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A DANGER

This machine is powered by
high voltage electricity.
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Failure to lockout/tagout power before servicing
will cause severe personal injury or death.

LOCKOUT/TAGOUT 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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Introduction

This operator’s manual contains important safety, operation, and maintenance information for your
Akkerman Tunnel Boring Machine (TBM). You must read and understand this manual, your haul unit
operator’s manual, pump unit operator’s manual, the gas detection system operation manual and any
other supporting equipment manuals before you operate and maintain this equipment. Keep this manual
with your TBM at all times. Directions in this manual are referenced from the launch shaft going forward to
the reception shaft, unless otherwise noted. You may purchase additional copies of this manual from the
Akkerman Aftermarket Support Department, or download it 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 Tunnel Boring 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
LEIGTIC 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.
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TBM 840 Series Il With Screw Conveyor & 1548 Haul Unit

Earth pressure balance (EPB), pipejacking and tunneling is a type of “trenchless technology” that utilizes
a tunnel boring machine (TBM). The TBM is advanced through the ground by hydraulic jacking cylinders
on a jacking can, jacking frame, or pump unit/yoke from the launch shaft. As the TBM advances, powerful
hydraulic motors rotate a bearing/inner drum. In EPB mode, the operator manually adjusts the advance
rate or spoil removal as necessary to keep the earth pressure in the acceptable range.

Connected to the drum is a cutterhead or closed face attachment. As it rotates, the attachment teeth

or disc cutters excavate the face, and the spoils fall into the drum/chamber. Scoops and paddles in the
drum/chamber dump/direct the spoils onto a conveyor (belt/screw), which carries the material to the

dirt bucket. Once the dirt bucket is full, the dirt bucket is removed from the pipeline via a haul unit to the
unloading area in the launch shaft, where the dirt bucket is hoisted out of the shaft and unloaded, and
returned to the haul unit.

Please let us know if you find any errors with this manual or know of ways to improve procedures. 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 Manual 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.

KEEP FIRST-AID KIT ACCESSIBLE

Keep a first-aid kit handy and properly maintained.
Call 9-1-1 for emergencies.
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Safety

ELECTRIC SHOCK, EXPLOSION OR ARC FLASH HAZARD

ADANGER Failure to follow the instructions

below will result in serious injury or death.

* Apply appropriate personal protective equipment
(PPE) and follow safe electrical work practices.
See NFPA 70E.

* This equipment must be installed and serviced
only by qualified electrical personnel.

* Turn off all power supplying this equipment before
working on or inside equipment.

* Always use a properly rated voltage sensing
device to confirm power is off.

» Replace all devices, doors and covers before
turning on power to this equipment.

LOCKOUT/TAGOUT POWER BEFORE SERVICING

AWARNING Failure to lockout tagout power

before servicing can cause severe personal injury
or death.

This tunnel boring machine contains high voltage
electricity.

LOCKOUT TAGOUT main power supply before
servicing. Electrical repairs must be performed only
by a certified electrician.

\j

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.
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Safety

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.

KEEP PERSONNEL AWAY FROM MOVING PARTS

AWARNING Crushing hazard.

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

UNAUTHORIZED WELDING

AWARNING Unauthorized welding can cause

structural 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

1L T 14 I I‘_I’I T T
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Remove any grease, oil, or debris buildup to avoid
potential injury or equipment damage.

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

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
an unsecured electrical connection.

w

j\

USING TUNNEL POWER CABLE

A DANGER NEVER disconnect tunnel power

cables when tunnel power is ON. Doing so WILL
cause severe injury or death from electrical shock.

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
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.
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Safety

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.

TEST TUNNEL VENTILATION

AWARNING Keep boring head 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.

Do not use haul unit to evacuate the tunnel. The
electrical contacts with the unit can cause an
explosion.

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

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.

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.

NO SMOKING IN SHAFT OR TUNNEL

AWARNING Smoking in shaft or tunnel could

cause an explosion if combustible gases are present.

Do not smoke in shaft or tunnel.
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Safety

KEEP JOB SITE CLEAN AND ORGANIZED

AWARNING Tripping can cause serious

personal injury.

Be sure to keep job site clean and organized.

I

2. Cutterhead drive dump valve (conveyor safety J:

valve) MUST be tethered to conveyor. Y 1
3

3. ALL FOUR safety chains MUST be secured to 2
conveyor.

KEEP AWAY FROM 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.
A

050162_840-om 1-7 0921

CONVEYOR OPERATION

AWARNING Conveyor can jam in rotating

cutterhead causing conveyor to swing into
operator, resulting in severe personal injury.

While cutterhead is rotating:
1. Operator MUST remain seated in normal
operating position.

—h




Safety

KEEP AWAY FROM SCREW CONVEYOR AUGER

ADANGER 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.

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.

AVOID TUNNEL WALL CONTACT

AWARNING Contacting tunnel wall and

other pipeline obstructions can cause severe
personal injury or death.

Keep all body parts on haul unit while unit is
moving.
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Safety

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.

LOCKOUT/TAGOUT POWER BEFORE SERVICING HAUL UNIT

AWARNING Failure to lockout tagout 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 - Lockout Tagout Procedure Guideline

LOCKOUT TAGOUT PROCEDURE GUIDELINE

LOCKOUT TAGOUT power before attempting to make repairs, service or adjustments. Proper
lockout tagout will prevent accidents and save lives. OSHA requires equipment placed in
lockout tagout when the unexpected machine start up or release of stored energy could injure workers
during cleaning, adjustments, repairing and servicing.

Nﬁ( ‘

A DANGER Failure to lockout tagout power ‘

before adjustments, repairs or servicing WILL
cause severe personal injury or death.

LOCKOUT TAGOUT power before adjustments,
repairs or servicing. Electrical repairs must be
performed only by a certified electrician.

The contractor is fully responsible for the safety of all personnel on the job site. Use the following as a
guideline for a lockout tagout procedure. The contractor must determine the best lockout tagout practices
for his/her employees on the job site.

1. Follow all Federal, State and Local safety regulations and procedures.

2. Be sure OSHA prescribed safety personal protective equipment is being worn by all personnel.
3. Be sure the area is safe for operation. Keep work site clean and organized.

4. Set all controls to the OFF or neutral position.

5. Push IN all E-Stop buttons.

6. There are two lockout tagout options for the
840 TBM Series Il:

* Lockout Tagout the Power Source - refer to
step 7 for details.

* Lockout Tagout the TBM Control Box AND
the 5200 Pump Unit Main Breaker on the Main
Power Panel - refer to step 8 for details.

7. Lockout Tagout the Power Source Option

T
O

Lockout Tagout power source or generator. Refer
to the power source or generator manufacturer
for proper lockout tagout procedure.

(continued on next page)
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Safety - Lockout Tagout Procedure Guideline

8. Lockout Tagout the TBM Control Box AND
the 5200 Pump Unit Main Breaker on the
Main Power Panel Option

* TBM Control Box Lockout Tagout:

Be sure the main power switch (A) on the control
box is in the OFF position. Flip safety latch (B)
out on main power switch and install shackle of
OSHA approved lock (C) with tag (D) through
latch.

Secure lock by pushing shackle into body of the
lock until the shackle is locked into the locking
mechanism. Turn key to lock shackle in place.

Remove key from lock.
Test to be sure shackle is fully secured into lock.

Sign “Equipment Locked Out” tag or equivalent.

* 5200 Pump Unit Main Breaker

Lockout Tagout:
Be sure the main power breaker (E) on the main
power electrical panel is in the OFF position. Flip
safety latch (F) out on main power breaker and
install shackle of OSHA approved lock (G) with
tag (H) through latch.

Secure lock by pushing shackle into body of the
lock until the shackle is locked into the locking
mechanism. Turn key to lock shackle in place.

Remove key from lock.

Test to be sure shackle is fully secured into lock.

Sign “Equipment Locked Out” tag or equivalent.

IMPORTANT: By placing lockout tagout at the
Tunnel Power switch (1) on 5200 Pump Unit, ONLY
the electrical power (tunnel) from the 5200 to the
TBM is locked out. The hydraulic power from
the 5200 to the TBM is still energized and the
electrical power on the 5200 is still live.

To lockout power to the 5200, the 5200 main
power breaker MUST be in lockout tagout.
Refer to 5200 Pump Unit Main Breaker
Lockout Tagout above.
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Safety Decals

Keep all 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 decals with solvent. Solvent will damage the surface of the decal.
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 Aftermarket Support representative for free replacement safety decals.

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

BELT CONVEYOR
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SCREW CONVEYOR

Safety Decals - Screw Conveyor
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LASER LIGHT STAND

050162_840-om
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Decals - Laser Light Stand
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Terminology

840 TBM WITH ON-BOARD POWER PACK

5
3
1 2 6 -
\ / //4 / / 8
| A 1/ 1 N1 | 1 /
'I ’I = ,/
OHb’T_!fl EUUU {/- - / — 9

i
-%

17 16 14 " 10
15 713 12
1. Drive Motors 11. Load Sense Pump (Steering, Dirt
2. Steering Cylinder Wings, Closed Face, Screw Conveyor Gate)
3. Bearing Lube Pressure Gauge 12. Main Drive Hydrostatic Pump #2 (Cutterhead)
4. Return Filter Indicators 13. Main Drive Hydrostatic Pump #1 (Cutterhead)
5. Return Filters 14. Grease System Containers
6. Power Pack Hydraulic Reservoir 15. Grease Filter
7. Oil Cooler 16. Steering Joint
8. Belt Conveyor 17. Electric Motor 300 HP
9. Dirt Bucket 18. Cutterhead Bearing/Seals
10. 1548 Haul Unit 19. Cutterhead
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Terminology - Operator Controls

OPERATOR CONTROLS

050162_840-om

1. TBM Control Valve

2. Conveyor/Jacking Can/Boring Head Controls
3. Boring Head Speed Control

4. Conveyor Control

5. Jacking Control

3-2 0921



Terminology - TBM Control Valves

TBM CONTROL VALVES

Front
of TBM
© o
1
\
\
2
\
3
LH Side
of TBM £ 4
\
5
6
1
e ol A (6 7
1. Closed Face or Screw Gate
2. Steering - Left
3. Steering - Top
4. Steering - Right
5. Conveyor Lift
6. Dirt Wing
7. Dirt Wing (840 TBM SN1 only) /Auxiliary (840 TBM SN2 only)
8. Conveyor Drive
9. Jacking Can Cylinders
10. Boring Head Control
050162_840-om 3-3
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Terminology - Control Monitor

CONTROL MONITOR

1. Monitor
2. Monitor Mount
3. Adjustable Monitor Stand

050162_840-0m 3-4 0921



Terminology - Gas Detection System

GAS DETECTION SYSTEM (GDS GASMAX Il OR BUCKEYE BFT-44)

5. Cable Connection From
TBM Electrical Box
6. Magnetic Wand

1. Strobe Light

2. Horn

3. Transmitter/Relay
4. Sensor Element
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Terminology - TBM Electrical Box

TBM ELECTRICAL BOX

1

N

"©

oy

~— 3
0
4
(o] e/
5
6
8 (o] O 7
. Hour meter

. Head Power ON Indicator

. Boring Head Power ON Indicator

. Main Power Disconnect

. Power To 300 HP Motor

. Display Monitor Harness (840 TBM SN2 only)
. Head Power 30 AMP From Pit Box

. TBM Power In From Pit Box

ONO AP WN -

(continued on next page)
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050162_840-om

18.
19.
20.

21

Terminology - TBM Electrical Box

|-

10
9

/

177

NAMMUTEEE!

5
N
':,’:cn

840 TBMSN2Only Al :

28.
20.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

. Bearing Oil Pump
10.
11.
12.
13.
14.
15.
16.
17.

Screw Speed

Grease Pump #1

Grease Pump #2

Front Lights

Top Steer Pressure

Right Steer Pressure

Left Steer Pressure

Screw Gate/Cut Face Pressure/
Screw Conveyor Speed Sensor
Dirt Wing #2 Pressure

Dirt Wing #1 Pressure

Cutter Head Speed

. Hydraulic Oil Low
22.
23.
24,
25.
26.
27.

