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1. Introduction  

1.1 Problem Statement 

The electronic metal mesh welding machine is intended to demonstrate the revolution and 

modernization of mechanical engineering. This project is aimed to help the metal industry by 

introducing a fully automated mesh welding machine. A unique role for this machine is to 

integrate two machines into one; the main three steps in the machine include straightening the 

wire, cutting the wire a certain length and welding the mesh. This process will require minimum 

training for the machine operator since the controls will be handled by a user friendly program. 

In this program, one of the main modules should include a malfunctioning alarm system.  

One of the major goals in this project is to reduce cost; this cost reduction will be handled 

through different levels of the machine. For one, there will be less mechanical components used 

to build this machine, this will reduce costs as well as space necessary to assemble and maintain 

the machine. Also, only one person will be needed to maneuver the machine instead of the 

traditional two to five. Furthermore, only one machine will be needed to perform the same tasks 

done by multiple machines. One of the most innovative components of this product includes the 

extra machine module that can be added to increase the size of the net. This module will be built 

specifically for this electronic metal mesh welding machine and will decrease costs. Instead of 

buying a new machine to produce a larger net, the user would buy an extra module and attach it 

to the machine.  
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1.2 Background 

For this section, an-overview of the work done by other engineers and scientists will be 

reviewed. A careful analysis will also be taken to study their approach in different related 

automated mesh welding machines. From the client, basic specifications were given to the design 

team for the electric mesh welding machine; these specifications will be the fundamental blocks 

of the machine. Once these basic parameters were done, a SolidWorks model was created to 

make sure all of the client specifications were completed.  

In order to understand the client’s needs it was fundamental to be aware of different mesh 

welding equipment. The mesh welding machine falls into the category of resistance welding 

equipment. To make an educated selection of which welding equipment is needed certain 

parameters must be determined, such as the joint design, materials of construction, quality 

requirements, production schedules, and economic considerations. The standards that must be 

heavily considered are enclosed in Bulletin no. 16 issued by the Resistance Welders 

Manufacturers Association. 

There are three principal characteristics in these resistance welding machines. 

1) An electric circuit that is made of a welding transformer along with a secondary circuit 

which includes the electrodes that weld the wire. 

2) The mechanical component which includes the machine frame and other mechanisms 

which hold the work and apply the welding force necessary. 

3) The control equipment needed to direct the initial and time duration of current flow. Also, 

for this project’s purpose it will control the feeder motor as well as the cylinder to cut 

wire. 
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1.3 Literature Survey  

This section will review how two projects done in 1995 and 2004 are related to the 

automated mesh welding machine, but do not infringe patents. These two projects relate to the 

welding process and the straightening system. The customer specified that the machine had to be 

modular, this means that the design needs to have at least one transformer per module or one 

transformer per every two modules this will depend on the thickness of the wire and the price of 

the transformers. 

In 1993 inventors Widmer, Robert (Hausen, CH) filed for a patent for a wire mesh welding 

machine. 

 
Multiple spot resistance welding machine for welding wire grids, United States Patent 

5416288 

This patent by Widmer, Robert (Hausen, CH) et al. was granted in May 16, 1995 and will be 

describe in the next sections. 

 
���������  A multiple spot resistance welding machine for the welding of wire grids by 

direct current comprises several contact electrodes (4.1.1, 4.2.1, 4.1.2, 4.2.2, . . . ) 

contacting a respectively associated grid point from both sides. The switching 

arrangement for the simultaneous application of welding current to all contacted grid 

points exhibits, for each contact electrode pair (4.1.1/4.2.1, . . . , 4.1.5/4.2.5), a welding 

transformer. Juxtaposed welding electrode pairs are floating with respect to potential in 

accordance with this invention so that the sole transverse connection is constituted by the 

transverse wire (1). A separate contact electrode pair is provided for each grid point.  
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Figure 1 Drawing 1. Patent 5416288 

	
����
��������  This patent allows for a welding of a wire with a single transformer 

for every pair of electrodes.  

For the project’s purpose, a similar method will be utilized with the advantage that the automatic 

mesh welding machine can incorporate more transformers to the grid as needed. And the 

transversal wire is going to be cut directly in the machine, this will avoid the carry of pre-cut and 

straightened wires. 

The following  patent by Wiesenfeld, Yair (Yahud, Il) et al. was granted in Mar 16, 2004 and 

will be described in the next sections. 

 
Wire straightening and cut-off machine and process, United states patent 6705355 B1 

���������  A wire straightening and cut-off process and machine which feeds, straightens, 

and cuts wire, and which uses a servomotor in dual mode. In a continuous mode, short 
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wire parts are cut at a high cut-off rate. In an intermittent mode, long wire parts are cut 

wherein each cut is triggered by a signal 

 

 

 

Figure 2 Wire Straightening and Cut-Off Machine 

	
���
 ��������  This patent explains the process of cutting and straightening a wire 

with the use of a servo motor to pull the wire. It is used for two types a high cut-off rate 

and an intermittent mode. 

In designing the automatic mesh welding machine, a new approach for straightening the wire 

was accomplished, which uses a set of ball bearings aligned instead of the rotating part that the 

patent describes. The cutter will use a pneumatic cylinder which will have a regular single pivot 

wire cutter to cut the wire, the cutter will be activated by an electromagnetic sensor. The pulling 

of the wire is going to be done by a stepper motor, which is more precise than the servo motor. 



15 

 

This section discuss three patents that are  related to the electric mesh welding machine  

project, most of these patents are very old given that the art of welding started a long time ago, 

recent  mechanisms for mesh welding are just a gathering of patented systems for example: wire 

feeding system, wire cutting systems, among others.  

 

A. Drive roller for wire feeding mechanism, United States Patent 4,021,634 
 

The following patent invented by James D. Bobeczko & Thaddeus A. Kasiewicz was filled 

in Apr 18, 2001 and issued in May 6, 2003. 

Summary: This patent was filled with the intent of establishing an invention consisting in 

a wire feeding mechanism suitable for advancing wire along a path without causing any 

damage to the wire itself, this is done by the setting a few drive rollers stationed in 

opposing each other by pairs along the pathway, each comprising a cylindrical hub and a 

flexible cover extending. The flexible covers conform to the cross-sectional contour of 

the wire there between under the compressive forces generated by the opposing drive 

rollers as the wire is driven along the pathway 

 

Claims Summaries: This wire feeding mechanism used for advancing a continuous 

length of wire along a path contains a housing having two roller supports each rotatable 

about a corresponding axis transverse to the pathway. These rollers support is located at 

the opposite sides of the pathway; a drive roller on each roller support for rotation having 

a roller axis coaxially placed with the axis of the corresponding roller support, this driver 

roller comprising a hub having an outer surface extending circumferentially about the 
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drive roller’s axis, and a flexible cover on said outer surface and extending 

circumferentially. This flexible cover of each drive roller is  tangentially and 

compressively contacting a continuous length of wire there between such that the wire is 

advanced along the intended pathway in response to the rotation of the drive rollers; at 

least one of the  drive rollers can be adjusted radially; the outer surface of mentioned hub 

is cylindrical; this outer surface includes at least one groove extending circumferentially 

around with at least one groove is V-shaped; and in the  walls are at least one V-shaped 

groove are at least partially serrated. 

 

Figure 3 Drive roller for wire feeding mechanism, United States Patent 4,021,634 

 
B. Multiple spot resistance welding machine for welding wire grids, United States Patent  

5,416,288: The following patent invented by Widmer, Robert  was filled in Oct 1st 1993 and  

published in May 16, 1995. 
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Summary: A multiple spot resistance welding machine for the welding of wire grids by 

direct current comprising several contact electrodes on respectively associated grid point 

from both sides. The switching arrangement for the simultaneous application of welding 

current to all contacted grid points exhibits, this machine contains one welding 

transformer for each contact electrode pair, these welding electrode pairs are put adjacent 

to each other and are floating with respect to potential in accordance with this invention 

so that the sole transverse connection is constituted by the transverse wire (1). A separate 

contact electrode pair is provided for each grid point.  

