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DISCLAIMER
Financial assistance for the preparation of this report was provided by the Federal Highway Administration and Federal
Transit Administration through the Genesee Transportation Council. The project sponsor is solely responsible for its
content and the views and opinions expressed herein do not necessarily reflect the official views or policy of the U.S.
Department of Transportation.
GTC’s Commitment to the Public
The Genesee Transportation Council assures that no person shall, on the grounds of race, color, national origin,
disability, age, gender, or income status, be excluded from participation in, be denied the benefits of, or be otherwise
subjected to discrimination under any program or activity. GTC further assures every effort will be made to ensure
nondiscrimination in all of its programs and activities, whether those programs and activities are federally funded or not.
En Español
El Consejo Genesee del Transporte asegura completa implementación del Título VI de la Ley de Derechos Civiles de
1964, que prohibe la discriminación por motivo de raza, color de piel, origen nacional edad, género, discapacidad, o
estado de ingresos, en la provisión de beneficios y servicios que sean resultado de programas y actividades que reciban
asistencia financiera federal.
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EXECUTIVE SUMMARY
The Colonel Patrick O’Rorke Memorial Bridge (BIN 3317120) is a critical link in the regional transportation
system linking Pattonwood Drive directly to the eastern end of the Lake Ontario State Parkway. The
movable portion of the bridge is a double leaf rolling lift bascule bridge, with an average of 566
operations per year, that has had a history of operational issues dating back to the 2004 installation,
resulting in significant disruptions to local and regional traffic.
This study, conducted by WJE Engineers and Architects, P.C., provided a review of the mechanical and
electrical systems associated with the movable bridge to provide an asset management strategy to
maintain the systems in a state of good repair for a desired service life of 75 years. The study included a
review of the current operating status of the systems, recent operating issues, existing documentation,
and a review of practices related to the maintenance and operation of the bridge.
An inspection of the mechanical and electrical systems yielded numerous recommended repairs including,
but not limited to, adjustments to positively seat the bridge in relay operating mode, a repair for the
manual operating mechanism at the southeast tail lock, replacement of the seized over-travel limit
switches and adjustments to the rotary cam limit switches, repairs to address motor overspeed faults,
adjustments to the bumper blocks, repairs to the heavily corroded machinery room floors and sealing the
decks to prevent water intrusion.
An inventory of the available reference drawings and literature raises questions about the status of the
electrical installation, as there were numerous copies of electrical shop drawings, some with hand markups. Future repair efforts may be complicated by the need to review and verify the accuracy of the
installations prior to making any changes to the system.
The bridge was provided with operation and maintenance materials at the time of construction. Copies of
these materials remain at the bridge though bridge maintenance and operation personnel use separate
abbreviated electronic copies that include mechanical maintenance (primarily lubrication) and operation
procedures. Note, however, that the existing manuals and separate electronic materials do not provide
good guidance on utilizing bypasses or for manual operation. In addition, at the time of this study,
periodic preventative maintenance for the electrical systems is no longer being performed.
Revised operation and maintenance manuals have been provided, as part of this study, to address noted
shortcomings in the operation and maintenance materials. These may be used by maintenance and
operation personnel for future reference. Apart from these revised materials, recommendations are
provided for mechanical and electrical near-term repairs, training of personnel, maintenance, and for
capital repairs.
The results of the study are intended to be used to address near term issues including the elimination of
operational failures and to minimize long term capital requirements. With improvements to maintenance
and by providing near and long term repairs, it is expected that the bridge can be maintained in a reliable
condition for the target 75 year life. The provided costs may be utilized by the owner as part of their
planning for near term and long term expenditures required to maintain the bridge mechanical and
electrical systems in a state of good repair.
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ABBREVIATIONS
Table 1 defines a list of abbreviations that are used in the report.
Table 1. Abbreviations
Abbreviation

Description

AASHTO

American Association of State Highway Transportation Officials

ATS

Automatic Transfer Switch

BIN

Bridge Identification Number

BX

Bearing Identification (B1, B2, etc.)

CCTV

Closed-Circuit Television

cSt

Centistoke (Kinematic Oil Viscosity)

CX

Coupling Identification (C1, C2, etc.)

EP

Extreme Pressure (EP Oils)

hp

Horsepower

HVAC

Heating, Ventilation, and Air Conditioning

ISO

International Organization for Standardization

kW

Kilowatt

LED

Light-Emitting Diode

MCC

Motor Control Center

NE

Northeast

NW

Northwest

NYSDOT

New York State Department of Transportation

O&M

Operation and Maintenance

PLC

Programmable Logic Controller

PVC

Polyvinyl Chloride

RCLS

Rotary Cam Limit Switch

RPM

Revolutions Per Minute

SCR

Silicone Controlled Rectifier

SE

Southeast

SW

Southwest

UPS

Uninterruptible Power Supply

V

Volt
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INTRODUCTION
The Colonel Patrick O’Rorke Memorial Bridge (BIN 3317120) carries Pattonwood Drive over the Genesee
River in Rochester, New York. The O’Rorke Bridge is a critical link in the regional transportation system
linking Pattonwood directly to the eastern end of the Lake Ontario State Parkway. The bridge carries four
11-foot wide travel lanes, two five-foot wide shoulders that also serve as bike lanes, and two seven-foot
wide sidewalks. The entire bridge is about 920 feet long; the moveable span is 243 feet long, the eastern
approach is 530 feet long, and the western approach is 148 feet long. In the closed position, the bridge’s
clearance is about 45 feet above the river, which is sufficient to allow the passage of most recreational
watercraft, though operations remain a requirement for some vessels.
The movable portion of the bridge is a double leaf rolling lift bascule bridge that was opened to traffic in
October 2004. The movable bridge is owned by the New York State Department of Transportation and
provided with operation and maintenance by Monroe County. The bridge has had a history of operational
issues dating back to the original installation, resulting in significant disruptions to local and regional
traffic. The bridge differs from others in the region as it requires specific maintenance practices to
maintain the reliability of the mechanical and electrical systems.
This report summarizes a study of the mechanical and electrical systems associated with the movable
bridge, including the condition of the machinery, and a review of practices related to the maintenance and
operation of the bridge. The study has been conducted by WJE Engineers and Architects, P.C. (WJE) for the
Genesee Transportation Council. The report provides recommendations for best maintenance and
operation practices to achieve a desired service life of 75 years. The recommendations also include
proposed schedules and costs for routine maintenance, necessary repairs, and for anticipated future
capital requirements (rehabilitations). The results of this study, including all recommendations, constitute
an asset management strategy, outlining the necessary steps and costs to ensure reliability for the life of
the bridge.
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DESCRIPTION OF SYSTEMS
Mechanical Components
Mechanical machinery includes span drive machinery, span stabilizing machinery, and traffic warning
gates. The schematic provided in Figure 1 identifies the location of the mechanical components.

Figure 1: Bridge Layout with Mechanical System Locations

The span drive operating machinery for each bascule leaf is identical. Figure 2 is a schematic of the span
drive machinery with component designations. The machinery is located in a machinery room below the
roadway level. The machinery rooms are accessible through doors in the bascule girders. Normal power
for each span drive is provided by one of the two 75hp, 900 RPM electric motors in each machinery room
(Reuland, See Figure 3). Each motor is connected to an input shaft of the primary reducer via a double
engagement grid coupling. On both input shafts is a brake wheel for a spring set, thrustor released shoe
type motor brake (Link Controls, Figure 4). On the counterweight side of the primary reducer is an
emergency drive input shaft at which a power drill can be coupled for emergency operation. In the case
when the electric motors cannot be used, personnel can operate the leaf using the power drill.

Figure 2: Span Drive Machinery
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Figure 3: Span Drive Motor

Figure 4: Motor Brake

The primary reducer (Prager LTD2225-S Differential Reducer, Figure 5) has two output shafts, and a
differential integrated within the primary reducer to ensure even load sharing. The primary reducer output
shafts are connected to the secondary reducers’ input shafts using floating shafts and single engagement
gear type couplings (Falk 1035G51, Figure 7). The secondary reducers (Prager LT5100, Figure 6) have an
additional input shaft, each of which has a brake wheel for a spring set, thrustor released shoe type
machinery brake installed on it. The output shafts of the secondary reducers are coupled to the rack
pinion shafts with double engagement gear type couplings (Falk 1120G20, Figure 8). The pinion shaft is
supported by a spherical roller bearing in a pillow block housing and a spherical roller bearing flange
mounted to the bascule girder (Figure 9 and Figure 10). The rack pinion is cantilevered off the end of the
pinion shaft outboard of the bascule girder. The mating horizontal spur gear rack is located above the
pinion and is mounted on a fixed structural support.

Figure 5: Primary Reducer
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Figure 7: Floating Shaft Coupling (C2 and C3)

Figure 9: B1 Bearing

Figure 8: C1 Coupling

Figure 10: B2 Bearing

The rack pinions (Figure 11) are located at the center of the arc of the curved tread castings (Figure 12)
that support the movable span. Rotation of the electric motors causes the rack pinions to rotate and travel
along the fixed racks, exerting a force at the rack and pinion gear mesh.

Figure 11: Rack and Pinion Gear Set
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The curved tread castings roll along fixed horizontal flat tread castings maintaining the position of the
rack pinion at the center of roll. The bridge opens and closes for marine traffic as a result of rotary and
translational movement.
The movable leaves are fitted with a series of devices to stabilize and support the span in the closed
position. One lock bar type tail lock is provided at the tail end of each bascule girder to limit span
movement when it is engaged. The lock bar is driven by an electro-mechanical linear actuator (RACO Size
7, LBR K1N7 ZMZAAIZ) and is supported by a front and rear guide. When driven, the lock bar engages a
strike plate attached to the bascule girder. When retracted, the lock bar is pulled outboard of the bascule
girder and allows the leaf to open. See Figure 13 and Figure 14 for a schematic and photo of the tail lock
machinery. See

Figure 13: Tail Lock Arrangement

Figure 14: Tail Lock Assembly, Including Actuator in a Sheet
Metal Enclosure

The mid-span shear locks are a jaw lock system to allow the leaves to share live load shear forces. The jaw
lock consists of a diaphragm on each side of the far leaf and a corresponding jaw on each side of the near
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leaf. Synchronized operation of the leaves is required during opening and closing for smooth engagement
and disengagement of the jaw lock system. As the leaves are closing, they are both rotating and
translating and the diaphragm slides into the gap of the jaw. See Figure 15 and Figure 16.

Figure 15: Shear Lock Assembly Jaw on the Near
Leaf

Figure 16: Shear Lock Assembly Diaphragm on the
Far Leaf

Live load reactions are provided to prevent over-travel of the span during closing and provide stability to
the span in the fully closed position. There are two live load reactions for each leaf. The reactions are
located on top of the approach end of each bascule girder and are intended to support the loads resulting
from imbalance and the live load of traffic. Identification and location of the live load reactions are shown
in Figure 1 and a photograph is provided in Figure 17.
The bridge is equipped with four traffic warning gates. A pair of gates are located on each approach to the
movable span outboard of the sidewalks. When the gates are lowered, they meet in the middle of the
roadway to block vehicular and pedestrian traffic prior to opening the movable span. See Figure 18 for a
photo of the machinery within one of the gate enclosures.

Figure 17: Live Load Reaction Assembly with Bridge
Closed
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Electrical Components
The bridge operator’s control room, electrical room, and generator room are all located on different floors
inside the operator’s house at the northwest corner of the movable span. The location of the operator’s
control room is on the top floor of the operator’s house and provides a clear view of the navigable
channel and both bridge roadway approaches. A closed-circuit television (CCTV) system provides the
operator additional view of the bridge approaches and the navigational channel.
Operation of the bridge is achieved using wound rotor motors with a form of motor stator adjustable
voltage torque/speed control. Each leaf is provided with two 75 hp Reuland motors, configured as
redundant units. The motors are shown in Figure 2 and Figure 3. Power is provided for the bridge by the
local utility in the form of a 480/277 volt, 3-phase, 4-wire, solidly grounded service, derived from a utility
pad mounted transformer located at the northwest approach. A 250 kW Cummins standby generator is
provided as backup in the event of a utility outage. See Figure 19.

Figure 19. Standby Generator

Figure 20: Emergency Span Drive Drill

A third option for operation of the bridge is provided with a hand drive input to the operating system
primary reducer, a 120V DeWalt DW138 hand drill (Figure 20) is used as the hand drive. Power for the drill
can be provided from a mobile generator that can be connected to a receptacle mounted on the utility
main disconnect switch enclosure.
The bridge drive system is powered and controlled from a motor control center (MCC) and siliconecontrolled rectifier (SCR) drive cabinets located in the electrical room (Figure 21). The bridge main power
feed is bottom entry into the MCC (Figure 22) main feeder breaker. The motor control starters are all
located in the MCC and a lighting panel is also provided in the MCC for powering the bridge auxiliary
loads.
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Figure 21. SCR Drive Cabinet

Figure 22: MCC

The bridge control system consists of a programmable logic controller (PLC) as the primary form of
control for the bridge operating system. Backup hard-wired relay logic is also provided at the bridge and
used in the event of PLC failure. Bridge interlocking is achieved through the use of either the installed PLC
or relay logic control. The PLC controller is located in the operator’s control console and the relay logic is
located in the bridge relay cabinet within the control room of the operator’s house. An uninterruptible
power supply (UPS) is provided as a temporary backup source of power for the bridge control system.
Traffic gates and traffic lights are provided for vehicular and pedestrian traffic control at each of the
bridge approaches.
Control of the operation of the bridge leaves includes feedback from a variety of field feedback devices
for input to the bridge PLC and relay control logic and for control, interlocking and status indication for
the bridge operator. To indicate and control span position, a leaf position rotary cam limit switches (RCLS;
Figure 23), Selsyn span position transmitters (Figure 24), inclinometers (Figure 25), span seated limit
switches (Figure 26), over-travel limit switches (Figure 27), tachometers and speed switches (Figure 28) are
utilized. Other field feedback devices include switches associated with the tail locks and the traffic gates.

Figure 23. Span Drive RCLS
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Figure 25. Inclinometer

Figure 26. Span Seated Limit Switch

Figure 27. Span Over-Travel Limit Switch at Flat
Treads
at Span Drive Motor

Figure 28. Tachometer and Speed Switch

The electrical system also includes submarine cables to provide electric power and control functionality
between the east and west leaves. Additionally, aids for marine navigation, an intercom system, and a fire
alarm system are provided to satisfy marine safety and bridge fire life safety requirements.

INVENTORY OF STRUCTURE AND OPERATIONS
An inventory of the current bridge systems and the state of operations was conducted as part of this
study. This inventory included a review of existing documentation including maintenance documentation,
operating procedures, a review of the bridge mechanical and electrical installations, and a review of the
current operation status.
A site visit was performed on August 6, 2020 to assess the condition of the bridge, review available
documentation on site, and to interview county and state personnel with an understanding of the history
of the bridge and the current operation and maintenance practices. The following personnel were
interviewed:


Bruce Hutchinson - Bridge Operator



Brian Richard - Maintenance Foreman, Monroe County



Kevin Cannan - NYSDOT Engineering, Region 4 Construction
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Each of the three provided valuable insight into current bridge operation and maintenance practices and
into the history of maintenance and operational issues. Findings from the conversations are incorporated
into this document where appropriate.

Duty Cycle
The duty cycle for bridge operation is relatively modest for a movable bridge, with an operating season
from April to December and an average of 566 operations per year. The operator maintains electronic
records of operations in electronic files on the control room desktop computer. A summary of the number
of operations dating back to 2006 is provided in Table 2.
Table 2. Summary of Operations by Year
Year

Commercial

Recreational

Maintenance

Training

Total

2020 (YTD)

103

17

72

9

201

2019

343

98

17

62

520

2018

156

81

16

113

366

2017

166

122

48

47

383

2016

122

132

78

267

599

2015

144

96

35

307

582

2014

324

184

56

14

578

2013

158

234

17

190

599

2012

184

203

18

38

443

2011

129

257

51

0

437

2010

132

343

27

0

502

2009

182

312

81

15

590

2008

442

390

64

76

972

2007

242

431

30

114

817

2006

194

330

40

339

903

Average

201

215

43

106

566

Source: Bridge Operator’s Electronic Records

Note that the records indicate a significant disparity in the number of training operations from year to
year. The variation reflects the challenge in maintaining the bridge workforce. In years where there had
been significant turnover in personnel, the number of training operations was necessarily higher.

Current Operating Status, History, and Record of Issues
An operation of the bridge was performed during the site visit. No unusual behaviors or conditions were
noted that would indicate a mechanical or electrical problem.
The interviewed personnel noted that the bridge has a history of operational issues dating back to the
original installation in the early 2000’s. Electrical problems are understood to be the primary source of
reliability issues. The tail locks have also been a source of issues in the recent past. Apart from the tail
locks, the mechanical machinery has operated reliably and without significant issues.
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Operational issues date back to initial installation. The operator notes that previous records of operational
problems were tracked through the “Hansen” system, a computerized maintenance system. It appears that
these were also referred to as “Daily Report Forms” and folders with records from 2006 to 2015, are kept
in folders on site.
Since that time, issues are tracked with operator reports which are maintained electronically in the desktop
computer located in the control room. These files document routine maintenance, minor operation
interruptions including drive faults, incident reports, and unexpected repairs. Many of the forms document
issues where a temporary drive fault was acknowledged, cleared, then operation continued without issue.
For some issues, contractors were called to the bridge for troubleshooting and repairs. A review of the
daily report forms shows that common failures include:


Intermittent drive faults. Many were addressed through either acknowledging/resetting the fault or
restarting the console by the Operator with no requirement for additional assistance. “Motor Low
Overspeed”, “Resolver” were common faults. Many of the faults occurred with the bridge near the
seated position.



Interrupted operations without an error message or apparent causes. These issues were generally
addressed by the operators and the source of the issues, if they were determined, were not described
in the reports.



Miscellaneous electrical repairs that are considered to be typical maintenance.



General maintenance reports for miscellaneous issues related to water damage, lighting, HVAC
systems, fire alarm, security, computer systems, and CCTV systems.



Occasional traffic gate faults or issues, some requiring manual operation of the gates and some minor
traffic gate machinery repairs.



Multiple tail lock operational issues in 2019 and 2020.

A limited list of known recent issues and their status are provided in the Table 3 for the record.
Table 3. O’Rorke History of Recent Issues
Component Issue

Status

Resolution

Seating

Bridge not seated with load (per
AASHTO requirements)

Repaired in
2020

The PLC has been updated to provide seating load
per AASHTO in June of 2020. These changes were
made by WJE with assistance from the Panatrol
Corporation. Additional changes are required to seat
with load on the backup relay system.

Tail Locks

SE Tail Lock (#4) - overtravel and
failure to operate electrically

Repaired in
2020

The issue hasn’t returned after the following changes
in June 2020:

Traffic
Warning
Gates

Failure of machinery fasteners at
SE gate
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Repaired in
2020



PLC changes to seat bridge with load
(WJE and Panatrol)



Shimming of live load reactions (CP Ward)



Cleaning of lock bars and of receivers (CP Ward)

Bolts replaced April 2020.
No issue when checked at 8/6/20 site visit.
Should monitor in future.
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Component Issue

Status

Resolution

UPS

The original UPS was not
operating properly; it was
bypassed and, as a result, the
generator would not start
automatically with power loss

Partially
Repaired in
2020

New UPS installed and generator/ATS were tested
and operated successfully in June 2020. The
replacement was performed by CP Ward electricians
with oversight by WJE.

Drive Relay

Intermittent drive faults due to
overcurrent at drive relay

Repaired in
2017

Replaced instantaneous overcurrent relays with new
overload relays.

Terminal
Blocks

Failures of surge protecting
terminal blocks at submarine
cable junction boxes taking
bridge out of service

Repaired in
2021

Terminal blocks replaced in 2021 with no issues.

Tail Locks

SE Tail Lock (#4) - failed manual
operating mechanism; CP Ward
felt that the manual operation
engagement mechanism (key)
likely sheared during the work to
retract the lock bar during the
previously noted failure (above)

Repair
Required

The manual operating mechanism should be repaired
to restore functionality.

Motor
Overspeed

Periodic fault due to indication of
motor low overspeed

Repair
Required

Drive parameters should be tuned to allow proper
coordination between speed references and bridge
positions.

Since the shimming of load reactions and the changes to the PLC to positively seat the leaves, the tail
locks have been operating reliably. The reliability issues related to the electrical installation have been
reduced, though some installation deficiencies may continue to cause issues that will require attention in
the future.

Inventory of Existing Documentation
Existing documents were found in the operator’s house in the control room (top floor). Documents were
found located in the flat file along the west wall of the room and on the shelves that surround the
computer desk on the north wall. Other electronic information was provided by the operator from the
computer located on the desk of the north wall. The documents relevant to the mechanical and electrical
systems are summarized in the tables that follow. For the purpose of this inventory, the flat file drawers
are numbered sequentially starting from one for the top drawer to number ten for the bottom drawer.

Drawings
The inventory of drawings is summarized in Table 4.
Table 4. Bridge Drawing Inventory
Year

Description

Author

Location

Comments

2000

Record Design Drawings

Bergmann
Associates

On top of Flat
File

Bound 11x17 drawings, volumes 1 and 2

2000

Mechanical and Electrical
Design Drawings

Bergmann
Associates

Flat File
Drawers 1, 2

Bound 11x17 drawings in Drawer 1
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Year

Description

Author

Location

Comments

2001 to
2005

Electrical Shop Drawings

Link Control
Systems, Inc.

Flat File
Drawers 1, 2, 3

11x17 drawings, bound set in Drawer 1
Loose sheets in Drawers 2 and 3

(as-built control
schematics)

Numerous copies with hand mark-ups accuracy is questionable
Loose sheets with markups of panel
directories

2001 to
2004

Electrical Shop Drawings
(general location,
installation, conduit runs,
etc.)

O'Connell
Electric Co.

Flat File Drawer
1, 3, 4

Full size drawings, sketches, layouts in
Drawer 1
Laminated full size drawings, sketches,
and installation details in Drawer 3
Two as-built shop drawings in Drawer 4
(apparent replicates)

2004

PLC Ladder Logic Prints

PLC Program

-

Existing prints that show PLC ladder
logic. Located in Control House, but
exact location not verified.

Details
2001 to
2002

Mechanical Shop
Drawings

JC Industrial
Manufacturing
Corporation

Flat File Drawer
4, 5

Includes machinery arrangements and
part details, includes curved and flat
treads

2001 to
2002

Mechanical Shop
Drawings (reducers)

Prager

Flat File Drawer
5

Primary and secondary reducer shop
drawings

2001

Structural Shop Drawings

PDM Bridge

Flat File Drawer
8, 9

Full size structural shop drawings, may
be relevant for mechanical connections

2001 to
2005

Other Shop Drawings

Various

Flat File

Architectural, structural, and ornamental
component shop drawings in various
drawers, most not relevant to
mechanical and electrical systems

Our review of the mechanical shop drawings found them to be current and relatively complete.
A review of the electrical installation shop drawings resulted in questions about the completeness and
accuracy of the records. There are multiple copies of the O’Connell installation drawings and the Link
Control Systems (Link) shop drawings. Of the numerous copies of individual Link drawings, there are
multiple copies with hand mark-ups that have not been verified. Future repair efforts may be complicated
by the need to review and verify the accuracy of the installation prior to making any changes to the
system.

Maintenance Literature
The inventory of maintenance literature is summarized in Table 5.
Table 5. Bridge Maintenance Literature Inventory
Year

Description

Author

Location

Comments

2005 to
Current

Mechanical Maint.

Monroe Cty DOT,

Monroe County Files;

Lubrication

Original Manuals

Flat File Drawer 2;

Current lubrication table provided by
County at time of interview;

Machinery Maint.
Manual Binder on
Top of Flat File
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Year

Description

Author

Location

Comments
similar to the current lubrication
table; The updated maintenance
manual includes a revised lubrication
table. See Appendix E.

2005

Mechanical
Maintenance

Original

Machinery Maint.
Manual Binder on
Top of Flat File

Appears to provide a maintenance
routine that is common for the
movable bridge industry.

B&B Roadway

Traffic Gate
Maintenance Manual
Binder on Control
Room Shelves

Gate installation and maintenance
materials are provided by the
manufacturer.

Contractor

Other Requirements
2005

Mechanical
Maintenance
Traffic Gates

2005

Electrical Owner and
Operator Manuals

O'Connell Electric
Co.

Control Room
Shelves

Manuals from original installation.
Separate binders for: generator; hand
drive system; conduit and cables;
traffic signals and utility; spare parts
inventory; submarine cables;
panelboards, switchgear, and
disconnects; security system; façade
lighting; marine radio; UPS system;
street lighting; devices and fixtures;
fire alarm system; loudspeaker /
intercom

2019

Generator
Inspection Checklist

Power Generation
Systems
Specialists

Flat File Drawer 3

2019 generator inspection checklist
(3rd party inspection)

2016

Electrical
Preventative
Maintenance
Checklist

Unclear

Flat File Drawer 3

Completed checklists from 2016,
presumably O'Connell Electric Co. as
they reportedly performed routine
inspections in the past

Operating Procedures
The inventory of materials related to the operating sequence is summarized in Table 6.
Table 6. Bridge Operating Procedure Inventory
Year

Description

Author

Location

Comments

2011

PLC Operation
Sequence (BT- )

County

Electronic Files

This current operating procedure is
in the files on the desktop computer

2011

Relay Operation
Sequence (BT- )

County

Electronic Files

This current operating procedure is
in the files on the desktop computer

2009

PLC Operation
County
Sequence (BT-07.02)

Flat File Drawer 3

Procedure for operation from the
PLC - not current

2009

Relay Operation
County
Sequence (BT-07.03)

Flat File Drawer 3

Procedure for operation from the
Relay - not current

2005

Operator’s Manual

Flat File Drawer 3

Detailed procedures, including PLC
and relay operation, from Contractor.
Procedures not current.

O’Connell Electric
Co.
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Year

Description

Author

Location

Comments

Undated

Informal Operation
Sequence

Unknown

Flat File Drawer 4

Handwritten procedure for
operation, presume with PLC, on
large sheet, in color

Undated

Informal Operation
Sequence

Unknown

Flat File Drawer 3

Simplified procedure for operation,
presume with PLC - mark-ups of
procedure written by hand

The most current operating procedures for PLC and Relay operation were provided by the Operator from
the files on the control room desktop computer. There are multiple older, separate copies of operating
procedures located in the flat file and the original Operation Manual. Based on a limited review, the
procedures appear to include only minor changes, but it is good practice to maintain a single copy of each
procedure for the bridge. Old copies of procedures should be marked obsolete and removed from the
bridge for archival.
At the time of the site visit, the operator was well-trained and experienced, the risk of an issue with
operation was very low. For newer operators, the risk would depend on their training. It is recommended
that a single copy of current procedures be provided in an updated Operation Manual or other location
for use and reference by personnel. This is good practice and would help to limit risk of operational issues
that may occur with inexperienced operators.
There did not appear to be written procedures or guidelines for operating equipment utilizing bypasses.
The operation of the bridge or of individual machinery components using bypass features eliminates
interlocks that prevent out of sequence operation that can cause damage to components or to the
structure. Care should be taken to ensure that operator and maintenance training provides an
understanding of these features, their purpose, and the risks associated with bypass operation.
Consideration should be given to creating written procedures and training for bypass procedures to be
used by maintenance or operating personnel. These procedures should clearly identify circumstances and
criteria for use of bypasses given the risk to damage to components.
A revised Operation Manual has been created as part of this report. The manual is provided in 0 for review
and it includes operation procedures and guidance on the utilization of bypasses.
Review of the Full Open Position
When operating the bridge using the PLC, the controls stop the bridge before the full-open position of 71
degrees listed on the 2000 design drawings. Based on previous inspections, there was a risk that operation
to the full-open position would result in contact between the rack pinions and the structure, as evidence
of damage was found at the structure and rack pinion teeth at all locations. It was not clear if the damage
was a current or past issue. The cause was thought to be that the full open limit switches and over-travel
limit switches were incorrectly set, not properly functioning, or were not properly integrated into the
bridge control systems. In addition, the noted damage is an indication that the bumper blocks may be
improperly set, as they should be positioned to prevent structural damage.
The full open position was investigated on site on February 4, 2021. The investigation included operations
of each leaf to the full open position using Relay mode and PLC mode. Leaf position was recorded from
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the control console position analog meter and by independent measurements using a clinometer
(AccuStar clinometer through a data acquisition unit).
For each operation, with the leaf at the full open position, the following measurements were taken:


Clearance between the rack pinions and the structure (where evidence of contact had been noted)



Clearance between the over-travel limit switch lever (located at the treads) and its triggering
mechanism



Clearance between the counterweight and the bumper block assemblies located in the counterweight
pits

Note that, physical measurement of the clearances at the bumper blocks was not possible due to their
location (a significant height above the bascule pier pit). Clearances at the bumper blocks were assessed
visually. The measurements are summarized in the Table 7.
Table 7. Full Open Investigation Measurements

Relay

PLC

Measurement

Near (West) Leaf

Far (East) Leaf

Angle at Console

63°

66°

Angle at Clinometer

67.5°

67.4°

North Pinion

10.5”

11”

South Pinion

10.5”

11”

Angle at Console

67°

69°

Angle at Clinometer

71°

70.7°

North Pinion

3”

4-1/4”

South Pinion

3”

4”

Over-Travel Switch

Contact1

Contact1

North Bumpers

1” to 1-1/2”

Contact2

South Bumpers

1/2” to 1”

1 to 2”

1. The over-travel limit switch for each leaf was found to be seized and not
mechanically functional.
2. The northeast bumper block assembly is damaged.

The following issues were noted as part of the investigation:


The northeast bumper blocks were displaced/damaged.



Both over-travel limit switches were properly positioned but were heavily corroded and mechanically
seized. No indication of over-travel switch contact was noted at the control console. This did not affect
operation in relay mode as the position of the leaves was controlled by the span drive rotary cam limit
switches.



The span drive rotary cam limit switch position for full open in Relay mode is very close to the
triggering location for the over-travel limit switch. Adjustments may be warranted to ensure that the
over-travel limit switches are triggered just past the Relay full open position.
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The console position indication is mis-calibrated compared to the physical measurement of the
position using a clinometer.

The bumper block clearances were compared to the pinion and structure clearances. At the east leaf, the
contact at the bumper blocks is a clear indication that the rack pinion should not contact the structure
steel. However, the damaged north bumper blocks should be repaired, and the southeast bumper blocks
should be shimmed out to provide contact at the same time as the north.
At the west leaf, the estimated clearances at the bumper blocks would allow the bridge to travel an
additional 2.06” linearly should the leaf open further to come into contact with the bumper blocks. At this
position, the final clearance between the pinion and the structure would be approximately 15/16”. This
clearance should be sufficient to ensure that the pinion and structure do not come into contact. However,
this only a small margin and may not be sufficient if the blocks compress on contact; this is a risk as the
installation is comprised of multiple stacked blocks. Consideration may be given to reducing the gaps at
the blocks or to modifying the arrangements to reduce the number of blocks by adding a steel weldment
as a spacer. In the near term, the damaged areas near the rack pinions should be cleaned and painted,
and maintenance personnel should monitor the areas for future evidence of contact in the future. Other
recommendations are provided in the Needs Assessment section of this report.

