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ABSTRACT
Spin, the result of a mismatch in contact radit on either side of thé
point of rolling, has a detrimental effect on traction ﬁohtéct pefformancé.
it occurs in concentrated contacts having conical or contoured rolling ele-
ments, such as those in traction drives or angular cpntact bear1ngs, and is
responsible for an increase in contact heating and power loss. This investi-
gation examines the kinematics of sb1h producing contact geometries and the
subsequent efféct on traction and power loss. The influence of lubricant
traction characteristics and contact geometries that minimize spfn are also
addressed.
INTRODUCTION
In the contact analysis of many machine components, such as bearings,

gears, cams and traction dr1ves, the traction forces and resultant power .loss
dué to sliding and rolling is of engineering importance. The effective trac-
tion forces generated in the contact dictate the amount of s1ip occurring in
ba]]_bearings, the skew in roller bearings and the creep rate across a

traction-drive contact. The power loss generated in the contact s not only

~ important in and of itself but also dictates the operating tempéréture. This,

in turn, influences thetqua]1ty of lubrication in the contact and its ultimate
durability.

In view of this, the production of tfactiqn contact performance and
motion has been the subject of numerous investigations through the years

[1-9). Poritsky, et al. [1] and Reichenbach [2] analyzed the frictional



spinning moment of angu]ar-cohtact ball bearings. They assumed that relative
s1ip occurred at all points within the contact between the balls and faceways
due to a rigid body rotation about a normal axis through the contact center.
This special case of spin about an axis located in the center of the contact
is often referred to as "pivoting". Wernitz [3] and Magi [4] 1nvest1gatéd the
more general case of a variable-speed traction drive contact where the siip
due to torque transfer caused the spin axis or "spin pole" to move away from
the contact center.

Johnson [5] examined the displacement, motion and surface tractions of an
unlubricated, free rolling (i.e., without applied tangential forcesj ba]i
against a plate under pivoting spin. In contrast tq the previous investi-
gations [1 t6,4], Johnson theoretically showed that at least for small spin |
velocities, the elastic tangential compiiances of the surfaces would enable
the central region of the contact to experience no slip, 1.e., "locked", while
s1ip occurred only in a region at the perimeter of the contact. The boundarj
between the "locked" and "s1ip" region is dictated by the locus of points at
which the local value of tangential traction equals or exceeds the 1imiting
value. Johnson's [5] theoretical and experimental work also revealed that a.
ball rolling Qh1]e spinning could develop a transverse force causing it to
follow a curve trajectory, not unlike a billiard ball that has been struck off
center. A more refined theory is given by Kalker [6].

Later work by Johnson}[7,8], for. lubricated contacts clearly established
the visco-elastic behavior of the é]astohydroqynam1c oil film whefe the same
typé of side thrust can also be developed under spin due to the elasticity of
the film at small strain rates. Graphical solutions of the Johnson model pre-
sented by Tevaarwerk»inv[Q] permit d1re;t evaluation and design optimization

of traction drive contacts.



Poon [10] and Lingard [11] also developed methods to predict the availa-
ble traction forces of a contact experiencing spin. Poon's method [10]} ufi]-
fzed traction data from a twin disk tester together with contact k1nemat1¢s to
predict the available traction. Lingard [11] provided a theoretical app;qach
in which the EHD film exhibited Newtonian viscous behavior at low sheér‘fates
until a critical 1imiting shear stress was reachéd. This same model was -suc-
cessfully employed by Gaggermeier [12] in a comprehensive investigation of the
losses and characteristics of traction drive contacts.

In most of the aforementioned investigations, the knowledge of the angu-
lar spin velocity w of the contact is required before detajiled calcu-
lations of contact performance can be undertaken. For contacting bod1e;~of
varying geometry whose axis of rotation are not parallel, the magnﬂtdde of
© fs not readily apparent. Furthermore, mean§ to alter contact geometry'
in order to minimize g and thus improve performance is often difficult to
visualize. It therefore became a basjc objective of the current 1nvestiga£1on
to study the effects of contact geometry on the magnitude of W and 1ts

subsequent effectsvon traction and power loss.