Claims Summaries: This multiple spot resistance welding machine for welding wire 

grids by the application of direct current, comprising several contact welding electrode 

pairs, each electrode pair is connected for simultaneously contacting from both sides at 

the respective grid point, grid point means that there is a transversal wiree (1) to be 

welded on the wire grid. A switching circuit means having a plurality of welding 

transformers respectively connected to the array of contact welding electrode pairs for the 

simultaneous application of welding current to all contacted grid points at the same time, 

and for supplying floating potential to juxtaposed contact welding electrode pairs of the 

array of contact welding electrode pairs; moreover, the contact welding electrode pairs 

are coordinated, in a spacing pattern, with a mesh width of the wire grid in such a way 

that each grid point is welded by its own contact electrode pair this distances are less than 

15 cm in one direction and at most 10 cm the other direction. 
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Figure 4 Multiple spot resistance welding machine for welding wire grids, United States 
Patent 5,416,288 

 

C. Wire steel rope cutter machine, United States Patent 5,839,338: The following patent 

invented by Tcholakov, Stoil Metodiev was filled in Sep 25th 1996 and published in Nov 24, 

1998. 

Summary: This wire rope cutter machine posses one first blade positioned in the bottom 

to hold the wire being cut and a cutting blade projecting downward to cut the wire. The 

cutting blade has a "V"-shaped cutting edge and the bottom blade "V"-shaped edge which 

is off-center and displaced from the middle of the "V"-shaped edge of the cutting blade to 

allow a four-edge pivoting cutting process.  

 

Claims Summaries: The wire steel rope cutter machine is composed of parallel guides 

mounted in a parallel alignment, and is adjacent to a pair of blades to guide the upper 
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pressing blade position in order to hold and cut the wire. Also, The steel wire cutter 

machine claims, to have an adjustable tension device which operates on attaching springs 

to the housing for selectively adjusting the tension of these springs.  

 

 

 

Figure 5 Wire steel rope cutter machine, United States Patent 5,839,338 

After reviewing these patents, it can be concluded that as long as the design of the 

electric mesh welding  machine stays away from having separated precut  pieces of wire used to 

create the mesh and having a different system for drive roller the team will not be plagiarizing 

any of these designs. Also, this system includes a moving pressure roller that as long as it is not 
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applied there is no traction on the main drive roller, which helps in avoiding extra movement in 

the wire being fed. Furthermore, the design will consist of a wire cutter that can be found in any 

appliance store for replacement. This cutter will also be connected to a pneumatic piston and 

actuated by a solenoid to move one of its handles and cut the steel wire.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 

 

2. Project Formulation 

2.1 Overview 

For this project the team is prepared to design a mesh welding machine control system. 

This machine will be a great alternative to the machinery used in today’s commerce.  The project 

will focus on two major ideas. The first idea is to demonstrate how modern mechanically 

operated machines can integrate pneumatic and electronic technology. The second idea is to 

generate and craft a machine design that advances exclusive mechanically operated machineries 

to an entirely new electronic and pneumatic operated technology. Furthermore, it includes 

generating and crafting a design that incorporates new technology in an industry that has had a 

dreadfully low rate of evolution in this matter.  

In order to comply with a fully functional machine the team set up a working bench test 

of the principal control system for the machine software and I/O devices. This bench test was 

created as a simulation of how the real machine would react and to estimate the cycle time. In the 

bench test, LEDs were used as replacement for the actual components actuated in the automated 

mesh welding machine, such as the feeder, cutter, welding, and the reset the program must do to 

keep the machine automated and producing large strands of mesh wire. Because it was just a 

bench test, the monitor part of the system is not included. 
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Figure 6 Bench Test 

Once the completion of the automated mesh welding machine is completed it will have a 

ground-breaking effect on today’s industry. The design is determined to produce with more 

effectiveness and provide a less-cost alternative to in today's mesh welding area. The cost of 

labor will be reduced, by eliminating unnecessary workforce.  The machine will be manageable 

and operable by one person only, eradicating the usual two to five people, depending on the size. 

This machine will also reduce the downtime of the machine, by incorporating various devices 

designed to monitor its' performance. 

These target functions are as follows: 

1. Design a sensor network to determine the location of the material coming into the 

machine. 

2. Determine the amount of material being fed to the machine.  
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3. Design a control console allowing one operator to monitor and operate the machine. 

Monitor the status of the key components of the machine to avoid prolonged down time 

2.2 Program Objective 

·  The electronic metal mesh welding machine will reduce cost compared to competitive 

technology. 

·  The electronic metal mesh welding machine will be easy to use. 

·  The electronic metal mesh welding machine will be operated by only one person.  

·  The electronic metal mesh welding machine will indicate component performance. 

·  The electronic metal mesh welding machine will be able to straighten, cut and weld metal.  

·  The electronic metal mesh welding machine will have extra modules available for building 

larger metal nets. 

2.3 Design Specifications 

Objectives 

1. The system should weld symmetric mesh. 

2. The system should be implemented with simple devices. 

3. The machine should produce weld points at the mesh’s intercepts. 

4. The system should be low cost. 

Limitations 

1. The machine should be smaller than any existing similar machines. 

2. The machine shouldn’t conflict with any existing patented design. 

2.4 Constraints  

·  The electronic metal mesh welding machine should cost no more than $5,000 for initial 

building and design. 
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·  The electronic metal mesh welding machine will be limited to using a restricted number of 

transformers due to the given power. 

·  The electronic metal mesh welding machine will only work for low carbon non galvanized 

steel. 

·  The electronic metal mesh welding machine will be customized for one size diameter wire. 

·  The electronic metal mesh welding machine has a restricted budget  

 

2.5 Assumptions and Limitations 

There are a number of assumptions and limitations that need to be accounted for in 

designing the electronic metal mesh welding machine. This machine should meet all standards 

and requirements as used in current welding machine technology. These necessary fulfillments 

put a limit on how the machine can be made.  

Assumptions  

·  The electronic metal mesh welding machine should output as much net as machines 

available in the market.  

·  The electronic metal mesh welding machine should require minimum training to use. 

·  The electronic metal mesh welding machine should be able to be customized for more 

modules.  

·  The electronic metal mesh welding machine should be more affordable. 

·  The electronic metal mesh welding machine should require less maintenance than current 

technology. 

Limitations  

·  The electronic metal mesh welding machine can only perform with a certain number of 
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transformers dependent on the input power.  

·  The electronic metal mesh welding machine can only be made for one type of net.  

·  The electronic metal mesh welding machine will only mesh one type of metal.  

2.6 Operating Environment  

To operate this machine prior training is required; the operator must know how to work 

the surveillance screen in the machine as well as take the mesh screen produced out of the 

machine. Also, a specific location is required to function the electric mesh welding machine.  

·  The machine must have five feet of clearance from all sides 

·  The machine must operate in a well ventilated environment 

·  Max Temperature of 1000F or 37.780C 

·  Min Temperature of 200F or -6.670C 

·  Power voltage of 24V 

2.7 Intended Users and Intended Uses 

In this section, the intended users for the machine will be described along with the 

different ways the electric mesh welding machine can be used. One of the main objectives when 

interviewing the client was to find out about the operator of the machine, what his/her needs are 

and what they want to see developed. With this type of information, a user friendly interface can 

be done, and moreover an interface that is object oriented rather than dropdown menus. The 

client specified that the machines are usually operated by a technician with a low level of 

understanding for both mechanical and electrical parts and also that the machines are going to be 

operated in different types countries where language is an issue, this is another reason why we 

choose to make the machine in an object oriented interface. 
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Intended Users 

·  A technician with low level of understanding electrical and mechanical components 
·  Global interface for the different languages  
·  Only one technician per machine 
 

Intended Uses 

·  Mesh welding  

2.8 Standards Considerations 

In the following section, the standards that affect the electric mesh welding machine 

project the most will be analyzed. There are global standards and local standards which need to 

be followed in order to maintain a fair trade. There was a great amount of standards found related 

to the project; however, only few of them are essentially relevant. Among this variety of 

standards the most important ones are found to be: ISO 447:1984/ ISO 5184:1979/ IEEE 829-

1998. 