Maintenance Practices
The existing mechanical maintenance practices were reviewed with Brian Richard, the Monroe County
maintenance foreman. A summary of the mechanical lubrication practices and other maintenance
practices is provided in this section along with comparisons to industry standards or best practices. A
summary of the status of electrical maintenance is similarly provided.

Mechanical Component Lubrication
A current lubrication chart for the machinery components was provided at the time of the site visit. The
lubrication type and frequency were reviewed for each of the components and compared with common
industry practice and with the existing Maintenance Manual. A brief review of the lubrication chart
compared with industry standards is summarized in Table 8. Specific recommendations related to the
lubrication practices are provided below the table.
Table 8. Existing Machinery Lubrication Review
Component

Lubricant

Frequency

Industry Std. / Comments

Motor Bearings

Mobil XHP 222

One pump at 5 years

A small amount of grease periodically is
appropriate; change to 5 pumps annually.
Change lube to Mobil Polyrex EM to match
original packing from Reuland.

Brake Thrustors

Mobil Velocite 10

6 months - level
check and top off

Check and top-off is typical for industry;
thrustors are sealed-for-life; Manufacturer’s
data indicates Chevron Spindle Oil #10.

Pinion Shaft Bearings

Mobilith SHC 1500

6 months

Grease and frequency are appropriate

Pinion Shaft Coupling

Falk LTG

3 years

Lubricant appropriate; more frequent is
typical - adjust to yearly
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Component

Lubricant

Frequency

Industry Std. / Comments

Floating Shaft Coupling

Falk LTG

3 years

Lubricant appropriate; more frequent is
typical - adjust to yearly

Motor Coupling

Falk LTG

1 year

Lubricant and frequency appropriate

Primary Reducer

Mobil 600 XP 220

6 months - level
check and top off

Oil viscosity lower viscosity than
manufacturer’s requirements; change oil

Secondary Reducer

Mobil 600 XP 220

6 months - level
check and top off

Oil viscosity lower viscosity than
manufacturer’s requirements; change oil

Instrument Reducers

Mobil 600 XP 220

6 months - level
check and top off

Appropriate frequency. Consider changing
oil periodically (5 yrs, though low risk)

Racks and Pinions

Castle Muscle Grease 6 months

Recommend change to an open gear
lubricant and frequency adjustment, if
necessary, to ensure teeth remain lubricated
between maintenance cycles

Tail Lock - Rod Eye and
Actuator

Mobil Grease XHP
222

Rod End - frequency and lubricant OK

Tail Lock - Lock Bar

Castle Muscle Grease 6 months

Recommend change to a lubricant suited to
exposed sliding surfaces and adjust
frequency to ensure lubricated

Traffic Gate - Bearings

Mobil Grease XHP
222

6 months

Appropriate lubricant and frequency

Traffic Gate - Chain

Castle Muscle Grease 6 months

Appropriate lubricant and frequency

Shear Lock Jaws

Mobilith AW-0

Appropriate lubricant, adjust to monthly
lubrication

6 months

Actuator - Mobilith SHC 460 per mftr.
literature

6 months

Source: Existing Lubricant and Frequency Provided by County Personnel

In general, the maintenance personnel’s attention to lubrication is conscientious. Some of the lubricants
and lubrication schedules are consistent with typical industry practice, but there are some lubrications and
frequencies that warrant review. In addition, some of the lubricants do not match the directions provided
in the Maintenance Manual literature located on site. All of the lubricants and their frequencies were
reviewed. Note the following review comments related to the lubrication practices.


Review Motor Bearing Lubricant. The selected motor bearing lubricant is a grease that includes a
lithium complex thickener. Reuland, the motor manufacturer, has indicated that the motor bearings
were packed with Mobil Polyrex EM. This is a polyurea thickened grease. There are compatibility issues
with using the lithium based grease in these bearings. It is recommended that the Mobil Polyrex EM
be used to match the manufacturer’s recommendations.



Review Motor Bearing Lubrication Frequency. Shaft bearings for motors typically only require small
amounts of lubricant periodically to replenish the old lubricant. A yearly lubrication frequency is
recommended.



Brake Thrustor Oil. The brakes are “sealed for life” and should only need minor additions over time.
The lubricant shown on the existing lube chart is Mobile Velocite 10. A review of Mobile literature
shows this to be an ISO Grade 22. The thrustor manufacturer’s literature recommends Chevron Spindle
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Oil #10. This is an ISO Grade 10 oil. It is recommended that Chevron Spindle Oil #10 be used in the
future and that the Velocite 10 be discarded.


Coupling Lubrication Practice. An appropriate re-lubrication practice for couplings is to install one lube
fitting and to remove an opposite plug, then to flush old lubrication to the extent possible.
Maintenance is aware of this recommendation. Notes have been added to the lubrication schedule to
outline the procedure.



Reducer Lubrication.
 Per the provided lubrication table, the current gear oil at the reducers is Mobil 600 XP 220. This is
a 5EP oil (ISO 220) with a 220 cSt at 40°C viscosity.
 The reducer data plates call out a 6EP oil for the primary reducers and a 6S-EP (this is a synthetic)
for the secondary reducers.
 The shop drawing and manufacturer’s literature in the existing O&M manual calls out a 6S(EP)
(288-352 cST at 40°C. Texaco Pinnacle EP320.
The current oil viscosity does not fall within the recommended range per the reducer literature and
per the reducer housing data plates (288 to 352 cSt at 40°C). This may not be a significant issue as
there were no indications of unusual gear wear or damage due to the use of the current lubricant and
there were no signs of an issue with the oil sample analysis performed as part of the 2020 inspection.
However, it is recommended that the lubricant be changed to match the manufacturer’s requirements.
Synthetic oils are recommended for both the primary and secondary reducers as it will provide more
consistent oil viscosity with temperature fluctuations and provide a longer service life.



Reducer Oil Changes. Current maintenance practice is to check the oil level and top off as necessary.
The oil should be tested annually and replaced base on the sample testing results.



Rack and Pinion Lubricant. The 2020 inspection report documents signs of inadequate lubrication at
the racks and pinions. The lubricant used for the rack and pinion gear tooth lubrication is Castle
Muscle Grease. The manufacturer lists the following uses for this aluminum complex grease: “fifth
wheels, cables, electric motor shafts, pulleys, and hinges.” This lubricant is not comparable with
lubricants designed for open gears such as Lubriplate Gear Shield Heavy or Chevron Open Gear Lube.
In addition, the frequency of lubrication, listed at 6 months, should be reduced as required to maintain
adequate lubricant coverage at all times. The recommendation is to provide monthly lubrication with
an open gear grease during the operational season.



Tail Lock - RACO Actuator Lubrication. The manufacturer’s literature indicates that the actuator is
packed with a synthetic lubricant (Mobilith SHC 460) and recommends periodic lubrication with an
equivalent lubricant.



Tail Lock - Lock Bar Lubricant and Lubrication Procedures. The Castle Muscle Grease is currently used
at the lock bars. There was some corrosion on the lock bars noted during the 2020 inspection. The
lubrication and frequency should be upgraded to ensure no corrosion. It is recommended that the
lubrication practice include the removal of old grease and any debris from the lock bars and from the
receivers (at span) when lubricating; this will help to limit built-up of old grease and debris to help
prevent future operation issues.
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Shear Lock Jaw Lubrication Frequency. The lubrication was inadequate at the time of the 2020
inspection. The frequency of the shear lock lubrication should be increased to try to maintain lubricant
on the jaws to the extent possible. It is recommended that a monthly lubrication schedule be
maintained, with an increase of the frequency based on inspection.



Traffic Warning Gates. The provided lubrication chart includes bearing grease for the pivots and rod
ends in the traffic warning gate housings. The list did not include oil for the two enclosed reducers
that are included in the gate drive train. An appropriate lubricant and frequency has been added to
the lubrication chart.

The provided recommendations have been incorporated into a revised copy of the lubrication schedule,
which is provided as part of the Mechanical Maintenance Manual shown in Appendix E.

Other Mechanical Component Maintenance
The lubrication chart included a number of non-lubrication maintenance items that the County personnel
address periodically. The noted maintenance items are listed below with some commentary.


Check tension and pads on the brakes at six-month intervals. The brake torque and pads are
important to check. Another important detail is to maintain the brake wheel friction surface free of
corrosion or debris. At the time of the 2020 inspection, the brakes were noted to be in good condition.



Clean and visually inspect the flat and curved treads on a six-month interval. The treads must be kept
clear of debris. The amount of debris varies by bridge. It is recommended that this frequency be
increased, if necessary, to ensure the flat and curved treads remain clear of debris.



Visual inspection of the rigid couplers associated with the electrical control equipment. This is an
appropriate inspection for the couplers.

The following additional maintenance efforts were also discussed:


Periodic replacement of the span drive machinery reducer desiccant breathers.



Periodic cleaning of the counterweight pits.



General removal of debris and excess lubricant. Maintenance personnel were aware of this and appear
to include this in their efforts.



Maintenance of paint on all machinery surfaces. Corrosive deterioration is the most common source of
deterioration for movable bridge machinery components. During the meeting, the importance of
addressing deterioration was emphasized. The O’Rorke Scope of Work document reproduced in
APPENDIX A notes that painting to address corrosive deterioration of mechanical components is the
responsibility of the stand-by contractor, under the direction of the DOT. It is recommended that small
touch-up painting repairs be performed by Monroe County personnel as part of their typical
lubrication and inspection maintenance practices. This may help to limit corrosive deterioration in the
long-term.



Corrosion of machinery room floor. This is a known issue with the bridge and, given the extent of
deterioration, may require a repair contract.



Check fastener tightness (although fasteners shouldn’t loosen if properly tensioned).
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Traffic Warning Gates. One of the common issues with traffic warning gates is the loosening of the
fasteners that secure the reducer base plate to the reducer, the reducer base plate to the support
channel, and the support channel to the gate housing. Maintenance personnel were generally aware
that this can be an issue though they noted that maintenance of the gates is state DOT responsibility.
Note that a O’Rorke Scope of Work document reproduced in APPENDIX A lists the gates as the
responsibility of Monroe County.



Curved and Flat Treads. The lugs and pockets on rolling lift bridges often wear. Where the wear is
severe, some owners elect to lubricate the wearing surfaces, even though the lubricant can trap debris.
For this bridge, the wear is light, and lubrication is not recommended at this time.

The existing Mechanical Maintenance Manual provides maintenance direction on a number of
components. A revised Mechanical Maintenance Manual has been created as part of this report. The
manual is provided in Appendix E. This manual includes specific recommendations for maintenance for all
mechanical components, and it includes a revised lubrication chart to address the issues noted above.

Electrical Component Maintenance
There are no current routine electrical maintenance practices for the bridge. The operator noted past
routine inspection efforts by O’Connell Electric Co. (the electrical installer), dating back to 2017. Since
construction, O’Connell also was involved with numerous electrical repairs. A copy of a Preventative
Maintenance checklist, dated 2016, and presumably completed by O’Connell Electric Co., was found in the
flat file located in drawer 3. The preventative maintenance checklist included visual inspections, fastener
checks, and other routine inspection items.
It is important that maintenance efforts include the electrical systems. Examples of industry standard
electrical maintenance are provided in the list that follows. Recommended tasks and frequencies have
been reviewed and provided in a revised Electrical Maintenance Manual, attached in Appendix D.


Insulation resistance testing (Megger resting) for major electrical power equipment including motor
feeders, motor windings and submarine cable conductors



Removal of accumulated dust and debris from around electrical components and from within cabinets
and panels



Routine maintenance and test of the generator/Automatic Transfer Switch (ATS)



Inspection of cables and conduits for deterioration



Physical inspection and functionality checks for limit switches and interlocks



Review of terminal block fasteners and other electrical connections for tightness



Visual inspection of fuses



Visual inspection and continuity checks at circuit breakers



Test operation of UPS



Lamp and indicator light tests



Inspection for the mechanical integrity of electrical installations



Inspection of contacts and/or blades for switches
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Exercise active components such as breakers, switches, etc.



Review components during operation



Test all emergency light fixtures

The existing maintenance manuals provide maintenance direction on a number of electrical components.
A revised Electrical Maintenance Manual has been created as part of this report and is provided in
Appendix C. This manual includes specific recommendations for maintenance for the electrical
components, and it includes a proposed checklist for use by maintainers.

NEEDS ASSESSMENT
The purpose of the Needs Assessment is to summarize the gaps in documentation and training for bridge
maintenance and operation personnel, and the required repair efforts based on the current condition of
the mechanical and electrical systems.

Mechanical Drawings


There are no updates recommended for drawings related to the mechanical components. The on-site
records of mechanical machinery accurately match the installation. Minimal duplicate drawings and no
modified drawings were noted in this review. In addition, documents within the existing Operation and
Maintenance manual literature are consistent with the installation and remain applicable.

Routine Mechanical Maintenance


The current lubrication table provided by the County does not match other documents, including the
original maintenance manual. In addition, some of the lubricants and lubrication frequencies require
modifications to meet industry standards. An updated Mechanical Maintenance Manual with a revised
lubrication table is provided in APPENDIX E. Out-of-date lubrication schedules should be marked to
identify them as obsolete. The obsolete documents should then be archived offsite.



It is recommended that mechanical maintenance items be updated in a current document. This has
been performed as part of this study. Updated maintenance recommendations are provided within the
Mechanical Maintenance Manual in APPENDIX E. Some additions include periodically removing debris
from the tail lock receivers and the live load reactions, addressing corrosive and paint deterioration as
it occurs, and checking that traffic gate reducers remain securely mounted.



Consider providing a wall-mounted lubrication chart in the machinery spaces. This is a practice
sometimes used to ensure proper maintenance, even if there are changes to maintenance personnel.
Consideration may be given to providing photographs that will be cross referenced to the lubrication
charts.

Electrical Drawings


Consolidate and update as-built control schematics (Link Control Systems, Inc. shop drawings).
Remove out-of-date drawings for archival or mark to indicate obsolete. Confirm accuracy of hand
mark-ups as part of the review and create current as-builts. It may be cost-effective to include this
activity as part of a future rehabilitation to modernize the drives and PLC. If a rehabilitation is not
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pursued in the near-term then this work should be prioritized as it will facilitate future troubleshooting
and repairs.


Consolidate copies of O’Connell Electric Company electrical installation shop drawings. Remove
duplicates, check for discrepancies between duplicated sheets, and ensure accuracy of installations.
This would likely take weeks of site time to trace out the installation and is beyond the scope of the
current work. It is recommended that this be performed as part of any future rehabilitation. If a
rehabilitation is not pursued in the near-term then this work should be prioritized as it will facilitate
future troubleshooting and repairs.

Routine Electrical Maintenance


Provide requirements for routine maintenance for all components. A detailed list of recommendations
by component is provided in the Electrical Maintenance Manual provided in Appendix D.

Operation Support and Training
A revised Operation Manual has been provided as part of this study. The document is provided in
APPENDIX C. This document was provided to address the following needs:


Operating Procedure. Due to duplicate and obsolete records, it was recommended that an operating
procedure(s) be consolidated and updated. Remove out-of-date procedures for archival and clearly
mark them to indicate that they are obsolete.



Manual Operation Procedure. There were no noted records of procedures for manual operation using
the provided hand drills at the span drive machinery. A detailed procedure for operation using the
hand drills been provided. Note that, with this additional review of the system, it is clear that manual
operation using the hand drills poses significant safety concerns. Operation with the drills should be
avoided if possible.



Bypass Procedures. The provided operation manual includes guidance on the use of the different
bypasses that have been provided with the electrical installation. Note that, given the risks associated
with bypassing control system interlocks, it strongly recommended that bypasses be used only by
trained personnel.



It is recommended that bridge operation and maintenance personnel be provided with training to
understand any revisions to operating and maintenance procedures. It is especially important, that all
personnel be fully trained on bypass procedures and the procedure for drill operation. Note that this
training is not included as part of this scope.

Miscellaneous Repairs to Address Current Conditions
There are numerous mechanical and electrical repairs that are recommended for the bridge machinery.
The following is a summary of repairs recommended based on recent experience at the bridge. The list
includes findings as part of this review, and it includes many of the recommendations from the February
2020 detailed mechanical and electrical inspection. Costs are provided for these repairs as part of the
Asset Management section of this report.
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Electrical Repairs and Rehabilitation


The PLC logic has been updated to positively seat both leaves with load prior to driving the tail locks.
These changes were performed by WJE personnel with the assistance of the Panatrol Corporation in
June, 2020. Changes are still required to seat the bridge with load using the backup relay system.



The PLC drive parameters should be tuned to allow proper coordination between speed references
and bridge positions to address the nuisance “motor overspeed” failures.



Consider replacement of the existing PLC with a modern PLC. This change would provide improved
functionality compared to the existing PLC. The change would also be an opportunity to review,
update and replace as required the existing as-built controls schematics (by Link Controls) to ensure
an accurate set of drawings.



Replace the frozen over-travel limit switches with switches suitable for the prevailing environment.



Adjust the span drive rotary cam limit switches’ full open position to be before the over-travel limit
switches are triggered. Calibrate the control console span position indication.



Change the control logic (both PLC and relay logic) for the traffic gate interlock such that both
oncoming gates must be lowered before the off-going gate can be lowered and vice versa. This work
should be performed by a PLC systems specialist vendor.



Furnish and install an interlock limit switch for the emergency hand drive system. This should be wired
back to the bridge control system to prevent operation of the main drive system of both leaves when
the hand drive is engaged to ensure safe operation of the emergency hand drive system.



The bridge is provided with a selsyn transmitter and receiver to indicate the position of the span. This
device is obsolete and replacement parts will be difficult to obtain in the future. This device should be
replaced with a modern span position indicating system.



The released and set limit switches for all brakes have been installed incorrectly. The released switches
actuate as soon as the brakes begin to release but before the brakes are fully released. The set
switches actuate as the brakes are released and not as the brakes set. The limit switches should be
adjusted for proper indication of the set and released positions.



Furnish and install pedestrian traffic signals at each bridge approach to provide advanced warning and
enhance safety for pedestrians.



Furnish and install emergency lighting in the electrical room. Replace failed emergency lighting
fixtures and/or their battery packs at other locations on the bridge.



Clean and paint, or provide a protective coating, at all components where there is corrosion. The
touch-up of deteriorated paint or coating is an important maintenance tool to extend the life of the
components and, if done in a timely fashion, will limit costly rehabilitative efforts in the future.



Consider replacing corroded conduits that are within the machinery space with PVC coated conduits.



Monitor the electrical insulation resistance for the motor/feeder assemblies where the resistance to
ground was found to be low. Monitor the motors for the traffic gates, one west tail lock (#1) and the
SE tail lock (#4). If maintenance does not have this capability, it is recommended that this be included
in annual inspections by qualified personnel.
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Provide a protective cover for all traffic gate rotary cam limit switch assemblies.



Investigate the path of ingress of water into the traffic gate enclosures. Seal any water entrance points
to ensure the interior of the gate housings stay dry.



The wire-nut splices located inside the brake disconnect switches are not permitted per AASHTO.
Replace the splices with a code compliant method of splicing.



When replacing failed light bulbs, replace the existing with LED light bulbs. Provide new fixtures where
required to make this change.

Mechanical Repairs and Rehabilitation


As part of past troubleshooting for an operational issue at the SE Tail Lock (#4), the manual operation
mechanism failed. The manual operation mechanism should be repaired. As part of this work, verify
that all tail lock manual operating mechanisms are functional. If repairs require shipment to the
manufacturer, procure and install spare tail lock assemblies as required. Note that the tail lock
assemblies are discussed in the asset management plan as they are short life items relative to the
other mechanical machinery. Their replacement in the coming years will likely be recommended as a
form of preventative maintenance.



The access to the tail lock actuators is poor and it hinders maintenance. It is recommended that access
platforms be provided to facilitate safe mechanical and electrical maintenance of these components.
Repairs should also include a redesign or replacement of the tail lock covers to facilitate maintenance.



Stop water leakage into the machinery rooms or provide a means of controlling the damage due to
the water. Clean the existing floors and ensure their integrity. If they are adequate, clean and paint
them to mitigate future damage. If necessary, replace the corroded machinery room floors to ensure
their structural integrity. Consider a floor design or materials that would limit future degradation.



The brake wheel at the northeast motor brake showed signs of a previous over-heat. The brake shoes
may have been damaged if they were overheated. Check the surface of the shoes on Motor Brake-FA
for glazing or cracking due to overheating and replace as required.



Adjust the bumper blocks to prevent over-travel of the leaves and replace the damaged portions of
the bumper blocks. Shim out the southeast bumper blocks to provide contact at the same position as
at the northeast bumper blocks. Given the given the marginal clearances between the pinions and the
structures, reduce gaps in the bumper block installations by reducing the number of blocks and
providing welded steel spacers.



Replace the missing clamping bolts on the northeast tail lock actuator rod end.



Tighten reducer mounting plate bolts at near leaf traffic gates.



Clean and paint all components where there is paint deterioration and corrosion. The touch-up of
deteriorated paint is an important maintenance tool to extend the life of the components and, if done
in a timely fashion, will limit costly rehabilitative efforts in the future. This is especially important for
critical support items such as the curved and flat tread plates. These curved and flat treads are more
exposed than many of the machinery components, and a rehabilitation to correct significant corrosive
deterioration would incur significant costs.
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There is leakage at the input shaft seals for the far primary reducer. These seals should be replaced to
limit this leakage. In the near term, additional maintenance effort should include monitoring and
containing any leakage.



Re-align the encoder assembly at the non-driven shaft for the southwest span drive motor.



Shim to realign the span position equipment at the output of the secondary reducers. Consideration
may be given to replacing the existing rigid couplings with couplings that can accommodate parallel
and angular misalignment.



There are leaks at the input shaft seals for the southwest and northeast right-angle gearboxes at the
secondary reducers' output shafts. In the near term, contain leaked oil and monitor the oil levels in the
gearboxes. In the long term, consider replacing the assemblies.



There are cracks in the concrete that supports the open end of the flat tread plates. These should be
sealed or otherwise repaired to prevent further degradation.

ASSET MANAGEMENT SCHEDULE AND COSTS
A long term plan for asset management requires an understanding of the near-term and long-term costs
associated with the maintenance of the mechanical and electrical systems for the bridge. A list of repairs, a
schedule, and costs have been provided as part of this study. estimated costs include routine maintenance
activities, near-term replacements/repairs, and anticipated long-term capital costs to maintain the bridge
mechanical and electrical systems in a state of good repair. Note that this study did not include costs for
structural systems, HVAC, plumbing, or any other costs that are not directly related to the mechanical and
electrical systems associated with bridge operation.

METHODOLOGY
The summarized costs have been estimated based on experience with bids and repair costs from similar
work in the movable bridge industry. Repair costs are based on required materials and labor. Where
applicable, costs also include engineering support for significant design repairs, though construction
services and other owner management costs are not included. In addition, operating costs for utilities are
also not included.
Often life cycle cost analyses will be used as part of a cost benefit analysis to compare alternatives for
repairs or new design for infrastructure. When these comparisons are made, the life cycle analyses often
will include a discount rate to translate future dollars into current dollars for the sake of evaluating
options. The discount rate allows for comparisons of costs from different points of time in present day
dollars, and it is typically a reduction in cost based on the “opportunity value” of time. In other words, if
one sets aside dollars for future investment, with those dollars’ earning power over time, the cost of future
work in present day dollars is less.
The O’Rorke Bridge cost analysis, however, does not present costs for comparison for alternatives, but is
provided to outline expected costs for near-term and long-term maintenance of the bridge. For this
reason, a discount rate is not included in the cost analyses. All costs have been provided in 2021 dollars.
Costs in future years may then be increased by an estimated inflation rate to provide expected costs.
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The estimated repairs and the costs associated with them have been established based on a target life of
75 years for the bridge, targeting reliable bridge operation approximately through 2080 based on the
bridge commissioning in 2004.
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Cost of Near-Term Repairs
A list of recommended near-term mechanical and electrical repairs was provided in the section titled
Miscellaneous Repairs to Address Current Conditions. A summary of the near-term mechanical and
electrical repairs and their associated costs is provided in Table 9 and Table 10.


For minor repairs, the costs include estimated hours for Monroe County maintenance personnel,
assuming a labor cost of $100 per hour.



For more significant repairs, the costs include assumed contractor labor at $150 per hour.



Engineering costs are included where applicable.



Additional detail is provided in expanded tables in APPENDIX B.

Table 9: Cost for Near-Term Mechanical Repairs
System

Component

Repair Description

Purpose

Estimated Cost
2021 $

Tail
Locks

SE Tail Lock

Verify that all manual operation mechanisms
work. Assume replace SE Tail Lock.

Ensure manual operation
mechanism remains functional

$47,200

Tail
Locks

NE Tail Lock

Replace the missing clamping bolts on the tail
lock actuator rod end .

Ensure integrity of actuator rod end
connection

$1,600

Span Drive
Machinery

Machinery Rooms

Clean the corroded floors and ensure their
integrity. If they are adequate, clean and paint
them to mitigate future damage.

Extend the life and ensure integrity of
the machinery room floors

$41,500

Span Drive
Machinery

Machinery Rooms

Determine source of water infiltration into
machinery areas. Seal the deck or make other
repairs as required to direct water.

Extend the life and ensure integrity of
the machinery room floors

$170,000

Span Drive
Machinery

NE Motor Brake

Ensure the integrity of the Far
Adjacent Motor Brake

$2,100

Bumper
Blocks

East Bumper Blocks

Ensure functionality of bumper
blocks

$5,800

Traffic
Control

Traffic Gates

Ensure operational integrity of the
gates

$4,800

Painting

Mechanical Installations

Clean and paint, or provide a protective coating,
at all components where there is corrosion.

Limit corrosion to extend the life of
the components

$42,000

Span Drive
Machinery

Far Primary Reducer

Replace the leaking input shaft seals; monitor
and maintain until replaced.

Limit leakage and maintenance
efforts

$16,200

Span Drive
Machinery

SW Motor
Encoder Assembly

Re-align the encoder assembly with the motor
shaft.

Limit risk of damage of bearings due
to misalignment

$2,000

Span Drive
Machinery

Span Position Equipment at Output Re-align the span position equipment and replace Limit risk of damage of bearings due
of Secondary Reducers
the couplings to provide misalignment capacity.
to misalignment

$12,700

Span Drive
Machinery

Span Position Equipment at Output
of SW and NE Secondary
Reducers

Elinminate leakage of reducers

$7,800

Prevent further degradation of the
concrete

$2,900

Span Support
Concrete at Flat Tread Installations
Components
General

All Components

The brake wheel shows signs of a previous overheat; inspect the surface of the shoes for glazing
or cracking due to overheating and replace as
required.
Replace damaged bumper blocks; shim out
blocks to equal position at NE and SE
Gate maintenance repairs: Tighten the reducer
mounting plate bolts at the near leaf traffic gates;
Remove water and seal gate housings; Adjust far
adjacent gate drive linkages.

Replace the leaking right-angle gearboxes that
are coupled to the reducer output shafts.
Seal or repair cracks in concrete near the open
end of the flat tread plate installations.
General engineering assistance for those items
without engineering costs

Assist and expedite repairs

Total Cost, Near Term Mechanical Repairs
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Table 10: Cost for Near-Term Electrical Repairs
Repair Description

Purpose

Total Cost
2021 $

System

Component

Control
System

Relay Logic

Control
System

SCR Drives

Control
System

PLC and Relay Logic

Electrical
Installation

Brake Disconnect Switches

Field
Devices

Full Open Switch and Over-Travel
Limit Switch

Field
Devices

Over-Travel Limit Switch

Replace the over-travel limit switches with
ones suitable for prevailing environment.

Ensure functionality of over-travel
limit switches

$3,400

Field
Devices

Span Drive Brake Set and Released
Limit Switches

Adjust the limit switches for proper
indication of the set and released
positions.

Proper indication of the brake
positions will help to ensure safe
operation of the bridge

$17,900

Field Devices /
Control System

Emergency Hand Drive System

Furnish and install an interlock limit switch
for the emergency hand drive system. This
should be wired back to the bridge control
system to prevent operation of the main
drive system of both leaves when the hand
drive is engaged.

Ensure safe operation of the
emergency hand drive system

$47,100

Traffic
Control

Pedestrian Traffic Signals

Furnish and install pedestrian traffic
signals at each bridge approach.

Provide advanced warning to /
enhance the safety of pedestrians

$52,900

Traffic
Control

Traffic Gates

Provide a protective cover for all rotary
cam limit switches.

Protect rotary cam switches from
debris and corrosion

$1,500

Bridge
Lighting

Emergency Lighting

Furnish and install emergency lighting in
the electrical room; replace failed
emergency lighting fixtures and/or their
battery packs at other locations on the
bridge.

Allow for safe access to areas in the
event of utility failure

$5,000

Bridge
Lighting

Lighting

Change existing light bulbs to LED bulbs.
Replace fixtures as needed for LED lights.

Reduce cost and maintenance
associated with the lights

$20,000

Painting

Electrical Installation

Clean and paint, or provide a protective
coating, at all components where there is
corrosion.

Limit corrosion to extend the life of
the components

$17,000

Modify relay logic to positively seat the
Positively seat bridge under backup
bridge.
control
Adjust drive parameters to coordinate
Eliminate nuisance "motor
speed references for diffferent bridge
overspeed" failures
positions.
Change the control logic (both PLC and
relay logic) for the traffic gate interlocks
Ensure proper sequence of operation
such that both oncoming gates must be
for safety and AASHTO compliance
lowered before the off-going gates can be
lowered and vice versa.
Replace wire-nut splices with code
Wire-nut splices are not permissible
compliant terminals.
per AASHTO
Modify overtravel switches, RCLS,
Adjust full open switch, over-travel switch,
and bumper blocks to ensure no
RCLS, and bumper blocks for revised full
damage to structure; calibrate control
open.
console position indication

Total Cost, Near Term Electrical Repairs
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Capital Costs for Life Cycle
The estimated capital costs are provided using conservative estimates of the life cycle for the components
that comprise the mechanical and electrical systems for the bridge. A summary of mechanical and
electrical capital costs is provided in Table 11 and Table 12. Note the following:


The estimated life of each component is provided based on our experience at similar structures. For
this exercise, the service life of components has been conservatively estimated assuming capital
investments are required to ensure reliable systems. The life estimates also assume that the
components will be provided with routine maintenance to ensure a state of good repair.



