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OBJETIVO

» Methodology to estimate manufacturing complexity for both machining and layered
manufacturing by a combination of a subtractive process (high-speed machining) and an
additive process (selective laser sintering)
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» Superficie com baixa rugosidade

> Faces de referéncia para usinagem e areas com necessidade de adicdo como suporte
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» Volume da peca

» QOrientacao de superficie

» Distancia do centro da mesa (plataforma)
» Superficie de casca

> Perfil com dimensdes minima e maxima
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» Volume da peca

» Volume do blank

» Geometria

» Perfil de canal estreito com raio

> Superficie de forma livre
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» Tipo do material

» Tolerancias dimensionais e geomeétricas
> Microestrutura do material

» Dureza

» Condutividade térmica




MODELO - PARAMETROS

» Tipo global: para toda a peca

» Tipo local: para cada area da peca, baseado na decomposicao

Table | Manufacturability indexes for machining process

Index Linked to Type
C(dy) C(d,)C(d>) Maximal dimensions Global
ar) Tool rigidity Local
ab) Blank volume Global
o) Chip quantity Global

Table Il Manufacturability indexes for layered manufacturing process

Index Linked to Type
CdyCdy)Cd,) Maximal dimensions Global
Av) Volume Global
ds) Skin surface Global
c(h) Height Local
dp) Distance from the centre of the platform Local
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the maximal dimension of the tool in x-direction;

X hachine the length of the X-axis of the machine.

where: L, the minimal length of the milling tool that can
machine the surface included in the octant; and D, the

maximal diameter of the milling tool that can machine the
surface included in the octant.

C(b) represents the volume of the blank part. The higher C(b)
is, the more expensive the rough part is and consequently the
more difficult-to-machine the tool is considered:

| LXax X LY gy X LZ g

where: V, the volume of the tool.

where: S, the area of the whole skin surface of the tool:
C(h) =z— 2y (7)

where: z, the z-coordinate of the centre of gravity of the
volume of the tool contained in the octant; and Z,, the

z-coordinate of the bottom face of the tool:

where: x and y, the coordinate in the X-Y plane of the centre
of gravity of the volume of the tool contained in the octant;
and X, and Y,, the coordinate of the centre of the tool,
considering that the tool will be manufactured with its centre
exactly at the centre of the platform.

(Ciiocal); X V
ZJ( (i;}';x } (9)

Cligobal) =

where: I, the volume of the fraction of the tool contained in
the octant for which C(ilml}j is calculated.
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PECA UNICA x PECA MODULAR - USINAGEM

0.00 1.90 2.00 2.03 2.15 2.17 2.19 2.34 2.60 2.70 2.71 2.75 2.86 3.13 3.39 3.65 4.06

©

Notes: (a) CAD model: (b) map of manufacturing complexity:
(c) color scale

a unica

(@)

Module 1

Module 2

(b)

000 190 200 203 215 217 234 260 270 275 2.86 3.13 3.39 4.06
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Notes: (a) CAD model: (b) map of manufacturing complexity:
(c) color scale
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Table Il Comparison of ({ryopa) for the two CAD models

__—_—_—1-
Modular test-part

| Single-piecel Comparison

I test part | Module 1 Module 2 Total (%)
ady ' 0185 |l 0485 0043  0.178 —4
ad) | 0133 0.133 0043  0.129 -3
ad) | 0100 1" 0100 0.06 0.098 —2
Crgiobal) 1700 1" 0.99% 0 0.998 —40
C(b) I 480,000 480,000 20,280 457,273 -5
Cc) I 2.35 2.09 2.01 2.09 -1

Peca
modular
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PECA UNICA x PECA UNICA REBAIXO MENOR - USINAGEM

=

Fresado?“
30x50x30mm

Fresado:
20x30x30mm

Pocket dimensions: 30%x50%30 | Pocket dimensions: 20%x30x%30 Comparison
C(d,) 0.185 0.185 E
c(d,) 0.133 0.133 =
cd.) 0.100 0.100 =
L
c
g| < e +100%
N ; Clrgtopat)
Clrgiobal) = 1.700 8.13 Clrgiopar) = 2.071 i
Cc(d) 480 000 480 000 =
C(c) 235 2.09 -11%
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PECA UNICA x PECA UNICA REBAIXO MENOR - SLS

Fresado:
30x50x30mm

Fresado:
20x30x30mm

1 Pocket dimensions: 30x50%30

Layered manufacturing

C(dy)

0.48

Pocket dimensions: 20x30x%30

048
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CONCLUSAO

» Parametros de manufatura calculados por meio do modelo 3D (CAD)
» Estimativa dos perfis complexos para manufatura

» Modelo testado para peca Unica e modular, ambas em usinagem

» Modelo testado para peca com processo de adicdo SLS

» Peca modular e hibrida sdo menos complexas que peca Unica

(1 EESC - USP
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