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ABSTRACT

during the “fused filament fabrication” (FFF) 3D printing process can enhance

interlayer adhesion and consequently improve the mechanical strength of
parts fabricated from polylactic acid (PLA), acrylonitrile butadiene styrene (ABS),
and their blend.
Methods: To examine this hypothesis, tensile test specimens were fabricated
according to ASTM D638 using a modified FFF 3D printer equipped with a roller-
pressure mechanism. The experiments were designed based on the “response
surface methodology” (RSM) with a Central Composite Design (CCD), including
two continuous variables (printing speed and roller force) and one discrete variable
(filament type). Tensile tests were conducted using a SANTAM STM-400 machine
at a crosshead speed of 5 mm/min. The fracture surfaces were analyzed using a
field emission scanning electron microscope (FESEM). The data were processed
Keywords: using Design-Expert 13 software to evaluate the main and interaction effects of the
parameters on tensile strength.
Findings: Analysis of variance (ANOVA) revealed that the filament type and its
interaction with roller force had a statistically significant effect on tensile strength (p
< 0.05). The applied compressive force improved interlayer bonding, reduced layer
thickness, increased the raster shear angle, and promoted polymer chain alignment
along the load direction, leading to enhanced tensile performance. Under optimized
conditions, the maximum tensile strengths of PLA, ABS, and PLA/ABS samples were
58.8, 34.7, and 45.2 MPa, respectively, corresponding to an improvement of up to
10.9% compared to samples printed without roller pressure. FESEM observations
further confirmed the reduced layer thickness and improved interlayer fusion. Overall,
the application of roller force during FFF printing effectively enhances the strength
and quality of printed components without the need for post-processing treatments.

l l ypothesis: This study hypothesizes that applying compressive force by a roller
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Fig. 1 -Drawing of tensile test specimens.
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Table 1- Values of fixed parameters of the sample printing

process.
Parameter Value
Print temperature (°C) 230
Bed temperature (°C) 80
Infill (%) 100
Nozzle diameter (mm) 0.4
layer height (mm) 0.2

V&€ 533 D 0 jloud (auiid 9w Jw ¢ posls (S 39l9is 9 pole ¢ sols dlxo

Jhesl ol ponas FFF Jl 3 (gasan Ol glads 5o 22 f&w“ |
S o Plr e S SaSe LS (55

3]

3lg0

5 (PLA) (del S8V Ly slaans; ) badised Ol ol 5
AVO mm el b L (ABS) O zul Olsby o iosh ST
LA oalaul U'S;:Y&S d}M

Iy 59y 9 byolSwd
(diged (& slwodleT
ol (ooll (Il eSOl sl e PLA (glaand,
Sl FFF 2l 3 55 (65l p ol & maS Lol 5 5L o oS
Sl o Caaglie iy o i Jsa ABS axiy 3l blis 55 s
i Dlalad 3 0 208 58 5t b8 SOl b
eals shieas A el cmjxﬁflﬁjv&;@l L3S aS
Ll s 50 Ol Sl (ol o 5 ple S (S mer i SIS
Sl b S a5l ladisal b plasil ed3J 1S pled
L bk pes calsl 3 (0 JS8) Lk ~1 b SOLIDWORKS
Loas s aVeY LG S« Simplify3D V412 i3l
A5 Pl 8503 YV g e s el (mLb a g

SPLA S 5 5 Ll PLA (alls ABS Sl av s Lads ya
L ABS/PLA (glosless (slawses ol (sl Ll asl ABS
D3le s 3 baaisad Saan Jia (SILISS Sl Sl eslind
axkd 5l asie Cubis S As gAY (gl Sa Simplify3D
sbaa¥ izl ol ol b s b olantl sl 51 S s«
St Sopeh Al e S Ol sl sl 4 by
8L p33 osle wady 5 pobr SCLESI Sl and) S i s
Sl bl el dl bl Ll oolss w1 e S
Ol gy opl st [ S &y pots (gloslags bl b
O3k b LY m55 53 Jas b Glosbadan ladises A5
Pl (SOl Jab S e sl s (SOLedls Kl ) eslicd
Olpsa Ol slos 5 (SLsdy oS5 cale ma slos Y
2olie A Jpder 5s a8 S a8 ki ol b sla el
PP L CO S Ue S o U P A BT B K VA PR W R P
ks S NN s



bl d e 5 5 Ll RS em s 4z gl Sl (ol
Sy ol ol anw s el g3 .S r.alfé Ly gdal b ang
AL L el Ol ce 5 S Sasw sdidlesl LS
Tl a0 Ljmll 5l S s e el i 4t
lea Sheslazal by As b =e Design-Expert 13 )lj-.élps 4
S35 bl cpl Jl sl o s 48 geme 25 655 0 S
b s e e CJJM LS Jde 2iS ¢l§>.;,ﬂ|

Lol odol ¥ Jgd 5 ile ]

(s S Ol sl 5 030k ll b 4 a5 L e sl
A S ol s ACCERIPINE S Bt RPVSTIT
3 b oalie 53 S 650 Jlasl X Jsdr 0 m Bl
e Slge plad 53 (228 el (LI e Sl Sl oo
laisnd lp plSomal pslis (p tie oS (Sosbar (il 02

