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Shield assembly
1.1 DESCRIPTION

The shield unit is mainly composed of:
a cutter head

a shield

The space between the cutter head and the shield is called the “ cutting chamber “. Its function is
to receive and ensure the mixing of excavated materials.

As the cutting chamber is to be subjected to confining pressure, it is separated from the shield by
an airtight bulkhead and connected with the shield by means of a manlock.

This bulkhead is equipped:
with earth pressure sensors distributed symmetrically on either side of the vertical axis.

with pressure sealed tubes that ensure the passage of the necessary products such as water,
foam bentonite, recacking, compressed air, electricity, etc.,

with breathable air tubes that pressurise the chamber,

with a safety hatch situated in the lower part (passage of the screw conveyor).

A video circuit composed of 2 cameras allows the muck in the cutting chamber and at the various
piers in the belt conveyors to be observed.

1.2 CHARACTERISTICS

Diameter of the front Shi€ld ..o 6860 mm
Total length of the shield (front and rear)............oo e 9925 mm
Total weight of the shield (front and rear) ... 412 t

ELECTRIC AND AIR DISTRIBUTION IN THE CUTTING CHAMBER:
1 x 24V (16A)

Industrial air DN

ELECTRIC AND AIR DISTRIBUTION IN THE SHIELD:
2 x 24V (16A)

3 x 230V (16A)
1 x 400V (32A)

Industrial air DN
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1.3 CUTTER HEAD
131 DESCRIPTION

The cutter head is a welded assembly whose purpose is to excavate the ground. The
cutter head is off-centred towards the top of the tunnelling machine’s axis. The design of
the wheel was chosen in particular to avoid clogging of clays and decomposed granite.
Openings on the face are organised so as to limit the dimension of the blocks to the
absorption capacity of the screw conveyor.

The cutter head is mainly equipped with:

Cutting tools
2 copy cutters,

an injection circuit for supplied products (foam, water) distributed on the surface of the
cutter head. A rotary seal connect the tubing from the fixed parts to the rotating parts of the
cutter head.

The characteristics and main components of the cutter head are described below.

1.3.2 CHARACTERISTICS
Cutter head 1ength..........coooiiiiii e 1405 mm
(O oT=T o1 o T I =1 (o T PSPPSR 31 %
Excavation diameter...........cooiiiiiiiiiii e 6880 mm
Excavation diameter (with copy cutter) ... 6965 mm
Point number for foam injection ..., 6
APMS NUMDET ...ttt e e e s e e s nneeee s 6

133 CUTTING TOOLS

1.3.3.1 DESCRIPTION

There are 5 types of cutting tools:
5 types of cutter bits:
Extreme cutter bits, used to calibrate the tunnel diameter
Central cutter bits, used for cutting,
Normal cutter bits, used for cutting
Bucket knife bits, used for cutting

Drag bits, used for cutting

The Drag bits are used to scrape and break down the wall.

They are equipped with tungsten carbide pads. The tools are accessible from the cutting
chamber for replacement operations.

A handling device is provided optionaly for the purpose of supplying disk cutters from racks
on the backup train to the manlock.

THIS DOCUMENT IS THE PROPERTY OF NFM TECHNOLOGIES, IT MUST NOT BE USED, REPRODUCED, TRANSMITTED OR DISCLOSED WITHOUT THE
PRIOR WRITTEN PERMISSION OF NFM TECHNOLOGIES. EVERY REQUIRED PRECAUTIONS SHALL BE CARRIED OUT TO AVOID ITS DISCLOSURE.



804EM00001 Rev. Page.

A 9/9

1.3.3.2 CHARACTERISTICS

Number of scraper bit (cutter bit) ........ccooveiiiii e, 98

Number of peripheral bucket t00l............ccocciiiiiiiii e 12

Number of protection bit ............ccccoiiiiiiii i 20

Number of ripper :

......................................................................................................................... 46

Alternative solution :

Number of CUtter disk ..o 22

NUMDET Of FIPPEL e a e e 24

Drawings (826PE01010)
134 COPY CUTTER

1.3.4.1 DESCRIPTION
The Cutter Head includes 2 copy cutters (1 + 1 standby).

The copy cutters allow the diameter of the cut to be varied. They are used only
during direction change phases. They are mounted on the cutter head,
diametrically opposite to each other.

During normal operation only one of these tools can work, the other remains as
a backup.

The "copy cutter" is composed of 1 hydraulic cylinder supplied by a pumping
unit, JZ 8000 situated in the cutter head.

The hydraulic cylinder controls a knife tool.
The “copy cutters’ are lubricated by the centralized greasing system via the rotary seal.

1.3.4.2 CHARACTERISTICS.

CopY CULtEr NUMDET ... ..eiiiiie e 2
SHIOKE ..t 85 mm by radius
HYDRAULIC CYLINDER

JZ 8000 (independent power station)

POWET . 11 kW
SPEEA ... e 1440 rpm
FIOW MAX et 26 I/min
Fixed cylinder Capacity ..........cocuueiiiiieeiieee e 18 cm3/rev
OPErating Pre@SSUIE ........eiiiiiiiiieiciiiee et e e e e e e et eesanneeeees 210 bars
Tank CapaCIty ... 100 liters

THIS DOCUMENT IS THE PROPERTY OF NFM TECHNOLOGIES, IT MUST NOT BE USED, REPRODUCED, TRANSMITTED OR DISCLOSED WITHOUT THE
PRIOR WRITTEN PERMISSION OF NFM TECHNOLOGIES. EVERY REQUIRED PRECAUTIONS SHALL BE CARRIED OUT TO AVOID ITS DISCLOSURE.



Rev. Page.
804EM00001 A 10/10

NHI Grour

135 ROTARY SEAL

1.3.5.1 DESCRIPTION

The rotary seal ensures the tubing connection between the fixed parts and the
rotating parts of the cutter head. The rotary seal is maintained on the airtight
bulkhead of the cutting chamber. It is composed of:

6 lines: Supply of the foam injection ramps
4 lines: Hydraulic supply to the “copy cutter” cylinders,
2 lines: “Copy cutter” lubrication ,

The rotary seal is also equipped with 2 orifices that receive grease to allow its
own joints to be lubricated.

1.3.5.2 CHARACTERISTICS

10| 1 oo ] 4 £ RS 4
o= 0 0T o o] o SRR 6
Internal greasing (NGLI2)........c..oiiiiiie e 2
Greasing (HBW) ... e 2
1.4 SHIELD
141 DESCRIPTION

The shield has a tapered form and is composed of a front shield (divided into two parts:
the frontal and intermediate shields) and a rear shield joined by a passive articulation.
The assemblies between the removable parts are bolted. The shield’s bulkhead is pierced
with holes intended to allow the injection of products.

The front shield situated behind the cutting chamber has the following main functions:

to support the cutter head’s motor unit,

to confine the machine with respect to the terrain,
to support the manlock and material lock

to support the thrust and articulation cylinders,

to support the screw conveyor,

The different product injections are :
Industrial water

Foam

Bentonite

Breathable air
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The rear shield situated behind the front shield has the following main functions:

to confine the machine with respect to the terrain,
to support the segment erector,

to support the injection lines for grout.

The characteristics and main components of the shield are described below.

1.4.2 CHARACTERISTICS
Front shield diameter ... 6860 mm
Intermediary shield diameter...........ccoo i 6855 mm
Rear shield diameter...........c..ooiiiiiiiiii e 6850 mm
Gap between segment and rear shield.............cccccceeeeviieennee. 30 mm on radius
Earth pressure SENSOr.......ccoooi i 5

ELECTRIC, AIR AND WATER DISTRIBUTION IN THE SHIELD:
3 x 230V (16A)
1 x 400V (32A)
2 x Industrial air DN20
1 x Industrial water DN20
DISTRIBUTIONS IN THE CUTTING CHAMBER:
3 x 24V (16A)
2 x Industrial air DN20
1 x Industrial water DN40
1 x Bentonite recaking DN25

143 WALKWAYS

Circulation within the shield can occur on two levels.

Two ladders allow passage from one level to another located in each side on the
erector beam

A platform provides access to the personnel manlock.

Behind the erector, a platform can be used, only during maintenance operation.
The erector must be at a standstill, and the emergency shut down must be
activated.

Circulation in the cutting chamber for replacement is described in section 4.
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1.4.4 DRIVE UNIT

1.4.41 DESCRIPTION

The purpose of the motorization is:
to transmit loads from the cutter head towards the shield,
to drive the rotation of the cutter head,
to transmit the torque required for digging.

The rotation of the cutter head is ensured by 8 hydraulic gear motors that drive a
central slewing ring integrated in the cutter head.

The motorization allows the cutter head to rotate very slowly allowing the
replacement of the cutting tools.

The motorization is lubricated by 2 lubrication circuits.

The seal between the cutting chamber and the bearing is made using wiper
seals. A greasing system injects grease into the compartments of the wiper seals
to protect them from contact with the debris.

The bodies of the electric motors, the reduction gears and the wiper seals are
cooled by the industrial water circuit.

