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1. Problem Summary

We will summarize the basic procedure for defining a turning process in DEFORM-3D,

then we will go through each step in detail.

1
2
3.
4

10.
11.
12.
13.

14.

15.

Set Simulation controls ¥ . Set unit system (English or Sl), turn on heat transfer
Set object name for workpiece
Import workpiece geometry
Generate mesh on workpiece
a. Smallest element ¥ to 1/5 of feed
b. Size ratio 6to 8
Assign workpiece material
Assign workpiece boundary conditions
a. Velocity = 0 on bottom surface

b. Heat exchange with environment on all surfaces

Add a second object to the object tree E

Assign tool name

Import tool geometry

Generate mesh on tool

Assign tool material

Assign tool movement

Assign tool boundary conditions
a. Heat exchange with environment on all surfaces

Set simulation controls
a. Step -> Solution Steps Definition such that tool moves %2 element length
b. Stopping control based on time or distance

Object positioning =~ .
a. Rotational position insert to correct angle
b. Mouse drag tool above workpiece

c. Interference position tool down onto workpiece

o

Interference position tool sideways into workpiece “shoulder”
e. Offset position “feed” distance into workpiece.
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f. Interference position insert against end of tool

16. Inter-Object Relationships % :

a. Accept default relationships
b. Add relationship: Workpiece Master-Workpiece slave
c. Edit
i. Friction=0.4-0.7
ii. Interface heat transfer coefficient 0.01(English) or 30(SI)
17. Generate contact

18. Check and generate database & :
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2. Creating a new problem file

From the main DEFORM window, click the New Problem icon B . Use the DEFORM-
3D preprocessor, and enter a problem name. Follow the setup wizard until the
preprocessor opens.

We will simulate a turning process with a DNMAA432 insert, in AISA-1045, with

e 0.012 IPR feed
e 0.020 DOC
e 500 SFM cutting speed.

3. Set Units and Heat Transfer mode

Click the Simulation Controls & icon. Be sure the unit system is set to English.
Check the box next to Heat Transfer to enable temperature calculations.
Click OK to exit heat transfer calculations.

4. Import work piece geometry
Click on Geometry and Import Geo. Select the file “TurnWorkpiece.stl.” Check the
geometry. It is important the geometry have

e One surface

e No free edges

e Noinvalid edges
If the geometry has some small errors, the “Fix Geo” option may be helpful. If there are a
large number of errors, it may be necessary to repair the CAD model, and re-export the
stl file.

5. Generate a mesh on the workpiece

Click Mesh. Go to the Detailed Settings tab. Set the mesh Type to Absolute. This
means that we will specify element size, rather than number of elements (relative).

We will base the smallest element on the uncut chip thickness. Since the feed is 0.012”,

we’ll use a fraction of this value. For a normal simulation, we would like to have 4 to 5 or
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more elements in the uncut chip thickness. For the tutorial, we want a simulation that will
run quickly, so we will define the minimum element size to be % the feed, or 0.006”.
We’ll use a mesh window to specify refinement of the initial mesh, then delete the mesh
window and let the system use strain and strain rate weighting for the subsequent meshes.
Go to the Weighting Factors tab, and set the “mesh density windows” slider to 1, and all
others to 0.

Click the Mesh Windows tab, and click the “+’ sign to add a window. Click on the left
end of the workpiece. The window should look like the image below (See figure 1). You

can drag the dots on the center faces of the mesh window to resize the box, if necessary
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Figure 1: Generating mesh window on work piece.
Set the Element Size in the mesh window to the same size as the minimum element size,
or 0.006”.
Generate a Surface Mesh, be sure the mesh distribution looks reasonable (see picture
below) then generate a solid mesh. Notice the loss of resolution at the coarse mesh end of
the workpiece. This effect will be reduced substantially with a finer mesh.

