EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Pulley positioning system for CVT

Citation for published version (APA):
Meulen, van der, A. J. (2006). Pulley positioning system for CVT. (DCT rapporten; Vol. 2006.028). Technische
Universiteit Eindhoven.

Document status and date:
Published: 01/01/2006

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023


https://research.tue.nl/en/publications/1fa17cea-f0c9-48b2-bde6-5f03a5c88bef

Pulley positioning system for
CVvT

A.J. van der Meulen

DCT 2006.28

Traineeship report

Coach(es):  P.C.J.N. Rosielle

Supervisor: M. Steinbuch

Technische Universiteit Eindhoven
Department Mechanical Engineering
Dynamics and Control Technology Group

Eindhoven, March, 2006



Table of contents

I INETOAUCHON ...ttt ettt ettt nenesenene I
LI BacKgrOUNd. .....coviieiiiiiice s I
1.2 ASSIGNMENIE. ..ttt I
2 The CUITENT SYSTEINL .....cuvuriiiereecnccnttteteteeeeeee ettt ettt e s s e e seseaeases 2
2.1 Double planetary gear St......cocueirrerirrieeririerereniereeneeterentereeseet et seesee e nees 2
2.2 Planetary TOllEr SCIEW .....c.cocuireriereririerirenieietrtet ettt ettt be et aenesenees 3
3 Fixing the degrees of freedom...........cccvveevniieiniircniniicniniictncctcctseeee et 5
4 SYSEEM FUNCHOMS. ...ttt s s s seseseanes 7
4.1 System main fUNCHOM ....covvveuirerieiireereetre ettt nees 7
4.2 EXisting SyStem fUNCHONS ....cccovvirerirerieiereieiiieentnerrteeerercecects et eceeenes 7
43 System SUD fUNCHONS . ...eueuiiiririririeeectccc ettt eees 7
5 Designing concept SYSTEMS ........ccevvvreiieriiiiniciintcecc s I0
5.1 Fixing the degree z of the pulley..........cccccceuiiiinniiiinicccccce, 10
5.2 Increasing force or MOMENTUIM ......ovveuuiiiiirinireeectceeeee e 10
53 CONCEPE SYSLEINIS ..ttt a s e senne 12
6 CONCIUSIONS ...ttt s b nes 16

RELEIEIICES ...ttt ettt et a e s e senie 17
Appendix A Patent applications

Appendix B Calculations mechanical advantage



I.I

1.2

Pulley positioning system for CVT 1

Introduction

The group Constructions and Mechanisms invented a system for mechanically position
the pulleys in a pulley-based continuously variable transmission (CVT). Unfortunately the

used planetary roller screw is a too expensive part.

Background

The belt in the CVT transfers the energy from the input shaft to the output shaft by friction
at two pulleys at each shaft. Figure 1-1 shows a shaft, a belt and the two conical pulleys.

&%

Figure 1-1: The shaft, the belt and Figure 1-2: Increasing and decreasing

the two conical pulleys. the transmission ratio.

Figure 1-2 shows a ratio change between input and output which is achieved by decreasing
the distance between the two pulleys at one shaft and increasing the distance between the
other two pulleys at the other shaft. To create the force necessary to position the pulleys,
the design of the current pulley positioning system uses a double planetary gear set and a

planetary roller screw.

Assignment

The objective of the assignment is to design a less expensive pulley position system, which

positions at least one pulley at each of the two shafts.

The system must satisfy the requirements:
a) Axially position the pulley:
— with 50 kN;
— over 20 mm;
— in1second (which corresponds to a power of 1000 Watt).
b) No power cost of the actuator during a steady state operation of the transmission.
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2 The current system

The current design of the pulley positioning system uses a double planetary gear set and a

planetary roller screw. Figure 2-1 shows a part of the diagrammatic overview.

| L) B
e Ll L — ==
-= T
Tl
Planetary gear set Planetary roller screw

Planetary gear set

Figure 2-1: Partial overview of the current system. (Source: patent applications, appendix A.)

