
MEMORANDUM 

To:  Trian Georgeou 

From:  Robyn Ribet 

Date:  December 4, 2018 

Subject: IME 335 Business Card Holder Operation #2 

 

Introduction 

 

Most manufactured parts require multiple operations to achieve the desired geometry and meet 

the necessary tolerances. These operations require work holding techniques and tooling 

considerations that fulfill the tolerances set by the designer. 

 

The first operation for the business card holder used manual programming which is best for 

simpler operations and geometry. The second operation used a Computer Aided Manufacturing 

(CAM) program to generate the G&M code for running the program. CAM programs use 

designs defined by solid models to locate the geometry and specify toolpaths. These programs 

can maximize tool life, decrease cutting forces, and calculate necessary feeds and speeds. The 

objective of this project was to complete operation #2 of the business card holder using the CAM 

program to develop an understanding of how to use Mastercam to manufacture a part with 

complex geometry that would be difficult or impossible to manually program. 

 

This project was run on a Haas VF-2 Mill and most of the manufacturing constraints were 

defined in the problem statement including part dimensions, machine tools, stock size, and 

tooling. These constraints simplified the manufacturing challenge and focused the operator’s 

time on using Mastercam to determine toolpaths, feeds, and speeds. The engraving on the 

business card holder was determined by the operator, and the geometry of that was 

individualized for each project. 

 

Throughout this project, each step in the process was well documented to demonstrate 

expectations of a professional environment and provide necessary information for following 

steps. Each of the documentation steps are explained and attached below.  

 

Methodology 

 

OP #2 Engineering Drawing Creation 

 

Engineering Drawings communicate part dimensions and tolerances between engineers and 

manufacturers to ensure parts are properly manufactured for their specific use. They can be 

created through different CAD programs, but all need to effectively communicate part details to 

achieve the desired resulting part.  

 

 

 



Figure 1 - SolidWorks solid model of operation #2 machined part 

 

The first step in this process is creating a solid model of the part in a CAD program, for this 

project SolidWorks was used. See Figure 1 for a picture of the modeled part. From the solid 

model, an engineering drawing was created. Attachment A is the engineering drawing for this 

operation, created in SolidWorks, and shows the final part dimensions and geometric and 

dimensional tolerancing. The part will be inspected after manufacturing is completed to ensure 

that the final product has met the required GD&T. The engineering drawing includes the final 

part dimensions including those machined in Operation #1.  

 

In the engineering drawing, datums A, B, and C are established which define how the part is held 

in the machine. Datum A (the primary datum) is the bottom of the part, because this is the 

surface which the part will be held on. Using the 3-2-1 method to hold the part, the primary 

datum has 3 points of contact which define a plane. This restricts movement in the z direction 

and rotation about the x and y axes. Datum B (the secondary datum) is the back of the part. This 

has 2 points of contact which define a line. This line restricts movement in the y direction and 

rotation about the z axis. Finally, Datum C (the tertiary datum) is a single point on the left side of 

the part. This restricts movement in the x direction and is the final point needed to define the part 

location. The work holding technique of using soft jaws aligns with the defined datums and will 

be discussed later.  

 

Geometric dimensions and tolerancing (GD&T) are also defined in the engineering drawing. 

These indicate the critical dimensions to the operator, define how the part is machined, and 

establish the need for final part inspection. Most feature dimensions are specified in the bottom 

left hand corner of the drawing and are established based on the number of digits following the 

decimal point. Figure 2 shows this note. If a dimension requires a custom tolerance, it will be 

specified after the dimension value. These dimensions will be inspected on the CMM machine 

after Operation #2 is machined. 

 



 
Figure 2 – Standardized tolerances for dimensions in the drawing 

 

Other geometric tolerances include parallelism and flatness (seen in Attachment A). The 

flatness tolerance was inspected after Operation #1 and creates a smooth surface for the part to 

rest on during the machining of Operation #2. The parallelism tolerance will be inspected after 

the Operation #2 is machined and ensures that the pocket for the business cards is parallel to the 

bottom surface. This will be inspected on the CMM machine.   

 

 CNC Milling Process Capability 

 

When machining, it is important to perform inspections to monitor quality and consistency 

between parts. Statistical process control helps engineers produce more consistent results and 

detect variation within the manufacturing process. To determine variation, dimensions are 

recorded for multiple parts and the data is analyzed. Quality engineers view this data to 

determine the cause and possible solutions for the inconsistency within the machining process. 

Before adjusting a machining process, it is important to establish a consistent result in the 

product so there is a clear direction the adjustments need to be made in.  

