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Experiment No. 1: Introduction to CAE tools and working with sketch mode  

 

Introduction: Computer-aided engineering primarily uses computer-aided design (CAD) 

software, which are sometimes called CAE tools. CAE tools are used, to analyze 

the robustness and performance of components and assemblies. CAE tools 

encompass simulation, validation, and optimization of products and manufacturing 

tools. 

Computer-aided engineering primarily uses computer-aided design 

(CAD) software, which are sometimes called CAE tools. CAE tools are used, to 

analyze the robustness and performance of components and assemblies. CAE tools 

encompass simulation, validation, and optimization of products and manufacturing 

tools. CAE systems aim to be major providers of information to help support design 

teams in decision-making. Computer-aided engineering is used in various fields, 

like automotive, aviation, space, and shipbuilding industries.  

CAE systems can provide support to businesses. This is achieved by the use of 

reference architectures and their ability to place information views on the business 

process. Reference architecture is the basis from which information is modeled, 

especially product and manufacturing models. 

CAE areas covered include: 

• Stress analysis on components and assemblies using finite element 

analysis (FEA); 

• Thermal and fluid flow analysis computational fluid dynamics (CFD); 

• Multibody dynamics (MBD) and kinematics; 

• Analysis tools for process simulation for operations such as casting, molding, 

and die press forming; 

• Optimization of the product or process. 

 

Objective:  Understand the Sketcher workbench of CATIA V5  

• Start a new file in the Part workbench and invoke the Sketcher workbench.  

• Set up the Sketcher workbench.  

• Understand some important Sketcher terms.  

• Draw sketches using some of the tools available in the Sketcher workbench.  

• Use some of the drawing display tools. 

https://en.wikipedia.org/wiki/Molding_(process)
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Experiment No. 2: Working with creating features, Point, Axis and Planes.  

 

Creating features: 

An element that is not a part of the profile while creating features and is used only 

as a reference or to constrain the elements of the sketch in the Sketcher workbench 

is called a Construction element. The construction elements can be used only in the 

Sketcher workbench.  

 
View toolbar 

 

Profile Toolbar 

 

Line Toolbar 



 

 

 

Circle Toolbar 

Tutorial: 

 

 

 

 

 



 

 

Experiment No. 3:  Working with the tools like Hole, Round, Chamfer, Fillet, Pattern, Copy, 

Rotate, Move and Mirror.  

Features:  In the Sketcher workbench of CATIA V5, you are provided with the Corner tool to 

fillet the sketched elements. When you invoke this tool, the Sketch tools toolbar 

expands and you are prompted to select the first curve or a common point. Select 

the first element to be filleted. Next, you are prompted to select the second curve. 

Select it and specify the fillet radius in the Radius edit box that is displayed in the 

Sketch tools toolbar. 

 

The Sketcher workbench of CATIA V5 also provides you with a Chamfer tool to chamfer 

the sketched elements. After invoking this tool, the Sketch tools toolbar expands and you 

are prompted to select the first curve or a common point. Select the first element; you 

are prompted to select the second element. When you select the second element, the 

Sketch tools toolbar expands and you are provided with the Angle and the Length edit 

boxes to specify the respective values. Specify the values and press the ENTER key. 

 

 



 

 

 

 

 

 

 

 



 

 

Experiment No. 4:  Working with advanced modeling tools (Sweep, Blend, Variable section 

Sweep, Swept Blend & Helical Sweep).  

Features:   

• Translating Bodies 

• Rotating Bodies 

• Creating Symmetry Features 

• Creating Rectangular Patterns 

• Creating  Circular Patterns 

• Scaling Models 

Tutorial: 

 



 

 

Experiment No. 5:  Assembly modeling, Generating, editing and modifying drawings in 

CATIA/ Solidworks/ProE.  

 

Features: 

• Inserting a New Body 

• Inserting a New Body in a Set 

• Inserting Features  in  the Assemble Feature 

• Creating Rib  Features 

• Creating Slot  Features 

• Creating Lofted Features 

Tutorial: 

 



 

 

Experiment No. 6:  FEA of the cantilever beam with concentrated load and UDL using CAE 

tools  

 

Objective: To find out deflection & stresses in the cantilever beam with point load and UDL 

 

 

Point Load 

 

 

 

Concentrated Load 

 

 

 



 

 

Experiment No. 7:  To perform facing, step & taper turning using CNC turning centre.  

