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A DANGER

This machine is powered by
high voltage electricity.

- ©
<

Failure to lockout power before servicing will
cause severe personal injury or death.

LOCKOUT main power supply before servicing.
ONLY a qualified and trained technician can
operate this equipment. Electrical repairs must
be performed only by a certified electrician.
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110V/240V/480V Electrical System Maintenance Shutdown Procedure

A DANGER

Failure to lockout/tagout power before servicing will
cause severe injury or death from electrocution or
contact with moving parts.

- ©
<

BEFORE servicing the 110V/240V/480V electrical components

of the EPB, perform the following procedure:

1. Push E-Stop button and lockout/tagout ALL power.

2. Remove fuses to electrical device(s) to prevent accidental
start up. Person performing maintenance must keep fuses
in his possession until maintenance is complete.

. Close door to electrical box if it must be re-energized.

. Turn on main power (if needed) for lights, etc.

. Perform maintenance to electrical device.

. Once maintenance/service is complete, shut down,
lockout/tagout ALL power.

. Reinstall device fuses.

. Close and secure electrical box cover.

. Turn on main power.
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4160V Electrical System Maintenance Shutdown Procedure

A DANGER

Failure to lockout/tagout power before servicing will
cause severe injury or death from electrocution or
contact with moving parts.

- O
<

BEFORE servicing the 4160V electrical components of the EPB, perform the

following procedure:

1. Push E-Stop button.

2. Once the E-Stop button is pushed in, the EPB 4160V Power Disconnect Output
Line will automatically open (closed is power). The lights on the Output Line
monitor will go off.

3. On Auxiliary Power, use crank to move auxiliary line to open position. The
lights in the Auxiliary Line Monitor will go off.

4. Open auxiliary grounding switch cover and use crank in disconnect to turn it to
ground. This will ground the power line. The Auxiliary Line Monitor will move
to ground symbol. The Safe To Unplug 4160V Power Cable OFF (green light)
indicator will illuminate.

5. Turn the 480V Main Disconnect to OFF and lockout/tagout all power.

6. Perform maintenance.

7. Once maintenance/service is complete, perform the following steps.

7a. Turn on power to Power Container.

7b. Move Auxiliary Ground switch to open position.

7c. Move Auxiliary Line to close position.

7d. Pull out E-Stop.

7e. Press the 4160V Power ON button on Power Container.

NOTICE The High Voltage light should illuminate. If the light does not
illuminate, contact a certified electrician to resolve the problem with the 4160V
electrical system.
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A DANGER

Any one in the area between
the cutter head and the EPB
bulkhead while the cutter head
is rotating WILL BE KILLED.

you must perform lockout tag
out, and remove cutter head
fuses in switch gear car.



Introduction

This operator’s manual contains important safety, operation, and maintenance information for your
Akkerman Earth Pressure Balance (EPB) machine. You must read and understand this manual before
you operate and maintain this equipment. Keep this manual in your EPB at all times. Additional copies of
this manual may be purchased from the Akkerman Product Support Department, or downloaded from the
Akkerman web site at www.akkerman.com.

The contractor is responsible for the overall safety program on the job site. Use this manual as a part of
the safety program.

The use of second rate parts could affect the efficient performance of the Earth Pressure Balance
Machine. ALWAYS use genuine Akkerman parts.

Understand safety signal words, DANGER, WARNING, CAUTION, SAFETY INSTRUCTIONS, and
NOTICE. When you see these words in this manual or on safety decals mounted on your equipment,
follow the safety message to avoid personal injury and/or property damage.

A DANGER Indicates an extremely hazardous situation which, if not avoided, WILL result in death

or serious injury.

AWARNING Indicates a potentially hazardous situation which, if not avoided, COULD result in death

or serious injury.

A CAUTION Indicates a potentially hazardous situation, which, if not avoided, MAY result in minor or

moderate injury. It may also be used to alert against unsafe practices.

SAFETY
LEIGT2I N Usually consists of individual messages stating procedures or actions that must be

followed for the safe operation of a product.

NOTICE Identifies potential property damage and important installation, operator, or

maintenance information.

Akkerman
Earth Pressure
Balance System

Earth pressure balance is a type of “trenchless technology.” The Earth Pressure Balance Machine
(EPBM) applies pressure to the material at the front of the cutter head and controls the amount of
material excavated to prevent over and under mining. The basic operation of a earth pressure balance
system consists of a earth pressure balance machine for piloting the course and excavating the ground.
Simultaneously, a foam/bentonite slurry mixture is pumped to the EPBM, and mixed with the spoils in
the plenum chamber. This foam/bentonite slurry is then augered through a screw conveyor system then
onto a belt conveyor to the muck cars. Once the muck cars are full, they are removed from the pipeline
via a haul unit to the unloading area where the muck bucket is hoisted out of the shaft and unloaded.
The tunnel is constructed as the EPBM bores through the ground with a segment erector. The segment
erector places six concrete segments to build a complete ring within the jacking can of the EPBM. Once
the complete ring is built, the EPBM hydraulic jacking cylinders are used to advance the EPBM by
applying pressure to the concrete segments which applies pressure to the thrust block or other support
structure pushing the EPBM forward. When the jacking cylinders are fully extended, the cylinders are
retracted and the tunnel construction continues.

If you find any errors with this manual or know of ways to improve procedures, please let us know. Mail
your suggestions to: Akkerman Inc, ATTN: Technical Publications, 58256 266th Street, Brownsdale, MN
55918. Akkerman Inc. reserves the right to improve its product without notice or obligation.
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Safety

BE ALERT FOR SAFETY INFORMATION

When you see this safety alert symbol on your
equipment or in this manual, be alert to the
possibility of personal injury or property damage.

Read all safety information.

Keep safety decals clean and in good condition.
Replace missing or damaged safety decals.

ATTENTION!
BECOME ALERT!
YOUR SAFETY IS INVOLVED!

READ OPERATOR’S MANUAL

AWARNING Unsafe operation or

maintenance can cause severe injury or death.

Read and understand the Operator’'s Manuals
before operating or servicing this equipment.

Any unauthorized modifications will void the
warranty.

WEAR PROTECTIVE CLOTHING

Wear OSHA approved protective clothing, such
as hard hat, gloves, safety goggles, earmuffs or
ear plugs, face shield, and steel-toed boots, when
operating and servicing this equipment.

Wear reasonably close fitting clothing and remove
jewelry before working on or near this equipment.
This will help prevent the danger of catching them
in moving parts or controls.

epbom113.5 1-1 0209



Safety

LOCKOUT/TAGOUT POWER BEFORE SERVICING

A DANGER Failure to lockout power before
servicing will cause severe personal injury or <
death.
LOCKOUT/TAGOUT main power supply before
servicing. Electrical repairs must be performed only
by a certified electrician.

HYDRAULIC OIL/FLUIDS UNDER PRESSURE

AWARNING Escaping oil or other fluids under

pressure can penetrate your skin causing serious
injury or death.

Release all pressure before performing
maintenance or repairs. Never weld near
pressurized fluid lines.

DO NOT use your hands to check for leaks.
When searching for leaks, use a piece of wood or
cardboard.

Contact medical help immediately if any oil or
fluid is injected into your skin. A serious infection

or reaction can emerge without proper medical
treatment.

BEWARE OF SUSPENDED LOADS

AWARNING Suspended loads may fall and

cause severe personal injury or death.

If a hydraulic hose from the boom of a crane or
excavator breaks, the boom can fall instantly.

Do not enter area under or around a load.

CUTTERHEAD MAINTENANCE

A DANGER Anyone in the area between

the cutterhead and the EPB bulkhead while the
cutterhead is rotating WILL BE KILLED.

BEFORE entering this area, you MUST perform
lockout/tagout, and remove cutterhead fuses in
switch gear car (480V Box 1 and 480V Box 2).
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Safety
KEEP PERSONNEL AWAY FROM MOVING PARTS

AWARNING Crushing hazard.

Keep personnel away from jacking cylinders.
Failure to do so could result in serious personal
injury or death.

UNAUTHORIZED WELDING

AWARNING Unauthorized welding can

cause structural and/or electrical component failure
resulting in possible injury or death.

Do not weld on any structural member.
Unauthorized welding or repair will void the
warranty.

REGULARLY CLEAN AND INSPECT EQUIPMENT

Remove any grease, oil, or debris buildup to avoid
potential injury or equipment damage.

Inspect equipment for damage. If damaged, repair
or replace immediately.

INSPECT ELECTRICAL CONNECTIONS

AWARNING Regularly inspect electrical

connections to be sure they are secure. Failure to
do so could cause an explosion if moisture enters a
unsecured electrical connection.
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Safety

PRACTICE SAFE MAINTENANCE
AWARNING Unexpected equipment
movement may cause serious personal injury.

LOCKOUT/TAGOUT power before performing any
maintenance.

Shut down equipment before making repairs,
adjustments, or removing obstructions.

Only trained and qualified personnel should h ‘

perform any maintenance or repairs.

Keep the area around the equipment clean and dry
when performing maintenance.

Do not service the machine while it is in motion.

Replace worn or damaged parts. Remove grease,
oil, or debris buildup.

AVOID PINCH POINTS

AWARNING Moving parts or the mishandling

of parts can cause severe personal injury.

Keep hands away from moving parts.
Watch your fingers, hands, and legs while
equipment is in operation.

Handle parts carefully to avoid crushing and pinch
point hazards.

STAY AWAY FROM CRANE

A DANGER Stay away from operating crane.

If close to power lines, the crane, load, and ground
may become electrified resulting in serious injury or
death.
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Safety

HIGH PRESSURE HYDRAULICS

AWARNING The earth pressure balance

system contains high pressure hydraulics.

Keep all guards in place.

TEST TUNNEL VENTILATION

AWARNING Keep EPBM and tunnel well

ventilated at all times.

Use an approved air analyzer to detect hazardous
gases and oxygen content.

Before and during the shaft operation, test
for combustible and toxic gases and oxygen
deficiency.

If the levels exceed OSHA prescribed levels, leave
tunnel and shaft immediately! Do not activate or
deactivate any electrical or hydraulic devices, since
any sparks could cause an explosion.

Once ALL personnel are out of tunnel/shaft, cut
power from power source.

Gases must be removed before reentering
tunnel/shaft.

REAR GATE ACCUMULATOR MAINTENANCE

AWARNING Escaping oil or other fluids under

pressure can penetrate your skin causing serious
injury or death.

The rear gate accumulator stores high pressure
fluid.

BEFORE performing maintenance or repairs on
rear gate, discharge accumulator.

epbom113.5 1-5
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Safety

FIRE PREVENTION

A CAUTION Fires can cause injury or

property damage.

Keep equipment clean. Remove all debris from
equipment.

Have a fire extinguisher available at all times. Keep
the fire extinguisher fully charged.

NO SMOKING IN SHAFT OR TUNNEL

AWARNING Smoking in shaft or tunnel could

cause an explosion if combustible gases are pres-
ent.

Do not smoke in shaft or tunnel.

KEEP JOB SITE CLEAN AND ORGANIZED

AWARNING Tripping can cause serious

personal injury.

Be sure to keep job site clean and organized.

SLIPPERY WHEN WET

AWARNING Slips and falls can cause serious

personal injury.
Ensure firm footing in wet or slippery conditions.

Replace skid-resistant material if it is damaged or
missing to prevent slips and falls.

Remove any buildup of grease, oil, or debris.
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Safety

KEEP AWAY FROM SCREW CONVEYOR AUGER

A DANGER Contact with rotating auger will
cause severe injury or death.

A DANGER Contact with rotating conveyor ’
belt or idler rollers will cause severe injury or death. ~
Keep hands, body, and objects clear of rotating
conveyor.

Do not operate without covers and guards in place.
Lockout/tagout power before servicing belt

Keep hands, body, and objects clear of operating
auger.

Do not operate without covers and guards in place.

"4

Lockout/tagout power before servicing.

KEEP AWAY FROM BELT CONVEYOR

conveyor.

WATCH FOR CONVEYOR

AWARNING Avoid contact with conveyor. :
Failure to do so could cause severe injury or death.

While moving haul unit into tunnel, avoid hitting the

conveyor.

KEEP RIDERS OFF HAUL UNIT

Allow only operator on operating seat when moving
haul unit. Keep riders off.

Riders on haul unit can be easily injured by

being struck by objects or being thrown off of the
equipment. Riders can also obstruct the operator’s
view resulting in the equipment being operated in
an unsafe manner.

A rider may be allowed in an empty dirt bucket
(with contractor approval only), to transport
personnel from the tunnel opening to the boring
head. If allowed, the rider MUST be fully inside dirt
bucket, including head and all other body parts, to
avoid contact with obstructions. Also, rider cannot
obstruct the operator’s view.
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Safety

LOCKOUT/TAGOUT POWER BEFORE SERVICING HAUL UNIT

AWARNING Failure to lockout power before

servicing can cause severe personal injury or
death.

Disconnect battery harness from contactor
harness and remove battery pack from haul unit to
LOCKOUT/TAGOUT power before performing any
maintenance.

AVOID LASER LIGHT EXPOSURE

A DANGER Staring into laser light will cause

severe injury.

Do not stare into laser guidance system light beam.
Avoid direct eye exposure.

To avoid possible exposure to radiation in excess
of acceptable emission limits, all repairs to laser
must be performed by the original manufacturer or
an authorized service technician.

RECYCLE WASTE

Follow local, state, federal, and international
regulations when recycling or disposing of waste.
Waste includes fluids/oil, fuel, filters, coolant, and
batteries.

Use leakproof containers when draining fluids/oil.
Do not pour waste on the ground, down a drain, or
into any water source.
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Safety Decals

Keep all safety decals clean and readable. Use soft cloth, water, and a mild soap to clean the decals if
they are too dirty to read. DO NOT clean safety decals with solvent. Solvent can damage them. Replace
safety decals immediately if they are damaged, missing, or hard to read.

Serious injury or property damage can occur if safety instructions are not followed. Contact your
Akkerman Product Support representative for free replacement safety decals.

If a part is replaced that has any decal on it, apply the new decal to the replacement part. Before applying
a new decal, be sure the surface is clean and dry.

This section illustrates all decals used on the EPB system; the safety, operation and informational decals.

EPBM & SCREW CONVEYORS

NOTICE

PINCH POINTS!

WHOERS. mANDS.
UPUENT 5

ADANGER

PINCH POINTS!
MC N, HANDS,
TE

8 rotating WILL BE KILLED, o
b+

BEFORE antering this
parform kockoat tag ut. and remeee cutter
haul ke im Swizh aar ear,

area, you MUST
- and
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Safety Decals - Cutterhead

CUTTERHEAD

Any one in the area between the cutter head
and the EPB bulkhead while the cutter head
is rotating WILL BE KILLED.

BEFORE entering this area, you MUST
perform lockout tag out, and remove cutter
head fuses in switch gear car.
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Safety Decals - Segment Erector

SEGMENT ERECTOR

epbom113.5

PINCH POINTS!

WATCH YOUR FINGERS, HANDS,
AND LEGS WHILE EQUIPMENT IS
IN OPERATION.

1250480

2-3

Do not operate without

guards in place.

1250004
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Safety Decals - Car #1 Inclined Conveyor

CAR #1 INCLINED CONVEYOR

REAR GATE
ACCUMULATOR
IMPORTANT: DO NOT use

compressed air. Air will
cause premature wear to

FORWARD

SCREW CONVEYOR #1 MANUAL CONTROL

FORWARD

SCREW CONVEYOR #2 MANUAL CONTROL
In Oper Bo In Forward

REVERSE

In Operator Station Must Be In Forward With No Speed

REVERSE

NOTICE

INCLINE CONVEYOR CAR LIFTING INSTRUCTIONS.

accumulator seals.

Nitrogen Charge: 900 psi
Hydraulic Charge: 2,000 psi
Flow: 0.3 GPM from

2,000 psi to 1,000 psi

ADANGER

Contact with rotating conveyor belt
or idler rollers will cause severe injury.

Keep hands, body, and objects clear of
rotating conveyor.

Do not operate without covers and
quards in place.

Lockout power before servicing

belt conveyor. 12507500904

dols ' 4 Contactwih otating conveyor m:
o idler rollers will cause severe injury.
11389
ADNIDHINI Keep hands, body, and objects clear of
rotating conveyor.
o
S Do not operate without covers and
guards in place.
EMERGENCY Lockout poveer before servicing

BELT
STOP

epbom113.5

ACCUMULATOR
PRESSURE CONTROL
In the event of  power outage and the

rear gate must be lowered, open
both pressure and tank controls.

CLOSED

OPEN

ACCUMULATOR
TANK CONTROL

In the event of a power outage and the
rear gate must be lowered, open
both pressure and tank controls.

OPEN

CLOSED

belt conveyor. 20750 0904

BELT STOP CONTROL
Belt
ortars I———
et
S

1251120 1508

NOTICE

INCLINE CONVEYOR CAR LIFTING INSTRUCTIONS'

ADANGER

Contact with rotating conveyor belt
or dler rollers will cause severe injury.

Keep hands, body, and objects clear of

rotating conveyor.

Do not operate without covers and
— guards in place.

Lockout power before servicing
belt conveyor.

IN cw
ERECTOR SEGMENT
TRAVEL ERECTOR
TRAVEL
ouT cow

cw

(CONCRETE|
SEGMENT
ROTATION

EXTEND LoCK
SEGMENT || SEGMENT
LIFT BALL
ARM LATCH
RETRACT UNLOCK

2-4
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Safety Decals - Car #2 Operator Station

CAR #2 OPERATOR STATION

A DANGER

Contact with rotateg comvyor bet
il -

NOTICE

OPERATOR STATION CAR LIFTING INSTRUCTIONS

= Car welght Is 4,400 Ibs, (1,596 kg)
" -y pori sling e @:|n
WL B — ey OPERATOR STATION CAR LIFTING INSTRUCTIONS
prbpiory G iyt 1n 4,400 n. (1,398 kg).
part zmn,
Gl a1 frmaty. I B 1 Aimch 1 the grourd, 3 must e brekem foass pebr to ifling.
~Uining piior o wach Mt o ey,
ELECTRICAL
BOX
i V4 PRESSURIZATION
* U\AFI:‘II;"U DM!_!SI.JH:!A..D.I..I..!:.C IHi.C-D.L.I:I.UK

(]

L]

On

Cable

d01s
1738

AODNIDHINI

EMERGENCY
BELT
STOP
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Safety Decals - Car #3 Segment Handling

CAR #3 SEGMENT HANDLING

dOls
1738
AON3DHINI

EMERGENCY
BELT
STOP

On
Cable

PINCH POINTS!

WATCH YOUR FINGERS, HANDS,
AND LEGS WHILE EQUIPMENT 15
# OPERATION.

s

epbom113.5

2 SEGMENT HANDLING CAR LIFTING INSTRUCTIONS
PINCH POINTS! - Car welght Is 7,400 Ibs. (3,220 kg).
« Lifting with & crane requires a four part sling with legs o minimum of 25 ft. (7.62m) long.
oL - Car must Il freely. If It Is stuck to the ground, it must be broken loase prior to lifting.
N OPERATIGH - Lifting eyes must be inspected priss to esch I Any damage must be repaired prior ta lifting.
DoLLY
NCH
——
" o
CARIAGE
TRAVEL
H ——
i SEGUENT
£ LT WNCH
ii I ———
L aarsaneaeint [ -
Mgrorraaneirestt

arsadpe!
rarasasnteet

oy TR I

[

Suspended load may fall and cause severe personal
injury or death. Do not enter area under or around a load.

[ﬂﬂ 4

IR ———

MAXIMUMN LIFT CAPACITY
2,000 LES (907 k)

PINCH POINTS!

WATCH YOUR FINGERS, HANDS.
AND LEGS WHILE EQLIPMENT I5
IN OPERATION

2-6
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Safety Decals - Car #4 VFD

CAR #4 VFD

ADANGER
°

@ e % A DANGER
3 rdous voltage.

NOTICE

ELECTRICAL EQUIPMENT

AUTHORIZED SERVICE
PERSONNEL ONLY

IIIIIIIIII
.....

Ay .._.u' Jf
>
7
e
(" &
VFD CAR LIFTING INSTRUCTIONS
B el i et s raamieng. | 20 | 2 VFD COOLANT RESERVOIR
- Car mmaat Y frmly. If 5 In wbuch b5 the greond, 1§ st be broken looss prise 1 lINing. Capacity: & gal (22.7 L)
-, - Mixture: Distilled Water With
o) 2,000 - 3,000 ppm (0.2 - 0.3%) of Cortec® VpCI™-649

2-7 0209
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Safety Decals - Car #5 Switch Gear

CAR #5 SWITCH GEAR

NOTICE

- Car weight Is 5,000 Ibs. (4,082 ky).
* Lifting with & crane requires & four part sling with logs & minimum of 25 11, [7.52m] long.

dol1s
il 4 A DANGER
;‘:.,:m,::;’ el Hazardous voltage.
Do nat oparste withot covers and Di + and lock
EMERGENCY biditicic n::l‘p?xﬁ:rl‘n sof.m!e NOTtCE
Lockout power before servicing bafore servicing.
g.lE.lé‘L oML o i ELECTRICAL EQUIPMENT
AUTHORIZED SERVICE
PERSONNEL ONLY
On
Cable
H
i

=
—
[ .
&
ADANGER
2 /‘ 0
e 25y SWITCH GEAR CAR LIFTING INSTRUCTIONS
? . - Car waight Is 9,000 Ihe, (4,082 k), o
_ .n-«:-mn'ma,nu|.mun:w-.nm;m.|.mp-uu-um
i frivred

A DANGER

HIGH
VOLTAGE

ELECTRICAL EQUIPMENT

AUTHORIZED SERVICE
PERSONNEL ONLY
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Safety Decals - Car #6 Front Hydraulic

CAR #6 FRONT HYDRAULIC

FRONT HYDRAULIC CAR LIFTING INSTRUCTIONS
it I 3,400 Ths. (8,878 kgh

frmaiy. 1t - ting.

A DANGER [ /\ T
Contact with rotsling ceaveyor bt Car waight In 13,400 . (6,078 gl
W | (o e wam raies e by,

Kvaps barschs, by, and abjncts ciar ot n ]|

S—— o e e 0

Do not operste without covrs snd

—

d01S
Lockout power betorn sarvising
dois ot ACAUTION
AJNIDHINT FTere—
TEMPERATURE
SHOULD NOT
EXCEED 150°F.
" L
.
[
[ 2
-
.
. : S
L]
—
.
|
o
BELT (~]
CONVEYOR OI L F-!--L-:k
CONTROL

FRONT HYDRAULIC RESERVOIR
Capacity: 95 gal (360 L)

- @ CHANGE FILTER ELEMENT (S) Oii: Condat® D 68 Hydraullc Ol . seu
WHEN INDICATED

) =
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Safety Decals - Car #7 Rear Hydraulic

CAR #7 REAR HYDRAULIC

A CAUTION

REAR HYDRALLIC RESERVOIRS
Capaciy: Main - 35 gal (363 L],
OIL OPERATING Auiliary - 45 ga {170 L), Totsl 140 gal (830 ) CHANGE FILTER ELEMENT (S)
TEMPERATURE AAPORTANT: G o o ¥ o o WHEN INDICATED
CHANGE FILTER ELEMENT (S) SHOULD NOT cylinciars arm ity retracted. _M )

WHEN INDICATED

EXCEED 150°F.
]

aosos18

OIL FILL

REAR HYDRAULIC RESERVOIRS
Capecity; Main - 35 gal (380 L},
Aunctiary - 45 gal (170 L1, Total 140 gal {530 L}

o ]

REAR HYDRAULIC RESERVOIRS OIL OPERATING

Auzinary lsgai-ml:a.m: m:i{m v TEMPERATURE

Dil; Candar® D 63 Hydraulic Of SHOULD NOT

IMPORTANT: Chock oll lovel ONLY when |acking EXCEED 150°F. e
eylinders are fully retracted.

[ HEAT EXCHANGER

WATER
TO PREVENT FREEZING
17700

NOTICE CHANGE FILTER ELEMENT (S)
; REAR HYDRAULIC CAR LIFTING INSTRUCTIONS WHEN INDICATED
) ), [ o setote 14,000 . 0750 . =
‘__'-.'..:.-l “Carm i e mast e ety
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Safety Decals - Car #8 Foam

CAR #8 FOAM

quires a four part aling with logs ®
1t frastye 1 1t I stuck to the ground, it must be broken losse prios 10 ifting.

nage ring.
....... =

PNEUMATIC CONTROL
A o 954 AIRTANK

nnnnnnnnnnnnnnn
mmmmmmmmmm

[ DRAIN ] FOAM SYSTEM

i AIR TANK ..

TO PREVENT FREEZING
17700

is ne,
nnnnnnn
shut down unnel power.
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Safety Decals - Car #9 & 10 Front & Rear Transformer

CAR #9 & 10 FRONT & REAR TRANSFORMER

A DANGER

Hazardous voltage.

Disconnect and lock
out power from source
before servicing.

A DANGER

HIGH
VOLTAGE

IMPORTANT

DO NOT OPEN THIS
TRANSFORMER OIL TANK
VALVE!

Contact Akkerman Product
Support for more information.

-~

VOLTAGE e
ADJUSTER _

D
FRONT TRANSFORMER CAR LIFTING INSTRUCTIONS
& s 15,000 ts. (6,854 ky).
- Lifting with & crane requires o £
frmely. must b iy
1 rimsent

epbom113.5

(A DA

HIGH

9
FRONT TRANSFORMER CAR LIFTING INSTRU!
- Ear weight is 15,000 s, (6804 hg)
S imsyist o
= Gar mal W froe) 3 3tuchk 1o Dee ground, il must be breken looss prio: to Wfing.
| S S e

2-12
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Safety Decals - Car #11 Front Slurry

CAR #11 FRONT SLURRY

25/ FRONT SLURRY CAR LIFTING INSTRUCTIONS

- Car weight is 10,600 Ibs. (4,808 kg) with empty tank.

- Lifting with a crane requires a four part sling with legs a minimum of 25 ft. (7.62m) long.
- Gar must It freely, If it is stuck to the ground, it must be broken loose prior to lifting.

‘‘‘‘‘‘

SLURRY RESERVOIR
Capacity: 250 gal (946 L)
IMPORTANT: For proper sensing, there MUST be
a clearance of 8" (152 mm) between sensing
element and slurry level in reservoir. Less than
6" (152 mm) will result in an inaccurate level reading.

351,134 2000

NOTICE

FRONT SLURRY CAR LIFTING INSTRUCTIONS

- Car weight is 10,600 Ibs. (4,808 kg) with empty tank.

- Lifting with a crane requires a four part sling with logs a minimum of 25 f1. (7.62m) long.

- Gar must It freely. If it is stuck to the ground, it must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift. Any damage must be repaired prior to lifting.
1x31-104 oo |

epbom113.5

2-13

Flush and drain pump,

suction manifold, and

ALL fluid lines to prevent
clogging or freezing.
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Safety Decals - Car #12 Rear Slurry

CAR #12 REAR SLURRY

25, FRONT SLURRY CAR LIFTING INSTRUCTIONS
- Car weight is 10,600 Ibs. (4,808 kg) with empty tank.
~ Lifting with a crane requires a four part sling with legs a minimum of 25 ft. (7.62m) long.
- Gar must lift freely. If it Is stuck to the ground, it must be broken loose prior to lifting.
« Lifting eyes must be inspected prior to each Iift. Any damage must be repaired prior to lifting.

AEr18d aeen

SLURRY RESERVOIR
Capacity: 250 gal (946 L)
IMPORTANT: For proper sensing, there MUST be
a clearance of 6" (152 mm) between sensing
element and slurry level in reservoir. Less than
6" (152 mm) will result in an inaccurate level reading.

1231134 o8-

NOTICE

25 REAR SLURRY CAR LIFTING INSTRUCTIONS

- Car weight is 8,800 Ibs. (4,037 kg) with empty tank.

- Lifting with a crane requires a four part sling with legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift. Any damage must be repaired prior to lifting.

181108 ve
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Safety Decals - Car #13 Blower

CAR #13 BLOWER

BLOWER CAR LIFTING INSTRUCTIONS

- Car waight is 6,350 Ibs. (2,880 kg).

= Lifting with a crane requires a four part sling with legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift. Any damage must be repaired prior to lifting.

ADANGER Bieraiy
HIGH

VOLTAGE
/

4160V
200 AMP

epbom113.5

COMPRESSED
NOTICE NITROGEN FOR
ELECTRICAL EQUIPMENT PRESSURIZATION
AUTHORIZED SERVICE SYSTEM
PERSONNEL ONLY DO NOT EXCEED 100 PSI!_

EMERGENCY
STOP

2-15
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Safety Decals - Power Container

POWER CONTAINER

4160V
A DANGER CABLE CONNECTION
4160V ACCESS
4160V CONTROL
4160V TRANSFORMER
ELECTRICAL EQUIPMENT e ADANGER
AUTHORIZED SERVICE RS Hazardous voltage.
PERSONNEL ONLY m Disconnect and ok
out power from source
TRANSFORMER DISCONNECT I bofore servicing.

480V
SWITCH BOARD
480V
INPUT POWER MONITOR
] AUXILIARY
~— DISCONNECT
S s
A N
1 h~ BENTONITE
2 DISCONNECT
INPUT LINE T
AUXILIARY EPB 4160V
POWER POWER Auxiliary Disconnect MUST
be ON before 4160V Control
|AUXILIARV LINE] I OUTPUT LINE can be energized.
MONITOR MONITOR
INCOMING POWER 480V INPUT
) PHASEOK || POWER MONITOR
/’,’
\ Ji ADANGER
o oo
N installing 480V power
cable connections.
Failure to do so will
result in serious injury
’ or death. o
480V INCOMING POWER
& BENTONITE ACCESS
480V MAIN POWER
CONNECTIONS
BEHIND THIS PANEL
4160V
GROUND CHECK MODULE |
RemOTE on estor orr HiaH
PIT CABLE st60v SAFETO UNPLUG VOLTAGE
POWER 4160V POWER CABLE oN

IMPORTANT

When the 4160V Power On light is
il i ONE of the ing lights
MUST be illuminated:

1.HighVoltage On light
2. Safe To Unplug 4160V
Power Cable Off light

If this does not occur, contact your
Akkerman Product Support
representative to resolve
this malfunction. 1251170
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Terminology

EARTH PRESSURE BALANCE MACHINE (EPBM)

. Cutterhead

. Access Door

. Main Bearing

. Inspection Port

. Cutter Drive Planetary (4)
. Cutter Drive Motor (4)

. Screw Conveyor #1 Drive
. Steering Cylinder (4)

. Jacking Cylinder (12)

. Steering Joint

. Segment Erector

O © 0N O Ok~ W N -

-_— -
-_—

epbom113.5

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

11

12

(o

o/
'IIIIIIIIIIII

14 13

Screw Conveyor #2

Rear Gate

Screw Conveyor #2 Drive
Tail Seal

Jacking Can

Segment Erector Drive Ring
Boring Head

Screw Conveyor #1
Intermediate Gate

Grease Drain Port

Front Gate

Plenum (Mixing) Chamber
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Terminology - Cutterhead

CUTTERHEAD

epbom113.5

1. Triple Disc Cutter

2. Bucket Scraper - Tip
3. Copy Cutter

4. Face Scraper

5. Foam/Slurry Ports

6. Single Disc Cutter

7. Cutterhead Mount

8. Double Disc Cutter

9. Bucket Scraper - Bullet
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Terminology - Segment Erector

SEGMENT ERECTOR

. Segment Swing Drive

. Rack Drive

. Pinion Linear Drive

. Torque Stabilizers

. Carriage Assembly

. Bearing and Drive Guard
. Segment Ball Latch

NOoO OO~ WN -

epbom113.5 3-3

8. Segment Stabilizer

9. Erector Arm Assembly
10. Segment Lift Cylinder
11. Slide Block Assembly
12. Erector Casing
13. Carriage Guides
14. Drive Guard

0209



Terminology - Segment Handling Cars

SEGMENT HANDLING CARS

1. Rubber Bumpers

2. Rear Segment Handler Car
3. Coupler To Locomotive

4. Axle Assembly

5. Idler Assembly

epbom113.5 3-4

6. Front Segment Handler Car
7. Segment Conveyor Dolly

8. Segment Linkage

9. Roller Caster

0209



Terminology - Inclined Conveyor (Car #1)

INCLINED CONVEYOR (CAR #1)

7

8 10 11 12 13

9

1. Front Roller Assembly 8. Rear Gate Accumulator Tank
2. Screw Conveyor #1 Manual Control 9. Rear Gate Accumulator Pressure Control
3. Screw Conveyor #2 Manual Control 10. Rear Gate Accumulator Tank Control
4. Conveyor Guide Roller 11. Return Roller Assembly
5. Belt Guide 12. Erector Controls
6. Belt Roller Assembly 13. Car Wheel Assembly
7. Return Roller

Not Shown: Tail Seal Grease Barrel
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Terminology - Operator Station (Car #2)

OPERATOR STATION (CAR #2)

=

12 11

15 / 13
14

1. Conveyor Guide Roller

2. Belt Guide

3. Belt Roller Assembly

4. Computer Monitors

5. Pressurization System Control

6. Keyboards for Console & Guidance System
7. Gas Detector

epbom113.5 3-6

10.
1.
12.
13.
14.
15.

. Emergency Horn

. Car Wheel Assembly

TACS Monitor

Control Console

Seat Assembly

Fire Extinguisher
TACS Switching Box 2
TACS Switching Box 1
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Terminology - Operator’s Station Console (Car #2)

OPERATOR’S STATION CONSOLE (CAR #2)

epbom113.5

GREASE PUMP
LUBRICATION

CLOSE
REAR GATE

0 N O OB~ WN -

—_— o
w N = O ©

Off Off
| Auto | Foam
7’ 7’

On
\o

SLURRY PUMP

Slurry
N\

MIXING CHAMBER

o

On 1 Auto

6 o

GREASE PUMP TOP LEFT
TAIL SEAL STEERING

BOTTOM LEFT
STEERING

20

OPEN
REAR GATE

Off All
A\
g E Seg m{r:t E Jias

DECREASE
BIAS PSI

INCREASE
BIAS PSI

. Foam Pump Control

. Slurry Pump Control

. Mixing Chamber Port Control
. Cutterhead Port Control

. Screw Conveyor Port Control
. Emergency Stop

. Grease Pump Lubrication Control
. Grease Pump Tail Seal

. Top Left Steering Control

. Top Right Steering Control

. Bottom Left Steering Control

. Bottom Right Steering Control
. Belt Conveyor Control

3-7

Slurry

b Y

CUTTERHEAD

TOP RIGHT
STEERING

BOTTOM RIGHT

STEERING

THRUST RAM

SELECTION

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Off
|  Foam
7

Slurry
7’

EMERGENCY
STOP

SCREW CONVEYOR
PORTS

BELT CONVEYOR

Off

Rev | Forward
4

Min Max

SCREW SPEED

SCREW CONVEYOR

Min

CUTTERHEAD )
CUTTERHEAD SPEED

Hold
Extend | Retract
b /

THRUST RAM

DIRECTION THRUST JACK

SPEED

Belt Speed Control

Screw Conveyor Control
Screw Speed Control
Cutterhead Rotation Control
Cutterhead Speed Control
Rear Gate Close Control
Rear Gate Open Control
Bias Pressure Decrease
Bias Pressure Increase
Thrust Ram Selection
Thrust Ram Direction
Thrust Jack Speed
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Terminology - Segment Handling (Car #3)

SEGMENT HANDLING (CAR #3)

1 2
a-a
Ve ——— W A e T )
- o m—
| ——
e
15 12 9
10
16 13 11
14
1. Belt Roller Assembly 9.
2. Conveyor Guide Roller 10.
3. Dolly Winch Control 1"
4. Carriage Travel Control 12.
5. Segment Lift Winch Control 13.
6. Segment Handling Controls 14.
7. Return Roller 15.
8. Segment Handling Lift Carriage Assembly 16.

epbom113.5 3-8

Sprocket Linear Drive
Hydraulic Drive Motor

. Segment Ball

Segment Lift Tool
Winch Assembly

Car Wheel Assembly
Red Visual Alarm
Return Roller

.............
.......
............
...........
......
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Terminology - VFD (Car #4)

VFD (CAR #4)

1. VFD Coolant 6 Gallon Reservoir 8. CutterHead 100 HP Motor VFD - Slave 1 - TL
2. Belt Roller Assembly 9. CutterHead 100 HP Motor VFD - Master - BL
3. Conveyor Guide Roller 10. Slurry Drive 10 HP Motor VFD

4. Return Roller 11. Car Wheel Assembly

5. VFD Heat Exchanger 12. VFD Cooling Motor/Pump

6. CutterHead 100 HP Motor VFD - Slave 3 - TR 13. VFD Line Reactor
7. CutterHead 100 HP Motor VFD - Slave 2 - BR 14. Return Roller
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Terminology - Switch Gear (Car #5)

SWITCH GEAR (CAR #5)

1. Conveyor Guide Roller 6. Transformer 480V To 240V/120V
2. Belt Roller Assembly 7. **480VAC Box 2
3. Return Roller 8. ***480VAC Box 1
4. 240VAC Box 3 9. Car Wheel Assembly
5. *Service Panel 10. Return Roller
* Service panel includes: ** 480VAC Box 2 includes: *** 480VAC Box 2 includes:
* 480V 3 Phase 40 amp * Drive Motor TR Contactor * Drive Motor TL Contactor
* 480V 3 Phase 20 amp * Drive Motor BR Contactor * Drive Motor BL Contactor
* 240V 3 Phase 30 amp * Belt Conveyor Starter » Segment Handling Starter
* GFCI 120V (2) » Screw Conveyor Starter « Steering/CC Starter
* Foam Pumps Starter » Power to 240V Transformer Starter
* Cooling/Grease Pump Starter « Jacking Starter
* Belt Spray Bar Pump Starter * Blower Contactor

* Slurry VFD Contactor
* Auxiliary 3 Phase Fuses
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Terminology - Front Hydraulic (Car #6)

FRONT HYDRAULIC (CAR #6)

. Return Roller

. Belt Roller Assembly

. Grease Control Manifold

. Screw Conveyor Motor

. Hydraulic Reservoir, 95 gal. (360 L)
. Screw Conveyor 1 Feed Pump

. Screw Conveyor 2 Feed Pump

0 N O O~ WN -

9. Main Drive Bearing Grease Pump
10. Oil Cooling Pump

11. Screw Conveyor Feed 2 Shutoff Valve

Not Shown: Main Bearing Grease Barrel

epbom113.5

. Screw Conveyor Feed 1 Shutoff Valve

3-11

. Cooling and Grease Drive Motor
. Belt Conveyor Pump

. Car Wheel Assembly

. Belt Conveyor Drive Motor

. Cooling Pump Shutoff Valve

. Belt Conveyor Pump Shutoff Valve
. Belt Conveyor Control

. Belt Stop Control

. Belt Conveyor Drive Roller

. Belt Conveyor Drive Motor

. Belt Screw Adjustment
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Terminology - Rear Hydraulic (Car #7)

REAR HYDRAULIC (CAR #7)

0 N O O W N -

©

10.
1.

