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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 F2 is prior one to ensure the strength and fatigue life then F2 is second one to estimate its strength whilst F3 may be
neglected. 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. There is big distance to attain 5KN between the conditions. The effective
factor turn to the force is F1>F3>F2 in three freedoms. The force may increase from 15N to 15KN and 18KN with F3, F2 and F1 in
five freedoms. Among them F3 is the least one and F1 is the biggest one. The effect factor turn is F1 >F2 >F3. So the F1 and F2 is
important one while F3 is neglected. With increasing speed the torque may be decreased and with angular speed becoming big the
torque may be increased. The biggest torque is 10KNm and 25KNm when angular speed is 25°s and 60 °/s respectively. This one
needs to be checked the strength correction when the speed is 1m/s. The w1~3 is supposed to be same with @ in addition. The effective
turn is v2=1m/s>v1=10.5m/s>v3=1.5m/s.

Keywords: Numerical simulation; Force and angle; Angular speed and acceleration; Robotic arm; Angular Acceleration; Three and
five freedoms

Introduction displacement and then the velocity and acceleration may be
defined through the equation besides the force and torque
properties. For our checking strength and making size the
dynamical properties may be used to it. Such as the motor size
and arm shape and size will be checked out to design it. So in this
study the dynamic properties may be calculated through Lagrange
equation according to kinematic constant to check the feasibility
on force to function. To separate three independence parts the
velocity and acceleration will be calculated through displacement
and force may be computed meantime with Lagrange equation
separately. So each resolved resolution may be checked through

The robotic arm as a new mechanism has been wielded in factory
for semi conduction etc. transportation and integration circuit
wielding. The auto and artificial intelligence robotic arm is
developed from experimental lab to factory to launch producing.
Therefore grasp the robotic arm kinematic and dynamic will
become urgent and necessary in modern society [1-7]. As a
multiple system Lagrange equation may be solved its dynamics
which is a method currently. Due to its precision demand in
process the position defining is very important especially to
precise part making. Through defining a route it may be defined a
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comparing with others and literature. This is the destination in  in five freedoms as a rotational and crawling function. In Figure 1
this paper to arouse the further research. the schematic shows the simplified principle of robot. The

coordinate XAY is three freedoms and X'A'Y it five freedoms. In
this study the five freedoms not three one is deduced since it is
In Figure 1 there are three freedoms in mechanical arm that name ~ complicated (Figure 1,2).

as. Meantime there are two other ones call 4&5which is included

The system Kinetic energy is [1, 3]

Numerical Simulation

1 n
E, = EZ (myV, +my; + myv;
' 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; w;:
angular velocity in i component; v, v, andv is 1,2 and 3 velocities respectively.
v =y X2+Y: (2
From Figure 2 it is known that position coordinate below

X, =1sing +1.sin(@ +6,)+1:sin(6. + 6, +6,)

Y, =i+ 1.)c0s@ +(l.+1.)cos(@ +6,)+(l:+1.)cos@, +6,+0,)
®)

Derivating the equation
We gain theX,, Y, , and X5 velocity in hand, 6, , 8, and 6, one in joints. Suppose that the acceleration is 6;, 6,and 65 and the
angular acceleration is w4, &, and w5 in joints.

Xo=6.1, cosé, + (191+ éz)fz cos(@. +6,)+ ({91 +'02+é3)fs cos(@ +6,+86,)
Y.D :él<fl+f4> Sin81+(é1+é2)(rz+i4)Sin(gl+€2)+(é1+é2+é3)(fa+f4)Sin(al+02 +03) (4)

V4, Vg and Vp is B_ C and D velocities respectively. So D point velocity is

1207 +12(0:+ 0.)" +12(0:+ 0.+ 0:)° + 0. 178in°60 +1(0:+ 0.)*sin’ (6:+ 6:)
(o, o 12 (0i+ 02+ 0:)°1 SiN* (04 02+ 0.) + 211 0. (0.+ 0.+ 0:) cos(. +0.) +
VD: x;+YDz: 4(' * *)j '( 3) ‘13 ( *)‘ (1 3)
211.(6:+6.)(0:+6:+6:)cosb, + 211, 6:sin6 +211,(6:+6.)sin(6, +6,)
+21]1,(0:+ 0+ 0:)sin(0, + 6, +6,) -

C point velocity is

Vc = \/X.CZ-FY.C2 = \/Ifﬁf +|;(é1+é2)2 '2|1|2 é1(é1+é2)00502 (6)

:Tl .1
A 0 ™

Substituting two equations above to equation below
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%Ij(l:+ﬁ+l:)(ml+mz+ma)0f A me <o) +—| (L+1+1) m,(0:+6.)

m
Il

+%IZ(I:+IZ+I:) m,(6,+6,+6,)° +2I4 m, 6hsin2¢9z +I4 m, 01(01+02)25in2(91 +02)+I4 m3(<91+6?2

