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Summary: In this work, you can find the results from the description and modeling of the ro-
botic manipulator FANUC M-430iA / 4FH. The basic values that determine the performance
of the robot are tested and analyzed. An analytical model was developed on the basis of which
it’s temporal and frequency characteristics are illustrated in the absence and availability of
maximum mechanical load of the working spherical wrist

1. Introduction.

The purpose of this paper is to explore the possibilities of industrial robotic manipulator FANUC M-
430iA/4FH. The work tasks are: description, modeling and visualization of the dynamic characteris-
tics of the robotic manipulator. Fig. 1 shows the construction diagram of industrial robotic manipula-
tor FANUC M-430iA/4FH with anthropomorphic arms, spherical working wrist and five independent mo-
tion control axes (5-DOF). The electric drive of the robot is carried out with DC motor with permanent

magnet (from FANUC-type servo motors 3, or ;).
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Fig.1. The construction scheme of industrial robotic manipulator FANUC M-430iA/4FH

The mechanical parameters of the robot (rotation ranges and shoulder dimensions, speed, mechanical
moments, inertia, maximum lift, energy consumption and power, maximum accuracy, etc.) in the re-
spective dimensions are systematized and presented in Table 1 [12-20].
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Tabl.1

5-DOF Robot-Manipulator FANUC M-430iA/4FH, Controlled Axis of Motion 5, Payload 4 kg

Joint I J1 J2 J3 J4 J5
Motion Range [°] 360[°] 230[°] 383[°] 300[°] 540[° ]
Robot Maximum Speed [°/s] 300[°/s ] 320[°/s] 320[°/s ] 360[°/s | 2000 °/s |
Robot Maximum Speed [rad/s] | 5,24[rad/s] | 5,59 [rad/s] | 5,59 [rad/s] | 6,28 [rad/s] | 34,91 [rad/s ]
Wirst Moment [Nm] - - - 3,5[Nm] 1,5[Nm]
Wirst Moment [kgf.m ] - - - 0,36 [kgf.m] | 0,15 [kgf.m]
Wirst Inertia [kg.m? | - - - 0,064 [kg.m? || 0,010 [kg.m? |
Wirst Inertia [kgf .cm.s? | 0,65 0,102
Length Arm [mm] 350 [mm ] 550 [ mm ] 95 [mm] 65 [mm ]

Max. Load Capacity an Wirst [ kg ] - - - - 4 [ kg ]
Repeatability [mm] 40,5 [mm]

Mechanical Weight Robot Mass [kg] 55 [kg |

Average Power Consumption [kw] 1 [kw ]

H-Reach [mm] 900 [ mm |

Average Power Consumption [kw ] 1 [kw ]

This paper offers and examines a corresponding mathematical model of kinematics of 5-DOF FA-
NUC M-430iA/4FH by Todefine. The kinematic scheme of the axis of the manipulator is presented in
Fig. 2 in accordance with the Denavit-Hartenberg method of constructive connection configuration
(Fig.1). The following markings are used: z - axis in the direction of the joint; X - axis parallel to the

common normal; q; - the angle from X, , to X; along z, ,; d, - distance from the intersection of
Z;_, with X; to the origin of (i—l) - system of axis; a; - shortcut between z; , and z;; «; angle
from z, , to z; with length X;. The kinematic scheme parameters (Fig.2) are shown in Tabl. 2.

Fig.2. The kinematic scheme of the axis of the manipulator

Tabl.2
Denavit-Hartenberg parameters of the 5-DOF robot-manipulator FANUC M-430iA/4FH
I q; a; a, d;
1 q, -z/2 0 d,
2 a, 0 a, 0
3 d; 0 a, 0
4 d, ]2 0 0
5 gs 0 0 ds




2. Modeling, parameterization and analysis of the 5-DOF FANUC M-430iA/4FH industrial
robotic manipulator.

As an object of control, the industrial robotic manipulator is considered with: input (control) values -
control signals z; (i € [1,5]) to the electric motors and output (adjustable) values - positions
Y (i € [1,5]) of the axes of the 5-DOF manipulator. The structural model (Figure 3) is presented
in “without loading the wrist” mode in Fig. 3.b and in operational “with max load an wrist” mode in
Fig. 3.c, where ¢, indicates the mechanical load of the robotic manipulator by the workpiece being
machined, and G, - the transmission functions of the electromechanical propulsion of the arm of the
manipulator.
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Fig.3. Structured model of 5-DOF FANUC M-430iA/4FH

Literature [1-11] and laboratory studies as well as experimental verification determine the possibilities
for analytical modeling of the dynamics of FANUC M-430iA / 4FH in the following sequence. The
schematic diagram (Fig. 4) of the electric drive (uniform on all axes of the 5-DOF manipulator) with a

DC motor with permanent magnet is considered, where the following markings are used: R, - anchor
resistance; L, - inductance of scattering; u, - power supply voltage; i, - anchor current; T, - torque
of the motor shaft; T - electromagnetic moment of the motor shaft; J . - inertia moment of the mo-

tor; K - current-to-moment ratio; B, - viscous friction coefficient; @, - motor shaft speed; &, -
shaft position.



