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ABSTRACT 

This master of engineering project was carried out at a GLOBAL AUTOMATION, which manufactures special purpose machine 

and material handling equipment. The force carrying capacity of brake caliper can be measured by using the slide force testing 

machine. The design of the slide force testing machine is developed by using solid edge software and by using thumb rule. The 

aim of this project is to analyze the design of slide force testing machine in order to optimize the design in such a way that it 

should be utilized by this company in future. The project focuses on choosing the optimize design of the slide force testing 

machine. The final aim was to create a modified design to achieve high-quality production with lesser cost, which enhances both 

the efficiency and productivity. With the help of ansys software, it is possible to analyze the design of the slide force testing 

machine.  
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1. INTRODUCTION 

Brake calipers are a vital part of vehicle’s braking system. 

Brake calipers squeeze the brake pads against the surface of 

brake rotor to slow or stop the vehicle. The brake pads have 

high friction surfaces and serve to slow the rotor down or 

even bring it to a complete halt. The braking system will 

result in forces both mechanical and hydraulic during slow 

down or stop vehicle. These set of forces acting on brake 

caliper component result in deformations and stresses, which 

may cause the failure of the brake caliper. So, it is important 

to calculate the force carrying capacity of brake caliper in 

order to avoid the failure of it.    

The force carrying capacity of brake caliper can be calculated 

by using the slide force testing machine. The design of the 

slide force testing machine is developed by using thumb rule. 

So, there is the scope of optimizing the design of the slide 

force testing machine. So, the proper design analysis helps in 

the selection of the best design for the slide force testing 

machine. Hence, the optimized design reduces the overall 

cost of the slide force testing machine.                                                                                                     

Firstly the design is developed by using the solid-edge 

software. After the geometrical design developed, the 

geometric design is analyzed by using Ansys software by 

changing the material, dimensions etc. After the proper 

analysis select the best design for the sliding force testing 

machine. 

2. OBJECTIVE 

The objective of this project is to optimize the design of the 

slide force testing machine because the existing design is 

done by using the thumb rule. The objectives are as follows: 

 The slide force testing machine used to measure a 

slide load carrying capacity of the brake, in order to 

avoid uncertain breakdown of the brake. 

 The sliding force testing machine design by using 

thumb rule. So, there is a scope to optimize the 

design, in order to reduce the overall cost of 

production. 

 Proper design analysis helps to optimize the design 

of the slide force testing machine. 

 By using alternate materials, it is possible to reduce 

the cost of material.  

 By the proper design analysis, it is possible to 

achieve high-quality production with lesser cost, 

which enhances both the efficiency and 

productivity. 
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3. INTRODUCTION METHODOLOGY OF 

MODIFIED DESIGN 

 

Fig1: Flow chart of methodology modified system 

4. GENERAL ASSEMBLY LAYOUT OF 

MACHINE 

 

Figure2.  General Assembly Layout of Slide Force 

Testing machine 

 The general layout of the slide force testing machine is 

develope by using auto-cad software. It is a computer-aided 

design (CAD) program used for 2-D and 3-D design and 

drafting. Slide force testing machine consists of pneumatic 

cylinder, electrical panel, load cells, Ball screws, PLC control 

and servo motor. In this machine, the job (brake) is mounted 

on fixture base plates, which is placed in between rail 

mounting plates. These Fixture base plates having pneumatic 

cylinders on one side for the proper clamping of job (brake). 

These rail mounting plates having a strain gauge type load 

cell mounting on it and a pneumatic cylinder used to 

disengage a load cell from a fork base plate. This fork base 

plate used for pressing a job (brake). These rail mounting 

plates also having a Ball screw and lead screw mounting 

block actuated by servomotor which gives linear motion to 

load cells.   

PLC panel is used to control operations and HMI (Human 

Machine Interface) unit shows all results on screen. PLC 

operate servomotor, which operates Ball screw and lead 

screw mounting block. Lead nut carries a load cell in a 

forward direction toward the job (brake). In this way, load 

(force) is applied to the strain gauge type load cells which 

deform (strain) the foils in load cells, causing its electric 

resistance to change. Here the change in electric resistance is 

directly proportional to load. Here, an electric signal 

(resistance) is amplified first and then ADC is used to convert 

it in digital form. In this way, load cells measure a load on the 

brake and indicate it on HMI (Human Machine Interface). 

