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The 3D forming process or the forming process of other products is achieved
using additive manufacturing and is widely used in the manufacturing industry.
Chocolate bars are also made using this method. The objective of this research is to
study factors that affect the result of the forming of chocolate line. The factors being
studied in this research are the width of different screw threads (15,20, and 2 5
millimeters), the height between the nozzle and the workspace (3 , 4 , and 5
millimeters), and the speed of the screw during the formation of objects (10, 20, and
30 millimeters per second). The experiment was conducted using a 3K Full Factorial
Design. The analysis was done by measuring the diameter of each chocolate line with
the expected value of 2 millimeters — the same as the diameter of the nozzle. The
result shows that all three main factors affect the size of chocolate lines at the
significance level of 0.05. The diameter of the chocolate line has a direct variation
with the width of the screw thread and the speed used during the formation but has a

reverse variation with the height between the nozzle and the workspace.
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gﬂﬁ 2.2 MIfuNaIeaases (Selective sintering printing) (Sun Peng et al., 2015)
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a 4

2.3 MIRUWHDURITATIED (Binder jetting) (Sun Peng et al., 2015)

=)
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HIAALDDIDDNIINKIINA (Sun Peng et al., 2015)
d v 1
2.24 miﬁuwnmuaﬂﬁugﬂ (Extrusion based printing)
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MINUNDUBAYUFY (Extrusion based printing) 11 umatanionlenuuin
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Ink 1

— N

A a 4 a 73 . ..
gﬂ‘ﬂ 2.4 MINUNLVUDIAIN (Inkjet printing) (Sun Peng et al., 2015)
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d' a o [ 4%’ . . .
519 2.5 ﬂ”l'iWilWLL‘U‘U’e)Wngﬂ (Extrusion based printing) (Sun Peng et al., 2015)
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MIRAUVUVIVNRAYT (Syringe-based extrusion)21 52 NOVAWNTZUONMINTINT VN
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GU’ENLL%QGU’ENLW’EI’J (Sun Zhou et al., 2018)
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5171 2.6 MIRAUVUITNRAY (Syringe-based extrusion) (Sun Zhou et al., 2018)

u

= Y I Y A . . . I a 4
miaauvylsauiuadunaou (Air pressure driven extrusion) WumsnuneIvig
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q

»
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Cartridge

Extrusion
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v
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= Y I (" A . . .
319 2.7 manauvulsauiudIvumas u(Air pressure driven extrusion)

(Sun Zhou et al., 2018)

= <3| a P 4
MIRAUVVEAN (Screw-based extrusion) tHumsiunauglTasldanglunisvyu e

[
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Food loading area

Auger screw
' Cartridge

. ‘, &7 _.»<~
d - Extrusion
x >
nozzie

Motor  Extrusion tube
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gﬂﬁ 2.8 mi%mmuaﬂg (Screw-based extrusion) (Sun Zhou et al., 2018)

]
Y A

Y a q (Y] -4
23 Jassadganasunvaamsnniuuudavuzil (Extrusion based printing

Q

configuration)
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uu 931N 2.9
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319 2.9 MFNFOU (Cartesian) (Sun Zhou et al., 2018)
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311 2.10 1991 (Delta) (Sun Zhou et al., 2018)

232 19ad (Delta)
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317 2.1 Twa (Polar) (Sun Zhou et al., 2018)

317 2.12 @@ (Scara) (Sun Zhou et al., 2018)
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Shear thickening

Shear thinning
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31 2.14 nun Twesanuniiaveslwallszinn Non-Newtonian fluid (Hern Anzilug, 2546)
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Meas. | Shear Rate Shear Stress Viscosity Temperature Viscosity
Pts. [1/s] [Pa] [cP] [C] [Pa s]

1 0.718 110 153000 26 153
2 2.73 249 91100 26 91.1
3 5.49 349 63600 26 63.6
4 7.75 410 52900 26 52.9
5 9.86 461 46800 26 46.8
6 11.9 507 42500 26 42.5
7 14 549 39200 26 39.2
8 16.1 587 36600 26 36.6
9 18.1 622 34300 26 34.3
10 20.2 653 32400 26 324
11 222 685 30900 26 30.9
12 243 711 29300 26 29.3
13 26.4 731 27700 26 27.7
14 28.4 750 26400 26 26.4
15 30.4 769 25300 26 253
16 32,5 785 24100 26 24.1
17 345 795 23100 26 23.1
18 36.6 805 22000 26 22
19 38.7 811 21000 26 21
20 40.6 817 20100 26 20.1
21 42.5 827 19400 26 19.4
22 44.6 833 18700 26 18.7
23 46.7 838 18000 26 18
24 48.8 836 17100 26 17.1
25 50.7 836 16500 26 16.5
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MANKIN N msnwams"’iﬂdmamﬁﬁﬂmaa%animmﬂgmmnqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

26 52.8 847 16000 26 16
27 54.8 853 15600 26 15.6
28 57 848 14900 26 14.9
29 58.9 836 14200 26 14.2
30 60.9 823 13500 26 13.5
31 62.8 819 13000 26 13
32 64.7 819 12700 26 12.7
33 67 819 12200 26 12.2
34 68.8 815 11800 26 11.8
35 70.8 823 11600 26 11.6
36 72.8 823 11300 26 11.3
37 74.7 824 11000 26 11
38 76.9 836 10900 26 10.9
39 79.3 839 10600 26 10.6
40 81.6 801 9820 26 9.82
41 83.3 780 9370 26 9.37
42 85.2 765 8980 26 8.98
43 87.1 762 8750 26 8.75
44 88.5 777 8790 26 8.79
45 91.6 797 8700 26 8.7
46 93.6 751 8030 26 8.03
47 95.5 729 7630 26 7.63
48 97.3 712 7320 26 7.32
49 99.5 688 6920 26 6.92
50 101 668 6580 26 6.58
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