 

 

A. ISO 447:1984 
 

This standard was published in Jan 5th it’s the second edition of standard ISO 447:1973; 

this standard includes the specified rules for the direction of operation of controls whose function 

is to produce movement of controlled machine tool components in one or other of two opposing 

directions. This standard does not apply for controls for components which rotate continuously in 

the same direction during the normal functioning of the machine. 
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B. ISO 5184:1979 
 

This standard was published in Jan 28th 2005, containing specified dimensions and 

tolerances for the application of only straight spot welding electrodes, where the electrode force 

Fmax given for diameter d1 in the table, included n the full standard specification, is not 

exceeded and where the centre lines of the electrodes are perpendicular to the work piece. This 

standard also contains the designations, materials and marking for the electrodes. 

 

 
 

C. IEEE 829-1998 
 

This standard is also known as the 829 Standard for Software Test Documentation, is 

an IEEE standard specifying the form of a set of documents for use in eight defined stages of 

software testing and development, each one of this stages potentially produces its own type of 

document. This standard specifies the format of these documents; yet, it does not specify whether 

all of them have to actually composed, it does include any criteria regarding satisfactory content 

for these documents. This is a matter of judgment outside the standard’s point of view. 

 

In order for  to maintain an easy to trade product  any kind of disorganized or impaired 

documentation for the software must be avoided, it is key that everything is  documented  as if 

someone else with basic knowledge of the code can implement it or modify it, also complying 

with the standards for the control system implementation is crucial given that said system is the 

brain of the machine and has to be design in a way that it can be understood easily, also, it helps 
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keeping in mind that the electrodes are one of the key components of the machine; however, we 

plan on purchasing a standardized electrode component to avoid any violation of the standards.  

The team will comply with the following standards: 

 

·  ISO 447:1984 
·  IEEE 829-1998 

 

 

  

2.9 Health and Safety Considerations  

The mesh welding machine will include plenty of electronic as well as mechanical 

components that make it potentially harmful. As designers of this machine, every possible 

measure to ensure the safety of the workers as well as the consumer must be taken. Not taking 

the proper measure will be against the code of ethics defined by ASME and IEEE.  

From the machine, some of the mechanical hazards that can occur are pinching and 

crushing the fingers and hands. Also, from the transformers eye or face injury from flying metal 

and sparks can be dangerous. Flying sparks can also be a cause of fire and explosion. Other 

cautionary care must be taken into account when handling hot metal and parts which can cause 

burns. 

In order to avoid any type of hazards, safety measurements must be employed, such as 

wearing goggles or a face shield. The proper attire should also include long sleeved shirts and 

dry insulating gloves. The operator of the machine should not breathe any type of fumes and the 

mesh welding process needs to be done in a well ventilated area. Proper Material Safety Data 

Sheets (MSDSs) must be acquired to know how to properly take care of metals and cleaners. 
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One of the main precautionary cares must be to keep a fire extinguisher nearby the equipment. It 

is also the responsibility of the designer to make sure that each customer is aware of the proper 

training before anyone operates the mesh welding machine. 

Safety of Bystanders  

 
In accordance to the IEEE and ASME Code of ethics the safety, health, and welfare of 

the public is a major concern. As the designers of the electronic mesh welding machine, the team 

is compromised with the public to follow these regulations. There are certain risks to operating 

this machine and the following are a few of the measures.  

 
A. Possible burn risk- The machine is using transformers to weld and can generate plenty of 

heat during the process. These are some of the methods we can provide to decrease any 

possible safety issue  

 
i. Properly label the machine in parts where heat is generated. 

ii.  Make sure anyone who handles the machine is properly dressed with gloves, 

preferably any Nomex material type of glove. The person should also wear a face 

mask and goggles to prevent any flame sparks from entering their face. 

iii.  Anyone who operates the machine should be trained prior to handling.  

iv. Initiating devices on machine should be guarded to prevent accidental startup 

v. Equipment should be installed in conformance with ANSI/NFPA No. 70. National 

Electric Code 

vi. Metal Explusion Injuries may occur as a cause of molten metal sparks coming from 

the electrodes or parts being welded. 
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Safety of group members  

 
i. Possible burn risk- Group members should be as cautionary in handling the machine as 

the people operating it. Proper care needs to be taken in wearing the proper safety attire 

when handling the material. 

ii.  Group Work- The team must be in accordance to every decision taken throughout the 

course of the senior design, this can prevent bad decisions from happening just because 

of one person’s opinion. 

iii.  Testing- When testing the machine to make sure of its proper feed rate, stability, and 

precision extra care should be taken in case there is a problem with the program or any 

of the components.  

Environmental Safety  

 
i. The electronic mesh welding machine should be a product that complies with machine 

standards and requirements such as not to harm the environment. It should be able to 

perform its functions without having to abuse any of the codes and standards.  

ii.  The machine will include a manual that will stipulate all of the regulations it should 

accord. It will also give an introduction to how to manage the machine in case of any 

malfunction by reading the warning signs given by the control console screen. 
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2.10 Ethical Considerations and Social Impact 

As part of a senior engineering design team it is a duty to comply with the IEEE and 

ASME code of ethics as well as the Code of Academic Integrity. The electronic mesh welding 

machine is not controversial in many ethical dilemmas. Nevertheless, ethical issues are likely to 

arise as we design and implement this new machine and the team must abide by the IEEE and 

ASME Code of Conduct to solve issues and in case a decision can’t be taken, “The Ethical 

Theory Model” will help resolve ethical doubts.  

 

The team is offering a new type of machine, it is the team’s duty to inform the user of any 

problems that may arise when maneuvering the electronic mesh welding machine and inform of 

any factors that can cause possible issues to their working environment, as stated by the IEEE 

code of ethics. It is also in the team’s responsibility to ensure that training is mandatory for the 

usage of the electronic mesh welding machine, because it is a new type of technology as 

compared to current mesh welding machines it will be new to the user and precautionary care 

should be properly taken, per IEEE code of ethics part V.  

This project will encounter various safety issues as mentioned in the section before, such 

as, safety of by standers, group members, and environmental. The aforementioned safety issues 

are all with respect to the IEEE Code of Ethics. However, there may be cases where the Code of 

Ethics will not be enough and a certain other model should be used.  
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     Table 1 Ethical Model theory Options 

 

Option  Description  

1  
Ignore the problem  

2  
Warn customers of the problem caused by the machine  

3  
Recall machines until a solution is found  

 
 

In the table the Model Theory is described. The team has not dealt with any ethical 

issues, but in case it were to happen, all of the options would be listed in this table and the best 

way to grade them is using the following table 

Table 2 Ethical Theory Decision Matrix 

 

 Option  

Theories  

Score  

Utilitarianism   

Ethical 
Egoism  

Kantian 
Ethics  

Rights 
Ethics  

1  0.00  1.00  0.00  0.00  1.00  

2  0.10  0.50  0.20  0.00  0.80  

3  0.25  0.00  1.00  0.50  1.75  

 

In this decision matrix all of the options in Table 1 are weighed in different ethical theories. Each 

theory corresponds to what is better for the customer or the vendor. The best score is taken and 

that is chosen as the best option to the problem.  



 

3. Design Alternatives 

3.1 Overview of Conceptual Designs Developed

Objectives 

5. The system should weld symmetric mesh.

6. The system should be implemented with simple devices.

7. The machine should produce weld points at the mesh’s intercepts.

8. The system should be low cost.

Constraints 

4. The machine should be smaller than any existing similar machines.

5. The machine shouldn’t conflict with any existing patented design.

Concept Fan 

Figure 
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Overview of Conceptual Designs Developed 

The system should weld symmetric mesh. 