Click the “Save” icon in the top left corner of the interface to save a temporary file.
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After the initial mesh is generated, we no longer want the mesh window. Click the “~*
icon to delete it.
Now go back to the “Weighting Factors” tab and set the
e  Mesh Windows slider to 0
e Strain slider to about 0.650
e  Strain rate slider to about 0.350
e All other sliders to 0.
These numbers don’t need to be exact.

Click the “save” icon again.

6. Assign material
Click the Material icon. Open the “Steel” folder, and select AlSI-1045 Machining.

Click the Assign Material button to assign the material to the workpiece.

7. Assign Boundary Conditions

Click the Bdry. Cnd. Icon. Select Velocity from the tree. Rotate the workpiece so the
bottom is visible, and pick a node on the bottom of the workpiece. Select the X direction.
Click the Add Boundary Condition icon (See Figure 2).
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Figure 2: Boundary Conditions defined for work piece.

The X, Fixed line should appear in the boundary condition tree.
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Repeat for the Y and Z directions. When you have completed, the lines

e X, Fixed

e Y, Fixed

e Z, Fixed
Should appear under the velocity tab.
Click Heat Exchange w/ Environment in the boundary condition tree. Click the All
button in the Pick Surface Elements window in the extreme lower left corner of the
interface. Then click the Add Boundary Conditions icon.
The word “Defined” should appear in the boundary condition tree.

Click the “Save” icon to save the data.

8. Import Tool Geometry

Add a second object to the object tree using the Add Object i icon.

Go to Geometry. Click the Assign file name to object name while loading geometry
icon, and import the tool geometry. The file name is DNMA432.STL
(3D—>Machining—> Insert folder).

9. Generate a mesh on the tool

Go to Mesh for object 2. Change the number of elements to 10,000. (For realistic
simulations, 20 to 40,000 elements in the tool is reasonable). Since meshing is not as
critical on the tool as it is on the workpiece, we will use relative mesh specification, and
assign a rough number of elements.

Go to Detailed Settings and set the Weighting Factor for mesh windows to 1, and all
others to zero. Put a mesh window on the tip of the tool, and assign a Ratio to elements

Outside window of 0.1 (See Figure 3). Generate a surface mesh, then a solid mesh.
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Figure 3: Generating mesh for the tool.
10. Assign work piece material
Open the “Die Materials” folder, and select “Carbide (15% Cobalt)”. Assign the material
to the tool.

Click the “save” icon to save the data.

11. Assign movement controls

We will use a cutting speed of 500 SFM. In the DEFORM-3D preprocessor, all speeds
must be specified in inches/second. 500 SFM = 100 in/sec.

Assign 500 in/sec, and select the direction as Y. DEFORM has a movement preview, but
it is necessary to set a time step in simulation controls first.

Go to the Simulation Controls icon on the top line menu, and under Step set a constant
die displacement of 0.001” per step. Click OK to get out of the simulation controls
window.

Now click the Preview button and click the “play” arrow.

Click OK to get out of preview. Save the data.
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12. Assign boundary conditions to tool
Go to the Bdry Cnd icon. Apply Heat Exchange with the environment boundary
conditions to All surfaces of the tool. Remember to click the Add Boundary Conditions

icon after selecting the surfaces.

13. Assign simulation controls

Click the Simulation Controls icon, and go to the Step definition. We will set the tool
movement per step to about ¥ of the smallest element size or 0.0015”. Set Solution
Steps Definition to With Constant Die Displacement and assign 0.0015”.

Since the total cut distance is a bit over the 0.3” workpiece length, set the number of steps
to 250. Due to remeshing and automatic time stepping, the total distance traveled will not
be exactly 0.0015 x 250. So we need to set a secondary stopping control.

Go to the Stop tab, and set the Primary Die Displacement to 0, 0.31”, 0 in the X, Y, and
Z directions.

The simulation will run 250 steps, unless it reaches the stopping criteria first.

Click OK to exit Simulation Controls.

Save the data.