Capital costs are provided assuming a target life of 2080 for the machinery, to achieve an approximate
service life of 75 years from the commissioning of the bridge.



Where practical, and to minimize the number of contracts over the life of the bridge, repairs have
been combined.

Table 11: Mechanical Capital Costs
Captial Required for Service Life to 2080
System

Component

2020 Condition

Span Drive
Machinery

Drivetrain, including shafts,
couplings, reducers, bearings, gears

Good

Span Support
Assemblies

Curved and flat tread assemblies

Span Support
Assemblies

Repair
Year

Cost
(2021 $)

Year

Cost
(2021 $)

Assume 1 rehab. to achieve target life.

2060

$5,010,000

None

-

Good

Assume 1 rehab. to achieve target life.

2060

$2,312,000

None

-

Live load reactions

Fair

Assume 2 rehabs. to achieve target life.

2040

$66,000

2060

$66,000

Span Support
Assemblies

Tail lock assemblies

NA

Provide platforms for access to the tail lock assemblies.

2022

$143,000

None

-

Span Drive
Machinery

Machinery Room Floors

Poor condition due to
corrosive deterioration

Seal the deck and replace the floors with corrosion
resistant material

2022

$146,000

None

-

Span Support
Assemblies

Tail lock assemblies

Fair

-

-

-

-

Notes

Costs included with electrical costs .
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Table 12: Electrical Capital Costs
Captial Required for Service Life to 2080
System

Component

2020 Condition

Main Electrical
Service

Main Electrical Service
Unit Substation

As-New

Bridge Standy
Power

Generator with Automoatic Transfer
Switch and Load Bank

Very Good

Span Drive Motors
and Drives

Main Span Drive Motors
and SCR Drives

Very Good, but Drives are Obsolete and
Provide Inferior Control

Bridge Control
System and PLC

Bridge Control System and PLC

Fair, but Obsolete SCR Drives
and Aging PLC

Span Drive Brakes

Span Drive Motor and Machinery Brakes

Good

Bridge Position: Selsyns, Rotary Cam
Limit Switches, Inclinometers, Speed
Switches, and Others

RCLS for Bridge Position- Fair
Selsyn for Bridge Position - Obsolete
Inclinometer for Bridge Position - Good
Bridge Seated Plunger Switches - Good
Bridge Over-Travel Lever Switches - Poor
Speed Switches - Good
Tachometers - Good

Field
Devices

Tail Locks: Rotary Cam Limit
Switches and Position Switches

Tail Lock RCLS - Fair
Tail Lock Position Switches - Fair

Traffic Warning Gates: Rotary Cam Limit
Switches and Enclosure Door Switches

Fair

Operator's Control
Console

Operator's Control Console

Very Good

Tail
Locks

Tail Locks
(Mechanical and Electrical Included)

Droop Cables

Droop Cables

Year

Cost
(2021 $)

Year

Cost
(2021 $)

Year

Cost
(2021 $)

Assume 1 rehab. to achieve target life.
(Includes feeder cables to bridge)

2060

$50,000

None

-

None

-

Assume 1 rehab. to achieve target life.
Includes load bank.

2050

$176,000

None

-

None

-

Notes

Rpelace motors and drives: VFDs and squirrel cage
induction motors, with modern PLCs.
Assume 2 rehabs to achieve target life.

2050

None

-

Rehabiliate at same time as motors and drives.
Assume 2 rehabs to achieve target life.

2050

None

-

Replace when replace motors and drives.
Assume 2 rehabs to achieve target life.

2050

None

-

2050

None

-

Included with Tail Lock Assemblies.

-

None

-

Included with Gate Assemblies

-

None

-

None

-

$2,089,333
Rehabiliate at same time as motors and drives.
Assume 2 rehabs to achieve target life.
(Excluding maintenance costs… costs for full
replacement shown).

$2,164,333

Assume replacement for 1st replacement motors and
drives. Should last to target life.

Fair due to Significant Corrosion; Past
Assume 3 rehabs. to achieve target life.
Operation Issues, and Insulation Resistance
Assume approx. 20 year life.
for Some Motors
Very Good

2022

Assume replace 2 times.

Assume 1 rehab. Recommend replacement of existing
Good
with a more sophisticated auxiliary drive system, driven
(Modeerate Corrosion at Local Disconnect
by existing generator, control from operator's console,
Covered Elsewhere)
and including brakes and limits of operation.

None

-

2022

$192,080

2050

$192,080

2070

$192,080

2030

$37,920

2060

$37,920

None

-

2030

$242,200

None

-

None

-

$93,600

Emergency Span
Drive System

Hand Drive Drill Driven with Portable
Geneator Receptacle

Aids to
Navigation

Navigation Lights

Good - Minor Corrosion and Operation
Issues

Assume 3 rehabs. to achieve target life.

2030

$93,600

2050

$93,600

2070

Marine Horn

Good

Assume 3 rehabs. to achieve target life.

2030

$21,200

2050

$21,200

2070

$21,200

CCTV

CCTV System

Good

Assume 3 rehabs. to achieve target life.
Assume approx. 20 year life.

2030

$109,800

2050

$109,800

2070

$109,800

Fire Alarm System

Fire Alarm System

As-New

Assume 3 rehabs. to achieve target life.

2030

$113,600

2050

$113,600

2070

$113,600

Fair Condition due to Corrosion,
Some Mechanical Operational Issues, and Assume 3 rehabs. to achieve target life.
Insulation Resistance for Some Motors

2030

$247,021

2050

$247,021

2070

$247,021

Traffic
Control

Warning Gates
(Mechanical and Electrical Included)
Traffic Lights

Good

Assume 1 rehab. to achieve target life.

2070

$57,000

None

-

None

-

MCCs

MCCs

Good

Assume 1 rehab. to achieve target life.

2040

$259,800

None

-

None

-

Submarine Cables

Submarine Cables

Very Good

Assume 1 rehab. to achieve target life.

2050

$259,000

None

-

None

-

Electrical Installation
(Conduit, Junction
Boxes, etc.)

Conduit, Junction Boxes,
& Cable Trays, Disconnect Switches,
Lighting Fixtures, Space Heaters,
Switches and Receptacles

Fair due to Corrosion in Spots

Assume 1 rehab. to achieve target life.
Combine with other electrical rehabilitation in date
shown.

2050

$1,253,600

None

-

None

-

Intercom

Intercom System

Very Good

Assume 1 rehab. to achieve target life.

2050

$90,200

None

-

None

-
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Maintenance Costs
Maintenance costs are provided based on an assumed standard of care that is consistent with good
practice within the movable bridge industry, with adjustments as necessary given the duty cycle for this
bridge. The costs are provided in Table 13. Note the following assumptions that impact the maintenance
costs.


Normal maintenance is based on an estimated effort in terms of number of personnel and hours for
Monroe County maintenance personnel, assuming a labor cost of $100 per hour. The estimated effort
includes an approximate number of hours per month for maintenance personnel plus additional time
for troubleshooting call-outs.



The estimates also include some emergency call-outs for mechanical and electrical personnel to
troubleshoot operational issues. The effort for this work is estimated at an inflated rate of $150 per
hour.



Maintenance material estimates include lubricants and other materials (rags, light bulbs, reducer
breathers, scrapers, etc.) associated with general maintenance.
Table 13: Cost for Annual Mechanical and Electrical Maintenance
Task

Component

Annual Cost
2021 $

Mechanical
Maintenance

Routine Mechanical Maintenance
Costs Assuming Hours per Month and
Cost of Lubricants and Other Consumables Included

$71,500

Mechanical
Maintenance

Non-Routine Mechanical Repairs Beyond Normal Maint Efforts;
Assumed Hours and Parts.

$21,600

Mechanical
Maintenance

Assumed Emergency Mechanical
Call-Out for Maint. Personnel

$39,200

Electrical
Maintenance

Routine Electrical Maintenance
Costs Assuming Hours per Month and
Cost of Consumables Included

$34,000

Electrical
Maintenance

Non-Routine Electrical Repairs Beyond Normal Maint Efforts.
Assumed Hours and Parts.

$24,600

Electrical
Maintenance

Assumed Emergency Electrical
Call-Out for Maint. Personnel
(bridge operational issues, etc.)

$29,200

Inspection

Biannual Mechanical & Electrical Inspection and Reports
(scope of recent inspections but with the addition of remote access from
systems vendor for control system testing)

$52,500

Total Cost, Annual Mechanical and Electrical Maint.
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SUMMARY OF FUTURE COSTS
The anticipated costs per year are summarized in the Table 14 and in Figure 29. Costs estimates have been
compiled from the estimates provided above and increased by an assumed inflation rate of 2.5% per year.
Again, note that a discount rate has not been applied as is sometimes done for life cycle analyses.
Table 14. Total Mechanical and Electrical Cost per Year, Inflated at 2.5%
Year

Maint.

Repairs

2021

$272,600

$647,500

2022

$279,415

$0

2023

$286,400

$0

2024

$293,560

2025

$300,899

2026

Capital

Total Cost

Year

Maint.

Repairs

Capital

Total Cost

$0

$920,100

2051

$571,797

$0

$0

$571,797

$2,711,548

$2,990,963

2052

$586,092

$0

$0

$586,092

$0

$286,400

2053

$600,744

$0

$0

$600,744

$0

$0

$293,560

2054

$615,763

$0

$0

$615,763

$0

$41,857

$342,756

2055

$631,157

$0

$0

$631,157

$308,422

$0

$0

$308,422

2056

$646,936

$0

$0

$646,936

2027

$316,132

$0

$0

$316,132

2057

$663,109

$0

$0

$663,109

2028

$324,036

$0

$0

$324,036

2058

$679,687

$0

$0

$679,687

2029

$332,137

$0

$0

$332,137

2059

$696,679

$0

$0

$696,679

2030

$340,440

$0

$1,033,335

$1,373,775

2060

$714,096

$0

$19,484,395

$20,198,491

2031

$348,951

$0

$0

$348,951

2061

$731,948

$0

$0

$731,948

2032

$357,675

$0

$0

$357,675

2062

$750,247

$0

$0

$750,247

2033

$366,617

$0

$0

$366,617

2063

$769,003

$0

$0

$769,003

2034

$375,782

$0

$0

$375,782

2064

$788,228

$0

$0

$788,228

2035

$385,177

$0

$0

$385,177

2065

$807,934

$0

$0

$807,934

2036

$394,806

$0

$0

$394,806

2066

$828,132

$0

$0

$828,132

2037

$404,676

$0

$0

$404,676

2067

$848,836

$0

$0

$848,836

2038

$414,793

$0

$0

$414,793

2068

$870,057

$0

$0

$870,057

2039

$425,163

$0

$0

$425,163

2069

$891,808

$0

$0

$891,808

2040

$435,792

$0

$520,840

$435,792

2070

$914,103

$0

$2,797,642

$3,711,745

2041

$446,687

$0

$0

$446,687

2071

$936,956

$0

$0

$936,956

2042

$457,854

$0

$0

$457,854

2072

$960,380

$0

$0

$960,380

2043

$469,300

$0

$0

$469,300

2073

$984,389

$0

$0

$984,389

2044

$481,033

$0

$0

$481,033

2074

$1,008,999

$0

$0

$1,008,999

2045

$493,059

$0

$0

$493,059

2075

$1,034,224

$0

$143,866

$1,178,090

2046

$505,385

$0

$0

$505,385

2076

$1,060,080

$0

$0

$1,060,080

2047

$518,020

$0

$0

$518,020

2077

$1,086,582

$0

$0

$1,086,582

2048

$530,970

$0

$0

$530,970

2078

$1,113,746

$0

$0

$1,113,746

2049

$544,245

$0

$0

$544,245

2079

$1,141,590

$0

$0

$1,141,590

2050

$557,851

$0

$9,584,050

$557,851

2080

$1,170,129

$0

$0

$1,170,129
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Figure 29: Total Mechanical and Electrical Cost per Year, Inflated at 2.5%
Colonel Patrick O'Rorke Memorial Bridge
Costs per Year with Assumed Inflation

Costs, with 2.5% Annual Inflation
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SUMMARY
The movable portion of the Colonel Patrick O’Rorke Memorial Bridge is a double leaf rolling lift bascule
bridge that was opened to traffic in October 2004. The bridge has had a history of operational issues
dating back to the original installation, resulting in significant disruptions to local and regional traffic.
This report summarizes a study of the mechanical and electrical systems associated with the movable
bridge. The study included a review of the current operating status of the systems, recent operating issues,
the existing documentation, and a review of practices related to the maintenance and operation of the
bridge. This study yields a list of recommendations which include mechanical and electrical repairs,
updates to maintenance and operation literature, training of personnel, and capital repairs estimated to
maintain the systems in a state of good repair for a desired service life of 75 years.
As part of the work, upgrades to the existing operation and maintenance, including updated machinery
lubrication requirements, have been outlined in revised operation and maintenance manuals. The
maintenance manuals include maintenance checklists for and schedules for routine maintenance of the
mechanical and electrical systems. The operation manual includes updated operating procedures,
including guidance for manual operation and for the use of control system bypass features.
The results of the study are intended to be used to address near term issues including the elimination of
operational failures and to minimize long term capital requirements. With improvements to maintenance
and by providing near and long term repairs, it is expected that the bridge can be maintained in a reliable
condition for the target 75 year life. The provided costs may be utilized by the owner as part of their
planning for near term and long term expenditures required to maintain the bridge mechanical and
electrical systems in a state of good repair.
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Clean and paint, or provide a protective coating,
at all components where there is corrosion.

NE Motor Brake

East Bumper Blocks

Traffic Gates

Mechanical Installations

Far Primary Reducer

SW Motor
Encoder Assembly

Span Drive
Machinery

Bumper
Blocks

Traffic
Control

Painting

Span Drive
Machinery

Span Drive
Machinery
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General

All Components

Span Support
Concrete at Flat Tread Installations
Components

Seal or repair cracks in concrete near the open
end of the flat tread plate installations.
General engineering assistance for those items
without engineering costs
Assist and expedite repairs

Prevent further degradation of the
concrete

Elinminate leakage of reducers

Span Position Equipment at Output
of SW and NE Secondary
Reducers

Span Drive
Machinery

Replace the leaking right-angle gearboxes that
are coupled to the reducer output shafts.

Span Position Equipment at Output Re-align the span position equipment and replace Limit risk of damage of bearings due
of Secondary Reducers
the couplings to provide misalignment capacity.
to misalignment

Limit risk of damage of bearings due
to misalignment

Limit leakage and maintenance
efforts

Limit corrosion to extend the life of
the components

Ensure operational integrity of the
gates

Ensure functionality of bumper
blocks

Ensure the integrity of the Far
Adjacent Motor Brake

Span Drive
Machinery

Re-align the encoder assembly with the motor
shaft.

Replace the leaking input shaft seals; monitor
and maintain until replaced.

The brake wheel shows signs of a previous overheat; inspect the surface of the shoes for glazing
or cracking due to overheating and replace as
required.
Replace damaged bumper blocks; shim out
blocks to equal position at NE and SE
Gate maintenance repairs: Tighten the reducer
mounting plate bolts at the near leaf traffic gates;
Remove water and seal gate housings; Adjust far
adjacent gate drive linkages.

Extend the life and ensure integrity of
the machinery room floors

Machinery Rooms

Span Drive
Machinery

Determine source of water infiltration into
machinery areas. Seal the deck or make other
repairs as required to direct water.

Machinery Rooms

Ensure integrity of actuator rod end
connection
Extend the life and ensure integrity of
the machinery room floors

Clean the corroded floors and ensure their
integrity. If they are adequate, clean and paint
them to mitigate future damage.

NE Tail Lock

Tail
Locks

Span Drive
Machinery

Replace the missing clamping bolts on the tail
lock actuator rod end .

Ensure manual operation
mechanism remains functional

Verify that all manual operation mechanisms
work. Assume replace SE Tail Lock.

SE Tail Lock

Purpose

Tail
Locks

Repair Description

Component

System

$20,000

$0

$0

$6,400

$0

$6,400

$0

$0

$0

$0

$40,000

$4,500

$0

$5,000

No design work
Miscellaneous support work

$0

$0

$7,800

$6,300

Minor design work to review for
space constraints and spec
replacement couplings

No design work

$0

$9,800

No design work

$0

No design work

$0

$0

Design to include retrofit
specifications for split seals and
required cover plates

No design work

No design work

$0

$130,000

No design work

$37,000

Assume 2 days on site for 2
engineers to determine source
and scope out repair; include
travel and expenses

$0

$42,200

Assume 1 day on site for an
engineer to evaluate after clean
up

No design work

Assume minor support work to
ensure proper ordering and
instlalation

Engineering
Cost

No contractor costs

$0

$2,900

$0

Assume 2 days for 2 workers to align
and shim new assemblies. Assume
nominal $3,000 materials cost for
new couplings, shims, reducers.
No contractor costs

$0

$2,000

$0

$42,000

$4,800

$5,800

$2,100

Assume 2 days for 2 workers to align,
shim and replace couplings. Costs
include replacement couplings.

No contractor costs

Assume replace seals in 2 days for 2
workers, inlcude materials

No contractor costs

No contractor costs

No contractor costs

No contractor costs

$0

$0

Assume 3 weeks for repair; assume
needt grind and seal concete to
ensure proper drainage

$1,600

No contractor costs

$0

Assume 2 weeks for 3 workers to
clean and paint the floor in both
machinery rooms (assumes integrity
ok)

Contractor
Cost
1 day to check all manual operation
mechanisms;
1 day to remove and replace 1 lock
assembly, 3 workers;
includes cost of replacement tail lock
assembly at $30k.

Total Cost, Near Term Mechanical Repairs

No Monroe County costs

Assume 1 day for 2 workers to prepare then seal
cracking concrete

No Monroe County costs

No Monroe County costs

Assume 1 day for 2 workers to align and shim.
Assume nominal $400 materials cost.

$376,600

$20,000

$2,900

$7,800

$12,700

$2,000

$16,200

$42,000

No Monroe County costs

$4,800

Assume 5 weeks for 2 workers to hand clean and
paint corroded areas; include nominal $2k for prep
and painting materials

$5,800

$2,100

$170,000

$41,500

$1,600

$47,200

Estimated Cost
2021 $

Assume 2 days for 2 maintenance personnel to
make this repair

Assume 1 day for 3 workers for work; include cost of
oak blocks

Assume 1 day for maint to remove shoes and
inspection; include cost of 1 added day for
replacement, and shoe replacement costs

No Monroe County costs

No Monroe County costs

Minor costs for 1 day, 2 workers to procure and
replace fasteners

No Monroe County costs

Monroe County
Maint Cost
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Table 15: Expanded Table for Mechanical Near Term Repair Costs

Component

Relay Logic

SCR Drives

PLC and Relay Logic

Brake Disconnect Switches

Full Open Switch and Over-Travel
Limit Switch

Over-Travel Limit Switch

Span Drive Brake Set and Released
Limit Switches

Emergency Hand Drive System

Pedestrian Traffic Signals

Traffic Gates

Emergency Lighting

Lighting

Electrical Installation

System

Control
System

Control
System

Control
System

Electrical
Installation

Field
Devices

Field
Devices

Field
Devices

Field Devices /
Control System

Traffic
Control

Traffic
Control

Bridge
Lighting

Bridge
Lighting

Painting

Purpose

Ensure safe operation of the
emergency hand drive system

Furnish and install an interlock limit switch
for the emergency hand drive system. This
should be wired back to the bridge control
system to prevent operation of the main
drive system of both leaves when the hand
drive is engaged.
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Reduce cost and maintenance
associated with the lights
Limit corrosion to extend the life of
the components

Clean and paint, or provide a protective
coating, at all components where there is
corrosion.

Allow for safe access to areas in the
event of utility failure

Furnish and install emergency lighting in
the electrical room; replace failed
emergency lighting fixtures and/or their
battery packs at other locations on the
bridge.
Change existing light bulbs to LED bulbs.
Replace fixtures as needed for LED lights.

Protect rotary cam switches from
debris and corrosion

Provide a protective cover for all rotary
cam limit switches.

Provide advanced warning to /
enhance the safety of pedestrians

Proper indication of the brake
positions will help to ensure safe
operation of the bridge

Adjust the limit switches for proper
indication of the set and released
positions.

Furnish and install pedestrian traffic
signals at each bridge approach.

Ensure functionality of over-travel
limit switches

Replace the over-travel limit switches with
ones suitable for prevailing environment.

Modify relay logic to positively seat the
Positively seat bridge under backup
bridge.
control
Adjust drive parameters to coordinate
Eliminate nuisance "motor
speed references for diffferent bridge
overspeed" failures
positions.
Change the control logic (both PLC and
relay logic) for the traffic gate interlocks
Ensure proper sequence of operation
such that both oncoming gates must be
for safety and AASHTO compliance
lowered before the off-going gates can be
lowered and vice versa.
Replace wire-nut splices with code
Wire-nut splices are not permissible
compliant terminals.
per AASHTO
Modify overtravel switches, RCLS,
Adjust full open switch, over-travel switch,
and bumper blocks to ensure no
RCLS, and bumper blocks for revised full
damage to structure; calibrate control
open.
console position indication

Repair Description

$0

$0

$0

$0

$8,900

$33,000

$13,100

$0

$9,500

$0

$10,800

$18,300

$37,900

no design work

no design work

no design work

$0

$0

$0

$0

$44,000

Design of pedestrian traffic
signals at each approach using
NY state standard details
no design work

$14,100

1 trip for field investigation; design
of limit switch protected cover;
2nd trip for 4 days in field to
oversee changes

$4,800

$3,400

Selection of alternate over-travel
switch to be performed as part of
O&M Analysis
2 days in field for (2) electrical
engineers to make changes to
system

$12,200

$1,800

$3,000

$4,800

$6,000

Estimated 2 days in field for
support of changes.

no design work

Estimated at 2 days
in field plus prep for PLC and
relay modifications

Engineering
Cost
WJE 5/15/20 proposal
includes all materials
Includes 4 days in field for
adjustments plus report and
expenses

No Contractor costs

No Contractor costs

No Contractor costs

No Contractor costs

2 weeks for installation for 2
personnel; $20k materials

Includes $2,500 materials, 4
days in field for 2 contractor
personnel, and 2 days in field
for Controls specialist

Monroe County personnel to
purchase and install - minimal
cost associated with this repair
Assume 2 weeks for 2
maintenance personnel - hand
clean and paint corroded
junction boxes and conduit

$270,900

$17,000

$20,000

$5,000

$1,500

Monroe County personnel to
purchase and install - minimal
cost associated with this repair

$52,900

No Monroe County Costs

$47,100

$17,900

$3,400

$21,700

$3,600

$13,800

$23,100

$43,900

Total Cost
2021 $

Monroe County personnel to
fabricate and install - minimal
cost associated with this repair

No Monroe County Costs

No Monroe County Costs

No Monroe County Costs

No Monroe County Costs

Monroe County personnel to
modify installations

No Monroe County Costs

No Monroe County Costs

No Monroe County Costs

Monroe County
Maint Cost

Total Cost, Near Term Electrical Repairs

$17,000

$5,000

$5,000

$1,500

$0

$0

$0

$0

Installation of new over-travel
switch and testing, Assume 1
day for 2 workers, includes
costs for switches
Cost for 2 workers in field for 2
days

$0

$1,800

$0

$0

$0

Assume 2 workers for 3 days

No Contractor costs

Assume 1 day in field for
Contractor for PLC edits,
1 day in field for relay edits

Assume 4 days on site for one
worker

Contractor
Cost
Assume 1 week on site for one
worker
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1. General Information
1.1.

Introduction

The purpose of the Operation Manual is to provide operating requirements for the
bridge. The Operation Manual is not intended as a substitute for training and any
existing requirements provided by the owner of the bridge, the U.S. Coast Guard, or any
other entity.

1.2.

Safety

There are inherent safety risks associated with the operating electrical equipment and
machinery for movable bridges. Notable safety hazards include dangers from electric
potentials, high speed rotating mechanical parts, high temperature of equipment, fall
hazards, and slipping hazards from spilled fluids.
Maintenance must be performed by competent, qualified, and certified personnel
experienced in the maintenance and operation of electrical systems and equipment and
with heavy machinery. Personnel must be familiar with the specific systems associated
with the bridge. Refer to appropriate Monroe County or NY state documents for
detailed safety procedures and regulations, including any lockout / tagout requirements.
All maintenance personnel must, at all times, maintain a line of communications with
the bridge operator and all other personnel that are working on the bridge when
performing bridge maintenance. Ensure that all parties are notified and in a safe position
prior to bridge, traffic control or any bridge electrical or machinery operation. Similarly,
ensure that the operator is aware of any maintenance activities that may delay the
operation of the bridge. Communication is essential to ensure safe coordination of
operation and maintenance activities.

2. Systems Description
2.1.

Introduction

The following describes in general terms of those electrical systems and equipment
associated with the operation of the bridge. This system information is intended to
explain the general functionality of the furnished electrical equipment and how they are
integrated into the various bridge operating systems. The layout of the movable bridges
and machinery is provided in Figure 1.

1
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Figure 1: Bridge Layout with Machinery System Locations

2.2.

Normal Power System

The electric utility service consists of a 480/277 volt, 3-phase, 4-wire, solidly grounded
system, which is derived from a utility pad mounted transformer located at the
northwest approach. The utility metering equipment is mounted on the low voltage
section of the step down transformer. The utility service is provided with a service
disconnect switch on the load side of the step down transformer to interrupt power to
the bridge for maintenance and troubleshooting.

2.3.

Standby Power System

The bridge is provided with a standby generator for backup power. is model DFAC5629306 manufactured by Cummins Power Generation, and is rated at 250kW, 277/480
volts. The generator is capable of operating the bridge for all identified modes of
operation. The generator is provided with 125kW load bank mounted on the generator.
The load bank is used to exercise the generator under load during maintenance. The
system is provided with an automatic transfer switch (ATS), which automatically
switches to standby power in the event of a utility power failure. The ATS is located in
the generator room in a wall mounted enclosure.

2.4.

Emergency Hand Drive System

An emergency hand drive system is provided for the bridge that is used in the event of
the main drive system failure or both utility and generator outage. The hand drive
consists of a 120V DeWalt DW138 drill that can be plugged into a receptacle that is fed
by a mobile generator receptacle and a local disconnect switch. The mobile generator
receptacle is mounted on the utility main disconnect switch enclosure located in the
utility compounded area.
2
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Span Drive System

The span drive system consists of two (2) span drive motors, two (2) thrustor motor
brakes and two (2) thrustor machinery brake. See Figure 2 for span drive machinery
arrangement.

Figure 2: Span Drive Machinery
The span drive motors are Reuland wound rotor induction motors rated for 75HP at 900
RPM. The motors are configured as redundant units and are controlled from respective
SCR drive controllers for torque and speed control. Each SCR drive controller is
provided with a combination of tachometer and speed switch unit. Each
tachometer/speed switch is mounted on an extension shaft of each drive motor. These
units provide the necessary feedback to the SCR drive controller for speed control of
their respective span drive motor. They also provide an over speed trip function to trip
the drive controller in the event that set speeds are exceeded.

2.6.

Tail Lock System

The bridge is provided with four (4) tail locks. The lock bar-type tail lock is provided at
the tail end of each bascule girder to limit span movement when it is engaged. The lock
bar is driven by an electro-mechanical linear actuator and is supported by a front and
rear guide. When driven, the lock bar engages a strike plate attached to the bascule
girder. When retracted, the lock bar is pulled outboard of the bascule girder and allows
the leaf to open. See Figure 3 for the tail lock machinery arrangement.
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Figure 3: Tail Lock Arrangement
The lock system is provided with an electrically operated linear actuator, limit switches,
and an emergency drive hand wheel mechanism. Lock bar control is an integrated part
of the bridge operating system and its operation is interlocked with the span seated limit
switches to ensure that the span is seated prior to operation.
The lock bar is capable of being operated manually with the emergency drive hand
wheel in the event of electric operating failure or for maintenance and troubleshooting.
Each tail lock bar arrangement includes two limit switches: a rotary cam limit switch
(RCLS) for end of travel control and a positive indication limit switch used for
interlocking and indication.

2.7.

Traffic Control System

The bridge traffic control system consists of a combination of traffic lights, warning
gates, and pedestrian control that are integrated into the bridge control system.
Traffic lights consist of two sets of three aspect traffic lights suspended over each
approach roadway from a pole mounted cantilevered arm.
Two (2) warning gates are provided at each of the bridge approaches and, when
lowered, straddle the full width of the approach roadway. Each warning gate consists of
a gate arm with steady and flashing lights. The warning gate enclosures include the
operating mechanisms used for raising and lowering the warning gate arm. Each
operating mechanism is provided with a hand crank mechanism for manual operation
in the event of electrical failure or for maintenance and troubleshooting. Each gate
mechanism is also provided with a set of limit switches that are used in the control
system.
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Drive Operating System

The bridge drive system is powered and controlled from a motor control center (MCC)
and silicone controlled rectifier (SCR) drive cabinets located in the electrical room.
The bridge main power feed is through a bottom entry into the MCC main feeder
breaker. The incoming feed is protected with transient voltage surge suppressors (TVSS)
located at the bottom left compartment of the MCC. The motor control starters are all
located in the MCC and a lighting panel is also provided in the MCC for powering the
bridge auxiliary loads. The bridge drive motors are powered and controlled by SCR
drives. Each SCR drive controller is provided with a combination of tachometer and
speed switch unit, mounted on an extension shaft of each drive motor. These units
provide the necessary feedback to the SCR drive controller for speed control of their
respective span drive motor. The feeder breakers for the SCR drives are located in the
MCC and are Kirk-Key interlocked to only allow single motor operation per leaf

2.9.

Control Logic System

The bridge control system consists of a PLC controller as the primary form of control.
Backup hard-wired relay logic is also provided at the bridge and used in the event of
PLC failure. Bridge interlocking is achieved through the use of either form of the logic
control. The PLC controller is located in the operator’s control console and the relay
logic is located in the bridge relay cabinet within the control room of the operator’s
house.
The bridge control, safety and sequencing interlocks utilize inputs from field located
limit switches and PLC / relay logic to ensure that the bridge is only operated in a
specific sequence and ensures safety for the traveling public, bridge operating staff and
the bridge physical structure and machinery.
As configured, the operator has complete control of the bridge from the operator’s
control desk. Additionally, the control system is provided with bypass functionality to
enable continued operation in the event of one or more field device failures.

2.10.

Overspeed Protection

The bridge control system is provided with overspeed protection based on feedback
from speed switches installed at each leaf machinery. The switch is used to provide the
following trip functions:
 Span drive system overspeed when operating at full speed. This trip function trips
the drive when the rated speed of the driven machinery exceeds 110% of its rated
speed. It ensures that no damage can occur to the bridge or its machinery due to
excessive speed of operation.
 Span drive reduced speed setting overspeed. This trip function trips the drive when
the low speed of the driven machinery exceeds 110% of its rated speed. It ensures
5
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that the drive is reducing speed at the nearly open or closed to stop the moving span
in a controlled manner.

