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Design Concept Test methodology

Design concept: hybrid beam composed of two materials, PLA and Filaflex,
in order to maximize stiffness and damping.
Left: Geometry parameters; Right: Representative manufactured samples

Overview of sample design parameters
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N 1.5 | 91% PLA + 9% Void g Clamp

° 25 75% PLA + 25% Void Moving% Measured Displacements (6)
: Clamp Measured Loads (F)
5 50 3.5 49% PLA +51% Voud

L5 | 91% PLA + 5% FilaFlex Dynamic Mechanical Analyzer (DMA) used to obtain stiffness and damping

Yes 2.5 | 75% PLA + 25% FilaFlex parameters of manufactured beams in dual clamping configuration.
35 | 49% PLA + 51% FiaFlex Top:.DMA_ equipment and detail of clamping system; Bottom: Dual clamping

configuration

Test results

2230 3.0 2400 ® 100% PLA + 0% Void
2000 e 2200 | 1= LIF+1765.5 R2=0.98
—_ e, 25 F = SR E _________ % _____ o 91% PLA + 9% Void
g 1750 === f= 5Hz E 2000 E'=09+1509.3 R2=0.97
———- f=10Hz —_ el A R - <~ Sy S s e _E______ .
= 1500 frmemme s f=20Hz e 20 | e e FD o 1800 F }I i * ® 75% PLA + 25% Void
= , " 100% PLA e S —— f=20 Hz —; /= 08613493 R*=0.96
2 1250 1 " 91%PLA + 9% Void 2 m 100% PLA = 1600 | : —
2¢= n 75%PLA + 25% Void £ 15l 5] 91% PLA + 9% Void 5 { E % ©  49%PLA+51% i
0 49%PLA + 51% Void s ] 75% PLA + 25% Void L E'=0.6(+858.25 R“=0.95
g, 19 B 9I%PLA+9% FilaFlex ~ B 49%PLA + 51% Void R SR S ® —¢ _
E O 75%PLA + 25% FilaFlex [7e) = 91% PLA + 9% FilaFlex e 1200 @ 91% PLA + 9% FilaFlex
S 730r o 49%PLA + 51% FilaFlex = 1.0 - [ 75% PLA + 25% FilaFlex % i ——— PE=12£2041.1 R*-0.96
@ . ] 49% PLA + 51% FilaFlex ;
= 500 - - 000p———  ————®—————— — — — - ——— ] 75% PLA + 25% FilaFlex
K 05 M i § g ———  E=1If18573 R?=0.97
L 800 | i
220 47 0 49% PLA + 51% FilaFlex
: i} . l | | | ——— E=0779844 R*=0.96
0 0.0 600
80 30 40 50 60 70 80 0 5 10 15 20 25
T - Temperature (°C) T - Temperature (°C) f - Frequency (Hz)
Evolution of storage modulus with temperature Evolution of damping with temperature Evolution of storage modulus with frequency
1.4
60 _ I
e ° 100% PLA + 0% Void = . 100% PLA + 0% Void p. — E (f) n tand (f) 8
; v - i =
fan 5= 1.1x10°6+1.20x10% R?=0.89 8 ®  91%PLA+9% Void - i E'yvax tandpyax //.’//’--——\ .
0.018 } @ 91% PLA + 9% Void g Tg= 6.7x107f+56.5 R2=0.94 \L / < \\
“ tan 5= 1.2x10°Er118x107 R%=0.93 s & O ase > 1.0 F p
S
2" ® 75% PLA + 25% Void ;‘- Tg=5.0x107f+55.8 R2=0.98 -g /
.Eﬂ 00]6 I tan & = ],]X]O_“[;H.]GXIO_Z R2:0.94 : (o) 49% PLA + 51% Void '; 08 | /
g o} 49% PLA +51% Void g | Tem32x0's77 RI099 = / ®  Void-5Hz
N ©n 8= 07101363107 RP0.94 ‘E ° 91% PLA + 9% FilaFlex g i P=18.6x10"F,, ,-0.2x107Fy -+ 13x107F,,,* R*=0.99
¢ 0014 . = gy _ 2 2 = O r = 2 Void - 10 Hz
e o e PP RlRIE < B ESehs S S e P=18.0x107'F, ,-0.2x10°F, 2+ 1LIx10°F,,,* R*~0.99
b: i - lan 6= ],1X]074['+1.25X1072 R2:0.99 t ® 75% PLA + 25% FilaFlex z A’/ o) Void - 20 Hz
z SRSV 25 2 P=15.3x107F, ,-0.1x107F, J+8.2x107F, . R*=0.99
S oon ® 7% PLA+25% FilaFlex e Te=S50x107F558 R*=0.99 04 — » e
———  tané=10x1071.20x107 R*=0.98 j ® 49% PLA + 51% Filallex ﬁ: 2 — — —  P=-5.3x107F, ,+0.6x107F, . 24.7x10°F,, > R*=0.99
S0 R _ EN 2i . e / ™ FilaFlex - 10 Hz
o 49% PLA + 51% FilaFlex = g SRl v R0 02 F o e — — —  P=74x107F, ,+0.7x10°F, ,-5.2x10°F, > R*=0.99
0.010 . ' ' . e i S TR0 R LSARI0T RZ=057 g 7 o FilaFlex - 20 Hz - A
0 5 10 15 20 25 52 4 e P0.52X107F, , +0.6x107F, 49X 10°F, ) R~0.99
1 1 1 1 |
f - Frequency (Hz f- Frequency (Hz) 0.0
SRSHSIICD 0 20 40 60 80 100
Evolution of damping with frequency Evolution of T, with frequency Fpy_A - PLA fraction ( % )

Definition and variation of Performance index, P,

» The study analyzed the inherent beam stiffness (storage modulus) and » Regarding damping performance, only high contents of filling provided

damping (tand) that were obtained experimentally in order to assess the improvements. It was possible to optimize both stiffness and damping of the
iInfluence of void and flexible filling in the dynamic properties and therefore beam design with an 82% PLA fraction providing the most beneficial
optimize the beam performance. combination of these properties. This finding resulted from the definition and

licati f a Perf index. Theref it ible to desi d
= At room temperature it was shown that the introduction of low contents of appiication Of a Feriormance index eretore 1t was possibie 10 design an

manufacture composite beams with a favorable combinations of mechanical
flexible filling generated an increase in stiffness, which can be attributed to Hiacty pOs! Wi v Inatl |

roperties.
the high residual stresses introduced in the manufacturing process. propert
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