51 103 643 6230 26 6.23
52 105 639 6090 26 6.09
53 106 722 6780 26 6.78
54 109 742 6780 26 6.78
55 111 729 6560 26 6.56
56 113 729 6430 26 6.43
57 116 715 6190 26 6.19
58 118 667 5660 26 5.66
59 120 619 5160 26 5.16
60 122 581 4770 26 4.77
61 124 548 4430 26 4.43
62 126 519 4130 26 4.13
63 128 496 3890 26 3.89
64 129 485 3740 26 3.74
65 129 559 4330 26 4.33
66 134 690 5150 26 5.15
67 135 651 4820 26 4.82
68 137 700 5090 26 5.09
69 140 635 4530 26 4.53
70 143 562 3940 26 3.94
71 144 501 3480 26 3.48
72 146 461 3160 26 3.16
73 148 426 2880 26 2.88
74 150 398 2660 26 2.66
75 152 376 2470 26 2.47
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity
Pts. [1/s] [Pa] [cP] [C] [Pa s]
76 153 370 2420 26 242
77 154 472 3070 26 3.07
78 157 631 4010 26 4.01
79 161 579 3610 26 3.61
80 162 584 3610 26 3.61
81 164 550 3340 26 3.34
82 166 569 3440 26 3.44
83 169 477 2830 26 2.83
84 171 402 2360 26 2.36
85 172 356 2070 26 2.07
86 174 321 1840 26 1.84
87 176 295 1670 26 1.67
88 178 278 1560 26 1.56
89 180 262 1450 26 1.45
90 182 246 1350 26 1.35
91 184 236 1280 26 1.28
92 186 227 1220 26 1.22
93 188 218 1160 26 1.16
94 190 209 1100 26 1.1
95 192 201 1050 26 1.05
96 194 193 992 26 0.992
97 196 187 952 26 0.952
98 198 180 907 26 0.907
99 199 196 989 26 0.989
2 0.912 97.8 107000 28 107
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity
Pts. [1/s] [Pa] [cP] [C] [Pa s]
3 3.31 202 60900 28 60.9
4 5.86 261 44400 28 444
5 7.93 301 38000 28 38
6 9.97 340 34100 28 34.1
7 12 375 31300 28 31.3
8 14 409 29100 28 29.1
9 16.1 442 27500 28 27.5
10 18.1 473 26100 28 26.1
11 20.1 502 24900 28 24.9
12 22.2 529 23900 28 239
13 242 556 22900 28 22.9
14 26.3 581 22100 28 22.1
15 28.3 605 21400 28 21.4
16 30.3 629 20800 28 20.8
17 32.3 652 20200 28 20.2
18 34.4 673 19600 28 19.6
19 36.3 696 19100 28 19.1
20 384 718 18700 28 18.7
21 40.4 737 18200 28 18.2
22 424 758 17900 28 17.9
23 44.5 774 17400 28 17.4
24 46.6 786 16900 28 16.9
25 48.6 796 16400 28 16.4
26 50.8 803 15800 28 15.8
27 52.8 805 15300 28 15.3
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

28 54.8 806 14700 28 14.7
29 56.7 813 14300 28 14.3
30 58.8 819 13900 28 13.9
31 60.8 819 13500 28 13.5
32 62.9 821 13100 28 13.1
33 64.9 822 12700 28 12.7
34 67 818 12200 28 12.2
35 68.9 818 11900 28 11.9
36 71.1 808 11400 28 11.4
37 73 795 10900 28 10.9
38 74.9 795 10600 28 10.6
39 77 802 10400 28 10.4
40 79.1 798 10100 28 10.1
41 80.8 814 10100 28 10.1
42 82.7 831 10000 28 10
43 85.3 841 9860 28 9.86
44 87.4 818 9360 28 9.36
45 89.3 798 8940 28 8.94
46 91.2 778 8540 28 8.54
47 93.3 769 8240 28 8.24
48 95.4 747 7830 28 7.83
49 96.4 733 7600 28 7.6
50 98.3 792 8060 28 8.06
51 101 823 8150 28 8.15
52 104 783 7560 28 7.56
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

53 105 767 7300 28 7.3
54 108 763 7090 28 7.09
55 110 763 6970 28 6.97
56 111 721 6460 28 6.46
57 113 717 6350 28 6.35
58 115 745 6500 28 6.5
59 118 739 6270 28 6.27
60 119 742 6220 28 6.22
61 122 685 5620 28 5.62
62 124 634 5110 28 5.11
63 126 592 4710 28 4.71
64 128 565 4420 28 4.42
65 129 547 4220 28 4.22
66 129 670 5180 28 5.18
67 134 683 5090 28 5.09
68 136 610 4470 28 4.47
69 138 567 4110 28 4.11
70 140 525 3750 28 3.75
71 142 493 3480 28 3.48
72 144 464 3230 28 3.23
73 146 445 3060 28 3.06
74 145 508 3510 28 3.51
75 150 594 3950 28 3.95
76 152 533 3510 28 3.51
77 154 497 3220 28 3.22
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity
Pts. [1/s] [Pa] [cP] [C] [Pa s]
78 156 450 2880 28 2.88
79 158 416 2630 28 2.63
80 160 388 2420 28 242
81 162 358 2210 28 2.21
82 164 341 2080 28 2.08
83 166 324 1950 28 1.95
84 168 311 1850 28 1.85
85 170 301 1770 28 1.77
86 172 288 1680 28 1.68
87 174 278 1600 28 1.6
88 176 271 1540 28 1.54
89 178 262 1470 28 1.47
90 180 254 1410 28 1.41
91 182 246 1350 28 1.35
92 184 237 1290 28 1.29
93 186 228 1220 28 1.22
94 188 223 1180 28 1.18
95 190 215 1130 28 1.13
96 192 208 1080 28 1.08
97 194 201 1040 28 1.04
98 195 206 1060 28 1.06
99 196 402 2050 28 2.05
100 200 511 2550 28 2.55
2 1.02 84.5 82500 30 82.5
3 3.62 168 46400 30 46.4




&0

MANKIN N ﬂ1‘5Nwams"’;’ﬂdmamﬂﬁmm%nimmmgmmu@u (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity
Pts. [1/s] [Pa] [cP] [C] [Pa s]
4 5.99 208 34700 30 34.7
5 8.02 238 29700 30 29.7
6 10.1 267 26600 30 26.6
7 12.1 295 24400 30 24.4
8 14.1 321 22800 30 22.8
9 16.1 346 21500 30 21.5
10 18.1 371 20400 30 20.4
11 20.2 394 19500 30 19.5
12 22.2 417 18800 30 18.8
13 24.2 438 18100 30 18.1
14 26.3 459 17500 30 17.5
15 28.3 478 16900 30 16.9
16 30.3 498 16400 30 16.4
17 323 516 16000 30 16
18 343 535 15600 30 15.6
19 36.4 554 15200 30 15.2
20 384 569 14800 30 14.8
21 40.4 587 14500 30 14.5
22 42.5 605 14200 30 14.2
23 44.4 620 14000 30 14
24 46.5 637 13700 30 13.7
25 48.5 652 13400 30 13.4
26 50.5 666 13200 30 13.2
27 52.6 678 12900 30 12.9
28 54.6 689 12600 30 12.6
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MANKIN N ﬂ1‘5Nwamﬁﬂﬂ'm’amﬂﬁﬂmaa%animmﬂgmmnqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

