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Abstract: In robot design and application the force and angle with angular speed is
important so this study will model numerical simulation and discuss detail data to
investigate their property. The force may increase as arm 1 angle increases whilst
it may increase if angular speed increases in three freedoms. Meantime it will
decrease if angular acceleration increases. It is found that with the angular speed
increasing all three force may increase whilst the angular acceleration will cause
its increase too in five freedoms. From these value it is observed that F; is prior
one to ensure the strength and fatigue life to estimate its strength then F, is second
one whilst F, and F; may be neglected in three freedoms. The force may increase as
arm 1 angle increases whilst it may increase if angular speed increases in three
freedoms. Meantime it will decrease if angular acceleration increases. The force
size is F,>F;>F; in five freedoms whilst the turn is w > ® here w is angular speed
:I:5I and & is angular acceleration.
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1 INTRODUCTION forces status to ensure security of strength and save cost
In recent the robotic arm has been applied to status. The three freedoms and five ones are
many occasion in factory which can help people to investigated in this paper detail with parameters like

work in difficult, dirty and dangerous place so its force and angle with angular speed and acceleration.
application will be more prevailed in future which is We try to find the various condition of effective factor

estimated in this study. China has been the largest
country which can own the largest domestic market in
the world, but it has the third market occupant since it
has been not owning the enough advanced condition [1-
6]. So that we must positively construct the clean and
criteria house to meet the demand for robotic arm to
ensure precise work.

In robotic design the force is an important
factor to consider since the strength must meet demand
no matter what it may work in factory. [5~6]So that
according to the function it may be designed to satisfy
the no fracture and longer fatigue life for its long life
and high load to work in automatic flow line to be
substituted to human worker. The biggest one will
destination in this paper and how to save manufacture
cost is the second one. So it is needed that the mass and
load may become first thing to prepare; secondly for the
cost decrease the redundant load shall be prohibited.

In this paper the condition is changed like
angular speed and acceleration to observe the three

in order to search intrinsic properties relationship which
is the destination in this paper.

In general the properties are searched through
parameters in detail. We look forward to finding new
change with force and speed & acceleration for further
research. For the sake of observing them difference it is
used to three freedoms ad five freedoms mechanism in
robot arms. We try to find the intrinsic relationship
between them in this paper whilst we establish the
dynamic equation model to draw the curves to
investigate the whole angle of robot arms to change
further and to continue last paper [7].

2 Numerical Simulation

In Figure 1 there are three freedoms in
mechanical arm that name as 1~3. Meantime there are
two other ones call 4&5which is included in five
freedoms as a rotational and crawling function. In
Figure 1 the schematic shows the simplified principle of
robot. The coordinate XAY is three freedoms and
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X'A'Y it five freedoms. In this study the five freedoms
not three one is deduced since it is complicated.
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Figure 1: Construction schematic of mechanical arm
in series in robot 3-hand part; 2-wrist part; 1-arm
part; 4-waist part

In Figure 1 there are three freedoms in
mechanical arm that name as 1~3. Meantime there are
two other ones call 4&5.

Figure 2: Principle schematic of mechanical arm in
series in robot

Here 6, =360°-( 0.+6,).

System Kinetic energy is

1 n
Ek = E z (mlvlz + mzvzz + m3V32)

Here m, : mass of i component ; J_: rotary inertia of i
component relative to center of mass; v, : center of mass
in i component; @, : angular velocity in i component;
v,v,and v, is I 2 and 3 velocities respectively.

