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1. Introduction
The industrial sector has always been tending to perfection. Therefore, the requirements of the clients
are bringing us to a new level of engineering, in which the fulfillment of the specifications is more precise
and demanding. Thus, product design and manufacture is gaining much more importance nowadays.
Considering the upgrowing demand on the automotive industry and the constant need to conserve and
improve the quality of products, the development of reliable quality systems is essential to obtain better
results in the manufacturing and assembly process. The way in which the product process is performing
must guarantee the optimal function of the component though its functional life.
For this is easy to see why metrology has become such important tool to control a product
requirements. The use of reliable, easy to use and practical Fixtures and Gages offer an advantage for
the production in matter of manufacturing problem detection, which means a financial benefit.
For this project a fixture and gage device must be developed to control the General Motors Chevy C3
left Liner Fender, this model is a subcompact that presented its last model in 2012. Due to the
dimensions of the component, an assembly device must be developed in order to guarantee the
component correct fixturing and gage.

2. Scope
For the development of the project the following knowledge applies:
-

Project management

To administrate time, resources and roles we applied knowledge learned about project
management. This with help of a Gantt Diagram.
-

GD&T

Geometrical and Dimensioning Tolerances is an international language that is used in engineering
drawings to accurately describe the size, shape, orientation, and location of the features of the
piece. It is also a sizing design that encourages designers to define a part of how it works the final
product or the assembly. Process and manufacturing engineers must use language to interpret
design intent and to determine the best manufacturing method. Quality control and inspection
should use the GD & T language to determine proper tracking and part verification.1
1

(Krulikowski, 1998)
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-

Reverse Engineering

Is the process that helps obtaining critical data of a physical piece without having the component
design data. For this project a CAD model in 3D from the physical part was obtained using a
Scanner from CREAFORM, owned by UPAEP

Illustration 1 Creaform Scanner

Illustration 2 UPAEP’s Workshop for Reverse Engineering

3D Scan: Scanners emit an electromagnetic signal and analyze their return to capture the geometry of
an object or scene. This data is transferred to the Vxelements Software, which also can do the cleaning
of the mesh obtained, that are the points reflected in the 3D image, but not belonging to the piece.
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-CAD (Computer Aided Drawing)
The CATIA V5 R6 2015 student software will be used for the reconstruction of the piece, the technical
Drawing and 3D model of the proposed measuring device. This software allows designing, simulating
and analyzing different engineering products.

Illustration 3 CATIA V5 R62015 Interface

-CAE (Computer Assisted Engineering)
It is the discipline that oversees the set of software that allows analyzing and simulating engineering
designs made with the computer, or otherwise created and then being introduced in the computer, to
assess their characteristics, properties, feasibility, and profitability, an example is the finite element
analysis. For this Project the Software Solidworks 2016 Student Version to get the Simulations, and to
get the Technical Drawings.

Illustration 4 Solidworks Interface 2016
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-CAM (Computer Assisted Manufacturing)
For the manufacture of the device we have the necessary skills for CNC machining (Numerical control
or numeric decimal control (CN) is a machine automation system, a tool that is operated by commands
programmed in a storage device, compared with manual control via handwheels or levers), as well as
sufficient experience in the EdgeCam Software. The device feasibility of manufacture was evaluated
using this tool.

Illustration 5 Edgecam Homework 2016 R2 Interface
-FMEA (Failure Mode and Effects Analysis)
This tool is used to determine possible failures on the design, it complements with research and
simulations on the design, and it provides a reaction plan to minimize risks and mal functions. This tool
was used to release the fixture and gage design.
- MSA (Measurement System Analysis)
It is a specially designed statistical study that seeks to identify the components of variation in
measurement.
The basic concept of the MSA is the quality of the measurements which are the properties of the
statistics of the multiple measurements have been obtained from a measurement system operating
under stable conditions. To support this Study, the Software Minitab 2017 will be used.
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Illustration 6 Software Minitab

3. Purpose
To develop a Fixture that can fix the Liner Fender in its all 6 degrees of freedom, and it should be able
to measure the critical points that Ingenium has designated. All this always taking in consideration
some aspects of the ASME Y14.5 M-2009 norm and GM Fixture Standards and a prototype purpose
for the device.