1442 CHARACTERISTICS

MaiN DEAMNG. ... i Axial/radial
SealiNg SYSIEM ...eeeiiiii e 2x5 joints
Variable SPEEA........oeiiii i 0to4 rpm
Maximum Nominal torque (efficiency 100%) ................. 8960 kN.m at 1,05 rpm
Maximum Nominal torque (efficiency real)..................... 6180 kN.m at 1,05 rpm
Unlocking torque (efficiency 100%) ......cooooveveiniiiieiiiiee e 11930 kN.m
Unlocking torque (efficiency real)..........oooccviiieiiiec i 8112 kKN.m
Torque at maximum speed (efficiency 100%)..........cccc....... 2352 kN.m at 4 rpm
Torque at maximum speed (efficiency reel)..........c.cceee.... 1607 kN.m at 4 rpm
Drive by hydraulic MOtOrS...........uviiiiiiii i 8
Ratio pinion / gear..........occeiee i 15/119 Modulus 22
Ratio of gear box GMH 200 R3.......ooooiiiiiiiieee e 109,02
Output maximum speed of gear boX..........occeevviiiiiiiiiiiiie e, 31,7 rpm
Output torque of gear box (reel efficiency).........cccccc....... 100,4 KN.m — 8.3 rpm
Power of hydraulic motors JV1100 a JV1300.........ccccceeveeiiiiiiiiieeeee e 945 kW
NOMINAI SPEEA ... e 900 rpm
MaXimUuM SPEEA ...t 3459 rpm
OUtPUL tOrQUE ..o 979 N.m at 900 rpm
Variable cylinder capacity .........cccoeeeeiiiiiiiii e 75 to 249 cm’/rev
OPpErating Pre€SSUIE ........ueviiiiiiieiiiiiee et e e e e e nbee e e e 260 / bars
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Power supply by 4 hydraulic power packs JZ1100/1200/1300
UNIE POWET ...t 3*315 kW
SPEEA ... e 1480 rpm
Variable fIOW .......oooeiiii 3 x 706 I/min
Variable cylinder capacity .........cccocveiiiiiieiii e 3 x 492 cm®/rev
OPperating PreSSUIE ........eiiiiiiiiieiiiie ettt 280 bars

145 AIR LOCKS

1.45.1 DESCRIPTION

The air locks allow the operating personnel and their equipment to access the
cutting chamber, by passing from atmospheric pressure to confinement pressure,
and the reverse on return.

The air locks are composed of :

2 manlocks (1 transfer manlock named main chamber and 1 emergency manlock
named auxiliary chamber) aligned with the upper part of the shield.

The transfer manlock includes all necessary and required equipment for the
supply and control of compressed air, lighting and communication (1 telephone, 1
interphone and a genephone).

It is intended for a team of 3 peoples.

The emergency manlock allows access to the transfer manlock for 2 persons
equipped with rescue equipments.

Access to the manlock is assisted by a manlock supervisor situated outside the
manlocks for the full duration of manlock occupation.

1 material lock (right) near the central axis of the shield.

The material lock allows the storage and transfer of tools and equipment (cutting
tools, etc.) from the front Shield to the cutting chamber.

The material lock is equipped with a tilting table to facilitate the transfer of
equipment and tools.

1452 CHARACTERISTICS

MANLOCK:

Maximum operating PreSSUrE........c.coiuuiieiiiiee et 3,5 bar
Chamber NUMDET .........ooii e 2
Number of personnel per chamber ..., 3+2
Maximum flow in the cutting chamber - 3 bar..............cccocceeee 1130 Nm3/h
MATERIAL LOCK

L@ TUE= o1 12T 1
Maximum operating PreSSUIE..........ueei it 3,5 bar
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1.4.6 MAIN THRUST

1.4.6.1 DESCRIPTION

The purpose of the tunnelling machine’s main thrust system is to ensure the
forward motion of the machine. The thrust cylinders are also used to maintain
the segments in place while they are positioned.

The tunnelling machine’s thrust is ensured by 22 cylinders distributed around 4
piloting sectors. The cylinders thrust force is transmitted to the segments by 11
pads shared by twin cylinders. There are two types of cylinders:

- Normal cylinders,

- Cylinders with elongation sensors sensors that allow the forward progress
of the machine to be measured in real time.

The information is displayed in the monitoring system in the control cabin
(see position on scheme 826 SHCZ002).

The cylinders are powered by 1 hydraulic pump unit, JZ 2000, JZ 2010, JZ 2020
situated on gantry 2 of the backup train.

The thrust cylinders are managed in 2 hydraulic states:
A “low pressure” state used during segment positioning.

In this state, the pad pressure is reduced to a force sufficient to ensure the
segments are safely maintained and the seal is pressed between the ring.
In “low pressure” the tunnelling machine does not advance.

A “high pressure” state used during forward motion of the tunnelling machine.
In this state the pads are under “high pressure”. The high pressure generates
the thrust force of the pads on the segments.

1.4.6.2 CHARACTERISTICS

Number of thrust Cylinders ..........ccovviiiiiice e 22 (11 pairs)
1031/ T [o [T S (Y] (- RSP 2200 mm
Piston diameter ...........oooiiiiii 270 mm
RO di@meEter.......ooeiiieieie e 220 mm
Elongation SENSOK ... 4
Initialisation detector ..........coo i 4

EXCAVATION MODE

Maximum advance SPEEd ............ciiiiuiiiiiiiieee e 80 mm/min
Maximum thrust/pressure...........ccccooieeiiiiiiee e 44088 kN / 350 bar
Thrust by CYIINAEN .....oooi e 2004 kN
Exceptional thrust/pressure (Unlocking) .........ccccceviiiiiniiiienenniieee e 385 bar
TESE PrESSUIE ..t 525 bar
Maximum specific thrust............cciiii e 1191 kN/m?
Adjustable PreSSUre .......oueeiiiiiie e 4 groups
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Selection of CYIINAErS ......ooo i 11
SEGMENT PLACING MODE
Max extension speed (4 cyliNders) .......ccooveeeiiiiiieeiiniieee e 2 000 mm/min
Max retraction speed (4 cylinders)........cccoeveeiiiniieiiiiiiieeeeee 3 000 mm/min
Thrust by cylinder (piston Side) .........cooiiiiiii e, 572,5 kN
MaXiMUIM PrESSUIE.......eiiiiiiiieeiitiiee ettt ettt ettt e et e e et e e s sbeeeeeaaes 100 bars
Hydraulic pump JZ2000/2010
POWET . s e 75 kKW
SPEEA ... e 1475 rpm
Variable flow (JZ2000) .......ooiiiiiiieeiieeeee e 0 a 105 I/min
Variable cylinder capacity (JZ2000).........ccccocueeeeiiiereeeiiiee e, 0 a 75 cm3/rev
Fixed flow (JZ2010).....ccoiieiiiiiieeee e 208 I/min + 180 I/min
Fixed cylinder capacity (JZ2010) .......cccoecvveeeiinnenn. 139 cm3/rev + 122 cm3/rev
Operating PreSSUIE ........ciiiiiiiii et 100 / 350 bars
Maximum pressure (JZ2000) ........coooiuieiiiiiiiee i 350 bars
Maximum pressure (JZ2010) .......ooiiiiieiiiiiiee e 100 bars
Exceptional pressure UnloCKIiNG.........coviiiiiiiiieiiiieiieeee e 385 bars

1.4.7 ARTICULATION

1.4.7.1 DESCRIPTION

This device allows the front shield to be articulated with respect to the rear shield
in an airtight manner to allow the tunnelling machine to follow the curve of the
tunnel. The articulation is composed of:

9 hydraulic cylinders,
4 elongation sensors
sealing scales,

1 ball joint,

2 articulation seals.

The elongation sensors give the position of the front body with respect to the rear
body. The information is displayed in the monitoring in the cabin control.

The cylinders are motorised by a pumping unit (JZ 2000/JZ2010) situated on
gantry G2 of the backup train.

The airtight seal and the ball joint situated between the 2 shields ensure the
confinement of the articulation.

A scaled deflector insulates the terrain articulation from external forces.

The cavity created between the seal and the scales is filled sequentially with tail
seal grease from 7 injection points distributed on the periphery and in the
thickness of the rear shield (826SHCMO001 and 826PE23001).
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The cavity between the two seals is filled sequentially with NLGI2 grease
(826SHCG001).
The tail seal grease and the NLGI2 grease are distributed by grease pumping
unit situated on connecting beam CB2.
1.4.7.2 CHARACTERISTICS
Driven by hydraulic pump JZ2000/2010 (thrust)
Number of articulation CyliNAErs..........cccoiiiiiiiiiiiie e 9
L0311 gL =T ] 1 (o] = SRR 170 mm
Piston diameter ...........ooiiiiii 230 mm
RO diameter.......coooiiiiieee s 75 mm
Maximum thrust...........oooii e 11696 kN
Thrust by CYINAEr .....cooii e 1300 kN
OPerating PreSSUIE ........oeiiiiiiii ettt s e s 350 bars
TESE PrESSUIE ..coiiiiiiie ettt 525 bars
FIOW <.t e 50 I/min
Retraction speed of tail shield..............ccoooiiiiii 300 mm/min
MaXimuUuM @NGIE ..o e e 1,5°
ElONGation SENSOIS.......oiiiiiiiiie it 4
148 ERECTOR

1.4.8.1 DESCRIPTION

The purpose of the erector is to grip, handle and position the segments to build
up the rings. The segments are drawn to a loading station via the segment
transport table by the backup train.

The erector is composed of 2 main sub-assemblies:
a rotation/lifting sub-assembly (2 degrees of freedom),
a segment gripping table sub-assembly (3 degrees of freedom),

These 2 sub-assemblies are supported by casing (rotor). This casing is mounted
on the fixed framework of the erector (stator) by the intermediary of the slewing
ring.

The rotor is driven in rotation by a hydraulic motor, a pinion and a toothed
annular gear fixed to the erector’s stator (the rotation is limited to £ 220° by end
of stroke detectors taken from encoder). While the segments are being
positioned, the rotation supplied equals the torque required to compress the
segment seals.

The gripping table is mounted on the rotor using a cradle guided by two guide
bars and moves radially with the help of two hydraulic cylinders.

Two translation cylinders ensure the axial movement of the gripping table via
horizontal guide bars fixed to the rotor.