Right Steer Position
Top Steer Position
Left Steer Position
Earth Pressure Screw
Earth Pressure #2
Roll Inclinometer

3-7

™~ 46

Dump Valve #2 PSI Switch
Dump Valve #1 PSI Switch
Dump Valve #2

Dump Valve #1

Jacking Pressure

Rear Lights

Cutter CW Pressure

Cutter CCW Pressure
Conveyor Reverse Pressure
Conveyor Forward Pressure
Load Sense Pressure
Grease Pressure

Hydraulic Temperature

Gas Detector Sensor
Conveyor Safety Switch
Transformer Box

Load Sense Dump Valve
Earth Pressure #1

E-Stop Switch

0325



Terminology - Pit Box

PIT BOX

. Main Power Disconnect

. Phase Power OK (Green)

. Phase Power Error (Red)

. Boring Head Power ON Indicator

. Head Power ON Indicator

. Head Power ON/OFF Switch

. Boring Head ON/OFF Switch

. Power To TBM Electrical Box

. Power From Power Source (Generator)
. To TBM Power

QOWoONOOOThA,WN -

—_
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Terminology - Jacking Can

JACKING CAN

050162_840-om

1. Lift Eye

2. Conveyor Support

3. Liner Plate / Ring, Beam & Lagging
Building Area

4. Jacking Thrust Cylinders

5. Dirt Wings

6. Jacking Can Hydraulics

3-9
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Terminology - Conveyor - Belt

CONVEYOR - BELT

1. Drive Motor Frame Assembly 6. Feed Frame Assembly 11. Belt Tensioning Screw

2. Belting 7. Front Roller Assembly 12. Drive Motor & Roller Assembly
3. Drive Frame Assembly 8. Dirt Guard 13. Conveyor Chain Cover

4. Lift Bracket 9. Carrier Bearing 14. Drive Frame Free End Support
5. Extension Frame Assembly 10. Idler Roller 15. Safety Chain (not shown)
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Terminology - Conveyor - Screw

CONVEYOR - SCREW

)

77 1))
/']’/'/’/// 'm”@’g‘ »')’ D))
ad

| ,r""/“
10
1"
1 1 1"
13
14
12

1. Hydraulic Motor 8. EPB Sensor

2. Gear Box 9. Bulkhead

3. Bearing 10. Swivel Collar

4. Lift Eye 11. Access Doors

5. Auger 12. Auger Casing

6. Lift D Ring 13. Gate Cylinder

7. Lifting Chain 14. Gate Rail
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Terminology - Keyhole Jacking Frames

KEYHOLE JACKING FRAMES

Model 960JF Shown

3
1. Reaction Wall 10. Hi Flow Return Control Valve
2. Keyhole Cylinder 11. Winch and Auxilliary Control Valve
3. Leveling Screw 12. Extend Pressure Manifold (2)
4. Cylinder Extension 13. Retract Pressure Manifold (2)
5. Skid Assembly 14. Cylinder Syncing Valves
6. Skid Riser 15. Hydraulic Manifold
7. Cylinder Support 16. Hydraulic Winch*
8. Thrust Block 17. Lift Eye
9. Hi Flow Return Manifold * Not shown
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Terminology - Laser Light Stand

LASER LIGHT STAND

Y%
Y
Y%
~
1. Adjustable Frame 4. Lift Bracket
2. Laser Box Assembly 5. Long Stake
3. Sliding Tube
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Terminology - Foam Generation System

FOAM GENERATION SYSTEM

Foam Cannon

Foam Electrical Box
8 7
//9

./“//:1‘;

TS

Foam Control System

~12

//14
& 15/3. P /. Not shown
: / in jacking can
16~
Foam Generator /
18
17
1.Foam Generator - PVC Protective Panels 12. Foam Electrical Box - Flow Off
2.Foam Generator - Foam Inlet 13.Foam Electrical Box - Flow On
3.Foam Generator - Air Inlet 14.Foam Control System - Monitor
4.Foam Generator - Water Inlet 15.Foam Control System - Lock
5.Foam Generator - Air Outlet 16. Foam Control System - General Stop
6. Foam Generator - Foam Solution Outlet 17.Foam Control System - E-Stop
7.Foam Electrical Box - Power On 18.Foam Control System - Safety Reset
8.Foam Electrical Box - General Stop 19. Foam Cannon - Outlet to Manifold
9.Foam Electrical Box - E-Stop 20.Foam Cannon - Sample Port
10. Foam Electrical Box - Safety Reset 21.Foam Cannon - Air Inlet
11.Foam Electrical Box - Lock 22.Foam Cannon - Liquid Inlet
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Controls & Instruments

EMERGENCY STOP

E-Stop on TBM Control Panel

The control panel Emergency Stop button (A) will
stop the electrical motor rotation and hydraulic
power.

Push the Emergency Stop button IN to stop all TBM
power circuts.

Pull the button OUT to start TBM power circuits.
The button will illuminiate when it is pulled OUT.

NOTICE This Emergency Stop button

will not stop the power from the power source
(generator). The power source (generator) must be
equipped with an E-Stop.

E-Stop on Foam Electrical Box

The Foam Electrical Box Emergency Stop button (B)
will stop electrical power to the foam generation
system.

Push the Emergency Stop button IN to stop all
Foam Generation System functions.

Pull the button OUT to start the foam generation
system functions.

NOTICE This Emergency Stop button will

shut down the Foam Generation System power only.
It DOES NOT shut down tunnel power circuits.

E-Stop on Foam Control Box

The Foam Control Box Emergency Stop button (C)
will stop electrical power to the foam generation
system.

Push the Emergency Stop button IN to stop all Foam
Generation System functions.

Pull the button OUT to start the foam generation
system functions.

NOTICE This Emergency Stop button will

shut down the Foam Generation System power only.
It DOES NOT shut down tunnel power circuits.
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Controls & Instruments - Power Phase Indicators

POWER PHASE INDICATORS

The input power on the power pack is monitored for proper three phase electrical power. The green
Phase OK indicator must be illuminated before operating equipment.

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

Any electrical work completed on the power pack
must be performed by a certified electrician.

IMPORTANT: If the red Phase Error indicator
is illuminated, the power pack starting is

disabled. This starting interlock will prevent the 7o\ mi
components from running backwards which
would result in damage. '

The input power is monitored for proper three
phase electrical power.

If the green Phase OK indicator (A) is illuminated,
this indicates that the external power source phase
power is installed correctly and the main power can S b

be turned on. o o ‘

If the red Phase Error indicator (B) is illuminated, this
indicates that the external power source is installed
incorrectly. Lockout tagout all power before e
disconnecting power lead cables. Have a certified
electrician reverse the two generator electrical

phase conductors on the power circuit and recheck
phase power.
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Controls & Instruments - Main Power Disconnect Switch - Hour meter

MAIN POWER DISCONNECT SWITCH

A DANGER Hazardous voltage. Disconnect and
lockout tagout power from source before servicing. W .

A DANGER If high voltage cables or cable

connections are damaged, contact with cables/
connections will result in electrical shock causing
severe injury or death. Disconnect and lockout/
tagout power from source before servicing.

AWARNING Any electrical work performed on

the electrical components must be completed by a
certified electrician.

NOTICE All Emergency Stop buttons must

be pulled out to restart operation.

Use the main power disconnect switch (A) to allow
electrical power from an external power source to
the TBM electrical components (lights, gas detector,
monitor, conveyor safety valve circuit). This will also
supply hydraulic oil to the cutterhead, conveyor,
bearing lubrication pump, steering, seal grease
pump and jacking can components.

1. Turn on external power source and check Power
Phase Indicators (B) for proper phase (refer to
Power Phase Indicators in this section).

N

. With proper phase power, flip main power
disconnect switch (A) to the ON position.

w

. Turn Head Power switch (C) to the ON position.
The Head power ON indicator (D) will illuminate
on the TBM electrical box when power is
energized from the pit box.

N

. Turn Boring Head Power switch (E) to the ON
position to provide power to the TBM cutterhead
circuit. The Boring Head power ON indicator (F)
will illuminate on the TBM electrical box when
power is energized from the pit box.

5. Turn Boring Head Power main disconnect (G) in the
TBM to the ON position to power the cutterhead.

HOUR METER

A hour meter (H) is installed on the control panel to
help determine proper maintenance intervals.

The hour meter displays the operating hours in
full hours and 1/10ths hours of the motor and
should be used as a guide for scheduling periodic
maintenance.

Time accumulates when electrical motor is running.

TBM 840 SN1 Shown
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Controls & Instruments - Grease Pump System

GREASE PUMP SYSTEM

The grease pumps lubricate the bearing cavity dirt/lip
seals to prevent dirt from entering the bearing cavity.
The grease pumps will automatically cycle when the
cutterhead is rotating.

IMPORTANT: NEVER operate TBM without
pumping grease to the bearing cavity dirt/lip
seals. Doing so will introduce contamination in
the bearing cavity resulting in seal, seal surface
and bearing damage.

There are two grease pumps installed in the TBM;
Grease System 1 (A) and Grease System 2 (B). They
are equipped with translucent containers to easily
inspect the grease level.

The two grease pumps are indicated on the control
screen Pump 1+2 (C) and cycle as follows:
* Cutterhead operation > 4.5 rpm
Both grease pumps operate continuously
» Cutterhead operation = 3.5 - 4.5 rpm
One grease pump in continuous operation every
15 minutes, one cycles on and off every one
minute, then they alternate functions
* Cutterhead operation < 3.5 rpm
One grease pump operates continuously, then
alternates with the other grease pump every
15 minutes

IMPORTANT: Check the grease containers daily
to be sure there is ample amount of grease in the
grease containers for the day.

Fill the grease containers with Mobil® SHC 101 EAL
Grease or equivalent through the grease pump fill ports
(D) until the grease container is full.

Check the boring grease pressure gauge (E) for
any indication that the pump is either not working
properly, the in-line filter is plugged, or a grease

line is clogged. If there is no or low pressure on the
gauge, the reservoir is out of grease or the pump is
not operating. The operator MUST press the grease
pump button (F) to switch the operation to the other
grease pump/container. NEVER operate TBM
without pumping grease to the bearing cavity
dirt/lip seals.

Boring Grease Pressure (E)

If the cutterhead is rotating, the boring grease
pressure gauge displays minimal pressure (for
example, 150 psi).

+ If the grease in-line filter is plugged or a grease
line is clogged, the pressure will display a much
higher pressure. The High Grease Pressure
alarm message will appear on the control screen.

+ If there is no pressure on the gauge, the reservoir
is out of grease or the pump is not operating. The
Low Grease Pressure alarm message will appear
on the control screen.

* The operator MUST press the grease pump
button (F) to switch the operation to the other
grease pump/container.

(continued on next page)
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Controls & Instruments - Grease Pump System

For testing grease pump operation or purging
grease from bearing seals at the end of each drive,
a momentary switch is provided for each grease
pump to temporarily turn the pump on and off.

1. With the TBM energized with full power, press
Menu button (A) on the main screen.

2. Using the up or down arrow on four-way
directional button (B), select Diagnostics (C).

3. Press Enter button (D).

4. The diagnostic window appears.

Input-Diagnostics

5. Use the up or down arrow on four-way directional Output Diagnostics
button to select the Output Diagnostics (E) ' Exit

option. The selected will be highlighted in green. /

6. Press Enter button (F) to view output diagnostics
screen.

7. To operate grease pump 1, press Run Grease
Pump 1 button (G). This is a momentary switch,
therefore as soon as you release the button the
pump will stop.

8. To operate grease pump 2, press Run Grease
Pump 2 button (H). This is a momentary switch
therefore as soon as you release the button the
pump will stop.

9. Press Exit button (1) to return to the diagnostics
screen.

10. Press Exit button (J) to return to the menu screen.

11. Press Exit button (K) to return to the control screen.
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Controls & Instruments - Bearing Cavity Lube System

BEARING CAVITY LUBE SYSTEM

The bearing cavity lube pump (A) circulates the oil
through the bearing cavity circuit.

The bearing lube pump automatically recirculates
(when the cutterhead rotates) oil through the
bearing, the bearing cavity, the pump, filter, bearing
oil manifold and then back through the bearing etc.

NOTICE Check the bearing lube pressure

gauge (B) to be sure the pump is operating properly.
If there is no pressure, the lubrication system must
be checked for proper operation before continuing to
operate.

If the cutterhead is rotating, the bearing lube
pressure gauge will display a maximum pressure of
500 psi. A reading of 500 psi indicates that the oil is
cold or the bearing lube filter is dirty.

To prevent under or over servicing of the bearing
cavity oil lube filter (C) and a filter indicator (D) is
installed on the filter head assembly. A red band will
appear on the filter indicator when the filter requires
replacement. (refer to 12. Check Bearing Cavity Oil
Filter in section 9, Periodic Maintenance, Prior To
Each Drive Launch).

(continued on next page)
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Controls & Instruments - Bearing Cavity Lube System

For testing lube pump operation or circulating
lubricant through the bearing cavity circuit without
rotating the cutterhead, a momentary switch is
provided for the bearing lube pump to temporarily
turn the pump on and off.

1. With the TBM energized with full power, press
Menu button (A) on the main screen.

2. Using the up or down arrow on four-way Setup Dirt Wings Warnings

directional button (B), select Diagnostics (C). Setup Earth Pressure W
Calibrati

3. Press Enter button (D).

4. The diagnostic window appears.

button to select the Output Diagnostics (E). The Exit
selected will be highlighted in green.

. ) Input Diagnostics i
5. Use the up or down arrow on four-way directional /Guapul Diagnostics @

E
6. Press Enter button (F) to view output diagnostics el

screen.

7. To operate bearing lube pump, press Run
Bearing Lube Pump button (G). This is a
momentary switch, therefore as soon as you
release the button the pump will stop.

8. Press Exit button (H) to return to the diagnostics
screen.

9. Press Exit button (1) to return to the menu screen.

10. Press Exit button (J) to return to the control screen.
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Controls & Instruments - Conveyor Safety Switch (Valve) - Boring Head Power On Light

CONVEYOR SAFETY SWITCH (VALVE)

AWARNING Conveyor can jam in rotating .“

cutterhead causing conveyor to swing into
operator, resulting in severe personal injury.
1. The conveyor safety valve (cutterhead drive

dump valve) MUST be tethered to conveyor and 1
the operation MUST be tested before starting eh
the conveyor to insure proper operation. 2
2. ALL FOUR safety chains MUST be secured to
conveyor. 3

3. Operator MUST remain seated in normal
operating position.

The conveyor safety switch will trip when the
conveyor is pulled by excessive conveyor
movement. When the conveyor safety switch trips,
the cutterhead stops rotating.

