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This paper proposes a new rotary welding torch with a ball-jointed mechanical seal structure that simultaneously realizes
the enclosure of CO, gas, the energization of welding current, and the insulation for system protection. In order to
effectively compare the operation mechanism of the proposed device with the conventional rotary welding torch, a
schematic technique is introduced to clearly visualize the operation and connection structure of the model. The kinematic
state and constraint degrees of freedom of the tool are clearly shown, and it is easy to distinguish between the two
designs that use different component parts and connection structures but result in the same final motion. In addition, the
four dynamic characteristics of a rotary torch operating at 20 Hz (driving torque, vibration reaction force, natural frequency,
and inertial mismatch) were analyzed to demonstrate superior performance to conventional products. The welding test
showed that the tool normally operated even in a harsh welding environment, verifying its applicability in the field.
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NOMENCLATURE &(L) = Load Velocity
é(M) = Motor Velocity
B = Vi Dampi f th li
ML Viscous ampfng of the Coupling Wy = The Resonance Frequency
B,, = Viscous Damping between Ground and Rotor .
] ) W,x = The Anti-resonance Frequency
B, = Viscous Damping between Ground and Load . .
; ) o €x = The Coupling Resonance Compliance
D(s) = A Denominator Function for Simplicity . . .
€4z = The Coupling Anti-resonance Compliance
GMF = Gear Mesh Frequency
Jy = Rotor Inertia of the Motor
J, = The Load Inertia
K = Reciprocal of the Sum of Rotor and Load Inertia 1. N8
K, = Coupling Elasticity
T = Applied Torque A BHEAE B9 ol (Arc)7t BHEHEA, SXES
T = Stiffness Ratio A SRES 1E=A HELL deE Tl anE
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Fig. 1 The proposed rotating welding torch (left) and conventional
rotating welding torch (right)

Eccentrlcally arranged Self — aligning bearing(3 D.0.F

Ball joint with seal(3 D.0.F)

(a) The proposed rotating welding torch to express the mechanism

Self — aligning bearing(3 D.0.F) The circle path of the cone rotation

Eccentricity bearing housing
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-
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The circle path =

Eccentrically arranged Self — aligning bearing(3 D.0.F
Spur gear(1D.0.F)

(b) Conventional rotating welding torch to express the mechanism

Fig. 2 Cross section view of two rotating welding torchs

Table 1 Specification of mechanical and dynamics properties

Item Unit Conventional Proposed
Rotation radius mm 1.53 1.47
Number of teeth - 42 45
Gear module - 1 1
Motor speed Hz 20 20
GMF Hz 840 900
Motor power W 100 50
Weight kg 2.87 1.85
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Table 2 Mechanism motion definition

Table 3 Joint mechanism definition

Initials Type Description

Initials Type Description

R Rotary motion 360° rotation

P Pin joint 1 D.O.F rotation joint

Rotating and reciprocating motion

O  Oscillate motion . .
based on a certain central axis

L  Linear motion Straight reciprocating motion

C  Complex motion  Closed curve motion

CR  Cone rotary motion 360° cone rotation motion
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S Sliding joint 1 D.O.F translation joint

A state in which the degree of freedom of

H Half joint ~ motion between two link mechanisms
connected by a joint is 2
A state of connection caused by contact
.. between two curved surfaces. In this case,
C Contact joint .. .
both complete joints and incomplete
joints are possible
Transmission of force by contact between
T Touch joint  two links. The two links always have 3
D.OF.
A state where there are 3 D.O.F in posture
B Ball joint  based on the center of motion between
two links
Indicates constraints on the location of the
1) Freedom of . .
FP.. position center of motion between two links, and
ik ; ... indicates the direction of the constrained
2) Fixed position

position through the subscript of 'ijk'

1) Freedom of It represents the constraints for the posture

orientation  of the center of motion between two links,

2) Fixed and the subscript 'ijk' indicates the constrained
orientation  posture direction

FOijk

Rotational motion means rotation with
eccentricity

CRi | 1B3Fpy | CR: 181FR1EC | CRi
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EC Eccentricity

MOTOR Ri
INPUT

(a) Schematic diagram of conventional rotating welding torch

(b) Cross section view of conventional rotating welding
torch to compare the mechanism

Fig. 3 Mechanism schematic diagram and cross section view of
conventional rotating welding torch
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(a) Schematic diagram of the proposed rotating welding torch

(b) Cross section view of the proposed rotating welding
torch to compare the mechanism

Fig. 4 Mechanism schematic diagram and cross section view of the
proposed rotating welding torch and the existing rotating
welding torch
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Fig. 5 Comparison of driving torque between the proposed rotating
torch and conventional rotating torch
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(a) Mechanism configuration of the proposed rotating

welding torch
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(b) Mechanism configuration of conventional rotating

welding torch

Fig. 6 Comparison of the mechanism configuration of conventional
rotating welding torch and the newly proposed rotating
welding torch
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Fig. 7 Vibration reaction force magnitude for each rotating welding
torch at a fixed origin of a mounting bracket
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Table 4 Natural frequency for each mode

Item Unit Conventional Proposed
Operating Vel. Hz 20 20
GMF Hz 840 900
Mode 1 Hz 95.48 112.47
Mode 2 Hz 106.20 112.98
Mode 3 Hz 190.01 255.83
Mode 4 Hz 881.18 812.45
Mode 5 Hz 2,139.49 1,910.00
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Fig. 9 Relationship factors between mechanical motor actuation
system and load
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Table 5 Parameters for inertia mismatch analysis

Item Unit Conventional Proposed
Jy kgf-mm? 22.109 30.52
J; kgf-mm? 60.510 34.04
K, kgf/mm 16.26122 15.73776

By kef s/mm 0.016261 0.015737

Ji /Ty - 2.736 1.115
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;,"\ 00 Item Unit Bead width
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e - o " 320 A mm 30-34
Frequency (rad/s)
Fig. 11 Bode plot of 6,,/T for the old and new rotating weldin; . o .
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Fig. 13 Welding results of the proposed rotating welding torch for
each welding currents
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