The system should be implemented with simple devices. 

The machine should produce weld points at the mesh’s intercepts. 

The system should be low cost. 

e machine should be smaller than any existing similar machines. 

The machine shouldn’t conflict with any existing patented design. 

Figure 7 Concept Fan Development Options 

�����������	�
�������


�����

������
����
������������

�����
����
������������

����������

���	��
����

��
�������	�
���������

33 

 

������	�
����������

���	��
����

��
�������	�
���������

������	����
��



34 

 

Concept Combination Table 

Table 3 Concept Combination Table Opt # 1 

Opt # 1 

 

 

 

 

 

 

 

 

Table 4 Concept Combination Table Opt # 2 

Opt # 2 

 

 

 

 

 

 

Advantages 
 

 Disadvantages  
·  More accurate movement in feeing 

system ·  Control over the servo is harder 
 ·  Easy to 

Implement 
·  Capacitive sensor are not ideal 

for metal 

Sensor Wire Feeding 

System 

Welding 

Mechanism 

Servo Motor Capacitive Tongs 

DC Motor with 

a grip wheel 

Inductive 

  

Pistons  

Sensor Wire Feeding 

System 

Welding 

Mechanism 

Servo Motor Capacitive Tongs 

DC Motor with 

a grip wheel 

Inductive 

  

Pistons  
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Table 5 Concept Combination Table Opt # 3 

Opt # 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Advantages Disadvantages 

 

·  DC motor are easier to 
control 

·  Implementation of the 
grip wheel 

·  Inductive Sensor are the ideal for 
metals 

 
 

Advantages Disadvantages 
·  DC motor are easier to 

control ·  Tongs welder are more expensive  
·  Inductive Sensor are the ideal for 

metals 

Sensor Wire Feeding 

System 

Welding 

Mechanism 

Servo Motor Capacitive Tongs 

DC Motor with 

a grip wheel 

Inductive 

  

Pistons  
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Table 6 Concept Selection 

Option 1 Option 2 Option 3 
Constraints 

Smaller 
Yes Yes Yes 

Not conflict 
Yes Yes Yes 

Objectives 

Symmetric mesh 
3 5 5 

Simplicity 
2 4 2 

Weld Point Strength 
4 3 4 

Low Cost 
2 4 2 

 

Table 7 Concept Selection 

 

 

 

 

 

 

 

 

 

Table 8 Concept Selection 

Option 1 Option 2 Option 3 
Constraints 

Symetric Mesh Simplicity Weld Point Strength Low Cost
Symetric Mesh 1 5 3 3

Simplicity 1/5 1 1 3
Weld Point Strength 1/3 1 1 5

Low Cost 1/3 1/3 1/5 1

Symetric Mesh Simplicity Weld Point Strength Low Cost G . Mean w
Symetric Mesh 1.00 3.00 5.00 3.00 2.59002 0.52

Simplicity 0.33 1.00 1.00 5.00 1.133368 0.23
Weld Point Strength 0.20 1.00 1.00 3.00 0.880112 0.18

Low Cost 0.33 0.20 0.33 1.00 0.384162 0.08
Total 4.987662
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Smaller 
Yes Yes Yes 

Not conflict 
Yes Yes Yes 

Objectives 
w 

Symmetric mesh 
0.52 3 1.57 5 2.61 5 2.61 

Simplicity 
0.23 2 0.44 4 0.89 2 0.44 

Weld Point Strength 
0.18 4 0.71 3 0.53 4 0.71 

Low Cost 
0.08 2 0.14 4 0.29 2 0.14 

TOTAL 
2.89 4.31 3.9 

 

As can be seen choosing Option 4 is the best choice.  

 
 

 

3.2 Feasibility Analysis 

For the completion of needs analysis, an interview with the interested client was 

scheduled to understand what the basic parameters the meshing machine should have. Also, the 

team investigated which important traits the machine should contain. Another important aspect 

for the design was to know where the machine is going to be operated, if it is going to be in a 

high humidity environment or near a coast line where the levels of salt in the air are high.  

From the information provided by costumer the team brainstormed to come up with a 

machine that not only would meet the client expectations, but surpass them. Information 

gathered and compiled from the interview as well as the brainstorm, aided in the developing the 

following fishbone diagram. 

1) Client Statement 



38 

 

There is a need for a mesh welding machine that is fully automated and very easy to 

operate with a maximum of one technician per machine; it also has to be modular for different 

mesh size in terms of width.  

2) User (technician) 

The user, in this case is a technician, wants the machine to be automated with very few 

things to take care of. The machine has to incorporate a transversal cutter that would eliminate 

the need of transporting the cut and straightening wire by hand to the machine.  

3) Designer 

In accordance with the conclusions obtained, the best approach for this machine is to  

eliminate as many mechanical components. For example, a type of substitution that will be 

employed is substituting gears with pneumatic cylinders. Another new feature includes a screen 

where the technician can monitor the machine with minimal effort. A distinct incorporation the 

team will add to the electric mesh welding machine will include a new type of communication 

between machine and operator. The aforementioned communication will help notify the operator 

for failures before they occur. This method of surveillance will help the machine be more 

efficient and less costly to maintain. Also, it will benefit the customer by decreasing the normal 

downtime experienced by the electric mesh welding machine. 
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Figure 8 Fishbone Diagram 

 

 

3.3 Sustainability Considerations  

The mesh welding machine sells a versatile product. The welded mesh that is created by 

the machine can have uses for the industry and home. This fencing can be used for enclosing a 

factory or have several uses in someone’s backyard. The need for fencing will not decrease in the 

An easy to use 
graphical interface for 
better understanding 

Users 

A technician with low 
level of understanding 
for electrical and 
mechanical parts 

Safety 

Meets all the 
standards for 
industrial safety 

A shutdown button in 
every corner of the 
machine for 
emergencies 

Controller 

Durable industrial 
touch screen  

Sensors 

Proximity sensors 
for detection of 
wires  

Vibration sensors 
to monitor any 
malfunction 

Wire 
Mesh 
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future, it is in constant demand. These are the reasons why this type of machine deserves a 

reinvention into the modern world. It is now the purpose of this project to make this mesh 

welding machine sustainable. The materials chosen to make this product should last the required 

time for a customer’s usage and the welding itself needs to be as strong and durable as the mesh 

weld in the current industry.  

Another way the mesh welding machine proves its sustainability is in the ability of 

adding extra modules. Since these machines are so specific to the diameter of wire being used 

and the type of material, it is our goal to make this machine extend to creating a larger mesh by 

just buying an extra module. Normally, a brand new machine is needed to create any mesh that 

cannot be taken care of by the machine. The mesh welding machine will take care of that issue. 

This insures that the machine will remain in service longer than the current machines. 

This machine will also not inflict any danger to future generations; it is a safe product and will 

comply with all the energy standards for emission control. 
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4. Project Management 

4.1 Overview 

Statement of Work   

Scope of Work 

For the mesh welding machine we plane on using a PLC based controller with an 

array of AE Series proximity sensor and some pneumatic pistons enabled by solenoids 

which are controlled by the PLC board, this PLC will be programmed using 

TRILOGY 5.3A a paid software provided by the manufacturer of the board. 

Location of Work 

During the design of the project the work will mainly be done in  two locations, 

Location  number  one will be the Florida International University Engineering 

Center, the second location will be Juan Villar’s house due to its proximity to the EC. 

Period of Performance 

This project is intended be taken to completion in a period of two semesters. The 

team has created a thorough timeline and has distributed the work evenly to all three 

members.  

