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Safety Procedures for CNC Machinery

Revised 06-26-00

1.

The CNC machines are NOT to be operated by any individua without approva,
proper training, and knowledge of the machine and the software that controls the
machine. See Prof. Sullivan, Don Bower, or the Teaching Assstant for training
and approva to operate machines.

Safety glasses, available in the CNC Lab Ares, are required to be worn at al
times of operation of the CNC machines. Hearing protection isavailable, and it is
highly recommended that it be used during machine operations.

Keep dl gppendages from any part of the moving machinery at dl times. While
the motor is running on any of the CNC machines, do not place hands or fingers
near cutting area. Long hair has the potentia of being caught in the motor or
spindle; make sure hair is secured back in place before operating the devices.

Do NOT operate the machine tools done. Y ou must have another person in the
areawhen operating the machine.

In case of emergency, a phone is available near the Zero G test tower, beside the
Boeing Wind Tunnd. Cal 911 in case of emergency.



Operations Reminders

1

Know and understand the properties of both the material you are cutting, and the
tool you are cutting with. High Speed Stainless and Carbide tools have different
strengths and useful speeds.

Know the axis for the particular machine being used. The motion of the bit
direction reverses when moving from a ationary table (the CNC Router) to a
moving table (CNC Jr.).

CNC Router

1.

Routingly clean cutting table, and the gears of the track that the machine runs on.
Debristhat is compacted in the teeth of the gears can cause unsteady motion of
the machine, leading to poor performance.

Always have safety shiddsin place during operation of the CNC Router. This
prevents flying debris from hitting any operators of the machine,

Make sure to have direct access to an emergency stop button. There are two
ble emergency shutoff buttons, both located near the computer terminal.
This button will stop the trave of the router; however, thiswill not stop the
gpindle from rotating. This must be done using the ON/OFF switch on the router
motor.

CNC Jr. 4-AxisMill

1.

When machine is not in use, unplug the cord labeed ‘OIL’. This stopsthe
operation of the ail pump circulaing. Extended use of the pump with empty the
reservoir needed to lubricate the table. Also unplug the cord that drivesthe
motors. These stepping motors can become overheated, even when not in use.
Make sure any materia is secure in the rotating 4" axis plate. Attaching the
materid is possible usng the pass through axid plug, or the T-Bolts found in the
workbench.



Lab posshilities for Spring 2000 AAE490 Design, Build, Test Class
Written By Steven Wulf, For Dr. Sullivan

1.) Machinearandom array of rivet holes. Machine the same pattern into two
different plates, and have the riveted together by the Aviation Technology
department. Uses these two plates to test the different configurations of rivet
placement by loading them in tengon until failure.

2.) Condruct asmplewing design, usng asngle airfoil dement. Thiswill bethe
first gep into the reddm of 3-D design in SurfCAM and on the CNC router. A
smple draight wing thet can fit within a2’ thick piece of foamwill beasmple
and inexpensive way to show the usefulness of the machine. Limit airfoil choice
to athin NACA arfail, with amaximum chord of 4-5”, and a thickness not to
exceed the 2" of the materid.

3.) Axid flow turbine blade design and machining. This section of the labs will
introduce 4- Axis design and machining, using the CNC J. machine. Thesefiles
will have to be fully tested before their use, as the 4- Axis mechining is not well
tested yet. Keegping these turbine sections smal will help with time, and using
small blocks of wood will keep cost down. The maximum radius of the cascade
would haveto be around 3to 3.5”, asthisis the maximum the CNC J. can handle
in the current configuration.

A smplelab report formet follows:



Lab 1: Machining a Set of Rivet Holes
1.1 Objectives

1.) Introduce the CNC Jr. Milling machine,
2.) Create arandom st of rivet holes to machine into two metal plates

3.) Havethese plates riveted together; test plates for failure mode and record path
of crack on materia

1.2 Procedure
1.2.1 Brief Description of the Experiment

Thislab will introduce the CNC J. milling machine, which is cgpable of up to
4Axes of mation, and will useit to machine aset of four rivet holes. An andysis of the
rivet hole location is being conducted to learn about the propageation of cracksin
materials as they are stressed, as an aircraft skin would be. Somerivet layouts will cause
the skin to fail quickly, while others will be congdered *optimd’, and will not fall until a
much higher load is applied.

1.2.2 Rivet Layout

Although the layout of rivet holesin aircraft is not arbitrary, for the purposes of
thislab, the layout issuch. All that isrequired isthe layout of 4 holes that will be used to
rivet platestogether. The following procedures will produce plates with rivet holes.

1.) Open SurfCAM.

2.) Changethe VIEW of the workspace by clicking on theword VIEW in the
lower |eft hand corner. Change the valueto 7 — ISOMETRIC.

3.) Set the coordinate system for the drawing to VIEW. This uses the small set of
ydlow coordinate axes to reference al cuts and movements, instead of the
world set of coordinated. Again, do this by clicking on the word COORD in
the lower left hand corner, and toggling between VIEW and WRD.

4.) Setthe CVIEW to 1-TOP VIEW. Thisdignsthe Z-Axisverticdly, whichis
how the milling machineisaso set up. See figure 1 to see how the axes
should be set up, and what the settings should be in the lower |eft hand corner
of the screen.



color:15
view:7
cview:1l
layer: 0
D:0.00000
S:1.00000
coord: YIEW
mask: Ho

Figure 1. Set up of axesand settingsin box

5.) Pressthe MAIN button to return to the main menu of SurfCAM. Once here,
click the CREATE button. Thiswill bring up another menu of different
objects that can be created in SUfCAM. Select CIRCLE.

6.) Another menu comes up asking about the properties of the circle to be created.
Click CENTER/DIA. At the prompt for the diameter of the circle, enter
0.125. Thiswill creste a1/8" inch holefor therivets

7.) At the prompt to select the center point of the circle, click KEYBOARD. This
will alow the entering of the desired coordinates for the hole. Make surethe

center is at the origin, and dlick ok. Pressthe (called the Zoom button

from here on). The SUrfCAM screen will look like figure 2. Theradius of the
holeisindeed 0.125 inches, dthough it appears larger.
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Figure2: Singleholelocated at origin

8.) Return to the main menu of SUFCAM. Click on the TRANSFORM button.

9.) Make surethe COPY button is highlighted on the menu bar. Click the
ROTATE button. Thiswill be used to rotate the hole around a set point,
making an array of hole for therivets.

10.) SurfCAM promptsfor theitem to rotate. Either click directly on thecircle
on the screen, or press VISIBLE on the menu.

11)  Enter 90 for the angle for SufCAM to rotate through at the prompt that
comesup. Click ACCEPT.

12)  When prompted to ‘ Select the point of rotation’, press the KEY BOARD
button on the menu. Enter the following values in the boxes that appear:

X 0
Y 0.5
Z 0

Enter 3 for the number of copiesto be made, and leave al other settings asthey are at the
prompt. Thiswill creaste an arrangement of 4 holes in the shape of adiamond (from the
top view). Click the Zoom button, and the SurfCAM screen should resemble figure 3.

11
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Figure 3: 4 Hole arrangement after copying locations

1.2.3 Tool Paths

After the layout of the holesis established, it istime to drill the pattern into two
different plates. The following section will setup the tool pathsin SUufCAM.

1.) From the SUrfCAM main menu, click NC. Thiswill open the numericaly
controlled tool path generation section of SUfCAM.

2.) Make surethe NC MODE is set to 2-Axis. Click the NC MODE button on
the NC menu; click 2-AXIS on the menu that comes up.