NOMENCLATURE

a A contact ellipse semi-width in y-d1rect10n (transverse to direction
of rolling), m

b contact ellipse semi-width in x-direction (rolling), m

c lubricant contact pardmeter defined in Eq. (18) coefficients

E modulus of elasticity, GPa '

e spin pole offset defined in Eq. (1), m

Fx’Fy traction forces in x and y djrection, N

J]-»J7 dimensionless traction contact parameters defined in Egs. (11)
to (17) ’



Subscripts
A,B

n

t

X,Y

contact aspect ratio, a/b

Joss factor defined in Eq. (20)

speed fat1o, RB/RA ‘

initial slope of the traction curve

normal load, N

principal rolling radii of bodies A and B, m
dimensionless slip defined in Eq. (21) |

spin torque normal to contact, Nem

average rolling surface velocity in rolling direction, m/s '

longitudinal (x-direction) s1ip velocity, m/s

- average rolling surface velocity in direction transverse to

rolling, m/s:
transverse (y-direction) slip ve10c1ty, m/s
cone angle, deg
side s1ip angle, deg ‘
included angle between rotation axes of bodies A and B, deg
maximum traction coefficient
app]ied longitudinal traction toéff1c1ent
applied transverse traction coefficient
included angle between rotation axes of body A and the tangent
to point of contact, deg '
angular rotational velocity, rad/sec
angular ve]oc1ty difference (spin) norma] to the contact, rad/sec

contacting bodies A and 8

normal to the contact

tangent to the contact

direction with rolling and transverse to rolling

TRACTION CONTACT FORCES

Before a detailed traction contact performance analysis can be performed,

the overall magnitude and direction-of the local slip velocities within the

contact must be determined. It is these local slip ve16c1t1es which are re-

sponsible for the traction force patterns appearing in Fig. 1. This figure




shows the distribution of local traction vectors in the contact when
Tongitudinal tractfon, m1sa]1gnmenf, and spin are preseht. These tractidn
forces will align themselves with the local slip velocities. In traction-
drive contact some combination of traction, misalignment, and spin are always
present. Their effects caﬁ be simply superimposed. To determine the per-
formance of a traction-drive contact, the elemental traction forces must be
integrated over the contact area.

Bécause of the parabolic pressure distribution, the elemental traction
forces are largest near the center of the contact and diminish in magnitude
near the contact perimeter as illustrated in ng. 1. As expected, in the case
of longitudinal traction, (Fig. 1(a)), the forces align themselves in the rol-
1ing direction. With the addition of misalignment (Fig. 1(b)), a sideslip
velocity is introduced causing the vectors to cock in Tine with the sideslip
angle. Using conical rollers generally results in a circumferential slip pat-
tern referred to as spin (Fig. 1(c)). This rotary motion is due to the fact
that the contact is in pure ro]11ng only at its center. At the right hand
edge of the contact the upper roller is sliding over the lower roller because
of the mismatch in contact radii. At the left hand edge the situation 1is re-
vérsed and so is the direction of s1ip. Spin can be thought of as a dif-
ference in-the angular velocity vector between the bodies in the direction
normal to the contact.

Spin generally occurs in traction drives with conical rollers or rollers
with nonparallel rotation axes. It is inevitably present in all variable
ratio drives at least one or more positions of operation and also in angular
ball bearings. The spin velocity causes a loss in power and also reduces the
available traction coefficient. Furthermore, contact spin can generate ap-
preciable side forces similar to those that cause a spinning ball to.roll
along a curved path as demonstrated by Johnson [5]). Unlike side slip, both
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the magnitude and direction of spin changes across the contact, with steadily
increasing spin velocities moving away from the center of the contact. B
However, the angular spin velocity wg remains constant about a 1ine normal
to the cohtact. When no external torque is applied, this line jd1ns the_~
geometric centers of the driving and driven roller pair as j1lustrated 1h_F1g.
1(c). When an external torque is applied, longitudinal slip AU develops
which causes the axis of spin to move transversely some distance e (see Fig.
2). This distance e has special meaning 1n traction contact analysis |

