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Analysis of Mechanical Properties and Lightweight Efficiency of LW-PLA
for Solid Propellant Rocket Fuselage Application

U-Daam Choi*, Jaehyun Seo*, Jane Byun*, Mingeon Choi*, Dayeon Choi*,
Dowon Choi**, Kyungwho Choi**

ABSTRACT: This study investigates the mechanical properties and lightweighting efficiency of lightweight PLA (LW-
PLA) for solid-propellant model rocket fuselage components. FDM process parameters—nozzle temperature, flow
ratio, maximum volumetric speed, and wall generation algorithm—were optimized to obtain a stable foamed structure
with a measured foam density of about 0.6 g/cm’. In ASTM D638 tensile tests, although LW-PLA showed lower
absolute tensile strength than reference PLA, a 26.3-29.5% density reduction gave the 45% infill condition a specific
strength about 15.5% higher than PLA, with a corresponding advantage in specific modulus. A nose cone and fins
fabricated from LW-PLA reduced component mass by about 63.5%; flight testing confirmed a 13.9% increase in peak
altitude over the PLA baseline while maintaining structural integrity under ignition shock and aerodynamic loading.
These results show that specific-property-based evaluation is a rational metric for lightweight structural materials and
that LW-PLA is viable for model rocket structures.
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Fig. 1. Photographs of LW-PLA fabrication

Table 1. Comparison of default and optimized FDM process

parameters
Parameter Default Optimized
Nozzle temperature 190~240°C 200~220°C
Flow ratio 0.95 1.0
Max. volumetric speed 15 mm?®/s 6 mm’/s
Wall generation Classic Arachne
Plate temperature 55°C 65°C
Brim gap 0.1 mm 0.05 mm

Balo 7ha Bl SR AT AL 2huskelw, Fhu
HE(Vanable line width) ZZ0| 7}%3t Arachne &38|

2 2 gslo] oo B BAS FAAAT. A A3
94 57 otefn]E Bl Table 10 AJAISIY S, o] & &
3 DW-PLAS] A2} W2 Fig. 10 Lhehf9ick.

po-|

23 AH 9 23 PME XE

7|A1E E4 H71E $i5to] ASTM D638 Type V 1120
ula} & 429 A AA|HE A AT A|H AL 7| &
291 PLAGHR A& B]& 15%)2} LW-PLA(HR 22 u]&
20%, 30%, 45%)°] A] 712 2A 02 A AT TW-PLA
o] Y& A3 vl&2 ExE 5N P ARl Yol 7t
R A 5220] 20%S dleto =z AAFP o, AL ujE =
Aol whe 71 A 54 wsh AFS Selsl] 918 30% 9
45%2 % 2708 AAIET A= wsko| 7]¢13t o]
g o] RS X Adlely] 98] BE AJHS T3t &9
AA| R e sfEH o2 A2 QT AH A&k ARE-E
FDM 3D x2]€]¢} #|2Fs] ASTM D638 Type V olAA AL
Fig. 20 Uehsich. 220 T4 %] 7 A
3} A 7S a8 ste] @ Ao B (Ogive) FAFC &2 A A5t 5
LW-PLAZ 2143 FDM 23} ¢t} 9 2bo] B AL o}

o4 Ul WS Aol gHlo] Ahm el $419 o]l
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Fig. 2. FDM 3D printer and fabricated ASTM D638 Type V tensile
specimens

Fig. 3. Rocket components (nose cone and fins) fabricated from
LW-PLA
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ol Lreru et
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ShEl AJEL Fig, 40 UERRick. Ao} Wt e A%
A2 ZAsE AL ASTM 120 &A% A|H Fujz
U=o] AFA ST E3F B Ao A w7t 2 H|ERY
A% 47 Qg W oS st obd Ald e
2 Ui 7HS] MPa/g) 0. & A ol3tgith mE A|Ho| &
At FHO02 AgH o] Y7k AR o, A )E
o] A+tete Hx o Aqfalvt A-of U9t A
v w AE AF3teh 8)3) A% H7}= OpenRocket 4~
E9Jo}% ol § A} BT TE, H= U ASE 652 5
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Fig. 4. Universal Testing Machine (UTM) for Tensile Test
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71% PLA Al vl UE o gg 4
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PLA ZHAojA] 7]& PLA tH] 9F 26.3~29.5% 52] U= 7
47} TAE YeH(Table 2). o4 LW-PLA o] B4 o
A 7130l @9l AT f5 A mRHoR AW
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3 A9 AR DERA, S2.1004 A AT BepEE 2
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Table 2. Mass, density, and tensile properties of PLA and LW-PLA
specimens at different infill ratios (densities include the
infill structure, not the filament foam density)

Tensil
. Mass | Density | vs. enste Elongation
Condition @ |(gem®| PLA strength %)
& 18 (MPa) °
PLA 15% 1.135 | 1.5203 — 19.66 24.3
LW-PLA 20% | 0.800 | 1.0716 | -29.5% | 13.00 10.7
LW-PLA 30% | 0.813 | 1.0890 | -28.4% | 14.42 18.6
LW-PLA 45% | 0.837 | 1.1211 | -26.3% | 16.75 7.3

Stress-Strain Curves of PLA and LW-PLA

14 : T 1 ——PLA 15%
. : : — LW 20%

LW 30% |-+

w— L\ 45%

Stress (MPa)

: ] ; ) : :
0 5 10 16 20 25
Strain (%)

Fig. 5. Stress—strain curves for each specimen condition
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Absolute vs. Specific Tensile Strength

Absolute vs. Specific Young's Modulus
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Fig. 6. Comparison of absolute tensile strength and Young's
modulus with specific strength and specific modulus for
each specimen condition
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LW PLA Rocket Flight Trajectory Analysis PLA Rocket Flight Trajectory Analysis
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Fig. 7. Comparison of flight trajectories (altitude, velocity, and
acceleration) of rockets using PLA and LW-PLA

Fig. 8. Completed LW-PLA model rocket (total length: 1200 mm,
maximum outer diameter: 104 mm)
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