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Nattaporn Boonlertcharoensak 2010: Hollow-Shape Molds by Layer Manufacturing
Process. Master of Engineering {(Mechanical Engineering), Major Field: Mechanical
Engineering, Department of Mechanical Engineering.

Thesis Advisor: Mr, Kunnayut Eiamsa-ard, Ph.D. 134 pages.

Hollow-Shape molds by Layer Manufacturing Process is a hybrid process that
combines (a) Material Deposition Process using MIG/MAG welding machine to form the
shape layer by layer and (b) Material Removal Process using CNC Milling Machine to enhance
the surface finish. This process can greatly reduce the cost and time to manufacture because the
amount of material required to form the molds is reduced. Molds are only formed in near-net
shape and finished by the milling process after that. Thus, “zero” excess material has to be
removed. Molds made by this hybrid process have much lighter weight compared to molds
made by the conventional milling process because we introduce the hollow-shape inside the
molds. The benefit of hollow-shape is absolutely appropriate for medium to large mold size; or
even gigantic molds. The procedures to set up the mold are much easier because of the weight.
Several tests have been done with the molds made by this process. Rockwell Hardness Test
prove that the strength of the filled material is not significantly different from the substrate.
This, however, depends upon the substrate and wire selected for the process. The Scanning
Electron Microscopy (SEM) and Radiographic Examination are done in order to verify that the
solid is fully dense and there are no cracks and pores. The stress and deformation analyses are
conducted in Finite Element Method (FEM) Software. The results show that molds made by

this process are in good range in terms of stress and deformation.
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Name Max Location
Von Mises Stress 87 MPa (80.7408 mm,
Node: 15329 -43.8688 mm,
-144.259 mm)

Displacement 14x10°m (100 mm,
Node: 14792 -36.7874 mm,
-104.501 mm)
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3. Rockwell Hardness Test
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> 1
Correction factors M T UFUNUNATO LR TidurUgUdnIIaAL

AN 6.350 9.525 12.700 15.875 19.050 22.225 25.400
L!.E?I\“l“ﬁ Uil . ENEND Ul Uil UL UL

ould (0.250 (0.375 (0.500 (0.625 (0. 750 (0.875 ( 1.000

ﬁq) ﬁ"a) 17) 107) ﬁq) ﬁa) ﬁa)
0 * * * * 4.5 3.5 3.0
10 * * * 5.0 4.0 3.5 3.0
20 * * * 4.5 4.0 3.5 3.0
30 * * 5.0 4.5 3.5 3.0 2.5
40 * * 4.5 4.0 3.0 25 2.5
50 * * 4.0 3.5 3.0 2.5 2.0
60 * 5.0 3.5 3.0 2.5 2.0 2.0
70 * 4.0 3.0 2.5 2.0 2.0 1.5
80 5.0 3.5 2.5 2.0 1.5 1.5 1.5
90 4.0 3.0 2.0 1.5 1.5 1.5 1.0

100 35 25 1.5 1.5 1.0 1.0 0.5
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ROCKWELL SUPERFICIAL BRINELL VICKERS
ROCKWELL HARDNESS
NUMBER
Diamond Brale 1/16" "N" Brale Penetrater 10 m/m Ball
Ball 3000 kgm Load
Dia. Of Hardness
150 kgf 60 kgt 100 kgf 100 kgf Load Load Load Ball  Number
C Scale A Scale D Scale B Scale 15N 30N 45N  Impression
1n m/m
80 92 87 97 92 87 1865
79 92 86 92 87 1787
78 91 85 96 91 86 1710
77 91 84 91 85 1633
76 90 83 96 90 84 1556
75 90 83 89 83 1478
74 89 82 95 89 82 1400
73 89 81 88 81 1323
72 88 50 95 87 80 1245
71 87 50 87 79 1160
70 87 79 94 86 78 1076
69 86 78 94 85 77 1004
68 86 77 85 79 942
67 85 76 93 84 75 894
66 85 76 93 83 73 854
65 84 75 92 82 72 2.25 745 820
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ROCKWELL SUPERFICIAL BRINELL VICKERS
ROCKWELL HARDNESS
NUMBER
Diamond Brale 1/16" "N" Brale Penetrater 10 m/m Ball
Ball 3000 kgm Load

Dia. Of Hardness

150 kgf 60 kgt 100 kgf 100 kgf Load Load Load Ball  Number
C Scale A Scale D Scale B Scale 15N 30N 45N  Impression
1n m/m

