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3. Keywords 

Process planning, CNC Machining, CAD/CAM/CAPPo 

4. Objectives 

The objectives for this research are as follows: 

(i) To identify the suitable operation and cutting parameters for machining A16061 -T6 

shield components. 

(ii) To propose a process planning for machining A16061 -T6 shield components. 

(iii)To produce the real components based on the process planning that have been 

proposed. 

5. Methodology 

The methodology of this research is divided into four phases i.e. (i) resources; (ii) design and 

modelling; (iii) operation planning; and (iv) verification. 

Phase 1: Resources 

This phase involve literature review, exploration of appropriate machining operation and 

CAD/CAM software. The literature review covers all the basic theory regarding process 

planning for machining the shield components. All the basic principles are identified to 

establish the fundamental before it can be used for further design and modelling works. The 

manufacturing operation and software are investigated to identify the suitable manufacturing 

process and cutting parameters. 

Phase 2: Design and Modelling 

Based on all the information from the literature and exploration, the design and modelling of 

shield components are created. Several models of shield components have been designed and 

modelled. SolidWorks is used to create CAD models of the shield components. 

Phase 3: Operation Planning 

Once the modelling is obtained, the operation for machining is determined. A step-by-step 

approach of decision making activities which is the traditional method of process planning is 

used to select the best process plan for producing the shield components. With this approach, 
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Process Planning for Machining A16061-T6 Shield 

Component 

Abstract. 

Lee Ling Ling, *Mohd Salman Abu Mansor 
School of Mechanical Engineering. USM, Engineering Campus, 

14300 Nibong Tebal, Pulau Pinang, Malaysia 
* Email address:mesalman@eng.usm.my 

Process planning IS a sequence of activities that strings together to define in detail the 

manufacturing steps or processes that transforms the raw material into a complete part. Usually, 

there are more than one solution to manufacture a part under constraints such as part geometry, 

material, manufacturing resources and etc. In the paper, a step-by-step approach of decision 

making activities which is the traditional method of process planning is used to select the best 

process plan for a particular mechanical part is proposed. With this approach, all the information, 

fllnction <UH.l pflIeesses can be integrated . The challenc:e is that the p!'1rt to he pr()dl.l~ed hRS R thin 

wall plale of 1.5mm and of a complex shape which has a setup problem in the machines. Setups 

and the element of workholdiog devices wilh the combinalion of machining operations, 

sequences, tools, and other parameters will be studied to produce the part. The result would be 

the achievable geometrical dimensions and tolerances after the process plan is validated by real 

time machining. 

Keywords: Process planning, step-by-step decision making, aluminum T6061 components, thin 

wall plate, workholding 

1. Introduction 

Process planning defines in detail of the manufacturing steps, activities or the process that 

transforms raw material into the completed part, utilizing all avai lable resources. The part to be 

manufactured is defined by the product engineer, and is expressed in engineering drawings and 

geometric dimensioning and tolerances. Process planning involves multiple decision making 

1 



______ ~Appendix 

validation of the process plan where the parts are actually machined using CNC 3-axis milling 

machine to see the achievable geometrical dimensions and tolerances . 

2. Methodology 

The process planning for this project will be done to produce the product is as illustrated In 

Figure 2 .1 below. There will be different in many ways such as the sequences or the content of 

the activities due to the changes in technological limitations, data limitations or even knowledge 

limitations. The best sequence of activities for process planning is yet to be determined thus 

what has been done is only to follow the current available technology, data and knowledge. 

Input specifications and interpretation Drawings and customer's requirement 

Selection of machines operations n:H~ files 

Selection of holding devices and datum 

Tools selection & Machining Codes Tool files, G-Codes files 

Parameters, time and cost module Time standard 

Selection of quality assurance method 

MachInIng 

Figure 2.1 Process planning sequence of activities 

2.1 Input Specifications and Interpretation 

To start a process planning, primary input is very important. There is no specific method 

to generate the primary input. This primary input are generally facts known or given by 

customers such as part geometry, part raw material, patt dimensional accuracy, part surface 

finish, part geometric tolerances, part heat treatment and quantity required . These inputs 

mentioned can be obtained through the technical drawings of the part. 

