creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[ UCI ] 1804: 24011- 200000265784

20163 84

xr
il



A Study on the effects of the inclined angle on
compression and impact characteristics of FDM

parts

Collection @ chosun



FDM3 Ao =

=

—

T

27z uf

]
A

L
__OD

ik

20163 44

Collection @ chosun



o0

K
S

o
1o

oA

<
E

&

ol

%

K]

o

20169 64

Collection @ chosun



List Of Table ‘e,
LiSt Of Figures ................................................................................................
ABSTRACT  ceeeeeeseeeseessesseesent e

2.2'2 /I\jglJ x_-]' a] o] Xﬂ 5\‘751?3 (SLS) ............................................................
223 /\] E x_-]' %t‘g (LOM) ..........................................................................

224 3;'(]_% _‘:‘iﬂ r—;]o Hé] (3DP) ......................................................................

Collection @ chosun



14

=Y

A

H

2

32 A

© 14

|

X
XO
NI

}=F

A

Ay

A

321 Al

15

24

© 32

)

o]
=

4. NF4dy

32

32

34

)

o

o

!

412 AHe] 1

38

R
e
H

<

e

39

38

41

=
ﬂ,ﬂ

[0

e

A st

]

422 A

44

X
o
H|

<]

N

© 45

.e 46

Collection @ chosun



Table of List

Table 1 ABS material Specification s s 13

Table 2 Mojo SyStem SPECIfiCation - s 15

Table 3 Load-diSplacement average s 0

Table 4 [MpACt Strength average - 39
- i -

Collection @ chosun



Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.

Flg.

List of Figures

1 A schematic drawing Of @ SLA e sesseesseesssisssissiis s 4
2 A schematic drawing of @ SLS s esreserssemsssrssstisssisstiisii e 5

3 A schematic drawing of a LOM e resesismsssmsssisssss it 6

4 A schematic drawing of @ 3DP s wesresrsismsssmsssissis st 7

5 A schematic drawing of a FDM e resessmsssssssisssssssssisssinssisississinses 8

6 Principle of FDM DIrOCESS e et emsssessesssesstss st sis st 9

7 Schematics of build strateries employed by FDM systems croeeeereeeeeees 11
8 Schematics of internal architecture sttt 12
9 MOJO SYSTEIT  *#7+re sesrersesersseess et 14
10 COMPression test MaChine s eessesseessemssesss st 15
11 Compression test specimens Specification e ssessesseesssesssees 16
12 Compression Specimen production process(Q) e 17
13 Compression Specimen production process(30°) e 18
14 Compression Specimen production process(40°) s 19
15 Compression Specimen production process(60°) e 20
16 Compression Specimen production process(90°) e 21
17 Compression testing maching s esssessesssssssssssis i 77
18 COMPresSiOn TESt SCEME s tesresesssessssssesssssstssssssstis s 23
19 Simple Beam(Charpy-Type) Impact Maching s essessesssesssrsssenas. 24
20 Charpy impact test Specimen Specification e e sessesssessesseness 24

— v -

Collection @ chosun



Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.
Flg.

Flg.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Charpy impact Specimen production procesg(()7) cererrereesrsrseerees 25

Charpy impact Specimen production process(30°) «wwrwreeeremeeees 26
Charpy impact Specimen production process(4Q°) = 27
Charpy impact Specimen production process(60°) «wwwrerereremeees 28
Charpy impact Specimen production process(90°) =wwrwsereresmseesees 29
Charpy teStNg MACKINE s s sessseessssessseisss s 30
Charpy iMpAact tESt SCEme - s s ressseesssssss st 31
LOAd-diSPIACEITIENT QUIVE s s seessesss st seess s 32
LOAA QUIVE  teeeeerereresessese ettt 33
DISPIACEIMENT QUIYE #7758 es s s s 34
Specimen Compression fractul"e State(oo) ............................................. 35
Specimen Compression fl"acture State(30°) ........................................... 35
SpeCimen Compression fl"acture State(45°) ........................................... 36
SpeCimen Compression fracture State(6o°) ........................................... 36
SpeCimen Compression fraCture State(9o°) ........................................... 37
Fracture Cam SCOPE(COMPression tegt) e wsesesssmsismsessesisssinss 38
Charpy Impact Strength QUIye s 39
SpeCimen impaCt fracture State(oo) ....................................................... 41
Specimen impact fracture state(307) s resssesssssssssisisissiiisiins 41
Specimen impact fracture state(4h) e sesemssisssisisisisseiisiins 4
Specimen impact fracture state(B7) e seesemssessssssisssissiiisiins 42
SpeCimen impaCt fractul”e State(90°) ..................................................... 43
Fracture Cam scope(Charpy Impact test) swesmessmmsssmsssssissensiisas. 44
-V -