29 56.7 696 12300 30 12.3
30 58.8 702 11900 30 11.9
31 60.7 708 11700 30 11.7
32 62.8 711 11300 30 11.3
33 64.9 714 11000 30 11
34 06.8 713 10700 30 10.7
35 68.9 711 10300 30 10.3
36 70.9 714 10100 30 10.1
37 72.9 716 9830 30 9.83
38 74.9 712 9510 30 9.51
39 77 709 9200 30 9.2
40 79 709 8970 30 8.97
41 81 708 8740 30 8.74
42 83 703 8470 30 8.47
43 85.1 694 8150 30 8.15
44 87.1 687 7890 30 7.89
45 89 687 7710 30 7.71
46 91.2 683 7500 30 7.5
47 93.1 679 7300 30 7.3
48 95.2 675 7090 30 7.09
49 97.2 671 6910 30 6.91
50 98.9 669 6760 30 6.76
51 101 683 6760 30 6.76
52 103 678 6560 30 6.56
53 105 661 6270 30 6.27
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

54 107 650 6060 30 6.06
55 109 633 5780 30 5.78
56 111 621 5580 30 5.58
57 113 606 5350 30 5.35
58 115 611 5310 30 5.31
59 117 665 5700 30 5.7
60 120 664 5550 30 5.55
61 122 634 5210 30 5.21
62 124 606 4900 30 4.9
63 126 585 4650 30 4.65
64 128 566 4440 30 4.44
65 130 547 4220 30 4.22
66 132 530 4030 30 4.03
67 134 524 3920 30 3.92
68 136 507 3730 30 3.73
69 136 507 3710 30 3.71
70 140 652 4670 30 4.67
71 142 599 4220 30 4.22
72 144 558 3870 30 3.87
73 146 531 3630 30 3.63
74 148 505 3420 30 3.42
75 150 487 3250 30 3.25
76 152 462 3040 30 3.04
77 154 441 2860 30 2.86
78 156 422 2710 30 2.71
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity
Pts. [1/s] [Pa] [cP] [C] [Pa s]
79 158 408 2590 30 2.59
80 160 392 2450 30 2.45
81 162 381 2350 30 2.35
82 164 369 2250 30 2.25
83 166 361 2180 30 2.18
84 168 351 2090 30 2.09
85 170 342 2010 30 2.01
86 169 403 2390 30 2.39
87 175 592 3380 30 3.38
88 175 541 3090 30 3.09
89 178 546 3060 30 3.06
90 181 490 2720 30 2.72
91 183 441 2420 30 242
92 185 388 2100 30 2.1
93 186 354 1900 30 1.9
94 188 330 1760 30 1.76
95 190 322 1690 30 1.69
96 192 302 1570 30 1.57
97 194 285 1470 30 1.47
98 196 274 1400 30 1.4
99 198 267 1350 30 1.35
100 200 259 1300 30 1.3
2 1.21 81.4 67100 32 67.1
3 3.87 142 36600 32 36.6
4 6.04 169 28000 32 28
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity
Pts. [1/s] [Pa] [cP] [C] [Pa s]
5 8.06 193 24000 32 24
6 10.1 216 21400 32 214
7 12.1 238 19700 32 19.7
8 14.1 259 18400 32 18.4
9 16.1 280 17400 32 17.4
10 18.2 301 16600 32 16.6
11 20.2 320 15900 32 15.9
12 222 339 15300 32 15.3
13 24.2 357 14800 32 14.8
14 26.3 376 14300 32 14.3
15 28.3 395 14000 32 14
16 30.3 412 13600 32 13.6
17 323 429 13300 32 13.3
18 34.3 447 13000 32 13
19 36.4 463 12700 32 12.7
20 38.4 481 12500 32 12.5
21 40.4 497 12300 32 12.3
22 42.4 513 12100 32 12.1
23 44.4 529 11900 32 11.9
24 46.5 545 11700 32 11.7
25 48.5 560 11500 32 11.5
26 50.5 576 11400 32 11.4
27 52.5 591 11300 32 11.3
28 54.6 607 11100 32 11.1
29 56.5 622 11000 32 11
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

30 58.6 636 10900 32 10.9
31 60.6 650 10700 32 10.7
32 62.6 662 10600 32 10.6
33 64.7 673 10400 32 10.4
34 66.7 684 10200 32 10.2
35 68.7 689 10000 32 10
36 70.9 693 9780 32 9.78
37 73 694 9510 32 9.51
38 74.9 694 9260 32 9.26
39 76.9 692 9000 32 9
40 78.9 693 8780 32 8.78
41 80.9 700 8650 32 8.65
42 83 703 8470 32 8.47
43 85 698 8210 32 8.21
44 87.1 692 7940 32 7.94
45 89.1 685 7690 32 7.69
46 91.1 680 7470 32 7.47
47 93.1 676 7260 32 7.26
48 95.1 677 7120 32 7.12
49 97.2 673 6930 32 6.93
50 99.2 668 6730 32 6.73
51 101 659 6510 32 6.51
52 103 670 6510 32 6.51
53 105 672 6370 32 6.37
54 108 653 6070 32 6.07
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

55 109 637 5830 32 5.83
56 111 642 5790 32 5.79
57 113 651 5740 32 5.74
58 115 637 5510 32 5.51
59 117 617 5260 32 5.26
60 119 606 5080 32 5.08
61 121 628 5190 32 5.19
62 124 623 5040 32 5.04
63 125 616 4910 32 491
64 127 634 5000 32 5
65 130 637 4910 32 491
66 132 607 4610 32 4.61
67 134 583 4360 32 4.36
68 136 555 4090 32 4.09
69 138 539 3920 32 3.92
70 140 524 3750 32 3.75
71 142 509 3590 32 3.59
72 144 498 3470 32 3.47
73 146 487 3340 32 3.34
74 146 513 3520 32 3.52
75 150 583 3890 32 3.89
76 151 562 3710 32 3.71
77 154 573 3730 32 3.73
78 157 546 3490 32 3.49
79 158 507 3210 32 3.21




