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Abstract: - the dynamic equation of three freedoms is established hammer in robotic arm by Lagrange
equation. It is based on one of two freedoms. It is found that the first and second items is long and others is
concise which is found in calculated kinetic equation in this study. It compensates the blank in three
freedoms for hammer of robotic arm by now. In the simulation occasion the kinetic equation will be

computed in three freedoms according to this study.
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1 Introduction

In modern industry the activity of robotic arm is
high as an automatic device. It is an important
branch for the Robot. Its feature has been
completing anticipated working task by program. It
IS an automatic device for robot technological field
to be gained the most practical applications that is
in industry manufacture, medical healing, military,
semi-conductive manufacture and space exploring.
Its structure and property have an advantage of
human and robot respectively especial in exhibiting
human intelligence and adaption. Its precision and
capability in all kinds of environment is excellent
so that it has wide prospects in each field of
economy. The punching destruction is often used in
destruction applications. It shall be studied detail
that dynamic equation is established to grasp each
parameters to wield its virtual use value. Because it
has main two freedoms one is rotation and the other
is punch it’s this equation will be established
according to these features. The each dynamic
equation is plotted then substitute into Lagrange
equation to search for the dynamic equation to be
established. [1] Because it has three parts to move
and hammering below equation is to be solved

According to each parts movement. After
establishing this equation it can be analyzed by
related parameters to optimum and cost decreasing.
The length and mass of components and position
will be control parameters. [2] So in this paper
these parameters will be further discussed to look
for cost decreasing. It is hopeful to assist designer
and related teacher in studying further at factory
and university. In this paper the dynamic equation
in the three freedoms of mechanical arms is
established to satisfy the college research even
industrial demand and further study in detail. In
mechanical arm what the freedoms is chosen is
most important to robot behavior because the three
freedoms is more advanced and complicated than
two freedoms. The amount of equation is important
so it will be found that it is much or little to its
complication to calculation course. Simplification
and rapid and efficient computation is our aim.

2 Modeling and establishing dynamic equation
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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.

System Kinetic energy is

1

E =
)

n
2 (M +m,yv; +mavs)
i

1)

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 1, 2 and 3 velocities

respectively.

v, =y X24Y? @)
From Figure 2 it is known that position coordinate
below

Suppose that the acceleration is¢:,%-and ¢- and

the angular acceleration is @:,@-and @: in joints.

Figure 2 principle schematic of mechanical arm in
series in robot

Here 0,,=360°-(9 +6,).
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).(D =01 110086, +(6,+62) | 2. cos(6} +6,) + (é1+.92+ é3) 3056, + 6, +6,)

Yo =04 115in, - (6ot 0) 150G, + 6,) - (Brt 024 65) Lssin(@, + 6, +6))

(4)

VerVe and Vo s B, C and D

respectively. So D point velocity is

velocities

040 0.) 411 (04 0462211 6.(6+6.)c0s6, -2 6,
VD: X[Z)_I_YDZ: 1yl ¥2(v ) 3( x) ) 12, (k ‘) 2 173
(0:40:+0:)c0s(6, +6,)- 21 | (0:+0:)(0:+0:+6:) cos 6,
(5)

C point velocity is

X, =1.sing +1.sin(@, +6,) + I:sin(@, +0, +6,)
Y. =1.c0s6, +1.cos(6, +6,)+1cos(0, +6, +6) @ “ =\/x';+v'; =\/|;9; +12(0:+6.) - 211, 6.(0:+6.) cos 6,
(6)
Derivating the equations we gain the Xe ,Vc and X v, = o 0
velocity in hand , 0. , 0:and ©- one in joints.
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Substituting two equations above to equation below

EK = %rl (ml +mz +m3)012 +%r2 mz(01 -Faz)2 +%i2 mz(él+é2)2 +%i3 m3

6+0,+0) - 211, m, ('91(é1+(.92)00592—r1 I, m, [91(('914-(.92-%('93)005
mg(é1+éz)(él+éz+éa)coseg

(8)

0.+6)-1.1.