12
13

. Hydraulic Reservoir, 98 gal. (360 L)
. Overflow Reservoir, 45 gal. (170) L)
. Jacking/Erector Pump B Shutoff Valve
. Jacking Pump A Shutoff Valve

. Steering Pump Shutoff Valve

. Cooling Return Filter

. Steering/Copy Cutter 30 HP Motor

. Steering Pump

. Jacking/Erector Control Manifold B
Copy Cutter Pump

Jacking Pump Control Manifold A

. Car Wheel Assembly

. Jacking 40 HP Motor

epbom113.5

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Jacking Pump A

Jacking/Erector Pump B

Foam Car 30 HP Air Compressor Drive Motor
Foam Car Air Compressor Drive Pump
Segment/Cooling/Tail Seal Grease 30 HP Motor
Segment Handling Pump

Heat Exchanger

Tail Seal Grease Pump

Oil Cooling Pump

Grease Control Manifold

Cooling Circuit Shutoff Valve

Segment Handling/Grease Pump

26. Air Compressor Shutoff Valve

3-12
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Terminology - Foam (Car #8)

FOAM (CAR #8)

© 0 N O O~ W N -

epbom113.5

. Foam System Air Tank

. Pneumatic Control Valve Air Dryer

. Cooling Return Booster Motor/Pump

. Transformer 480V To 400V For Foam Generator
. Pneumatic Control Air Tank

. Foam Electrical Control Box

. Spare Reservoir

. Belt Spray Bar Pump

. Foam Control System

3-13

10. Foam Generator

11. Foaming Agent

12. Foam & Pneumatic Control Air Compressor
13. Car Wheel Assembly

14. Hydraulic Oil Cooler

15. Foam & Pneumatic Control Air Cooler

16. Air System Filter

17. Pneumatic Control Filters
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Terminology - Front & Rear Transformers (Car #9 & 10)

FRONT & REAR TRANSFORMERS (CARS #9 & 10)

.-'. 1
)
@
5 3 2
4
1. Oil Cooler 4. Transformer 4160VAC To 480VAC
2. Water Pump 5. Car Wheel Assembly

3. Voltage Adjuster
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Terminology - Slurry Front (Car #11)

SLURRY FRONT (CAR #11)

1. Slurry 250 Gallon (946 L) 6. Slurry Pump

2. Tank Level Sensors 7. Slurry Pump Feed Pneumatic Control Valve
3. Slurry Head Feed Pneumatic Control Valve 8. Slurry Motor 10 HP, 240VAC

4. Flowmeter 9. Recirculation Pneumatic Control Valves

5. Car Wheel Assembly 10. Slurry Control Box
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Terminology - Slurry Rear (Car #12)

SLURRY REAR (CAR #12)

1
2
2
5 0
7
@
6
5 4
3
1. Slurry 250 Gallon (946 L) 5. Front Tank Feed Pneumatic Control Valve
2. Tank Level Sensors 6. Rear Tank Feed Pneumatic Control Valve
3. Slurry Pump Feed Pneumatic Control Valve 7. Car Wheel Assembly

4. Recirculation Pneumatic Control Valves
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Terminology - Blower (Car #13)

BLOWER (CAR #13)
1
i
[
o]
o [e]
o]
(=]
[*)
@
6 2
5 4 3
1. Ventilation Fans 4. Ventilation Fan Control
2. Emergency Stop 5. Main Power Junction Box
3. Compressed Nitrogen Tank For Pressurization 6. Car Wheel Assembly
System
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Terminology - Power Container

POWER CONTAINER

[
|
-

8
1. 4160V Access 5. 480V Input Power Monitor
2. 4160V Control 6. Ventilation Fan
3. 4160V Transformer 7. E-Stop, 4160V Power Control, and
4. 480V Switch Board 4160V Ground Check Module

(Includes 4160V Transformer Disconnect 8. Ventilation Louvers
and 480V Input Power Monitor)
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Controls & Instruments

EMERGENCY STOP

AWARNING ALL Emergency Stop switches

MUST be operating properly BEFORE operating
EPB system. Failure to do so may cause severe
injury or death.

Push IN Emergency Stop button (A, B, C, or D) to
stop ALL power, which includes power to the EPB
operation lights. The lights include a battery backup
which allows the lights to stay on for approximately
30 minutes after the power is shut down.

All Emergency Stop buttons must be pulled out to
restart operation.

NOTICE The Emergency Stop button

located on Foam car #8 shuts down the Condat®
foam system power ONLY. This emergency stop
DOES NOT shut down tunnel power.

epbom113.5 4-1

L AN ) NG
Remote E-Stop (D) on EPB Power Container
0209



Controls & Instruments - 4160 Volt Ground Check Module

4160 VOLT GROUND CHECK MODULE (POWER CONTAINER)

A DANGER Hazardous voltage. Disconnect

and lock out power from source before servicing.

After every segment ring installation, the 4160 Volt
Ground Check Module (A) must be checked.

If illuminated bars (B) on module display are at
50% or over, shut down the system and have a
certified electrician check all cable connections.
This indicates the severity of the electrical leakage
in percent.

The 4160 Volt contactor will automatically shut
down if certain ground conditions are exceeded.
Refer to your module manual.

A DANGER If high voltage cables or cable

connections are damaged, contact with cables/
connections may result in electrical shock causing
severe injury or death.

Disconnect and lock out power from source before
servicing.

The electrical leakage indicators (C) flash if there is
an electrical leakage.

The Blown Fuse (D) indicator shows that no power
is coming into the 4160V unit.

The Alarm button (E) sets off an alarm and opens
the contactors, thus shutting down the system
power.

The Reset button (F) resets the leakage indicators
(C).

epbom113.5 4-2

Check Module Located On Power Container
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Controls & Instruments - 480V Bentonite Disconnect - 480V Auxiliary Disconnect

480V BENTONITE DISCONNECT (POWER CONTAINER)

A DANGER Hazardous voltage. Disconnect

and lock out power from source before servicing. [&ﬁ;{_‘%}__l

PHASE oK =
With the 480V incoming power connected to the ey
480V bus bars in the power container (refer to
Connecting Power Leads in Operation section), !
the green Incoming Power Phase OK light (A) is on [~ ini)
and the 480V Input Power Monitor (B) is monitoring i
close to 480V, flip the Bentonite Disconnect switch
(C) to the ON position to provide power to the

bentonite pump.

DO NOT flip the disconnect ON if the green
Incoming Power Phase OK light is not on. This
indicates that the external power source phase
power is installed incorrectly. Disconnect and lock
out ALL power before attempting to reverse the two
generator power leads.

ALY This is a 480V, 100 AMP

disconnect/breaker.

A DANGER Hazardous voltage. Disconnect

and lock out power from source before servicing.

[NComNG powes.
POWE
L PHASE oK 8|

With the 480V incoming power connected to the
480V bus bars in the power container (refer to
Connecting Power Leads in Operation section), the
green Incoming Power Phase OK light (D) is on
and the 480V Input Power Monitor (E) is monitoring
close to 480V, flip the Auxiliary Disconnect switch
(F) to ON to provide power to 480V devices on the
job site.

DO NOT flip the disconnect ON if the green
Incoming Power Phase OK light is not on. This
indicates that the external power source phase
power is installed incorrectly. Disconnect and lock ey

out ALL power before attempting to reverse the two AUXILIARY

DIscg
generator power leads. ST NECT |

DL This is a 480V, 15 AMP

disconnect/breaker.
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Controls & Instruments - 4160V Transformer Disconnect - 4160V Auxiliary Power

4160V TRANSFORMER DISCONNECT (POWER CONTAINER)

A DANGER Hazardous voltage. Disconnect

and lock out power from source before servicing.

Once the 480V power is operational, the 4160V
system can be activated.

Flip the 4160V Transformer Disconnect (A) to
the ON position to provide power to the 4160V
transformer.

Once this disconnect is ON, the “Control On” light
(B) must be on. If not, the control system must be
serviced.

A DANGER Hazardous voltage. Disconnect

and lock out power from source before servicing.

The 4160V Auxiliary Power module (C) is a
monitoring device to assure that there is proper
power from the 4160V transformer. If there is a
problem, this module will not allow the EPB Power
module (D) to be turned on.

When there is power to the 4160V system (4160V
Transformer Disconnect is ON) the Input Line
Monitor (E) will illuminate indicating there is power
to the 4160V input line.

To activate power to the Auxiliary Power module (C):

1. Open auxiliary grounding switch cover (F) to
access the auxiliary disconnect.

2. Insert crank into disconnect and turn the crank
until the circuit is CLOSED.

3. Once the circuit is CLOSED, the lights on the
Auxiliary Line Monitor (G) will illuminate.
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Controls & Instruments - EPB 4160V Power

EPB 4160V POWER (POWER CONTAINER)

A DANGER Hazardous voltage. Disconnect

and lock out power from source before servicing.

The EPB 4160V Power module (A) provides power
to the EPB tunneling system.

When there is power to the 4160V Auxiliary Power
module (B) [indicated by the illuminated Auxiliary
Line Monitor (C)], power can now be activated to
the EPB 4160V Power module.

To activate power to the EPB 4160V Power module

(A):

1. Check to see if spring icon (D) is elongated
(yellow/black) or compressed (white/red).

2. If spring icon is elongated, the disconnect
must be charged. Open door (E) and charge
disconnect by inserting crank into disconnect and
turning crank until the compressed spring icon is
visible. Continue to step 3.
If spring is compressed, continue to step 3.

NOTICE The car electrical boxes must be

properly pressurized, otherwise the tunnel power
will not energize.

3. On the power container, press 4160V Power
On button (F). This will automatically close the
contacts [shown on circuit indicator (G)] and
power up the 4160V system.

4. The Output Line Monitor (H) will illuminate once
the 4160V power is on.

Use the Auto/Manual Charge Disconnect switch (l)
as follows:
OFF - When power is turned off, the disconnect
will have to be charged before start up.
ON - When power is turned off, the disconnect
will automatically charge at start up.
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Controls & Instruments - Pressurization System

PRESSURIZATION SYSTEM

The pressurization system is designed to regulate
and monitor pressure within the electrical control
boxes on the switch gear car #5 and blower car
#13 to prevent flammable vapor accumulation
inside the electrical boxes. If positive pressure (at
least .15 inches of water column pressure) cannot
be maintained in the electrical boxes, the tunnel
power will shut down.

There are various components of the pressurization
system: nitrogen tank, enclosure pressure control
valve, enclosure pressure gauge, rapid exchange
pressure gauge, enclosure vent valve, and
backside regulator.

Nitrogen Tank (A): This tank provides the
compressed nitrogen to pressurize the electrical
control boxes.

Enclosure Pressure Control Valve (B): This
valve regulates the amount of nitrogen pressure in
the electrical control boxes.

Enclosure Pressure Gauge (C): This gauge
registers the pressure of the electrical boxes.

Rapid Exchange Pressure Gauge (D): This
gauge must register the same as the nitrogen tank
regulator output pressure (E).

Backside Regulator (F): Use this regulator to
adjust pressure on the rapid exchange pressure
gauge to match the nitrogen tank output pressure

(E).

Enclosure Vent (G): In the event over
pressurization occurs in the system, this vent will
allow excess enclosure pressure to release.

epbom113.5 4-6
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Controls & Instruments - Momentary Purge Bypass

MOMENTARY PURGE BYPASS

When the pressurization system detects that the
electrical boxes are not holding pressure and once
the enclosure pressure reaches the LOW zone on
the enclosure pressure gauge, the tunnel power
will shut down.

To start up the tunnel power without resolving
the low enclosure pressure, press and hold

the Momentary Purge Bypass button (A) and
communicate to the personnel at the power
container to restart the electrical system (refer to
Daily Electrical System Startup in the Operation
section).

Once the button is released, the tunnel power will
shut down.

epbom113.5 4-7

£ s
| w?ump Mixin BE|
o o e e O e — !
3 {2
E [ ;
» £

MO
PURGE BYPASS

-

0209



Controls & Instruments - Operator Station Controls - Guidance System

OPERATOR STATION CONTROLS

The operator station car #2 contains the jacking,
steering, cutterhead, conveyor and lubrication
controls of the EPB system. The two EPB control
computer monitors (A) are touch screens.

NOTICE Periodically clean monitor

screens (refer to Cleaning Computer Monitor
Screens in the Operation section).

The operator station also includes the guidance
system (B).

Use the keyboard (C) to select and enter data
such as information for the report generator or for
changing meter settings on the control screen.

MOUSE
The mouse (D) controls the computer screen
pointer and select functions on the monitor.

GUIDANCE SYSTEM

The laser-based guidance system gives the
operator information about the position and
direction of the EPBM at all times, allowing the
operator to pilot a path back to the designed tunnel
axis without overstressing the tunnel lining. In
addition, the segmental rings are pre-calculated

to allow smooth EPBM advance. All the entered
values and the results of the calculations are
recorded and clearly displayed.

For operation and additional information on the

guidance system, refer to your Tacs guidance
system manual.

epbom113.5

RP hack

RP front
A8 gy 0.65%  -Smm

13 A A% Ammn'tq"cs

-3

3

0209



Controls & Instruments - Computer Control Screens

COMPUTER CONTROL SCREENS

NOTICE The computer control screens

are touch screens. The controls can be activated
by your finger or by using the mouse.

Once the computer is on, double click the
EPB2008 program icon on the desktop to boot up
the EPB systems program.

NOTICE Before the EPB systems

program (EPB2008) is booted up or cycled, the
console switches MUST be turned to the OFF

position for the control program to function properly.

The left monitor (19”) displays the operational
controls.

NOTICE On all bar meters and numeric

meters on the operational control screen, a visual
alarm limit can be changed as follows:
- click on the meter and pull down the menu.
- change the limit on the visual alarm as needed
and click OK.

NOTICE If the operator control window

is displayed on the right monitor (15”), drag the
window to the left monitor (197).

The right monitor (15”) displays the monitoring
controls.

Click/touch the tabs to control the various
components:

1. Status (Network and Contactor Status) Tab

(continued on next page)
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& EPB Controls - Akkerman Inc.

File  Windows  Program

Help

Status |VFD{Grease | Foam{Slurry | Conveyor/Steer/Jack | Misc. | 777 |

Network Status

Console |Status
Left Box | Status
Right Box | Status
Foam Box FSh;l;s
Slurry Box | Status
240 Box | Status
480 Box | Status
Master VFD iﬁt};ﬂj'sr
Slavel VFD | Status
Slave? VFD | Status
Slave3 VFD |Status

Contactor Status
WFDs/Cooling/Grease

Master - Slavel -
Slave2 “ Slave3 -

Foam/Slurmy/Control Boxes

FoamBox BBEE]  Transformer R Sluny Box -
Retum Pump- Spray Pump ‘ Slurry Purp _

Conveyor/Steerng Al acking

Belt - Screw - Steering/CC Pump _
Jacking/Segment Pump - Seg Handling/Tail Seal -

Circulation Pump -
Lub Grease Pump -

Miscellaneous

Front Transtomer - Rear Transformer -

Air Compressor - Blower -
Cohsolz Box - Head Box -

0209



Controls & Instruments - Computer Control Screens

2. VED/Grease Tab Controls

3. Foam/Slurry Tab Controls

4. Conveyor/Steer/Jack Tab Controls

5. Misc Tab Controls

(continued on next page)

epbom113.5

4-10

& EPB Controls - Akkerman Inc.
i R e

Status | VFD/Grease ‘FoﬂmeIurry || Conveyor/Steer/Jack ” Misc. ” 7?7 |

AllVFDs Master Slavel

oOEDo as
o - - |

VFD Cooling Pump Main Lubricating Grease Pump

**=* Cooling Pump should be ON when VFDs are ON

On

! EPB Controls - Akkerman Inc.
e A e

Status | YFD/Grease Fﬂﬂma"Sll-l"Y|Cunveyur,,"5(eeeral:k” Misc. [ 7?2 |

Foam Caontrol Box

Foam Transformer

e

| on

e

Cooling Return Pump

Slurry Control Box Slurry Pump

o)

| on

of | | on

EPB Controls - Akkerman Inc.

! Status | VFD/Grease _Fonmelurry‘ Conveyor/Steer/Jack | Misc. _-??7 i

Belt Spray Bar Pump |

=] 0=
OaE Bo

Steering/CC Pump

B B

Segment Handling/Tail Grease

«] []

¥ EPB Controls - Akkerman Inc. E9l=1E3]
Status VFDJGrense_Foumelur:y_CnnvwotJStaerfJnckl Misc | 777

Front Transformer Rear Transformer
Air Compressor Blower

Console Power

Head Boxes Power
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Controls & Instruments - Computer Control Screens

6a. ??? Tab Controls with VFD Data (cutterhead)
Tab

6b. ??? Tab Controls with Steering Data Tab

6c¢. ??7? Tab Controls with Screw Data Tab

epbom113.5

& EPB Controls - Akkerman Inc.

File  Windows  Program  Help
‘ Status ” VFD{Grease || Foam{Slurry ” Conveyor{SteerfJack ” Misc. | M |
VFD Data ‘ Steering Data H Screw Data|
TL motor TR motor
Motor RPM [1} Motor RPM 0
Motor Torque 0 Motor Torque 0
TempA 0 TempA 0
TempB 0 TempB 0
TempC 0 TempC 1]
BL motor BR motor
Motor RPM 0 Motor RPM 0
Motor Torque 0 Motor Torque 1]
TempA 0 TempA 1]
TempB 0 TempB 0
TempC 0 TempC 1]

€. EPB Controls - Akkerman Inc.
Al B el

| Status | VFD/Grease | Foam/Slurry | Conveyor/Steer/Jack | Misc. | 277 |

VFD Data | Steering Data | Screw Data |

TL Data TR Transducers
TL Post 0 TR Pos1 0
S Ul TR Pos2 0

BL Transducers BR Transducers
BL Pos1 0 BR Pos1 0
BL Pos? 0 BR Pos? 0

. EPB Controls - Akkerman Inc.

File Windows  Program  Help

Status ” VFD{Grease ” Foam{Slurry ” Conveyor/Steer/Jack || Misc. | e |

VFD Data | Steering Dﬂtﬂ| Screw Data |

Screw Motor

Temp1 0
Temp2 0
Temp3 0
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Controls & Instruments - Cutterhead Controls

CUTTERHEAD CONTROLS

The cutterhead controls operate the power, speed
and direction of the cutterhead rotation (four drive
motors) on the EPBM.

NOTICE Abrupt operation may cause the

machine to roll. Gradually adjust the cutterhead
drive speed rotation.

CUTTERHEAD CONTROLS

To provide power for the cutterhead, press the All
VFDs (or in the following order the Master, Slave
1, Slave 2, Slave 3), VFD Cooling Pump, and Main
Lubricating Grease Pump by pressing the ON
buttons under the VFD/Grease tab on the control
screen (A).

NOTICE Anytime the cutterhead is
rotating, the Main Lubricating Grease pump, the Talil
Seal Grease pump and VFD Cooling Pump MUST
be operating. Failure to do so will cause machine
damage.

The Cutterhead control (B) on the control console
controls the cutter head rotation direction, clockwise
(CW) or counterclockwise (CCW) as viewed looking
forward into tunnel. This control also activates the
Cutterhead Speed flow control (C).

The Cutterhead Speed control regulates the speed
of the drive motors from 0 to 100%. Move the control
as follows:

CW - increase cutterhead rotation speed

CCW - decrease cutterhead rotation speed

NOTICE To adjust the dial movement of

the flow control, refer to Speed Control Sensitivity
Adjustment in this section.

NOTICE If power is shut down or there is

a power outage, once the power is restored and the
cutterhead motor/pump is restarted, the flow control
is automatically reset at MIN (0) speed. To avoid
confusion when power is restored, turn the flow
control to MIN (0) before restarting.

The cutterhead speed and torque (clockwise &
counterclockwise), and cutter system RPM Front
(encoder on cutter) and motor can be monitored
from the EPB Control screen on car #2. It is
recommended to operate the cutterhead drive
torque at a maximum of 80% (see Cutterhead
Operation Guidelines in the Operation section).

The maximum cutterhead speed is 3.5 rpm.
The maximum cutterhead torque to 550,000 ft. Ibs
The maximum motor RPM is 1,750.

NOTICE If a cutterhead motor stops, an

error message (D) (TL Fault, BL Fault, TR Fault, BR
Fault) will appear indicating which motor has faulted.
Check VFD status on car #4 to clear fault.

ADANGER Contact with electrical terminals in

VFED boxes with power on WILL cause severe injury
or death. Do not touch electrical terminals. Keep
guards in place.
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Controls & Instruments - Jacking Controls

JACKING CONTROLS

The jacking controls regulate the jacking cylinders
(A) during thrust, steering (with jacking cylinders)
and concrete segment installation.

To activate the jacking controls, from the EPB
Control screen, press the Head Boxes Power

ON button (B) under the tab, Misc, and press the
Jack/Segment Pump ON button (C) under the tab
Conveyor/Steer/Jack.

JACKING CONTROLS

Thrust Ram Selection Control (D)

On the control console, move the Thrust Ram
Selection control (D) as follows:

OFF
Prevents jacking cylinders from moving.

ALL

Allows all twelve jacking cylinders to extend or
retract (selected with Thrust Ram Direction switch)
the same distance.

BIAS i

Allows the operator to select which set of six

cylinders will have high pressure (Pump A) and low Jacking Controls

pressure (Pump B). On Control Console

The operator will depress the cylinder number

based on the direction to be steered. For example, Jacking System

if downward steering is desired, depress cylinder Flow Pump A Flow Pump B

6 to activate cylinders 3 through 8 to low pressure. 'u L - 'u Lt -
The six cylinders are selected to low pressure by PSI Pump A PSI Pump B -
pressing the desired cylinder and then the two

buttons CW and the three buttons in CCW are .

automatically selected as low pressure. The other Dt .' 6 vl

six cylinders are in high pressure mode.

b

___ Bias Offset .
[ %
0 inch .

On the control screen, Bias Offset (E), the % of
thrust difference between Pump A (high pressure)
and Pump B (low pressure), can be adjusted by
pressing the Decrease Bias PSI (F) and Increase

- #ofTransducers
Bias PSI (G) buttons. For example, if the Bias 'fej S Q
Offset is 0%, all cylinders will have the same thrust —
pressure; if Bias Offset is 5%, the six low pressure s :"@1 — :-@‘ S
cylinders have 5% less pressure than the high N ‘.@' N

pressure cylinders. ==

(continued on next page)
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Controls & Instruments - Jacking Controls

JACKING CONTROLS
Thrust Ram Selection Control (continued)

SEGMENT (A)

Allows the operator to select an individual cylinder
or up to a maximum of four cylinders to stabilize
the concrete segments during installation. This
selection also provides power to the segment
erector.

Select the desired cylinders by touching the
cylinder number (B) on the control screen

Thrust Ram Direction Control (C)
FUNCTIONS:

HOLD

Stops flow to the jacking cylinders.

EXTEND
Extends the jacking cylinders.

RETRACT
Retracts the jacking cylinders.

Thrust Jack Speed Control (D)

The Thrust Jack Speed control (D) regulates the
speed of the EPBM jacking cylinders from 0 to
100%. Move the control as follows:

CW - increase jack speed
CCW - decrease jack speed

NOTICE To adjust the dial movement of

the flow control, refer to Speed Control Sensitivity
Adjustment in this section.

NOTICE If power is shut down or there

is a power outage, once the power is restored and
the Jack/Segment Motor/Pump is restarted, the
flow control is automatically reset at O speed. To
avoid confusion when power is restored, turn the
flow control to MIN before restarting.

The jacking system pump pressure (E), cylinder
extension (F), pump flow (G), and speed (H)
[inches per minute] can be monitored from the
control screen.

The # of Transducers field (1) corrects the

jacking speed when not all twelve cylinders or 6
transducers are used, for example, during launch.
This function is inactive but is available. Contact
your Akkerman product support representative for
more information.

epbom113.5

P Jacking System ,

Flow Pump B

Flow Pump A
S | 0% | 0%
\\ 0 100 0 100
TRPSI Pump A 0 PSI Pump B 0

g 0 inch :‘ ; 6' 0 inch

R N

) o
: Bias Offset
— %
6| 0 inch i i |

#of Transducers | B3 |

0 inchimin 4=
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0 inch 6 = \ _ J 0 inch

Jacking Specifications

Total Thrust Capacity .......cccccceeeeeiieeinnnns 960 tons

Jacking Pressure (Maximum) ................. 4,825 psi

Jacking Flow (Maximum) ..... 11.5 gpm each pump
Extension for All or Bias Cylinders

Extension Rate...................... 11” per minute
Stroke (Maximum)..........ccccccvveeeeeeeennn. 62 in.
EPBM Advance Rate ........ 4 in. per minute

Segment Cylinders (Only Pump Ais
controlling jacks)
Extension Flow Rate ........... 11.5 gpm max.
Extending One Cylinder ...... 80" per minute
Retraction Flow (Maximum)

One Cyl. oo 2.5 gpm
TWO CYl. oo, 5 gpm
Three Cyl. coooovvieiiiiiieeeeeeeee, 7.5 gpm
Four Cyl. v, 10 gpm
Five - Twelve Cyl. ........ccccvvvneeeen. 11.5 gpm
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Controls & Instruments - Steering Controls

STEERING CONTROLS

NOTICE For the proper steering procedure, refer to Steering Guidelines and Operation in the
Operation section.

NOTICE Steering corrections should be

carefully executed with small adjustments made
over many feet. Making more extreme steering
adjustments will increase the jacking forces due to
the front and trailing sections not in parallel.

afrfapate =
’-H—-rs,. :

9| (1

AN

The steering controls regulate the four EPBM
steering cylinders (A).

B
A Lo

o
=

ik

Lk

To activate the steering controls, from the EPB
Control screen, press the Head Boxes Power
ON button (B) under the Misc tab, and press
the Steering/CC Pump ON button (C) under the
Conveyor/Steer/Jack tab.

P v
Dt

(=] [=)=][=]

NOTICE When shutting down steering %“iﬁ oy
system, press Steering/CC Pump to OFF button. If —
steering pump is not shut off before system is shut
down, the steering cylinders will move from the 50%
position.

STEERING CONTROLS

The steering system is designed for two cylinders
to operate simultaneously. Steer the EPBM

by depressing the steering control buttons (D)
[maximum of two cylinders can be selected at one
time] to extend/retract the steering cylinders.

Depress the button(s) to extend/retract as desired:
100% is fully extended

50% is centered position

0% is fully retracted

Monitor the average cylinder position (E) in percent
(two transducers per cylinder), and the extend/
retract pressure (F) of the steering cylinders on the
control screen.

At initial start up, the steering cylinders are centered
represented by the 50% cylinder position. When
steering is activated, the corresponding cylinders
move as needed to retain a 100% position.

0 psi

The maximum steering cylinder extension is 5.7”
(shown as %).

The maximum pressure is 5,000 psi. The extend and
retract cylinder pressure is monitored.

The maximum ton capacity per cylinder is 240 tons,
or a maximum ton capacity of 960 tons.

0 psi

0 psi

0 psi

The steering cylinder status indicators (G) on the

EPB Control screen represent the status of the Steering Cylinder Status
individual steering cylinders: On EPB Control Screen
dark blue - static light blue - activated
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Controls & Instruments - Copy Cutter

COPY CUTTER

The copy cutter (A) aids in steering by over-cutting
particularly for curvatures of a tunnel.

The EPB is equipped with two copy cutters which
cannot be used simultaneously. Copy Cutter A is
located at the 0° position and the Copy Cutter B is
located at the 180° position.

When using the copy cutter be sure the manual
copy cutter controller (B) in the EPB is in the proper
position:

Lever Up - Copy Cutter A

Lever Down - Copy Cutter B

The position of the controller must match

the control CC A or CC B on the control screen
(C), otherwise the copy selection range becomes
opposite by 180°, and over-cutting will be opposite
of intended direction.

Use copy cutter A until it is worn, then switch to B.

(continued on next page)
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Copy Cutter

A
B
Copy Cutter
Cutterhead as viewed looking forward

Copy Cutter and Steering

Select Quadrant

L i
-

CC Angle 0
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Controls & Instruments - Copy Cutter

CONTROLS

To activate the copy cutter controls, from the EPB
control screen, press the Head Boxes Power ON
button (A) under the tab, Misc, and press the
Steering/CC Pump button ON (B) under the tab
Conveyor/Steer/Jack.

Select the desired quadrant(s) (C) to extend the
copy cutter. Push the Extend up or down arrows
(D) to desired extension of copy cutter in inches.
Then press Set/Reset button (E).

NOTICE Extend or retract the copy

cutters in .25” (6mm) increments to a maximum
extension of 5.5” (140 mm).

The CC Angle (F) displays the location of the
selected copy cutter (in degrees) on the cutterhead.

Select copy cutter by moving controller (G) as
follows.

Lever Up - Copy Cutter A

Lever Down - Copy Cutter B

NOTICE The same copy cutter must

be selected on control screen and controller.
Otherwise the copy cutter selection range becomes
opposite by 180°, resulting in the over-cut will be
opposite of intended direction.

COPY CUTTER RANGE

When determining the overcut, keep in mind that
the copy cutter extension will start at the beginning
of the desired quadrant and will start to retract at
the end of the quadrant.

As a general rule, the copy cutter extend and
retract range is determined by cutterhead speed
and extension of copy cutter:

« the cutterhead speed decreases the angles at the
beginning and ending of the desired quadrant will
be closer; cutterhead speed increase the angles
will be farther from the beginning and ending of
the desired quadrant.

* the copy cutter extension decreases the angles at
the beginning and ending of the desired quadrant
will be closer; copy cutter extension increase
the angles will be farther from the beginning and
ending of the desired quadrant.

epbom113.5 4-17

Flanr Transformer

 (m [~
- [~

Conalu Power Mo s Powes

Copy Cutter and Steering
Select Quadrant

Extend

19.7° Fully Extended

191.6° Fully Retracted

Copy Cutter Range Example
With Desired Overcut from 0° to 180° With 2.25”
Cutter Extension & Cutterhead At Full Speed
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Controls & Instruments - Screw Conveyor

SCREW CONVEYOR

The screw conveyors help maintain the earth =
pressure balance while moving spoils to the belt =i
conveyor. C Ini
The screw conveyor controls operate the #1 screw A, \ ' -
conveyor (A) and the #2 screw conveyor (B) power, g
conveyor rotation and speed. _T_—i,EEE
CONTROLS A

To activate the screw conveyor hydraulic motor/

pump from the control screen, press the Screw
Conveyor ON button (C) under the tab, Conveyor/

¥ (P8 Controls - Akkerman Inc.
Steer/Jack. et

Status  VF Jock | Mise. | 17
On the control console, turn the Screw Conveyor Belt Comveyor Belt Spray Ba Pump

switch (D) to Forward or Rev to activate the Screw [on ]

Speed flow control (E). Move switch as follows:

JackfSegmant Pump Screw Comveyor
. oot OB on
Forward - spoils towards launch shaft E \ E D
Rev - spoils towards reception shaft sl @ el By mant aschimgl Tl Gemectm

The Screw Speed flow control regulates the speed
of the screw conveyor from 0 to 100%. Move the
control as follows:

o il = |

CW - increase screw speed
CCW - decrease screw speed

Adjust operation of #1 screw conveyor to
compensate for the earth pressure balance. As

a guideline, operate #2 screw conveyor speed at
approximately 5% faster than the #1 screw conveyor.

NOTICE To adjust the dial movement of

the flow control, refer to Speed Control Sensitivity
Adjustment in this section.

NOTICE If power is shut down or there is Screw Conveyor Controls
a power outage, once the power is restored and the On Control Console
screw conveyor mptor/pump is restarted, the floyv Screw Conveyor
control is automatically reset at 0 speed. To avoid Py
confusion when power is restored, turn the flow { Screw #1 PSI
control to MIN before restarting. \\ i 0 psi
0 7500
Adjust the Lead/Lag field (F) on the control screen Screw #2 PSI
to regulate the speed of the screw conveyor 2 to the | 0 psi
speed of the screw conveyor 1: 0 7500
Lead: % of screw conveyor 2 that is faster than — /®
screw conveyor 1 (positive %) Leadilag | 03] x 7=
Lag: % of screw conveyor 2 that is slower than .
screw conveyor 1 (negative %) Screw #1 Speed 0
The #1 and #2 conveyor pressure (G) and speed ®/' SCRNAE RN i

(H) are displayed on the control screen. The motor
pressure is displayed in psi. The speed of the
conveyor motor is displayed in RPM.

Maximum screw conveyor speed is 15 rpm.
Maximum screw conveyor pressure is 3,500 psi.

(continued on next page)
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Controls & Instruments - Screw Conveyor

There are manually operated controls for the
screw conveyor #1 (A) and screw conveyor #2
(B) located on the Incline car #1. Before using
the manual controls, turn screw conveyor console
control to OFF.

To activate the screw conveyor manual controls,

on the EPB Control screen, turn on the Screw Rz it Jmmtal
Conveyor hydraulic motor/pump control (C) under Stotus | VFD/Groase | FonmfSiurry| Conveyor/SteerfJack Wise. | 177
the tab, Conveyor/Steer/Jack. Bt Conveyor et Sprmy Bos Purp

o ff e | = E3

Move the levers as follows:

Jack/Segment Pump Screw Conveyor

UP - Forward, spoils towards launch shaft E ‘E/m
Neutral - Off Sle{" Segment Handling/Toil Granss
DOWN - Reverse, spoils towards reception shaft [N

The speed of the screw conveyors are proportional
to the movement of the control levers.
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Controls & Instruments - Conveyor Gate Controls

CONVEYOR GATE CONTROLS

The conveyor gates help regulate the flow of spoils
through the screw conveyors. There are three
conveyor gates; front (A) intermediate (B) and ' ; -
rear (C). :

Front Gate (A)

The front gate is used when the screw conveyors
must be removed for maintenance. Closing the front
gate will seal spoils in the EPB chamber. Before
closing the front gate, the screw conveyors and
erector casing must be moved back to allow the front
gate to close. Refer to Closing/Opening Front Gate
in the Operation section.

Intermediate Gate (B)

Typically the intermediate gate should never be used
unless there is a need to remove larger material that
will not pass through the screw conveyors.

The hydraulic gate control (D) regulates the position
of the intermediate gate. BEFORE using hydraulic
gate control, remove all gate hardware. Once gate
is moved back to the closed position, secure all gate
hardware to seal gate to screw conveyor.

Rear Gate (C)
The rear gate is used to stop spoils flow out of the
SCrew conveyors.

To activate the rear gate controls, from the EPB
Control screen, press the Head Boxes Power
ON button (E) under the tab, Misc, and press the
Steering/CC Pump ON button (F) under the tab,
Conveyor/Steer/Jack.

e
Status FoamfShury Mae |

From Tramsirme: Flonr Tramsfoemer

| (-
st Compinanor LR
- ().

Conalu Power Hand Dowes Powes

(continued on next page) 7] E{i\@
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Controls & Instruments - Conveyor Gate Controls

CONVEYOR GATE CONTROLS (continued)

The conveyor gate controls on the control console
operate the rear conveyor gate closing (A) and
opening (B) by regulating the oil flow to the gate
cylinders.

NOTICE To ensure sealing for a prolonged

period of time, after closing gate tighten eight bolts Rear Gate Conveyor Controls
on the gate frame. On Control Console

There are two linear transducers that monitor the
rear gate opening. The opening % is displayed on

rear gate meters (C). Rear Gate ,
Gate Position1 Gate Position2
* 0% is fully closed l T ow% | 0%

. 0, i
100% is fully open 0 100 O 100

Keep in mind, for the rear gate to be closed, BOTH
gate position 1 and gate position 2 meters MUST be
at 0%. For example, if one meter is at 0% and the
other is at 10%, the gate is not completely closed.

Rear Gate Accumulator (D)

In the event of a power outage or malfunction and
the rear gate must be lowered without power, an
accumulator is equipped on Incline car #1 of the
EPB.

AWARNING Escaping oil or other fluids

under pressure can penetrate your skin causing
serious injury or death. The rear gate accumulator
stores high pressure fluid. BEFORE performing
maintenance or repairs on rear gate, discharge
accumulator.

1. Open tank valve (E) slightly before opening
pressure valve (F).

2. Open pressure valve (F). Gate will close with the
pressure from the accumulator.

3. Once gate is closed, close both pressure and tank
valves.

NOTICE The accumulator charge is for i II.
one use. If the accumulator is used, it must be gms =' ' l
recharged. To recharge the accumulator, refer pe,
to Charging The Rear Gate Accumulator in the 1
Operation section.

(R i1
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Controls & Instruments - Belt Conveyor

BELT CONVEYOR

ADANGER Contact with rotating conveyor

belt or idler rollers will cause severe injury or death.
Keep hands, body, and objects clear of rotating
conveyor.

Do not operate without covers and guards in place.
Lockout/tagout power before servicing belt conveyor.

The belt conveyor will move the spoils from the
screw conveyor to the muck cars (dirt bucket).

Control the speed of the conveyor so when the
spoils drop on the belt conveyor, they do not pile up
on the belt. A change in the EPB advancement rate,
screw conveyor speed or ground conditions will
require an adjustment in the conveyor speed.

AWARNING Running the conveyor too

fast can cause severe injury from flying debris
and cause possible machine damage. Slow the
conveyor speed so there is continual controlled
movement of the spoils into the muck car.

BELT CONVEYOR CONTROLS

To activate the belt conveyor hydraulic motor/pump
press the Belt Conveyor ON button (A) on the
control screen under the Conveyor/Steer/Jack tab.

NOTICE Before the conveyor belt rotates,

there will be a three second audible and visual
alarm. The audible alarm (horn) is located on
Operator Station car #2. The two red visual alarms
(B) are located on Segment Handling car #3 and the
Rear Hydraulic car #7.

On the control console, turn the Belt Conveyor
ON/OFF switch (C) to ON to activate the Belt
Speed flow control. The Belt Speed (E) flow control
regulates the speed of the belt conveyor from 0 to
100%. Move the control as follows:

CW -  increase belt speed

CCW - decrease belt speed

NOTICE To adjust the dial movement of

the flow control, refer to Speed Control Sensitivity
Adjustment in this section.

The maximum belt speed is 90 rpm. The belt speed
(D) can be monitored from the EPB Control screen
on Operator Station car 2. The belt will move
forward, moving spoils to the muck cars.

NOTICE If power is shut down or there

is a power outage, once the power is restored and
the belt conveyor motor/pump is restarted, the flow
control is automatically reset at 0 speed. To avoid
confusion when power is restored, turn the flow
control to MIN before restarting.

The Belt Spray Bar Pump control (F) powers the
belt conveyor spray bar pump on car #8 which
regulates the spray bar on car #6.

(continued on next page)
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Belt Spray Bar Fump -#=

=) [=)[=][=]

Jack/Segment Pump
On Off On | Off
Stearing/CC Pump

Screw Conveyor

Segment Handling/Tail Grense

‘ On On

| on

Belt Conveyor Controls
On Control Console

Belt

Belt Speed
0%
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Controls & Instruments - Belt Conveyor

BELT CONVEYOR CONTROLS (continued)

The Belt Conveyor Control (A) is located on Front
Hydraulic car 6. This control overrides the console
belt conveyor control and speed.

Move lever as follows:
Towards launch shaft - forward (towards
launch shaft), typical belt rotation while
mining

D
BELT
CONVEYOR
CONTROL

S| o

o)
o)

Towards reception shaft - reverse (towards
reception shaft), use only during maintenance

The speed of the belt is proportional to the
movement of the control lever.

A Belt Stop Control is installed on Incline Belt

car 1 and Front Hydraulic car 6 in the event the
belt rotation must be stopped. The controls are
equipped with an Emergency Belt Stop cable (B)
as a means to stop the belt conveyor rotation. The
belt will continue to rotate until the belt momentum
stops.

Once the belt is stopped with the cable, the spools
of both stop controls must be pushed back into the Pushing In Spool Of Belt Stop Control On
control before the belt will be operational. Incline Belt Car 1

BELT STOP CONTROL

There are two belt stop controls located on
Incline car 1 and Front Hydraulic car 6.
Both controls must be in operational position for
belt to resume rotation.

Belt
Operational F

(Spool In)

Belt

Stopped
(Spool Out)

1251-130 0908
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Controls & Instruments - Gas & Oxygen Detector

GAS & OXYGEN DETECTOR

For more information, refer to your GDS GasMax
Gas Detection Manual.

A DANGER The gas detection system

(A), that is installed in the EPB system, monitors
only combustible gas levels and oxygen level.
Monitoring of all gas levels is the responsibility
of the contractor. This includes the accumulation
of combustible and toxic gases, and depletion

of oxygen. The contractor must keep the tunnel
ventilated with fresh air at all times.

The gas detection system installed on operator
station car #2 CANNOT be the only methane or
other combustible monitoring system. The gas
concentration must be checked by other portable
detectors to inspect the tunnel at the beginning

of each shift to determine that the tunnel is gas
free before any tunnel equipment is energized or
personnel are allowed to enter the tunnel. The
contractor is responsible for providing air analyzers
to detect hazardous gases or oxygen deficiency on
the job and in the tunnel at all times.

The gas detector system monitors gas levels as
follows:

1. When the system detects a gas level reading of
5% LEL but less than 10% LEL, the audible alarm
(horn) (B) on the operator station car 2 will sound
repeatedly and the visual alarm strobes (C) will
flash. There are two visual alarms located on
segment handling car 3 and rear hydraulic car 7.

2. When the gas detector system detects a gas level E— _G_ES_LBU_B_
of 10% LEL or higher at the LEL sensor (D), the
tunnel power will automatically shut down. Oxyge“
LEL 0

3. The gas level % readings of oxygen (E) and LEL
(F) at the gas detector is displayed on the control
screen.

4. The oxygen sensor (G) of this system simply
measures the oxygen level at the sensor location
on car #2. There is no alarm with the oxygen level
system.