3.) Sdect DRILL from the menu to start the process of making the rivet holes,
Thiswill bring up the 2Axis Drill propertiespage. The following itemswill
need to be changed on the Tool Information tab for the drill process:

Tooal (click on the numbered button to the right of the

1/8 HSS Drill ( Number 16)

drill Szeto change)
Spindle Speed 1790 CW
Feed Rate 6 |IPM

12




4.) Switch to the Drill Control tab. The main setting to change hereis the Hole
Depth. Assuming the materid is 1/8™" inch thick auminum plate, the hole
depth must be at least 0.125 inches. In the Box next to the hole depth, enter
0.200.

5.) Click OK.

6.) SUrfCAM then prompts: * Sdect points and/or circlesfor drilling and then
‘Done”’. BEFORE dlicking any of the circles on the screen, click the

...... i button. Make sure that it says ON, instead of OFF. This
will dlow dl of theitems on the screen to be selected before the tool path is
made. Click on each of the circles on the screen. Each one should turn red
onceit issdected. Click DONE once dl of the circles are highlighted.

7.) SurfCAM prompts:. * Select the start point of the drill cycle’ Click CENTER
on the menu on the left Sde of the screen, then click on any one of the holes.
White lines denoting the path of the bit will gppear on the screen. Click
DONE.

8.) SurfCAM prompts: ‘ Select anew drilling tool or done to end the operation.’
If asecond drill bit were being used, this would be the place to specify it. For
the purposes here, smply click DONE to end the operation.

9.) ACCEPT thetool path. Figure 4 shows how SurfCAM will appear after the

2]
tool path has been accepted, and the === (Zoom out) button has been
pressed twice.

P ) e s o e NN =
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Main Licenged to; Purdese U - West Lafayetts

Figure4: Completedrilling layout
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1.2.4 Verifying the Tool Paths

Once dl of the setup has been done for the rivet holes it istime to Smulate the
procedure in SurfCAM. SurfCAM has a built in 3-D solid smulation engine, cgpable of
showing al of thetool paths crested. Follow this procedure to verify the tool pathsin

SurfCAM.
1.) From any screenin SUrfCAM, pressthe lE" Operations Manager button on
the top toolbar. Thiswill bring up amenu, and the SufCAM screen should
look like figure 5.

e [ e e s =T NN =)

Main Licansad to: Purdos U - Wast Lafayetta

Display
Tramnsforn |

[ SUFFCAM M. [l paratmns W emsgnr - <lintillsd=
f| o] | ] (| | O | | 2] |5 Rl =
Ll G Frjesck -

R
BTG

= 1& Eelup D1 larism 11M0W

o

I Gralllcone: & [argalcore || G ROLITER

Figure5: OperationsManager Menu

2.) Once the Operations Manager screen isopen, al of the tool paths that have
been created can be seen listed in the center window. In the case of therivets,
there is only one set of holesto drill, so only onetool path isneeded. Thisis
labeled as the 2Axis Drill: Drill- file in the center window. Highlight this tool
path (if it is not aready) by clicking on it once.

3.) Clickon the[guE (verify button) in the top menu. Another menu will appear a
the upper right of the screen. Seefigure 6 for avisud of this menu.

14
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Figure6: Verify Menu

4.) Before the smulation can be done of the tool paths that have been created, a
mode of the material must be established around the holes that have been
created. To do this, click MODEL on the toolbar, STOCK at the pull down,
and select BOX.

5.) A menu, asseen infigure 7, will appear. Fill in the numbers as seenin figure
7. If these are not readable, use the following table to establish these
dimensons

Corner 1
X=-1.0 Y=-10 Z=-0.125
Corner 2
X=10 Y =6.0 Z=00
Create Box I
—Box
Carnert:
i 1.0 Z |0125
Carner2:

w [10 v [60 z |00
I1ze Baunding Box I Offzet: IEI_I:I

ok todify | Cancel |

Figure7: Stock size

6.) Pressthe Zoom dl key again, S0 the screen shows the full outline of the
samulated materid. At thistime, thetool paths can be smulated. Pressthe

b (smulation button) on the toolbar. The materid specified on the screen
will appear to become solid, and the tool paths can now be smulated by
pressing the play button on the toolbar. The actua drilling of the holes will be
quick. Thefind result of the amulation will gppear like figure 8.

15
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Figure8: Simulated tool pathsin amaterial stock

7.) Closethe verify section, and the origind hole arrangement and tool paths will
be displayed.

1.2.5 Posting Filesand Transferring Filesto the CNC Jr. Computer

After dl of thetool paths have been verified, it istime to pogt thefilesin G-Code,
and transfer the information to the computers that control the machines.

1.) Re-enter the Operations Manager Screen of SUfCAM (refer to earlier sections
to remember how to do this).

2.) Highlight the operation to be sent to the control computer. In the case of the
rivet holes, the tool path will be the 2Axis Drill cycle located under Setup 1.

3.) Make sure‘CNC Router” is highlighted in the right window, and click POST
at the bottom of the Operations Manager window. ashort timewill passas
SurfCAM calculates the coordinates and commands, known as G-Code, that
will be needed to accurately control the machine. Findly, a screen full of
coordinates will appesr.

4.) Savethisfile in the aae490dbt/L abl/yourgroup directory. Make surethefile
has a name that makes sense, and make sure it has a* .tap extenson. The
control programs will not recognize the file without the * .tap extension.

16



5.) Transfer thefileto afloppy disk, and take it over to the CNC Jr. control
computer to be uploaded and machined.

17



Lab 2: How to create a wing using the CNC Router
2.1 Objectives

1.) Learn about fileinput into SurfCAM, including the use of ASCII files for
arfoil points

2.) Create, in SUfCAM, asmple wing planform using the inputted airfoil point
file

3.) Create atool path representative of the surface of the created wing

4.) Trandfer the machining files to the CNC router, and than use these filesto cut
the wing shape.

2.2 Procedure

2.2.1 Brief Description of the Experiment

The focus of this experiment will be to design asmple wing within SUfCAM,
gating withaClark Y airfail file provided to you. Thiswing will be created using the
basc features of SUfFCAM, dong with the 2 and 3-Axes NC Modes insde of the
program. Once the wing is designed, it will be machined on the CNC router.

2.2.2 Airfail Input Into SurfCAM

The process of developing and machining awing using the CNC router and
SUrfCAM isfairly straightforward and smple. There are severa programs available
from different sources to design airfoils. Sources such as the UIUC airfoil database have
ligtings for hundreds of different arfoils dready in file form, containing points.

Although thefilesarein a*.dat format, which SurfCAM does not accept, they are easly
changed to a SurfCAM friendly *.asc format. This has turned out to be one of the best

waysto get arfailsinto SufCAM for machining wings. The following procedure should
be followed to get ASCII datafilesinto SufCAM:

1.) Open SurfCAM

2.) On the main menu on the left hand Sde of the screen, click on the button
FILES

3.) Click OPEN

4.) A windows file screen should pop up. Under the file name box, go to the
extenson pull down menu, and switch to the ASCII extension, *.asc. ASCII
files should now be avalable. If you change the directory before you change
the file type, the file directory autometicaly returns to the default folder under
SurfCAM.

5.) Sdect thefile named ‘clarkyl.asc’, located in the Caae490dbt\lab3 directory,
and click open. Thisisacommon arfoil in remote control gliders.

18



6.) SUrfCAM will give you the option to open the data as severd different
formats. Sdecte) Splinesfor best the results when opening only asingle
arfoll.

7.) Click OK. A screentdling you whether the file converson from ASCII to
SurfCAM usable information was successful or not. Closethisscreen. The
outline should be on the screen with the leading edge at the origin.

8.) Click the VIEW button at the lower |eft of the screen, and switch to 7.)
|sometric View.

9.) Returnto the main Menu of SUfCAM by pressing the MAIN button in the left
gde of the screen. There should be a complete airfoil section in the display,
just likefigure 9.

Figure9: Clark Y airfoil inputted from ASCI| file

Oncetheinitid arfail isinputted to SUrfCAM, it is easy to manipulate the section
inany way. Thisincludes rotating the section, scding it, and copying it to different
locations. These features fdl into the next section of the manud, the creation of asmple
wing planform desgnin SurfCAM.

