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CO2 RailCar Form

Body Toolpath

A. Insert Blank File.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Open your BODY RAIL FORM file.

EEE
Click Data Panel —H intop < A CO2Cars & @
left corner of display.
| Data | Peaple |
Right click BLANK file [ e Foar |
and click Insert into Cur- -] Rail Form
rent Design, Fig. 1.
— Rail E
Click OK in Move/Copy -
Panel, Fig. 2.
P BLANK
Click Close Data Panel 3. ‘/ R o S Design
F.New Dlrawinu from Desmn‘
ig.
Right click Blank () =
in Browser and click
. RN fs  5ODY RAIL FORM vi_[O)]
Ground’ Flg' 3 > ¥ Document Settings
|> B Named Views 44 BROWSER
Right click Blank[ ] > = ow
and click Break Link ———
. [» © Bl Sketches
Fig. 4. b ® "
Ground
Right click Blank 1'?%' f-‘we;ﬂ& r-‘
ﬁand click Opacity 18-
Control > 20%, Fig. 5. <+ BROWSER ol

PREY 7= coor rait rorw v O
D %£F Document Settings
|
D |
D © @ Bodies
[ ® @ Sketches

po EENETIEN

Unground

Named Views

Origin

z Create Drawing

[_i* Create Selection Set

E Rigid Group

& Appearance A

Properties

Export...
Save Copy As
Save As and Replace
Save As STL
& Open
||=H Choose Version

€5 Break Link
Copy ~ Ctri+C
Fig. 4

@ MOVE/COPY
Move Object D Components b
Selection x
Move Type . b G
Set Pivot L*
X Distance 0.00 mm -
' Distance 0.00 mm -
Z Distance 0.00 mm -
M Angle 0.0 deg -
 Angle 0.0 deg -
Z Angle 0.0 deg -
[i] oK Cancel
Fig. 2
@

4 © PSS ©
[> £ Document Settings
> B8 MNamed Views

Bl Origin

[ © @l Bodies

[> © Bl Sketches

> o CNEIENO

@ Activate

Unground

[ New Component
z Create Drawing

[_i'*' Create Selection Set
E Rigid Group

@& Physical Material

& Appearance A
&f) Texture Map Controls

Properties

Copy Ctri+C

Cut Ctri+X
X Delete Del
«0 Remove

Display Detail Control

@ Show/Hide v
& Show All Components Custom Opaciy
@ Show All Bodies 10%
Selectable/Unselectable 20%
Opacity Control P ‘
Isolate 40%
[
Fig. 5
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B. Create WCS Sketch. Back face

Step 1. Click Back view on View Cube  *%  Fig.7.

Step 2. On the Solid tab M. click Create Sketch |'_.7_||_ in toolbar

and click back face of Blank body, Fig. 7.

Step 3. Click Fit I@(F@ on the Navigation Bar at the bottom of the
canvas.

Step 4. Click Line ) (L) on the toolbar.

Step 5. Sketch a horizontal line to the left from the centerpoint of
the cartridge hole, Fig. 8.

Step 6. Click Dimension [ | (D) on the toolbar.

Step 7. Dimensions line 34, Fig. 8.

Step 8. Click Finish Sketch o on the toolbar.

Step 9. Save. Use Ctrl-S and press ENTER.

D. Create Containment Sketch. Fig. 8
z
Step 1. Click Right view on View Cube | RGHT R L
PR-Y ts 500y raiL roru s [O)

— D %+ Document Settings
click Create Sketch |Lz’ | in toolbar D WM Named Views
._ 4 - i, 9,

® 4 0

® [ x

® v

® [z
body), Fig. 10 or YZ Plane Y in Browser, Fig. 10. © i x
o @ x
© [Ea74

Step 2. On the Solid tab SOLio

and click Rightplane /|, in canvas (don’t click Blank

L

Fig. 10

Don’t click
Blank body

Click and

hold .
Right plane \)5
YZ i
Depth | Pare:;s ;
Face Fig. 9

YZ
Face'
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Step 3. Click Fit @L(F6) on the Navigation Bar at the bottom of the canvas.
Step 4. Click 2-Point Rectangle |:| on the Sketch toolbar.