[3,4]. It is referred to as the spin pole offset and is given by the relation:

€I>
(=]

(1)

e =
S

The power transferred between rollers is determined from a summation of
the fraction force components aligned in thé rolling direction times their
respective rolling velocities. It is clear from Fig. 1 that in m1sa11gnmént
only a portion of the traction force is generating useful traction and that
the remainder is generating useless side force. For pure spin (e = 0) no use-
ful tract1on is developed, since the elemental traction forces cancel one
another. S1nce-the contact power loss.is proport1ona1 to the product of the
elemental traction forces and slip velocities, the presence of spin and mis-
alignment adversely affects efficiency. Furthermore, both conditions lower |
the available traction coefficient. This reduces the amount of torque that
can be safely transmitted. This loss in traction capacity is due to the fact
that slip will occur when the local sliding velocities in the contact, exceed
the s1id1ng velocity corresponding to the point of peak traction. AsAan
example, take the case of a traction contact with a rolliing velocity U of 100
m/s and a longitudinal slip velocity auU qf a1l m/s at the point of groés
sliding. If this contact is misaligned by just 0.5 deg, a side-slip velocity

AV = U tan B = 0.87 m/s would be generated. Since gross sliding will occur if



the combined s1ip velocity reaches 1 m/s anywhere in the contact, the longi-
tud1na1'sl1p component AU will be limited to 0.49 m/s or less. At the point
of impending gross s1ip, the applied traction force in the rolling direction
will be 49 percent of the original non-misaligned value and the induced side
wdys thrust due to misalignment will be nearly 1.8 times larger than that in
the rolling direction. This simple example underscores thé need to ma1ﬁta1n

precise alignment between power transmitting rollers.

CONTACT KINEMATICS UNDER SPIN

A samplie of adjustable speed traction drive geometries appears in Fig.
3. Some of these configurations were in use at the turn of the century [13].
Mosf of those pictured are still commercially available and perform speed
matchjng service for light duty factory equipment.

The degree of spin generated in the contact of traction df1ves such as
those shown in Fig. 3 can be analyzed using a.siﬁple model. Consider the
-general contact geometry of a roller pair rolling without an applied tan-
gential force as illustrated in Fig. 4. The angular spin velocity ©g A
acting on body A 1is given by the velocity diagram to be equal to the angular

velocity difference normal to the contact, that is:

> - >

-’
“s,A T “B,N T “A,N (2)
or in terms of the operating angles vy and e:

sin & - w, sin (y - 6) , (3

“s,A T “A B

Where @, and wg are the angular rotational velocities of bodies A

and B, y 1is the included angle between the axes of rotation and © 1is the
included angle between body A's axis of rotation and the tangent to the point

of contact. Note wp and wg are taken to have the rotational direction

as shown in Fig. 4 and spin o is taken to have a negative value in the

S,A
clockwise directton.



Since the ve1oc1fy pattern on body B 1s opposite to that of body A, it

follows that:

5 >
wg g = " 95 A LY

Reversing the direction of rotation will simply cause a "sign" change of the

terms in the above equations.

The angular spin velocity can also be found from the difference in the
surface velocity distribution between the bodies divided by the distance from
the point of pure rolling as shown in Fig. 4(a). At the perimeter of the .

contact this leads to'

> >
2 .- R, +a sin e R+ a sin(y - 0)] - (5)
wg p = 3 = W, ( A tasin ) - wB[ gt @ sin(y - .
Noting that at the point of rolling, ”ARA = ”BRB’ and simplifying, Eq. -
(5) leads immediately to the result given in Eq. (3).