&7

MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity
Pts. [1/s] [Pa] [cP] [C] [Pa s]
80 160 477 2980 32 2.98
81 162 449 2770 32 2.77
82 164 431 2630 32 2.63
83 166 418 2520 32 2.52
84 168 405 2410 32 241
85 170 393 2310 32 2.31
86 172 380 2210 32 2.21
87 174 369 2120 32 2.12
88 176 358 2030 32 2.03
89 176 427 2430 32 2.43
90 180 521 2890 32 2.89
91 181 524 2890 32 2.89
92 185 495 2680 32 2.68
93 187 453 2430 32 2.43
94 188 407 2160 32 2.16
95 190 372 1950 32 1.95
96 192 349 1820 32 1.82
97 194 333 1710 32 1.71
98 196 321 1640 32 1.64
99 198 310 1560 32 1.56
100 200 298 1490 32 1.49
2 1.36 75.7 55400 34 55.4
3 3.98 122 30700 34 30.7
4 6.07 143 23600 34 23.6
5 8.09 163 20100 34 20.1
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MANKIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity
Pts. [1/s] [Pa] [cP] [C] [Pa s]
6 10.1 182 18000 34 18
7 12.1 200 16500 34 16.5
8 14.1 218 15400 34 154
9 16.2 235 14500 34 14.5
10 18.2 252 13900 34 13.9
11 20.2 268 13300 34 13.3
12 22.2 285 12800 34 12.8
13 242 302 12500 34 12.5
14 26.3 318 12100 34 12.1
15 28.3 334 11800 34 11.8
16 30.3 350 11600 34 11.6
17 323 366 11300 34 11.3
18 343 382 11100 34 11.1
19 36.4 398 10900 34 10.9
20 384 413 10800 34 10.8
21 40.4 429 10600 34 10.6
22 42.4 445 10500 34 10.5
23 44.4 461 10400 34 10.4
24 46.5 476 10300 34 10.3
25 48.5 492 10200 34 10.2
26 50.5 508 10100 34 10.1
27 52.5 524 9980 34 9.98
28 54.5 539 9890 34 9.89
29 56.6 555 9810 34 9.81
30 58.6 569 9720 34 9.72
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MANUIN N m‘mwams’iﬂd‘nmmﬂﬁmaa%animmmgmmuﬂu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

31 60.6 582 9600 34 9.6
32 62.7 596 9510 34 9.51
33 64.6 609 9420 34 9.42
34 66.7 620 9290 34 9.29
35 68.7 633 9200 34 9.2
36 70.7 646 9130 34 9.13
37 72.7 657 9030 34 9.03
38 74.8 667 8910 34 8.91
39 76.9 675 8770 34 8.77
40 79 679 8590 34 8.59
41 81 677 8370 34 8.37
42 82.9 677 8170 34 8.17
43 84.9 681 8020 34 8.02
44 87 682 7840 34 7.84
45 89 683 7670 34 7.67
46 91.1 682 7480 34 7.48
47 93.1 682 7320 34 7.32
48 95.1 682 7180 34 7.18
49 97.2 681 7010 34 7.01
50 99.2 674 6800 34 6.8
51 101 670 6610 34 6.61
52 103 662 6410 34 6.41
53 105 657 6240 34 6.24
54 107 660 6150 34 6.15
55 109 653 5970 34 597
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MANKIN N ﬂ1‘5Nwamﬁﬂﬂ'm’amﬂﬁﬂmaa%animmﬂgmmnqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

56 111 647 5810 34 5.81
57 113 645 5700 34 5.7
58 115 641 5550 34 5.55
59 117 628 5350 34 5.35
60 119 619 5190 34 5.19
61 121 635 5240 34 5.24
62 124 631 5100 34 5.1
63 126 608 4840 34 4.84
64 127 596 4680 34 4.68
65 129 597 4620 34 4.62
66 132 615 4670 34 4.67
67 134 590 4410 34 4.41
68 136 580 4280 34 4.28
69 138 570 4140 34 4.14
70 140 553 3960 34 3.96
71 142 540 3810 34 3.81
72 144 527 3670 34 3.67
73 146 520 3570 34 3.57
74 148 510 3450 34 3.45
75 150 500 3340 34 3.34
76 152 488 3210 34 3.21
77 154 476 3100 34 3.1
78 156 468 3010 34 3.01
79 156 586 3750 34 3.75
80 160 551 3440 34 3.44
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MANUIN N ﬂ1‘;1awam‘;ﬁ’ﬂﬂ'm31uﬂﬁﬂmm%nimmmgmmuqu (A0)

Meas. Shear Rate Shear Stress Viscosity Temperature Viscosity

Pts. [1/s] [Pa] [cP] [C] [Pa s]

81 162 515 3180 34 3.18
82 164 490 2990 34 2.99
83 166 470 2830 34 2.83
84 168 446 2650 34 2.65
85 170 438 2580 34 2.58
86 172 427 2480 34 2.48
87 174 416 2390 34 2.39
88 176 402 2290 34 2.29
89 178 393 2210 34 2.21
90 180 386 2140 34 2.14
91 182 377 2070 34 2.07
92 184 366 1990 34 1.99
93 186 356 1910 34 1.91
94 186 534 2870 34 2.87
95 191 490 2570 34 2.57
96 192 447 2320 34 2.32
97 194 418 2150 34 2.15
98 196 386 1970 34 1.97
99 198 368 1850 34 1.85
100 200 351 1750 34 1.75
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Abstract. This paper presents a study of parameters that effect to width of chocolate line based on
additive manufacturing and screw based extrusion. In order control a width of chocolate extruded
lines for constructing chocolate model, three pitch of lead screw, three distances between nozzle and
workspace, and three extrusion rates are assigned as independent variables. The result was showed
that those three independent parameters were affects to width of extruded chocolate line. When the
pitch of lead screw and the chocolate extrusion rate were increased, the width of the chocolate width
had been expended. Moreover, if the distances between nozzle and workspace was increase, the
chocolate width had been narrow.

Introduction

An addtive manufacturing technology(AM), constructs model without mold and die based on layer
by layer, has been applied in several advantages suach as food customization[ 1]. AM technology-
mediated food industry does open not only the new era of food customization in domestic cuisine but
also provide a new class of food creators, and a new economy of custom products.

