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TBM Basic Introduction

System explanation

® The shied system compnises the shield, additive injection
device, additive production plant, and other facilities.

@ In the tunnel are the shield power unit car,
power transformer car, segment camiage, muck car, etc.

X
X

@ On the ground are the additive production plant, Monorail crane
backgrouting agent plant, soil hopper, portal crane, electric - ro —— e
power facility, etc. E N
bl
% X
Additive plant
Backgrouting agent plant E Portal crane

Electric power
facility

—— Owverhead crane
e eI (T [y I
Operation  Unit Control ~ Transformer Muck pit
car car car car —
Segment Muck  Muck  Battery- Cable
camage car car  powered car
- locomotive
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TBM Basic Introduction

JERIHL, =AY JE R BRI R, &M RREHEE AT T TR JE AL 2
A AR SR BERIUE A R AA R0 HN 2E 1 B ] it 2 4 i) iy HEERE TG, -3 EA T 4250
AR AR SRR G, e X230 R 3 AR AT 1)) B ] BOES 5 i I SCHE R AR
W, A2 B ERR ), AR K LK - KIS ARSI 42590
L ATEIEA AR JE RS AT

JEH A B ARV I 4, DIV Bl e TR, AR T JE A AT,
KRS B RE T BEFE , LD JZVIHI .

Copyright © 2007 Rockwell Automation, Inc. All rights reserved. 4



TBM Basic Introduction
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Rockwell Application in LOVAT

1cy Electric Drive
alled Power

" Available at the Cuttinghead
tem of torque at 0.0 to 1.9 rpm

¢ Maximum Speed of 4.3 rpm
» Peak Starting Torque of 314 tem
» External Ring Gear on Main Drive Bearing

Copyright © 2007 Rockwell Automation, Inc. All rights reserved. 6



Rockwell Application in LOVAT

ncy Drive Efficiency
Pinion Interface = 98.5% 7 3 H 3 7 RO L
= 96.4%
and Electric Motor =05 0%
Overall VFD System =90.2%
ciency

ERHRE - 98.5%

55 (A e e

otor - Mechanical e 0%

B ARHI A ic Motor - Volumetric = 98.0%

EiE R draulic Pump - Meohanic.al =90.0%

Hydraulic Pump - Volumetric ' U%

Hpe R FE A Electric Motor = Silibg

Overall Hydraulic System = 13.2%
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System layout

Rockwell
Aufomation

Compact
Logix

To Mitsubishi PLC

PowerFlex 7

RIS

Drivel Drive2 Drived  Drived Drived Drive6  Drive7 Drive8 Drive9 Drivel(

Copyright © 2007 Rockwell Automation, Inc. All rights reserved. 9



VFD System Control
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VFD Design Consideration
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PowerFlex Drives Products

it

|
cagee Optimised Flexibility
i » General purpose drive to 132 kW
e - Sensorless and flux vector (SVC,
| FVC)
Powerflex * TorgProve ™ and Positioning

« Compact with in-built braking

 Unique packaging — control
cartridge

Pz * Additional I/O and encoder

Interfaces

Copyright © 2007 Rockwell Automation, Inc. All rights reserved. 13



Motor Control

Field Oriented Control

In flux vector mode, the flux and torque producing currents are independently controlled
and speed is indirectly controlled by a torque reference. Alternatively,the drive can control
torque instead of speed in flux vector mode. In either case, this mode can be operated
either with or without feedback and will provide the fastest response to load changes.

SPEED REF.

High Bandwidth Current Regulator

CURRENT FEEDBACK

V mag

Flux
= Reg.
Speed Current

Reg. Reg.

TORQUE REFE

Voltage 1 |Verter
Control
Vang

Encod
Adaptive SUP O e

Controller

AUTOTUNE PARAMETERS
SPEED FEEDBACK
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Per Unit Quantities

0.9

0.875

0.825

VFD Control Characteristic

Perfect Speed feature
PLPtshEE 71 (better performance with encoder)
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e DC Bus voltage dip 305VDC,

VFD Control Characteristic

DriveObserver - [1500rpm-powerloss-25nm-stop]

@Fﬂe Yiew Chart  ‘Wwindow Help

constant power output;

D 7 @ 3k BRI e ftist teitn] & o F | @
AB:10:43 953
5000000 20340000
321 549955
1,451 040033
37 0000
25 00000
12.50000 ,—____Fffi
00000
16:09:30 453 16:09:54 453 16:10:13 453 161042 455 16:11:06.453 16:11:30 453
[ — —— —