Step 5. Sketch rectangle to right of front tip of car body, Fig. 11.

Keep rectangle |
to right of tip
of car body ™~

Tip
Fig. 11
+4 BROWSER & |
Step 6. Hide 'ﬂ' Blank D in the Browser, Fig. 12. RPN 7. cooy rait rormive T
D # Document Settings
Step 7. Click Create Menu > Project/Include > Project (P). D Named Views
> Bl Origin

Step 8. Click the forward most vertex on the car body (tip) and
click OK in Project panel, Fig. 13. N &

)
Proj ect”

Fig. 13

Step 9. Click Dimension (D) on the toolbar.
Step 10. Add dimensions, Fig. 14. If necessary, drag top of rectangle at least 7mm above top of car

body. 6mm cutter has to pass between rectangle and top of car body. Unselect Dimension
tool to drag.

Step 11. Click Finish Sketch o on the toolbar.

Step 12. Save. Use Ctrl-S and press ENTER. At least 7Tmm

N

-7 Fig. 14 7--
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C. Create Mirror Plane. «« oROWSR ol
Step 1. E')_q])and Origin in the Browser, right click XY Plane P-4 fs cooYRAILFORM v4 O
[

> £ Document Settings

and click Offset Plane, Fig. 15. D il NamedViews
4 - . 9rgn,
Step 2. In the Offset Plane panel set, Fig. 16 ®@% o
Distance 34 z E *
. '
click OK. i| & OFFSET PLANE » o1z
Plane k 1 selected [ PoY
Step 3. Save. Use Ctrl-S and Edent |oo] Distance . © [ x| reste Selecton Set
TCSS ENTER. istance mm - o .'—‘I i l_-'L Creste Sieten
p ot = & D © il Bodes (Pl offset Plane ‘
I I D> © Ml Sketch Copy Cv=C
;] N 3 e CtrisX
3 G Show/Hide W
Fig. 16 Fig. 15
¢

34/00

Fig. 17

D. Switch to the Manufacture Workspace.
Step 1. Switch to the Manufacture workspace. To switch, click Design ~ pesie~  in the Change
Workspace toolbar and click Manufacture manuFacTurRe » from the menu.

E. Create Left Cut View. - &y

Step 1. While still in Right view, on the View Cube A I} T \ —l
. b q b q b Eﬂ

> q \ Y
E* click triangle [} on left of cube, - X z—3

Fig. 18. Fig. 18 Fig.19  Fig.20
Wz " < BROWSER © |l |+ BROWSER el
D@{ 4 ® (5 cAWRot 4 ®© (5 canRoot
Step 2. On the View Cube . click [ unis: mm [ unis: mm
'1_"\--\._ . = b3 Named Views A BB Named Views
CCW al‘l‘OW{‘-I '“"w-:':'o Flg' 19. D © [ Modeis |[El New Named View TOP
. [Er  Setups s FRONT
T x Fig. 21 RIGHT
b ) HOME
Step 3. On the View Cube ZE click top left corner I:l (vertex), LEFT CUT
Fig. 20. v b oD s W
[ setups
Fig. 22

Step 4. Right click Named Views in the Browser and click New
Named View, Fig. 21.

Step 5. Rename the view LEFT CUT. To rename, slowly double click name and key-in LEFT
CUT, Fig. 22.
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F. Setup.
Step 1. On the Milling tab MILLING  click Setup E}' in the Setup area of toolbar.