2.11.

Navigational Aids

Navigation aids include fender lights, navigation lights, and a marine air horn.
The bridge is provided with three pedestal type fender navigation lights on each fender
for channel marking. The fender navigation lights are manual or automatic photocell
controlled. A relay cabinet is provided for the navigation lighting system to allow for
auto/manual operation. Additionally, the navigation lighting system is provided with a
battery bank and an inverter to ensure uninterrupted service for the navigation lighting
system.
There are four navigation lights which are used for marine traffic signaling. The lights
are pivot type green over red lights mounted at the toe end on the outboard sides of
each leaf.
A marine air horn is provided to signal marine traffic prior to a bridge opening and
closing. The air horn compressor is located at the west counterweight pit area and the
horn is located at the fender level directly facing the navigable channel.

2.12.

Intercom System

The bridge is provided with an intercom system for communications between different
areas throughout the bridge. Table 1 provides the intercom directory.
Table 1: Intercom Directory
Station #
10
11
12
13
14
15
16
17
18
19
20
21
22

Location
Control Room
Storage / Locker Room
Motor Control Room (Electrical Room)
Generator Room
Pier 1 North Catwalk
Pier 1 East Catwalk
Pier 1 South Catwalk
Pier 1 Machine Room
East Submarine Cabinet
Pier 2 North Catwalk
Pier 3 West Catwalk
Pier 2 South Catwalk
Pier 2 Machine Room

The bridge is also provided with a public address (PA) system. The PA controller is
located in the generator room. See Figure 4.
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Figure 5: Bridge Fire Alarm Panel

Other Systems

The bridge has been provided with a fire alarm system. The system consists of smoke
detectors, pull stations, and a fire alarm control panel located on the first floor of the
operator’s house. A smoke detector and a pull station are also provided in the
machinery space. See Figure 5.
The bridge is provided with a CCTV system. The CCTV cameras have been strategically
located throughout the bridge to monitor the bridge, roadway approaches, and
waterway approaches. The operator can monitor these locations from the office space
inside the bridge control room.
Thermostatically controlled heat tracing is provided for sanitary and water lines. The
control panel is located in the bascule pier area. See Figure 6 and Figure 7.

Figure 6: Heat Trace Control Panel

Figure 7: Open Heat Trace Control Panel
with Thermostats
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Operator’s Control Console Details

The control console layout is shown in Figure 8. The control console is where the
operator performs the normal leaf operations. The console includes indication lights,
pushbutton switches, indication lights, selector switches, and indication meters for the
operator’s use.

Figure 8. Control Console
Control console switches, pushbuttons, indication lights, and other feedback devices are
summarized in Table 2 through Table 6.
Table 2: Control Console - Switches
Switch
Description
Control Power
Control Mode
Leaf Speed
Traffic Signals
Traffic Gates
(4 Switches)
All Gates
Tail Locks
(4 Switches)
All Tail Locks
Generator
Nav. Lights

2 position keyed switch for control console power - Off / On
2 position switch for mode of operation - PLC / Relay
2 position switch for leaf speed - Normal / Reduced
2 position switch to operate traffic signals - Stop / Go
3 position switches used to operate the gates - Raise / Lower / Stop

Channel Spot Light

2 position switch for the channel spot light - Off / On

2 position switch controls all gates - Raise / Stop
3 position switches to operate each tail lock individually Pull/Stop/Drive
3 position switch operates all tail locks as a group - Pull/Stop/Drive
4 position switch - Auto/Test/Run/Off
3 position switch for navigation lights - Auto/Off/Manual
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Manual operation drum switch. The “B” positions release the brakes
prior to raising.
Manual operation drum switch. The “B” positions release the brakes
prior to raising.

Table 3: Control Console - Pushbuttons
Pushbutton
Description
Horn
Raise
Lower
Emergency Stop
Normal Stop
Alarm Acknowledge

Reset Alarm

Push to warn of bridge movement
Push to raise the leaves
Push to lower the leaves
Push to stop leaf operation in an emergency
All span drive brakes will set
Push to stop leaf operation in a non-emergency
The drives will decelerate and stop
Acknowledge alarm generated by the PLC (when alarm shows on PLC
display). Will need to acknowledge and reset to continue PLC mode
operation.
Reset alarm generated by the PLC. Alarm message on the display will
disappear if the alarm no longer exists.

Table 4: Control Console - Indication Lights
Light
Color
Illumination Condition
Control Power On
Relay
PLC
Drive Fault
Utility Power Available
Transfer Switch - Utility
Transfer Switch - Gen
Clear Position

Red
Red
White
Red
Red
Green
Red
Green

Heat Trace - Energize
Heat Trace - Failure
Phases Clear
Phases Fault

White
Red
White
Red

Generator - Auto
Generator - Normal
Generator - Test

Green
Green
Green

Leaf Position (1 light each leaf)
Over Travel
Red

The control console is powered in the ON position
Relay mode is selected
PLC system is active
The drive has faulted
ATS indicates that normal power is available
ATS in the utility position
ATS in the generator position
Indicates that the bridge is at full open (both RCLS
switches need to be set to activate the channel clear
light)
This indicates that the heat tracing is operating
This indicates a failure in the heat tracing system
Indicates no fault with the supply power phases
Indicates that one of the supply power phases has
faulted
Power automatically switches to gen. if utility failure
Generator is running
Generator start and running in test mode. Will not
transfer power.

Over travel reached (lever switch at treads)
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Full Open
Near Open
Near Closed
3 Touch Position

Green
Orange
Orange
Green

Full Closed

Green

Full open position reached (RCLS)
Nearly open position reached (RCLS)
Nearly closed position reached (RCLS)
Light indicates the “touch position” when the two
leaves’ center locks begin engagement
Fully closed position (seated limit switches )

Traffic Signals
Allow Traffic
Caution Traffic
Halt Traffic

Green
Amber
Red

Traffic signals are set to green
Traffic signals are amber, as part of change to red
Traffic signals are set to red

Traffic Gates
Gate Up
Gate Down

Green
Red

Gate raised (1 light for each gate, 4 total)
Gate lowered (1 light for each gate, 4 total)

Tail Locks
Lock Pulled
Lock Driven

Red
Green

Lock pulled (1 light for each lock, 4 total)
Lock driven (1 light for each lock, 4 total)

Span Drive Brakes
Brakes Set
Brakes Released

Green
Red

Brakes Hand Released

Red

All leaf brakes are set (1 light for each leaf, 2 total)
All leaf brakes are released
(1 light for each leaf, 2 total)
When any of the leaf brakes are hand released
(1 light for each leaf, 2 total)

Table 5: Control Console - Keyed Bypass Switches
Switch
Description
Traffic Signals

Traffic Gates Up

Traffic Gates Down

Locks Driven

Locks Pulled

In the event of traffic signal failure, this bypass switch could
be used to simulate traffic signal RED permissive and proceed
to the next step of the operating sequence.
In the event of any traffic gates up limit switch(es) failure, this
bypass switch could be used to simulate all traffic gates UP
permissive and proceed to the next step of the operating
sequence.
In the event of any traffic gates down limit switch(es) failure,
this bypass switch could be used to simulate all traffic gates
DOWN permissive and proceed to the next step of the
operating sequence.
In the event of any tail lock driven limit switch(es) failure, this
bypass switch could be used to simulate all tail locks DRIVEN
permissive and proceed to the next step of the operating
sequence.
In the event of any tail lock pulled limit switch(es) failure, this
bypass switch could be used to simulate all tail locks PULLED
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Brake Release Bypass

Brake Hand Release Bypass

Span Seated Bypass
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permissive and proceed to the next step of the operating
sequence.
In the event of any brake set limit switch(es) failure, this
bypass switch could be used to simulate all brakes SET
permissive and proceed to the next step of the operating
sequence (PLC only, not included in Relay mode).
In the event of any brake released limit switch(es) failure, this
bypass switch could be used to simulate all brakes RELEASED
permissive and proceed with span movement (PLC only, not
included in Relay mode).
The bridge control system prohibits the leaf operation if any
brake is hand released for the respective leaf. This bypass
switch allows span operation in the event of the brake being
hand released (PLC only, not included in Relay mode).
In the event of span seated limit switch(es) failure, this bypass
switch could be used to simulate both leaves are SEATED
permissive and proceed to the next step of the operating
sequence.

Table 6: Control Console - Meters and Other Feedback
Device
Description
East Leaf Position
West Leaf Position
Motor Ammeter
PLC Display

Angular position indication
Angular position indication
Motor current measurement - 1 for each motor
A display on the console used to provide feedback from PLC for faults,
etc.
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MCC Control Functionality (Bypass Modes)

The motor control center (MCC), located in the electrical room, includes the bridge main
power feed into the MCC main feeder breaker, a lighting panel, motor control starters,
and local control functionality for the locks, gates, and span drive brakes. See Figure 9.

Figure 9. Motor Control Center (MCC)
A brief description of the functionality of the MCC controls follows. Operation of any of
motors from the MCC is considered operation in bypass mode as it would circumvent
interlocks used within the control system to ensure the safety of the bridge, structure,
maintenance personnel, and the traveling public.
Operation of the any of the components in bypass mode must be done by trained
personnel and with absolute certainty that the structure and machinery will not be
damaged and ensuring the safety of maintenance personnel and the traveling public. See
Section 3.6f or notes on operation utilizing bypasses.
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Metering. See Figure 10. This device provides
real-time measurement of electrical power
parameters.



Motor Selection. See Figure 11. Breakers allow
for selection of the motor for each leaf. The
breakers are provided with kirk-key locks to
ensure that only one motor can be selected to
operate each leaf.
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Figure 10: Power Metering at MCC

Figure 11. Motor Selection at the MCC

Figure 12. Tail Lock Control at the MCC


Tail Lock Local Control. The tail locks may be operated in bypass mode individually
from the MCC. See Figure 12.
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The 2 position key switch should be set for REMOTE for normal operation
from the console. The switch should be set to LOCAL for control from the
MCC. Note that the LOCAL mode of operation will bypass all interlocks.
Use the 3 position switch (Pull/Off/Drive) to control the lock when in LOCAL
mode. The provided lights will illuminate when pulling / driving the locks.
WARNING – Bypassing the interlocks places the bridge structures, tail lock
machinery, maintenance personnel, pedestrians, and vehicular traffic at risk.
Operation of the locks in LOCAL mode must be done by trained personnel and with
absolute certainty that machinery will not be damaged and that the bridge leaf will
not move with the locks pulled.



Warning Gate Local Control. The warning gates may be operated individually from
the MCC. See Figure 13.
o The 2 position key switch should be set for REMOTE for normal operation
from the console. The switch should be set to LOCAL for control from the
MCC. Note that the LOCAL mode of operation will bypass all interlocks.
o Use the 3 position switch (Raise/Off/Lower) to control the gate when in
LOCAL mode.

Figure 13. Warning Gate Controls at the MCC
WARNING – Bypassing the interlocks places the bridge structures, gate machinery,
maintenance personnel, pedestrians, and vehicular traffic at risk. Operation of the
gates in LOCAL mode must be done by trained personnel and with absolute certainty
that the gates can be operated without harm to the machinery, pedestrians, or to
vehicular traffic.



Span Drive Motor and Machinery Brake Local Control. The brakes may be operated
individually from the MCC. Note that the LOCAL mode of operation will bypass all
interlocks.
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Release pushbutton. The release pushbutton releases the brake when in
LOCAL mode. An indication light illuminates when the brake starter
energizes.
Set pushbutton. The set pushbutton sets the brake when in LOCAL mode.
The indication light turns off when the brake starter de-energizes.
WARNING – Bypassing the interlocks places the bridge structures, span drive
machinery, maintenance personnel, pedestrians, and vehicular traffic at risk.
Operation of the brakes in LOCAL mode must be done by trained personnel and
with absolute certainty that the gates can be operated without harm to the machinery,
pedestrians, or to vehicular traffic.

3. Operating Sequences
3.1.

General Notes on Operation

Operation of the movable leaves may be performed under the following scenarios.
 PLC mode under utility or standby generator power
 Relay mode under utility or standby generator power
 Manual operation using the emergency hand drills
Note the following operation limitations:
 The minimum operation angle is 20 degrees to ensure that the mid-span shear locks
disengage (press normal stop to halt operation past this point).
 Hours of operation. With the exception of commercial vessels, no lifts between 7AM
to 9AM, 12PM to 1PM, and 4PM to 6PM.
 The operator should note weather conditions during operation and other factors that
may affect operation. High winds, snow accumulation, or other external loads may
impact the operation of the bridge. Note the following wind restrictions:
o Use NORMAL speed of operation for wind speeds < 35 mph.
o Use REDUCED speed of operation for wind speeds greater than 35 mph, but less
than 65 mph.
o Do not operate the bridge when winds exceed 65 mph.
Note the following during operation:
 Activation of the e-stop pushbutton on the desk will prevent initiation of a bridge
operation. Following an e-stop, the button will need to be pulled to the UP position
and the Reset Alarm pushbutton must be pressed.
 Drive faults are addressed using the Reset Alarm pushbutton. If an issue continues,
current practice is to switch the drives until the issue can be addressed.
 All operational issues and drive faults should be recorded within the County’s
electronic records.
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PLC Operation on Utility Power

Starting Conditions
a. Control console navigation light switch in AUTO position
b. Control console e-stop pushbutton in the UP position
1. Energize the control console.
Turn the control console key to the ON position. Verify that the following status
indication lights are illuminated:
a. Control Power On – RED
b. Utility Power Available – RED
c. Transfer Switch - Utility Power Selected – GREEN
d. Generator - Auto – GREEN
e. Phases Clear - WHITE
Verify that the following lights are illuminated GREEN
a. Traffic Lights – indicating ‘go’
b. Traffic Gates – East and West on-coming and off-going indicating ‘up’
c. Tail Locks, East and West #1, 2, 3, 4 – indicating ‘driven’
d. Brakes, East and West – indicating ‘set’
2. Select the Operating Mode
Turn the Control Mode switch to PLC.
The PLC indication light illuminates WHITE
3. Select Leaf Speed
a. NORMAL Speed. Use normal speed for most operations unless there are high
loads due to wind (> 35 mph), snow, or other external loads.
b. REDUCED Speed. Use with winds >35 to <65 mph winds, or heavy bridge load
conditions.

WARNING – Do not operate the bridge when there are wind speeds greater than 65
mph or when there are known excessive external loads (snow, construction materials,
etc.)

4. Announce lift intention
Use the internal intercom system to announce the intention to lift.
Note: press and release ‘7,’ then press and hold ‘T’ while announcing intention.
Press, then release ‘X’ to end broadcast.
5. Change Traffic Signals to RED
a. Change the signals from GREEN to RED by turning the ‘traffic signals’ control
switch from ‘go’ to ‘stop.’
The red light will illuminate.
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b. As traffic signals change from GREEN, to YELLOW, to RED, the gate lights begin
to flash, and the traffic/pedestrian alarm begins to sound.
Verify that traffic has stopped. Visually check in both directions.
Sound the marine horn once by depressing and holding down the Horn button for
approximately three (3) seconds.
Verify that traffic and pedestrians are behind the gates.
a. Use monitors and visual checks.
b. Use microphone, if necessary, to communicate with pedestrians.
Lower the on-coming traffic gates.
Lower the oncoming traffic gates by turning and holding the East and West
Oncoming Warning Gates switches to the LOWER position until the gates are fully
lowered.

WARNING – Always lower the on-coming traffic gates before lowering the off-going
gates

10. Lower the off-going traffic gates.
Lower the off going traffic gates by turning and holding the East and West Off Going
Warning Gates switch to the LOWER position until the gates are fully lowered.
11. Verify traffic has stopped using the monitors and visually check in both directions.
12. Pull the tail locks.
a. Operate as a group. To pull all tail locks as a group, turn and hold the All Locks
switch to the PULL position. When a lock reaches its fully pulled position, its
pulled light illuminates.
b. Operate individually. To pull the tail locks individually, turn each lock switch (1,
2, 3, & 4) to the PULL position.
13. Raise the span by pressing the Raise pushbutton.
a. The system will automatically release brakes before raising the span, accelerate
to creep speed then to full speed after touching position is cleared, slow span
speed to creep at near open, de-energize drive system, and set brakes at full
open.
b. The navigation lights change from red to green at full open.
c. To stop in a non-emergency, at an intermediate position, press the Normal Stop
pushbutton.
NOTE - Pressing the Emergency-Stop button will impart significant impact

loads to the span drive machinery. Use the Normal Stop button for nonemergencies.
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14. Visually confirm that marine traffic has cleared the channel.
15. Sound the marine horn once by depressing and holding down the Horn button for
approximately three (3) seconds.
16. Begin to lower the span by pressing the Lower pushbutton.
a. Note: The system will automatically release the brakes before lowering
movement begins, the west leaf begins lowering followed by the east leaf. When
each leaf enters the near closed position, the span system stops each leaf and sets
the brakes.
b. The system will automatically release brakes before lowering the span.
c. The west leaf beings lowering followed by the east leaf.
d. When each leaf enters the nearly closed position, the system stops each leaf and
sets the brakes.
e. The navigation lights change from green to red once the angle is reduced from
full open.
f. To stop in a non-emergency, at an intermediate position, press the Normal Stop
pushbutton.
17. Finish lowering the span by pressing the foot switch to lower the spans at creep
speed from the touch position.
a. Note: the system will automatically release brakes and lower spans to the seated
position. At seated, the brakes set and the drives de-energize.
18. Drive the tail locks.
a. Group drive the tail locks by turning and holding the All Locks switch to the
DRIVE position.
b. As a lock begins driving, its Pulled light turns off. When a lock reaches its fully
driven position, its Driven light illuminates. When the first lock begins driving,
the gong begins sounding.
c. Note: Moving the switch to the STOP position causes all lock movement to stop.
19. Raise all traffic gates.
a. Group raise the traffic gates by turning and holding the All Gates switch to the
RAISE position.
b. As a gate begins raising, its lowered light turns off. When a gate reaches its fully
raised position, its raised light illuminates.
a. Note: Moving the switch to the STOP position causes all gate movement to stop.
20. Change the traffic lights to green.
Change traffic signals from red to green by turning the Traffic Light Selection switch
to the GO position. Traffic signals and control console traffic signal light illuminates
and the gongs stop sounding.
21. De-energize the control console by turning the control power selector switch to the
OFF position.
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Relay Operation on Utility Power

Starting Conditions
a. Control console navigation light switch in AUTO position
b. Control console e-stop pushbutton in the UP position
1. Energize the control console.
Turn the control console key to the ON position. Verify that the following status
indication lights are illuminated:
a. Control Power On – RED
b. Utility Power Available – RED
c. Transfer Switch - Utility Power Selected – GREEN
d. Generator - Auto – GREEN
e. Phases Clear - WHITE
Verify that the following lights are illuminated GREEN
e. Traffic Lights – indicating ‘go’
f. Traffic Gates – East and West on-coming and off-going indicating ‘up’
g. Tail Locks, East and West #1, 2, 3, 4 – indicating ‘driven’
h. Brakes, East and West – indicating ‘set’
2. Select the Operating Mode
Turn the Control Mode switch to RELAY.
The RELAY indication light illuminates RED
3. Select Leaf Speed to REDUCED

WARNING – Always use REDUCED speed for relay mode operation

4. Announce lift intention.
Use the internal intercom system to announce the intention to lift.
Note: press and release ‘7,’ then press and hold ‘T’ while announcing intention.
Press, then release ‘X’ to end broadcast.
5. Change traffic signals to RED
c. Change the signals from GREEN to RED by turning the ‘traffic signals’ control
switch from ‘go’ to ‘stop.’
The red light will illuminate.
d. As traffic signals change from GREEN, to YELLOW, to RED, the gate lights begin
to flash, and the traffic/pedestrian alarm begins to sound.
6. Verify that traffic has stopped. Visually check in both directions.
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7. Sound the marine horn once by depressing and holding down the Horn button for
approximately three (3) seconds.
8. Verify that traffic and pedestrians are behind the gates.
c. Use monitors and visual checks.
d. Use microphone, if necessary, to communicate with pedestrians.
9. Lower the on-coming traffic gates.
Lower the oncoming traffic gates by turning and holding the East and West
Oncoming Warning Gates switches to the LOWER position until the gates are fully
lowered.

WARNING – Always lower the on-coming traffic gates before lowering the
off-going gates

10. Lower the off-going traffic gates
Lower the off going traffic gates by turning and holding the East and West Off Going
Warning Gates switch to the LOWER position until the gates are fully lowered.
11. Verify traffic has stopped using the monitors and visually check in both directions.
12. Pull the tail locks.
a. Operate as a group. To pull all tail locks as a group, turn and hold the All Locks
switch to the PULL position. When a lock reaches its fully pulled position, its
pulled light illuminates.
b. Operate individually. To pull the tail locks individually, turn each lock switch (1,
2, 3, & 4) to the PULL position.
13. Raise the span by pressing the Raise pushbutton.
d. The system will automatically release brakes before raising the span, accelerate
to creep speed then to full speed after touching position is cleared, slow span
speed to creep at near open, de-energize drive system, and set brakes at full
open.
e. The navigation lights change from red to green at full open.
f. To stop in a non-emergency, at an intermediate position, press the Normal Stop
pushbutton.

NOTE - Pressing the Emergency-Stop button will impart significant impact
loads to the span drive machinery. Use the Normal Stop button for nonemergencies.
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14. Sound the marine horn once by depressing and holding down the Horn button for
approximately three (3) seconds.
15. Visually confirm that marine traffic has cleared the channel.
16. Begin to lower the span by pressing the Lower pushbutton.
a. Note: The system will automatically release the brakes before lowering
movement begins, the west leaf begins lowering followed by the east leaf. When
each leaf enters the near closed position, the span system stops each leaf and sets
the brakes.
b. The system will automatically release brakes before lowering the span.
c. The west leaf beings lowering followed by the east leaf.
d. When each leaf enters the nearly closed position, the system stops each leaf and
sets the brakes.
e. The navigation lights change from green to red once the angle is reduced from
full open.
f. To stop in a non-emergency, at an intermediate position, press the Normal Stop
pushbutton.
17. Finish lowering the span by pressing the foot switch to lower the spans at creep
speed from the touch position.
a. Note: the system will automatically release brakes and lower spans to the seated
position. At seated, the brakes set and the drives de-energize.
18. Drive the tail locks
a. Group drive the tail locks by turning and holding the All Locks switch to the
DRIVE position.
b. As a lock begins driving, its Pulled light turns off. When a lock reaches its fully
driven position, its Driven light illuminates. When the first lock begins driving,
the gong begins sounding.
c. Note: Moving the switch to the STOP position causes all lock movement to stop.
19. Raise all gates
a. Group raise the traffic gates by turning and holding the All Gates switch to the
RAISE position.
b. As a gate begins raising, its lowered light turns off. When a gate reaches its fully
raised position, its raised light illuminates.
b. Note: Moving the switch to the STOP position causes all gate movement to stop.
20. Change the traffic lights to green.
Change traffic signals from red to green by turning the Traffic Light Selection switch
to the GO position. Traffic signals and control console traffic signal light illuminates
and the gongs stop sounding.
21. De-energize the control console by turning the Control Power selector switch to the
OFF position.
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Operation on Standby (Generator Power)

The operation sequence when using standby generator power is the same as for utility
power. In the event of a utility failure, the ATS will automatically transfer power to the
generator.
Note the following changes to control console indication with the control console in the
ON position:
a.
b.
c.
d.

Control Power On – RED
Transfer Switch - Generator Power Selected - RED
Generator - Run - GREEN
Phases Clear - WHITE

3.5.

Manual Operation Sequence Using Emergency Drive Drills

An emergency hand drive system is provided for manual operation of the bridge which
may be used in the event of the main drive system failure or both utility and generator
outage. See Figure 14.

Figure 14. Emergency Drive Hand Drive Drill

WARNING - Operation of the leaves with the emergency hand drills poses
significant safety risks as positional control and safety interlocks are
excluded. Operation with the hand drills should only be performed in an
emergency and with personnel trained in their safe usage.
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Starting Conditions
 Manual operation using the emergency drive may be desired if there is a loss in
utility power and if the standby generator is out of service.
 A properly sized mobile generator is provided at the utility substation receptacle.
 Provide a marine radio for contact with marine vessels.
 Assume start from seated position and that the leaves are span heavy throughout
operation.
 2020 imbalance testing indicated that both leaves should be span heavy throughout
operation. The emergency drive system must only be used when the bridge is
balanced and there are no significant external loads.

WARNING – The emergency drive must not be operated when temporary
construction materials are on the bridge, or with significant snow or ice
loads, or with wind loads. Emergency drive operation with external loads
may result in loss of control of the leaves.





Provided adequate safety procedures are in place, opening a span heavy bridge
using the emergency drive drills is possible. It is unlikely that the drills can
accommodate overhauling torque when lowering the span heavy leaves. Attempts at
closing the bridge using the drill may not be successful and may result in loss of
control of the bridge. Lowering should be performed by carefully hand releasing and
setting the motor brakes to incrementally lower the leaves.
This procedure assumes that workers can access the motor brakes to set them, with
the bridge at full open, from the emergency drill access platform.

Safety
 For emergency drive operation, provide lock out / tag out to ensure that none of the
motors (span drive, gates, brakes, tail locks) can be energized during manual
operation.
 All personnel shall be in close radio contact throughout the operation process.
 All span drive brakes shall be set until ready to operate.
 This procedure assumes that the motor brakes are accessible and operable, using
the hand release levers, from the emergency drive platforms that provide access to
the drills. This must be verified before operation with the emergency drives.
Personnel Required
 Manual operation using the emergency drive will require significant personnel to
ensure the safety of the workers, the bridge, and the traveling public.
 A suggested minimum number of workers includes
o 5 workers per leaf (10 workers total):
 1 worker to operate the drill
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 2 workers to operate the brakes
 2 workers to operate the tail locks (one for each lock)
1 worker in the control house monitoring vehicular and pedestrian traffic
visually.
1 worker at each approach to flag vehicular traffic (2 workers total).
1 worker at each approach to manually operate the traffic gates (2 workers
total).
1 worker to monitor the mobile generator at the utility substation.

1. Start the mobile generator to supply power to the hand drive drills.
2. Release stored energy and connect the hand drive drill to the span drive machinery
at each leaf. On a given leaf:
 Slowly release span drive brakes one-at-a-time and allow stored mechanical
energy (wind-up) to come out of the machinery.
 Reset the brakes.
 Plug in the hand drive drill to the emergency power receptacle and test to ensure
operable.
 Connect the hand drive drill to the primary reducer right angle shaft extension.
3. Provide flagging to halt traffic at both approaches.
4. Verify that traffic has stopped. Visually check in both directions. Verify that traffic
and pedestrians are behind the gates.
5. Lower the on-coming traffic gates manually.
Lower oncoming traffic gates by using the manual hand cranks at the motor shaft
extensions.

WARNING – Always lower the on-coming traffic gates before lowering the
off-going gates

6. Lower off-going traffic gates
Lower oncoming traffic gates by using the manual hand cranks at the motor shaft
extensions.
7. Verify traffic has stopped both directions.
8. Pull the tail locks.
Manually pull the tail locks one at a time, using their emergency drive hand wheels,
ensuring no movement at the leaves while pulling the locks.
9. Hand release the span drive brakes.
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Hand release brakes one at a time. Start with the machinery brakes. The motor
brakes should be the final brakes released, with personnel ready on the
emergency drive platform for operation.
 Watch for sudden movement of the machinery. If there is unusual movement, set
the brakes and investigate / resolve the issue.
With all brakes hand released, use the emergency drive drill to operate the leaves.
 Personnel should be prepared to set the motor brakes if there are any operational
issues, such as loss of control of the leaf (e.g., the leaf begins to lower while
trying to raise it).
 At the start of operation, verify the correct direction of machinery rotation.
 Coordinate operation between the two leaves; they need to be operated together
to free up the mid-span shear locks.
 Slowly raise the two leaves to the desired opening position. Operation in
increments is recommended, setting the motor brakes whenever the drills are not
driving. The opening angle should be limited to the extent possible.
 Set the brakes whenever the leaves are at the desired position.
Communicate to the marine vessel that the channel is clear for travel.
Confirm that the marine traffic has cleared the channel visually and using radio
contact with the vessel.
Notify all personnel that the bridge will be closed.


10.

11.
12.
13.

Note. For closing, it is assumed that the leaves are span heavy beyond friction, and that
they may be drifted down slowly by “feathering” the span drive motor brakes.
WARNING – It is unlikely that the drills can accommodate overhauling
torque when lowering the span heavy leaves. Attempts at closing the bridge
using the drills may not be successful and may result in loss of control of the
bridge. Lowering should be performed incrementally by carefully and safely
hand releasing / setting the motor brakes.

14. Release one of the two span drive motor brakes and check for movement.
15. Assuming no movement, slowly hand release the second motor brake to allow the
leaf to lower.
16. Set and release one of the two motor brakes to allow the leaf to lower in small
increments. Ensure that the motor brake wheel does not overheat during this
process. If it is hot to the touch, halt the operation until the brake wheel cools.
17. Provide radio coordination between the two leaves to coordinate leaf position.
18. Use visual inspection and close radio coordination to ensure that the two shear locks
properly engage when approaching the lowered position.
19. Continue to set and release one of the two motor brakes to lower the leaf to the
seated position, taking care not to allow the brake wheel to overheat.
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20. Once seated, use the emergency drive drills to drive the leaves into the seated
position. Set the motor brakes while holding drill torque.
21. Set all span drive brakes.
22. Manually drive all tail locks using their emergency drive hand wheels.
23. Raise the off-going traffic gates by using the manual hand cranks at the motor shaft
extensions.
24. Raise the on-coming traffic gates by using the manual hand cranks at the motor shaft
extensions.
25. Release the traffic.

3.6.

Bypass Operations

Bypass functionality is provided with keyed switches at the control console and at the
MCC. See Table 5 in Section 2.14 and see Section 2.15 for a list of bypass switches. A
description of available bypasses is provided in Table 7.
WARNING – Bypassing the interlocks places the bridge structures,
machinery, maintenance personnel, pedestrians, and vehicular traffic at risk.
Operation of any of the systems in bypass mode must be done by trained
personnel and with certainty of the safety for personnel, the public, the
structure, and the machinery.