Record | Visible | Status ‘ Harmony Path | Port | | Caption | Value | Units | Mini ‘ hes
I3 [ @ Mot Communi,.. AB_ETHIP-11192,168,1.77 o 1 1 - Qutput Frequency 0.000000 Hz -b650.000000 b50.00|
2 3 @ Mot Communi... AB_ETHIP-11192,168.1.77 o 2 7 - Qutput Current 0.000000 Amps 0.000000 50.0001
I r @ Mot Communi... AB_ETHIP-11192,168.1.77 0 3 & - Qukput Yolkage 0.000000 Vac 0.000000 529.001
I 2 @ Mot Communi... AB_ETHIP-11192,168.1.77 0 4 11 - DC Bus ¥alts 233610001 vDC 0.000000 920.001
I I @ Mot Communi,.. AB_ETHIP-11192,163.1.77 0 S 131 - Active Wel Fdblk 0.000000 -2000.000000 ZSDD.DIC

| 3
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VFD Control Characteristic

Space Saving Hardware Features

« Integral EMC Filtering plus built-in DC bus choke common mode cores and
common mode capacitors provides a compact, all-in-one package solution for
meeting EMC requirements, including CE in Europe.

« Internal Communications allow the user to integrate the drive into the
manufacturing process. Status indicators for all internal communication
options are visible on the cover for easy setup and monitoring of drive
communications. Users can easily manage information from shop floor to top
floor and seamlessly integrate their complete system as they control,
configure and collect data.

- Integral Dynamic Brake Transistor delivers a cost effective means of
switching regenerative energy without costly external chopper circuits. These
internal transistors are available in all power ratings.

* AC 3% Line Reactor , current 100A, type: 1321-3R100-B
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VFD Control Characteristic

Three Phase
A.C. Output
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PowerFlex700- SMPS is the same Voltage Feedback & Gate Drive
_
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Ground Ground Cooling Fan Stirring Fan :l
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Copyright © 2007 Rockwell Au

Control Structure

tomation, Inc. All rights reserved.

18




Content

4.Load Sharing
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Load Sharing Control

Tunnel Boaring Machine

Multiple Motor / Drive Application

B R e

Copyright 2003 Rockwell Automation, Inc. All rights reserved. For Rockwell Automation internal use only.
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Load Sharing

1 Drive vs 1 Motor with Load Sharing
* Precise speed & Torque control.
« Field Oriented Control.
« Autotune to get precise motor data.
- Better protection of motors
« Higher system Safety than Common Bus system

Copyright 2003 Rockwell Automation, Inc. All rights reserved. For Rockwell Automation internal use only.
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Load Sharing

LOAD SHARING
with
Drives and Motors

Copyright 2003 Rockwell Automation, Inc. All rights reserved. For Rockwell Automation internal use only.
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Load Sharing

‘What IS Load sharing?
In the world of DRIVES Load Sharing:

* Involves multiple drives/motors
powering the same process.

* |s having each drive contribute a fair
share of torque to do work proportional
to Its own capacity.

Copyright 2003 Rockwell Automation, Inc. All rights reserved. For Rockwell Automation internal use only.
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Load Sharing

‘What Load sharing IS NOT!

In the world of DRIVES Load Sharing:

*Is NOT multiple motors controlled by one drive

powering the same process (Although this is a crude
uncontrolled form of load sharing).

*Is NOT having each drive/motor combination
operate entirely independent of each other.

Copyright 2003 Rockwell Automation, Inc. All rights reserved. For Rockwell Automation internal use only.

Copyright © 2007 Rockwell Automation, Inc. All rights reserved. 24



Torque Follower

A second form of Load Sharing requiring:
« Precise master slave load sharing.

* Precise speed regulation.

« To operate over a wide speed range.

« Multiple drives to act as ONE larger drive.

