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Abstract

Additive manufacturing (AM) is extensively used in industry with its expanding application areas. The use of
additive manufacturing in the aviation industry offers a series of advantages such as lightweight, ease of
production and cost effectiveness. Cabin interior components of an airplane constitute approximately 10
percent of its entire weight, and many of these items are visible to passengers. Therefore, the appearance of
these parts is an important concern. In this context, it is important to manufacture additively manufactured
cabin interior parts with good surface quality since it is challenging to achieve optimal surface finish. In this
study, surface roughness of overhead bin latch housings were compared which were manufactured with
Selective Laser Sintering (SLS) and Fused Deposition Modeling (FDM). Mechanical profilometer and optical
profilometer were used for measurement of roughness values and obtaining surface topography. Considering
the manufacturing method and surface finish processes, an evaluation was conducted to assess alternative
materials for replacing the original product.

Anahtar Kelimeler: Additive Manufacturing, Surface Roughness, Aircraft, Cabin interior.
JEL Classification: L62, L64.

Eklemeli Imalat ile Uretilen Bas Ustii Dolabi Kilit Yuvasi Parcalarinin

Yiizey Piuriizliligiiniin Degerlendirilmesi

Oz

Eklemeli imalat yontemlerinin endiistriyel uygulamalar1 giin gectikge artmakta ve kullanim alanlari
genislemektedir. Havacilik endiistrisinde de bu yontemin kullanimi hafiflik, {iretim kolayligi, parca basi
maliyet vb. konularda biiylik avantajlar saglayabilmektedir. Ucak kabinleri icerisinde yer alan komponentler
tim ucak agirligmin yaklasik yiizde 10’unu olusturmaktadir ve bu komponentlerin birgogu yolcularin
gorebilecegi alanlarda yer almaktadir. Bu baglamda kabinde yer alan pargalarin goriiniimleri 6nem arz
etmektedir ve eklemeli imalat ile iiretilen kabin i¢i parcalarmm da uygun yiizey kalitesine sahip olmasi
gerekmektedir. Bu ¢aligmada, eriyik yigma modelleme (FDM) ve segici lazer sinterleme (SLS) yontemiyle
iiretilen kilit yuvasi pargalarina uygulanan cesitli yiizey islemleri sonrasi yiizey piiriizliiliikleri test edilmistir.
Piirtizlilik 6l¢timi ve ii¢ boyutlu ylizey topografilerinin incelenmesi i¢in mekanik profilometre ve optik
profilometre cihazlar1 kullanilmustir. Uretim yontemi ve uygulanan islemler g6z dniinde bulundurularak yiizey
kalitesi agisindan orijinal {irliniin yerine kullanilabilecek alternatif malzemeler arasinda bir degerlendirme
yapilmistir.

Keywords: Eklemeli imalat, Yiizey Piiriizliiliigii, Ugak, Kabin I¢i.
JEL Smiflandirmasi: L62, L64.

" PhD., Turkish Airlines Technic, ykahraman@thy.com (Corresponded Author)
2 PhD., Yildiz Technical University, ozZiImygc@gmail.com
3 PhD., Turkish Airlines Technic, ilyas.ince@thy.com


mailto:ykahraman@thy.com
mailto:ilyas.ince@thy.com
https://orcid.org/0009-0004-7790-1496
https://orcid.org/0009-0007-0315-7635
https://orcid.org/0000-0002-7394-7479

INTRODUCTION

The result of International Air Transport Association (IATA) Passenger Survey indicates
that passenger demand for commercial flights has been increasing for the last 36 months
(IATA, 2024). Because of this passenger traffic, refurbishment and replacement of cabin
interior elements could be required due to damaged/worn parts. Apart from that, cabin
interior components account for 10% of aircraft empty weight and routinely renewed 4-5
times during the lifetime of an aircraft (Aerospace Technology Institute, 2020; Gill, 2018).

