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Abstract: The paper contains the analyses of the road roller with the flexible shell structure operability and
calculation of strength and traction coefficient alteration for road surface compacting. Significant complicacy and
variety of mechanical properties of contacting bodies (the road roller operating element and deformed ground) have
resulted in appearance of different schemes and their interaction. At the same time, analytical solutions concerning
the contact of shifting roll with compacted material have not been carried to the logical completion for the
opportunity of their practical use by engineers-designers. There is still an urgent problem of recording and functional
approximation of shearing (tangent) contact pressures that along with normal stress that significantly impact on drag
coefficient and deflected mode of the road surface under the roll rolling conditions.The absence of general of
compacting theory methodology stimulates the designers of road-building machines to create different approximate
methods of machines calculation; the number of methods now can be comparable with the range of proposed road
roller designs.
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1. Introduction resultant (force) P (H/m), perpendicular to the axis

Issues of deflected mode of road rollers 0x, is directed to the point 0 of the beginning of
working elements and compacted materials interacting bodies touch, that is to  origin of
interaction have been constantly studied. Oriented on coordinates.

solving this urgent problem we present new
approximate mathematic model of the original-
applied theory of elasticity problem being not
described in scientific-technical literature.

Known [1] general case of flat contact
deformation when the touch of compacted bodies is
on the straight line perpendicular to the plane xOy
(Figure 1l.a), and functions fi(x) and £(x),
determining configuration of cylinder surfaces have
continuous first and second derivatives in the point
areax=y=0.

Directing the axis Ox on the general tangent to
the curves fi(x) and f5(x), limiting flexible bodies, we

Figure 1 - general case of contact deformation.

As initial gap between the contacting bodies is

will have: symmetric relative to the axis 0y, the pressure q on
fiB (0) = £,B (Q) =0 (1) the cylindrical surfaces will be axially symmetrical
Approximate. o elliptic function on the argument x [2], being as
The sum of second derivatives f;BB (0) + 2.p 4.
;BB (0) we consider as being different from zero qg=q(x)= el —x? = 4. c? —x?
and, introducing the assumption about infinitesimally ec’ T-c
of elastic travel, approximately present f; + f, as , where q,=max, q.— correspondingly the maximum
follows [1]: and average value of functional relationship q (x)

(Figure 1.a), determined by the formula:
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Relative to the distributed contact forces T-C T
g=q(x) we introduce the assumption that their cis contact area half-width [2],
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where yy, y, are physical-mechanical constants

of interacting materials depending upon the

modulus’s of elasticity E; and E, and Poisson ratio
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Force P is connected with reaction pressure q
by the integral relation:

P= jq(x)dx =2 -jq(x)dx (7

Solution.

Concerning the solving applied mechanic-
mathematic problem we modify mentioned above L.F.
Shtaerman formulas when the fixed steel roller
modeled with absolutely rigid and smooth cylinder
stamp of elliptic profile , fi(x) (y;=0, E,>>E, or
E,=0), makes static pressure on elastodeformed half
plane f(x) = 0 => £,”(0) = 0, presenting compacted
up to the residual movement of soil layer or road coat
having the average value of Poisson ratio p, = 0.25
(0.2...0.3) and deformation module of E, = E, [3]
(Figure 1.b). We will mark that the parameter p, has
a comparative little impact on the deflected mode of
road coats [3].

To transform and adapt the mentioned above
fundamental dependencies we present the necessary
analytic correlations (Figure 2) [3]:

e Functions of lower part of the roll cylinder
surface fi(x) and its second derivative f;" (x) from the
ellipse equation (Figure 1.b):

2

f1(x) = y(x) = b ( 1—;‘—2—1),os;vs1> (8)
£"(x) = d f:%-(l—x—z)_?,—as;cm )
dx a a
e Value f1"(0) at x=0
b
fl"(0)=? (10)

e Radii of curvature R=R(x) and R(0) of the
cylinder elliptical guide:
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R=R(x)=[1-"(y':)2]2={1_xz.(1_bi)}.a2 ;
y a a b
1 a’

£i"0) b

e Dependence of specific linear force P upon
the roll B width and vertical load G, applied to its
center:

R(0) =

(11)

(12)

e Depth h of the road roller sinking into the
material compacted layer (the

segment kOx' hight, Figure 2), which we find
from the ellipse equation (Figure 1.b), when x = *c
and y=h:

¢ (h-b)>

—t =1

a b

or, at h-b < 0 (Figure 2),

2 .
h:b-(l—wll—cz] applying
a

Where c is the value of the curve kO’ semi-
khord.