The gripping system is integrated to the table and is based on a cylinder which
grabs a mushroom head insert screwed in the segment.
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The position of the segment on the ring is pre-defined. Its definitive positioning is
ensured by 3 degrees of rotational freedom:

a rotation of a few degrees with respect to the vertical axis (pivot). The rotation of
the segment is carried out using 1 hydraulic cylinder and a fixed axle..

a tilting based on 3 points (rolling and pitching) ensured by 2 balancing hydraulic
cylinders situated on either side of the gripping table and a pivoting cylinder
mounted axially in the centre of the table. These 3 cylinders form a triangle and
can be activated separately. Operation of a cylinder leads to tilting of the
segment with respect to the anchoring points of the other 2 cylinders.

The translation, rotation and radial displacement movements can occur at
variable speeds. The other movements are one speed movement.

The rotational hydraulic gear drive is powered by a pumping unit (JZ 5000)
situated on gantry 2 of the backup train.

The other cylinders are powered by a pumping unit (JZ 5302) situated on the
backup train.

The extension and retraction of the cylinder rods are actuated by the solenoid
valves of the distribution blocks.

The erector actuators are all controlled using a radio-control system.

1.4.8.2 CHARACTERISTICS

[ [o] g g 11 F= 1 o= T o Y- Lo | VAR 45 kN
NUMDBEr Of AriVEN @XIS .....eeiiiiiiiiiiciee e s 6
ROTATION

Variable SPEEA ..........uuuiuiiiii e 0to2rpm
SHIOKE ..ttt +220°
Maximal dynamicC tOrque ..........cuueeiiiieie e 162 kN.m
Average dynamiC tOrqUE ........ccueeeiiiiie e 110 kKN.m
StatiC tOrQUE ... 330 KN.m
Slewing bearing pitch diameter .........cccooviiiiiii e, 2595 mm
HYdraulic g@ar DOX ........coiiiiiiie et 1
Ratio gear / pinion .........oociiiiiiie e 162 / 13 Module 16
Pinion pitch diameter..............ooooiieeeeeeeee s 208 mm
GEAI DOX FALIO. ... .eeee it 104
Output static torqUE ..........c.evveeeeieeeeccceeee e 26,4 kN.m
Output maxi dynamic tOrqUE ..........ccoveveeeeiiiiiie e 13,0 KN.m
Average dynamiC tOrqQUE .........c.uuuiiiiiiiiiiiieeeee e 8,8 kN.m
MOLOr SPEEA ... 2592 rpm
Brake torque........ccooo oo 400 N.m
Cylinder CapPaCIY .....ccoiueiiieiei e 63 cm3/rev
0] (o] g (o] o [ 1 1= SRR 125 N.m

Hydraulic power pack JZ5000
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POWET ..t 45 kW
SPEEA ... e 1465 rpm
FIOW Variable ..o 0to 176 I/min
Cylinder CapaCIY .....ccoiiiiee i 140 cm3/rev.
OPErating Pre€SSUIE .......ueiiiiiiiiiieiitiiie et e e st e e e st e e e e e sneaeeesnnneeeees 210 bars
Operating pressure (seal Compression)...........covcvvereiriieeeeiiiieeesnieeens 315 bars
LIFTING
Retraction Speed ..........oovivi i 0 to 1,5 m/min
EXeNSIoN SPEEA.........eiiiiiiiiieie e 0to 1,1 m/min
SHOKE ... 800 mm
Driven by 2 hydraulic cylinders
Piston diameter ...........ooo i 100 mm
RO diameEter.......coooiiiiiii 50 mm
Cylinder section piston Side ..o, 15700 mm?
Cylinder section rod Side...........cooceiiiiiiiiii e 11800 mm?
Maximum force piston SIde ...........oviiiiiiiiii 330 kN
Maximum force rod Side.........ooocuiiiiiiiii e 240 kN
OPperating PreSSUIE ........eiiiiiiiiie ittt 210 bars
TABLE TRANSLATION
Retraction speed ..........cooiiiiiiiiiii 0 to 17500 m/min
EXteNSsion SPEEd..........ciiiiiiiieiiie e 0 to 10600 m/min
SHOKE ..t 2100 mm
Driven by 2 hydraulic cylinders
Piston diameter ...........ooi i 80 mm
RO diameter.......cooo i 45 mm
Cylinder section piston Side .........ccccoviiiiiii e 10100 mm?
Cylinder section rod Side.........cevveeiiiiiiiiiiiiie e 6873 mm?
SHTOKE ... 2100 mm
Maximum force piston Side ........cc.uuvivieii i 25,1 kN
Maximum force rod SIdE.........couuuuueeieieeiieeeee e 15,1 kN
Maximum nominal force piston side with two cylinders ...............cccoc..... 181 kN
Maximum nominal force rod side with two cylinders............ccccocceeennnnen. 110 kN
OPerating PreSSUIE ........oiiiiiiiiii ittt e e et e e et e e e sbeeeeeaaes 180 bar
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Exceptional pressure rod side (for segment ring dismantling)................ 300 bar
BALANCE
SHOKE ... 13 ° about 2 axis
Speed (according Setting) ........coccvveeiiiiiiii i 1.5 m/min £ 0.6 °/s
Driven by 3 hydraulic cylinders (1 front + 2 rear)
Piston diameter (front/rear) ...........ooovieiiiiiii e 80/60 mm
Rod diameter (front/rear)...........cueeeeieiiiiiceeee e 45/40 mm
Cylinder section piston side (front/rear) ..........cccccveeeeeeeciiiccninnnnn. 50,3/28,3 cm?
Cylinder section rod side (front/rear)..........ccccccevvciieeiiiiieeeniiienen 34,4/15,7 cm®
SHOKE .. 60 mm
Maximum force piston side per cylinder (front/rear) ..........c.......... 105,6/59,3 kN
Maximum force rod side per cylinder (front/rear).........c..ccccceveennen. 72,2/33,0 kN
OPperating PreSSUIE .......cccuviiiiieee ettt e e e e e e et e e e e e e e e aanes 210 bar
TABLE ROTATION
SHTOKE .. +3°
Speed (according setting) ..........cccovviieeiei i 0.5 m/min £ 0.6 °/s
Driven by 1 hydraulic cylinder
Piston diameter ...........oooiiiiie 60 mm
RO di@MELer.......oooiiiiiii e 40 mm
Cylinder section piston Side ...........coocuiiiiiiiee e, 2827 mm?
Cylinder section rod Side..........ccoccuiiiiiiiiieecee e 1570 mm?
OPErating Pre@SSUIE .......eeiiiiiiiiieiiiiiee et e e et e e e st ee e sneee e sneaeeesenneeeeas 210 bars
Maximum force piston Side ...........ceeeeiiiiiiiiii e 59,3 kN
Maximum force rod Side.........cocuiiiiiiiiiierie e 34 kN
SEGMENT GRIPPING SYSTEM
SHOKE ..ttt 100 mm
Retraction speed ... 3,3 m/min
EXteNsion SPEEd.........ooooiiiiiiiieeeeeeeeeee 1,9 m/min
Driven by 1 hydraulic cylinder
Piston diameter ...........ooo i 80 mm
RO diameter.......cooiiiiiie 50 mm
Cylinder section piston Side ..o 5026 mm?
Cylinder section rod Side...........coouuiiiiiiiiiiii e 3063 mm?
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SHOKE .. e 100 mm
Maximum force piston SIde ...........oviiiiiiiiii 105 kN
Maximum force rod Side.........ooiuiiiiiiiiiii e 64 kN
OPperating PreSSUIE ........eeiiiiiiii ittt 210 bars
Driven by hydraulic power pack JZ5302
POWET ..t 37 kW
S o T= T S 1450 RPM
FIOW Variable .........ocueiiii e 0 to 80 I/min
Variable cylinder Capacity .........ccccoociiiiiiiiicc 55 cm3/tr
Operating PreSSUIE ......cocuuiiiiiee et e e e e e s re e e e e e e e e nnnes 210 bars

1.5 CONNECTING BEAM CB1 AND CB2
151 DESCRIPTION

The connection beam is a structure that ensures the connection between the front shield
and the backup train.

The connection beam CB1 supports:

A skid for foam production,

The pumps for tail seal grease and grease.

A storage area for tail seal grease and grease drums,
The bentonite pressure vessel,

The rail handling hoist,

The barrels handling trolley

The travelling rail for segment handling hoist,

A passage area for racks of cutting tools fitted with a carriage for barrels.
A dewatering pump,

The belt conveyor,

The ventilation duct,

The walkways to access the control cabin and the shield,
The electric supply cabinet CDRO,

Disc cutter handling monorails,

The video cameras used for monitoring the screw gate and the segment
gripping.

ELECTRIC AND AIR DISTRIBUTION:

1 x 230V (16A)
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1 x 400V (32A)

1 valve Industrial water DN20
The loudspeaker,

Lights and a floodlight,

The connection beam CB2 supports:

The segment handling hoist rail,
The barrel handling trolley,

The screw gate accumulator,

The screw gate hydraulic control and accumulator,
The foam solution regulation skid,
The belt conveyor,

The ventilation duct,

The walkway to access the shield,
A dewatering pump,

The erector fixed control panel,
The emergency dewatering pump,
The grouting distributors,

The control cabin,

The bentonite pressure vessels,

The segment conveyor control box,

The connecting beam tows:

The backup train, attached by means of a fork and a dynamometric axle ,

The segment conveyor,
The connecting beam CB1 and CB2 are principally made up of:
Welded frameworks,

Two bogies each equipped with 2 elastic polyurethane wheels that rest on the tunnel lining,
thereby ensuring pulling and steering,

Each wheel can be oriented up to an angle of + 3 degrees. The orientation is adjusted
using an oil cylinder (one cylinder per bogie).

The wheel axes are equipped with greasers.
Supports for the belt conveyor and tubes.
15.2 WALKWAYS

Lateral walkways allow circulation on the backup train. The walkways are
positioned on the right side of the back up train.