NOTICE The alarm horn volume is

adjustable. The horn must be adjusted so it can be
easily heard over the ambient noises of operation.
Adjust the volume by using an allen wrench in the
set screw (H) on the horn face. Turn the set screw
clockwise to reduce the volume. Turn the set screw
counterclockwise to increase the volume.
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Controls & Instruments - Grease Pump Lubrication

GREASE PUMP LUBRICATION

Use the Grease Pump Lubrication control (A) to
lubricate the following components:

« EPBM main bearings (B)

* main bearing seals (C)

* bearing gear ring and drive pinions (D)

« steering joint (E)

« cutterhead fluid swivel (F)

* screw conveyor bearings (G)

« screw conveyor #1 and #2 articulation joint (H)
* screw conveyor #1 front gate (1)

* copy cutters (J)

MAIN GREASE PUMP CONTROLS

To provide power to the main grease pump, turn
the Main Lubricating Grease Pump ON by pressing
the ON button on the VFD/Grease tab of the control
screen (K).

Turn Grease Pump Lubrication switch (A) to ON for
constant greasing of components.

Turn Grease Pump Lubrication switch (A) to AUTO
for greasing of the components only while the
cutterhead is rotating.

The Main Bearing Greasing on the control

screen displays eight indicators (L) which will
periodically flash between gray (no greasing) to
blue (greasing). If a red marker appears around an
indicator, this means that the block is not greasing
the specific component, therefore shutdown
immediately and troubleshoot the problem before
resuming mining operation. For the specific EPBM
greasing block location, refer to Grease Distribution
Block Locations in this section.

A grease level scale meter (M) is added to the Main
Bearing Greasing control screen. A red visual alarm
will be visible once the grease barrel reaches the
specified limit on the meter.

NOTICE The grease level meter alarm

limit can be changed by clicking on the meter and
pull down the menu. Change the limit on the visual

alarm as needed and click OK. E
C B D
/ VA
I 1
i I\l ==
l \ | \
J | F G
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Grease Pump Lubrication Control
On Control Console

. EPB Controls - Akkerman Inc.
File  ‘Windows  Program  Help

[ Status | VFD/ [Foam/Slurry | C. e

All VFDs Master Slavel

| on [ on | | on |

Slave3

(o ] = |
o |

**=* Cooling Pump should be ON when YFDs are ON

fJack | Misc. | 772 |

N
{ On

Main Bearing Gr_easing :
) 0 0 O
0 0 o

Main Grease Level

\ 0%
0 100

Lube Grease Pump Greasing Indicators &
Grease Level On Control Screen

0209



Controls & Instruments - Grease Distribution Block Locations

GREASE DISTRIBUTION BLOCK LOCATIONS

The Main Bearing Greasing control on the control
screen displays eight indicators (A) which will
periodically flash between gray (no greasing) to
blue (greasing). If a red marker appears around an
indicator, this means that the block is not greasing
the specific component, therefore shutdown
immediately and troubleshoot the problem before
resuming mining operation.

To assist in troubleshooting, the illustration displays
the location in the EPBM the corresponding block
numbers on the control screen.

1 - (Right)
2 - (Left)

Block #1: Secondary Divider Distribution Block
(feeds blocks 2, 3, 4, 5, 6, 9 and 10)

Block #2: Screw Conveyor #1 Drive and
Bearing Greasing

Block #3: Main Bearing and Main Seal Greasing
Block #4: Main Bearing and Main Seal Greasing

Block #5: Main Bearing and Main Seal Greasing

epbom113.5
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Main Bearing Greasing ¢
O 6 0 ©
O 0 0 o
__ Main Grease Level

0%
0 100

Lube Grease Pump Greasing Indicators
On Control Screen

Block #6: Copy Cutter and Front Gate Greasing

Block #7: Main Divider Distribution Block
(feeds blocks 1 and 8)

Block #8: Screw Conveyor #2 Drive and
Bearing Greasing

Block #9: Main Bearing and Main Seal Greasing

Block #10: Steering Joint and Screw Joint Greasing

0209



Controls & Instruments - Tail Seal Grease Pump

TAIL SEAL GREASE PUMP A

The tail seals (A) must be well lubricated to prevent
any contamination from entering the seal area. Failure
to do so will result in leakage of water/spoils into the
machine and tunnel.

TAIL SEAL GREASE PUMP CONTROLS

To provide power to the tail seal grease pump, press
the Segment Handling/Tail Grease power ON button
(B) under the Conveyor/Steer/Jack tab.

When mining, be sure to turn the tail seal grease
pump switch (C) on the control console to ON or
AUTO as follows:

ON (Console)

When turning the tail seal grease pump switch (C) to IR

the ON position, there are two control options: Swaing [ ; = oot e T

1. AUTO (E) ; this is the default setting [see AUTO (E) S I e
(Console) below]. 1K o e W I 5

2. Manual (D) setting on the control screen [see C m E] U D
Manual (D) below]. JackfSogment Pump Scrow Convayor

Manual (D): Press manual until button is highlighted \D—E

in blue and then press the desired ports that require s} o\ N[ Sagmam Thandkay /Tl Oresse
greasing. The selected ports will continue to be P~ N ==
greased until they are shut off by pressing the D [} D D
button until it is gray. In the Manual setting, keep in
mind that one port will always be greased.

AUTO (E) (Console)

Select AUTO position to automatically grease the tail
seal ports when the cutterhead is rotating. There will
be no greasing if the cutterhead is not rotating.

The greasing duration at each port will be 15 seconds
and will be visible with the specific port button
highlighted in blue on the Tail Seal Greasing monitor.
A gray button indicates that there is no grease being
cycled on that port.

Another option within the AUTO position, is the
Disable/Enable setting on the control screen to
bypass the grease port(s) in the event the component
is plugged or damaged:
Disable/Enable: Press disable/enable button (F) to
access validate window (frmTailSealPreferences
[G]) Uncheck the desired ports from cycling
grease. Then press Validate button (H). The
selected ports will no longer be greased until they
are enabled (rechecked and validated).
IMPORTANT: You must enable these grease ports
to reactivate the grease cycling to the ports.

Disable/Enable

Manual T

A grease level scale meter (1) is added to the Talil 6 = ~ 6 ~
Seal Grease Pump control screen. A red visual alarm o e ,;
will be visible once the grease barrel reaches the "

siecified limit on the meter. | i %
The grease level meter alarm limit /

can be changed by clicking on the meter and pulling / /‘

down the menu. Change the limit on the visual alarm
as needed and click OK.

Tail Seal Consumption

The recommended consumption rate is 1 kg/sq meter
or 0.2 gal/min (2 Ib/min) at 4 in/min advance rate.
The recommended dosage of tail seal grease is 20 Ib
per meter advanced.
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Controls & Instruments - Segment Handling Controls (Car #3)

SEGMENT HANDLING CONTROLS (CAR #3)

AWARNING Suspended loads may fall and

cause severe personal injury or death.

Concrete segments are VERY HEAVY! Each
segment weighs between 800 to 1500 Ibs.
(363 to 680 kg).

Do not enter area under or around a load.

The segment handling car removes the concrete
segments from the segment handler cars and off
loads the segments onto the segment conveyor
dolly. The dolly winch then moves the dollies into
the erector zone in the EPBM.

MY DO NOT lift more than one ] ComerSic e

Belt Spray Bar Pump

segment at a time. The hoist lift capacity is
designed to lift only one segment at a time.

To activate the segment handling controls (A),
press the Segment Handling/Tail Grease ON button
(B) from the EPB Control screen under the tab,
Conveyor/Steer/Jack.

Move the control levers as follows:

* Dolly Winch:
Left - IN: Winch cable (C) into EPBM
Right - OUT: Winch cable out to Segment Car

* Carriage Travel:
Left - FWD: Carriage (D) forward to EPBM
Right - BACK: Carriage back towards
launch shaft.

* Segment Lift Winch:
Left - DOWN: Lift cable (E) lowers
Right - UP: Lift cable raises

Maximum pressure for the segment handling system
is 2,000 psi.
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Controls & Instruments - Segment Erector Controls

SEGMENT ERECTOR CONTROLS (CAR #1)

AWARNING Suspended loads may fall and

cause severe personal injury or death.

Concrete segments are VERY HEAVY! Each
segment weighs between 800 to 1500 Ibs.
(363 to 680 kg).

Do not enter area under or around a load.

The segment erector (A) maneuvers the concrete
segments as needed to form a complete tunnel ring
as indicated by the guidance system.

To activate the segment erector controls (B), press

the Jacking/Segment Pump ON button (C) from the
EPB Control screen under the tab, Conveyor/Steer/
Jack.

i EPB Controls - Akkerman Inc.
Fie  Windows
| Status | VFD/Grease | Foam/Slurry

NOTICE Once the segment erector pump i

(C) is powered on and the Thrust Ram Selection
(D) control is positioned to Segment, the blue Jack/Segment Pump
strobe light (E) on Incline Car #1 will illuminate
indicating the erector is currently operating or will
be operating shortly.

NOTICE When using segment erector

controls, be sure to select Segment on the Thrust
Ram Selection control (D) on the control console
so the operator can select individual cylinders to
stabilize the concrete segments during segment
installation.

(continued on next page)
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Controls & Instruments - Segment Erector Controls
Segment Erector Controls (continued)

Move the control levers as follows:

* Erector Travel:
Up - IN: Erector moves horizontally along
erector casing towards EPBM
Down - OUT: Erector moves horizontally along
erector casing away from EPBM

* Segment Erector Travel:
Up - CW: Erector rotates CW around
erector casing
Down - CCW: Erector rotates CCW around
erector casing

» Concrete Segment Rotation:
Up - CW: Rotates segment CW
Down - CCW: Rotates segment CCW

* Segment Lift Arm:
Up - EXTEND: Lift cylinder extends
Down - RETRACT: Lift cylinder retracts

* Segment Ball Latch:
Up - LOCK: Ball latch locks
Down - UNLOCK: Ball latch unlocks

Maximum Pressures:

Erector Travel ........ccccceeeenee. 6.6 gpm @ 2,250 psi
Segment Erector Travel.......... 17 gpm @ 2,250 psi
Concrete Segment Rotation ... 26 gpm @ 2,250 psi
Segment Lift Arm................ 10.6 gpm @ 1,600 psi
Segment Ball Latch ............... 1.3 gpm @ 2,000 psi
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Controls & Instruments - Blower Ventilation Controls

BLOWER VENTILATION CONTROLS (CAR #13)

The Blower car #13 provides ventilation for the
tunnel.

¥ EPB Controls - Akkerman Inc.
| Fle  Windows
Status  VFD/Grease  Foam/Slurry Convayur,-‘Slearuad(| Misc |77 |

Front Transformer Rear Transformer

(]

To activate power to the ventilation system, press

the Blower ON button (A) from the EPB Control LS R
screen under the tab, Misc. -ll . £8 E!

Console Power Head Boxes Power

A DANGER ROTATING SPINNERS (blades).

To prevent serious injury or death from rotating
spinners: DO NOT service or make adjustments to
the blower system without first performing the lock
out and tag out power source procedure.

Once the ventilation system is energized, the green
OFF light (B) will illuminate.

Press the desired Forward (C) or Reverse (D)
buttons. The corresponding Forward (E) or
Reverse (F) red light will illuminate.

To stop the ventilation blower fan, press Stop
button (G).

If an overload occurs and the Forward or Reverse
controls do not function, press the reset (H).
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Controls & Instruments - Lights

LIGHTS

Each car is equipped with tunnel lights (A). The
light control (B) is located on Blower car #13.

Turn the lights ON for full power lights while in the
tunnel.

When the light control is turned OFF, the lights will
dim and illuminate until the battery ballast power is
drained.

Switch control to TEMP for lighting at full power for
30 minutes, then the lights will dim and illuminate
until the battery ballast power is drained.

When tunnel power is shut off, such as, when
adding a new electrical power cable or when
shutting down for the day, switch control to TEMP
position for 30 minutes of full light power before the
lights dim.

NOTICE If starting the power for the

day and the control is set to TEMP, there will be
no tunnel lights since the battery ballast power
has been drained. Turn on the lights by turning
the control to ON. Besides illuminating the tunnel
lights, the battery ballast will recharge.
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Controls & Instruments - Speed Control Sensitivity Adjustment

SPEED CONTROL SENSITIVITY ADJUSTMENT

There is a program on the computer that allows
the operator to fine tune the sensitivity of any of
the speed controls (Belt, Screw, Cutterhead, and
Thrust Jack Speeds).

1. Double click the Knob Config icon on the
desktop or go to the EPB Controls window on
the console screen, select the Program pulldown
menu and select Speed Dial Adjuster.

2. In the Speed Knob Settings window, change the
speed control sensitivity by:

a. select the desired dial setting control

b. click/touch on the arrow buttons to Fast or Slow
or move the slider on the scale as needed.

c. click/touch Validate button

d. click/touch Close button once the speed control
sensitivity is adjusted to operator preference.
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Controls & Instruments - Air Compressor (Foam Car #8)

AIR COMPRESSOR (FOAM CAR #8)

AWARNING Do not remove caps, plugs or

other components when compressor is running or
pressurized. Do not use air from this compressor
for breathing purposes or processing consumables.

The air compressor, located on foam car #8,
provides air for the pneumatic control valves and
the foam system.

NOTICE The air compressor housing was

removed for photographic purposes only. Never
operate the air compressor without housing bolted
in place.

Before starting the compressor:
1. check compressor oil level {2 EPB Controls - Akkerman Inc.
minimum level: bottom of fill port threads G2 L] =
fu” IeVeI: tOp Of fl” por’[ threadS Status VFD/Grease | Foam/Slurry | Conveyor/Steer/Jack | Misc (|
2. check for any leaks or loose bolts

3. check drive for tightness. D

Air Compressor Blower

Front Transformer Rear Transformer

To activate the air compressor, press the Air

Compressor ON button (A) from the EPB Control E

screen under the tab, Misc.

Console PoRge Head Boxes Power

After starting, check for leaks and check operating \ ,

pressure and temperature. =
Specifications:

Operating pressure: .......ccccccceeeenne. 150 to 175 psi

Operating temperature: ............cccccecenineneee. 190° F

Motor Speed @ full load:
.............. 2200 rpm @ 17.5 gpm @ 2600 psi

Compressor @ full load: ....................... 8,800 rpm
(O 1Y 50
Oil CapaCity ......ccceecuveeeeiniiieeeeee 25qts (241L)

Oil ...... Vanguard High Performance Rotary Screw
Compressor Oil
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Controls & Instruments - Transformer Cooling Controls (Cars 9 & 10)

TRANSFORMER COOLING CONTROLS (TRANSFORMER CARS 9 & 10)

Once the 4160V is powered in the tunnel, the
transformers will automatically turn on. When this
occurs, turn on the transformer cooling pumps
(A) on Transformer cars 9 and 10 to keep the
transformers from overheating.

To power up the transformer cooling pumps, press
the Front Transformer ON button (B) AND the Rear
Transformer ON button (C) under the Misc tab of
the control screen.
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Controls & Instruments - Earth Pressure Sensors

EARTH PRESSURE SENSORS

To retain the earth pressure as shown on the
Geotechnical report while mining, the operational
screen on the computer displays the earth pressure
meters of the front bulkhead, the front of screw
conveyor #1, and the rear gate on screw conveyor
#2 pressure transducers. The face pressure must
be maintained to prevent over and under mining.

The Earth PSI Left (A) and Earth PSI Right (B)
displays the left and right bulkhead earth pressure
sensor meter readings of the pressure transducers.

The Earth PSI Screw1 (C) and Earth PSI Screw2 Earth Pressure Balance Right Sensor
(D) meters display the readings of the screw
conveyor pressure transducers.

The maximum pressure on the pressure
transducers is 50 psi.

NOTICE The earth pressure meter alarm

limits can be changed by clicking on the meter and |
pulling down the menu. Change the limit on the
visual alarm as needed and click OK. 0 a0

Earth PSI Right -
| 0 psi
/O-an 50
~ Earth PS| Screwl

| 1 psi
0 50
Earth PSI| Screw?

| 0 psi w

0 a0

"X Earth PSI Left
0 psi
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Controls & Instruments - EPB Roll

EPB ROLL

The current EPB roll (A) is shown on the control
screen display as a percent. An EPB roll limit
cutterhead shut down is equipped on your EPB
(refer to Set Roll Limits below).

SET ROLL LIMITS (B)

The positive and negative roll parameters
communicate to the system if the positive or
negative roll exceed these percent parameters,
the cutterhead rotation will shut down.

Five percent positive and negative roll is the default
roll limit.

Adjust the Set Positive Roll (C) and Set Negative
Roll (D) fields by clicking the Set Roll Limits button
and then pressing the up and down arrows as
needed or by simply typing the number in the
number field. Then press the Set (E) button.

POST ANOTE (F)

Click this button to type a short note (255 character
limit), Click POST button to save this note on the
database. This note will be generated on a report
providing the note was posted within the date and
time parameters of the report.

EPB Roll
Set Foll Limits ‘
FPost & Mate J/

Set EPB Roll Limits  [X]

ols

S

et Positive Roll

| §?| percent

et Negative Roll

|_—§?| percent

Cancel
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Controls & Instruments - Cameras

CAMERAS

There are two cameras in the EPB for viewing
operations. The camera windows will be displayed
in the right monitor.

Double click Camera1 and Camera2 program icons
on the desktop to display the camera windows.

The camera windows can be moved on the
computer monitor by touching the window or with
the mouse and dragging it to the desired location.

There is a magnetic mount on the camera base to
allow the camera(s) to be moved to a desired area
within the length of ethernet cable.

{3 EPB Camera2

epbom113.5 4-38 0209



Controls & Instruments - Foam Controls

FOAM CONTROLS

The foam system allows the EPB to condition the
ground with foam to help increase cutting efficiency
and reduce cutting torque. There are three foam/
slurry ports on the cutterhead and three in the
plenum chamber. Typically the cutter injection ports
are used, while the chamber ports are rarely used.

CONTROLS
The foam system components must be activated
before foam can be generated.

1. On the control screen, press the Foam Control
Box ON button (A), and the Foam Transformer
ON button (B) under the Foam/Slurry tab.

2. On the control screen, press the Air Compressor
ON button (C) under the Misc tab. The air
compressor minimum output must be 90 psi.

3. Press the Head Boxes Power ON button (D)
under the Misc tab. This will provide power to the
foam control modules.

4. Turn foam control panel breaker switch (E) to the
ON position.

5. Pull out Emergency Stop (F) on foam control
panel.

IMPORTANT: This emergency stop shuts down
foam system power ONLY. This emergency stop
DOES NOT shut down tunnel power.

6. Turn control (G) to Remote position.

7. Turn on fresh water supply with a minimum of
45 psi @ 26 gpm.

8. Control the foam system as needed using the
following foam console controls, control screen
controls and foam control panel controls.

(continued on next page)
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Controls & Instruments - Foam Controls

FOAM CONSOLE CONTROLS
Foam Pump SWitCh (A): On 0‘" ﬁu( n | .Ru( Slurry i Slurry 0'” Foam
ON - foam will be pumped to the appropriate port(s) > Y N

- i i S
once Foam is selected on the Mixing Chamber Ports o . e o

and/or Cutterhead Ports switches. FOAM PUMP SLURRY PUMP MIXING CHAMBER CUTTERHEAD

PORTS PORTS

AUTO - foam will be pumped to the appropriate
port(s) only while the cutterhead and screw
conveyors are rotating once Foam is selected on
the Mixing Chamber Ports and/or Cutterhead Ports
switches.

NOTICE If foam system on control screen
is on AUTO, the foam will not pump until the
cutterhead and the screw conveyors are rotating
AND the jacking cylinders are extending.

FOAM PUMP
OFF - no foam flow

Mixing Chamber Ports switch (B):
Foam - opens one valve to distribute foam to three
ports in chamber

OFF - no foam flow

Cutterhead Ports switch (C):
Foam - opens three valve ports on cutterhead

OFF - no foam flow MIXING CHAMBER CUTTERHEAD
PORTS PORTS

CONTROL SCREEN CONTROLS

Foam|Slurry Ports (D):

This control allows the operator to control individual
ports on the cutterhead face (manual mode only).
This control window is also a visual display of the

foam/slurry pneumatic control valves that are open / g

and closed on the cutterhead face and the plenum FDEI‘I"H“S'UTF)( Poris \

chamber,. | re=m=d )
Chamber —/L

L
1
-

on the selection made with the mixing chamber
port switch, cutterhead port switch and the screw
conveyor port switch (slurry only) on the control
console.

The port indicator lights (E) will illuminate based Foamn — E

?L

Sy

AUTO: Click Auto (F) to cycle foam or slurry to all
three cutterhead ports, one at a time for 30 seconds.

1

s--.l------l.------l.--

cutterhead port buttons (H) for foam or slurry. uto
Foam will pump continuously to the selected ports. f
The dark blue button will indicate the valve port is /
activated and open for foam or slurry.

NOTICE The cutterhead port buttons (H)

are functional only in manual mode.

To Screw Conyvear

MANUAL: Click Manual (G) to select all or individual L
A

‘ Manual ‘

(continued on next page)
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Controls & Instruments - Foam Controls

CONTROL SCREEN CONTROLS (continued)

Foam System: \
The operator controls the foaming ratio and the flow anm SYSIE"\ )
of foam mixture, while the system regulates the % g
of foam mixed with soil removal.

Foam Mode: by valume

AUTO (A): For display only. Auto is highlighted Y =

when the Foam Pump switch (F) on the control ‘

console is turned to the AUTO position. Foam PSI Foam Mode
+ Foam will be pumped to the selected port(s) o o e Wi Bk
only while the cutterhead and screw conveyors A
are rotating once Foam is selected on the \
Mixing Chamber Ports (G) and/or Cutterhead Air Tank1 P51 Air Tank2Z PSI  ,
Ports (H) switches. 0 psi ‘ 0 psi "

0 300 0 300

MANUAL (B): For display only. Manual is
highlighted when the Foam Pump switch (F) on
the control console is turned to the ON position.

» Foam will be pumped to the selected port(s)

once Foam is selected on the Mixing Chamber

Ports (G) and/or Cutterhead Ports (H) switches.

The foam mixture will pump until the pump is

shut off.

FOAM PUMP

Foam Expansion Ratio (C): this field controls the
foaming ratio. That is, how much more air than
solution will be in the foam mixture. Input numbers off Off
are from 1 to 10. The higher the ratio or more air, Slurry |  Foam Slurry | Foam
the foam mixture will be less dense. The lower N 4 ’
the ratio or less air, the foam mixture will be more
soupy.

* Use 5 as a starting point. This means, there is
5 times more air than water in the foam solution
and should be adjusted accordingly.

MIXING CHAMBER CUTTERHEAD
PORTS PORTS

% By Volume (D): this field displays the
approximate % of foam mixed with soil removal.
This is calculated by the system and is a display
field only.

Flow GPM (E): this field controls the flow of foam
solution. The maximum gpm is 300 gpm.

» Determining flow gpm: Every inch of soll
mined per minute is equivalent to approximately
45 gpm (for EPB 113.5). If advancing 3 inches
per minute (3 x 45 = 135 gpm of soil) with 30%
mixed volume of foam, approximately 40 gpm of
foam is required (135 x 30% = 40.5 gpm).

Reset Pump (l): this button will illuminate when

a fault occurs. Press this button to reset the foam

system pump in the event of a low air or water

pressure fault. This button performs the same

function as the Acquit Stop Emergency button on

foam control panel.

(continued on next page)
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Controls & Instruments - Foam Controls

CONTROL SCREEN CONTROLS (continued)
Foam System (continued):

Foam PSI (A): this meter displays the foam
pressure at outlet of foam gun in EPB. The
maximum pressure is 75 psi. A high pressure on
this meter indicates that a port(s) is plugged in
cutterhead or chamber.

NOTICE If Foam PSI meter is displaying

a high pressure, select the Manual button on the
Foam/Slurry Ports window. Then select individual
cutterhead port buttons while injecting foam to
determine which port is plugged.

Air Tank1 PSI (B) | Air Tank2 PSI (C): Displays

the air tank pressure for the pneumatic control
valves and foam system. The maximum pressure for
each tank is 175 psi. During mining operation, the
pressure is typically at 150 psi.

FOAM CONTROL PANEL CONTROLS ON CAR #8
BREAKER (D): ON/OFF for foam system.

EMERGENCY STOP (E): Push IN to stop Condat®
foam system. Pull OUT to restart power to foam
system.

IMPORTANT: This emergency stop shuts down
foam system power ONLY. This emergency stop
DOES NOT shut down tunnel power.

CONTROL LOCALIREMOTE (F):

LOCAL: (use only for testing purposes only)
Select Local for foam operation at this foam control
panel. The foam pump switch on the control console
and the foam controls on the control screen (on
operator car #2) will be inactive. The port switches
on the control console will be active.

NOTICE If using LOCAL control, the mixing

chamber port switch and the cutterhead port switch
on the control console on Operator car # MUST be
turned to FOAM position (open valves). Failure to do
so WILL cause damage to foam system.

REMOTE: Select Remote for foam operation from
the Operator Car #2 control console and control
screen. The Start Pump switch, Stop Pump switch,
and the Flow control on the foam control panel will
be inactive.

(continued on next page)

epbom113.5 4-42

Foam system

: : = Reset
Foam Expanzion R atio 0.0 2 | bmes | Pump
N

Flow | 0 :| gpm

% by wolume

Foam Mode

u pSI Auto M anual
0 300

i Air Tank1 PSI

Air Tank2 PSI
0 psi : i

0 300 0

P

0209



Controls & Instruments - Foam Controls

FOAM CONTROL PANEL CONTROLS ON CAR #8
(continued)

DEFAULT (A): The default light will illuminate a fault;
air or water pressure is low.

ACQUIT STOP EMERGENCY (B): This is the default
reset button. Press this button after the air or water
pressure fault is corrected.

FLOW (C): Refer to Condat manual (active only
when control (D) is set to local).

STOP PUMP (E): Press this button to stop the
Condat® foam generator pump (active only when
control (D) is set to local).

START PUMP (F): Press this button to start the
Condat® foam generator pump (active only when
control (D) is set to local).

NOTICE If using LOCAL control, the mixing

chamber port switch and the cutterhead port switch
on the control console on Operator car #2 MUST be
turned to FOAM position (open valves). Failure to do
so WILL cause damage to foam system.

POWER CONTROLS ON EPB CONTROL SCREEN
Foam/Slurry Tab

Foam Control Box (G): Provides power to foam
electrical control box.

Foam Transformer (H): Powers transformer in Foam
Car #8 to lower power from 480VAC to 400VAC for
the foam generator system.

Misc Tab
Air Compressor (J): Powers the air compressor on
Foam Car #8 for air in foam system.

(continued on next page)
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Controls & Instruments - Slurry Controls

SLURRY CONTROLS

The slurry system allows the EPB to condition
the ground with slurry to help increase cutting
efficiency and reduce cutting torque. There are
three foam/slurry ports on the cutterhead, three
in the plenum chamber, and three in the screw
conveyor. Typically the cutter injection ports are

used, while the chamber ports are rarely used. The
conveyor ports are used only if material is stuck in

the conveyor.

CONTROLS
The slurry system components must be activated
before slurry can be utilized.

1. On the control screen, press the Slurry Control
Box ON button (A) and the Slurry Pump ON
button (B) under the Foam/Slurry tab.

2. On the control screen, press the Slave1 ON
button (C) under the VFD/Grease tab. This
will provide power to the VFD communication
module.

NOTICE Be sure to press the VFD

Cooling Pump ON button (D) whenever VFD
controls are on to prevent component damage.

3. On the control screen, press the Head Boxes
Power ON button (E) under the Misc tab to
provide power to the slurry control modules.

(continued on next page)
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Controls & Instruments - Slurry Controls

SLURRY CONSOLE CONTROLS
Slurry Pump switch (A):

ON - slurry will be pumped to the appropriate port(s) o o = ctr poes—— of e g o S
once Slurry is selected on the Mixing Chamber
Ports, Cutterhead Ports switch and/or Screw . 0 9 0 0

FOAM PUMP SLURRY PUMP MIXING CHAMBER CUTTERHEAD

Conveyor Ports switches. PoRTS bonrs

AUTO - slurry will be pumped to the appropriate
port(s) only while the cutterhead and screw
conveyors are rotating once Slurry is selected on
the Mixing Chamber Ports, Cutterhead Ports and/or
Screw Conveyor Ports switches.

NOTICE If slurry system on control screen

is on AUTO, the slurry will not pump until the
cutterhead and the screw conveyors are rotating
AND the jacking cylinders are extending.

SLURRY PUMP

OFF - no slurry flow

Mixing Chamber Ports switch (B):
SLURRY - opens one valve to distribute slurry to

three ports in chamber off off
Slurry | Foam Off

OFF - no slurry flow > ¢ \°’ »
Cutterhead Ports switch (C):

SCHEW CONVEYOR
PORTS

Slurry

ol

SLURRY - opens three valve ports on cutterhead MIXING CHAMBER CUTTERHEAD SCREW CONVEYOR

PORTS PORTS
OFF - no slurry flow

Screw Conveyor Ports switch (D):
SLURRY - opens one valve to distribute slurry to
three ports in screw conveyor

OFF - no slurry flow

CONTROL SCREEN CONTROLS

Foam|Slurry Ports (E):

This control allows the operator to control individual
ports on the cutterhead face (manual mode only).
This control window is also a visual display of the
foam/slurry pneumatic control valves that are open
and closed on the cutterhead face and the plenum
chamber.

The port indicator lights (F) will illuminate based
on the selection made with the mixing chamber
port switch, cutterhead port switch and the screw
conveyor port switch (slurry only) on the control
console.

AUTO: Click Auto (G) to cycle foam or slurry to all
three cutterhead ports, one at a time for 30 seconds.

MANUAL: Click Manual (H) to select all or individual

PORTS

cutterhead port buttons (I) for foam or slurry. Slurry
will pump continuously to the selected ports. The
dark blue button will indicate the valve port is
activated and open for foam or slurry.

NOTICE The cutterhead port buttons (I) are

functional only in manual mode.
(continued on next page)
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Controls & Instruments - Slurry Controls

CONTROL SCREEN CONTROLS (continued)

Slurry System:

The slurry system consists of the injection, circulation
and fill system controls and meters. The injection
and circulation controls cannot be used at the same
time. If one system is activated, the other system will
automatically shut off. The fill system can be used
during the operation of the injection or circulation
system.

INJECTION CONTROLS

The injection controls regulate the amount of slurry
mixture and controls the flow of slurry mixture to the
EPB from the slurry tanks.

NOTICE During injection, there is no slurry

circulation in the tanks.

Injection Mode:
AUTO (A): For display only. Auto is highlighted
when the Slurry Pump switch (B) on the control
console is turned to the AUTO position.

* Slurry will be pumped to the selected port(s)
only while the cutterhead and screw conveyors
are rotating once Slurry is selected on the Mixing
Chamber Ports (C), Cutterhead Ports (D) and/or
Screw Conveyor Ports (E) switches.

* Once the cutterhead and screw conveyors stop
rotating, auto circulation cycles through each
slurry tank. The Auto circulation button (F) will
highlight when this occurs.

MANUAL (G): For display only. Manual is
highlighted when the Slurry Pump switch (B) on
the control console is turned to the ON position.

* Slurry will be pumped to the selected port(s)
once Slurry is selected on the Mixing Chamber
Ports (C), Cutterhead Ports (D) and/or Screw
Conveyor Ports (E) switches. The slurry mixture
will pump until the pump is shut off.

» Once the cutterhead and screw conveyors stop
rotating, auto circulation does not occur. The
operator must select a circulation mode.

GPM (H): this field controls the flow of slurry solution.
Default gpm is 30 gpm with a maximum of 60 gpm.

NOTICE Determining slurry gpm: Every

inch of soil per minute is equivalent to approximately
45 gpm (for EPB 113.5). If advancing 4 inches per
minute (4 x 45 = 180 gpm of soil) with 30% mixed
volume of slurry, approximately 54 gpm of slurry is
required (180 x 30% = 54 gpm).

(continued on next page)
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Controls & Instruments - Slurry Controls
CONTROL SCREEN CONTROLS (continued)
Slurry System - Injection Controls (continued)

ACTUAL GPM (A): this meter displays the slurry
pump flow rate at the flowmeter on slurry car #11.

Injection Mode

ACTUAL PSI (B): this meter displays the slurry : ‘“‘““;' SEN i ‘“"3“:;" L3l Ao gy haocel
.. . . | m 51
pump pressure (injection mode) and mixing e R
pressure (cwculat,on mOde)‘ The maximum Pump Speed Pump Torque Slurry Face PSI
pressure is 75 psi. [ o% | ow | opsi
. 0 :

0 . 00 O
PUMP SPEED (C): this meter displays the slurry ‘
pump speed in %.

PUMP TORQUE (D): this meter displays the slurry
pump torque in %.

SLURRY FACE PSI (E): this meter displays
the slurry face pressure at the EPB head. The
maximum pressure is 75 psi.

CIRCULATION CONTROLS

The circulation controls on the slurry system regulates the slurry tank circulation on cars #11 and #12. The
control screen controls consist of the Circulation Off, Auto, and Manual controls (F), the mixing port valves
(four per tank) (G), the suction valves (one per tank) (H), fill valves (one per tank) (1), fill level controls (J),
and the tank level indicator (K).

NOTICE During circulation, slurry injection is not allowed.

NOTICE If air pressure is low, the slurry system will shut down. If this occurs, the following warning
message will appear in field area (L): “Air pressure is less than 90 psi. Slurry system will shut down.”

Slurry system

b Equal

Tank #1
first

Tank #2
first

Stop
Filling

[ | ] :J gpm -
- Injection Mode
Actual GPM __ Actual PSI Auto Manual
e 0 gpm | 0 psi
0 60 0 300
_ Pump Speed _ Pump Torque _Slurry Face PSI
M anual | 0% | 0% | 0 psi
(1] 100 0 100 0 300

(continued on next page)
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Controls & Instruments - Slurry Controls

CONTROL SCREEN CONTROLS (continued)
Slurry System - Circulation Controls (continued)

NOTICE The Slurry Pump control (A) on

console must be to the ON or AUTO position for
the circulation controls to function. SLURRY PUMP

OFF (B): Shuts off circulation system. Ci":mﬂtm:/ \
AUTO (C): Slurry cycles through each tank mixing - A
ports (four on each tank) and suction valve (one P~

on each tank) for approximately 60 seconds each. ©§\ e

This cycle will continue until it is shut off. K

The circulation cycle in the AUTO mode is Manual
dependent on the tank level. B P> 4

« If the level in both tank 1 (D) and 2 (E) are not j

empty, then the circulation alternates through the
tanks by opening two mixing ports and suction
valve on one tank and circulates through each
mixing port for 60 seconds and then closes the
valves. The cycle continues through the next tank
until all mixing ports on both tanks have been
cycled.

The total circulation cycle time is approximately 8
minutes. The circulation cycle continues until the
operator shuts off the circulation.

Tank #2
first
3 Stop o
W | Filling
/
A

« If the one tank is empty, the circulation will
proceed through each of the four mixing ports and
suction valve on the tank that is not empty for 60
seconds each. The total circulation cycle time is
approximately 4 minutes. The circulation cycle
continues until the operator shuts off the circulation.

MANUAL (F): Allows individual manual control

of tank mixing ports and suction valves providing
the tank is not empty. This control also allows the
filling of one tank from the other tank. There is an
interlock that prevents the operator from overfilling
a tank.

All suction valves and tank mixing port valves are
closed, and the slurry pump is off in default mode.

Manual Circulation: Press one or more of the
tank mixing ports (F) and suction valve(s) (G) to
cycle slurry through the desired tank(s) providing
the selected tank is not empty. The circulation
continues until the operator shuts off the circulation.

NOTICE To energize the slurry pump

during the manual circulation mode, a suction valve
and a mixing port must be selected.

(continued on next page)
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Controls & Instruments - Slurry Controls

CONTROL SCREEN CONTROLS (continued)
Slurry System - Circulation Controls (continued)

Slurry system

Filling Tank 1 With Slurry From Tank 2 Using
Circulation Mode: Open one or more mixing ports -
(A) on tank 1 and open suction valve (B) on tank 2.
This will energize the slurry pump and pump slurry
from tank 2 to tank 1 until tank 1 is full.

Tankl

Filling Tank 2 With Slurry From Tank 1 Using
Circulation Mode: Open one or more mixing ports
(C) on tank 2 and open suction valve (D) on tank 1.
This will energize the slurry pump and pump slurry
from tank 1 to tank 2 until tank 2 is full.

NOTICE There is an interlock preventing

an operator from overfilling a tank.

FILL LEVEL CONTROLS

The fill level controls on the slurry system are used
to fill the tanks with inbound slurry from above
ground.

NOTICE Once afill button is pressed, the

filling of the tanks will continue until the tanks are
full or the stop filling button is pressed.

EQUAL (E): Tank 1 fill valve (F) and tank 2 fill valve ~\

(G) open and once filled, the tank valves close. If \ Yot

a tank is full, the appropriate tank fill valve will not A
rry sysle&q

open. X J

TANK #1 FIRST (H): Tank 1 fill valve opens (if tank F'@ ;

is not full) and once filled, the fill valve closes. Then fank

tank 2 fill valve opens and once filled, the fill valve

closes.

TANK #2 FIRST (I): Tank 2 fill valve opens (if not
full) and once filled, the fill valve closes. Then
tank 1 fill valve opens and once filled, the fill valve
closes.

Tank #2
First  wa’
N |
Stop )
_ Filling > 4 l
(8 i

STOP FILLING (J): Closes both tank fill valves if
open.

TANK LEVEL SENSORS

There are four tank sensors for each tank; two
full level redundant sensors and two empty level
redundant sensors.

The control screen has a tank indicator (K)
displaying a FULL, OK, or EMPTY reading on
each tank depending on the slurry level. The
approximate tank levels are:

FULL - 250 gal. (946 L)
OK - level between full and empty
EMPTY - 30 gal. (114 L)

epbom113.5 4-49 0209



Controls & Instruments - Error Messages - Pressure Filter Indicators

ERROR MESSAGES

Error Messages
The Error Messages monitor displays the Translormeﬂ_PSl if HIGH
messages as they occur. The messages are a Transformer1 is getting HOT
visual indicator to make the operator aware of a Transformerl is HOT
potential problem. Transformerl Motor is HOT

Transformer2 PSI is HIGH
Transformer2 is getting HOT
Transformes2 is HOT
Transformer2 Motor is HOT
Front Transformer Overload
Rear Transformer Overload
Carb Oil Level is LOW
Car7 0il Level is LOW
Cooling Pump Overload
Jacking Pump Overload
Air Compressor Overload
Steering Pump Overload
Segment Handling Pump Overload
Belt Conveyor Pump Overload
Main Grease Pump Overload
Screw Conveyor Pump Overload
Foam Transfer Pump Overload
Error in TL linear transducer
Error in TR linear ransducer
Error in BL linear transducer
Error in BR linear transducer

It is recommended that the operator shut down
the operation and resolve the problem before
proceeding.

PRESSURE FILTER INDICATORS

To prevent under or over servicing of the hydraulic
filter elements, a filter indicator has been installed
on the Front Hydraulic #6 and Rear Hydraulic #7
cars.

The green OK zone indicates that the filters are
functioning properly.

The yellow zone indicates that the filters will soon
require replacement.

Replace filters when the needle on the gauge is in
the red CHANGE zone.

NOTICE The indicator may display the

red CHANGE zone at initial start-up until the oil
reaches normal operating temperature. If the red
CHANGE zone continues to display after reaching
normal operating temperature, replace filter to
prevent contamination.

3 - Jia |
Filter Indicator On Rear Hydraulic Car #7
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Controls & Instruments - Hydraulic Reservoirs

FRONT HYDRAULIC CAR #6 RESERVOIR

The hydraulic reservoir on car #6 provides
hydraulic oil for the: screw conveyor pump, main
bearing grease pump, reservoir cooling pump, and
belt conveyor pump.

The reservoir includes an oil level sight gauge (A)
and temperature gauge (B).

The hydraulic oil temperature should not exceed
150° F (66°C).

Refill reservoir, if needed, as follows:
1. Clean oil fill connection end (C).

2. Attach quick coupler hose to connection with
other end of hose in oil supply container with
Condat® D 68 hydraulic oil or equivalent.

NOTICE

Do not mix oil manufacturers.