19



2.2.3 Creating the Wing

After inputting an arfail into SUrfCAM, it is necessary to go through a couple
gepsin order to make sure the section is ready to be used in awing design. The first
required step is to make sure the wing is in the right plane for the eventua machining
process in the CNC router. The CNC router has a fixed coordinate system associated
with it. The X-axis of the table runs from Ieft to right dong the table. The Y-axisruns
from the front of the machine to the rear of the machine. The Z-axisisthe axiswherethe
router moves the drill bit up and down, creating the contours of a surface such asan
arfail. Inorder to coordinate the axisin SurfCAM with those ingde the router control
program, it is necessary to change three featuresin SUfCAM. Thefirg isto changeto
view of the object. Asthe program opens, thereis an arbitrary coordinate system placed
at the nose of the airfail (0,0,0). To get thisto the appropriate, Z-axis vertica orientation,
follow this procedure:

1.) Click onthe VIEW button in the lower left-hand side of the screen.
2.) Click 1.) TOP VIEW, to get the axis oriented. The Z-axis should now be
pointing toward the top of the screen.

The second feature to change in SUFCAM is exactly how the program is going to
seeto machinethe object. To get this oriented correctly, press the following keys:

1.) Click onthe CVIEW button in the lower left-hand corner.

2.) Choose option 1.) TOP VIEW to get this oriented correctly. Thistells
SurfCAM and the router that the CVIEW (Congtruction View) iscoming
down onto the upper surface of the airfail.

The fina feature to change a this time is which coordinate sysem SurfCAM will
base its operations on. Currently, as the airfoil sits on the desktop, there are two different
coordinate systems at work (athough there may appear to be only one). Thefirgt
coordinate system isthe WRD (world) system. This system dways has the Z-axis
pointing up. This may be fine for some features, but as can be seen later, thiswill not
work for airfoils. The second coordinate system on the desktop is the Congtruction View
coordinate system, or VIEW. The arfoil noseis currently placed on this sysem. This
alows SurfCAM to machine other surfaces of an object, according to whichview
CVIEW isset on. Thisfeature will be seen as the wing takes shape, and is ready to be
machined later. To change the coordinate system that SurfCAM isusing, click on the
COORD button in the lower left-hand corner of the screen. Clicking here shoud toggle
either WRD or VIEW to be displayed. For the airfoil, make sure to put COORD equal to
VIEW.

Once the correct coordinate systems have been established in SurfCAM, the
screen should consist of a2-D arfail gtting inthe y-z plane. Once the airfoil is
positioned correctly in SUfCAM, it istime to create the surface of the wing itsdf. To do
this, afew steps are required:

20



1.) Make sure the main menu is up on the left Sde of the screen. Click
TRANSFORM. The menu that is brought up should contain severd different
options, including SCALE, LOCATION, and ROTATE. There should aso be
two other buttons toward the middle of this menu, labeled COPY and MOVE.
These buttons refer to the object that is being worked on. If COPY is
highlighted, the object will be copied to anew location. Thiswill mean that
two of the exact same objects will be on the display — one where the object
origindly was, and one in the new location. MOVE, however, takes the
object on the desktop, and placesit in whatever new location is specified.
Either button may be used to the same effect, however, if it is sat incorrectly,
it may take sometime to restore an origina image if something went wrong in
the process. For now, change the menu to reed MOVE.

2.) ltisnecessary to scale the 2-D arfail to acertain dimenson beforeit is
manipulated further. Depending on the method of input for the origind arfail
file, the length from leading edge to tralling edge may vary. If the ASCII
program mentioned earlier is used, the chord length of the airfail is outputted
to beone. To changethisto adesired chord length, click SCALE inthe
TRANSFORM menu.

3.) Click VISIBLE to highlight the airfail on the display. Click DONE on the
disolay.

4.) A window asking for a scae factor should come up. Enter ‘5’ to increase the
gze of theairfail to 5inches. SUfCAM dso prompts for a“point to scale
about’. Click KEYBOARD, and enter zero for each X, Y, and Z.

5.) Aslong as MOVE is sdected in the TRANSFORM menu, the origind airfail
will be ddeted, and the appropriately sized airfoil will appear.

6.) Pressthe BACKUP button to return to the TRANSFORM menu.

7.) Change the menu to read COPY. Click LOCATION.

8.) A screen will come up asking which item to change the location of. Click
VISIBLE to sdlect the airfoil on the screen. Again, as SUfCAM promptsfor a
‘location to move from’, click KEYBOARD on the menu, and enter the
origin.

9.) When prompted for the ‘location to moveto’, cick KEYBOARD. Using X,
Y, and Z coordinaesin the box, input the new location for the leading edge
point on the other section of thewing. At this prompt enter 10 for X, 0for Y,
and O for Z. Thearfoil should appear with the nose at the appropriaey
gpecified location. The basic skeleton has been created for awing planform in
SurfCAM. Figure 10 shows the current layout of the wing.
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Figure 10: Frame of wing after copying airfoil to second location

For dignment later, it will be necessary to shift the location of the entire wing so
the origin is exactly hdf way between thetips. Follow this procedure to accomplish this:

1.) Onthe TRANSFORM menu, making sure that MOVE is highlighted insteed
of COPY, press the DISTANCE button.

2.) Click on VISIBLE to choose both airfoils. Click DONE.

3.) A prompt comes up asking the distance to trandate theitems. Enter *-5' for X,
while making sure’ Y and Z are both zero.

4.) Thearfoilswill trandate left 5 inches, making the origin of the drawing mid-
gpan of thewing. Y our screen should now look like figure 11.
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Figure 11: Airfoils positioned with origin at mid-span

23



2.2.4 Surface Creation

After the airfoils are placed in SUfCAM, it istime to actually creste the surface
that will be machined. The following procedure can be used to create this surface.

1.) Return to themain menu. Click CREATE to begin forming the wing.

2.) Click SURFACE. Sincethewing will be crested from two different airfoils,
select CROSS SECT, and then SECTIONS. Thiswill get you to the point of
meaking the wing fro the two arfoils on the screen.

3.) At thispoint, SufCAM prompits for the selection of different cross sectionsto
make the surface out of. Click on the two airfoils placed earlier. Click
DONE. A surface should appear between the two cross sections. Check the
surface to make sure it appears correct in reation to the airfoils created earlier.
Refer to figure 12 for how the wing should look.

Cross Bect Select Mode,

[gections |

Figure 12: Surface created between two airfoil cross sections
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4.) Usethe (zoom window key) located on the top toolbar to examine the
ydlow arrow that represents the surface. Press the zoom button, and surround
the arrow on the rear of thewing. Seefigure 13 for the zoomed in view of the
arrow.

oo 7 T 5 G o S T N

Main Licensad to: DPurdos U - Wast Lafayetta

Dieplay
Tramsfiorn |

Figure 13: Detail of arrow at rear of wing surface

5.) Make sure that the stem of the arrow is pointing toward the outside of the
surface. The position of the arrow is correctly depicted in Figure 12 above.
This provides information to the router as to which sde of the surface to
machine—theingde or the outside. If it gppears that the arrow is pointing
toward the ingde of the surface or the airfail, this can be easly changed using
the following procedure:

a) Return to the main menu.

b.) Click EDIT, then click SURFACE.

c.) Click on SIDE, and then click on the arrow at the surface. 1t will flip from
the ingde of the surface to the outside.

The surface should be ready to make tool paths on. However, since the wing isatwo
Sided object, there must be away to machine both sides. It could be done with a4-Axis
machine, where the router table could flip completely over. Ingtead, the object must be
flipped during the machining, so both surfaces are cut. This is accomplished through two
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dignment holes drilled in materid, with pegs holding the item sraight. The next section
of thelab will ded with the setup to flip the wing during machining.