33 odus aug il 4,3 PLA/ABS 5 PLA ABS

Sobel ko

Jhog Jhis sges

Sl ot G 31 S sla0 gl (glaesls ples O IS5 4 5 L
sbaiads 315 5 5o g Laesls 3 STy 03ls S g 5 S e S5y
Anderson-Darling 0 el daedile 3L 05 pdle 5 oS o)
00 5l S,y (pvalue) polais ol UL mls Al el
128 1y 07, Oligabsl s 53 Laosls 03 2 dle 3 538 el b e
TS 3 0230l o dlid s e U gy ol 45 545 0
Sl bty o dedile 3L 05 pdbe 5 auB L ssls Sl as
A el Jie (g labas L3

Tl S S
(f Jod) ladisel 228 r&>:lw| C.wb ool ks @Lﬂ
p< /o)) ol hsbie glel LS p3 43 Jde 3l 0L
oﬁglﬁpﬂ‘éb‘j)‘jﬂiﬁm]&Lg)‘..\.f;‘](}g{@uw‘w
J'MSV.AJ., Cmeman Llesls QLIS 1y 5 IS 10/ Sl xS
93 Oﬂ‘ QL‘)'V-” e SRR ) Olis ad, B Se o

&€ 53— )3T & o plosts el 9w Jlw rorly 539)9iS5 9 gl (sele Alxe

w3 Al Al wlelad S (DL s dlb ) s 9 ol Sl piel by H3I

Extruder

Force

Force

Nozzle
Lol e olid oy Jlesl S50 ool b =Y JSa

S 5l eslaxad
Fig. 2 - Schematic of the mechanism for applying force dur-

ing printing using a roller.
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Table 2. Experiment input variables along with their values.

Parameter Value
Roller force (g) 0-50-100
Print speed (mm/min) 1000 — 1500 — 2000
Specimen material PLA - ABS - PLA/ABS
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Table 3. Design of experiment with tensile strength response.

S (Sl ey o e T i

NO. Run No. Designation Print speed (mm/min) | Force (g) Material Tensile strength (MPa)
1 3 S1/FO/A 1000 0 ABS 27.07
2 15 S1/F100/A 1000 100 ABS 25.55
3 22 S1/F50/A 1000 50 ABS 30.64
4 7 S1.5/F50/A 1500 50 ABS 32.85
5 10 S1.5/F100/A 1500 100 ABS 29.50
6 13 S1.5/F0/A 1500 0 ABS 30.40
7 5 S2/F50/A 2000 50 ABS 31.91
8 17 S2/F0/A 2000 0 ABS 29.12
9 20 S2/F100/A 2000 100 ABS 27.06
10 9 S1/F50/P 1000 50 PLA 41.46
11 19 S1/F0/P 1000 0 PLA 38.01
12 27 S1/F100/P 1000 100 PLA 41.46
13 1 S1.5/F50/P 1500 50 PLA 41.82
14 4 S1.5/F100/P 1500 100 PLA 40.99
15 16 S1.5/F0/P 1500 0 PLA 39.45
16 18 S2/F0/P 2000 0 PLA 38.55
17 24 S2/F50/P 2000 50 PLA 41.15
18 26 S2/F100/P 2000 100 PLA 42.75
19 2 S1/FO/AP 1000 0 ABS/PLA 33.24
20 23 S1/F50/AP 1000 50 ABS/PLA 34.13
21 25 S1/F100/AP 1000 100 ABS/PLA 28.62
22 8 S1.5/F50/AP 1500 50 ABS/PLA 12.61
23 11 S1.5/F100/AP 1500 100 ABS/PLA 34.27
24 12 S1.5/F0/AP 1500 0 ABS/PLA 32.65
25 6 S2/F50/AP 2000 50 ABS/PLA 32.81
26 14 S2/FO/AP 2000 0 ABS/PLA 32.81
27 21 S2/F100/AP 2000 100 ABS/PLA 31.64
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Table 4. Results of analysis of variance and fit statistics for tensile strength response.

Source Sum of Squares df Mean Square F-value p-value*
Model 9.315x10° 8 1.164x 10° 83.41 <0.0001
A-Speed 2.645 % 10° 1 2.645% 107 1.89 0.1865
B-Force 2.851x10° 1 2.851x 107 2.04 0.1711
C-Material 8.439x 10° 2 4.220% 10° 302.26 <0.0001
BC 3.444x 108 2 1.722x 108 12.34 0.0005
A? 9.351x 107 1 9.351x 107 6.70 0.0191
B? 2.806x 103 1 2.806x 10® 20.10 0.0003
Residual 2.373% 107 17 1.396% 107
Cor Total 9.553x 10° 25

Fit Statistics

* significant
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Fig. 4. Disturbance diagrams and three-dimensional surfaces for the tensile strength response at three levels of quantitative variation

of the sample material of (a) PLA, (b) ABS, and (c) ABS/PLA.
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Fig. 6. FE-SEM images of the fracture cross-section of the
sample (a) without applying roller force and (b) with applying

roller force.
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