From Figure 2 it is known that position coordinate below
X, =1sing +1.sin(@ +6,)+1:sin(@ + 6, +6,)

Y, = I, cos 0 + I, cos(é, +6,)+ [ cos(é. +6,+0,)

Derivating the equations we gain the x .,y.and x,velocity inhand , g,,g,and g,one in joints. Suppose that

the acceleration is g, ,g,and g, and the angular acceleration is ), , », and g, in joints.
Xo =01, cosd, + ('6?1+ éz)f2 cos(6. +6,)+ (él +'62+¢'93)f3 cos(6, +6,+6,)
Yo =0.1.5in0, +(0:+0:) 1. 5in(0, + 0,) + (0:+ 0.+ 0:) [ssin(6, + 6, + 6,)

.................. 4)
V.,V V. iy . . o
B’ ¢and "° is B, C and D velocities respectively. So D point velocity is
° ° 1267 +12 1*91-1-(*92 2412 (*91+éz+é3 24211 4.91 é1+l*92 cosd, +
VD=1/X§+YDZ= 10+ ( ) +1s( ) il 04 ) 20 5

211, 0161+ G2+ 05)c08(6, + 0,) + 21,1, (01-+ 02)(01-+ 02+ B5) COS 6,

C point velocity is

V. = \/x';+v'; = \/Ifo +12(0:+0.) - 211, 0.(0:+0.)cos 6,
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Substituting two equations above to equation below

E, =%I1(I1+I4+I5)(ml+m2+m3)012+%I2(I2+I4+I5) m2(01+02)2+%I2(I2+I4+I5) m, 61+ 02)? +

1—>

|3

N

- -
I,

<§+ E+§> m, (6, +6, +6,)* + 271 Tz m, él(é1+é2)00502 +Tl Tz m, él(é?1+éz+[93)cos(91 +6,)+

I3 mg(é1+¢.92)(¢.91+é2+é3)c0303 +%(E+g)(ml+m2 +m,)6; +%(G+E) m, (6, +6,)? +%(E+E)

mz(é1+é2)2
...................... (8)
Here
OE < e C e s < oo c oo

~=(0:46:)1.m +2(60:+0.)l.1.m cos@, +26:1.1.m cos& +6.1.1.m,

06 9)
cos(b, +6,) +1. 1, m, (é1+ 4'92+é3)cos(01 +6)) +1. m, (4'91+ éz)cos o+
1.1 m, (é1+ 0.+ és)cos 0,

OE N . . N . N . . N . . .

~=1.m@+06,)+21.1.m, 6 cosé,+1.1.m (6+6,)cos @, +1.1.m (6+6,+6,) (10)
00.
cos(6, +6,) +1. 1, m, (é1+ 6"2+0'3)cos o, +1.1 m, (é1+ éz)cos 0,
aEK - = ] - = . - = . .

K =111.m,6:c05(6,+6,+6,)+ 11 12m,; 0:c08(6, +6,) + | 2 | s m;(01+ 63)cos b, (11)
060s
+2Ja)c:)

And it has
d( 6E > w e o e oo N .
—| —=|=1.m (6:+6.)+2(0:+6.)|.1.m cosO —2(0.+6.)0. 1. 1. msing, +
dt\gg.,) T (12)
Zéflfz mzcosez—zéz 1.1, mzsin92+51f1fz m3cos(91+02)—élf1fz mg(é1+éz)
SiN(@:+0:) + 1. M, (0:+ 6.+ 6:) c0s(6, +6,) + 1. M, (B:+ 0.+ 0:)(0:+ 6:) cos(6, +
92)+fzm3(él+éz)cose3+fz ms(é1+éz)é3 c0593+flfz m3(51+éz+és)coses+
1.1 m3(é1+é2+é3)00303+fz I mg(é1+éz+é3)é3
71
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ifE,KJ:L 0B+ 201, 50030, + 21, 1.1m, 6. 6 cos6, + .. o
dt p0,

M, (0:+0.)cos(0, +6,) — I, . m (0:+ 0.+ 0:)(0:+ 0)sin(@, +60,) + 1. I.m,
(él+éz+53)cos 0 1.1, m3(é1+éz+[93)[91 sing, +1. 1, m3(51+éz+és)cos o,

1.1, m, (é1+é2+é3)é3 siné,

dfoE, )
dtlgp,)

(01 +92)+ra fz ms(érl‘ éa)COS 93 —rz fz ms(é1+ és)és Sin 93 +2J C.()+ 2\](05)

N

il.m 6:.cos........... (14)