+é3)2 sin®(0:+0.+0,) +21. 1, m, él(éﬁéz)cosez +1. 1, m, é1(91+[92+é3)cos(¢91 +02)+fz I, ma(él

+é2)(é1+f92+éa)c03493 +%<F

4

+I:)(m1+m2 +m,)o’ +%(Ij+l:) m, (6, +6,)’ +%(I:+I:) mz(é1+

éz)z +21. 1. m, élsin(el +6)) 1211, ma(é1+éz)sin(91 +6,)+ 21,1, m, (é1+éz+é3)sin(6ﬁ +6,+06) (8)
Here
oE,

00.
0.(0:+0.)1.m_sin* (0, +6,) +21. m_sin*(6, + 6, +6,) + 2(0:+6:) 1. 1.

—(01+0)I2m +2I msm0+2(01+0) I m,sin*(6 +6,)+2

m,cosé, +26:1.1.m,cosd, +6.1.1.m,cos(@ +6,)+1.1.m, (6.+6.+

)cos(@ +0, +0)+I2m (01+0)cose +1, sm(91+02+9)cos¢9
+2I1I4mssin(01+¢92)+2hI4mssin(¢91+92)+2I1I4m3cos(91+92+63) ©)
oE,
00,
0.+6,)+21.m.(0+6,+6,)sin* (0, +6,)+21.1.m 6 cosd, + 1. . m
(0.+6,)cos0, + 1. 1.m (0,+6,+6,) +cos(@, +6,) + 1. Lm(9+9+9)

<= ,m,(0+6,)+1.m,(0+6,)sin*(6, +6,)+21.m, 6.(6,+86,)sin

cosé, + 1.1, m3(91+ (92)00503 +21. 1. m_sin(6, +92)+2I1 I. m.sin(6, + 6,

+6,) (10)
oE, v 1 D 2 0.+ 0.)in?

< =1l.l.m 6.cos(6,+6,+6,)+2l.m (0:+0.+0:)sin* (6 + 6, +
00:
9)+f l.m (91+92+9 )cos(é, +0)+f fzm éhcos(é’ +<9)+f2 I.m
(01+6' )coso, +1, Izm 01005(9 +9)+f I,m (01+6' )coso, 121,10,
m,cos(6, + 6, +6,) (11)

And
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d(aEK J = Tz m2(§1+ 52) + 4(51+ 4.9.2) éz Tl Tz m,siné,cosé, + 4(4.9.1

102) 1 amsin®(6,+6,) + 461+ 02)° | m,cos(6, + 6,) + 2(61+ 02) | 4
. e e S 2
msin®(6, +6,) + 4(61+ 02+ 03) L amsin(6, + 0, +6,)—26 111, m,sing, -2
2

o - et

(él'f’ éz)éz Tl Tz mZSiI’]Q1 +20111; m, COS¢92 =260 1.1, m, sin 92 +5T1 Tz m,
COS(91 + 92) - él Tl Tz m3(é1+ [92)5“’1(914— 02)+ rz m3(51+ Z’z-i— 53) COS(@l + 92)
1 2my (Ot 02+ 03)(01+ 02)c08(6, +0,) + | 2, (14 02) €080, + | 2 My (Hr+ 02)

.
-> -

és cosd, + Tl Tz m3(;9.1+ 52-&- 53) cosd, + Tz Ts m3(;9.1+ 52-&- :9.3) 00593+ 213 m,
([91—1— é2+ és) é3+ 4(51-1— :9.2) Tl T4 I’T13COS(91 + 92) + 2(é1+ éz)3 Tl T4 I’T]BCOS(H1 + 492)

—2(é1+é2+é3)71 T4 msin(6, + 6, +6,) (12)

%(GE-K}L M, (0:+0.) + 21 m,(8:+0:)(0:+0.)sin* (6,+6,) — 41 m, (0.
00,

+0.) (0:+6.)sin(0, +6,)co8(0, + 6,) + 21 . m, (B:+ 0.+ 0:)(0:+ 0.) sin (6,
+0,)+21.m,(8:+68.)sin* (0, +6,)— 41 . m, 0.(0:+6.) sin(6, +6,)cos(6, +
0,)+ 21.1. m, 0. cosé, +21. 1. m, 0. 0. cosé, +1. 1. m3(51+éz)cos(6?1 +6,)
11 m, (04 0.+ 0:)(0:+ 0.)sin(0, +6,) + 1. 1. m_(6:+ 02+ 6:) cosO, — 1. 1.
ma(é1+éz+6.?3)f915in 0 +1.1, ma(él+éz+'633)coseg +21.1, m3(é1+é’2)cos(91