4. Project Development
Gantt diagram of the project development process
For the management of the project, a Gantt Diagram was generated, using the Office Project 2013
software. The administration of time and activities was done taking on account the opinion of all team
members. In the next image the activities chronogram is shown.
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Illustration 7 Project management using Gantt diagram.
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4.1 Vehicle component research
Function analysis
The main function of the Liner Fender is to prevent agents such as water, dirt, nails, stones or other
harmful elements from having access to the car engine.
Another function is the maintenance of the temperature of the engine parts. Despite not generating
cold, they help that the generated by the fans circulate better inside the system.
Liner Fender Manufacturing Process
The company that manufactures this piece is Lian Tuoh Co., Ltd., based in Taichung Hsien, Taiwan.
The part is made of high density polyethylene, and the manufacturing process is injection molding, due
to the advantages that this set of material and process represent, as we will explain later.
The Liner Fender can be made with different mixtures of plastics; in the specific case of the piece
received it is a High-Density Polypropylene (HDPE), which will be explained briefly.

Illustration 8 Side view of the given Liner Fender
High density polyethylene is a polymer of the family of olefinic polymers (such as polypropylene), or of
polyethylene. Its formula is (-CH2-CH2-) n. It is a thermoplastic polymer made up of ethylene repeating
units. It is designated as HDPE (High Density Polyethylene). This material is used, among other things,
to produce disposable plastic containers.
It is also obtained from ethylene gas, polymerized at low pressure. It does not require pre-drying or
special treatment in the equipment. It is very easy to process and its natural color is white.2

2

(Seven, 2016)
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Illustration 9 High Density Polyethylene
The Liner Fender is manufactured from the injection molding method.
Injection is a suitable process for high consumption parts. The raw material can be transformed into a
finished product in one step. With the injection, you can obtain pieces of varied weight and with
complicated geometries. For the economy of the process, it is decisive the number of pieces per unit
of time (production).
The most important characteristics of the injection process are:






The piece is obtained in a single stage.
Little or no final work is needed on the part obtained.
The process is fully automated.
The manufacturing conditions are easily reproducible.
The finished parts are of high quality.

In the case of plastics injection, the following restrictions are important:






Dimensions of the piece. They must be reproducible and according to certain values, which
will involve minimizing the contractions of the same.
Mechanical properties. The part must withstand the conditions of use to which it is destined
during a long-life time.
Weight of the piece. This is so important, because it is related to its properties.
Cycle time. To increase production, it will be necessary to minimize, as far as possible, the
cycle time of each part.
Energy consumption. A decrease in energy consumption will imply a lower cost of production.

This process is commonly used in Mexico, in which thermoplastic is melted, in this case polyethylene,
and in its liquid state is injected at high pressure into a closed mold, until it is filled. The polymer is
cooled inside the mold, and then the piece is removed.3

3

(Cornish Álvarez)
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Illustration 10 Example of the Injection process.
Description of the injection process:
This process begins when granulated plastic or powder and in cold state is poured into the hopper.
After it passes to a heating cylinder, the material is advanced by the continuous strokes of a piston.
This is an injection piston and forces the fluid material to pass from the heating cylinder to the mold
cavities. Once the material is already in the mold, it cools, solidifies and the part can be removed.

4.2 Component drawings
Component Scanning
Due to the incapacity of the liner fender to remain on true position, it was necessary to get a car of the
model Chevy C3 2012 to obtain a 3D digitalization of the liner fender mounted in its automobile position.
This digitalization was done in the laboratories of UPAEP.

Illustration 11 Scanning process.
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Illustration 12 Scanning process.

Scanning Reconstruction
Once the piece has been scanned the following step was to manipulate and clean on VX elements the
surfaces that have been filtered to the file, it was done to leave only the useful part to work with. After
this the reconstruction began on Catia, the next images show all the process.

Illustration 13 True Position of the Holes
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Illustration 14 Surface from the Scan

Illustration 15 Final Reconstruction of the Piece.

Liner Fender Drawing
To obtain the drawing, the Catia part reconstruction was imported to Solidworks, this just because of
the simplicity to manage the software.
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You can find the Drawing here. Otherwise you can find it in the Folder “Drawings”.
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Determination of critical points
An investigation has been done to know the critical points of the liner fender. It was possible to get
some information from local Liner fenders providers. Thus, some assembly tests were done on a Chevy
C3 while the scanning process.