2.1 Double planetary gear set

A single planetary gear set, shown in figure 2-2, consist of a sun gear, planet gear(s) with
its carrier and a ring gear. The sun gear, ring gear or the planet gear carrier can be input,
output or can be held stationary. By choosing the right amount of teeth, it is possible to
lock one of the three gears, for example the planet gear carrier, and letting the other two,
the ring gear and the sun gear, have a 1:1 gear ratio. For a single planetary gear set holds
that the rotational directions of the input and output are opposite. Using the opposite out-
put of a single set as input for a second set, joining the ring gears, the same rotational di-

rection and coinciding axes of the input and output can be realized, shown in and 2-3.

Ring gear
Sun gear
Planet gear carrier

Planer gear

Figure 2-2: A planetary gear set and its possible  Figure 2-3: A double planetary gear set and its
rotations, planet gear carrier locked. possible rotations, planet gear carrier locked.
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Planetary roller screw

In the system design the electrical motor (M) locks or actuates the planet gear carrier. Ac-
tuating the planet gear carrier result in different angular velocity of the screw shaft and the

roller nut of the planetary roller screw, shown in figure 2-5, which positions the pulley.

Figure 2-5: Planetary roller screw. (Source: INA publication)

If a less expensive equivalent for the planetary roller screw can be found, the objective of
the assignment is achieved. Equal the roller screw, this mechanism must increase force
and convert rotational into translational motion. Figure 2-6 shows a mechanism consisting
of three wedges placed around an axis. Figure 2-7 shows a mechanism, inspired by the
mechanism of the three wedges, using three cams. Figure 2-8 shows a mechanism using a

spring coil as a screw.

b

Figure 2-6: Three axial placed wedges. (Source: patent application, appendix A)

Rollers Spring coil

Figure 2-7: Three one way cams. Figure 2-8: Coil transmission.
(Source: LuK symposium 2002, appendix A)
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Figure 2-9 shows a mechanism, also inspired by the mechanism of the three wedges, us-
ing one wedge. In contrast to the other mechanisms which push at three points (surfaces),

this mechanism pushes at one point (surface).

Figure 2-9: One axial placed wedge.
(Source: patent application, appendix A)

The mechanical advantage of the input force and output force is inversely proportional to
the input and output distance. The alternatives for the roller screw with their mechanical

advantage are placed in table 2-1. Calculations are given in appendix B.

Table 2-1: Alternative mechanisms for the planetary roller screw. The output distance of all
mechanisms is set to 20 mm. The values are as accurate as possible estimations.

Roller screw Three wedges One wedge  Coil screw  Cams

Input [mm] 8&oco 200 6oo 9600 280

Advantage [-] 40 10 30 480 14

Of the mechanisms in table 2-1, only the coil screw achieves a sufficient increment of the
force. At this moment, it appears to be that no sufficient functioning equivalent for the
roller screw can be found. To find other possibilities to achieve the objective of the assign-

ment, the functioning of the system will be investigated in more detail.
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Fixing the degrees of freedom

The shaft and the positional pulley have their own degrees of freedom. For the design of
the system it is assumed that the shaft is supported by two radial bearings. The pulleys
must be fixed to the shaft. Figure 3-1 shows a shaft and the two pulleys, together with their
degrees of freedom.

shaft positional pulley
X, @ x:fixed = «x:fixed to the shaft
y:fixed = y:fixed to the shaft
z, 0 z:fixed z : positional
Y4 ¢:fixed = ¢:fixed to the shaft
v:fixed = :fixed to the shaft
0: free = 0: fixed to the shaft

Figure 3-1: A shaft, the pulleys, and their degrees of freedom.