In general food industries, there are four types of 3D printing mechanic [2]: 1) selective sintering
printing that apply laser to selective sinter powder, 2) binder jetting that use glue or special liquid to
bind powder together, 3) Inkjet printing utilize a thermal print head, known as a piezoelectric,
controlled the heat by the electrical potential for dispensing droplets smoothly and systematically, 4)
extrusion based printing that extrude mateiral on semisolid state from nozzle or print-based. There
are serval food products that are form model based on those process such as chocolate, sugar, icing,
pasta, cheese, gel, or mashed potatoes[8].

The liquid semisolid material can be extruded via three extrusion mechanisms, as depicted in Fig.
1. In Fig. 1 (A), there are two components for extrusion via the syringe-based extrusion consisting of
a syringe for storing food and a step motor for driving the extrusion process. However, the more
material's viscosity, the more motor power is required, and this extrusion type is useful for semisolid
or solid food materials[7]. In case of an air pressure driven extrusion in Fig. 1 (B), a pneumatic pump
is required to generate an air pressure to push the food material in a cartridge out of the nozzle. This
type of extrusion is suitable for a food material with low viscosity, which is to avoid the attachment
of raw food in the food cartridge.

Fig. 1 Extrusion mechanisms (A) Syringe-Based Extrusion (B) Air Pressure Driven Extrusion
(C) Screw-Based Extrusion [11]

Al rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications Ltd, www.scientific.net. (#549098618-25/12/20,08:07:20)
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As shown in Fig. 1 (C), the 3D food products are built from the screw-based extrusion technique.
In short principle, a raw material in the cartridge is transported in an extrusion tube via a step motor
with auger screw and released out through the nozzle to make the 3D food products. During the
modeling process, the raw food material can be added to the food cartridge installed on top of the
extrusion tube with a wide opening chamber design. The major advantage of this extrusion type over
others is the real-time loading of the raw material during the 3D printing process, which allows for
continuous modeling[ 8]. Yet, this type of extrusion is inappropriate for high viscosity and rigid
material.

Chocolate is one of the most popular raw materials for 3D food printing due to its low melting
point, the ability of extrusion, and its popularity in the market[9]. Hao and co-workers reported the
fundamental parameters that determine the 3D printing capabilities related to the length between the
nozzle to plate, the amount of chocolate extruded per unit time, and movement speed. As a result,
they found that the nozzle-to-plate distance received from experimental investigation gave
significantly different results from the theoretical model. However, they can release the first
commercial chocolate printer, which can produce 2D or 3D chocolate shapes[10].

Recently, Matthew Lanaro and their research team constructed a melt extrusion 3D printer based
on open-source components with newly optimizing many factors: movement speed, extrusion rate,
and cooling rate, to improve the 3D printing capabilities. The investigation demonstrated that the
chocolate spanning distance was 20 unaffected by movement speeds ranging from 300 to
700 mm/min and that the optimal extrusion rate was 10—20% leaner. Matthew Lanaro, however,
suggested in conclusion that to further improve their system, a screw thread extrusion process should
be introduced to the system for overcoming the capacity limitations of the system. According to the
previous studies of 3D chocolate printing, Syringe-based extrusion has often been received
considerable interest rather than others, but many drawbacks have also existed. The main
disadvantages are 1) a sluggish stop printing when stoping a printer[11], 2) a lack of extrusion
precision at starting and ending points[12], and 3) non-continuous printing. To solve these problems,
the screw-based extrusion is required.

In this paper, parameters that influence to width of chocolate line were investigated. These
parameters are lead screw pitch, distances between nozzle and workspace, and extrusion rate. These
parameters etablish the capability of 3D chocolate printing associated with the single screw extrusion
mechanism.

Materials and Methods

Chocolate. Chocolate-controlled ingredients that were used in this experiments consisted of sugar
50%, fat 20%, and cocoa 7.4%. The rheological properties of chocolate were tested by Anton paar
modular compact Eheometer: MCR 502 for analyzing flow behavior.

Mechanical platform. Computer numerically-controlled (CNC) machine that can move along X, Y,
and Z (3 axes-moving machine) directions was built with the mechanical platform, as shown in Fig.
2. An arduino controller board was applied to control all electrical circuits of the 3D printer. Electrical
power was supplied to the board from a 220 V AC to 24 V DC. Pronterface open source software was
installed to configure, compile and upload firmware to the arduino controller board. Pronterface open
source software was used to operate the printer from an external PC connected to the arduino
controller board via USB.
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Fig. 2 Chocolate screw extrusion machine Fig. 3 Extruder system

Extruder system. A custom screw extrusion system was designed and fitted to 3 axes-moving
machine for the controlled transport of chocolate. It consisted of a stepper motor, hopper, cylinder,
nozzle, and screw. The motor extruder was connected to the screw and was installed on the top of the
hopper. The chocolate could be added to the top of the hopper for allowing a non-stop process. During
the working process, the chocolate would be gravitationally fell into the screw groove and
mechanically transported by rotation of the screw from the top of the cylinder to the nozzle. The
complete 3D printer image was performed in Fig. 3

Results and discussion

Material analysis and characterization. Rheological data was collected by an M502 Rheometer
(Anton Paar), including stress, strain, and viscosity. Viscosity data was recorded at 26, 28, 30, 32,
and 34 °C. The result in Fig. 4 showed that the chocolate was a shear-thinning (pseudoplastic fluid)
material with shear rates below 75 s—1 in the temperature range from 26 to 34 °C. Therefore, to print
in the Newtonian region of chocolate, it was important to ensure that the temperature was maintained
above the minimum point at 26°C, and the shear rate was higher than 75 s—1. As a result in Fig. 4,
the chocolate viscosity decreased along with the increase of the shear rate[13], confirming the
chocolate is a pseudoplastic fluid[14].

Optimization of printing parameters. Several printing parameters were were investigated to
optimize the ability of complex 3D printing by measuring of chocolate line width, as shown in Table
1. The chocolate that extruded out of the nozzle with a printed command designed would be imaged
and measured the width using a microscope.

Table 1 Experimental conditions.