2.2.5 Alignment Holes

In order to cut the bottom of the wing, there must be at least two reference holes
to line up when flipping.

1.) From the main menu, click CREATE. For the dignment holes, it will be
necessary to use a CIRCLE representation on the surface.

2.) Click CENTER/DIA to draw the hole. A prompt will come up for the
diameter of the holeto create. Enter 0.5.

3.) When SurfCAM prompts to enter alocation for the holes, use the
KEYBOARD hutton. Enter the following coordinates for the center of the

hole

X 0
Y -1
Z

1

Thiswill place the firgt hole an inch in front of and above the leading edge of
thewing.

4.) SurfCAM will place a circle on the screen representing the top of the hole that
will be used for the dignment pins. SUrfCAM will be prompting for the
center location of another hole at this point. Click KEYBOARD again, and
enter the following points

X 0

Y 6

z 1

Thiswill place another circle one inch behind and above the trailing edge. Figure
14 shows the proper hole locations.
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Figure 14: Alignment holesin place

2.2.6 Generating Tool Paths

Since the wing that is being made is two Sded, the dignment holes, cregted in the
fileas cirdes, should be machined fird.

1.) Returnto the main menu. Make surethe CVIEW ison TOP view, and the
COORD ison VIEW.

2.) From the main menu, click NC. Changethe NC MODE to 2-AXIS.

3.) Sdect POCKET, and then sdlect SINGLE. SurfCAM is how prompting to
‘ Select beginning elements.  Click on one of the two circles (order doesn't
matter here), then the other.
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4.) Click DONE on the menu to the left. A menu comes up asking for
information about the 2 Axis Pocket process. Under the ‘ Tool Information’
tab, enter the following information:

Tool Y# HSS End
Spindle Speed 10000
Feed Rate 65
Plunge Rate 35

To enter the tool information, click on the numbered button next to the tool
description on the “Tool Information’ screen. The tool info screen, as seenin
Figure 15, will be where the actud toal is specified.

SURFCAM Select Mill Tool |
| <> | 20 D] 8|d&lw] = @] x]
Available Toals: Mumber Of Flutes:
Total Height: Diameter:

|+

#0 Custom 0:0.2:0.1 :

#23  1M6Inch HSS End "3'-?5'3'3'5“3' |_|‘_| 0.250000

#£30 148 Inch HES End 1 _____ :

#3136 Inch HSS End 1 : DK
14 Inch HSS End :

£33 308 Inch HSS End g conbel

34  1i2 Inch HES End :

35 508 Inch HES End :

36 314 Inch HSS End : Help

#3778 Inch HSS End

35 1 Inch HSS End

#43 146 Inch CARBIDE End

Fliff |

#44  1/3 Inch CARBIDE End o Faue Helgn
#45 3ME Inch CARBIDE End : 0525000
#46 144 Inch CARBIDE End ; I

%47 308 Inch CARBIDE End
%45 172 Inch CARBIDE End
%49 508 Inch CARBIDE End i
#50  3i% Inch CARBIDE End 3 :
#51  7i8Inch CARBIDE End :

#57 1 Inch ™ &RAINE Frd L
4 I i 3
Progratn To Toal, 4= Tip " Center Stock To Leave: ID.DDDDDD

Figure 15: Tool information screen

To select the correct tool here, make sure the tool shape is selected as an end

mill: rl:T Thiswill alow the correct tools to be displayed in the left window.
Here, select tool #32: ¥4 Inch HSS End.
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5.) Click onthe‘Cut Contral’ tab. Enter the following vaues (do not change any
other settings on this menu, besides these):

Cutting Method Climb

Pocket Cut Mode Spird
Amount to RemovelnZ 2.5

Plunge Type Funge

Oncethisinformation is entered, press APPLY , then OK. A tool path will appear
on the screen, showing the holes being machined out. ACCEPT these tool paths. These
holes will have gone through the 2-inch thick foam, and in to the base materid %2 inch.
Later, Plexiglas or wood dowels will be used to dign the modd asit isflipped. Figure 16
shows the tool paths for the aignment holes.

Figure 16: Tool pathsfor the alignment holes

It is now time to generate the tool paths that the router will use to cut the actud
surface. Follow the following steps to create the required tool paths.

1.) Return to the main menu. Make sure the CVIEW ison TOP view, and the
COORD ison VIEW.

2.) Onthemain menu, press NC. Thistakes you into the machining menus. To
st the type of machine being used, press NC MODE, and then 3-AXIS onthe
following menu. Thisinsures the machine will cut the airfoil shape.
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3.) PressPLANAR to begin thetool path creation. SurfCAM will prompt:
‘Sdlect surfacesto cut across. Simply click on the yellow arrow that defines
the surface. Another menu will come up that will be used to define the feeds
and speeds of the router, the bit you are using, the materia you are cutting,
and how you want the surface cut.

4.) Thislab will use blue foam for the machining of thewings. The following is
atable of vauesto enter in the respective boxes on the ‘ Tool Information’
screen. No other information should be changed on the * Tool Information’
tab, or the * Cut Control’ tab.

Tool (select bdlnose with the
rlj % HSS Bdlnose
button)
Spindle Speed 10000
Feed Rate 125
Plunge Rate 65

5.) Switchto the ‘Cut Control’ tab to adjust some of the other settingsin
SurfCAM. Usethe following table to adjust the gppropriate settings.

Rapid Plane 2.0
Step Type Scdlop
Step Sze 0.005

6.) Press APPLY, then OK. Thiswill return you to the main screen of SUrfCAM,
with a prompt saying ‘ Select point to begin’. Thisisthe place where the
actud bit will trave to fird.

7.) With ENDPOINT highlighted in the menu to the left, click on @ther of the
corners of thetrailing edge. A yelow box should appear around the endpoint
closest to the mouse click.

8.) SurfCAM then prompts: ‘ Sdlect point in direction of cut’. This reference
point defines the direction of the tool bit across the object to be cut. Click on
the leading edge of the wing, aong the same side that the trailing edge was
chosen. Another yellow box will gppesr.

9.) Findly, SufCAM prompts. ‘ Sdlect offset sde’. Click anywhere on the
surface being machined. This reference point defines the direction the
progressing tool pathswill cover.

10.) After avery brief processing time, atool path will begn to appear on the
screen, over the surface you defined. At the end of thistool path, you will be
asked if you would like to accept or regject the path. Choose ACCEPT. This
completes the tool path generation for the upper surface of thewing. Figure
17 shows the tool path for the top of the wing (note: tool paths for the
aignment holes have been hidden to dlow full view of the surface cuts.
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Figure 17: Tool path for top surface of wing

After the tool paths have been generated for the upper surface, it is necessary to
generate the paths for the bottom surface. 1t may be difficult to creste these paths with
the upper pathsin place on the screen, however. Follow this procedure to get the wing
ready for the lower surface tool paths:

1) Return to the main menu of SUfCAM. On thetool bar, press the operations

=]
manager button, . Thiswill open thetool path screen. Refer to figure

18.
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Figure 18: Operations manager screen

2.) Highlight the 3Axis Planar tool path in the window by clicking on it once.

Thistool path can be removed from the display by clicking theli hide path
button. On the main screen, the tool path should have been removed.

3.) Click DONE to return to the SurfCAM main menu.

4.) Click the CVIEW button at the lower left of the screen. Change the CVIEW
from 1.) Top View to 4.) Bottom View. This produces the effect of flipping
the item over in SUfCAM, s0 the lower surface of the airfoil can be
machined. Also, make sure VIEW is sdlected on the COORD button.

5.) For abetter view, click the VIEW button and select 8.) Axonometric View.
Thisdlowsagood view of the lower surface of the wing to make the tool
paths on.

