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Accuracy Enhancement in Direct & Adaptive Slicing
of a Rotational Surface

Jung Whan Park*, Yang Ho Shin**

ABSTRACT

Direct & adaptive slicing of sculptured surfaces in RP improves quality & accuracy of the final product,
compared to the slicing with uniform layer thickness or the slicing of facets (ie, STL). Present D&A slicing
procedures adaptively compute the next layer thickness based on the surface information of current sliced contour,
which assumes constant normal curvature values. In some cases, however, such assumption leads to intolerable
«licing result which cannot correctly consider the entire local feature shape. We propose improved adaptive slicing
algorithms which can determine near-optimal layer thickness, including illustrated examples.

IKey Words : Rapid Prototyping (&%), direct and adaptive slicing (2} - d-5 ©@H3})
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Slicing direction
Cusp-height
Min Lt, Max Lt
l Global- feature recognition I
7 e
Flat-area Peak Sharp edge
$, 2, > Slicing — Contour C;
Compute Jayer thickness (Lt,)
z,=12,+ Lt
Contour curves
(SLC-format)
Fig. 1 Adaptive slicing procedure
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5 =9 CcAD 9, A5kl (6) % wHsd
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d=— psin 0+V p%sin %0+ 205+ &* (1-2)
where Kk <0 (convex) and Nz2> 0,

Nz = z-component of the normal,
d=+ psin 60—V p*sin?0— 208 — &* (1-b)
where k¥ <0 and Nz < 0,
d=+ psin §+ Vv 0%sin20+ 208+ &% (1-b)
where k <0 and |Nz|< |,
d=— psin g+ 0%sin?0+206— 8% (1<)
where k >0 (concave) and Nz 2 0,
d=-+ psin H—Ipzsinzﬁ— 208+ & (1-d)
where k¥ >0 and Nz < 0,
d=2psinf
where x >0 and [Nz|< 1.
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(a) CAD model (b) Slicing result

Fig. 2 Intolerable slicing of surface with local
feature
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7l Lt = flz): 2 (20211019, zoll D& Las 2l(1)
& ol 3ol Axtat.
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distribution)Z YEh = QAR XYW (E-map)2 A4
gy 2 AT Ak s ol ALtd 5
(L= 485 = 53 FHRde] 2o]2 X,
A2 25 Atel AASIh Ao v
=9] €[z ]olA AL 23 E = 2o TF S
Ex = g(z); %€ [z0.21] & VERITL (Fig. 3-b).
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(a) Initial Lt-map (layer-thickness distribution)

£€>8

(b) E-map (error-distribution)
Fig. 3 Schematic diagrams of Lt-map and E-map
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Fig. 4 Schematic diagram of corrected Lt-map
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Procedure Slice_Contours (S, 6 , zo, Z1, dminy Jmax
> {G}

1. Input: surface S, cusp-height § , slicing range z,
71, min. layer thickness dmin, max. layer
thickness dmax ;

2. Construct Lt-map «

3. Construct E-map «

4. If any Ey > 6§ then

construct corrected Lt-map -

S, ) , Zo, Zp, dmax, dmin 5
S, § , Lt-map ;

Lt'-map
Else
Lt-map < Lt-map ;
5. For z = z, to z; do following
C; = Surface_Slicing (S, z) ;
Lt = Get_LayerThickness (Lt'-map, z;) ;
z=z+ Lt ;
6. Return {C} ;

Slicing ditection
Cusp-height
Min Lt, Max Lt

¥

Global-feature recognition l

e p—

Peak

Flat-area Sharp edge

Slicing range: z j~7,

Lt-map construction
Error-map construction

Corrected Lt-map
—> Slicing for z,~z

v

=

Contour curves
{SLC-format)

Fig. 5 Adaptive slicing procedures using error-map
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Procedure Slice_Contours (S, 6 , Zo, Z1, dminy Amax
> (G}

1. Input: surface S, cusp-height & , slicing range zo,
z,, min. layer thickness dmn, max. layer
thickness dmax ;

2. For zi = zy to z; do following

Ci = Surface_Slicing (S, z) ;
Lti = Calc_LayerThickness (C;, z) ;
Ei = Calc_Error (S, Lt) ; // Al
If E; > 6 then

Lt' = Calc_CorrectedLt (Ci, z, 6§ ) ; //

/I eq. (1)

A2
z =z + Lt
3. Return {C;} ;
Slicing direction

Cusp-height
Min Lt, Max Lt

I Global-feature recognition I

/ N\
Flat-area

—_
Peak

Slicing range: zy~z,

§, 7, =» Slicing ~» Contour.C;
Compute layet thickness (Lt}
Compute error (B} for Lt;
Compute corrected Lt — Lt
z.zz. +Lt¢

=

Contour curves
(SLC-format)

Sharp edge

Fig. 6 Proposed adaptive slicing procedures
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Fig. 9 Layer thickness distribution
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Fig. 10 Error distribution
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(b) Proposed (139 contours)

Fig. 11 Result of adaptive slicing (6 =0.01)

(b) Proposed (28 contours)

Fig. 12 Result of adaptive slicing (6 =0.03)
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Fig. A.1 Modeling of vertical section

Fig. A2 Error estimation for a given layer
thickness
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Procedure Calc_CorrectedLt (S,6 ,zx,Ltx > Lt")
1. Input: surface S, cusp-height & , current layer

height z, initial layer thickness Lt ;

2.2 = y, Zy = Zg+
3. zc = (zotz1)2 ; /I Fig. A3
4. Compute € ¢ = Lt' = |zc-zo|
S5.1fec< & then {
20 = Z¢, 21 T Ly
If | z - z1 | £ tol then return Lt ;
} Else
20 = Zi, 21 T Z¢
6. Goto 3 ;
— Zkal
Lty _

-

Fig. A.3 Determination of optimal layer thickness
for a given cusp-height (6 )
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