A tethered chain is connected to the conveyor
safety switch and to the conveyor.

To reset the conveyor safety switch and to resume
cutterhead rotation, flip the valve lever down to the
operation position (B).

Operation Position Tripped Position

Location (C) indicates the valve lever in the tripped
position.

BORING HEAD POWER ON LIGHT

AWARNING Any electrical work performed on

TBM or other equipment must be performed by a
certified electrician.

The input power is monitored for proper three
phase electrical power on the TBM pit box

If the Boring Head Power On light (D) is
illuminated, this indicates that the external power
source phase power is installed correctly (E), the
pit box main power disconnect switch (F) is ON and
the Boring Head Power switch (G) is ON providing
cutterhead power to the TBM electrical box. The
main disconnect switch (H) in the TBM can be
flipped to the ON position provided it is verified with
all tunneling personnel that it is safe to start the
cutterhead.
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Controls & Instruments - Head Power On Light - 300 HP Motor On/Off Control

HEAD POWER ON LIGHT

AWARNING Any electrical work performed on

TBM or other equipment must be performed by a
certified electrician.

The input power is monitored for proper three
phase electrical power on the TBM pit box

If the Head Power On light (A) is illuminated, this
indicates that the external power source phase
power is installed correctly (B), the pit box main
power disconnect switch (C) is ON and the Head
Power switch (D) is ON providing power to the TBM
components (lights, steering, dirt wings, auxiliary
and conveyor functions)

300 HP MOTOR ON/OFF CONTROL

The 300 HP main motor (E) operates the three
hydraulic pumps which provides hydraulic power to
the TBM cutterhead and head power components.

Control the motor as follows:

To start the motor:

Press button (F). The Start Pump wording (G) will
turn green.

To stop the motor:

Press button (F) again. The Start Pump wording (G)
will turn white.

050162_840-om
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Controls & Instruments - Gas Detection System

GAS DETECTION SYSTEM

The gas detection system includes the following primary components; the gas sensor, and transmitter/
relay. The Akkerman system also provides a power supply for the system, and an audible and visual
alarm system.

NOTICE Refer to your Gas Detector User

manual or the Akkerman Gas Detection System
Operation & Parts Manual for operation and
maintenance procedures.

A DANGER The gas detection system

installed in the TBM, monitors only methane

gas levels. 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.

Fault Indicator

The gas detection system includes the following LED

primary components; the gas sensor, and
transmitter/relay. The Akkerman system also
provides a power supply for the system, and an

i H LED
audible and visual alarm system. e

UPIR) a1 alMz FaIL @) NEXT

The transmitter has a LED/LCD display, depending
upon the model of your gas detector. During
normal operation, the current gas concentration

is displayed. It is also used to display/scroll
messages when in calibration mode or when a
sensor fault is detected.

The four magnetic sensor controls are activated by
a magnetic wand. Holding the magnetic wand over
one of the magnetic sensor targets will activate
that sensor. It may take several seconds for the
magnetic sensor to activate. If the transmitter Magnetic Sensor
does not respond, remove the magnetic wand for Targets

several seconds and try again. Earlier Models - GDS GasMax II Transmitter Display

LED
Display

Magnetic Sensor
Targets

Later Models - Buckeye Gas Detector Transmitter Display
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Controls & Instruments - Conveyor Controls

CONVEYOR CONTROLS

Conveyor Lift
The conveyor lift control (A) on the TBM control
valve raises or lowers the conveyor. Move the
control lever as follows:

LEFT - raises conveyor

RIGHT - lowers conveyor

NOTICE Do not over-raise the conveyor.

If conveyor is completely raised when the steering
cylinders are retracted, damage will result to
conveyor and/or conveyor cables.

When using the conveyor lift control, both ball valves
(B) MUST be in the same position for the conveyor
lift to operate.

Conveyor Drive & Speed Control

The conveyor drive lever (C) controls the forward/
reverse direction and speed of the belt or screw
conveyor.

The further the lever is moved from neutral, the
faster the conveyor belt or screw will move. This
control also is equipped with a friction detent, so
the lever will remain in the desired position until you
move it back to neutral position.

Move the lever as follows:
PUSH - towards reception shaft (CW)*
PULL - towards launch shaft (CCW)*

* as viewed from the operator seat.

Control the speed of the conveyor so when the
spoils drop on the conveyor, they do not pile up

on the belt or in the screw conveyor. A change in
TBM advancement rate or ground conditions will
require an adjustment in the conveyor speed. Screw
conveyor rpm is indicated on the control monitor.

An additional manual conveyor drive lever (D)
control is located by the operator seat.

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 dirt bucket.
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Controls & Instruments - Boring Head Control - Boring Motor Speed Control

BORING HEAD CONTROL

The Boring Head Control lever (A) controls the
cutterhead rotation. Move the lever as follows:

Push - forward (CW rotation*) direction
Pull - reverse (CCW rotation*) direction

* as viewed from operator seat, inside TBM

NOTICE Verify the control direction before

mining.

The further the lever is moved from neutral, the
faster the cutterhead will rotate. The lever is a
spring centered control, therefore when control is
released the control will move to neutral.

BORING MOTOR SPEED CONTROL

The Boring Motor Speed Control lever (B) controls
the speed and torque of the boring head two speed
drive motors. Operating pressure is 5,000 psi. Move
the lever as follows:

Forward (IN) - Low speed, high torque (LSHT)
Back (OUT) - High speed, low torque (HSLT)

Speed @ 120 GPM

LSHT e 3.3 rpm

HSOLT e 5.0 rpm
Torque - Continuous

LSHT o 270,000 ft-Ib

HSLT e 180,000 ft-Ib
Torque - Peak

LSHT e 450,000 ft-Ib

HSLT e 300,000 ft-Ib
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Controls & Instruments - Steering Controls

STEERING CONTROLS

The steering cylinder control levers (A, B, C) on the
TBM control valve regulate the movement of the
steering cylinders.

When steering corrections are necessary, be sure
to make ONLY minor adjustments over several
feet. Making more extreme steering adjustments
will increase the jacking forces due to the front and
trailing sections are not in parallel.

At initial start up, the steering cylinders should all be
set at the 50% cylinder extension position:

* 840: 6 in. (152 mm)

Move steering cylinders as follows:

Steer UP
Extend the left (A) and right (C) cylinders the same
amount or retract the top (B) cylinder(s).

Steer DOWN
Extend the top (B) cylinders or retract the left (A)
and right (C) cylinders the same amount.

Steer LEFT

Extend the right (C) and retract the left (A) cylinders
the same amount or;

Extend the right (C) cylinder(s) and then extend

the top (B) cylinder(s) half the amount of the right
cylinder(s).

Steer RIGHT

Extend the left (A) and retract the right (C) cylinders
the same amount or;

Extend the left (A) cylinder(s) and then extend

the top cylinder(s) (B) half the amount of the left
cylinder(s).

PRESSURE METERS
The Steering PSI meters show the active pressure
in the cylinders.

050162_840-om
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Steering Cylinder/Control - Left (A)
Steering Cylinder/Control - Top (B)
Steering Cylinder/Control - Right (C)

System Pressure (Load Sense) (D)
Steering Cylinder Pressure - Left (E)
Steering Cylinder Pressure - Top (F)

Steering Cylinder Pressure - Right (G)
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Controls & Instruments - Jacking Can Cylinder Control

JACKING CAN CYLINDER CONTROL

The TBM and tunnel can be advanced through the
ground by extending the hydraulic jacking/liner can
jacking cylinders (A) against the liner plates or other
tunnel liner that are assembled in the jacking/liner
can or shaft.

The jacking cylinders in the jacking/liner are
controlled by jacking can cylinder control lever (B).
This control is equipped with a friction detent, so
the lever will remain in the desired position until the
control is moved back to neutral position.

Move the control lever as follows:
FORWARD - extends jacking can cylinders
BACK - retracts jacking can cylinders

An additional manual jacking can cylinder lever (C)
control is located by the operator seat.

AWARNING If using segment lining

controls (D), use ONLY with segmented rings.

DO NOT use the segment lining controls with the
one piece thrust ring.

Doing so may cause severe injury or death and
component damage.
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Controls & Instruments - Torque/Dirt Wing Control

TORQUE/DIRT WING CONTROL

The torque/dirt wings (A) are used to control the TBM
roll. If the TBM rolls 1/4 to 1/2 in. (6.35 to 12.7 mm)
from level, the torque wings or dirt wings need to be
extended.

There are various dirt wing configurations available
for installation on the TBM. Contact your Akkerman
Aftermarket Support representative for more
information.

Torque wings are straight (non-directional) fins that
help stabilize the TBM roll by holding the position

of the TBM. If the TBM roll is excessive, extend the
torque wings and if necessary, change the direction of
the cutterhead rotation as needed to control the roll.

Dirt wings are directional (CW or CCW) fins to
help control the roll without the need to change the
cutterhead rotation.

Extend Torque/Dirt Wings (B)

Move control lever (B) LEFT until the torque/dirt
wings are fully extended. The torque/dirt wings are
fully extended when the system pressure reads
5,000 psi.

Retract Torque/Dirt Wings (B)
Move control lever (B) RIGHT until torque/dirt wings
are fully retracted.

Use the torque wings/dirt wings as needed until the
TBM roll is back to level position.

The dirt wing pressure (C) is displayed on the monitor.
This system is capable of 2,800 to 3,000 psi.
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Controls & Instruments - Earth Pressure Sensors

EARTH PRESSURE SENSORS

To retain the earth pressure as recorded on the
Geotechnical report while mining, the operator
manually adjusts the machine advance rate or the
spoil removal rate (screw conveyor) to keep the
earth pressure in the acceptable range. The face
pressure must be maintained to prevent over and
under mining.

IMPORTANT: While retaining earth pressure,
DO NOT exceed 15 psi. Doing so will cause
damage to the TBM seals.

The control monitor displays the earth pressure
at the front bulkhead and at the front of the screw
conveyor.

TBM

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

Screw Conveyor

The Screw Earth Pressure (C) and Gate PSI
(cylinder) (D) and screw drive pressure gauge
(E) display the readings of the screw conveyor
pressure transducers.Screw conveyor rpm is
indicated on the control monitor.

The three EPB sensors are rated at 14.5 psi (1 bar).

A - Left Earth Pressure Sensor/Gauge

B - Right Earth Pressure Sensor/Gauge
C - Screw Earth Pressure Sensor/Gauge
D - Screw Conveyor Gate (Cyl) Pressure
E - Screw Conveyor Drive Pressure

050162_840-0m 4-16
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Controls & Instruments - Hydraulic Oil Reservoir

HYDRAULIC OIL RESERVOIR

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

The reservoir capacity is 120 gal. (454 L).

Filling oil reservoir:
1. Clean area around fitting cap (C). Remove cap.

2. Attach external fill pump (hand or electric pump)
with male end quick coupler P0100-089.

3. Clean area around breather (D). Remove
breather while filling for proper venting.

4. Fill reservoir with clean, fresh, FILTERED
ISO-VG-68 Premium Hydraulic/Turbine Oil or
equivalent to full mark on gauge. Filling reservoir
with unfiltered oil will cause component damage.

NOTICE If you change to a different oil,

use a reputable oil supplier to meet or exceed
the 1ISO-VG-68 or DIN 51524-3 (HVLP) or
ISO 11158-HV oil specification. Do not mix oil
manufacturers or grades.

5. Remove external fill pump.

6. Replace breather and fitting cap.

The hydraulic oil reservoir is equipped with a low

oil level sensor. When the oil level in the hydraulic
oil reservoir reaches the low oil level sensor, the
hydraulic power will shut down to prevent damage to
components.

The oil reservoir temperature is also displayed at the
control monitor on the Hyd Temp F gauge (E).

The hydraulic oil reservoir is also equipped with a
high temperature sensor. When the oil temperature in
the hydraulic oil reservoir reaches 150°F (66°C), the
hydraulic power will shut down.
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Controls & Instruments - Return Filter Indicators

RETURN FILTER INDICATORS

To prevent under or over servicing of the hydraulic
filter elements, filter indicators are installed on the
hydraulic return circuit.

Return Filter Assemblies Filter Indicators:
High Flow Return (A) & Pump 1/ Pump 2 (B)
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 red indicator may display

at initial start-up until the oil reaches normal
operating temperature. If the needle continues
to be in the red zone after reaching normal
operating temperature, replace filters to prevent
contamination.

050162_840-om
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Controls & Instruments - Control Monitor

CONTROL MONITOR

Start

m_ _ Pump| =

arth Pressure

The control monitor displays critical tunneling data: steering cylinder pressure and position; earth pressure;
jacking tons; dirt wing pressure; load sense pressure; grease pressure; screw gate/closed face pressure;
hydraulic oil reservoir temperature; conveyor pressure; cutterhead pressure, rpom and percent of torque; TBM
roll indicator; grease pump indicator, cutterhead rotation indicator; and active alarm messages.