3. Pump oil until fluid reaches high mark on sight
gauge.

4. Remove oil supply quick coupler hose.

REAR HYDRAULIC CAR #7 RESERVOIR

The hydraulic reservoir on car #6 provides hydraulic
oil for the: jacking/erector pump, steering pump,
copy cutter pump, tail grease pump, reservoir
cooling pump, air compressor pump and segment
handling pump.

There are two reservoirs on car #7, the main and
auxiliary reservoirs. Both reservoirs include an oil
level sight gauge (D and E) and temperature gauge
(F and G). The hydraulic oil temperature should not
exceed 150° F (66°C).

AWARNING Check oil level and refill ONLY

when jacking cylinders are fully retracted. Failure
to do so could result in serious injury and machine
damage from a ruptured hydraulic reservoir.

Main Reservoir on Rear Hydraulic Car #7
Refill reservair, if needed, as follows: S
1. Clean oil fill connection end (H).

2. Attach quick coupler hose to connection with

other end of hose in oil supply container with
Condat® D 68 hydraulic oil or equivalent.

NOTICE Do not mix oil manufacturers.

3. Pump oil until fluid reaches high mark on the
auxiliary (top reservoir) sight gauge (E) reservoir.

4. Remove oil supply quick coupler hose.

Auxiliary Reservoir (top) on Rear Hydraulic Car #7
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Controls & Instruments

NOTES
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Pre-Start Inspection

AWARNING Do not operate this equipment until you read, study, and understand this manual and

your spoil removal system operation manuals. A daily inspection of the equipment must be performed to

prevent severe personal injury or death and equipment damage.

The contractor is fully responsible for the safety of all personnel on the job site. Check with the contractor
that all site preparation requirements are in place. Be sure to comply with all OSHA regulations, such as:
an active safety program is in practice, a confined space permit (if needed) is issued, personal protective

equipment is being worn; flammable, combustible, and hazardous materials are properly stored; and a
lockout/tagout procedure is in place.

Use the following checklist v" as a guide for your daily pre-start inspection.

1. Use “ONE-CALL" notification to check for buried utility lines prior to tunneling.

2. Check the excavated launch and reception shafts for proper shoring or bracing to prevent slides or cave-ins.

3. Thoroughly clean equipment of mud and dirt.

4. Check condition of personal protective equipment. Replace equipment if defective.

5. Contractor is responsible for all personnel to wear proper protective equipment on the job site.

6. Remove combustible or flammable materials from equipment. Store materials properly.

7. Test Emergency Stop buttons for proper operation at the start of each shift.

8. Test air monitoring and ventilation detectors for proper operation.

9. Thoroughly inspect all equipment for damage. Repair or replace before operating.

10. Be sure all covers and guards are in place before operation.

11. Check for loose or missing hardware. Replace damaged or missing hardware.

12. Check for worn, loose, or damaged wire connections. Repair or replace wiring.

13. Tighten loose clamps or fittings.

14. Check electrical lines for frayed or worn insulation or wires. Replace damaged or worn electrical lines.

15. Check for fluid leaks. Repair leak or replace components.

16. Keep job site clean and organized.

17. Perform all lubrication and maintenance procedures. Refer to Section 9, Periodic Maintenance.

18. Test each function and control to ensure correct operation.

19. Check hydraulic hoses and lines for leaks, wear and/or damage. Replace any defective hoses and/or lines.

20. Check oil level in hydraulic oil reservoirs. Add as needed.

21. Lubricate screw conveyor gates. Refer to Periodic Maintenance section.

22. Perform pre-start inspection on your spoils removal system. Refer to your system’s operation manual.

23. Check that all switches are in the Off, Hold, and Stop position, and that all speed controls are at 0 (Min).

24. Check power container for proper operation.

epbom113.5 5-1

0209




Pre-Start Inspection

NOTES
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Operation

OPERATING GUIDELINES
AWARNING Do not operate this equipment until you read, study, and understand this manual.

Failure to do so, could result in severe personal injury or death.

1.

o O A WN

~

9.

10.

11.

12.
13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Before operating, read and understand the Safety, Pre-Start Inspection, Operation and Maintenance
sections.

. Do not operate this equipment while under the influence of alcohol, drugs, or medication.
. Follow all Federal, State, and Local safety regulations and procedures.

. Be sure OSHA prescribed safety protective equipment is being worn by all personnel.

. Be sure the area is safe for operation. Keep worksite clean and orderly.

. NEVER operate equipment if it has been engulfed with water. Contact your Akkerman Product Support

representative for proper procedures on how to restore equipment for operation.

. Have a fully charged fire extinguisher on the job site at all times.

. Before operating, inspect all equipment and repair equipment problems. Check hoses for cuts or

bulges. Replace worn or damaged hoses.

Be sure the excavated launch and reception shafts are properly shored or braced to prevent slides or
cave-ins.

Test air monitoring and ventilation detectors for proper operation. Never enter a tunnel without
detectors.

A fully trained and qualified signal person must direct the excavator or crane operator when lifting and
lowering equipment into the launch or reception shafts.

Never walk or work under any part of the excavator or crane and suspended loads.
Test each function and control to make sure they work properly.
Lock out electrical power at the source (generator) before servicing electrical components.

Do not make any modifications to any Akkerman products. Doing so could cause structural failure and
will void the warranty.

Check shields and guards. All must be in place and undamaged.

Test the Emergency Stop circuit for proper operation at the start of each shift by checking E-Stop
controls in the power container (including the remote E-stop), operator station control console on car
#2, and E-Stop on blower car #13.

Before starting equipment, walk completely around all machines and equipment. Let all job site
personnel know that you are starting up the equipment. Do not start until all unauthorized personnel
are clear of the equipment.

After start-up, observe all gauges, meters, controls and warning devices to assure they are functioning
properly and their readings are within the operating range.

Never leave the operator’s station without performing daily system shutdown and disconnecting the
main power supply.

Lock out the main disconnect, shut off generator or other external power source, and attach a DO NOT
OPERATE tag or similar warning tag to the main power disconnect before performing maintenance.

If adjustments must be made with the equipment running, always work as a 2-person team with one
person in the operator’s station while the other works on the machine.

Check cable for continuity and shorting before each use. Do not pull or strain cables; doing so will
result in damage.

Operate the #1 screw conveyor speed to retain the earth pressure balance.
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Operation - System Overview

SYSTEM OVERVIEW

Earth Pressure Balance Machine (EPBM)

The purpose of the EPBM is to excavate material
in a controlled manner by balancing the machine
face pressure with the earth (soil) pressure. This
control of material and pressure balance minimizes
ground settlement and heaving. During excavation,
a foam and/or slurry mixture is pumped to the
EPBM cutterhead and mixes with the spoil in the
cutterhead chamber, to create a soft non-sticky
“toothpaste consistency” for removal through the
conveyor system and spoil removal system.

Segment Erector & Jacking Can

The segment erector places the concrete segments
within the EPB jacking can to build a complete

ring while the EPB jacking cylinders stabilize the
segments during installation.

Car #1 Incline Car

This car transports spoils from the screw conveyor
onto the belt conveyor to the muck cars. This car
also contains the manual screw conveyor controls,
the segment erector controls, and the rear gate
accumulator controls.

Car #2 Operator Station

This car contains the information and control
system which monitors all inputs such as targeting
data, pressures, positions, speeds, torques, and
flows, and reports them to the operator.

This car also contains the pressurization system
controls.
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Operation - System Overview

Car #3 Segment Handling

The lift carriage moves and unloads the concrete
segments from the segment handling cars to the
segment conveyor dollies for transport to the erector
zone.

Car #4 VFD

This car contains the main cutter head drive control
VFDs (Variable Frequency Drive) and VFD cooling
system (cooling pump and heat exchanger).

This car also contains the slurry drive VFD which
controls the slurry motor/pump on front slurry car
#11.

Car #5 Switch Gear

This car contains the electrical contactors and motor
starters. The transformer cars provide power to the
480 VAC electrical boxes. The 480V to 240V/120V
transformer in the car provides power to the 240VAC
electrical box.

Car #6 Front Hydraulic

This car contains the hydraulics for the belt
conveyor, screw conveyor, main drive grease and oll
cooling system.

Car #7 Rear Hydraulic

This car contains the hydraulics for the jacking,
steering, segment handling, segment erector, copy
cutter, air compressor and oil cooling system.
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Operation - System Overview

Car #8 Foam

This car contains the foam generator which
transforms the foaming agent into a foam mixture
and is pumped to the front of the EPBM. The foam
is then mixed with the spoils to stabilize the face
pressure. This car also contains the foam and
pneumatic air tanks, 480V to 400V transformer for
foam system power, cooling return booster pump,
and cooling system for car components.

Car #9 Front Transformer

This car contains a powered transformer. The
power is reduced from 4160V to 480V for the
480VAC Box 1 electrical box in switch gear car #5
for the jacking, segment erector, air compressor,
steering, copy cutter and segment handling
electrical contactors and starting motors.

Car #10 Rear Transformer

This car contains a powered transformer. The
power is reduced from 4160V to 480V for the
480VAC Box 2 electrical box in switch gear car
#5 for the belt conveyor, cooling, grease, screw
conveyor, foam pump, and foam transfer pump
electrical contactors and starting motors.

Car #11 Front Slurry

This car contains a 250 gal. slurry tank with
flowmeter, slurry pump and 10 HP slurry motor. The
slurry mixture in the tank is pumped to the front of
the EPBM and is mixed with the spoils to stabilize
the face pressure and/or to help reduce cutting
torque.

Car #12 Rear Slurry

This car contains a 250 gal. slurry tank with front
and rear tank feed valves. The slurry mixture in
the tank is pumped to the front of the EPBM and is
mixed with the spoils to stabilize the face pressure
and/or to help reduce cutting torque.
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Operation - System Overview

Car #13 Blower

This car contains the controls and fans for the
tunnel ventilation system. It also contains the
4160V main power junction box, the compressed
nitrogen tank for the pressurization system,
Emergency Stop control, and tunnel lights control.

Power Container

The power container is the power distribution
center for the 480 volt incoming power, 480V to
4160V transformer, and 4160 volt tunnel power.
This container also includes two Emergency Stop
controls; one is on the power container and one is
a remote E-Stop.

[

3
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Operation - Recommended Tools & Equipment - Site Planning

RECOMMENDED TOOLS & EQUIPMENT

Below is a list of tools and equipment for most complex technical construction operations. Financial
resources and equipment availability are as much of a deciding factor as immediate job site requirements
in determining what items should be on hand. This list contains many items, some of which may only be
needed in special situations.

. Safety equipment, first-aid kit, fire extinguishers, and stokes-type stretcher.
. Any other required safety gear, such as air monitoring or gas detection systems.
. Ventilation fan(s) and ducting.
. Communications equipment and good quality flashlights.
. Generator sized for the project’s power requirements including an adequate fuel supply for the
generator’s minimum period of operation.
. A crane sized to project requirements.
. Adequate pumping capacity for launch and reception shaft sump, and process water overflow, potential
storm event inflow, trash pump, and hoses.
8. Adequate job site lighting, crew safety vests, and traffic control devices/signage, and barricades.
9. Wash down hose and spray nozzle.
10. Measuring and surveying equipment; including sight level or theodolite, laser levels, plumb-bobs, string
lines and 100’ tape measure.
11. Secure tool and equipment storage.
12. Rubber-tired front-end loader with bucket and forks.
13. Skid steer loader.
14. Shovels, rakes, and brooms.
15. Bullfloat and trowels.
16. Concrete bucket, tremie hose and hopper.
17. Carpentry tools including circular saw, sawzall, extension cords, and cordless drill w/bits, and basic hand
tools.
18. Hammer drill and masonry bits, small “rivet buster” type jackhammer, chisels.
19. Sledgehammer(s), pry and crowbars of all sizes, spud wrenches, and pick-bars.
20. Various sizes hydraulic bottle jack(s), railroad or house type jacks, portapower hydraulic jack cylinder kit.
21. Log chains, shackles and clevis’.
22. Chain or cable-type “come-alongs.”
23. Arc welder and cutting torch rigs, eye shields and required protective gear.
24. Disc and mini-disc grinders, and extra discs.
25. Mechanic’s tools, including but not limited to; wrenches, sockets, allen wrenches, torque wrenches,
pliers, screwdrivers, hammers, etc.
26. Grease gun.
27. Electrician’s tools, including test meters, voltage indicator, ground fault indicator, and specialty hand
tools.
28. Pipe wrenches, water pump pliers, pump packing removal kit.

abhwN -

~N o

SITE PLANNING

It is important to carefully review the site and make sure that it is arranged in the most effective manner
possible. Here is a list of equipment and site considerations that are typically needed for an EPB project.

Equipment:

- EPBM - Storage Container With Tools - Generator Or Power Source
- Support Cars - Crane - Lubrication Pump

- Screw Conveyors - Fork Lift - Spoil Removal Truck

- Power Container - Portable Welders - Portable Toilet

- Concrete Segments - Small Generator

Other site considerations:

- Spoil Removal Truck Access - Fresh Water Supply - Electrical Interconnections
- Launch Shaft Size - Hose Interconnections - Shaft Access Area
- Walkways - Segment Staging Area

- Any Traffic or Other Physical Restraints
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Operation - Site Preparation

SITE PREPARATION

1. The contractor is fully responsible for the design and construction of the
OSHA required launch and reception shafts. For setup and installation
drawings specific to the project, pipe size and shoring type, contact the
Akkerman Sales Department.

excavate the launch and reception shafts. Be sure the shafts will be
well drained and use proper shoring or bracing in accordance with your
local, state, and federal regulations.

3. Construct a shaft floor with a solid base suitable for the weight of
the skid, EPBM system and pipe. Consult your civil and structural
engineers for your shaft floor requirements.

AEM is the original author and

4. Place steel plates on the shaft floor for supporting the base of the skid ~ Publisher of the above illustration

(rails), EPBM and pipe.

5. Construct a concrete thrust block to withstand the applied
load. A structural engineer must be consulted on the design of
this block.

AWARNING Suspended loads may fall and cause severe
injury or death. Do not allow anyone to enter area under or

around a susiended load.
Be sure the crane or excavator and all lifting

equipment is rated to lift load. Remember, you may be able to

lift the load in close at ground level, but as the load radius and
elevation change, the lifting capacity of the crane or excavator or
other lifting equipment may decrease.

6. Lower skid assembly into launch shaft and place against the
thrust or reaction block. Correct the skid assembly line and
grade with leveling screws. Be sure there is at least 6 inches
between the front of the skid rails and where the launch seal
will be located.

7. Lower the jacking frame onto skid. The frame elevation can be adjusted to grade by the jacks on the
bottom of the frame.

8. Connect the hydraulic hoses and electrical cables. Cover sharp corners to prevent damage to the
cables and hoses.

9. Place the power container on a firm, level surface a safe distance from the launch shaft.

10. Place the generator or main power source as far away from the shaft as possible. This will reduce the
noise to the operator and make it easier to communicate with the launch and reception personnel.

11. Install the launch shaft seal and casing in the front of the launch shaft.

12. Test the EPBM jacking can, cycle the cylinders several times to purge air from the lines and check for
leaks.
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Operation - Install Electrical Connections

INSTALL ELECTRICAL CONNECTIONS

N\

A DANGER Hazardous voltage. Disconnect and lock our power

from source before attempting to install the electrical connections.

Install all electrical connections to the EPBM, power container, cars, and

power source.

1. Connect power source 480V power cable to Power Container including ground (refer to Connect Power
Leads in this section).

A DANGER Improper grounding can result in equipment damage or electrical shock, causing

severe injury or death.
ﬂ DANGER Earth ground connection MUST be connected prior to connecting incoming power.

2. Connect 4160V power cable from Power Container to Blower Car #13.

3. Connect 4160V power cables (two cables) from Blower Car #13 to Front Transformer Car #9 and Rear
Transformer Car #10.

SN

. Connect 480V power cable from Front Transformer Car #9 to 480V Box 1 on Switch Gear Car #5.

[&)]

. Connect 480V power cable from Rear Transformer Car #10 to 480V Box 2 on Switch Gear Car #5.

6. Connect EPB head power and all electrical devices to Switch Gear Car #5. Refer to the electrical
schematics in section 11, Troubleshooting.
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Operation - Connecting Power Leads

CONNECTING POWER LEADS

A DANGER Hazardous voltage.

This machine is powered by high voltage electricity.

Failure to lockout power before connecting power
leads or servicing will cause severe personal injury
or death.

LOCKOUT TAGOUT main power supply before
connecting power leads or servicing. ONLY a
qualified and trained technician can operate this
equipment. Electrical repairs must be performed
only by a certified electrician.

NOTICE ONLY a certified electrician must

connect the generator/power source power leads to
the 480V power connections.

1. Open panels to gain access to the 480V terminal
lugs.

2. Route generator/power source 480V power cord
through container access (B).
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Operation - Connecting Power Leads

3. Secure power cord wires to appropriate 480V
terminal lugs as follows:
Red wire to terminal (A)
White wire to terminal (B)
Black wire to terminal (C)
Green wire to ground terminal (D)

4. Replace panels in power container.

5. Do not power up system until you have performed
the following procedures in this section:

* Install Hydraulic, Grease, Water & Air Connections
» Checkout Equipment Prior To Start-Up

* Prepare Hydraulic System For Start-Up

» System Start-Up
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Operation - Install Hydraulic, Grease, Water & Air Connections

INSTALL HYDRAULIC, GREASE, WATER & AIR CONNECTIONS

AWARNING Escaping oil or other fluids under

pressure can penetrate your skin causing serious injury or
death.

Release all pressure before performing maintenance or
repairs, Never weld near pressurized fluid lines.

DO NOT use your hands to check for leaks. When
searching for leaks, use a piece of wood or cardboard.

Contact medical help immediately if any oil or fluid is
injected into your skin. A serious infection or reaction can
emerge without proper medical treatment.

1. Install ALL hydraulic hoses to components. Be sure all hydraulic supply, return, and load sense lines
are connected to the proper hydraulic component. Refer to the Hydraulic Schematics in section 11,
Troubleshooting.

Test all circuits independently for control and speed BEFORE operating entire system.

Be sure to keep hydraulic hoses separated from power cables during operation. The hoses will jump
during operation and could damage air, grease, and/or water lines.

2. Install ALL grease lines from main lubrication grease barrel and tail seal grease barrel.
3. Install ALL air lines to each car for foam, slurry and pneumatic control systems.

4. Install ALL water line connections to each car for foam, slurry and cooling systems.
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Operation - Checkout Equipment Prior To Start-Up

CHECKOUT EQUIPMENT PRIOR TO START-UP

1.

Check the oil level in Front Hydraulic car #6 and Rear Hydraulic car #7 hydraulic reservoirs. Add oil if
necessary.

AWARNING On Rear Hydraulic car #7, check oil level and refill ONLY when jacking cylinders

are fully retracted. Failure to do so could result in serious injury and machine damage from a ruptured
hydraulic reservoir.

2.

3.

4.

10.

1

12.

Lubricate belt conveyor drive and idler end bearings.
Be sure ALL hydraulic hoses and electrical lines are properly installed.

Be sure ALL hydraulic pump supply shut off valves are open. Tie strap lever to valve to prevent
accidental closure during operation.

. Check air compressor oil level. Add oil if necessary.

. Connect clean water supply hoses with 76.4 GPM @ 50 psi (minimum) for cooling and foam

requirements.

. Lubricate the steering cylinders, cutterhead swivel, segment erector and rear gate.
. Check VFD coolant level on VFD car #4. Add coolant if necessary.

. Check the main grease lubrication system (located between Switch Gear car #5 and Front Hydraulic

Car #6) and tail seal grease (located on Incline car #1) barrels.

Be sure ventilation line is properly hooked up to ventilation system.

. Check pressurization system compressed nitrogen tank pressure. Replace compressed nitrogen tank

if necessary.

Check the rear gate accumulator pressure gauge. If gauge does not display 2,000 psi, the accumulator
must be charged. Refer to Charging Rear Gate Accumulator in this section.
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Operation - Prepare Hydraulic System For Start-Up

PREPARE HYDRAULIC SYSTEM FOR START-UP

1. Connect hydraulic system. Refer to Install Hydraulic, Grease, Water & Air Connections in this section.

2. Check to be sure pump supply shut off valves are open and tie strapped to prevent accidental closure
during operation.

3. Check hydraulic oil level in Front Hydraulic car #6 and Rear Hydraulic car #7. Fill if needed. Check the
reservoir levels often during operation. An error message (Car6 Oil Level is LOW, Car7 Oil Level is
LOW) on the control screen will display if the oil level in one of the reservoirs is low.

AWARNING On rear hydraulic car #7, check oil level and refill ONLY when jacking cylinders

are fully retracted. Failure to do so could result in serious injury and machine damage from a
ruptured hydraulic reservoir.

4. Check hydraulic hoses and components for leaks, wear and/or damage. Replace any defective hoses
or components before operation.

Front Hydraulic Car #6

= Rear Hydraulic Car #7
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Operation - System Start-Up

SYSTEM START-UP

A DANGER Hazardous voltage. This machine is powered \_\r

by high voltage electricity.

1. Refer to Install Hydraulic, Grease, Water & Air Connections in <
this section.

2. Connect all electrical component connections to the EPBM,
Power Container, cars and power source. Refer to Install
Electrical Connections in this section.

3. Refer to Checkout Equipment Prior To Start-Up in this section.

4. With hydraulic connections installed, prepare the hydraulic system for start-up. Refer to Prepare
Hydraulic System For Start-Up in this section.

¢}

. Turn off all disconnects in power container, switch all console controls to Stop, Hold, or Off positions,
turn all speed controls to 0 (Min), and push in all Emergency Stop buttons (power container, console,
and pit box).

o

. Before start-up, walk completely around all equipment. Let all job site personnel that you are starting up
the equipment. Do not start until all unauthorized personnel are clear of the equipment.

NOTICE Power container doors should be closed and locked during operation to prevent

unauthorized personnel from entering power container.

NOTICE Before the EPB systems program (EPB2008) is booted up or cycled, the console
switches MUST be turned to the OFF position for the control program to function properly.

7. Perform daily electrical system startup. Refer to Daily Electrical System Startup in this section.
8. Test each function and control to make sure they work properly.

9. Check hydraulic hoses and components for leaks, wear and/or damage. Replace any defective hoses
or components before operation.

10. Test all Emergency Stop buttons for proper operation.

11. Refer to Check Hydraulics After Start-Up in this section.
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Operation - Daily Electrical System Start-Up

DAILY ELECTRICAL SYSTEM START-UP

A DANGER Hazardous voltage. *

This machine is powered by high voltage electricity.

Failure to lockout power before servicing will cause
severe personal injury or death.

LOCKOUT main power supply before servicing.
ONLY a qualified and trained technician can operate
this equipment. Electrical repairs must be performed
only by a certified electrician.

1. With power source connected to the 480V
terminal connections in the power container (refer o
to Connecting Power Leads in this section), turn L _P_»fsi"é’-l"‘
on power source and check phase relay (A). If ;
phase power is incorrect, a certified electrician
must lock out all power and then reverse the two \
generator power leads. ‘ [

| POWER MONTOR |
———a)

2. Check the gas level in the shaft and tunnel. The
technician MUST be equipped with a personal
gas detector to check the gas levels. NEVER
enter a tunnel without checking the gas levels with
a gas detector. Gases MUST be removed before
entering shaft or tunnel.

3. Check that ALL E-Stop buttons (power container,
remote E-Stop from power container [not shown],
blower car #13, and operator station car #2) are
reset to the pulled out position.

(continued on next page)
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Operation - Daily Electrical System Start-Up

4. Be sure electrical boxes on all cars are sealed
properly to minimize seal leakage.

NOTICE The only time the electrical boxes

can be opened or closed are in known non-gaseous
environments.

5. Test the pressurization system enclosure vent (A)
for proper operation. Remove pipe plug (B) from
vent and gently prod the vent flapper open with a
small pointed object (ex: eraser end of a pencil)
ensuring that the vent valve works freely. Replace

plug.

6. Turn on nitrogen tank (C) pressure valve on
Blower Car #13 and then open regulator to 80

- 120 isi.
After opening tank pressure,

observe the amount of pressure to determine the
life of the tank. Keep in mind that once there is not
enough tank pressure, the electrical system will shut
down.

7. On the pressurization system, slowly rotate
the enclosure pressure control valve (D)
counterclockwise (CCW) to set the enclosure
pressure gauge (E) in the green “SAFE” pressure
zone.

NOTICE The term “SAFE” zone for the

pressurization system is between .15 and .35 inches
of water column pressure.

8. Check that the Enclosure Pressure gauge
maintains the “SAFE” pressure zone.

(continued on next page)
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Operation - Daily Electrical System Start-Up

9. If the rapid exchange pressure gauge (A) is not :
registering 80 - 120 psi, confirm that the nitrogen A : —_—
tank regulator is registering 80 - 120 psi, then -
if necessary, open the regulator (B) on the . &
backside of the pressurization system to achieve =2
this pressure. Y

NOTICE If the enclosure pressure gauge C . —t:b .

(C) lowers to the LOW zone, the electrical system .é‘ - =
will shut down. N am

10. With incoming power connected and the green
Incoming Power Phase OK light is illuminated, flip
the 4160V Transformer Disconnect (D) to the ON
position to provide power to the 4160V transformer.

Once this disconnect is ON, the “Control On” light
(E) must be on. If not, the control system must be
serviced.

(continued on next page)
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Operation - Daily Electrical System Start-Up

11. When there is power to the 4160V system
(4160V Transformer Disconnect is ON) the
Input Line Monitor (A) will illuminate indicating
there is power to the 4160V input line.

12. On the 4160V Auxiliary Power module (B),
open door (C) to auxiliary disconnect.

NOTICE If the auxiliary power circuit is

already closed [shown on circuit indicator (D)], skip
step 13 and proceed to step 14.

13. Insert crank into disconnect and turn the crank
until the circuit is CLOSED.

14. Once the circuit is CLOSED, the lights on
the Auxiliary Line Monitor (E) will illuminate
indicating that there is power to the 4160V
auxiliary power module. Close auxiliary
disconnect door.

15. On the EPB 4160V Power module (F), check to
see if spring icon (G) is elongated (yellow/black)
or compressed (white/red).

If spring icon is elongated, the disconnect
must be charged. Open door (H) and charge
disconnect by inserting crank into disconnect
and turning crank until the compressed spring
icon is visible. Continue to step 16.

If spring is compressed, continue to step 16.

(continued on next page)
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Operation - Daily Electrical System Start-Up

16. On the power container, press the 4160V
Power On button (A). This will automatically
close the contacts [shown on circuit indicator
(B)] and power up the 4160V system.

17. The Output Line Monitor (C) will illuminate once
the 4160V power is on.

18. Once 4160V power is on to the tunnel, the
240V box will energize and power up the gas
detector. The gas detector will then monitor
the gas levels. If gas levels are within the
acceptable limits, power will then be available
to the computer console in the operator station
car #2 (the computer will automatically boot
up), tunnel lights, and the 480V box. Power is
available to the guidance system.

If the gas detector senses excessive gas levels,
all tunnel power will be shut down.
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Operation - Check Hydraulics After Start-Up - Daily Shutdown

CHECK HYDRAULICS AFTER START-UP

AWARNING Escaping oil or other fluids under

pressure can penetrate your skin causing serious injury or
death.

Release all pressure before performing maintenance or
repairs, Never weld near pressurized fluid lines.

DO NOT use your hands to check for leaks. When
searching for leaks, use a piece of wood or cardboard.

Contact medical help immediately if any oil or fluid is
injected into your skin. A serious infection or reaction can
emerge without proper medical treatment.

1. Check return filter indicators on the Front Hydraulic #6 and Rear Hydraulic #7 cars. Once operating
temperature reaches at least 100°F (38°C) and the filter indicator needle is in the red CHANGE zone,
replace filter.

2. Check the oil level in Front Hydraulic car #6 and Rear Hydraulic car #7 hydraulic reservoirs. Add oil if
necessary.

AWARNING On Rear Hydraulic car #7, check oil level and refill ONLY when jacking cylinders

are fully retracted. Failure to do so could result in serious injury and machine damage from a ruptured
hydraulic reservoir.

3. Check hydraulic components and hoses for leaks. Repair or replace as needed.

DAILY SHUTDOWN

1. At control console, turn all controls to OFF position.
2. On computer control screen, press all component control buttons to OFF.

3. Record target settings on target screen. The position and angle settings will help determine if the laser
is bumped.

4. On Blower car 13, turn light switch to OFF (lights dim and illuminate until battery ballast power is
drained) or TEMP (lighting at full power for 30 minutes then the lights will dim and illuminate until
battery ballast power is drained).

5. Once all personnel have left the tunnel, proceed to the Power Container and push in E-Stop.

6. Shut down incoming 480V supply power and perform lockout/tagout procedure.

7. Shut down generator and perform lockout/tagout procedure.
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Operation - Electrical System Maintenance Shutdown For The 110V/240V/480V Systems

ELECTRICAL SYSTEM MAINTENANCE SHUTDOWN FOR THE
110V/240V/480V SYSTEMS (EPB HEAD, CARS 1 THROUGH 8, 11 AND 12)

IMPORTANT: If performing maintenance on the 4160V system, refer to
Electrical System Maintenance Shutdown For The 4160V System
(Power Container, Cars 9, 10 and 13).

A DANGER Failure to lockout/tagout power ‘

before servicing will cause severe injury or death
from electrocution or contact with moving parts.

BEFORE servicing the 110V/240V/480V electrical components of the EPB, perform the following
procedure:

1. Push E-Stop button and lockout/tagout ALL power.

2. Remove fuses from electrical device(s) to prevent accidental start up. Person performing maintenance
must keep fuses in his possession until maintenance is complete.

3. Close door to electrical box if it must be re-energized.

4. Turn on main power (if needed) for lights, etc.

5. Perform maintenance to electrical device.

6. Once maintenance/service is complete, shut down, lockout/tagout ALL power.
7. Reinstall device fuses.

8. Close and secure electrical box cover.

9. Turn on main power.
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Operation - Electrical System Maintenance Shutdown For The 4160V System

ELECTRICAL SYSTEM MAINTENANCE SHUTDOWN FOR THE
4160V SYSTEM (POWER CONTAINER, CARS 9, 10 AND 13)

IMPORTANT: If performing maintenance on the 110V, 240V, or 480V
systems, refer to Electrical System Maintenance Shutdown For The
110V/240V/480V Systems (EPB Head, Cars 1 through 8, 11 and 12).

Failure to lockout/tagout power <

before servicing will cause severe injury or death
from electrocution or contact with moving parts.

BEFORE servicing the 4160V electrical components of the EPB, perform the following procedure:
1. Push E-Stop button.

2. Once the E-Stop button is pushed in, the EPB 4160V Power Disconnect Output Line will automatically
open (closed is power). The lights on the Output Line Monitor will go off.

3. On Auxiliary Power, use crank to move auxiliary line to open position. The lights in the Auxiliary Line
Monitor will go off.

4. Open auxiliary grounding switch cover and use crank in disconnect to turn it to ground. This will ground
the power line. The Auxiliary Line Monitor will move to ground symbol.

ML 116 Safe To Unplug 4160V Power Cable OFF (green light) indicator will illuminate.

5. Turn the 480V Main Disconnect to OFF and lockout/tagout ALL power.
6. Perform maintenance.

7. Once maintenance is complete, perform the following steps:

7a. Turn on power to Power Container.

7b. Move Auxiliary Ground switch to open position.

7c. Move Auxiliary Line to close position.

7d. Pull out E-Stop.
7e. Press the 4160V Power ON button on Power Container.

MG The High Voltage light should illuminate. If the light does not illuminate, contact a
certified electrician to resolve the problem with the 4160V electrical system.
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Operation - Advancing The EPBM

ADVANCING THE EPBM

10.

. Perform Pre-Start Inspection checklists in the Pre-

. Power on all control systems.

. Press the Open Rear Gate button to be sure rear

Start Inspection section, and the System Start-Up in
this section.

gate is fully open.

. Turn Grease Pump Lubrication and Grease Pump Tail

Seal switches to ON or AUTO position. (For more information, refer to Grease Pump Lubrication and
Tail Seal Grease Pump in the Controls & Instruments section.)

. Turn the Belt Conveyor switch to ON position and adjust speed accordingly.
. Turn the Screw Conveyor switch to the FORWARD position and adjust speed accordingly.
. Turn the Thrust Ram Selection switch to the ALL position.

. Start EPBM jacking as follows:

Select cutterhead rotation direction (CW, or CCW) and set the cutterhead drive speed at 50%, for a
starting point. Select Extend on the Thrust Ram Direction switch and adjust the thrust jack speed so the
cutterhead torque is at a maximum of 30% for mixing and 50% for excavation. Use a maximum of 80%
cutterhead rotation when jacking. If an obstruction is encountered, there is an additional 20% torque
available. Reduce jacking speed to reduce torque. Watch forces.

- The cutterhead works equally well in both directions.
- Watch for machine roll. If it exceeds 1.5 to 2 degrees, reverse the cutting head rotation.
- Operate cutterhead rotation at high speeds in stable ground, lower speeds in unstable ground.

. Operator powers ON the foam and slurry system and sets it in AUTO mode at 30% - 50% ratio. If the

jacking speed is reduced or increased, the operator must change the percentage ratio to match the
jacking speed.

The screw conveyor speed must be adjusted as needed to retain the earth pressure balance.

- Reduce screw conveyor speed to increase soil pressure.
- Increase screw conveyor speed to reduce soil pressure.

NOTICE Keep in mind while operating, the cutterhead rotation and jacking speeds are normally

not readjusted during excavation. The #1 screw conveyor speed is readjusted to compensate for the earth
pressure balance. Also, operate the #2 screw conveyor speed at approximately 5% higher than the #1
screw conveyor speed (adjust with Lead/Lag on the Screw Conveyor control screen).

11.

12.

After EPBM is fully advanced, power off the jacking, foam, slurry, screw conveyor, belt conveyor
and cutterhead rotation (power off cutterhead rotation last to prevent stalling when mining resumes)
systems.

Continue to build the tunnel rings (refer to Using Segment Erector and Jacking Cylinder Sequence For
Segment Installation in this section.
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Operation - Cutterhead Operation - Jacking Operation Guidelines

CUTTERHEAD OPERATION GUIDELINES

1. Jacking flow rates can be increased to a
maximum cutterhead drive torque of 80%. If an
obstruction is encountered, there is an additional
20% torque available to break through the
obstruction. Reduce jacking speed to reduce
torque.

2. Abrupt operation may cause machine to roll.
Before starting cutterhead rotation, be sure
cutterhead drive speed control is at 0 (Min).

3. The cutterhead works equally well in both
directions.

4. Watch for machine roll. If it exceeds 1.5 to 2 Cutter System

degrees, reverse the cutting head rotation. Cutter Speed
0%

5. Operate cutterhead at high speeds in stable 0 100

ground, lower speeds in unstable ground. _ Cutter Torque
0%

6. Start cutter rotation and adjust speed to 1 to 3 0 100
rpm so torque is less than 30% for mixing. After TL Fault BL Fault TR Fault BR Fault
cutter rotation is adjusted, extend the jacking Cutter RPM/Eront 0
cylinders. Watch the cutterhead torque so it does
not exceed 80%. Cutter RPM/Motor 0

Cutter System Meters

7. If cutterhead torque is too high, reduce jacking On EPB Control Screen

speed.

JACKING OPERATION GUIDELINES

1. Never exceed maximum jacking thrust rating of the
segments. Consult segment manufacturer to obtain

this rating. Jacking System
Flow Pump A Flow Pump B
2. Use lower jacking pressures and lowest cutting head . B e ks -
torque possible (below 80%), while maintaining high PSI Pump A ¢ PSI Pump B 5
production rates.
3. Maintaining proper grade and alignment of the tunnel L O G o b

to ensure low jacking pressure.

O Bi.as (.Ji:f.sel O
4. Using lubrication (bentonite/polymer) may in certain ? "’°
ground conditions, lower jacking pressure. 6 e o O

5. Do not allow steering pressures to rise above 5,800 _ #ofTransducers [ 63 —
PSI for soft ground. Reduce advancement rate, O Sl o
or increase cutter head rotation speed to reduce

pressure. _ D c :
0 inch o 0 inch

6. Jacking speed is too fast if the conveyor cannot
reduce the soil pressure at full speed. Jacking System Meters
On EPB Control Screen

7. If cutterhead torque is too high, reduce jacking
speed.
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Operation - Steering Operating Guidelines

STEERING OPERATING GUIDELINES
Steering should be carefully executed with small corrections made over many feet

while closely observing your EPB direction on the guidance system.

NOTICE When shutting down steering system, press Steering/CC Pump to OFF button. If steering
pump is not shut off before system is shut down, the steering cyllnders will move from the 50% posmon

There are two methods to steer the EPBM:
I. Steering cylinders

Il. Jacking cylinders using BIAS mode | N
m AT % 47 %
Use the copy cutter to aid e

4
in steering, refer to Copy Cutter in Controls & 737 psi 2278 psi
Instruments section. 6 6!
I. Steering Cylinders 2551 psi " - 1797 psi
The steering window on the computer screen :
displays the average cylinder positions in percent | TR Ammmnge (0.1 £ onieser
(A), the extend/retract pressure (B) of the cylinders, ;( " o 15 o
and an error statement (C). The error statement * 4 z
displays if the corresponding steering cylinders (D 923 psi 625 psi
and E, F and G) are both registering less than 50% 6 6
or both are registering more than 50%, thus the 1785 pai 305 psi

cylinders are not centered.

NOTICE If the “Error: Steering NOT

Centered” message appears, refer to Using Manual
Steer in this section.

1. Before making any steering adjustments, ALL
four steering cylinders must be at 50% position.

2. When steering adjustments are necessary, be
sure to make ONLY minor adjustments. Making
more extreme steering adjustments will increase
the jacking forces.

3. While steering, be sure to watch the earth
pressure indicators on the control screen to
retain the earth pressure balance.

4. To steer, press the steering control buttons on the control console as follows:

To steer up, press both the bottom left and bottom right steering buttons. This will extend the bottom
cylinders and retract the top cylinders.

To steer down, press both the top left and top right steering buttons. This will extend the top cylinders
and retract the bottom cylinders.

To steer right, press both the top left and bottom left steering buttons. This will extend the left cylinders
and retract the right cylinders.

To steer left, press both the top right and bottom right steering buttons. This will extend the right cylinders
and retract the left cylinders.

To top left, press the bottom right steering button. This will extend the bottom right cylinder and retract
the top left cylinder.

To top right, press the bottom left steering button. This will extend the bottom left cylinder and retract the
top right cylinder.

To bottom right, press the top left steering button. This will extend the top left cylinder and retract the
bottom right cylinder.

To bottom left, press the top right steering button. This will extend the top right cylinder and retract the
bottom left cylinder.

(continued on next page)
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Operation - Steering Operating Guidelines
Steering Operating Guidelines (continued)

Il. Jacking Cylinders Using BIAS Mode

NOTICE For additional information on the

jacking controls, refer to Jacking Controls in section
4, Controls & Instruments.

The jacking system window on the computer Jacking System //
screen displays the pump flow (A), pump pressure __ Flow Pump A __ Flow Pump B

(B), speed (C), cylinder extension (D), and bias ” LI e
offset (E). PSI Pump A 0 PSI Pump B 0

1. Before making any steering adjustments, check
and record the position of all jacking cylinders.

2. When steering adjustments are necessary, be
sure to make ONLY minor adjustments. Making —
more extreme steering adjustments will increase 6

the jacking forces. 70 inch

Bias Offset 6@
N -
I

. . - # of Transducers @ - _
3. While steering, be sure to watch the earth -': ‘

- A
pressure indicators on the control screen to R
retain the earth pressure balance.

4. On the control console, turn Thrust Ram
Selection switch (F) to the BIAS position. This
selection allows the operator to select which set
of six cylinders will have high pressure (Pump A)
and low pressure (Pump B).

5. Set the Bias Offset. Bias Offset is the % of thrust
difference between Pump A (high pressure)
and Pump B (low pressure). This % is adjusted
by pressing the Decrease Bias PSI (G) and
Increase Bias PSI (H) buttons on the control
console.

ALY | the Bias Offset is at 0%, all

cylinders will have the same thrust pressure; or
straight thrust. If the Bias Offset is 50%, there is a
50% difference in the six high and six low pressure
cylinders. A good starting point for the Bias Offset
is 30% and is recommended that the % should not
exceed 80%.

5. On the control screen, depress the cylinder
number based on the direction to be steered.
For example, if downward steering is desired,
depress cylinder 6 to activate cylinders 3 through
8 to low pressure.

