsfrom thereto the
startof thethread.Leaving of the ballsareassistedy the so-calledearson thetubeswhich really inhibit theballs
from over-rolling andthey take themoff. Thestartandendof thethreadcanbe naturallyinterchangediepending
on therotationdirectionof the pin andthe nut. For smallload andpropergeometricform of the threadthe stress
on thereturningtubeandits earis hasno accountandthe tubecanproperlyguidethe balls betweerthe endsof
thethread.

Increasingheloadandin caseof certainprofile formstheforcesaffectingtheballscanexposetheball returning
tubeandits earto a significantloadwhich canleadto thedeterioratiorof thethread.

The profile forming of the threadhasan importantrole in the operationof the thread. The profile of the
threadhasa circular cross-sectionthe radiusof its manufcturingis larger thanthat of the ball andthe centre
of manufcturingis shiftedaway from the axis of the profile. This shift providesfor the appropriateengagement
betweenthe threadandthe ball for all occurringthreadloads. Thefit betweenthe ball andthe threadprofile is
shavn in theFig. 1 onwhich the pin andnutthreadsaremadewith differentprofiles.
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The work of the threadis to transformthe torqueto a axial force. This transformationmplementsin the
connectiorof the threadballs alongthe nut andpin profiles. Sincein the thread,at the contactpoint of the balls
andthe profile, the profile tangentincludesan acuteanglewith the centralline of the threadat arny point of the
profile arc. The connectionforce of the balls andthe arc alwayshasa componentwhich forcesthe connecting
placesof the ballstowardthe edgeof the profile. This coercingforceincreasesvith loadingthe threadanddueto
it boththe connectingangleon the pin andthe nutaswell asthe angleof the actionlines of the forceson the ball,
theactionangledecrease.

Theelasticdeformationrdevelopingonthecontactingsurfaceof theballsandtheprofile allowstheactionangle
to change Onthebasisof this deformatiorthe changdn the actionanglecanbe determinedasfollows according
to Molnr-Dr. Varga[1].

Actual actionangle:
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In loadfree casethetheoreticalactionangleis asfollows:
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Distancebetweerthetrajectorycentres:



A= (fr+ fo —1)d,

Actual elasticdeformation:

d,=A - A

Distancebetweerthe centrechangedinderthe effect of deformation:

A" = \/A2 cos? a + (Asin ag + 02)

Relationbetweerthe deformationof actiondirectionandthe axial deformation:

8 =+/A2cos2 ag + (Asinag + 62) — A

Osculationof the ballsandtrajectories:
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Axial load:
F, = zF;sina cos ¢
Loadof aball:
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Constantdependingon the contactingconditions:
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n is theexponentdependingon the contactingpoints, its valuerelatingon the ball bearings:

n=3/2

Contactingconstantelatingto the pin:

K, =2.14-10*
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Contactingconstantelatingto the nut:

K, =2.14-10*

Sumof themainincurvationson the pin:
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Intermediateconstant:
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Curvaturerelation: on the contactingpoint betweerthe pin andtheball;
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onthecontactingpoint betweerthe nutandthe ball:

Elasticdeformationat the pin:

dy = 0.013- 5% ¢/ F2p,
dy = 0.013 - 5" {/ F2py

Thefunctiond* = f(F; px) onthebasisof thetests of MGM on Figure2:[2]
Smallsemi-axisof the contactingellipse:

F,
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Specific semi-axis of the cortacting ellipse and specific deformation of
the two bodies
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Figure2: Specificdataof the contactbetweerthe ball andthe ball path
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Onthe basisof the above relationsandthe diagramsof the Fig. 2 the changein the actualactionanglein the

functionof theload.



Theangleof actionincreasesligressvely in thefunctionof theloadandin caseof thewell-dimensionedhread
profile the edgeof the depressiorellipse cannotreachthe boundaryof the profile. However if the load exceeds
the dimensioninglimit the pitch changesor if the connectingangle given from the manufcturingdimensions
increase®nthenutthe edgeof depressiomranreachthe edgeof thetravelling profile of thenutthread.In this case
the surfaceload both on the ball andthe pathdo not develop accordingto the Hertz voltagedistribution andthe
proportionalelasticity The laying surfacedoesnt increaseaccordingto the earlierusedrelations,the load of the
ball increasesignificantlyandthe edgeof the profile depresses the ball. This large surfaceloadwill increase
theaxial displacemenof thethreadprofilesandcauses bottleneckin thethread.

