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Impact of Endurance Testing on the Thermal Performance of a Retrofitted FDM 3D Printer
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Abstract

The reliability of retrofitted Fused Deposition Modeling (FDM) 3D printers is affected by thermal stability during long
print cycles. This study evaluated the thermal performance of a retrofitted BFB 3D Touch Cartesian FDM printer
equipped with dual extruders, automatic bed leveling, a BTT SKR v1.4 controller, and a 24 V/360 W power supply unit
(PSU). An 80 x 80 x 80 mm calibration cube was printed for 5 h to impose a continuous thermal load. Surface
temperatures of stepper drivers, stepper motors, mainboard, PSU, and heated bed were measured with a TR-10 thermal
imager at 1 h intervals, while bed preheating was recorded for 7 min at P1-P4 and the bed center. The Y1 driver
reached 68.7 °C at hour 3, the PSU reached 65.0 °C at hour 5, and the extruder motor reached 52.7 °C. The bed center
reached 59.2 °C at minute 7, but the corner regions were lower and locally non-monotonic. These fluctuations are
interpreted as effects of local heat-transfer non-uniformity and measurement instability rather than uniform bed
cooling. This study shows that driver and PSU cooling, cable-size verification, repeated measurements, and bed
insulation are required to improve retrofit-printer reliability in extended operation.
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Abstrak

Keandalan mesin Fused Deposition Modeling (FDM) hasil retrofit dipengaruhi oleh kestabilan termal selama
pencetakan berdurasi panjang. Penelitian ini mengevaluasi kinerja termal mesin 3D printer FDM retrofit berbasis BFB
3D Touch Cartesian yang dilengkapi dual extruder, automatic bed leveling, kontroler BTT SKR v1.4, dan power supply
unit (PSU) 24 V/360 W. Spesimen kubus kalibrasi 80 x 80 x 80 mm dicetak selama 5 jam sebagai beban termal
kontinu. Suhu permukaan stepper driver, motor stepper, mainboard, PSU, dan heated bed diukur menggunakan thermal
imager TR-10 pada interval 1 jam, sedangkan respons pemanasan bed direkam selama 7 menit pada P1-P4 dan titik
tengah bed. Hasil penelitian menunjukkan bahwa driver Y1 mencapai 68,7 °C pada jam ke-3, PSU mencapai 65,0 °C
pada jam ke-5, dan motor ekstruder mencapai 52,7 °C. Titik tengah bed mencapai 59,2 °C pada menit ke-7, tetapi
daerah sudut lebih rendah dan tidak selalu meningkat secara monoton. Fluktuasi ini diinterpretasikan sebagai pengaruh
ketidakseragaman perpindahan panas lokal dan ketidakstabilan pengukuran, bukan pendinginan merata pada bed.
Penelitian ini menunjukkan bahwa pendinginan driver dan PSU, verifikasi ukuran kabel, pengulangan pengukuran,
serta isolasi bed diperlukan untuk meningkatkan keandalan mesin retrofit pada operasi berdurasi panjang.

Kata kunci: 3D printer; FDM; manajemen termal; perilaku termal; uji endurance

1. Introduction

The growing adoption of additive manufacturing technologies, particularly Fused Deposition Modeling (FDM), has
increased the demand for reliable, durable, and thermally stable 3D printing systems [1]. In an FDM machine, heat is
generated not only at the hot end and heated bed, but also in the motor drivers, stepper motors, mainboard, power supply
unit (PSU), and electrical connections during prolonged operation. Excessive or uneven heat accumulation can reduce
print consistency, accelerate component aging, and increase the risk of maintenance problems [2].

Previous studies on FDM/FFF thermal behavior have mainly focused on material deposition, nozzle heat transfer, hot-
end heat sinks, or the temperature history of printed parts [3-4]. Experimental data from polymer extrusion additive

manufacturing indicate that the build platform and near-bed air temperature strongly affect filament-bed interaction,
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cooling rate, and interlayer bonding [5; 13-14]. Reviews of in-process temperature monitoring also show that thermal
history is directly related to interlayer adhesion and the quality of printed parts [15].

However, direct measurement of whole-machine thermal behavior during an endurance test is still limited, especially
for retrofitted machines whose mechanical, electrical, and control systems differ from the original factory design. The
present study addresses this gap by measuring the temperature distribution of critical machine components and the heated
bed of a retrofitted BFB 3D Touch Cartesian printer during a 5-hour print test.