6. Turn the Thrust Ram Direction switch (l) to
Extend position to extend the jacking cylinders
and slowly adjust speed with Thrust Jack Speed
control (J). Once steering is complete, turn
direction switch to Hold position.
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Operation - Using Manual Steer

USING MANUAL STEER ;

If the “Error: Steering NOT Centered” message (A) 47 % .
appears, you must use the Manual Steer program. 737 psi 6 é 2278 psi
PALVLGIINTE UsE Manual Steer ONLY when s HaT-esi
the steering cylinders are not centered and ONLY 3—;

to move the corresponding cylinders to their proper

100% position. Using manual steer to perform 46 %
normal steering will cause machine damage. 923 psi

Error: Stee /i Centered
15 =

_ e 625 psi
| | |
- ST 305 s

To use Manual Steer:

1785 psi

1. Double click ManualSteer program icon (B) on
desktop.

2. Click Start Manual Steer button (C).

3. Extend or retract desired cylinder buttons (D) as
needed for cylinders (E and F) % to equal 100%
and cylinders (G and H) % to equal 100%. As
the extend/retract buttons are being pressed,
the corresponding cylinder % (l) will change as
noted on steering control screen.

NOTICE Using ManualSteer will disable

the steering cylinder control buttons (J) on the

ManualSteer

control console. {= EPB Manual Steer Akkerman Inc.
. . . . Top Left Cylind Top Right Cffind
4. Once cylinders are in the proper position, click op Eoftyer e e
Done (K) [ Extend J Retract l [ Extend Retract J
5. Click Exit (L) to exit the manual steer program.
Bottom Left Cylinder Bottom Right Cylinder
6. Resume steering with steering cylinder console
. l Extend l Retract l [ Extend Retract J
controls as needed based on guidance system

data.

[ Start Manual Steer

l G | (e ]
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Operation - Operating The Screw Conveyor

OPERATING THE SCREW CONVEYOR

The screw conveyor helps maintain the earth pressure balance while moving spoils to the belt conveyor.

A DANGER Contact with rotating auger will

cause severe injury or death.

Keep hands, body, and objects clear of operating
auger.

Do not operate without covers and guards in place.

Lockout/tagout power before servicing.

1. With the screw conveyor pump on, turn the
Screw Conveyor control (A) to ON position to
activate the control valve.

2. Turn Screw Speed control (B) slowly clockwise
to increase screw conveyor speed and
counterclockwise to decrease screw conveyor
speed. To adjust the dial movement of the
speed control, refer to Speed Control Sensitivity
Adjustment in the Controls & Instruments
section.

NOTICE A change in EPB advancement

rate or ground conditions will require periodic
adjustments to the conveyor speed. Operate the
screw conveyor at a slower speed to help prevent
plugging and will reduce premature wear to the
screw conveyors and components.

3. Adjust operation of #1 screw conveyor to
compensate for the earth pressure balance. As
a guideline, operate #2 screw conveyor speed
at approximately 5% faster than the #1 screw
conveyor using the Lead/Lag field (C). This will
help regulate the flow of spoils through the screw
conveyors thus controlling earth pressure.

(continued on next page)
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Operation - Operating The Screw Conveyor

4. Use the rear conveyor gate (A) to stop spoils
flow out of the screw conveyors.

* Regulate the rear gate opening using the controls
(B) on the control console.

NOTICE In the event of a power outage

or malfunction and the rear gate must be lowered
without power, refer to Operating Screw Conveyor
Rear Gate With No Power in this section.

The front gate (C) is used when the screw
conveyors must be removed for maintenance.
Closing the front gate will seal spoils in the EPB
chamber.

The intermediate gate (D) should never be used
unless there is a need to remove larger material
that will not pass through the screw conveyors.
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Operation - Operating Screw Conveyor Rear Gate With No Power

OPERATING SCREW CONVEYOR REAR GATE WITH NO POWER

AWARNING Escaping oil or other fluids

under pressure can penetrate your skin causing
serious injury or death. The rear gate accumulator
stores high pressure fluid. BEFORE performing
maintenance or repairs on rear gate, discharge
accumulator.

If the screw conveyor rear gate must be closed
with the EPBM power off (in the event of a power
outage or malfunction), the gate can be closed with
pressurized oil stored in the rear gate accumulator
(A).

1. Open tank valve (B) slightly before opening
pressure valve (C).

2. Open pressure valve (C). Gate will close with the
pressure from the accumulator.

3. Once gate is closed, close both pressure and
tank valves.

NOTICE The accumulator charge is for

one use. After using the accumulator to close rear
gate, the hydraulic oil in the accumulator must

be recharged. To recharge the accumulator, refer
to Charging The Rear Gate Accumulator in this
section.
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Operation - Charging Rear Gate Accumulator

CHARGING REAR GATE ACCUMULATOR

AWARNING Escaping oil or other fluids

under pressure can penetrate your skin causing
serious injury or death.

BEFORE performing maintenance or repairs on
rear gate, discharge accumulator.

A DANGER If the accumulator requires

repair, ONLY a certified service technician can
check and fill the accumulator with dry nitrogen.

Refer to the accumulator manufacturer for more REAR GATE
information. NEVER FILL AN ACCUMULATOR i

WITH OXYGEN! An explosion will occur if oil and
oxygen mix under pressure, resulting in serious
injury or death.

Also, never fill accumulator with compressed air.
Compressed air can cause premature wear to
accumulator seals.

To charge the accumulator (A) with hydraulic oil:

1. Open BOTH accumulator pressure (B) and tank
(C) valves.

2. Close rear gate by pressing Rear Gate Close
button (D) on control console of Operator Station
car #2 until the system builds up to 2,000 psi as
shown on pressure gauge (E).

3. Once system maintains 2,000 psi, release Rear
Gate Close button and close both accumulator
pressure and tank valves.

NOTICE If gate is not performing to 2,000

psi, check the nitrogen with charging kit (provided).
Normally, nitrogen will not require recharging.

'Q\'b i

. Ay
|, < /
| "'F—‘ = e
Rear Gate Accumulator:
Nitrogen Charge: 900 psi

Hydraulic Charge: 2,000 psi
Flow 0.3 GPM from 2,000 to 1,000 psi

REASE
\\ ?_A,’ |
N\ MOMENTRRY
W E BYPASS
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Operation - Closing/Opening Front Gate

CLOSING/OPENING FRONT GATE

The front gate is used when the screw conveyors
must be removed for maintenance. Closing the
front gate will seal spoils in the EPB chamber. Use
the following procedure when closing or opening
the front gate. BE VERY CAREFUL and take your
time during this procedure, otherwise injury may
result.

A DANGER Contact with severed electrical

cables will cause serious injury or death.

Constantly monitor electrical cables during the
opening and closing of the front gate procedure to
prevent cutting or stretching of any electrical cables.

AWARNING Suspended loads may fall and

cause severe personal injury or death.

Do not enter area under the screw conveyor and
erector system.

AWARNING Escaping oil or other fluids under

pressure can penetrate your skin causing serious
injury or death.

Constantly monitor hydraulic hoses and
components during the opening and closing of the
front gate procedure to prevent the puncturing of
hoses.

DO NOT use your hands to check for leaks.
When searching for leaks, use a piece of wood or
cardboard.

Contact medical help immediately if any oil or

fluid is injected into your skin. A serious infection

or reaction can emerge without proper medical

treatment.

(continued on next page)
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Operation - Closing/Opening Front Gate

IMPORTANT: All hydraulic hoses, grease lines
and electrical cables and components MUST
be monitored VERY CLOSELY while closing
or opening the front conveyor gate to prevent
damage.

1. Remove lock blocks (A) (2 locations) by removing
bolts.

2. Clean guide rods (B) (2 locations).

3. Move erector carriage (C) to most rearward
position.

4. Rotate erector arm (D) so arm faces the 6 o’clock
position.

5. Place cushioning material (E) between erector
arm and concrete tunnel segment ID.

6. Extend erector arm until it comes into full contact
with cushioning material. Do not over pressurize
the erector arm cylinders, otherwise concrete
segment damage may occur. The erector arm
acts as a rear support of the conveyor/erector
assembly.

7. Unbolt trombone joint from flange (F).

(continued on next page)
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Operation- Closing/Opening Front Gate

8. Slightly extend trombone joint (A) cylinders using
control valve (B).

9. While SLOWLY extending trombone joint (C)
cylinders, simultaneously extend segment arm
(D) and travel erector carriage (E) forward
(towards cutterhead) until the trombone cylinder
extends 10”. During this procedure, the segment
erector latch (F) MUST be freed from inclined
conveyor car #1 support before continuing to
extend joint.

NOTICE If binding occurs while extending

trombone joint, stop immediately and check to be
sure there are no obstructions on the upper and
lower guide rods and that the segment erector

is in the horizontal or parallel position. Also, be
sure segment erector latch is freed from inclined
conveyor car #1.

IMPORTANT: The segment erector MUST remain
horizontal otherwise damage may occur.

10. On the front gate assembly, remove plugs (G) and
remove the socket head cap screws from all plugs.

11. Access gate actuator (H) and rotate CCW to close
gate until gate passes plug holes, then reinsert the
socket head cap screws and then the plugs. This
locks gate in closed position. If the socket head
cap screws cannot be reinserted, the gate is not
completely closed.

12. Replace lock blocks on upper and lower
guide rods (I).

13. This gate is only a temporary seal. If a longer
extended period of time is required, cover the
gate opening with a seal and plate.

14. Reverse procedure to open the front gate and
reinstall the screw conveyor/erector system
assembly.
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Operation - Operating The Belt Conveyor

OPERATING THE BELT CONVEYOR

A DANGER Contact with rotating conveyor

belt or idler rollers will cause severe injury or death.

%

Keep hands, body, and objects clear of rotating
conveyor.

Do not operate without covers and guards in place.

Lockout power before servicing belt conveyor.

Conveyor Operation Guidelines:

1. Check conveyor for damage or wear before operating. Repair or replace damaged or worn components
before operating.

. Avoid contact with conveyor.

. Keep hands, body and objects clear of operating conveyor.

. Do not operate without covers and guards in place.

. Lockout power before performing maintenance or repairs on conveyor.

. NEVER perform maintenance to conveyor while the conveyor is running.

. While conveyor is running, DO NOT ftry to dislodge material from pulleys.

. NEVER use a shovel or other hand tool to clean material buildup while the conveyor is running.

. Before operating conveyor, check to be sure the belt is properly tensioned.

OOoONOOOPDWN

1. With conveyor properly installed and all guards
in place, inform all personnel in tunnel that the
conveyor is going to start up and to stay clear of
the conveyor.

2. Move the muck car(s) into position to catch
spoils from conveyor.

(continued on next page)
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Operation - Operating The Belt Conveyor

AWARNING Running the conveyor too

fast can cause severe injury from flying debris
and cause possible machine damage. Slow the
conveyor speed so there is continual controlled
movement of the spoils into the muck cars.

3. With the belt conveyor pump on, turn the Belt
Conveyor control (A) to ON position to activate
the control valve.

NOTICE When the Belt Speed control (B)

is turned to rotate the belt conveyor, there will be
a three second delay with audible and red visual
alarms (two; located on car #3 and #7) and then
the belt will rotate.

4. Turn Belt Speed control (B) slowly clockwise
to increase belt speed and counterclockwise
to decrease belt speed. To adjust the dial
movement of the speed control, refer to Speed
Control Sensitivity Adjustment in the Controls &
Instruments section.

NOTICE Control the speed of the

conveyor so when the spoils drop on the conveyor,
they do not pile up on the belt. A change in EPB
advancement rate, screw conveyor speed or
ground conditions will require periodic adjustments
to the conveyor speed.

6. Operate conveyor control and adjust speed with
conveyor speed control to desired speed.

7. Periodically check the belt tension, belt guides,
and belt tracking. Adjust as needed..
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Operation - Adjusting The Belt Conveyor

ADJUSTING THE BELT CONVEYOR

A DANGER Contact with rotating conveyor

belt or idler rollers will cause severe injury or death.

Keep hands, body, and objects clear of rotating
conveyor.

Do not operate without covers and guards in place.

Lockout/tagout power before servicing belt
conveyor.

©r

The belt conveyor will require frequent adjustment
during the mining operation:

A. Before making any belt adjustments, ALL
cars MUST be level.

1. Place level on top of horizontal cross bar (A) or
vertical support (B) of car.

2. Adjust wheel assembly adjuster (C) in small
increments to steer car wheels until car is level.

3. Repeat steps 1 and 2 for other rear cross bar or
support of car and all other cars.

B. Check belt splices.

1. Check that belt splices (D) are in good condition
and have no raised edges to prevent damage to
conveyor components.

C. Check that all idler rollers are rotating.

1. ALL belt rollers (E), return rollers (F), and front
roller (G) must rotate otherwise premature wear
will occur to belt. Replace if roller does not
rotate.

(continued on next page)
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Operation - Adjusting The Belt Conveyor

D. Check belt tension.

1. If tension requires adjustment, adjust the two
adjustment screws (A) on the front hydraulic
car #6.

NOTICE Both adjustment screws must be

adjusted at the same rate or distance. Failure to do
so will cause premature wear in the belt due to the
tension being different on each side of the belt.

2. On Segment Handling car #3, the optimum belt
tension is a 2” belt deflection between the two
return rollers (distance between return rollers is
approximately 10’). Adjust as needed to achieve
this deflection.

3. With the correct belt tension, the belt should be
able to be lifted off the return rollers by hand with
some resistance.

4. On Incline Conveyor car #1, it may be difficult
to lift belt off of top return roller (B). This is the
tightest belt tension on the conveyor.

(continued on next page)
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Operation - Adjusting The Belt Conveyor

E. Check belt tracking.

1. Spring loaded belt guides (A) are equipped to
restrain the belt to assist in keeping the belt
properly trained during operation.

Inspect the polyethylene guide rollers for
excessive wear. Replace as needed. Also,
periodically check the springs and hardware for
stretching or damage. Replace as needed.

2. To adjust the belt tracking, use the adjustable
return roller brackets (B) to regulate the belt
tracking left or right [using horizontal adjust
screw (C)] and up or down [using vertical adjust
screw (D)] positioning as needed. Make only
minor adjustments at a time and adjust the roller
brackets ahead of the misalignment starting from
the drive roller end working forward.

F. Adjust primary belt scraper.

1. The tensioner (E) on the primary belt scraper
(F) located on Front Hydraulic car #6 must be
adjusted according to the table below:

Adjustment
Scraper Dimension
Blade Wear (G)
New 3.5”
25% 3.75”
50% 4’
75% 4.25”

2. The scraper must be adjusted properly otherwise
the belt tracking and overall performance of the
belt conveyor will be affected due to the buildup
of material on the belt and rollers.

(continued on next page)
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Operation - Adjusting The Belt Conveyor

G. Clean spoils/debris from front roller
assembly (A) on Inclined Conveyor car
#1 and drive roller assembly (B) on Front
Hydraulic car #6.

1. Removing spoils/debris from roller and drive
assemblies will help prevent premature
wear/damage to the rollers and belt.

H. Inspect side boards.

1. The side boards (C) are used to contain material
on the belt conveyor at the Incline Car #1,
Operator Car #2 and Front Hydraulic Car #6
areas. If side boards become worn, replace with

new.

(continued on next page)
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Operation - Adjusting The Belt Conveyor - Mining In A Curve

I. Belt adjustments for curve.

1. Preparations for a curve should be minimal
providing all belt adjustments are properly made:
belt tracking, belt tension, car alignment, track
alignment and scraper adjustments.

* You may need to readjust the adjustable return
roller brackets (A) during the mining of the curve.

MINING IN A CURVE

IMPORTANT: In a tight curve, a curve radius of
463 ft (141 m), the clearance between the tunnel
wall and the gantry cars will be approximately
3/4” (19 mm). Constantly monitor clearances
while mining in a curve.

1. Refer to Adjusting Belt Conveyor in this section.

2. All cars must be level. This may require continual
steering adjustments in the curve.

3. The track must be centered in tunnel floor,
otherwise muck cars may interfere with gantry
cars.

4. In a tight curve, check for clearances while

mining:

a. tunnel wall clearance.

b. clearance with muck bucket cars and train to
the inside frame structure of gantry cars.

c. slowly mine in a tight curve while monitoring
all clearances to prevent interference with car
structures or tunnel wall.

epbom113.5 6-41 0209



Operation - Controlling Foam & Slurry - Cleaning Slurry Tank Level Sensors

CONTROLLING FOAM & SLURRY

Use foam and/or slurry mixture as follows to create
spoils with a non-sticky “toothpaste consistency”:

Clay e Foam
Silty Clay e Slurry
Silt e Foam/Slurry Mixture
Sand .o Slurry

There are six ports for foam and slurry on the EPBM:

- The ball valves on the cutterhead swivel control the
flow of additive to the three specific injection ports on
the cutterhead.

- The ball valves on the EPBM bulkhead control the
flow of additive to the three specific injection ports in
the chamber.

There are three ports for slurry on the screw conveyor:

- The ball valves on the screw conveyor control the
slurry flow to the three injection ports on the screw
conveyor.

There are also four external ports on the EPBM for
external lubrication (if needed).

Typically the cutter injection ports are used, while the
chamber ports are rarely used. The conveyor ports
are used only if material is stuck in the conveyor. The external port bentonite lubrication is used if jacking
forces are too high.

If the lubrication lines are plugged, use high pressure slurry to clean out lines.
All the injection operation information are set on the control screen.

Set the Foam Pump control and Slurry Pump control to AUTO. The foam and slurry is started
automatically when cutterhead and screw conveyors are rotating. The flow rate of the foam and slurry are
controlled on control screen.

NOTICE If the slurry level sensor operation becomes erratic, clean the slurry tank level sensors
(refer to Cleaning Slurry Tank Level Sensors in this section.

CLEANING SLURRY TANK LEVEL SENSORS
If slurry tank level sensor operation becomes erratic, the level sensors (A) must be cleaned.
1. Be sure slurry tank level is lower than the sensors.

€ EPB Controls - Akkerman Inc.

2. On the control screen, press OFF on the Slurry T E——
Control Box button (B) under the Foam/Slurry tab. ‘Status | VFD/Greass| Foam/Siuj

Foam Control Box Foa]
m [
2 N

Return Pump
\' ;!

Slurry Covtrol Box

Slurf®
[

. Remove electrical control cables from sensors.

. Remove level sensors.

. Clean debris from sensor(s).

o a0 b~ W

. Replace sensors securely so the arrow on the
sensor fitting is pointing up.

~

. Replace electrical control cable into sensors.

8. Press Slurry Control Box ON button to resume
slurry tank sensing.
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Operation - Using Segment Erector

USING SEGMENT ERECTOR

The segment erector constructs the tunnel with six precast concrete segments to form the tunnel wall in
the jacking can of the EPBM.

AWARNING Concrete segment(s) may fall

causing serious injury or death. DO NOT enter area
or around the lifted segments.

Concrete segments are VERY HEAVY. Each
segment weighs between 800 to 1,500 Ibs. (363 to
680 kg). Be sure segments are properly fastened to
segment ball and segment lift tool before lifting and
moving segments with lift carriage.

AWARNING Moving parts or the mishandling

of parts can cause severe personal injury.

Keep hands away from moving parts. Watch your
fingers, hands, and legs while equipment is in
operation. Keep out of erector area while it is in
operation.

1. Load the front and rear segment handler cars
with concrete segments in the order according to
the tunnel segment arrangement information
from the guidance system, and then move them
into segment handling car #3.

2. Position the front and rear segment handler cars
as shown so that there is enough carriage travel
(at least one meter) to lift the segments from the
rear segment handler car.

3. Thread the segment ball (A) completely into the
concrete segment.

4. Move the lift carriage (B), with the carriage travel
control, over the concrete segment on the front
segment handler car.

NOTICE Off load the “starter key”

segment first. Then remove segments in the proper
order according to the tunnel alignment from the
guidance system.

5. Lower the segment lift tool onto the segment ball
and secure with pin.

6. Place segment conveyor dolly (C) on the rails in
the segment handling car #3.

7. With the concrete segment secured with
carriage, move the segment over the dolly and
lower segment onto dolly.

(continued on next page)
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Operation - Using Segment Erector

8. Unpin the lift tool (D) from the segment
ball, then move lift carriage in-line with
another segment.

9. Connect cable from dolly winch in head to
the dolly. Pull the dolly ahead to make
room for another dolly.

10. Add segment linkage bar (A) between the segment
dollies.

11. Repeat steps 3 through 10 until all concrete
segments have been removed from the handler
cars and onto the segment dollies. Then move the
first dolly/segment into the erector zone.

12. Unlock segment erector ball latch (B) (latch
cylinder extended) with segment latch control.

NOTICE For segment erector control

information, refer to Segment Erector Controls (Car
#1i in the Control & Instruments section.

Once the segment erector pump is
powered on and the Thrust Ram Selection control on B
console is positioned to Segment, the blue strobe light
on Incline Car #1 will illuminate indicating the erector

is currently operating or will be operating shortly. All
personnel should be clear of the erector area.

13. Lower erector arm with segment lift arm control
and align segment ball into ball latch. You may
need to also use the erector travel control to align
ball into latch.

14. Lock latch on segment ball (latch cylinder
retracted) with segment latch control. Be sure
stabilizers are seated against segment.

NOTICE Concrete segment is removed for

illustrative purposes only.

15. Once segment is properly latched, fully lift the
segment arm/concrete segment with segment lift
arm control.

(continued on next page)
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Operation - Using Segment Erector

16. Rotate segment 90 degrees with segment
rotation control.

17. Using the erector travel control, travel to the
location where the segment is to be placed.

18. Retract thrust cylinders to provide clearance for
segment. For example, as shown, cylinders in
the 5, 6, and 7 o’clock positions (A) have been
retracted.

NOTICE For cylinder arrangement

guideline, refer to Jacking Cylinder Sequence For
Segment Installation in this section.

19. Rotate segment with the erector assembly
rotation control and extend erector arm with
segment lift arm control to properly position
segment in tunnel.

NOTICE When rotating erector, be sure

the rotation does not turn farther than 180 degrees.
Doing so will damage the hydraulic hoses.

20. Set segment into position. Drive in line up
dowels into segments.

21. With the segment into its proper position,
extend appropriate jacking cylinders to secure
and hold segment into position.

22. Remove empty dolly and set it on the storage
area of the incline conveyor car.

23. With dolly winch, pull linkage forward until the
segment is in position. Remove linkage and
place into incline conveyor car.

(continued on next page)
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Operation - Using Segment Erector

24. Repeat segment installation process until the
tunnel ring is complete.

25. Once the tunnel ring is built, install radial bolts
(three per seam).

26. Grout segments per project requirements.
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Operation - Jacking Cylinder Sequence For Segment Installation

JACKING CYLINDER SEQUENCE FOR SEGMENT INSTALLATION

Use this sequence as a guideline for arranging the jacking cylinders when installing the concrete
segments with the segment erector. The actual method will vary depending upon the guidance system
tunnel segment arrangement information.

NOTICE To properly operate segment erector controls, refer to Segment Erector Controls (Car #1)
in Controls & Instruments section.

1. With the segment erector pump ON, turn the
Thrust Ram switch to the SEGMENT position
(A). The blue strobe light (B) on Incline Car #1
will illuminate indicating the erector is currently
operating or will be operating shortly. All
personnel MUST be removed from erector
area before operating segment erector.

AWARNING Moving parts or the mishandling

of parts can cause severe personal injury.

Keep hands away from moving parts. Watch your
fingers, hands, and legs while equipment is in
operation. Keep out of erector area while it is in

operation.

2. With the jacking cylinders extended against tunnel
ring, retract jacking cylinders 5, 6 and 7 (C)

NOTICE Before installing concrete

segments, all sealing surfaces should be cleaned
and lubricated per the segment manufacturer’s
recommendation.

3. Install segment one (D) as indicated by guidance
system information.

NOTICE Once each segment is set into

position, drive line up dowels into segment.

(continued on next page)
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Operation - Jacking Cylinder Sequence For Segment Installation

4. Extend jacking cylinder 6 (A) to hold segment
one in place.

5. Retract jacking cylinders 3 and 4 (B).

6. Install segment two (C) as indicated by guidance
system information.

7. Extend jacking cylinders 4 and 5 (D) to hold
segment two in place.

8. Retract jacking cylinders 7, 8 and 9 (E).

(continued on next page)
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Operation - Jacking Cylinder Sequence For Segment Installation

9. Install segment three (A) as indicated by
guidance system information.

10. Extend jacking cylinders 7 and 8 (B) to hold
segment three in place.

11. Retract jacking cylinders 1 and 2 (C) and install
segment four (D) as indicated by guidance
system information.

12. Extend jacking cylinders 2 and 3 (E) to hold
segment four in place.

13. Retract jacking cylinders 10 and 11 (F) and
install segment five (G).

(continued on next page)
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Operation - Jacking Cylinder Sequence For Segment Installation

14. Extend jacking cylinders 9 and 10 (A) to hold
segment five in place.

15. Retract jacking cylinder 12 (B).

16. Install segment six (C) as indicated by
guidance system information.

17. Extend jacking cylinder 1, 11 and 12 (D) to hold
segment six in place.

18. Once the runnel ring is built, install radial bolts
(three per seam) and grout segments per
project requirements.
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Operation - Adding Tunnel Utilities

ADDING TUNNEL UTILITIES

Once the EPBM is advanced far enough, additional
utilities (4160V power cable, ethernet cable, supply
and return water hoses, bentonite hoses (if used) and
any other utilities) must be added to the existing tunnel
cables and hoses.

A DANGER Failure to lockout/tagout power

before servicing will cause severe injury or death from
electrocution or contact with moving parts.

1. Record target readings before electrical system
shutdown.

2. Perform electrical system shutdown as follows in
steps 3 through 6.

3. Push E-Stop button.

4. Once the E-Stop button is pushed in, the EPB 4160V Power Disconnect Output Line will automatically
open (closed is power). The lights on the Output Line Monitor will go off.

5. On Auxiliary Power, use crank to move aukxiliary line to open position. The lights in the Auxiliary Line
Monitor will go off.

6. Open auxiliary grounding switch cover and use crank to turn it to ground. This will ground the power
line. The Auxiliary Line Monitor will move to ground symbol.

NOTICE The Safe To Unplug 4160V Power Cable OFF (green light) indicator will illuminate. If
this indicator is not illuminated, DO NOT unplug cable. Contact a certified electrician to troubleshoot the

problem.

7. With power locked out, disconnect the 4160 volt line, ethernet cable, supply and return water hoses,
bentonite hoses (if used), and any other utilities. Make sure all of the 4160 volt electrical lines, hose
connections and cables are in a clean, dry location.

8. Perform a visual machine inspection by checking the following items: all fluid levels, leaks, and
machine damage. Make repairs before operating. Also check to be sure all connections are properly
connected and secured.

9. Install new track as needed.

10. Install new 4160V power cable, ethernet cable, supply and return water hoses, bentonite hoses (if
used), and any other utilities to the existing tunnel cables, hoses, etc.

11. Clean electrical and hose connections before installing.
12. Be sure all connections are properly secured.

13. Start-up electrical power as follows:
a. Turn on power to Power Container.
b. Move Auxiliary Ground switch to open position.
c. Move Auxiliary Line to close position.
d. Pull out E-Stop.
e. Press the 4160V Power ON button on Power Container.

NOTICE The High Voltage light should illuminate. If the light does not illuminate, contact a

certified electrician to resolve the problem with the 4160V electrical system.
14. After start-up, check target readings to be sure the laser was not bumped.

15. Continue to add utilities as needed.
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Operation - Using The Report Generator

USING THE REPORT GENERATOR

. Double click the Report Generator icon,
EPBReport, on desktop or go to the EPB
Controls window on the console screen, select
the Program pulldown menu and select Report
Generator (A).

. In the report generator window, the left column
“Available Columns” (B) is a list of all the data
variables (over 100) available for your report.
The right column “Query Columns” (C) is a list of
the data variables you selected for your report.

. To select the variables for your report, do one of
the following:

. Double click the variables in the Available
Column that you want to appear on your report.
The selected variables will now appear in the
Query Column.

. Or select the desired variables in the Available
Column (use the Ctrl button to select multiple
variables), then click the right arrow to add the
selected columns to the Query Column.

If you have a variable in the Query Column that is
not needed, select the variable and click the left
arrow. This will remove the selected variable from
the Query Column.

4. If necessary, reprioritize the variables in the
Report Column, by selecting a variable and
clicking the up or down Priority arrows. The top
variable will appear on the left hand column of
the report.

(continued on next page)
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Operation - Using The Report Generator

5. Modify the date and time parameters (A). Modify
parameters by either clicking the month, day,
year, hour, or minute fields and type in the
desired number, or click one of the fields and
use the up and down arrows to change the
numbers.

6. Modify the Time Interval (B) by either selecting
the field and typing in the desired time (2 through
20 minutes), or clicking the up or down arrows.
The default time is 2 minutes.

If you click the All Data box (C), the report will
ignore the time interval and print the report for all
logged data within your selected date and time
parameters.

NOTICE Data is logged every 15

seconds. If desired, the logging timer can be
changed by:

a. On the EPB Controls window of the console
screen, select the Program pulldown menu and
select Logging Options (D).

b. In the Logging Options window, change the timer
in the Log Data Every field (E) and click OK.

7. Select your desired report format (F).

The CSV (Comma Separated Value) selection is
a spread sheet program format and will open in
Microsoft® Excel.

The HTML (Hyper Text Mark Up Language)
selection is a web browser program format and will
open in Microsoft® Internet Explorer.

8. Click Execute button (G). The report is
generated and will automatically open your CSV
or HTML program on the computer screen.

9. Save or print your report from the program. If
a print out of the report is needed, confirm that
the printer is on and that paper is loaded into the
paper tray. Print your report from the program.
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Operation - Replacing Grease Barrel

REPLACING GREASE BARREL

NOTICE NEVER operate EPB without greasing the main or tail greasing systems. Operating
without proper greasing WILL cause machine damage.

If the Main Grease Level (A) or Tail Grease Level \
(B) meters on the operational screen display a low e b
grease level, replace the specific grease barrel. - 0%

0 100
ALY f neter level is different than the

actual volume in the grease barrel, the sensor must |
be calibrated. Refer to Calibrating Grease Barrel
Sensor in this section.

Tail Grease Level

0%

The following procedure is the same whether the
main bearing grease barrel or tail seal grease

€ [P0 Controls - Akkerman Inc.
Fle  Windows  FProgram  Help
Status | Y F [ Jack | Misc | 777

barrel is being replaced. AIVFDs Maxiar Staver
On on | On on [ On I on
1. Turn off the grease pump on the EPB monitoring D D s;\ D SI? \D
screen.
=] (=] | LT
Main Bearing Grease: Press the Main Grease VFD Gooling Pump Ml Lubricaiing Groadffoump

Pump OFF button (C) under the VFD/Grease tab. |E @

== Cooling Pump should be ON when VFDs are ON

¥ (P8 Controls - Akkerman Inc.

e Windovs

Status | VF Jack | Misc. | 171
Belt Comyor Bel Spray Bar Pump
@
JackfSegmant Pump Screw Comveyor

Tail Seal Grease: Press the Segment Handling/Tail

Grease OFF button (D) under the Conveyor/Steer/ E "’__"I

JaCk tab Steaning/CC Pump Segment Handling/Tail (e

2. Remove the grease line connection (E).

3. Remove electrical connection (F) to level sensor.

(continued on next page)

epbom113.5 6-54 0209



4.

10.

11.

12.

13.

14.

15.

16.

epbom113.5

Operation - Replacing Grease Barrel

Remove the feed hydraulic disconnect (A) and
the return hydraulic disconnect (B) on hydraulic
block.

. Unhook chain (not shown) securing barrel to

basket (C).

. Remove barrel and pump assembly/lid from

basket by pulling out bottom of barrel first and
making sure top of pump does not catch any
wiring or hoses.

. Loosen lid clamp screws (D).

. Pull out pump assembly/lid (E) from grease

barrel.

. Remove plunger from empty barrel and place

into new grease barrel. Be sure cone of plunger
is on top.

Replace pump assembly/lid on top of new barrel
making sure the lid to seated completely onto
barrel.

Replace barrel in basket.

Install chain (not shown) to secure barrel to
basket.

Install grease line connection (F); hand tighten
only.

Install electrical connection (G) to level sensor.

Install the hydraulic feed (A) and return (B)
disconnects.

Once the pump is restarted, the pressure gauge
(H) will register 2,200 to 2,700 psi while cycling,
though the gauge will read lower until air has
been purged.

6-55
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Operation - Calibrating Grease Barrel Sensor

CALIBRATING GREASE BARREL SENSOR

The grease barrel sensor must be recalibrated if the meter level is different than the actual volume in the
grease barrel. Refer to Calibrating Grease Barrel Sensor in this section.

The grease barrel sensor calibration is the same
procedure for the main bearing grease and tail
seal grease. Perform the sensor calibration when
replacing empty grease barrel.

NOTICE The level sensor (A) must be

plugged in throughout the calibration procedure,
otherwise the sensor will revert to the last saved
program.

NOTICE Before performing calibration,

the grease barrel must be empty.

1. Turn off the grease pump on the EPB monitoring
screen:
Main Bearing Grease: Press the Main Grease
Pump OFF button (B) under the VFD/Grease
tab.
Tail Seal Grease: Press the Segment Handling/
Tail Grease OFF button (C) under the Conveyor/
Steer/Jack tab.

2. Remove the grease line connection (D).

3. Remove the feed hydraulic disconnect (E) and
the return hydraulic disconnect (F) on hydraulic
block.

4. Unhook chain from basket.

5. Be sure grease sensor is plugged in throughout
the calibration process.

6. On the grease barrel sensor, push and hold
Analog button (G) until the green Power LED
(H) goes off and the yellow Output LED (l) turns
to solid yellow. This indicates that the sensor is
waiting for the first limit or low level position.

7. In the empty barrel, be sure the plunger (cone
up) is in the low level position of the barrel and
with the pump assembly/lid properly seated on
barrel, briefly click the Analog button (G). This
will set the low level position in sensor. The
yellow Output LED (1) will flash to acknowledge
receiving the low level position; and is now
waiting for the second limit or full level position.

8. Remove the pump assembly/lid and plunger
from the empty barrel to the full barrel (cone up)
and position the plunger to the full level position.
(continued on next page)
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Operation - Calibrating Grease Barrel Sensor - Cleaning Computer Monitor Screens

9. Secure pump assembly/lid onto full barrel. Be
sure it is properly seated on barrel.

10. Click the Analog button (A). This will set the
full level position in sensor. The yellow Output
LED (B) turns off and the green Power LED (C)
comes on.

11. The sensor is now calibrated for normal run
mode.

12. Replace chain around full barrel to basket.
13. Replace grease line connection (hand

tighten only), and feed and return hydraulic
disconnects.

CLEANING COMPUTER MONITOR SCREENS

Periodically clean the computer monitor screens as
follows:

NOTICE There is a method to disable the

touch screen for cleaning. But when re-enabling the
touch screen, the screen must be recalibrated and
there is a potential to lose some of the parameters
during the recalibration process. Therefore this
method is not recommended.

NOTICE DO NOT shut down the computer

via the Start menu. Doing so will require the tunnel
power to be shut down and then restarted to boot
up the computer. There is no power switch on the
computer to prevent any spark from creating an
explosion in a gaseous environment.

NOTICE DO NOT clean the monitor

screens while the computer is on, otherwise a
program, menu, etc might be unintentionally selected
causing computer issues.

ONLY clean the monitor when the computer is
shutdown such as at the beginning of a shift, while
setting utilities, or at the end of the shift.

Use a non-residue cleaner such as a mild window
cleaning solution or CRT screen cleaner. Do not
scratch the screen face.

Below is a list of known cleaning agents that are
compatible with the monitor screens:

Jet Dry® Ariel® Downey® Domestos®
Fantastic® Persil® Vim® Lenor®
Wisk® Windex® Vortex® Formula 409®
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Operation - Programming Thrust Cylinder Laser Transducers
PROGRAMMING THRUST CYLINDER LASER TRANSDUCERS

AWARNING Contact with moving parts may

cause severe injury or death. Keep hands, legs and
feet away from moving parts

If the displayed value on the thrust cylinder laser
transducer (A) (total of six transducers) does not
match the physical measurement of the cylinder
extension/retraction, or when replacing a cylinder, you
must reprogram the laser transducer(s).

Use the following procedure for programming the
thrust cylinder laser transducers.

NOTICE A ball point pen is required for

pressing the programming buttons on the transducers.

¥ (79 Conlruls - Asdstrman fnc.

1. The transducers must be powered on for at least 15
minutes before re-programming:
a. from the EPB control screen, press the Head
Boxes Power ON button (B) under the tab, Misc,

Dintue

el Comveye: Ealt Speny Bar Pusp

(=) [=] [=][=]

|n-|

SnckfSegmunt Pump # £ Contrate - Akkmiman &

b. and press the Jack/Segment Pump ON button (C) (=[]
under the tab Conveyor/Steer/Jack. 4 D I

2. Clean transducer lens. -/ (-]
3. Be sure laser is positioned on target (cylinder pad '(\ [~/ (-]

[D]) and there are no objects obstructing the laser. ) Cinats e | us i o

-] ([~

4. Fully retract cylinders and record value displayed on I S — B

transducer noting cylinder number. o/ —
5. Fully extend cylinders and record value displayed g

on transducer noting cylinder number. POWER mm _m _inch OUT10UT2
6. Press the ‘Mode/Enter’ button (E) (approx 9 times) e e e |

until ‘ASP’ is displayed.

7. Press the ‘Set’ button (F) and keep it pressed. The
current parameter flashes for 5 seconds, and then
begins to increase. Continue holding or pressing
briefly to increment the numbers until the fully
retracted cylinder value is displayed. (Note: If the
current parameter is higher than the desired value,
continue holding ‘Set’, the value will eventually max
out and restart at 0.)

SET

8. Briefly press ‘Mode/Enter’ which will make this new
value set point effective.

9. Press the ‘Mode/Enter’ button (approx 10 times)
until ‘AEP’ is displayed.

10. Press the ‘Set’ button and keep it pressed. The
current parameter flashes for 5 seconds, and then
begins to increase. Continue holding or pressing _ el
briefly to increment the number until the fully s
extended cylinder value is displayed. (Note: If the

Y%

current parameter is higher than the desired value, ‘ &
continue holding ‘Set’, the value will eventually :
max out and restart at 0.) #of Transducers | 63
11. Briefly press ‘Mode/Enter’ which will make this new A el 6
value set point effective. 6 6
0 inch 0 inch
12. Confirm that the value displayed on the control : O .

screen matches the stroke of the cylinder.
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Operation - Above Ground Monitor Communications

ABOVE GROUND MONITOR COMMUNICATIONS

Above ground monitors are provided to view the

operator station car #2 control screens via ethernet

cable.

Since ethernet cable has a limited distance to
transfer data, two ethernet extenders are equipped
(located in the 240V Box of the Switch Gear car #5
and typically in the above ground office trailer), to
make longer distance communications possible.

It will be necessary to reconfigure the DIP (dual
in-line package) switch settings on your ethernet
extenders depending on the distance of the
ethernet cable.

Before reconfiguring the DIP switches, be sure to
check that all ethernet connections are secure and
the ethernet extender is powered.

Normally:
« If the data is transferring slow, change the DIP
switch settings to a shorter distance.

« If data is garbled, change the DIP switch settings
to a longer distance.

To change the DIP switch settings:

1. To access the DIP switches, remove protective
cover from bottom of extender as shown.

2. Change the DIP switch settings* on BOTH
ethernet extenders as shown based on the
length of the ethernet cable used. The DIP
switch settings MUST be the same on both
ethernet extenders otherwise data will not
transfer.

* Push toggle up for ON position.
* Push toggle down for OFF position.

3. Replace protective cover.

epbom113.5

| e /
S T

DIP SWITCH
Cable Length 1 2 3 4 5 6 7 8
800 ft ON [ ON | ON | ON | ON | ON | ON | OFF
2000 ft ON [ ON | OFF | ON | ON | ON | ON | OFF
4000 ft ON [OFF | OFF | ON | ON | ON | ON | OFF
6000 ft OFF | OFF [ OFF [ ON | ON | ON | ON [ OFF

* This chart is the DIP switch settings for the Patton
CopperLink™ Model 2172 Ethernet Extender.

