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Design of digital light processing photocuring intelligent monitoring system and process optimization
CHEN Yuhang, SHEN lJinfu, YU Min, HAN Xiaoyu
(School of Biological and Chemical Engineering, Zhejiang University of Science and Technology , Hangzhou 310023, China)

Abstract : Digital light processing (DLP) technology has become one of the widely used processes in photosensitive resin-
based additive manufacturing of small-batch high-precision parts due to its excellent forming accuracy, surface quality, and efficient
printing speed. However, during the DLP photocuring molding process, the resin temperature fluctuation and the abnormal release
force between the cured resin layer and the release film are likely to cause defects such as warpage, cracking or shedding of the print-
ing model, significantly affecting the molding quality and product efficiency, and restricting the industrial application of the technol-
ogy. A multi-parameter collaborative monitoring system with STM32F407 microcontroller as the core was constructed. The tension
and compression load cell with a range of 0 to 50 N, thermocouple with an accuracy of 0.5 °C and peristaltic pump liquid level
detector were integrated to build a closed-loop control system of temperature and liquid level. Combined with free real-time operat-
ing system (FreeRTOS) multi-task scheduling and host computer visualization interface, the real-time monitoring, abnormal automat-
ic power off and alarm functions of release force and resin temperature were realized. The system realizes the visual monitoring of
100 Hz data refresh rate through the host computer interface developed by Qt platform (a cross-platform application development
framework). The experimental results show that the release force is stable at 5 N after 40 layers. The balance between the resin
viscosity and release force reaches the best at 30—35 °C, which can maintain good resin fluidity and structural integrity of molded

parts. The release speed with 10 mm/s can take into account the molding efficiency and stability. The release force reaches the peak
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value of 6.3 N when the exposure time is 16 s, and decreases with the decrease of mask gray scale, while being positively correlated

with the exposure area. A linear prediction model of exposure area and release force is established, and the prediction error is not

more than 8%. When the system is running, the temperature control accuracy is £1.5 °C, the liquid level fluctuated up and down

within 0.2 mm, and the abnormal response time is not greater than 100 ms, which can effectively reduce the model shedding and

deformation. The developed intelligent monitoring system provides an intelligent solution for the DLP process, which integrates real-

time monitoring, prediction and early warning, and closed-loop control. It significantly improves the stability of the molding process

and the level of product quality control ,and has broad engineering application prospects.

Keywords : digital light processing technology ; light curing molding ; multi-parameter collaborative monitoring ; release

force ; process optimization
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P R o &5 A B 2 B R, B 5 R
STM32F407ZG 4% il % , 3£ T° ARM Cortex-M4 A
¥, F451 168 MHz, £ Jl 77 2518 53 5 7T (FPU) R 7
5 AL FE AR (DSP)4E A | AT R AL HE A% RS B
52 30 AR B IS S AU R AL AR5 B
HX710A it i RN E 155, LS K AL O
JE+0.5 °C)5 MAX6675 £H i 114 10 5 0 A% i iR
A 5 3 AR B SRR R AT 4% L (Serial Peripheral
Interface, SPI) . it J1] i A % it ¥ I (General-Purpose
Input/Output, GPIO). i# H [l & 5 25 Uk & 1% i #5%
(Universal
Transmitter, USART) ¥ ik 5 2% T ESP8266 [ Wi-Fi
TCE AR, SR 21 A 2 W W s sl A T s e
TMC2208 5 it B AJLBK 3 114 855 2h 22 8 55 A g 5
WAL, WAL TO TG A ME I | i A PSR U 7
fih iz S B U L 4 -%ﬂb@%ﬁikﬁ 12 VI SCHLI
FEBC LM2596 [ H , S Ao Ho ORI R Gtk

Communication

‘Wi-Fi module (USART3)
USB (USARTI)

Synchronous/Asynchronous ~ Receiver

Data output
Display screen (SPI) «
SD storage (SPI)

Control output MCy Data acquisition
Rel Pl (Micro
clay (GPIO) control unit) Pull-pressure sensor

(USART2)
Temperature
sensor (SPI)

33V
L sv

12 V Power supply
adapter

&2 R
Fig.2 Hardware structure design
112 RUEMEEE
B R Gt 3L T FreeRTOS L B #24FE 2 A %11,
AT 55X 5 SiEAE AL SC I A A . dnfEl 3
JIs , RGEor REE R A B A 3 i b B B
Pt DU R AT 55 - B R AT 55 T DT R ARSI E )

Level control (GPIO) «
‘Warning light (GPIO)

[Temperature control (GPIO

12V

+ 4 A

Tension and pressure Temperature Liquid level
Software layer Driver layer
Data Task1/Tension Task2/Temperature Sensor
acquisition pressure collection driver
Data Task3/Analysis of  Task4/Temperature
processing release force control LCD
Anomaly The release force >120% of predicted driver
detection value; Temperature anomaly
Task6, 7/The serial Storage
Data output Task5/LCD display port sends data and driver
stores it see

