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Ultrasonic welding systems for automotive wirings industry
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ULTRASONIC WELDING SYSTEM FOR AUTOMOTIVE WIRINGS INDUSTRY
Deaconu, S. I.
, Oprişa N.
, Popa, G. N.
, Latinovic T.

Summary: The ultrasonic welding machines are key elements in the process of achieving an automotive wiring. By the quality of the performed welds depends the quality of the entire wiring. From this reason, a special attention should be given to the correct programming, parameters’ optimization and replacing and adjusting procedures of these machines’ active devices.

These equipment should ensure the reproductibility of the welded joints' quality, automation possibilities for the manufacturing processes and their monitoring.
Key words: automotive wirings industry, ultrasonic welding machine, maintenance, adjustments, optimization.
1. INTRODUCTION

Ultrasonic welding is based on transforming the electric power in mechanical oscillation power of the soundtrode. By this procedure, plastic or metal parts are perfectly bined by means of high acoustic frequency vibrations, applied locally, achieving a high quality connection, both from mechanical and electric viewpoint [1]. The working frequency is of tenth of kilohertzs. The acoustic energy is transformed in thermal energy by friction, the welding period being smaller than one second. Moreover, is no need of additional material, lowering the costs and giving a special aesthetical aspect to the weld [2], [3].

The welding process is made automatically, the single problem imposed to the operator being the correct positioning of the wires to be welded. By this cause, to mainain the weld’s quality, the ultrasonic welding machines should properly maintained and the adjustments to be done according to the specific standards [4], [5], [6].

In this work are treated the component elements, the operation mode, set-up mode, replacement and adjustment mode of an ultrasonic welding machine of Schunk Minic-Quick Automatic PC type. 

2. CONSTRUCTIVE AND FUNCTIONAL ELEMENTS
The Minic-Quick automatic PC system from Schunk company was conceived for welding of copper and aluminum electric wires with total cross-section between 0,5(30 mm2. The machine should be connected to a compressed air network with pressure ranged between 6 and 10 barr and a flow of 900 l/min, and to the electric grid of 3(400V, 50/60 Hz and a maximum current of 16A. The machine can execute line welds or end welds (fig. 1) [7].
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Fig. 1 Welds executed by means of ultrasounds         Fig. 2 Machine’s general diagram

The machine’s main component parts are (fig. 2): welding module - 1, devices - 2, connectors - 3, process computer - 4, connecting module to the electric grid - 5, pneumatic drive system - 6, monitor - 7, keyboard - 8, swiveling desk for monitor and keyboard - 9, work table - 10, high frequency generator - 11, pressure regulator and compressed air filter - 12, control pedal - 13, module housing –-14, table positioning system - 15.
An important component represents the high frequency generator supplied from the three-phased voltage grid of 3(400V, 50 HZ, maximum current 7A, having at output the following values: maximum voltage 1400V, frequency 20 kHz and maximum power of 3000W.

The welding process is controlled by means of a suitable program called SutWin that runs under Windows, installed on the process computer (PC) and which communicates with the PLC by serial interface. The process computer sends to PLC the data comprising the welding parameters and diverse controls given by keyboard, and the PLC (the machine’s microcontroller) manages and controls effectively the welding operation.  The PLC sends to PC data regarding the welding  operation, the measured parameters and the error signals. The PC, by means of the related software, allows the achievement of some statistics of the performed welding operations, offers the possibility of results’ analysis, possibility to edit and configure the welding parameters and setting various operational parameters of the machine.

The ultrasounds produced by the generator are undertaken by the converter and transmitted to the soundtrode which comes in contact with the wires to be welded. This wires are clamped by means of an assembly of mobile parts pneumatically driven, which is pressing the wires on the main device and executes a vibrating movement along its axis.
The wires are melting, binding one-to-another due to the temperature obtained by the sounds propagation and vibrating movement of the base device which determines also the weld's leveling [1].

3. WELDING PARAMETERS OPTIMIZATION
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Fig. 3 Optimization chart of the welding parameters to a certain section
Optimization of the welding parameters is made based on the chart from fig. 3 assuming the passing through the following steps: introducing the conductors’ cross-section and the welding width, introducing the wires and correct positioning in the welding space, commanding the weld, checking both visual and by capability surveys in laboratory (traction tests, cross-section microscope survey, measuring the contact resistance etc.), deciding the parameters’ adjustment or continuation, modifying energy, pressure or amplitude by (10%, checking the tolerances for the welding height and compacting, using the saving functions.
In fig. 4 is presented the menu for the graphic presentation of a 3-equal wire weld.
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Fig. 4 Menu of a weld’s graphic presentation a) selecting the colour; b) selecting the section
There are standardized values specific to each welding section, given by manufacturer.