—

Tz m3 él(é1+é2+ é3) +|1 Tz m3 él COS(@1 +92) +

%€, _ 1m +m,+m)0 +1.1,m (0.+6,)+1 " m, (6,+6,+6,)
00, (15)

—1.1.m, 0.(6:+ 0.+ 6:)sin(6, +6,)

& i m(0+0)+1 M (0+6,+0)
oe. T (16)

2

aE d 2 e id . . . . . R
=1, (91 +92 +03)—|2 l: m3(01+82)(61+02+93) S|n93
00, e (17)
Potential energy of System
EP = rl mlg(;osg1 +TZ m, g(;os(g1 .|.,92).|.|%3 mggcos(el +l92 +93) ........................ (18)
oE, > .
—=l.mgésing, ................... 19
691 lg 1 1 ( )
oE, > ©
= =1.m,gé,sin@+06
692 Zg 2 ( 1 2)
oE, - <
2 =1.mgé, sin(@+6+6
80 39 3 ( 1 2 3)

3

Substituting Lagrange equation below (17) for above equations

Lagrange equation is

d[eE, | 6E, oE,
- +

dt{ 5q ) 69 oq

Here E, is kinetic of system;
E. is potential energy of system;
g, is generalized coordinate, it is a group of independent parameters that can define mechanical system movement;
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F is generalized force, when q is a angular displacement it a torque, when q is linear displacement it a force;

n is system generalized coordinate.
System generalized force

Supposed that Fk(k=1,2,..,m) and Mj(j=1,2,..,n) is force and torque acting on system. Its power is

P (Fy,cosa)+ Y (M)

Here wj: angular velocity acting on component with Mj;

vk: the velocity in force Fk point of action; (the syntropy +, reverse direction -)

ak: angle between Fk and vk

When generalized coordinates is ¢ angular displacement generalized force=equivalent torque Me.

oW, = Zm:(Fk&/k Cos ak)+2(4_rM 0w )

Here a, zero; F, N; v, m/s; @, °/s; M Nm. o is virtual angular displacement; J5, is virtual displacement.

Supposing that

0S 0S
&, =, +——
Ta M
_99 .. . 99
&pK - aql ml + aqz m2

Replace equation below with above two equations

F :Zm:_Fk 8qK COSOtk_+Zn: M, a@%_
F, =Zm:_Fk ZSK cosa, +2_MJ Z(gJ ........................ (25)

This is generalized force equation.

while F; attains 1.2Kg. From these value it is observed
that F, is prior one to ensure the strength and fatigue
life then F, is second one to estimate its strength whilst

2 DISCUSSIONS

As seen in Table 1 the parameter in robot arm is
listed. Here 6,, 0,, 05 is the arm 1, 2, 3 angle
respectively. I, I,, I is arm length. my, m ,, ms is arm
mass. Number is arm label. According to these
parameters the below curves are gained as below in
Figure 3& Figure 4. As seen in Figure 3(a~c) the force
of arml will increase with the angular speed and
acceleration increasing that expresses the proportional
relation between them fitting to Newton theory well.
That says that angular speed raises the acceleration
meantime the later raise the force too. They all
distributes into sinusoidal continuous wave that forms
semiwave with 90°. The force may increase from 12N
to 4KN and 15N with F3, F, and F,. Among them F; is
the least one and F, is the biggest one. The effect factor
turn is F; >F, >F;. so the F; is the important one the
value attains 0.4Tons and F; is second attained 1.5Kg

F; may be neglected.

Table 1: Parameters of robot arms

items | Value | Item Value
L;/m | 0.55 g, /°/s | 10~30
L,/m | 0.5 0,1°ls 10~30
Ly/m | 0.3 b, °ls 10~30
m,/Kg | 4.2 g, /°/s* | 10~30
m,/Kg | 4.2 0, 1°1s% 10~30
my/Kg | 4.2 g./°1s% | 10~30

As seen in Figure 3 the force may increase as
arm 1 angle increases whilst it may increase if angular
speed increases in three freedoms. Meantime it will
decrease if angular acceleration increases in Figure

© East African Scholars Publisher, Kenya
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3(d). The maximum is 4KN in Figure 3(a) if angular
speed is 30%s and acceleration is 30°/s® so this point
will be checked to ensure the robotic arm strength.