In addition the control monitor is used to control the 300 HP motor and front and rear lights.
The control monitor allows the operator to:

« set visual alarm warnings on meters (Jacking Tons, Steerlng Cylinders, Dirt Wings and Earth Pressure
Sensors) if certain conditions are met or exceeded.

* set calibration for steering cylinder positions and
earth pressure sensors.

« view input and output diagnostics for

troubleshooting. Diagnosti

Options Enter

* change screen options: Exit B
- control mode between TBM (open) and EPB (closed) —
- adjust the back-light level of the monitor screen
- change background theme: gray, black, carbon or diamond plate

Steering Met Steering
Steering Warming P 00 - L0 m : :
A?erlng tte o Steering 'l:\.r'::rniﬂi:l'IE:I-.:E on: 1009 H"""' b, 0 - Ca“br.atlon
arm Setting R g ! q e Setting
Screen - s Screen
Input Screen
Diagnostic Options
Screen
Adjust
Exit
(continued on next page)
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Controls & Instruments - Control Monitor - Setting Visual Alarm Warnings On Meters

|. Setting visual alarm warnings on meters

Each meter warning (Jacking Tons, Steering Cylinders [pressure and extension], Dirt Wings [pressure] and
Earth Pressure Sensors [minimum and maximum pressures) can be set with a colored visual alarm (A)

if certain specifications are met or exceeded. This is helpful for the operator to be visually alerted to a
operator set condition such as high jacking tons or high steering or earth pressures. Change the meter
limits on the visual alarm as follows:

1. On the main screen, press Menu button (B).

2. Using the up or down arrow on four-way directional
button (C), select one of the four alarm warning
options. The selected warning will be highlighted in

green. " f D I]:T ;-.-'lrlg.":: '...ﬂ..f;r Inin!_::_:'w'
a. Setup Jacking Tons High Warnings i ﬂ”t‘ihr"j-r:i‘;’: sedtid i
b. Setup Steering Warnings Dlasirsiice

- Steering PSI
- Steering Extension
c. Setup Dirt Wings Warnings
d. Setup Earth Pressure Warnings
3. Press Enter button (D).

3. The alarm option window appears. Press Adjust
button (E).

4. The selection will flash. Use the up or down arrow

on four-way directional button to change the numeric Adjust
value to the desired alarm setting.

5. Press Save (F) button to confirm new setting.

6. Press Exit button (G) to return to alarm option
window.

7. If setting other alarms, repeat steps 2 through 6.

8. Press Exit button again to return to the main screen.
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Controls & Instruments - Control Monitor - Setting Calibration For Steering Cylinder Sensors

Il. Setting calibration for steering cylinder positioning and earth pressure sensors

IMPORTANT: Steering cylinder sensor calibration should ONLY be performed by an experienced
tunneling technician under a controlled environment.

A. Calibrating Steering Cylinder Sensors
Linear transducer sensors should be calibrated before each drive. If the steering cylinders are repaired

or replaced, calibration is required so the steering cyImder positions will be accurately monitored on the
control monitor.

Calibrate the steering cylinder sensors as follows:

1. With the TBM energized with full power, press
Menu button (A) on the main screen.

2. Using the up or down arrow on four-way

. . . . D 1'."-' 5 W >
directional button (B), select Calibration (C). phitid e ik

Setup Earnth Pressure Wamings
Cihhr:ﬁflﬂ-r‘l

3. Press Enter button (D).

4. The calibration window appears. Enter Steerrng

EnterC ;ﬂﬁ/
@ -

IMPORTANT: Calibration should ONLY be
performed by an experienced tunneling
technician under a controlled environment. :
Pressure Correcti
Press Enter Steering button (E). Y Aecran
Exit =

5. The steering cylinder calibration window appears.

6. Using the up or down arrow on four-way
directional button, select the Left Steering 0%
(F) option. The Left Steering % option will be / :
highlighted in green. 0 qnu ey

Steering S000 my iy
F i AL

7. Press Adjust button (G). _ ;

f Exit =

8. The selection will flash.

9. Calibrate the 0% position: fully retract the left
steering cylinders. You will notice the steering
cylinder pressure rise. Visually verify that both
left steering cylinders are fully retracted. Once

verified, press Set to Current Input button (H). Right Steer

Top Steering 08

. . Top Steering 11
10. Press Save button (1) to confirm new setting. o

(continued on next page)
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Controls & Instruments - Control Monitor - Setting Calibration For Steering Cylinder Sensors

11. Using the up or down arrow on four-way
directional button, select the Left Steering
100% (A) option. The Left Steering 100% option
will be highlighted in green.

12. Press Adjust button (B). Top Stgering 1)

o N Vs Adjust

13. The selection will flash. - s Exit =

14. Calibrate the 100% position: fully extend the left
steering cylinders. You will notice the steering LEI.. ' m_;'l_
cylinder pressure rise. Visually verify that both Right Steering 09
left steering cylinders are fully extended. Once g ring 1

verified, press Set to Current Input button (C). R ' e
op Steerning ;

15. Press Save button (D) to confirm new setting.

16. Repeat steps 4 through 15 for the right steering
0% (E) and 100% (F) calibration, and the top o
steering 0% (G) and 100% (H) calibration. P

Top Steering

Enter Steering

Enter Pressures
I on
17. Press Exit button (1) to return to the calibration
screen.

Pressure Correction

Exit

18. Press Exit button (J) to return to the main
screen.
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Controls & Instruments - Control Monitor - Setting Calibration For Earth Pressure Sensors

IMPORTANT: Earth pressure sensor calibration should ONLY be performed by a certified
electrician and an experienced tunneling technician under a controlled environment.

B. Calibrating Earth Pressure Sensors

Earth pressure sensors: left (A), right (B) and screw
(C) must be calibrated before each drive to ensure
pressure accuracy. The earth pressure sensor
calibration requires a special calibration fixture.

Do not attempt to calibrate the earth pressure
sensors without an Akkerman technician.

SETTING STRAIN GAGE AMPLIFIER DIP SWITCHES

AWARNING Failure to lockout tagout power

before resetting strain gage amplifier DIP switches
can cause severe personal injury or death.

1. Gain access to the three strain gage amplifiers
in the 840 control box and remove them from the
DIN rail.
Amplifier 1 (D): Left Earth Pressure Sensor (A)
Amplifier 2 (E): Right Earth Pressure Sensor (B)
Amplifier 3 (F): Screw Earth Pressure Sensor (C)

2. Set the DIP switch settings as follows:
+ slide the unit partially out of the case to access
the DIP switches.

+ on DIP switch S1 (G):
Switch 1 thru 5, 7 thru 10: OFF
Switch 6: ON

+ on DIP switch S2 (H):
Switch 1: ON
Switch 2: OFF

3. Repeat step 2 on the other two strain gage
amplifiers. Once all amplifier DIP switches are set
properly, replace amplifiers on DIN rail.

iﬁﬁn‘
r_|!_|L||\_!.:I 2pg
\ |2 R atra

BAs

. Iﬂj | Iﬁ !1 T
(continued on next page) TTrE= | T2 |
ki “.f“r /
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Controls & Instruments - Control Monitor - Setting Calibration For Earth Pressure Sensors

EARTH PRESSURE SENSOR CALIBRATION
PROCEDURE

4. Set up the left earth pressure sensor for
calibration.

5. Mount the earth pressure sensor (A) to the
Akkerman sensor fixture (B).

6. Install pressure gauge (C) to sensor fixture.

7. Install pressure regulator (D) to sensor fixture.

8. Connect cable (E) from earth pressure sensor
to the left earth pressure connection (F) on the
840 control box.

* Right Earth Pressure connection (G)
* Screw Pressure connection (H)

9. Set strain gage amplifier 1 (1) (Left Earth Pressure
Sensor) trimpot Excitation.

« Strain Gage Amplifier 2 (J) (Right Earth
Pressure Sensor)

« Strain Gage Amplifier 3 (K) (Screw Earth
Pressure Sensor)

Connect a voltmeter to terminals 5 and 6 and
adjust the Excitation trimpot (L) to 10 volts.

(continued on next page)
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Controls & Instruments - Control Monitor - Setting Calibration For Earth Pressure Sensors

AWARNING Calibrating the earth pressure

sensors require a certified electrician to make
adjustments in the TBM control box with live
electrical current. The certified electrician must
wear proper PPE before making adjustments.
Failure to do so can cause severe personal
injury or death.

Electrical adjustments/repairs must be performed
only by a certified electrician.

10. With the TBM control box energized, press Menu
button (A) on the main screen.
) Setup Earnth Pressure Wamings
11. Using the up or down arrow on four-way > [‘sl:hrsrmn
directional button (B), select Calibration (C). 5

Xil -

12. Press Enter button (D). @ Xi

. . . Enter Steerin
13. The calibration window appears. "

Enter Pressures

IMPORTANT: Calibration should ONLY be ! i Should op
performed by a certified electrician and an 2 2
experienced tunneling technician under a : !
controlled environment. Pressure Correction

Press Enter Pressures button (E).

14. The earth pressure calibration window appears.

. F‘u,;ht Earth 0 PSI: 50 mV
15. Using the up or down arrow on four-way 1. Right Earth 100 PSI: 450 mV

directional button, select the Left Earth 0 PSI aw 0 PSI: 50 mv
(F) option. The Left Earth 0 PSI option will be Scraw 100 PSI. 401 mv
highlighted in green. .

16. Press Adjust button (G).
17. The selection will flash.

18. Calibrating Zero PSI:
Connect compressed air to pressure regulator.
Set regulator to zero psi. Adjust Zero trimpot (H)
to approximately 50 mV as shown on Current
Sensor Values ().
Once at approximately 50 mV, press Set to

Current Input button (J).
Left Earth O P5I: 50 mV
Left Earth 100 PSI: 462 m

) . Right Earth 0 PSI;
19. Press Save button (K) to confirm new setting. N San .-::, 4

20. Disconnect air supply to regulator.

(continued on next page)
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21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

Controls & Instruments - Control Monitor - Setting Calibration For Earth Pressure Sensors

Using the up or down arrow on four-way
directional button, select the Left Earth 100 PSI
(A) option. The Left Earth 100 PSI option will be
highlighted in green.

Press Adjust button (B).

The selection will flash.

Calibrating 100 PSI:

Connect compressed air to pressure regulator.

Set regulator to 100 psi. Adjust Gain trimpot (C)
to approximately 450 mV as shown on Current

Sensor Values (D). Once at approximately 450

mV, press Set to Current Input button (E).

Press Save button (F) to confirm new setting.

Disconnect air supply to regulator.

Disconnect sensor (G) from fixture (H). Mount
the sensor in the proper location on the
bulkhead or screw conveyor. Route cable from

sensor to control panel away from moving parts.

Repeat steps 4 through 27 to calibrate the right
earth pressure sensor and the screw pressure
Sensor.

Once calibration is complete, press Exit button
(1) to return to the calibration screen.

Press Exit button (J) to return to the main
screen.

(continued on next page)
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Controls & Instruments - Control Monitor - Setting Calibration For Earth Pressure Sensors

IMPORTANT: Once the earth pressure
sensors have been calibrated and the
sensors are mounted securely in place, a
pressure correction MUST be performed.
Failure to do so WILL result in inaccurate
pressure readings.

Proceed to step 31 for the pressure correction
procedure.

31. Press Menu button (A) on the main screen.

; Warning
32. Using the up or down arrow on four-way Setup Dirt 1..~..-.n§$ War'ni::n_:_:;

directional button (B), select Calibration (C). Setup Earth Pressure Wamnings

33. Press Enter button (D).

Enter Steering

Enter F'(resiures
34. The calibration window appears. 5 . '__I 4 @’

35. Press Pressure Correction button (E).
Pressure Correction

Exit

36. The pressure correction window appears. Luk Bl Prvemury
37. Using the up or down arrow on the four-way e it P Cortector: -15.2
directional button, select the Left Pressure

Sorvw Larts Proasurs

Correction (F) option. It will be highlighted in green. PP R O oo 14

38. Press Adjust button (G).

39. Using the up or down arrow on the four-way
directional button, change the correction factor
(H) as needed until the Left Earth Pressure meter
reading (1) is between 0.1 and 0.4 psi.

NOTICE The correction factor is a variable

number. It is critical that the Earth Pressure meter
readings are between 0.1 and 0.4 psi.

40. Once the Left Earth Pressure meter reading is
between 0.1 and 0.4 psi, press Save button (J) to
confirm correction.

41. Repeat steps 37 through 40 to perform the -
pressure correction procedure on the Right Earth R ——
Pressure and Screw Earth Pressure sensors. - (\

42. Press Exit button (K) to return to calibration window.
Press Exit button (L) to return to the main screen.
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Controls & Instruments - Control Monitor - Viewing Input and Output Diagnostic States

lll. Viewing Input and Output Diagnostic States

The system input and output states are shown in the Diagnostics screen and will be helpful if
troubleshooting becomes necessary.