 

Operation #1 of the business card holder established the length and width of the final part. The 

width values of all parts were recorded for analysis of the machining process. The nominal width 

value was 5.500” and the tolerance was ±.005”. To determine if the CNC milling process was 

capable of producing parts within the specified tolerance, a capability analysis was performed. 

Attachment B is the capability analysis. 

 

The list of widths were first analyzed by calculating the standard deviation and average values. 

The standard deviation was found to be .0032”. Outliers are determined by analyzing which 

values are off the nominal value by more than three times the standard deviation. One value was 

discarded from the data using this logic. Outliers are caused by errors in the machining process 

and do not accurately represent the values that are being analyzed.  

 

The resulting data was reviewed and a new average value and standard deviation was calculated. 

The standard deviation was .0013”. The Cp value is found by dividing the range tolerance 

(.0100”) by the range spread (.006”). This value was found to be 1.67.  

 

The Cp value is used to examine if the parts are consistently being produced within tolerance and 

can help determine whether process changes are required. A Cp value of below 1.3 would 

suggest that a process change is needed. A Cp value above 1.5 says the process is consistent and 

no change is needed. Our Cp value of 1.67 means that the manufacturing process is good, and no 

change is needed. Almost all parts will be produced within tolerance.  

 



Looking at the data, one can see that all values are above the nominal value. This shows a 

consistent manufacturing result due to the wear on the tool and the program can be adjusted 

accordingly. Because the tolerances are still being met despite the tool wear, there is no 

immediate need to adjust the program or process. 

 

CNC Operation #2 Planning 

 

For the complete process of making a part, several operations are required which include both 

the manufacturing and part inspection. Operations, tooling, and machines used are specified in 

the job planning or part routing documents. Specifically, for this part, there is one vertical 

bandsaw operation, two Haas VF-2 milling operations, and two inspection operations (See 

Attachment C) This document is critical for the general overview of the part production and 

operations.  

 

The Job Planning includes selection of the raw material, operations, and tooling. The final part 

dimensions of operation #1 are 5.70” x 2.50” x .74” and allow for the use of 2.50” x .75” bar 

stock cut to 5.70” length. Operations for the job include cutting the stock to length, milling out 

the outside contour, inspecting the part, milling the inside pocket, ramp, and engraving, and 

performing the final inspection of the part. These operations, a given constraint, were chosen to 

achieve the necessary part dimensions and contours. The inspections ensure that the critical 

dimensions and tolerances were reached before the next operation begins.  

 

For the second operation, several tools are used to achieve the desired geometry. The first 

toolpath involves facing off the top of the part to set the final height. This is done with a 3” face 

mill. Next, the pocket is roughed out using a ½” end mill. The pocked is finished with a ¼” end 

mill to set the correct corner radii and pocket dimensions. A larger end mill for roughing speeds 

up the operation, while the smaller end mill allows the correct corner radii to be reached. Next, a 

3/4” end mill is used to create the slot down to the pocket. A chamfer tool establishes a slight 

chamfer around the edges to deburr the top. Finally, an engraving tool follows the wireframe and 

engraves the top of the part.  

 

The CAM system helps calculate the feeds and speeds necessary to manufacture the part. 

Manually programming required each RPM and feed rate to be calculated individually, but the 

CAM program uses the chip load and tool geometry to calculate the feeds and speeds. Table 1 

shows the feeds and speeds used in this operation for each tool. Figure 3 shows the feeds and 

speeds calculated by the CAM system. These are calculated using the given chip load and 

surface speed.   

 

 

 

 

 

 

 



T# Tooling Description Surface 

Speed 

(ft/min) 

RPM 

(rev/min) 

Chip 

Load 

(in/tooth) 

Linear Feed 

Rate 

(in/min)  

T1 3" 4-Flute Carbide Insert 

Face Mill 

3500 4456.3 0.004 71 

T2 3/4" 3-Flute Carbide End 

Mill 

950 4838 0.001 15 

T3 1/2" 2-Flute HSS 45° 

Chamfer Tool 

350 6685 0.002 53 

T4 1/2" 4-Flute Carbide CC 

End Mill 

750 5730 0.003 69 

T5 1/4" 4-Flute Carbide CC 

End Mill 

650 9932 0.002 79 

T6 1/16" 4-Flute Ball End Mill 350 10000 0.001 86 

T25 Renishaw OMP 40 Probe N/A N/A N/A N/A 

Table 1 – Shows the feeds and speeds for each tool used in Operation #2 

 

 
Figure 3 – shows the feeds and speeds of the 3” face mill for Operation #2 

 

Geometry Creation in Mastercam 

 

Computer Aided Manufacturing programs are an alternative to manual programming and help 

generate the G&M code for operations. These programs allow for complex geometry and 

toolpaths to help reduce wear on the tools and improve surface finish. During this operation, the 

dynamic milling setting was used to create the pocket to reduce the wear on the tool.  