6.) From this point, the same procedure will be used to generate the tool paths on
the lower surface of the wing as were used on the upper surface of the wing.
Refer to the previous procedure to create these tool paths. Figure 19 shows
the final wing with both the top and bottom tool pathsin place, and the view
changed back to 7.) |sometric.
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Figure 19: Final tool pathson wing
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2.2.7 Verifying, posting, and transferring *.tap files between SurfCAM and the CNC
Machines

The above procedure will have gotten the wing to a point where it can be smulated
in SurfCAM, and the desired shape should be reveded. The following procedure will
verify the tool paths and get the file to the CNC machines.

1.) Enter the SurfCAM NC Operations Manager by pressing the button at
the far right of the toolbar at the top of the SUfCAM screen.

2.) A flowchart will be visble with the different sections of tool paths listed (see
figure 17 earlier in the lab). Each of the surfaces of the wing will be labded
‘3Axis Flanar’, and the dignment holeswill be labeled * 2Axis Pocket’. Itis
necessary to verify the cuts that were generated earlier by running the
verification program built into SUfCAM. Highlight * Setup One' on the

flowchart. Pressthe ‘Run SURFCAM Verify' button, 5
the stopwatch symbol on the Operations Manager toolbar.
3.) SurfCAM will load the tool paths, and after a short processing period, the
SurfCAM Verify toolbar appears in the upper right hand corner of the screen.
In order to verify the tool paths, an imaginary block of materia must be setup
in SUrfCAM. To do this, pressthe‘Add Modd’ button on the Verify toolbar
(lookslike a hollow cube; third from left). Enter the find vaues for the block

, located next to

of materid:
Corner 1 Corner 2
X -5 X 5
Y -2 Y 7
Z -1 Z 1

4.) Click ADD. A blue box will appear around the wing on the screen,
surrounding the areato be machined. Seefigure 20.
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Figure 20: Wing ready for simulation, with SurfCAM verify toolbar in upper right hand corner

5.) Onthe*Veify Toolbar’, dick the ‘' Smulation Mode button. Thiswill render
the materid box, and highlight the amulation buttons on the toolbar. Click
the play button to watch the full smulation of the item to be cut. Figure 21
shows the wing mid smulation.
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Figure21: Simulation of wing being cut

6.) Click ‘Closg dfter thefileisfinished being verified. Aslong asthefile
looked good in the verify mode, it will work on the actua machine.

7.) For each section, it will be necessary to POST the path to afile usable by the
CNC machines. Simply click on each of the tool path sections (post the
upper, lower, and holes files separately), change the machineto ‘CNC
Router”, and click POST at the bottom of the file manager screen. After a
short time of processing, SurffCAM will return along file filled with data
points. Thesewill be read by the CNC machine, and will be trandated into
the motion of the actud bit.

8.) Savethesefileswith any name, and the file extension *.tgp. Without this
extenson, the CNC machine will not recognize the file and will not cut the
piece.
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Lab 3: How to create a mold

3.1 Objectives

1.) Setup a SurfCAM fileto creste amold of awing
2.) Machineamold and prepare it for alay-up
3.) Lay-up awing surface usng composite materias

3.2 Procedure
3.2.1 Brief Description of the Experiment

Composite materids are currently being effectively used in the Aerospace
industry. The purpose of thislab will be to creste amold for composite materialsto be
‘lad-up’ in. Thewing skin being produced could be used, dong with some giffening
materid, to be the first component in aflight test vehicle, or avery robust wind tunne
modd. Projects to use composite materidsin amolding process include savera Micro
Air Vehides awing for ahigh-speed pylon racing R/C airplane, and the wings for a451
senior design project.

3.2.2 Noteson Input to SurfCAM

The molding process is much the same as the manufacturing of awing. A mold
represents the negative of the wing, but it can be used to creste the positive using lay ups.
Although the processis smilar to the machining of awing, there are afew subtletiesto
the mold that are necessary to review. The following procedure documents the current
method of developing amold. The first section of the procedure evaluates severd ways
to enter the airfoil coordinate datainto SufCAM to make the mold development process
quicker.

There are three easy methods to enter the airfoil datainto SUfCAM. Thefirst
would be to use toe data from the UIUC database of airfoils. This database has awide
vaiety of different airfoils for different purposes. Thetext files can dso be edited fairly
eadly in Windows Notepad. The next method of entering the airfoil data would be to get
the points lists from a program, such as MATLAB. Airfoil programs are prevdent in
Matlab, and very easy to code. The third method to get airfoil datainto SurfCAM is by
using AutoCAD or IDEAS. Designs, saved as an AutoCAD *.dxf, or an IDEAS *.igs
files, are actualy compatible with the*.dxf and *.igsinput in SufCAM. This method
works for full wing designs, aso.

There are certain disadvantages to each of the above methods, however. The
point file input to SUfCAM, making sure thefileisin the proper *.asc format, depictsa
full arfail section. For the mold, it is necessary to have an upper and alower section of
the airfoil. The sectionin SurfCAM can be cut or trimmed to cresate these surfaces, but it
is often easer to change the input file to ensure proper bresk locations. The upper and
lower surfaces of the airfoil can be placed in separate files to make things easier, aso.
Caution must be taken to ensure that a complete airfoil section can be made from these
two files, though. This meansthat if afile were taken and separated into the upper and
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lower surface, each of these files must have a coordinate of (1,0) for the trailing edge, and
of (0,0) for the leading edge (assuming the arfail is of unit length, with the trailing edge
positioned at (1,0)).

As mentioned before, AutoCAD and IDEASfiles can be, and have been, used as
input to SUFCAM. Thisisaquick and smple way to move from the design to the
manufacturing stage. If amodd is complicated, this may be the only way to move the
design. However, there have been occasions where SurfCAM has imported these file
typesasasingleline or surface. This reduces the amount of manipulation of the desgn
once in SUrfCAM. For acomplicated design, thisis very important as surfaces are
defined to machine; for the case of the mold, thisis most likely not an important issue.

The following lab and procedure will use the first method described here —
using a point input, separated into two different files. The airfoil will be an Eppler 169,
which isasymmetric airfoil. This meansthat the upper and lower surface molds would
be the same (actudly, any symmetric airfoil only needs one mold, unlesstime dictates
that amold of both surfaces be made, having the production time).

3.2.3 Section Setup in SurfCAM

After theorigind arfail fileis separated into an upper and lower hdf, it istimeto
begin the mold development.

1.) Open SurfCAM.

2.) Moveto the FILES menu, and click OPEN.

3.) Change the extenson pull down menu to *.asc, and open the file you created
for either the upper or lower surface. In this case, thefileis
Epplerl69 lower.asc.

4.) Bring thefileinasaSPLINE. Onc ethe fileis opened, change the VIEW to 7
— Isometric View, and change CVIEW to 1 — Top View. Also, changethe
frame of reference for SUfCAM to VIEW by pressing on the COORD fidd in
the lower left hand of the screen. There should be just the lower surface of the
arfail on the screen, much like figure 22.
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Figure22: Airfail input for lower surface mold

5.) Oncetheairfail isin SUfCAM, other modifications need to be made before
the section is copied to make the mold form.  From the main menu, click
TRANSFORM.

6.) The section needsto be scded dong the y axis to change the chord length
form 1 to something larger; the chord length will be 5 inchesin this case.

Press the SCALE button on the transform menu. Also make sure that MOVE
is highlighted on the transform menu.

7.) Click VISIBLE for the object to move. Enter 5.0 asthe scaling factor.

8.) For the point to scale about, click KEYBOARD, and enter the origin, (0,0,0).

9.) Return to the main menu.

10) Click LINE.

11) Click ENDPOINTS, then KEYBOARD.

12))  Lineswill be created from the leading and trailing edges of the section to
cregte aflat surface on the mold to align the upper and lower sections after the
molds are formed. On the Keyboard menu, enter the origin: (0,0,0). This
should be the leading edge of the airfail.

13.) Click KEYBOARD again and enter (0,-1,0) for the endpoint of the line.
This completes the leading edge extension.