There is big distance to attain 1KN between the
conditions. The effective factor turn to the force is
Fi>F3>F, in three freedoms.

pd
Y N ~
= 24t W1~3=10%/sdot
w wl™=10%/s ~~~__ _
32 F e w1~3=152/s,dot -
w1~3=159/s.
I e s w1~3=20%/s,dot "~ o=
wl~3=20¢/s Tl
-4.8
01 /Rad
@ F
5
0
1l6
=z -5
o
-10
w1~3=102/s,dot
w1~3=159/s N
R I IR R m— w1~3=15¢/s,dot )
w1~3=209/s
-20
0, /Rad
(b) F2
15
-------------- w1~3=152/s,dot
12 | T T T TS wl1v3=159/s
e = w1~3=10%/s,dot
9 e - w1~324Q2/s
pd s “Ine- w1v3=209/sdot— —
= e F S W3=202/s
L //,f ---------------------------- =
3 b T T
0 1 1 1 1 1 1 -“»-‘I >>>>>>
9 02 04 06 08 1 12 14 16
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-5

F2/N

4444

-10 w1~3=102/s,dot
w1~3=159/s \
AS e w1~3=152/s,dot :
w1~3=159/s
-20
0, /Rad
(d) F
Figure 3: The curve of force and angle with various angular speed and acceleration in three freedoms of robot arm
In the modeling of five freedoms in movement occasion the kinetic equation will only be computed on
of robotic arm the Kkinetic equation is established three freedoms according to this study. As seen in
according to Lagrange formula based on three freedoms Figure 4(a~c) the force value is F,>F;>F; which is the
robotic arm. It compensates the blank in four freedoms effect turn too in this five freedoms. It is different
and one impulsion on robot. It is found that the first and between three and five freedoms. In five freedoms the
second solution is complicated and long the whole main factor is F, which attains 7KN as mentioned
equations is concise than the traditional equation. This above and then the F; which attains 1.5KN and the least
is a blank in five freedoms which can shorten the whole one being F; with 24N that may be neglected.

numerical computation a lot. Referring to the important

w1~3=109/s,dot
w1~3=109/s
w1~3=1592/s,dot
w1~3=159/s

b
[$)
i
N
[
00

o1~3=10%s,dot
®1~3=10% .= <
ol~3=15%5ot - ---~._
©l~3=15%s" '

3
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da 1l6
. L N e — T
....... > ] ~329.50 ~3=26° SR
u -12 @13 25'@399}91 a6 Lt
8 L ©1~320%s,dot 1~3=20s
on L= ml~3=15°/s,a“0t~eaL:.3.=_1_§9‘S'"/

®1~3=10%s,dot @1~3=10%s

(©) Fs

0, /Rad

Figure 4: The curve of force and angle with various angular speed and acceleration in five freedoms of robot arm

It is suggested that the big arm happens when
angular speed and acceleration is big. So that the
reasonable parameters are chosen to design and
estimate their properties is important. Not to choose big
angular speed and acceleration is key in order to
increase the capability and property that may increase
the whole cost as well.

Overview the computation is shorter than the
five freedoms traditional one. The solution is easy to
use in software like Excel and Origin. The result is
satisfactory and precise to be adopted to numerical
simulation so the five freedoms method based on three
freedoms is feasible.

3 CONCLUSIONS

There is big distance to attain 1KN between
the conditions. The effective factor turn to the force is
F.>F,>F; in three freedoms whilst F; has 4KN force.
Other two may be neglected since their small value. The
force size is Fy>F;>F3 in five freedoms which has 7KN
and 1.5KN as for first two respectively. The angular
speed and angular acceleration in robot arm will incline
the force whilst the turn is w > .
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