 



For this project, SolidWorks and Mastercam were used to design the part and generate the G&M 

code. To define the geometry in Mastercam, the SolidWorks model (shown in Figure 1) is 

merged into the Mastercam file. A surface model is a set of surfaces that can be used to create a 

3D surfacing operation. It is more complex than a wireframe but not as detailed as a solid model. 

A wireframe outlines the geometry and can define the areas for toolpaths. For this project, a 

wireframe was used to define the geometry, because the toolpaths did not require 3D contouring. 

The wireframe for this project is shown in Figure 4. Toolpath boundaries and paths were set 

using the wireframes.  

 

 
Figure 4 – Wireframe of the Business Card Holder 

 

Layers in Mastercam are used to separate geometry or features and isolate toolpaths. In this 

operation, there were three layers, as seen in Figure 5. The first layer is the Wireframe of the 

main geometry, excluding the engraving. The second layer includes the engraving, and the final 

layer is the solid model of the business card holder. This makes it possible to merge multiple 

files with different engravings and reuse the toolpaths for the rest of the part.  

 

 
Figure 5 – Layers used to separate the wireframe, engraving, and solid model 

 

A work coordinate system (WCS) is set as the point in the CAM system that is referenced as the 

zero point for the part. For this operation, the WCS was set as the corner upper left corner at the 

bottom of the part (as seen in Figure 6). This was set by referencing the position from the origin 

that was from the SolidWorks model (position where the gray lines cross in the center of the 

part). The WCS was set to be referenced as G55 in the G&M Code. This was manually adjusted 

for this operation after the post processing to reference the G54 WCS that was set on the CNC 

machine.  



 
Figure 6 – Shows the location and setting of the G55 work coordinate system 

 

Toolpath Creation in Mastercam Overview 

 

To create a toolpath, several steps are involved to ensure the correct geometry, surface finish, 

and manufacturing time. This example will go through the toolpath creation steps for the 

roughing of the large pocket. A ½” end mill was used for this toolpath, this was chosen because 

it is roughing and can clear material out quicker than the smaller ¼” end mill that is required to 

finish and set the corner radii. This particular toolpath is the most complex one in this operation 

and shows most of the steps that could be involved in creating a mill toolpath.  

 

The first step in creating toolpaths is to select the type of toolpath and geometry that will achieve 

the desired result. A “Pocket” toolpath is chosen, as seen in Figure 7. The geometry is selected 

from the wireframe of the outer part of the pocket. This can be seen in Figure 8 the selected 

wireframe is highlighted yellow. The green arrows indicate the direction of travel of the cutter to 

set climb or conventional milling. For ideal surface finish, climb milling is used which is in the 

counterclockwise direction on the inside of a pocket (clockwise for milling an outside profile).  

 

  
Figure 7- Selecting pocketing operation 



  
Figure 8 – Wireframe selection to define chain geometry and cutter travel direction 

 

The next step is selecting the tool from the library and checking the parameters that include 

diameter, number of flutes, tool shape, and tool number. The length and diameter offsets should 

match the tool number, as seen in Figure 9. These affect the feeds and speeds that are calculated 

by the CAM program. To achieve the correct feeds and speeds, the feed per tooth (FPT) and 

surface feet per minute (SFM) must be entered in. These are based on roughing/finishing 

operations and materials being used. The plunge rate and retract rate are not critical for the part’s 

success but affect the machine time. 

 

 
Figure 9 – Tool selection screen with feeds and speeds calculations 

 

Cut parameters, as shown in Figure 10, establish the climb milling and leave stock for the 

finishing passes. There was only stock left on the sides for roughing, not the floor, because the 

¼” end mill is required for finishing the sides and establishing the corner radii. The floor is 

finished by the ½” end mill and a finishing pass is added later.  

 



 
Figure 10 - Cut parameters that establish climb milling and stock to leave 

 

Next, roughing parameters specify the cutting method pattern and stepover distance. This ensures 

that the material removal is efficient and creates the desired surface finish. The stepover distance 

is set to be 50% to efficiently clear out the material.  

 

 
Figure 11 – Roughing parameters for setting stepover distance 

 

Most end mills are not designed for plunging into materials. Some are center-cutting and are 

capable of plunging, but it is preferred that they follow a helical path for their entry motion. This 

entry motion is set as one of the plunging parameters. It is important that the diameter of the 

helix is not as large or larger than the diameter of the tool, because that would leave extra 



material at the center. To be safe, the radius was set at 50%. Figure 12 shows the setting of this 

helical path. Figure 15 shows the helical path in the final toolpath creation.  