The objective of this study is to identify components that are susceptible to heat accumulation, compare local bed-
temperature readings with the built-in bed sensor, and formulate practical recommendations for cooling, wiring, and bed
insulation. The results are intended to support preventive maintenance and improve operational reliability when the

machine is used for longer prints or higher-temperature filament applications [6].

2. Material and Method
2.1. Material and Instrument
2.1.1 Retrofitted FDM 3D Printer based on the BFB 3D Touch
The retrofitted printer used as the test object is shown in Figure 1. Figure 1(a) represents the original BFB 3D Touch
model, Figure 1(b) shows the non-operational machine before retrofitting, and Figure 1(c) shows the machine after

mechanical and electronic modifications.

(@) (b) (©
Figure 1. Condition of BFB 3D Touch 3D Printer, (a) initial model, (b) before retrofitting and (c) after retrofitting

The primary equipment was a retrofitted FDM 3D printer based on the BFB 3D Touch model, which uses a Cartesian
motion system. The previously non-operational machine was restored through mechanical and electronic retrofitting. The
retrofit included dual extruders and automatic bed leveling to improve print consistency [7]. All drivers and stepper motors
were kept in the same configuration during the test; therefore, this study evaluates the baseline thermal performance of
the current retrofit configuration rather than comparing different motor-driver variants.

e Mainboard: BTT SKR v1.4

o Display: BTT TFT43

e Hotend: Multi color nozzle with 2-in-1-out configuration
e  Auto-leveling: BLTouch via Raspberry Pi & Arduino

e Bedsize: 215 mm x 215 mm x 185 mm

e Power: 24V 360W PSU
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2.1.2 Thermal Imager TR-10

The TR-10 thermal imager (Figure 2) was used to measure the surface temperature of the heated bed, stepper drivers,
stepper motors, mainboard, PSU, and supporting structures. Its imaging capability allowed the same region of interest
(ROI) to be observed repeatedly during the endurance test [8].

Figure 2. Thermal Imager TR-10

e 192 x192 IR Resolution & 25 Hz Frame Rate

e 2.8" LCD Display with 240 x 240 Resolution

e 50° Wide Angle Lens

e Precise Readings with £2% Accuracy

e Measurable Distance Range : 0.3 mto 3 m (1 ft to 10 ft)
e Spectral Range : 8§ pmto 14 um

e  Temperature Range : —20°C to 550°C (—4°F to 1022°F)

2.2. Experimental Procedure
The endurance specimen and printing condition are shown in Figure 3. The specimen was used to impose a continuous

thermal load on the retrofitted printer during the observation period.

Figure 3. Printing specimen of 80 x 80 x 80 mm calibration cube for 5-hour endurance testing

The experimental method was designed to evaluate the thermal behavior and heat dissipation characteristics of the

retrofitted machine under prolonged operation. The printer continuously fabricated a non-standard 80 x 80 x 80 mm
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calibration cube for 5 h at the default print speed. This specimen was selected instead of the commonly used 20 x 20 x
20 mm calibration cube because the smaller specimen requires a shorter printing time and does not provide a sufficient
endurance load. The cube therefore served as a controlled thermal-loading specimen, not as a complete representation of
all possible product geometries [9].

Component temperatures were measured at Hour 0, Hour 1, Hour 2, Hour 3, Hour 4, and Hour 5. The observed
components included the stepper drivers, stepper motors, mainboard, PSU, and heated bed. The orange circles in Figure
4 indicate thermal ROIs. Each component ROI was selected as a nominal 10 mm diameter circular area located at the
center of the target component surface. For the bed preheating test, five ROIs were used: P1, P2, P3, and P4 at the four
corner regions of the 215 x 215 mm bed, and one ROI at the bed center. The corner ROIls were positioned approximately
20 mm from the nearest bed edges, while the center ROl was located approximately 107.5 mm from both bed edges, as

illustrated in Figure 5.

