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wilsruumuauansdnwauadsslufiemenluuasanduld
7 Toganizluswinnu X wansbiiudiassdnSanuesssuumunu
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Abstract

This paper aims to present develop a nozzle position
control system for a 3D concrete printer using a Mitsubishi FX3U
PLC in conjunction with an HG-KR13 servo motor and an MR-J4-
10A servo drive, communicating via the Modbus RTU protocol
and receiving commands from a Python-based application on a
computer. The system employs a closed-loop control approach
using feedback signals from an incremental encoder to
calculate position error and evaluate system stability through
engineering statistical indicators, namely Mean Absolute Error
(MAE) and Root Mean Square Error (RMSE). Experimental results
show that the MAE and RMSE in the X-axis are 9.694 mm, while
those in the Y-axis are 4.842 mm. The relative position error in
both axes remains below 5%, which is within the acceptable
range when compared to the mechanical accuracy of the C-
TBSB2005-1000 ball screw, which has a lead accuracy of +0.167

*Usgiiusussuia

mm over a 1000 mm travel distance. The system demonstrated
consistent performance in both forward and return directions,
particularly in the X-axis, indicating the effectiveness of the
developed control system. Future improvements include the
implementation of correction factors to reduce cumulative
positioning error and the integration of machine learning
techniques to enhance the system’s adaptability in real-world

operational environments.

Keywords: Motion Control, 3D Concrete Printer, PLC, Servo

Motor, Modbus RTU
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Servo Drive tiaUszananauazUsusumisliaonadostusiumis
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gﬂﬁ 2 Closed-Loop Servo Control System Diagram [10]

3.2 M3808NsUUY Modbus RTU

Modbus RTU (Remote Terminal Unit) iuluslaneanisdeans
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Modbus master | Modbus RTU Slave
Response

gﬂﬁ‘?‘i 3 Tnsetnedeans Modbus RTU
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M uazusadaldegraudugn Tnsanizifiodunldsudy
Encoder & 9¥f1mi17 n3299un15uy uvesneine s uasuUasdy
Fryanuiaddmiu Feedback aeslsAnnu lussuuld Servo Motor
ju HG-KR13 Wias Encoder WUy Incremental %&ﬂzd&ﬁm@gwmﬁaé
nduidng Servo Drive ftoldlunsUszifiudumisedsvesiidauas
muniliinsanuidsegrausiugr nsld Encoder vhlwaunsain
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YDITLUUAIUANKUUNTA

3Ul 4 Servo Motor u HG-KR13 [11]

3.4 anuwivgsnavasszuuduindeudiae Ball Screw
Tunsiedouilidaduvesinda seuuild Ball Screw fu -
TBSB2005-1000 Fafluuadusinuguenans 20 1. A1 1000
. uawdl spoedn (Lead) Windy 5 uy. Gnefeszegd Ball Nut
\doudilénentsnyuniasouves Shaft Ty Ball Screw Juiliu
LUUINEBUAEY (Single Start) T9vinTWen Lead fiAnvaiu Pitch
Tuvned Ball Screw fiszfumnuutiud1muumsgiu tnse C7 g
fuansTyAPLARLAAB LT (Lead Accuracy) lailfiu +0.050
wsl. figzey 300 Wil FeUszan £0.167 uy. dmTumnueg1 1000
. Insfieduusannsoldifunausiimsgnlunsiisuisuty
MmnuAaandouiiinldannismaasaie

