Wax Mold CAD/CAM Workflow
Fusion 360 + Carvera Milling Machine
Project Goal
You will design a small object or surface relief in Fusion 360, prepare it for molding and casting, create CAM toolpaths in Fusion 360 Manufacture, export Carvera-compatible machine code, and mill the design into a wax block approximately 2 in × 3 in.
Your final wax mold should be:
1. Small enough to fit inside the wax block. 
2. Designed with enough border material around the cavity. 
3. Smooth enough to cast successfully. 
4. Machinable with the available milling tools. 
5. Free of features that are too thin, too deep, or too vertical for the cutter to reach. 

Part 1: Understand What You Are Making
1. Mold vs. Final Cast Object
Before designing, remember this important idea:
You are not directly machining the final object.
You are machining a negative space in wax.
That means:
· Raised areas in your final cast object must be cut down into the wax. 
· Recessed areas in your final cast object will remain higher in the wax. 
· If you include text, the text may need to be mirrored depending on the mold/casting process. 
Think of the wax block as a container that will hold the liquid casting material.

Part 2: Design Rules for a 2 in × 3 in Wax Block
Assume your wax block is approximately:
· X direction: 3.000 in 
· Y direction: 2.000 in 
· Z thickness: measure your actual block 
Safe Design Area
Do not use the entire top surface. Leave a border.
Recommended design boundary:
· Leave at least 0.20 in from every outside edge. 
· Better: leave 0.25 in if your design allows. 
For a 3 in × 2 in block, a safe mold cavity area is approximately:
· 2.50 in wide 
· 1.50 in tall 
This gives you enough wax around the design so the mold does not break or chip.

Part 3: Design Constraints for Milling Wax
Avoid These Features
Do not design:
· Very thin walls 
· Sharp inside corners that require a tool smaller than you have 
· Deep, narrow slots 
· Tall vertical walls with no draft 
· Tiny text 
· Features smaller than your smallest end mill 
· Overhangs 
· Undercuts 
A CNC mill cuts from above. It cannot reach sideways underneath a feature.
Recommended Feature Sizes
For a beginner wax mold:
	Feature
	Recommended Minimum

	Border around mold
	0.20–0.25 in

	Smallest raised/recessed detail
	0.04–0.06 in

	Text height
	0.20 in or larger

	Mold cavity depth
	0.10–0.25 in

	Wall thickness
	0.10 in or larger

	Corner radius
	Match or exceed tool radius


If using a 1/8 in flat end mill, the tool radius is 1/16 in, or 0.0625 in. That means inside corners cannot be perfectly sharp.

Part 4: CAD Setup in Fusion 360
Step 1: Create a New Design
1. Open Fusion 360. 
2. Create a new design. 
3. Save the file immediately with a clear name:
LastName_WaxMold_Fusion360
4. Set units to inches: 
· Go to Document Settings. 
· Hover over Units. 
· Click the pencil/edit icon. 
· Choose Inches. 

Step 2: Model the Wax Block
1. Create a new sketch on the XY plane. 
2. Draw a center rectangle. 
3. Set the rectangle dimensions to: 
· 3.000 in 
· 2.000 in 
4. Finish the sketch. 
5. Extrude the rectangle upward to match your wax block thickness. 
Example:
· If your wax is 0.75 in thick, extrude to 0.75 in. 
· If your wax is 1.00 in thick, extrude to 1.00 in. 
Name this body:
Wax Block

Step 3: Create the Safe Design Boundary
1. Start a sketch on the top face of the wax block. 
2. Use Offset or draw a rectangle inside the top face. 
3. Create a border at least 0.20 in from the outside edges. 
Recommended:
· Outer block: 3.000 in × 2.000 in 
· Inner design boundary: 2.500 in × 1.500 in 
Center this inner rectangle on the wax block.
This inner rectangle shows where your design is allowed to go.