 

 
Figure 12 – Helical entry motion for end mill in the pocket to prevent plunging straight down 

 

Because the pocket is deeper than the machine should remove in one pass, it is necessary to 

specify the depths of cut. The finishing pass is added to improve the surface finish on the bottom 

face and meet the required tolerance.  

 

 
Figure 13 – Sets the depth of cuts and adds a finishing step 

 

The next step for defining the toolpath is to set the linking parameters, as shown in Figure 14. 

This screen sets the retract, feed plane, top of stock, and depth height values. It is easiest to set 



these using absolute values that reference the WCS, but it is also possible to use incremental 

numbers. The retract and feed plane heights do not need to be precise but need to be high enough 

to clear the top of the stock and not too high as that would unnecessarily increase cycle time.   

 

 
Figure 14- Linking parameters to set retract, feed plane, stock, and depth values 

 

Finally, the ending steps include checking to verify the G55 WCS is being used and the coolant 

is turned on for the operation. These are small but critical steps in the process. The final toolpath 

is shown in Figure 15.  

 

 
Figure 15 – Toolpath result for ½” end mill pocketing 

 

Tool wear is a common concern for shops as it affects the price and manufacturing time of parts. 

Dynamic milling is a common way to preserve the tool life by reducing the cutting forces the 

tool experiences. Shown in Figure 16 and Figure 17 are the first facing toolpaths for the 

business card holder with the 3” face mill. Similar to the toolpath above, the blue lines represent 

cutting and the yellow lines represent rapid movements. In Figure 16 is the toolpath in one pass 

across the part. This is a time efficient method of removing material but will wear the tool down 

over time. Figure 17 shows the same material removal operation using dynamic milling. 



Mastercam calculates the ideal toolpath to evenly wear the tool and produce a good surface 

finish.  

 

    
Figure 16 – Toolpath with one pass  Figure 17 – Toolpath with dynamic milling 

 

Cutter compensation accounts for the tool radius and simplifies the manufacturing while making 

more accurate parts. It uses geometry to define toolpaths instead of calculating each tool center 

position individually. This allows the operator to make fine adjustments to meet tolerances 

instead of having to change every toolpath. The G-code values are G41 for left climb milling and 

G42 for right conventional cutter compensation. G40 turns off cutter compensation.  

 

Using Mastercam, there are several cutter compensation options: computer, control, and wear. 

Computer compensation does not account for changes in the tool radius due to wear but offsets 

the radius of the tool from the part when drawing toolpaths. While using control compensation, 

the CAM system outputs the centerline cutter position data and the control offsets the tool using 

the radius value. Wear compensation considers changes in tool radii over time due to wear on the 

tool.  

 

 
Figure 18 – Cutter compensation options for milling operations 

 

When all toolpaths are specified in Mastercam, the toolpaths can be displayed (as shown in 

Figure 19) to visually verify their position and accuracy.  



 
Figure 19 – Tool path cutter location lines for operation #2 

 

Toolpath creation in Mastercam is one of the main steps in creating and preparing the program. 

During this operation, several toolpaths were used which covered facing, pocketing, engraving, 

chamfering, and contouring. Each of these toolpaths were chosen to reach the desired surface 

finish and geometry while minimizing cycle time.   

 

 Simulation and Posting the Code 

 

When toolpaths are complete, they are simulated to review final geometry and reveal mistakes 

from a previous process. The final simulated result is shown in Figure 20. 

 

 
Figure 20 – Final simulated model in Mastercam 

 



Simulation is a critical step in the process because it allows the operator to confirm each toolpath 

is having the desired affect on the part. During the simulation process, a tool is shown and the 

software simulates the material removal process with each cutter path. The engraving tool is seen 

in Figure 20 as it completes the engraving process. 

 

To begin the simulation, a stock model or representation is added. For this operation, the 

SolidWorks model from operation #2 is used as the stock. This is imported and may be used as a 

reference for cutter paths or just a visual aid during simulation.  

 

The final process is to post process and generate G&M code to load into the CNC machine. This 

is done by selecting all desired operations and pressing the “G1” button in the “Toolpaths” menu 

in Mastercam. When the code is generated, the operator needs to adjust the file name to be 

O00338 to match the naming convention of OXXXXX (where X represents a number). Next, in 

this operation, all mentions of G55 were adjusted to be G54. This was because the WCS in the 

CNC machine was set as G54, whereas the CAM program had the WCS as G55. See 

Attachment D for an example of the G&M code produced during the post processing. Because 

this is a more complex operation, there are many more lines of code than in Operation #1, so this 

is not the complete code. 