14.)  Onthe create line menu, click KEYBOARD once again, enter the point
(0,5,0) for thetrailing edge location of the sart of anew line.
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15) Using KEYBOARD onelast time, set the end of thislineto (0,6,0). There
should now be two lines protruding from the front and rear of the arfoil
section, asin figure 23.

Main Licensad to: Purdoa I - Wast Lafayatta

Figure23: Airfail ready for mold development

The next part of the mold development processis to move the modified arfoil
section to alocation at the other end of the wing.

1.) From the main menu, press the TRANSFORM button

2.) Change the transform mode from move to COPY. Click DISTANCE.

3.) Change the MULTSEL OFF button to MULTSELON, and then select
VISIBLE astheitemsto copy. Click DONE to finish the selection.

4.) Inthe coordinate box that comes up, enter x = 10,y =0, and z = O for the
trandation distance. Select only one copy.

~ > JI

5.) Pressthe X

asinfigure 24.

button to see the results of the copy. Results should appear
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Figure24: Mold progress after copying airfoil section

3.2.4 Surface Creation

It is now timeto create the surface for the mold, and a method to aign the upper
and lower surface after the two haves are machined.

1.) From the main menu, cick CREATE. Click SURFACE.

2.) We will be making the surface from the two sections, and the lines, so click
CROSS SECT.

3.) Choose SECTIONS, and then click VISIBLE. Click DONE after the sections
are highlighted.

4.) Another menu may come up asking about the synchronization of the sections.
On the pull down menu, sdect ELEMENTS, and click OK.

5.) A surface will appear between the two cross sections, with an arrow & the
back end. Refer to figure 25.
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Figure25: Mold Surface

3.2.5 Alignment Holes

The dignment holes of the two surfaces will be done in the same manner asthe
adignment holes for the positivewings. Holes will be drilled in the mold, and then the
surfaces will be aligned after lay-up.

1.) Return to the main menu in SUfCAM.

2.) Movethe CREATE menu, and click CIRCLE.

3.) Click CENTER/DIA for the circle creation.

4.) Enter 0.50 for the circle diameter.

5.) For the center point, click KEYBOARD, and enter (2,-0.5,0) for the center
point.

6.) A Y% diameter circle will appear ahead of the leading edge of thewing. The
above procedure needs to be repeated for circles with centers at (8,-0.5,0),
(25.5,0), and (8,5.5,0). Thefina product will appear asin figure 26.
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Figure 26: Alignment hole placement on mold

3.2.6 Tool Path Gener ation

The mold is now ready to have the tool paths generated. This procedure will be
basically the same as the procedure for previous sections.

1.) From the main menu of SurfCAM, pressthe NC Button. Onceinthe NC
menu, make sure SUfCAM isin the 3-Axismode. The modeislisted in the
upper left hand corner of the screen. In the mode is not set to 3-Axis, press
the NC MODE button, and then the 3- Axis button to changeit.

2.) Sdect PLANAR from the 3-Axis NC menu.

3.) When SurfCAM asks for the surface to cut across, click on the yellow arrow
on the surface for the mold. Click DONE once the surface is selected.

4.) The 3-Axis Planar milling menu will come up. In set vaues as gopropriate in
the following fidds
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Onthe‘Tool Information’ Page

Tool 2" HSS Bdlnose, tool #6
Spindle Speed 10000 RPM
Feed Rate 30 IPM
Plunge Rate 10 IPM
On the“Cut Control’ Page
Step Type Scallop
Sep Size 0.0025

5.) Click OK.

6.) SurfCAM will now ask for a point to begin the tool path on the surface. For
the mole, click on the ENDPOINT of the arrow that defines the surface.

7.) For the direction of the cut, click on the corner of the mold that isin the x-
direction of themold. Thiswill mean that the tool paths will be span wise on
thewing.

8.) Click anywhere toward the leading edge on the lower surface to select the
offset adefor the cuts. Thefind sequence of cuts on the wing will resemble
figure 27.

Figure 27: Span wisetool paths of the mold



Once the surface of the wing has been done, it istime to create the tool paths for
the alignment holes. For these holes, abit of amaler diameter than the hole will be used.

1.) Click the | | (operations manager) button on the tool bar at the top of the
screen.

2.) A screen will come up the shows dl of the tool paths created (only one a this
time). Highlight thistool path, listed as ‘ 3axis Planar’ .

3.) Click on the@ (hide path) button on the upper tool bar. Thisremovesthe
previous tool path from view on thewing surface. This does not, however,
remove the path from memory. This feature makes the creation of other tool
paths and the manipulation of the surfaces easier.

4.) After thetool path is hidden, return to the main menu by clicking DONE on
the Operations Manager screen.

5.) Return to the main menu of SUrfCAM.

6.) Click onthe NC button. For the aignment holes, the NC MODE needs to be
on 2-Axis.

7.) Select POCKET. Choose SINGLE.

8.) The process of choosing which aignment hole is drilled first does not matter.
Click on each of thefour circlesin succession. Click DONE.

9.) The2 Axis Pocket menu will come up. Enter the following vauesin the
appropriate boxes (leave al other boxes/tabs aone):

On the ‘tool information’ tab

Tool Y2 HSS End Mill

Spindle Speed 10000 RPM

Feed Rate 30 IPM
Punge Rate 20
On the *cut control’ tab

Cutting Method Climb
Pocket Cut Mode Spird
Amount to Remove, InZ 0.25in
Plunge Type Plunge

Once al of these value shave been entered, press OK. Thetool pathswill be
placed on the mold, and will appear like figure 28.
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Figure 28: Alignment holetool paths

3.2.7 Tool Path Smulationsand Mold Verification

Oncedl of thetool paths have been made for mold, it istime to Smulate them to
make sure the part will turn out correctly. Thiswill be done through the SUrfCAM verify
program.

1.) Return to the main menu. Go to the operations manager section of SUrfCAM

=]
by pressing the@ button on the top toolbar.
2.) Sdect ‘Setup One from the branch list in the operations manager screen.

3.) Press theLﬂ;! (Run SurfCAM verify) button on the toolbar. A separate menu
will gppear in the upper right hand side of the screen, showing the options for
SurfCAM verify. The menu gppears below.

¥ SURFCAM Verify
File Model View Werfy Inspect Oplions Help

Ela= A - RICTREA BE AIC & Al T |
|FEady [ [
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4.) Click MODEL on the menu. Thiswill bring up another screen that will be
used to create avirtud block of materid around the mold part that will be
meachined in a computer Smulation.

5.) Setup up the materia to have the properties as seen in figure 29, then click
ADD.

Add/Modify Model ]|
- Model
T - | o =
Carrer]:
# |oo Y. |10 Z |20
Corners;
% 100 v, |60 z oo
= Bounding Bos/Culindsy
Based O O Toopath & Geomety.

UseBounding By | Offset [0

Add Modiy |

Figure 29: Setup of material stock

A blue box will appear around the mold section. Thissmulates a 2 inch thick
piece of materid, such as the blue foam commonly used to build wings.

6.) Click the = (verify) button. Thiswill make the predefined region into a
solid modd, representing the materia to be machined.

7.) Click the ¥ (gtart) button to begin the smulation. The find image of the
smulated cuts will gppear asin figure 30.
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Figure 30: Smulated mold cutsusing SurfCAM verify

The find mold will be made from ablock of wood, instead of blue foam, becauseit is
much more durable, and easier to sedl.