Part 5: Create the Mold Cavity
Option A: Simple Recessed Shape
This is the best beginner option.
1. Sketch your design inside the safe design boundary. 
2. Use simple shapes: 
· Circles 
· Rounded rectangles 
· Smooth curves 
· Large text 
· Simple icons 
3. Finish the sketch. 
4. Select the design region. 
5. Extrude downward into the wax. 
Recommended cut depth:
· Start with 0.15 in 
· Do not cut too close to the bottom of the wax block. 
For example, if your wax block is 0.75 in thick, a 0.15–0.25 in mold cavity is usually reasonable.

Option B: Relief Design
A relief design has different heights, like a coin, badge, or medallion.
1. Create the main recessed mold cavity first. 
2. Add raised or lowered design features inside it. 
3. Use shallow height differences. 
Recommended relief heights:
· Main cavity depth: 0.15 in 
· Detail depth changes: 0.02–0.06 in 
Avoid extreme height changes. Smooth, shallow reliefs cast better and are easier to mill.

Option C: Text in the Mold
If you add text:
1. Use large, bold text. 
2. Avoid thin fonts. 
3. Use simple fonts such as Arial Bold or another clean sans-serif font. 
4. Text should be at least 0.20 in tall. 
5. Convert text to geometry only if needed. 
6. Consider whether the text must be mirrored. 
Important:
If the text is meant to read correctly on the final cast object, it often needs to appear reversed in the mold.

Part 6: Add Draft and Fillets
Why Draft Matters
A mold with perfectly vertical walls can make it harder to remove the casting. Draft means the wall is slightly angled.
For beginner projects, add a small draft angle when possible.
Recommended draft:
· 3° to 5° 
Add Fillets
Sharp edges can:
· Chip during milling 
· Trap casting material 
· Make demolding harder 
· Create weak cast parts 
Add small fillets to internal edges.
Recommended fillet sizes:
· Small detail fillets: 0.01–0.03 in 
· Larger cavity fillets: 0.03–0.06 in 
Do not add fillets smaller than the tool can reasonably cut.

Part 7: Prepare for CAM in Fusion 360
Step 1: Switch to Manufacture Workspace
1. In Fusion 360, switch from Design to Manufacture. 
2. Create a new setup. 

Step 2: Create the CAM Setup
In the Setup dialog:
Operation Type
Choose:
· Milling 
Model
Select the wax block body or the mold geometry.
Work Coordinate System
Set the origin carefully.
Recommended beginner origin:
· Top-front-left corner of the wax block, or 
· Top-center of the wax block 
Your instructor may require one specific origin. Use the same origin when setting up the machine.
For many classroom workflows, top-center is easy because the design is centered. However, top-front-left can be easier for measuring from the physical stock corner.
Stock
Set stock size to the actual wax block dimensions.
Example:
· X: 3.000 in 
· Y: 2.000 in 
· Z: actual measured thickness 
Set stock offset to 0 if you already modeled the wax block at its real size.

Part 8: Choose Tools
The exact tools depend on what your lab has installed. A common beginner setup is:
Roughing Tool
Use:
· 1/8 in flat end mill 
Purpose:
· Removes most of the wax quickly. 
· Good for clearing large areas. 
Finishing Tool
Use:
· 1/16 in ball end mill, or 
· 1/16 in flat end mill 
Purpose:
· Captures finer details. 
· Improves surface finish. 
Detail Tool, If Available
Use:
· 1/32 in ball end mill 
Purpose:
· Small text 
· Fine textures 
· Small curved details 
Only use very small tools if your design actually requires them. Small tools are easier to break and take longer to machine.

Part 9: CAM Toolpath Strategy
For a wax mold, you usually need at least two toolpaths:
1. Roughing 
2. Finishing 
A third detail pass may be added if needed.