Group 1:
Surface profile.
Hole Position

Tolerance: 2mm.

Tolerance ± 0.5 mm

Illustration 16 Critical Point

Group 2:
Hole Position
Tolerance ± 0.5 mm

Illustration 17 Critical Point #2

15

HANDBOOK
FIXTURE AND GAGE
Group 3:

Surface Profile:
Hole Position

Tolerance: 2mm

Tolerance ± 0.5 mm

Illustration 18 Critical points # 3

Group 4:

Length of this feature
Tolerance: 2 mm
Hole Position
Tolerance ± 0.5 mm

Illustration 19 Critical points
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Length of this
feature.
Tolerance: ± 0.5mm

Illustration 20 Critical Points
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Features to be measured
As result of the previous research, features to be measured were stablished

True
Position
4

9

10
1

2

3

Illustration 21 Right View of the Liner Fender

Illustration 22 Bottom View
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True
Position
8

Illustration 23 Left View

Illustration 24 Right View of the Liner Fender
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Diameter

16
17

Illustration 25 Front View

21 Length
22
Surface
Profile

18 Diameter

Illustration 26 Left View
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4.3 Device design
Design proposals:
Once the critical points were determined, the firsts drafts were done:

The main concern was to preserve car position and to facilitate the measure of the component on the
device. Here are shown some images of our progress on the design.
Material selection played a critical role due to costs and manufacture time, also two principal redesigns
were done to guarantee the optimal function of the fixture and gage.

Illustration 27 First Draft

The usage of Industrial Profile System items from Parker and Sapa Alloy 6061 T6 511H Aluminum was
chose on the initial stage of the design, followed to the implement of Nylamid SL.
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Illustration 28 Second Draft

Preliminary Design.
On the final design, adjustment bases for the correct position of each component were implemented.
Also, pin gages go / no go and dial indicator were simulated.

Illustration 29 Final Design
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Illustration 30 Top view of the Final Design

Illustration 31 Back view
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Illustration 32 Left view

Illustration 33 Definitive CAD of the Fixture.
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Illustration 34 Top view with the Liner Fender

Illustration 35 Front View
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Illustration 36 Left view
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Simulations
Finite Element Analysis
Importing Catia parts on Solidworks helped to provide information of the device behavior under usage
circumstances.
The scenario simulated was the load of the heaviest positioning DUPE and the longest parker profile
and a adding load of 18 kgf, which is the calculated push of a worker according to a Bachelor Thesis
mentioned in the Design Backup.

Illustration 37. Yield strength on Ajuste due to maximum stress on device.
.

Illustration 38 Yield strength on Torre due to maximum stress on device.
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Manufacturing Simulation

To ensure the manufacture process Edgecam simulations were done taking on consideration tools
available on UPAEP.
Please click here to see Edgecam simulations
For the simulations, the next information was used:

For Ajuste 1 Piece:

For Barreno 6 Piece:
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For Placa 2 Piece:

4.4 Design releasing
It was implemented the FMEA to determine possible failures on the design, and to redesign in order to
guarantee the optimal function of the device before manufacturing.
Please click here to see FMEA. Otherwise you can see them in the Folder “Design Backup”
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4.5 Device drawings

Illustration 39. Device assembly drawing

43 drawings of the individual pieces were done, next there are some examples and links to the entire
file are on the bottom of the page.

You can access the drawing here. Otherwise you can see them in the Folder “Drawings”.
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Illustration 40 Adjusting Part drawing.
You can access the Adjusting Parts Drawings here. Otherwise you can see them in the Folder
“Drawings”.
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Illustration 41 Base drawing. You can access the Drawing here Otherwise you can see them in the
Folder “Drawings”.
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Ilustración 42. Torre 1 drawing. You can access the drawing here Otherwise you can see them in the
Folder “Drawings”.
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Illustration 43 Barreno 0 drawing
You can access the drawings here: Otherwise you can see them in the Folder “Drawings”.
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Datum Scheme of the Device:

X

Y

Z
Illustration 44 Datum Scheme of the Device

No

Nombre del instrumento
de medición

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Alcance de
medición

Resolución,
legibilidad o
división mínima

Número de característica
a medir

Dial Indicator
50
Go/No Go 8-9
41
Go/No Go 10.5-11.5 43
Go/No Go 7.5x1642

0.01
0.01
0.01
0.01

0.01 mm
N/A
N/A
N/A

22,23
16
11,12,13,15,18,19,20
17

44

0.01

N/A

14

0.01+0.025
0.01+0.025
0.01+0.025
0.01+0.025
0.01+0.025
0.01+0.025
0.01+0.025
0.01+0.025
0.01

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

1
2
3
4
5
6
7
8,9,10
21

8x16.5
Go/No Go 6x146.5x14.5

ID

Positioning DUPE 1 1
Positioning DUPE 2 2
Positioning DUPE 3 3
Positioning DUPE 4 4
Positioning DUPE 5 5
Positioning DUPE 6 6
Positioning DUPE 7 7
Positioning DUPE 8 8
Length Cube
40

Note: In the case of the Positioning DUPES, the 0.01 corresponds to the Lathe Precision and the 0.025
to the Calibrating arm by Hexagon.
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5. Fixture & Gage Manufacturing
UPAEP has the following machines to be used:
For the item cut, a Dewalt Dw715 miter saw 12 inches’ disk was used.
For the aluminum dupes and adjustment stands, a HASS VF2TR 30 HP and 8100 rpm milling CNC
machine was used.
For the aluminum go / no go parts, HASS ST 20 20 HP and 4000 rpm lathe CNC machine was used.

Illustration 45 UPAEP’s milling machine.
Illustration 46 UPAEP’s Lathe Machine

5.1 Manufacturing program
The order and time in which every part was manufactured was stablished on a control plan.
The following pictures are from the manufacture process on UPAEP facilities.

Illustration 47 Cutting end mill
25mm
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Illustration 48 Material rectification

Illustration 51 Adjusting
Parts Milling.

Illustration 50 Positioning DUPES
milling
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Illustration 49 First Milling results
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Positioning DUPES Machining & Profile Cutting

Illustration 54 Profile cutting.

.

Illustration 52
Manufacturing process
on CNC

Illustration 53 Profiles ready for Assembly.

5.2 Device assembly
Next some pictures of the assembly process are shown.

Final assembly is not yet finished.
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Calibration:
In order to achieve the true position of the positioning DUPES, a portable CMM arm will be used. This
was bought by UPAEP from HEXAGON metrology, an enterprise dedicated to provide of metrology
tools.
Below you can find the technical Specifications of the arm.

Illustration 54 Technical Specifications of the Romer Arm 7312.

Illustration 55 Metrology arm
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5.3 Device Release
MSA:
An Analysis by attributes, in which 25 Liner Fenders will be tested. In other words, the attributes are
the features that are not going to be measured by a number, instead they are going to be measured
as Good or Not Good. Some of these 25 Liner Fender will be on purpose not OK. But only the
responsible of the Study will know about it. It will be run twice with 2 different operators.
The Method will be explained in the working instruction. These Data will be analyzed with the Minitab
software, which will calculate the Kappa value. According to quality standards, if a kappa value bigger
than 0.7 comes out, it will be an accepted Fixture. Otherwise it must be rejected. *

Illustration 56 Evaluation sheet for MSA by attributes.
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PART NOK

PART OK

*This study is not yet done.
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6.Device’s operation instructions
This part describes the steps to follow for the left liner fender of the Chevy C3.

6.1 Before using
Make sure that the device is used on temperatures lower than 60 ° C.
The devise must be mounted on a planar surface 110 mm from the floor, in order to facilitate the
operator labor on the device.

6.2 Component assembly on device.
1.- Pick the Liner Fender in order to achieve certain angle as shown.

Illustration 57 Take the Liner Fender to this position.
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2.- Make sure the Liner Fender comes to the next position.

Illustration 58 Right View

Illustration 59 Left view
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4.- Settle the part A on the central curve of the fixture.

PART A

Central
curve
Illustration 60 Mounting instructions

Illustration 61 Mounting instructions

Flange

Illustration 62 Mounting instructions

5.- Push the flange towards the central cube upwards. The Liner fender will be now settled, and you
can start to fix with the screws the Liner.
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6.- Please Screw first these 4 points.