During the refurbishment and replacement of cabin interior parts, AM appears as a suitable
technology to produce new parts. AM offers series of advantages for airliners and airplane
manufacturers since it is possible to manufacture complex-shaped parts with minimum waste
and lighter weights when compared to conventional manufacturing methods
(Saracyakupoglu, 2022; Singamneni et al., 2019). One of the key benefits of the use of AM
in aviation is weight savings since the decrease of each kilogram in cabin interior parts saves
about thousands of dollars per year due to the reduced fuel consumption. This, in turn
provides significant cost saving in the case of manufacturing multiple airplane cabin interior
items in the whole fleet (Aircraft Interiors International, 2023).

Airbus uses AM technology for tooling and manufacturing prototypes for commercial
aircraft. They have introduced more than 2000 AM parts for A350XWB and are also using
3D printed parts for A320 Neo and A330/A310 family Etihad Engineering and Diehl
Aviation also use AM technology in order to manufacture certified cabin interior parts such
as TV frame and curtain header closures (Aeromag, 2017; Stratasys, 2020). Therefore, it is
expected to reduce weight while increasing the efficiency and providing mechanical strength
of these parts. It should also be considered that AM parts are ideal solution for the damaged,
missing or non-standard parts in a fast and efficient way in low quantities. Moreover, the
reduction of cabin interior part weights could also reduce CO2 emissions in a significant way
which is in line with IATA’s commitment to Fly Net Zero by 2050 (Sengur & Altuntas,
2023).

AM is a manufacturing method where components are generated through the successive
deposition of material layers until the final geometry is achieved (Wong & Hernandez,
2012). Among different AM processes, FDM and SLS could be counted as two different
methods which dominate the market with their own advantages. FDM operates by feeding a
thermoplastic filament into a heated nozzle, where it is brought close to its glass transition
temperature and deposited onto the build platform. As each strand cools, it adheres to the
previous layer, forming the final part. FDM offers some advantages such as low cost and
fast printing times while need for support material and shrinkage of filament appears as
drawbacks. In the SLS method, powder material is sintered with the use of laser within a
preheated and sealed chamber. In this way, unsintered powders act as a support itself, and
the layers are formed with the repositioning of platform. It is possible to obtain smoother
surface finishes with longer lead time compared with FDM (Kluska, Gruda & Majca-Nowak,
2018; Kudelski et al., 2017).

ULTEM 9085 is a high-performance PEI-based thermoplastic filament that meets stringent
aviation regulations such as FAR 25.853 and OSU 65/65 tests. Moreover ULTEM 9085 is

72



Kahraman, Y., Yagc, O., & Ince, 1. (2026). Evaluation of surface roughness of additively manufactured overhead bin latch housings.
Journal of Aviation Research, 8(1), 70-85.

widely used for structural cabin parts since its load-bearing capability under static loads has
been experimentally and numerically demonstrated for real aircraft interior parts produced
via FDM (Kobenko, Dejus, Jatnieks, Pazars & Glaskova-Kuzmina, 2022). However, since
many cabins interior parts can directly be seen by passengers, final surface quality of FDM
products might not meet demands. Therefore, the surface quality of parts could be improved
by treating with mechanical, thermal and chemical methods.

Thermal and chemical methods benefit from chemicals and heat to smooth the part surface.
Annealing, vapor smoothing and painting could be counted among some of these methods.
The studies in the literature show that mechanical properties could also be improved together
with surface roughness with vapor smoothing (Rajan, Sugavaneswaran, Prashanthi,
Deshmukh & Jose, 2020). However, with the use of annealing methods main focus of
treatment could be enhancing mechanical properties rather than surface finish (Wach,
Wolszczak & Adamus-Wlodarczyk, 2018; Bhandari, Lopez-Anido, & Gardner, 2019; Hart
etal., 2018).