SUl 5 Ball Screw u C-TBSB2005-1000 AlHluszuuduindey
Waduvewinda [12)
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15 Ui U9INN1908NLUUTEUUAIUANNITLAG BUT Lagld
aoufinmesidugunsaindnlunisdedindsmuguindasinlusunsy
a1 Python Tagldlausns Modbus Tunisdsdayarunesa RS-
485 shaluslamea Modbus RTU TUg PLC Mitsubishi FX3U 3eaz
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Servo Drive §u MR-J4-10A tileA1uAy Servo Motor 1 HG-KR13 1
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AIUANKUYIITA (Closed-Loop Control) IngldAiad Feedback
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A3 (Feed rate) d@auils PLC i@eulusunsusng Ladder Diagram
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Usgansnw
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75.00 131./3un7 antunsisdeuAiadazaniilézuain encoder 89
gnUszaranaly seno Dive kazuUasnduiiuszozaiai ovnly
AIUINAIAIIUABIALAR DY (Position Error) WAZAIAIIUAAIALAG BU
Snivsiduesidud Valtoyaiildannmmasesargminnieaes
AMERATRNTTH TIALA Mean Absolute Error (MAE) Lag Root Mean
Square Error (RMSE) L 0ATI900UAINLWIUEUAZLAT B SN INTBITTUY
muqmﬁﬁwmﬁu

5. wan1saiuuIY
NMINAABUTLUUAIUANNITLAG DU voadnluing aafius
ABuN3M 3 Rlasndunislunuiunu X wag Y lngfinuasiuiils
et 200 wy. waz 100 1y, puddu ndeutaUsuauia
Wadalugag 25.00 89 75.00 uy./Aund ieUstifiunnuntiugiuas
whesnmuesszutlugnznsyheiiunnaneiu

A15797 1 man1svegeumANAaIaAdeuluLuILAY X

Actual Nozzle Target . Relative
Position | Speed Position Position Position
(mm) (mm/s) (mm) Error (mm) Error (%)
209.67 25.00 200 9.67 4.83
209.72 25.00 200 9.72 4.86
209.67 33.33 200 9.67 4.83
209.71 33.33 200 9.71 4.86
209.67 41.67 200 9.67 4.83
209.72 41.67 200 9.72 4.86
209.67 50.00 200 9.67 4.83
209.72 50.00 200 9.72 4.86
209.67 58.33 200 9.67 4.83
209.72 58.33 200 9.72 4.86
209.67 66.67 200 9.67 4.83
209.72 66.67 200 9.72 4.86
209.67 75.00 200 9.67 4.83
209.72 75.00 200 9.72 4.86

T9ya31n Encoder N8l Servo Motor §nu1u1AININMA
AWML 995w IRnluLAazSoUNITNAGBY WaLUSBuUiBuiU
fwndadinuneii ona1auAaInad oud sy (Position
Error) wazAnmnanndouduivsluguuuuiesidud (Relative

Position Error)
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Actual Nozzle Target Relative

Position | Speed Position Position Position
(mm) (mm/s) (mm) Error (mm) Error (%)
104.85 25.00 100 4.85 4.85
104.83 25.00 100 4.83 4.83
104.86 33.33 100 4.86 4.86
104.83 33.33 100 4.83 4.83
104.87 41.67 100 4.87 4.87
104.83 41.67 100 4.83 4.83
104.87 50.00 100 4.87 4.87
104.82 50.00 100 4.82 4.82
104.84 58.33 100 4.84 4.84
104.82 58.33 100 4.82 4.82
104.84 66.67 100 4.84 4.84
104.83 66.67 100 4.83 4.83
104.86 75.00 100 4.86 4.86
104.84 75.00 100 4.84 4.84

Aeadafildlunisinszs d Mean Absolute Error (MAE)
uag Root Mean Square Error (RMSE) Taglutuaunu X wuin MAE
WU 9.694 1. Lay RMSE Wiy 9.694 uu. dulusuaunu Y wuin
MAE iU 4.842 uiy. Wag RMSE i1y 4.842 wu. lnedn Relative
Error wdglusanauuaiiatliiiu 5% Fwanstnuuiugfisensy
Ielunugaannnssy

9.72
"E\ 9.71
é 9.70
5 —@— Forward Motion Error
LE 9.69 Return Motion Error
c
2 9.68
wn
o]
a 9.67

o—0—o—0—0—0—0
9.66
0.00 20.00 40.00 60.00 80.00

Nozzle Speed (mm/s)

U7 8 nsmhSeuiisuAruaaaedouluiuiwnu X fuaunsy
a
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Mida wanadulinazvinduluwnu X)



v A

s
msdszauimmsmaimnssylildh asedi 48
The 48" Electrical Engineering Conference (EECON-48)