1

Illustration 63 First screw to be fixed

3

2

Illustration 64 2nd and 3rd screws to be fixed.
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4

Illustration 65 4th Screw to be fixed.

After placing the main screws proceed to check non-screwed slots and holes with its respective colored
pin gauges.
Continue to place the rest of the screws in the next order.

Illustration 66 Mounting Order
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Illustration 67 Mounting Order

All the liner slots and holes must allow the screw to match with the device.

SPC Verification
For the dial, Indicator calibrate to “0” with help of the calibrating gage mounted on the device. Proceed
to take measurements from the points with a tolerance of ± 2 mm.

6.3 Preventive maintenance
At the end of the measuring process verify that all fixing screws and pin gages, and the dial indicator
remain in the safe position given in the drawings. A cleaning process should be performed after the
process.
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7. Estimated cost analysis vs Real cost

48

Receive indications of key measurement points by the customer (drawings and CAD of the piece to be measured)
Design a first draft of the measuring instrument
Generate the price of the piece to be machined
Design the measuring instrument through a CAD system
Generate planes of the pieces to be machined
Deliver plans to supplier for quotation
Deliver quotation for customer acceptance and approval
Acceptance by the customer of the quote
Purchase of materials
Deliver material to the supplier to machine
Machine parts required for Fixture & Gauge (Supplier)
Generate Fixture & Gauge assembly manual for client (Company)
Generate instructions for assembly and piece measurement for customer
Pick up supplier part for plant
Reception of parts to plant
Assemble device
Check tolerances and critical points to measure
Analyze the results obtained through functional tests
Fixture & Gauge preparation for delivery
Deliver the final product to the logistics provider
Carry device to end customer
Verify receipt of device by the customer

Process Activities

49

0

4

4

3

1
2

5
5

3
4

2

1

16

11
12
13
14
15
16

9
10

8

1
2
3
4
5
6
7

WarehouseTransportationInspection Operation

1

1

Delay
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7.1 Cost executive sheet

The predicted demand is 125 devices Fixture and Gage of our Company Ingenium Industry.
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For this predicted demand we need:
Production Cost
Concept
Cost
Raw material
$
8,081,659.10
Packing
$
840,350.00
Other materials
$
2,890.00
Electric power
$
11,520.00
Water
$
169,740.65
Telephone Internet $
14,400.00
Software
$
200,000.00
Material Cutting
$
42,500.00
MOD
$
1,200,000.00
MOI
$
1,092,000.00
Maintenance
$
100,000.00
Depreciation
$
280,270.00
Total
$ 12,035,329.75
ROI and ROE
ROI calculation
Net Income
Net Expenses

$
$

ROI %
ROI $

188%
$

ROE calculation
Net Income
C.S

$
$

ROE %
ROI $

176%
$

50

4,581,690.50
2,432,700.00

1.88

4,581,690.50
2,604,110.81

1.76
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Income statement
Income Statement
Concept
Production
Income
Production Cost
Administration Cost
Sales Cost
Profit Before Taxes
Taxes
Profit after tax
Depreciation
Net cash flow