Mechanical post-processing methods show similarities with conventional surface finish
methods since it is aimed to cut and press the protrusions on printed parts. Machining,
sandblasting and shot peening are some of the common mechanical post-treatment methods
that are found in the literature (Peng, Kong, Fuh, & Wang, 2021). Among these methods
sandblasting is an important method to obtain smoother surface on FDM parts (Ouassil, El
Magri, Vanaei & Vaudreuil, 2023; Kalender, Kilig, Ersoy, Bozkurt & Salman 2019). These
studies demonstrate that mechanical post-processing methods play a critical role in
governing the surface integrity and functional performance of additively manufactured
polymer parts. In particular, approaches such as vibratory finishing and abrasive water jet
turning have been reported to reduce surface roughness effectively (Kartal & Kaptan, 2024;
Kartal & Kaptan, 2023). These mechanical treatments are frequently evaluated in
combination with process parameter optimization, where factors such as layer thickness and
deposition speed are among the key factors which affect surface quality (Altan, Eryildiz,
Gumus, & Kahraman, 2018). Moreover, recent studies also show that mechanically finished
additively manufactured components can be further optimized within sustainability-oriented
manufacturing strategies through the use of bio-based matrix and waste-derived fillers
(Kartal & Kaptan, 2025; Kartal & Kaptan, 2025). According to a study it is revealed that the
surface quality of FDM-manufactured ULTEM 9085 parts can be significantly enhanced
through a disc finishing unit. The results showed that optimizing finishing time and speed is
important for achieving smooth surfaces in complex areas (Fischer & Schoppner, 2013). In
another study (Petzold, Klett, Schauer & Osswald, 2019), it is indicated that SLS enables the
production of complex geometries without specialized tooling and the final parts generally
exhibit higher surface roughness compared to conventional manufacturing methods.
Therefore, the product quality is highly dependent on the process parameters.

Overhead bin latch (Figure 1a) is one of the actively used parts in airplane, and its plastic
housing (Figure 1b) could be damaged under inconvenient conditions as illustrated in Figure
1c. Itis estimated that production of this part with AM could provide cost savings up to 90%
compared to conventional manufacturing methods (Rapid 3D Event, 2025).
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Unlike previous studies in the literature, this work presents a real case study on an airworthy
cabin component. By manufacturing this part with both FDM and SLS and comparing them
with the conventionally manufactured counterpart, a comprehensive evaluation is provided
which is mainly focused on surface quality. In particular, the inclusion of surface roughness
and topography analysis underscores the importance of aesthetic and functional
requirements of passenger-exposed cabin interior parts.

1. EXPERIMENTAL STUDIES
1.1.Material and Process

The original overhead bin latch housing was digitized using a 3D scanner (Artec Eva, Artec
3D, Luxembourg), which provides a nominal spatial resolution of 0.2 mm. Before scanning,
the part surface was visually inspected and cleaned to prevent optical noise. Multiple scans
were acquired from different directions in order to ensure full geometric coverage, especially
in regions with undercuts and functional interfaces. Afterwards, the raw scan data were post-
processed to remove noise with using the manufacturer’s software. The resulting data was
imported into a computer-aided design (CAD) environment for reverse engineering.

A solid model of the part was reconstructed in Solidworks (Dassault Systemes, France).
Critical interfaces and assembly boundaries were preserved to maintain functional
equivalence with the original component. In order to ensure dimensional accuracy, the
reconstructed CAD model was geometrically compared with the original scan data. The
finalized CAD geometry was then used directly for additive manufacturing.

8
234

Figure 1. Overhead Bin Latch (a), Overhead Bin Components (b), Damaged Overhead Bin
Latch Housing part (c)

SLS specimens were produced using an EOS P396 (EOS GmbH, Germany) with flame-
retardant polyamide 11 powder (ALM PA11 FR-106). Parts were manufactured with a laser
power of 50 W and a layer thickness of 0.10 mm. The process chamber temperature was
maintained at 181 °C, and the powder removal temperature was approximately 150 °C. Layer
deposition was carried out in a sealed and preheated environment, where unsintered powder
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acted as a self-supporting structure during fabrication. No additional support structures were
required.

For the FDM process, parts were produced using a Stratasys Fortus 400mc system (Stratasys
Ltd., USA) with ULTEM 9085 filament. The filament diameter was 1.75 mm. The nozzle
temperature was set to 375 °C, while the build chamber (envelope) temperature was
maintained at 195 °C to ensure adequate interlayer adhesion and dimensional stability. Parts
were manufactured in a horizontal build orientation. The specimens were manufactured with
a layer height of 0.254 mm and 100% infill structure.

Two different post-processing scenarios were determined for FDM parts; as the first scenario
FDM part exposed to grinding and resin coating processes while as the second scenario half
of the part is sandblasted in order to examine the effect of post-processing on the same
sample. For the sake of simplicity sample codes were given for each sample as listed in Table
1.