(13)

The roll wix)=f.(x) surface

i
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Figure 2 — Scheme of the roll contact with
compacted material.

After substitutions E,=E,, f,(x)=0, £,"(0)=0,
y1= 0, wp, = 0.25 pressure q on
cylinder surfaces:



Life Science Journal 2013;10(12s)

http://www.lifesciencesite.com

2-G
g=q(x)=—"5 -V’ —x* =
7T-B-c (14)
_ 8w [ _ %8 (o>
c T-c
_2:G, G, —i-q
qM_iz-B-c’ qc_Z-B-c s r c
Y, = 2 '(1_’”22):1.875 (15)
m-Ey m-Ey
oo [2G:7: _, [375:G, (16)
B- £, (0) 7-E.-b-B
(17)

h=b-1- 1_&
n-Eg-b-B

From the physical - mathematical point of
view the correctness of shown above formulas based
on classical correlations [3.4], it follows first of all
that from the axis symmetry of calculated schemes of
Figure 1 and primary bodies contact on the axis z L
x0y, goes through the point x=y=0 Figure 1.b). And
the model of flat deformed mode is adequate
applying to the given structure (non-classical)
problem [4] for the areas of the roll cylinder surface
contact with the compacted material within the limits
of the condition observation [4]:

2

C << R(0)=
6

Thatisat —c<x<c:

fl(x):e-(l—\/?]zg.xz (18)
az az 2

[+ £, =110+ £ <0)]-"7 =aix7 (19)
where  f,(x)=0= f,(0)=0 (Figures

1. band 2).

The practical realization of obtained analytical
dependencies demands the introduction of additional
precondition about invariable (dimensional stability
longitudinal) of S length of the elliptic cylinder
generatrix in the process of its transformation into the
circumference with the radius R=const. In this
connection, having the goal of comparability the
following calculated values at different ellipse semi-
axes a, 6 , we present the methodology of calculating

S and the linear size 2/ of contact arch Ta kOk'
(Figure 2).

For mathematical formulation of the given
procedure it is more convenient to write down the
canonical equation of the same ellipse (Figure 1. b
and 2)
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Figure 3 - To determining the length of elliptic
semi-arch of the roll shell

In the cross-bar system x,0,y, and in
parametric form [4.5]:
Xy =a-sme, Y5 =6:COSQ

Geometrical meaning of parameter ¢ is
understood from Picture 3, where ANA- is the semi-
circumference of radius a an point &, taken on the
same vertical with the ellipse M point on the same
side of the axis AA’ Directly in the being solved
problem the angle ¢ has two numerical values:

1) For calculating of one forth of parameter S,

when X3 =d and then

T o
¢=¢S=5=90 (21)

2) To determining the length for the elliptic
semi-arch /at X5 = C (Figure 3):
. C . 3.75-G,
¢ =@ =arcsmm— =arcesin _ |——
a n-Ey-6-B

Differential dS of arch S (Figure 3) has the
view [5]:

dS=a-\1-&sin’ ¢ do

Where 5 is ellipse [5.6] eccentricity with
bigger semi-axis a>6 (0<E<L1):

(22)

(23)

g= a* -6’ (24)

a

For circumference (a=s), being a particular
type of ellipse, & =0.
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We present desired sizes / and S with elliptic
integrals E(p,,&) E(f &) = E(&) of the second
i ) 2 )

ordain the form of Legendre second order [6]
(incomplete and complete correspondingly);

l=a-jw/1—§2-sin2¢) dp=a-E(p,&) (25)

J1=E&%-sin> @ dp=4-a-E(&) (26)

Which as known [5.6], are not expressed
through the elementary functions and in their final
view are not taken, but lookup tables were composed

[6].