Annual
125
$
20,382,548.13
$
12,035,329.75
$
894,600.00
$
1,127,000.00
$
6,325,618.39
$
2,024,197.88
$
4,301,420.50
$
280,270.00
$
4,581,690.50
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8. Conclusions & Lessons Learned
Through this project linked to metrology, we can meet different measurement parameters that are
imposed by a customer, in this case the automotive sector.
These parameters are applied on this new device which allows us to facilitate the performance of
operations that will offer high quality standards within the production of auto parts, specifically car
hoppers.
The deficiency that exists today in the performance of this type of auto parts, is a reflection of the
uncertainty present in the measurement instruments that are used in the current manufacturing
processes, which makes that the client's requirements are essential to be able to improve the
performance of quality and acceptance, in order to raise the objectives in the quality indexes that are
sought within the company with the intention of reduce variation of the products made.
This project allowed us to put into practice the different knowledge that has been given to us throughout
our careers, having an integration of tools and disciplines that make projects work correctly.
By working with a multidisciplinary team, it also allowed the integration of ideas and different points of
view, learning a little of other careers which can create innovation in the face of today's competition in
the automotive industry, its importance and also to understand the significance and functionality that
we all contribute to the success of this task.
In the same way, this project allowed us to contribute diverse ideas and points of view for the whole
process of measurement and manufacture of the device, finding each and every one of its area to look
for the most efficient result.
The generation of an investment project applicable to the industry was a great challenge since to
achieve it, not only having knowledge is enough, but also making informed and through quotes with
real suppliers find a company that could be successful and profitable.
The level that has been demanded for this competition, forced all members of the team to give our
best, as we know the importance of all parameters of evaluation and the possible impact that could
have within the automotive industry, and our business plan.
Hugo Briseño Oliveros.
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Work on this project helped me to understand the importance of the work in team and as the job
between engineers in design and manufacturing engineers. As the project progressed the cooperation
between us had to be stronger due that to the moment that they designed the parts I had to give them
a feedback if the process of manufacturing was possible and give them an estimate time of
manufacturing.
In my area, only there were complications with times of machining and the angles of some parts. Not
everything went as planned, but I managed to deliver the parts as they would need to test the
assembly. The pressure was good for the team because that make us to improve many things in little
time and thus improve the project.
The project was not easy and either autopart that the team receive, but we managed to make a device
that satisfy the specifications of the contest, I take a little more than expected but hopefully good result
of the device. In general, I enjoy this part of the contest where each member of the team showed their
different knowledge to produce the device and where each member is important to achieve it.
Carlos Guillén Salamanca
This project has been the most demanding team project I’ve ever been. It seems amazing the quantity
of knowledge that can be learned in 2 months. When we first postulate ourselves to this project, we
thought it would be much lighter, but I don’t regret it all.
We could learn with this project a lot about the requirements in the automotive industry, especially we
read the APQP manual, in which is specified how to implement an interdisciplinary team and achieve
the final goals of the Design. It was hard to freeze the design at first, because there were some details
we did not know about, in which we had to correct our actions. But we learned about our own mistakes.
It was hard to keep up with the deadlines we set for ourselves, because some goals were a bit ambitious
and anyway we had some delays in our project.
In the field of GD&T, it was a big challenge for us since we didn’t have any knowledge about flexible
parts. We had to do a lot of researching in order to understand the concept of the kind of datums used
in these parts. I must say, I was expecting a rigid part, in which we could apply the basic knowledge
we had about GD&T. But I’m pleased of having learned all these new concepts.
This project also taught me to always be prepared to any kind of trouble that may come along. No
matter how good the planning was, there’s always the chance of trouble. Sometimes the smallest
problems become such a challenge. There was a time in the machining process when we lost the
Electrical Energy. We had to deal with it and change our plans. But we managed in a proper way.

Eduardo Bermudez Ordaz.
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In the development of this project it was possible to identify the importance of the quality control for the
different automotive parts according to the metrology subject. To understand the well function of the
components is necessary to guarantee the purpose of the design, there for, to ensure the that the
purpose is reached while the manufacture process, the right communication between the designer and
the manufacturer is elemental to reduce defects on the components that may end on function
degradations or losses.
In order to secure the correct understanding of the critical points of the components, GD&T tools are
required. The correct understanding of this tool implies less costs to the company. As a designer, the
priority is to ensure the function of the part you are designing and the costs reduction, both aspects
can be covered using GD&T.
The liner fender control with the fixture & gage device is a way to verify that the communication in the
fabrication process is acceptable according to the geometrical and dimensional tolerances proposed
by design.
What I learned
With this project, it was critical to gather all the knowledge obtained during the college and to generate
new skills to use it. The most important aspect that I learned of this project was to manage efficiently
the time and resources, because it was a simulation of our future life style.
As I said before, GD&T is a topic that will be helpful for my job life, so it is important to say that this
project helped me to increase my understanding of this topic, and to see, in a real product, how it is
affecting the final process.
Another important aspect that I learned from this experience is team work under stress situations, is
important to take this into account, because people doesn´t act the same under these sceneries, and
it is important to learn how to deal with stress, yours and others. The way to get involved with other
people to get information is also another point that I have learned through this time.
This experience also helped me realize that problems are always present, how you can manage to
cover all time losses, and to fix the defects that manufacture or design. These are aspects that you can
only predict through experience. I really like that now I know much more than I do on the beginning of
this project.
Eder Avila Islas
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