3 
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Energy Source Accumulated Energy Applied Energy to Part 

(Force, N) (Force, N) (Force, N) 

Screw 

Clamp Moving Mass Push 

Fixed mass Static mass Hold 

From the table, there are a few combinations. For each combination, there are a few conceptual 

designs as in figure 2.3 below: 

Figure 2.3 Few concepts fixtures generated 

After the concepts are being generated, it is time to do the concept selection. For concept 

selection, there are two types of method, concept screening and scoring. Both also have the same 

six steps involved in the concept selection activities. Concept scoring is used because it has 

different selection criteria weight which is important. 

2.4 Sequeuehlg lht: O)Jt:raliuns 

There are no fix paths in operations sequences and alternative sequence of 

operations must also be taken into account. It can be rearranged over and over to fit the 

conditions as in the anteriority categories. For each design feature, there are three passes that is 

required go in order which are the roughing, then ~finishing , and final finishing. Depending on 
2 

the features, some of the passes can be skipped. Roughing usually uses big diameter tools and its 
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With MRR is the material removal rate, in mm3 per min, w is width of cut in mm, d IS depth of 

cut, mm, v is feed rate or linear speed of workpiece, mm per min. For machining time it can be 

obtained from the MasterCAM simulation result as prediction or estimation. The real machining 

time however, can only be obtained after the real part is being produced. As for the cost 

calculations, after simplification using two cases below, 

Case 1: The longer the machining and setup time, the higher the cost where; 

Total cost = working time x number of worker x RM per hour 

and 

Total cost = working time x RM per hour usage of machining power 

Case 2: The more the material used, the higher the cost and also cost of different materials; 

or 

Total cost = number of materials used x price of each material 

Total cost = size of material used x price of each material 

x total number of materials used 

3. Result ~ nd Discussion 

The primary input specifications and information obtained from the parts are as in the tahle 3.1 

below: 

Table 3.1 Part Information 

Part geometry : As in appendix A 

Annual Volume: Mass production 

Part Volume: 100, 000 mm3 

Part Raw Material: Aluminum T6061-T6 
.- ..• - .. 

Pmt Requirement: 1.5111111 thin wall as critical dirnen:;iun 

The material information obtained from machining handbooks is as in the table below: 

Table 3.2 Material information at room temperature 

Raw Material: Aluminum T6061-T6 

Melting Temperature, °C 660°C 

Brinell Hardness Value (BHN) 95 

Yield Strength 275 MPa 

7 



Appendix __ 

Figure 3.2 Exploded view of concept 4 for part B setup 

Part B will have two setups but on the same fixture due to the complexity of shape and 

difficulty of machining for part B. These concepts are generated for the purpose of machining 

using CNC. From concept scoring, the highest rank was concept 4 and it is much recommended 

to be use to machine the part. However, it can be further improved to improve the scores of a 

few selection criteria such as, easy setup and less setup. Instead of using screws to hold the 

workpiece, it is recommended to replace the screws with machining clamps. For this setup, the 

clamp has to make sure that the workpiece will not slide in X-Y axis and also will not move in Z­

axis. The advantage of this fixture is the part produced will have good dimensional accuracy for 

the perpendicularity and parallelism due to the machining operations of contouring. However, 

the disadvantage of this using this fixture is producing a material waste. But, the fixture can be 

further optimized to reduce its waste. 

The operations sequences obtained are for CNC milling using the fixture above is, 

Part B: B lIR - B2/R - B7/R - B5/ ~F- B6/R - B4/R - B4/ ~F - B6/ ~F - B3/R 
2 2 2 

Below are the detailed operation's steps involved including fixture setups: 

Step 1: Clamp part B raw material on the machine. 