Fig.4. Schematic diagram of the electric drive

The basic equations of analytically describing functional dependencies between the main characteriz-
ing variables of the scheme are (1) + (3), and the equations modeling the electrical and mechanical
parts are (4) u (5) respectively. After replacing the variables in equations (4) and (5), we reach (6),

where T is the time constant of the motor and K is the gain of the motor. The last two dimensions
are determined according to (7):
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With the help of (1) + (7) the transfer functions G, and G, of the robotic manipulator are deter-
mined by the speed and by the position of the motor shaft as (8) and (9)
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The complete transmission functions (both in speed Gjm (p) and in position Gjm (p), 6, =vy)of
the electric drive (10), (11) depend both on the supply voltage u, = gand on the moment
M. = ¢g,, of the mechanical loading of the shaft, which is structurally reflected in Fig. 3.c ., and on-
ly by position @, - in Fig.5
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Fig.5. The ranges of parametric fluctuations of the control object

The characteristics (12) + (17) of the control object (Fig.3) are parameterized [1-20], with ranges of
parametric fluctuations are indicated and marked in Tabl. 3 and in Fig. 5

Tabl.3
klnom Tlnom k2n0m T2nom T3nom
k, =3,85 T, =1,91s k, =0,25 T,=6,0s T,=1,5s
k, var T, var k, var T, var T, var
1 3,58 0,55 0,253 6s 1,0s
2 4,58 1,05 0,353 7s 1,58
3 5,58 2,05 0,453 8s 2,05
4 6,58 3,0s 0,553 9s 3,0s
5 7,58 4,05 0,653 10's 4.0s
6 8,58 5,05 0,753 11s 45s
0. (p) K, 3,58
G; = Gem (p) = = = (12)
u(p) p(T,p+1) p(0,91p+1)
6. (p) K, 3,58
G, =G, (p) = = - (13)
u(p) p(T,p+1) p(1,05p+1)
6, (p) K, 3,58
G; = Gam (p) = = = (14)
u(p) p(T,p+1) p(1,25p+1)
6, (p) K, 3,58
G,=G, (p)= = = (15)
u(p) p(T,p+1) p(1,55p+1)
6, (p) K, 3,58
GlzGem(p) = = = (16)
u(p) p(T,p+1) p(1,91p+1)
6, (p) k. (T,p+1) 0,253(1,5 p+1)
G™ (p)=- = =— (17)

p(T,p+1)(T,p+1)

p(0,01p+1)(6p+1)




3. Preview of the parameterized performance models of 5-DOF FANUC M-430iA / 4FH indus-
trial robotic manipulator

The analytical models of the electric drive of the robotic manipulator by positiond,, = Yy are simulat-
ed in the ranges specified in Tabl.3. The transients Y, (t) (at U, zl(t )) and impulse transients

I, (t) (at U, =0 (t )) characteristics of the electric drive of the manipulator are presented respective-

ly in Fig.6 and Fig.7 in “without loading the wrist’ mode and in “with max load an wrist’ operation-
al mode. The frequency characteristics G 0, ( ja)) of the modeled dynamic system by position are il-

lustrated in Fig.8 in Fig.9 in “without loading the wrist’ mode and in “with max load an wrist’ oper-
ational mode
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Nyquist plot "Arms-Axes Position 5-DOF Robot-Manipulator FANUC M-430iA/4FH" Nichols plot "Arms-Axes Position 5-DOF Robot-Manipulator FANUC M-430iA/4FH"
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4. Conclusion

The new and original in this paper is:

m The proposed description of the structural layout of the 5-DOF industrial robotic manipulator FA-
NUC M-430iA / 4FH, the systematization of the mechanical quantities and parameters of the robot
(rotational ranges and dimensions of the arms, speed, mechanical moments, inertia, maximum lifting
capacity, energy consumption and power, maximum accuracy, etc.) in the respective dimensions, as
well as the developed kinematic scheme of the axes of the manipulator Fig.2 in accordance with the
Denavit-Hartenberg method;

m The developed analytical model of the dynamics on the position of the axes of the 5-DOF manipula-
tor in the “without loading the wrist” mode and in the “with max load an wrist” operational mode un-
der the influence of the mechanical load on the robotic manipulator by the workpiece machining dur-



ing the production, as well as the parameterization of the analytical model developed on the basis of
literary and laboratory studies and experimental verification;

m The transmission functions are determined by speed and by position of FANUC M-430iA / 4FH as
an object in a control system, representing the main characteristics of the manipulator in the synthesis
of the system;

m The proposed analytical models of the industrial robotic manipulator are visualized. It presents its
transient, impulse transient and frequency characteristics, defining the FANUC M-430iA / 4FH as a
static dynamic speed system and an astatic dynamic motion system
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