Table 7: List of Bypasses
Bypass
Location Description
Traffic
Signals
Traffic
Gates
Up
Traffic
Gates
Down

Control
Console
Control
Console
Control
Console

Locks
Driven

Control
Console

Locks
Pulled

Control
Console

Brake
Set

Control
Console

In the event of traffic signal failure, this bypass switch could be used
to simulate traffic signal RED permissive and proceed to the next step
of the operating sequence.
In the event of any traffic gates up limit switch(es) failure, this bypass
switch could be used to simulate all traffic gates UP permissive and
proceed to the next step of the operating sequence.
In the event of any traffic gates down limit switch(es) failure, this
bypass switch could be used to simulate all traffic gates DOWN
permissive and proceed to the next step of the operating sequence.
In the event of any tail lock driven limit switch(es) failure, this bypass
switch could be used to simulate all tail locks DRIVEN permissive and
proceed to the next step of the operating sequence.
In the event of any tail lock pulled limit switch(es) failure, this bypass
switch could be used to simulate all tail locks PULLED permissive and
proceed to the next step of the operating sequence.
In the event of any brake set limit switch(es) failure, this bypass switch
could be used to simulate all brakes SET permissive and proceed to
the next step of the operating sequence (PLC only, not included in
Relay mode).
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Console

Brake
Hand
Release

Control
Console

Span
Seated

Control
Console
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In the event of any brake released limit switch(es) failure, this bypass
switch could be used to simulate all brakes RELEASED permissive
and proceed with span movement (PLC only, not included in Relay
mode).
The bridge control system prohibits the leaf operation if any brake is
hand released for the respective leaf. This bypass switch allows span
operation in the event of the brake being hand released (PLC only, not
included in Relay mode).
In the event of span seated limit switch(es) failure, this bypass switch
could be used to simulate both leaves are SEATED permissive and
proceed to the next step of the operating sequence.

In the event of a switch failure, the switches may be bypassed
and the individual locks may be pulled or retracted from MCC
LOCAL control.
In the event of a switch failure, the switches may be bypassed
and the individual gates may be raised or lowered from MCC
LOCAL control.
In the event of a switch failure, the switches may be bypassed.
The brakes may be released or set from MCC LOCAL control.

The control system utilizes limit switch feedback as part of a coordinated sequence of
operation to ensure the safety of the bridge and of the traveling public. Limit switch
feedback would, for example, ensure that the traffic signals are red before lowering the
gates, and that the gates are down before pulling the locks or raising the leaves. There
are inherent risks in bypassing these safety features.
To properly use bypasses, maintenance and operation personnel must act as a substitute
for the switch feedback and provide physical verifications in place of failed switches
and/or provide a substitute service in place of a failed component.
Generally, bypasses would be used by trained maintenance personnel to operate the
bridge or a machinery component when there is a limit switch issue, or as part of
troubleshooting of a failed component. It is not practical to provide detailed procedures
to cover all circumstances where bypasses may be utilized. Selected circumstances
where bypasses may be utilized are provided below as an example and for consideration
for future bypass usage.

3.6.1
Issue:

Example use of Traffic Gates Down Bypass at Console
During an operating sequence, all four of the gates physically lowered, but the
control console shows one of the four gates to be raised.
Failed or incorrectly adjusted gate limit switch.

Possible
Cause:
Procedure: 1. Verify that all four gates are lowered.
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2. Use the Control Console Traffic Gates Down keyed bypass switch to continue
the operating sequence from the console.
3. Troubleshoot and repair the issue after the desired operation.

3.6.2

Example use of Traffic Signal Bypass at Console

Issue:

All or some of the traffic signals have failed. A desired operation has failed as the
console indicators show that vehicular traffic has a green light.
Possible
Failure of the control system to command operation of the light or failure of the
Cause:
traffic light control power.
Procedure: 1. Provide flaggers to ensure that traffic is stopped.
2. Once traffic is physically confirmed to have stopped, use the Control Console
Traffic Signals keyed bypass switch to continue the operating sequence from the
console.
3. Troubleshoot and repair the failed component after the desired operation.

3.6.3
Issue:

Example use of Locks Driven Bypass at Console
An operating sequence from the console has failed after closing. The console
indication lights show that one of the four locks has not driven.
Failure of the operation of the lock or failed or incorrectly adjusted limit switch.

Possible
Cause:
Procedure: 1. Physically inspect the lock. If it has not driven fully, manually drive the lock
to its driven position using its emergency drive hand wheel. If it is driven fully,
the issue may be related to a limit switch.
2. Once all locks are verified to be fully driven, if the console still does not
provide the proper indication, use the Control Console Locks Driven keyed
bypass switch to conclude the operating sequence from the console.
3. Troubleshoot and repair the issue after the desired operation.

3.6.4
Issue:

Example use of Locks Pulled Bypass at Console
An operating sequence from the console has failed near the start of the operating
sequence. The console indication lights show that one of the four locks has not
pulled.
Failure of the operation of the lock or failed or incorrectly adjusted limit switch.

Possible
Cause:
Procedure: 1. Physically inspect the lock. If it has not pulled fully, manually pull the lock to
its pulled position using its emergency drive hand wheel. If it pulled fully, the
issue may be related to a limit switch.
2. Once all locks are verified to be fully pulled, if the console still does not
provide the proper indication, use the Control Console Locks Pulled keyed bypass
switch to conclude the operating sequence from the console.
3. Troubleshoot and repair the issue after the desired operation.

28

Colonel Patrick O’Rorke Memorial Bridge
Rochester, NY

3.6.5
Issue:

Operation
Manual

Example use of Brake Set Bypass at Console
An operating sequence from the console has failed. The console indication lights
show that one of brakes on the west leaf is released.
The limit switch has failed.

Possible
Cause:
Procedure: 1. Physically inspect the brakes and confirm that all brakes for the leaf are set.
2. Verify that all brakes on the leaf set when required and release when required.
3. Once it is confirmed that the brakes are set, use the Control Console Brake Set
keyed bypass switch to conclude the operating sequence from the console.
4. Troubleshoot and repair the issue after the desired operation.

3.6.6
Issue:

Example use of Span Seated Bypass at Console
An operating sequence from the console has failed at the end of the operation.
The console indication lights show that one of the leaves is not fully seated.
A span seated limit switch has failed.

Possible
Cause:
Procedure: 1. Physically inspect the seated limit switch and confirm the proper position of
the leaf so that the locks can be safely driven.
2. Once it is confirmed that the leaf is seated, use the Control Console Span
Seated keyed bypass switch to conclude the operating sequence from the console.
3. Troubleshoot and repair the issue after the desired operation.

3.6.7

Bypasses at the MCC

Bypass functionality is provided for the locks, gates, and brakes from the MCC. The
locks and gates may be individually operated from the MCC by setting a switch to
LOCAL control at the MCC enclosure. Operation from the MCC will bypass interlocks
but will retain end of travel limits.
Operation from the MCC should generally only be pursued for maintenance and
troubleshooting purposes. When any of the components are operated from the MCC,
personnel must ensure safe operation:





Driving locks from MCC. Ensure that the span is seated for driving locks. If there is a
physical issue driving the locks, consider inspecting the live load reactions and the
tail lock receivers to check alignment and for debris or other obstructions that may
inhibit operation.
Pulling locks from the MCC. The locks are safety devices to prevent movement of
the span under traffic. Ensure that traffic is halted before pulling locks.
Raising gates from MCC. Ensure that the leaves are seated and that the tail locks are
engaged before raising the gates from the MCC.
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Lowering gates from MCC. Ensure that vehicular traffic has been halted. A flagger is
recommended for unusual circumstances where a single gate would be raised and
lowered.
Releasing or setting brakes from MCC. Individual brakes may be released or set
from the MCC as part of maintenance repairs. Care should be taken to ensure that
the bridge is closed and that the tail locks are driven as releasing brakes may result
in movement of the leaves.

3.7.

Startup After Shutdowns

Additional precautions should be taken when putting the bridge back into service after
extended shutdowns or after significant maintenance efforts. Minimum recommended
action items are provided below. Qualified personnel should provide additional
requirements as necessary based on the nature and cause of the shutdown and the scope
of work of any repairs.














Mechanical maintenance personnel should inspect the mechanical machinery
components for suitability for operation. Typical inspections would include ensuring
that equipment and structural items are positively secured, components are
lubricated, brakes are operational, etc. See the mechanical maintenance manual for
typical maintenance and inspection requirements for each machinery component.
Electrical maintenance personnel should inspect the electrical components for
suitability for operation. See the electrical maintenance manual for typical
maintenance and inspection requirements for the electrical components.
Perform a visual inspection and ensure that there are no obstructions for bridge
operation over the full range of travel. This includes a review of the flat treads to
ensure that they are free of debris.
Ensure that there are no loose components or other items on the bascule span that
could move when the bridge is operated.
Evaluate the effect of any shutdown changes to the movable leaf that would affect
the imbalance of the leaf. Ensure that the operating loads will be within the capacity
of the span drive machinery.
Remove accumulated ice loads and snow loads to minimize start-up loads.
Test and ensure that the control console indication lights are all functional.
Test and ensure that field feedback devices are functional.
Ensure that the all control console inputs (switches, etc.) are properly positioned.
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1. General Information
1.1. Introduction
The following describes in general terms those electrical systems and equipment
associated with the operation of the bridge. This system information is intended to
explain the general functionality of the furnished electrical equipment and how they are
integrated into the various bridge operating systems.

1.2. Safety
There are inherent safety risks associated with the operating electrical equipment and
machinery for movable bridges. Notable safety hazards include dangers from electric
potentials, high speed rotating mechanical parts, high temperature of equipment, fall
hazards, and slipping hazards from spilled fluids.
Maintenance must be performed by competent, qualified, and certified personnel
experienced in the maintenance and operation of electrical systems and equipment and
with heavy machinery. Personnel must be familiar with the specific systems associated
with the bridge. Refer to appropriate Monroe County or NY state documents for
detailed safety procedures and regulations, including any lockout / tagout requirements.
All maintenance personnel must, at all times, maintain a line of communications with
the bridge operator and all other personnel that are working on the bridge when
performing bridge maintenance. Ensure that all parties are notified and in a safe position
prior to bridge, traffic control or any bridge electrical or machinery operation. Similarly,
ensure that the operator is aware of any maintenance activities that may delay the
operation of the bridge. Communication is essential to ensure safe coordination of
operation and maintenance activities.

2. Systems Description
2.1. Introduction
The following describes in general terms of those electrical systems and equipment
associated with the operation of the bridge. This system information is intended to
explain the general functionality of the furnished electrical equipment and how they are
integrated into the various bridge operating systems. The layout of the movable bridges
and machinery is provided in Figure 1.
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Figure 1: Bridge Layout with Machinery System Locations

2.2. Normal Power System
The electric utility service consists of a 480/277 volt, 3-phase, 4-wire, solidly grounded
system, which is derived from a utility pad mounted transformer located at the
northwest approach. The utility metering equipment is mounted on the low voltage
section of the step down transformer. The utility service is provided with a service
disconnect switch on the load side of the step down transformer to interrupt power to
the bridge for maintenance and troubleshooting.

2.3. Standby Power System
The bridge is provided with a standby generator for backup power. is model DFAC5629306 manufactured by Cummins Power Generation, and is rated at 250kW, 277/480
volts. The generator is capable of operating the bridge for all identified modes of
operation. The generator is provided with 125kW load bank mounted on the generator.
The load bank is used to exercise the generator under load during maintenance. The
system is provided with an automatic transfer switch (ATS), which automatically
switches to standby power in the event of a utility power failure. The ATS is located in
the generator room in a wall mounted enclosure.

2.4. Emergency Span Drive System
An emergency hand drive system is provided for the bridge that is used in the event of
the main drive system failure or both utility and generator outage. The hand drive
consists of a 120V DeWalt DW138 drill that can be plugged into a receptacle that is fed
by a portable generator receptacle and a local disconnect switch. The portable generator
receptacle is mounted on the utility main disconnect switch enclosure located in the
utility compounded area.
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2.5. Span Drive System
The span drive system consists of two (2) span drive motors, two (2) thrustor motor
brakes and two (2) thrustor machinery brake. See Figure 2 for span drive machinery
arrangement.

Figure 2: Span Drive Machinery
The span drive motors are Reuland wound rotor induction motors rated for 75HP at 900
RPM. The motors are configured as redundant units and are controlled from respective
SCR drive controllers for torque and speed control. Each SCR drive controller is
provided with a combination of tachometer and speed switch unit. Each
tachometer/speed switch is mounted on an extension shaft of each drive motor. These
units provide the necessary feedback to the SCR drive controller for speed control of
their respective span drive motor. They also provide an over speed trip function to trip
the drive controller in the event that set speeds are exceeded.

2.6. Tail Lock System
The bridge is provided with four (4) tail locks. The lock bar-type tail lock is provided at
the tail end of each bascule girder to limit span movement when it is engaged. The lock
bar is driven by an electro-mechanical linear actuator and is supported by a front and
rear guide. When driven, the lock bar engages a strike plate attached to the bascule
girder. When retracted, the lock bar is pulled outboard of the bascule girder and allows
the leaf to open. See Figure 3 for the tail lock machinery arrangement.
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Figure 3: Tail Lock Arrangement
The lock system is provided with an electrically operated linear actuator, limit switches,
and an emergency drive hand wheel mechanism. Lock bar control is an integrated part
of the bridge operating system and its operation is interlocked with the span seated limit
switches to ensure that the span is seated prior to operation.
The lock bar is capable of being operated manually with the emergency drive hand
wheel in the event of electric operating failure or for maintenance and troubleshooting.
Each tail lock bar arrangement includes two limit switches: a rotary cam limit switch
(RCLS) for end of travel control and a positive indication limit switch used for
interlocking and indication.

2.7. Traffic Control System
The bridge traffic control system consists of a combination of traffic lights, warning
gates, and pedestrian control that are integrated into the bridge control system.
Traffic lights consist of two sets of three aspect traffic lights suspended over each
approach roadway from a pole mounted cantilevered arm.
Two (2) warning gates are provided at each of the bridge approaches and, when
lowered, straddle the full width of the approach roadway. Each warning gate consists of
a gate arm with steady and flashing lights. The warning gate enclosures include the
operating mechanisms used for raising and lowering the warning gate arm. Each
operating mechanism is provided with a hand crank mechanism for manual operation
in the event of electrical failure or for maintenance and troubleshooting. Each gate
mechanism is also provided with a set of limit switches that are used in the control
system.

4

Colonel Patrick O’Rorke Memorial Bridge
Rochester, NY

Electrical Maintenance
Manual

2.8. Drive Operating System
The bridge drive system is powered and controlled from a motor control center (MCC)
and silicone controlled rectifier (SCR) drive cabinets located in the electrical room.
The bridge main power feed is through a bottom entry into the MCC main feeder
breaker. The incoming feed is protected with transient voltage surge suppressors (TVSS)
located at the bottom left compartment of the MCC. The motor control starters are all
located in the MCC and a lighting panel is also provided in the MCC for powering the
bridge auxiliary loads. The bridge drive motors are powered and controlled by SCR
drives. Each SCR drive controller is provided with a combination of tachometer and
speed switch unit, mounted on an extension shaft of each drive motor. These units
provide the necessary feedback to the SCR drive controller for speed control of their
respective span drive motor. The feeder breakers for the SCR drives are located in the
MCC and are Kirk-Key interlocked to only allow single motor operation per leaf

2.9. Control Logic System
The bridge control system consists of a PLC controller as the primary form of control.
Backup hard-wired relay logic is also provided at the bridge and used in the event of
PLC failure. Bridge interlocking is achieved through the use of either form of the logic
control. The PLC controller is located in the operator’s control console and the relay
logic is located in the bridge relay cabinet within the control room of the operator’s
house.
The bridge control, safety and sequencing interlocks utilize inputs from field located
limit switches and PLC / relay logic to ensure that the bridge is only operated in a
specific sequence and ensures safety for the traveling public, bridge operating staff and
the bridge physical structure and machinery.
As configured, the operator has complete control of the bridge from the operator’s
control desk. Additionally, the control system is provided with bypass functionality to
enable continued operation in the event of one or more field device failures.

2.10.

Overspeed Protection

The bridge control system is provided with overspeed protection based on feedback
from speed switches installed at each leaf machinery. The switch is used to provide the
following trip functions:
 Span drive system overspeed when operating at full speed. This trip function trips
the drive when the rated speed of the driven machinery exceeds 110% of its rated
speed. It ensures that no damage can occur to the bridge or its machinery due to
excessive speed of operation.
 Span drive reduced speed setting overspeed. This trip function trips the drive when
the low speed of the driven machinery exceeds 110% of its rated speed. It ensures
5
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that the drive is reducing speed at the nearly open or closed to stop the moving span
in a controlled manner.

2.11.

Navigational Aids

Navigation aids include fender lights, navigation lights, and a marine air horn.
The bridge is provided with three pedestal type fender navigation lights on each fender
for channel marking. The fender navigation lights are manual or automatic photocell
controlled. A relay cabinet is provided for the navigation lighting system to allow for
auto/manual operation. Additionally, the navigation lighting system is provided with a
battery bank and an inverter to ensure uninterrupted service for the navigation lighting
system.
There are four navigation lights which are used for marine traffic signaling. The lights
are pivot type green over red lights mounted at the toe end on the outboard sides of
each leaf.
A marine air horn is provided to signal marine traffic prior to a bridge opening. The air
horn compressor is located at the west counterweight pit area and the horn is located at
the fender level directly facing the navigable channel.

2.12.

Intercom System

The bridge is provided with an intercom system for communications between different
areas throughout the bridge. Table 1 provides the intercom directory.
Table 1: Intercom Directory
Station #
10
11
12
13
14
15
16
17
18
19
20
21
22

Location
Control Room
Storage / Locker Room
Motor Control Room (Electrical Room)
Generator Room
Pier 1 North Catwalk
Pier 1 East Catwalk
Pier 1 South Catwalk
Pier 1 Machine Room
East Submarine Cabinet
Pier 2 North Catwalk
Pier 3 West Catwalk
Pier 2 South Catwalk
Pier 2 Machine Room

The bridge is also provided with a public address (PA) system. The PA controller is
located in the generator room.
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Other Systems

The bridge has been provided with a fire alarm system. The system consists of smoke
detectors, pull stations, and a fire alarm control panel located on the first floor of the
operator’s house. A smoke detector and a pull station are also provided in the
machinery space.
The bridge is provided with a CCTV system. The CCTV cameras have been strategically
located throughout the bridge to monitor the bridge, roadway approaches, and
waterway approaches. The operator can monitor these locations from the office space
inside the bridge control room.

3. Electrical Equipment
3.1. Bridge Standby Generator
The bridge is provided with a standby generator for backup power. See Figure 4. The
generator is model DFAC-5629306 manufactured by Cummins Power Generation, and is
rated at 250kW, 277/480 volts. Operation and maintenance requirements are provided in
an Owner and Operator’s binder located in the Operator’s Control Room.

3.2. Automatic Transfer Switch
The electric service to the bridge is normally provided by the electric utility with the
installed standby generator being used as back up. The transfer from electric utility to
standby generator occurs automatically in the event of utility power failure with the
Automatic Transfer Switch (ATS). See Figure 5. The transfer switch is of Cummins
manufacture.

Figure 4. Standby Generator

Figure 5. Automatic Transfer Switch
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Figure 6: Motor Control Center

3.3. Motor Control Center (MCC)
The MCC is a Cutler-Hammer Series 2100, sized for 600A, 480V. See Figure 6.

3.4. SCR Drives
Hubbel silicone controlled rectifier (SCR) drives, located cabinets in the electrical room,
power and control the span drive motors. See Figure 7. The feeder breakers for the SCR
drives are located in the MCC and are Kirk-Key interlocked to only allow single motor
operation per leaf. See Figure 8. Normal motor operating combinations for operation of
the two leaves are motor 1 and 3 paired or motor 2 and 4 paired.

Figure 7. Drive Cabinets

Figure 8. Drive Breakers at MCC

3.5. Submarine Cable
The bridge is provided with a submarine cable installation that provides electric power
and control functionality between the east and west leaves. The power feed that emanates
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from the MCC is run in submarine cable to the east side of the bridge to serve the bridge
east side operating equipment. The submarine cables also carry signal feedback from the
field devices located on the east side back to the bridge control system located in the
operator’s control house at the west approach. Both east and west leaves are provided
with a submarine cable termination cabinet.

3.6. Droop Cables
The bridge is provided with a droop cable installation that provides electric power and
control functionality between the fixed and moving structures for each leaf. See Figure 9.
Each leaf is provided with two (2) droop cable termination cabinets, one located on the
fixed structure and one in the machinery space on the moving structure.

Figure 9: Droop Cables

3.7. Lighting and Small Power
Lighting is provided in the operator's house and in the machinery space. Emergency
lights and exit lights have also been provided throughout the operator’s house. The
operator’s house and the machinery spaces are provided with electric space heaters.

3.8. CCTV System
A CCTV system provides visibility for the bridge operator during bridge raising and
lowering, as well as providing additional bridge security and safety for the bridge and
the general public. The CCTV system consists of strategically located PTZ cameras to
view the bridge approaches and the navigable channel in both directions. The CCTV
cameras are monitored from two (2) ceiling mounted CCTV monitors located in the
bridge control room.
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3.9. Span Drive Motors
Each leaf is provided with two (2) Reuland manufactured 75 HP wound rotor span drive
motors. See Figure 10. The two drive motors are coupled in parallel to the span drive
machinery and configured as redundant units.

Figure 10: Span Drive Motor

3.10.

Span Drive Brakes

Each leaf machinery system is provided with four spring set, thrustor released brakes
including two motor brakes and two machinery brakes. See Figure 11 and Figure 12.
Each brake is provided with a brake set, brake released, and a brake hand released limit
switch in accordance with the requirements of AASHTO. The brakes are provided with
brake local disconnect switches as per the NEC. See Table 2 and Table 3 for brake data
plate information.
Table 2: Motor Brake Manufacturer Information
Specification

Motor Brake Motor

Manufacturer

EMG

Prod. No.

02/466178

Phase

3

Hz

60

Volts

265 / 460

Amps

0.69 / 0.40

Power

200W

NEMA

IP65
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Table 3: Machinery Brake Manufacturer Information
Specification

Machinery Brake Motor

Manufacturer

EMG

Prod. No.

02/52474

Phase

3

Hz

60

Volts

265/460

Amps

2.0 / 1.15

Power

330W

NEMA

IP65

Figure 11. Span Drive Motor Brake

3.11.

Figure 12. Span Drive Machinery Brake

Emergency Span Drive Drill

The emergency span drive includes a
drive that can be plugged into a receptacle
fed by a portable generator. See Figure 13.
The drill manufacturer’s details are as
follows:





DeWalt Model DW138, Reversible
Spade-Handle Drill
3/4” Drive
120V, 60 Hz, 10 Amps
375 RPM
Figure 13: Emergency Span Drive Drill
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Tail Lock Actuators

The tail lock assembly includes an electro-mechanical actuator shown in Figure 14.
Manufacturer details are provided in
Table 4.

Figure 14: Tail Lock Assembly, Including Actuator
in a Sheet Metal Enclosure.
Table 4: Tail Lock Actuator Manufacturer Information
Specification

Details

Manufacturer

RACO International, Inc.

Model

Size 7 Electric Actuator, C-Design with Trunnion Brackets, Brake, and Handwheel

Type

MA7 Ball Screw Actuator

Type Code

LBR K1N7 ZMZAAIZ

Thrust

8800 lbs.

Stroke

Special 12.6”

Motor Voltage

230/460/3 Ph/60

Motor Data

1.7 kW, 3.5 FL Amps

Temp Range

-40 deg C to 100 deg C

Weight

315 lb.

Raco Drawing

GANQD001
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Field Feedback Devices

The following field feedback devices are used as part of the control system:
Position and Control for the Moving Leaves:
 RCLS - used to indicate leaf position, end of travel limits, and over-travel limits. See
Figure 15.
 Selsyn Transmitter - provides feedback to the Selsyn receiver at the control console
to determine leaf angle measurement. See Figure 16.

Figure 15. Span Drive RCLS



Inclinometer - used to provide leaf angle measurement. See Figure 17.
Span Seated Limit Switch - plunger type limit switch used to indicate seated position
and used for interlocks between the moving span and tail locks. See Figure 18.

Figure 17. Inclinometer




Figure 16. Selsyn Transmitter at Span Drive

Figure 18. Span Seated Limit Switch

Over-Travel Limit Switch - lever type switch used as a safety in the event of a leaf
over-travel. See Figure 19.
Tachometer - used to record motor speed. See Figure 20.
Speed Switch - used to trip the drives when leaf speed exceeds rated speed. See
Figure 20.
13

Colonel Patrick O’Rorke Memorial Bridge
Rochester, NY

Figure 19. Span Over-Travel Limit
Switch at Flat Treads

Electrical Maintenance
Manual

Figure 20. Tachometer and Speed Switch
at Span Drive Motor

Tail Lock Feedback Devices:
 RCLS for end of travel.
 Position switch for interlocking and indication. See Figure 14.
Gates (See Figure 21) :
 Rotary Cam Limit Switch - for end of travel
 Door limit switches for interlocking.
 Hand crank interlock switch.

Figure 21: Traffic Gate Assembly
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Traffic Warning Gates

The gates are B&B Roadway model VT-40 assemblies. See Figure 21. Each warning gate
consists of a code compliant arm with steady and flashing lights that straddle half the
width of the roadway when lowered. The traffic gate operating mechanisms used to
raise and lower the warning gate arms are located in freestanding weatherproof
enclosures.
Each gate is provided with a hand crank mechanism and limit switches to prevent
electrical operation of the gates when the gates are being manually operated.

3.1. Traffic Signals
The traffic signal installation consists of two (2) sets of three aspect traffic lights
cantilevered over the roadway from a pole mounted cantilevered arm.

3.2. Navigation Lighting
The bridge is provided with fender pedestal type navigation lights for channel marking
and clearance; three fender navigation lights have been provided on each fender. This
configuration is in accordance with U.S. Coast Guard requirements. The fender
navigation lights are manual or automatic photocell controlled. A relay cabinet is
provided for the navigation lighting system to allow for auto/manual operation.
Additionally, the navigation lighting system is provided with a battery bank and an
inverter to ensure uninterrupted service for the navigation lighting system. See
Figure 22. The bridge is also provided with pivot type green over red navigation lights
mounted at the toe end on the outboard side of each leaf for marine traffic signaling. See
Figure 23.

Figure 22. Fender Navigation Light

Figure 23. Toe End Navigation Lights
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3.3. Motor and Brake Disconnects
Disconnect switches are provided in the machinery space and at the tail lock assemblies
to disconnect the motors locally. See Figure 24 and Figure 25.
`
2

Figure 24. Span Drive Machinery Brake
Disconnect Switch

Figure 25. Tail Lock Disconnect Switch at Base
of Tail Lock Support Frame

3.1. Intercom and PA System
The bridge is provided with an intercom system for communications between different
areas throughout the bridge and a public address (PA) system. The PA controller is
located in the generator room. See Figure 26.

3.2. Fire Alarm
The bridge has been provided with a fire alarm system. Fire alarm monitoring devices
have been installed throughout the bridge. Each floor of the operator’s house and the
electrical and generator rooms are provided with smoke detectors and pull stations.
Additionally, smoke detectors, heat detectors and pull stations are provided at each of
the machinery spaces. The main fire alarm control panel FACP is located at the first floor
of the operator’s house. See Figure 27.

Figure 26. Bridge PA System

Figure 27. Bridge Fire Alarm Panel
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3.3. Cables, Conduits, and Junction Boxes
The bridge indoor electrical installation generally consists of RGS conduits and
termination junction boxes. The bridge outdoor electrical installation consists of
numerous runs of PVC coated conduits The junction boxes are stainless steel.
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4. Scheduled Inspection, Testing, and Maintenance
4.1. General
Electrical inspection and maintenance of the bridge systems shall generally follow the
following recommendations and practices:
 All manufacturers’ recommendations.
 General recommendations and guidelines from in accordance with AASHTO.
 Specific recommendations noted in this manual.
 Additional maintenance deemed necessary based on the history of operation and
maintenance of this bridge, as determined by trained maintenance personnel.

4.2. Scheduled Electrical Inspection, Testing, and Maintenance
4.2.1. General
The integrity of the electrical installation throughout the bridge shall be verified a
minimum of every year through visual inspection and insulation resistance testing of the
major feeder cables and action taken as necessary to mitigate corrosion, ingress of
moisture and reduction in feeder cable insulation.
The visual inspection shall be in sufficient depth to locate any corrosion, nicks to cable
insulation, loose fittings, and terminations as well as the ingress of moisture into pull
and junction boxes.
The insulation resistance testing of major electrical power equipment including motor
feeders, motor windings and submarine cable conductors and shall be performed using
a “Megger” of an appropriate test voltage for the insulation being tested in accordance
with code. The testing shall be performed with the cables disconnected at both ends and
each conductor being Meggered to ground. The motor windings shall be Meggered at
the motor disconnect switch with the disconnect switch open. The Megger readings shall
be recorded along with date and weather conditions to create an historic record of
insulation resistance of each feeder cable.

4.2.2. Bridge Operation Controls Verification through Operation
4.2.2.1.

Suggested Maintenance

Operate the bridge and verify control elements including: the sequence of operation,
interlocks, and permissives associated with the operation of the bridge and traffic
control systems.

4.2.2.2.

Schedule

Operation with verification of sequence, interlocks, and permissives should be
performed every two years.
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4.2.3. Span Drive Motors
4.2.3.1.







Suggested Maintenance

De-energize the equipment and follow appropriate Lockout/Tagout procedures.
Remove accumulated dust and dirt.
Inspect all terminations at motor assembly. Tighten connections as necessary.
Inspect all wiring for deterioration of insulation.
Grease motor bearings in accordance with manufacturer’s recommendations. See the
mechanical maintenance manual for details.
“Megger” the motor stator windings to ground.

4.2.3.2.

Schedule

The motors should be inspected and maintained as noted, including the Meggering, at
least once annually. See the mechanical maintenance manual for bearing grease
frequency.

4.2.4. Tail Lock Actuator
4.2.4.1.







Suggested Maintenance

De-energize the equipment and follow appropriate Lockout/Tagout procedures.
Remove accumulated dust and dirt.
Inspect all terminations at motor assembly. Tighten connections as necessary.
Inspect all wiring for deterioration of insulation.
Grease in accordance with manufacturer’s recommendations. See the mechanical
maintenance manual for details.
“Megger” the motor stator windings to ground.

4.2.4.2.

Schedule

The motors should be inspected and maintained as noted at least once annually. Note
that the meggering of the motors is only required once annually. See the mechanical
maintenance manual for bearing grease frequency.

4.2.5. Span Drive Thrustor Brakes
4.2.5.1.





Suggested Maintenance

Inspect all terminations. Tighten connections as necessary.
Inspect all wiring for deterioration of insulation.
Check the functionality of the brake limit switches.
“Megger” the brake motor windings to ground.
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Schedule

The brakes should be inspected and maintained as noted at least once annually.

