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Introduction  
ad invented the precision roller-band mechanism, called 

Rolamite (ro
 

(usually >18

7; Wilkes, D.F. 1968; Cadman, R.V. 1969] indicate that 
RTM is prec

ller-
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A
I n  t h e  a r t i c l e  i
r o l l e r  −  b a n d  m e c h a n i s m s  ( P R B M )  s u c h  a s  r o l a m i t e  t y p e  m e c h a n i s m  

( R T M ) ,  i . e .  g e o m e t r i c  s l i p p i n g ,  t h e  t h e o r e t i c a l  i n v e s t i g a t i o n  i s  g i v e n .   
T h e  r o l l e r s  a r e  w r a p p e d  b y  a  f l e x i b l e  b a n d  i n  t h e  m e c h a n i s m s  a n d  

c o n t a c t e d  a m o n g  t h e m s e l v e s  o n l y  t h r o u g h  a  f l e x i b l e  b a n d ,  t h e  e n d s  o f  w h i c h  
o n e  f a s t e n  t o  t h e  d i r e c t i n g  p l a n e s  o f  R T M .  

I n  P R B M  t h e r e  i s  g e o m e t r i c  s l i d i n g  t h e  v a l u e  o f  w h i c h  i s  i n f l u e n c e d  
b y  t h i c k n e s s  o f  f l e x i b l e  b a n d .  T h e  c o m p e n s a t i o n  o f  g e o m e t r i c  s l i p p i n g  m a y  
b e  a c h i e v e d  b y  i n t r o d u c i n g  a d d i t i o n a l  b a n d  c o v e r i n g  r o l l e r s ,  d i r e c t i o n  o f  
w h i c h  i s  o p p o s i t e  t o  t h a t  o f  t h e  m a i n  b a n d .  

 
K

 

Donald F. Wilkes h
ller + mite) type mechanism (RTM) in 1967 [Wilkes, D.F. 1967; Wilkes, D.F. 1968]. 
The RTM rollers are wrapped around by flexible band with high tension in big angle
0°); they are contacting through a flexible band which is attached with stretch by 

their own ends of two direct surfaces. 
Articles [Wilkes, D.F. 196
ision mechanism, the elements of which are moving without slipping with regard to 

one another. However authors of the article [4] indicate that rollers in RTM slip under some de-
termined parameters of the mechanism, but they do not present theoretical motivation of it.  

The band wraps around all rollers (such as RTM or scroller [see http://scro
wheel.com]

riction 
mechanism

ing can be 

) in precision roller-band mechanisms (PRBM). Thus possible geometrical slipping is 
stipulated by the presence of flexible transmission element (a band with finish thickness). 

Geometrical slipping, that is relative displacement of touching spots in f
s, depends on the form of interacting bodies in the zone of their contact. 
The purpose of the article is to find out how the geometrical slipp

compensate

heoretical research of geometrical slipping in roller – band mechanisms  
f a 

scroller, whi

d in precision roller band mechanisms. 
 
 
T
Let’s research a component characteristic to rolamite mechanisms and that o
ch consists of two cylindrical rollers and a flexible band which is wrapped around 

them from the opposite sides (Fig. 1). 
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Fig. 1 Schematics of PRBM mechanism discussed to determine geometrical slipping of the 
elements 

It is assumed that the band with the rollers, affected by external force, form a roller 
mechanism with very tight geometry; elements of the mechanism contact in the line of the 
centers of the rollers. The contact load of the rollers and the bands affect kinematics of the 
mechanisms discussed, because movement is performed in the points of contact transfer.  

Let the band 1 move from the “feeding” roller 2, which radius is , on the 
“receiving” roller 3 which radius is 

2
~R

3R . The “feeding” elements of the roller-band mechanism (the 
roller or the deflective plane) are marked as “~’’, and the “receiving” elements are marked as 
“−”.  

The section 2
~
A 3A moves to position 2

~B 3B  over their contact zone and becomes a 
natural extension of the lines 22

~~
AO  and 33BO .  