 

CNC Setup Sheet Creation 

 

Machine setup preparation is a critical step in the CNC planning process. Proper work holding, 

feeds and speeds, and operation planning allows for a more repeatable and accurate parts. A 

CNC Setup Sheet communicates the work holding and set up intentions to the machine operator. 

Attachment E is the Setup sheet for this operation and it lists the equipment needed, tooling 

details, operation description, and feeds and speeds. Figure 21 is a picture of the stock setup in 

the machine; the work holding for this operation required soft jaws and a mill vise. Work holding 

is important to specify to ensure that the cutting forces do not shift the part or remove it from the 

vise. Additionally, by reviewing the Setup Sheet, the operator understands the tooling and steps 

necessary for the operation. This ensures that no detail or step is overlooked in the process.  

 

 
Figure 21 – Stock fixed in vise prepared for machining 



Soft jaws were used in this operation to locate the part for repeatable machining of multiple 

parts. Soft Jaws are a pair of machined pieces of aluminum that are customized for a specific job. 

These soft jaws locate the top left corner of the part and provide a flat surface to rest the part on. 

They are shown in Figure 21 and are fixed to the mill vise to prevent any movement or variation 

between setups.  

 

 
Figure 21 – Soft jaws are used to repeatably locate and clamp business card holder stock for 

machining 

 

The upper left corner machined into the soft jaws provides the necessary stop to locate each 

piece of stock as it is placed in the vise. This utilizes the 3-2-1 fixturing method previously 

discussed. The Work Coordinate System is established by the soft jaws which eliminated the 

need to locate each individual part at the start of each cycle. This was set as the G54 value in the 

CNC machine.  

 

During Operation #1, an edge finder was used to locate the x and y zero points for establishing 

the WCS. A gage block was used to set the height of each individual tool. For this operation, a 

probe was used which is a faster and more accurate method of locating a feature. A spindle probe 

located the upper left corner of the soft jaws and set the z zero location at the bottom where the 

part rests. A tool setting probe was used to efficiently touch off the height of each tool. This 

method is faster and more accurate than manually setting the heights and locations.  

 

First Article Inspection Process Overview 

 

Inspection is a critical part of the manufacturing process that ensures that manufactured parts 

meet the required specifications. These geometric dimensions and tolerances are determined by 

aesthetic, structural, and integration requirements. For this project, our tolerances were given 

with the original project constraints. The first step in the process was to review the tolerances 

specified in the engineering drawing (Attachment A). Due to the limited timeline of this project, 

there was not a First Article Inspection Report and full inspection of each geometric dimension 

and tolerance completed. 



 

A Coordinate Measuring Machine (CMM) accurately locates features of parts such as arcs and 

lines. These locations can be used to measure distances between lines, radii of arcs, and length of 

features. Figure 22 shows the completed business card holder placed on the CMM. The corner 

plastic pieces provide a predictable location place the parts for a program to be run to complete 

all necessary measurements. If a program was created, it could quickly analyze the desired 

features of the part and provide accurate measurements.  

 

 
Figure 22 – Business card holder placed on Coordinate Measuring Machine 

 

One feature the CMM can calculate is the radius of an arc. Figure 23 shows the corner being 

measured to have an actual radius of .1274”, which is within the .125 ±.005” tolerance range. 

This is one example of the many calculation possibilities. Because of the limited time of this 

project, not all measurements were taken.  

 

 
Figure 23 – Coordinate Measuring Machine evaluating arc radius 



Summary 

 

 
Figure 24 – Part with operation #2 machined  

 

CNC machining is an effective way to repeatably and efficiently produce machined parts. The 

final product is shown in Figure 24. For Operation #2 of the business card holder, new processes 

and tools were used to create a more efficient and accurate manufacturing and inspection 

process. Mastercam, soft jaws, the OMP 40 Probe, the tool setting probe, and the CMM 

expedited the manufacturing process into a repeatable and reliable system. They provide a more 

efficient and dynamic system for generating the G&M code, locating the part, and doing final 

inspection. This allows for more complex geometry and quicker part production. 

 

Errors in the machining process are revealed during the part inspection operation. At this point, it 

is important to adjust the setup process or G&M code to correct those errors and prevent 

production of parts that do not meet specified requirements. Even though there was not a 

complete inspection done, the part met the dimension tolerances that were measured. Using 

Mastercam rather than manually programming the part minimized errors and reduced cycle time. 

 

Suggestions for future improvement 

 

Tooling and equipment adjustments between operation #1 and operation #2 of the business card 

holder created a more efficient and accurate manufacturing process. For future parts, an 

inspection program should be created to quickly analyze critical dimensions and determine 

whether the part is in tolerance.  