4.2.6. Standby Generator
The standby generator is maintained by a third party in accordance with the
manufacturer’s recommendations. A list of general maintenance requirements is
replicated here for the County maintainer’s reference.

4.2.6.1.

Suggested Maintenance

Generator maintenance should be scheduled as recommended by the manufacture.
Refer to the manufacturer’s literature in the control house for additional details. A
summary of minimum maintenance items is provided as a reference. The maintainer
should keep records and logs for any generator runs, maintenance, and other services.















Ensure that the generator is de-energized following the appropriate Lockout/Tagout
procedure(s) for any maintenance done on the generator.
Observe generator during the operation for abnormal vibrations, sounds and any
other abnormal operational conditions.
At the time of this maintenance run, the generator should be inspected for oil, fuel,
or coolant leakage.
Check all fluids and replenish or replace as necessary.
Perform coolant and oil changes as required by the manufacturer.
Replace fluid filters.
Visually inspect all status indicators.
Inspect all cables and connections for deterioration.
Clean the assembly and ensure proper enclosure water seal against water ingress.
Megger the armature windings.
Inspection and replace air filters as-needed.
Inspect all belts and adjust / replace as necessary.
Inspect hoses and hose clamps and replace as necessary.
Clean the radiator.

4.2.6.2.





Schedule

Operate the bridge under load using the generator at least monthly.
The inspection of the conductors and the enclosure should be performed at least
once every six months.
Meggering the armature windings should be performed annually.
Follow the manufacturer’s Service Schedule in the Generator’s Operation Manual for
other suggested maintenance frequencies for all required tasks.
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4.2.7. Automatic Transfer Switch (ATS)
4.2.7.1.










Suggested Maintenance

De-energize the equipment and follow the appropriate Lockout/Tagout procedures.
Inspect ATS contacts and other hardware for wear.
Inspect cables and connections for deterioration.
Inspect for mechanical integrity of the enclosure.
Replace damaged or failed components.
Check for required area clearances.
Remove accumulated dust and dirt. Use brush, soft cloth, or vacuum cleaners.
Refer to manufacturer’s literature for additional service and maintenance
requirements.
Throw the main power disconnect at the MCC to simulate a utility power failure and
verify ATS operation to transfer power to the standby generator.

4.2.7.2.

Schedule

The ATS maintenance activities should be performed at least once annually.

4.2.8. MCC
4.2.8.1.













Suggested Maintenance

De-energize the main power that feeds the MCC’s and follow the appropriate
Lockout/Tagout procedures.
Remove accumulated dust and dirt. Use brush, soft cloth, or vacuum cleaner.
Inspect all terminal block screws and tighten all connections as necessary.
Inspect all starter contactor contacts and replace as necessary.
Inspect all wiring for deterioration of insulation.
Exercise all active components, including starters, circuit breakers, control switches,
disconnecting devices, fuses, and mechanical interlocks.
Inspect for mechanical integrity of the enclosure and its anchorage.
Check for required area clearances.
Replace damaged or failed components.
Inspect all circuit breakers. Verify with multi-meter that continuity is broken on trip
or switched off condition.
Check in the buckets with overloads and TVSS and confirm that there are no
overloads.
Inspect all fuses with multimeter and verify continuity. If fuse replacement is
necessary, always install the same type and rating fuses furnished. Evolution in fuse
design has produced fuses that are mechanically equivalent but not electrically
equivalent. They may not have the same short-circuit withstand ability and current
limiting ability.
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Schedule

The MCC maintenance activities should be performed at least once annually.

4.2.9. UPS
4.2.9.1.






Suggested Maintenance

Remove accumulated dust and dirt.
Visually inspect all conductors and their terminations.
Test batteries in accordance with the manufacturer’s recommendations and replace
as necessary.
Perform a test operation of the UPS (disconnect normal power).
Refer to manufacturer’s literature for additional maintenance and testing
information.

4.2.9.2.

Schedule

The UPS maintenance activities should be performed at least once annually.

4.2.10. Silicon Controlled Rectifier Drives (SCRs)
4.2.10.1.








Suggested Maintenance

De-energize the equipment and follow the appropriate Lockout/Tagout procedures.
Remove accumulated dust and dirt. Use brush, soft cloth, or vacuum cleaner.
Visually inspect drive components and wiring for discoloration and evidence of
overheating, or other deterioration to wiring insulation.
Inspect all terminal block screws and tighten all connections as necessary.
Inspect and verify functionality of all relays, contactors, and control and indication
devices.
Inspect for mechanical integrity of the enclosure and its anchorage.
Test operate the bridge using each drive and motor.

4.2.10.2.

Schedule

The maintenance activities for the drive cabinets should be performed at least once
annually.

4.2.11. Control Console
4.2.11.1.



Suggested Maintenance

With the Control Power On, check that each indication light is functional by
pressing to test. Verify proper operation of all switches and pushbuttons.
De-energize the equipment at the MCC breaker and follow the appropriate
Lockout/Tagout procedures.
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Visually inspect drive components and wiring for discoloration and evidence of
overheating.
Check for required area clearances.
Replace damaged or failed components.
Remove accumulated dust and dirt. Use brush, soft cloth, or vacuum cleaner.
Inspect all terminal block screws and tighten all connections as necessary.
Inspect enclosure lamps.

4.2.11.2.

Schedule

The control console maintenance and inspection should be performed at least once
annually.

4.2.12. Control Relays in Relay Cabinet
4.2.12.1.









Suggested Maintenance

All power and control power feed to the relay cabinet should be de-energized when
checking the terminal cabinets. Follow the appropriate Lockout/Tagout procedures.
Remove accumulated dust and dirt. Use brush, soft cloth, or vacuum cleaner.
Inspect all wiring for deterioration of insulation.
Inspect all terminal screws and tighten all connections as necessary.
Inspect all breakers, fuses, relays, and contacts inside the cabinet for proper
operation.
Inspect for mechanical integrity of the enclosure and its anchorage.
Check for required area clearances.
Replace damaged or failed components.

4.2.12.2.

Schedule

Control relays inspection and maintenance should be performed at least once annually.

4.2.13. Limit Switches and Rotary Cam Limit Switches
4.2.13.1.







Suggested Maintenance

Remove accumulated dust, dirt, and moisture on housing. Use brush, soft cloth, or
vacuum cleaner.
Inspect cover gaskets and bolts to ensure proper seal of housing.
Clean the limit switch assembly and its associated target(s).
Inspect the switches for wear.
Where applicable, inspect the rollers for wear.
Where applicable, inspect the cams for wear. The cams are made of a harder material
than the rollers, thus should last even longer. The longevity of the cams is based on
the number of cycles, and typically these do not need to be replaced for several
hundred thousand cycles. Based on the number of cycles per year of this bridge, the
cams should never have to be replaced.
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Inspect all fasteners and tighten connections as necessary.
Where applicable, inspect coupling for deterioration.
Replace or repair damaged or failed components.
Test and verify proper operation, feedback control, and indication.

4.2.13.2.

Schedule

Limit switch inspection and maintenance should be performed at least once annually.
The over-travel limit switch should be exercised monthly. This may be performed
concurrent with mechanical maintenance work.

4.2.14. CCTV System
4.2.14.1.









Suggested Maintenance

Check that nothing is obscuring the field of view of camera lenses and adjust as
necessary.
Verify that the cameras are properly focused and adjust if necessary.
Check the operation of the pan tilt and zoom focus.
Check wiring and cable harnesses for wear.
Check connections for loose wiring.
Ensure that monitors are operational.
Clean monitor screens.
Check all cable and wiring connections to the monitors.

4.2.14.2.

Schedule

Inspection to ensure functionality of the CCTV components at least once a month.
Provide visual inspection of all cable and wiring connections, and cleaning of screens at
least once every six months.

4.2.15. Safety Disconnect Switches
4.2.15.1.








Suggested Maintenance

Visually inspect all conductors and their terminations.
Inspect switch blades and replace switch or switch blades as necessary.
Exercise the switch.
Clean the assembly and ensure properly sealed against water ingress.
Inspect for mechanical integrity of the enclosure and its anchorage.
Check for required area clearances.
Replace damaged or failed components.

4.2.15.2.

Schedule

Safety disconnect switch inspection and maintenance should be performed at least once
annually.
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4.2.16. Conduits and Electrical Boxes
4.2.16.1.





Suggested Maintenance

Inspect conduit and repair or replace broken or detached conduits.
Clean electrical box assemblies and ensure properly sealed against water ingress.
Inspect the mechanical integrity of the enclosures and their anchorages.
Remove accumulated debris from around the conduit runs and spot clean and paint
corroded areas.

4.2.16.1.

Schedule

Maintenance and inspection for conduits and electrical boxes should be performed at
least once annually.

4.2.17. Warning Gates
The gate enclosures are provided with doors to allow for access to the machinery for
maintenance. The doors are limit switch protected to prevent operation of the gates
when the doors are opened.

4.2.17.1.















Suggested Maintenance

De-energize the equipment and follow the appropriate Lockout/Tagout procedures.
Remove accumulated dust and dirt on surface and inside the enclosure. Use brush,
soft cloth, or vacuum cleaner.
Inspect all wiring and connections for deterioration.
Remove any corrosion from limit switch contacts.
Visually inspect hardware, power, and control equipment for proper operation.
Spot clean and paint corroded areas on the gate assemblies.
Check the gate arm lights and confirm that they are operational.
Inspect the gate arm leveling and make adjustment if needed.
Inspect all hardware mountings and tighten all loose bolts.
Observe the gate operation, including control interlock permissives and gate end-oftravel limits.
o Verify the gongs are operational during gate operation.
o Verify the gate arm lights are on, and flash in the correct sequence.
o Investigate any abnormal sounds or behavior during the operation.
Inspect gasket on both doors on each gate to ensure weatherproof integrity for the
gate housing.
Megger the gate motor windings.
Refer to manufacturer’s literature for additional information regarding the electrical
and mechanical maintenance requirements.
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Schedule

Inspection and maintenance for the gates should be performed at least once every six
months, with the exception of meggering the motor windings, which should be
performed at least once annually.

4.2.18. Warning Gongs
4.2.18.1.




Suggested Maintenance

Verify proper function and operation of gongs and control interlocks.
Replace or repair damaged or failed components.
Inspect the mechanical integrity of the assemblies and their anchorages.

4.2.18.2.

Schedule

Inspection to verify the function and operation of the gongs, and any required repairs,
should be performed at least once every month. Check the integrity of the assemblies at
least once every six months.

4.2.19. Fire Alarm
4.2.19.1.



Suggested Maintenance

Inspection, testing and maintenance of the fire alarm systems must be performed in
accordance with local, state, and national regulations.
Correct any trouble condition or malfunction immediately.

4.2.19.2.

Schedule

A fire alarm system testing, and maintenance schedule should be in accordance with
local, and national fire codes and other codes that might apply. As a minimum, test the
system once every 3 months.

4.2.20. Traffic Lights, Marine Navigation Lights, and Fender Lights
4.2.20.1.




Suggested Maintenance

Verify proper function and operation of traffic lights and control interlocks.
Replace or repair damaged or failed components.
Inspect the mechanical integrity of the assemblies and their anchorages.

4.2.20.2.

Schedule

Inspection to verify the function and operation of the lights, and any required repairs,
should be performed at least once every month. Check the integrity of the assemblies at
least once every six months.

26

Colonel Patrick O’Rorke Memorial Bridge
Rochester, NY

Electrical Maintenance
Manual

4.2.21. General Lighting
4.2.21.1.




Suggested Maintenance

Visually inspect lighting circuits, feeder breakers, and wiring.
Immediately report a failed light bulb and prioritize its replacement to remove the
hazard of reduced illumination.
Inspect mechanical integrity of installations and make repairs as necessary.

4.2.21.2.

Schedule

Inspect for failed bulbs and replace as necessary on a monthly basis as a minimum.
Perform other detailed maintenance and inspection at least once annually.

4.2.22. Emergency Lighting
4.2.22.1.








Suggested Maintenance

Perform maintenance and testing of the emergency lighting installation in
accordance with local, state, and national regulations and as herein described.
Remove accumulated dust and dirt on lenses and inside the fixture housing. Use
brush, soft cloth, or vacuum cleaner.
Test the functionality of the emergency lighting.
Inspect all bulbs and batteries. Replace if needed.
Inspect all wiring and connections for deterioration.
Provide written record of each test results and repairs.
If provided, refer to manufacturer’s literature for additional information regarding
the maintenance requirement.

4.2.22.2.

Schedule

Each emergency lighting fixture should be tested and repaired to ensure functional at
least once every month. Perform detailed inspection and maintenance at least once
annually.
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5. Manufacturer’s Literature
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5.1. Brakes
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5.2. RACO Actuator
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Section 1 General Information
This manual contains mechanical and electrical installation, operating and maintenance instructions for sizes
2, and 4 to 11 MA series Modular Actuators manufactured and distributed by RACO International, L.P. The
instruction manual may be updated from time to time without prior notification and may be supplemented by
additional vendor information as it deemed to be necessary by the supplier. A requirement of fault free
operation and fulfillment of any rights to claim under guarantee is that you read, understand and adhere to the
entire information in the installation, operating and maintenance instructions before you start to install and
operate the equipment.
The installation, operating and maintenance instructions contain important information about the unit and its
functionality and are intended for users having technical expertise and are thoroughly familiar with the
machinery or the environment in which the actuator(s) is (are) integrated. Please keep this manual accessible
for further use and for your fellow co-workers. They will thank you.
Intended Use
The equipment described in this manual is intended for industrial applications only and should not be used to
lift, support, or otherwise transport personnel unless you have written approval from RACO International, L.P.
which authorizes the specific actuator unit, as used in your application, as suitable for moving personnel. It is
important that you analyze all aspects of your application and review the information concerning the product
or system in the current product offer. Due to the variety of operating conditions and applications for the
product or system, the user, through its own analysis and testing, is solely responsible for making the final
selection of the products and systems and assuring that all performance, safety and warning requirements of
the application are met.
Take a moment to analyze your present environmental conditions and potential hazardous locations in regards
to areas containing flammable vapors, liquids, gases or combustible dusts or fibers. Refer to the NFPA 70E or
NEC article 500 guidelines for hazardous area and zone classifications. Make sure that the delivered actuator
fulfills the requirements of your local jurisdictions. Do not use in highly corrosive or extremely wet or
submersible environments without prior written approval from RACO International, L.P.
Do not use in applications involving extended exposure to temperatures below -14deg F or above 120 deg F
without prior written approval from RACO International, L.P.
Safety Notes
If the electrical control and power system is not supplied by RACO it is the responsibility of the user to select,
install, maintain the appropriate actuator motor circuit protection. This includes, but is not limited to, the
selection of the branch breaker or fuses and the overload selection. If variable frequency drives (VFD) or
servo drives (SD) are used, the appropriate parameters have to be set in that way that the actuator is adequately
protected from overloading in dynamic and static conditions. Make sure that the thermal over temperature
protection devices are integrated and connected into the control circuit.
Make sure that all interconnecting wiring circuits are complying with the most recent National Electric Code
(NEC) guidelines, local jurisdictions and/or your plant regulations.
Make sure that the nameplate voltage and frequency for the motor, brake and control equipment matches with
your supply voltage and frequency. Double check the star/delta jumper setting in the motor terminal housing
in accordance with your supply power.

Observe all applicable Occupational Safety and Health Act (OSHA) requirements during installation,
operation, maintenance and/or service of the supplied RACO electrical actuators. In particular, observe the
lockout and tag out procedures. All electrical power must be securely disconnected before performing any
work on the actuator. Please be reminded that stored energy may be present. Secure all hanging, spring loaded
or otherwise possible shifting equipment. Failure to do so can cause harm, injuries or death and/or damage to
the equipment.
All RACO actuators are shipped with clearance to the end of the design stroke limit to allow for testing upon
initial start-up for proper electrical phase connection and confirmation of proper travel direction. These
clearances are critical to prevent accidental over-stroke damage in the event of initial wiring errors. Make sure
that the designated end of stroke limit switches are wired into the correct reversing starter coil circuit.
RACO electrical Actuators are usually supplied with, and always recommended to be used with, end of stroke
limit switches. In this configuration two normally closed switches are set in a way, that each switch is
monitoring respectively, each end of the design stroke. When properly connected into the motor control
circuit, the limit switch will open up when the design stroke limit is reached and will disconnect control
voltage to the respective starter coil, which will disconnect power from the motor. Over stroking of the
actuator in either direction can cause binding, jamming or even destruction of the actuator and/or the attached
equipment. Make sure that the physical limits of the attached equipment are beyond the setting of the design
stroke limits of the actuator.
Be aware the motor supplied with your RACO product MAY be capable of delivering more torque than is
required for your particular application, and indeed may be capable of delivering a higher torque than the
maximum rating of the RACO product. In the event of unforeseen interference or higher than designed force
or loads, the LOCKED ROTOR or stall torque capability of the motor may cause damage to the RACO
product or the surrounding equipment. If the motor control selected does not provide maximum thrust or
power limiting capability, install separate, RACO recommended current, power or RPM monitor protection
devices with trip points selected not to exceed the nominal thrust rating of the actuator.
Precautions
During and after operation carefully check all device surfaces for high temperature when touching any part.
Always allow sufficient time for surfaces to cool down before maintenance, service, disassembly, or any other
work or inspection is performed. Surfaces may be hot enough to cause pain and injury.
Installation, maintenance, and service should be performed only by qualified, trained personnel, who are
familiar with the installation, construction and operation of the device and the surrounding machinery. Use
only genuine RACO parts for repairs and maintenance to ensure safe, proper performance and operation. If
you have any doubt in the qualification of the intended repair facility, do yourself a favor and send the actuator
to RACO’S qualified in-house repair shop to guarantee proper repair.

Section 2 Receiving of Shipment
Inspection
Immediately upon receipt of any RACO product, inspect the entire shipment including the packaging for
evidence of damages of any kind. Compare the received goods with the itemized packing list and account for
all items. There may be smaller items in the crate or packing container as well. All RACO products are
inspected prior to shipment and are released for shipment confirmed in good condition. RACO products are
shipped FCA from the RACO factory in Bethel Park, Pennsylvania. It is the responsibility of the receiving
party to recognize damage on receipt and process claims for any damage with your freight carrier.
Unpacking and Lifting Information
Small actuators are packaged in cardboard boxes with internal support and/or filling material. Larger actuators
are packaged on a wooden skid or in a wooden crate. If strapping band material is used be advised that the
band is under tension and may have sharp edges or corners. Wooden crates are constructed with nails, staples
and/or screws. Always wear OSHA approved gear, like safety glasses, gloves, hardhats, back support as
required if unpacking or handling the equipment.
Lifting Points
Small actuators can be lifted and handled without any lifting devices. Make sure that the actuator is placed in a
secure fashion onto a solid surface since the center of gravity may not be obvious. Larger actuators have to be
lifted and handled with an overhead crane. Make sure that all bracing which holds the actuator securely in the
crate is removed. Use appropriate rated rigging slings. Fasten the slings securely on multiple points on the
actuator. Do not use lifting lugs on the motor or gearbox, these lifting points are designed by the gear box or
motor supplier to lift the respective part only. Lift slowly and observe any shifting or rotating of the actuator.
Never position yourself under any hanging load. After the actuator is removed from the shipping container
make sure that the actuator is placed in a secure fashion, V-blocks or bracing may be required, onto a solid
surface since the center of gravity may not be obvious.
Disposal of Packing Material
All packing material should be disposed in accordance with the local regulations. Be environmentally
responsible since you just unpacked an environmentally friendly actuator which does not contain any
hazardous hydraulic fluids and enables low electrical energy consumption.
Extended Storage
If the actuator is not mounted immediately after arrival at the job site, the actuator should be stored in a dry
and vibration free area in a horizontal orientation. Make sure the actuator is well supported and the thrust tube
is in the retracted position. Non painted surfaces should be treated with a light oil or grease film. If the
actuator is stored with the trunnion brackets attached lubricate the trunnion pins via the zerk fitting. The
storage temperature should not exceed a range of 14 degrees to 104 degrees Fahrenheit (10 to 40 degrees
Celsius). If storage exceeds 2 years it is recommended to completely replace all lubrications

Section 3 Installation
Mechanical Installation
Before starting the mechanical installation make yourself familiar with the conditions in regards to location,
the physical space where the actuator will be installed, environmental conditions, type of foundation as far as
concrete pad, steel structure and or steel beams. Check mounting bolt pattern, bolt sizes and SAE grade
strength of bolts with the installation drawings. Most actuators are supplied with front end clevises or
spherical rod ends. Check the engagement of the forks and or the pin size with the mating piece. All RACO
Actuators are delivered with the thrust tube extended around one inch to allow for checking of movement in
the anticipated direction. Have a plan for lifting and rigging of the actuator into its final mounting position.
Confirm weight of the actuator, lifting points and center of gravity. Never install eye bolts on motors and or
gearboxes. These lifting positions were installed by the motor or gearbox manufacturer to lift the individual
item only.
Alignment
Proper alignment of the actuator is essential to guarantee a long and trouble free operation of the actuator.
Even though the actuator can tolerate a side loading of up to 10% of its nominal thrust rating, premature wear
of the front bushing, thrust tube, nut and screw assembly and an increase in power consumption are the result.
In cases where side loads or bending forces are extremely high, jamming or stalling of the actuator may occur
or bending of the truth tube, screw and or attached equipment. Make sure that the actuator is mounted firmly
to the foundation. Use shims or other means to ensure level and parallel mounting of the trunnion pin brackets.
The center line of the actuator should be on the center line of the attached equipment which should be moved,
rotated, pushed and pulled or otherwise agitated. Make sure that over the full stroke of the actuator the
attached equipment performs a movement which follows the centerline of the actuator in horizontal and
vertical direction. An easy way to check the linear alignment in the field is by connecting the load to the
actuator in the retracted position. Observe the mounting position between the two connected pieces.
Disconnect the load from the actuator.
Trunnion Pin Mount
With the trunnion pin mount one dimension of freedom of movement can be
achieved. The freedom of movement is exactly 90° to the centerline of the
trunnion pins. Make sure that over the full stroke of the actuator the clevis or
spherical rod eye, as well as all other parts of the actuator, can pivot freely
around the circular movement on the trunnion pins. All RACO supplied
trunnion pins are manufactured out of stainless steel. Dependent on the
customers, design of the trunnion pin receptacle may be lined with a bushing,
which may or may not require lubrication. Ensure that a good fit and sufficient surface
area is provided to transfer the thrust forces into the equipment foundation.
Bracket Mount
RACO trunnion brackets are designed for the individual sizes of Actuators out of the RACO Modular
Actuator program and provide easy installation with one dimension of freedom of movement. Make sure that
the mounting hole pattern of the trunnion bracket is transferred to the foundation and a flat and smooth surface
is provide to ensure a plum an secure connection between both surfaces. Check for angular and or height
misalignments between the trunnion brackets and the centerline of the actuator. Shims may be used to correct
that problem. The standard RACO trunnion brackets are manufactured out of cast iron with machined surfaces

for the trunnion pin hole and the foundation surface to guarantee true angular alignment and adequate
clearances with defined tolerances. The trunnion pin hole is equipped with a center grease relief groove and a
connecting zerk fitting. After the trunnion brackets are installed on the trunnion pins of the actuator during the
initial installation the grease relief grooves and the trunnion pin hole has to be filled with grease. See 3.11 for
grease type. Apply grease until it becomes visible between the trunnion pin and the trunnion bracket hole.
Periodic re-greasing is required. The time interval depends on the angular movement, the duty cycle and
ambient conditions.
Recommended Interval & Amount:
Bracket Size
4/5
6/7
8
9 /10 / 11

Amount in ounces
0.125
0.15
0.2
0.3

Interval
Six months
Six months
Six months
Six months

Trunnion brackets for actuators sizes 9 to 11 are steel fabrications with machined
surfaces for the trunnion pin hole and the foundation surface.
If self-lubricating DU bushings are used the zerk fitting is removed and replaced with a
plug. No greasing is required.
Clearance

Electrical Installation
Before starting the electrical installation make yourself familiar with the installation conditions in regards to
location, temperature conditions, distance between the actuator and the Motor Control Center (MCC)
installation method cable; tray, ridged conduit, underground, race way etc. Study the electrical drawings and
compare the nameplate information of the actuator, in particular, voltage and power requirement with the
installation drawings. Wiring and installation should be performed in accordance with the most recent
National Electric Code (NEC) regulations as well as any applicable local ordinances and/or plant
specifications. In particular observe Article 310-15b and Article 215-2b in regards to wire size, voltage drop
and distance. In most installation cases the actuator is rotating at least in one dimension at the trunnion
brackets. RACO recommends the use of flexible cable to wire to the motor terminal housing and the
accessories. Power and control cable should be separated from each other.

Section 4 Motor Power
Reversing Motor Starter
The UL 489 branch circuit breaker or fuse, reversing motor contactors and motor overload relay should be
sized in accordance with the NEC guidelines. It is recommended to use either mechanically interlocking
reversing motor contactors or install electrical interlocking contacts in the control circuit. The normally closed
actuator switches should be directly hard wired into the control circuit to interrupt independently from other
control equipment as well as the control power to the starter coils. Please be advised that in most cases the
branch circuit breaker and/or motor overload relay are designed and sized to protect and limit short circuit
faults and/or, long term overloading of the motor. These devices may not protect the motor or actuator from
damage due to mid stroke obstructions. Always install the thermal temperature switch or thermistor device
into the control circuit for additional protection.
Motor Brake
Electrical motor brakes are available in a variety of different functions, forms, and electrical connection
schemes. The most common function is the type L holding brake. If no power is applied to the brake coil a
spring loaded package will apply holding forces to the brake disk and securely hold the actuator in place up to
the nominal thrust rating of the actuator. The opposite function is the type B or power applied holding brake.
If power is applied to the brake, the magnetic field of the brake coil will overcome the spring forces and
securely clamp the brake disk and hold the actuator in place. Most motor brakes are designed with a DC coil.
The DC power is generated via a half wave or full wave rectifier. The following table shows the relationship
between supply voltage, rectifier connection and rectifier type in a three phase five wire circuit:
Supply Voltage

Rectifier Connection

Rectifier Type

Resulting DC Coil
Voltage

460V AC
460V AC
460V AC
460V AC

Phase/Phase
Phase/Phase
Phase/ MP
Phase/ MP

Full Wave
Half Wave
Full Wave
Half Wave

414V DC
207V DC
240V DC
120V DC

230V AC
230V AC
230V AC
230V AC

Phase/Phase
Phase/Phase
Phase/ MP
Phase/ MP

Full Wave
Half Wave
Full Wave
Half Wave

207V DC
103V DC
133V DC
60V DC

MP = middle point or star point

Some brakes are equipped with a manual brake release lever. Before operating the manual brake release lever
ensure that no stored energy is present or the load is sufficiently blocked, especially if the actuator is equipped
with a ball screw. Due to the high efficiency of the power screw the load will back drive the actuator.
If unit is equipped with a hand operator it is possible to use it after releasing the brake. To speed up the
reaction time of the brake circuit, different wiring schemes may be utilized as follows:
Separate contacts out of the starter to control the brake
Contacts on the DC side of the rectifier
Diode snubber circuit
Two coil brake
SEW Eurodrive type quick brake wiring

Please consult RACO International L.P. before implementing above designs since life expectancy of the brake
and the dynamic behavior of the actuator may be affected. Since brake pads are a wear item, please refer to the
maintenance section of this manual.
VFD
The UL 489 branch circuit breaker or fuse should be sized in accordance with the NEC guidelines and the
Variable Frequency Drive (VFD) manufacturer’s installation manual. Additional contactors may be required if
the actuator is equipped with a motor brake. If the VFD is purchased from RACO International, L.P. in
conjunction with the actuator, unless otherwise specified, all drive parameters are preset to operate the drive.
Fine tuning of overload, thrust limits, acceleration and deceleration times and optional dynamic DC braking
may be required.
Please refer to the VFD manufacturer’s installation manual for the maximum cable length between the drive
and the actuator motor and the type and size of wire before performing the installation.
During start-up, if possible, start out with a low frequency setting to observe the movement of the actuator in
slow linear speed motion and to verify intended direction, setting of end of stroke limits and or other possible
interferences.
Thrust Overload Protection
As mentioned above the overload relay in a conventional motor control center is not designed to fully protect
the motor from overheating and burn out, especially at mid stroke obstructions and/or sudden overloading of
the actuator. For complete protection, special thrust overload devices can be added to protect the motor as well
as the actuator and the attached equipment from damage, up to destruction. Different methods are available at
RACO’s disposal to achieve that goal:
Motor current monitoring
Motor power [P = U*I*cos (phi)] monitoring
Motor RPM monitoring
Load cell feedback monitoring
RACO recommends installing a thrust overload device in a form of an external current or power monitoring
relay in the motor control starter bucket. Motor RPM monitoring is achieved with RACO’s electronic position
system EPS 06 in combination with limit switches and analog feedback signal mounted on the actuator in A,
B, C or D housing or as part of RACO’s VFD package.