Let’s exam the movement of band 1 in contact zone of elements 2 and 3. 
The distance of the sections from the centre line 32

~
OO  to the border of the contact 

zone is marked , thickness of the band 1 as . Value of expression  depends 
on material flexibility of the contacting elements 2-1-3, the radius

BA SS + t BA SS +

2
~R and 3R  of the elements 2 

and 3 curvature, and value of normal load N. Moreover, compression deformations occur when 
an external load influences the contact zone of the elements, and their resultant force passes 
through the rolling axis of the rollers. Redistribution of deformations occurs in the contact points 
when the mechanism loaded with force N is rolling. As the result, the point, where the resultant 
force operates, moves towards rolling side by some distance k. The reason for such 
redistribution of deformations is the elastic ridges on the bodies’ surface. Rolling damping forces 
performs work, used for their formation.  

Then according to Fig. 1 it is assumed that  
  = AS kS +0 ; = BS kS −0 ; BA SS + = 2 , (1) 0S
 k     - coefficient of rolling damping, 
 2 - contact’s width. 0S
  

It is assumed that 
 min ( 2

~R ; 3R ) » t ;   min ( 2
~R ; 3R ) »  >k. (2) 0S

 
Satisfactory reliable values , , 22

~~ CB 22
~~
AC 33CB , 33AC , displacement sector of each 

roller 2 and 3 in the contact zone, were found from the quadrangle 3322
~~

ABBA  after evaluating 
smallness row of the accessed values:  
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  22
~~ CB = 

23

3
tR

tRSB
+

+ ;   22
~~
AC = 

2
~

~

2

2

tR

RSA

+
; 

   33CB = 

23

3
tR

RSB
+

;  33AC = 

2
~

~

2

2
tR

tRSA
+

+ . (3) 
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 When section 32

~
AA moves over into position 32

~ BB , the roller 2 surface will move 
over x~ , and roller 3 surface will move over x :  