 

Attachments 

 

A. Part Drawing 

B. Capability Analysis 

C. Job Planning / Part Routing 

D. G&M Code Sample  

E. Setup Sheet 

  



ATTACHMENT D 

 

% 

O00338(ROBYN) 

(DATE=DD-MM-YY - 28-11-18 

TIME=HH:MM - 10:46) 

(MCAM FILE - D:\IME 335 CNC 

BUSINESS CARD HOLDER BLANK 

2018-11-04.EMCAM) 

(NC FILE - D:\ROBYN.NC) 

(MATERIAL - ALUMINUM INCH - 2024) 

( T1 | 3" FACE MILL | H1 ) 

( T4 | 1/2 FLAT ENDMILL | H4 | XY 

STOCK TO LEAVE - .01 | Z STOCK TO 

LEAVE - 0. ) 

( T2 | 3/4 FLAT ENDMILL | H2 ) 

( T5 | 1/4 FLAT ENDMILL | H5 ) 

( T3 | 1/2 CHAMFER MILL | H3 ) 

( T6 | 1/16 BALL ENDMILL | H6 ) 

N100 G20 

N110 G0 G17 G40 G49 G80 G90 

N120 T1 M6 

N130 G0 G90 G55 X-.0691 Y-5.3058 A0. 

S4456 M3 

N140 G43 H1 Z.84 M8 

N150 G1 Z.675 F20.59 

N160 X-.7959 Y-3.676 F71.34 

N170 X-.8849 Y-3.4764 

N180 G3 X-1.024 Y-3.274 I-.6164 J-.2749 

N190 G1 X-1.0859 Y-3.1806 

N200 X-1.169 Y-3.0131 

N210 X-1.221 Y-2.8694 

N220 X-1.2543 Y-2.7458 

N230 X-1.2943 Y-2.5362 

N240 X-1.3164 Y-2.351 

N250 X-1.3269 Y-2.1833 

N260 X-1.3302 Y-2.0277 

N270 X-1.3287 Y-1.8804 

N280 X-1.3243 Y-1.7388 

N290 X-1.3179 Y-1.6007 

N300 X-1.3101 Y-1.465 

N310 X-1.3012 Y-1.3306 

N320 X-1.2916 Y-1.1972 

N330 X-1.2814 Y-1.0642 

N340 X-1.2707 Y-.9315 

N350 X-1.2484 Y-.7377 

 

 

N360 X-1.199 Y-.5375 

N370 X-1.118 Y-.3474 

N380 X-1.0083 Y-.1686 

N390 X-.8755 Y-.0063 

N400 X-.7259 Y.1368 

N410 X-.5649 Y.2602 

N420 X-.3972 Y.3648 

N430 X-.2262 Y.4522 

N440 X-.0544 Y.5244 

N450 X.1167 Y.5835 

N460 X.2859 Y.6314 

N470 X.4529 Y.6699 

N480 X.6173 Y.7003 

N490 X.7792 Y.7239 

N500 X.9386 Y.7418 

N510 X1.0957 Y.7549 

N520 X1.2506 Y.7639 

N530 X1.4037 Y.7693 

N540 X1.555 Y.7717 

N550 X1.7049 Y.7716 

N560 X1.8536 Y.7693 

N570 X2.0012 Y.7652 

 

... lines N580 – N8520... 

 

N8530 Z.65 F6.16 

N8540 G0 X3.9544 Y-1.925 

N8550 G1 Z.597 F6.16 

N8560 G3 X3.9919 Y-1.8875 I0. J.0375 

F85.57 

N8570 X3.9544 Y-1.85 I-.0375 J0. 

N8580 G1 X3.9 

N8590 Y-1.925 

N8600 Y-2. 

N8610 Z.65 F6.16 

N8620 G0 Y-1.925 

N8630 G1 Z.597 F6.16 

N8640 X3.9544 F85.57 

N8650 Z.65 F6.16 

N8660 M5 

N8670 G91 G0 G28 Z0. M9 

N8680 G28 X0. Y0. A0. 

N8690 M30 

% 



 1.125 
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ATTACHMENT A

NOTES: 
ENGRAVE CAL POLY RACING LOGO1.
DURING CNC MILL OPERATION #2
ENGRAVE NAME DURING CNC MILL2.
OPERATION#2

PER ASME Y14.5 2009

BROBYN RIBET11/28/2018

IME 335 BUSINESS CARD HOLDER

SHEET 1 OF 1

UNLESS OTHERWISE SPECIFIED:

SCALE: 1:1
REVDRAWN BY:DATE:

TITLE:

SIZE

 .005 A

MATERIAL:
DIMENSIONS ARE IN INCHES
TOLERANCES:
ONE PLACE DECIMAL  .1
TWO PLACE DECIMAL  .01
THREE PLACE DECIMAL  

INTERPRET DRAWING

6061-T6 ALUMINUM

2

1

B

C

 4X R.125 

 2.120 

 5.025 

 R.375 

 2.250 

 .065 

 5.500 

 .065 

 .065 

 3.588 

 4X R.125 

AA

SOLIDWORKS Educational Product. For Instructional Use Only.



