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Abstract: The obstacle crossing ability under complicated terrain environment is the key and difficult pomt
during design of small mobile robots and the common approach is to realize this ability through combination
of multiple marching forward methods. This study conducts detailed analysis of the obstacle crossing

performance of a new wheels-crawler compound robot. The robot includes multiple movement forms such as

common wheel movement, crawler running and crawler swinging movement and through obstacle crossing
ability analysis of various movement forms under typical terrain environment, it could provide theoretic support
to the design of robot. The research results show that this robot has both the ability of fast movement on
smooth road and obstacle crossing ability under non-structural terrain environment.
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INTRODUCTION

The marching forward device of mobile robot mainly
mcludes the wheel type, crawler type, leg type and their
compound form (Adachi et al., 1999). Through research,
we find that current small mobile robots generally have
the problem of low adaptability to complicated terrain
environment, 1.e., if it has high obstacle crossing
performance, it has low motility; or if it satisfies the
requirement of high flexibility, 1t lacks high obstacle
crossing ability (Michaud et «l., 2005). Therefore, it is
very necessary to design a small portable robot with both
high obstacle crossing ability and high motility
(Saranli et al., 2001; Guccione and Muscato, 2003,
Chou and Yang, 2013).

Based on the proposal of a new wheel-crawler
compound mobile robot, this study conducts analysis of
its obstacle crossing performance and this robot mainly
has two working modes of wheel mode and crawler mode.
It also has three working states when driven by the
crawler, which are pure rolling of crawler, pure swinging
of arm and the overall combination of rolling and
swinging. Under the pure rolling state of crawler, the
robot can adapt to complicated terrain. Under the pure
swinging state, the robot can have multiple postures,
which can change the robot’s center of gravity to further
improve the robot’s obstacle crossing ability. The
combination of rolling and swinging 15 definitely the
highest state of obstacle crossing performance, which can
adapt to more severe terrain environment.

CONCEPT DESIGN OF ROBOT

The proposed design scheme for new robot is as
shown n Fig. 1. The robot adopts compound drive, one
mode 1s wheel drive and the other is crawler drive. When
it 1s required to switch mode, a deformation device 1s
used to shove off the outer circle of wheel and turn it
into the crawler. Under the crawler drive mode, the
swimming of crawler can be controlled through the
swing arm, in this way to increase its obstacle crossing
ability.

Under normal operation, the robot is under the
wheel mode, as shown in Fig. 1a. When it 13 required to
pass a complicated terrain, the wheels will change
mnto four mdependent mechanical arms, as shown in
Fig. 1b. When the mechanical arms have rotation, only
the crawler on the mechanical arm will rotate, just like
the way a common  crawler passes  a
complicated terram. When the mechanical arms have
rotation plus revolution, the robot conducts compound
crawler sWing  arm
it can pass high steps through the
rotation of swing arms. Because the four mechanical
can swing independently, it can pass extremely
complicated terrain, such as soft and thick snow. In

robot

movement of rotation and

movement and
arms

the meentime, when the robotrolls over or gets stuck,
it can lift itself up through the swing arm, which
can sigmficantly mmprove the robot’s movement ability
on the road.
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Fig. 1(a-c): Sketch of the wheel-crawler compound robot
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Fig. 2: Force analysis diagram of planar motion
WHEEL-TYPE STRATGHT MOVEMENT

The force analysis schematic diagram of a mobile
robot moving on a flat surface is as shown in Fig. 2 and
the total moving resistance is:

F, =F#F,
Fi=pnG
F,=ma

o

where, Frrolling resistance; F,-acceleration resistance;
p-coefficient of rolling friction; a-required acceleration on
flat surface.

When the robot moves with the maximum speed v,
on the flat surface, the required power P, to drive the
robot is:

Ve
t1000m,

where, v, -maximum moving speed on the flat surface,

take v,.>7 m sec"; 1-drive efficiency of working machine
(wheel/crawler).

Make 1 1 and ny = 0.94~096 (with
transmission).

We can get the required power of motor P 1s:
P.=P/4

When the robot moves with the maximum speed v,
on the flat surface, the mechamcal axis O, has an angular
velocity ny, as:

_30v,.
TR
where, R-radius of the wheel.

When the robot moves with the maximum speed v,
on the flat surface, the mechanical axis O, is under the
torque T, of:
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When the robot starts on the flat surface, the
mechanical axis O, has a maximum starting load demand
torque T, of:

(F,+F,)R
Lema f
And:
T =@

On the flat surface, the mechamcal axis O, has a
minimum starting load demand torque T, of:

Lem o P

K

u

Tt i

Where, K --the coefficient that ensures that there 1s
adequate accelerating torque during starting, which 1s
generally between 1.15~1.25; K,--voltage fluctuation
coefficient, i.e., the ratio between the motor side voltage
and rated voltage, which is 0.85 during full-voltage
starting.

WHEEL-TYPE CLIMBING MOVEMENT

The typical posture of robot during climbing is as
shown in Fig. 3 and when the robots moves with a
uniform velocity m an angle of a, the total moving
resistance on the ramp £ 1s:

f, =F, + E = G(sina +pcosa)

where, Frrolling resistance; F,-grade resistance.

When the robot moves with a uniform velocity on a
ramp with an angle of «, the mechamcal axis O, is under
the torque T, of:

When the robot moves with a uniform velocity on a
ramp with an angle of ¢, the mechanical axis O, and wheel
speed n, are:

30V,

— i

Y

where, R--radius of wheel; v;-the speed to clinb up steps

and average slope, which is generally v.>1.2 m sec™".