From the CB1 to the front shield two walkways exist on the right side and on the
left side of the TBM.
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Ladders placed at each end of the gantry allow access to the deck and to the belt
conveyor.
Note: this zone shall only be accessed by maintenance people after stopping of
the belt conveyor.
153 SEGMENT CONVEYOR

15.3.1 DESCRIPTION

The purpose of the segment conveyor table situated under the connecting beam
is to transfer segments from the connecting beam CB1 to the erector.

The unit is made up of a welded supporting rolling structure which is
mechanically linked to the connecting beam. This structure supports a table
which translation movement is ensured by an hydraulic cylinder with a stroke of
1700 mm.

The table advances by a step of 1700 mm when actuated by the translation
cylinder. The table is supported by twelve rollers which can be lifted up by a set
of four cylinders thus ensuring a vertical displacement of the table.

The loading sequence of the segment conveyor is:

Table lifting up,

Deposit of segment on the table,

Frontward movement of the table with the segment,

Lowering of the table and deposit of the segment on the structure,
Backward movement of the table without segment.

The segment ring is constituted of 6 segments to be placed always in the same
order:

Segment 1- Segment 2 - Segment 3 - Segment T1 - Segment T2 - Key

The translation cylinder and the lifting cylinders are supplied by a pumping unit
(JZ 7000) situated on hydraulic skid of the backup train.

The table is controlled either from the erector’'s control box or from an auxiliary
control box situated at the rear of the table.

1.5.3.2 CHARACTERISTICS

CAPACHY .eeiiieieiie e 5+1 segment, 22.5 t
SHOKE ..o 1x 1700 mm
Table forward speed ... 127 mm/s
Table backward speed ... 220 mm/s

Translation driven by hydraulic cylinder

Piston diameter ...........ooo i 100 mm
RO dI@mMELEr......coiiiiiiei e 65m
Cylinder section piston Side .........cccceveiiiiiiiie e 7853 mm?
Cylinder section rod Side...........coocuiiiiiiiiiii e 4535 mm?
SHOKE ...t 1700 mm
Maximum force piston Side .........c..eeeiiiiiiii e 63 kN

THIS DOCUMENT IS THE PROPERTY OF NFM TECHNOLOGIES, IT MUST NOT BE USED, REPRODUCED, TRANSMITTED OR DISCLOSED WITHOUT THE
PRIOR WRITTEN PERMISSION OF NFM TECHNOLOGIES. EVERY REQUIRED PRECAUTIONS SHALL BE CARRIED OUT TO AVOID ITS DISCLOSURE.



804EM00001 Rev. Page.

A 23/23
Maximum force rod Side.........ooouiiiiiiiiiii e 36 kN
OPerating PreSSUIE .......coii ittt st e e e sabeee e aaes 80 bars
Lifting driven by hydraulic cylinders
Number of lifting CYINAErS .......oc.uiiiii e 4
Piston diameter ...........ooo i 100 mm
RO diameter.......cooo i 50 mm
Cylinder section piston Side ... 7853 mm?
Cylinder section rod Side...........coociiiiiiiiiiii e 5890 mm?
SHOKE ..ot e e 60 mm
Maximum force piston Side .........cevveiiiieiii 164,9 kN
Maximum force rod SIde.........ouvueeeeiieeieeeeee e 123,7 kN
Operating PreSSUIE ........eiiiiiiiiie ettt 250 bars
Driven by hydraulic pump JZ7000
POWET ..t 11 kW
1S 0= o SRR 1440 rpm
FIOW <. 60 I/min
Fixed cylinder capacity.........ccccceeeeiiii e 45 cm3ftr
OPperating Pre&SSUIE .....cooieeiiiiiiie e e ettt e e e e e e e e e e s ee e e e e e e e eaanes 280 bars

154 CONTROL CABIN

The drive room is situated on connection beam GO and is equipped with control
apparatus and monitors to allow the operators to pilot the tunnelling machine.

The control cabin is air-conditioned.

The drive room is a walled-in area with glazed door.
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2 MUCKING OF THE EXCAVATED MATERIAL
2.1 SCREW ASSEMBLY
211 SCREW CONVEYORS

2.1.1.1 DESCRIPTION

Its purpose is to take debris from the cutting chamber towards the belt conveyor
situated on connecting beam CB2.

The screw conveyor is principally composed of:

- A screw that extracts debris from the cutting chamber and is driven by a
two speed hydraulic motor that powers the screw rotation. The variable speed of
the screw in association with the opening of discharge gate allows debris
extraction to be regulated in such a way that the earth pressure in the cutting
chamber remains constant

- A screw confinement casing composed of several tubes coated with
internal wear protection allows retraction of the casing with respect to the shield
by 2 hydraulic cylinders,

These cylinders are driven by a pumping unit (JZ 4500) situated on hydraulic skid
of the backup train.

Sealing between the casing and the shield is ensured by grout supplied by the
centralised greasing system. The grout is distributed from the pumps installed on
hydraulic skid of the backup train.

Screw

The screw is equipped with wear parts on its periphery. The wear parts are
accessible via removable hatches intended for their maintenance.

Casing

The casing is covered with an inner liner (smelted chromium molybdenum
carbide).

Three injection ports in the casing allow injection of supplied products (foam,
bentonite, water).

2.1.1.2 CHARACTERISTICS

Maximum discharging Capacity ..........cccccoviueeeiiiiieee e 300 m3/h
Screw internal diameter ... 900 mm
Screw rod diameter.........ooo i 200 mm
FIY NUMDET ... e e e e e e e 14
Protective plate.......ccoooooee 112
(o] o OSSOSO 720
Maximum earth pressure .............cccc 3,0 bars
Earth pressure SENSOr.......ccoooiiiii i 2
Normal torque (real effiCiency) .........cccceevvceeeiiccine e 56 kN.m @ 20 rpm
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Maximum torque (real efficiency)........ccccoeeiiinieniniinen. 115kN.m @ 10.1 rpm
Normal torque (100% efficiency)........ccoovveeiiiiii i 85 kN.m @ 20 rpm
Maximum torque (100% efficiency)........cccoccveviiiienennnnn. 170 KN.m @ 10,1 rpm
Ratio of gear DOX ... 413
HYdraulic MOTON ... 2
LOW SPEEA ..ottt e e 10,1 rpm
HIGh SPEEA ... 20 rpm
Cylinder Capacity ........occueeviiiiiiiiii e 4996 cm® / 2498 cm®
Maximum MOtOr tOrQUE ........eeeieiiiiieeie e 15,8 kN.m
Driven by 1 hydraulic power pack JZ4100 ..o 1
POWET ... e 200 kW
SPEEA ... e 1480 rpm
Variable fIOW .......ooouiiii 0 to 520 I/min
Variable cylinder capacity .........ccuuiiiiiiicc e, 355 cm3/rev
Operating PreSSUIE ......oocuuiiiiieie ettt e e e a e e e s e sabae e e e e e e e e ennes 230 bars
Cooling by integrated pump JZ4100
FIOW .. 120 I/min

21.2 SCREW CONVEYOR SAFTEY GATE

2.1.2.1 DESCRIPTION

The screw conveyor safety gate allows the cutting chamber to be isolated from
the machine if a strong inflow of water occur or during maintenance period.

Situated in the lower part of the cutting chamber, it is opened and closed by 2
hydraulic cylinders driven by a pumping unit (JZ 4500) situated on hydraulic skid
of the backup train.

The gate is composed of 2 guillotines that close the screw conveyor orifice as
soon as the screw and casing are retracted.

2.1.2.2 CHARACTERISTICS

Driven by 2 hydraulic cylinders

Piston diameter ...........ooo i 160 mm
RO diameter.......cooi i 90 mm
Cylinder section piston Side ..o, 20106 mm?
Cylinder section rod Side............occeiiiiiiiie i 13740 mm?
SHOKE ..t 580 mm
Maximum force piston SIde ...........ooiiiiiiiiii e 400 kN
Maximum force rod Side.........ooociiiiiiiiiii e 270 kN
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OPperating PreSSUIE ........eiiiiiiiiie e 100 bars
Driven by hydraulic pump JZ4500
P OWET ..o a e as 11 kW
SPEEA ... e 1440 rpm
Variable fIOW ... 0 to 60 I/min
Variable cylinder capacity .........cciiiiiiiiiiecccccee e 45 cm3/rev
Operating PreSSUIE ......occcuuiiiiiiie e ettt e e e e e e e s e e e e e e e e e eanes 250 bars

2.13 SCREW CONVEYOR GATE

2.1.3.1 DESCRIPTION

The screw conveyor is unloaded via a hatch with an adjustable opening. This
allows the earth pressure to be regulated, and the machine’s cutting chamber to
be isolated from the tunnel.

Situated at the end of the casing, it is opened and closed by 2 hydraulic cylinders
driven by a pump situated on hydraulic skid.

A hydraulic accumulator allows for emergency closure if an electrical failure
should occur.

2.1.3.2 CHARACTERISTICS

Section of the gate .......eeviiiiiii e 745x720 mm
Driven by 2 hydraulic cylinders

Piston diameter ...........ooiiiiiii 100 mm
RO di@meEter.......oooiiiiiiie e 50 mm
Cylinder section piston Side .........ccccveiiiiiiiiiie e 7853 mm?
Cylinder section rod Side...........cooiiiiiiiiii e 5890 mm?
SHOKE ...ttt 910 mm
Maximum force piston Side .........c..eoiiiiii i 195 kN
Maximum force rod Side ..........oiciiiiiiiiiii e 147 kN
Maximum total effort during opening.........cccccevveiiiiiiciie e 392 kN
Maximum total effort during CloSing ..........cccocveiiiiiiiiiee e 294 kN
OPErating PreSSUIE .......eeiiiiiiiiieeiiiiee et e e ettt e e e st e e s staee e s staeeaesnseeeaeanes 250 bar
103 Lo T 15 o R 110 =Y SRR 14 s

Powered by hydraulic pump JZ4500

Emergency accumulator ..o 2x321
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214 SCREW CONVEYOR DRIVE UNIT

The rotation of the hydraulic motor is driven by pump units (JZ 4100), situated on gantry G2
of the backup train.