(@ ' (b)
Figure 4. Thermal data acquisition ROIs: (a) mainboard and PSU area and (b) stepper-motor and cable area; orange

circles indicate nominal 10 mm diameter measurement regions

Figure 5. Bed thermal data acquisition points P1-P4 and bed center on the 215 x 215 mm bed

The recorded data from the thermal imager were compared with the built-in bed temperature sensor readings to analyze
thermal uniformity and possible sensor deviation. Heat propagation toward the bed frame and mounting bolts was also

observed to indicate heat dissipation through the supporting structure [10]. Because the available dataset was obtained
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from a single endurance run, the analysis is descriptive. Repeating the test at least three times with a fixed camera mount,
constant emissivity setting, and identical ROI positions is recommended to obtain average values, standard deviations,
and error bars.

The simplified flowchart in Figure 6 summarizes the sequence of machine preparation, endurance printing, thermal

data acquisition, and comparison between thermal-imager and built-in sensor readings.

Record Initial Thermal
Data

)’

Begin Printing
Endurance Test
Specimen (Cube)

v

Record Thermal Data
@ 1hr Intervals

¥

Compare with Sensor

v

Endurance Test Ends

Data Analysis

Figure 6. Experimental procedure flowchart

3. Results and Discussion
3.1. Component Thermal Analysis

The endurance-test data were analyzed to identify components with the highest thermal load and to evaluate whether
the temperature trend stabilized, increased, or decreased during the final hour of operation. Table 1 summarizes the hourly

temperature response of the motor drivers, stepper motors, mainboard, and PSU during the five-hour endurance test.

Table 1. Component Temperature by Hour on the Endurance Test

Component Temperature (°C)

Components
Hour 0 Hour 1 Hour 2 Hour 3 Hour 4 Hour 5
Driver Motor X 35.8 61.3 61.6 61.8 60.6 457
Driver Motor Y1 37.2 66.9 67.3 68.7 67.9 48.2
Driver Motor Y2 35.6 63.1 57.2 62.4 61.9 447
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Driver Motor Z 39.5 57.9 58.0 57.7 55.9 45.9
Driver Motor E 34.6 38.0 38.0 38.2 39.1 38.8
Stepper Motor X 28.2 429 43.1 42.5 41.4 41.2
Stepper Motor Y1 27.7 29.7 30.1 30.3 29.2 29.7
Stepper Motor Y2 27.9 29.8 30.3 30.3 29.4 29.5
Stepper Motor Z 28.9 28.9 28.5 29.5 27.9 27.3
Stepper Motor E 27.6 49.3 50.8 52.7 50.5 46.5
Mainboard BTT SKR V1.4 41.9 49.6 49.0 49.6 49.4 45.4
PSU 24V 59.4 56.7 48.4 55.3 57.3 65.0
01
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Figure 7. Graph of components temperature during 5-hour endurance test

Figure 7 visualizes the data in Table 1 and shows that the motor drivers reached high temperatures more rapidly than
most stepper motors. Driver Y1 recorded the highest value, 68.7 °C at Hour 3, while Driver X and Driver Y2 remained
mostly above 60 °C between Hour 1 and Hour 4. In contrast, the E driver remained near 38-39 °C, although the extruder
motor increased to 52.7 °C at Hour 3. This difference indicates that motor-body heating and driver-board heating are not
identical thermal phenomena; they are affected by current setting, duty cycle, airflow exposure, heat-sink contact, and the
physical location of the component.

o Highest extruder motor temperature: 52.7 °C at Hour 3

e Highest driver temperature: 68.7 °C at Hour 3 on Driver Y1

The temperature decrease of several motor drivers at Hour 5, as shown in Figure 7, is likely related to a reduction in
motion duty cycle when the print approached completion or entered a lower-load interval. Stepper motors and drivers
convert electrical losses into heat based on current, holding torque, and motion demand. Therefore, a lower movement

load can reduce driver temperature even though the machine is still powered. However, the PSU reached 65.0 °C at Hour
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5, which suggests heat accumulation in the power-supply area, insufficient ventilation, contact resistance at power
terminals, or a delayed response of the PSU casing temperature. Previous studies of FFF heat transfer confirm that
temperature history is strongly influenced by process conditions, local air temperature, build-plate environment, and

measurement location [14-18].

Figure 8. Thermal image of the 24 V power cable from the PSU

The thermal concentration shown in Figure 8 should be interpreted as a local hot spot rather than direct evidence of
combustion. Possible causes include an insufficient conductor cross-sectional area, terminal contact resistance, cable
routing near heat sources, or weak airflow around the PSU. Before additional electrical features are installed, the cable
gauge, terminal crimp quality, and PSU cooling path should be checked against the maximum current requirement.
Additional heat sinks or fans in the driver area and improved PSU ventilation are recommended to reduce thermal stress

and support long-term machine reliability.