Fig. 3: Climbing posture of robot

When the robot moves with a wuform velocity on a
ramp with an angle of ¢, the required power p, by the
robot is:

_ Ly,
® 10007,

When the robot moves with a uniform velocity on a
ramp with an angle of @, the required power P, by the
mechanical axis O, 1s:

P = TLanp
? 9550m,
In accordance with the chassis size and specification,
we obtain the maximum theoretical climbing angle «, ., 15:

. h
Ay — ATCEIN —e—
VI +1h?

When the robot moves with a wuform velocity on a
ramp with an angle of ¢}, the mechanical axis O, has a
maximum climbing load torque T, of:

G (sina,_pmax Tupecosa . )R
Tmeax = 4

CRAWLER-TYPEFLAT MOVEMENT

The movement of robot in crawler mode on flat
surface is as shown in Fig. 4 and the moving resistance f,
in crawler mode 1s:
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Fig. 4: Flat movement of robot in crawler mode
f4 =F; +E+Fc+fn

where, F -acceleration resistance; F,-gradient resistance;
F.-soil compaction resistance; f -internal mechanic
resistance.

Where, internal mechanic resistance £, 1s reflected in
the formula as mechanical efficiency.

The soil compaction resistance F, 1s actually caused
by the consumed energy by compacting soil and forming
tracks, so 1t can be calculated through function
transformation. When the crawler-type robot moves
forward a distance of 1; (I, is the length of crawler
contacting the ground), the power P consumed by robot
for compacting soil is:

P =T2bL3pdz
i}

where, b-crawler width; P-load on umt bearing area of soil,
Z-track depth.

When the robot moves forward a distance of L, the
consumed power Fo+L, to overcome the soil compaction
resistance F. should equal to the power P of robot
compacting soil, so:

o
F,L,=P=2bL, pdz

1}

F. =2b pdz

a
In accordance with the pressure settlement Eq:
p=kz'

where, K-soil deformation modulus; n-soil deformation
index. (Liu and Pei, 2005; 2006).

So:

Zn+1
0
n+l1

E. =@b kz"dz =2bk
1)

where, F_can be further related to the machine parameters
through Z, Assume the ground contact pressure of
crawler 15 evenly distributed, when the soil 1s deeply
compacted by 7, the umt area of soil bears a pressure of
P, (average ground contact pressure):

_G
2bL,

o

P,

where, G-machine weight, n-ground contact area of
crawler.
So:

- ks
7, {h}“ {1)"
K KA
2b G 2b
e
(n+1)Kn (n+1)Kn

When we calculate the soil compaction resistance F,,
we use Rayleigh-Jeans Eq:

b z Y
=l K +—=K; || =
(o g })

Then, we have:

n+

2b? GYyn
= 7 {K]
(n+1)n\/CK’C +'?K’f

Assunie the ground contact presswe of crawler
is not evenly distributed and set
eccentric distance as ¢ and longitudinal eccentric distance
as e

the horizontal

nH

b e[
FC =71|:p5Ia [1""?)}

(n+1)K"

nH nHl

P e
B B
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CRAWLER-TYPE CLIMBING MOVEMENT

When the robots moves with a umuform velocity in an
angle of «, the total moving resistance on the ramp f, is:

f,=F +F +1,

where, F;-grade resistance; f -soil compaction resistance;
f, -internal mechanic resistance (Fig. 5).
In the meantime, we can know:

1+l

J * +Qsina

2 Geosa
£, =
?b A

+1)",[CK: +
(n+1) o, +

K;

When the robot moves with a uniform velocity of v,
required by climbing on a ramp with an angle of «, the
mechanical axis O, is under the torque of:

When the robot moves with a uniform velocity of v;
required by climbing on a ramp with an angle of «, the
mechanical axis O, and the wheel speed ny;, are:

_ 30w,

PR

ny,
where, R--radius of wheel;, vi-the speed to climb up
steps and  average

v,z1.2msec,

slope, which is generally
When the robot moves with a uniform velocity of v;
required by climbing on a ramp with an angle of «, the

power P; required by the robot is:

- fdvi
* 100077

where, 1--overall efficiency of transmission device.

Select the value of 0.7 during the period of dynamic
calculation and select the value in accordance with the
actual design scheme of transmission device after motor
model selection:

nH

} +Gsina |v,

2b* [Gcosa
n ? A
{n+1) JCK’E +?b

P =

3

K,

10007 2

Fig. 5: Climbing movement of robot in crawler mode

When the robot moves with a uniform velocity of v,
required by climbing on a ramp with an angle of o, the
power P; required by the mechanical axis O, 1s:

_ TUanTp

® 95509,

Then, we have:

, at
2b Gcosa \» +Gsina |Rn,,,
n b A
(n+1)",/CK; +—K;
_ 2
Py =

3820077

Through orgamzation, we obtain:

n+l

3 jn +Gsina |v,

i

2b* Geosa
7b

(n+1fJCK;+7ZK; A

P, =

7640p°7 ;7

In accordance with the chassis size and specification,
we obtain the maximum theoretical climbing angle ¢, of
crawler; when the robot moves with a uniform velocity on
aramp with an angle of ¢y, , the mechamcal axis O, has
a maximum climbing lead torque T, of

nH

Dinx } " +Gsina R

D

2b? [Gcosa
n ? A

{n+1) JCK’E-&-?‘DK’F

TUpmax = 4
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CONCLUSION

Through analysis of the obstacle-crossing process
of robot, we find it can adapt to most categories of
terrain environment. Because it has high mobility and
obstacle-crossing ability, this robot can be applied in
multiple fields, which has huge development potential.
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