1. With the TBM energized with full power, press
Menu button (A) on the main screen.

2. Using the up or down arrow on four-way : gs Warnings
directional button (B), select Diagnostics (C). p Earth Fressure Warnings

3. Press Enter button (D).

4. The diagnostic window appears.

~ Input Diagnostics
Output Diagnostics

= @\// Exit

5. To view the Diagnostics, use the up or down arrow
on four-way directional button to select either the
Input Diagnostics (E) or Output Diagnostics (F)
option. The selected will be highlighted in green.

6. Press Enter button (G) to view selected diagnostics.
7. Press Exit button (H) to return to the diagnostics
screen.
8. Press Exit button (1) to return to the main screen.
System Input states are shown in Millivolt, Hz,

Ohms and On or Off depending on the feed
back signal.

System output states are shown as 0 or 1000.
A 0 (zero) indicates the output is OFF.
A 1000 indicates the output is ON.
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Controls & Instruments - Control Monitor - Change Screen Options - Control Mode

IV. Change Screen Options

The operator can change the main screen from EPB (closed) to TBM (open) model control screen. In
addition the backlight illumination level and background theme can be changed.

A. Control Mode

1. On the main screen, press Menu button (A).

. up Steering Wamings —
2. Using the up or down arrow on four-way Setup Dirt Wings Warnings

directional button (B), select Options (C).

3. Press Enter button (D).

3. The options window appears. The mode option (E)

will be highlighted in green. Press Adjust button (F).
) Diamond Plate Background

EPB Mode
- @/a;kligm Level: 100%

4. The selection will flash. Use the up or down arrow
on four-way directional button to change the
mode from EPB to TBM.

» The EPB (closed) mode shows the complete
control screen including the earth pressure meters.

» The TBM (open) mode shows the control screen
without the earth pressure meters.

(continued on next page)
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Controls & Instruments - Control Monitor - Change Screen Options - Control Mode

TEM Mode =
Backlight Level: 100 % m
Carbon Background Q i
5. Press Save button (A) to confirm new setting. : ; \

6. The option selection window appears.
TEM Mode

7. Use the up or down arrow on four-way directional Backlight Level: 100 %
button (B) to select and change backlight level or Carbon Background
background theme. r

8. Press Exit button (C) to return to the alarm/
calibration/diagnostics/option window.

9. Press Exit (D) again to return to the main screen. . Saip ML VNS YRGS
Setup Earth Pressure Wamings

Cabbration
Diagn
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Controls & Instruments - Control Monitor - Change Screen Options - Backlight Level

lll. Change Screen Options (continued)

B. Backlight Level

10.

11.

050162_840-om

Changes the back lighting on the control monitor
screens.

. On the main screen, press Menu button (A).

. Using the up or down arrow on four-way

directional button (B), select Options (C).

. Press Enter button (D).

. The option window appears. Use the up or down

arrow on four-way directional button to Backlight
Level (E).

. The backlight level option will be highlighted in

green. Press Adjust button (F).

. The selection will flash. Use the up or down

arrow on four-way directional button to change
the numeric value to the desired backlight level
setting.

. Press Save button (G) to confirm new setting.

. The option selection window appears.

. If needed, use the up or down arrow on four-

way directional button to select and change the
background theme or screen control mode.

Press Exit button (H) to return to the alarm/
calibration/diagnostics/option window.

Press Exit button (1) again to return to the main screen.

4-31
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Controls & Instruments - Control Monitor - Change Screen Options - Background Theme

lll. Change Screen Options (continued)

C.

10.

11.

050162_840-om

Background Theme

Changes the background themes on the control
monitor screens.

Background theme options:

» Gray * Black

» Carbon * Diamond Plate

. On the main screen, press Menu (A).

. Using the up or down arrow on four-way

directional button (B), select Options (C).

. Press Enter button (D).

. The option window appears. Use the up or

down arrow on four-way directional button to
Background theme (E).

. The background theme option will be highlighted

in green. Press Adjust button (F).

. The selection will flash. Use the up or down

arrow on four-way directional button to change to
the desired background theme.

. Press Save button (G) to confirm new setting.

. The options selection window appears.

. If needed, use the up or down arrow on four-

way directional button to select and change the
backlight level or screen control mode.

Press Exit button (H) to return to the
alarm/calibration/diagnostics/option window.

Press Exit (1) again to return to the main screen.

4-32
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Controls & Instruments - Pressure Gauges

PRESSURE GAUGES

The TBM is equipped with pressure gauges and meters to monitor the TBM functions.

Steering Pressure Meters (A) - Left-Top-Right
The steering pressure meters show the active
pressure in the cylinders. This system is capable of
5,000 psi (extend and retract).

Earth Pressure Meters (B) - Left-Right-Screw

The earth pressure meters show the pressure at the
earth pressure sensors. This system is capable of
14.5 psi (1 bar).

Cutter % Torque Gauge (C) & Digital RPM &
PSI Readout (D)

The cutter gauge shows the percent of torque.
This system pressure is capable of 5,000 psi.
The RPM is capable of 4.8 or 7.3 rpm.

Jacking Pressure Gauge (E)

The jacking pressure gauge shows the active
pressure in the jacking can cylinders. This system is
capable of 5,000 psi.

Dirt Wing Pressure Meters (F)

The dirt wing pressure meters show the active
pressure in the dirt wing cylinders. This system is
capable of 3,000 psi.

Load Sense Pressure Meter (G) & Digital Readout (H)

The load sense pressure meters/readout monitor the inlet pressure to the seven bank control valve.

It displays the pressure for the conveyor, conveyor lift, dirt wings, steering cylinders, closed face and
jacking can cylinders.

The maximum system pressure for the belt conveyor, conveyor lift, dirt wings and closed face is 3,000 psi.
The maximum system pressure for the screw conveyor, steering cylinders and jacking can is 5,000 psi

This system is capable of 3,000/5,000 psi depending on the function being used.
Standby pressure is 200 - 400 psi.

Conveyor Pressure Gauge (I)
The conveyor pressure gauge shows the inlet pressure at the conveyor valve.
This system is capable of 3,000 psi for belt conveyor / 5,000 psi for screw conveyor.

Screw Gate / Closed Face Pressure Digital Readout /Screw Conveyor Speed Sensor (J)

The screw gate pressure or closed face pressure readout shows the active pressure in the gate or closed
face cylinder. This system is capable of 3,000 psi. The screw conveyor speed sensor displays in EPB
mode only, in negative rpms going CCW and positive rpms while turning the screw conveyor CW during
normal mining operations.

Grease Pressure Digital Readout (K)

If the cutterhead is rotating, the boring grease pressure gauge will display minimal pressure (for example,
150 psi). If the grease in-line filter is plugged or a grease line is clogged, the pressure will display a much
higher pressure. If there is no pressure on the gauge, the reservoir is out of grease or the pump is not
operating. The minimum system pressure is 150 psi.

NOTICE NEVER operate TBM if a filter or grease line is plugged. Doing so will introduce
contamination in the bearing cavity resulting in seal, seal surface and bearing damage.

Lube Pressure Gauge (L)

The lube pressure gauge shows the pressure in the bearing cavity lube circuit. The maximum system
pressure is 500 psi.
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Controls & Instruments - Lights - Hydraulic Oil Cooling System

LIGHTS

The TBM is equipped with operating lights (A). The
TBM 840 SN1 has two lights and those thereafter
have four lights.

Once the pit box main power disconnect switch (B)
and the head power switch (C) are flipped to the ON
position then there is power to the lights.

Turn the lights on and off by pressing the front lights
(D) and rear lights (E) buttons on the control monitor.

The light assemblies are magnetically mounted
therefore they can be moved to desired location.

LAl Earis Pressiss

HYDRAULIC OIL COOLING SYSTEM

The hydraulic oil circulates through the heat
exchanger (A) and back to tank to cool the oil.

The heat exchanger water supply must be CLEAN
water with the GPM requirements per water
temperature as shown in the following water table:

40°F 6.9 GPM 55°F 9.9GPM  T0°F 13.1 GPM 85°F 16.9 GPM
45°F 79 GPM  60°F 10.9GPM  T5°F 14.4GPM  90°F 18.2 GPM
50°F 8.8 GPM  65°F 11.8GPM  80°F 15.7 GPM

NOTICE This water table shows typical

GPM requirements per water temperature. The
actual GPM requirements may be more or less
depending on ground conditions.

Heat Exchanger Water Supply Connection (B)
Heat Exchanger Water Discharge Connection (C)
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Controls & Instruments - Closed Face / Screw Gate Control

CLOSED FACE / SCREW GATE CONTROL

The Closed Face control lever (A) controls the
opening and closing of the doors on the optional
closed face cutterhead attachment. Used in
unstable ground conditions, the hydraulically
operated doors control subsidence of loose soil
while excavating the ground.

A lubrication system (two water/lubrication ports
on cutterhead) is equipped on the closed face
attachment to provide a method to lubricate the
face if needed.

NOTICE For more information and

operating guidelines, refer to Using Closed Face
or Auxiliary Control in section 6, Operation of this
manual.

In TBM mode, the closed face pressure is shown
at the Closed Face PSI digital readout (C). When
the pressure increases rapidly, the closed face
doors are closed indicating the cylinders are fully
extended.

This control lever (A) also controls the screw
conveyor gate (B) when hydraulics are connected
to the screw conveyor.

In EPB mode, the gate cylinder pressure is shown
at the Gate PSI digital readout (C). When the
pressure increases rapidly, the gate door is closed
indicating the cylinder is fully extended.
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Controls & Instruments - Alarm Messages

ALARM MESSAGES

The control monitor screen will display alarm fault
and warning messages to alert the operator of
potential operational issues. In some cases the
alarm messages are simply warnings of a potential
issue that will need attention, and other alarm
messages that are an immediate issue where the
machine components will be automatically shutdown
to prevent damage to the operation of the machine.

The alarm messages are shown on the main control
monitor screen:

« alarm icon indicators (A)

« alarm information area (B)

The active alarm messages and icon indicators
can also be viewed on the Active Alarm screen by
pressing the Alarms button (C).

To clear messages and icons from the Active
Alarm screen and the main screen, press Clear
button (D).

An override fault function is available when the
following faults are encountered since these
faults result in an automatic shut down. Press the
corresponding Override fault button as follows:

- Roll Limit Fault
pressing the Override Roll button (E) allows the
operator to operate the pump and rotate the
cutterhead in opposite direction of roll

- Hot Hydraulic Oil Temp Fault
pressing the Override Temp button (F) allows the
operator to operate the pump to circulate oil for
cooling to lower the hydraulic oil temperature; no
TBM functions will work

To return to the main screen press Exit button (G).

Alarm Messages

1. Alarm Message: Low Hydraulic Oil Level Active Alarm Screen With High Oil Temp Fault
Machine Component: Hydraulic System

Affect To Machine: This fault message is displayed when the hydraulic oil level in the oil reservoir reaches
the low level sensor. Pumps and cutterhead rotation will automatically shut down. Fill the reservoir with
fresh, clean ISO-VG-68 Premium Hydraulic/Turbine QOil or equivalent.

2. Alarm Message: Warm Hydraulic Oil Temp

Machine Component: Hydraulic System

Affect To Machine: Warning message is displayed when the hydraulic oil temperature in the oil reservoir
reaches 130°F (54° C). Reduce load to reduce oil temperature. Check to be sure water supplied for oil
cooling is at the proper temperature and flow (refer to Hydraulic Oil Cooling System in this section).

3. Alarm Message: Hot Hydraulic Oil Temp

Machine Component: Hydraulic System

Affect To Machine: This fault message is displayed when the hydraulic oil temperature in the oil reservoir
reaches 150°F (66° C). Pumps and cutterhead rotation will automatically shut down. Press the Override
Temp button and once enabled, press Start Pump button on control screen to operate the pump for
cooling the hydraulic oil.

(continued on next page)
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Controls & Instruments - Alarm Messages

Clear

Exit *

Main Control Screen Active Alarm Screen
Alarm Messages (continued)

4. Alarm Message: Low Grease Pressure

Machine Component: Grease System

Affect To Machine: This warning message is displayed when the grease pressure lowers to 150 psi
indicating the grease pump is not operating or the reservoir is out of grease. The operator must switch the
grease operation to the other grease pump.

5. Alarm Message: High Grease Pressure

Machine Component: Grease System

Affect To Machine: This warning message is displayed when the grease pressure reaches 2,500 psi
indicating the grease in-line filter is plugged or a grease line is clogged. The operator must switch the
grease operation to the other grease pump.

6. Alarm Message: E-Stop Switch Pressed

Machine Component: Emergency Stop System

Affect To Machine: This fault message is displayed when the E-Stop button in the TBM is pressed. This
will deactivate electrical and hydraulic power in the TBM. This E-Stop will not stop the power from the
power source (generator).

7. Alarm Message: Steer Pressure High

Machine Component: Steering Cylinders

Affect To Machine: This warning message is displayed when the steering cylinder pressure has exceeded
the user set point (refer to Control Monitor, |. Setting Visual Alarm Warnings On Meters in this section).

8. Alarm Message: Steer Over Extension

Machine Component: Steering Cylinders

Affect To Machine: This warning message is displayed when the steering cylinder extension has exceeded
the user set point (refer to Control Monitor, |. Setting Visual Alarm Warnings On Meters in this section).