3.2. Bed Temperature Distribution
During the bed preheating test, the surface-temperature response was measured at P1, P2, P3, P4, and the bed center,
as defined in Figure 5. Table 2 presents the temperature readings during the 7-minute preheating phase for the target bed

temperature of 60 + 2 °C.

Table 2. Thermal Dissipation of Bed Pre-Heating Phase

Component Temperature (°C)

rostton Minute0 Minutel Minute2 Minute3 Minute4 Minute5 Minute6  Minute7
P1 27.60 30.00 35.80 36.40 35.10 36.20 28.00 37.80
P2 27.70 30.40 36.50 38.00 44.00 42.60 28.20 47.50
P3 28.00 33.60 38.00 41.00 36.10 42.60 38.50 33.20
P4 27.80 32.80 35.40 31.70 42.80 38.30 36.60 38.00
BED 27.70 34.90 40.50 45.50 50.60 53.20 58.10 59.20
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Figure 9. Graph of bed preheat temperature imaging

Figure 10. Result of 7-minute bed preheating

Table 2 and Figure 9 show two important trends. First, the bed center increased monotonically from 27.7 °C to 59.2
°C, indicating that the heater and built-in control system raised the central bed temperature toward the target range.
Second, the four corner ROIs did not increase uniformly. At Minute 7, the corner readings ranged from 33.2 °C at P3 to
47.5 °C at P2, while the bed center reached 59.2 °C. This condition indicates that the corner regions lagged behind the
center during preheating. Similar build-plate studies have reported that heat transfer near the bed, local convection, and
in-plane temperature fields strongly influence filament-bed thermal interaction [5; 13-14].

The sharp local decreases at P1 and P2 after Minute 6, at P3 during Minutes 4 and 6-7, and at P4 after Minute 4 are
not likely to represent true uniform cooling of the glass bed, because the thermal mass of the bed cannot physically cool
by more than 10 °C within one minute while the bed center continues to increase. These non-monotonic values are more
reasonably attributed to local measurement instability, including ROI shift, reflected radiation from the glass surface,
emissivity differences, measurement angle, or accidental measurement of edge/bolt regions rather than the same bed
surface. Therefore, the bed data should be interpreted as local surface readings from a single trial. Reproducibility should
be verified through repeated experiments using a fixed camera position, emissivity correction tape, and identical ROI
definitions.

Figure 10 supports the interpretation that the central zone and heater-contact region were warmer than the bed edges.
The non-uniformity may originate from the glass bed material, non-uniform heater contact pressure, heat losses to the

open air, and the absence of sufficient insulation below the bed. For printing more complex shapes, the thermal response
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may differ because travel path, infill density, print time, retraction frequency, and layer cooling vary with geometry.
Consequently, the present results should be treated as a baseline assessment for the 80 x 80 x 80 mm cube configuration,

not as a universal endurance conclusion for all product shapes [16-17].

4. Conclusion

The 5-hour single-run endurance test of the retrofitted BFB 3D Touch FDM printer provided a baseline thermal
assessment for the 80 x 80 x 80 mm cube loading condition. The component-temperature data showed that Driver Y1
was the most critical driver, reaching 68.7 °C at Hour 3, while the PSU reached 65.0 °C at Hour 5. The extruder motor
reached 52.7 °C, indicating sustained motor heating during material extrusion.

e The bed preheating data showed non-uniform center-to-corner thermal behavior. The center reached 59.2 °C at
Minute 7, whereas the corner ROIs remained lower and showed several non-monotonic readings. These
fluctuations indicate the need for improved bed-insulation design and more repeatable thermal-imaging
procedures.

e The hour-5 decrease of several motor drivers is likely related to reduced motion load near print completion,
while the late PSU peak indicates that the power-supply cooling path requires attention.

Future work should repeat the endurance test at least three times, report average temperatures with error bars, and
evaluate the printed product through dimensional accuracy, surface quality, and mechanical or functional tests. Additional
studies with more complex geometries are also required before the endurance performance can be generalized beyond the
current cube specimen. Practical improvements include redesigning airflow paths, adding active cooling to driver and

motor sections, verifying cable gauge and terminal resistance, and applying insulation under the heated bed.
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