+92) + 2?1 TA ma(é1+éz+é3)COS(91 +02)+ 2?1 TA ms(é1+éz+éa)COS(¢91 +02 +93) (13)

%(aE_K J = fl iz m3 él(él+é2+é3) + 2?4 m3(é1+éz+é3)5inz(91 +02 +93)+
00:

41, m, (é1+éz+é3)2 sin(@, + 0, +6,)cos(6, + 6, +03)—f1 . m, (él+éz+éa)(
é1+éz)sin(6'l +02)+fl I, m, 6. cos(@, +02)+fl I, m, 6. cos(@, +<92)+fg . m,
(érkéa)COS@s 1.1, ma(é1+éa)4'93 siné, ~I.1. m, cos(é1+éz+é3)

g‘; e Lt T, +m,+m )0+ 1. (ot s 1) m (0, +6)+ 12 (Tt To412) m.(6,+0,+0))

+21.m, 0:(0:+0.)°sin(0, +6,) — 21 . m, 0.(0:+ 0.+ 05)*sin(6, + 6, +6.) — 1. 1. m_ 0. (8:+ 0.+ 6:)sin

0. +6)+(L+1)(M, +m, +m)0, + Lo+ 1)M,0, +0.) + 21, 1. m, (6:+0.)cos@, +6,) + 21 . m,
(0:+ 0.+ 0:)cos(0, +6,)

(14)

(15)

Citation: Run Xu (2022). The Numerical Simulation of Forces with High Angular Speed and Low Angular Acceleration in Three and Five
Freedoms of Robotic Arm I. SunText Rev Mat Sci 3(1): 115.



; Run, SunText Rev Mat Sci (2022), 3:1
= SUNTEXT REVIEWS :

ZEH Tt 1) M (0,40 412 (Lt o412 M (0,40, +0,)+41. m. 0., +21. m, 6.(,+.)sin

0.+6,)+21.m, 0:(0:+0.+0,)sin(0, + 6, +6,) - 21, 1.m, 0:(0:+0.)sing, — 21, 1. m, 0.(0.+6:)sind, — (1.

+1)M, 0.(0:+0:) +21. 1. m, 0.(0:+ 0.+ 0,)cos(0, +6,) — (I .+ 1:)m, 0.(0:+0:) +21. 1. m, 6. cos(6, +6,) +
2141, m, (é1+ 0.+ éz)COS(@l +6,+0,) (16)

ZIZK = (Tt Lot 1 (6 +6, +€3)—2f4 ms(é1+[92+[93 )’sin(@, +6, +6,) ~1.1s m3(¢°91+[92)

(éh+f92+é3) sing, —21,1. ms(é1+ é'z+é3)cos(6'1 +0,+0)

Potential energy of System

17)

E. =(i+10) mlgcosel+(fz+f4) m, gcos(é, +92)+(fs+f4) m,gcos(é. +6, +6.)

(18)

E. .
26; =1.1.mgé sing

' (19)
oE, ¢ .

~=1.1.m,g98,sin(0+6
50 .90,5in(0,+0,)
oE,

7 1. m,g 6.?3 sin(6,+6,+0,)
Substituting Lagrange equation below (10) for above equations
Lagrange equation is

d|oE, | 6E, ©E,

—| —= |- + =F
dt| oq | 4 dq,

Here E, is kinetic of system;

E,, is potential energy of system,;

q; is generalized coordinate, it is a group of independent parameters that can define mechanical system movement;
F; is generalized force, when g; is a angular displacement it a torque, when g; 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= X(Fkvk cosak)+2(iM ;)

(20)

(21)

Here wj: angular velocity acting on component withM;;

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

ag: Angle between Fy, and Vi,

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

W, =D (F.&, cosa,)+ ) (M so)
k=1 j=1 (22)

Here ay is zero; Fy =200N ; V =0.2~0.3m/s; = ; 20~30°/s =20~30Nm. is ¢;virtual angular displacement; &s is virtual displacement.

Supposing that
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&, = oS, 5+ oS, ,
oo oo
5p, =20, + 22 g,

Replace equation below with above two equations

F =Zm:{ﬁ Z:i COSak}+Z{MJ ‘ZZ:}

k=1

F, :Z[Fk %, cosak}Z[MJ aﬂ}
o9 % | s,

k=1 2 =1

This is generalized force equation.

g

Figure 1: Construction schematic of mechanical arm in series in robot 3-hand part; 2-wrist part;1-arm part; 4-waist part; 5-two crawling wheel.

X'

Figure 2: Principle schematic of mechanical arm in series in robot.
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Figure 3: The curve of force and angle with various angular speed and acceleration at angular acceleration of 20%/s? in three freedoms of robot
arm.

Citation: Run Xu (2022). The Numerical Simulation of Forces with High Angular Speed and Low Angular Acceleration in Three and Five
Freedoms of Robotic Arm I. SunText Rev Mat Sci 3(1): 115.