The screw retraction is performed by means of 2 hydraulic cylinders

Piston diameter ...........ooo i 140 mm
RO diameEter.......cooiiiiiiie e 80 mm
Cylinder section piston Side ..........cocoiiiiiiiiiiiee e 15394 mm?
Cylinder section rod Side............occueiiiiiiiiiiii e 10367 mm?
SHOKE ..t 1200 mm
Maximum force piston Side .........c..eeiiiiii i 382 kN
Maximum force rod Side .........coocueiiiiiiiiie e 257 kN
Total maximum effort during retraction ............cccoccvveeiiiiiee i 764 kN
Total maximum effort during elongation............ccccccveeiiiiiii i, 514 kN
OPErating PreSSUIE .......ueiiiiciiiieeiciiee ettt e et e et e e et e e e sraeeaesnnaeeeeanns 250 bar

Powered by hydraulic pump JZ4500 (

POWET . 11 kW
SPEEA .o 1440 rpm
FIOW ..ttt 60 I/min
Variable cylinder capacity .........ccoooueeiiiiiiiii e 45 cm3/rev
OPerating PreSSUIE ........eiiiiiiiiie ittt e e 250 bars

2.15 BELT CONVEYOR C2

2.16 DESCRIPTION

The belt conveyor is used to take the mucking from the screw conveyor to the
rear of the back-up.

The belt tensioning is achieved by 2 cylinders suplied by a puming unit (JZ 9100).
The tensionning is manually controlled by the means of a handle located nearby the muck
diverter.

The rotation of the belt is driven by an electric gear motor located above gantry
G7.
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Belt Width ... 800 mm
Length between drumsS..........oooiiiiiiii e 75m
Belt SPEEA ... 3m/s
Theoretical fIOW ........oouiii e 450 t/h
Electrical gear box with hydraulic coupling
R0 (1o 1o o 1 = L (o TR 10,7
Maximum speed...........oooi 135 rpm
Speed Of MOLOI....euiiiiiii e 1450 rpm
POWET Of MOTOT .....eiiiiieie e e 55 kW

2.2 BELT WEIGHER SYSTEM

221 DESCRIPTION

The belt weigher system weighs soil that comes from the chamber throught the
discharge gate.

4 load cells are located on the belt conveyor. The electronic integrator is linked to
the PLC which displays throught the monitoring screen the theoritical weigh and
the actual weigh since the beginning of the stroke.

2.2.2 CHARACTERISTICS
Maximum SPEEA ..o 3,0m/s
Maximun fIOW ... 450 t/h
NDBF OF 108d CEIIS.....coiiiiieie e 2
LIS o1=T=To [T o F-To ) S 1
JUNCHION DOX ...t 1
ElectroniC integrator ... 1

2.3 MUCK DIVERTER

Located in gantry G8, it allows the discharging of muck into buckets of the service train.

A structure controlled by 2 cylinders allows the muck to discharge in a first muck car and, when this one

is full, to discharge in an adjacent muck car by displacement of an internal flap without any
displacement

of the service train.
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3 BACKUP SYSTEM
3.1 DESCRIPTION
The backup train is composed of 9 gantries (1 to 9). The gantries roll on rails fixed on

transverse beam placed on the lining.

Each gantry is mainly composed of:

A metal structure with 2 floors composed of welded structure elements assembled together
by bolts. The back up train is intended to :

e Support components and equipment,
e Give way to the service train up to the connecting beam CB2,
e Allow the personnel to circulate,

Six independent wheels except gantry G1 which is equipped with for wheels and two bogies
of two wheels.

The axle of each wheel is equipped with a greaser.
The backup train is equipped with two separate lighting circuits. 2 x 18 Watt tubes.

The lighting system also includes emergency lighting devices.

3.2 CHARACTERISTICS

Gantries number including connecting beams............ccccce i, 9+2
Total length of backup (without the shield) ............cccccoiiiiiie 921 m
LI L2 PP PP PP PTPPRP single track

3.3 WALKWAYS

Lateral walkways allow circulation on the backup train. The walkways are on the
right side of the back up train. Removable ladders at each end of the backup train
give access to the deck and to the belt conveyor.

3.4 GANTRY 1

Gantry 1 supports:

Grouting pumps,

Grouting tank, hopper and filling zone,
Grouting pumps,

Segment hoist travelling beam,
Loudspeaker,

Belt conveyor,

Ventilation duct,

AIR & WATER DISTRIBUTION :
1 * Industrial air DN20,
1 * Industrial water DN20,
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3.5 GANTRY 2

Gantry 2 supports:
1000L polymer tanks,
Foam pumping unit,
Hydraulic pumps,
Segment hoist travelling beam,
Belt conveyor,
Ventilation duct,
AIR & WATER DISTRIBUTION :
1* Industrial air DN20,
1* Industrial water DN20,

3.6 GANTRY 3

The gantry 3 supports:
2000L tensio-active product tanks,
Power cabinets (AP07/08/09/10/11/12),
Hydraulic tank,
Qil filtration,
Electric distribution cabinet,
Loudspeaker,
Belt conveyor,
Ventilation duct,
AIR & WATER DISTRIBUTION :
1* Industrial air DN20,
1* Industrial water DN20,

3.7 GANTRY 4

Gantry 4 supports:
Main Transformer,
Power cabinets (AP01/02/03/04/05/06),
Belt conveyor,
Ventilation duct,
AIR & WATER DISTRIBUTION :
1* Industrial air DN20,
1* Industrial water DN20.

3.8 GANTRY 5

Gantry 5 supports:
Breathable air tank 5 m> and filter skid,

Industrial air tank 1 m*® and filter skid,
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Dewatering tank,

Dewatering pump unit EXPO05,

HV cell,

Industrial and breathable air filter skid.
Belt conveyor

Loudspeaker,

Ventilation duct,

AIR & WATER DISTRIBUTION :

1* Industrial air DN20,

1* Industrial water DN20,
ELECTRIC DISTRIBUTION CDRO5:
3 x 230V (16A),

1 x 400V (32A).

3.9 GANTRY 6

Gantry 6 supports:
Breathable air compressor,
Industrial air compressor,
Cooling and hot water tanks,
Water pumps units (EGP1/2/3/4/5, ECP01)
Belt conveyor,
Ventilation duct,
AIR & WATER DISTRIBUTION :
1* Industrial air DN20,
1* Industrial water DN20.

3.10 GANTRY 7

Gantry 7 supports:
Bentonite mixer,
Bentonite tank,
Loudspeaker,
Belt conveyor and belt conveyor drive unit,
Ventilation duct,
AIR & WATER DISTRIBUTION :
1* Industrial air DN20,
1* Industrial water DN20,

3.11 GANTRY 8

Gantry 8 supports:
Bentonite injection unit (tank, bentonite, injection pump EYP01),
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Muck diverter,

Breathable air reel,

Hot water exhaust reel,

Belt conveyor,

Video camero for monitoring the position of the muck cars

Ventilation duct,

AIR & WATER DISTRIBUTION :
1* Industrial air DN20,
1* Industrial water DN20.

3.12 GANTRY 9

Gantry 9 supports:
Ventube duct,

Dewatering reel,

Dewatering pump,

Industrial water reel,

HV reel,

Loudspeaker,

Emergency generator,

Air ventilator,

AIR & WATER DISTRIBUTION :
1* Industrial air DN20,

1* Industrial water DN20.
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4 HANDLING
4.1 SEGMENT HANDLING HOIST
41.1 DESCRIPTION

The segment handling system is used to transfer elements of the ring (segments, counter-
keys and key) from the service train to the segment conveyor table.

The handling system is composed of an electric hoist mounted on a trolley driven by an
electric motor.

A supporting rail attached to the top of the connecting beam CB1 and CB2 and gantry GO
and gantry 1 structures allow the translation of the handling trolley.

The hoist and the trolley are remote controlled using a portable radio.

The self locking gripping system is mechanic.

4.1.2 CHARACTERISTICS
Lifting capacity (not including safety factor) .........cccooiiii s 451
Lift NEIGNT ... 3m
Lift SPEEA .. e 4/1 m/min
Translation StrOKE..........uiii i 24 m
Translation SPEEQ.......coou i 24/6 m/min
o] = o031 USSR 7 kW

4.2 HANDLING OF THE VENTILATION DUCT CASSETTE
4.2.1 DESCRIPTION
For every 100 meters of tunnel a ventilation duct cassette (cassette containing the ribbed
conduit for the air supply) must be removed and replaced with a full cassette. The full and

empty cartridges are transported by the service train.

The removal and replacement operations are carried out using 2 electric hoists attached to
the upper part of gantry 9 and to a system of return pulleys.

The hoists start-up is controlled electrically by means of a control box situated to the left of

the gantry.
422 CHARACTERISTICS
QUANEIEY .o 2 double chains
Electric hoist CapaCity..........cooiiiiiiiiiiiie e 2x500 kg
LiftiNg STrOKE ... 3.5m
Lifting SPEEA ... 2/ 8 m/min.
[0 1T R 2,3/0,57 kW
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4.3 RAIL SECTION HANDLING

43.1

4.3.2

DESCRIPTION

As the tunnelling machine progresses, the progression of the service train requires that
additional track elements are positioned on the bottom slab.