Toolpath 1: Roughing
Recommended Fusion 360 operation:
· 3D Adaptive Clearing, or 
· 2D Pocket if the cavity is simple and flat-bottomed 
Use roughing to remove most of the wax.
Suggested Roughing Settings
For wax, use conservative classroom settings unless your instructor gives specific speeds and feeds.
General starting ideas:
	Setting
	Beginner Recommendation

	Tool
	1/8 in flat end mill

	Stepdown
	0.03–0.06 in

	Stepover
	30–50% of tool diameter

	Stock to Leave
	On

	Radial Stock to Leave
	0.005–0.015 in

	Axial Stock to Leave
	0.005–0.015 in


Leave a small amount of material for the finishing pass.
Do not try to get the final surface quality with the roughing pass.

Toolpath 2: Finishing
Recommended Fusion 360 operations:
· Parallel 
· Scallop 
· Contour 
· Ramp 
· Pencil, for small inside corners 
For many beginner mold designs:
· Use Parallel for smooth 3D surfaces. 
· Use Scallop for curved surfaces. 
· Use 2D Contour for clean vertical or drafted edges. 
Suggested Finishing Settings
	Setting
	Beginner Recommendation

	Tool
	1/16 in ball end mill or flat end mill

	Stepover
	0.005–0.015 in

	Stepdown
	Small, depending on geometry

	Stock to Leave
	Off

	Smoothing
	On, if available

	Tolerance
	Fine enough for surface quality


A smaller stepover creates a smoother surface but takes longer.

Toolpath 3: Detail Pass, If Needed
Use this only if your design has small features.
Possible operations:
· Pencil 
· Trace 
· Engrave 
· Contour 
Use a small tool only after roughing and finishing have removed most of the material.

Part 10: Simulate Before Exporting
Before exporting any code, simulate the toolpaths.
In Fusion 360:
1. Select your setup or toolpath. 
2. Click Simulate. 
3. Turn on stock visibility. 
4. Watch the entire simulation. 
5. Look for: 
· Tool cutting outside the wax block 
· Tool plunging too deeply 
· Tool hitting uncut walls 
· Missed features 
· Text not appearing correctly 
· The mold being reversed incorrectly 
· Excessive machining time 
Do not skip simulation.
If the simulation looks wrong, the machine will probably cut it wrong.

Part 11: Post Process for the Carvera
Fusion 360 exports machine code through the Post Process tool. Autodesk’s support documentation describes the general workflow: create/select toolpaths, open the post processor dialog, choose the correct post, and generate NC/G-code. 
Steps
1. In Manufacture, right-click your setup or selected operations. 
2. Choose Post Process. 
3. Select the correct Carvera post processor/profile. 
4. Confirm: 
· Units are correct. 
· Machine is correct. 
· Tool numbers match the tools loaded in the Carvera. 
· Work origin matches your setup. 
· File extension is appropriate for your Carvera workflow. 
Community Carvera Fusion profiles mention Carvera-specific profiles and post processors, including an ATC millimeter .cnc post option, but your class should use the profile/post processor approved by your instructor or lab manager. 
Name your posted file clearly:
LastName_WaxMold_Roughing.cnc
or, if posting all operations together:
LastName_WaxMold_AllOps.cnc

Part 12: Prepare the Carvera
Before Loading the Wax
Check:
1. The machine is clean. 
2. The correct tools are installed. 
3. The collets are tight. 
4. The wax block is flat and secure. 
5. The spoilboard or fixture is ready. 
6. The emergency stop is accessible. 
7. The correct file is selected. 
8. You know where the job origin is. 

Secure the Wax Block
The wax must not move.
Possible workholding methods:
· Double-sided tape 
· Low-profile clamps 
· Fixture plate 
· Vise, if appropriate 
For a small 2 in × 3 in wax block, double-sided tape is often useful, but it must be strong enough to resist cutting forces.
Press the wax firmly onto the work surface.
Make sure no clamp is in the toolpath.