At least one of the two pulleys at each shaft is positional. If one pulley is fixed to the shaft,
it might seem to be possible, not to fix the degree of freedom 6 of the positional pulley. Not
fixing @will result in a diagonal route of the force, as illustrated in figure 3-2. The degree of

freedom @must be fixed to the shaft to prevent ineffective use of the belt.

Input i
|
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|
|
|
\
L
|
|
\
[

\
|
|
|

Fixed Not fixed

Fixed
Not fixed

$ Output

Figure 3-2: The degree of freedom 6 of the pulleys at
bottom-left and top-right, are not fixed to the shaft.
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To fix the five degrees of freedom of the positional pulley, a plain bearing with a certain
length, fixing x, y, @ and y; and a spline fixing 6 can be used, shown in figure 3-3. Support-
ing the pulley at three points, as shown in figure 3-4, fixes @ and y. The plain bearing than

only has to fix x and y and therefore can be decreased in length.

Bearing
Spline
Figure 3-3: The pulley fixed by a Figure 3-4 Supporting the pulley at
bearing and a spline. three points to fix @ and .

The idea of supporting the positional pulley elastically, by using folded leaf springs as used
in the lecture notes of the course ‘Constructieprincipes 1, p. 1-23 to 1-27’, encounters two
problems. As result of the needed dimensions, folded leaf springs do not permit the pulley

to move over 10 mm, not to mention 20 mm, and have unfavourable dynamical behaviour.

The current system encounters no disadvantage using a bearing and spline to fix the posi-
tional pulley. A different way to fix the pulleys does not seem to be necessary, but is de-
pendant on the construction of the new system.
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System functions

In this chapter on the basis of the main function and the investigated systems in patent

applications, the sub functions will be determined.

System main function

The main idea of the intended invention is a little whirring electrical engine with low
torque and high number of revolutions, moving a pulley over a relatively very short dis-
tance with a great force. In other words, a small force F (or momentum M) with a long dis-
tance s (or angular distance ¢), must be transferred to a rotating shaft and axially push the

pulley over a short distance s (= 20 mm) with great force F (= 50 kN) in 1 second.

Existing system functions

The existing systems all have one mechanism to increase force and convert rotational into
translational motion. Examples are the in chapter 2 mentioned planetary roller screw, coil
screw and axial wedge. The output power of these mechanisms pushes the pulley. The in-

put to push is the power of an electrical motor or hydraulic pressure.

To fix the pulley, most systems also use the power of an electrical motor or hydraulic pres-
sure. One system, the current system, mechanically locks the position of the pulley by lock-
ing the input. All the systems have the support for the force that fixes or pushes the pulley,
at the shaft.

System sub functions

Given these necessary system functions and the fulfilling of those functions by the known
systems, it can be noticed that the systems do not use the possibility to support the power
to push or to fix the pulley, at the fixed world. In figure 4-1 the sub functions derived from
the patent applications and extracted from the main function are illustrated.
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Force (F) to fix
pulley position /
Power (F, s, t) to
push pulley

Convert power (if necessary):

Belt force M, ¢t > F, st

Reaction
support at
shaft/world

Transform power

D FT, st (or MmT, (oi t)

Transfer power:
F, s, t(or M, ¢, t) - Actuator
-
F, st (or M, @, t) - Pulley

Figure 4-1: An overview the main functions at its sub functions.

A connection from the fixed world to a rotating pulley is achieved by an axial bearing. Due
to high axial force combined with the high number of revolutions per minute, an axial
bearing causes approximately one third of power loss, a not allowable amount during
steady state operation. Therefore during steady state the reaction support of the force to fix
the pulley must be at the rotating shaft. Contrary to fixing the pulley, during pushing the
pulley, the reaction of the push mechanism can be at the world.

In the case of pushing the pulley from the world, an extra mechanism at the shaft is
needed to fix the degree z of the pulley. Illustrated in figure 4-2. The push mechanism also
must take back some of its movement.

an mN
% J i R i i

a) Fixing pulley by a b) Pushing by a mecha- c) Fixing pulley by a
mechanism at the shaft. nism at the world. mechanism at the shaft.