S2

Front Rear

Push toggle up \ON
for ON position ,_ ! || w

Push toggle /| | Il I N | 0 0 5

down for 5 :
OFF position 12345678
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Operation - Voltage Loss In Tunnel

VOLTAGE LOSS IN TUNNEL

When the 4160 voltage drops below an acceptable power level, the tunnel lights may flicker and/or
unusual equipment malfunctions may occur.

This voltage drop occurs once the transfer of electricity from the Power Container to the Blower Car #13
becomes too far to transmit the full power efficiently, resulting in a voltage line loss. Therefore, the voltage
must be adjusted to compensate for this voltage line loss.

BEFORE making any voltage adjustment, contact your Akkerman product Support representative
regarding this voltage loss. There may be other factors causing this voltage loss.

=N\

A DANGER Failure to lockout/tagout power

before adjusting voltage may cause machine
damage resulting in severe injury or death.

1. Shut down tunnel power and perform
lockout/tagout procedure.

2. Access the voltage adjuster (A) on the Front
Transformer Car #9.

3. Pull out adjustment lock (B) and move adjuster
handle (C) to desired tab position, based on the
distance from Power Container to Blower Car
#13, as shown in the table below:

Voltage Secondary
Adjustment Voltage
Distance Tab Position Output
0-2,499 ft 3 480
2,500 ft - 4,999 ft 4 492
5,000 ft - 7,499 ft 5 504

4. Lock new adjustment position by releasing
adjustment lock into tab position. Be sure
to check adjustment lock by making sure
adjustment handle does not move from new
position.

5. Access voltage adjuster on Rear Transformer
Car #10.

6. Follow steps 3 and 4 to adjust the voltage for
Rear Transformer Car #10.

IMPORTANT: BOTH transformer car voltage
adjusters MUST be set to the same setting.
Failure to do so will cause components to be
unsynchronized, resulting in reduced power
efficiency.

7. Power can now be reenergized by following the
Daily Electrical System Start-Up procedure in
this section.
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Transporting

TRANSPORTING GUIDELINES

AWARNING Suspended load may fall and

cause severe personal injury or death.

Do not enter area under or around a load.

1. Know the local, state, and federal transportation regulations.

2. Obtain required permits for transporting.

3. Remove any obstacles from the trailer floor.
4. Clean debris from equipment.

5. Load and unload on level ground.

6. If lifting equipment with a hoist or other lifting device, the equipment lifting eyes and sling must be
inspected for damage before lifting. If damaged, replace.

7. Securely fasten equipment to trailer floor.
8. Secure all loose items in control container.

9. Observe the lifting instructions on the following pages.
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Transporting - Lifting Instructions

LIFTING INSTRUCTIONS

1. Earth Pressure Balance Machine

- EPB Machine (EPBM) weight is 133,000 Ibs.
(60,328 kg).

- Lifting with a crane requires an eight part sling
with the four outer legs a minimum of 25 ft. long.

- EPBM must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- EPBM lifting eyes must be inspected prior to each
lift. Any damage must be repaired prior to lifting.

2. Inclined Conveyor Car #1
- Car weight is 6,300 Ibs. (2,858 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

3. Operator Station Car #2
- Car weight is 4,400 Ibs. (1,996 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

(continued on next page)
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Transporting - Lifting Instructions
4. Segment Handling Car #3

- Car weight is 7,100 Ibs. (1,996 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

5. VFD Car #4
- Car weight is 8,400 Ibs. (3,810 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

6. Switch Gear Car #5
- Car weight is 9,000 Ibs. (4,082 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

!  ———

|| | l
e ———— |
5—3,“--——-___-——-__—_____‘_“_‘_“'; 3

7. Front Hydraulic Car #6
- Car weight is 13,400 Ibs. (6,078 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

(continued on next page)
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Transporting - Lifting Instructions

8. Rear Hydraulic Car #7
- Car weight is 14,900 Ibs. (6,759 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

9. Foam Car #8
- Car weight is 7,500 Ibs. (3,402 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

10. Front & Rear Transformer Cars #9 & #10
- Car weight is 15,000 Ibs. (6,804 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

11. Front Slurry Car #11
- Car weight is 10,600 Ibs. (4,808 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

(continued on next page)
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Transporting - Lifting Instructions

12. Rear Slurry Car #12
- Car weight is 8,900 Ibs. (4,037 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

13. Blower Car #13
- Car weight is 6,350 Ibs. (2,880 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62m) long.

- Car must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Lifting eyes must be inspected prior to each lift.
Any damage must be repaired prior to lifting.

14. Power Container
- Container weight is 15,200 Ibs. (6,895 kg).

- BEFORE lifting, note that the left side of container
is heavier than the right side.

- BEFORE lifting, all container doors MUST be
closed.

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.6m) long.

- Container must lift freely. If it is stuck to the
ground, it must be broken loose prior to lifting.

- Container lifting eyes must be inspected prior to

each lift. Any damage must be repaired prior to
lifting.

epbom113.5 7-5
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Transporting

NOTES
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Lubricants

Use of inferior lubricants can affect the efficient performance of your EPB Machine.
Always use high quality lubricants as specified in this section.

Refer to the Periodic Maintenance section for proper lubrication quantity, maintenance intervals, and
procedures.

HYDRAULIC RESERVOIR LUBRICANT

The hydraulic reservoirs on cars #6 and #7 are
filled with Condat® D 68. This hydraulic oil is a
fire resistant, biodegradable, non-toxic, synthetic
hydraulic fluid.

Use Condat® D 68 hydraulic oil or equivalent when
adding or changing lubricant.

NOTICE Do not mix oil manufacturers

or grades.

Front Hydraulic car #6 oil reservoir capacity is
95 gal. (360L).

Rear Hydraulic car #7 oil reservoir capacity is
- Main: 95 gal. (360L)
- Auxiliary: 45 gal. (170L)

AWARNING On rear hydraulic car #7,

check oil level and refill ONLY when jacking
cylinders are fully retracted. Failure to do so
could result in serious injury and machine

damage from a ruptured hydraulic reservoir.

Recommended hydraulic oil:

Ambient Temp. Hydraulic Oil \')
Rear Hydraulic Car #7 Hydraulic Fill &
-25°F to 80°F ISO 32 Main Reservoir
-10°F to 95°F ISO 46
0°F to 105°F ISO 68

NOTICE If a significant drop in operating

efficiency is noticed and the hydraulic reservoir
temperature is above 150°F, either increase cooling
capacity, reduce load or increase oil viscosity.

Rear Hydraulic Car #7 Auxiliary Reservoir
epbom113.5 8-1 0209



Lubrication - VFD Coolant - Main Grease Lubrication System Grease - Planetary Drive Lubricant

VFD COOLANT

The VFD coolant reservoir (located on VFD car #4)
is filled with a mixture of distilled water and Cortec®
VpCI™ -649. The VpCI™ -649 is a concentrated,
multimetal water-soluble inhibitor recommended for
closed loop systems.

Use a Cortec® VpCI™ -649 mixture or equivalent
when adding or changing the liquid.

NOTICE Do not mix oil manufacturers

or grades.

The VFD coolant reservoir capacity is 6 gal. (22.7L)
filled with a mixture of distilled water with 2,000 -
3,000 ppm (0.2 - 0.3%) of Cortec® VpCI™ -649.

MAIN GREASE LUBRICATION SYSTEM GREASE
= Use ONLY Condate GR 217 EP1

v

The main grease lubrication system grease barrel
(located between Switch Gear Car #5 and F%u/
Hydraulic Car #6) is Condat® GR 217 EP1. This

grease is a biodegradable multipurpose greasé

designed for mechanical components
under heavy loads and in the preserice of water.

Use Condat® GR 217 EP1 grease or equivalent
when replacing the main grease lubrication system
grease barrel.

The main grease lubrication system lubricates the
following components:

« EPBM main bearings

* main bearing seals

* bearing gear ring and drive pinions

« steering joint

« cutterhead fluid swivel

* screw conveyor bearings

* screw conveyor #1 and #2 articulation joint
« screw conveyor #1 front gate

* copy cutters

PLANETARY DRIVE LUBRICANT

The EPB main planetary drive (A) (4 places) and the
screw conveyor planetary drive (B) (2 places) are filled
with Mobil® SHC 630 Synthetic Bearing and Gear QOil.

Use Mobil® SHC 630 or equivalent when adding or
changing lubricant.

AL 11c Mobil® SHC 630 Synthetic

Bearing and Gear oil is a synthetic oil specifically
designed for this application. If you change to a
different oil, use a reputable oil supplier to meet or
exceed the Mobil SHC 630 oil specification. Do not
mix oil manufacturers or grades.
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Lubrication - Tail Seal Grease - Air Compressor Lubricant

TAIL SEAL GREASE

The tail seal grease barrel (located on Inclined
Conveyor Car #1) is Condat® WR 89 Tail Seal
Grease. This grease is for tunneling machine tail
seals and has been specially designed to provide
static and dynamic seal against water, mucking,
slurry and all grouts. WR 89 is a biodegradable and
non-toxic grease.

Use Condat® WR 89 grease or equivalent when
replacing the tail seal grease barrel.

AIR COMPRESSOR LUBRICANT

The air compressor oil sump (located on Foam car
#8) is filled with Vanguard™ High Performance
Rotary Screw Compressor Qil. This is a synthetic
blend oil designed to provide exceptional
lubrication during hot or severe service and
controls fluid oxidation.

Use Vanguard™ High Performance Rotary Screw
Compressor Oil or equivalent when adding or
replacing the air compressor oil.

NOTICE Do not mix oil manufacturers

or grades.

The oil sump capacity is 2.5 qts. (2.4 L).

Check oil level first thing in the morning before
starting air compressor. The correct oil level is
minimum to bottom threads on oil fill port up until
oil runs out of port.

NOTICE The air compressor housing was

removed for photographic purposes only. Never
operate the air compressor without housing bolted
in place.
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Lubrication - Conveyor Gate - Cutterhead Swivel - Steering Cylinder

CONVEYOR GATE LUBRICANT

The conveyor gate is lubricated with Mobilgrease®
XHP222 Premium Lubricating Grease.

Use Mobilgrease® XHP222 Premium Lubricating
Grease or equivalent when lubricating the gate.

The EPBM cutterhead swivel (A) is lubricated
with Mobilgrease® XHP222 Premium Lubricating
Grease.

Use Mobilgrease® XHP222 Premium Lubricating
Grease or equivalent when lubricating the swivel.

STEERING CYLINDER LUBRICANT

The steering cylinders (A) are lubricated with
Mobilgrease® XHP222 Premium Lubricating
Grease.

Use Mobilgrease® XHP222 Premium Lubricating
Grease or equivalent when lubricating the swivel.
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Lubricants - Segment Erector - Belt Conveyor - Storing Lubricants

SEGMENT ERECTOR LUBRICANT

The segment erector is lubricated with
Mobilgrease® XHP222 Premium Lubricating
Grease.

Use Mobilgrease® XHP222 Premium Lubricating
Grease or equivalent when lubricating the segment
erector.

BELT CONVEYOR LUBRICANT

The belt conveyor is lubricated with Mobilgrease®
XHP222 Premium Lubricating Grease.

Use Mobilgrease® XHP222 Premium Lubricating
Grease or equivalent when lubricating the belt
conveyor.

STORING LUBRICANTS

Your equipment can operate at maximum
performance only if clean lubricants are used. Use
clean containers to handle all lubricants.

Lubricants should be stored in an area protected
from dust, moisture, and other contaminates.

All lubricants must be stored at least 100 ft (30.5
m) from the portal, or entrance to the tunnel.
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Lubricants

NOTES

epbom113.5 8-6 0209



Periodic Maintenance

AWARNING Review the Safety section in this manual before performing maintenance. Failure to do

so, could cause severe injury or death.

Maintenance and repairs must only be performed by a qualified service technician.

LUBRICATION & MAINTENANCE INTERVALS

The requirements for lubrication and maintenance
are shown on the maintenance charts in this
section.

Intervals of maintenance are based on normal
operating conditions. If operating under more
difficult conditions, use a shorter time interval
between maintenance.

BEFORE PERFORMING MAINTENANCE
1. Push in E-Stop button(s).

2. Relieve hydraulic pressure.

3. Perform appropriate electrical system maintenance shutdown procedure. Refer to Electrical System
Maintenance Shutdown for the 110V/240V/480V or 4160 Systems in the Operation section.

4. Do not work on hydraulic system if oil temperature exceeds 125° F (51° C).

5. Lockout all power. Perform lock out/tag out procedure.

LOCKOUT/TAGOUT POWER BEFORE SERVICING

AWARNING Severe personal injury or death

can result from unexpected pump unit start-up or
machine movement.

LOCKOUT/TAGOUT power before attempting to
make repairs or adjustments to this equipment,
unless otherwise indicated. Proper lockout will
prevent accidents and save lives. Performing
the lockout will also prevent the equipment from
moving or operating unexpectedly.

CUTTERHEAD MAINTENANCE

A DANGER Anyone in the area between

the cutterhead and the EPB bulkhead while the
cutterhead is rotating WILL BE KILLED.

BEFORE entering this area, you MUST perform
lockout/tagout, and remove cutterhead fuses in
switch gear car (480V Box 1 and 480V Box 2).
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Periodic Maintenance - Oil Under Pressure - Avoid Pinch Points - Unauthorized Welding - Accumulator

HYDRAULIC OIL/FLUIDS UNDER PRESSURE

AWARNING Escaping oil or other fluids under

pressure can penetrate your skin causing serious
injury or death.

Release all pressure before performing
maintenance or repairs. Never weld near
pressurized fluid lines.

DO NOT use your hands to check for leaks.
When searching for leaks, use a piece of wood or
cardboard.

Contact medical help immediately if any oil or
fluid is injected into your skin. A serious infection
or reaction can emerge without proper medical
treatment.

AVOID PINCH POINTS

AWARNING Moving parts or the mishandling

of parts can cause severe personal injury.

Keep hands away from moving parts.

Watch your fingers, hands, and legs while
equipment is in operation.

Handle parts carefully to avoid crushing and pinch
point hazards.

UNAUTHORIZED WELDING

AWARNING Unauthorized welding can

cause structural and/or electrical component failure
resulting in possible injury or death.

Do not weld on any structural member.
Unauthorized welding or repair will void the
warranty.

MAINTAINING ACCUMULATOR

AWARNING Escaping oil or other fluids under

pressure can penetrate your skin causing serious
injury.

Release all pressure before performing
maintenance or repairs. BEFORE servicing
accumulator, do not disconnect hoses or fittings
without first discharging it. Only a qualified service
technician should service accumulator.
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Periodic Maintenance - Prior To Each Drive Launch

Front Hyd, Car#6 .

o R

3
Power Container

MAINTENANCE CHARTS

hed

Rear Hyd, Car #7 7 2

Front Slurry 2
Car #11

9

Operator, Car #2

Incline Conv. o

EPBM

PRIOR TO EACH DRIVE LAUNCH

Pump Screens
Hydraulic Reservoirs

Check Oil Level

Fill as necessary. **

ITEM [ COMPONENT SERVICE REQUIREMENT MATERIAL

*1. | Pre-Start Perform Pre-Start Inspection | Refer to section 5.

2. | Control System Verify Motor Rotation & | All electric motors.
Phase Monitor

3. | E-Stop Operation | Check All E-Stop Controls
4. |Target Refer to TACS manual Use ONLY Condate GR
5. | Gas Detector Test Operation See Gas Detection Manual 217 EP1
6. |Hyd Reservoir Clean

Condat®D 68 J

8. | Main Bearing Check Barrel Level & Condat®
Grease System Cycle System GR 217 EP1
9. | Tail Seal Check Barrel Level & Condat®WR 89
Grease System Cycle System
10. [VFD Coolant Res. | Check Reservoir Level Fill as necessary. Cortec®VpCl -64
11. |EPBM Inspect Cutter Teeth & Repair or replace as necessary.
Surfaces
12. [ Steering Joint Clean/Lubricate Check for leaks and seal wear.
13. [ Steering Cylinders | Lubricate (8 places) 1-2 shots Mobil® XHP222
14. | Swivel Grease Lubricate (1 place) 10 shots Mobil® XHP222
Block #6
15. | Lights Test Lamp Operation
* Not Shown ** On Car 7 reservoir, check and fill ONLY when jacking cylinders are fully retracted.

(Continued on next page)
epbom113.5
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Segment

Front Hyd, Car #6

Periodic Maintenance - Prior To Each Drive Launch

Rear Hyd, Car #7

a
|e
| &
o
MRS

o
| =

o _ob 21

a

® Rear Gate

Erector y T
—_—= EPBM
PRIOR TO EACH DRIVE LAUNCH
ITEM | COMPONENT SERVICE REQUIREMENT MATERIAL
16. | Hydraulic Pump Check Relief Settings High and standby pressure. See section 12.
17. |Foam Generator | Inspect Strainers/Filters | Refer to Condat® manual.
Equipment
18. [ Steering Cylinders | Check Operation Extend & retract-Verify on
screen values agree with cyl
position.
19. [Rear Gate Lubricate (4 places) 2 Shots each Mobil® XHP222
20. [ Gate Cylinder Lubricate (4 places) 2 Shots each Mobil® XHP222
21. | Gate Slide Lubricate (2 places) 2 Shots each Mobil® XHP222
22. | Arm Stabilizer Lubricate (4 places) 2 Shots each Mobil® XHP222
23. | Segment Stabilizer| Lubricate (6 places) Lube Spray
24. | Segment Ball Latch| Lubricate (1 place) Spot Grease Mobil® XHP222
25. | Segment Rotator | Lubricate (1 place) Lube Grease
Gear Ring Graphite Spray
26. |Erector Bearing Lubricate (2 places) 2 Shots Mobil® XHP222
27. |Swing Gear Ring | Lubricate (2 places) Lube Grease
Graphite Spray
28. |Rack & Pinion Lubricate Lube Grease
Graphite Spray
*29. |Hydraulic Hoses Inspect Replace if cracks/wear visible.
*30. |Cables Inspect Pin/Socket Prior To | Clean & Dry As Necessary
Mating
* Not Shown
(Continued on next page)
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Belt Conveyor

Belt Conveyor
Scraper

Tracking Adjustments

Periodic Maintenance - Prior To Each Drive Launch

Operator
Car #2

33

PRIOR TO EACH DRIVE LAUNCH

EPBM

ITEM | COMPONENT SERVICE REQUIREMENT MATERIAL
31. | S Conveyor Flighting | Inspect If damaged, repair or replace.
32. | S Conveyor Casing | Inspect If damaged, repair or replace.
33. | S Conveyor Gates | Inspect If damaged, repair or replace.
34. |S Conveyor Covers| Inspect If damaged, repair or replace.
*35. | Belt Conveyor Inspect & Clean If damaged, repair or replace.
36. [B Conv. Fmt Bearing| Lubricate (2 places) Mobil® XHP222
37. | B Conv. Drive Assy. | Lubricate (2 places) Mobil® XHP222
38. [Belt Tension Check & Adjust If Needed
39. [Belt Tracking Check & Adjust If Needed
40. | Belt Scrapers Check & Adjust If Needed
41. |Belt Guides Check & Adjust If Needed
*42. | Belt Splice Check & Adjust If Needed
43. |Cars Check Alignment ALL cars must be level.
44. | Air Compressor Check Oil Sump Level Add if necessary. Vanguard High
Performance
Rotary Screw
Compress. Oil
*45. |Haul System and | Perform Maintenance Refer to your machine’s
Other Support maintenance manual.
46. | Segment Lift Winch| Inspect Cable & Mtg Bolts | If damaged, replace with new.
47. |Transport Winch Inspect Cable & Mtg Bolts| If damaged, replace with new.
* Not Shown

epbom113.5
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Periodic Maintenance - Daily Or Every 10 Hours Of Operation

Rear Hyd, Car #7

Front Hyd, Car #6

52 > 4
y
cF F
7 >

> /,/;,/,/ ) o

/_,.///:%// Track Segment
- Erector
=3 ! o 60

60 60

a
L]
o
gy
BN

/ i o i, =
62 o - 62 ' =
I N —_— % EPBM
— S Rear Gate P \ =
L%;Tj_/j N\
60
DAILY OR EVERY 10 HOURS OF OPERATION
ITEM | COMPONENT SERVICE REQUIREMENT MATERIAL
*48. | Hydraulic Hoses | Inspect If damaged or worn, replace.
49. | Car #6 Cooling Check Indicator Replace filter per indicator.
Return Filter
50. | Car #7 Cooling Check Indicator Replace filter per indicator.
Return Filter
**51. [Hyd. Reservoirs Check Qil Level & Temp. | Add if necessary. ** Condat®D 68
(Cars 6 & 7)
52. |Track Inspect If damaged, repair or replace.

53. [Arm Stabilizer Lubricate (4 places) 2 shots each Mobil® XHP222

54. | Erector Bearing Lubricate (2 places) 2 shots each Mobil® XHP222

55. | Segment Stabilizer| Lubricate (6 places) Lube Spray

56. | Segment Ball Latch| Lubricate (1 place) Spot grease.

57. [Segment Rotator | Lubricate Grease Graphite
Gear Ring Spray

58. [Segment Swing Lubricate Grease Graphite
Gear Ring Spray

59. | Rack & Pinion Lubricate

60. [Grease Pump Inspect For Oil Cycling Inspect distribution lines/fittings
Systems for leaks or damage.

61. |Gate Cylinder Lubricate (4 places) 2 shots Mobil® XHP222

62. |Gate Slide Lubricate (2 places) 2 shots Mobil® XHP222

63. |Rear Gate Lubricate (4 places) 2 shots Mobil® XHP222

* Not Shown ** On Car 7 reservoir, check and fill ONLY when jacking cylinders are fully retracted.

(Continued on next page)
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Periodic Maintenance - Daily Or Every 10 Hours Of Operation

DAILY OR EVERY 10 HOURS OF OPERATION

ITEM [COMPONENT SERVICE REQUIREMENT MATERIAL
64. |Belt Conveyor Lubricate (2 places) Lubricate until grease is forced out. | Mobil® XHP222
Block Bearing
65. |Belt Conveyor Lubricate (2 places) Lubricate until grease is forced out. | Mobil® XHP222
Drive Pulley Brg.
66. |Air Compressor Check Level Add if necessary. Vanguard
Oil Sump Compress. Oll
67. |Air Compressor Check Tension
Drive Belt
68. |Air Compressor Check Pressure Approx. 150 psi.
Pressure Gauge

\ Periodically check Main Bearing Grease System and Tail Seal Grease
System barrel levels. Replace barrels as needed.
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Periodically check Main Bearing Grease System and Tail Seal Grease System barrel levels. Replace barrels as needed.


Rear Hyd, Car #7

Periodic Maintenance - End Of Each Day

EPBM
END OF EACH DAY
ITEM | COMPONENT SERVICE REQUIREMENT MATERIAL
69. [Screw Conveyor Clean & Wash Conveyor
70. | Heat Exchanger Drain In freezing weather.
(Cooling System)
epbom113.5 9-8 0209



Periodic Maintenance - After Completion Of Every Segment Ring

Rear Hyd, Car #7

73

Belt Conveyor
Tracking Adjustments

Car Leveling
Adjustments

Transformer
Cars #9 & 10

AFTER COMPLETION OF EVERY SEGMENT RING

ITEM | COMPONENT SERVICE REQUIREMENT MATERIAL

71. |Cars Check Alignment ALL cars must be level.
72. |Belt Conveyor Check Tracking & Tension| Adjust as necessary.
*73. | Hydraulic Reservoirs| Check Oil Level & Temp. | Fill as necessary.

(*74. | Transformer Check Temperature Gauge | Max temp.: 100°C (212°F)**
75. | Transformer Check Oil Level If LOW, shut down & troubleshoot.
76. | Nitrogen Tank Check Pressure Replace as necessary.

* On Car 7 reservoir, check and fill ONLY when jacking cylinders are fully retracted.

** The error messages Transformer1 is getting HOT, Transformer1 is HOT, Transformer2 is getting
HOT, Transformer2 is HOT will display on the control screen when the transformer temperature reaches
60°C (140°F). When this occurs, monitor the transformer temperature gauge to make sure it does not
exceed 100°C (212°F). Shut down the transformers at 100°C (212°F) and troubleshoot before restarting
transformers.
- The white pointer on the gauge is the actual transformer temperature indicator. The red pointer
on the gauge is the maximum indicating pointer which can be reset to determine the maximum
temperature occurred between resets.
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Periodic Maintenance - After Every Tunnel Utility Installation

AFTER EVERY TUNNEL UTILITY INSTALLATION

ITEM [ COMPONENT SERVICE REQUIREMENT MATERIAL
*77. |Cables Inspect Pin/Socket
Prior To Mating
**78. | Hydraulic Reservoirs | Check Oil Level & Temp | Add if necessary.** Mobil® XHP222
*79. |Hydraulic Hoses Inspect If damaged or worn, replace.
* Not Shown

** On Car 7 reservoir, check and fill ONLY when jacking cylinders are fully retracted.
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Periodic Maintenance - Weekly Or Every 50 Hours Of Operation

Rear Hyd, Car #7

Segment Handling
Car #3

88
83
\ B
N\ =]
Belt Conveyor EPBM
Roller Adjuster 87
84 88, 91
WEEKLY OR EVERY 50 HOURS OF OPERATION
ITEM [ COMPONENT SERVICE REQUIREMENT MATERIAL
80. [ Electric Motors Check Ventilate openings clean & drain
hole openings.
81. | Steering Cylinders | Lubricate (8 places) 2 shots Mobil® XHP222
82. | Swivel Grease Lubricate (1 place) 10 shots Mobil® XHP222
Block #6
83. | Main Bearing Inspect For Contamination
Grease Cover
84. | Main Bearing Purge Grease
Grease Drain
85. [ Air System Inspect Indicator Replace filter per indicator.
Filters (3) (Car 8)
86. [B. Conv. Tension Clean Threads & Lubricate Lube Grease
Adjustment Graphite Spray
87. | Belt Conveyor Clean & Lubricate Lube Grease
Roller Adjuster Graphite Spray
88. | Winch Tighten Mounting Bolts Tighten bolts to 75 ft-Ib torque.
89. | Segment Lift Winch| Inspect Cable Min. of 5 safety wraps.
If frayed or damaged, replace.
90. [Track Rollers (16) [ Tighten Tighten until snug.
91. | Segment Transport | Inspect Cable Min. of 5 safety wraps.
Winch If frayed or damaged, replace.
92. |Rack Clean & Lubricate Lube Grease
Graphite Spray
epbom113.5 9-11 0209



Periodic Maintenance - Monthly Or Every 250 Hours Of Operation

94

(Located On
Erector Hoses)

D
==K

EPBM

MONTHLY OR EVERY 250 HOURS OF OPERATION

ITEM [ COMPONENT SERVICE REQUIREMENT MATERIAL
*93. | Oil Analysis Perform Analysis Oil Sample
94. |Erector In-Line Inspect Swivels If worn, excessive play or
Swivels (10) leaking, replace.
* Not Shown
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Periodic Maintenance - Every 500 Hours Of Operation

Front Hydraulic

Rear Hydraulic

Front Slurry
Car #11

EVERY 500 HOURS OF OPERATION

ITEM [ COMPONENT SERVICE REQUIREMENT MATERIAL
*95. | Hyd. Oil Reservoir | Drain & Fill Car 6 - 95 gal capacity Condat®D 68
Cars6 &7 Car 7* - main - 95 gal capacity
aux - 45 gal capacity
96. |Load Sense Filters| Replace Replace with new. LS Filters
97. |[Pump Drive Inspect Dampener On If worn or damaged, replace.
Couplings Each Motor Drive
98. [ Air Compressor Drain/New Filter/Fill Vanguard
Oil Sump Compress. Oil
99. [Air Compressor Clean Compressed air.
Cooler Core

* On Car 7 reservoir, check and fill ONLY when jacking cylinders are fully retracted.

epbom113.5
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Periodic Maintenance - Completion Of Each Drive

100

EPBM
104
1
, !
102 1
y .
105
106
COMPLETION OF EACH DRIVE

ITEM | COMPONENT SERVICE REQUIREMENT MATERIAL
100. |[Conveyors Clean/Empty

101. | Belt Conveyor Loosen Belt Tension

102. |Cutters Inspect For Wear/Damage | If damaged, repair or replace.

103. |[Cables Inspect For Wear/Cracks | If damaged, repair or replace.

104. | Mixer Bar Inspect For Damage If damaged, repair or replace.

105. | EPB Main Planetary | Drain & Fill Once all planetaries are drained| Mobil SHC 630

Drive (4 places) and filled, operate system to
lubricate internal parts.
106. |Screw Conveyor Once all planetaries are drained
Planetary Drive (2)| Drain & Fill and filled, operate systemto | Mobil SHC 630
lubricate internal parts.

* Not Shown
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Periodic Maintenance - As Required

Incline Conveyor

AS REQUIRED
ITEM [ COMPONENT SERVICE REQUIREMENT MATERIAL
107. | Accumulator Recharge Hydraulic Oil Hydraulic Charge: 2,000 psi Condat®D 68
108. |Belt Conveyor Adjust Belt Tension
epbom113.5 9-15 0209



Periodic Maintenance

NOTES
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Storage

PREPARING FOR STORAGE

NOTICE Follow the lubrication and maintenance requirements in the Periodic Maintenance section.

1.
2.

10.

1.

12.
13.

Repair worn or damaged parts.

Wash all equipment thoroughly.

. Lubricate all grease points. Grease threads on bolts used for adjustments.
. Retract all hydraulic cylinders if possible. If not, coat exposed cylinder rods with a corrosion preventive.
. Repaint equipment where necessary.

. Drain hydraulic oil, flush oil reservoirs, change hydraulic filters, and refill hydraulic reservoirs. Check for

leaks.

. Wipe up lube spills. Dispose of rags and trash properly. Store oily rags and other flammable material in

protective containers.

. If possible, store equipment under cover and out of the weather in a ventilated area.

. Remove guidance target and place it in the storage box.

Do not smoke in areas where flammable materials are stored.
Store fuels and lubricants in properly marked containers.
Loosen belt on belt conveyor.

Refer to your Condat manual for foam system storage and your VanAir NK40 compressor manual for
air compressor storage and other support equipment manuals for storage instructions.

REMOVING FROM STORAGE

NOTICE Follow the lubrication and maintenance requirements in the Periodic Maintenance section.

1.

2.

9.

10.

Clean equipment thoroughly.

Check to make sure all decals including safety decals are clean and readable.

. Check condition of wires and cables. Repair or replace as necessary.

. Remove the cylinder corrosion preventive from the cylinder rods if it is not compatible with hydraulic oil

or seal materials.

. Check for leaks. Repair or replace as necessary.

. Check hydraulic oil level in reservoirs. If fluid is low, check for leaks and add oil as required. Refer to

Lubricants section.

. Check condition of all hoses and connections. Tighten, repair or replace with new as needed.

. Before operating, cycle hydraulic functions several times to purge air from the hydraulic system.

Tighten belt tension on belt conveyor.

Review this Operator’s Manual and all other equipment manuals before activating equipment from storage.
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NOTES
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Troubleshooting

EPBM

Problem

The jacking cylinders do
not operate.

Operation of the jacking
cylinder is not smooth.

Cause

Pump motor not ON.

Pump failure.

Worn or damaged cylinder seals.
Relief valve leakage.

Faulty operation valve.

Decrease in pump output.

Low hydraulic oil level.

Solution

Turn on pump.

Repair or replace pump.
Replace seals.

Repair or replace.
Repair or replace.
Repair or replace pump.

Add oil.

HYDRAULIC PUMP

Problem

Electric motor overload.

Decrease in the pump output.

Cannot obtain pump delivery
pressure.

Decrease in the pump output.

Pump delivery pressure is
not achieved.

(continued on next page)

epbom113.5

Cause

Pressure setting is too high.

Bearing of each section is damaged, &
pump efficiency considerably lowered.

Low standby pressure.

Low hydraulic oil level.
Supply ball valve closed.
Check load sense filter.
Check load sense line.
Standby pressure is low.

Relief valve failure.

Drive coupling out of position.

Damage of piston & connecting rod.

Regulator failure.

Worn or damaged pump.

11-1

Solution

Reset pressure.
Replace bearing.
Adjust to proper
setting.

Add oil.

Open ball valve.
Change filter.
Repair or replace.
Adjust pressure.

Replace or reset the relief
valve.

Check oil leakage of all
equipment.

Reposition coupling
components.

Replace piston sub-group.
Repair regulator.

Replace pump.
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HYDRAULIC PUMP (Continued)

Problem

Oil leakage from oil seal.

Noisy pump.

HYDRAULIC MOTOR

Problem

No rotation.

Oil leakage.

Abnormal noise.

Increase in oil temperature.

epbom113.5

Cause

Internal pressure in the casing
is too high.

Oil seal is damaged.

Shaft is damaged.

Cavitation occurred.

Worn drive coupling dampener.

Damage to piston and connecting rod.

Shaft bearing damage.
Chattering relief valve.

Pump vibration due to
incorrect installation.

Cause
Overload.

Wrong oil viscosity.

Damage or abrasion in the oil seal.

Leaking o-ring due to loose hardware.

Damaged o-ring.

Air in the circuit and motor.
Low oil level.

Lack of oil in tank.
Excessive pressure.

No or low water pressure in
cooling circuit.

Low pressure.

11-2

Troubleshooting - Hydraulic Pump - Hydraulic Motor

Solution

Lower pressure.

Check if drain is clogged.
Replace seal.

Replace shaft and seals.
Fully open supply ball valve.
Inspect and repair pump.
Replace dampener.
Replace piston & rod.
Replace bearing.
Replace relief valve.

Correct installation.

Solution
Reduce load.

Replace oil with correct
viscosity.

Replace oil seal. Inspect
& repair seal contact face.

Replace o-ring and tighten
hardware securely.

Replace o-ring.

Purge air completely.
Add oil.

Refill oil in tank.
Adjust to set pressure.

Adjust flow and pressure.

Adjust to correct pressure.
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Troubleshooting - Lubricating System

LUBRICATING SYSTEM

Problem

Pump does not start.

Pump fails to operate.
Indicator on target screen.

Pump operates sporadically.
(When turning off operating
power and turning back on,
the pump can be operated,
pump stops again soon after.)

(continued on next page)

epbom113.5

Cause

Power is off.

Motor wiring is disconnected.
Reservoir is empty.

Motor is overloaded.
Reverse rotation of motor.

Air is in pump.

Pipe failure.

Grease leaking from main piping
and branch piping.

Main & branch piping contain air.

Failure in setting protective timer.

Limit switch malfunction.

Dirt in pressure relief valve.

Hydraulic switch valve malfunction.

Discharge capacity of pump is

insufficient due to abrasion of cylinder

and plunger.

11-3

Solution

Turn on power switch &
operating power switch.

Inspect voltage of primary
side with tester.

Inspect & repair wiring.

Fill reservoir.

Inspect & replace.

Change two of three phases.
Close air plug.

Purge air from tank.
Inspect & repair piping.
Inspect & repair piping.
Disconnect several joints &
purge air while operating
pump.

Set to lubricating time +
5 minutes.

Inspect & repair limit switch.
Disassemble & clean.
Disassembly & repair.

Adjust cylinder & plunger
with shims or replace.
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Troubleshooting - Lubricating System - Screw Conveyor

LUBRICATING SYSTEM (Continued)

Problem

Grease pump produces
excessive operating noise or
produces unusual noise.

Pump pressure gauge
fluctuates excessively.

Water in reservoir.

Some of the indicator rods
attached to distributors fail to
operate.

Cause

Abrasion.

Shortage of lubricant.

Air is in main & branch piping.

Poor quality grease.

Pump is splashed with water.

Check valve malfunction.

Bearing is blocked.

Sub-supply pipe is crushed.

Reversing pressure of hydraulic
operated reversing valve is too low.

Dirt in distributor.

Solution

Replace reducer & lubricating
pump unit.

Refill reservoir.

Disconnect several joints
pure air while operating pump.

Refer to Lubricants section
for proper grease.

Install protecting cover.

Disassemble & clean check
valve or replace.

Check & repair.
Inspect & repair pipe.
Adjust reversing pressure.

Disassemble & clean
distributor or replace.

SCREW CONVEYOR

Problem

No spoils at discharge.

Auger in low speed operation.

epbom113.5

Cause
Check auger for rotation.

One auger stalled.

Operating pressure too low.
Cutterhead not advancing.
Pump not on.

Speed set too low.

Rotational pressure too high.

Low standby pressure.

Low relief pump setting.

11-4

Solution
Correct operation.

Check for rocks or
obstructions.

Adjust to proper setting.
Advance cutterhead.
Turn on pump.

Adjust console control for
high speed.

Empty auger until pressure
is reduced.

Adjust to 200-300 psi.

Adjust relief to proper psi.
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Troubleshooting - Belt Conveyor - Pressurization System

BELT CONVEYOR

Problem

Belt conveyor will not operate.

Belt operates too slow.

Belt operates in reverse.

Cause

Check belt stop control.
Damaged control cable.
Operating pressure too low.
Belt too tight.

Pump not on.

Low standby pressure.

Speed set too low.

Low standby pressure.
Low relief pump setting.
Low oil level.

Connection switch wired incorrectly.

Solution

Reset.

Check control cable.
Adjust to proper setting.
Adjust to proper tension.
Turn on pump.

Reset.

Adjust console control for
high speed.

Adjust to 200-300 psi.
Adjust relief to proper psi.
Add oail.

Rewire switch.

PRESSURIZATION SYSTEM

Problem

Enclosure pressure control
valve will not hold a “Safe”
.25 inch pressure.

Enclosure pressure gauge
reading is difficult to stabilize.

Enclosure pressure loss alarm
switch does not appear to be
operating.

Problems persists, or if the
system does not appear to be
operating properly.

epbom113.5

Cause

Leakage around gasketing, covers,
seams, piping and tubing connections,
conduit connections and electrical
conduit seals of the enclosure.
Insufficient enclosure leakage or

opening of the venturi orifice is
crimped too small.

Pressure switch is out of calibration.

Pressure switch has not been

energized.

Persisting problems.

11-5

Solution

Tighten enclosure latches;
Apply silicone sealant from
inside the protected
enclosure.

Remove the orifice, cut off
crimped end and ream the
tube, then recrimped and
reinstall the tube to note
effect.

Calibrate by slowly adjusting
CCW to decrease setpoint &
CW to raise the setpoint.

Verify the power supply has
been applied to power
contacts of WPSA.