Deliverables Schedule 

 

i. Design diagram, three weeks before the end of the fall 08 semester (Nov 28th) 
 

ii.  Controls system bench tested prototype, end of the semester (Dec 12th) 
 

iii.  Design product in Solidworks and conduct structural analysis on the virtual 
prototype, Beginning Spring 2009 Semester ( End of January 2009) 
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iv. Order all the components needed to build the automated mesh welding 
machine, Mid Spring 2009 (End of February)  
 

v. Complete system prototype, end spring 09 semester (Beginning of April)  

For the realization of the project, the work is being divided the work the following way. The two 

mechanical engineers will be responsible for the modeling of the structure and design of the 

mechanism. The electrical engineer will be responsible for the   controls systems regarding the 

controller, software and selection of the components. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4.2 Work Breakdown Structure 

The following part the plan of action defines the breakdown of the work that entitle the 

conceptualization and implementation of the project. 

 
 

 

Figure 9 Work Breakdown Structure 100% Rule

WBS Level 1 
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100 % 

Work Breakdown Structure  

The following part the plan of action defines the breakdown of the work that entitle the 

conceptualization and implementation of the project.  

Work Breakdown Structure 100% Rule 

WBS Level 3 WBS Level 2 
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47 % 

33 % 

20 % 

7 % 

10% 

10 % 

2 % 

3% 

15 % 

2 % 

3% 

3 % 

5 % 

10% 

10 % 

5% 

10% 

5 % 

Total 100% Total 100% 
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The following part the plan of action defines the breakdown of the work that entitle the 
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Phase 1 – Control System 

Objective 
To build a control system for an electric mesh welding machine to make it more user 
friendly and requiring less men power compared to the existing similar machines. 

Approach  
Researching, brainstorming, gathering ideas, testing implementations, prototyping. 

Expected Result 
To have a simpler, cheaper and more efficient mesh welding machine. 

Tasks 
·  Sensor 
·  Research alternative components 
·  PLC 
·  PLC schematic analysis 
·  Ladder logic 
·  I/O Configuration 
·  TRILOGY 5.3  
·  TRILOGY Software development 

 
 
Phase 2 - Proposal 

Objective 
To present a detailed file containing all the information needed to reconstruct or build 
from scratch an electric mesh welding machine.  

Approach 
Through research and a lot of hours of writing and formatting this file is done.  

Expected Result 
To have a file that anybody with decent knowledge about the material could understand. 

Tasks 
·  Objective 
·  Limitation 
·  Research 
·  Need Analysis  
·  Design Specification 
·  Final Project  
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 Phase 3 – Power/Welding 

Objective 
A careful study must be done before choosing the right transformer. First, the 

standard for resistance welding must be researched to figure out the correct amperage 

for the specific wire, in this case 2 mm non galvanized steel wire. Then the 

transformer must be investigated in case any prior work must be done to the 

transformer so it performs the way the machine needs it.  

Approach  
Study the strength of the weld specified by standards and researching what size 

transformer provides such weld. 

Expected Results 
A strong weld provided with a adequate transformer for the job.  

 

Tasks 
·  Researching weld strength  

·  Selecting the right transformer 

·  Designing an efficient welding probe 
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GANTT CHARTS CHART  

 
The Gantt chart explains the work breakdown in a table displaying the different time constrains 

and the resources allocated to the project.  Whereas the pert chart show the different 

dependencies on the multiple items on the table. It also shows the time constrains.  

 

 
     Figure 10 Gantt Chart- Time line & Phases including each phase’s tasks 

 
 
CRITICAL PATH  

The critical path diagram show the crucial task in the implementation of our project 
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Figure 11 Dependency Table & due dates 
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4.3 Multidisciplinary Aspects  

The senior design group has three members: Luis Millan, Luisa Forero, Juan Villar, this 

group was put together according to the needs of this project. An electric mesh welding machine 

requires a very diverse design process, which may be accomplished be the implementation of 

ideas from deferent disciplines of engineering. 

·  Luis Millan is an Electrical Engineering student specializing on the area of controls and 

power, Luis spent his summer in a crane manufacture company in which he was exposed 

to hands on activities in the area of controls and R&D, giving him the minimum 

experience needed to design the controls system for our project, also he is the president of 

SHPE-FIU, a local chapter for the Society of Hispanic Professional Engineers, given to 

his participation in this society he posses great leadership skill as well as team work, 

which are essential abilities when designing any project. 

 

·  Luisa Forero is an Mechanical Engineering student specializing in materials, Luisa has 

had a couple of internships at The Boeing Company in which she worked on project for a 

new Pressure Sensitive Adhesive for laminates on the 787, she also delivered a 

comparison report identifying which microsphere materials have potential beneficial 

applications. During her second internship she had the chance to work for 737 NG 

Environmental Control Systems spreading her knowledge even further, Luisa is also part 

of the SHPE-FIU e-board as the senior advisor, her well rounded experience in leadership 

and team work, building since spring 2006 to present, gives her the determination 

necessary to overcome any personal of technical issue without trouble. 
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·  Juan Villar is a Mechanical engineering student specializing in material and robotics, 

Juan has also spent some time in The Boeing Company as a intern at the which he 

analyzed and tested structural capabilities of first and business class seats, also, integrated 

Lean Manufacturing solutions to reduce production time; in addition, Juan had an 

internship at Aerospace DRE Services in which he developed part drawings in AutoCad 

for various types of commercial airplanes for example: 

Boeing 747, 757, 767, Airbus 319, 320. Juan, as well as, the other two members of this 

group has a great leadership background holding positions in ESC and SHPE-FIU giving 

him the groundwork to perform better in a group activity in this case our senior project. 

 

    Having the diversity of mechanical and electrical engineers in this group, gives flexibility in 

splitting the work according to everyone’s specialization or discipline. Also it permits the team 

to learn from students of other disciplines in engineering, helping resulting in a well rounded 

engineer. 
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4.4 End Product Description 

Level 0 control system 

 

For this section the project establishes the state of the control system and how is it going to 

work from the software point of view. 

 

Table 9 State Diagram for the Stage 1 Control System 
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Outputs: 

         Table 10 PLC Output & Description 

 

 

 

 

  

 

 

 

 

 

Inputs:          

Table 11 PLC Inputs & Description 

 

 

 

 

 

 

 

 

 

 

Output Name Type 

L.P1 Lift Piston # 1 Solenoid for Pneumatic Piston  

L.P2 Lift Piston # 2 Solenoid for Pneumatic Piston 

P.W Pressure Wheel Solenoid for Pneumatic Piston 

P.P Pull Piston Solenoid for Pneumatic Piston 

F.M Feeding Motor DC Motor 

C.P Cutting Piston Solenoid for Pneumatic Piston 

Input Name Type 

F.S Feeding Sensor Proxy-sensor 

W.S1 Welding Sensor # 1 Proxy-sensor 

W.S2 Welding Sensor # 2 Proxy-sensor 

R.S Reset Sensor Proxy-sensor 
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Timers: 

                 Table 12 PLC Timer & Description 

Timer Name Max Value 

T1 Start Timer 1 sec 

T2 Lifting Timer 0.5 sec 

T3 Welding Timer 0.5 sec 

T4 Displacement Timer+ 1 sec 

T5 Displacement Timer-- 0.25 sec 

 

Level 1 feeding and cutting system 

For this section the project contains capability to feed wire through two steel wheels and 

cut it to the length required. The figure below becomes clearer with the explained process in the 

state diagram for the control system (previous section). 

 

 

 

 

 

 

 
 
 
 

Figure 12 Level 1 Feeding and Cutting System 

 
 

 

P.W 
C.P 

F.
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Level 2 Lifting and welding system 

In this stage the machine will lift the material by means of two pneumatic pistons and by being 

pressed between the two probes the two wires will create a spot weld by means of the current 

flow through the probes which are connected to a transformer. 

 

 

 

 

 

 

 

Figure 13 Level 2 Lifting and Welding System 

Level 3 the machine 

At this point we have the level 1 and 2 working together with the supervision and control of 

the control system specified in level 0. 

