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Generation of Cutting Layers and Tool Selection
for 3D Pocket Machining

Young-Min Kyoung*, Kyu-Kab Cho*

ABSTRACT

In process planning for 3D pocket machining, the critical issues for the optimal process planning are the
generation of cutting layers and the tool selection for each cutting layers as well as the other factors such
as the determination of machining types, tool path, etc.. This paper describes the optimal tool selection on

a single cutting layer for 2D pocket machining, the generation of cutting layers for 3D pocket machining,
the determination of the thickness of each cutting layers, the determination of the tool combinations for
each cutting layers and alsc the development of an algorithm for determining the machining sequence
which reduces the number of tool exchanges, which are based on the backward approach. The branch and
bound method is applied to select the optimal tools for each cutting layer, and an algorithmic procedure is
developed to determine the machining sequence consisting of the pairs of the cutting layers and cutting

tools to be used in the same operation.

Key Words : Tool Selection(ZF743), Pocket Machining(E#A7}2), Cutting Layer(H4r%)
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Fig. 1 Basic Machining Types for a Pocket
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Table 2 Recommended Milling Condition

i Medium Carbon Steel
ilé,tgﬁﬁ (Tensile Strength 50~75 kef/mr)
Tool Dial Rev.pm) | Feed B2t | nepth-of-Cut(un)
06 12,500 48 0.3
0.8 9,500 53 04
1 7.500 53 05
2 4500 65 10
3 3,360 75 15
4 2,360 8 20
5 1,900 9% 25
6 1,700 100 30
8 1,180 118 4.0
10 950 132 5.0
12 790 118 6.0
14 670 118 7.0
16 600 112 8.0
18 530 106 9.0
20 475 % 100
22 425 85 11.0
24 375 75 12.0
25 35 75 125
26 375 5 130
28 3% 65 14.0
30 335 65 15.0
32 300 60 16.0
35 265 53 175
36 265 53 18.0
40 236 48 200
45 212 42 225
50 190 38 250

Table 3 List of Available Cutting Tools on the Workplace

Kind of Tools Flat Endmill
12468101416 20

Dia.(mm) 24 30 40 50 (total: 13)

RIS,  RIS.0
30.0

R10.0 Y»RIO‘O

130.0
Fig. 11 Pocket Shape of the Initial Cutting Layer

Table 4 Tool Travel Distances and Machining Times for Ini-

tial Cutting Layer

Machining
Ts T T Time{min)
T~ T Th 100 224 24 4.232+2T,
Tool Ta—T 100 - 240 2.802+ Ty
Combination | T;—T) - 224 24 4.152+ T

Ty - - 240 2481

Feed Rate(sn/min) 65 75 9%

#* Remark: T means Tool Change Time
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Table 5 Summary for Cutting Layers and Their Correspond-

ing Tools
# of Cutting | Optimal Toocl Thickness of Machining
Layers Combination | Cutting Layer(mm) | _Time(min)
1 Ty 10 2431
2 Ti 10 4565
3 T, 10 7.176
4 T 10 11.302
5 T or T, 12 12.915+ T
6 T 10 19.724
7 T 10 24.317
8 Tior To—Th 20 25,460+ T

10(m)7} €. whebr FHA AAF e 27] A4F9
fdoz2RE 7 10 () Folv, AHEITTE 920
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Table 6 Cutting Layer - Tool Matrix

LTl 23 lals
g’ytgg (Ts) | (T | (T | (T2 | (TW)
8 1 1
7 1
6 1
5 1 1
4 1
3 1
2 1
1 1
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STAGE 1:

when j=2:
vhen j=4:
when j=5:
STAGE 2:

when g=1:
when g=2:
when g=3:

g=1, layer(g]=8, tool[gl=2, Gg)={8}, Elgl=l
g2, layer[g)=5, tool{gl=4, Glg}={5}, Elg]=1
g=3, layer[g]=8, tool[g]=5, 6{g)=(8.7,6,5,4,3,2,1}, E[gl=8

final_G{no_grp)=G(g}=(8}, final_tool[g]=2
final_Glno_grpl=G{gl={5}, final_toollg)=4
final_Glno_grp}=6[g)={8,7,6), final_toollg]=5
final_Glno_grp]=G(g]=(5.4.3,2,1}, final_tool{g]=5

no_grp=1,
no_grp=2,
no_grp=3,
no_grp=4,
STAGE 3:
when i=l:
when i=2:
when =3
when i=4:

final_G[i]={8), TEMP[8,final_tool[i}1=TEMP(8,2]=i
final_G[i]={5}, TEMP[5, final_tool[i]]=TEMP[5, 4]=i
final_G[i]=(8,7,6}, TEMP[6, final_tool[i]]=TEMP[6,5]=i
final G[i)={5.4,3.2.1}, TEMP(1, final _tool {i])=TEMP[1,5]=i

