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Prototype and Evaluation ofPerfomance for Pivot BearingS With

Multiple Degrels of Freedom*

Shtti NOGUCHI*1ガ mhru KANADA章 2,MLsakazu OHNUKI*2and Fumika SUZUKI*2

T h i s  p a p e r  d e a l s  w i t h  t h e  p r o t o t y p e s  o F n e w  p i v o t  b e a H n g s  h a v i n g  m u l t Ⅲl e  d e g r e e s  o f f r e e d o m . T h e  i d e a  o f
the pivot beanng is based on a cOnstant velocityjoint(CVJ).First,two types ofthe pivot bearlngs tttth 2 degrees
of freedom(DOF)are deSigned and produced.Their design and some static speciflcations are desc五bed.Then,

applying the pivot bctting with 2 DOF,three types of the pivot beanngs with 3 DOF are prototypcd.A full

oomplement ball bearing mechanisln is used in order to make smooth motion and downsizing is also all■ cd`

Fu■heI■ore,process accuracy ofthe clements is examined.

Keywords:pivot beanng,prototype,2 DOF,3E)OF,perforlnance,accuracy.

1.Introduc6on

The possibility of a parallel mechantsm fOr a ne、 v

driving mechanism as sho、 vn in Fig。 l is increasing in

the area of machinc to01s[1].ThC parallel IIlcchanism

controls the attitude or movement of a tool and a stage

by expanding or colltracting several links.Alongside of

the conventional lnllhanisln,which is constmcted by a

cottbination of several linear motions,high speed,high

stiffness and high precislon pOsitioning can be achieved

by the parallel mechanism[21,[3].In tOrder to reallze

sllch a performance,the most important thing is to

d e v e l o p  t h e  s u p p o r t i n g  e l e m e n t  o e a n n g ) .

High stiffness,high accuracy,wide swinging angle

and low torque are expected for such a sllpporting

element.To realize multiple degrees of freedonl for the

s、vinging movement,ball joint Or spherical sliding

bcaring has been applied so frar.FurthermOre,the

combination ofrolling beanngs such as a universaljoint
has also been applied in the case in which a sufflcient

setting space can bc secured,Ho、 vever,due to the

clearance gap in the ball jOint and spherical bearing,
stiffness and swinging accuracy are unsatisfactory.

WIoreover,in the combined mechanism of rolling

beanngs,stiffness markedly decreases as the size of the

rolling bearing decreases.

To solve these problems,a multi― degree―o←freedom

bea■ng has been developed[4],[5].In suCh a beanng)a

swinging clement(referred to as a sun ball)is

circumscribed by several r01ling elements(referred to as

planetary balls)and its stiffness is upgraded by adding a

preload.However,the lnovemellt of the sun ball lnay be

locked by the position of the ball cage,which is for

rolling elements.Therefore,structural problem is
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unsolvable.The scopc of this research is to develop a

practical pivot beanng with multiple dcgrees offreedom.

2.Design ofpivOt bearing with 2 DOF

2.l Design of lllechanislll

The fol10wing requirements were set fbr the prototype.

(1)The mechanism can restraln the motion of the ball
Cage(including the r01ling clement).

(2)The tensile stiffness and the compressivc one are

alIIlost the same.

In consideration ofthe above conditions,prototype ofthe

pivot bearing with 2 degrees of freedom(DOF)was

designed.

As愉 口1温ed mechanisltII ofthe constant velocity joint

(CVJ)as shOwn in Fig.2 is considered to design a

prototype.When the two parts,which have some

circular―arced grooves,are brought together upon contact

with balls,the rotation motion can be carned in constant

velocity be占〃een theいvo noncoaxial axes.Originally,it

is used fOr transl■lsslon of uniforln in9tion.If One pan is

flxed,the Other pai can swing in 2 DOF.The ba1ls are

rolling with dfferential slip motion in time of swinging.
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Fig.l Example of Parallellink lnechanism
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(つWhell Sun ball(Sヽ械IR」hg elemenO has grooves
By applying this lnechanism,the swinging lnotion with 2

DOF can be realized、 vith restriction on the rolling

direction ofballs.

However,if the CVJ is nOt lnodined,it can■ ot be a

bearing.Then,the follo、 ving views are checked in the

dcsign proccdllre.

(1)If the balls are lnonostichous,the nxing Of the

position of rolling elemellt and loading of the axial

force can not be guaranteed.Therefore,the balls are

drawn up in two lines and the rolling e19ment is

interleaved beいvecn thc椋Ⅳo-lined balls.

(2)If the balls are drawn up in ttvo lines and both parts

have concave gr00ves,the swinging motion is■ ot

realized.Then,concave gr00ve is worked on one

part,and the surfacc of other ptt is convex,

(3)ConsideriIIg(1)and(2),if the hOusing is integrated

with such a lnechanisnl,it is hard to assemble.Thus,

the housing shollld be separated illto two bodies.

Herewith,a preload becOmes possible within the

beanng stmcture.

(4)To hinder frec movement of the balls,ball cage,the

same as that used in a rolling bearing is fixed

beいreen the sun ball and the housing.

Speciications of the bearing are descttbed later and

Fig。3 sho、vs the structurcs of the pivot beattng with 2

DOF.One structure has eight grooves in the rolling

element and the other has eight grooves in the housing.

2.2 Stiffness design

Although dynamic stiffness should be investigated in

the application to the parallel mechanis■ 1, the

calculations of axial displacemcnt and contact surface

pressure should be performed as static stiffness is
ilnpo■ant in practical use.Under the assumption that the

material is beaing steel,the attibutes of beanng steel

are used,such as he modulus of 10ngitunnal elasticity

(Young's modulus)and POisson's ratio.The same design

method as the rolling beanng can be applied directly to

the stttcture[6].So,the calculation of contact surface

pressllre and stiffncss is simple.