14. Position Objects

Click the Object Positioning a: icon at the top of the interface.

Make cutting tool the positioning object.

We will use a -5 degree face rake and a -5 degree side rake on the tool. Use Rotational
position, and specify a rotation about the X axis of -5. Click Apply. Now specify a
rotation of 5 degrees around the +Z axis, and click Apply again.

Use Drag method positioning to drag the insert to a position on top of the workpiece,

over the already cut region (See Figure 4).

10
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Figure 4: Drag positioning of tool.
Now use Interference positioning to move the tool down until it touches the workpiece.
Be sure the Positioning object is the Tool, the Reference Object is the Workpiece.
Make the approach direction —Z, and click Apply.
Now we’ll position the tool against the shoulder in the workpiece.
First, use Offset positioning to move the tool 0.0005 in the +Z direction to create a small
amount of clearance.
Next, use Interference positioning to move the tool in the —X direction until it touches
the workpiece.
This becomes the base position for defining feed.
Use Offset positioning to move the tool 0.012” in the —X direction.
Now use Interference positioning. Specify the +Y direction. The tool will back off, and
approach until it touches the workpiece.

The final position should look like the image below (See Figure 5).

11
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Figure 5: Final position of tool.

Click OK to get out of object positioning.

Save the data.

15. Inter-object Relationship
O

Click the Inter-Object — = icon . The system will offer to assign default relationships.
Accept this.

Click the Inter-Object icon, which is right next to the Positioning icon. The system will
prompt the user to define default relationships. Click “Yes.” The tool is automatically
defined as the master object, and the workpiece as the slave. In DEFORM simulation, the
object causing deformation will always be the master, and the object being deformed will
be the slave.

Click Edit to define friction and heat transfer values.

Friction modeling is still a matter of some discussion amongst researchers. We have
found that, in the absence of better information, values in the range of 0.5 to 0.6 give

reasonable results. Enter a value of 0.6 for constant friction.

12
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Go to the Thermal tab and enter a heat transfer coefficient of 40.

The Friction Window tab allows localized friction values to be defined. We will not use
this feature.

Click Close to exit the editing screen. The values you entered should now appear in the
table.

e Self contact

We need to add one more contact relationship. Since the chip is likely to touch the
workpiece, we need to instruct the system to search for this possible contact mode.
\Click the “+’ button, and a “None — None” relationship will appear in the table. At the
bottom of the window, Change Master to “Workpiece”, and Slave to “Workpiece.”
Click on the Tool-Workpiece pair in the table, and click Apply to Other Relations. This
will copy friction and contact thermal data to the Workpiece-Workpiece pair.

e Contact

Generating initial contact conditions can identify potential geometry problems, and
improve the initial calculations. After a simulation is running, the program updates
contact conditions automatically.

The Contact BCC function finds any nodes on the slave object that are within the
tolerance distance of the master, and assigns a contact condition to them.

Click the hammer icon to set the tolerance, then click Generate All to generate the
contact. If you rotate the workpiece, you will see contact nodes between the drill and the
work piece.

Click OK to exit the Inter-Object menu.

Save the Data.

13
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16. Generating the Database

Click the Database Generation icon, next to the Inter-Object icon. The database name
will be the same as the one you specified when you opened the problem. If you want to
create variations on the problem, you can enter a different name.

Click the Check to run the automatic data checking. DEFORM will mark errors with red
circles. This indicates a situation which will not allow the situation to run. The user must
return to the preprocessor and correct the situation before continuing.

Some conditions will be marked with yellow. These indicate potential problems, which
will not necessarily cause a simulation to stop, but may lead to incorrect results. The user

should identify the source of any of these marks before continuing.

TRGVOL (Volume Compensation). DEFORM has a volume control feature for use
with forging simulations where a few percent change in volume can significantly
influence a simulation result. This feature will never be used for a machining simulation,
so this warning can always be ignored.

If there are no other errors or warnings, the database can be generated.
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