Figure 4-2: Pushing the pulley from the world.
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Besides supporting the power at the world, the investigated systems also do not use the
possibility to decrease the as necessary respected distance of 20 mm to push the pulley.
Pushing several times a smaller distance also leads to the desired distance. To handle the
limitation of an incremental push mechanism, an extra mechanism is needed to move in
the z direction; the push mechanism or the point that the push mechanism uses to push.
Figure 4-3 shows pushing by increments from the shaft, moving the mechanism. Figure
4-3 shows pushing by increments from the world, moving the push of point.

g fes s e
a)> 7 7 y " 7 0 o 7 d) o

Figure 4-3: Incremental pushing from the shaft.
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Figure 4-4: Incremental pushing from the world.

The possibilities to push the pulley by increments and push the pulley from the world, re-
sult that the system must fulfil an extra sub function.
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Designing concept systems

This chapter investigates the opportunity of the systems which contains the not used pos-
sibilities to fulfil the sub functions. The current systems push from the shaft over the full

range of 20 mm, and at the same time fix the position of the pulley.

Fixing the degree z of the pulley

Both using incremental steps for axially position the pulley and pushing from the world,
the time the push mechanism is not supporting the pulley requires an extra mechanism to

fix the degree z of the pulley.

In the current system the principle of a roller nut and screw is used to push and to fix the
pulley. By pushing the pulley, the nut and screw cope with a great force while rotating,
which requires high demands of the used planetary roller screw. If a roller nut and screw
are used to take over the new position of the push mechanism, the rotating of the nut can

be ‘forceless’.

Increasing force or momentum

Due to the conservation law, increasing a force will decrease its distance. Principles for
trading force for distance are the lever- and wedge-effect, which have their existence in
many mechanisms. Figure 5-1 and 5-2 show these effects. Another principle for trading

force for distance is using hydraulic pressure, shown in figure 5-3.

F out F out

Fin+Fout

Figure 5-1: The lever-effect. Mechanisms that use this principle are tackles and

gears, increasing 1, or decreasing 1, will increase the effect (Fou > Fyy).
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Fout Fout

Figure 5-2: The wedge-effect. Mechanisms that use this principle are toggle
levers and threads, decreasing Bwill increase the effect (Fo; > Fiy).

Fin Sin Fout

v

—

€-----------

Figure §-3: Hydraulic pressure. Systems using oil pressure use this principle.
Decreasing D, or increasing D, will increase the effect (Fy, > Fy,).

By incremental pushing, the mechanical advantage of the current mechanisms can be in-
creased. For example the axial wedge, instead of pushing over 20, can push over 1 mm and

so increase its mechanical advantage with a multiplication of 20, becoming 200.

To transform the power, the investigated systems do not use tackles, probably due to the
amount of friction. To equal the mechanical advantage of the used roller screw, 40 tackles
must be used.

Not having to satisfy the requirements for a push mechanism to push over 20 mm, creates
opportunities for mechanisms with a restricted stroke, for example the mechanism as

/ T

Figure 5-4: Pushing with rods.

shown in figure 5-4.
A
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5.3 Concept systems

The not used possibility of pushing from the world and of pushing by increments, lead to
three other possible systems.

5.3.1 Concept 1: Pushing from the world

Figure 5-5 shows a concept system where an actuator and a double planetary gear set
screws a roller nut to fix the degree z of the pulley, after pushed from the world to its posi-

tion. To fix the degree 6 of the output of the gear set to the roller nut, three folded leaf

i Push mechanism

springs can be used.

from world
F*? %*j B i
| [ |
T T
L N
| [ |
| [ |
I R
N
| [ |
T
i i
| [ |
L,‘—L—QZ \ Roller nut
" Folded leaf springs

Figure 5-5: Pushing from the world, fixing the degree z by

means of a double planetary gear set and a nut and screw.
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5.3.2  Concept 2: Incremental pushing from the world

Figure 5-6 show a system, where as in concept 1, a double planetary gear set screws a roller
nut to fix the degree z of the pulley. If the pulley is fixed and the push mechanism has to-
ken back some of its movement, the force push of point can be moved. The action of fixing
the pulley and moving the push of point occur not at the same time, and therefore can be

done by using one actuator.