Arrangement and position of all the parts are not final, the 

representation is generalized hence called general assembly 

(GA) Layout. The overall length of the machine in the layout 

is 1000mm, overall width is 898mm and overall height is 

1859mm. General assembly layout is the rough design of the 

machine based on the concept of Working, space required for 

the machine, overall dimensions of the machine, operating 

height of the machine. 

General assembly layout is designed in AutoCAD or Solid 

Edge st5 by considering all the mentioned parameters. 

5.  SELECTION OF DIFFERENT COMPONENTS 

Selection criteria for different component 

5.1 Linear Motion (LM) Rail 

A linear guideway allows a type of motion that utilizes rolling 

element such as balls or rollers. By using recirculation rolling 

elements between the rail and the block, a linear guideway 

can achieve high precision linear motion. Compared to 

traditional slide, the coefficient of friction for linear guideway 

is only 1/50th. Because of the restraint effect between the rail 

and block, linear guideways can take up loads both up/down 

and the left/right directions. With these features, linear 

guideways can greatly enhance moving accuracy, especially 

when accompanied with precision ball screws. 

Features:  

1) High positional accuracy: 

When a load is driven by a linear motion guideway, the 

frictional contact between the load and the bed is rolling 

contact. The coefficient of friction is only 1/50th of 

traditional contact, and the difference between the dynamic 

and the static coefficient of friction is small. Therefore, there 

would be no slippage while the load is moving. 

2. Long life motion accuracy: 

With a traditional slide, errors in accuracy are caused by the 

counter flow of the oil film. Insufficient lubrication causes 

wear between the contact surfaces, which become 

increasingly inaccurate. In contrast, rolling contact has little 

wear; therefore, machines can achieve a long life with highly 

accurate motion. 

3) High speed motion is possible with a low driving force: 

Because linear guideways have little friction resistance, only 

a small driving force is needed to move a load. This results in 

Study of Existing system

Identification of problem 
in existing  system 

Analyse the design of 
existing  system

Develop the new 
modified design

Verification of outcomes

Develop the conclusion
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greater power savings, especially in the moving parts of a 

system. This is especially true for the reciprocating parts. 

4) Equal loading capacity in all directions: 

With this special design, these linear guideways can take 

loads in either the vertical or horizontal directions. 

Conventional linear slides can only take small loads in the 

direction parallel to the contact surface. They are also more 

likely to become inaccurate when they are subjected to these 

loads. 

5) Easy installation: 

Installing a linear guideway is fairly easy. Grinding or milling 

the machine surface, following a recommended installation 

procedure, and tightening the bolts to their specified torque 

can achieve highly accurate linear motion. 

6) Easy lubrication 

With a linear motion guideway, grease can be easily supplied 

through the grease nipple on the linear guideway block. It is 

also possible to utilize a centralized oil lubrication system by 

piping the lubrication oil to the piping joint. 

7) Interchangeability: 

Compared with traditional boxways or v-groove slides, linear 

guideways can be easily replaced should any damage occur. 

For high precision grades consider ordering a matched, non-

interchangeable, assembly of a block and rail. 

5.2 Selection of linear guideways 

LM guideways are available with different series like HG 

series, RG series, EG series, MGN/MGW series, QE/QH 

series, these series suggests the applications where the LM 

guideways are to be used.The linear motion guideways 

selected for our application is of HG series which is used 

generally for grinding, milling, drilling and lathe machine 

applications.These are designed with load capacity and 

rigidity higher than other similar products. It features equal 

load rating in the radial, reverse radial and lateral directions 

and self aligning to absorb installation errors. Thus HIWIN 

HG series guideways can achieve along life with high speed, 

high accuracy and smoother linear motion. 

Feature: 

High accuracy: 

Classes available for HG series guideways are C, H, P, SP, 

UP which depends on the accuracy of the equipment. For HG 

series class H is used which represents high accuracy. 

Selection of lubrication: 

The lubrication can be done by either grease or oil. Selection 

of grease as lubrication medium provides advantage of 

smooth operation of guideways. Hence, grease supplied by 

nipples is used as lubrication medium. 