Effect of Geometry

The effects of variation in roller geometry on wg  can be conveniently
studied by "normalizing" Eq. (3) by w, s follows:

(A)S A

- sin e -+ sin(y - o) - (#)

where M = speed ratio = wA/wB = RB/RA

In the case of a variable ratio traction drive, the rolling radii of one
or_both bodies and/or spin angles y and o will change with a change in
speed ratto. Eq. (6) can bevused to compute the amount of spin at each
position. This is shown graphically in Fig. 5 for the case of equal sized
rollers M =1. It is instructive to note from setting Eq. (6) to zero that -
there are two conditions which result in zero spin. These are

Yy=06=0 (7)



and

R : '
_ B _sin(y - ©)
M= - sine : (8)

>

The first condition is the trivial solution which 1s the case of two
parallel, crowned cylinders. The second condition corresponds to the case
where the tangent to the point of contact intersects the point whefe.the‘ro—
tation axes of bodies A and B cross. This is the Ease of the tapered
bearing or bevel gear. Although variable speed dr1ves can be constructed to
achieve a condition of zero spin at one or more points, it is impractical or
at least extreme]y difficult to satisfy either of the above conditions at all
intermediate positions of operat1dn. Neverthelgss, the raf1o schedule de— .
scribed by Eq. (8) can serve as a target to minimize spin. |

Spin maxima and minima can readily be found by differentiating Eq. (6)

w1th'respect to o and Setting this value to zero. This yields

_ -1 M+ cos y |
@ = tan [— STn + ] | (9)

Substituting values of o from Eq. (9) for a given M 1into Eq. (6)
will give the m1n1mav(most negative) spin va]ues'when4 y 1s positive while
negative vy w111 provﬁde the spin maxima (moét positive Va]ues). Comple-
mentar§ angles (6 + 180°) or (e - 180°) will provide equal magnitude but
opposite sense spin values. It is instructive tofnote that the geometry‘that
produces the greatest spin is for 6 = #90° and vy = 0. This corresponds
to the case of two paral]é],'but offset axes disks making faceAcontéct as 11—
lustrated in Fig. 5 at o = 90°. Thé maximum magnitude of spin at this

condition is:

=% (1 +3) (10)



This peak spin ratio =2 at M = 1 and steadily decreases with an increase
in speed ratio M. -The magnitude of the spin ratio at any intermediate combi-
nation of geometry angles y and © will never exceed that given by Eq.
(10). |

Heathcoate slip - The relationships given above are applicable to both

~external and internal counterformal contacts, that is those having posit1ve
'transverse radii of curvature. The analysis is algo appiicable to conformal
contacts provided that the difference in transverse curvature is relatively
large. However, the analysis needs to be modified for contacts that are
closely conformal such as that between a ball and a raceway in a ball bear-
ing. This is because a ball rolling in a closely conforming groove w1111have
two, not just one point of pure rolling and two spin poles will be estabiﬁsh—
ed. A circular spin pattérn will be set up around each spin pole, not unlike
Fig. 1(c), ofAequal magnitude but opposite direction. This phenomena, first
“observed by Heathcoate [14], is addressed in greater detail in [15].

Spin geometries - A wide variety of spin producing geometries with posi—

tive and negative spin angles can be devised as illustrated in Fig. 6. How-
ever, not a]i combinations of «y and' ® will produce workable so]ut16n§

for y > 90 or y < -90°. In practice, mechanical interference can occur at
some points due to the finite Q1dth of the fo]]ers. The "sign" of the angles
shown in Fig. 6 are app]icab]eAto all of the previous equations. 1In general,
geometries in which the crossing point of body B{s rotation axis and the com-
mon contact tangent, 1ie on the same side of body A, i.e., y and o have
the same "sign", produce less spin than_when the crossing points straddle

body A.
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PERFORMANCE ANALYSIS UNDER SPIN

As mentioned ear11ef there have been many investigations concerning the
prediction of traction in EHD contacts [7 to 12]. One of the more recént and
more comprehensive traction contact models is that due to Johnson and
Tevaarwerk [8].

Their model covers the full range of viscous, elastic, and plastic be-
havior of the EHD film. This type of behavior depends on the Deborah number,
a relative measure of elastic to inelastic response, and the strain rate. At
low pressures and speeds (low Deborah number), the film exhibits linear vis-
cous behavior at low strain rates. It.becomes 1ncreasingiy more nonlinear
with increasing strain rate. At higher pressures and speeds, more typical of
traction drive contacts, the response i1s linear and elastic at low rates of
strain. At sufficiently high strain rates, the shear stress reaches some
1imiting value and the fi11m shears plastically as in the case of some of the
earlier traction analytical models.