FreeRTOS real-time operating system

Task scheduling / memory
/ time management / interrupt handling

K3 BfFRGE K
Fig. 3 Software system structure diagram

AR E | F8 1o 7 S BAS G A7 I K0l 5 i Ak
{195 X R RAR UEAT i AT ia B @%éﬁﬁkﬁﬁ”jﬂh
AEFNPAE Tl HE PID 42 1™ S Ak BRAT: 55 W )
T 7 2 A5 A TR 120% iR 2 15 S ﬁﬂhﬁyt
Je Sz BV B e 5 4 5 i i A 55 U o 9k )
LCD {i/is A 1 A Kl A A et S A B 22 02
B o AT S5 B RS AR 2 S S A R A
191 SR B2 SR AR A5 R 1 R A B AT ABA SR
Vi, AR RS I TR RO 55 o LR B2 S AL 55
PR R 22 A EIT A S YL, -5 TN B i
] RIS AT , LAME SR R GEREH O 5 [R)IE s
BRI SFRAE /T J 0 e BAS TR B 45 S B 2 e it ]
e B SO (il R GE TR AR5 T2 TP =
1.2 EAapuTaesta

4 AET QU (—M s 5 N R &
REZR) I e ) b ASE AL AT AR - e, 1% ST AR
JZE FE I R AT R 2 R ) B R A B
AE , SPGB AR A B AR . ST 220
e E X, SRR (AT B S R AR

Quality monitoring and control systemV1.0

Coupling means Data visualization

com port

Serial number  COM6 .
Baud rate 115200 N
Data bit s N .
Stop bit 1 5 %
Parity bit N & o
Connect s
8
Wifi ;
Protocol type
TCP Client I mperat "
emperature Prediction value of to
Remote host address [ rediction value of E
) maximum release save
192.168.152.1 [\| Real-time force —— force
Remote host port Control panel - -
192.168.152.1 O Monitoring mode | Importing data |~ DISPIaY settings
Complete image
Connect ® Local mode Export o Lol image

window data

K4 LA P S

Fig. 4 Host computer user interface



136 AR

2025 4F, 45 53 45,45 10 11

Wi-Fi (755 A AL hE K i 1) A (58, i IR
SR MM B

rh g DX A AZ O BE PTG IX, DS A 2k 4y
7 SEIN T (LT S A B (G (8,55 2k) M i
DB AL T (e (R £ S22 , i oA e ) 2, Al X
I3 THMEN) SR (°C), S e B MR 3 R 1#
187 U1 A8 T A SCHEBU I Bl o A M ) IH A
AT WA DR R AE B S A/ i L B B IR A
SEINRE 3 B X 435 SRR ER (100 Hz), B 18
YEN GUPR BN 5, Sy )8 T2 Ak 4 4 B0
Wt
1.3 #M#L5H*

1.3.1 ERMHL&&

FEXT G Ak B R AR (R BiF 5 H , 2E 35 0 G O
ORI i A FR 2 PN 9 PR TR K 32 (eSUN eResin-PLA
Pro), i RN =4 RH A BRI AE = I IR
S AR T R FL R (PLA) U BC T, A b 3 i 7Y
e Al K mmi i, il T DLP YGEARATED . %
B A P 0 2 B 2 i e e T R Y R

POLS:, AT EQAH1 I M7 e A% e A 1E
TR ORG %% R 8 K e BT A TER o AR SE5% BT
FTEN% %55 ANYCUBIC Photon Ultra %! DLP 3D T
ENHL BRI T N 4E 57 77 B A7 BRA B A7), R H
DLP O [E Ak I A 4 R, #5400 1 405 nm AT
A5, Al 5 IR eSUN eResin-PLA Pro JGHUH 15 5% 55
TG L, PRI IR AR RS E . AL ORE EE S 4K
P XY 53 $E5 0.08 mm (£ % 1 280x720, 720P), Z
B £ 0.01 mm, 3745 0.01~0.15 mm 42 555,
AE 7073 K AR G =R FE R 3, B PR T BN R T
KGR GRIEANTY M2 M S5 G B A7 SR EoR . W
U5 42 A5 e CRE /20 1k 5 i) S B 3 IR A
W, -5 )RR A BT
132 ERFTESHHEE

2 1) 50 mmx50 mmx20 mm J7 S RE Ay it
X} 42, 16 STM32F407 V-5 b, 2R F S B 145 8K
fir (B2 0~50 N, SRAEM 3 100 Hz) A B2 0 ) A5
Yo, $e 3k 1 BON T2 S 50 47 561 S0 16 0F R4
LG

K1 ZRBRINTZSH

Tab.1 Default process parameters of experiment

Parameter Set point Parameter Set point
Bottom layer number/layer 5 Lifting speed/(mm-s™") 2
Bottom exposure time/s 40 Return speed/(mm-s ") 3
Single—layer exposure time/s 3 Lamination thickness/mm 0.05
Wait time before exposure/s 7 Thermoregulation Room temperature
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Fig. 5 Force and temperature change curves in printing process
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Tab. 2 Specific experimental scheme and parameter setting

Experimental category Conceptual design

Temperature (7)/°C 15~40
Release velocity (v)/(mm-*s™") 2,4,6,8,10
Exposure time (%.)/s 2,4,8,16,32,64,128
Exposure area (4)/cm? 1,4,9,16,25,32

Mask gray scale (G) (0~255) 128,160,190,220,255
Peeling force > 120% of predicted

Stopping conditions
PPIng value or temperature > 60 °C

2 GR5TH
FENEFT 2B, X RGP HE BT T R
FEHERE, 25 R VTR BRI 1.5 °C, efir 1= F
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Fig. 8 Influence of exposure time on maximum release force
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Fig. 10 Influence of exposure area on maximum release force
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