Section 5 Limit Switches & Auxiliary Equipment
Electronic Limit Switch
The EPS02 and EPS06 are the newest additions in the line of RACO Limit Switches.
The rotation of the motor or screw shaft will be transmitted in a non-contact form via a
magnetic field to the circuit board. Here it will be converted into 512 pulses per
revolution. The pulses will be counted, processed and stored in non-volatile memory.
Even under loss of power the absolute position will be retained.
The EPS02 is the basic version with two independent tiers of end of stroke limit
settings connected to relay output contacts (250VAC, 5A). Single or multiple stop
points can be defined on each tier. A serial RS232 communication interface allows easy
configuration and setup of the limit switches.
The EPS06 is the advanced version, utilizing the components of the EPS02, by connecting the expansion
board via a ribbon cable. The expansion board enhances the EPS06 functions to include a scalable analogue
output signal 4-20mA and or 0-10VDC, a pulse width modulation output signal and up to three additional
pairs of limit switches. Rotational speed supervision is also possible. The expansion board provides a USB
interface port.
The EPS 02 and 06 are a direct replacement for the classical RACO mechanical limit switches and can be
mounted in the same accessory housings.
For installation of the RACO Setup PC Tool software, interface connection and parameter setting please refer
to the EPS software manual.
http://www.racointernational.com/PDF_DS/RACOTool_V1.8.7.zip

Technical Data:
Board level supply voltage: 24V DC,
Required supply current:
EPS 02
100mA
EPS 06
600mA
Ambient temperate range: -40F to 185F
Accuracy:
+/- 1% of full range
Hysteresis:
< 0.004” (0.1mm) stroke
Protection class:
IP 54, optional IP 65
EPS 02
Relay Output, two channels: 250V AC / 5A; 30V DC / 5A
Input signals; two channels: 24V DC
EPS 06
Relay Output, two channels: 250V AC / 5A; 30V DC / 5A
Open collector, four channels: 24V DC / 100mA each
Input signals; four channels: 24V DC
Analog output:
Digital output:

0(4)-20mA, 0-10V DC
Pulse width modulation, 24V DC

Section 6 Maintenance
Lubrication
Trunnion brackets should be lubricated immediately upon installation.
Before performing any maintenance on any RACO actuator follow the lockout and tag
out procedure and/or any site specific safety procedures. Secure all attached loads.
Please be reminded that stored energy may be present. All RACO actuators are initially
factory lubricated. Based on the type of actuator, environmental condition and duty
cycle develop a maintenance schedule based on the below parameters and stick to it.
Purchase the recommended grease type and a grease gun to be ready whenever your
first maintenance routine starts.
Grease Type
If not otherwise specified, the actuators are lubricated with Conoco Phillips Dynalife LEP 1. It is a lithium 12-hydroxystearate soap thickened grease compounded with lead
free, extreme pressure agents which provide excellent load carrying and anti-wear
properties in both steel on steel and steel on bronze applications. In addition, the grease
effectively inhibits oxidation and rust.
Conoco Phillips Dynalife L-EP 1
Typical Properties:
Soap Type
Penetration @ 77.F W 60
Usable Temperature Range
Color
Texture
4-Ball E.P. Test
Timken Test
Steel Corrosion
Dropping Point
Viscosity @ 40 deg C
Viscosity @ 100 deg C
Flash Point

Lithium 12-Hydroxystearate
325
-18°C to124°C, 0°F to255°F
Amber
Smooth
275 kgf
40 lbs
Pass
177°C , 350°F
175cST
13.0cST
220 °C, 428°F°

For demanding outdoor applications and applications close to marine environments Exxon Mobilith SHC460
grease will be used.
It combines the unique feature of a polyalphaolefin (PAO) synthetic base fluid with those of a high quality
lithium complex thickener. The lithium complex thickener contributes excellent adhesion, structural stability
and resistance to water in addition to extended high and low temperature performance.

Exxon Mobilith SHC460
Typical Properties:
Soap Type
Penetration @ 77.F W 60
Usable Temperature Range
Color
Texture
4-Ball E.P. Test
Timken Test
Steel Corrosion
Dropping Point
Viscosity @ 40 deg C
Water Washout ASTM D 1264
Loss at 79°C, % wt
Flash Point

Lithium complex
305
-50°C to 230°C,
-58°F to 446°F
Red
Smooth
250 kgf
50 lbs
Pass
255°C , 491°F
460cST
3
204 °C, 400°F°

Lubrication Points
Dependent upon the type, size, configuration and accessories of your particular actuator,
there may be multiple lubrication points on the actuator. In general all lubrication points
are equipped with a zerk fitting for easy connection to a grease gun. If no zerk fitting is
installed no lubrication is required. If a rod cover is installed, lubrication points may be
obscured by the rod cover and or the fastener band. The most common lubrication
points are located at the clevis on size 4 and 5 MA actuators, and at the stop plate on our
size 6 actuator and all trunnion brackets if equipped. The thrust bearing, motor bearings
and gearbox are considered permanently lubricated. Most maintenance free applications
are equipped with DU bushings at the front cap as well as stainless steel to PTFE fabric
on sliding surfaces as installed on the radial spherical bearing at the rod end.

ACME Screw
The ACME screw and nut system must be re-lubricated approximately every 10,000 strokes or after one year,
whatever comes first. Please refer to below chart for the re-lubrication quantity. After the prescribed amount
of grease is injected into the clevis or stop plate zirk fitting, the actuator should be retracted into the complete
end position and then cycled for a full stroke. This procedure ensures that the new grease is distributed over
the entire length of the ACME screw. It may be required to disconnect the actuator from the load or readjust
the limit switches to achieve the full stroke cycle. Secure load as required.
Ball Screw
The ball screw and nut system must be re-lubricated approximately every 100,000 strokes or after one year,
whatever comes first. Please refer to below chart for the re-lubrication quantity. After the prescribed amount
of grease is injected into the clevis or stop plate zerk fitting the actuator should be retracted into the complete
end position and than cycled for a full stroke. This procedure ensures that the new grease is distributed over
the entire length of the Ball screw. It may be required to disconnect the actuator from the load or readjust the
limit switches to achieve the full stroke cycle. Secure load as required.

Brackets
Trunnion brackets should be lubricated immediately upon installation.
If the actuator is supplied with RACO trunnion brackets, the same Conoco Phillips
Dynalife L-EP1 or Exxon Mobilith SHC460 should be used. Attach the grease gun to
the zerk fitting and apply grease into the fitting until the old grease is forced out of the
trunnion pin hole and the grease relief groove. Wipe off the old and excess grease from
the trunnion pin and bracket. Periodic re-greasing is required at least once per year. The
time interval depends on the angular movement, duty cycle and ambient condition.
Dispose of old grease and used rags in accordance to your local environmental
guidelines.
Front Cap
If the front cap is supplied with a zerk grease fitting the type of grease specified on the lubrication sticker
found on your actuator shield tube should be used. Attach the grease gun to the zerk fitting and apply grease
into the fitting until back pressure builds up. During operation of the actuator a light grease film should be
present on the thrust tube to protect the surface from adverse environmental impact and protect the seal in the
front cap from dry rot. Dispose of old grease and used rags in accordance to your local environmental
guidelines. If the front cap is not equipped with a zerk fitting apply a light coat of grease to the exposed part of
the thrust tube.
Clevis, Spherical Rod End, Junction Pieces
RACO supplies a range of front end adapters to accommodate the connection between the RACO actuator and
the customer’s equipment. These connection points may allow the actuator to pivot or rotate during the stroke.
Periodic re-greasing is required at least once per year. The time interval depends on the angular movement,
duty cycle and ambient conditions. Visually inspect connections, for example, clevis, through holes for wear
and surface damage. Replace these items as required.
Lubrication Quantity Chart
The below re-lubrication chart applies to the ACME screw and ball screw actuators. The lubrication quantity
is dependent upon the nominal stroke length of the actuator. Make sure that after each re-lubrication interval
the actuator is cycled over the entire stroke length to allow the new lubricant to be distributed over the entire
nut / spindle system.
Re-lubrication Quantity in Ounces
Stroke in inch
Actuator
Size
3.9 7.9 11.8 15.7 19.7 23.6 31.5 39.4 47.2 55.1 63.0 70.9 78.7
2
4
5
6
7
8
9
10
11

0.35 0.35

0.35

0.53 0.53

0.53

0.71

0.71

0.88

0.88

1.06

0.71 0.71

0.71

1.06

1.06

1.41

1.41

1.76

0.71 0.71

0.71

1.06

1.06

1.41

1.41

1.76

2.12

2.12

2.47

2.47

2.47

1.06 1.06

1.06

1.41

1.41

1.76

1.76

2.12

2.82

2.82

3.53

3.53

3.53

1.41 1.41

1.41

1.76

1.76

2.12

2.12

2.47

3.17

3.17

3.88

3.88

3.88

7.05 7.05

7.05

7.05

8.82

8.82

8.82

8.82 10.58 10.58 10.58 10.58 10.58

8.82 8.82

8.82

8.82 10.58 10.58 10.58 10.58 12.35 12.35 12.35 12.35 12.35

8.82 8.82

8.82

8.82 10.58 10.58 10.58 10.58 12.35 12.35 12.35 12.35 12.35

Motor / Gearbox Lubrication
RACO Motors and most commercial motors are considered permanently lubricated. RACO supplied
gearboxes are filled with mineral or synthetic oil and do not require any maintenance under normal operating
conditions. Nord and SEW gearboxes are filled in most cases with synthetic oil such as Mobil SHC 630.
Bockwoldt gearboxes are typically filled with a CLP mineral oil, viscosity class VG 320. All gearboxes that
are not vented are max filled to allow for universal mounting conditions on the actuator.
From time to time, a visual inspection of the gearbox should be performed. If signs of oil leaks at the gearbox
are observed, appropriate action should be taken or consult factory for specific information.
Exchange of Grease
It is recommended that a complete exchange of grease on the ball screw or ACME
screw should be performed after 4 to 6 years. If the duty cycle is very low, the grease
should be exchanged completely no later than 8 to 10 years.
We recommend during the lubrication change to replace all seal and gasket materials.

SECTION 7 BIND RELIEF (UN-JAMMING) INSTRUCTIONS
FOR RACO MA TYPE ACTUATORS 4, 5, 6, 7 & 8
RACO Electric Linear Actuators are normally equipped with one pair of adjustable limit switches. When
properly adjusted they will shut the motor off when the motor reaches the fully extended or retracted positions.
If the actuator is operated without the connection of limit switches to the circuit, or if the limit switches are
readjusted incorrectly, it can happen that the unit will jam, since the motor does not shut off in time. To unjam
the actuator mechanically, please follow these instructions:
Jammed in Retracted Position
You will want to gain access to the motor coupling;
For MA type 4 actuators, the coupling (4.10) can be accessed by removing the motor and gear box, if
equipped. Remove bolts (4.3) and the flange and the coupling housing will now separate from the unit.
For MA type 6 actuators it is not necessary to access the coupling by removing the motor. Instead remove the
clevis, remove the first jam nut (1.7), and loosen the second jam nut until it is relieved.
For MA type 5, 7 & 8 actuators, the coupling (4.10) can be accessed by removing the 6 seal nuts (4.4) on the
bearing block and removing the motor assembly and gear box, if equipped.
Using care not to damage any parts, exert force on the coupling in a counter-clockwise position (as viewed
from the motor end) using an appropriate lever until jam loosens.
Note: In the event that excessive force is required to unjam the actuator, it is advisable to return the unit to
RACO for complete disassembly.
Jammed in Extended Position
Carefully loosen the cap nuts (2.17) on the front cap (2.1) approximately three turns.
WARNING - Loosen one turn at a time. Do not remove completely as spring pressure on large units can be
dangerously high.
Jog the reverse button on the motor control. If necessary, loosen the cap nuts (2.17) more until jogging causes
the thrust tube to retract. If necessary, you may also choose to remove the motor and gear box, if equipped to
access the coupling. In this instance you would then exert force in a clockwise position (as viewed from the
motor end).
“C” Design Actuators
Unjamming MA actuators of the “C” design is the same if a jam occurs in the extended position.
For a jam in the retracted position you must access the lower belt wheel (12.7) by removing the rear belt cover
(12.2). Exert a counterclockwise force on the lower belt wheel until the jam loosens.
For actuators that have a “D” or “E” accessory housing, removal of the housing BEFORE removal of the
motor is necessary. Take off the cover to remove the switches and the belt, and then you may proceed with
disassembly. When reassembling the accessory housing be sure to follow the instructions on the timing belt
and tracking details planes of alignment data sheet

Section 8 Disassembly Instructions
Prior to disassembly
You must observe all cautions and warnings posted on all device labels and as listed in this
manual. Failure to do so may result in serious personal injury or death.
Warning! Do not attempt to install, perform maintenance, or service any RACO product
until you have read thoroughly and understand completely all instructions, safety rules,
cautions, warnings, and dangers contained in this manual. Failure to comply can result
in accidents involving fire, electric shock, and serious personal injury or death. Save
this manual and review frequently for continuing safe operation, and for instructing
others who may use RACO products.
Read and closely follow all Warnings, Cautions, and Instructions in this manual.
Failure to do so may result in voiding the RACO Warranty.
CAUTION! You MUST check with RACO prior to any disassembly or maintenance
procedures not specifically recommended in this Manual in order to preserve the RACO
Warranty. If unauthorized or non-recommended practices or procedures are performed,
RACO reserves the right to deny warranty claims for any defect at the sole discretion of
RACO.
CAUTION! Disassembly is not recommended under any circumstance. However,
under extreme conditions, if there is no other opportunity to return the unit to RACO,
the following instructions may be used as alternative guidelines.
Fully and independently support the cylinder and the attached load. If possible,
disconnect the front attachment mechanism from the load.
Disassembly of Thrust Unit Only










Remove clevis and / or stop plate assembly.
Remove front cap.
Remove shield tube.
Remove guide rods.
Remove thrust tube. (remove set screw or heat Loctite to break loose)
Remove front screw guide.
Remove nut housing and bronze nut assembly.
Disassemble nut housing after removing stop screw. (heat may be required)
Remove end plates from nut housing. Note orientation of pressure plates and springs for re-assembly.

For ball screw actuators do not remove the ball nut. Re-assembly of the nut is difficult and the loss of bearings
is likely.

Disassembly of Motor






Remove 6 seal nuts on the trunnion bearing housing.
This will allow separation of the bearing housing and the coupling housing. If an accessory housing is
attached please see the instructions for accessory housings.
Any accessories installed on the rear of the motor must be removed first.
Remove the front bearing housing from the stator housing. The rotor will also come out.
Remove snap rings and bearings as required.

Disassembly of the Screw and Bearing Block Assembly





Remove couplings.
Remove bearing cover nut or preload locknut. (setscrews)
Press the screw to the front of the bearing block.
Remove bearing seals, bearings and spacer as required. Note orientation for re-assembly.

Disassembly of Actuators





Turn off and lock out the main power and control circuit power to the actuator.
Support the load if necessary and remove the electrical connections from the actuator.
Remove actuator to a clean work environment.
If the actuator is jammed in the extreme extended or retracted position, refer to the un-jamming
instructions first.

(Loctite Gasket eliminator 515 is used on all metal to metal exposed surfaces, and Loctite 271 is used on all
thread locking. 271 requires heat to break it loose.)
DISASSEMBLY INSTRUCTIONS FOR ACCESSORIES
You must observe all cautions and warnings posted on all device labels and as listed in this
manual. Failure to do so may result in serious personal injury or death.
Warning! Do not attempt to install, perform maintenance, or service any RACO product
until you have read thoroughly and understand completely all instructions, safety rules,
cautions, warnings, and dangers contained in this manual. Failure to comply can result
in accidents involving fire, electric shock, and serious personal injury or death. Save
this manual and review frequently for continuing safe operation, and for instructing
others who may use RACO products.
Read and closely follow all Warnings, Cautions, and Instructions in this manual.
Failure to do so may result in voiding the RACO Warranty.
CAUTION! You MUST check with RACO prior to any disassembly or maintenance
procedures not specifically recommended in this Manual in order to preserve the RACO
Warranty. If unauthorized or non-recommended practices or procedures are performed,
RACO reserves the right to deny warranty claims for any defect at the sole discretion of
RACO.

CAUTION! Disassembly is not recommended under any circumstance. However, under extreme conditions,
if there is no other opportunity to return the unit to RACO, the following instructions may be used as
alternative guidelines.
Fully and independently support the cylinder and the attached load. If possible, disconnect the front
attachment mechanism from the load.
Read and closely follow all Warnings, Cautions, and Instructions in this manual. Failure to do so may result
in voiding the RACO Warranty.
CAUTION! You MUST check with RACO prior to any disassembly or maintenance procedures not
specifically recommended in this Manual in order to preserve the RACO Warranty. If unauthorized or nonrecommended practices or procedures are performed, RACO reserves the right to deny warranty claims for
any defect at the sole discretion of RACO.
DISASSEMBLY OF ACCESSORIES “D” or “E” Lateral Accessory Housings
1. Remove the cover (9.35).
2. Remove RPM Pulse Generator if so equipped to allow clearance for belt removal.
3. Remove two socket screws (9.66) from the bearing block supporting the driven shaft.
Note any shims used to tension the belt.
4. Tilt the bearing block to allow removal of the belt

ATTENTION
These instructions are for emergency repairs only. If your actuator is still under
warranty, you will void this warranty by opening the unit. We strongly recommend
having all repairs done by RACO International, Inc. and using RACO spare parts only.
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6. Sample Maintenance Checklists
The following sample checklists are provided as example lists that may be used to
“check off” work items. These are provided as a suggested baseline for reference only.
They should be expanded upon and updated as necessary to be consistent with
maintenance personnel work practices, and to ensure that all systems are properly
maintained for reliable operation of the bridge.
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O'Rorke Machinery Electrical Maintenance Chart
Part

Qty.

Frequency Maintainer Notes

Year:
April

Operation Controls Verification
Sequence of operation - interlocks and permissives
Electric Motors
Remove debris
Check conductors and terminations
Megger stator windings to ground
Brakes
Remove debris
Check terminations
Inspect wiring
Check limit switch functionality
Megger brake motor windings to ground
Tail Lock Actuator
Remove debris
Check conductors and terminations
Megger motor windings to ground
Standby Generator
Operation check
Fluid checks
Check status indicators
Check cables and connections
Check air filters
Replace fluid filters
Fuel check
Check belts
Check hoses and hose clamps
Clean radiator
Megger armature windings
Automatic Transfer Switch
Remove debris
Check for wear
Check conductors and terminations
Enclosure integrity
Area clearances
Simulate poewr failure to use ATS
Motor Control Center
Remove debris
Check conductors and terminations
Exercise starters, ciruit breakers, etc.
Enclosure integrity
Area clearances
Continuity checks at circuit breakers
Continuity checks at fuses
Overloads and TVSS checks

Page 1 of 3

May

June

July

Aug

Sept

Oct

Nov

Dec

-

Biennial

4
-

Annual

8
-

Annual

4
-

Annual

1
-

Monthly

-

6 months

-

Annual

1
-

Annual

1
-

Annual

-

Note:
1.Electrical maintenance by trained personnel only.
2. Use lockout/tagout procedures to de-energize components to ensure safety during maintenance procedures.
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O'Rorke Machinery Electrical Maintenance Chart
Part

Qty.

Frequency Maintainer Notes

Year:
April

Uninterruptible Power Supply
Remove debris
Check conductors and terminations
Battery test
Test operation
SCR Drives
Remove debris
Check conductors and terminations
Verify functionality of relays, contractors
Verify functionality of control and indication
Enclosure integrity
Test operate using each drive and motor
Control Console
Test indication lights
Test switches and pushbuttons
Check conductors and terminations
Remove debris
Enclosure lamps
Control Relays
Remove debris
Check conductors and terminations
Check breakers, fuses, relays, and contacts
Enclosure integrity
Area clearances
Liimit Switches and RCLS
Exercise limit switch levers
Verify proper operation
Remove debris
Check fasteners
Clean assemblies and targets
Inspect for wear
Check gaskets
Where applicable, review couplings
Exercise limit switch levers
Verify proper operation
CCTV
Check for obstructed views
Check focus
Check operation of pan tilt and zoom focus
Monitors opreational
Inspect wiring and terminations
Clean monitors

Page 2 of 3

May

June

July

Aug

Sept

Oct

Nov

Dec

1
-

Annual

4
-

Annual

1
-

Annual

1
-

Annual

-

Monthly

-

Annual

1
-

Monthly

-

Annual

-

Note:
1.Electrical maintenance by trained personnel only.
2. Use lockout/tagout procedures to de-energize components to ensure safety during maintenance procedures.
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O'Rorke Machinery Electrical Maintenance Chart
Part

Qty.

Frequency Maintainer Notes

Year:
April

Disconnect Switches
Check conductors and terminations
Switch blades
Exercise switch
Enclosure integrity and seal
Area clearances
Remove debris
Conduits and Electrical Boxes
Inspect and repair failed or detached conduit
Check box integrity and seal
Remove debris
Paint touch-up
Traffic Warning Gates
Remove debris
Check conductors and terminations
Remove corrosion from limit switch contacts
Inspect for proper operation
Gate arm light illumination and sequence
Gate arm level and height
Door gaskets
Paint touch-up
Megger gate motor windings to ground
Warning Gongs
Verify opreational
Installation integrity
Fire Alarm
Test in accordance with fire codes
Traffic Lights, Nav Lights, Fender Lights
Visually inspect for proper function
Installation integrity
General Lighting
Visually inspect for proper function
Replace bulbs and fixtures as necessary
Inspect circuits, feeder breakers, wiring
Installation integrity
Emergency Lighting
Remove debris
Test
Check bulbs / batteries
Inspect wiring and terminations
Provide written record of test and repairs

Page 3 of 3

May

June

July

Aug

Sept

Oct

Nov

Dec

-

Annual

-

Annual

4
-

6 months

-

Annual

2
-

6 months

1
-

3 months

-

Monthly'

-

Annual

-

Annual

-

Note:
1.Electrical maintenance by trained personnel only.
2. Use lockout/tagout procedures to de-energize components to ensure safety during maintenance procedures.
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1. General Information
1.1. Introduction
The purpose of this manual is to summarize maintenance requirements for the
mechanical machinery associated with the bridge. Provided details include general
system descriptions, scheduled maintenance and inspection, and lubrication
information.

1.2. Safety
There are inherent safety risks associated with the mechanical machinery for movable
bridges. Notable safety hazards include dangers from rotating mechanical parts, high
temperature of equipment, fall hazards, pinch points and slipping hazards from spilled
fluids or rainwater.
Maintenance must be done in accordance with local, state and federal regulations
including the requirements of Occupational Safety and Health Administration (OSHA)
and the American Association of State Highway and Transportation Officials
(AASHTO). Maintenance must be done by competent personnel experienced in heavy
machinery and familiar with the systems on this bridge. Personnel should refer all
questions to their supervisor for guidance on proper procedures.
Always maintain a line of communication with the bridge operator and all other
personnel that are working on the bridge. Ensure that all parties are notified and in a
safe position prior to bridge operation. Similarly, ensure that the operator is aware of
any maintenance activities that may delay operation. Communication is essential to
ensure safe coordination of operation and maintenance activities.

2. Operational Description
The machinery for the bridge consists of span drive machinery, span stabilizing
machinery, tail locks, and traffic warning gates. See Figure 1 for the location of the
machinery components (excluding the traffic warning gates.
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Figure 1: Plan View of Span

2.1. Span Drive Machinery
The span drive machinery is located in the machinery room below the roadway level.
The span drive operating machinery for each bascule leaf is identical. See Figure 2 for a
schematic of the span drive machinery with component designations.

Figure 2: Plan View of Span Drive Machinery

The normal power for each span drive is provided by one of the two 75 HP, 900 RPM
electric motors in each machinery room. Each motor is connected to an input shaft of the
primary reducer via a double engagement grid coupling. On both input shafts is a brake
wheel for a spring set, thrustor released shoe type motor brake. On the counterweight
side of the primary reducer is an emergency drive input shaft at which a power drill can
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be coupled for emergency operation. In the case when the electric motors cannot be
used, personnel can operate the leaf using the power drill.
The primary reducer has two output shafts, and a differential integrated into the
primary reducer ensures even load sharing. The primary reducer output shafts are
connected to the secondary reducers’ input shafts using floating shafts and single
engagement gear type couplings. The secondary reducers have an additional input shaft,
each of which has a brake wheel for a spring set, thrustor released shoe type machinery
brake installed on it. The output shafts of the secondary reducers are coupled to the rack
pinion shafts with double engagement gear type couplings. The pinion shaft is
supported by a spherical roller bearing in a pillow block housing and a spherical roller
bearing flange mounted to the bascule girder. The rack pinion is cantilevered off the end
of the pinion shaft outboard of the bascule girder. The mating horizontal spur gear rack
is located above the pinion and is mounted on a fixed structural support.
The rack pinions are located at the center of the arc of the curved tread castings that
support the movable span. Rotation of the electric motors causes the rack pinions to
rotate and travel along the fixed racks, exerting a force at the rack and pinion gear mesh.
The curved tread castings roll along fixed horizontal flat tread castings maintaining the
position of the rack pinion at the center of roll. The bridge opens and closes for marine
traffic as a result of rotary and translational movement.

2.2. Span Stabilizing Machinery
The movable leaves are fitted with a series of devices to stabilize and support the span in
the closed position. One lock bar type tail lock is provided at the tail end of each bascule
girder to limit span movement when it is engaged. The lock bar is driven by an electromechanical linear actuator and is supported by a front and rear guide. When driven, the
lock bar engages a strike plate attached to the bascule girder. When retracted, the lock
bar is pulled outboard of the bascule girder and allows the leaf to open. See Figure 3 for
a schematic of the tail lock machinery.

Figure 3: Tail Lock Machinery
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The mid-span shear locks are a jaw lock system to allow the leaves to share live load
shear forces. The jaw lock consists of a diaphragm on each side of the far leaf and a
corresponding jaw on each side of the near leaf. Synchronized operation of the leaves is
required for both opening and closing for smooth engagement and disengagement of the
jaw lock system. As the leaves are closing, they are both rotating and translating and the
diaphragm slides into the gap of the jaw.
Live load reactions are provided to prevent over-travel of the span during closing and
provide stability to the span in the fully closed position. There are two live load
reactions for each leaf. The reactions are located on top of the approach end of each
bascule girder and are intended to support the loads resulting from imbalance and the
live load of traffic.

2.3. Traffic Warning Gate Machinery
The bridge is equipped with four traffic warning gates. A pair of gates are located on
each approach to the movable span outboard of the sidewalks and provide visual
indication to traffic when the bridge is operated as a part of the traffic control system.
When the gates are lowered, they meet in the middle of the roadway to block vehicular
and pedestrian traffic prior to opening the movable span. The warning gates do not
function as a physical barrier, and no resistance barriers are provided.

3. Functional Description
3.1. Motors
There are two span drive motors in each
machinery room. Both motors are 75
HP, 900 RPM AC electric motors of the
same make and model. The electric
motors are fitted with a shaft extension
at the rear of the motor and an encoder.
The motor is foot mounted on a
weldment. Shims for the motor feet are
provided to enable adjustments for
alignment. See Figure 4.

Figure 4: Span Drive Motor
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3.2. Brakes
There are four brakes in each machinery room. Two motor brakes are located on each of
the primary reducer input shafts, and one machinery brake is located on the outboard
end of each secondary reducer input shaft. See Figures 5 and 6.

Figure 5: Motor Brake

Figure 6: Machinery Brakes

The span drive brake assemblies are spring-set thrustor released drum brakes with
additional manual release levers. The design brake torque settings are as follows:
Torque Settings (per brake, as shown on design plans)
Motor Brake: 448 Nm (540 Nm max brake capacity)
Machinery Brake: 1730 Nm (2650 Nm max brake capacity)

3.3. Reducers
3.3.1. Primary Reducer
Each leaf is supplied with one primary
reducer. The primary reducer is a parallel
shaft, triple reduction, triple input and
double output, differential reducer with a
ratio of 7.595:1. On the counterweight
side of the primary reducer is an
emergency drive input shaft at which a
power drill can be coupled for
emergency operation. The emergency
drive ratio is 30.38:1. Shims are provided
at the mounting of the reducer to allow
for alignment adjustments. There are
shaft seals at all the reducer input and

Figure 7: Primary Reducer
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output shafts to mitigate oil leakage from these sites. See Figure 7.

3.3.2. Secondary Reducer
Each leaf is supplied with one secondary reducer. The secondary reducers is a parallel
shaft, triple reduction, double input, and singe output differential reducer with a ratio of
90.801:1. There are shaft seals at all the reducer input and output shafts to mitigate oil
leakage from these sites. See Figure 8.

Figure 8: Secondary Reducer

3.4. Bearings
There are four bearings located in each machinery room. The two B1 bearings are grease
lubricated spherical roller bearings flange mounted to each bascule girder. See Figure 9.
The B2 bearings are grease lubricated spherical roller bearings in a pillow block housing.
See Figure 10.

Figure 9: B1 Bearing

Figure 10: B2 Bearing

6

Colonel Patrick O’Rorke Memorial Bridge
Rochester, NY

Mechanical Maintenance
and Lubrication Manual

3.5. Couplings
There are eight couplings located in each machinery room. The two C1 couplings are
double engagement gear type couplings. See Figure 11. The two C2 and the two C3
couplings are single engagement gear type couplings that support the floating shafts
between the primary reducer and the secondary reducers. See Figures 12 and 13. The
two C4 couplings, or motor couplings, are double engagement grid type couplings. See
Figure 13 and Figure 14.

Figure 11: C1 Coupling

Figure 12: Floating Shaft Coupling (C2 and
C3 Couplings)

Figure 13: C4 Motor Coupling

Figure 14: C4 Motor Coupling with Cover
Removed Showing Grids
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3.6. Open Gearing
There are two open spur gearsets in
each machinery room. See Figure 15.
The two flat racks and are mounted
on a fixed structural support. The
two pinions mate with the racks from
below and are cantilevered off the
end of the pinion shaft. The gearsets
are located outboard of the bascule
girder.

Figure 15: Rack and Pinion Gear Set

3.1. Curved and Flat Treads
There are two curved and flat tread assemblies supplied for each movable leaf. One
curved tread is mounted to each bascule girder and its mating flat tread is anchored to
the pier. The curved treads utilize opposing wedges between tread sections to ensure
strength at the joint. Restraining blocks are provided at these wedges. The curved treads
are supplied with pockets which engage lugs on the flat treads during operation. See
Figure 16.

Figure 16: Curved and Flat Treads
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3.2. Tail Lock Machinery
One lock bar type tail lock is provided at the tail end of each bascule girder to limit span
movement when it is engaged. The lock bar is driven by an electro-mechanical linear
actuator and is supported by a front and rear guide. When driven, the lock bar engages a
strike plate attached to the bascule girder. When retracted, the lock bar is pulled
outboard of the bascule girder and allows the leaf to open.

3.2.1. Tail Lock Linear Actuator
Each tail lock assembly includes one tail lock linear actuator. The tail lock linear actuator
utilizes a gear motor, timing belt, and an acme screw to provide thrust to the cylinder
rod. Each motor is supplied with an emergency hand crank. See Figure 17.

3.2.2. Tail Lock Guides and Strike Plate
One rear guide and one front guide
are supplied with each tail lock
assembly. The guides are fixed and
are mounted to the pier. The guides
are fitted with lubricated bronze
shoes. Additionally, one steel strike
plate is supplied with each tail lock
assembly and is mounted to the
counterweight end of each bascule
girder. See Figure 18 and Figure
19.Figure 18: Tail Lock Assembly
Figure 17: Tail Lock Assembly

Figure 18: Tail Lock Assembly

Figure 19: Tail Lock Assembly, Receiver
(Lock Bar Retracted)
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3.3. Shear Lock Assembly
The shear lock assemblies consist of one diaphragm on each end of the far leaf and a
corresponding jaw on each end of the near leaf. The contact surfaces of these items are
lubricated. See Figure 20 and Figure 21.

Figure 20: Shear Lock Assembly Jaw on the
Near Leaf

Figure 21: Shear Lock Assembly Diaphragm
on the Far Leaf

3.4. Live Load Reactions
There are two live load reactions for each leaf. The live load reactions consist of a strike
plate mounted to the top of the counterweight end of each bascule girder and mate with
a strike plate mounted to the approach. The strike plates are provided with shims to
enable adjustments. See Figure 22.

3.5. Bumper Blocks
Wooden bumper blocks are installed against the bascule pier and should be set to limit
the spans over-travel in the event of a loss of control at full open. See Figure 23.