For grinding and resin coating process P150 (SIA 1949) and Desothane HS CA8400/B899
Ceramic Clearcoat were used respectively. During the resin coating process 2/1 mix ratio
(by volume) was determined for base and acid mixture. Afterwards the resin was coated on
the surface of the part with conventional air spray with the tip size of 1.4 mm under 4 bars.
Curing was conducted in an oven at 60 °C for 3 days for complete curing.

Sandblasting was carried out using hollow glass bead media with an average particle
diameter of approximately 175 um. The blasting pressure was maintained at 5 bar throughout
the procedure in order to reduce surface roughness without inducing excessive surface
damage or material removal. (SAYKAR SK1000).

1.2. Mechanical Profilometer

Surface roughness of the samples was measured with Veeco Dektak XT Bruker mechanical
profilometer. Tip radius of the stylus instrument was 2 um while sampling length was 1 mm.
Three measurements were taken from the different regions of the parts surface and the mean
values were used in for evaluation. For each sample, the reported Ra and Rq values represent
the arithmetic mean of three repeated measurements at each location; mean values are
presented with standard deviations.

1.3. Optical Profilometer

Topographic view of samples was also obtained with non-contact optical profilometer (AEP
Nanomap-1000WLI; AEP TECHNOLOGY, Santa Clara, CA, USA). The profiles of target
measurement were measured with the resolution of 550 nm.

1.4. Electron Microscopy

Scanning electron microscopy (SEM) photos were taken by using ZEISS EVO LS 10
instrument in order to observe the surface roughness characteristics of samples. The
rectangular sections were cut from samples and their surfaces were coated with thin layer of
Au-Pd in order to prevent charging.
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Table 1. Sample codes, images and applied manufacturing and post-processing routes.

Sample Code Image Description
Sample 0 Original Equipment Manufacturer Part
—
Sample 1 — = Horizontally Manufactured Part (Grinded and
P — = Resin Infiltrated)
a) Horizontally Manufactured Part Sandblasted
Sample 2* Region

b) Horizontally Manufactured Part Raw (non-
treated) Region

| : 5-¢
Sample 3 Selective Laser Sintering Part (non-treated)

*Sample 2a and 2b correspond to different surface regions of the same FDM-manufactured part.

—
a
ANDBLASTI RAW ‘[
3
S
=

1.5. Fourier Transform Infrared (FTIR) Analysis

FTIR analysis was performed at room temperature between the wavelength of 4004000 cm”
by Bruker FTIR spectrometer. Measurements were conducted on rectangular pieces taken
from samples. For each sample, 12 scans were run with a resolution of 2 cm™.

2. EXPERIMENTAL RESULTS AND DISCUSSION

Although arithmetic surface roughness parameters such as Ra and Rq can also be calculated
from optical profilometry data, mechanical stylus profilometry was deliberately employed
in this study to obtain standardized roughness values that are widely reported in the literature
and commonly used in industrial quality control. Mechanical profilometry provides line-
based measurements that are less sensitive to local optical artifacts and allow direct
comparison with previously published roughness data for additively manufactured polymer
parts.

Optical profilometry, on the other hand, was used in a complementary manner to obtain non-
contact three-dimensional surface topography, enabling visualization of local surface
features, interlayer gaps, and morphological differences induced by post-processing
methods. The combined use of both techniques therefore provides a more comprehensive
and reliable surface characterization than either method alone.

76



Kahraman, Y., Yagc, O., & Ince, 1. (2026). Evaluation of surface roughness of additively manufactured overhead bin latch housings.
Journal of Aviation Research, 8(1), 70-85.