64 84 74 81 74 23 710 789
63 83 73 92 80 70 23 710 763
62 83 73 91 79 69 2.35 682 746
61 82 72 91 79 68 235 682 720
60 81 71 90 78 67 2.40 653 697
59 81 70 90 77 66 2.45 627 6741
58 80 69 89 76 65 2.55 578 653
57 80 69 89 75 63 2.55 578 633
36 79 68 88 74 62 2.60 355 613
35 79 67 88 73 61 2.60 355 595
54 78 66 87 72 60 2.65 534 577
33 77 65 87 71 59 2.70 514 560
52 77 65 86 70 57 275 495 544
51 76 64 86 69 56 275 495 528
50 76 63 86 69 55 2.80 477 513
419 75 62 85 68 54 2.85 4161 198
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ROCKWELL SUPERFICIAL BRINELL VICKERS
ROCKWELL HARDNESS
NUMBER
Diamond Brale 1/16" "N" Brale Penetrater 10 m/m Ball
Ball 3000 kgm Load
Dia. Of Hardness
150 kgf 60 kgt 100 kgf 100 kgf Load Load Load Ball  Number
C Scale A Scale D Scale B Scale 15N 30N 45N  Impression
1n m/m

48 75 61 85 o7 53 2.90 444 484
47 74 61 84 66 51 2.90 444 471
46 73 60 84 65 50 2.95 432 458
435 73 59 83 64 49 3.00 415 446
44 73 59 83 63 48 3.00 415 434
43 72 58 82 62 47 3.05 401 423
42 72 57 82 61 46 3.10 388 412
41 71 56 81 60 44 3.10 388 402
40 70 55 80 60 43 3.15 375
39 70 55 80 59 42 3.20 363
38 69 54 79 58 41 3.25 352
37 69 53 109 79 57 40 3.30 341
36 68 52 109 78 56 39 3.35 331
35 68 52 108 78 55 37 3.35 331
34 67 51 108 77 54 36 3.40 321
33 67 50 107 77 53 38 3.45 311
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ROCKWELL SUPERFICIAL BRINELL VICKERS
ROCKWELL HARDNESS
NUMBER
Diamond Brale 1/16" "N" Brale Penetrater 10 m/m Ball
Ball 3000 kgm Load
Dia. Of Hardness
150 kgf' 60 kgf 100 kgf 100 kgf Load Load Load Ball  Number
C Scale A Scale D Scale B Scale 15N 30N 45N Impression
1n m/m

32 66 19 106 76 52 34 3.50 302
31 66 48 106 76 51 33 3.55 293
30 65 48 105 75 50 32 3.60 285
29 65 47 104 75 50 30 3.65 277
28 64 46 103 74 49 29 3.70 269
27 64 45 103 73 18 28 3.75 262
26 63 45 102 73 47 27 3.80 255
25 63 44 101 72 46 26 3.80 255
23 62 42 99 71 44 23 3.90 241 254
22 62 42 99 71 43 22 3.95 235 248
21 61 41 98 70 42 21 4.00 229 243
20 61 40 97 69 42 20 4.05 223 238
18 95 4.10 217 230
16 94 4.15 212 222
14 92 4.25 203 213
12 90 4.35 192 204
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ROCKWELL SUPERTICIAL BRINELL VICKERS
ROCKWELL HHARDNESS
NUMBER
Diamond Brale 1/16" "N" Brale Penetrater 10 m/m Ball
Ball 3000 kgm Load

Dia. Of Hardness
150 kgt 60 kgt 100 kgf 100 kgf TLoad TLoad Toad Ball Number

C Scale A Scale D Scale B Scale 15N 30N 45N Impression

1n m/m
10 89 4.40 187 195
8 87 4.50 179 187
6 85 4.60 170 180
4 84 4.65 166 173
2 82 4.80 156 166
0 81 4.80 156 160

79 4.90 149 156
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—m1faensa Teasau Ausaanua i

ANTOUTINVDIANT0ITNT

Am

Ad
1 b

T = N AANTIAAAATIN1U (Actual cutting time)

C,=((A+A DT +(B_+ B, + B, )Tg)fNW (0)

Te = e ldGeunuiia (Tool change time per edge)

L = ] 1

et i 1 - o oA
TAUAUNANFIDIVEB U ﬂflllw ANUANTDIVNT ANUTDUIIAN

o]
I
3.

ATIFIIAUAN ANFNHITO

o]
Il

g

=AU NTIMAIDIANIA

- =
I

1 @
= namilflumsdunuliausiazasi (Tool grinding time)

o 1 1 o
= Turunuida ldnonisaunumiting

Z,

mmamumaumsn ) — 7 aslueunmsh @) 92 ldnmduguniswgs Taans

1919910910 TN AR U Ui uunaog U 300 — 800 11NADF 119



134

sz iamsanuaznsiau

¥o VAW ufgﬁmﬁnﬁﬂé

Aavuii 18 Tiumy 2528

aouiiifa INIRINT FIHTAN FUANUUHILAT

5= 38 snm AR, (?mmmm%aﬂa) PN BN BN I AN S

o L o
dwmiaifagiiv -

o o
amuminuifagiu -

2ty 2y o = | 2 % A oa 1= 2y
HANTHAIR MIA/130 919 3AN1NNS  NIUTeEoanToad U UHo MaRLIRUWA 28

a4
naz UM sRLio T

= g vy
nupsAnmnldsy -