In [9 and 16], Tevaarwerk presents graphical solutions developed from the
Johnson and Tevaarwerk elastic-plastic, isothermal traction model. These
solutions are of practical value in the design and optimization of traction
drive contacts. By knowing the 1nft1a1 slope (related to the shear modulus)
and the maximum traction coefficient (related to the 1imiting shear stress)
from a zero spin/zero-side-slip traction curve, the traction, creep, spin
torque, and contact power loss can be fqund,oyér a wide range of spin values
and contact geometries.

These solutions are general in nature and provide a good basis for esti-
mating the performance of a fraction contact of a known géometry.‘ These so-
lutions will be repeated here in part without theoretical just1f1catjon.
Those interested in the theoretical basis of the Johnson énd Tevaarwerk |
analysis should consult (8, 9 and 16].
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Dimensionless Traction Parameters

“In the Johnson and Tevaarwerk. model several dimensionless parameters were
jdentified that best generalized the results of their analysis. These parame-
ters can be written in terms of the shear modulus and 1imiting shear stfe$s
properties of the lubricant or in terms of the measured initial slope m and
peak traction coefficient u from a simple experimental traction curve. It
is more convenient and probably more reliable at present to work with actual
traction data rather than fundahenial fluid property data. Fluid properfy
data are usually generated under e§per1menta1 conditions that are much dff-
ferent than in a tractiqn contact. For the Johnson and Tevaarwerk dimension-
less groupings, slope and traction coefficient data must be obtained from a
zero side-slip/zero-spin traction curve for the lubricant in question. This
referen;e data must also be obtained at the same coﬁtact pressure, temper-
ature, rolling speed and for the same aspect ratio, area and disk material as
the contact to be analyzed. However, approximate compliance corrections to
the slope can be made if the aspect ratio and contact area of the reference
data is different than that of the contact to be evaluated (see [17]).

With the Johnson and Tevaarwerk analysis, knowing just m and from a
simple traction test leads to the prediction of the entire traction-creep
curve in the isothermal region under any combination of side-s1ip and spin.
Also, the traction force perpendicular to the rolling direction and contact
. power losses can be readily determined. Traction data useful for design
purposes of two common traction fluids over a wide range of operating
conditions appears in [17].

The so]ut1pns to this ana]ysis are given in terms of the following

q1mens1onless parameters:

12



au
slip, J1 = C U (1)
side slip 3, -c (12)
! 2 U
ws\/a-B
spin, | J3 =C TR (13)
"X o
traction, J4 = — (14)
H
v '
side traction, JS = ;1 (15)
torque normal T
J, = ——— (16)
‘ to the contact, 6 40 « /ab
total power _
loss, Jg = 33y + Igdy + dgdy
S AU+ AV ¢+ Tag) (17)
~uQU Y x y S
3v m
where C = lubricant contact parameter = 8 u‘\/I- (18)

The spin term 33 can be quickly found from the basic geometry of the

roller pair with the aid of Eq. (6). Noting that U = wp

th1s gives:

' sin @ sin (y - 0) :
Jg=C «véE [ - : ] | (19)

Ra B
It is important to note that the detrimental effects of spin increase
with the square root of contact area (proportional to \JGB). Thus an increase

in normal locad for a given geometry wji] also increase J Furthermore,

3
all other things being equal, highly conformal contacts will be more spin

sensitive than those which are not.
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The power loss term J can be put in a more convenient form in terms.

7
of a loss factor LF where

J -
_ Power Loss ,
LF = 1 =C <Powef Input) , ' o (20)

Effects of Lubricant on Traction Under Spin
In [i7] the traction characteristics of two modern traction fluids were
modeled bésed on traction disk machine test data. A finding of this study was
that lubricant composition has a significant effect on traction performaﬁcé |
under spin as illustrated in Fig. 7 from [17]. This f1gure'shows that the
degradation of maximum traction coefficient with spin was‘sign1f1cant1y great-
er for one of the test fluids. However, under conditions of low spin, this

fluid offers comparable or slightly better performance.