9. Alarm Message: Gas Detected

Machine Component: Gas Detector

Affect To Machine: This warning message is displayed when the gas detector detects a gas level reading
of 10% (default) or higher. The horn on the gas detector will sound intermittently until the system detects
a gas level reading of 25% LEL (default) or higher at which time the horn will sound constantly and the
pumps and cutterhead rotation will stop.

10. Alarm Message: Roll Limit

Machine Component: Inclinometer

Affect To Machine: This fault message is displayed when the TBM roll angle rolls to £ 4°. Pumps and
cutterhead rotation will automatically shut down. Press the Override Roll button and once enabled, press
Start Pump to rotate the cutterhead in the opposite direction of the TBM roll.

11. Alarm Message: Jacking Limit

Machine Component: Jacking System

Affect To Machine: This warning message is displayed when the jacking tons has exceeded the user set
point (refer to Control Monitor, |. Setting Visual Alarm Warnings On Meters in this section).
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Controls & Instruments - Foam Generator System Controls

FOAM GENERATOR SYSTEM CONTROLS

The Foam Generator System (if equipped) is
integrated into the 840 TBM to condition the
excavated ground with foam to help increase
cutting efficiency and reduce cutting torque.

The Foam Generator System comprises a foam
generator (A), foam electrical box (B), foam control
box (C), and foam cannon (D).

The foam injection ports (6) on the TBM bulkhead
pump foam into the cutterhead chamber, screw
conveyor and the cutterhead face to mix with spoils
and create a “toothpaste consistency” for spoil
removal through the screw conveyor.

Refer to the Foam Injection Rate (FIR) table in
Operation, Controlling Foam Generation System,
section 6 for FIR and Foam Expansion Ratio (FER)

guidelines. .

IMPORTANT: Before starting and start up of the ® . o
Foam Generator System controls, be sure the @/

power start up and check hydraulics after systems
start up procedures are performed. Be sure that the
cutterhead and screw conveyors are rotating AND
the jacking cylinders are extending.

FOAM GENERATOR CONTROLS

AWARNING Be sure the Foam Generator

PVC panels (E) are in place before operating to
prevent contact with dangerous parts. Failure to do
so could cause severe injury or death.

The Foam Generator contains hydraulic and
pneumatic components to dose, mix and propel air
and water with a foaming agent concentrate to the
foam cannon, which travels to the injection ports
on the TBM bulkhead.

To activate the Foam Generator to generate foam:

1. Connect the Foam Generation System electrical,
compressed air, and water circuits.

2. Connect the foaming agent concentrate tank to
the foam inlet (F), compressed air to the air inlet
(G), and water supply to the water inlet (H).
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Controls & Instruments - Foam Generator System Controls

3. Check that the manual foam shutoff valves are
open on the foam cannon (A) and foam manifold

(B) (6).

AWARNING High pressure foam can cause

severe injuiry. Be sure all shut off valves are in the
open position before use.

4. Refer to Foam Control Box for operation
controls.

FOAM ELECTRICAL BOX CONTROLS

A DANGER Hazardous voltage. Disconnect

and lockout tagout power from source before
servicing.

A DANGER If high voltage cables or cable

connections are damaged, contact with cables/
connections will result in electrical shock causing
severe injury or death. Disconnect and lockout
tagout power from source before servicing.

AWARNING Any electrical work performed on

the electrical components must be completed by a
certified electrician.

NOTICE All Foam System Emergency

Stop buttons must be pulled out to restart
operation. Refer to the Lockout Tagout Procedure
Guideline in section 1, Safety.

The Foam Electrical Box ensures distribution and
management of the Foam Generator System
electrical power.

FOAM MAIN POWER DISCONNECT: Use the
main power disconnect switch to allow electrical
power from the connected power source to power
the Foam Generator System Electrical Box.

Turn the Foam Main Power Disconnect switch (C)
CW to the ON position. This will cause the Power
On button to illuminate in white.

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

Foam Electrical Box Controls (continued)

POWER ON (A): After the Foam Main Power
Disconnect switch is turned to the ON position, this
light will illuminate.

GENERAL STOP (B): Push IN to stop power to
Foam Generator System.

EMERGENCY STOP (C): In an emergency, push
IN to stop Foam Generation System. Pull OUT to
restart power to Foam Generator System. Be sure
the Foam Control Box E-Stop is also pulled OUT to
restart.

IMPORTANT: This emergency stop shuts down
Foam Generator System power ONLY. This
emergency stop DOES NOT shut down tunnel
power.

SAFETY RESET (D): Press this button to reset
the Foam Generator System after pressing the
Emergency Stop.

FLOW OFF (E): Press this button to turn the foam
flow OFF.

FLOW ON (F): Press this button to turn the foam
flow ON.

Electrical power must first be turned on for the

Foam Electrical box to power up. Be sure to first:

» Turn on the external power source (check Power
Phase Indicators for proper phase)

* Flip Foam Main Power Disconnect Switch to the
ON position

* Turn the Head Power Switch to the ON position

 Turn the Boring Head Power Switch to the
ON position

* Turn the Boring Head Power main disconnect in
the TBM to the ON position

(Refer to the Power Phase Indicators, Main Power
Disconnect Switch, Boring Head Power On Light,
Head Power On Light in this section.)
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Controls & Instruments - Foam Generator System Controls

To power the Foam Electrical Box:

NOTICE Before using the Foam Generator

System, be sure that the Foam Electrical Box is
properly locked. Remove key and retain for later.

NOTICE Before starting the Foam

Electrical Box, be sure the manual foam shutoff
valves are open on the foam cannon and foam
manifold (6).

—_—

. Pull out Emergency Stop (A, B) on Emergency
Stop buttons on the Electrical and Control Boxes.
IMPORTANT: This emergency stop shuts down
Foam Generator System power ONLY. This
emergency stop DOES NOT shut down tunnel
power.

2. Turn the Foam Main Power Disconnect switch (C)
CW to the ON position.

3. The Power On indicator light (D) will illuminate in
white.

4. Press the Safety Reset push button (E). The
Foam Generator System is now ready to operate.

5. Lock (F) the Foam Generator Electrical Box and
retain the key.

To start Foam Electrical Box operations:

1. Press the Flow On (G) button.

To stop Foam Electrical Box operations:

1. Press the Flow Off (H) button.

2. Press the General Stop (I) button.
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Controls & Instruments - Foam Generator System Controls

FOAM CONTROL BOX

The Foam Control Box is the main interface for
the operator. It allows the operator to control and
monitor all functions of the Foam Generation
System.

IMPORTANT: Before starting and start up of the
Foam Generator System controls, be sure the
power start up and check hydraulics after systems
start up procedures are performed. Be sure that the
cutterhead and screw conveyors are rotating AND
the jacking cylinders are extending.

The Foam Control Box houses the following
controls buttons:

GENERAL STOP (A): Push IN to stop power to
Foam Generator System Monitor.

EMERGENCY STOP (B): In an emergency, push
IN to stop Foam Generator System Monitor power.
Pull OUT to restart power to Foam Generator
System Monitor power.

IMPORTANT: This emergency stop shuts down
Foam Generator System power ONLY. This
emergency stop DOES NOT shut down tunnel
power.

SAFETY RESET (C): Press this button to reset the
Foam Generator System Control Box power after
pressing the Emergency Stop.

The Foam Control Box monitor contains the B N O TAAT,
following control functions: Hnie i .
B T T T LY
1. The Home Page tab (D) displays the flow rates, i
pressures, concentrations and other essential o [ e veas | e
parameters.

2. Press the Settings tab (E) to enter and adjust
all foam control operating parameters. Press each
button and set the percentages and flow rates

per the foam plant and foam agent concentrate
manufacturers’ recommendations for the project. il CONDIAT

Refer to the Foam Injection Rate (FIR) table in
Operation, Controlling Foam Generation System,
section 6 for FIR and Foam Expansion Ratio (FER)
guidelines.

NOTICE Make sure to set the pressure

regulator so the water pressure does not exceed
58 psi (4 bar).
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Controls & Instruments - Foam Generator System Controls

3. Press the Alarms tab (A) to view system alarms
and faults.

Acknowledged Alarms, Active Unacknowledged,
and Acknowledged messages display in a list

(B).

= na RO e (L]

R A NG

Scroll through the list of messages using the
Scroll Up and Down buttons (C).

To change the state of an Active
Unacknowledged Alarm to an Acknowledged
Alarm, highlight the message by pressing the
Scroll Up or Scroll Down (C) button, and when
highlighted, press the Alarm Acknowledgment
(bell) (D) button.

The Active Unacknowledged Alarm message(s)
will now change to Acknowledged Alarm
messages (E).

Refer to yout Foam Generation System User
Manual for more information.
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NOTES
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Pre-Start Inspection

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

the Akkerman haul unit, gas detection system, foam generation system, and jacking frame 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, monitoring of combustible and toxic gases including the depletion

of oxygen; 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. Make a copy of this Pre-Start
Inspection checklist. Once it is complete, check off, initial and date each item and file the copy as a record
of maintenance.

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

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

. Thoroughly clean equipment of mud and dirt. Keep job site clean and organized.

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

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

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

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

. Test air monitoring and ventilation detectors for proper operation. Tunnel must be ventilated with fresh air.

Ol | Nl ||l IDN

. Thoroughly inspect all equipment for damage, including loose or missing hardware. Repair or replace
before operating.

-
o

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

RN
N

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

-
N

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

-
w

. Tighten loose clamps or fittings.

—_
N

. Check electrical cables for frayed or worn insulation or wiring. Replace damaged or worn electrical lines/
connections/harnesses.

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

16. Check grease level in seal grease container. Add grease as needed.

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

18. Conveyor MUST be secured with four safety chains to each conveyor.

19. Check oil level in hydraulic oil reservoir. Add as needed.

20. Steering joint must be fully lubricated prior to startup.

21. Conveyor MUST be secured with four safety chains to conveyor bracket in TBM, and chain from conveyor safety
valve must be tethered to conveyor.

22. The gas detector sensor must be installed with the sensor facing down to ensure proper operation and to
prevent the buildup of moisture or contaminants, such as oil and dirt.

23. Be sure the green Phase OK Indicator light is illuminated before starting electrical components.

24. Test the electrical motor for proper rotation prior to operation.

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

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

27. Check cable for continuity and shorting before each use. Constantly check cables for damage.

28. Perform pre-start inspection on your equipment. Refer to the equipment operator’s manual.

29. Be sure bearing oil lube pump and seal grease pump are functioning properly.

30. Decals must be clean and legible.
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NOTES
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Operation

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

your haul unit, gas detection system, foam generation system, and jacking frame operation manuals.
Failure to do so, could result in severe personal injury or death.

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

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

4.Be sure OSHA prescribed safety protective equipment is being worn by all personnel.
5.Be sure the area is safe for operation. Keep work site clean and orderly.

6.NEVER operate equipment if it has been engulfed with water. Contact your Akkerman Aftermarket
Support representative for proper procedures on how to restore equipment for operation.

7.Have fully charged fire extinguishers on the job site at all times.

8.0nce survey is complete, perform a general visual inspection of the survey line to make sure it is in
the same direction as the project bore. If not, the survey must be remarked. A good survey is critical
for proper line and grade.

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

10. Before operation, determine whether the job site has confined spaces. Follow OSHA regulations for
proper training required for employees working in and around confined spaces.

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

12.Never walk or work under any part of the crane and suspended loads.

13. Fresh air must be supplied to all underground work areas in sufficient amounts to prevent any
dangerous or harmful accumulation of dusts, fumes, mists, vapor, or gases.

14. Before operating, thoroughly inspect all equipment and repair equipment problems. Check hoses for
cuts or bulges. Replace worn or damaged hoses.

15. 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.

16. Test air monitoring and ventilation detectors for proper operation. Never enter a tunnel without
combustible gas detectors and oxygen deficiency detectors.

17.Test all Emergency Stop circuits for proper operation at the start of each shift.
18. Test each control function to make sure they work properly.

19. High pressure hydraulics are used in this TBM. Be sure all covers and guards are in place before
operating.

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

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

22.Before starting equipment, thoroughly inspect all equipment. Inform all job site personnel that the
equipment will be starting up. Do not start until all unauthorized personnel are clear of the equipment.

23.BEFORE operating conveyor, the chain from the conveyor safety valve MUST be tethered to
conveyor AND ALL FOUR safety chains MUST be secured to conveyor.

(continued on next page)
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Operation - Operating Guidelines
Operating Guidelines (continued)

24.Before operating conveyor, all guards and/or safety devices must be in place and operable to prevent
any contact with conveyor.

25. Conveyors must not be started until all personnel have been moved away from the conveyor and
have been warned that the conveyors are about to start up.

26.Keep hands, body, and objects clear of rotating conveyor or operating auger. Do not operate without
covers and guards in place. Lockout tagout power before servicing.

27.The area around conveyor loading and unloading points must be kept clear of obstructions during
conveyor operation.

28.Conveyors must be stopped and the power source in lockout, tagout during maintenance, repair,
servicing or attempting to remove a jam or overload.

29.Pressure peaks cause hoses to jump without notice. Keep all personnel away from hoses during
operation of equipment.