Copyright 2003 Rockwell Automation, Inc. All rights reserved. For Rockwell Automation internal use only.
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Torque Follower

Using
DROOP FOLLOWER,

TORQUE FOLLOWER
(master / slave)

and
SPEED TRIM FOLLOWER

Copyright 2003 Rockwell Automation, Inc. All rights reserved. For Rockwell Automation internal use only.
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Torque Follower

o TARTAS R T S Ao, R
T A AR AL A 1
SRCEAR,  [F] NI I R 2 AR 0 g AR
Pidse, ARG R TR M2 A o,
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Master Follower #1 Follower #2

Speed
Reference
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Torque Follower

Master f Slave Torque Follower

{ with Communication and DataLink interconnection )

PF7fOOvC  VFD 1

Encoder Feedback

Master . Encoderless . i
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C_ —:Dr_ncéx Motor
+
Process Pl & || ] sum
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Setpoint  Torque Hi P422 Ref Torque Sel
i35 DT Ref & 0 e PA3D Poo=
Ref B Sel Hi PA32 i Ref Speed
Trq RefB P435 Regulator
M3=0 Lo P433 B hiutt HMode
PE7OOVC VFD 2 Encoder Feedback .
Fﬂllﬂwer # 1 Encoderless i
P300 pgp[Scale + T o . :
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To Additional Followers
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Torque Follower

Speed Regulator

Logic Ctrl State
" (Spd Reg En)
SpdReg AntiBckup FeedFwd

|
|
! Spd Reg Pl Out
|
1

Motor Speed Ref Speed Error
h (kn * s)+ wn 1|
+ +
301 100 / e + + kp J s+ 1 {302
= _ — to Torque Control
Motor Spd Fdbk 2L F?arsd:r ﬁ P Gain Limit Lead Lag [4A1]
. (kn5 +S)M:rnwn Spd Err Filt BW S SRegOut FiltGain
. Spd Reg Pos Lim E
@ SReg Out Filt BW

from Feedback [9H2] Lead Lag ServoLck Spd Reg P Gain*
S Spd Reg Neg Lim

Filtered SpdFdbk
@ Servo Lock Gain
I @ SpdReg Integ Out
Spd Reg | Gain*

7

Control Options
(Jog -Nolnteg)

Speed Reg Ctrl
(Integ Hold)
(Integ Reset)

Speed Reg Ctrl
(Preset Sel) @ Spd Reg Droop @

I
I
SReg Torq Preset @ OIII .
I
Motor Torque Ref @ ! !}J

Droop
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Torque Follower

Torgue Regulator

Total Inertia
Inertia o Adaption
Motor Spd Fabk < 300
Inert Adapt
se1 (132300

(Inrtia Adapt) 01
(Load Est) .

st kst (DD D [ I
. State (Torq Ref En) Inert Adapt Gain
| preed Spd |
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1

I
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ik Notch Limit

Limit Status
Torque Step
@ NotchAttenuation @ @

Noteh Filt Freq ((118 )

from Speed Control
Spd Reg PT Out
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e (X
Multi @ 6 Abs
Torque Trim @ L Min
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Torque Follower

Torgue Regulator

[,

Total Inertia o A'(;‘:pr:zn |
Motor Spd Fdbk
Inert Adapt Sel

(Inrtia Adapt) ®m

(Load Est)

Spd/Torg ModeSel @ Logic Ctrl State Logic Ctrl State Inert Adapt BW @

om S| T Forced Spd ( ) Inert Adapt Gair
peed Control ( ) P @
Spd Reg PI Out

[ara] —»<302 > o—°| (157 {10] 00 i}_‘
& % e

Inertia Torq Add Selected Trq Ref
2H4] ——»< 59 + I 319 + 4t V'T + J 303 i
FricComp TorgAdd A 2 . ‘} " J
12H3] —»< 69 . . ok —
n

Limit Status
Ti Sty
orque Step @ NotchAttenuation .
Torque Ref 1 @ /
Torq Refl Div @
+

Notch Filt Freq
Torque Ref 2 @ N ov
Torg Ref2 Multi @ 6
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Torque Trim @ L Min

Motor Torque Ref
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Demo Dyne Layout

«  Two 1 HP PowerFlex700 AC Drives
coupled by a positive drive belt for load
sharing.

* One 3 HP PowerFlex700 AC Drive Loadshare MPV Demo
providing the opposing load. . . . .

« Control and shared data between drives PEFODVC
over DeviceNet Communications. T >
1336 Impact =™
AC Drives . z L T
1HP 3 HP 1HP
MASTER LOAD FOLLOWER

Copyright 2003 Rockwell Automation, Inc. All rights reserved. For Rockwell Automation internal use only.