Push mechanism

<:} from world
— -
[ - \%\
I [ I T
I [ I I I
I [ I I I
T T smit
I [ I I I
I [ I I I
I [ I I I
‘Lﬁé@ | [ t \ﬁ:
I [ I .= I
‘W I [ [ I [ ] I
I [ I I I
I [ I I I
R L |
[ s il ! !
I [ I I I
I [ I g
[E— — B =

Figure 5-6: Incremental pushing from the world, moving the force push of point.
To realize the functioning of screwing the nut to fix the pulley and to move the push of

point, the principle of figure 5-7 is used. In figure 5-8 this principle is translated to the sys-
tem.

fixed fixed

wire

Figure §-7: Principle to alternately move a body.
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Figure 5-8: Moving the inside and outside screw by a wire

connected to the output of the double planetary gear set.
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5.3.3  Concept 3: Incremental pushing from the shaft

Figure 5-8 shows a concept system using the mechanics of concept 2 supplemented with
the push mechanism of the current design, which now pushes by increments. In figure
5-9 a screw is drawn, but by means of its restricted mechanical advantage, it is more likely
to use the (improved) mechanism of the three wedges.

Push mechanism

@{ at shaft

]

I I M l

- -7 - -7 =3

| Lo | | Lo | T

| Lo | | Lo | | |

[ R B [ T R I | |

(O L S L i

| Lo | | Lo | | |

| Lo | | Lo | - - | |
L

| Lo | | Lo | e ==l | |

‘LZZL\ [ t LZZL: —+ t t \ﬁ:

| r : : — : [ ==

Tl = T

| Lo | | Lo | | |

L Ly [ R L |

[ I (S L ‘ ‘

| Lo | | Lo | | |

guiny T i)

2L 2L =

Figure 5-9: Incremental pushing from the shaft, moving the force push of point.
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Conclusions

In the current system the planetary roller screw fulfils the sub function of converting rota-
tional into translational motion and increasing the force with a multiplication factor of 40.
The objective of the assignment can be achieved by finding a less expensive alternative

mechanism for the planetary roller screw.

A different possibility to achieve the objective of the assignment is to change the way the
sub functions fulfil the main function. The current systems have a push mechanism that
pushes from the shaft over the full range of the position. New proposed systems to fulfil
the main function are; pushing from the world over the full range, pushing form the world
by increments and pushing from the shaft by increments. Due to the restricted time of the
traineeship, the feasibility of these opportunities is not investigated in detail to mark an

optimal concept system.
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positioned on the studs, with one respective set of studs (32a) being used for the pushing direction and one set
of studs (32b) for the pulling direction. Each set of studs (32a, 32b) can be adjusted along the spring band (29)
in a thread-type manner, so that the spring band is supported without play at each peripheral section. In a
preferred embodiment, the sets of studs (32a, 32b) are axially offset in relation to one another at a distance
corresponding to the width of the spring band. One longitudinal end of the studs is attached in the component
(11) and the other end is attached to a flange (27a) which is connected to the component (11) in a fixed manner
using struts (not shown in detail).
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&) ABSTRACT

A device for converting rotary motion into translational
motion comprises a first component and a second compo-
nent, with the second component being arranged to be able
to turn around an axis of rotation relative to the first
component and to move in the axial direction. Each com-
ponent is provided with at least one track in which are
arranged roll bodies. To produce a relatively high axial force
with relatively small dimensions of the device, the tracks are
arranged at opposing faces of the two components, with the
tracks extending in a circle around the axis of rotation and
in a spiral manner with a given pitch over the periphery of
the components.
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(54) Axialstelltrieb, insbesondere zur Variatorbetatigung, Variator sowie CVT-Getriebe