5.3 Selection of motor 

The driving motor is selected from stock of the industry for 

nut assembly unit. By considering the cost issue and ability 

of motor to solve the purpose of nut fasten on stud, the 

selection is done. The brake motor can be selected on the 

basis of- 

 Availability 

 Accessibility 

Features: 

1) Voltage 

The driving motor is selected from stock of the industry for 

nut assembly unit.  

2) Phase 

Single-phase motors account for up to 80% of the motors 

used in the United States but are used mostly in homes and in 

auxiliary low-horse power industrial applications such as fans 

and on farms. Three-phase motors are generally used on 

larger commercial and industrial equipment. 

3) Current (Amps) 

In comparing motor types, the full load amps and/or service 

factor amps are key parameters for determining the proper 

loading on the motor. For example, never replace a PSC type 

motor (Permanent Split Capacitor) with a shaded pole type as 

the latter’s amps will normally be 50% – 60% higher. 

4) Frequency 

Most of the world is supplied with 50 Hz power. 

5) Horsepower 

Exactly 746 watts of electric power will produce 1 HP if a 

motor could operate at 100% efficiency, but of course no 

motor is 100% efficient. A 1 HP motor operating at 84% 

efficiency. 

5.4 Selection of PLC and HMI UNIT  

A programmable logic controller (PLC) is a solid-state 

control system with a user-programmable memory, used to 

read input conditions and set output conditions to control a 

machine or process. Thousands of PLCs are used in 

manufacturing plants for such applications as monitoring 

security, managing energy consumption, and controlling 

machines and automated production lines. It has been said 

that the programmable logic controller is among the most 

ingenious devices ever invented to advance the field of 

manufacturing automation. Research by Frost & Sullivan 

indicates that the world market for programmable logic 

controllers will continue to grow as units become smaller, 

more functional, and more able to work in tough 

environments. The PLC is a robust industrial computer which 

accepts input data, both digital and analogue, from switches 

and sensors and controls outputs to drive devices such as 

motors, pneumatic devices and status indicators. At its most 

basic the PLC replaces relay logic circuits, at its most 

advanced it can implement Proportional Integral and 

Derivative (PID) control algorithms over networks. 

Groover defines the PLC as “A microcomputer-based 

controller that uses stored instructions in the programmable 

memory to implement logic, sequencing, timing, counting 

and arithmetic functions, using digital and analog 

input/output modules, for controlling machines and 

processes.” While the Programmable Controller is by far the 

most common process control mechanism in the 

manufacturing spectrum of large to small business it has also 

found a niche in environment control, food processing, 

mining and in automated test equipment. Programmable 

controllers were developed in the U.S. for the motor 

manufacturing industry in the 1960s. By the late 1970s, they 
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appeared in the Irish industrial scene. Today due to their 

increasing sophistication and falling costs they are to be 

found in the smallest production environment. The PLC 

programming environment may be dedicated terminal or a 

Personal Computer (PC). Latterly, with the event of the range 

of programming languages defined by IEC 6-1131, the PC is 

the favored programming environment. Ladder Logic (LL) is 

currently the most popular language. There is, however, 

anecdotal evidence that the other defined languages are 

slowly gaining acceptance. The machine is equipped with 

PLC of MITSUBISHI MELSEC make with model number 

FX3U-128M as we have 64 inputs and 64 outputs for the 

machine. 

Human-machine interaction with industrial plants and other 

dynamic technical systems has nowadays been recognized as 

essential for process safety, quality, and efficiency. It 

comprises all aspects of interaction and communication 

between human users and their machines via human-machine 

interfaces. HMI is selected by considering certain parameters 

like screen size in inches, display mode (BW/ color/ 

multicolor), memory (kb/MB). 

The HMI used for human interface with is PROFACE make 

with a screen size of 7 inches, display mode with multicolor 

and memory in megabytes which allows safety operation of 

the machine when maintenance is to be carried out. 

6.  ANALYSIS OF EXISTING COMPONENT 

The detail analysis of the component like stopper part is 

explain bellow: 

 

Figure3.  Geometry of stopper part 

Figure shows the geometry of stopper part (one of the part in 

slide force testing machine) by using solid-edge software. 