S=4-a-

Oy |y

In the generally taken (standard) designations

E(p,&) and E(&) eccentricity & is called as

elliptic module, and ¢ is called the amplitude [6].
For & different values (in general case

(0<£<1) function E(@,&)  changes
E(p,&) = ¢ at &0 (for the circumference, Figure
3)toE(p ,&) =sing , if &=1. When ¢=0 we have

from

E(0,E)=0 , and at (pz(pszg we get

complete elliptic integral E (5 ) .

The proposed theoretical model can be used
for the rolls of round shape having the external radius
R, after changing corresponding letters:

c=>cy, h=hy, qy =49m0, 9. =

:>qm, a=6=R,§=O, ¢[:>¢io’S:S0,l=lo

27)

Which are transformed to the following:
G, 4
dco 2B-c, > Ymo dco
375:R-G
cp = £ ¢, <<R (28)
m-Ey
(29)

Qi = arcsin M = aI'CSinC—O (30)
n-E.-R-B R

S,=2R, 1l,=R-g,
As an example of numerical example we

present the algorithm of determining major contact
characteristics ¢, co, b, ho, gu quo. 90 qco L, lo at B

835

V2

= 140 cm, R=60 sm, & = 7 =0.70711, Gg=42.5

kH, Ex = 65 MPa (asphalt concrete of mark «A»in
the compacted state with the coefficient K, =1 [7]) at
observing the stability conditions:

S=S,=2-7R

1) the correlation between S and a, using
tables [7], is like: S=5.4024-a;

2) the dependence of ellipse a and b semi-axes
sizes, roll S perimeter and radius of curvature R(0) is

determined by the system:

2
(43

_ 2 _
a—2—1—§ =0.5 31)
S,=2-7-60=377Tsm=5.4024-a=1S

From which:

a=69.78sm; 6 = a~g ~ 49.345m;
S=8,=37sm
2

R(0) =2 =98.69sm
6

3) ¢, co semi-khords length with checking the
conditions c<<R(0) n co<<R:

c=235sm << 98.69sm}

(32)
c, =1.83sm << 60sm
4) Reaction contact pressures ¢, 9vo. 4c
qdco-
go =64.59-10* Pa
4 (33)

9y =—Yqc = 82.24-10* Pa
V4

Geo =82.94-10" Pa
(34)
=iqc =105.6-10" Pa
p/a

q vo

5) Parameters 4 and ho, characterizing the

value of the road roller sinking or general
dependence at a=6=R for calculating /,:
2
h=4934.|1-_[1- 235 =0.028sm
69,78
(35)

h=60-|1- 1—[1’83
60

2
j =0.028sm=h

That is, accurate within one thousandth of a
centimeter h=hp=0.0028 sm
6) Amplitude or angles @;,®j:
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@, = arcsin 62,358 =1,93" =0.0337 (rad)

b

1
P,o = arcsin ’6803 =1,75" = 0.0305 (rad)

(36)
7) Linear sizes of /, [, semi-arches (Figures 2
and 3), using Tables of incomplete integrals [8],

equal:
l=a-E(¢,,&) = 69.78~E(1,93°,\2E) =

= 69,78-0,0337 = 2.352sm ~ ¢ (37

lo,=R-¢, =60-0.0305=1.83sm =,

Equalities [~c and lO R C, in that
example were got because of very small angles

@;sP.o and corresponding semi-khords ¢, co,

which is the result of relatively large rigidity of the
compacted layer of mark “A” asphalt concrete which
has the maximum module of deformation E=65 MPa
[8].

The done calculation is illustrated in (Figure
4.a) and in the table which contains two more types
of the road coats with Ex<<65 MPa [8.9] and the
same original geometric characteristics of the rollers

NG

B=140 sm, R=60 sm, §=7=0.70711; =0,

and also the road roller having: S=So=377 sm,

NG

eccentricity (module) & = - =0.86603 and

corresponding value of the elliptic integral
E( £ ) = 12111 [10]. The got results

significantly differ from the calculating data of the
first example where, as it was noted, E= 65 MPa =
max.