 

 

 

 

 

 

 
 

Figure 14 Level 3 Feeding, Cutting, Lifting and Welding System 

Weld Weld 
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5. Engineering Design and Analysis 

5.1 Budget  

 

                         Table 13 Part list and Costs 
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5.2 Stress, Deflection, Analysis 

Stress Analysis 

Stress Analysis is done using SolidWorks add-in CosmoWorks. It is used to determine 

how the machine will react with the given forces applied on during the welding. This simulation 

software will create a representation and give the adequate deflection, safety factor, and strain. 

These tests will determine if the structure designed is tolerable to the loads given. Forces and 

pressures in these tests can be applied statically and/or dynamically depending on how the 

system works. In this case, only the static part is diagnosed and a very minor deflection is given 

as can be seen by the following figures. 

 

 

Figure 15 Applied Forces, Pressure and Restraints 
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CosmoWorks starts analyzing by creating a mesh, which is a network of elements and nodes 

built to discretize the machine. The mesh is built to converge the results toward the exact results; 

in some areas of higher stress gradients a more refined mesh is used than in other areas.  

 

Figure 16 The Structure Mesh 

In this simulation the failure theory used is the distortion energy, also known as the Von Misses 

theory. The aforementioned theory finds the yield criteria for ductile materials and figuresout the 

points of distortion, permanent set, cracking, and rupturing. The main theory behind it states that 

yielding appears when the distortion strain energy per unit volume reaches or exceeds the 

distortion strain energy per unit volume for yield in simple tension or compression of the 

structure steel material, in this case.  

The strain energy per unit volume is given as:� �
�

�
�� �  
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The principal strain: � �
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In order for the material to yield the effective stress must be greater than the yield strength. The 

effective stress is what is known as the Von Mises stress. 

 

Figure 17 Von Misses Stress 
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Figure 18 Calculation of Von Misses Stresses 

 

 

Figure 19 Deflection of Machine 
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Figure 20 Strain of the Machine 

 

 

Figure 21 Loads of Electrodes and Pneumatic Pistons 
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Figure 22 Mesh of Machine 

 
Figure 23 Von Misses Stress Calculation 
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Figure 24 Displacement of Mesh Welding Machine 

 

Weld Analysis 

For butt and fillet welds in this project it is tested for shear forces and for static loading. Given 

the AWS Electrode Number 6013, these are its parameter: 

Tensile Strength kpsi: 62 

Yield Strength, kpsi: 50 

Percent Elongation: 17-25 

Type of weld: Reinforced butt weld � �� � ��
  

Allowable Unit Force on Fillet Weld, kip/linear in � � � �
�� � !  

Allowable shear stress on throat,ksi (1000 psi) of fillet weld: " � �#�$  

Average normal stress: � �
%

&'
 

Average stress in a butt weld due to shear loading: " �
%

&'
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Solve for throat length: � �
&

()* +,*-. +
 

Nominal stresses at the angle /  in the weldment, "  and / : 
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The von Mises stress � 9 at angle /  
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Figure 25 Different Ways to Weld 
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Figure 26 Minimum Fillet Size Welds 

5.3 End Pin Analysis 

One of the most attractive characteristics of the electronic mesh welding machine is its 

ability to be modular and create larger lengths of mesh by just purchasing an extra module. The 

design allows for this to happen by creating the ends of the structure steel in a female and male 

version.  Both versions will be created so the customer can order any part they wish depending 

on which version they have. A circular structure steel piece of two inches in diameter is welded 

into the structure steel so it can be inserted into the main machine which includes the feeder and 

cutter portion of the machine. To avoid any type of slippage as the stepper motor causes 

vibration throughout the machine. There are three different failure modes that can affect the pins: 

1. Tension yielding in the cross section 

2. Tension Fracture on the effective net area 

3. Longitudinal shear on the effective area 

 

 



 

Figure 

In order for an allowable stress design to exist in the design, these following formulas 

will be used: 

Where  is used as the minimum yield stress of material. The following formulas analyze the 

pins according to the reactions in the effective net area. 

application because not all of the area in the pin is used to transfer force to/from th

member.  

Effective net area: 

The last part of this equation is disregarded since it only applies to staggered pins.

 

Figure 27 End Fastener Pin Model 

In order for an allowable stress design to exist in the design, these following formulas 

 

 

 

e minimum yield stress of material. The following formulas analyze the 

pins according to the reactions in the effective net area. The effective net area is used in this 

application because not all of the area in the pin is used to transfer force to/from th

 

 

The last part of this equation is disregarded since it only applies to staggered pins.
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In order for an allowable stress design to exist in the design, these following formulas 

e minimum yield stress of material. The following formulas analyze the 

The effective net area is used in this 

application because not all of the area in the pin is used to transfer force to/from the structural 

The last part of this equation is disregarded since it only applies to staggered pins. 
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 U: Reduction coefficient given by Munse and Chesson 1963 

:;: Larger of the distance measured from the centroid of the cross section to the contact 

place of the connected pieces or to the fastener lines 

1< : Gross Area � => �  

s: the longitudinal center-to-center spacing (pitch) of any two consecutive fasteners in a 

chain of staggered holes 

g: the transverse center-to-center spacing (gage) between two adjacent fasteners gage 

lines in a chain of staggered holes 

            ?8@: nominal diameter of the hole (bolt cutout) taken as the nominal bolt diameter plus 

1/8 in. (3.2 mm) 

             �A thickness of the component element 

Fracture in Effective net section: 

BCD8 � $��E 	0F � 1 G�  

0F= minimum tensile strength 

0.75= resistance factor for fracture in tension 

1G= effective net area 

Tension on effective net area: 

BCD8 � $��EH
 � � � I G�� � 0FJ 

I G�� � 
 � � 
 $�K  

Shear on Effective Area: 

B�� D8 � $��EH$�K � 1 �� � 0FJ 

a: shortest distance from edge of pin hole to the edge of pin hole 
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1 �� = Surface area=
 � � � L 
 ? � M
 

d: pin diameter 

I G�� : 
 � � 
 $�K
  

t: plate thickness 

 

Figure 28 Failure Modes of Pin-Connected Members 

In this analysis, if the following arguments hold true, then the pins chosen will be suitable for 

their intended use. 

Fracture in effective net section < Tension Yield 

Tension on effective net area < Tension Fracture 

Shear on effective area < Shear Rupture 
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5.4 Component Design/Selection 

Structure Steel 

This machine is done solely on structural steel; this material was used because of its 

strength, stiffness, toughness, and ductility. None of the other options for structural material 

competed with structural steel’s toughness, which makes it suitable for any dynamic or static 

applications. The structural steel ASTM designation used was Carbon Structural Steel or 

A36/A36M. This standard gave us the information needed to calculate any value needed using 

the material’s yield strength and ultimate or tensile strength. 

 

Figure 29 Uniaxial Stress-Strain Behavior of Steel 
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 Another reason why steel was chosen as the main structural material is because it’s an 

incombustible material. However, with very high temperatures the material strength and stiffness 

reduce at temperatures reached in fires or when materials burn. For safety reasons, aluminum in 

comparison to steel will not have its mechanical properties affected by heat as much. Also, for 

manufacturability purposes the joining of aluminum metal pieces is much more complicated than 

steel. Aluminum must be welded by MIG and TIG welding, mechanical fastening like riveting 

and clinching, adhesive bonding as well as other combinations that use weld bonding. The 

different methods to join steel are easy to repair and economical, for this project the structure is 

arc welded by an E6013 electrode. Furthermore, steel much more environmentally friendly since 

it is known to be the most recyclable material in the world.  

 

Figure 30 Fatigue Comparison of Aluminum versus Steel 
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Wire Straightener 

In this project a wire straightener is utilized to remove any bends, deformities, or cast from the 

steel wire. Due to economic constraints a wire straightener was not purchased, but rather it was 

manufactured by the team. There are various parameters that need to be figured out before 

coming up with a design; these factors are the diameter of the wire, type of wire, speed of 

feeding, and its application. There are many different methods to obtain a straight wire; however, 

this method proved to be the simplest. The other mechanisms proposed for straightening wire 

consisted of having a rotating machine and different pulley systems that created a problem 

aesthetically and functionally for the space given by the design.  