The axial stiffness of the prototype pivot bearing is

assumcd to be 100N/卜 tmち Furthertlnore,considettng the

accuracy,the avallability of sphere balls and the

workability of the bearing,the specincati。 .s ofthe

prototype pivot bearing was determined as shO、 vn in

Table l.
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Fig.3 Prototype of pivot bearing with 2 DOF

Table l SpedFlcations of Pivot beadng with 2 DOF

Dilnellslo■ 0 601wll,height 30RIII

Anglc ofswing -25 degree to+25 degree

DiaIIleter ofslm ba11 25411m (1'')

Diamcter ofswinttag sharl 10nltn

Diamcter Ofrolling

elemellt●all)
47625111111(3/16'う

Diameter ofcoIIcave curvaturt 34925111111

Disposition ofballs 8 balis everv 45degrees

AraIIgemerlt ofballs ln

orthogollal directlo■to

dspositon ofballs

2(contaCt ttgle to

-30 dcgrecs to+30

degrees)

Diameter ofgroove

5 m l n ( d e p t h  l I Iゅ, b y  t h e

desiga basis for a deep―

groove ball bcarhg

2.3 1Design of ball cage

The ball cage was IIadc of engineering plastics,It has

laddered pocket holes along a thin―wallcd taper with a

Oiameter Of 5.5mm,which is larger than that of installed

balls.The prototype bearing is the same as a rolling

bcarlng with a rotating inner ttng,considc立ng thc cross

section of the swillging directlon.Letting the rotating

angle measure of the swinging elemellt be l)the orbital

angle measure of the rolling element is as small as O,4.

Then,the movement of the rolling element becomes

relativcly sma11.
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Fig.2 Exttmple oFconstant velodtyjoint(CVJ)



The prototype bcaring with groovcs in the housing,

had no problems,but the other one with grooves in the

swinging element was different.That is,the rolling

elements、 vcゃ positioned in a direction different tO the
swinging direction and pressed against the ball cage.

Thus,ifthe pocket hole was narrow,the ball cage tended

to move in the same motlon angle as the swinging

element`Therefore,the shape Ofthe pocket hole became

that of a landscapc as shown in Fig.4.

3.Prototype and evaluadon of

bearing wi仇 2 DOF

3.l Techttques for worHng process alld

assembly of bearing

The most important factor in the s、 vinging

perfomance is the working process of the groOves for

the rolling elements oallS)ちThe dmenslon and accuracy

of the groove innuencc the capability of assembly and

dynamic perforlnancc,In the prototypc ofthis research,a

ball―ond IIlill、vith a diameter of 5mIIl was used to make

the grooves by a three―dilnenslonal CNC IIlilling process.

Since grinding、vas not perforllled,the surface roughness

and form accuracy were not suffictento IIowever, in

investigating the capability oF swinging, it was

considered that the ball―end lnllling was sufrlciellt`

Techniques for assemblシ and attustment Of bcaing

、vere perforlned in the follo、ving procedure`

(1)Prep釘lng the rolling elements oallS)having slightly

different diamcters(frOm_10μ m to+10μ m at
integrals of 2μ■1, on the basis of a reference

diameter).

(2)ChooSing adequate balls in order to preload lightly

and notto foln a clearance in the bearing.

(3)Tightening up thc scrcws for coupling the upper and

iowcr housings with constallt torque.

Thus,the accuracy of the groove dilnensions should be

within the linlits of-10μm to+10μ m.

3.2 WIeasurement oftorque for swinging

Torque required for swinging was examined

quantitatively. The torque could be calculated by

measllring the force loaded on the swinging sha■ .The

absolute magnittde oftorquc cannot be argucd due to the

measunng techniquc applied here,bllt it can be said that

the osclllation of torque to swing was within+0,7NIn to

句 .7Nm.

3.3 ExPerilnental vedttcation of stiffness

ln order to investigate the stiffmess ofthe bearing,、vith

keeping the swinging shaft vertical,the housing was

declined by O, 10,20 and 30 degrees.Thcn,when the

axial force was loaded to the shaft, the axial

displacement was lneasllred using a(五 splacement sensor.

The declinations of housing were given by purpose― built

pedestals,、vhich had prederlned angles,

I「ig.5 sho、vs the relationship between axial load and

displacement.,y increasing the declination,the axial

displacement becomes smaller and the stiFhess becomcs

larger.This reaso■ ls believed as follows.The axial

displacement,あof the bearing is expressed by δ/sina
Here,o is a diSplacemcnt on the drection ofthe rolling
clemclat and a,declination angle.If the hoLlsing is

allocated horizontally,the force is distriblltcd uniforlnly.

Howeヤ er,whell the housing is declined,the rolling

elements tcnd to move.Then,the contact angles of the

rolling elements to thc loading dircction● ertiCal)differ

froln each other and the axial(立splacement,、vhich comes

llnder the influence of the contact angle and the partial

charging forcc,also differs.The angle of declination

increases、 vith increasing ratio of magnitude for the

partial charging force.This is because the contact allgle

becomes larger.

Hence,in the stiffness design,the lowest stiffness is

0       200      400      600      800

Axtal load,N

(りmen sun bam(swinging elemeno has gr00ves

0       200      400      600
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●)When hOusings have grooves

Fig.5 Relationship between a対 al load

and displacement
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Fig。4 Ballcage、 租th landscape holes