(57)  Es wird ein Axialstelltrieb zur Umwandlung ei-
ner Drehbewegung in eine translatorische Bewegung,
insbesondere fir die Steuerung der Axialposition von
Variatorscheiben eines stufenlosen Fahrzeuggetriebes
(Continuously-Variable-Transmission- oder CVT-Ge-
triebes), vorgeschalgen, der folgende Merkmale auf-
weist: eine Welle (1), ein gegentiber der Welle (1) axial
festgelegtes, um die Wellenachse mittels einer An-
triebseinrichtung (P) drehbares Steuerelement (2) mit
einem hinteren Ende (201) und einem vorderen Ende
(202), mit einem gegeniliber dem Steuerelement (2)
drehbar gelagerten, gegentiber der Welle (1) drehfesten
Hubelement (4) mit einem hinteren Ende (401) und ei-
nem vorderen Ende (402), mit einem zwischen dem

~d— -

M7 403 4

Steuerelement (2) und dem Hubelement (4) angeord-
neten, vorzugsweise Walzkorper tragende, wendelfér-
mige Flugel (111) aufweisenden Fllgelkéfig (11), wobei
am vorderen Ende (202) des Steuerelements (2) wenig-
stens drei konzentrische, zum hinteren Ende (401) des
Hubelements (4) hin zeigende, wendelférmig anstei-
gende Rampen (203) und am hinteren Ende des Hu-
belements (4) wenigstens drei konzentrische, zum vor-
deren Ende (202) des Steuerelements (2) hin zeigende,
wendelférmig ansteigende, zu den Rampen (203) kom-
plementére, Rampen (403) angeordnet sind, wobei die
Wendelform der Fliigel der Wendelform der Rampen
(203) und (403) entspricht, wobei am vorderen Ende
(402) des Hubelements (4) eine Druckflache (404) zur
Ubertragung von Axialkriften angeordnet ist.
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Appendix B

Calculations mechanical advantage



The amount of mechanical advantage ma is given by:

a
ma=— I
; )
In which:
ma :  mechanical advantage [-]
a :  input distance [mm]
b :  output distance [mm] = 20mm

Planetary roller screw
The input distance a of the planetary roller screw used in the current design can be

obtained using:

a=n-7-d (2)
b

n=— ()
b

In which:

a input distance [mm|]

n number of revolutions [-]

d diameter [mm] = somm

b output distance [mm)] = 20mm

p pitch [mm)] = 4 mm

The mechanical advantage becomes:

785

ma = f—==39=>40
20

Three wedges
The input distance a of the mechanism using three wedges can be obtained using:

4
=z-d-
a 160° (4)
In which:
input distance [mm|]
@ : angular distance of the wedge(s) [°] = 120°
d diameter [mm] = 18omm



The mechanical advantage becomes:

1885
ma = =9,4 =10
20

One wedge
The input distance a of the mechanism using one wedge can be obtained using:

@
360°

a=7x-d-

(4)

In which:

input distance [mm|]

@ : angular distance of the wedge(s) [)] = 360

S

180 mm

diameter [mm]

The mechanical advantage becomes:

ma = 5055 =283=30

20

Coil transmission

The input distance a of the mechanism using a coil transmission can be obtained using:

a=n-7-d (2)
In which:

a : input distance [mm)]

n :  number of coils [] = 17

d : diameter [mm] = 180 mm

The mechanical advantage becomes:

ma = 9613 _ 481 = 480

20

Cams
The input distance a of the mechanism using three cams, with a minimum diameter of 8o

mm and a maximum of 100 mm, can be obtained using:



In which:
a : input distance [mm)]
d :  (average) diameter [mm)]

The mechanical advantage becomes:

283
ma = —=I41=14
20

90 mm