Width Normal Width Bin Frequency
5.5030 Average Width: 5.5016 5.5030 Average Width: 5.5021 5.4970 0
5.5010 Standard Deviation: 0.0032 5.5010 Standard Deviation: 0.0013 5.4980 0
5.5000 5.5000 Range Tolerance: 0.0100 5.4990 0
5.5020 5.5020 Range Spread: 0.0060 5.5000 3
5.5020 5.5020 Cp Value: 1.67 5.5010 3
5.5010 5.5010 5.5020 10
5.5025 5.5025 5.5030 6
5.5010 5.5010 5.5040 1
5.5020 5.5020 5.5050 0
5.5000 5.5000 5.5060 1
5.5060 5.5060 5.5070 0
5.5030 5.5030
5.5020 5.5020
5.5030 5.5030
5.5020 5.5020
5.5030 5.5030
5.5030 5.5030
5.5020 5.5020
5.5040 5.5040
5.5020 5.5020
5.5030 5.5030
5.5020 5.5020
5.5020 5.5020
5.5000 5.5000
5.4870 5.5020
5.5020

Attachment B - Capability Analysis
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NAME: Robyn Ribet
PART: CNC Business Card Holder

DRAWING REV: A
MATERIAL: 6061-T6

OP # Operation Description Machine Tool or Cell Tooling and Fixtures Required
10 Cut .75"x2.50" 6061-T6 Aluminum bar 

stock to length of 5.70 inches
Horizontal Bandsaw Dial caliper, file

20 CNC Operation #1 Haas VF-2 Mill vise, 1 5/8" parallels, edge finder, test indicator, 3" face 
mill, 3/4" End mill, 1/2" 90 degree spot drill, dial caliper 

30 First Article Inspection Report Op #1 Metrology Lab Dial caliper, test indicator and stand, surface plate, 3 jack 
screws, optical comparitor, radius gage

40 CNC Operation #2 Haas VF-2 Mill vise, soft jaw set, test indicator and holder, 3" 4 flute face 
mill, 1/2" 4 flute End Mill, 3/4" 3 flute end mill, 1/4" 3 flute 
end mill, 1/2" 90 degree spot drill, 1/16" 2 flute ball end mill, 
tool setter, OMP 40 Probe

50 First Article Inspection Report Op #2 Metrology Lab Coordinate-measuring machine

60 Wash, Polish, Package Shop Rag, Polish

Attachment C - Job Planning / Part Routing

PART ROUTING/JOB PLANNER

Notes: Deburr all edges after every operation



Attachment D 
 
% 
O00338(ROBYN) 
(DATE=DD-MM-YY - 28-11-18 
TIME=HH:MM - 10:46) 
(MCAM FILE - D:\IME 335 CNC 
BUSINESS CARD HOLDER BLANK 
2018-11-04.EMCAM) 
(NC FILE - D:\ROBYN.NC) 
(MATERIAL - ALUMINUM INCH - 2024) 
( T1 | 3" FACE MILL | H1 ) 
( T4 | 1/2 FLAT ENDMILL | H4 | XY 
STOCK TO LEAVE - .01 | Z STOCK TO 
LEAVE - 0. ) 
( T2 | 3/4 FLAT ENDMILL | H2 ) 
( T5 | 1/4 FLAT ENDMILL | H5 ) 
( T3 | 1/2 CHAMFER MILL | H3 ) 
( T6 | 1/16 BALL ENDMILL | H6 ) 
N100 G20 
N110 G0 G17 G40 G49 G80 G90 
N120 T1 M6 
N130 G0 G90 G55 X-.0691 Y-5.3058 A0. 
S4456 M3 
N140 G43 H1 Z.84 M8 
N150 G1 Z.675 F20.59 
N160 X-.7959 Y-3.676 F71.34 
N170 X-.8849 Y-3.4764 
N180 G3 X-1.024 Y-3.274 I-.6164 J-.2749 
N190 G1 X-1.0859 Y-3.1806 
N200 X-1.169 Y-3.0131 
N210 X-1.221 Y-2.8694 
N220 X-1.2543 Y-2.7458 
N230 X-1.2943 Y-2.5362 
N240 X-1.3164 Y-2.351 
N250 X-1.3269 Y-2.1833 
N260 X-1.3302 Y-2.0277 
N270 X-1.3287 Y-1.8804 
N280 X-1.3243 Y-1.7388 
N290 X-1.3179 Y-1.6007 
N300 X-1.3101 Y-1.465 
N310 X-1.3012 Y-1.3306 
N320 X-1.2916 Y-1.1972 
N330 X-1.2814 Y-1.0642 
N340 X-1.2707 Y-.9315 
N350 X-1.2484 Y-.7377 