Step 2. In the Setup panel set: © SETUP: SETUPY

@ Setup Stock | Post Process
on Setup tab | (7 3¢ | pio 23 '@

¥ Setup
under Work Coordinate System (WCS)

Operation Type  Miling -
Orientation Select Z axis/plane & X axis
Z Axis click red X axis at Origin, Fig. 24 ¥ Work Coardinate System (WES)
Origin Selected point Orientation Select Z axisiplane &... v ‘
click top endpoint of line in Sketch4, Fig. 25 R w

Flip Z Axis w

X Axis i3

Flip X Axis w

Origin Selected point -

WCS Origin [+ Sketch Point %

¥ Model -

Model [ Body X

) Fixture

o

Fig. 23

Left cut

|
\>1Y\X axis
WCS ~ .~
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Step 3. In the Setup panel set:

click Stock tab [ Steek Fig. 26
under Stock
Mode From solid

Stock Solid expand Models & in Browser,

expand Body Rail Form &J and click Blank D,
Fig. 27
click OK.

z

+4 BROWSER e
4 © [}5 BODYRALFORM v6
Q‘ Units: mm
D Bl Named Views

D B Named Views
b Bl Origin

[ ® M Godies

[ ©® Bl GSketches
[ ©® B Construction

4
[ & setups ~
Fig. 27

Step 4. Save. Use Ctrl-S and
press ENTER.

G. Left Cut Toolpath.
Step 1.  On the Milling tab MILLING (1ick Scallop @ in the 3D area

of the toolbar.
Step 2. In the Scallop panel set:
on Tools tab % , Fig. 29
under Tool
click Select

@ SETUP: SETUP1

(P setwp | [ Stock L[5 PostProcess

¥ Stock

Mode From solid -
Stock Solid k BLANK v1:1”

¥ Dimensions

Width () 305 mm

Depth (v} 70 mm

Height (Z) 42 mm

[i ] OK Cancel

Fig. 26

@ SCALLOP: SCALLOP1

¥\ 0 & EE

YTOO|‘

Tool Select.

Coolant Flood -

¥ Feed & Speed

Spindle Speed 5000 rpm
Surface Speed 157.08 m/min
Ramp Spindle Speed 5000 rpm
Cutting Feedrate 1000 mm/min
Feed per Tooth 0.0888887 mm
Lead-In Feedrate 1000 mm/min
Lead-Out Feedrate 1000 mmimin

Ramp Feedrate 333.333 mm/min

Plunge Feedrate 333.333 mm/min

Feed per Revolution 0.0666667 mm
L) Shaft & Holder
[} oK Cancel
Fig. 29
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Step 3. In the Select Tool dialog box:
under Libraries, Fig. 30
select Metric - Aluminum
click Type button at top

sele

ct Ball

click OK
select 6 mm Ball Endmill, Fig. 32
click OK.