Step 2: Face milling on feature B 1 getting a dimension of 180mmx 180mm. (B lIR) 

Step 3: Drilling a through hole of 5.5mm in diameter using tool I. (B2/R) 

Step 4: Hold part B using fixture and clamp it on to the machine. 

Step 5: Pocket roughing with the depth of 8.5mm size using tool 6. (B7/R) 

Step 6: Through hole drilling size 3mm in diameter using tool 5. (B5/ ~F) 
2 

Step 7: Flip the raw material by 180°, attached to fixture and clamp it to the machine 

Step 8: Pocket roughing with the depth of 8.5mm size using tool 6. (B6/R) 

9 
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selected after comparing all the different parameters and time obtained by changing the tool ' s 

diameter and tool path. 

Table 3.3 Machining parameters and time of each step for part B. 

Operations Tools Feed rate Spindle MMR, Surface Time Predicted 

steps Diameter, v, speed N, mm 3/min roughness Simulation time 

I D (mm) (mm/min (rpm) Ra(Jlm) (min , s) (min, s) 

) 

1 - - - - - - lmin 

2 - - - - - - 50 min 

3 5.5 68.7 11 45 2863 - 4min 16s -
4 - - - - - - 2 min 

5 5 190.9 1909 2386.25 0.93 487 min 21s -
6 3 114.54 1909 1432.35 - 3 min 25s -
7 - - - - - - 2 min 

8 5 190.9 1909 2386.25 0.63 557min 52s -
9 5 190.9 1909 2386.25 0.63 44min 2s -
10 4 238.7 2387 1909.6 0.93 138min 4 1s -
11 4 238.7 2387 1909.6 0.93 28min 24s -
12 - - - - - 2 min 

13 5 190.9 1909 2386.25 0.63 224min 6s -
1545min 7s 

The depth of cut for all the machining operations is 0.5mm each step. This is because the 

tool used is a high speed steel tool and does not have high strength as carbide tools. If using 

depth of cut that is more than 0.5mm will result in shorten tool life. Approximately, 25 to 26 

hours to machine part B. The time obtained is only an estimated and prediction time from 

MasterCam software and is not 100 percent accurate. Actual machining time could be longer or 

shorter depending on the factors such as cleaning at a certain time interval to remove chips and 

using slower or faster feed rates. 

Below are the estimated cost calcu lated for producing one part B: 

Table 3.4 Estimated cost of part B 

Cost of raw material - aluminum RM200 

Cost of fixtures - wood and screws RM50 

Cost ofmanpower(RM5 per hour) RM125 

11 
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5 5 200 2000 10000 400min 

6 3 300 2250 16500 3 min 

7 - - - - 10min 

8 5 200 2000 10000 500m in 

9 5 200 2000 10000 30min 

10 4 200 2000 10000 15min 

II 4 200 2000 10000 5min 

12 - - - - 2 min 

13 5 200 2000 10000 180min 

1218 min 

The CNC milling machine is only capable of machining the part up to ±O.l mm tolerances . 

The important design feature tolerance part B are the wall produced which is at the thickness of 

1.5mm. These are the tolerances obtained as in the table 3.6 below. 

Table 3.6 Tolerances of part B 

Design feature Readings A verage Reading 

2 3 

1.48 1.51 1.47 1.48 

2 1.51 1.49 1.48 1.49 

3 1.50 1.47 1.52 1.50 

4 1.46 1.49 1.51 1.48 

5 1.46 1.49 1.51 1.48 

6 1.50 1.47 1.52 1. 50 

Figure 3.5 Important design features 

As for part B, all the dimensions of the thin plate wall are within the acceptable range of 

tolerances. After the part finished its CNC machining operation, there are additional steps of 

deburring the part. It is done manually by polishing using sand paper. 
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