The same (figure 4.b) presents the shapes of
the examined rollers surfaces (in sm), which have
£E=0.70711; £=0.

Picture 5 shows the dependence of semi-khord
length (a) and contact pressure (b) upon the module
of deformation, and Picture 6 shows the dependence
of contact pressure upon the roller curvature radius.

Compacting parameters dependence upon the
module of deformation for different geometrical
shape roller of the road roller is presented in Table 1.

Figure 4 — Pressure calculated diagrams for the
roller different shape at E= 65 MPa.

Table 1 - Compacting parameters dependence
upon the module of deformation.

The module of deformation Ex, MPa [6]
Unconso

Eccentri| Unknown

Roller :
o<t Cl‘}' parameters | Rocky | Asphalt [Cohesi| Solid

shape i
. S (in letters) soil  |brand «A»|ve soil jground 11flated
ground
C.m107 1.75 235 3.54 | 423 6.68
L. m10~ 1.75 235 3.54 | 423 6.68
R(0). m-10~ | 98.69 98.69 |98.69 |98.69 | 98.69
. h.m10” 0.015 0.028 0.063 |1 0.090 | 0.226
0.70711 P
2 5 2.2 5 45.14| 285
Nin’(Pa) 108.85 82.24 53.8 [45.14 8.51
7
6 )2(10 85.71 64.59 | 42.37|35.54| 2245
Ellipse Nim (Ps)
P ¢, m10” 2.20 2.94 4.33 | 5.30 8.40
1L m10~ 2.20 2.94 4.33 | 5.30 8.40

R(0). m10~| 155.64 | 155.64 |155.64|155.64| 155.64
h,m10” 0.015 0.027 0.06 10.090 | 0.220

0.86603 Py
M: X 5 y 504| 227
10*N/m’(Pa) 86.59 64.79 [43.99|35.94| 22.7
ae.x10° | stz |3a6a| 283 | 17.87
Nir(Pa) 68.18 51.02 34.64 | 28.3 17.8
co.m 10 136 1.83 2.69 | 329 5.9
lo. m10~ 1.36 1.83 2.69 | 329 5:2
R.m10~ 60 60 60 60 60
§ hp. m'10~ 0.015 0.028 | 0.060 | 0.090 | 0.226
Circle 0

k‘lmo.Zﬂ 0"N/m|
“(Pa)

deo: X 2 294 |55.76 |45.50| 28.84
104N".1“A(Pa) 110.29 82.94 55.76 | 45.59 | 28.84

140.07 105.6 | 70.81|57.89 | 36.63

9
IT 1T
8 1T 160 T i
i 1T o1 [ i
57 B - )
o 6 CRMCTTOAAACA A 1 o
€ 5 [T = 100
=3 8 &0 =)
? 5. 540
3 < 8
" = E20
SAEE= 8
t 2 3 6 1186

o

50 100
The module of deformation Ex, MFa

Figure 5 — Dependence of semi-khord (a) length
and contact pressure (b) upon the module of

The module of teformation Ex, MPa

deformation (- — - — Ellipse 0.70711; ------ Ellepse
0.86603; -- — - — Cicle)
140 i [ [T
e | Ex=8MPa
e 1201
Z [Ex=20MPa
S 004N
5 EEEEENRLESN
g 80 HEk =30 MPa s -
¢ o st :
5 = FH-H-4 o=
8 “O[Ex=65MPa TR
E 1 p=
o P
0 vl d v
60 98,69

The radius of curvature R,
Figure 6 - The dependence of the contact pressure
of the radius of curvature of the drum.
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Conclusions.

The done calculations of the developed
analytical dependences confirm the assumption done
by A.F. Zubkov [11] that the arch “c” length equals
to the khord subtending it / (c=/ Table 1). The
comparison of experimental and theoretical results
allows to conclude that the accepted methodology of
calculating the roll flexible shell is quite accurate.

Deduced formulas and developed calculating
theory prove the opportunity of control
(optimization) [11] of the parameters of the road
roller contact interaction with compacted layer by
varying under operating conditions of designed semi-
axes sizes of ellipse-shape surface of the roll flexible
shell of the road roller, thus, increasing the quality of
the road coat.
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