3 Motion of the balls from the end of the thr eadto the start of the thr ead

Themotionof theballsin thethreadwasdiscusse@arlier It wasstatedherethatin caseof improperprofile shape
theballs couldcometo the edgeof the nut or pin thread.Sofor largerloadsthe deformationof the ballsincreases
significantly Becauseof the increaseof the elements deformationthe axial play of the thread(the longitudinal
displacemenof the pin andthe nut comparedo eachother)will belargeraswell thanthat of belongingto the
normalthread.Becausef the axial "shearing”of the threadprofile the unloadedalls areableto enterthethread
only underthe effect of alargeforce. This force effect closeson the ballsin thethreadthroughthe ballsblocking
in the ball returningtubesandif a ball is just at the leaving ear for blocking the earis loadedby a significant
componenbf the blocking force. If the ball returningtubesareableto go up aswell the blockingforce lifts the
tubesandleaving andenteringthethreadwill occurreally atthesametime asit canbe seenonthefigureandthen
the larger force actson the ear The blocking force is increasedn by the displacemenbf the boresof the ball
returningtubefrom thethreadprofile.

The blocking position of the balls canbe determinedon the basisof the wearschemeof the examinedused
returningtube.

Change in the action angle inthe function of load in case of
totally symmetric thread profile
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Figure3: Changean theactionanglein thefunctionof loadin caseof totally symmetricthreadprofile

Figure5 shows the lying of the ballsandleave andenterof the balls. The ball laying shavn by the pictureis
the sameasthewearschemedakenfor someshellyworn ball returningtubes.It canbe concludedhatthe shelly-
wearform formedin the ball returningtubesdueto theimproperthreadmachining.

Sincefor largeloadsor improperprofile shapesheballsrun ontheedgeof thethreadprofile, alsotheentering
ball contactghe edgeof thethreadfirst. Theeffectof this sharpcorner- becausef the penetratiorof theboreand
thethread- cancausea cut-like stresson theballs,which canbe obsenedverywell in theseusedgears.



Change in the action angle for the dimension of the arc belonging
to the smallest connecting anale
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Figure4: Changen theactionanglefor a nutthreadprofile having decreasedonnectingangle

4 Examination of the effect of the profile radius on the operation of the
threadwith measurements

Theeffect of the threadprofile madewith impropergeometricdimensionsn the operationof the gearwasexam-
ined by measuringhe stressactingon the ball returningtube. The measurement® the function of the angular
displacemenof the pin wereperformedwith nutsof differentprofile radius.

First measurementaere performedon a gearboxwith a nut threadprofile machinedo a smallerradiusthan
the nominalsize,for smallload. It is well visible on Fig. 6 thatfor enteringandleaving of every third ball large
ear stresgriginatedandpeakvaluesappearean the diagramof thedriving torqueat the samefrequeng.

The samemeasuremergeriesvascarriedout for agearboxwith a nutthreadof anominalarcradius.

Figure7 shaws the pin torqueandear stressdiagramof the threadof a nut profile regardedas goodtaken at
thelargestloadin the function of the displacementComparedo the earliernarrav threadprofile the earstresss
insignificantanddespiteto the almostdoubleload the periodiccharacterwhich could be obsened on the earlier
functionappearingpn thetorque-cune cannotbe seenaswell.

The ball returningtubein the gearboxhaving a nut of a closedprofile exposedto a heary load suffereda set
deformationandcut-like damagegameinto existenceon the balls (Fig. 8).

5 Summary

For gearsof ball threadthe thread-profilerequiresa high accurag andstrictly dimensionedndchecledtolerance
fields. During machiningthe final forming of the arc radiusof the threadprofiles hassubjectve manufcturing
stepsaswell. Measuringof radiusis complicatedjt cannotbe mechanise@ndthis processlependingn persons
andthemeasurementsesultscannotbedocumentedConsequentharadiusdimensioncanform which candiffer
- althoughonly in a slight degree- from the nominaldimensions.The effect of this differencewas shavn with
the checkand measurementsarriedout with calculations.Both the calculationsandthe measurementsonfirm
thatthe discussediifferencesn the dimensionsancauseseriousdamagesn the operationof thethreadandhigh
attentionshouldbe paidto their checkandto theaccurag of manugcturing.
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Figure5: Positionof theballsin theball returningtubein caseof blocking
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Effect of ball thread on the manual moment, new nut of
closed profile (r=n-0.065), steering to the right

“‘“\fﬁ‘ﬂ \

40

-
o
[

tn o
o o
|

% AN

=

=]

£ 40 CTTT T
()

bl

[ip)

g 30 Spresgactittrorrtie ear
®

o

E_ 20

=]

& 10

LA L M M

02597 8391 14985 20979 26973 32967 38961 449535
Raotation angle of the pin

0

Figure6: Measuremendf agearhaving a nutthreadprofile of largerconnectinganglethanthenominalone

Effect of ball thread on the manual moment, new nut with narmal profile
(r=n}, steering to the right
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Figure7: Driving torqueandthreadstressof a gearhaving a nut threadprofile of largerconnectinganglethanthe
nominalone



Effect of ball thread on the manual moment, new nut of closed profile
{r=n-0.065), steering to the right
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Figure8: Measuringof the setdeformationof the ball returningtubeearandthe deterioratiorof thethread