3.2.8 Finishing of the Wing Mold
Once the mold is cut from the wood, it must be finished to create a smooth fina
product. Thisfinishing consists of 1.) sanding the wood to a smooth, splinter free

aurface; 2.) seding the wood with avarnish or lacquer, and 3.) gpplying wax to the mold
to dlow remova of the surface after lay up.
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Lab 4: Creating An Axial Flow Turbine

4.1 Objectives

1) Use SurfCAM to create an axid flow turbine

2.) Generate tool pathsin SurfCAM using a4 AxisNC Mode
3.) Setup the CNC Jr. to cut uang dl 4 of the available axes
4.) Machine an axid flow turbine from aduminum

4.2 Procedure
4.2.1 Brief Description of the Experiment

Thislab introduces the 4" Axisto creste much more complicated items. With the
4™ axis, items such as turbines and 3-sided fixtures may be machined eesily. The
principle of the 4" axisis adevice that sits at one end of the table and rotates to
coordinates specified by G-Code. Therotating plate has no limit to the amount of motion
— any degree amount may be entered, including values over 360 degrees. For repetitive
machine of around object, the 4" axis saves time and reduces error by not requiring the
object to be removed from afixed object, remounted, and redigned. This lab will show
the benefits of the 4™ axis.

4.2.2 Setup of the Turbinein SurfCAM

The main source of arfoil coordinates, the UIUC Airfoil Database, does not list
arfoils used for commercia turbines. However, since the purpose of thislab isnot to
replicate alarger scae turbine, these airfoils are not directly required. Instead, ahighly
cambered airfoil, amodified Eppler 420, will be used. The following procedure will get
the turbine started.

1.) Open SurfCAM.

2.) Click FILES on the main menu. Click OPEN.

3.) Switch to the *.asc file extension, and move to the c:/aae490dbt/Lab 4
directory. Sdlect thefilee420 l.ascfile.

4.) Enter the airfoil in asan NCURVE on the pull down menu.

5.) Changethe VIEW to 7.) Isometric, the CVIEW to 1.) Top, and the COORD to
VIEW. Theairfoil should look asit doesin figure 31.
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Figure 31: Airfoil input for Turbine

6.) Return to the main menu of SUfCAM. Click the TRANSFORM button. It
will be necessary to adjust the size of the arfail to get the blade size desired.

7.) Onthe TRANSFORM menu, click MOVE. Next, click SCALE. Choose
SINGLE on the menu, and dick on the airfoil.

8.) Thelength of thearfail is gpproximatdy 1” when it isinputted. For the scde
factor, enter 0.5.

9.) When prompted for ‘Point to Scale About’, click KEYBOARD, and enter the
origna the X, Y, and Z prompts. Theairfail will reduce to haf the origind
input Sze.

It will dso be necessary to adjust the angle of the airfail, so the blade will have
some angle of attack toit. Inafull Sze turbine section, the pitch of the bladeswill
change dong its length. Although this can be done, it is much more time consuming.
For this purpose, the blades will be angled dightly, without twist. In addition, for time
reasons, the stock being used for the propswill be 2 5/8” diameter brass. Thismaterid is
soft enough, that higher feed rates may be used, versus duminum or stedl. Follow this
procedure to create the body of the turbine.

1.) Click TRANSFORM on the main menu.

2.) Make sure MOVE is highlighted on the TRANSFORM menu. Click
ROTATE.
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3.) Sdect theairfail for the ‘item to bemoved'. A box will come up asking for
the rotation angle (in a counter clockwise direction). Enter —20 for the
rotation angle (degrees).

4.) Click KEYBOARD and enter the origin for the point of rotation. The airfail
should rotate dightly on the screen. Seefigure 32. (Two lines have been
created herefor effect only. These lines, dong with the dimension, show the
20 degree rotation of the airfoil only. These items should not gppear on the
screen after the airfoil isrotated).
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Figure 32: Rotated Airfail

Theairfail isnow at an angle, so it is now time to begin making the actud
turbine. A hub will be required so the turbine can be mounted for both machining and for
use afterwards. This hub will be congtructed directly from asmple circle;

1.) Return to the main menu. Switch the CVIEW from 1.) Top View, to 5.) Right
Side View. The Z-axis should now be pointing toward the bottom right of the
screen.

2.) Click CREATE on themain menu. Click CIRCLE on the creste menu.

3.) Sdect CIRCLE/DIA for the type of circleto create. The diameter box will
appear on the screen. Enter 1.625, and click ACCEPT.

4.) Using the KEYBOARD option, enter the origin for the center point of the
crcle Althoughit may not look like thereisacircle on the screen, make sure
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Figure 33: Turbine hub and airfoil
5.) Returnthe CVIEW to 1.) Top view.

The hub and blades can now be formed from the cross sections on the screen. This
following procedure will take care of this.

1.) Click CREATE on the main menu.

2.) Choose SURFACE. Both the hub and dl of the blades will be made from
these sections on the screen.

3.) Sdect EXTRUDE. At the prompt ‘ Select vector for extrusion’, choose
KEYBOARD. Also at thistime, make sure that the CVIEW is1.) Top View,
and the COORD is set to VIEW.

4.) Select X-AXISfor the axis to extrude about. Click ACCEPT.

5.) Enter 0.6 for the length of the extrusion, and select BOTH on the CAP pull
down menu.

6.) For the selection of the cross section to extrude, click SINGLE on the menu to
theright. Click the circle created earlier asthe cross section to extrude. Click
DONE. Three surfaces will gppear on the screen, forming acylinder. Inthe
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middle of this cylinder will be the cross section of the airfoil. Refer to figure
34 to see what the turbine should now look like.

|:2457 TSRl D ES -1 8 LN MBS - 47 STy

Figure 34: Turbinewith hub surrounded with surfaces

7.) Return to the main menu, and click CREATE once again. Click SURFACE,
and then extrude one more time.

8.) Again, click KEYBOARD, sdecting the Z-AXISthistime. For thelength
thistime, input 1.3. For CAP, select NONE. Click ACCEPT.

9.) Click SINGLE to sdlect the airfoil cross section in the center of the hub. After
the section is sdlected, click DONE. The arfoil will become ablade for the
turbine. Seefigure 35 for the extruded blade and hub.

53



Figure 35: Hub with one blade extruded

There will be a need to move the blade back dightly, so the placement is better on the
hub. Thiswill be accomplished quickly using the following procedure.

1.) From the main menu, click TRANSFORM.

2.) Make sure MOVE is highlighted on the TRANSFORM menu. Click
DISTANCE.

3.) Click WITHIN on the menu. Thiswill be used to highlight the blade and the
arfoil section that made it. To select the blade more easlly, click on the
VIEW button at the bottom right, and select 1.) Top View.

4.) Click on the screen to the upper Ieft of the airfoil only. Using the cursor,
highlight around the arfoil and the blade.

5.) Inthe menu that comes up to enter vaues to move the item, enter the
following vaues

X 0.05
Y 0.0
Z 0.0

Click OK, and the airfoil and blade should move dong the x-axisonly. See
figure 36 for the new placement of the blade, from the top view of the turbine.
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Figure 36: New blade position, from thetop view of theturbine
Once the first blade has been created, it is easy to create more blades about the

hub.

1.) Return to the main menu. Click TRANSFORM.

2.) Make sure COPY ishighlighted on the menu. Click ROTATE.

3.) Sdect SINGLE from the menu, and click on the blade. If MultSdl isOn, click
DONE.

4.) For the angle between blades, enter 60. Thiswill produce 6 blades around the
hub. Click ACCEPT.

5.) SurfCAM prompts for a point to rotate about &t thistime. Beforeapoint is
sdected, the CVIEW must be changed to 5.) Right Side view. Thisis because
SurfCAM rotates about the Z- Axis generdly, and the blades need to be
rotated about the centerline of the hub to be effective.

6.) After changing the CVIEW, dick KEYBOARD on the menu. Enter the origin
and click OK.

7.) For the number of blades to copy, enter 5 (6 total blades, oneis aready on the
screen). Click ACCEPT. The blades should rotate about the hub, and
produce a screen like figure 37.
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Figure 37: Turbinewith arrayed blades

Figure 38 shows the turbine rendered, for a better understanding of the project.
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Figure 38: Rendered turbine
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It will 0 be necessary to trim the blades of the turbine to the hub so SUfCAM
does not see the interior surfaces as a place to machine.