This is the existing geometry of the stopper part. Solid Edge 

is a 3D CAD, parametric feature and synchronous technology 

solid modeling software. It runs on Microsoft Windows and 

provides solid modeling, assembly modelling and 2D 

orthographic view functionality for mechanical designers. 

 

Figure4. Analysis of Existing Part (stopper part) 

The geometry of stopper part (existing geometry) is analyze 

by using ansys software. Ansys is a general purpose software, 

used to simulate interactions of all disciplines of physics, 

structural, vibration, fluid dynamics, heat transfer and 

electromagnetic for engineers. A static structural analysis 

determines the displacements, stresses, strains, and forces in 

structures or components caused by loads that do not induce 

significant inertia and damping effects. Steady loading and 

response conditions are assumed; that is, the loads and the 

structure's response are assumed to vary slowly with respect 

to time. A static structural load can be performed using the 

Ansys. The types of loading that can be applied in a static 

analysis include: 

1) Externally applied forces and pressures 

2) Steady-state inertial forces (such as gravity or rotational 

velocity) 

3) Imposed (nonzero) displacements 

4) Temperatures (for thermal strain) 

7. ANALYSIS OF MODIFIED COMPONENT 

Here the dimensions of the existing components are change 

in order to optimize the design and develop the new modified 

design. 

Case 1- Change in width 

 

Figure5.  The geometry of (width) modified stopper part 

In this geometry, the width of the stopper part is reduced from 

11 to 10 in order to optimize the design. The geometry of 

modified stopper part is developed by using the solid-edge 

software. 

 

Figure6. Analysis of Modified Part 

The modified geometry is analysed by using ansys software. 

By static structural analysis, it is possible to calculate stresses 

in the modified stopper part. 

Case 2- Change in length 
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Figure7. The geometry of (length) modified stopper part 

In this geometry, the length of the stopper part is reduced 

from 36 to 33 in order to optimize the design. The geometry 

of modified stopper part is developed by using the solid-edge 

software. 

 

Figure8.  Analysis of modified stopper part 

The modified geometry is analysed by using ansys software.  

Here is change occurs in stresses because of the modification 

in geometry. 

Case 3- Change in thickness 

 

Figure9. The geometry of (thickness) modified stopper 

part 

In this geometry, the thickness of the stopper part is reduced 

from 25 to 20 in order to optimize the design. The geometry 

of modified stopper part is developed by using the solid-edge 

software. 

 

Figure10.  Analysis of modified stopper part 

The existing design of parts of the slide force testing machine 

is done by using thumb rule. So, there is scope to optimize 

the design of existing machine parts. Change the dimensions 

of existing machine part using the solid-edge software. After 

the modification of existing design, analyze the components 

by using ansys software. By comparing the result of analysis 

of modified parts, it is possible to select the best optimum 

design. Sometimes by changing the material, it is also 

possible to optimize the design part of the slide force testing 

machine. 

Case 4- Change in material 

 

Figure11.  Geometry of existing stopper part 

This is the existing geometry of stopper part having 

dimensions length-36, width-11 and thickness- 25. Design is 

develop by using solid-edge software. Existing geometry is 

made up of mild –steel material. 

 

Figure12. Analysis of modified stopper part 

After changing the material from mild-steel into aluminium, 

analysis is done by using ansys material. After comparing the 

different result, it is possible to select the best design for 

stopper part. 

8. CONCLUSION 

After the analysis of design of slide force testing machine the 

outcomes are: 

 Slide force testing machine used to measure a slide 

load carrying capacity of brake, in order to avoid 

uncertain breakdown of brake. 

 The sliding force testing machine design by using 

thumb rule. So, there is a scope to optimize the 

design, in order to reduce the overall cost of 

production. (by comparing the different modified 

design, it is possible to select the best optimum 

design which helps to reduce the requirement of 

excess material, and helps to reduce the cost of 

production.) 

 Proper design analysis helps to optimize the design 

of the slide force testing machine. 
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 By using alternate materials, it is possible to reduce 

the cost of material. (Sometimes by using the 

different alternate material, cost of material reduce.) 

 By the proper design analysis, it is possible to 

achieve high-quality production with lesser cost, 

which enhances both the efficiency and 

productivity. 
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