 

Objective:  To Know Evolution of CNC, advantages of CNC, limitations of CNC, features of CNC, 

machine control unit (MCU) for CNC, classification of CNC machine tools; CNC 

machining centers: classification, features of CNC machining centers 

• Preparatory Functions (G-Codes) 

• Miscellaneous Functions (M-Code) 

• Programming methods  

o  Incremental method 

o  Absolute method 

 

 



 

 

 

 

                                          

 



 

 

Experiment No. 8:  To perform grooving, threading operation using CNC turning centre  

Objective:  Part programming for the component shown in Figure, assuming work piece as 

Aluminum and the turning speed is 1200 rpm and feed is 20 mm / min and the depth 

of cut is 1 mm. For thread cutting reduce the speed to half of the turning speed and 

pitch is 0.1mm. 

 

                         



 

 

To write the CNC part program for given component drawing using Canned Cycle code, 

execute the program in CNC simulation software and CNC lathe machine 

 

 

 

 



 

 

Experiment No. 9:. To draw a triangle in particular frame by using KR-16 robotic arm  

Objective: 

 
 

1 DEF Triangle 1 () 

2 INT 

3 Tool caliber 

4 PTP Home vel = 100%  DEFAULT 

5 PTP  hpt 1 vel = 100% PDATI  Tool  [1] :pointed Tool 

6 Base [1] :Right side base 

7 LIN  t1  vel = 0.5m/s CPDAT 1  Tool [1] : pointed Tool 

8 Base [1] : Right side base 

9 LIN  t2  vel = 2m/s CPDAT 2  Tool [1] : pointed Tool 

10 Base [1] : Right side base 

11 LIN  t3 vel = 2m/s CPDAT 3  Tool [1] : pointed Tool 

12 Base [1] : Right side base 

13 LIN  t1  vel = 2 m/s CPDAT 4   Tool [1] : pointed Tool 

14 Base [1] : Right side base 

15 PTP  hpt  1  vel = 100% PDATI 2  Tool  [1] :pointed Tool 

16 Base [1] : Right side base 

17 PTP Home vel = 100%  DEFAULT 

18 END 

 

 



 

 

Experiment No. 10: To construct an array of 3*3 by using robotic arm  

Objective: To construct an array 3*3 by using robotics arm. 

 

1  DEF array ( ) 
2  INT row, column, 
3  INT  

4 Row 
5  Column=1 

6  PTP Home vel=100%  DEFULT 
7  PTP Hp start position vel=100%  PDAT 3 Tool (1) 
             pointer tool 

            Base [5]   base 5 
           Go To Level 1 
8   ; Go To level 1 

9  PTP  start position vel=100% PDAT 3 Tool [1] 
        pointed tool base [5] : base 5 

10  ; Level  1 ; 
11  For row =1 to 3 
12  For column =1to 3 

13  Set pos [ row, column ] =X start position 
14  Set pos[  ]. X =setpos [ row, column].X+(row-1)*53 
16   End for 

17   End for 
18   ; for 15   Set pos [  ].Y= set pos[row, column].Y+(column-1)*73 

preposition 
19   For row 1 to 3 
20   For column 1 to 3 

21  Pre  pos   [ row column] = set pos [ row, column] 
22   Pre pos   [ row column].Z = [ row, column].Z*100 

23  End  for 
24  End  for 
25  End  for 



 

 

27   ; Motion programming row start 
29   Tool = Tool - date [4] 

30   Base = base -date [5] 
31   For p = 1 to 6 

32   Vel - axis [i] = 70 
33 Acc - axis [i] = 50 
34  End for 

36  Vel  cp = 1.5 
37 Acc cp = 0.5 
39   Ptp X Hp start 

40 Loop 
41   For row = 1 to 3 

42   For column = 1 to 3 
43   Lin pre pos (  row , column) 
44 Lin pre pos (  row , column) 

45   Lin  pre pos ( row, column) 
46   End for 

47   End for 
48   End for 
49   Ptp x hp start 

50   Ptp  Home vel = 100%  DEFAULT 
51  END      
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Experiment No. 11:  To study some general features guidance technologies and traffic 

management system of Automated Guided Vehicles (AGV’s).  

Objective:   

 

Introduction: An automated guided vehicle (AGV), different from an autonomous mobile 

robot (AMR), is a portable robot that follows along marked long lines or wires on 

the floor, or uses radio waves, vision cameras, magnets, or lasers for navigation. 

They are most often used in industrial applications to transport heavy materials 

around a large industrial building, such as a factory or warehouse. Application of 

the automatic guided vehicle broadened during the late 20th century. 

Navigation:   

Wired: A slot is cut in to the floor and a wire is placed approximately 1 inch below 

the surface. This slot is cut along the path the AGV is to follow. This wire is used 

to transmit a radio signal. A sensor is installed on the bottom of the AGV close to 

the ground. The sensor detects the relative position of the radio signal being 

transmitted from the wire. This information is used to regulate the steering circuit, 

making the AGV follow the wire. 