Independent variables
Pitch of Distances
lead between nozzle | Extrusion | Dependent Control variable
screw and rate(%) variable
(mm) | workspace(mm)
width of - nozzle diameter of 2 mm
15 3 10
chocolate | - movement speed of
lines 500mm/min
Livel - s 0 - room temperature at 28 C
- chocolate- 1
25 5 30 - chocolate-contro ed
ingredients
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The pitch of lead screwwas studied at three levels. The result showed that the pitch of lead
screwinfluenced the width of the chocolate line. Moreover, transporting the chocolate in a hopper to
the nozzle using the 25 mm screw pitch was faster than the 15 mm screw pitch. Notably, the less lead
screw pitch, the longer time is required to release out the chocolate. Therefore, the rapid conveying
chocolate could be observed when a longer pitch of lead screwwas applied, as showed in Fig. 6

The distances between nozzle and workspace is a variable that has been frequently studied. The
experimental result demonstrated that the chocolate line width was narrower when the distances
between nozzle and workspace was increased. The variation of line width was due to the distance
between the nozzle and the base. Faster chocolate’ s dropping rate was observed in case of a lower
dropping height, and high compression during extrusion made the flat line of chocolate. On the other
hand, a higher dropping height created a narrower chocolate line width, but the chocolate's height
was higher than the case as mentioned earlier, as showed in Fig. 6.

o _ Interval Plot of Width of chocolate lines(mm)
i ﬂ:t'auv:li 95% CI for the Mean

1

A" % »

-

Viscosity [Pa s]
g
Width of chocolate lines(mm)

] 50 100 150 200 3!

Shear Rate [1/s]
/s indlviciual stanctarol deviations are used to cilcdate the intervals.

Fig. 4 Viscosity data for chocolate samples Fig. 5 Interval plot of width of chocolate lines
attemperatures 26, 28, 30, 32 and 34 °C.
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Fig. 6 Interaction plot for width of chocolate lines  Fig. 7 Example chocolate lines were extruded
from experiment NO.1-NO.15

In addition, the extrusion rate was examined to study the chocolate line width. It was found that
the higher amount of chocolate would emerge from the nozzle, which allowed the width of the
chocolate line wider than the lower extrusion rate as showed in Fig. 6.

Moreover, based on its pseudoplastic property, thermal change during machine processing also
affected the size of the chocolate line. After the chocolate was stirred in the hopper for a while, the
heat could be generated, which could reduce the chocolate’s viscosity. The result showed that the
chocolate line width was expanded along with the increase of working time because the chocolate’s
viscosity was declined by heat, as showed in Fig. 7.
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Conclusion

In this study, reported the influence of lead screw pitch, distances between nozzle and workspace,
and extrusion rate to the capability of a 3D chocolate printing machine. The set of variables related
to chocolate line extrusion with a single screw extrusion mechanism was investigated under various
control variables. It was found that the lead screw pitch, the distances between nozzle and workspace,
and the extrusion rate played an important role in determining the width of the chocolate line.
However, the chocolate line width was gradually increasing as a function of extrusion time due to the
pseudoplastic fluid of chocolate. Therefore, three fundamental variables and mechanical properties
of the material were considered in this work to yield a constant width of the chocolate line. In
additional, an appropriate design of the screws and a cooling system are still required to improve the
modeling ability of chocolate extrusion for forming complex workpieces as the future work.
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Abstract

An additive manufacturing processes are broad utilized including a forming of chocolate desserts. The
objective of this article is to study the parameters that affect an accuracy size of extruded chocolate line. The
independent variables are shape of the ridge screw (square and trapezoid) and the angle of the ridge screw
(17.66 “and 47.66 ). The dependent variable is the size of the chocolate line. The control variable is the nozzle
diameter 5 mm. The results of experiment shown that the shape of ridge screw had no effect to the width of
the chocolate line, while the degree of ridge screw had affected to chocolate line. Furthermore, the consistency
of the chocolate lines, were suitable based the trapezoidal screw with 47.66 degree of ridge screw.

Keywords : Screw extrusion process, Chocolate, Additive manufacturing
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w%'ammﬁmuutﬁmﬁuai’aa (Additive Manufacturing : AM) 1Ju
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wfuﬂﬁmn"l.vlé 3D-CAD (Computer Aided Design) 'Tmm-'nna%ﬁfu
Tmammmua'ﬂanamwawu (layer by layer) sarilasauasy [3, 4]
nstugtuuuTIng nnm'l\thUnm"l-nnuama-mnsmma N
Tuduamsumdimailvaiilodouave Sandouieliluns
tiawars] luduoaniafinisliidsntromsdonusudausng lu
FounTowasuInaviomsanuisnslusueanele) Muoias
warlassadrsinisimeluladiflussgndldnumsataiiinefouy
aduni(7) wazdrgadenislémaluladnnsfan 3 dadunisiiud
215

waluladinisiiand 3 Safnnuszgndldfugramnssuanmsii
Usglaminarsodas 1y n1seanuuue s awsnuiudey
Tavumsianisyanald(e] nslinaluladivaelinsaanuuy
awnsiiiigusnsdudeuddliannsavinldfentsliussnumiousiiin
wvusssumiliannsondnlasendelnddoyaniseonuuuiiriuunli
uanmn{fa"qmmin'l‘itﬁaﬁmum;ﬂi'wumwu\Lazmwﬁﬁﬁiuawu
fufavesews Wunuwieu uenanimsianiens 3 Hadiaeld
annsaufurunkasUudsuanudesnsdnlavuinisuay
NAWUYBABZYARAR WA RDINTTINNEMUAZN N LABUINTS
1§ mavssgndldinadadosidlinsainemmdrlndtatugndmmn
Funavasyiliussnunisvudsanasd soriavanussydaust 113
nsvanedunuazanaliingls

wadansfsiuuy 3 BRfTeglugnamnssuemslaeialull 4
Usziam [9] lun ansfiidaeuas msfinuuuneda msiauy
Sefiinuaymsfaiuuudntu fuaadluzuil 1

Tuguiit 1(n) wamamsfnvfasuasawed (Selective sintering
printing) Wiawefiduwrdmdsnulunawneymaiiduns Tassada
~ummnmaﬂwu‘[mUmsaquauama%‘lﬂuwwmwumhmu‘[uma 3
i) uaqmnuumawwvﬂaa‘]ma puasduana 3lianIntun
\Js~unoi'[{flumsasNwawwswma'vu'lul.mﬂ“zswmmu\ls NBUYDY
Sanownsiiuansiaiu (1]

'lu;ﬂﬁl 1(0) wanan TR NN LUURS TR 82 (Binder Jetting)
Fnvuzn1shuIzdauadefuLuUNSRAN A uAua 985
disualidanandlunsussarunioasnegusnsuessiiuvsman
wionm laoudnasAensaaniviemusvaulugmedanitoain
Fngitastuiiasdu madanisdnivasliannsondalaseadned
Fuduuazgaonnld wasnsitliliudrasgmiroeniniladaialy
sioly [12]