The segment handling hoist, fitted with hooks and slicks, is used to carry the rails or pipes
from the center of the back-up train to their fixing location.

CHARACTERISTICS

QuaNtity Of NOISES......ciueieiiie e 4
Manuel hoist CaPaCItY...........ueiiiiiiiie e 2,5kN
LiftiNg SIrOKE .. 3m
MaNUAIFOIIEYS ..o e 4

4.4 BARREL HANDLING

44.1

4.4.2

DESCRIPTION

A monorail fitted with a manual hoist and chain trolley is located on the left side of
connecting beam CB1. Arriving from gantry 1, each barrel is placed on a trolley at the front
of connecting beam CB2 and pushed sideways towards the barrel handling hoist. Then the
barrel is transported to the grease and mastic pump area on the connecting beam CB1.

CHARACTERISTICS
QUANTIEY ..ottt et e e e e b e e s e enae e e b e e e anreeeree e e 1
Electric hoist Capacity........cccccoveeiiiiiiii e 12.5 KN
LiftiNg SIrOKE ... 3m
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5 CIRCUITS
5.1 HIGH PRESSURE FLUID CIRCUIT
511 MAIN HYDRAULIC SKID

5.1.1.1 DESCRIPTION

The hydraulic powerhouse supplies hydraulic energy to the various components
of the tunnelling machine. The energy supplied to the various elements is
generated by electrically driven pumps.

The hydraulic powerhouse, situated on hydraulic skid , is mainly composed of:

An oil tank with a capacity of 6m> equipped with a JZ0100 filtration unit and
water/oil heat exchanger,

A pump (JZ 4500) supplying hydraulic energy to the screw conveyor gate
cylinders, safety gate cylinders and screw conveyor retraction cylinders,

Two pumping units (JZ 2000 + JZ 2010+ JZ 2020+ JZ 2030) supplying hydraulic
energy to the thrust cylinders and the articulation cylinders,

Two pumping units (JZ 5000 and JZ 5302) supplying hydraulic energy to the
erector cylinders and motorisation,

Three pumping units (JZ 4100, JZ 4200 and JZ 4300) supplying hydraulic energy to
the screw conveyor motors,

A pumping unit (JZ 7000) supplying hydraulic energy to the segment conveyor
table cylinders and to the bogies cylinder,

a pumping unit (JZ 1100, JZ 1200 JZ 1300, JZ 1400 ) supplying hydraulic energy
to the motors of the drive unit,

The oil tank is filtered to 5 p and cooled using an air/water heat exchanger.

5.1.1.2 CHARACTERISTICS

MAIN OIL TANK

(71 o 1= T | SRR 6m°
Filtration by pump JZ 0100

Filtration ... 5um
POWET . e 11 kW
SPEEA . 1465 rpm
FIOW ..ttt 450 I/min
OPErating PreSSUIE .......ceiiiiiiie ettt e e e e e et e e e e enee e e e neees 6 bars
Water cooling fIOW .......c.ueiiiiiiiie e 11,4 m3/h
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5.12 GROUTING HYDRAULIC SKID

5.1.2.1 DESCRIPTION

The grouting hydraulic skid is used to control and supply the electrically driven
pumps for the mortar injection lines and the mixer in the mortar tank.

The grouting hydraulic skid, situated on gantry G1 is mainly composed of:
An oil tank 800I.
A pumping unit (JZ 0595) driving a motor that operates the agitators,

A pumping unit (JZ 0592) ensuring circulation of the tank’s oil for filtration and
cooling,

4 pumping units (JZ 0550 /JZ 0560/ JZ 0570/ JZ 0580) driving the 2 mortar
injection pumps,

The oil in the tank is filtered to 5 um and cooled using a water/oil heat exchanger.

5.1.2.2 CHARACTERISTICS

Driven by hydraulic power pack JZ0550/0560/0570/0580

POWET ..t s e e e e 2x30 kW
SPEEA .. e e 1470 rpm
FIOW Vari@ble .......cooiiiieeiee e 110,25 I/min
Cylinder CAPACITY ....eviiiiiiii et 75 cm3/rev
OPErating PrESSUIE .......uieieiciiiieeiiiiie e ettt e e ettt e e e st e e s stae e e e sbeeeeesnseeeeeaans 180 bar

Hydraulic mortar agitator

POWET . e 15 kW
SPEEA MAXI ..t e e e e e e e e e e e aanes 11 rpm
1037, 1o 1= doz=T o =TT SO 3 lhr
1Yo (o g (o] o [ [ PPt 7.5 KN.m
Driven by hydraulic power pack JZ0595

SPEEA ..o aa s 1440 rpm
FIOW ..t 14 1/min
Cylinder CapPaCIY .....ccoiuuiiieiiee e 9,71 cm3tr
Operating PreSSUIE ....ccoiiieeiieiee e et e e e e e e e e e e e e e e e e annes 300 bar
Driven by hydraulic power pack JZ0592

0T 0= o SRR 1440 rpm
FIOW <.t 100 I/min
CyliNder CAPACILY ....eeieeeeiiiciieeee et 71 cm3ftr
OPperating Pre&SSUIE .....ccuuuiiiiiieee et e e e e e e s e e e e e e e e aaeee s 10 bar
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5.2 LOW PRESSURE FLUID CIRCUIT
521 BEARING LUBRICATION

5.2.1.1 DESCRIPTION

This system lubricates the bearing lines, the annular gear, and the motor drive
pinions.

The welded framework of the motor assembly is itself the oil tank in which the
bearing, annular gear and drive pinions are immersed.

This structure has a maintenance door, a drainage valve, and, in its upper
section a level indicator and a breather.

Lubrication is carried out by one circuit for lubrication of the bearing lines and
gear teeth.

This lubrication is ensured by a pumping unit (JZ 0310) with four injection points
situated in the upper part of the annular gear and two suction points in the lower
part.

A maintenance door is supplied to provide access to each of the pinions.
On the lubrication circuit, a pressure gauge indicates the oil pressure.

A thermostat controls the temperature increase of the oil and flow meter controls
the passage of fluid.

5.2.1.2 CHARACTERISTICS

(O 1 18 1/ o 1= RO PRSP VG 680 cst
Oil injection in the main bearing ...........cccco i, 4 points
TaNK CAPACIHY ..eeeeiiieiie e 700 |
1= 11 SRR 25 um
Driven by hydraulic pump JZ0310

0 1YY 2,2 kW
S 0= o SR 1480 rpm
FIOW . e 25 |/min
Operating PreSSUIE ... ... e e e e e e e e e e e e e e e e nneneeeeas 6 bars

5.2.2 BREATHABLE AIR PRODUCTION UNIT

5.2.2.1 DESCRIPTION

The role of the breathable air is to maintain and renew a sufficient volume of air
for the presence of the personnel in the main man lock chamber, emergency man
lock and cutting chamber.

Distribution to the cutting chamber is sized to allow confinement of compressed
air.

The production of breathable air is carried out by a compressor installed on
gantry G6. The compressor is cooled by the cooling water circuit.

The air circuit is permanently connected at a pressure of 7 bar to the customer’s
air circuit via the breathable air supply reel.
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The tank is equipped with a safety valve set at 8 bar, a non-return valve at the
tank inlet, a pressure reading valve and a pressure gauge giving the internal
pressure of the tank.
As it leaves the 5 m® tank, the air passes through 2 filtering stages and is
distributed to the man locks and cutting chamber by 2 independent lines.
Each line is equipped with flexible pipes, valves. Only one of these lines is
permanently open, the other is used as a backup.
NB: For safety reasons, the breathable air circuit can be connected to the
industrial air circuit if the industrial air circuit fails and vice versa.
5222 CHARACTERISTICS
POWET COMPIESSON ...ttt a e e 110 kW
NEEAET FIOW ..o 1130 Nm3/h
Operating PreSSUIE ... e e e e e e e e e e e e e e e enneeeeeeas 10 bar
Supplied by 1 pipe installed in the tunnel ... DN50
Reel hose diameter ... DN50
Elongation CapacCity .......cooueeiiiiiiieee e 8m
TaNK CAPACIHY «.eeeeeieiiee e e 5m3
Filtration NUMDET ........ooii e 1+1
SUPPIY CAPACIY ... 1130 Nm3/h
PrESSUNE ...t e e e e et e e e e e e eas 7 bars
523 INDUSTRIAL AIR PRODUCTION UNIT

5.2.3.1 DESCRIPTION

The industrial air circuit supplies compressed air to the pneumatic components
and the grease pumps, the grout injection pumps and the foam injection circuit.

An air compressor situated on gantry G6, permanently cooled by the water
circuit, supplies a tank of 1 m3.

The tank is equipped with a safety valve set at 10 bar, a back-flow stop valve at
the tank inlet and a pressure gauge giving the internal pressure of the tank.

At the tank outflow, the distribution circuit is filtered in 2 filtration levels and dried
by a dryer equipped with an automatic bleeder.

Each gantry is served at 1 points.