Surface Roughness Ra (mean + SD) Surface Roughness Rq (mean + SD)

20.0 1 a5
17.5
15.0 201
= 1254
g E 151
‘m 10.0 2
. 4 o
4
75 10 4
50
5
2.5
00 £ ——— il _ [ ||
D '\ o N R
& _G\Q?‘ &bc‘ » & ‘?\Q‘ o~ R
& o

N o 0 | ——— —

& i A # & e@ & o@ ol -;\\:D & &

S R e & & £ L & &
& » & P ¢ N & & ¥ > &

& & o %@(p ¢ @5‘5 O&h & &F & &

£ T . L3 »

&) <3 » o & T ef of

b & & o & & >
& & A

Figure 2. Comparison of surface roughness Ra and Rq values for OEM, FDM (raw,
sandblasted, and grinded+resin; V/H directions), and SLS parts. Error bars represent
standard deviation obtained from three independent measurements.

Due to the difference in surface quality of manufactured parts two different sample
amplitude parameters (Ra and Rq) were calculated in each contact measurement. While Ra
represents the arithmetic mean of the absolute values of the surface height deviations
measured from the mean plane, Rq refers to the root mean square of these deviations and is
therefore more sensitive to hills and valleys on the surface profile. It should also be noted
that sandblasting decreased Ra values to some degree for “Sample 2 in vertical direction
when compared to raw FDM samples. The effect of sandblasting on Ra values can be seen
apparently in optical profilometer images of Sample 2 (Figure 3). In this figure transition
zone between sandblasted and raw region and the effect of sandblasting on surface roughness
is clearly illustrated. It could be also deduced from the results that sandblasting itself
provided better surface to root geometric average value of profile departure from the mean
line during the measurement length. Table 2 represents the surface roughness values of
samples which were measured with mechanical profilometer. While numerical surface
roughness values are summarized in Table 2, their graphical representation with statistical
variation is provided in Figure 2.

The results indicate that grinding and further coating of resin provided smoother surface
finish in vertical direction for “Sample 1” when compared to non-treated region in Sample
2. However, in the horizontal scan of Sample 1, there is not a significant difference between
non-treated region of Sample 2 and Sample 1. This could be related with the insufficient
exposure of interlayer regions during grinding.

Overall evaluation of the results indicates that surface regions previously in contact with
support structures exhibit higher roughness and localized degradation compared to
unsupported areas. Visual inspection and profilometry measurements revealed that surfaces
previously in contact with support structures exhibited localized surface degradation
compared to unsupported regions. These areas showed increased roughness due to material
tearing, residual support marks, and partial interlayer damage induced during the removal
process. Although post-processing operations such as grinding and sandblasting partially
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mitigated these effects, complete elimination of support-related surface irregularities was
not achieved. This observation highlights an inherent limitation of FDM for passenger-
exposed cabin interior components, particularly in geometries requiring extensive support
structures.

It should also be noted that sandblasting decreased Ra values to some degree for “Sample 2”
in vertical direction when compared to raw FDM samples. The effect of sandblasting on Ra
values can be seen apparently in optical profilometer images of Sample 2 (Figure 3). In this
figure transition zone between sandblasted and raw region and the effect of sandblasting on
surface roughness is clearly illustrated incompatible with the literature (Kartal & Kaptan,
2024). The results suggest that sandblasting itself provided better surface roughness values
than Sample 1 part both in vertical and horizontal direction. This could be related with
interaction of particles within interlayer gaps that provides more efficient surface finish.

Table 2. Measurements were performed in vertical (V) and horizontal (H) directions
relative to the build orientation. For Sample 2, measurements were taken separately from
the sandblasted and non-treated zones.

Std

sample Mean | Dev. Mean gé(\j/
No Sample Name Ra ' Ra | Rq Rq(um
(pum) (u)m (um) )