Against the standardized values, there is the possibility to make adjustments in restricted limits, increasingly or decreasingly [1].

4. EXPERIMENTAL RESULTS
The welding energy takes values from 50 Ws to 3000 Ws, and the welding time ranges between 250(2000 ms. For diverse sections, the welding energy varies.
If the welding energy is too high, the weld becomes brittle. In case a too small pressure force, the weld is weak, and in case of a pressure too high, the wires are damaging or breaking-up [1].

In fig. 5a are presented the parameters displayed further a weld and in fig. 5b the power curve during the welding process.


The statistic information about a certain welding node are stored and can be displayed (fig. 6).

Also, voltages at idle operation and load operation can be visualized (fig. 7).

[image: image11.jpg]


[image: image12.jpg]NN




a)

      
            

  b)

Fig. 5 a) welding parameters; b) power curve P = f(t)

[image: image5.jpg]006 mm 02112001 103446

‘ act125 -ref 131 -

x

cr 8 Gz mm "
A .
.
. .
:
P
= & [264 om
e il A
X 1273 mm P
W45 ws 175 mm
S(x)| 0.031 mm DT e )
Co | 2585 &2 [oziizoiion4ds | 20 16102002 16:1059 &4






[image: image6.jpg]u1[z607 v U2 2481 v [19.07.2000 21:28:40

! tmon

15072000 21:28:40 15052003 143441 &

stop.





Fig. 6 Welds statistic into a certain node
       

Fig. 7 Voltage monitoring 
5. MAINTENANCE AND CALIBRATION OF ULTRASONIC WELDING MACHINES
The access in this submenu can only be done based on a password, because the incorrect settings or non-respecting the diagnose procedure leads to mistunings or even damaging of some components of the machine.

After making revisions or after replacing some devices, is imposed to perform the diagnose procedure for calibrating the machine’s measuring devices. To perform the diagnose are necessary a series of calibrated pins supplied by the producer together with the machine. By diagnose, the machine calibrates its zero and work positions of the two mobile devices, respectively the welding space’s width and weld’s height, based on some calibration algorithms included in the Sutwin software.

[image: image7.jpg]=loix]

ESC Exit
=
F3
=S
/5 plaill
F6 checkd

F7  Diagnosi

08.04,2005
—
Lok [ w
W
0.50 sec123
o kL&
0.50 sec123
M e 7

F8 Setp

2 option




          [image: image8.jpg]=lolx]

22006
os21
F2 Afterburst [s]
Delay Afterburst [s] 0.20
s
Adaption B
Fa —
_ | Init GlidJaw Counter [0 Offset
=) 0 pm
bs JET
Total: S61 o H
F4 Software e
s —J
s







    a)




        
b)

Fig. 8 a) diagnose menu; b) operation parameters menu

The following parameters can be set:

- after-welding relaxation time (0,10) is the period of interrupting the vibrations after finishing the welding, before the time of relaxation delay;

- time of relaxation delay (0,20) is the vibrations’ restart period to allow the weld’s release and removal of possible small residues;

- adaption value – after storing the reference heights, in the learning process the machine makes a permanent average of the last n welds (n is a set-up value). In this way, the average of the last n welds performed is considered reference for the next weld. The adaption’s purpose from one weld to another is to allow the machine to follow the small modifications due to external factors, in conditions in which the machine maintains its capacity to detect non-permitted deviations in the welding process.

In fig. 8a is presented the menu for performing the diagnose and in fig. 8b the set-up menu of the machine’s operational parameters.

6. CONCLUSION
The advantages of ultrasonic welding are: high work speed, respectively productivity, by performing of one single operation, energetic efficiency, aesthetic aspect, high binding quality level, materials' cost cutting by eliminating the consumables and high efficiency of the specific welding equipments.
Automotive industry is one of the industries where the production's renewal degree is continuous and the buyers' demands increase exponentially. The machines' endowments are personalized, delivery terms are short and the quality level should be faultless.
The automotive wiring represents an important element, even vital for the automotive's good operation. The hundreds or thousands of connections between wires should ensure the respective circuits' continuity, regardless the operation regime and external conditions. Any contact fault compromises the entire assembly.
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