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Abstract

Little geometricdeviation of the threadgroove on the nut or pin could causethe deteriorationof any ball
thread’s elements.Effectsof alterationin connectingangleandactionanglehavebeencalculatedandtestedwith
measurementof well andnotwell machinedball threadedgears.A little bit biggeractionanglethanthenominal
onecausesball blocking in theball returningtubesandin caseof outsidevaluesof otherdimensionstheearof
thereturningtubecanbreakmainly atextremelyheavy load.

1 Intr oduction

In orderto reducethewearandto increasethenefficiency threadsareusedin somegearsin which thereareballs
betweenthe nut andthe pin threads.For thesethreadedmachinesgroovesof the sameprofile cross-sectionare
developedbothon thenut andthepin for theballs.Theballsdo planetarymotionalongthespiralin thethread,so
in additionto their motioncomponentalongthelongitudinalaxisof thethreadthey work similarly to theballsof
therolling bearings.Also thephysicalbehaviour of theballsandthebearingcanbeapproachedaccordingto the
theoriesdevelopedfor theball bearings.Comparedto thebearingsa fundamentaldifferenceis thattheballsin the
pathgroovedonotreturnalwaysto thesamepositionbut doingaprogressivemotionaswell. In thethreadthey roll
from thestartof thethreadtowardstheendof thethreadsothey enterthegroovesandleave them.Theaim of the
performedtestsis to analysetheseenteringandleaving conditionsin functionof somegeometriccharacteristics
andtheload.

For theexaminationwemadecalculationsregardingto theeffectsof somesizesof thethreadon themotionof
theballs,primarily analysingwhatsizedifferencescancausesignificantforceontheballsfor enteringandleaving
thethreads.In orderto confirmthecalculations,measurementswereperformedto determinetheimpressingforce
andthethreadtorquetogetherfor gearsof differentthreadprofiles.

2 Parts and operation of the ball thr ead

Theball threadis apartof agearbut it canbeunambiguouslyseparatedfrom thegearandconsistsof thefollowing
items:� pin� nut� balls� ball returningtube� its fixture

Thepin andthenuthavethesameleadandgenerallythesameprofileshape.In thiscasetheanglesconnecting
to theprofile of theballsarethesameaswell thatis for thesethreadstheangleof actionin theunloadedthreadis
thesameastheconnectingangle.In thethreadtheballsaligncloseandgenerallycontactto eachother. Thestartof

1



HEJ: MET-000123-A 2

thethreadis reallywheretheballsenterthethread.Thisplaceis theboremadeonthenutwheretheball returning
tube� is connected.Theotherendof this tubeis at theendof thenutandit returnstheleaving ballsfrom thereto the
startof thethread.Leaving of theballsareassistedby theso-calledearson thetubeswhich really inhibit theballs
from over-rolling andthey take themoff. Thestartandendof thethreadcanbenaturallyinterchangeddepending
on therotationdirectionof thepin andthenut. For small loadandpropergeometricform of thethreadthestress
on thereturningtubeandits earis hasno accountandthe tubecanproperlyguidetheballsbetweentheendsof
thethread.

Increasingtheloadandin caseof certainprofileformstheforcesaffectingtheballscanexposetheball returning
tubeandits earto a significantloadwhich canleadto thedeteriorationof thethread.

The profile forming of the threadhasan importantrole in the operationof the thread. The profile of the
threadhasa circular cross-section,the radiusof its manufacturingis larger thanthat of the ball andthe centre
of manufacturingis shiftedaway from theaxisof theprofile. This shift providesfor theappropriateengagement
betweenthe threadandthe ball for all occurringthreadloads. The fit betweenthe ball andthe threadprofile is
shown in theFig. 1 on which thepin andnut threadsaremadewith differentprofiles.

Figure1: Perpendicularsectionof thethread:thethreadprofile

The work of the threadis to transformthe torqueto a axial force. This transformationimplementsin the
connectionof the threadballsalongthenut andpin profiles. Sincein the thread,at thecontactpoint of theballs
andthe profile, the profile tangentincludesan acuteanglewith the centralline of the threadat any point of the
profile arc. The connectionforce of the balls andthe arc alwayshasa component,which forcesthe connecting
placesof theballstowardtheedgeof theprofile. This coercingforceincreaseswith loadingthethreadanddueto
it boththeconnectingangleon thepin andthenut aswell astheangleof theactionlinesof theforceson theball,
theactionangledecrease.