Collection @ chosun



ABSTRACT

A Study on the effects of the inclined angle on

compression and impact characteristics of FDM parts

Maeng Kwang-ho

Advisor : Prof. Dong-gyu Ahn Ph.D.
Major in Mechanical & Metallurgical
Education = Graduate  School  of

Education, Chosun University

Melt lamination process, depending on the characteristics Floor laminate
Out-of-Plane so the mechanical properties of the products according to the
angle of inclination between the inclination of the laminated stack and the
bottom face surface differ during lamination. Using a small three-dimensional
printers in the MOJO FDM manner, it was produced by compressing the
laminate angle / impact test specimens. Compression test and the impact test
was performed according to ASTM D 695 and ASTM D 256 respectively. A
compression test results stack tilt angle 0, 60, and also the compression of
the specimen 90 was found to be the dominant tensile breakage. However, the
laminate angle of inclination of 30 degree and 45 degree compression
specimens of shear failure occurred. Charpy impact test result of the
laminated inclined angle increases, the specimen was found to decrease the
fracture toughness value. In addition, if the inclination angle is increased
fracture more stacked from O to 90 degrees was found to be the fracture
mode changes from ductile fracture to brittle fracture. This results from the
inclination angle in the three-dimensional printing process of the laminate
FDM scheme could be considered as the quantitative effect on the mechanical

properties of the product.
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Prism type Cylinder type
A Type A B C
Prism 12.7 25.4 12.7
ASTM D 695 Cylinder 12.7® 25.4 -
Modulus 12.7 50.8 12.7

Fig. 11 Compression
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@ AlWo] 60° AAZLoE A5 AL A

2

(a) STLIHE A| 4} (b) print

(c) Suppot A (d) &d
Fig. 15 Compression Specimen production process(60°)
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® A]Ho] 90° AAtZtoz A A AL

=
ey

(a) STLEF 4|4} (b) print

(c) Suppot A A (d) &

Fig. 16 Compression Specimen production process(90°)
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e A@sP] 93 Aul2E Fig. 170] Uehd st} Zo] Instron

ES
Ate] gHsA]&7](Universal testing machine : UTM)E At&sto] A& 488
c}

Fig. 17 Compression testing machine
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323 A2y FAZ= ANE ANHE

1) $3%E A
Mzl Mg Wotsts aazA Maol Aol A4l

47} ek ol2lat MO} E4E olssh] YF 2Hoz
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ouxle 1 AR HP0R Uik 577
Fig. 199} Z oM, Fig. 20 9]
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Fig. 19 Simple Beam(Charpy-Type) Impact Machine
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| COMPRESSION
i | MAOLDNG

Y
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L B - l |
| e |
] i -
WIDTH OF
iR in SPECIMEN SHALL
A 10.1840.08 040010002 BE IN ACCORDAMNC
B 32 00 max 1. 260 rrmx WITH SECTION
31.50 min 1.240 min
C 83 50 max 2 500 max
60,30 rmin 2375 min
D 0.26R+0.06 Q.010R + 0.002
E 12 70+0.15 0 5000 006

Fig. 20 Charpy impact test Specimen Specification
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2) Af2n A% A]H A RAHASTM-D256)
A% 7hest cres xﬂw (O], 307, 45, 607, 90°)50] AL Bl
B om s ZelrEl mE 34 AHS AASAT o] A
S 3 HM] 7;1]7(1-0}0211:4-

Fig. 21 ~ Fig. 25= Af2m 572 AJ#Ho] zted Hatage tehd Zolct.
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(a) STLIGHY A|2f

(c) Suppot A (d) &d

Fig. 21 Charpy impact Specimen production process(0°)
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® AHo] 30° o] HAZto R A3 AAH A

FECTETTE T
Select

(a) STLERY %2t

(c) Suppot A H (d) &4

Fig. 22 Charpy impact Specimen production process(30°)
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© AlEo| 45" FAZte 2 A5 AxtE He

i sow T Mol

(a) STLIFY A|2f (b) Print

(c) Suppot A (d) &8

Fig. 23 Charpy impact Specimen production process(45°)
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(a) STLIF A4