5.2.3.2 CHARACTERISTICS

POWET COMPIESSO ...eiiiiiiiee et e e e e e e e e e e eeneeeeeeaeee s 45 KW
FIOW -ttt 350 Nm® /h
Operating PreSSUIE ......coiiiiuiiiie ettt e et e e sbeeee e 10 bars
TaNK CAPACILY ... 1m3
Distribution .........c........... 1 on each gantry with CB1 exception + 2 in the shield
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524 VENTILATION CIRCUIT
5.24.1 DESCRIPTION
The tunnelling machine is supplied with fresh air via a ribbed conduit (vent duct)
with a diameter of 1200 mm that arrives at the rear of the tunnelling machine
through a ventilation duct cassette attached to gantry G9.
Used air is sucked out from the shield by an extraction fan. The main suction
mouth is situated at the front of the tunnelling machine, but the adjustable
registers (shutters) ensure ventilation of:
- The hydraulic units situated on gantry G2 (2m3/s) ,
> the electric transformer situated on gantry G4 (1m?s).
5242 CHARACTERISTICS
Primary ventilation (contractor) :
Flexible ventilation shaft:...........cccooiiiiii e, @ 1200 mm
Elongation Capacity: ..........eooiiiiiiiie e 100 m
AT TIOW: et e e e s 10 m*/s
EXIraction fan @ ... 1
F O et e e e e anba e e e annaees 6 m’/s
TOAl TOSS e 1900 Pa
PO e 15kW
Rotation speed of the motor:...........cccoooooiiiii e, 3000 rpm
Extraction conduit............coooiiiiiiii e @710 mm
525 CENTRALISED GREASING

5251

5.25.2

DESCRIPTION

The purpose of the centralised greasing is to provide an adjustable supply of
grease to the motor seals, the screw conveyor casings, the copy cutters and the
articulation seals of the shields and rotary seal.

All these components are installed on connecting beam CB2.

Two types of grease are used:
NLGI2 GREASE
Cutter head seal greasing is carried out by one pumping unit (JZ 0400).

Centralised greasing by 1 extruder pump JZ0400 for 200 kg barrel
GrEASE LY P et NLGI 2

Number of injection points of drive seals:
Front external chamber ..............oovveiiiiiiiiiee. 9 points x 2,3 cm®/min

Middle external chamber............ccccceveeee i, 7 points x 1,3 cm*/min
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Front internal chamber.............coccceiiiiii i, 6 points x 3,3cm*/min
Middle internal chamber................ccccc 6 points x 3, 3 cm®/min
Injection in the screw drive.........ccccceeeiiiiiiii e, 3 points x 5 cm*/min
Injection in the screw telescope........... 3 points x 1,7 cm’/h in excavation mode

3 points x 1,7 cm*/min in retraction mode
Injection in the articulation seals .......... 7 points x 14 cm®/h in excavation mode
7 points x 14 cm®/min in articulation mode
Injection in the rotary joint ...........ccccooiiiii 1 points x 0,1 cm*/min
Injection in the copy cutter ..........cccoiiiiii e 2 points x 0,3 cm®min
POWET ... s pneumatic
FIOW ..o 100 cm3/min
OPperating PreSSUIE ........ciiiiiiiiei ittt sreeeeeaaee 100 bar
MaXiMUIM PrESSUIE......eeiiiiiiiie ittt et 200 bar
Inlet pressure required for the pumP ..o, 10 bar
5.25.3 HBW GREASE
One pumping unit (JZ 0450) is used for other injection points.
Greasing by 1 extruder pump JZ0450 for 200 kg barrel
(€] T 1Yo = SRS HBW
Number of injection points in the labyrinth:
191 (=] 1 = | 7 points x 30 cm®min
EXEEIMNAL.....ci i 9 points x 30 cm*/min
Injection in the rotary joint ............ccccoeiiiiii 1 point x 30 cm®min
POWET ... s pneumatic
FIOW ..o 500 cm3/min
OPperating PreSSUIE ........ciiiiiiiie ittt e e sbeeee e e 100 bar
MaXiMUIM PrESSUIE.......eiiiiiiiiie ettt ettt e e e 200 bar
Inlet pressure required for the pumP ..., 10 bar
5.2.6 TAIL SEAL GREASING

5.2.6.1 DESCRIPTION

The greasing is injected to maintain the tightness in the brushes between the
terrain and the inside of the tunnelling machine.

Centralised greasing by a sequential type pneumatic pump JZ 0601 for 200 kg
barrel situated on gantry CB2 which feeds pneumatic distributors supplying in
turn :
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The 16 tail seal injection points,
The 4 articulation injection points
The injection points for the screw conveyor casing

At the pneumatic distributor, the order of passage from one point to another is
determined by the number of pump strokes. This can be set as a parameter. If
the pressure reaches the maximum set threshold at a given point, the order is
given to pass to another point and an alarm is displayed in the drive room.

The injection is monitored at each of the tail seal brush injection line by pressure
sensors.

The flow is stopped automatically when the head is stopped, but can also be
forced from the control cabin by the switch on the control panel of the cabin.

5.2.6.2 CHARACTERISTICS

(] (=T ET= R 1Y o1 T RSP PERRR WR 89
Injection of taill S€Al...........ccoeiiiiiiiiiie e 2 x 8 points
Injection in the articulation......................cc 4 points
Injection in the screw telescope ..........cccoeeeeiiii 2 points
Injection in the safety gate of SCrew...........ccccooooeiiiiiiiiii e 4 points

Tail grease supply by pneumatic pump with 200 kg barrel

Maximum operating pressure /rear shield................cccooviiiiieeieeeeccccinne, 10 bar

Maximum pressure / pump OULPUL..........ccooiiiiiiiiiee e 200 bar

EXPECIEA FIOW...cooiiiiieeee et 1,5 kg/min
5.2.7 DEWATERING CIRCUIT

The dewatering circuit evacuates surplus water accumulated in the various parts
of the tunnelling machine. The accumulated water is of 2 types:

Water infiltration,

Consumed water for cleaning and cooling.

The dewatering circuit is composed of:

1 pump EXPO04 at the rear of gantry G9,

1 pump EX P 01 in the rear shield,

1 pump EX P 02 on CB1 located under the belt conveyor,

1 emergency pump EX P 03 situated under the connecting beam CB2,
1 evacuation pump EXP05 in the G5.

EXP05 and EXPO03 allows evacuation of used water to the surface via the
exhaust water reel located on gantry G9

All the other pumps are connected to a tank located in gantry 5 that collects the
water coming from the cooling circuit.

The emergency pump EX P 03 may sometimes operate when the tunnel is
flooded.
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The pump EXPO2 is often operating for sucking water that falls down from the
belt conveyor.

5.27.1 CHARACTERISTICS

ANAIOGIC PrESSUIE SENSOT .....uuueueeeiniieeieiene s nas 1

5.2.8 GROUTING INJECTION

5.2.8.1 DESCRIPTION

The backup train is equipped with a tank situated on gantry 1.

This tank is regularly supplied with mortar by transfer pumps from a
transportation tank on the service train. A hopper allows the mortar mixing during
storage in the tank.

The mortar is distributed from the tank to the 8 injections lines (4 normal lines and
4 emergency lines) by 2 double action mortar pumps, each piston injects mortar
into a line.

Each line is equipped with a mortar pressure sensor.

The mortar pumps and the tank mixer are supplied by an independent hydraulic
skid.

If one of the pumps is unavailable (maintenance, failure, etc.), an alternative
distributor can be connected to the operational pump so that all 4 distribution
lines are supplied.

The mortar pumps are installed above a tank that catches the drops. This tank
shall be manually cleaned very oftenly.

5.2.8.2 CHARACTERISTICS

Injection by 2 twin piston pumps

THEOTEHCAl FIOW ....veeeeeeieiei et 2x7,5m’h

EffECtIVE FOW ..ovoveiececiiet e 2x7,5m’h

Number of injection points (normal & emergency)...........cocceevviieeeeiniienenns 4+4

PUMP PrESSUIE ...t a e e e e e 30 bar

Pressure at injection POiNt .........c.cooiiiiii 3 bar

Agitator tank CapaCItY ......cceeeeiiiiiiiiiiie e 5,5m3
5.2.9 BENTONITE INJECTION

5.2.9.1 DESCRIPTION

Bentonite is injected to lubricate the cutting tools, and to favour sliding of the
shield over sticky terrain while partially dissolving the humidity of the excavated
terrain and making the tunnel walls more rigid.
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The bentonite injection circuit is composed of :
e A tank situated on gantry 8 equipped with two hoppers that constantly
agitates the product,

o Two mixer agitators located on gantry 7 to prepare the bentonite,

e Two pressure vessels located on connecting beam CB2,
Before injection in the cutting chamber by the means of pumping unit EYP01,
the bentonite fills up two pressure shells, EYR.02 and EYR.03, located on CB2.
A quantity of air is kept in these pressure vessel in order to damp the increase
of pressure in the bentonite circuit when the cutting chamber is filled up.
After use, the bentonite is collected from the bottom of the front shield to the
muck car by the pump EYPO02.
Bentonite may be injected into several foam injection points.

5.2.9.2 CHARACTERISTICS
MIXER: <.ttt et e e st e s e e nteeste e sneesnaeante e be e reenneenneas 2
Electric mixer pOWer: ........ccooiiiieiiiiiie e 2 x22 kW + 2x 3 kW
CAPACHY e 2x1300 1
Agitator motor Speed .........oooi i 2100 rpm
L= 1SRRI 2
CaAPACHY e 8000 |
[ (o] o] o= = PR 2
[0 1YY N 0,75 kW
Analogic level deteCtor...... ..o 1
PUMPING UNIT EYPO1
POWET . e 30 kW
PRESSURE VESSEL
CAPACHY oo 2x900I
Pressure tranSAUCET .........ouuiiii e 1
Analogic level deteCtor...... ..o 1
PUMPING UNIT EYPO2
POWET .t 15kW
5.2.10 FOAM INJECTION UNIT
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5.2.10.1 DESCRIPTION

The injection of foam to the working face allows the friction of the cutter head
against the terrain and the infiltration of water to be reduced, and homogenises
the excavated material.
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The foam is a mixture of water, tensio-active products (a product capable of
producing bubbles like soap, with good stability under pressure and in time),
polymers (product composed of long chain molecules giving a real characteristic
to the bubble) and air.

The installation is mainly composed of:

A solution preparation plant including the polymer pumping unit and the
tensio_active pumping unit.

A polymer tank ,

A tensio-active tank,

A foam solution regulation skid,
An air regulation skid

8 foam generators.