Tuzuit 1(m) wansmsfaricuuB et (inkjet printing) widpsdiani
feadnarulvgvhaulaldwanausounie piezoelectric Ty
iesiniBei i fuiasgaliinudeudasliiiiioairaussnad
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_-.- L2

®2 3%

(A) (1)

3\]17; 1 (n) MsRuvmsLaLaees (Selective sintering printing) [10]

(v) mMafuiwuuradamiien (Binder jetting) (A) MIANRWUUBIALIN

(Inkjet printing) (1) Msfaniuuuiintugu (Extrusion based printing)
]
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[} () (m)

$U7 2 nalnnsfusivuudndugy (Mnsdanuuidudae(Syringe-
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Driven Extrusion) (ﬂ)ﬂ’liﬁmLLUUﬁng(Screw-Based Extrusion) [14]
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s muaeseIuTBaes msdariiadvansiuns
amaqﬂivmmmmmsam-uam'uwmmm[14] muamﬂugﬂw 2(n)
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Winfufuauilifasinensouasimuazeiniuogied msda
quﬁmmzﬁm“aqﬁn"Ju‘uaamaw?au"aa*?iﬁmwwﬁm«fﬁ[l4] fauans
Tuguil 2 (1) wazgmvensanLUUAN(Screw-Based Extrusion) i
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mheaauazmmidrluniaedouit minnsiseadinnoildain
wiedenlnuaniiiduminglurienanniiuadausniie Choc Edge 4
annsafiungunse 20 uar 30 lanainuateguuuy [17] was
Matthew Lanaro wazanldoonuuuindasfinnidonlnuandunusi
Tagldusznouiifisinliune wazldvnassdsunadadoms
faning Wiefinyszavsamlunszuaumsfivszneudennuds
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Hi: sUnswwasduansiinarovuinveadudonlnuan

=3

sUnswasduanshiinadevunveadudeninuan

auudgiud 2
Ho: ssrvasduangliiinasiovinavendudeninuan
Hi: samvasduangiinasiovunnveadudeninuan

2.2 fonlnuan

niAfuiidenlitealnuangnsmuaslunsinu eswiniasie
nsAundauy R A wazliTndudeddaungige Tnod
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Scatterplot of Viscosity (Pa.s) vs Shear Rate (1/5)
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Analysis of Variance
Source DF __AdjSS AdjMS F-Value P-Value
leading edge 1 00910 00910 083 0.365
helix angle 1 25500 25500 2313 0.000
leading edge*helix angle 1 363539 363539 329.79 0.000
Error 113 124563 0.1102
Total 116 517328

- a
FUT 8 Lanman1TIiATIERANIUUSUT AR (Two-way
ANOVA) wesnainidudanlnuan

Interaction Plot for Mid
Data Means
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Paphakorn Pitayachaval', Nattawut Sanklong' and Anantapoom Thongrak’

'School of Industrial Engineering, Institute of Engineering, Suranaree University of Technology, Thailand

Abstract. The additive manufacturing technology has been applied to directly construct physical model from 3D
model without mold and die. Several industries utilize this technology to manufacture a complicated part such as
automobile, aerospace including food industry. The advantage 3D food printing are ability to produce complex food
model and ability to design unique pattern. A 3D food printing technique is composed of an extrusion-based printing,
binder jetting and inkjet printing. The food materials such as sugar, chocolate, and cheese are used to create designed
shape based on layer-by-layer. This paper presents a review of 3D food printing techniques. This review is to
categorize, printability, productivity, properties of material and mechanism of 3D food printing techniques, as well as

to provide the direction of future development.

1 Introduction

A three-dimensional (3D) printing, called additive
manufacturing (AM), established since 1980s, have been
developed and applied in variety applications for many
industries. AM crates model by adding material layer by
layer from a computerized 3D solid model. An advantage
of AM is to construct a complexity model without mold
and die, fixtures, cutting tools and coolants. The
application of construction AM model have been wildly
used in many fields of industry such as automotive,
architecture, medical and fashion design. Including, food
manufacturing also applies this technology to fabricate
food design. However, a sustainable nutrition and food
security are the global agenda and key themes, which are
considered during, apply 3D food printing. There are
several techniques to construct 3D food printing that are
an extrusion-based printing, binder jetting and inkjet
printing. This paper aims to review those techniques
based on a printability, productivity, properties of
material, effect parameters and mechanism of 3D food
printing techniques. Including, the advantages and
disadvantages of those techniques are also established.[1-
7]

2 Category of 3D Food Printing
Technique
The 3D food printing technique has been classified into

three categories that are an extrusion-based printing,
binder jetting and inkjet printing, as shown in figure 1.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/).

— Extusion
based printing

Additive Binder jetting
manufacturing
Technology
Inkjet printing

Figure 1. Classified of 3D printing technique

2.1 Extrusion-based printing

The extrusion-based printing constructs food model by
extruding food through a nozzle with a constant pressure.
This technique is similar to a conventional Fused
Deposition  Modeling (FDM). However, the starting
material of extrusion-based printing can be both solid and
paste (soft) with low viscosity, while the starting material
of FDM is wire. In this extrusion-based printing process,
material is loaded in extruder (cylinder) before it is
extruded through nozzle by ram pressure to create food
shape layer — by — layer, as shown in figure 2. The
example of food, fabricated via this technique, are dough
meat paste and cheese. Lipton, et al. (2010) tested a
variety of recipes to print sugar cookies. The result shown
that the variation of ingredient concentration effected to
fabricate food model especially ratio of butter, yolk and
sugar. Therefore, transglutaminase and bacon fat were
added to simplify model fabrication. Moreover, Fanli
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Yang, et al.[8] applied extrusion at room temperature to
print lemon juice gel using the extruder conveying screw,
as shown in figure 3. After that, L. Wang, et al. [9]
conducted the experiment via the similar system with
Fanli Yang, et al. [8] to print fish surimi gel. The results
shown that the nozzle diameter, the nozzle movement
speed and the extrusion rate affect the quality of 3D food
printing, excluding the nozzle height. To print solid
stating material, M. Lanaro et al. [10] investigated on
melting extrusion for printing complex chocolate model
based on machine design, including mechanism design.
The results shown that there are two important areas of
design in which (1) designing the extruder assembly to be
as rigid as possible, thereby reducing flexion and
enabling more accurate deposition of chocolate and (2)
improving the design of active cooling system to quench
the chocolate at lower temperatures, as shown in figure 4.