Contact Pepperl+Fuchs

applications customer
service at 330-486-0002.
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Troubleshooting - Hydraulic Schematics - Jacking

HYDRAULIC SCHEMATICS
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Troubleshooting - Hydraulic Schematics - Steering
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Troubleshooting - Hydraulic Schematics - Copy Cutter
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Troubleshooting - Hydraulic Schematics - Segment Erector Part 1 of 2
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Troubleshooting - Hydraulic Schematics - Segment Erector Part 2 of 2
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Troubleshooting - Hydraulic Schematics - Segment Handler
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Troubleshooting - Hydraulic Schematics - #1 Screw Conveyor
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Troubleshooting - Hydraulic Schematics - #2 Screw Conveyor
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Troubleshooting - Hydraulic Schematics - Belt Conveyor
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Troubleshooting - Hydraulic Schematics - Tail Seal Grease / Car 6 Oil Cooling
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Troubleshooting - Hydraulic Schematics - Main Bearing Grease / Car 7 Oil Cooling
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Troubleshooting - Hydraulic Schematics - Air Compressor
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Troubleshooting - Air Schematics - Foam Car

AIR SCHEMATICS

# HOS5IH4R0D dIv

SANTEA OVIH DNIECE QL

|
=
Ad

EZ0rE600d F20re600d
HAAHD HiY FDADYd HIALTIA-3Hd

SANTWA MY AHENTS 0L <} _l __\1 ..J_ \D/ >
S ~ NS

EEB-Z0E0d
FATA ALOIE S TORLNOD

i QZN-EE 0
}\ﬂ HIAINTHINKT LVIH

_l |||||||||| § CE0-E600d

HOLVHYAIS FUNLSION
395-2080d
RIMANFOTI Y N [
WILSAS VD4 0L ) o :.
% J kd

JIJ

CE9-Z0E0d

AATWA ALFOIE S

<

t_w...._ﬁn ...._...
[Zh HaINOSHVE L FUNSE3dd L w.e_.___

)

v

L85 S0E0d
(ZhanTvn ALIdVS E

Hv3 WYO04
JILVYWIHIS HIV S'ELENad3

0209

11-18

epbom113.5 - a12415a13



Troubleshooting - Air Schematics - Slurry Cars
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Troubleshooting - Air Schematics - Boring Head
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Troubleshooting - Water Schematic

WATER SCHEMATIC
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Troubleshooting - Electrical Schematics - Head Left Control Box - A12430A01

ELECTRICAL SCHEMATICS - HEAD LEFT CONTROL BOX
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Troubleshooting - Electrical Schematics - Head Left Control Box - A12430A02
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Troubleshooting - Electrical Schematics - Head Left Control Box - A12430A03

A12430A03
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Troubleshooting - Electrical Schematics - Head Left Control Box - A12430A04
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Troubleshooting - Electrical Schematics - Head Left Control Box - A12430A05
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Troubleshooting - Electrical Schematics - Head Left Control Box - A12430A06
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Troubleshooting
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- Electrical Schematics - Head Power Distribution - FA11400F_Power03

Troubleshooting

FA11400F_Power03
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- Electrical Schematics - Head Power Distribution - FA11400F_Power04

Troubleshooting

FA11400F_Power04
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Troubleshooting - Electrical Schematics - Power Container Circuit - A11650A01

ELECTRICAL SCHEMATICS - POWER CONTAINER CIRCUIT

A11650A01
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Troubleshooting - Electrical Schematics - Power Container Circuit - A11650A02

A11650A02
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Troubleshooting - Electrical Schematics - Pilot Circuit - FA11400F-Pilot01

ELECTRICAL SCHEMATICS - PILOT CIRCUIT

FA11400F-Pilot01
505
GAS DETECTOR
. AL13911A05 S15
[ . BLOE "] Mpgp-pps !
. | || GADD :
| | 'CART 5
4160 BOX |
|"-"|1391].|5-Ul |
. CART 13 E-STOP '—;r——-%r—J s e ——]
Allaana E-I'"IRT 13 WHITE | PL.H"QE‘ |
09 a3 e ALZ150A03 | CAaRT 2 |
305 | |
si0 BROWH F
-~
u , E-STOP
CONSOLE
52 ] Al12130403
" / 305
S13 N ./
FEEH CART 5
TO CART 2
Si4
epbom113.5 -fa11400f-pilot01 11-134 0209



Specifications

General
Shield Diameter .......... 113.5in. (2,883 mm)
Cutterhead Cutting Diameter
115in OD (2,921mm)
Concrete Segment Ring Outside Diameter
.................................... 108.5 in. (2,756 mm)
Concrete Segment Ring Inside Diameter
......................................... 94 in. (2,388 mm)

Cutterhead
Cutterhead Configuration ...... Mixed ground
...... configuration with combination of carbide
........ disc cutters & carbide stationary cutters
Maximum Material Size ...... 10 in. (254 mm)
......................................... diameter spherical
Disc Cutter Configuration
............................. Four single discs in center
Seven double discs on face
Four triple discs around gauge
All disc cutters back loaded
Single Discs .... 12 in. dia with 11 ton cap.
Double Discs .. 12 in. dia with 17.6 ton cap
Triple Discs ............. 11 to 12 inch dia with
16.5 ton capacity
Stationary Carbide Cutters
................ Carbide embedded, high strength,
bolt-on scrapers on face & gage
Over Cutter
............... Two over cutters extendible radially
......................................... 5.7 in. stroke each

Cutterhead Drive

TOrQUE ..eeeeeeiiis 550,000 ft-Ibs.
Rotational Speed ..................... 0to 3.5 rpm
Continuously variable in CW or CCW

Drive ........... Periphery drive electric motors
with planetary reduction gearboxes

Drive Motors.... Four 100 hp motors at pinions
Motor Control .......... One VFD for each motor
....Each water cooled VFD rated at 300 amps

Cutterhead Bearing & Sealing
Bearing Type ............. Tri-roller bearing with
integral drive gear
Sealing System .......... Triple row lip seals on
inside and outside of drive ring

Cutterhead Fluid Swivel
Configuration ............. Three ports for slurry
& foam additive
...................... Four hydraulic ports to support
profile cutters

Steering System

Articulation ..........ccccceeiiiiiiinnnnn, 3.5 degrees
Number of Cylinders ..........ccccceeeinnnnns Four
Cylinder Dimensions....... 11 in diameter bore
........................................... 8 in. diameter rod

.................................................. 5.5 in. stroke
Rated Pressure .......cccovvveveeneneenn... 5,050 psi
Total Thrust Capacity ........cccceeeeeeeeee. 960 ton

Jacking System
Number of Cylinders .......................... Twelve
Cylinder Dimensions ... 6.5 in. diameter bore
....................................... 5.75 in diameter rod

................................................... 62 in. stroke
Rated Pressure .......ccoovvveeveeneneenn... 4,825 psi
Total Thrust Capacity ........cccceeeeeeeeee. 960 ton
Rated Extension Speed ...... 4 in. per minute

Maximum Extension Speed..7 in. per minute

Jacking Can Sealing
Type of Sealing .. Three rings of brush seals
.............. Front two rings of seals serviceable
from inside of tunnel
................. Grout blocker on rear most ring of

brush seals

Screw Conveyor
Conveyor Type ........ Open ribbon centerless
Conveyor Configuration ........ Dual conveyor

configuration with one conveyor extending
from the plenum chamber to the center

of articulation

...... Second conveyor extends from this point
to behind the segment erector

Conveyor Drive ......... Periphery drive motor
on each conveyor

Outside Diameter ............. 18.5in. (470 mm)
Maximum Material Size ....... 12 in. spherical

Akkerman Inc. reserves the right to improve its products without notice or obligation.

epbom113.5
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Specifications

Guidance System
Description ... Laser based guidance system
................ with laser theodolite & video target
................................... Integral data recording
.................................... Above ground display
................................... Ring building software

Foam & Slurry Injection
Injection Ports On Cutterface:
..... Three 1.5 in diameter through fluid swivel
Injection Ports Through Bulkhead:
....................................... Three 2 in. diameter
Injection Ports In Screw Conveyor:
....................................... Three 2 in. diameter

Air Compressor
Configuration ... Hydraulic drive rotary screw

Rating ..............cccel 50 icfm @ 175 psi
Earth Pressure Sensors

Quantity of Sensors ..........cccceeeee... Four Total

Locations:

.......................... Two in plenum at spring line
....... Two in screw conveyor, one at each end

epbom113.5

12-2

Power Container
Required Power ... 480VAC, 3 Phase, 60 Hz

Main Circuit Breaker .................... 1,125 amp

Transformer .......cccoeveeueeeennn.. One 1,000 kVA

Tunnel Cable Voltage ..........cc.......... 4 160V
TBM Transformers

QuaNtity .....ocoeeeee Two

Rating ..ccoooovevviiiii e 500 kVA each
Gas Detectors

Gas Sensing ..... Oxygen & combustible gas
Miscellaneous

Cutterhead Access ...Entry door into plenum
............................ chamber through bulkhead
Lighting ..... Fluorescent lighting on each car
Gassy Operation:

.. Rated for NEC Class 1 Division 2 Groups C & D

0209



Specifications - Hydraulic Pressure Settings - Fluid Capacities

HYDRAULIC PRESSURE SETTINGS

MAXIMUM OPERATING PRESSURE

HYDRAULIC COMPONENT Load Sense (PSI) | Pressure Comp. (PSI)
Jacking Pump A 200 4,800
Jacking Pump B 200 4,800
Jacking Manifold B - Erector 500 3,000
Steering Pump - 3,000
Steering Manifold Relief - 5,300
Screw Conveyor #1 300 3,500
Screw Conveyor #2 300 3,500
Belt Conveyor 200 3,000
Segment Handling 500 3,000
Copy Cutter - 3,000
Air Compressor - 3,000
Erector - Rotation - 2,250
Linear Travel - 2,250
Segment Rotation - 2,250
Segment Latch - 2,000
Segment Lift - 1,600
Jacking Manifold Relief (In EPBM) - 6,000
FLUID CAPACITIES*
Hydraulic Reservoirs
Front Hydraulic Car #6 ..........cooooiiiiiiiiiieeeee et e e e e e e 95 gal (360 L)
Rear Hydraulic Car #7
Y= T o TP O PP 95 gal (360 L)
AUXITIAIY <. e e e e e e e e e e e e e e e e e e e e e e e e e raaneees 45 gal (170 L)

AWARNING On rear hydraulic car #7, check oil level and refill ONLY when jacking cylinders are fully

retracted. Failure to do so could result in serious injury and machine damage from a ruptured hydraulic
reservoir.

VFD Co0lant RESEIVOIr ..........cooiiiiiiiiiiiiiiiie e e 6 gal (22.7 L)
Air Compressor Oil SUMIP ... e e e e e 25qts (241L)
SIUITY TANKS (2) ...ttt e e e e e e e sabe e e e e e aae 250 gal (946 L)
Main Drive Planetary (4) * ... 2.67 gal (10.1L)
Screw Conveyor Planetary Drive (2) ** ... 116 qt (1.1L)

* Fluid capacities are approximate values. Be sure to check levels are filling. DO NOT OVERFILL!

** Fill planetary drives to half full oil level plug. DO NOT OVERFILL!

epbom113.5 12-3 0209



Specifications - Hydraulic Pressure Settings

NOTES
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Material Safety Data Sheets

The Federal Occupational, Safety, and Health Administration (OSHA) Standard 29 CFR 1910.1200,
require that specific material safety data sheets (MSDS) be available to employees before operating this
equipment. This may include information on substances contained in this equipment such as hydraulic
fluid and gear lubricant.

Akkerman Inc. will provide, at no cost, MSDS which apply to its product line. Simply contact your
Akkerman Product Support representative for a copy.

To ensure a prompt response to your MSDS request, include your return address (including zip or postal
code) and the equipment’s model numbers and serial numbers with your request.

epbom113.5 13-1 0209



Material Safety Data Sheets

NOTES

epbom113.5 13-2 0209



Warranty

Akkerman Inc. warrants that all equipment manufactured by it be free from defects due to workmanship
or material under normal use and service for a period of 90 days. This warranty does not apply to normal
wear items such as cutter teeth, filters, etc. Akkerman Inc. does not warrant the fitness of its equipment
for a particular purpose or application.

epbom113.5 14-1 0209



Warranty

NOTES
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Index

A A (continued)

Above ground monitor communications ......... 6-59  Articulation joint, screw conveyor .................. 4-25

Accumulator, As required maintenance ............ccccceeeeininnen. 9-15
Charge ......cocceeviiiiiiiii e, 4-21, 6-30 Assembly adjuster, wheel .............cccceerinnen. 6-37
chargingreargate ..........cccoooviiiiiiiiiienenn, 6-31 Audible alarm ..., 4-24
discharge ..o, 4-21  Auger, keep away from screw conveyor .......... 1-7
Maintaining ......ccccoovri 9-2  Auto/manual charge disconnect switch ........... 4-5
reargate ..o 4-21, 6-30, 6-31  Auxiliary disconnect, power container, 480V ... 4-3
FECArgEe ...oooiiiiiiiieiiiiee e 6-30 Auxiliary disconnect switch ...........cccccceiiieen. 4-3

Accumulator maintenance, rear gate ............... 1-5  Auxiliary line monitor .........ccccoocieiiiiiien 4-5

Accumulator pressure ........cccceeeviiiieeeeeeneen. 6-31 Auxiliary power, power container, 4160V ......... 4-4

Acquit stop emergency ........cccccciiiiiiieeinnnen. 4-43  Average cylinder position ..........cccocceiiiiiinnen. 4-15

Actual gpm oo 4-47  Avoid pinch points ........ccccoiiiiiieniiee, 1-4, 9-2

ACtUAI PSI e 4-47

Actuator, frontgate ... 6-34 B

Adding tunnel utilities ...........ccccceeiiiiiinne 6-51 Ball, segment .......cccooiiiiiiiii 6-43

Adjustable return roller brackets .................... 6-39 Ballast power, battery ..........ccoccoiiiiiiiininn. 4-32

Adjuster, speed dial .......cccoiiiiiiiii, 4-33 Ball latch, segment ........ccccooiiiiiiiiii, 4-30

Adjuster, voltage .........ccccoiiiiiii 6-60 Ball latch, segment erector ...........ccccceeeeinnen. 6-44

Adjuster, wheel assembly ..., 6-37 Bar, segmentlinkage .......ccccooeiiiiiiiiiinn. 6-44

Adjusting the belt conveyor ............cccceeoe 6-37 Barmeters ... 4-9

Adjustment, speed control sensitivity ............ 4-33 Barrel, replacing grease .........cccccoiiiiieinnnnen. 6-54

Adjustments, belt ...........ccccoiii 6-37 Barrel sensor, calibrating grease ................... 6-56

Adjustments, steering .........ccccceeiiiieienen. 6-25 Barrel sensor, grease .........ccccceeiiiieeeeenineen. 6-56

Adjustment screws, belt conveyor ................. 6-38 Battery ballast power ........ccccocciiiiiiiiin, 4-32

Adjustments for curve, belt ............................ 6-41 Bearing gear ring and drive pinions ............... 4-25

Advance rate, EPBM ... 4-14 Bearing greasing control, main ...................... 4-26

Advancing the EPBM ..........cccocciiiiiiiie. 6-23 Bearings, EPBM main .......cccccccoiiiiiiinnnn. 4-25

After completion of every segment ring Bearings, SCrew conveyor ...........cccccceeeenneen. 4-25

MAaINtENANCE .....ovvveiiieeieee e 9-9 Bearing seals, main ........cccccccccieieeeeniiiiie 4-25

After every tunnel utility installation Before performing maintenance ..................... 9-1
MaiNteNanCe .........cccocceeiiiiiieeeniieeee e 9-10 Belt adjustments ........cccccoeiiiiiiini, 6-37

After start-up, check hydraulics ..................... 6-20 Belt adjustments for curve ..., 6-41

Agents, computer screen cleaning ................ 6-57 Belt conveyor,

Air compressor adjustment SCrews .........cccoecieeiiiiiiienenn, 6-38
Car #8 oo 4-34 adjustingthe ......ccccoiii, 6-37
lubricant ... 8-3 keep away from .......ccccoiiiiiiiiii, 1-7
specifications  ........ccccoviiiiiii e, 4-34 lubricant ... 8-5
troubleshooting, hydraulic schematics ... 11-17 operatingthe .......ccccciiiiii e, 6-35

Air connections, install hydraulic, sideboards ......cccoeeiiiiiiie, 6-40
grease, water & ..o, 6-11 troubleshooting .......cccooccieiiiiiiiii, 11-5

Air pressure is less than 90 psi error .............. 4-47 troubleshooting, hydraulic schematics ... 11-14

Air schematics Belt scraper, primary .........ccoococeiiiiiiiinennen. 6-39
boring head troubleshooting ................... 11-20 Belt speed control ...........cccoviiiiiiiiiiiiennen. 6-36
foam car troubleshooting ...................... 11-18  Belt Splices ....cooviiiiiiiiiiie e, 6-37
slurry cars troubleshooting .................... 11-19  Belttension ..o, 6-38

AIrtank? PSi coooeeeeeeiiie 4-42  Belttracking ......ccooeeiiii 6-39

AIr tank2 PSi weeeeeeeeeeeee i 4-42 Bentonite disconnect, power container, 480V . 4-3

Alarm, audible .........cccooeiiiiiie, 4-24  Bentonite disconnect switch ...........ccovveeeeeeenne. 4-3

Alarm, red visual ..........ccccoeeeeiiiiiiie . R = 1T 1 N 4-13

Alarm, visual ........ccoooii 4-9 Bias mode, jacking cylinders using ................ 6-26

Alarm button ..., 4-2  Bias offset ..o 4-13

Alarm horn volume .........cccoeeeiiiiiiiiieeeeeeee, 4-24  Bias psi, deCrease .........cccccceccieeieeeeeniieniinns 4-13

Alarm limit, grease level meter ...................... 4-25 Bias psi, iNCrease .........cccccvveeeieeeeeeeeeeieneens 4-13

ANGIE, CC e 4-17 Block locations, grease distribution ............... 4-26

Arm, segment lift ... 4-30 .

(continued on next page)
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Index

B (continued)

C (continued)

BlOCksS, 10CK ...eveiiiiiiiiieeeec e 6-34 Car#7
Blower car #13 lifting instructions, rear hydraulic ............... 7-4
lifting instructions ..........cccoiiiiniii 7-5 oil cooling/main bearing grease
terminology ..o 3-17 Troubleshooting, hydraulic schematics .. 11-16
reversing starter, troubleshooting - rear hydraulic safety decals ................... 2-10
electrical schematics - ................ 11-123 reservoir, rear hydraulic .......................... 4-51
Blower fan, ventilation ...........ccccccooeiiiieennnnen. 4-31 terminology, rear hydraulic ...................... 3-12
Blower safety decals, car #13 ..........ccccceeneeee. 2-15 Car#8
Blower ventilation controls car #13 ............... 4-31 air COMPreSSOr ..ocovveeeieviiiiiieee e 4-34
BIOWN fUSE ..oeiiiiiiee e 4-2 foam safety decals .........cccccevvciieieeinnen. 2-11
Boards, belt conveyor side .........cccccceeiiiinnnn. 6-40 lifting instructions, foam .............c.cccoee. 7-4
Boring head troubleshooting, air schematics.. 11-20 terminology, foam .........cccccciiiiiiiniee. 3-13
Brackets, adjustable return roller ................... 6-39 Car#9& 10
Buttons, steering control .............ccccoeieeinnen. 6-25 front & rear transformer safety decals ..... 2-12
Bypass switch, momentary purge .................... 4-7 terminology, front & rear transformers ..... 3-14
By vOIUME, % eveiiiiiiiiiiieeee e 4-41 liting instructions, front & rear transformer ... 7-4
Car #11
C front slurry safety decals ...........cccceene. 2-13
Calibrating grease barrel sensor ................... 6-56 lifting instructions, front slurry ................... 7-4
Cameral program .........cccccceeeicieeeeesinieeneennnes 4-38 terminology, slurry front ...........ccccceeeenee. 3-15
Cameras ....cccooieeiiiie e 4-38 Car#12
CapacitieS ....ccceveiiiiiiee e 12-3 lifting instructions, rear slurry ................... 7-5
Capacity, hydraulic oil reservoir ...........c........... 8-1 rear slurry safety decals ............ccccceeee 2-14
Capacity, total thrust ..........cccoooeiiiiiies 4-14 terminology, slurry rear ..o 3-16
Capacity, VFD coolant reservoir ...................... 8-2 Car#13
Car #1, blower safety decals .........cccccceviviieeennns 2-15
segment erector controls ................cc..... 4-29 blower ventilation controls ....................... 4-31
inclined conveyor safety decals ................ 2-4 lifting instructions, blower .......................... 7-5
lifting instructions, inclined conveyor ......... 7-2 terminology, blower ............coociii 3-17
terminology, inclined conveyor .................. 3-5 Carriage travel .........ccccccevviiiieeeinieenn. 4-28, 6-43
Car #2 Cars, MUCK ...cocueeeiiiieeiee e 6-35
lifting instructions, operator station ........... 7-2  Cars terminology, segment handling ............... 3-4
operator station safety decals ................... 2-5 Ccangle ..oocoiiiiiiiie e 4-17
terminology, operator station ..................... 3-6 Centered, steering ot .........ccccceveiiieeennnnnen. 6-25
terminology operator’s station console ........ 3-7 Centered error, steering Not ..........ccccceeeeennneen. 6-27
Car #3 Chamber ports, miXing .....ccccoovciveeeiiiiiieeees 4-40
segment handling controls ...................... 4-28 Chamber ports switch, mixing ............. 4-40, 4-45
lifting instructions, segment handling ........ 7-3 Charge, accumulator ...........ccccceeenneen. 4-21, 6-30
segment handling safety decals ................ 2-6  Charge disconnect switch, auto/manual .......... 4-5
terminology, segment handling ................. 3-8 Charging rear gate accumulator .................... 6-31
Car #4 Charts, maintenance ...........cccccciviieinenennenn, 9-3
lifting instructions, VFD ...........cccoeieennnen. 7-3  Check hydraulics after start-up ...................... 6-20
terminology, VFD .....coooviiiiiiiee e, 3-9 Check module (power container),
VFD safety decals .........ccoccveeiiiiiineennnnen. 2-7 4160 volt ground ........coooiiiiiiiiiee, 4-2
Car #5 Checkout equipment prior to start-up ............ 6-12
lifting instructions, switch gear .................. 7-3  Circulation, manual ..........ccccccocveviiiiieeeeenen. 4-48
switch gear safety decals ...........cccecveee. 2-8 Circulation controls ...........cccccocveeiiiiieeeeeen, 4-47
terminology, switch gear ..............cccccce.... 3-10 Circulation cycle .......cccocveiviiiiiieeeee e, 4-48
Car #6 Clean and inspect equipment ..........cccccceecoe.... 1-3
front hydraulic safety decals .................... 2-9 Clean and organized, keep job site ................. 1-6
lifting instructions, front hydraulic .............. 7-3 Cleaning agents, computer screen ................ 6-57
oil cooling/tail seal grease Cleaning computer monitor screens .............. 6-57
troubleshooting, hydraulic schematics.. 11-15  Cleaning slurry tank level sensors ................. 6-42
reservoir, front hydraulic .............cccccoeone 4-51 Clearance, tight curve .........ccoccveevviieiennnen. 6-41
terminology, front hydraulic ..................... 3-11  Closing/opening front gate ..........cccccoveeene. 6-32
(continued on next page)
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Index

C (continued)

C (continued)

Closing front gate ..o 6-32  Control on light .......ovooeeeeeeeeeeeeeeeeeeeeeen 4-4
Clothing, wear protective .........cccccoeviieeeennnnnen. 1-1 Control panel controls, foam ...........ccocvvee.... 4-42
Combustible monitoring system .................. 4-24  Controls & iNStrUMENtS ........oveveeeeeeeeeereeenans 4-1
Communications, above ground monitor ....... 6-59  Controls,
Completion of each drive maintenance ......... 9-14 circulation .......cooiieiiiiee e 4-47
Compressor car #8, air ......ccccocveeeveeiiienenn 4-34 CONVEYOT GAE .o 4-20
Compressor lubricant, air ... 8-3 cutterhead ........ccoooeeiiiiiiie e 4-12
Compressor specifications, air ..................... 4-34 cutterhead VFD ........occooovreerieiirienne. 4-12
Compressor troubleshooting, filllevel .., 4-49
hydraulic schematics air ....................... 1-17 fORM oo 4-39
Computer control SCreens ..., 4-9 foam CoNSOle .........cccovecuceeeeeeeeen 4-40
Computer monitor screens, cleaning ............. 6-57 foam control panel .........c..ccooeiiiiiinenn. 4-42
Computer screen cleaning agents  ................ 6-57 INJECHON ..vvoeveceeeeeeeeeeeeee e 4-46
Concrete segment rotation ............ccccccocoee.e. 4-30 JACKING e 4-13
Condat GR 217 EP1 oo, 8-2 MM GIEASE PUMD  ooooeooooosssoooeessooees 425
CondatD 68 ......coocviiiii 8-1 MONILOMING v 4-9
Condat WR 89 tail seal grease ........................ 8-3 operational ..........cccocoeeeeeeeeeeeeeeeeeeen. 4-9
Config, knob ..o 4-33 0pPErator Station .......ovveeeeeeeeeeeeeeeeeenn. 4-8
Connecting power leads .........ccccvceeinienennenn. 6-9 rear gate CONVEYOr ..........ocooveweveeeeerennn. 4-21
Connections, inspect electrical ............cccocouee. 1-3 SCrew conveyor manual ...........c.ccc........ 4-19
Connections, install electrical .......................... 6-8 SIUITY oo 4-44
Connections, install hydraulic, grease, SIUFTY CONSOIE ..ot 4-45
water & air ... 6-11 ] L4121 SR 4-15
Console car #2 terminology operator’s station ... 3-7 tail seal grease pump .........cccoeereeereenne. 4-27
Console controls, foam .........ccccceeeivieneenne 4-40 transformer cooling .........ccoeeeeeeeeereenan 4-35
Console controls, slurry ........ccccceeviiieiiieeennen. 4-45  Controls car #1, segment erector ................. 4-29
Console control troubleshooting, electrical Controls car #13 blower ventilation .............. 4-31
schematics - .....ccoocevivieiin 11-59  Controls car #3, segment handling ................ 4-28
Consumption, tail seal ..........ccccceveiiiieneennne 4-27  Control SCreens, COMPULET .....v.vvveeeeeeeeerreeeen 4-9
Container, 4160V auxiliary power, power ........ 4-4  Control sensitivity adjustment, speed  ............ 4-33
Container, 4160 volt ground check module, Conveyor #1 front gate, SCrew ...........c.......... 4-25
L0 11Y S 4-2 Conveyor #1 troubleshooting, hydraulic
Container, 4160V transformer disconnect, schematics SCrew ..........cccooveveieieninnns 11-12
POWET .ot 4-4 Conveyor #2 troubleshooting,
Container, 480V auxiliary disconnect .............. 4-3 hydraulic schematics screw .................. 11-13
Container, 480V bentonite disconnect power .. 4-3  conveyor (car #1) terminology, inclined  ......... 3-5
Container EPB 4160V, power, power .............. 4-5  Conveyor,
Container lifting instructions, power ................ 7-5 adjusting the belt ..........ccoocovoveieee. 6-37
Container safety decals, power .................... 2-16 keep away from belt ............cccccoeeererennnnn. 1-7
Container terminology, power ....................... 3-18 operating the belt ...........ccccococeveveveverennne. 6-35
Contents ..o ii operating the SCreW ...........cocceeeveeereeeenn. 6-28
Control, SCIEW oo eee e 4-18
belt speed ... 6-36 screw planetary lubricant ..............c.c........ 8-2
grease pump lubrication ......................... 4-25 WatCh fOr ..o 1-7
hydraulic gate ... 4-20 Conveyor/steer/jack tab controls  ................... 4-10
main bearing greasing ......cccccccccciiiiinne 4-26 Conveyor adjustment screws, belt ................. 6-38
SCTEW CONVEYOI ...uviiiiiiieiaeeeaeiiiiiieeeeeeeeeas 6-28 Conveyor articulation joint, screw .................. 4-25
SCrew speed ..., 6-28  Conveyor auger, keep away from screw —......... 1-7
screw speed flow ......occciiiiiiiinne e, 4-18 Conveyor bearings, SCreW ...........cccoeecuveeeunn.. 4-25
SEIMENE i 4-14 Conveyor car #1 lifting instructions, inclined ..... 7-2
thrust jack speed ... 4-14 " Conveyor CONtrol, SCreW .........co.coovveeeeerreenn, 6-28
thrust ram direction ..........ccccooiiiiininnn. 4-14 Conveyor controls, rear gate .............cc........ 4-21
thrust ram selection ....................... 4-13, 4-29  Conveyor gate, rear .........ccoeveeeveerverreenens 6-29
Control buttons, steering ..., 6-25  Conveyor gate controls ............ccccoevvveeeenn.. 4-20
Controlling foam & slurry ... 6-42  Conveyor gate Iubricant ..............ccccccoecoveneenn... 8-4
Control local/remote ........ccccvviieiiiiciiieneee 4-42
(continued on next page)
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C (continued) D
Conveyor lubricant, belt ..........ccccooviiiiiiiinen, 8-5 Daily electrical system start-up ...................... 6-15
Conveyor manual controls, screw ................. 4-19 Daily or every 10 hours of operation
Conveyor operation guidelines ...................... 6-35 MaiNteNANCe  ....coeeeveiiiieeeeeee e 9-6
Conveyor ports switch, screw ...........cccceeene 4-45 Daily shutdown .........coooiiiiiiiiiiieeeeee s 6-20
Conveyor pressure, SCreW .......c..eeeeeveveeeeeennns 4-18 Data sheets, material safety .............ccccceeee 13-1
Conveyor rear gate with no power, Decals,
operating SCreW ........cccooccveeeernicnenee e 6-30 car #1 inclined conveyor safety ................ 2-4
Conveyor safety decals, car #1 inclined .......... 2-4 car #2 operator station safety ................... 2-5
Conveyor side boards, belt ............ccccooieenee. 6-40 car #3 segment handling safety ............... 2-6
Conveyor speed, SCrEW .........ccceeeeeviirieeeennnns 4-18 car#4 VFD safety ........ooovicceee 2-7
Conveyors safety decals, EPBM & screw ....... 2-1 car #5 switch gear safety ..........cccccceeees 2-8
Conveyor switCh, SCrew ........ccccceevveeenieeennne. 4-18 car #6 front hydraulic safety ..................... 2-9
Conveyor troubleshooting, belt ..................... 11-5 car #7 rear hydraulic safety .................... 2-10
Conveyor troubleshooting, hydraulic car #8 foam safety ........ccccciiiinine 2-11
schematics belt ..........cccooviiii. 11-14 car #9 & 10 front & rear
Conveyor troubleshooting, screw .................. 11-4 transformer safety .......ccccocceveeeeen. 2-12
Coolant, VFD .....coooiiiiieiee e 8-2 car #11 front slurry safety .............ccccee. 2-13
Coolant reservoir capacity, VFD ..........cccceoueee. 8-2 car #12 rear slurry safety .........cccccceeeen. 2-14
Cooling controls, transformer ... 4-35 car #13 blower safety ........cccccceiviiiiennn. 2-15
COPY CULEI . 4-16 cutterhead safety .........coooeeeiiiiienn, 2-2
Copy CULer range .......ooccveeeeiiiiiieee e 4-17 EPBM & screw conveyors safety .............. 2-1
Copy CULEIS i 4-25 power container safety .............cccccceee 2-16
Copy cutter troubleshooting, segment erector safety .........cccccccveeeeennn. 2-3
hydraulic schematics ............ccccoccveieennnn 11-8 Decrease bias PSi ....ccccovcveeeeiiiiiiieeniiieee e 4-13
Cord, 480V POWET ....ccovuveiiieieiiiee e 6-9 Deficiency, oXygen ........cccccooviiiiiiiniieiennnnn, 4-24
Cortec vpCi™ -649 ......cceiiiiiiiiee e 8-2 Detector, gas & oXygen .......cccccceviiiiieennnnen. 4-24
Crane, stay away from .........ccoocoviviiiininennenn, 1-4  Determining slurry gpm ..o 4-46
Curve, belt adjustments for ............ccccovverenne. 6-41 Dial adjuster, speed .......ccccoiiiiiiiiiiieen, 4-33
Curve clearance, tight ...........ccooeiiiiiiiinee 6-41 Dip switch settings .......cccccoviiiiiiini e, 6-59
Cutter, COpY  .oooiiieie e, 4-16 Direction control, thrust ram ................. 4-13, 4-14
Cutterhead ..o 2-2 Disable/enable ..........cccccociiiiiiiii 4-27
CONMIOIS .o 4-12 Discharge accumulator ...........cccccoviviennnnnen. 4-21
fluid swivel ....cccoeeeeiiiiiiiii, 4-25 Disconnect, 4160V transformer .........c............. 4-4
mMaintenance ...........cccceeeviciieeenennne 1-2, 9-1 Disconnect, feed hydraulic .........cc.cccoeeernns 6-55
operation guidelines .............cccciiiieeenen. 6-24 Disconnect, power container,
POMS e 4-40 4160V transformer .........cooeciciiiiiieeneeennn. 4-4
ports SWItCh .....cccoeivi e 4-40 Disconnect, power container,
safety decals .......coceeviiiiiii e, 2-2 480V auxiliary ......cccccoviiieiiiiieeen 4-3
SPEEA it 4-12 Disconnect, power container,
swivel lubricant, EPBM ..........ccccccceieeinnn, 8-4 480V bentonite ......ccccceeeeiiiiiicceeeeeen 4-3
terminology ..., 3-2 Disconnect, return hydraulic ...........cccccueeeeen. 6-55
VFED controls .....ooooiiiiiiiiieeeeeeeee 4-12  Disconnect switch, auto/manual charge .......... 4-5
Cutter injection ports .......cccccceviiieeiiiiiiieeees 6-42 Disconnect switch, auxiliary ...........cccccovveeee... 4-3
Cutter range, CoPY ..eeevevvvveeeeiiiiiieeeeiiieeeee e 4-17 Disconnect switch, bentonite ..................cc....l 4-3
CULLers, COPY  .evveiiiiiiiie it 4-25 Distribution block locations, grease ............... 4-26
Cutter system meters ..........cccceverneen. 4-12, 6-24 Dolly WinCh ..ocooiiiiiiii e 4-28
Cycle, circulation ..........ccccoiiiiiiiniiciieeee 4-48 Drive pinions, bearing gear ring and .............. 4-25
Cylinder extension, steering ............ccccvveeeee.. 4-15
Cylinder laser transducers, programming E
thrust o 6-58 Earth pressure balance machine, terminology ... 3-1
Cylinder lubricant, steering .........c.ccoccveveennnnen. 8-4 Earth pressure Sensors .......cccccccceeeeeviieccnnnns 4-36
Cylinder position, average ..........ccccccccceeeennne 4-15 Electrical connections, inspect ............c.ccceee 1-3
Cylinders, steering ........ccccceevviiieeeeiiiiiieeeens 6-25 Electrical connections, install ............cccccceeee.. 6-8
Cylinders, steering ........cccccevvviiieeeeiiiiiieeeens 4-15 Electrical leakage indicators ...........cccccoeeinnens 4-2
Cylinder sequence for segment installation,
JACKING oo 6-47
Cylinder status, steering ...........cccccccvivvneenn.n. 4-15
Cylinder status indicators, steering ................ 4-15  (continued on next page)
Cylinders using bias mode, jacking ............... 6-26
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E (continued)
Electrical schematics -

E (continued)
Ethernet circuit, troubleshooting - electrical

240V control troubleshooting ................. 11-90 SChemMatics - ...ooveeeeeeee e 11-124
4160 power distribution, troubleshooting ..11-122  Ethernet extenders .......coooeoeveeeeeeeeeseeeeeveenn 6-59
480V control troubleshooting ................ 11-76  Every 500 hours of operation maintenance ... 9-13
blower car 13 reversing starter, Exchange pressure gauge, rapid ................... 6-17
troubleshooting - ........c.cccceeeinennnne 11-123  Expansion ratio, foam ...........ccccccevveevviceeeeennn. 4-41
console control troubleshooting - .......... 11-59  Exposure, avoid laser light ...........cccevvvevrennnnen. 1-8
ethernet circuit, troubleshooting - ........ 11-124  Extenders, ethernet ......ooooveveveeeeeeeeeeeeeeeeeenn 6-59
foam plant control troubleshooting ...... 11-105  Extension, steering cylinder ............cccocoeeveee.. 4-15
front 4160 transformer troubleshooting 11-109  Extension flow rate ..........ccccccoeevevierieciieneae 4-14
head left control box troubleshooting .... 11-22
head power distribution, troubleshooting...11-128 F
head right control box troubleshooting ... 11-41  Face psi, SIUMY ....ccocveiiieieeceeeeeceeee 4-47
lighting, troubleshooting - .................... 11-125  Fan, ventilation blower ..........c..cccoeveevvvevvenennn. 4-31
pilot circuit, troubleshooting - .............. 11-134  Feed hydraulic disconnect ............c.ccccccue.... 6-55
power container circuit, troubleshooting ...11-132  Field, lead/lag ..........ccccoeevevieeieceeeieceeeeene 6-28
rear 4160 transformer troubleshooting....11-110  Fill level cONtrols ..........cccoocevveeieeeiiieieeee 4-49
slurry control troubleshooting ............... 11-111  Filter iNdiCator .........cocveeeiieeeeieeeeeeeeee e 4-50
VFD control troubleshooting ................. 11-71  Filter indicators, pressure ..........cccoecveveeevennnns 4-50
Electrical system maintenance shutdown, Fire prevention ..o 1-6
4160V i 6-22  Flapper, VENt .....cccooveieiiieieese e 6-16
110V/240V/480V ..o, 6-21  Flow, JACKING ....coviiveeeeiieee e et 4-14
Electrical system start-up, daily ..................... 6-15  Flow, retraction .........cccooveeoeeeeeeeeeeeeeeeeeeea, 4-14
Emergency, acquit stop ..., 4-43  Flow control, screw speed .........c.ccceceeevvernenns 4-18
Emergency stop ......ccceeerieiinic i e B TV Ve o] K 4-41
Emergency stop, foam system ...................... 4-39  Flow rate, extension ........ccccccceeveeveeeeeiienennnes 4-14
Enable/disable ..............ccocooiiiiin 4-27  Fluid capacitieS ........cccccoevevveeeeeicrieieeeeeeseens 12-3
Enclosure pressure gauge ...........cccooceeveeennen. 6-16  Fluid swivel, cutterhead ..........cccoooveevereeennn. 4-25
Enclosure vent, pressurization system .......... 6-16  Foam & slurry, controlling .........c.ccccccceueenenee. 6-42
End of each day maintenance ...................... 9-8  Foam/slurry ports .........ccoceeeereeniennnn. 4-40, 4-45
EPB, terminology .........ccccccciiiiiiiiiii 3-1  Foam/slurry tab .........ccoevvvirieiieieeeeee, 4-43
EPB2008 program .......ccccceeeiiieiiiiiieeeieeeiieeeeeens 4-9  Foam/slurry tab controls ............cccceevevernnen. 4-10
EPB 4160V power, power container ................ 4-5 Foam car #8 lifting instructions .............c.......... 7-4
EPBM & screw conveyors safety decals ......... 2-1  Foam car car #8 terminology ............ccccc........ 3-13
EPBM, advancingthe ........c.cccccciiiiiiiniininnnnnn, 6-23 Foam car troubleshooting, air schematics...... 11-18
EPBM advance rate .........ccccoeeeeeeiiiiiiiiiiinennn, 4-14  Foam console controlS ......ccoeeveeveeeeeeeeeeeeeen, 4-40
EPBM cutterhead swivel lubricant ................... 8-4  Foam control panel controls ............c..cuc...... 4-42
EPBM lifting instructions ... 7-2  FOam CONIOIS .....ccccovvveereeereeeee e eee e 4-39
EPBM main bearings ............cccccocoiiiiinnn. 4-25 Foam expansion ratio .............cccceeceeerereennnn. 4-41
EPBM troubleshooting ..........ccccoeveieennnennen. 11-1 FOam MOde ....ooeeoeeeeeeeeeeee e 4-41
EPBreport program .........cccooviciiiiiieeenieeeeee, 6-52 Foam plant control troubleshooting,
EPB roll ..o 4-37 electrical schematics - .......ccevvvveeinnnn.... 11-105
Equipment, recommended tools & .................. 6-6  FOAM PSi voeeveeeceeeeee e 4-42
Equipment prior to start-up, checkout ............ 6-12  Foam pump SWitCh ..........ccccoevvevveiiiceceeiee, 4-40
Erector, segment ........ccccoiiiiiiiiiie 4-29 Foam safety decals, car#8 ...........cccceevvevnennns 2-11
Erector, using segment ..........ccccoociiiieennneen. 6-43  Foam SYStEM .....ccccceeveeieeeceeee e 4-39
Erector ball latch, segment .............cccccoeee. 6-44  Foam system emergency Stop .........ccc.cu...... 4-39
Erector controls car #1, segment .................. 4-29  Front & rear transformer cars #9 & #10
Erector lubricant, segment .............................. 8-5 lifting inStructions ........cccooeviciveieiieeee, 7-4
Erector safety decals, segment ....................... 2-3  Front & rear transformer safety decals,
Erector terminology, segment ............ccccovceene 3-3 Car#O & 10 i 2-12
Erector travel, segment .............cccii 4-30 Front & rear transformers cars #9 & 10
Erector troubleshooting, hydraulic terminology ....cccoeveieeiee 3-14
schematics segment ............ccccoeviiieeenn. 11-9  Front 4160 transformer troubleshooting
Error, air pressure is less than 90 psi ............. 4-47 electrical schematics - .........ccceceuvee...e. 11-109
Error, slurry system will shut down ................. 4-47  Front car #11 terminology, slurry ................... 3-15
Error, steering not centered .................. 6-25, 6-27 (continued on next page)
Error messages .....cccoccceeeeiiiiiiieiiieeeeeeeeeeeeeeeees 4-50
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F (continued)

G (continued)