 The wire straightener designed consists of an aluminum block, ten rollers, two screws, 

two nuts, and ten screws for the rollers. The screws and nuts were built in as a security purpose 

and for initial startup. The wire being handled is a very thin 2 mm and can slip out being fed in at 

109.6 ft-lbs torque. 

 

Figure 31 Wire Straightener on Structure 
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6. Prototype Construction 

6.1 Description of Prototype 

The automatic mesh welding machine structure is assembled and modeled in SolidWorks. 

The machine structure is made of a square structure steel 2 x 2 x 1/8 measurements all in inches. 

The machine is set to have pistons, stepping motor, feeding wheel, and different types of sensors 

to successfully satisfy its purpose. 

 

Figure 32 Sideview Structure 
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Figure 33 Structure and Module 

As can be seen in figure 16 this is how the automatic mesh welding machine is intended to look 

like. The finished product done by the senior team will only consist of an original module, which 

consists of the feeding, cutting and welding module. The extra add on will be added for future 

work.  
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Figure 34 Front View of Machine 

 

Figure 35 Sideview Structure 
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6.2 Construction 

The following are pictures of the structure construction. All assembly is being performed 

in the Engineering Center.  

 

Figure 36 Horizontal Band Saw 

The horizontal band saw is being utilized to cut the structure steel into the predetermined length 

specified by the design. This machine allows the user to cut the metal straight or into different 

angles. For the team’s purpose it was used to cut straight and at a 45 degree angle. This machine 

allows to cut in an effective amount of time, each cut taking no more than one or two minutes. 
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Figure 37 Raw Material 

Several tools are needed to build this machine. The horizontal band saw, knee mill, hammers, arc 

welding machine, electrodes, meter sticks, calipers, etc. The hardest task in this project is to 

make sure that all manufacturing is done to the detail so that the team satisfies all of the design 

requirements.  

 All of the previously cut metal pieces are then welded together using arc welding. The 

electrode being used is electrode E6013. This electrode was chosen because of its low 

penetration and high strength. Since we are working with structure steel that is only 1/8 inch 

thick a high penetration electrode stick cannot be used and the structure must be strong enough to 

withstand high forces and pressures as well as various movements caused by the motor. 
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This is an example of the electrode arc welding being done: 

 

Figure 38 Example of Arc Welding 

 

Figure 39 Example of Arc Welding in SolidWorks 
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In arc welding several effects must be taken into account, since it is a mechanized method every 

step taking must be done very carefully. To start off, the quality of preparing the joints prior to 

the weld is of utmost importance. Not paying attention to these tolerances or cleaning will cause 

a defective weld. Having a clean and prepared joint will allow for faster speed while welding. 

Cracks, pinholes and solidification cracks must be properly taken care of. These deformities are 

caused by poor impact strength, low depth/width ratio of the weld penetration, moisture in the 

flux, or dirt on the workpiece. In preparing the machine some deformities were experienced, to 

take care of this a steel epoxy with high strength and fast drying time was used to fill in these 

gaps, so if any strength in the joint was lost in can be gained back. 

 

 

 

Figure 40 ASTM Wire Mesh Standards 
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Figure 41 Cutting Steel

 

Figure 42 Metal Assembly of Feeder and Cutting Machine 
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Figure 43 Structure of Mesh Welding Machine 

 

Figure 44 Final Assembly of the Whole Machine 
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Figure 45 Leveling the Machine 

 

Figure 46 Adding all of the Components 
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Figure 47 Machine with Control Box Panel 

 

Figure 48 Assembly of Electrodes 
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Table 14 Requirements needed for Cross-Wire Welding 
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6.3 Manufacturability  

The following sections are going to emphasize the most important aspects of the 

manufacturability of the machine. Since the objective of the machine is to mass produce a 

product the machine itself will not be consider to be a mass production product. 

Fabrication: 

Since the machine will be expose to an industrial environment the preferable material to work 

with would be steel, this choice will make the machine more economically viable and it will give 

it rigidity and toughness. Another material that it will be used in the fabrication of the machine 

will be aluminum. This material was chosen because of its ease to be shaped or cut to specific 

shapes. Most of the machine will be constructed from basic shapes especially squares and 

rectangles, these shapes will either be welded or screw together to form the needed components. 

Other mechanical components include pneumatic pistons and AC motor. For the electrical 

components of the machine a PLC with sensors are going to be placed to make the process 

automated and to monitor any discrepancies in the process. 

Assembly:  

The electrical section that includes the fixture of the sensors and the programming of the plc are 

under Luis Millan responsibilities. The mechanical parts are divided into two sections the 

welding section and the advancement of the transversal wire, these two sections are done by Juan 

Villar and Luisa Forero respectively. 

Repair:  

The repair on the machine will vary depending on the malfunction. One of the main points that 

the project is focused is in the ability to reduce the down time of the machine if one of the 

components fails. This is done my making it modular with simple to exchange parts. The other 
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point is the monitoring of the machine this is done with the help of sensors placed in critical parts 

and the capabilities of the plc. 

Performance:  

This will be monitored by the PLC we are confident that by utilizing new technologies we will 

have a machine that is more efficient than the commonly used all mechanical equipment. 

Shipping: 

The machine has been design to take into consideration the fact that the client is located in 

Venezuela. That is why it is design in modules for effortless transportation and easy to assemble 

once it arrives to the final destination. 

Delivery:  

The machine will be delivered via a freight forward company which provides a door to door 

service. 

Cost: 

It is intended for the machine to cost less than seven thousand dollars. 

Quality:  

The quality of the machine will be have to be tough this is a desirable aspect because it will be 

used in an industrial environment where heavy equipment may strike the machine. This is 

achieved by designing a rigid frame and components and using steel for the most important parts. 

Reliability:  

It will be more reliable than the machines built solely with mechanical components. Our product 

will have the ability to be handled by one operator instead of the usual 4 to 5 that old machines 

use. 

Regulatory Compliance: It complies with IEEE and ASME standards as well as ISO standards. 
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Safety:  

This feature is important because the machine uses high pressure pneumatics pistons as well as 

very high voltage. In the design two shut off switches where included in the left and right sides 

of the machine. 

Customer Satisfaction: The design was based upon specifications provided by the costumer. 
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7. Design Considerations 

7.1 Environmental Impact 

Since the industrial revolution there has been an unprecedented change in the earth's 

atmosphere. The design team is well aware of the difficulties that the world is faced with today 

with respect of its climate change. The steel business lacks to supply today’s market with an 

environmental friendly materials because it is an extremely difficult task. To explain this process 

the mechanism procedure will be exemplified. The process used to make wires used for the mesh 

welding machine begins with removing the magnetite (a rock that contains the iron ore) from the 

earth, which is done by mining fields. This process will open fields that have been blasted with 

explosives and make the rocks, which contain the iron, and make it easier to transport. As an 

unfortunate result, this will have a tremendous impact on the environment due to the fact that 

fields will be deforested and transformed into monumental craters.  

After an iron ore is extracted from the magnetite, it goes into a process of transformation 

from the iron ore to pure iron. This process is completed in immense ovens that use carbon to 

reach the high temperatures required to melt the iron. The iron is then shipped to the steel 

companies that make wires. 

