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TECHNICAL NOTES
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ABSTRACT
Received: October 27, 2020 Professional TBM Operator is in short supply worldwide, and insufficient construction
Revised: October 28 2020 experience of new personnel using TBM can lead to a decline in response capabilities when

various construction risks occur. The fact that the TBM construction quality greatly depends
on the skill and experience of the TBM operator, and the decrease in productivity due to
insufficient skilled manpower, and the decrease in safety due to the decrease in skill level are
frequently discussed problems in the TBM industry. To this end, several overseas companies
and organizations have developed simulators, and a simulator is being developed in Korea.
The International Tunneling Association is planning a comprehensive training, including
classroom training, e-learning, simulator training and field training. Given the progress at
home and abroad, TBM driver training and formal recognition of training through certification
or licensing is expected to become the norm in the near future.
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(a) Real working (b) VR simulation

Fig. 1. Erector training using virtual reality(Herrenknecht, 2018)
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Scenario 1. Boring in Sand

Scenario 2. Boring in Clay

Scenario 3. Boring Through Transitional Geology
Scenario 4. Boring in Mixed Face Conditions

Scenario 5. Boring in Homogeneous Conditions

Main | Conditioning Thrust = Grout o Ring # 11:45:14 AM 6/20/2016 [ Quit Simulation._|

Cutterhead Pump 6 Measured Pump 1 Measured

Qioam 0 N Qioam 0

R 0 N FR 0

FER 0

Fig. 3. Students working with the simulator (Chorley, 2017)
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AESHEE QAR Fig. 5). o] Al BEloel: 1871 St s A0 24 &3 TBM-2-A21] ol E]AE |91 1 Gustave
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E-learning Academic courses Thalia Simulator

Common foundation of knowledge /

Fig. 4. Education course of Bouygues Travaux Public (Herr, 2019)
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Fig. 5. THALIA Simulator (Bouygues Construction, 2017)

2.4 2|9l Universidad Carlos Ill de Madrid A[224|0|E{
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Fig. 6. Proposed framework interaction schema (Jardon et al., 2012)
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(a) Virtual Panel (b) Real Panel

Fig. 7. Comparison of interface between virtual and real panel (Jardon et al., 2012)
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Fig. 8. TBM driver certification scheme (ITA, 2019)
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9] 7742 Fig. 9(c)2t 2t

AR HAg-S AAR] A et UMHIAE 5ol ofZ2]AIo| H(application, ©1% APP)Y} DBE ¥e|oh= 314 525 7HKIth
oot LS AfelRt o= TR HIete] A, WS4 A|oFo oHXﬂ DB Y4315 5ol T E -FA1HS57t-8olsl] wh
olt}. F, AlEzlolele] s FHet waAte] o W 2 /\]Ur |4 Eeote] ae] Aok glo] & dA-ollA 7
et AlEeolEE HIRt Zollks T e ARt £ F-i7 7 Fs ok S g e Aotk

AEFolE] AZEoj=47Fx] 7|2 mg2 Jsio g —TU‘éﬂﬂﬂ 37 TBM Ao} m9(control panel)S &S OP(Operation)
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£ ERI5k=NaviView APP.C & /JE|™ K APP-2 AH2LO] TCP/IP ‘5412 &5l TBM H| 9] A471S Sxfo|AE A &
53 3 5261 ek S| 1E APP-2 S-2luRlof|A] dutele AAHE] 2 FAARD A9 7|RF OS] F&skeS ARl
o ZTOIAE PS5 A= JSON FE|Z Hlo[BlE F0H! F4E Foll AHet-5712Fth OP APP <A| Hlofe] weh Al
Zefo|AES} FYotH, ZF | 218 9 A7) FH-50] FAEITE Model View APP-2 1] B2 A1 9 52 E 0] 9]
7} 7FX) 3k NaviView (TBMNavi) APP2TBM QAR 9 224 H 58 51015 4= 9]tk ZF APPE-2 TCP/IP 412 S5

tloJelE Farak=tt.

. == Instructor ---J
i \
: Instrumet Operation :
| Panel Panel |
| N N !
1 I
S--- yosetup ---7
t Ethernet(TCP/IP)
SERVER . --- Trainee =---« . =--- Trainee R Trainee ===
* Database If \ f v ]
. . Instrumet Operation Instrumet Operation 1 Instrumet Operation I
¢ Tralnlng scenarios : Panel Panel : : Panel Panel 1 : Panel Panel 1
* LMS ' [ S A : \ A A :
+ RDBMS ' , ! :

~ N

~ = Input: Touch panel -/ - Input: Touch panel -7

= Input: Touch panel -7

LMS: Learning Management System
RDBMS: Relational Data Base Management System

(a) Connection between instructor and trainee

Instructor

Instrument Panel

Operation Panel

Situation set up

Simulator Server Training

LMS & Simulator App

DB

| Instrument Panel
Operation Panel

Exercise

(b) Function composition for each part

Fig. 9. Overview of system configuration
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TBM Simulator LMS (CBT + Simulator HW)

SERVER+WEB SERVICE

(c) Overall system configuration diagram

Fig. 9. Overview of system configuration (Continued)
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AlEzlole stEfo] T2 EEQS Altsitt. CBTOllA EIA] 1fi'd-& o]-851e] TBM O] 2 %2to] ool Hthd AlEzlo|e 5t

Efllofollx= HET AXIE o 8sto] 2 x2to] o] F 017‘“:}1“ HoflA 2o |7} it A 24| Alof wid-& BARSIZ ] o
| WS % o Al 7Pk Aol dS & 4= Sl 7ol Sl

AlglolE st=dloh= 7134 0 & CBTE 79ko & jitk ©hx] sh=gllo], 5 Alof sffd o] MED A9fx|7} = 2Flo]do] A
Ax| 21 ZF EN A912] Z22Eo 2 I AH|o| Ao GRiE CBT7 | ls%=l= Aot ofuf sf=gfloje] 22t w2} TBM Algd|o]
] 2] /o] oJsf] Ao sfHo] shegofo]] Kot of2fet > T4 o = A4 TBM O] Alof ajfd HA] Lt

AlEFo]e stEfolE T AH0A2] TBM AlEd[o]Ele] A7 = 2 2 PLC(programmable logic controller)— A}
85 }Oﬂ 0”% St=Rlo1] 2 B Eat 2 912] o]l tisiLMS oflA] Aol 2t 7](key)E IEAIA PLC Y EE S8R5 463
o} & ‘——'1L7\ﬂ —4 AT L‘ﬂ/\ FH= sk Fig. 10(a)— 0}5.?11012} LMS 7 ]H}—J TBM /\] flofe] == 7] 7+

O

€0

(b) Introduction
of Simulator

Fig. 10. Simulator hardware prototype |
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LMS Instructor Trainee
1. System Management - Learning Scenarios Mgt +  Training Mgt

2. TBM Master Mgt = Curriculum Mgt «  Training history Mgt
3. Project Mgt

4. Learning Mgt

(Mgt: Management)

Fig. 12. Learning Management System
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Fig. 14. Example of BPMN (cutterhead drive)
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