Tui 19-21 weemou 2568 & Tsansuysui SandaFoalni

4.88
~ 4.87
IS
£ 486
g 4.85 —@— Forward Motion Error
UCJ 4.84 =@ Return Motion Error
]
483
&
4.82
4.81
0.00 20.00 40.00 60.00 80.00
Nozzle Speed (mm/s)
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Welidunusltumesiauesaandoudaeuddy  1ddnimh
AFMuERIRNEITUS SR A UAaIR AU UAMLS T ERlY
wiazuuaLny Helufiemeunliwazanndu annsminuiilusuannu
X eanueaawdouiiuunliuned warlndestusywinsdianian
Tduazundu wansduatiosnmlunisnevaussesszuy vaeily
WAL Y Sanudusnudnies Tnguretiemnisa Aamenndull
AmupaIaAdewIInIIlY
"Lé'i”uwaﬂiwumﬂLLiaLﬁaSLLazau@amaaizw

deiSeuidisufuaaiugndanaves Ball Screw ju C-
TBSB2005-1000 FsiiAn Lead Accuracy Miifin +0.050 1. dlo 300
130, vi3eUsEane £0.167 Uil #DI8Y 1000 Ui, WWUIIAIAIINAGTA
Lﬂﬁauﬁ’?ﬂlﬁmﬂmiwmaaaé’aagﬂmauL‘u(m?i Ball Screw sos5uld 39
guduldinszuumuauinnuniuguasafissnnmunzausioni iy
Nuluszuuiaiireunss 3 SRlusedvanamngsy

AvyioUiINISHBVALRLTINANENR

6. ayunan1sniunsIdY

Tassa1uidod IdauiszuuaIug uiumd s admiy
\w3esfiuriroundn 3 3R Taeld PLC Mitsubishi FX3U $aufu Servo
Drive MR-J4-10A WAt Servo Motor 5 U HG-KR13 # 81 Encoder
ety demuauniniadouiiluuuiuny X uag Y agausiug Tng
sruureuLULeda (Closed-Loop Control) warus1d 131n
gonFursn1wn Python Huluslamea Modbus RTU fiieusariu
wasn RS-485 nsvaaestiruawatvined 200 ui. uay 100
1. dmduunu X uag Y audsu waznegeulutianinanga 25.00-
75.00 uu./3und wualukuawnu X a1 Mean Absolute Error
(MAE) tM1f"U 9.694 1w, 1ag Root Mean Square Error (RMSE)
WITAU 9.694 1. @ULUILAU Y HAT MAE 1WA 4.842 w3, Lag
RMSE i1 4.842 s, Tneilen Relative Position Error wadeluits
aosnlaiii 5% dedeneglunasifsensuldlussdugnaunssy

werFeuiiisudy Ball Screw §u C-TBSB2005-1000 7141y
52UV Faflszezdn (Lead) Wiy 5 wul. wavanuuslugsedu C7 Tag
# Lead Accuracy +0.050 ul. ¢i9 300 wy. WisoUszunal +0.167 wy.
fie 1000 w1l IznUTIFmNNAsARas W TinTuaINATS
naaesdsagmeluveuivamnuisiudmanaiigunsalausasessu
1§ Fsanmsnfuduldinssuunivauil waunduanunsorould

Z200mm

donnaesivlindrdnvenalnuazinnuadesiunisrunusiumis
an

Wariunuulugvesssuuluszezen wuzihlildmaianis
YaueRinrds (Correction Factor) Gsuanminssevitnung
Wisufuszerade wu Tuswannu X fedoudiedsls 209.694 uy.
unuszeztd1vune 200 wu. agld Correction Factor Usguna
0.9538 it othlUguUTUluFds G-code THindouitldnsad sdu
yenanl Feanunsawauiszuuiadulagldinadia Machine
Learning ielwszuuiiauanunsalunisususasaludfnuanin
msvhanuiiasuudas wzenssiuanuwiuguasiaiosnnaes
sruulimnvausienisldnuluseduanamnssuegawyiase
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