, Fig. 31

Ball

F Select Tool X
= _ - + +| + 1,
] Operation Type ‘DImEHSIUI]S .
Libraries - Name Cutting diameter| Corner radius | Overall length Flute length '
v All e Samples/Metric - Aluminum
¥ 14 Documents I 2015 mm 1187 - drill 0,150 mm Omm £.58 mm 1,30 mm
B‘?DYRAILFGR'" i @0.16 mm 1187 - drill 0.160 mm Omm 6.68 mm 1.60 mm
ou
Local ! @017 mm 1187 - drill 0.170 mm 0mm 6.78 mm 1.70mm
Vendors 5 @0.18 mm 1187 - drill 0,180 mm 0mm 6.88 mm 1.80 mm
Samples ! @0.19 mm 1187 - drill 0.190 mm 0mm £.92 mm 1.90 mm
Holders - Standard... I 202 mm118° - dril 0.200 mm 0mm 7.08 mm 2,00 mm
:”‘: "é"“"”'”“"“ I @022 mm 118" - drill 0.220 mm omm 7.28 mm 2.20mm
e B 2025 mm 11" - dril 0250 mm 0mm 7.5 mm 250 mm
Inch - Copper ’ @0.28 mm 1187 - drill 0.280 mm 0mm 7.88 mm 2.80 mm
Inch - High Carbo... ! @0.3 mm 1187 - drill 0.300 mm 0mm 8,08 mm 3,00 mm
Inch - Low Carbon... ! @0.32 mm 1187 - drill 0.320 mm 0mm 8.28 mm 3.20 mm
Inch - Plastics I @035 mm 118" - dril 0350 mm 0mm 258 mm 3.50 mm
:”‘:'?:‘”'E“ Steel I 2038 mm 1187 - drill 0380 mm Omm 2,88 mm 380 mm
nch - Titanium
e s ! @0.4 mm 1187 - drill 0.400 mm 0mm G.08 mm 4.00 mm
Metric - Brass ! 20.42 mm 118° - drill 0,420 mm 0mm 9,28 mm 4.20 mm
Metric - Bronze | ’ 30.45 mm 118° - drill 0.450 mm 0mm 9.58 mm 4.50 mm
.
Fig. 30
F Select Tool >
= ) - O ) 1,
HE- Operation Type Dimensions 1l A
Librarie Flute I ™
" Al Milling None All
hd Documen ! ! ‘ ﬂ * ! u B
BODY
[ Cloud Ball Bull J Flat J Face ) Tapered | Boring Bar Radius
Local s r
e U 4 [A[Y][L L4
v e m:;;e Chamfer | | Counter Bore | Dovetal | Lolipop | Slot J Thread Probe .
Inch - Hole Making None All i
£ Inch - ! ] 10 ] 10 = 10 i 10 a 10 ] [N w 1 "
.
Fig. 31
F Select Tool X
o l +|] +H O+ + 1,
oo b L 1 3
Heo Operation Dimensions X i 3
Libraries - Name Cutting diameter | Corner radius | Overall length Flute leng Tool Info ol
v All e Samples/Metric - Aluminum End: material  unspedfied
e ‘;g;;t;m FOR § 93 mm - ball (3mm Ball Endmill) 3.00 mm 0mm 83.0 mm 12.0 | Tool grade II:'INI tzenelrlic
] . 6mm Ball Endmil
Cloud l @4 mm - ball (4mm Ball Endm!II) 4,00 mm Omm 63.0 mm 14, Geometry
Local l @5 mm - ball {Smm Ball Endmill) 5.00 mm Omm 63.0 mm 20.0 | coolant supply false
§ 96 mm - ball (5mm Ball Endmill) g 6.00 mm 0mm 63.0 mm 20.q | property
Vendors ¢ - ) Cutting diameter &mm
Samples (] @8 mm - ball (8mm Ball Endmill) 8.00 mm 0mm 63.0 mm 20.0 | Hand true
Holders - Standard... B 910 mm - ball (10mm Ball Endm... 10.00 mm 0mm 70.0 mm 25.0 | Body length 22.5mm
Inch - Alurninum B 12 mm - ball (12mm Ball Endm... 12.0 ram Omm 760 mm 25,(f | Flute length 20mm
Inch - Brass Flute count 3 Y]
Inch - Bronze ] @14 mm - ball {14mm Ball Endm... 14.0 mm Omm 89.0 mm 32
Inch - Copper l @16 mm - ball {16mm Ball Endm... 16.0 mm Omm 89.0 mm 32
Inch - High Carbao... § @18 mm - ball (18mm Ball Endm... 18.0 mm 0mm 100.0 mm 38
Inch - Low Carbon... (] @20 mm - ball (20mm Ball Endm... 20.0 mm 0Omm 100.0 mm 38
Inch - Plastics § @25 mm - ball (25mm Ball Endm... 250 mm 0mm 100.0 mm 38,
Inch - Stainless Steel
R

Fig. 32
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Step 4. Back in Scallop panel set:

@ SCALLOP: SCALLOP1

on Tools tab ¥ |, Fig. 33 ¥ g5 HEZ
Coolant Disabled v
Tool Select...

under Feed & Speed
Cutting Feed rate 300
Plunge Feed rate 200

Coolant

¥ Feed & Speed

#1 - B8 mm ball (8n...