Effect of Slip and Spin on Traction

The graphical so]ut1ons appeaf1ng in [16] can be used to predict the
influence of s]ip, side-s1ip and spin on the traction in both the x and y
directions. These are shown in the figures which follow. Fig. 8 shows the
theoretical effects of slip and spin at a contact aspect ratio of |
k = 1. This figure is, 1n effect, a theoretical traction curve. It is ap-
parent from Fig. 8 that spin tends to increase stip at a given level of
traction J4, except at Tow spin va]ues‘(J3 less than about 0.7). At low
spin values most of the contact is being strained elastically (energy is
recoverable) so there is l1ittle adverse effects.

If no spin is present and there is no side-slip, a simple relation exists

between tract1on J4 and slip, J] of the form:

[tan']s + —5—2—']
1 +S

14

J4 =

a N



~ where _ - (2n
S=1<m>& ‘
4 ¥ U

It may be observed from Eq. (21) that contacts with small value of aspect.
ratio k, hence larger slip values S, tend to improve traction. The traction
in the contact is directly related to the total lubricant strain. Since low
aspect ratio contacts have longer contact lengths in the direction of rolling
they permit a higher build up strain, hence more traction. |

Under the condition of pure spin, that is no slip, the total strain_on
the fluid film in the contact transverse to the rolling direction steadily
increases in the inlet region, reaches a maxima, and then steadily decays to
zero‘at the outlet of the contact. This accumulated axial strain gives rise
to a side traction J5 which can be a significant fraction of the maximum
traction coefficient, particularly for contacts with low aspect ratio, k.' The
maximum value of sideways traction J5 under pure spin.conditions is shown
in Fig. 9. Side thrust forces under pure spin éan'be greater than 60 percent
of the 1imiting traction force. At a given aspect ratio, the magnitude of

J. will increase with spin, reach a maxima and then decrease for 1ncreas1ng

5
spin as elastic effects diminish. This can be seen from Fig. 10 for k = 1.
Increasing s]1p'1n the rolling direction has.a relatively minor effect on side
traction Js until the slip reaches some value where elastic effects are
negligible. At this point there is a precipitous drop in the s1deways'trac—
tion.

The thrust direction with which this sideways traction J5 acts is
dependent on the geometry of the contact and its direction of rotation.
Referring to F1g.'4, the sideways traction acting on the body in the plane of
contact, is oriented in the same direction as the bodies angular rotational
velocity vector for positive wg (CCW spin) and in the opposite direction

for negative w. (CW spin) for -90 < y < 90°.

S
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It ¥s clear from Eqs. (14) and (15) that multiplying the computed value

of J4 and J5

the appropriate values of vy and My at any slip, side-slip, or spin

by the maximum available traction coefficient will give

condition. If spin is present, it is 1ikely that thermal heating will céuse
some reduction in the value of :u.f Using the value of w under the sp1hi
condition presenf, if such data is known, to correct J4 and Jsr will
.y1e1d the most accurate results. Analytical methods to account for thermal

effects in the film can be found in [18 to 20].

Traction Contact Power Loss
Ignoring the rolling traction loss for the moment, the losses in a trac-
tion contact of three components: 1longitudinal slip, side-s1ip and spin as
given by Eq. (17). By dividing the dimensionless contact loss term J7 to

the longitudinal traction term J, we can establish the loss factor LF

4
given in Eq. (20). Power loss then is simply:

Power loss = (_L_(l;) Power input (22)

" In most traction drfves a mechanism is used to automatically adjust the
normal load in direct proportion to the transmitted force. This forces the
traction coefficient in the contact My to be a constant. The geometry of
the loéd1ng mechanism s selected to be some fract1op, typically 70 to 80
bercént, of the maximum traction coefficient available (1.e., J4 = 0.7 to
0.8) under the most unfavorable operating cond1t1on. This 1s to provide some
safety mérg1n from s1ipping.