   x~ = = 2222
~~~~ ACCB +

2
~

~)(

2

))((

2

20

3

30
tR

RkS
tR

tRkS

+

+
+

+

+− ; 

  x = 3333 ACCB + =

2
~

)~)((

2

)(

2

20

3

30
tR

tRkS
tR

RkS

+

++
+

+

− . (4) 

 
 The flexible band 1 will move over: 
 

   = 02S
2

~ xx + . (5) 

 
 The band 1 is moved over infinitively small value ds  and the rollers 2 and 3 are 
moved over d x~  and d x  respectively. 
 Considering that:  

   d x~ = 
02

~
S
dsx ;  d x = 

02S
dsx .  (6) 

 
the movements of the rollers 2 and 3 (d x~  and  d x ) conform to the movement of the flexible 
band 1 (ds) when  

   
R
t  « 1: (7) 

can be expressed like: 

  d x~ = 
02

20

3

30
2

2
~

~)(

2

))((
S
ds

tR

RkS
tR

tRkS

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

+

+
+

+

+− = 
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

+

+
+

+

+−

2

0

3

30

~2
1

1

2
1

)1)(1(

2
1

R
t

S
k

R
t

R
t

S
k

ds. (8) 

 
 Accordingly, Equation (7) can be written that  
 

   
32R

t  « 1;       
2

~2R
t  « 1. (9) 

 
 After a variation of these small values the following equation is derived: 
 

  d x~ =
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−−−+ )~~

11(
4

1
020323 SR

k
SR

k
RR

t ds.  (10) 

 
 Disregarding the squares of the small values it is received:  
 

   d
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡ +
−

−
+≅ )~

11
(

4
1~

2

0

3

0
R

S
k

R
S
k

tx ds.  (11) 

 Analogically 

   d
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡ +
−

−
−≅ )~

11
(

4
1

2

0

3

0
R

S
k

R
S
k

tx ds.  (12) 
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   m = 
0S

k   - coefficient of contact  (13) 

 
and changes with conversion of signs are performed:  
 

   d x~ = 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ −
−

+
− )1

~
1(

4
1

32 R
m

R
mt ds;  (14) 

   d x = 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ −
−

+
+ )1

~
1(

4
1

32 R
m

R
mt ds.  (15) 

 
 If it is assumed that  

   δ  = )1
~

1(
4 32 R

m
R

mt −
−

+ ,  (16) 

 
then measurable displacement of respective rollers in the contact zone is 
 
   d x~ = )1( δ− ds;  d x = (1+δ) ds,  (17) 
 
where δ means kinematical coefficient of slipping.  
 Equations (17) show that the rollers in relation to the band slips to the opposite 
direction (Fig. 1). Slipping of both rollers, if viewed from an absolute point, is single-sided, but 
movement of the band “feeding” roller 2 (with ) becomes slower, because slipping is oriented 
to direction opposite to rolling, meanwhile the “receiving” roller 3 (with 

2
~R

3R ) – quickens. When 
moving is opposite, the roller “feeding” band becomes “receiving”, and the “receiving” – 
“feeding”, their slipping direction doesn’t change. It can be concluded that there exists 
kinematically irreversible geometrical slipping of the elements of the PRBM mechanism discus-
sed, when radii of the rollers are freely chosen.  

The kinematical coefficient of slipping δ is different for opposite displacements of 
the rollers, because radii values of the band “feeding” and “receiving” rollers in the equation (16) 
exchange. It can be seen (16) that δ is determined by geometrical characteristics of the 
mechanism discussed, but thickness t of the flexible band essentially influences the geometrical 
slipping value of its elements 
 The equation (16) for identical rollers would be:  
 

   δ =
R

mt
2

.  (18) 

 
Compensation of geometrical slipping in roller – band mechanisms  

Using theoretical conclusions about causes of occurring of geometrical slipping of 
PRBM elements, let us examine straight-line reversionary movement of a roller wrapped with a 
flexible band and rolling over a plane without slipping in the zone of contiguity (Fig. 2)  

 

zz0 t 

 a

z1

N

 

Fig. 2 Schematic diagram of a roller – band mechanism used to examine geometrical slipping 
132 

  



The roller with the band displaces from position  into position  and “provides” 
the band. The flat joint of the mechanism will become “receiving” band and according to the 
equations (17), when dz > 0, we may write equation of the roller displacement depending on 
displacement of the band  

1z 0z

 
                dz = (1 + δ1)ds,                                                    (19) 
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z  – longitudinal displacement of the roller;  
s  – displacement of the band; 
δ1 – kinematical coefficient of slipping (rightward displacement) 

 
When dz < 0, the flat joint will become the “feeding” band and the dependence will 

look like this:  
  dz = (1− δ2) d s′ ,   (20) 

 
δ2 – kinematical coefficient of slipping (leftward displacement)  

 
Taking into account that δ1 and δ2 are small values, dependences of displacement 

of the band in each case will be:  
 

  ds  = (1 − δ1)dz;      d s′  = (1 + δ )dz.  (21) 2
 

After integrating:  
  s1 – s0  = (1 −  δ1)(z1 − z0);                                     (22) 
  
   − s0s′ 1 = (1 + δ2 )(z0 − z1).  (23) 
 