Disabled s

-

under Shaft & Holder N rr—

Shaft and Holder Mode Detect tool length cortace Spec ry—

Holder Clearance 3 B e

Cutting Feedrate 300 mm/min =

Step 5. In the Scallop panel set: e o N:
on Geometry tab | ' | Fig. 34 i [ B

under Geometry Lead-Out Feedrate 1440 mm/min :

Machining Boundary Selection R Fescrate T ——

click rectangle sketch, Sketch 5, Fig. 35 PungeFesdrate 200 mmimin o B

Feed per Revolution 0.02 mm s:

under Avoid/Touch Surfaces
Avoid/Touch Surfaces

w |7 shaft & Holder

select cartridge hole cylindrical surface, to select,

Shaft and Holder Mo-...  Detect tool length "
click and hold on car body over cartridge hole and Tz @

select Face, Fig. 36
Avoid/Touch Surface Clearance 3

Machining =
boundary

e

Click and
hold

Depth | Parents |
Face
Face
Face
BODY RAIL FORM v7:1

Holder Clearance

Machining Boundary
Machining Boundary ...
Tool Containment
Additional Offset
Contact Point Boundi...
Contact Only

Machine Areas Usint...

Boundary Overlap

O siope

J Model

3mm~ =

o
Fig. 33
@ SCALLOP: SCALLOP1
¥ I EE
~
¥ Geometry

Selection -
[ Chain !
Tool center !n b..~

0 mm
(W]

0.8 mm

.

b4 a AvoidTouch Surfaces

AvoidiTouch Surface... m
3

AvoidiTouch Surface...

Touch Surfaces

a

S~

Fig.

34
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Step 6. Inthe Scallop panel set: © SCALLOP: SCALLOP

on Heights tab J?L Fig. 37 ¥|5 |6 H =
under Clearance Height ¥ Clearance ficight
From Retract height From Re'“m“‘g“*s v
Offset 2 Offsst 2 ‘ E
¥ Retract Height
under Retract Height fom | Stocktop .
From Stock top ot 2 ~
Offset 2 ~
¥ Top Height
under Top Height fom | Stockiop v
From Stock top omset  [0mm :
OffSﬁt 0 * Bottom Height
From Kodel bottom b
under Bottom Height omeet 18
From Model bottom
Offset 18 'y

Fig. 37

Fig. 39
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Step 7. Inthe SC&HOp panel set: © SCALLOP: SCALLOP1

on Passes tab , Fig. 40 ¥ IO é
under Passes v Passes
Inside/Outside Direction Inside - Out TeETE 0.01 mm
Stepover 1 Link from Inside to Outside (2
Direction Both ways Inside/Outside Direction Inside - out "
Up/Down Milling Down milling Limi Number of Stepovers ()
Stepover 1
under Stock to Leave Direction Both ways
0 Up/Down Miling Down miling %
Up/Down Shallow Angle 1 deg

Step 8. In the Scallop panel set:
on Linking tab &5 | Fig. 41

w [/ stock to Leave

Radial Stock to Leave i}
under Linking Axial Stock to Leave o mm
Retraction Policy Minimum retraction
under Leads & Transitions O lets
0 I smoathing

click OK. -
I Feed Optimization

g (i ] Ok Cancel

Fig. 40

@ SCALLOP: SCALLOP1

¥ &7 O H=s

¥ Linking
Retraction Policy Minimum retracti... =

High Feedrate Mode Preserve rapidr... =

Allow Rapid Retract &)