SEQ{order ) =TEWP(8, 2}=1
SEQ[order }=TEMP(6, 5]1=3
SEQ[order ] =TEMP(S, 4)=2
SEQ[order ] TEMP(1, 5)=4

when order=1:
when order=1:
when order=1:
when order=1:

machining sequences are as follos:

when i-1: layer_lisl[i]=final_G[m[i]]=fina]_G[l]=(8).
tool_mnber[i]:fiml_tool(SEQ[i]]=final_lool[l]=2
layer_list(i)=final_6{SEQ(i}}=final G[3]={8,7,6},
tool_number[i}=final tool (SEQi]}=final_tool[3]=5
layer_list{i)=final_G[SEQ[i]]=final _G[2)=1{5},

tool _nuaber(i}=final_tool [SEQ{i]}=final_ tool[2}=4
layer_list{i)=final_G[SEQ[i}}=final _G[4)=(5.4,3,2,1}.
too!_number(i }=final _tool{SEQ{i]]=final_tool[4]=6

when i=2:
when i=3:

when i=4;

Fig. 13Abstracted Results of Computing Procedures of the
Given Algorithm

Fig. 14 The Shape from Rough Cutting for the Pocket
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(Pseudo-Codes for Reducing Number of Tool

Exchange and Re-Ordering Tool Sequence]

let, G: AAE Hl2gd  (g=1.2,+.,Q)
Glg) : dY 2§ gl &3t layerE] A%
Elg) : d¥l2F goll &3 layerE9 &
layer(g) : ¥ E g2 A WA layer
tool(g) : o¥|1 & gol 712 & ¥ T3
no_grp : A48 AF3FY ¥ (g=1.2,.G)
final Glg') : AF3F g’ &3k layersd] AF
final Elg’) : AF3F g'o] £3l& layers9
final_tool(g’) : AF1E ¢’ 71F-& 43 FTPHE

/* STAGE 1 : dH|2§ 434 (Pre-Grouping
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Stage) */
g=0, E(g)=0:
for all j {
fori=Ito 1 {
if (MGj) = 1) 4
g=g+1;
layer(g) = i:
toollg) = j:
DO { Append i to Glg]:
Elg) = Elg + 1
i=i-1:}while (MGj}=1):11})}
G=g

/* STAGE 2 : d¥j2§ €94 (Group-Splitting
Stage) */
Execute the following procedures for all groups
Glg) such that E(g)=1
no_grp=0:
for g=1to G {
if(Elgl =1){
no_grp = no_grp + 1;
copy GlgJ into final_G(no_grp]:
final_tool(no_grp) = toollg): } }
Execute the following procedures for all groups
Glg) such that E(g))1
no_grp = no_grp + 1;
add layer(g) into final G{no_grp):
for 1 = layer(g) - 1 to layer(g) - E(g] +1 {
mcount = 0
scount = 0;
for m = toollg) -1to1{
if (M(,m) =0) {
mcount = mcount + 1;
if ( mcount = tool(g)-1) {
add layer 1 into final_G(no_grp):
final_tool{no_grp) = tool{gl: } }
else {
for s = tool(gl-1to 1 {
if(MQO+1.8) =0 {
scount = scount + 1;
if ( scount = tool{g)-1) {
stop nierging:
if (1 # layer(g)-E(g)+1) {
no_grp = no_grp + 1;

110

add layer ] into final_G(no_grp):
final tool(no_grp) = toollg]: }
m=1:})}
else {
EXIT = 0:
t = tool(gl - 1:
DO {
if (MQO+1,t)J=1 && M{,t)=1)OR(M
(1+1,t)=1 && MILt}=0){
add layer 1 into final_G(no_grp):
final_tool{no_grp] = tool(g):
EXIT=1:}
else if (M(1+1,t]=0 && M{,t)=0) {
t=t-1:}
else if (M{1+1.t)=0 && M(l,t}=1) {
stop merging:
if (1# layer(g)-E(gl+1) {
no_grp = no_grp + 1;
add layer | into final_G(no_grp): }
EXIT = 1.}
else {
print("error”):
EXIT=1: }
} while ( EXIT = 0 ):
s=1,m=1:}}11}}

/* STAGE 3 : 7}2&A 2% (Sequencing Stage) */
for i=1 to no_grp {
count the number of elements in final_G(i)
assign the value to final_E(i):
retrieve the lowest-layer number in final_G(i]:
assign the number to the temporary variable, LN;
TEMP(LN, final_tool{i]] = i: )
order=0:
for i=Ito J {
for j=1to J {
if ( TEMP(i.,j} #+= NULL ) {
order = order + 1:
SEQ[order) = TEMP(,j): ) } )
The machining sequence, layer_list(i] and
tool_number(i}, has been found:
for i=1 to no_grp {
layer_list(i) = final G(SEQ(il}:
tool_number(i} = final_tool(SEQ(])]): }