Theelasticdeformationdevelopingonthecontactingsurfaceof theballsandtheprofileallowstheactionangle
to change.On thebasisof this deformationthechangein theactionanglecanbedeterminedasfollowsaccording
to Molnr-Dr. Varga[1].

Actual actionangle: ��� arcsin
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In loadfreecasethetheoreticalactionangleis asfollows:� � � arccos !#"%$�&(')+*-, (2)

Distancebetweenthetrajectorycentres:
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* ��.0/21%�3/+4 $5"76�8:9 (3)

Actual elasticdeformation: ; < � *>= $ * (4)

Distancebetweenthecentreschangedundertheeffectof deformation:* = ��? * � ��� �@� �
���A. * �	�B
 �C��� ; �< 6 (5)

Relationbetweenthedeformationof actiondirectionandtheaxial deformation:
; � ? * � �D� � � �C���A. * �@�B
 �C�E� ; �< 6F$ * (6)

Osculationof theballsandtrajectories: /+1G�IH 18 9 (7)

/24J� H 48:9 (8)

Axial load: K < �ML K 9 �@�B
 � �D� �ON (9)

Loadof a ball: K 9 �AP-Q ; Q (10)

Constantdependingon thecontactingconditions:P-Q�� �R� "SUTVJWYX[Z\ � S]TV_^�X`Z\ �ba 
Q

(11)c is theexponentdependingon thecontactingpoints,its valuerelatingon theball bearings:cU�Mdfe ) (12)

Contactingconstantrelatingto thepin:P 4 � )Og "ihGj:"ik+l "? mon 4 ;+p	q4 (13)

Contactingconstantrelatingto thenut:P 1 � )Og "ihGj:"ik+l "? m n 1 ; p	q1 (14)

Sumof themainincurvationson thepin:r n 4 � "8+9ts h � )vu"%$ u $ "/+4vw (15)

Sumof themainincurvationson thepin:r n 1x� "8 9ts h � )vu"%$ u $ "/ 1yw (16)
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Intermediateconstant: u � 8:9 �D� � �8{z (17)

Curvaturerelation:on thecontactingpoint betweenthepin andtheball:K . n 6 4 � �@|T~} | � T� Wh � �	|T�} | $ T� W (18)

on thecontactingpointbetweenthenut andtheball:K . n 6 1 � �	|T~} | � T�@^h � �	|T�} | $ T� ^ (19)

Elasticdeformationat thepin:
; 4_� k g k�" d j ; pE�� K �9 n 4 (20)

at thenut:
; 4_� k g kO" d j ; p �� K �9 n 1 (21)

Thefunction

; p ��/F. K �9 n 1 6 on thebasisof thetests of MGM on Figure2:[2]
Smallsemi-axisof thecontactingellipse:� � k g k:��"7kO"_j � p �� K 9mon (22)

Figure2: Specificdataof thecontactbetweentheball andtheball path

On thebasisof theabove relationsandthediagramsof theFig. 2 thechangein theactualactionanglein the
functionof theload.
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Theangleof actionincreasesdigressively in thefunctionof theloadandin caseof thewell-dimensionedthread
profile� the edgeof the depressionellipsecannotreachthe boundaryof the profile. However if the load exceeds
the dimensioninglimit the pitch changesor if the connectinganglegiven from the manufacturingdimensions
increasesonthenuttheedgeof depressioncanreachtheedgeof thetravelling profileof thenut thread.In thiscase
the surfaceloadbothon theball andthe pathdo not developaccordingto the Hertz voltagedistribution andthe
proportionalelasticity. The laying surfacedoesn’t increaseaccordingto theearlierusedrelations,the loadof the
ball increasessignificantlyandtheedgeof theprofile depressesin theball. This largesurfaceloadwill increase
theaxial displacementof thethreadprofilesandcausesa bottleneckin thethread.