The tanks are regularly supplied by pneumatic transfer pumps (contractor supply)
from 200 litres barrels situated on the service train.

Each product (tensioactive, polymer) is injected in the water by a feed pump to
obtain the foam solution. The solution is then directed to the foam solution
regulation skid where it is divided into 8 independent lines.

The air regulation skids generates 8 independent air flow lines from the industrial
air supply that are mixed to the 8 foam solution lines in the 8 foam generators.

Valves allow each product to be isolated (tensioactive and polymer) of each foam
line to be isolated.

The foam is distributed to the working face via the rotary seal.

5.2.10.2 CHARACTERISTICS

Number of injection lines:

S BUIKREAA ... 3
= SCIEW CONMVEY O ....cciitiieeeiteeeeeetteeeesasteeeessstaeeessnteeaeeasaeaeeasbeeeeaanteeeeaassenassansees 3
= CULEI NEAT ... e 6
Number of cutter head INJECION..........c.ueiiiiiiiiie e 6
Total injection capacity - 10 bars..........cccceeiriiiiiiiie e 265 Nm°h
Tensio-active product (gantry 3)

TaNK CAPACILY ... 2000 |
Pumping unit EO.P.OT ... 1
Maximum Varable FOW..............co.cooeeeeceeeeeeeeeeeeeeeeeee s 0,6 m*h
MaXimUM PreSSUNE..........cceeieeeeeeee ettt eeeees 10 bar

Polymer product (gantry 2)

TaNK CAPACIHTY -.eeeeeieiiiee e e 1000 |
Pumping unit EO.P.O2...... ..o e 1
Maximum variable fOW..............ccocuiieiieinceeeieeseeee e 0,18 m*h
MaXimMUM PIrESSUIE......uuiiiiiiieeeeiectieee e e e e e e s e errer e e e e e e s e earrar e e e e e e e s e nnnraaeees 10 bars
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5211 INDUSTRIAL AND COOLING WATER SYSTEM

5.2.11.1 DESCRIPTION

The industrial water circulates through piping in the tunnel. The piping is
connected to a winding reel situated on gantry 5 and feeds a tank.

The tank is made of two compartments, a 3.5 m®> compartment (“cold” tank) and
a 1 m’® compartment (“hot’ tank). The 3.5 m® compartment is used as a heat
exchanger. The cooling water return circuit is connected to the 1 m? hot tank and
overflows in the 3.5 m® cold tank compartment. When the cold tank is too hot, the
return circuit is diverted to the dewatering tank and fresh waters coming from the
GO reel flows in.

An over-pressuring installation composed of pumps situated under the tank
ensure the total flow and pressure of the distribution circuit.

The industrial water circuit connects up :
Distribution points equipped with valves on each platform of the gantry,

The cooling circuit for compressors, drive unit reducers, back grouting hydraulic
pack, main hydraulic power pack,

The manlock,
The injection in the cutting chamber,

The foam manufacturing circuit

5.2.11.2 CHARACTERISTICS

Supplied by 1 pipe installed in the tunnel.............cccccooiiiiiiie, DN65
HOSE diamEter ... DNG65
Elongation CapaCity .........oocueeiiiiiiiii i 8m
Normal pressure of SUPPLY «.ocooiieeee e 3 bar
Normal floW SUPPIY ...t 40 m3/h
Normal pressure of SUPPIY ....cooveiiiiiieeie e 7 bar
Required maximum flOW............oiii e 80 m3/h
1= 11 SR 500 p
Required maximum temperature.............cccoiiiiiiiiiiieee e 20°C

COOLING PUMP EGPO1:

FIOW .o en e 4,5 m3/h
MaXimUM PrESSUNE........cooiiiiieiiieeeeeeeeeeeeeeeeeeeeeeeeee ettt eeeaeaeees 7 bar
POWET .. 2.2kW
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Mortar Hydraulic power pack and reducers cooling circuit pump EGPO1:

Required flow ... (2,4+2,1) 4,5m3/h
PrESSUIE ...t 7 bar
Water temperature inlet/outlet.............ocveveviiiii i, 25/45°C
[0 )T V=) T 2,2 kW
Hydraulic power pack cooling circuit EGP02:

ReQUIrEd FIOW ....eoeiiiiiiiee e 11,4 m3/h
PrESSUIE ... .o e 7 bar
Maximum oil temperature...........cccuvveeiie i 50°C
Water temperature inlet/outlet.............ccooeeeiiiiiiii 25/45°C
POWET .. 4 kW

Breathable and industrial air compressor cooling circuit and cutting
chamber injection and water supply network EGPO04:

FLOW <.ttt neee (2,8+1) 3,8 m3/h
MaXiMUM PIrESSUIE..... et e e e e e e e e e e e e e e e enaeeeeeaaean 3 bar
POWET .. 4 kW
Cutting chamber water injection

FIOW 1ottt 8 m’h
MaXimMUM PrESSUIE ... .. it e e e e e e e e e e e e e eeeeeas 10 bars

Industrial water constant pressure pump for foam circuit :

ReQUIrEd FIOW ....eeiieiii e 12m?
MaXimUM PreESSUNE.........ccoiieieeeeeeeeeeeeeeeeeeeeee et eeeees 10 bar
Water temperature inlet/outlet.............cocoeeiiiiiii 25/45°C
POWET .. 5.5 kW

DEWATERING CIRCUIT

Supplied by 1 pipe installed in the tunnel............ccccccooeiiii e, DN125
HOSE diameEter.. ..o DN80
Required maxim flOW........c.ooiiiiiiiii e 19 m3/h
PrESSUIE ... e e e e e e e e e eaaaaas 3,5 bars

5.2.12 FLUID HOSE REELS

The backup train is equipped with the following additional winding REELS:
A dewatering circuit winding reel situated on gantry 9,

An industrial water winding drum situated on gantry 9,

A breathable air winding reel situated on gantry 8,

A cooling water exhaust winding reel situated on gantry G8.

These winding reels are connected to their respective networks.
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5.3 ELECTRIC AND TELECOMMUNICATION CIRCUITS
531 TRANSFORMER

5.3.1.1 DESCRIPTION

Electrical energy for the tunnelling machine is transformed from high voltage to
low voltage by one transformer, located on gantry 4, and some auxiliary
transformers located in gantry 3 and gantry 4. It supplies the electric power
cabinets.

The electrical connection for the transformer is connected on a HV winding drum
situated on gantry 9

5.3.1.2 CHARACTERISTICS

MAIN TRANSFORMER: ...ttt 1
T8 o] o] VA =10 <o) o PRSP RR 20 kV
OUEE TENSION ...t 400V
FreQUENCY ..o 50 Hz
POWET ...ttt 2000 kV.A
117/ 0= silicone oil cooled
Available teNSIONS .........ociiiii i 400 V
AUXILIARY TRANSFORMERS ........oooiiiiiiiii e 6
SUPPIY TENSION oo e e e e 400 V
OUEt TENSION ...t 230V
Yo [ U= o [ox YRR 50 Hz
POWET ..o (8+10+0,4+2,5+10+10) 40,9 kV.A
5.3.2 EMERGENCY GENERATOR

5.3.2.1 DESCRIPTION

The alternator situated on gantry 9 supplies electric power when the electricity
supply circuits are cut off during cable lengthening phases or as a backup for :

The dewatering circuit pumps,

The HV cable winding reel,

The ventilation (blowing),

The electrical distribution boxes,

The backup lighting system,

The elements ensuring that the confining pressure is maintained,

The sensors, actuators and automations.
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Its main component is a Diesel powered heat engine that drives an alternator by
means of a coupling. A removable safety hood protects the assembly. The
smoke is expulsed by the means of the ventilator.

The full-load output voltage ensured by the alternator is 400 Volts.

5.3.22 CHARACTERISTICS

(oYY 200 kVA

5.3.3 LIGHTING

5.3.3.1 DESCRIPTION

Lighting is made of 2 types of neon tubes ( normal lights, emergency lights), and some
floodlights (sodium lights).

Normal lights are located on each gantry and into the shield assembly. Emergency lights
are approximately located on one gantry over two.

5.3.3.2 CHARACTERISTICS

Normal lighting ..o 30 lights of 2x18 W
Emergency lighting..........ooooo 10 lights of 2x18 W
Sodium lighting with cold Window..............cccccciiiiiiieiiiiiie. 4 lights of 150 W

53.4 HV REEL

5.3.4.1 DESCRIPTION

The backup train is equipped with a HV cable reel.

Cable guides equipped with bobbins are supplied on the wall to guide the cables
during unwinding (contractor supply).

The HV reel installed on gantry G9 unwinds and rewinds electric cable supplying
the electric transformer, as the tunnelling machine advances.

As the tunnelling machine moves forward, the cable unwinds slowly from the reel
on which it is mounted. It is connected at its end to a connector on the
customer’s circuit.

The HV reel is equipped with a limit switch that stops the progress of the
tunnelling machine approximately every 300 meters.

After it is disconnected from the customer’s circuit, the freed cable is wound
around the drum. During this time the alternator powers the backup circuits.

The drum is rotated by a belt linked to the pulley of an electric motor.

When the cable is wound, its end is connected again to the customer’'s
connector, who has at the same time added a 300 meter long fixed cable in the
tunnel.
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5.3.4.2 CHARACTERISTICS
Drum CAPACIY ....eeeeiiiiiieee e 300 m
Winding /unwinding SPEEd .........cocuiiiiiiiiiieiee e 15 m/min
Maximum traction..............cccc 2100 N
MOLOr POWET ... 1.5 kW
Cable used .......cc.ccovvrureerennn. Panzerflex 12/20 kV — 3 x 25mm?/ 3 x 10mm?
5.35 COMMUNICATION CABLE
Cable
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