(c) Suppot A H (d) &

Fig. 24 Charpy impact Specimen production process(60°)
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® AlWo] 90° HApzto e A

(a) STLIYY 7|2

(c) Suppot A A (d) 2+d

Fig. 25 Charpy impact Specimen production process(90°)
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A7} =S AdEsh7] A AH| 2= Fig. 260 UERH viet o] TOYESIKI
It k20 F4A187] DG-UBE AREsto] AldES 4385t
Heo] 1]~ 22 J7HR] Al 7Hs6t ASTM3Z20] e |1

g 4 9t

DG-UB+= 9l
£ W7sto]

(“Collection @ chosun

Universal type (lzod & Charpy)

Model DG-UB

Testing method ASTM D256, D110
Capacity Please select one hammer
(Hammer) (1) 1J(10kgf-cm), 2J*(20kgf-cm)

(2) 3J(30kgf-cm), 8J*(B0kgf-cm)
(3) 8J(80kgf-cm), 15J*(150kgf-cm)
(4) 1.35J(1ft-Ibf), 2.71J*(2ft-Ibf)
() 4J(3ft-Ibf)
(6) 13.5J(10ft-lbf)

*Using additional weight

Lift up angle 150°

Striking speed 3.46mlsec. (11.35ft/sec.)

Electrical AC100Y, 1-P, 1A
(Other voltages also possible)

Dimensions 53(W) x 38(D) x 90(H)em

Net weight Approx. 100kg

Fig. 26 Charpy testing machine
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Fig. 27 Charpy impact test scene
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4 NE A3 9 uF
41 == NE 23 8 1@

411 NEZ2%

ASTM D695 20 wet 571K|e] A& AARZEE(0°, 30°, 45°, 60°, 90 )=
Ze g P E 1549 AES ASstAct olet 2ol ARE AHS $U
ABEZNA 3314 Al sHEon, Ald Aue WRS Table 3w Fig. 28
of J#jmz Ueryoick.

Table 3 load-displacement average

Degree Displacement[mm] Load [kN]
0 1.64 6.3
30 1.72 5.6
45 1.70 6.0
60 1.68 6.2
90= 1.64 6.8

10 - )
g
g
7]

6- :.-f
g s
g b [Degree]
34 — 0
1 —— 30
2 45
14 —— 60
1 — 90
04
=1 - A LA L AL L NN IR L L L

LA DL DL L N |
14 0 1 2 3 4 5 868 7 8 9 10 11 12 13 14
Displacement (mm)

Fig. 28 Load-displacement curve
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. 227 0%9F 455 9 60ZolA ARtE A|MS zH7h 6.3kN,
6.0kN, 6.2kNO.2 SAIE 815 3t W9l Ul masl e Holzy gk

Fig. 299} Fig. 302 Table 30 Uehdl 1% ghol Wi9] 3 7= vug
HEp2 LR Zlo]ct
7.0
6.8

—@—Load [kN]

Load[kN]

5.0 T T T T T 1
0 15 30 45 60 75 a0

Degree

Fig. 29 Load curve
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Fig. 30 Displacement curve
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© 45" AJH9] oTyE

Fig. 33 Specimen compression fracture state(45)
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© 90" A 9| oY E

Fig. 35 Specimen compression fracture state(90°)
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Fig. 36 Fracture Cam scope
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42 N2V FARE NG A7 9 1F
421 NEEH
ASTM-D256 Charpy Impact #20f 2tz 57}X]9] A&7w(0°, 30°, 45,
60°, 90" )= Zt=d 37§14 & 15709] AlH-E ARstoict. o]ZA A& st
Al xR0 33 AR on, Al Aute] HotutZ Table 49t Fig. 289]

2z =2 tEhf el

Table 4 impact strength average

Degree ImpactStrength(KJ/m2)
0 9417
30 7.336
45 6.724
60 5.572
90 2913
W 9.417

e J336
\_\@4
TWG.572

wﬂ

Impact Strength (KJ/m?)

Lo R R o T S S Rl o = < =

Degree
0 15 30 45 60 75 90

Fig. 37 Impact Strength curve
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Fig. 39 Specimen impact fracture state(30°)
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© 45" A|Ho] mHR

Fig. 40 Specimen impact fracture state(45)
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Fig. 41 Specimen impact fracture state(60)
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® 90" A|HO] mHu

Fig. 42 Specimen impact fracture state(90°)
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