Frontgate ... 4-20, 6-29 Grease lubrication system grease, main ......... 8-2
Front gate, closing/opening ...........ccccceevvinen. 6-32 Grease pump, tail seal ..........cccccoveeiinieernnenn. 4-27
Front gate, screw conveyor #1 ...................... 4-25 Grease pump controls, main .............cccccueee 4-25
Front gate actuator ..., 6-34 Grease pump greasing indicators, lube..4-25, 4-26
Front hydraulic car #6 Grease pump lubrication .............c.ccccveeeeee. 4-25
lifting instructions ..........ccccoviiiiiine e, 7-3  Grease pump lubrication switch ................... 4-25
FESEIVOIM ..eeeiiiiiieeee e e e e 4-51 Greasing control, main bearing ..................... 4-26
terminology ..o 3-11  Greasing indicators, lube grease pump....4-25,4-26
Front hydraulic safety decals, car #6 ............... 2-9  Ground check module (power container),
Front slurry car #11 lifting instructions ............. 7-4 4160 VOIt e 4-2
Front slurry safety decals, car #11 ................. 2-13  Ground monitor communications, above ....... 6-59
Fuse, bIOWN ..o 4-2  Guidance SyStem .......cccccccveeiiiiiie e 4-8
Guidelines, conveyor operation ..................... 6-35
G Guidelines, cutterhead operation ................... 6-24
Gas & oxygen detector ..........cccceevevviiiieeennns 4-24  Guidelines, jacking operation ........................ 6-24
Gas deteCtor .......coooiviiiiiee e 4-24  Guidelines, operating .......ccccoeecvveveeiiiiiereeeeen, 6-1
Gases, hazardous .........ccccccevviiiieeeiiiiieee e 4-24  Guidelines, steering operating .........ccccceeuueee. 6-25
Gas 1evel % e 4-24  Guidelines, transporting .........cccccceevecvvereeennnen. 7-1
Gate, closing/opening front ..........cccccovieeenee. 6-32  GUIdE rodS .....cceeiviiiiiiiieiee e 6-33
Gate, front .....oocciiii 4-20, 6-29
Gate, intermediate .........cccococeiiiiiiiiens 4-20,6-29 H
Gate, rear ....cccceeveiieee e 4-20 Handler troubleshooting,
Gate, rear CONVEYOr .......ccccceeeveiieeeeeiiiiienaennns 6-29 hydraulic schematics segment ............... 11-11
Gate, screw conveyor #1 front ..........ccccceeene 4-25 Handling car #3 lifting instructions, segment ....7-3
Gate accumulator, charging rear ................... 6-31 Handling car #3 terminology, segment ............ 3-8
Gate accumulator, rear ..........ccccceeenee 4-21, 6-31 Handling cars terminology, segment ............... 3-4
Gate accumulator, rear ..........ccccccevevvciieeeennnns 6-30 Handling controls car #3, segment ................ 4-28
Gate accumulator maintenance, rear .............. 1-5 Handling safety decals, car #3 segment .......... 2-6
Gate actuator, front ........cccccceiviiiieee i 6-34 Handling system pressure, segment ............. 4-28
Gate control, hydraulic ..........cccccevveviiiiieeenns 4-20 Haul system, keep riders off .........ccccoeveennnen. 1-7
Gate controls, CONVEYOr .........ccccceveeviiiieeeennnns 4-20 Haul system, lockout/tagout power
Gate conveyor controls, rear ...........cccceeeeenne 4-21 before servicing .......cccccevvciee i, 1-8
Gate lubricant, conveyor .........cccccceevvcieeeeennnen. 8-4 Haul unit, keep riders off ........cccccvevviiieeeeennen. 1-7
Gate opening, rear ........ccccceeeveciveeeesiiiieeeeennns 4-21  Haul unit, lockout/tagout power
Gate position meter, rear ........ccccccevvciiieeenns 4-21 before servicing .......cccccevvciee i, 1-8
Gate with no power, operating screw Hazardous gases .....cccccccoviiiiiiiiiiiiiieieeaeeeen, 4-24
CONVEYOI MEAI  ..eeiiieieeeaeeeiiiiiieeeeeeaaaaaaaeenas 6-30 Head left control box troubleshooting,
Gauge, enclosure pressure ...........ccoceeeeeennns 6-16 electrical schematics - ..o, 11-22
Gauge, rapid exchange pressure .................. 6-17 Head power distribution, troubleshooting -
Gear car #5 lifting instructions, switch ............. 7-3 electrical schematics - .........ccccceeennee 11-128
Gear car #5 terminology, switch ................... 3-10 Head right control box troubleshooting,
Gear ring and drive pinions, bearing ............. 4-25 electrical schematics - ..o, 11-41
Gear safety decals, car #5 switch .................... 2-8 High pressure hydraulics .........ccccccoeccivreennneen. 1-5
Generator, using the report .........c..occieees 6-52 Horn volume, alarm ........cccccceiiiiiiiiiiiiiieeeenn. 4-24
Gpm, actual .......cccoeeiiii e 4-47 Hydraulic, grease, water & air
Gpm, determining slurry ........cccoceeeviiiieneenns 4-46 connections, install ..., 6-11
GpM, flOW e 4-41 Hydraulic car #6
Grease, main grease lubrication system .......... 8-2 lifting instructions, front ............ccccceeeenen. 7-3
Grease, tail seal ........cccccooiviiiiiiieiieeeeeeee, 8-3 reservoir, front .........ccoeeiiiiiiiiie s 4-51
Grease, water & air connections, terminology, front ........cccoocviiiiiiiine e, 3-11
install hydraulic, .........cccooooiiiiiiiiis 6-11  Hydraulic car #7
Grease barrel, replacing ........ccccceeevviiieeeennns 6-54 lifting instructions, rear ............ccccccceeeennen. 7-4
Grease barrel SeNSOor ..........oocoveeeeieeiieiieeeeees 6-56 FESEIVOIL, TEAI ...iiiveiiieeeeieee e e e e 4-51
Grease barrel sensor, calibrating ................... 6-56 terminology, rear ...........ccccooiiiiiiiiiiiennnn. 3-12
Grease distribution block locations ................ 4-26 Hydraulic disconnect,
Grease level, main .......cccoeeeiiiiiiiieeiieeieeeeee 6-54 feed e 6-55
Grease level, tail ........cccoeeeiiiiiiiieee 6-54 (=100 ] 6-55
Grease level meter alarm limit ..................... 4-25 ]
Grease level scale meter ..................... 4-25, 4-27  (continued on next page)
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H (continued)

| (continued)

Hydraulic gate control ..........ccccccivvieeiieenenenn. 4-20 Instructions, lifting .......cccccoeveiiiciie e, 7-2
Hydraulic motor troubleshooting .................... 11-2 blower car#13 ..., 7-5
Hydraulic oil, recommended ..............ccooeeneee 8-1 EPBM ..o, 7-2
Hydraulic oil/fluids under pressure .................. 9-2 foamecar#8 ... 7-4
Hydraulic oil reservoir capacity ............ccccccuee 8-1 front & rear transformer cars #9/10 ............. 7-4
Hydraulic pressure settings .......ccccccevveeeennnnn. 12-3 front hydrauliccar#6 .........cccccoecveveeennnen. 7-3
Hydraulic pump troubleshooting ..................... 111 front slurry car #11 ...cccoooviiieee e, 7-4
Hydraulic reservoir lubricant ............c.ccccoeeeeee. 8-1 inclined conveyor car #1 .........ccccoceveeennnen. 7-2
Hydraulics, high pressure ........cccccccveeeviiiicnnns 1-5 operator stationcar #2 ...........ccccoveeeeeeenn. 7-2
Hydraulic safety decals, power container ............ccccvvveeeeeieeeeeeeeeeins 7-5
car#6 front ......ocooiiiii 2-9 rear hydraulic car #7 .........cccoceevvvceee e, 7-4
Car #7 TEAN ..evv it 2-10 rear slurry car #12.....cccceeeveeeee e 7-5
Hydraulics after start-up, check ..................... 6-20 segment handling car#3 ............cccoeveenee 7-3
Hydraulic schematics switch gearcar#5 .......ccccccovvvieiiiiiiieeees 7-3
#1 SCrew CONVEYOr ........occceeeeeviieeeeennnne 11-12 VED Car#4 ..ot 7-3
AIr COMPIESSON ....vviiiieiiiieeeeeiiieee e 11-17  Instruments & controls ..........cccccceeevicvieneennnnnen. 4-1
belt conveyor ... 11-14  Intermediate gate ..........ccccevevviiireennee. 4-20, 6-29
COPY CUttEr oo 11-8 Intervals, lubrication & maintenance ................ 9-1
JACKING ..o 11-6  Introduction .........ccccccoiiiiiiiiiii i
main bearing grease / car 7 oil cooling .... 11-16
screw conveyor #1 ..o 11-12 J
SCrew CONVEYOr #2 ......ooccveveeeiiiiieee e 11-13  Jacking controls .........cccccceeivviiveeeciiee e, 4-13
segment erector .........coccceveiiiiene e, 11-9  Jacking cylinder sequence for
segment handler ..........ccoocviviiiinne e, 11-11 segment installation ... 6-47
StEEMNNG oo 11-7  Jacking cylinders using bias mode ................ 6-26
tail seal grease / car 6 oil cooling............. 11-15  Jacking flow ....coocveeiiii e, 4-14
Hydraulic system for start-up, prepare .......... 6-13 Jacking hydraulic schematics troubleshooting . 11-6
Jacking operation guidelines ......................... 6-24
| Jacking pressure ......ccccevecveeeeeiiiieee e 4-14
Inclined conveyor (car #1) Jacking specifications ..........cccccoeciiireriiiiennnn. 4-14
terminology  ...oooiiii 3-5 Jacking system meters ........c.ccccoeeiiiiieeennnnen. 6-24
lifting instructions ........cccocoiiiiiiii 7-2  Jacking thrustrating ........cccccoccveiiiieeeee, 6-24
safety decals .......ccccoevviiiiiiiiiii e, 2-4  Jack speed control, thrust ...........cccccvvieennnen. 4-14
Increase bias PSi ......occcveveiiiiiiiiiiiiee e, 4-13 Job site clean and organized, keep ................. 1-6
Indicator, filter ..., 4-50 Joint, screw conveyor articulation .................. 4-25
Indicator, red marker .........ccccoceiiiiiiinieenen, 4-26  Joint, steering .....cccccoevviiieii i, 4-25
Indicator, visual , error messages .................. 4-50 Joint, trombone ...........cccciiiiiiiii, 6-34
Indicator lights, port ..o 4-45
Indicators, electrical leakage ...........ccccoviiieeenn. 4-2 K
Indicators, lube grease pump greasing ...4-25,4-26 Key segment, starter ...........cccccceevviineennnnnen. 6-43
Indicators, pressure filter .........cccooeiiiieiinnn. 4-50  Knob config .....coccceveeiiiiiiiee e 4-33
Indicators, steering cylinder status ................ 4-15 Knob settings, speed ........cccccvvveeiiiiiieeeninnnen, 4-33
Information, be alert for safety ..........ccccocceeee. 1-1
Injection controls .........ccccoevviiiiniie e, 4-46 L
Injection mode ..., 4-46 Lag/lead field .......cccccoooviiiiiiiiiiieeeeee e, 6-28
Injection ports, cutter .........cccccceviiiiieeinnnn. 6-42 Laser light exposure, avoid .........ccccceveviiineennn. 1-8
Input power monitor, 480V .........cocceeeiiiiiiieeen. 4-3 Laser transducers, programming
Inspect and clean equipment ............cccociieeen. 1-3 thrust cylinder .......cccccovvciiieeiicee e, 6-58
Inspect electrical connections ...........c.cocueeeee. 1-3 Latch, segmentball .......ccccceovviiiiieiiiiiiees 4-30
Inspection, pre-start .........ccccocviiiiiieee e 5-1 Latch, segment erector ball .................c..... 6-44
Installation, jacking cylinder sequence Lead/lag field ........ccccoovieieeeiiiie e, 6-28
forsegment ..., 6-47 Leads, connecting POWEr ........ccccovvvveeeeiiennnenn. 6-9
Install electrical connections ............ccccoocvieeen. 6-8 LEL oo 4-24
Install hydraulic, grease, water & Level %, gas ....occoveeeeiiiiiee et 4-24
air conNNECtionS ........cocceeeeeeiiiiieeeniiieeennn 6-11 Level, main grease ........ccccccecviveeevicieeneeeennn, 6-54
(continued on next page)
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L (continued)

L (continued)

Level, tail grease .......cccccoeeiiiiiiiiiiinee, 6-54 Lubrication system grease, main grease ......... 8-2
Level controls, fill .........ccooeeiiiiiiiieieeeeee 4-49 Lugs, 480V terminal ...........cccccciieeieenn. 6-9, 6-10
Level meter alarm limit, grease ..................... 4-25
Level scale meter, grease .................... 4-25, 427 M
Level sensor, SIUrry ......ccccoeevieieeiiieeeeee, 6-42 Main bearing grease / car 7 oil cooling
Level sensors, cleaning slurry tank ............... 6-42 troubleshooting, hydraulic schematics..... 11-16
Level sensors, tank ........ccccovvieiieiniieneeee, 4-49 Main bearing greasing control ....................... 4-26
Lift arm, segment ........cccooiiiiiiiieeeen 4-30 Main bearings, EPBM ........ccoccciiiiiiiiis 4-25
Lifting instructions ...........ccccoiiiiiiiie e, 7-2  Main bearing seals ........ccccociiiiiiiiini e, 4-25
blower car #13 ..o 7-5 Main grease level .........ccccooiiiiiiiiiiiiiein, 6-54
EPBM oo 7-2  Main grease lubrication system grease ........... 8-2
foamecar#8 ... 7-4  Main grease pump controls .............cccccceeeein. 4-25
front & rear transformer cars #9 & #10 ..... 7-4  Main planetary lubricant ............ccoocoociiiiiiinnn. 8-2
front hydrauliccar #6 ..........cccccooiieiennnne 7-3  Maintaining accumulator ..........cccccceiiiiiiienen. 9-2
front slurry car #11 ..., 7-4  Maintenance & lubrication intervals ................. 9-1
inclined conveyor car #1 ......cccccoeiiiiiiiinns 7-2 Maintenance,
operator station car #2 ...........ccccceiiieen. 7-2 after completion of every segment ring ..... 9-9
power contaiNer .........ccccoocveeeeiiiiieeeeennen. 7-5 after every tunnel utility installation ......... 9-10
rear hydraulic car #7 .......ccccceeiiiieeenin. 7-4 as required .......cccocceeiiiiiiiiiee e 9-15
rear slurry car #12 ..o 7-5 before performing ..........cccccocc, 9-1
segment handling car #3............cccccoviieeeen. 7-3 completion of each drive ...........c.cceeee. 9-14
switch gearcar#5 .......ccccceeiviiiiiniieenn, 7-3 cutterhead .......cccooeiiiiiiiiii 1-2, 9-1
VED car#4 ... 7-3 daily or every 10 hours of operation .......... 9-6
Lift winch, segment ... 4-28 endofeach day ........ccccccovniiiiiiiiiinnnnns 9-8
Light, control on ..o, 4-4 every 500 hours of operation .................... 9-13
Light, power phase ok .......ccccccociiiiiiienennn, 4-3 monthly or every 250 hours of operation ... 9-12
Light exposure, avoid laser .............ccccceeeennnen. 1-8 PEMOAIC  ..veiiiiiiiiiee e 9-1
LIghtS .eeeeeiieeeee e 4-32 practice safe .......cccooviiiiiiiii 1-4
Lights, port indicator .........ccococeiiiiiineen, 4-45 prior to each drive launch .......................... 9-3
Limit, grease level meter alarm .................... 4-25 rear gate accumulator .............cccoceeeiien. 1-5
Limits, set roll ..o, 4-37 weekly or every 50 hours of operation ..... 9-11
Line monitor, auxiliary ..........ccccoccvvereeeiiniiinns 4-5 Maintenance charts .........ccccccceeeeeiiiiiiiiieeeeeenn, 9-3
Line monitor, output ..........ccccciiiiiiiii 4-5 Maintenance shutdown, electrical system
Linkage bar, segment .........ccccceiiiiiiinennnnnen. 6-44 4160V e 6-22
Loads, beware of suspended .............coeeneee 1-2 T10V/240V/480V ..., 6-21
Local/remote, control .........ccoovvvveeeieiiiiiieeees 4-42 Manual, read operator’'s ........cccccccvveviiiiiivinnnnnn. 1-1
Locations, grease distribution block .............. 4-26 Manual circulation ...........cociiiiiiiiie, 4-48
LOCK BIOCKS ... 6-34 Manual controls, screw conveyor .................. 4-19
Lockout/tagout power before servicing .... 1-2, 9-1  Manual steer, USINg ......cccoeeviiiieiiiiiiee, 6-27
Lockout/tagout power before servicing Manualsteer program ...........ccccociieeeeiennennnnn. 6-27
haul unit ..o 1-8 Marker indicator, red ..........oooovviiiiiiiiiiie 4-26
Loss in tunnel, voltage ..........ccccccvieeeneenennnnn. 6-60 MeSSages, Error .....ccccueeieiieieieeae e 4-50
Lube grease pump greasing indicators ..4-25, 4-26  Meter, grease level scale ..................... 4-25, 4-27
Lubricant, air compressor ..........ccccoecveeeeeennnen. 8-3 Meter, rear gate position ..........ccccviiiiiinnnnn. 4-21
Lubricant, belt conveyor ........cccccccovveiiiiiiiinnns 8-5 Meter alarm limit, grease level ....................... 4-25
Lubricant, conveyor gate ..........cccccoiiiieiernnnnen. 8-4 Meters, bar ... 4-9
Lubricant, EPBM cutterhead swivel ................. 8-4 Meters, cutter system ........cccccciie. 4-12, 6-24
Lubricant, hydraulic reservoir ..........cccccceevunee. 8-1 Meters, jacking system .........ccccceevviiiniennnnnen. 6-24
Lubricant, planetary drives .........ccccoccoeeeinnnnen. 8-2 Meters, NUMENIC ......oooviiiiieiiiiiee e 4-9
Lubricant, segment erector .........ccccccceevveiinnnne 8-5 Methods, steering ..o 6-25
Lubricant, steering cylinder ...........ccccccceeennnen. 8-4 Misctab controls ........ccccceviviiiiiiinii e, 4-10
Lubricants ... 8-1 Mixing chamber ports .........ccoceeeiniiiieininnen. 4-40
Lubricants, storing ..........ooooceciiiiiiiiie e 8-5 Mixing chamber ports switch .............. 4-40, 4-45
Lubricating system troubleshooting ............... 11-3  Mobilgrease xhp222 ...........cccoeiievinnnne 8-4, 8-5
Lubrication & maintenance intervals ................ 9-1  Mode, foam ......occocviiiiiii e 4-41
Lubrication, grease pump .......ccccoeviieeeeeinnnen. 4-25 Mode, inJection .......cccccveeeiiiiiiie e 4-46
Lubrication switch, grease pump ................... 4-25 (continued on next page)
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M (continued) P
Module (power container), 4160 volt Panel controls, foam control ............ccccceeueeee. 4-42
ground check ........cccooiiiiiiiiiii, 4-2 Parts, keep personnel away from moving ....... 1-3
Momentary purge bypass switch ..................... 4-7 Performing maintenance, before .................... 9-1
Monitor, 480V input power .........ccccoocoeeeeennnnen. 4-3  Periodic maintenance .........c.ccccceceeiiiiiineeennne 9-1
Monitor, auxiliary line ..........cccooiiiieieeie 4-5 Personnel away from moving parts, keep ....... 1-3
Monitor, output line ..........ccccoii 4-5 Phase ok light, power ........ccccoocviviieeiiiiiiiinns 4-3
Monitor communications, above ground ........ 6-59 Pilot circuit, troubleshooting -
Monitoring controls ..........cccoviiiiiiiiiieee e, 4-9 electrical schematics - ..........ccccceeene 11-134
Monitoring system, combustible .................... 4-24  Pinch points, avoid .........ccccoiiiiieiiiien, 1-4, 9-2
Monitor screens, cleaning computer .............. 6-57 Pinions, bearing gear ring and drive .............. 4-25
Monthly or every 250 hours of operation Planetary drive lubricant .............cccccccooeiiiinnn, 8-2
MainteNanCe ...........occcccieeieiieeee e 9-12  Planning, Site ........ccoovcciiiiiiieeee e 6-6
Motor troubleshooting, hydraulic ................... 11-2  Points, avoid pinch ........ccccciiiiiiine 1-4, 9-2
Moving parts, keep personnel away from ........ 1-3  Portindicator lights .........cccccoiiiiiiiiiiis 4-45
MuCK Cars ..o 6-35 Ports, cutterinjection ..........ccccccoiiiiiiiiiinnnnn. 6-42
Ports, foam/slurry .......cccccoeiiiiiiiiieee e, 4-45
N Ports, mixing chamber ............ccccoveveeeieennnnn. 4-40
Negative roll, set ..., 4-37 Ports, slurry/foam ........ccccceeviiiiiiiiieee e 4-40
No power, operating screw conveyor rear Ports cutterhead ...........cccoooiiiiiiiiii, 4-40
gate with ..., 6-30 Ports switch, cutterhead ............coccoiiinnn. 4-40
Not centered, steering ........ccccceeviieneinnnnn. 6-25 Ports switch, mixing chamber .............. 4-40, 4-45
Not centered error, steering ..........cccceeeeenen. 6-27 Ports switch, screw conveyor ...........ccccocc.e.... 4-45
Note, post @ oo 4-37 Position, average cylinder ..............ccceeeunnns 4-15
Numeric meters ......ccccoeiviiiiiieee e 4-9 Position meter, reargate ........cccccceeiiiiiiinnn. 4-21
Positive roll, set ..., 4-37
o Postanote ......ccccoviiiiiniiii 4-37
Offset, bias ..oooeiiei 4-13 Power, battery ballast ...........cccccceeeeiiiiiiinnn, 4-32
Oil, recommended hydraulic ..........cccccceveeeeennn. 8-1 Power, operating screw conveyor rear
Oil/fluids under pressure .........ccccceeeevieeeeeennnen. 1-2 gate With N0 ...ooooviiiii e, 6-30
Oil/fluids under pressure, hydraulic ................. 9-2 Power, power container, 4160V auxiliary ......... 4-4
Oil reservoir capacity, hydraulic ....................... 8-1 Power, power container EPB 4160V ............... 4-5
Ok light, power phase ........ccccccoeviiiiiienennninn, 4-3 Power before servicing, lockout/tagout ............ 1-2
On light, control .......ccccoiiiiiiiieee, 4-4  Power before servicing, lockout/tagout ............ 9-1
Opening, rear gate ..........cocceeiiiiiieeeiiiiieeeeee 4-21 Power before servicing haul unit,
Opening frontgate ..o 6-32 lockout/tagout .........cccceeeiiiiiiiii, 1-8
Operating guidelines .........ccccoceiiiiiieneennnen, 6-1 Power container, 4160V auxiliary power ......... 4-4
Operating guidelines, steering ..........ccccceeue 6-25 Power container, 4160 volt ground check
Operating screw conveyor rear gate with MOAUIE  ...eviiiiiiiieeee e 4-2
NO POWET  oeiiiiiiiiee e etieee e e iteeee e rrieee e 6-30 Power container, 4160V transformer
Operating the belt conveyor ..........ccccccceeene 6-35 diSCONNECE ...oeviiiiiiiiiieee e 4-4
Operating the screw conveyor .............cccc...... 6-28 Power container, 480V auxiliary disconnect .... 4-3
Operation ..o 6-1 Power container, 480V bentonite disconnect .... 4-3
Operational controls .........ccccooieiiiiiiieneeee, 4-9  Power container circuit, troubleshooting -
Operation guidelines, conveyor ..................... 6-35 electrical schematics - ..........cccccoeen 11-132
Operation guidelines, cutterhead ................... 6-24 Power container EPB 4160V, power ............... 4-5
Operation guidelines, jacking .........c.ccccceeenee 6-24 Power container lifting instructions ................. 7-5
Operator’s manual, read ..........cccccoovivieeeinnnnen. 1-1  Power container safety decals ..........c............ 2-16
Operator’s station console car #2 terminology ... 3-7  Power container terminology ..............ccccce..... 3-18
Operator station car #2 lifting instructions ....... 7-2  Power cord, 480V .....cccceiiiiiee e 6-9
Operator station car #2 terminology ................ 3-6 Power leads, connecting .......ccccooiiiieiiiiiinenn. 6-9
Operator station controls ...........ccccoeiieierinnnen. 4-8 Power monitor, 480V input .........c.eeeiiiereinnen. 4-3
Operator station safety decals, car #2 ............. 2-5 Power phase ok light ......cccccoeveiiiiiiiiiieee, 4-3
Organized, keep job site clean and ................. 1-6  Practice safe maintenance ..............ccccceeenen. 1-4
Output line monitor ..........ccccooviiiiiiiiieeee, 4-5 Pre-startinspection ..........cccccoviiiiiiiiiiiiie e, 5-1
Overview, Ssystem .......cccoceiiiiiiiee e, 6-2 Preparation, Site .......ccccocciiiiiii e, 6-7
Oxygen defiCiency ......occooeeeiiiiiieiiiiiieeeee 4-24  Prepare hydraulic system for start-up ............ 6-13
Oxygen detector, gas & .....ccccovvveeeiiiiiieeeennas 4-24
OXYQEN SENSOT  ...eeiiieieiiiieee et 4-24  (continued on next page)
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P (continued)

R (continued)

Preparing for storage ...........ccccoviiiieeeeienenn. 10-1  Rear 4160 transformer troubleshooting,

Pressure, electrical schematics - ... 11-110
accumulator .........cccoiciiiiiin 6-31 Rear car #12 terminology, slurry .................... 3-16
filter indicators .........cccccvvviiniiiineee 4-50 Rear conveyorgate ........cccocciiiiiiiiiiiiennnnn. 6-29
fluids under .......ccociiiiii, 1-2  Reargate ..o 4-20
gauge, enclosure ........cccccceeeeeieeeeiiineeeenes 6-16 Rear gate accumulator ............... 4-21, 6-30, 6-31
gauge, rapid exchange .............ccccceeeeen. 6-17 charging ..o 6-31
hydraulic oil/fluids under ...........cccceeennee. 9-2 Maintenance .........cooooociiiee s 1-5
hydraulics, high ..., 1-5 Rear gate
JACKING oo 4-14 conveyor controls ..., 4-21
SCrEW CONVEYOI  ...veviiiiiiieieeeeeeeeeeeeeeeeneeees 4-18 (o] o= 01 o [ 4-21
segment handling system ...............ccc..... 4-28 position meter ... 4-21

Pressure sensors, earth ...........cccccceeiiennn. 4-36 with no power, operating screw conveyor..... 6-30

Pressure settings, hydraulic ...........cccccccoo. 12-3 Rear hydraulic car #7

Pressurization system ..........cccoceeiiiiiieneinnnnen, 4-6 lifting instructions ........cccooooiiiiii, 7-4
enclosure vent .........cccooiiiiiiiiiiiieieneneen, 6-16 FESEIVOIM ..eeeiiiiiiee e e e e 4-51
troubleshooting .......ccccoccieieiniiiieeen, 11-5 terminology  ...oooviiii e, 3-12

Prevention, fire .......ccccciiiiiii e 1-6  Rear hydraulic safety decals, car #7 ............. 2-10

Primary belt scraper .......cccccoceeiiiiiiiiiiiiiinienn, 6-39 Rear slurry car #12

Prior to each drive launch maintenance .......... 9-3 lifting instructions .........ccoocoiii i, 7-5

Prior to start-up, checkout equipment ............ 6-12 safety decals ......ccceeeiiiiiiii 2-14

Program, Rear transformer cars #9 & #10 lifting
Cameral ..o 4-38 instructions, front & ......cooooiviiiiiiii 7-4
Camera2 ....coooooieieee e 4-38 Rear transformer safety decals, car #9 & 10
EPB2008 ..o 4-9 froNt & eoeeeeeee 2-12
EPBReport ....ccooeeeiie e 6-52 Rear transformers cars #9 & 10 terminology,
ManualSteer .......ccccocoviiiiiiiiiieiiiieee s 6-27 front & oo 3-14

Programming thrust cylinder Recharge accumulator ..., 6-30
laser transducers .........ccccccveeeeiiiiieeeennnns 6-58 Recommended hydraulic Oil ............ccccovineeen. 8-1

Protective clothing, wear ..........ccccoccciiiiiiiiiinne 1-1  Recommended tools & equipment .................. 6-6

Psi, Recycle waste ..o, 1-8
actual ... 4-47 Red marker indicator ...........cccccooiiiiiiiiiiiinnns 4-26
airtank? .. 4-42 Redvisualalarm ..., 4-24
airtank2 ..o 4-42 Remote/local, control ............coveeeeiieiiiiieeeen, 4-42
foam o 4-42 Removing from storage .........cccccoviieieinnnnn. 10-1
slurry face .....ccccovvieii 4-47 Replacing grease barrel ..........cccooviiiiiiiiinn. 6-54

Pump, reset ..., 4-41 Report generator, using the ..........ccccceeeineen. 6-52

Pump, tail seal grease .............ccceeeiviniininnnn. 4-27 Reservaoir,

Pump controls, main grease ..........ccccccceeennnn. 4-25 capacity, hydraulic oil .............ccccccce. 8-1

Pump greasing indicators, lube grease ....4-25,4-26 capacity, VFD coolant ... 8-2

Pump lubrication, grease ...........ccccccceeeennnnnn. 4-25 front hydrauliccar#6 ..............cccoeiiieee 4-51

Pump lubrication switch, grease .................... 4-25 lubricant, hydraulic ..........ccccccceiiiiiiiiiis 8-1

Pump switch, foam .........cccoiiiin 4-40 rear hydraulic car #7 .......ccccceeeiiiiieeennns 4-51

Pump switch, slurry ..., 4-45 Resetbutton ... 4-2

Pump troubleshooting, hydraulic ................... 11-1 Reset pump e 4-41

Purge bypass switch, momentary .................... 4-7 Retraction flow ... 4-14

Return hydraulic disconnect .............ccccooeee. 6-55

R Return roller brackets, adjustable .................. 6-39

Ram direction control, thrust .......................... 4-14 Riders off haul unit, keep ......cccccvvviiiiiiiininnnnnnn. 1-7

Ram direction switch, thrust .......................... 4-13 Ring and drive pinions, bearing gear ............. 4-25

Ram selection control, thrust ............... 4-13, 4-29 Rods, QUIdE  ..oeeieiiieee e 6-33

Range, copy cutter ..o, 4-17 ROILEPB . 4-37

Rapid exchange pressure gauge .................... 6-17 Roll, set negative .......cccccoiiiiiiiiiiii 4-37

Rate, EPBM advance ..........cccccoeeiieiiiiiniennens 4-14 Roll, set positive ........ccoooiiiiii, 4-37

Rate, extension flow .......ccccccceeiiiiiiiiiiiiininnnn, 4-14  Roller brackets, adjustable return .................. 6-39

Rating, jacking thrust .............cccoon, 6-24 Roll limits, set ... 4-37

Ratio, foam expansion ............ccccccceeeeeeeennnnn. 4-41 )

Read operator's manual ............c.cccocoveueeveennn.. 1-1  (continued on next page)
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R (continued)

S (continued)

Rotating spinners .........ccccooviiiiiiiiiieeeeneeenn, 4-31 Schematics - (continued)
Rotation, concrete segment ...........cccccceeein. 4-30 Hydraulic
#1 SCrew CONVeyor ..........ccccceeeennee. 11-12
S alir COMPrESSOT .....coeeieireeeeeeee e 11-17
Safe maintenance, practice ............cccccceeennnnnen. 1-4 belt conveyor ........ccccciiiiiiiiiis 11-14
Safety . 1-1 COPY CUHEr ..eoeeiiiiiiieeee e 11-8
Safety data sheets, material .......................... 13-1 JACKING oeiiiiiiiiiiee e 11-6
Safety decals .......cccceeeiiiiiiii 2-1 main bearing grease /
car #1 inclined conveyor ............cccccceeeeenns 2-4 car 7 0il cooling .....ccccvvveeeveeneennnn. 11-16
car #2 operator station ...........ccccoiiennns 2-5 SCrew CoONveyor #2.......ccccccveeeeennnee. 11-13
car #3 segment handling .........ccccococeees 2-6 segment erector...........ccceeeeeeiieiennnnn. 11-9
Car#d VFD .o 2-7 segment handler............cccccccoeiinins 11-11
car #5 switch gear ........cccovviiiiiiiiiiennns 2-8 Steering .oeeevviiieiiiii 11-7
car #6 front hydraulic ..........cccccceivienens 2-9 tail seal grease / car 6 oil cooling ..... 11-15
car #7 rear hydraulic .........cccoccvveveeeeennnn. 2-10 Water ..o 11-21
car#8 foam ......cccccoiiiiiiin 2-11  Scraper, primary belt .........cccooeeiiiie, 6-39
car #9 & 10 front & rear transformer ......... 2-12  Screen cleaning agents, computer ................ 6-57
car #11 front slurry ..o, 2-13  Screens, cleaning computer monitor ............. 6-57
car#12rear slurry .......cccocovvieeeeiiiiienenn. 2-14  Screens, computer control ...........ccccccevviineenn. 4-9
car #13 blower ........cccovciiiii, 2-15  SCrew CONVEYOI ......cocceeiieeiiiiiieeeeiiieeee e 4-18
cutterhead ........cccceeveeiiiiii, 2-2  Screw conveyor #1
EPBM & screw conveyors ..........ccccceeevueeee. 2-1 frontgate ....ocoooviiiii 4-25
power CONtaiNer ..........ccccceeeveeeeerininiinnns 2-16 hydraulic schematics ...........ccccccccinnis 11-12
segment erector .........ccccovvvciiiiiiiieeeieeenenn, 2-3  Screw conveyor #2
Safety information, be alert .................ccc 1-1 hydraulic schematics ...........ccccccccinnis 11-13
Scale meter, grease level ................... 4-25, 4-27 Screw conveyor
Schematics - articulation joint .........ccccoiiiiii 4-25
Air auger, keep away from ........cccccciiiienenns 1-7
boringhead.........ccccvviiiis 11-20 bearings ..o 4-25
foam car ... 11-18 CONIOl e 6-28
SIUMTY Cars ....ooovvviiiiiieieeeeeee e 11-19 manual controls ..........ccccceeeviiiiiiiiniiis 4-19
Electrical operatingthe .......cccoeeeiiiie 6-28
240V control ......ccoeviceeeieiiiiieee e 11-90 planetary lubricant ................ccccccinis 8-2
4160 pwr distribution, ...........cccceevrenene 11-122 ports SWItCh .......coooviiiiie 4-45
480V control .......cceevvcieeeeeiiiieeeeee 11-76 PrESSUIME ..eeiiiiiiieeaeeiiiiiitieie e e e e e e e 4-18
blower car 13 reversing starter ...... 11-123 rear gate with no power, operating .......... 6-30
console control...........cccceeevveeiiiiiinnes 11-59 SPEEA it 4-18
ethernet circuit ...........ccccccenn, 11-124 safety decals, EPBM & .......cccoeveeiiiiieeen, 2-1
foam plant control ........................ 11-105 SWItCh oo 4-18
front 4160 transformer ................... 11-109 troubleshooting  ........cccccceviiiiiiiiiiiiieeee. 11-4
head left control box ... 11-22 Screwdatatab .......cccoccoiiiiiiiiiii, 4-11
head power distribution.................. 11-128  Screws, belt conveyor adjustment ................. 6-38
head right control box ...................... 11-41  Screw speed control ..........cccoceeeiiienennnnen. 6-28
lIghting  .ooooeii, 11-125 Screw speed flow control ...........ccccceeeennnnnen. 4-18
pilot Circuit........cccovveveeeeieees 11-134  Seal consumption, tail .........cccccceeviinnennnnn. 4-27
power container circuit .................. 11-132 Seal grease, tail ......cccoeeviiiiiiiiee, 8-3
rear 4160 transformer.................... 11-110  Seal grease pump, tail ......ccccoceeeiiienennnnen. 4-27
slurry control ..., 11-111  Seals, main bearing .......ccccccevvieeiiiiiieeeens 4-25
VED control........cccoooiiiiiiiiiieceee, 11-71  Segment, starterkey ......ccccoocvvieiiiiinininn. 6-43
Segment ball ... 6-43
Segment ball latch .........ccocoiiiiie 4-30
Segment control ... 4-14
(continued on next page)
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S (continued)

S (continued)

Segment erector .........cccceceiiiiiiieie i 4-29  Slurry car #11 lifting instructions, front ............. 7-4
USING  coeiiiiiiee et 6-43  Slurry car #12 lifting instructions, rear ............. 7-5
ball [atch ... 6-44  Slurry cars troubleshooting, air schematics.... 11-19
controls car #1 ..o 4-29  Slurry console controls ..........ccccevviiieeenennnn. 4-45
safety decals ........cccooevviiiiiiiii, 2-3  Slurry controls .......cccooiieiiiini, 4-44
terminology  ...oooiiii 3-3  Slurry control troubleshooting,
travel ..o, 4-30 electrical schematics - ..........ccccceeee. 11-111
troubleshooting, hydraulic schematics...... 11-9  Slurry face psSi ...cooccveeeeiiiiiei e 4-47
Segment handler troubleshooting, Slurry front car #11 terminology ..................... 3-15
hydraulic schematics ............ccccoocieene 11-11  Slurry gpm, determining ..........ccccceviiiieeeenns 4-46
Segment handling car #3 Slurry level SeNSOr .......cccccvvveeiiiiiiiieeee. 6-42
lifting instructions ..., 7-3  Slurry pump switch ........ccoiii, 4-45
terminology  ...oooiiii 3-8  Slurry rear car #12 terminology ........cccccecuveee. 3-16
Segment handling cars terminology ................ 3-4  Slurry safety decals, car #11 front ................. 2-13
Segment handling controls car #3 ................. 4-28 Slurry safety decals, car #12 rear .................. 2-14
Segment handling safety decals, car #3 .......... 2-6  Slurry system .......ccccoiiiiiiii 4-46
Segment handling system pressure ............... 4-28  Slurry system will shut down, error ................. 4-47
Segment installation, jacking cylinder Slurry tank level sensors, cleaning ................ 6-42
sequence for ..., 6-47 Smoking in shaft or tunnel, no ......................... 1-6
Segment liftarm ... 4-30 Specifications .......ccccoiiiiiiiiii e, 12-1
Segment lift winch ... 4-28 Specifications, air compressor .............c........ 4-34
Segment linkage bar ..........cccoiis 6-44 Specifications, jacking .........ccccceiiiiiiinninnn. 4-14
Segment rotation, concrete ... 4-30 Speed, cutterhead .........cccooiiiiiiiii, 4-12
Selection control, thrustram ................ 4-13, 4-29 Speed, SCrew CONVEYOr .......ccceeeeeviiuieeeenannnen. 4-18
Sensitivity adjustment, speed control ............ 4-33 Speed control, belt ... 6-36
Sensor, calibrating grease barrel .................. 6-56 Speed control, SCrew .......cccceveeeeeiiiicciiiieeeenn. 6-28
Sensor, grease barrel ..., 6-56 Speed control, thrust jack .........cccoccoiiiininnen. 4-14
SEeNSOr, OXYGEN oiiiiiiieiiiiieee et 4-24  Speed control sensitivity adjustment ............. 4-33
Sensor, slurry level ..., 6-42 Speed dial adjuster ........cccooiiiiiiiiiii, 4-33
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Suspended loads, beware of ............cccceeenen. 1-2  Tail grease level ........cccocoiiiiiiiiiiiiiies 6-54
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auto/manual charge disconnect ................ 4-5 Tail seal grease .......ccccovceeeeiiiiiee e 8-3
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SIUMTY PUMP e 4-45  Terminology, .....ccccccceviiiiieieiieee e 3-1
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(continued on next page)
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Travel, carrfiage ........ccccccevviieieiiiiiieeeeieeen 6-43 Utilities, adding tunnel ...........ccccooviiiiiiinnnen. 6-51
Travel, erector ........ccoeeiieiiiiiiieeieeeeeeeeeeee, 4-30
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Trombone joint ... 6-34 Vanguard™ high performance oil ................... 8-3
Troubleshooting .......cceeviiiiiiiiiiieieee 11-1  Vent, pressurization system enclosure .......... 6-16

air schematics boring head .................... 11-20 Ventflapper ..., 6-16

air schematics foam car .............cc......... 11-18  Ventilation, test tunnel ..., 1-5

air schematics slurry cars .................... 11-19  Ventilation blower fan ... 4-31

belt conveyor ... 11-5 Ventilation controls car #13 blower ................ 4-31

electrical schematics - VFD/grease tab controls ..........ccccccceiiiiiinnnis 4-10
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pilot circuit ... 11-134  Voltage adjuster .........ooooiiiiiis 6-60
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