3 Motion of the balls fr om the endof the thr eadto the start of the thr ead

Themotionof theballsin thethreadwasdiscussedearlier. It wasstatedtherethatin caseof improperprofileshape
theballscouldcometo theedgeof thenut or pin thread.Sofor largerloadsthedeformationof theballsincreases
significantly. Becauseof the increaseof the element’s deformationthe axial play of the thread(the longitudinal
displacementof the pin andthe nut comparedto eachother)will be larger aswell thanthat of belongingto the
normalthread.Becauseof theaxial ”shearing”of thethreadprofile theunloadedballsareableto enterthethread
only undertheeffect of a largeforce. This forceeffect closeson theballsin thethreadthroughtheballsblocking
in the ball returningtubesand if a ball is just at the leaving ear for blocking the ear is loadedby a significant
componentof theblocking force. If theball returningtubesareableto go up aswell theblocking force lifts the
tubesandleaving andenteringthethreadwill occurreallyat thesametimeasit canbeseenon thefigureandthen
the larger force actson the ear. The blocking force is increasedon by the displacementof the boresof the ball
returningtubefrom thethreadprofile.

The blockingpositionof the balls canbe determinedon the basisof the wearschemeof the examinedused
returningtube.

Figure3: Changein theactionanglein thefunctionof loadin caseof totally symmetricthreadprofile

Figure5 shows thelying of theballsandleave andenterof theballs. Theball laying shown by thepictureis
thesameasthewearschemetakenfor someshellyworn ball returningtubes.It canbeconcludedthattheshelly-
wearform formedin theball returningtubesdueto theimproperthreadmachining.

Sincefor largeloadsor improperprofileshapestheballsrunontheedgeof thethreadprofile,alsotheentering
ball contactstheedgeof thethreadfirst. Theeffectof thissharpcorner- becauseof thepenetrationof theboreand
thethread- cancauseacut-likestresson theballs,whichcanbeobservedverywell in theseusedgears.
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Figure4: Changein theactionanglefor a nut threadprofile having decreasedconnectingangle

4 Examination of the effect of the profile radius on the operation of the
thr eadwith measurements

Theeffectof thethreadprofile madewith impropergeometricdimensionson theoperationof thegearwasexam-
inedby measuringthe stressactingon the ball returningtube. The measurementsin the function of the angular
displacementof thepin wereperformedwith nutsof differentprofile radius.

First measurementswereperformedon a gearboxwith a nut threadprofile machinedto a smallerradiusthan
thenominalsize,for small load. It is well visible on Fig. 6 that for enteringandleaving of every third ball large
ear- stressoriginatedandpeakvaluesappearedon thediagramof thedriving torqueat thesamefrequency.

Thesamemeasurementserieswascarriedout for agearboxwith anut threadof a nominalarcradius.
Figure7 shows thepin torqueandearstressdiagramof the threadof a nut profile regardedasgoodtakenat

thelargestloadin thefunctionof thedisplacement.Comparedto theearliernarrow threadprofile theearstressis
insignificantanddespiteto thealmostdoubleloadtheperiodiccharacter, which couldbeobservedon theearlier
functionappearingon thetorque-curvecannotbeseenaswell.

Theball returningtubein thegearboxhaving a nut of a closedprofile exposedto a heavy loadsuffereda set
deformationandcut-likedamagescameinto existenceon theballs(Fig. 8).

5 Summary

For gearsof ball threadthethread-profilerequiresahighaccuracy andstrictly dimensionedandcheckedtolerance
fields. During machiningthe final forming of the arc radiusof the threadprofileshassubjective manufacturing
stepsaswell. Measuringof radiusis complicated,it cannotbemechanisedandthis processdependingon persons
andthemeasurements’resultscannotbedocumented.Consequentlyaradiusdimensioncanform whichcandiffer
- althoughonly in a slight degree- from the nominaldimensions.The effect of this differencewasshown with
the checkandmeasurementscarriedout with calculations.Both the calculationsandthe measurementsconfirm
thatthediscusseddifferencesin thedimensionscancauseseriousdamagesin theoperationof thethreadandhigh
attentionshouldbepaidto their checkandto theaccuracy of manufacturing.
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Figure5: Positionof theballsin theball returningtubein caseof blocking
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Figure6: Measurementof a gearhaving a nut threadprofile of largerconnectinganglethanthenominalone

Figure7: Driving torqueandthreadstressof a gearhaving a nut threadprofile of largerconnectinganglethanthe
nominalone
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Figure8: Measuringof thesetdeformationof theball returningtubeearandthedeteriorationof thethread