Copyright © 2007 Rockwell Automation, Inc. All rights reserved. 32



fle  Wiew Graph Trace Options

Torque Follower

Help

EEEEEAEEE A ==

Torque Follower with varying load

85% 160% 150% BOLu 30% 90%
P
ﬂ L.
:LZ“—————“ w-““““-’mll___ —
S —_ F
1 l |
T | ]
3 T
—— ]ka-\_n___ﬂ_,_ﬂ"r
OS/20, 99
—ZB.8 -19.8 -1lz2.8 2.8 L.2 =]
Trace Name Scale Dffzet Actual Value Status
10:P81 TIg % 1s50.0 0.0 25.0 Frozen
11:p%1 Ig % 1s50.0 0.0 732 Frozen
10:P81 Motor Speed 1325.2 0.0 a07.3 Frozen
10:P33 Motor Current 21..& n.no 7.4 Frozen
11:pP33 Motor Current 12.5 n.no 7.0 Frozen
For Help, press Fl | |NUI'u'I |
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Torque Follower.

Advantages
« Precise load sharing to act as one drive.
* No speed range limit.
« Do not have to give up speed regulation.
« Min/Max torgque reference compare feature eliminates run away

o FTRAMRUERS AR R BCROR, {2 & bl ik 25— &K
DA AL H I ROR

o T EARLACE IR, (RAE R I P R
o R WRAR NG, R AL 1 S
C SR BRI, AR R AT R L
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General Guidelines

Use Torque Follower When:

Large speed range can exist.

Speed regulation is critical.

Precise Load share.

Need to act as one drive.

Mechanical coupling between motors is stiff or ridged.

Copyright 2003 Rockwell Automation, Inc. All rights reserved. For Rockwell Automation internal use only.
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5. Internal Communication
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Internal Communication

Ed

Q@ Aiven Eradvy

PF700_Communications

Copyright 2003 Rockwell Automation, Inc. All rights reserved. For Rockwell Automation internal use only.
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Seamless connection - Software

« Drive Integration with RSLogix 5000 Projects
— Add a drive to your RSLogix 5000 project and the software does the hard work for you:

« Automatic tag generation for status, command, reference, feedback, and data
words

 Electronic keying for device type and major firmware version helps ensure
connection to the correct device and proper device replacement.

% RSLogix 5000 - test in Demo_test.ACD [1756-L1]*

File Edit ¥iew Search Logic Communications Toals ‘Window Help

B|=|E| S| ][] ] [one e B S EETEE) Oifine I N FUN
. = Mo Forces b, = Ok
™ Path: | AB_PCC-143%B ackplaney1* BAT

ol e el oo o A o [Tt 2 2 e
4| »|\Favorites Bt & Timerfoounter A Inputrioutput A Compare

= = cartraller test # Controller Tags - test(controller) =100 x|

Contraller Tags Scope: |testlcontraller) = | Shgue |Show Al 'I Sol |Tag Name j

[T controller Faulk Handler N

*. [ Pawer-Up Hand) Tag Name 2 | Value & | Force M# | Style Type Description ;I
_ ¥ |2 PF_O1 {...} [ AB:PowerFlex70_

B @E‘;”ka [H-PF_01:1. DriveStatus 240000_1110_. .. Binary | INT

MainPragram _PF_01:|.Read B o1 meen

H 01l f —

[ Unscheduled Programs o e i Module Properties - CNB_B {PowerFlex 70-C 2.1) x|

-5 Motion Groups ==

“-[13 Ungrouped Axes —PF_0T:1. CammandCic General® | Connection | Module Infa | Power | Setup |
[ Trends —PF_0T:Lactuali o
=R a Data Types PF 01 Accelerating Type: PowerFlex 70-C PowerFlex 70 Drive via 20-COMM-C
% User-Defined FF 01 Decelerating Vendar: Allen-Bradley
B-Lgh Strings q =
- Predefined j}i—gl : ﬁ:lar‘m | e IF’F_U1 ol 2 =i
: © | Faulte:
& E% rcqz:;ziiir;?d JF_D1'I aiGpeed Diescription: :I Datalinks: | 0 =| [16kif
i ] [2]1756-1B16D Digi_In | PF_0T:l LocallDO =1
- B [5]1 1756-CHE(E CHE_B FF_01: LocalD
- = Comm Eoimat; IData j
fl 2PowerFlex 70-C PF 01 PF 01 LovalD2
: f] 3 PowerFlex 70-C Drivel
" ] [8]1756-TF6I Ana_IN_Drive ARSI
PF_01: 5pdRefD Bevison: |2 |1 =] Electonic Keying: [RETIEIeN
—FF_01:1.5pdReflD2
—FF_01:1.5pdReflD3
[+-PF_01:.0utputFreq

) Status: Offine oK I Cancel Apply Help
ﬂ\ Monitor Tags A Edtt Tags
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File  Edit