Once the steel arrives at the wire companies, the process of making the wire starts out by 

melting the steel and extruding it. The first wire extruded is thick and it needs to be drawn 

through a die to lower the diameter of the wire to specific diameters. Before this can be done the 

wire has to be cleaned and the process of cleaning wire is called pickling. Pickling process uses 

acid to remove any types of impurities, rust, scale or stains from the wires. This method produces 

a waste product that also affects the environment in many ways. Waste from pickling includes 

acidic rinse waters, metallic salts and waste acid.  
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Although it is really difficult for the team to meet the environmental standards with the 

process mentioned above. The design team is determined to be environmentally conscious by 

finding ways to improve the setting. This will be attempted through the use of recycled products 

and materials and through the search and re-use of parts from used machines that still have a 

reasonable life to be utilized in the future projects. From the process itself, the machine has a 

minimal impact on the environment except for the vapors affect that surface as a result of the 

welding. The issue of the electricity needed to run the machine, by making most of the parts 

pneumatic, will result in a less usage of power as do present machines used in today’s industries. 

 

7.2 Risk Assessment  

For the Electric Mesh Welding Machine there exist two main types of risks. At first there 

is a concern on the financial side. The project is being sponsored from an existing customer of 

the current electric mesh welding machine. This type of sponsorship demands requirements 

stated by the customer to be followed and all design issues to be accepted by the sponsor. In 

order to avoid any communication errors, each design is taken through a careful analysis and 

submitted to the team for criticism before implementing any component. 

Additionally, another concern is the safety of the operator or people surrounding the 

machine. The wire used in this process is very thin 2 mm in diameter. However, if the machine 

ever becomes jammed while the wire feeder is still working, it can pose a threat to any person 

around the machine. This risk of operating an unpredictable material like the steel wire with 

several moving parts led to the merging of the electrical control system on a mechanical operated 

machine to overlook the process and stop or correct the job avoiding accidents leading to 

injuries.  
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7.3 Testing Methods 

Once the machine is completed, several steps must be evaluated to make sure the process 

is being done correctly and effective. The first thing is to take account the four basic steps in the 

welding cycle which are the squeeze time, weld time, hold time and off time. One of the main 

effects that can damage the weld is the current. The following figure demonstrates the initial 

current, welding current, and postheat current. The upslope control is utilized to begin the 

welding current at a low value and control its rising rate to a maximum value during a period of 

several cycles. Meanwhile, the downslope control is used to decrease the welding current from 

the maximum level to the lower value to the postheat current. This gradual decrease helps in 

reducing the cooling rate of the weld. In this type of welding since the material’s metallurgical 

properties are being changed this control of temperature is necessary so to not affect the material 

and make it weaker. 

 

Figure 49 Welding Current with Upslope and Downslope Features 
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Fatigue testing in the Mesh Weld 

Weld mesh is used as reinforcement for construction as well as for fencing. Because this 

product will have very important use it must be analyzed in different scenarios to make sure it 

was built correctly. Several factors affect the fatigue strength of the mesh weld. For example, 

when the mesh weld is built the wires achieve a very high temperature at the intersection as the 

piece is being welded, and cools rapidly after the electrode is removed. The cold temperature of 

the surrounding steel sometimes causes a quenching effect. Also, it must be taken into account 

not to weld in cold weather because it may lead to high residual stresses and invisible but crucial 

cracking.  

 These issues can be resolved by avoiding low carbon content in the cold-drawn wire and 

by having a controlled environment. Several factors must be taken care of when figuring out the 

fatigue in the mesh weld, such as the effect of stress range, the effect of minimum stress level, 

effect of bar diameter, effect of grade of bar, effect of bar geometry and effect of welded joints.  

However, the main factor is taken to be the stress range and this is why the fatigue study will be 

done in respect to it.  

 The first analysis done will be a constant load cycle fatigue test. The constant stress range 

will be regarded as � N , with a specified minimum stress, � O@8. The number of cycles will be 

recorded and labeled as N until the piece breaks. After this, it will all be recorded into an S-N 

curve. The variability of the data will be shown by a continuous probability density function, 

PQ�R� . The distribution function, 0Q�R� , is found by integrating the density function, PQ�R�  in 

this manner: 

0Q� R� � S P Q� : � ?:
8

T
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The survivorship function is given as: 

UQ� R� � D VW X RY� � � 0 Q� R� � Z:[ \� � ]
R � R ^��

_� � R ^��
`a

bc

 

In fatigue data analysis, R̂ ��  is the minimum life and generally a small value, so small it can 

usually be assumed to be zero, which makes the equation: 

0Q� R� � � � Z:[ \� � ]
R
_�

`a
bc

 

(Two-parameter Weibull distribution) 

And the survivorship function to: 

UQ� R� � �Z:[ \� �]
R
_�

`a
bc

 

Mesh Wire Weld 

 In order to find out whether the wire being built is suitable for its intended purposes a 

Brinell Hardness Test will be done to figure out its strength. As well as, a peel test to examine its 

tensile strength. 

 

Figure 50 Wire Mesh Constructed 
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8. Conclusion  

8.1 Results Evaluation 

The electric mesh welding machine is at this point in a developing stage at which the 

stage one of the control system is done and the process of how the machine is going to perform 

its job is also thought out; yet, it lacks any actual mechanical parts therefore the control system 

has only been bench tested resulting a fairly working system. The control system still has a few 

bugs; however it should be working before being merged with the mechanical equipment which 

manufactured. 

8.2 Life Long Learning 

This project being a multi-disciplinary has provided a great deal of experience and 

learning for the whole team; moreover, the implementation of equipment such as PLC, solenoids, 

pneumatic pistons and more has placed the team in a position of research and self teachings 

given that this are not the common devices explained to us in class. 

The Electric Mesh Welding Machine has help the team get one step closer to the real 

engineering experience, as a team and individually. 

8.3 Conclusion 

The electronic mesh welding machine will be a much more advanced system for the 

client. It is a very versatile product and can be adjusted to their needs, such as by changing the 

speed of the motor and switching the straightener for rollers to fit the wire diameter needed as 

well as by adjusting the type of transformer used. Because of limited time to work on this 

project, it was not practical to come up with these solutions. Two of the main components that 
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make this machine different from any other machines is that the wire is cut in the actual machine 

and the fact that it is modular. This process usually requires a precut wire for the horizontal 

portion of the mesh and regular wire coils for the vertical portion of the mesh. 

Future work for this machine can be done to enhance its features. One of the main 

adjustments that can be done is to improve its safety by adding different types of temperature 

sensors. This is just a small development being that the machine already has a current sensor 

built in to detect any increase or major flux in current since it’s the   main drive in spot welding. 

An extra add on can also be a touch screen control panel which will guide the user and have a 

more interactive session. The current machine will have an LCD that will reproduce and tell the 

user the different cycles and how fast the mesh wire is being produced. 
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Appendix A: Detailed Engineering Drawings of All P 

 

 

 



95 

 

 



96 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



97 

 

Appendix B: Machine Elements 
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Appendix C: PLC 
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Appendix D: TBasic Code 
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Appendix E: CosmoWorks Static Test Results on Structure 

 

Figure 51 Von Misses Calculation Front View 

 

 

Figure 52 Von Mises Calculation Right View 
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Figure 53 Von Mises Calculation Back View 

 

Figure 54 Displacement Calculation Back View 
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Figure 55 Displacement Calculation Front View 

 

Figure 56 Displacement Calculation Right View 
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Figure 57 Strain Calculation Front View 

 

Figure 58 Strain Calculation Right View 
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Figure 59 Strain Calculation Back View 

 

Figure 60 Mesh for Structure of Machine 
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Appendix F: CosmoWorks Static Test Results on Structure and Components 

 

Figure 61 Loads and Pressures on Structure 

 

Figure 62 Mesh for Structure and Elements 
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Figure 63 Front View Von Mises 

 

Figure 64 Right View Von Mises 
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Figure 65 Von Mises Back View 

 

Figure 66 Displacement of Machine FrontView 
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Figure 67 Displacement Right View 

 

Figure 68 Displacement Back View 
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Figure 69 Strain Back View 

 

Figure 70 Strain Right View 
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Figure 71 Strain Front View 
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Appendix G: Standards  
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Appendix H: Transformer  
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Appendix I: Stepper Motor 
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Appendix J: Transformer Catalog 
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Appendix H: Mesh Wire Use 

 

 