0 Original Equipment Manufacturer Part 0.55 0.05]| 0.73 | 0.06

1 Horizontally Manufactured Part (Grinding 1523 | 1.5 1799  1.75
and Resin Infiltration) (V)

1 Horizontally Manufactured Part (Grinding 1.86 0.20 234 | 0.25
and Resin Infiltration) (H)

5 Horizontally Manufactured Part 12,77 1 1.30  15.39  1.50
(Sandblasted Zone) (V)

9 Horizontally Manufactured Part 0.23 1 0.04| 0.28 0.05
(Sandblasted Zone) (H)

2 Horizontally Manufactured Part (Raw Zone) | 18.94 1 1.80| 23.22 | 2.00
V)

5 Horizontally Manufactured Part (Raw Zone) | 1.89 | 0.22 235 | 0.27
(H)

3 Selective Laser Sintering Part 11.08 1.10| 12.86 | 1.25

The superior surface smoothing effect observed after sandblasting can be attributed to the
interaction between abrasive particles and the polymer surface. During sandblasting,
particles penetrate into interlayer gaps and preferentially remove protruding surface
asperities, resulting in a more uniform surface profile. In contrast, grinding followed by resin
coating primarily affects outer surface layers and may insufficiently access interlayer
regions, leading to localized surface irregularities. This mechanism explains why
sandblasted FDM specimens exhibited lower Ra and Rq values compared to grinded and
resin-coated counterparts. The results of Sample 3 show us that SLS offers lower Ra values
in vertical direction compared to surface finished FDM parts. The results also show that SLS
appears as an option for alternative part production even without further surface finishing
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process. However, it is still possible to observe some local “hills and valleys” of Sample 3
in Figure 3.

Sample 0

Figure 3. (A) 2D and (B) 3D Surface Topography Data of Samples Obtained from Optical
Profilometry

Functional groups and chemical structure of FDM-printed and SLS-printed polymer lock
housing components were evaluated via FTIR analysis. Figure 4 presents the FTIR spectra

79



of all manufactured samples. The FTIR spectrum of the original sample (Figure 4a) exhibits
a carbonyl band at 1715-1780 cm™ together with C—O—-C (1180-1250 cm™) and aromatic
C=C (1500-1600 cm™) vibrations which could be consistent with a polycarbonate or a
polyester/epoxy-ester coating (Kumar, Kumar, & Awasthi, 2016).

Grinding and following application of the resin led to an overall decrease in the intensities
of the underlying substrate material peaks, which also cause minor shifts in the peak
positions (Figure 4b) (Long, Nand & Ray, 2021). The observed differences therefore show
the overlapping of the resin’s spectral peaks and optical dispersion rather than chemical
rearrangements within PEI structure. Since Attenuated Total Reflectance penetration depth
reaches to several microns, this result shows that the coating thickness is around the same
range (Oelichmann, 1989). Because thicker coating layer would be expected to completely
hinder signals obtained from the base polymer.
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Figure 4. FTIR Spectra of (a) the Original part, (b) Grinded and Resin-Coated Part, (c)
Sandblasted Part, (d) Non-Sandblasted Part, () SLS Part

In the FTIR spectra of the sandblasted part (Figure 4c) no new peaks are observed while
characteristic imide and aromatic peaks of ULTEM is retained. Compared with the raw
surface (Figure 4d), definition of bands is slightly improved, due to removal of surface
residues after sandblasting. These results indicate that sandblasting did not cause chemical
degradation but only modified the surface topography.

FTIR spectrum of the SLS manufactured specimen (Figure 4e) shows the characteristic
peaks of PA11, with a broad N-H stretch (~3300 cm ™), CH, stretching at ~2930/2860 cm,
a sharp Amide I band (~1650 cm™), and an Amide II band (~1540 cm™). The CH, scissoring
at 1460 cm™ and the CH, rocking near 720 cm™ shows the existence of crystalline structure
(Tey, Cai, & Zhou, 2021; Esposito, Dingemans, & Pearson, 2021). No additional carbonyl
absorption in the 1715-1735 cm™ region was determined which shows us that oxidative
aging during the SLS process is negligible. The overall evaluation of spectrum supports that
polyamide structure is preserved, while some spectral changes could be attributed to to
surface roughness inherent to SLS-processed parts.

The FTIR spectra indicate that post-processing treatments did not induce chemical
degradation of the base polymer structure. In particular, the absence of new carbonyl peaks
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or peak broadening in sandblasted specimens suggests that the observed surface
modifications are predominantly physical rather than chemical in nature. In the resin-coated
samples, attenuation of substrate-related peaks is attributed to the limited penetration depth
of the ATR technique, indicating that the coating thickness is on the order of several
micrometers. These findings confirm that surface finishing processes primarily alter surface
morphology without compromising the chemical integrity of the material.