Run, SunText Rev Mat Sci (2022), 3:1

s SUNTEXT REVIEWS
18 w1~3=302/s,dot w1~3=202/s2
w1~3=402/s,dot w1~3=202/s2
12 w1~3=509/s,dot w1~3=202/s2
é 6 w1~3=609/s,dot w1~3=202/52
o 0
. 18
-12
-18
-24
81 /Rad
(a) F1.
20 o= ®1~3=60°s,dot ®1~3=20%s
®1~3=50°s,dot 1~3=20%/s- . _
I3 1 - - - - ©1~3=40%s,dot @1~3=20°/ G
7z 10 | 777770
KA
T T S ) o S
[T
O ‘ T
5 1.6
=10 F
-15
62 /Rad
(b) F2.
20
5 0 =r=e= ®1~3=60%s.dot 1~3=20%/s2
10 ~. ®1~3=50%s.dot ©1~3=20%s2
s RN e ©1~3=40%s.dot ®1~3=20%s2
Z 0 ‘:.. = — 0 1.3=30%g dot el 3=200/52 -
) \‘\‘ ~. N P
[ . L
s 9 02 T@Lses 08 1 12 1.4?,94“% 1i8
"‘\-."-.‘ ‘h‘-.._ _a"q’-’
e o I -
-10 1 NN pers
Nz
-15 | —
-20
83 /Rad
(c) F3.
Figure 4: The curve of force and angle with various angular speed and acceleration at angular acceleration of 20°s2 in five freedoms of
robot arm.
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Figure 5: The torque with time and speed v under angular speed w and acceleration e "of 20%s?,

Table 1: Parameters of robot arms.

items Value Item Value
11/m 0.55 RAS 30~60
12/m 0.5 S 30~60
I3/m 0.3 0,1°Is 30~60
m1/N 7.7 . 1°1s? 20
m2/N 6.6 9, 1°1s? 20
m3/N 4.0 9. 1°1s 20
Discussions below in Figure 3 &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

As seen in Table 1 the parameter in robot arm is listed. [6~7]
Here 01, 02, 63 is the arm1, arm2, arm3 angle respectively. 11, 12,
13 is arm length. m1, m2, m3 is arm mass. Number is arm label.
According to these parameters the below curves are gained as
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with 90°. The force may increase from 15N to 15KN and 18KN
with F3, F1 and F2 as seen in Figure 4. Among them F3 is the
least one and F1 is the biggest one. The effect factor turn is F1
>F2 >F3 at the angular acceleration of 20°/s2. So the F1 is
important one attained 1.8Tons and F2 is second attains 1.5tons
while F3 is neglected. From these value it is observed that F1 is
prior one to ensure the strength and fatigue life then F2 is second
one to estimate its strength whilst F3 may be neglected in five
freedoms. In contrast to above in Figure 3 in three freedoms the
force F1 is about 18KN ie. 1.8tons which is the biggest need to be
checked the strength estimation and then F3 is 75N and at last F2
is 16N which are neglected here. The effect turn is F1>F3>F2
(Table 1).

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 3(d). The maximum is 18KN in Figure 3(a) if
angular speed is 20°/s and acceleration is 20°/s2 so this point will
be checked to ensure the robotic arm strength. There is big
distance to attain 3~5KN between the conditions. The effective
factor turn to the force is F1>F3>F2 in three freedoms (Figure 3).
In the modelling of five freedoms in movement of robotic arm the
kinetic equation is established according to Lagrange formula
based on three freedoms robotic arm. It compensates the blank in
four freedoms and one impulsion on robot. It is found that the
first and second solution is complicated and long the whole
equations is concise than the traditional equation. This is a blank
in five freedoms which can shorten the whole numerical
computation a lot. Referring to the important occasion the kinetic
equation will only be computed on three freedoms according to
this study (Figure 4).

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
(Figure 5).

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. In Figure 5 with increasing speed the torque
may be decreased and with angular speed becoming big the
torque may be increased. The biggest torque is 10KNm and
25KNm when angular speed is 25%s and 60 °/s respectively. This
one needs to be checked the strength correction when the speed is
Im/s. The ®1~3 is supposed to be same with angular speed » and
angular acceleration o of 20°s2 in Figure 5 in addition. The
effective turn is v2=1m/s>v1=10.5m/s>v3=1.5m/s.

Conclusions

e There is big distance to attain 5KN between the conditions.
The effective factor turn to the force is F1>F3>F2 in three
freedoms.

e The force may increase from 15N to 15KN and 18KN with
F3, F2 and F1 in five freedoms. Among them F3 is the least
one and F1 is the biggest one. The effect factor turn is F1
>F2 >F3. so the F1 and F2 is important one while F3 is
neglected.
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