Guide tape: AGVs (some known as automated guided carts or AGCs) use tape for 

the guide path. The tapes can be one of two styles: magnetic or colored. The AGV 

is fitted with the appropriate guide sensor to follow the path of the tape. One major 

advantage of tape over wired guidance is that it can be easily removed and relocated 

if the course needs to change. Colored tape is initially less expensive, but lacks the 

advantage of being embedded in high traffic areas where the tape may become 

damaged or dirty. A flexible magnetic bar can also be embedded in the floor like 

wire but works under the same provision as magnetic tape and so remains 

unpowered or passive. Another advantage of magnetic guide tape is the dual 

polarity. Small pieces of magnetic tape may be placed to change states of the AGC 

based on polarity and sequence of the tags. 

Laser target navigation: The navigation is done by mounting reflective tape on 

walls, poles or fixed machines. The AGV carries a laser transmitter and receiver on 



 

 

a rotating turret. The laser is transmitted and received by the same sensor. The angle 

and (sometimes) distance to any reflectors that in line of sight and in range are 

automatically calculated. This information is compared to the map of the reflector 

layout stored in the AGV's memory. This allows the navigation system to 

triangulate the current position of the AGV. The current position is compared to the 

path programmed in to the reflector layout map. The steering is adjusted 

accordingly to keep the AGV on track. It can then navigate to a desired target using 

the constantly updating position. 

Inertial navigation: Another form of an AGV guidance is inertial navigation. With 

inertial guidance, a computer control system directs and assigns tasks to the 

vehicles. Transponders are embedded in the floor of the work place. The AGV uses 

these transponders to verify that the vehicle is on course. A gyroscope is able to 

detect the slightest change in the direction of the vehicle and corrects it in order to 

keep the AGV on its path. The margin of error for the inertial method is ±1 inch. 

Inertial can operate in nearly any environment including tight aisles or extreme 

temperatures. Inertial navigation can include use of magnets embedded in the floor 

of the facility that the vehicle can read and follow.  

 

Vision guidance; Vision-Guided AGVs can be installed with no modifications to 

the environment or infrastructure. They operate by using cameras to record features 

along the route, allowing the AGV to replay the route by using the recorded features 

to navigate. Vision-Guided AGVs use Evidence Grid technology, an application of 

probabilistic volumetric sensing, and was invented and initially developed by Dr. 

Hans Moravec at Carnegie Mellon University. The Evidence Grid technology uses 

probabilities of occupancy for each point in space to compensate for the uncertainty 

in the performance of sensors and in the environment. The primary navigation 

sensors are specially designed stereo cameras. The vision-guided AGV uses 360-

degree images to build a 3D map, which allows the vision-guided AGVs to follow 

a trained route without human assistance or the addition of special features, 

landmarks or positioning systems. 

 



 

 

Steering:   

To help an AGV navigate it can use three different steer control systems. The 

differential speed control is the most common. In this method there are two 

independent drive wheels. Each drive is driven at different speeds in order to turn 

or the same speed to allow the AGV to go forwards or backwards. The AGV turns 

in a similar fashion to a tank. This method of steering is the simplest as it does not 

require additional steering motors and mechanism. More often than not, this is seen 

on an AGV that is used to transport and turn in tight spaces or when the AGV is 

working near machines. This setup for the wheels is not used in towing applications 

because the AGV would cause the trailer to jackknife when it turned. 

The second type of steering used is steered wheel control AGV. This type of 

steering can be similar to a car's steering. But this is not very maneuverable. It is 

more common to use a three-wheeled vehicle similar to a conventional three 

wheeled forklift. The drive wheel is the turning wheel. It is more precise in 

following the programmed path than the differential speed-controlled method. This 

type of AGV has smoother turning. Steered wheel control AGV can be used in all 

applications; unlike the differential controlled. Steered wheel control is used for 

towing and can also at times have an operator control it. 

The third type is a combination of differential and steered. Two independent 

steer/drive motors are placed on diagonal corners of the AGV and swiveling castors 

are placed on the other corners. It can turn like a car (rotating in an arc) in any 

direction. It can crab in any direction and it can drive in differential mode in any 

direction. 

 

Traffic Control:  

Flexible manufacturing systems containing more than one AGV may require it to 

have traffic control so the AGV's will not run into one another. Traffic control can 

be carried out locally or by software running on a fixed computer elsewhere in the 

facility. Local methods include zone control, forward sensing control, and 

combination control. Each method has its advantages and disadvantages.  