Figure 5. SEM images of (a) the Original part, (b) Grinded and Resin-Coated Part, (c)
Sandblasted Part, (d) Non-Sandblasted Part, (¢) SLS Part

Additionally, original part and sample parts were examined with SEM in order to observe
the effects on manufacturing method and post-processing factors on the surface morphology
of the samples as illustrated in Figure 5. SEM analysis of the original part (Figure 5a) showed
that there is machining or molding traces on the surface while there appear some irregular
shaped deposits. Such kind of accumulation could be related with sprayed coating process
due to the FTIR spectrum of original part such kind of deposits could be related with
polyester coating.

In the grinded and resin coated sample (Figure 5b) interlayer gaps in FDM process seems to
be disappeared in consistent with the literature but local irregulaties formed as a result of
post-processing which limits the homogeneity of the surface.

In the Sandblasted part (Figure 5c) there are also some particles accumulated on the surface
in heterogeneous manner which could be directly related with postprocess particles
However, the interlayer gaps observed in the raw part (Figure 5d) have disappeared. These
interlayer gaps are responsible for the increased Ra and Rq values.

In the SEM images of the SLS part (Figure 5e) powder particles and their characteristic
sintering necks are observed. The spherical morphology of powders is still observed and
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voids between particles are observed due to incomplete densification during SLS process
(Jhabvala, Boillat, & Glardon, 2013). This is an expected result since inherent porosity and
relatively rough surface compared with conventional manufacturing processes. The SEM
images also show us that FTIR and surface roughness measurements are consistent with each
other.

Table 3. Comparison of Price, Lead Time and Weight of Original, SLS and FDM Part

Manufacturing Surface Roughness* | Weight (g) | Cost (€) Lead Time
Route Ra (um) (days)
OEM 0.55 145 500 20
FDM 0.23-15.23** 40 127 2
SLS 11.08 38 43 2
* Mean Ra values obtained from mechanical profilometry.
** Range reflects build orientation and post-processing conditions (raw, sandblasted, and
resin-coated regions).

In addition to the comprehensive assessment of surface roughness, CAD data were used to
estimate and compare the price and weight of the additively manufactured latch housings as
illustrated in Table 3 (Kamber, 2019). Furthermore, lead time of the parts are also compared.
Such kind of comparison was made in order to make a holistic approach in order to determine
the manufacturing method. The cost estimation presented in this study was performed using
a volume-based industrial pricing approach adapted from (Kamber, 2019), rather than
relying solely on raw material unit prices. In this method, production cost is estimated based
on the CAD model volume (28.487 c¢cm?®) in combination with machine occupation time,
material density, support structure requirements, post-processing operations, and service-
related overheads. Both FDM and SLS proved to be significantly more advantageous than
the OEM counterpart; however, when all factors, including the aesthetic appearance of
passenger-exposed components, are taken into account, SLS emerges as the more favorable
alternative compared to FDM.

3. CONCLUSION

In conclusion when the results are evaluated in terms of cabin interior applications it was
observed that even if the surface roughness of FDM parts decreased to some extent after post
processing, differences between interlayer voids and fluctuation in surface roughness values
remained. Considering the price of ULTEM filament as well as additional post processing
costs, SLS emerges as a more suitable alternative by means of overall cost and absence of
interlayer gaps which are inherent in FDM. Furthermore, in terms of mechanical properties
and isotropic structure of SLS parts also appears as a major parameter for preference. In
addition, comparison of original with FDM and SLS part revealed that both SLS and FDM
provide significant reductions in price, weight, and lead time compared to the original part.
For instance, SLS and FDM parts demonstrated weight saving up to 74%, lead time
reductions from several weeks to only two days, and cost benefits exceeding 50%. When all
these factors are considered together, including the aesthetic requirements of passenger-
exposed cabin interior parts, the superior isotropic mechanical properties of SLS, and its
more consistent surface appearance, SLS clearly stands out as the most advantageous
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production method among the evaluated alternatives. The quantitative comparison of surface
roughness, cost, weight, and lead time summarized in Table 3 further supports the conclusion
that SLS offers the most balanced solution for passenger-exposed cabin interior components.
Future work will focus on the evaluation of mechanical properties according to aviation
certification requirements, which is considered beyond the scope of the present study.
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