1.) Return to the main menu of SUFCAM. Moveto EDIT.

2.) Click TRIM/BREAK.

3.) Click on thetrim button until it reads TRIM 2. Thiswill beusedtotrima
specific surface at the intersection of another. In this case, the turbine blades
will be trimmed to the outer diameter of the hub.

4.) For thefirst dement to trim, click one of the blades. For the second element
to trim or location,” click SURFEDGE on the menu to the left. This specifies
the surface edge of the hub to be used for the trimming action.

5.) Click on the outer edge of the hub. SurfCAM will autometicaly figure the
intersection of the two surfaces, and trim the inner section of the blade off.
Repest this processfor dl of the turbine blades. Figure 39 showsthe fina
result of the trimming.
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Figure 39: Trimmed bladeson theturbine

Thisfinishes the creation of the hub in SUTCAM. The next sep isto set up the tool
paths.

4.2.3 Generating Tool Paths
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Once the turbine has been placed in SurffCAM, tool paths can be created. The
turbine will require the 4™ Axis on the CNC Jr., and the 4™ Axis option in the NC area.

1.) From the main menu, click NC. Click NC MODE, and select 4AXis.

2.) The4 Axis cut menu differs from the 3 Axis by having less options for types
of cuts. For the Turbine, the blades will be cut using the SWARF command.

3.) Click SET AXIS. Thisisused to define the centerline of the object, which is
areference for how it is mounted during machining. SurfCAM prompts
‘Sdlect firgt point on rotetion axis. First return the CVIEW to 1.) Top View.
Next, click KEYBOARD, and enter the origin.

4.) For the second point dong the rotation axis, click KEYBOARD again, and
enter 1.0in the X-axis. Although thereis no physica change in theimage on
the screen, SUfCAM now sees the rotation point of the item to be dong the
centerline of the hub.

5.) To begin thetool path setup, click SWARF on the 4™ axis NC menu.
SurfCAM prompts ‘ Select asurface’. Only one surface may be selected at a
timein the 4-Axis mode.
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Procedurefor Operating CNC Router Using Control Program
SurfCAM, or another CAM program, will have generated a G-Codefile. Transfer the
fileto the CNC router Termina using a3.5” floppy. Thefile should have the
extension * .tap for the program to recognizeit. Procedure for file transfer:

1.) Save G-Codefile onto 3.5 floppy disk, making surefile extenson is* .tap
2.) Place disk in drive of Router Control Computer
3.) At command prompt, type:

i. C\>cdcnc
ii. Clenc>copy a yourfiletap .

4.) Thisshould copy your file with the * .tgp extenson to the directory.

5.) Type RUN at the CA\cnc> prompt. This should bring up the CNC Router
control program

6.) The following commands can be used to control the router:

a. G92 — Useto st the zero position for the tip of the router bit.
I. USE: G92 X0Y0Z0 — Thiswill st the origin for thetip of the
router bit
b. GO01-Usetotdl router to travel to a specific location
I. USE: GO1 X0Y0Z0— Thiswill travel the router bit tip back to
the predefined origin location from anywhere in the router area
F4 — Trangt the router using the arrow keys at arapid rate
F5, F6, F7 — Trangt the router using predefined increments, shown in
the control program
F5 — 0.001-inch increments
F6 — 0.01-inch increments
F7 — 0.1-inch increments
Arrow Keys — Control the X and Y Directions of the router
PgUp — Move the router bit and motor in the +Z direction
PgDn — Move the router bit and motor in the -Z direction

oo
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7.) Place the materid to be cut on the Router Table.
8.) Secure the materia to the board using one of two methods:

I. Large Stedl clampsfound in the top drawer of the desk. The
holes in the router table are used to secure the clamps with the
bolts aso found in the drawer.

ii. Drill holesthrough the materid, in alocation far from the
routing area, and hold the materia down with Drywall screws,
found in the top, middle drawer of the desk.

9.) If arouter tool path will go through the materid you are machining, make sure
there are no hold-down bolts under the tool path of the router. 1f the router bit
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hits a hold-down boalt, it will damage the bit and possibly send metd pieces
flying. Use caution in laying the materid up for machining.

10.) Usingthetrangt (arrow) keys, position the center of the router bit
gpproximately where the zero location is, as shown in the part drawing. For a
quicker accuracy, bring the router bit low to the surface of the materid (not in
contact with) and visually locate a center point.

11) Useasheet of paper to set the Z location on the materia. The paper
should be able to move between the materid and the router bit tip, but with
noticesble resstance.

12))  Usethe G92 command to set the coordinate location of the tip of the hit.
It is not dways the case that the tip of the bit will represent the zero point on
the materia (wherex, y, and z = 0).

i. Example 2’ foam isacommonly used maerid. Often apart lies
within the bounds of the 2" thick materid. To account for this, the
tip of the toal is placed on the surface of the materid, and this
point can be defined as X =0, Y =0, Z =1 (assuming the part is
exactly oneinch deep into the foam). This action autometicaly
setsthe zero aso.

13))  Transt the router bit up 1 to 2 inches, to get it away from the materid, by
using the GO1Z1 command.

14) Toensurethetool path is correct, it will be necessary to run thefile and
‘cut ar'. Re-Zero the Z location at this predefined distance away from the
materid, usng G92Z0. Thiswill prevent damege to the materid during the
fird test of the tool path.

15) Typethe name of thefile, including the .tap extenson, and press enter.
This should begin the routing process. This processisreferred to as * cutting
air.” Thisfreeair cutting allows you to see mistakes in the tool path, or
incorrect materia postion.

16.)  Oncethefile has shown that it was generated correctly, stop thefilefirgt
by using the Space Bar to pause, and then the ESC key to terminate the entire
cut file.

17.) Re-trangt the Z location back down the predetermined distance, again
using the GO1Z-1. Thisshould put the router bit tip on the materid. Re-zero
the position in the control program, using G92Z0 (assuming the zero location
is on the upper surface of the materid being cut).

18.) Sdect the appropriate RPM on the side of the router motor, and turn the
motor on.

19.) Making suredl guards are up, dl safety equipment ison, and al hands are
out of the area, re-type the file name with the .tap extension. This should
begin the routing process. If you need to stop the machine during the routing
process, make sure to press the SPACEBAR first, and then the ESC key to
terminate the file. In emergencies, use the red emergency stop button located
near the computer. This stops the motion of the router head. This button
DOES NOT stop the rotation of the bit or the router motor.
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Models created on dT Technologies CNC Router
Laminar How Body — Shann Rufer

Wooden Dragster Wing — Amato 8 — David Ong

Dragster Wing Mold — Eppler 423- David Ong

Micro Air Vehicle Mold — Pat

Foam C-Wing — Steve WuUlf & Shawn RusH

Wooden C-Wing — Steve Wulf & Shawn Russdl

Rigid Sall (3 sections) — Bradley Gifford

Blue Fin Tuna Laminar How Body

Micro Air Vehicle Mold - Thomas Scmidt-Lange

Micro Air Vehicle Mold — Ben Cardind

S—Duct for UCAV — Professor Sullivan

High Contraction Wortmann FX 63-137 — Steve Wulf

Wooden ‘Oscar’ Modd for 451 Spring 2000 — Jason Helms

Foam ‘Oscar’ Modd for 451 Spring 2000 — Jason HEms

Large Scale Eppler 327 wing — Professor Thompson

Wooden Flying Wing Design for 451 Spring 2000 — Andrew Peters
Wingsfor ‘Jester’ aircraft for 451 Spring 2000 — Steve Wulf

Haf Scaerear wing for ‘Jester’ arcraft — Steve Wulf

Smdl Laminar How Body — Bridget Fitzpatrick
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