30. Check to be sure the bearing and lubrication pump and seal grease pumps are operating during the
drive.

31.While retaining earth pressure, DO NOT EXCEED 15 psi. Doing so will cause damage to the TBM
seals.

32.During TBM advancement, do not allow steering cylinder pressures to exceed the maximum rated
steering pressure. Doing so will cause hydraulic component & structural damage.

33. The operator must note and report any slow down of machine operating time that might be an early
warning of future problems.

34.When installing liner plates, complete sets must be installed to provide proper thrusting of unit. Failure
to do so WILL cause jacking/liner can component damage.

35.Do not make adjustments or repairs to any of the system components while in operation or until all
pressure is released and electrical power is in lockout, tagout.

36.Check line and grade often to avoid mis-alignment. Keep TBM well ventilated to achieve a consistent
temperature throughout the pipeline since changes in temperature inside the pipe can cause laser
beam to stray off target. Keep in mind if you are off one degree, the bore will be off nearly two feet per
one hundred feet.

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

38. Before performing maintenance, lockout tagout the generator or other external power source, and the
main power disconnect.

39. Lockout tagout electrical power at the source (generator) before servicing electrical components.

40. If this manual becomes lost, contact your Akkerman Aftermarket Support representative for a new
manual.
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Operation - Recommended Tools & Equipment

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, and may not be exhaustive. Please contact the Akkerman Aftermarket
Support department for Akkerman supplied spare parts.

SAFETY EQUIPMENT

» Safety equipment, first-aid kit, fire extinguishers, and stokes-type stretcher
+ Air monitoring system

» Gas detection system

» Personal gas detectors

» Any other required safety PPE or gear

CONSUMABLES
* Anchors to holdup tunnel utilities
* Grease

+ TBM lip seal grease, low viscosity Type 1 - Mobil SHC™ 101 grease or equivalent, biodegradable
is recommended but not required (Note: expect to use 1 gal. of grease per day, grease tubes or
5-gal. pail of grease with air powered pump can be used)

« Multiple tubes of type 2 general purpose, multi-purpose grease for maintaining equipment, if
biodegradable, use Mobil SHC™ 102 or equivalent

 Hydraulic Oil - AW46 hydraulic oil to fill tunnel supply/return lines (Note: 5200 pump unit comes with
230-gal. of oil and dual feeding TBM will require approximately 25-gal. of additional oil per 100-ft. of
tunnel)

» Pads - oil absorbent

» Propylene Glycol (RV Antifreeze) for winterizing equipment during freezing temperatures
* Rope

* Rubber gloves

» TBM cutterhead tooling spares (bullet bits, spade tooling, and disc cutters)

» Wire - tie or mechanics

TOOLS

+ Carpentry tools - circular saw, Sawzall®, cordless drill with bits, and basic hand tools
+ Chains - log, shackles, and clevises

» Concrete bucket, tremie hose and hopper

+ Electrician tools - test meters, multimeter, voltage indicator, ground fault indicator, and specialty hand
tools

¢ Extension cords

+ Extension ladder

* Flashlights - good quality

» Grease gun - battery-operated, or 5 gal. pail of grease for the TBM lip seal
+ Grinders - disc and mini-disc, and extra discs

* Hose - to wash down with spray nozzle

(continued on next page)
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Operation - Recommended Tools & Equipment

Recommended Tools & Equipment, Tools (continued)

Hydraulic tools - various size bottle jack(s), railroad or house type jacks, portapower hydraulic jack
cylinder kit

Levels (6-in., 4-ft., and 8-ft.)

Measuring and surveying equipment/tools - sight level or theodolite, laser levels, plumb-bobs, string
lines and 100 ft. tape measure, transit level, grade rod, string line, and plumb-bobs

Mechanic tools including but not limited to wrenches (1/4 to 2 in.), allen wrench set (1/16 to 3/4 in.),
torque wrenches, pipe wrenches, crescent wrenches, pliers, screwdrivers, hammers (1, 3, and 5 Ib.),
full drive socket/ratchet sets (3/8, 1/2 and 3/4 in.)

Pipe tools - pipe wrenches, water pump pliers, pump packing removal kit
Shovels, rakes, and brooms

Sledgehammer(s), pry bar set (large railroad style bar), crowbars of all sizes, and a variety of spud
wrenches, and pickbars

Storage - to secure tools and equipment
Welder (Arc), and cutting torch rigs, eye shields and required protective gear

SUPPORT EQUIPMENT

Crane/excavator and rigging - appropriately sized for tunneling equipment and pipe segments
Front-end loader - rubber-tired with bucket and forks or skid steer loader

Generator - minimum motor starting kVA (skVA): 830skVA with less than 35% instantaneous voltage dip
and greater than 90% sustained voltage

Laser for TBM guidance system

Lighting
» Adequate job site lighting, crew safety vests, and traffic control devices/signage, and barricades
+ Tunnel lights

Power requirements (see support equipment recommendations and generator minumum motor starting
requirements)

Pumps

» Bentonite Pump with bentonite/pipe lubricant (polymer), available hydrant (preferred) or clean
water supply, bentonite supply hose for tunnel and pipe ports, and bentonite tunnel valves

» Cooling water pump 8 to 15 gpm for pump unit, available hydrant (preferred) or clean water
supply, and 1-in. camlock connection

» Shaft pump - adequate pumping capacity for launch and reception shafts, and process water
overflow, potential storm event inflow, trash pump, and hoses

Tunnel communication headsets and communication equipment
Ventilation fan(s) and ducting to supply fresh air to TBM
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Operation - Site Planning

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 a TBM project.

EQUIPMENT

+ TBM

+ Crane

* Pipe lubrication pump
+ Skid and jacking frame (if used)
* Portable welders

* Spoil removal truck

* Yoke (if needed)

* Small generator

* Portable toilet

* Fork lift

» Generator or power source

OTHER SITE CONSIDERATIONS
» Spoil removal truck access

* Pipe unloading area

* Fresh water supply

* Launch shaft size

* Hose interconnections

* Electrical interconnections

* Walkways

* Pipe staging area

» Jacking shaft access area

» Any traffic or other physical restraints
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Operation - System Overview

SYSTEM OVERVIEW

Tunnel Boring Machine (TBM)

The purpose of the TBM is to excavate material at
the cutter face and guide (steer) the pipe through
the ground. As the TBM is advanced by the pipe
jacking system, powerful hydraulic motors in

the TBM rotate an inner drum. A cutterhead or
closed face attachment is connected to the drum.
As it rotates, the attachment teeth excavate the
face and the spoils fall into the drum. Dirt scoops
and paddles in the drum dump the spoils onto a
conveyor for removal from the pipe line.

Akkerman TBMs are articulated and hydraulically
steerable in any direction. With the proper use of a
laser, the strictest line and grade requirements can
be maintained throughout the pipeline installation.
An operator is positioned near the front of the
machine to observe soil conditions and to monitor
line and grade. A methane detection system is also
standard equipment in Akkerman TBMs.

Jacking System

The jacking system for the 840 is typically a jacking
can to build liner plate or ring beam and lagging
tunnels. The 840 can also utilize a jacking frame or
a 5200 Pump Unit with a thrust yoke which provides
the horizontal thrust, using hydraulic cylinders, to
push the TBM and pipe through the ground.

Conveyor

(Belt - Open Mode, Screw - Closed Mode)

As the spoils are dropped onto the conveyor
from the TBM inner drum, the conveyor carries
the spoils to the dirt bucket on the haul unit. The
conveyor transports the spoil from the front of the
boring head to the dirt bucket on the haul unit.
Conveyors are offered in several sizes to maximize
the performance for each size boring head.

A screw conveyor is used in a closed earth
pressure balance mode using the rear gate and
performs better in certain sticky or sloppy ground
conditions.

Haul Unit System

The haul unit transports the spoils from the TBM
back to the launch shaft. A crane is then used to
hoist the dirt bucket out of the shaft for unloading.
The typical haul unit system comprises haul unit,
track, and dirt bucket.

Foam Generation System (not shown)

The Foam Generator System (if equipped) is
intergrated into the 840 TBM to condition the
excavated ground with foam to help increase
cutting efficiency and reduce cutting torque.

The Foam Generator System comprises a foam
generator, foam electrical box, foam control system
monitor, and foam cannon. The foam injection
ports on the TBM bulkhead pump foam into the
cutterhead chamber to mix with spoils and create
a “toothpaste consistency” for removal through the
SCrew Conveyor.
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Operation - Cutterheads

CUTTERHEADS

Dirt Bar Head Carbide Quad Bar Head Mixed Ground Disc Head Closed Face Head

TBMs are equipped with two cutterheads and may be interchanged underground.
» Dirt Bar Cutterhead for dry, dewatered ground (clay, silty sand)
» Carbide Cutterhead for stiff, dry, dewatered ground (soft to medium hard rock)

Two optional cutterheads are available:
»  Mixed Ground Disc Cutterhead is used for high compressive strength geology.
» Closed Face Cutterhead is used for boring in unstable ground conditions. The hydraulically
operated doors control subsidence of loose soil while excavating the ground.
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Operation - System Set-Up

SYSTEM SET-UP

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.

AWARNING Gases may be present during

excavation and could cause severe personal injury
or death. Use an approved air analyzer to detect
hazardous gases on the job site and in the tunnel
at all times.

2. After the soil analysis, shaft layout design, and
survey are complete, excavate the launch and :
reception shafts. Be sure the shafts will be well AEM is the original author and
drained and use proper shoring or bracing in publisher of the above illustration
accordance with your local, state, and federal
regulations.

3. Construct a shaft floor with a solid base suitable
for the weight of the tunneling equipment.
Consult your civil and structural engineers for
your shaft floor requirements.

N

. Place steel plates on the launch shaft floor for
supporting the base of the tunneling equipment
and pipe.

¢

. Construct a concrete thrust block designed to
withstand the applied load. A structural engineer
must be consulted on the design of this block.
This block must be square with the line of the
tunnel axis and skid/rail assembly.

NOTICE If using a jacking frame, space

must be provided for the mounting of the laser
behind the jacking frame.

AWARNING Suspended loads may fall and

cause severe injury or death. Do not allow anyone
to enter area under or around a suspended load.

NOTICE Be sure the crane 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 decreases.

6. Lower skid or rail system into launch shaft place against the thrust block. Adjust skid or rail system to
line and grade. Be sure there is at least 6 inches between the front of the jacking rails and where the
launch seal will be located.

7. Check to be sure skid/rail system is making full contact against thrust block structure.

8. Lower jacking system (if used) onto skid/rail system and make sure the frame is properly centered on
the rails.

ALY 5oth the left and right ends of the skid frame (if used) MUST be against thrust block,
otherwise damage will occur to the skid frame during jacking operation.
(continued on next page)
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Operation - System Set-Up
System Set-Up (continued)

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

10. Install the launch shaft seal and casing in the front of the launch shaft, if required.

11. Lower tunnel boring machine (TBM) (with conveyor installed) onto the front of the skid/rail system,
making sure the cutter teeth/discs on the TBM will not strike the skid/rail assembly when the cutterhead
is rotated.

12. Check TBM side to side level by placing level on the cylinder lift trolley rail. If not level, have crane
operator move the TBM until TBM side to side is level.

13. Place level on inner drum level bar and rotate the inner drum as needed until level. This will position the
target bolt on the cutter bar in the proper location for setting the guidance system.

14. Check to be sure front drum is parallel with mid drum/dirt wing drum. Place a 4 ft. level or other long
straight edge between the front drum and mid drum sections. If mid section lines up with level or
straight edge, then the front and back sections of the TBM are running parallel.

If there is a gap between the two sections, the sections are not parallel. Move steering cylinders as
needed until there is no longer a gap.

NOTICE The TBM line and grade MUST be steered parallel to the jacking system base.

15. Lower jacking can onto skid/rails. Align jacking can to TBM. Secure TBM to jacking can with required
hardware.

16. Recheck the skid/rail system base frame and alignment. Check machine elevation and make final pipe
line calculations allowing for the cutter bit “over cut”.

17. Lower the stand (if used) for the laser guidance system as close to the rear of the jacking shaft as
possible without contacting skid/rail system, jacking system (if used), or thrust block. Be sure the
guidance system will not be affected by thrust applied to jacking system.

NOTICE For proper guidance system installation, refer to your laser manufacturer’s installation
requirements. Be sure laser beam has a clear path to target.

18. Set up the TBM to jacking can hydraulic hoses and electrical connections.

AWARNING Any electrical work performed on the electrical components must be completed by a

certified electrician.

19. Connect the Foam Generation System electrical, compressed air, and foaming agent concentrate
circuits (if equipped).

20. Connect generator/power source electric cables (refer to Connecting Power Pack Electrical
Connections on next page).

21. Be sure the conveyor is properly installed and secured to the slip bearing or bulkhead and lifting cables
(four per conveyor). Adjust the conveyor as needed into the operating position. Fasten chain from
conveyor safety switch valve to conveyor hook.

22. A proper ventilation system must be installed throughout the tunnel. Fresh air must be supplied to all
underground work areas in sufficient amounts to prevent any dangerous or harmful accumulation of
dusts, fumes, mists, vapor, or gases.