To illustrate the effect that spin has on power loss, the theoretical

loss factor is plotted in Fig. 11 against J, for a constant loading frac-

3

tion J4 = 0.75 at various k values. It can be observed that imposed spin

has 1ittle or no influence on the loss factor LF at low values of spin.
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The losses in the contact at low spin are basically those due to the creep
normally associated with torque transfer. From a design point of view, values
of spin 33 up to approximately 1 can be allowed without 111 effects. At~

higher levels of spin, above J, 6, LF increases directly with spin J

3 3

as the lubricant film in the contact shears plastically [9]. Thermal effects
then become increasingly more pronounced and the isothermal loss curve 1an1g.
10 starts requiring thermal modifications [18 to 20].

The relative power loss between contacts with low spin (J3 < 1) and
high spin (J3 > 10) can be better appreciated by cross plotting Fig. 11
against contact aSpect (ellipse) ratio. This is done in Fig. 12. High spin
contacts have losses that are about an order of maénitude higher than low spin
contacts. Reducing contact ellipse ratio k improves efficiency at both 10w
and high~]eve1s of spin. However, at high spin levels, the minimum losses
occur at k = 1 and reducing k further, 1.e., orienting the ellipse's major
axes with the direction of ro]]ing, will cause an increase in power loss.

It is instructive to note that a reduction in k, that is, making the
‘contact more circular in shape, will improve efficiency. It will also, |
however, have a detrimental effect on fatigue 1ife. This is illustrated in
Fig. 12 where relative fatigue 1ife from the analysis published in [21] and
re]ative.power loss found in [9] is plotted against k for constant torque,
normal load, size and traction coefficient. Note that decreasing k -by
decreasing the relative transverse radius of curvature at constant normal load
will cause the contact area to also decrease. This in turn will increase the

contact stress, but Tessen the nondimensional spin term J, due to the b

3
term in Eq. (19).
It should also be mentioned that the contact losses of the Johnson and

Tevaarwerk method outlined here are only those associated with traction tofque
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transfer. However, while these losses are obviously significant, they are not
the only losses to be considered when assessing the performance of a traction
drive. Some traction drive designs requ1re large support bearings through
which some or all of the tlamping loads between roller components must pass.
The power losses associated with these bearings can be as great or greater
than the contact losses. In fact, in Gaggermeier's experimental investigation
[12] with the Arter type toroidal drive, the load-dependent bearing losses
were comparable to the contact losses due to power transfer. The drive fd]ing
(no-load) losses were as large or larger than both of these load dependent
losses combined. These 1d1ing losses include o3l splashing losses, air
windage, seal drag and those losses in the traction rollers and bearings which

are independent of transmitted load.

- SUMMARY- OF RESULTS

A kinematic analysis of spin producing contacts has been performed. The
analysis relates the geometry of the roller pair contact, defined by the
intersection of the axes of rotation and tangent to the point of contact, to-
the.magn1tude of spin generated. A solution for the ideal, zero spin produc-
ing geometry was given. The effect of spin on traction, creep and power loss
was investigated using the Johnson and Tevaarwerk isothermal traction model.
The influence of lubricant chqracter1st1cs on spin traction was also
discussed. The effect of contact aspect ratio on relative power loss and
fatigue 1ife under spin was presented.

The following findings were obtained:

1. A rolling contact will have zero spin if the rolling radii ratio
RB/RA = sin(y ; 0)/sin 6. This is the condition where the tangent to
the point of contact and both bodies' rotation axes mutually intersect as in
the case of a tapered bearing.

18



2. The maximum magnitude of spin occurs for © = +90° and vy = O.

This corresponds to the case of two parallel, but offset axes disks making
face contact.

3. Increases in slip and power loss due to spin.are negligible for
small amounts of spin (J3 less than about 1). Beyond this ‘threshold, slip
and power loss increase rapidly with spin as inelastic shearing of the lhbr1-
cant film occurs.

v4. Sideways thrust forces which are greater than 60 peréent of  the
1imiting tfact1on force can be generated for bodies roiling under pure spin.

5. The adverse effects of spin can be minimized by reducing the contact
aspect ratio k but at the expense of higher contact stresses and lower contact

fatigue life.
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