Here

E,
06,

= (éd‘éz)iz m, -2(91+éz)f1 I, m. c0s 6, ~20,1.1, m. c0s 6, 0.1, m,

cos(d, +6,)-, I ms(é1+éz+é3)cos(¢91 +6’2)—L m, ([91+éz)c0503 -

I s m3(¢'91+éz+éa)cos€3
(©)

E:L mz(éﬁéz)—ﬂ I m, 9'100502 ~LI. mz(él+9.2)coso92 L1, m3(é+l9.2+9.2)
00,

0os (6 +92)—iz I ma(é1+9'2+9'3)c0593 1.1, ma(éﬁéz)cosaa

(10)
oE N . N . 5 o .
“=—|.1.m,0.cos(6, +6,+0,)-1.1.m, 0.c08(0, +6,)-1. 1. m, (6. +6:)cos 6,
06
(11) And
o ] )20 st 2003 . mng -

”zm c0sd, +29 LI, m,sing, ~gl.1.m  cos(0), +0)+91I Izm(01+0)
sin(01+02)—lzm3(01+02+93)cos(01+02)—Izm3(91+92+03)(01+02)cos(01+
9)—[; ma(éﬁéz)oosé)a+fzm3(él+éz)éacoseg—f1fz ma(él+éz+éa)oosﬁa+

iz fs ma(é1+éz+ée)00503+rz iz mz(éﬁéz‘l'éa)éa

(12)

i aEK =—izmz(éz+éi)—2r1rzm2é1C0592+2r1rzm2é1ézcosez—i1fz

dtl o6,

M, (6.+0:)08(0, +6,) + . 1. m, 8.+ 0.+ 6:)(8:+6.)sin(8, +6,) I, . m,
l.m

(éﬁéﬁéa)cos 0, 4, (91+é2+éa)élsin 6, L1, m3(51+éz+éa)cos 0,

£, m3(91+f92+[93)é3 sing,

(13)

%(ZE&K ] - _fliz m3 él(é1+éz+é3)_f1 rz m3 él C05(91 -I—HZ)-I-LL m3 él cos

@ +02)—f3 I, ma(él+<'9'3)cosea 1.1 mg(él+éa)éasiné)3

(14)

o))

<o mom +m)E 1 1m0 +6,)+ 1 m (6, +6, +6,)

00,

—1.1.m, 0.(0:+ 0.+ 0:)sin(6, +6,)

(15)

oE,
26

2

=1 m(0,+60)+1°m(6,+6,+6)

(16)

aEK = Taz(el +92 +93)_Tz ra mg(él‘f‘éz)(él‘f'éz‘i‘és) Siﬂ@s

3

17)
Potential energy of System

E, = 1. m, gcosé, 1, m,gcos(6, +02)—fg m,gcos(6, +6,+6,)

(18)

oE. - -
* =],mqgé sind
) ,g6,sin6, (19)

1

6% =1, m,g 632 sin(6,+46,)

2

GIZP =1, m,g 9.3 sin(6+6,+6,)

3

Substituting Lagrange equation below (20) for
above. The equation of Lagrange equation is

d|oE, | 6E, ©¢E .
—|—|-=—=+—=F, (i=1,2,,...,n 20
{aq} Y ( ) (20)
Here g is kinetic of system;

E. Is potential energy of system?
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q, Is generalized coordinate, it is a group of

independent parameters that can define mechanical
system movement;

F Is generalized force, when 9 s an angular

displacement it a torque, when % s linear

displacement it a force;
N is system generalized coordinate.

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

P= Zm:(Fkvk cos ak)+2(iera)j) (21)

Here o;: angular velocity acting on component with
M;;

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

ax: angle between Fy and vk

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

Me.

oW, :Zm:(ﬁ&/k cosfzk)JrZ":(iMj&oj)

(22)
@:Tl m,g élsinel
6,
ok, - -
= =1,m.gé,sin(6+6,
602 29 2 ( 1 2)
ok, - -
= =1sm,g 8 sin(@+6,+6
agﬁ 3g 3 ( 1 2 3)
Here 2 is zero; Fe=: Vo= =, Mz % g
virtual angular displacement; & js  virtual
displacement. Supposing that
oS oS
B ==, +—A,
aq, aq, (23)

o0, o0,
op, =—&N,+——A,
oa, od, (24)

Replace equation below with above two equations

F = Zm:{Fk ZZ COSak}Z":[MJ %}

k=1 i j=1

_ = 5SK - 6¢J 25
F, _Z{Fk 20, COSC(K:|+Z|:MJ a} (25)

k=1 2

This is generalized force equation.
3 Conclusions

In the modeling of three freedoms in hammer of
robotic arm the Kkinetic equation is established
according to Lagrange equation based on two
freedoms robotic arm. It compensates the blank in
three freedoms for robotic hammer arm. It is found
that the first and second item is complicated and
long besides others is concise. In the simulation
occasion the kinetic equation will be computed on
three freedoms according to this study.

References

1. Zhang ce. Machinery dynamics. Higher
Educational Press, 2008: 96

2. Li Doyi. Chen Lei, Shang Xiaolong, Wang
Zhinchao, Wang Wei, Yang Xulong.
Structrue design of pineapple picking
manipulator [J], Agricultural Engineering.
2019, 9(2): 1~2.

SSLEJ - VVol-05, Issue-08, 2020

Page no. 297-300

Page 300