Figure 2. Extrusion-based printing (Peng, Zhou, Jerry, Hong,
and Annette, 2015)

Figure 3. The 3D printing technique based on soft-material (A.
Anchor, B. Gecko, C. Snowflake, D. Ring, E. Tetrahedron). L.
Wang et al. (2018)

@ © iz =y S

Figure 4. The 3D printing technique based on melting extrusion.
(Lanaro, et al. 2017)

2.2 Inkjet Printing (IJP)

The inkjet printing dispenses a material stream of
droplets from a thermal head to certain regions for
creating the surface filling or decorating on food surfaces,
such as cookie, cake, and pizza, as shown in figure 5.
This process generally operates by using thermal or
piezoelectric heads. In a thermal inkjet printer, the print
head is electrically heated to establish pulses of pressure
that push droplets from the nozzle [11]. There are two
types of inkjet printing methods: a continuous jet printing
and a drop-on-demand printing. For the continuous jet
printer, an ink is ejected continuously through a
piezoelectric crystal by vibrating with a constant
frequency. In order to obtain a desired flow ability of the
ink, some conductive agents had been added. For a drop-
on-demand printer, a valve is a controller ink to eject out
from heads under designed pressure. The printing rates of
drop-on-demand systems are generally slower than the
continuous jet systems, beside the resolution and
precision of produced images are higher [12]. The inkjet
printer normally handle low viscosity materials; therefore,
it does not find application on the construction of
complex food structure. Typical deposited materials are
chocolate, liquid dough, sugar icing, meat paste, cheese,
jams, gels and etc[11].

[Dispansing Aray |

Figure 5. Inkjet printing (1JP) (Peng, Zhou, Jerry, Hong, and
Annette, 2015)
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2.3 Binder jetting

The binder jetting, which is an additive manufacturing
technology, constructs model by using a binder to
selectively bond layers of powders. In this process, small
droplets of binder with diameters less than 100 1 m are
successively deposited on to the powder bed surface,
which those are a drop-on-demand print head based on
rater scanning pattern. After deposition of the liquid
binder, the entire surface of the powder bed is exposed to
a fixed amount of heat, which commonly use a heat lamp,
for establishing an appropriated mechanical strength via
partially cured binder within the generated layer to
withstand the shear and gravitational compressive forces
involved in the spreading and printing of subsequent

layers. These steps are repeated for each layer until the
whole feature was completed [13].

For binder jetting process, properties of powdered
material and binder are important to the successful
fabrication of parts. The binder has to be suitable low
viscosity in which surface tension and ink density are

suitable properties to prevent spreading from nozzles [14].

S. Holland, et al. were developed food grade inks
possessed the necessary properties to be successfully ink
jet printed in a Fujifilm Dimatix printer, as shown in
figure 6.[15].

Table 1. List of printability 3D printing technology applied for food design.

Category
Extrusion " . - .
-based printing Binder jetting Inkjet printing
Extrusion and deposition | Powder binding and Drop-on-demand

Principle binder drop-on demand deposition and
deposition Continuous jet printing
. Solid-based, Liquid-based, Liquid-based,
Material Paste material Powder-based low viscosity material
-Printing head height -Printing head types -Temperature in print
-Nozzle diameter -Printing rate head
Processing factor -Printing rate -Nozzle diameter -Printing rate

-Nozzle movement rate

-Layer thickness

-Nozzle diameter
-Printing head height

-Low cost of the entry-
level machines

-A variety of raw
materials are available
-Easy to customize

-Large number of
potential materials

-Very high production
speed

-Support structures are
included automatically in

-No waste of model
material

-High resolution and
accuracy

-Multiple materials and
multiple colors

Advantage BN o
layer fabrication -Fast fabrication
-Low-imaging specific
energy
-Complex 3D food
fabrication
-Low level of precision -Rough or grainy -Post-processing may
and long build time appearance damage thin and small
-Unable to build sharp -Post-processing required | features
external corners to remove moisture or -Support materials cannot
Disadvantage -Anisotropic nature of a improve strength by recycled thus wasted
printed part -Limited material -Simple food design
-Difficult to hold 3D -Less nutritious products | -Only for surface filling
structures in post- or image decoration
procesing
Chocolate, Confection, Chocolate, Pizza (Powder | Chocolate, Liquid dough,
Application Decorations_ made of form), sugar im:ng, meat paste,
sugar, Candies Fake food cheese, jams, gels
Choc Creator, Chefjet, Fujifilm Dimatix | Foodjet, Filament six-
Machine AIBOULLY Chocolate, head 3D
Createbot 3D Food
Chocedge, AIBOULLY, 3D systems, Fujifilm De Grood Innovations,
Company Createbot Dimatix TNO
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Figure 6. Binder jetting (IJP) (Peng, Zhou, Jerry, Hong, and
Annette, 2015)

3 Summary

The Additive manufacturing technologies have been
wildly used in several industries including food
manufacturing to crate the fantastic food shape. There are
variety techniques such as extrusion-based printing,
binder jetting and inkjet printing.

In extrusion-based printing, food materials are extruded
through nozzle to create food designed shape layer — by —
layer. Based on the low viscosity property of material, the
suitable materials in this technique are solid-based and
paste material. The processing factor of this technique are
printing head height, nozzle diameter and nozzle
movement rate. The advantage of this technique are the
low cost of the entry-level machines, a variety of raw
materials are available and easy to customize while the
low level of precision and long build time are the
disadvantage of extrusion-based printing.

In inkjet printing, food materials are loaded in print head
then they is electrically heated to establish pulses of
pressure that push droplets from the nozzle. There are
two types of printing; a jet printing and a drop-on-
demand printing. By using the low viscosity property of
material, the suitable materials in this technique is liquid-
based. The processing factor of this technique are
temperature print head, nozzle diameter and printing rate.
The advantages of this technique are high resolution,
accuracy and multiple materials while post-processing
may damage thin and small features, which is
disadvantage of inkjet printing.

In binder jetting, food materials are successively
deposited on to the powder bed surface through nozzle.
Based on the low viscosity, surface tension and ink
density, the suitable material in this technique are liquid-
based, powder-based. The processing factor of this
technique are printing head type, nozzle diameter and
layer thickness. The advantage of this technique are the
very high production speed, support structures are
included automatically in layer fabrication while the
disadvantage are rough or grainy appearance, post-

processing required to remove moisture or improve
strength of binder jetting.
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