After completion of the equations (22) and (23) it is found: 
 
  − s = (z0s′ 1 − z0 )(−δ1−δ2 );                                    (24) 
 
  ∆ s = −a(δ1 + δ2 ),                                                  (25) 
 

a    − amplitude of displacement of the roller;  
∆ s − magnitude of displacement of the band in one cycle of roller rolling;  
“−”indicates that the direction of displacement is opposite to the direction of z  

 
We find values of δ1 ir δ2 in the equation (16), taking into account that radius of one 

roller R = ∞ (plane)  
 

  δ1 = R
mt +

⋅
1

4
;         δ2 = −

R
mt −

⋅
1

4
;                       (26) 

 

  δ1 + δ2 = R
tm
2

;      ∆s = −
R

atm
2

.                               (27) 

 
The irreversibility of the geometrical slipping of PRBM elements towards the 

direction of the movement and to compensate such slipping we offer to implement an additional 
flexible joint in the mechanism – a band, wrapping the roller from the opposite side. That would 
allow getting constant transfer dependences between angular and linear displacements of the 
elements and thus compensating geometrical slipping between the elements of the mechanism.  

The schematics of a mechanism in which geometrical slipping between the 
elements is compensated is given in Fig. 3. The roller wrapped with two bands from the 
opposite sides is moving on the plane z. The bands are stretched with force T, and the roller is 
loaded with force N and that ensures tight contact of the contiguous elements 

Taking into account that the roller is wrapped with two bands, we have a possibility 
to examine the contiguity kinematical pair “roller – plane” as “band-feeding” and “band-
receiving” at the same time. 
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Fig. 3 Compensation of geometrical slipping in roller − band mechanisms 
  

According to the direction of the movement we receive such dependences: 
 
  ∆ s1 = −a(δ1 + δ2);  (28) 
 
  ∆ s2 = a(δ1 + δ2).  (29) 
 

The total result of dependences (28) and (29) will be equal zero, i.e.  
 
 2∆ s = ∆ s1 + ∆ s2 = 0,  
 

which proves that it is possible to compensate for the geometrical slipping between the 
elements by wrapping the roller with two bands of opposite direction 

Dependences (28) and (29) may differ not by their sign only, but also by values of 
kinematical coefficients, according to different conditions of forward and backward movement. 
In this case value of deviation may be different from zero, they are equal to absolute magnitude, 
and opposite by their sign.  

The original roller − band mechanisms with compensation of the geometrical 
slipping were invented [SU invention No 1516348. Int. Cl.4 B25J 15/02; B25J 11/00; SU 
invention No 1566851. Int. Cl.4 F16H 19/06; H02N 2/00] and designed on the grounds of the 
conclusions of the work about existing geometrical slipping between the elements of the roller - 
band mechanisms, and theoretical study about a possibility to compensate such slipping. 
 

Conclusions  
Theoretical research was proved: 
1. There exists kinematically irreversible geometrical slipping of the elements of 

PRBM. Its magnitude is influenced by thickness of the flexible band. 
2. Geometrical slipping between the elements of PRBM may be compensated, if an 

additional flexible band, wrapping the rollers from the opposite side, complements the design.  
3. In spite of constructional, technological and operational errors of RTM, the main 

influence on the kinematic precision is made by geometrical slipping of the elements because of 
imperfection of the structural links. 
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G E O M E T R I N I S  S L Y D I M A S  R O L A M A I T O  T I P O  
M E C H A N I Z M U O S E  
 
S t r a i p s n y j e  i š n a g r i n ė t a s  v i e n a s  s l y d i m o ,  e g z i s t u o j a n č i o  t i k s l i u o s e  

j u o s t i n i u o s e - r i t i n i n i u o s e  m e c h a n i z m u o s e  ( T J R M ) ,  t o k i u o s e  k a i p  r o l a m a i t o  
t i p o  m e c h a n i z m a i  ( R T M ) ,  v a r i a n t a s ,  t . y .  g e o m e t r i n i s  s l y d i m a s .  T e o r i n i a i  
t y r i m a i  p a t e i k t i .  

R i t i n ė l i a i  m e c h a n i z m u o s e  y r a  g a u b i a m i  l a n k s č i a  j u o s t a  i r  
k o n t a k t u o j a  t a r p u s a v y j e  t i k  p e r  l a n k s č i ą  j u o s t ą ,  k u r i o s  g a l a i  p r i t v i r t i n t i  p r i e  
k r e i p i a n č i ų j ų  R T M  p a v i r š i ų .  
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T J R M  e g z i s t u o j a n č i o  g e o m e t r i n i o  s l y d i m o  r e i k š m ė  p r i k l a u s o  n u o  
l a n k s č i o s  j u o s t o s  s t o r i o .  G e o m e t r i n į  s l y d i m ą  g a l i m a  k o m p e n s u o t i  į v e d a n t  
p a p i l d o m ą  r i t i n ė l i u s  g a u b i a n č i ą  j u o s t ą  k r y p t i m i  p r i e š i n g a  p a g r i n d i n e i  j u o s t a i .  
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