 
 
N360 X-1.199 Y-.5375 
N370 X-1.118 Y-.3474 
N380 X-1.0083 Y-.1686 
N390 X-.8755 Y-.0063 
N400 X-.7259 Y.1368 
N410 X-.5649 Y.2602 
N420 X-.3972 Y.3648 
N430 X-.2262 Y.4522 
N440 X-.0544 Y.5244 
N450 X.1167 Y.5835 
N460 X.2859 Y.6314 
N470 X.4529 Y.6699 
N480 X.6173 Y.7003 
N490 X.7792 Y.7239 
N500 X.9386 Y.7418 
N510 X1.0957 Y.7549 
N520 X1.2506 Y.7639 
N530 X1.4037 Y.7693 
N540 X1.555 Y.7717 
N550 X1.7049 Y.7716 
N560 X1.8536 Y.7693 
N570 X2.0012 Y.7652 
 
... lines N580 – N8520... 
 
N8530 Z.65 F6.16 
N8540 G0 X3.9544 Y-1.925 
N8550 G1 Z.597 F6.16 
N8560 G3 X3.9919 Y-1.8875 I0. J.0375 
F85.57 
N8570 X3.9544 Y-1.85 I-.0375 J0. 
N8580 G1 X3.9 
N8590 Y-1.925 
N8600 Y-2. 
N8610 Z.65 F6.16 
N8620 G0 Y-1.925 
N8630 G1 Z.597 F6.16 
N8640 X3.9544 F85.57 
N8650 Z.65 F6.16 
N8660 M5 
N8670 G91 G0 G28 Z0. M9 
N8680 G28 X0. Y0. A0. 
N8690 M30 
% 



NAME: MACHINE TOOL: Haas VF-2

PART: PRINT: Business Card Holder OP #1

DWG REV: QTY MACHINED: 1

MATERIAL: 

OP #

20

T# Tooling Description Surface Speed 

(ft/min)

RPM 

(rev/min)

Chip Load 

(in/tooth)

Linear Feed 

Rate (in/min) 

T1 3" 4-Flute Carbide 

Insert Face Mill

3500 4456 0.004 71

T2 3/4" 3-Flute Carbide 

End Mill

950 4838 0.001 15

T3 1/2" 2-Flute HSS 45° 

Chamfer Tool

350 6685 0.002 53

T4 1/2" 4-Flute Carbide 

CC End Mill

750 5730 0.003 69

T5 1/4" 4-Flute Carbide 

CC End Mill

650 9932 0.002 79

T6 1/16" 4-Flute Ball 

End Mill

350 10000 0.001 86

T25 Renishaw OMP 40 

Probe

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

Attachment E - CNC Setup Sheet

Setup Figure

CNC OPERATION SETUP SHEET

Machining Operation Description

Tooling Information: Mill Vice, Test Indicator, Mallet, Soft Jaws, 3” Face Mill, ¾” 3-Flute End Mill, 1/2" 2-Flute Chamfer Tool, 1/2" 4-Flute End Mill, 1/2" 4-Flute End Mill, 1/16" 4-

Flute Ball End Mill, Renishaw OMP 40 Probe, Renishaw Tool Setting Probe

Begin operation with squaring the mill vice using the test indicator, and a mallet. Next, load the Renishaw OMP 40 probe (T25), 3” Face Mill (T1), ¾” 3-Flute End Mill (T2), 1/2" 

2-Flute Chamfer Tool (T3), 1/2" 4-Flute End Mill (T4), 1/2" 4-Flute End Mill (T5), and 1/16" 4-Flute Ball End Mill (T6) into the machine. Use the tool setting probe to locate the 

height of all tools. Using the OMP 40 Probe, locate the G55 coordinate system. Set the Z height as the bottom of the vise and the x and y values in the back left corner of the soft 

jaws. Make sure stock is deburred before loading it into the machine. Place the stock on the soft jaws securely in the back left corner to accurately locate it. Tighten the vice to 

secure the part. The Operation 2 program will face off the part, mill out the pocket and ramp, and engrave the design. Select and run the program O00338. 

Robyn Ribet

Business Card Holder

A

6061-T6 Aluminum

Inspection Equipment: Dial Calipers, Coordinate Measuring Machine

Personal Protection Required (PPE): Safety Glasses, Closed Toed Shoes