Safe Distance 2 mm

™~
Fig. 42 N

Maximum Stay-Dowr... |12 mm

¥ Leads & Transitions

Horizontal Lead-In Ri... |0

Step 9. Click Right view on View Cube = & | . Vorticalleacin Ract.._ | N
7 Horizontal Lead-Out ... |0 ‘
Step 10. Confirm toolpath avoids rear surface ; Vertcal Lead-Out Ra.. ”‘
and does not pass across the car- Transiion Type smooth M
tridge hole, Fig. 43. v Positions

Entry Positions & Nothing

[i] oK Cancel

Fig. 41

Confirm toolpath
avoids cartridge hole

Fig. 43
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H. Simulate. <« BROWSER ol

Step 1. Switch back to LEFT CUT view and select Scallop toopath in 4 © ({5 BODY RALFORM v12
the Browser, Fig. 44. D onds:
A Bl MNamed Views
TOP
Step 2. On the Milling tab w click Simulate@ in the Actions FRONT
area of toolbar. RIGHT
HOME
LEFT CUT
Step 3. In the Simulate panel set: R O &K [> » S0 D ® (D Hodes s
under Toolpath, Fig. 45 o 4[5, s,
Mode Tail Fig. 46 4 B, sept, ©
under Stock D
Mode Standard Fig. 44
click Start [> at bottom of canvas, Fig. 46 | @ SMULATE »
Close. i Dispiay | @y Info | fgy Statistics
* [ Tool
Transparent (]

Programmed Point [

¥ [/ Toolpath

Show points. D

Mode Tail T
v [ stock

Mode Standard T
Colorization Operation b
Material Wall Paint A
Transparent D

Stop on colision [

Close

Fig. 45
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I. Mirror Toolpath.

Step 1. Right click Scallop1 Toolpath @ in the Browser and click Duplicate (Ctrl-D), Fig. 48.
Step 2. Right click Scallop 1(2) Toolpath @ and click Add to New Pattern, Fig. 49.
Step 3. In the Pattern panel set
under Pattern, Fig. 50
Pattern Type Mirror pattern
Mirror Plane click the new Plane in canvas, Fig. 51
uncheck Keep Original
click OK.
<« BROWSER el <« BROWSER el © FOLDER : PATTERNS
4 © [} BODYRAL FORMv12 4 © [}, BODY RALFORM vi2 [ Pattern Post Process
J;j. Units: mm Q Units: mm v [@) Pattern
> WMl Mamed Views [ Wl Named Views S " "
D Nodels D @ @ Vodels atern lype Irror pa 3|'|'|~
A B Setups A B Setups Wirror Plane m
A4 |5, setupt,, © 4 5, Setupt,, © Keep Original l:"
|> m— D @  [11] Scalop! Operation Order Order by tool b
B >
[l Edit Tool {64 Edit
OK Cancel
Compare and Edit B0 Edit Tool
Create NC Program Compare and Edit Fig. 50
& Generate Cirl+G Create NC Program
(S Simulate & Generate Ciri+G
@ Post Process (8 Simulate
Setup Sheet @ Post Process
Clear Toolpath Setup Sheet
o Machining Time: Clear Toolpath
Make Default @ Machining Time
[ suppress Make Defautt
[ Protect [ suppress
[] optional [ Protect
Create Derived Operation ¥ [ optional
Add to New Folder Create Derived Operation W
E; Add to New Pattern Add to New Folder <4 BROWSER @
Duplicate‘ Ctri+Dr [E; Add to New Pattern 4 © @ BODY RAIL FORM w14
Cut Duplicate &D Q. i
Fig. Zg ] Fig_ alg D Bl Named Views
D ® (5 Modes
A &, 5¢ts,,
Step 4. Save. Use Ctrl-S 4 15,55, O
and press ENTER. P SRR

7~ . [O
[ & [T1] Scallop (2}‘

Fig. 52

Tip: For Mirror toolpath
Activate Pattern 'E:', Fig. 52.

Plane
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