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Graphic Simulation of Material Removal Process
Using Bounding Box and Base Plane

Cheol-Sco Lee* and Gwang-Ryeol Park**

ABSTRACT

In this paper, the techniques for graphic simulation of material removal process are described.
The concepts of the bounding box and base plane are proposed. With these concepts, a real-time
shaded display of a Z-map model being milled by a cutting tool following an NC path can be im-
plemented very efficiently. The base planes make it possible to detect the visible face of Z-map
model effectively. And the bounding box of tool sweep volume provides minimum area of screen
to be updated. The proposed techniques are suitable for implementation in raster graphic device
and need a few memories and a small amount of calculation. Proposed method is written in C
and executable on MS-Windows93 and Window-NT,
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L &

NC 7F33}7] 918 HA4H& CAD/CAM A A <A
P¥A4E 2883t NC 2§ 4%t 533 3
AQ4F NC =71 23 3 208 NC =&
galsirie P-5o Pl Y 2L 77 % o
o NC e g 355 AA A 7Hoz 3171
= Age ulvt A A7k A ARAZ A
25 L R KA 2 Mg b e ] IRl e L B 1
< A5 a3 @l g g9l A 2dE
2o] shgdte wel s gl B sHge)
o 71A] FAke] e AlEeld S B vhE 2
71 sed WA ge 2 A4 AlYe] Py
Ffolt 24 &40 44 APE 4 ok 29
7hE FRjR g YE AderkA AL 7hest
of Wjrle spde|ut ARRIAY A1l AMdGS F
€ 28y A EHe)de] Thgtet.

FAIS)R, et A Tea
regby ), et Ak 2etn

161

32k4] B2 FHFE Hd gaZo)sieid 3
A dlolel§ AISkE ZFAA Wed(visibility check)
3 Holxg Ae)g sk FA oA L lz2]g} A
A7kl 2 4EE Ae] dubaelrct. weba] Aol 2]
F3he AAM AR ARl A FEshe oAkl 2
ofe] melsl= MER NC d2 wdd| Yyt gA
dlolele] T2 B rjaEae] Wle] ¥esp) NC
A} 712} ey A B#e] AL Fig 19 28 M3}
Z o)Fe] Al =wl wiofe] % v]aFdo] sale] A4
2 dulx o 2 NC Z=9] Zo| g FojuiAIgiet.
Z-map F&E Ao 7Yl tigh AjAte] mlaw 7t
3lo] NC At wrle] 22 go] AHEge',

£ =4 Z-map 53 L z=fix, y) Wiale] A
L= YAk dle]g] T2} NC A4 2] 712 3
Mol ZARE zH A Bue|dsls AgA wt
HE Agkgleh. o] W e F7e) 29 o o) A
A ARG o]4sle J1EYHL AL T o
A7 F AE FEE TR B4 E o] &3} Al
7} A Aol B ok Al FoleF soc)
53 Zmaps} $-ARF F29) A TRpeH 7HAA



162 ol H, e

EEEXTEEER EEEECIETEREE]

{ nc3cs |—;-—(9wm WA O

Fig. 1. Graphic simulation process of material removal
model.
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Fig. 2. Representations of Z-map and M-map.
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Fig. 3. Flow diagram of proposed graphic simulation
method of material removal process {a) Constant,
(b) Updating the display, {c¢) Updating the
model map.
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Fig. 5. Parametric space and base plane of screen (2) Viewing screen, (b) Base plane of screen, (c) Parametric space.
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Fig. 6. Choosing the base plane. (a) One or two visible faces on screen, (b) Three visible faces on screen.

Fig. 7. 1, v Parameters depending on base planes (a)
Base plane using top face of bounding box, (b)
Base plane using side face of bounding box.
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Step 3. Calculate hi

Case Z-map: Get zi
if (hi<zi) then visible = TRUE: goto
step 5

Case M-map: Get z_low =2z, z_high=2zij+1 for
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if (z_low < hi < z_high} then visible =
TRUE: goto step 5

Step 4. Increase (f)

If {i < =n) then goto step 3

else visible = FALSE

Step 5. Retum ( | visible, | gx(®, | gy(d)
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Fig. 8. Heights of extended viewing vector (2) Section plane by viewing vector (Shaded plane), (b} Cutaway view of
the section. {¢) Geometry involved in intersection points of base planes and extended viewing vector.
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Fig. 9. Cutaway views of model map and heights of extended viewing vector.
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Fig. 10. Determination the updating area of screen (a) Bounding box of a tool, (b)c) Updating area using bounding
box, {d)(¢) Graphic demonstrations with displaying the updating area by a tool path.
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Point-to-point method using line segment, (b)
Ruled surface using silhouetie curve.
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Fig. 12, The swept volume by a tool move. (a) Silhouette curves, (b) Ruled surface by sweeping the silhouetie curves,
{c) Approximation of silhouette curves.
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