 

 

• Zone control 

• Collision avoidance 

• Combination control 

 

 

Applications:   

Automated Guided Vehicles can be used in a wide variety of applications to 

transport many different types of material including pallets, rolls, racks, carts, and 

containers. AGVs excel in applications with the following characteristics: 

• Repetitive movement of materials over a distance 

• Regular delivery of stable loads 

• Medium throughput/volume 

• When on-time delivery is critical and late deliveries are causing 

inefficiency 

• Operations with at least two shifts 

• Processes where tracking material is important 

 

1. Pharmaceutical 

2. Chemical 

3. Manufacturing 

4. Automotive 

5. Paper and print 

6. Food and beverage 

7. Hospital 

8. Warehousing 

9. Theme parks 

 

 

 

 

 

 

 

 



 

 

Experiment No. 12: To study the basic concept of Machine Vision System 

Introduction: Machine vision is the technology and methods used to provide imaging-

based automatic inspection and analysis for such applications as automatic 

inspection, process control, and robot guidance, usually in industry. Machine vision 

refers to many technologies, software and hardware products, integrated systems, 

actions, methods and expertise. Machine vision as a system engineering discipline 

can be considered distinct from computer vision, a form of computer science. It 

attempts to integrate existing technologies in new ways and apply them to solve 

real world problems. The term is the prevalent one for these functions in industrial 

automation environments but is also used for these functions in other environment 

vehicle guidance. The overall machine vision process includes planning the details 

of the requirements and project, and then creating a solution. During run-time, the 

process starts with imaging, followed by automated analysis of the image and 

extraction of the required information. 

Image processing: 

After an image is acquired, it is processed. Central processing functions are 

generally done by a CPU, a GPU, a FPGA or a combination of these. Deep learning 

training and inference impose higher processing performance 

requirements. Multiple stages of processing are generally used in a sequence that 

ends up as a desired result. A typical sequence might start with tools such as filters 

which modify the image, followed by extraction of objects, then extraction (e.g. 

measurements, reading of codes) of data from those objects, followed by 

communicating that data, or comparing it against target values to create and 

communicate "pass/fail" results. Machine vision image processing methods 

include; 

• Stitching/Registration: Combining of adjacent 2D or 3D images  

• Filtering (e.g. morphological filtering)  

• Thresholding: Thresholding starts with setting or determining a gray value that 

will be useful for the following steps. The value is then used to separate 

portions of the image, and sometimes to transform each portion of the image 



 

 

to simply black and white based on whether it is below or above that grayscale 

value.  

• Pixel counting: counts the number of light or dark pixels 

• Segmentation: Partitioning a digital image into multiple segments to simplify 

and/or change the representation of an image into something that is more 

meaningful and easier to analyze.  

• Edge detection: finding object edges  

• Color Analysis: Identify parts, products and items using color, assess quality 

from color, and isolate features using color.  

• Blob detection and extraction: inspecting an image for discrete blobs of 

connected pixels (e.g. a black hole in a grey object) as image landmarks.  

• Neural net / deep learning / machine learning processing: weighted and self-

training multi-variable decision making Circa 2019 there is a large expansion 

of this, using deep learning and machine learning to significantly expand 

machine vision capabilities. The most common result of such processing is 

classification. Examples of classification are object identification, “pass fail" 

classification of identified objects and OCR.  

• Pattern recognition including template matching. Finding, matching, and/or 

counting specific patterns. This may include location of an object that may be 

rotated, partially hidden by another object, or varying in size.  

• Barcode, Data Matrix and "2D barcode" reading  

• Optical character recognition: automated reading of text such as serial 

numbers  

• Gauging/Metrology: measurement of object dimensions (e.g. 

in pixels, inches or millimeters)   

• Comparison against target values to determine a "pass or fail" or "go/no go" 

result. For example, with code or bar code verification, the read value is 

compared to the stored target value. For gauging, a measurement is compared 

against the proper value and tolerances. For verification of alpha-numeric 

codes, the OCR'd value is compared to the proper or target value. For 



 

 

inspection for blemishes, the measured size of the blemishes may be compared 

to the maximums allowed by quality standards. 

Output: 

A common output from automatic inspection systems is pass/fail 

decisions. These decisions may in turn trigger mechanisms that reject failed 

items or sound an alarm. Other common outputs include object position and 

orientation information for robot guidance systems. Additionally, output types 

include numerical measurement data, data read from codes and characters, 

counts and classification of objects, displays of the process or results, stored 

images, alarms from automated space monitoring MV systems, and process 

control signals. This also includes user interfaces, interfaces for the integration 

of multi-component systems and automated data interchange Machine vision 

commonly provides location and orientation information to a robot to allow 

the robot to properly grasp the product. This capability is also used to guide 

motion that is simpler than robots, such as a 1 or 2 axis motion controller. The 

overall process includes planning the details of the requirements and project, 

and then creating a solution. This section describes the technical process that 

occurs during the operation of the solution. Many of the process steps are the 

same as with automatic inspection except with a focus on providing position 

and orientation information as the result 