Logix 5000 - MSG_1.43_PF700 [1768-143]* -

Wiew Search Logic Communications Tools

window  Help

Seamless connection - Software

ntroller Tags - MSG_L.43_PF700(controller)]

| Rl%l%l = =] @l

Dfffine 0, FRUN W R pain [AB_ETHIP-11192.168.1.11\Backplane\0® I
Mo Forces b, F Ok
BAT
No Eate EXJS _Iﬂ [t st | 4 [ || 2
i I A A A Bt £ A
=53] Controller MSG_L43_PF700 Scope: MSG_L43 PF70 = Show.. Show &l
Controller Tags & - -
3 Cortroller Fault Handler Mame o ‘ Value | Data Type D escription |J
(7 Powerp Handier ||+ Localal {...} AB1763IF4XOFZL0
B Tasks | |+ localzn (...} AB-1769_IF40F2:0:0
=8 cocc — FF7O0VCA" N \ {...} AB:PoweFles7O0VC_S50ATAE 410
éﬁ% 555 + PEAOVE:| DriveStatus 2#0000_111... [INT
= MainTask. .
TO0YC: | DriveStatus_Fea 1 |BOOL
=% mainProgram — o
PF7OCYC:] DriveStatus_active o BOOL
Eﬂ MainRoutine - PF 700 C: 1. DriveStatus_Cornrmandlin 0 BOOL
3 Unscheduled Programs | Phases - PF700YC: . DriveStatus_asctualDir 0|B00L
=5 Motion Groups - PF7O0VC:. DriveStatus_Acceleratin 0 BOOL
& IidUSngQUfed ?xes FF700YC:| DriveStatus_Decelerating 0 |BOOL
O Instructions
FF700YC:|. DriveStatus_Alarm 0 |BOOL
-5 Data Types =
[ User-Defined PF7O0YC: DriveStatus_Faulted 0 |BOOL
+ Eﬂ, Shrings FF7O0C: | DriveStatus_AtSpeed 0 BOOL
Cpp add-on-Defined PF700MC: ] DriveStatus_LocallD0 1 /BOOL
# L4 Predefined PF700WE:| DriveStatus_LocallD1 1/BDOL
5 %tn'\zd”'e'm”e‘j PFT0MVE: DriveStatus._LacallD? 1 [BooL
&3 10 Configuration PF700VC:] DriveStatus_SpdReflD0 0 BOOL
= (@ 1768 Bus PF7000C: ] DriveStatus_SpdReflDl o BOOL
=B [2] 1768-M04SE MO45SE FF 700 C: L. DriveStatus_SpdReflD2 0 |BOOL
g 2 SERCOS Netwark PF700YC: | DriveStatus_SpdReflD3 0 BOOL
] [1] 1766-EMBT A ENETA + PFFOOVT: | Ou
:|.OutputFreq o/INT
] Eth 4
&5 Etherne B Ty + PF700VC:| Datalnd1 o|DINT
T 1766-ENET/A ENBTA - } + PF700VC: Datalnd2 o |DINT
PowerFlex 700 Vector-200Y-E PF700VC L | [+ PFPO0VE:] DatalnB 0 DINT
- BB [0] 17687 k3t | \+ PF7DOVEI Datalng 2 0 |DINT
-] 1769 Bus
FF 7O C:|.DatalnCl 0 DINT
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Seamless connection - Software

RSLogix 5000 - MSG_L'43_PF700 [1768-143]* - [MainProgram - MainRoutine*]
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Seamless connection - Software
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DeviceNet

« Enhanced Control Methods

— Mechanisms for reducing network
bandwidth and improving
throughput (also makes
synchronization possible)

P_eer-to-Peer 1/0 Command I/O

DHQ_PowerFlex_Comms.PPT 03/10/01

DeviceNet
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DeviceNet

« Master / Slave Control via Peer-to-Peer
— Configured via adapter parameters
— Any PowerFlex drive can be the Master
— Master can be controlled via HIM, Analog signal, PLC, etc.

S| Dri Master Drive
ave vrives (“Producer”)

(“Consumers”)

Peer-to-Peer 1/O

Copyright © 2007 Rockwell Automation, Inc. All rights reserved. —_ = 43



Easy to Maintain and Repair — Recovery

« Auto Device Replacement (ADR) speeds up the replacement process
— Eliminates the time spent locating and downloading (or entering) configuration

settings to the new drive

Failed Drive . New Drive
. Node 63

l% |
1

DeviceNet

New Drive

@ Allen-Bradley

Configuration Data

DeviceNet
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