Part 13: Set the Origin on the Machine
Your machine origin must match the Fusion 360 setup origin.
If you chose top-center in Fusion 360:
· Set X/Y zero at the center of the wax block. 
· Set Z zero on the top surface of the wax. 
If you chose top-front-left in Fusion 360:
· Set X/Y zero at the front-left top corner. 
· Set Z zero on the top surface. 
Be consistent.
A mismatch between Fusion origin and machine origin is one of the most common causes of failed CNC jobs.

Part 14: Run the Job Safely
Before pressing start:
1. Confirm the correct file. 
2. Confirm the correct tool. 
3. Confirm the wax is secure. 
4. Confirm the origin is correct. 
5. Confirm the toolpath stays inside the wax. 
6. Confirm the lid/cover is closed if required. 
7. Keep your hand near the emergency stop during the first movement. 
Start the job and watch carefully at the beginning.
Stop immediately if:
· The tool moves toward a clamp. 
· The tool cuts outside the wax. 
· The wax shifts. 
· The tool sounds wrong. 
· The machine moves unexpectedly. 
· The tool plunges too deeply. 

Part 15: Inspect the Finished Wax Mold
After machining:
1. Remove the wax carefully. 
2. Brush or vacuum chips away. 
3. Do not gouge the mold surface. 
4. Check the details. 
5. Look for: 
· Rough surfaces 
· Broken thin walls 
· Missing text 
· Tool marks 
· Areas the tool could not reach 
· Mold walls that are too vertical 
· Features too shallow to cast well 
If needed, revise the Fusion model and CAM settings.

Part 16: Before Casting
Before pouring casting material:
1. Clean the wax mold. 
2. Remove wax chips from corners. 
3. Check whether mold release is required. 
4. Make sure the mold is dry and free of debris. 
5. Confirm the casting material is safe for wax. 
6. Follow all material safety instructions. 

Student Checklist Before Milling
CAD Checklist
· My wax block is modeled at the correct size. 
· My design fits inside the safe boundary. 
· I left at least 0.20 in around the design. 
· My cavity is not too deep. 
· My details are not too small. 
· My text is large enough. 
· My text is mirrored if needed. 
· I added fillets where appropriate. 
· I avoided undercuts and overhangs. 
CAM Checklist
· My setup uses the correct stock size. 
· My origin is intentional and matches how I will set up the machine. 
· I selected the correct tools. 
· I created a roughing toolpath. 
· I created a finishing toolpath. 
· I simulated the toolpaths. 
· I checked for collisions. 
· I checked that the tool does not cut outside the wax. 
· I posted the file using the correct Carvera post processor. 
Machine Checklist
· The wax is secure. 
· The correct tools are loaded. 
· The origin is set correctly. 
· The correct file is loaded. 
· The toolpath avoids clamps. 
· I watched the first movements carefully. 
· I stopped the machine if anything looked wrong. 

Common Mistakes to Avoid
1. Designing the final object instead of the mold cavity
Remember: the wax is the negative. 
2. Making details too small
If the tool cannot fit, the machine cannot cut it. 
3. Forgetting to mirror text
Text may come out backward in the cast. 
4. Using the wrong origin
Fusion origin and machine origin must match. 
5. Skipping simulation
Simulation catches mistakes before wax, tools, or machines are damaged. 
6. Cutting too deep
Leave enough wax below the cavity. 
7. Using only one toolpath
Roughing removes material. Finishing improves quality. 
8. Forgetting stock to leave during roughing
A finishing pass needs a small amount of material to clean up. 
9. Poor workholding
If the wax moves, the mold is ruined. 
10. Trying to make vertical, sharp, tiny details
CNC tools are round. Design for the tool you have. 

Final Reminder
A successful wax mold is not just a good-looking CAD model. It is a design that considers:
· The size of the wax block 
· The diameter of the milling tools 
· The direction the tool approaches from 
· The need for smooth casting surfaces 
· The need to remove the casting from the mold 
· The limitations of the CNC machine