23. Connect water supply hoses to heat exchanger and foam generator inlet (if equipped).
24. Check that the cutter bar or closed face mounting bolts are securely fastened.
25. Verify that the TBM operator is able to quickly evacuate the TBM in the event of an emergency.

26. Proceed to Connecting Power Pack Electrical Connections in this section.

050162_840-om 6-9 0921 R0325



Operation - Connecting: Power Pack Electrical Connections

CONNECTING POWER PACK ELECTRICAL CONNECTIONS

ADANGER Hazardous voltage.

This system is powered by high voltage electricity.

Failure to lockout tagout power before connecting
power leads 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 connections or repairs must
be performed only by a certified electrician.

MAIN POWER FROM GENERATOR

1. With generator or power source properly ground,
connect generator power cable to the pit box
(not shown), and from the pit box to the TBM
main electrical box power connection (A).

Recommended Power Requirements
* Recommended Operating Power:
............................. 300kW / 330kVA @ 480 VAC

» Generator Minimum Motor Starting kVA (skVA):
........ 830skVA with less than 35% instantaneous
voltage dip and greater that 90% sustained voltage

2. Proceed to Checkout Equipment Prior Start-Up in
this section.
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Operation - Checkout Equipment Prior To Start-Up

CHECKOUT EQUIPMENT PRIOR TO START-UP

1. Perform equipment maintenance as shown in
Periodic Maintenance section.

2. Connect clean water supply hoses to heat
exchanger in TBM per the GPM water
requirements shown in the water table below:

40°F 6.9 GPM 55°F 9.9GPM  T0°F 13.1 GPM 85°F 16.9 GPM
45°F 7.9 GPM  60°F 10.9GPM  T5°F 14.4GPM  90°F 18.2 GPM
50°F 8.8 GPM  65°F 11.8GPM  80°F 15.7 GPM

NOTICE This water table shows typical

GPM requirements per water temperature. The
actual GPM requirements may be more or less
depending on ground conditions.

3. Check the oil level in on-board hydraulic
reservoir. Add oil if necessary.

4. Inspect conveyor lift cables daily and replace
immediately at the first sign of wear.

5. Check to be sure all suction valves are open
and tie strapped to prevent accidental closing of
valve.

6. Inspect all hoses and electrical lines for damage.
Replace before operating.

7. Be sure all hydraulic hoses and electrical lines
are properly installed.

8. Refer to your haul unit, gas detection system,
and jacking frame operation manuals for
pre-start checks.

9. Be sure to check the operation of ALL E-Stop
buttons before operating TBM.

10. Proceed to Power Start Up Procedure in this
section.
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Operation - Power Start-Up Procedure

POWER START UP PROCEDURE

Once generator power, electrical cables and
hydraulic hoses are properly connected, the power
can be started as follows:

1. With E-Stop button(s) (A) pushed in, turn on
generator/power source main power to the power
pack.

2. Check Phase Power Indicators. If the green
Phase OK indicator (B) is illuminated, the
external phase power is installed correctly and
the power pack main power can be turned on.

If the red Phase Error indicator (C) is illuminated,
the external power source is installed incorrectly.
Lockout tagout all power before disconnecting
power lead cables. Have a certified electrician
reverse the two generator electrical phase
conductors on the power circuit and recheck
phase power.

IMPORTANT: If the red Phase Error indicator
is illuminated, the starting is disabled. This
starting interlock will prevent the components
from running backwards which would result in
damage.

3. With proper phase power, pull out ALL E-Stop
button(s) (A).

4. Flip main power disconnect switch (D) on the pit
box to the ON position.

5. Turn Boring Head switch (E) to the ON position.

6. Turn Head Power switch (F) to the ON position.

7. Flip main power disconnect switch (G) on the
TBM electrical box to the ON position.

8. To start the 300 HP motor, simply press the
300 HP motor control button (H) so the Start
Pump indicator (I) turns green indicating the
motor is ON. Verify that the motor rotation is
correct.

9. Proceed to Check Hydraulics After System
Start-Up in this section.
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Operation - Check Hydraulics After System Start-Up

CHECK HYDRAULICS AFTER SYSTEM 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 all return filter indicators (A). Once
operating temperature reaches at least 100°F
(38°C), if the filter indicator needle is in the red
CHANGE zone, replace filter(s).

2. Check hydraulic components and hoses for
leaks. Repair or replace as needed.

3. Check hydraulic oil level gauge (B) in hydraulic
oil reservoir.

Fill reservoir with clean, fresh, FILTERED
ISO-VG-68 Premium Hydraulic/Turbine Qil or
equivalent to full mark on gauge. Filling reservoir
with unfiltered oil will cause component damage.
Do not mix oil manufacturers or grades.

4. Check pressure gauges for proper hydraulic
operation.

5. Proceed to System Launch & Operation Procedure
in this section to start TBM operations.
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Operation - Using Emergency Stop - Using Gas Detector

USING EMERGENCY STOP

Push IN Emergency Stop button (A) to stop ALL
power.

Push IN Emergency Stop buttons (B or C) on the
foam generation system to stop foam generation
functions.

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

USING GAS DETECTOR

ADANGER Be aware that the harmful effects of entering an oxygen-deficient atmosphere can be

so immediate that it is impossible to retreat to safety.

Refer to your Gas Detection System Operation &
Parts Manual for properly operating the gas detector.

The gas detection system installed in the TBM
system monitors only methane gas levels.
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.

The gas detection system installed in the TBM
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.
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Operation - Adjusting Thrust Pressure

ADJUSTING THRUST PRESSURE

To protect your product pipe and tunnel liner (such
as liner plate or ring beam and lagging), you must
be sure the pipe or tunnel liner can withstand the
thrust pressure of the TBM system. The factory
setting is 5,000 psi (34.474 mPa). If your pipe, liner
plate or ring beam and lagging is rated lower than
5,000 psi (34.474 mPa), the jacking system thrust
pressure must be adjusted. Failure to do so WILL
damage your pipe, liner plate or ring beam.

IMPORTANT: Only a qualified service technician is
allowed to perform pressure adjustments.

1. Check the thrust pressure rating for your product
pipe, liner plate, or ring beam and lagging.

2. Calculate the pressure limit for your product
pipe, liner plate, or ring beam and lagging. based
on every 1,000 psi is equal to approximately
75 tons of thrust pressure. Or refer to the thrust
pressure diagram shown.

3. Fully extend and fully retract the jacking can
cylinders (A) to view the extend pressure and
retract pressure for setting pressure adjustments.

4. Check the thrust (jacking) tons on the Jack Tons
gauge (B).

(continued on next page)
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Operation - Adjusting Thrust Pressure

IMPORTANT: Only a qualified service technician is
allowed to perform pressure adjustments.

5. With the jacking cylinder control (A), adjust
the thrust pressures at the jacking valve (B) as
follows:

Using a 4 mm allen wrench:

Extend Pressure Adjustment Screw (C)

Fully extend jacking cylinders:

« If the pressure needs to be decreased, turn
adjustment screw (C) OUT. The pressure will
drop approximately 1,000 psi per one complete
revolution.

* If the pressure needs to be increased, turn
adjustment screw (C) IN. The pressure will
increase approximately 1,000 psi per one
complete revolution.

Retract Pressure Adjustment Screw (D)

Fully retract jacking cylinders:

« If the pressure needs to be decreased, turn
adjustment screw (D) OUT. The pressure will
drop approximately 1,000 psi per one complete
revolution.

* If the pressure needs to be increased, turn
adjustment screw (D) IN. The pressure will
increase approximately 1,000 psi per one
complete revolution.
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Operation - Adjusting Conveyor (Belt/Screw) Pressure

ADJUSTING CONVEYOR (BELT/SCREW) PRESSURE

If switching conveyors, it is critical that the
conveyor pressure relief settings are changed on
the conveyor valve.

The belt conveyor is rated at 3,000 psi (20.684
mPa) and the screw conveyor is rated at 5,000 psi
(34.474 mPa).

Belt Conveyor

Failure to adjust the conveyor pressure from
5,000 psi to 3,000 psi, WILL result in damage to
the conveyor components and hoses.

Screw Conveyor

Failure to adjust the conveyor pressure from
3,000 psi to 5,000 psi, will result in poor conveyor
performance.

IMPORTANT: Only a qualified service technician is
allowed to perform pressure adjustments.

1. Uncouple the conveyor hydraulic hose QDs
to perform the pressure adjustments at the
conveyor valve (A).

2. Fully move the conveyor lever (B) forward.
Check pressure on Conveyor gauge (C).

3. Fully move the conveyor lever (B) back. Check _' . \tlr ,lff/’ =
pressure on Conveyor gauge (C). | 47} o\ = |,’.

4. If the pressures noted in steps 2 and 3 are not
the proper settings per conveyor used
(belt - 3,000 psi, screw - 5,000 psi), proceed to
step 5 to reset conveyor relief pressure.

(continued on next page)
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Operation - Adjusting Conveyor (Belt/Screw) Pressure

5. With the conveyor control (A), adjust the
conveyor pressure at the conveyor valve (B) as
follows:

Using a 4 mm allen wrench:

Belt Conveyor Pressure: 3,000 psi
Screw Conveyor Pressure: 5,000 psi

* Clockwise Drive Adjustment Screw (C)

Fully move the conveyor lever in the forward
direction:

« If the pressure needs to be decreased, turn
adjustment screw (C) OUT. The pressure will
drop approximately 1,000 psi per one complete
revolution.

* If the pressure needs to be increased, turn
adjustment screw (C) IN. The pressure will
increase approximately 1,000 psi per one
complete revolution.

* Counterclockwise Pressure Adjustment Screw (D)
Fully move the conveyor lever in the back
direction:

« If the pressure needs to be decreased, turn
adjustment screw (D) OUT. The pressure will
drop approximately 1,000 psi per one complete
revolution.

* If the pressure needs to be increased, turn
adjustment screw (D) IN. The pressure will
increase approximately 1,000 psi per one
complete revolution.

NOTICE If hoses have been switched, the

adjustment screws will be opposite of the above
procedures.

* viewed from the operator seat.
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Operation - Controlling Foam Generation System

CONTROLLING FOAM GENERATION SYSTEM

ADANGER If high voltage cables or cable
connections are damaged, contact with cables/ "\(
connections will result in electrical shock causing
severe injury or death. Disconnect and lockout
tagout power from source before servicing.

@
<

AWARNING Be sure the Foam Generator

PVC panels are in place before operating to
prevent contact with dangerous parts. Failure to do
so could cause severe injury or death.

AWARNING Any electrical work performed on
the electrical components must be completed by a
certified electrician.

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

NOTICE Before using the Foam
Generator System, be sure that the Foam Electrical
Box is properly locked.

NOTICE Before starting the Foam
Electrical Box, be sure all the Foam Cannon valves
are in the open position.

The Foam Generator System comprises a foam
generator, foam electrical box, foam control box,
and foam cannon.

The foam injection ports (A) (6) on the TBM

bulkhead pump foam into the cutterhead chamber,

screw conveyor and the cutterhead face to mix with g T N0 B 3 &, |

spoils and create a “toothpaste consistency” for L, VRN . W e

spoil removal through the screw conveyor. TBM 840 SN2 foam injection port locations shown
(the sixth location is into the screw conveyor)

IMPORTANT: Before starting and start up of the
Foam Generator System controls, be sure the
power start up and check hydraulics after systems
start up procedures are performed. Be sure that
the cutterhead and screw conveyors are rotating
AND the jacking cylinders are extending.

(continued on next page)
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Operation - Controlling Foam Generation System

Controlling Foam Generation System (continued)

1. Connect the Foam Generation System electrical,
compressed air, and water circuits.

2. Connect the foaming agent concentrate tank to
the foam inlet.

3. Check that the manual water and air shutoff
valves are open.

4. Pull out Emergency Stop (A, B) on Emergency
Stop buttons on the Electrical and Control
IMPORTANT: This emergency stop shuts down
Foam Generator System power ONLY. This
emergency stop DOES NOT shut down tunnel
power.

5. Turn the Foam Main Power Disconnect switch (C)
CW to the ON position. The Power On indicator
light (D) will illuminate in white.

7. Press the Safety Reset push button (E). The
Foam Generator System is now ready to
operate.

8. Lock (F) the Foam Generator Electrical Box and
retain the key. Move to the Foam Control Box.
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Operation - Controlling Foam Generation System

The operator uses Foam Control Box monitor to
control foam distribution.

9. The Home Page tab (A) displays the system T T T

flow rates, pressures, concentrations and other

essential parameters. [ veam [ rwen

10. Press the Settings tab (B) to enter and adjust all
foam control operating parameters. Press each
button and set the percentages and flow rates
per the foam plant and foam agent concentrate
manufacturers’ recommendations for the project. MG CONDAT

Refer to the Foam Injection Rate (FIR) table on
the next page for FIR and Foam Expansion Ratio
(FER) guidelines.

a. To enter the setting, press an empty field
alongside the surfactant concentration (C), FER,
Foam flow or Working pressure parameters.

b. In the next window, enter the appropriate
numerical setting on the keypad (D) and press
enter to return to the Settings window.

NOTICE Make sure to set the pressure

regulator so the water pressure does not exceed
58 psi (4 b