Figure 22: Live Load Reaction Assembly
with Bridge Closed

Figure 23: Bumper Block Assembly, with
Bridge Near Full Open
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3.6. Warning Gates
There are four warning gates, two at each approach to the bridge. All four gates consist
of similar mechanisms. The gates consist of gate arms which straddle half the width of
the roadway and the pedestrian walkway. The operating machinery at each gate consists
of a motor that is face mounted to a right-angle reducer, which then outputs a crank. A
connecting rod with rod eyes at each end connects the reducer output crank to a crank
mounted to the gate arm support shaft which is the center of rotation of the gate arms.
The gate arm support shaft is mounted through the gate enclosure through a pair of
grease lubricated face mounted spherical bearings and connects to the gate arm support
bracket. There are two additional bearings that support the crankshafts, one at each
shaft. See Figure 24 and Figure 25.

Figure 24: Traffic Gate Machinery, View of
Reducer, Lower Crank and Connecting Rod

Figure 25: Traffic Gate Machinery, View of
Connecting Rod and Gate Arm Shaft

3.7. Span Position Indication Equipment
Each leaf is provided with span position indication equipment driven by the secondary
reducer output shafts. The span position indication equipment at each leaf consists of
two right angle gearboxes, two position transmitters, and a rotary cam limit switch, all
coupled with rigid couplings. Shims are provided to enable adjustments to alignment.
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4. Scheduled Maintenance
4.1. General
Mechanical inspection and maintenance of the bridge systems shall generally follow the
following recommendations and practices:
 All manufacturers’ recommendations.
 General recommendations and guidelines from in accordance with AASHTO.
 Specific recommendations noted in this manual.
 Additional maintenance deemed necessary based on the history of operation and
maintenance of this bridge, as determined by trained maintenance personnel.

4.2. Scheduled Maintenance and Inspection
Maintenance tasks listed in this section shall be performed according to the schedules
presented in Section 8, with updates as required to ensure properly maintained
equipment.

4.2.1. Grease Purging
The maintenance efforts include periodic purging of old lubricant from sleeve bearings
and couplings. When components are being purged, maintenance personnel should take
care to capture all extruded grease to prevent it from falling on the ground or in the
water. In some cases, depending on the location, personnel may be able to install drop
cloths to capture any purged grease. In other cases, this won’t be practical, and
personnel will have to capture purging excess grease by hand as it comes out of the
bearings.

4.2.2. Checking Fasteners
It is recommended that fasteners be checked in the following manner. An initial check
would be performed by visual and tactile inspection. Loose bolts may be apparent
where there are gaps under bolt heads or under nuts, or where there are signs of
movement (removal of paint, lines in excess grease, etc.). A second check should be
performed, where practical, by feeling for movement of the fastener when the
component is loaded during operation.

4.3. Lubrication Table
The lubrication schedule for all applicable components is provided in the table in Section
7. Update lubrication frequency as necessary to ensure that components are always
lubricated. Other maintenance, apart from lubrication, is listed in the following sections.
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4.4. Span Drive Motors
4.4.1.1.

Suggested Maintenance

 Check the mounting bolts.
 Monitor the motor during operation of the machinery to detect the presence of
abnormal vibration or noise.
 Clean and spot paint exterior surfaces to address deterioration.

4.4.1.2.



Schedule

Inspect at 6 month intervals.
Cleaning and painting to be performed annually.

4.5. Brakes
4.5.1.1.















The brakes should be checked for wear and satisfactory operation.
Check and adjust the thrustor reserve stroke to meet manufacturer requirements.
Check torque setting.
The brake assemblies and friction surface should be kept clean and free of debris.
Check brake wheels for corrosion and remove as necessary with emery cloth.
The brake thrustor seals should be inspected for signs of leaks. Any leaks should be
addressed immediately with the consultation of both the engineering staff and the
manufacturer.
Check brake shoes for appropriate thickness.
Inspect the integrity of the brake linkage assembly.
Inspect the brake hand release mechanism to ensure that it is functional.
Check the safety interlock limit switches for proper function.
Check brake wheel/brake pad clearance with brake hand released using feeler gages
Check brake wheel/brake pad clearance with brake set using feeler gages. There
should be zero clearance.
Clean and spot paint exterior surfaces to address deterioration.

4.5.1.2.



Suggested Maintenance

Schedule

Inspect and adjust at 6 month intervals.
Cleaning and painting to be performed annually.
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4.6. Reducers
4.6.1.1.

Suggested Maintenance

 The reducers should be checked for wear (internal inspection) and satisfactory
operation.
 The reducers should be kept clean and free of debris.
 Clean and spot paint exterior surfaces to address deterioration.

4.6.1.2.



Schedule

Clean at 6 month intervals.
Cleaning and painting and internal inspection to be performed annually.

4.7. Bearings
4.7.1. Suggested Maintenance
 Check condition of the cap and/or mounting bolts and tighten if required.
 If there are indications of abnormal wear or if the bearing is not accepting grease,
schedule internal inspection.
 Remove any accumulated debris from in and around all bearings. Clean debris and
excess lubricant from these areas at the start and end of the operation season as a
minimum. Adjust the frequency based on the amount of debris accumulation.
 Monitor the bearings during operation of the machinery to detect the presence of
abnormal vibration or noise.
 Inspect desiccant breather and replace if necessary.
 Clean and spot paint exterior surfaces to address deterioration.
 Perform oil sample analysis to determine if oil change is necessary.

4.7.2. Schedule
 Inspection and maintenance at 6 month intervals.
 Cleaning and painting to be performed annually.
 Perform oil sample analysis annually.

4.8. Couplings
4.8.1. Suggested Maintenance
 Check for loose fasteners and torque fasteners per manufacturer’s recommendations
if necessary.
 For smaller couplings, such as at the position equipment, check that the set screws
(that secure the coupling hubs to shafts) are tight.
 Inspect keys and keyways for cracks.
 Listen for abnormal noises from the couplings during operation.

14

Colonel Patrick O’Rorke Memorial Bridge
Rochester, NY

Mechanical Maintenance
and Lubrication Manual

 If there are indications of an issue with the couplings, then disassemble them for
inspection. This requires supporting the floating shafts by other means.
 Inspect seals and gaskets for damage or leakage.
 Clean any excess grease.
 Clean and spot paint exterior surfaces to address deterioration.

4.8.2. Schedule
 Inspection and maintenance at 6 month intervals.
 Cleaning and painting to be performed annually.

4.9. Open Gearing
4.9.1. Suggested Maintenance







Visually check the condition of the gear teeth. Observe for broken teeth or signs of
abnormal wear to the teeth.
Remove any accumulated debris from in and around all gears. Clean debris and
excess lubricant from these areas at the start and ends of the season as a minimum.
Adjust the frequency based on the amount of debris accumulation.
Remove any old/dried lubricant in the roots of the gears.
Monitor the gears during operation of the machinery to detect the presence of
abnormal sounds or movement.
Clean and spot paint non-wearing exterior surfaces to address deterioration.

4.9.2. Schedule
 Inspection and maintenance at 6 month intervals.
 Cleaning and painting non-wearing surfaces to be performed annually.

4.10.

Tread Assemblies

4.10.1. Suggested Maintenance





Remove any accumulated debris from in and around the treads. Clean debris
from these areas at the start and ends of the season as a minimum. Adjust the
frequency based on the amount of debris accumulation.
Monitor the treads during operation of the machinery to detect the presence of
abnormal sounds or movement.
Clean and spot paint non-wearing exterior surfaces to address deterioration.

4.10.2. Schedule



Remove debris monthly.
Monitor for abnormal sounds and clean and paint annually.
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Tail Lock Assembly

4.11.1. Suggested Maintenance






Remove any accumulated debris from on and around the linkages, lock bars, guides,
and receivers.
Observe the tail locks during operation of the machinery to detect the presence of
abnormal vibration or noise.
Check the condition of the lock bar guide and receiver mounting bolts.
Clean the lock receiver plate of all debris.
Clean and spot paint non-wearing surfaces to address deterioration.

4.11.2. Schedule



Inspection and maintenance at 6 month intervals.
Clean and paint annually.

4.12.

Mid-Span Shear Lock Assembly

4.12.1. Suggested Maintenance




Remove any accumulated debris from on and around the shear locks.
Check for loose fasteners and tighten as necessary.
Clean and spot paint non-wearing surfaces to address deterioration.

4.12.2. Schedule



Inspection and maintenance at 6 month intervals.
Clean and paint annually.

4.13.

Bumper Blocks

4.13.1. Suggested Maintenance



Check the condition of the mounting bolts.
Check for damage or wear of the bumper blocks.

4.13.2. Schedule


Inspect annually.

4.14.

Live Load Reactions

4.14.1. Suggested Maintenance




Check for loose mounting bolts at the strike plates and shoes.
Remove debris.
Clean and spot paint to address deterioration.
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4.14.2. Schedule




Remove debris from live load reactions every monthly.
Check for loose fasteners every 6 months.
Clean and paint annually.

4.15.

Traffic Warning Gates

4.15.1. Suggested Maintenance







Observe gates during operation for abnormal sounds and movement.
Remove any accumulated debris from the interior and exterior of the gate housing.
Check for loose mounting bolts. It is recommended that the inspector check for
movement at the reducer mounting interfaces while rocking the gate arm.
Check for set screw tightness at the chain sprockets and pulleys.
Inspect the gate arms for wear or damage.
Check for signs of leakage from the reducer. If leakage is noted, check oil level and
add oil as necessary, monitor for further leakage and repair as necessary.

4.15.2. Schedule



Inspect and maintain every 3 months.
Clean and paint annually.

4.16.

Position Indication Equipment

4.16.1. Suggested Maintenance





Observe all position indication equipment during operation for abnormal sounds
and movement.
Exercise lever arm limit switches.
Remove any accumulated debris from on or around the assemblies or targets.
Check for loose mounting bolts or connections.

4.16.2. Schedule



Exercise lever arm limit switches every 3 months.
Perform other maintenance activities every 6 months.
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Section 1 General Information
This manual contains mechanical and electrical installation, operating and maintenance instructions for sizes
2, and 4 to 11 MA series Modular Actuators manufactured and distributed by RACO International, L.P. The
instruction manual may be updated from time to time without prior notification and may be supplemented by
additional vendor information as it deemed to be necessary by the supplier. A requirement of fault free
operation and fulfillment of any rights to claim under guarantee is that you read, understand and adhere to the
entire information in the installation, operating and maintenance instructions before you start to install and
operate the equipment.
The installation, operating and maintenance instructions contain important information about the unit and its
functionality and are intended for users having technical expertise and are thoroughly familiar with the
machinery or the environment in which the actuator(s) is (are) integrated. Please keep this manual accessible
for further use and for your fellow co-workers. They will thank you.
Intended Use
The equipment described in this manual is intended for industrial applications only and should not be used to
lift, support, or otherwise transport personnel unless you have written approval from RACO International, L.P.
which authorizes the specific actuator unit, as used in your application, as suitable for moving personnel. It is
important that you analyze all aspects of your application and review the information concerning the product
or system in the current product offer. Due to the variety of operating conditions and applications for the
product or system, the user, through its own analysis and testing, is solely responsible for making the final
selection of the products and systems and assuring that all performance, safety and warning requirements of
the application are met.
Take a moment to analyze your present environmental conditions and potential hazardous locations in regards
to areas containing flammable vapors, liquids, gases or combustible dusts or fibers. Refer to the NFPA 70E or
NEC article 500 guidelines for hazardous area and zone classifications. Make sure that the delivered actuator
fulfills the requirements of your local jurisdictions. Do not use in highly corrosive or extremely wet or
submersible environments without prior written approval from RACO International, L.P.
Do not use in applications involving extended exposure to temperatures below -14deg F or above 120 deg F
without prior written approval from RACO International, L.P.
Safety Notes
If the electrical control and power system is not supplied by RACO it is the responsibility of the user to select,
install, maintain the appropriate actuator motor circuit protection. This includes, but is not limited to, the
selection of the branch breaker or fuses and the overload selection. If variable frequency drives (VFD) or
servo drives (SD) are used, the appropriate parameters have to be set in that way that the actuator is adequately
protected from overloading in dynamic and static conditions. Make sure that the thermal over temperature
protection devices are integrated and connected into the control circuit.
Make sure that all interconnecting wiring circuits are complying with the most recent National Electric Code
(NEC) guidelines, local jurisdictions and/or your plant regulations.
Make sure that the nameplate voltage and frequency for the motor, brake and control equipment matches with
your supply voltage and frequency. Double check the star/delta jumper setting in the motor terminal housing
in accordance with your supply power.

Observe all applicable Occupational Safety and Health Act (OSHA) requirements during installation,
operation, maintenance and/or service of the supplied RACO electrical actuators. In particular, observe the
lockout and tag out procedures. All electrical power must be securely disconnected before performing any
work on the actuator. Please be reminded that stored energy may be present. Secure all hanging, spring loaded
or otherwise possible shifting equipment. Failure to do so can cause harm, injuries or death and/or damage to
the equipment.
All RACO actuators are shipped with clearance to the end of the design stroke limit to allow for testing upon
initial start-up for proper electrical phase connection and confirmation of proper travel direction. These
clearances are critical to prevent accidental over-stroke damage in the event of initial wiring errors. Make sure
that the designated end of stroke limit switches are wired into the correct reversing starter coil circuit.
RACO electrical Actuators are usually supplied with, and always recommended to be used with, end of stroke
limit switches. In this configuration two normally closed switches are set in a way, that each switch is
monitoring respectively, each end of the design stroke. When properly connected into the motor control
circuit, the limit switch will open up when the design stroke limit is reached and will disconnect control
voltage to the respective starter coil, which will disconnect power from the motor. Over stroking of the
actuator in either direction can cause binding, jamming or even destruction of the actuator and/or the attached
equipment. Make sure that the physical limits of the attached equipment are beyond the setting of the design
stroke limits of the actuator.
Be aware the motor supplied with your RACO product MAY be capable of delivering more torque than is
required for your particular application, and indeed may be capable of delivering a higher torque than the
maximum rating of the RACO product. In the event of unforeseen interference or higher than designed force
or loads, the LOCKED ROTOR or stall torque capability of the motor may cause damage to the RACO
product or the surrounding equipment. If the motor control selected does not provide maximum thrust or
power limiting capability, install separate, RACO recommended current, power or RPM monitor protection
devices with trip points selected not to exceed the nominal thrust rating of the actuator.
Precautions
During and after operation carefully check all device surfaces for high temperature when touching any part.
Always allow sufficient time for surfaces to cool down before maintenance, service, disassembly, or any other
work or inspection is performed. Surfaces may be hot enough to cause pain and injury.
Installation, maintenance, and service should be performed only by qualified, trained personnel, who are
familiar with the installation, construction and operation of the device and the surrounding machinery. Use
only genuine RACO parts for repairs and maintenance to ensure safe, proper performance and operation. If
you have any doubt in the qualification of the intended repair facility, do yourself a favor and send the actuator
to RACO’S qualified in-house repair shop to guarantee proper repair.

Section 2 Receiving of Shipment
Inspection
Immediately upon receipt of any RACO product, inspect the entire shipment including the packaging for
evidence of damages of any kind. Compare the received goods with the itemized packing list and account for
all items. There may be smaller items in the crate or packing container as well. All RACO products are
inspected prior to shipment and are released for shipment confirmed in good condition. RACO products are
shipped FCA from the RACO factory in Bethel Park, Pennsylvania. It is the responsibility of the receiving
party to recognize damage on receipt and process claims for any damage with your freight carrier.
Unpacking and Lifting Information
Small actuators are packaged in cardboard boxes with internal support and/or filling material. Larger actuators
are packaged on a wooden skid or in a wooden crate. If strapping band material is used be advised that the
band is under tension and may have sharp edges or corners. Wooden crates are constructed with nails, staples
and/or screws. Always wear OSHA approved gear, like safety glasses, gloves, hardhats, back support as
required if unpacking or handling the equipment.
Lifting Points
Small actuators can be lifted and handled without any lifting devices. Make sure that the actuator is placed in a
secure fashion onto a solid surface since the center of gravity may not be obvious. Larger actuators have to be
lifted and handled with an overhead crane. Make sure that all bracing which holds the actuator securely in the
crate is removed. Use appropriate rated rigging slings. Fasten the slings securely on multiple points on the
actuator. Do not use lifting lugs on the motor or gearbox, these lifting points are designed by the gear box or
motor supplier to lift the respective part only. Lift slowly and observe any shifting or rotating of the actuator.
Never position yourself under any hanging load. After the actuator is removed from the shipping container
make sure that the actuator is placed in a secure fashion, V-blocks or bracing may be required, onto a solid
surface since the center of gravity may not be obvious.
Disposal of Packing Material
All packing material should be disposed in accordance with the local regulations. Be environmentally
responsible since you just unpacked an environmentally friendly actuator which does not contain any
hazardous hydraulic fluids and enables low electrical energy consumption.
Extended Storage
If the actuator is not mounted immediately after arrival at the job site, the actuator should be stored in a dry
and vibration free area in a horizontal orientation. Make sure the actuator is well supported and the thrust tube
is in the retracted position. Non painted surfaces should be treated with a light oil or grease film. If the
actuator is stored with the trunnion brackets attached lubricate the trunnion pins via the zerk fitting. The
storage temperature should not exceed a range of 14 degrees to 104 degrees Fahrenheit (10 to 40 degrees
Celsius). If storage exceeds 2 years it is recommended to completely replace all lubrications

Section 3 Installation
Mechanical Installation
Before starting the mechanical installation make yourself familiar with the conditions in regards to location,
the physical space where the actuator will be installed, environmental conditions, type of foundation as far as
concrete pad, steel structure and or steel beams. Check mounting bolt pattern, bolt sizes and SAE grade
strength of bolts with the installation drawings. Most actuators are supplied with front end clevises or
spherical rod ends. Check the engagement of the forks and or the pin size with the mating piece. All RACO
Actuators are delivered with the thrust tube extended around one inch to allow for checking of movement in
the anticipated direction. Have a plan for lifting and rigging of the actuator into its final mounting position.
Confirm weight of the actuator, lifting points and center of gravity. Never install eye bolts on motors and or
gearboxes. These lifting positions were installed by the motor or gearbox manufacturer to lift the individual
item only.
Alignment
Proper alignment of the actuator is essential to guarantee a long and trouble free operation of the actuator.
Even though the actuator can tolerate a side loading of up to 10% of its nominal thrust rating, premature wear
of the front bushing, thrust tube, nut and screw assembly and an increase in power consumption are the result.
In cases where side loads or bending forces are extremely high, jamming or stalling of the actuator may occur
or bending of the truth tube, screw and or attached equipment. Make sure that the actuator is mounted firmly
to the foundation. Use shims or other means to ensure level and parallel mounting of the trunnion pin brackets.
The center line of the actuator should be on the center line of the attached equipment which should be moved,
rotated, pushed and pulled or otherwise agitated. Make sure that over the full stroke of the actuator the
attached equipment performs a movement which follows the centerline of the actuator in horizontal and
vertical direction. An easy way to check the linear alignment in the field is by connecting the load to the
actuator in the retracted position. Observe the mounting position between the two connected pieces.
Disconnect the load from the actuator.
Trunnion Pin Mount
With the trunnion pin mount one dimension of freedom of movement can be
achieved. The freedom of movement is exactly 90° to the centerline of the
trunnion pins. Make sure that over the full stroke of the actuator the clevis or
spherical rod eye, as well as all other parts of the actuator, can pivot freely
around the circular movement on the trunnion pins. All RACO supplied
trunnion pins are manufactured out of stainless steel. Dependent on the
customers, design of the trunnion pin receptacle may be lined with a bushing,
which may or may not require lubrication. Ensure that a good fit and sufficient surface
area is provided to transfer the thrust forces into the equipment foundation.
Bracket Mount
RACO trunnion brackets are designed for the individual sizes of Actuators out of the RACO Modular
Actuator program and provide easy installation with one dimension of freedom of movement. Make sure that
the mounting hole pattern of the trunnion bracket is transferred to the foundation and a flat and smooth surface
is provide to ensure a plum an secure connection between both surfaces. Check for angular and or height
misalignments between the trunnion brackets and the centerline of the actuator. Shims may be used to correct
that problem. The standard RACO trunnion brackets are manufactured out of cast iron with machined surfaces

for the trunnion pin hole and the foundation surface to guarantee true angular alignment and adequate
clearances with defined tolerances. The trunnion pin hole is equipped with a center grease relief groove and a
connecting zerk fitting. After the trunnion brackets are installed on the trunnion pins of the actuator during the
initial installation the grease relief grooves and the trunnion pin hole has to be filled with grease. See 3.11 for
grease type. Apply grease until it becomes visible between the trunnion pin and the trunnion bracket hole.
Periodic re-greasing is required. The time interval depends on the angular movement, the duty cycle and
ambient conditions.
Recommended Interval & Amount:
Bracket Size
4/5
6/7
8
9 /10 / 11

Amount in ounces
0.125
0.15
0.2
0.3

Interval
Six months
Six months
Six months
Six months

Trunnion brackets for actuators sizes 9 to 11 are steel fabrications with machined
surfaces for the trunnion pin hole and the foundation surface.
If self-lubricating DU bushings are used the zerk fitting is removed and replaced with a
plug. No greasing is required.
Clearance

Electrical Installation
Before starting the electrical installation make yourself familiar with the installation conditions in regards to
location, temperature conditions, distance between the actuator and the Motor Control Center (MCC)
installation method cable; tray, ridged conduit, underground, race way etc. Study the electrical drawings and
compare the nameplate information of the actuator, in particular, voltage and power requirement with the
installation drawings. Wiring and installation should be performed in accordance with the most recent
National Electric Code (NEC) regulations as well as any applicable local ordinances and/or plant
specifications. In particular observe Article 310-15b and Article 215-2b in regards to wire size, voltage drop
and distance. In most installation cases the actuator is rotating at least in one dimension at the trunnion
brackets. RACO recommends the use of flexible cable to wire to the motor terminal housing and the
accessories. Power and control cable should be separated from each other.

Section 4 Motor Power
Reversing Motor Starter
The UL 489 branch circuit breaker or fuse, reversing motor contactors and motor overload relay should be
sized in accordance with the NEC guidelines. It is recommended to use either mechanically interlocking
reversing motor contactors or install electrical interlocking contacts in the control circuit. The normally closed
actuator switches should be directly hard wired into the control circuit to interrupt independently from other
control equipment as well as the control power to the starter coils. Please be advised that in most cases the
branch circuit breaker and/or motor overload relay are designed and sized to protect and limit short circuit
faults and/or, long term overloading of the motor. These devices may not protect the motor or actuator from
damage due to mid stroke obstructions. Always install the thermal temperature switch or thermistor device
into the control circuit for additional protection.
Motor Brake
Electrical motor brakes are available in a variety of different functions, forms, and electrical connection
schemes. The most common function is the type L holding brake. If no power is applied to the brake coil a
spring loaded package will apply holding forces to the brake disk and securely hold the actuator in place up to
the nominal thrust rating of the actuator. The opposite function is the type B or power applied holding brake.
If power is applied to the brake, the magnetic field of the brake coil will overcome the spring forces and
securely clamp the brake disk and hold the actuator in place. Most motor brakes are designed with a DC coil.
The DC power is generated via a half wave or full wave rectifier. The following table shows the relationship
between supply voltage, rectifier connection and rectifier type in a three phase five wire circuit:
Supply Voltage

Rectifier Connection

Rectifier Type

Resulting DC Coil
Voltage

460V AC
460V AC
460V AC
460V AC

Phase/Phase
Phase/Phase
Phase/ MP
Phase/ MP

Full Wave
Half Wave
Full Wave
Half Wave

414V DC
207V DC
240V DC
120V DC

230V AC
230V AC
230V AC
230V AC

Phase/Phase
Phase/Phase
Phase/ MP
Phase/ MP

Full Wave
Half Wave
Full Wave
Half Wave

207V DC
103V DC
133V DC
60V DC

MP = middle point or star point

Some brakes are equipped with a manual brake release lever. Before operating the manual brake release lever
ensure that no stored energy is present or the load is sufficiently blocked, especially if the actuator is equipped
with a ball screw. Due to the high efficiency of the power screw the load will back drive the actuator.
If unit is equipped with a hand operator it is possible to use it after releasing the brake. To speed up the
reaction time of the brake circuit, different wiring schemes may be utilized as follows:
Separate contacts out of the starter to control the brake
Contacts on the DC side of the rectifier
Diode snubber circuit
Two coil brake
SEW Eurodrive type quick brake wiring

Please consult RACO International L.P. before implementing above designs since life expectancy of the brake
and the dynamic behavior of the actuator may be affected. Since brake pads are a wear item, please refer to the
maintenance section of this manual.
VFD
The UL 489 branch circuit breaker or fuse should be sized in accordance with the NEC guidelines and the
Variable Frequency Drive (VFD) manufacturer’s installation manual. Additional contactors may be required if
the actuator is equipped with a motor brake. If the VFD is purchased from RACO International, L.P. in
conjunction with the actuator, unless otherwise specified, all drive parameters are preset to operate the drive.
Fine tuning of overload, thrust limits, acceleration and deceleration times and optional dynamic DC braking
may be required.
Please refer to the VFD manufacturer’s installation manual for the maximum cable length between the drive
and the actuator motor and the type and size of wire before performing the installation.
During start-up, if possible, start out with a low frequency setting to observe the movement of the actuator in
slow linear speed motion and to verify intended direction, setting of end of stroke limits and or other possible
interferences.
Thrust Overload Protection
As mentioned above the overload relay in a conventional motor control center is not designed to fully protect
the motor from overheating and burn out, especially at mid stroke obstructions and/or sudden overloading of
the actuator. For complete protection, special thrust overload devices can be added to protect the motor as well
as the actuator and the attached equipment from damage, up to destruction. Different methods are available at
RACO’s disposal to achieve that goal:
Motor current monitoring
Motor power [P = U*I*cos (phi)] monitoring
Motor RPM monitoring
Load cell feedback monitoring
RACO recommends installing a thrust overload device in a form of an external current or power monitoring
relay in the motor control starter bucket. Motor RPM monitoring is achieved with RACO’s electronic position
system EPS 06 in combination with limit switches and analog feedback signal mounted on the actuator in A,
B, C or D housing or as part of RACO’s VFD package.

Section 5 Limit Switches & Auxiliary Equipment
Electronic Limit Switch
The EPS02 and EPS06 are the newest additions in the line of RACO Limit Switches.
The rotation of the motor or screw shaft will be transmitted in a non-contact form via a
magnetic field to the circuit board. Here it will be converted into 512 pulses per
revolution. The pulses will be counted, processed and stored in non-volatile memory.
Even under loss of power the absolute position will be retained.
The EPS02 is the basic version with two independent tiers of end of stroke limit
settings connected to relay output contacts (250VAC, 5A). Single or multiple stop
points can be defined on each tier. A serial RS232 communication interface allows easy
configuration and setup of the limit switches.
The EPS06 is the advanced version, utilizing the components of the EPS02, by connecting the expansion
board via a ribbon cable. The expansion board enhances the EPS06 functions to include a scalable analogue
output signal 4-20mA and or 0-10VDC, a pulse width modulation output signal and up to three additional
pairs of limit switches. Rotational speed supervision is also possible. The expansion board provides a USB
interface port.
The EPS 02 and 06 are a direct replacement for the classical RACO mechanical limit switches and can be
mounted in the same accessory housings.
For installation of the RACO Setup PC Tool software, interface connection and parameter setting please refer
to the EPS software manual.
http://www.racointernational.com/PDF_DS/RACOTool_V1.8.7.zip

Technical Data:
Board level supply voltage: 24V DC,
Required supply current:
EPS 02
100mA
EPS 06
600mA
Ambient temperate range: -40F to 185F
Accuracy:
+/- 1% of full range
Hysteresis:
< 0.004” (0.1mm) stroke
Protection class:
IP 54, optional IP 65
EPS 02
Relay Output, two channels: 250V AC / 5A; 30V DC / 5A
Input signals; two channels: 24V DC
EPS 06
Relay Output, two channels: 250V AC / 5A; 30V DC / 5A
Open collector, four channels: 24V DC / 100mA each
Input signals; four channels: 24V DC
Analog output:
Digital output:

0(4)-20mA, 0-10V DC
Pulse width modulation, 24V DC

Section 6 Maintenance
Lubrication
Trunnion brackets should be lubricated immediately upon installation.
Before performing any maintenance on any RACO actuator follow the lockout and tag
out procedure and/or any site specific safety procedures. Secure all attached loads.
Please be reminded that stored energy may be present. All RACO actuators are initially
factory lubricated. Based on the type of actuator, environmental condition and duty
cycle develop a maintenance schedule based on the below parameters and stick to it.
Purchase the recommended grease type and a grease gun to be ready whenever your
first maintenance routine starts.
Grease Type
If not otherwise specified, the actuators are lubricated with Conoco Phillips Dynalife LEP 1. It is a lithium 12-hydroxystearate soap thickened grease compounded with lead
free, extreme pressure agents which provide excellent load carrying and anti-wear
properties in both steel on steel and steel on bronze applications. In addition, the grease
effectively inhibits oxidation and rust.
Conoco Phillips Dynalife L-EP 1
Typical Properties:
Soap Type
Penetration @ 77.F W 60
Usable Temperature Range
Color
Texture
4-Ball E.P. Test
Timken Test
Steel Corrosion
Dropping Point
Viscosity @ 40 deg C
Viscosity @ 100 deg C
Flash Point

Lithium 12-Hydroxystearate
325
-18°C to124°C, 0°F to255°F
Amber
Smooth
275 kgf
40 lbs
Pass
177°C , 350°F
175cST
13.0cST
220 °C, 428°F°

For demanding outdoor applications and applications close to marine environments Exxon Mobilith SHC460
grease will be used.
It combines the unique feature of a polyalphaolefin (PAO) synthetic base fluid with those of a high quality
lithium complex thickener. The lithium complex thickener contributes excellent adhesion, structural stability
and resistance to water in addition to extended high and low temperature performance.

Exxon Mobilith SHC460
Typical Properties:
Soap Type
Penetration @ 77.F W 60
Usable Temperature Range
Color
Texture
4-Ball E.P. Test
Timken Test
Steel Corrosion
Dropping Point
Viscosity @ 40 deg C
Water Washout ASTM D 1264
Loss at 79°C, % wt
Flash Point

Lithium complex
305
-50°C to 230°C,
-58°F to 446°F
Red
Smooth
250 kgf
50 lbs
Pass
255°C , 491°F
460cST
3
204 °C, 400°F°

Lubrication Points
Dependent upon the type, size, configuration and accessories of your particular actuator,
there may be multiple lubrication points on the actuator. In general all lubrication points
are equipped with a zerk fitting for easy connection to a grease gun. If no zerk fitting is
installed no lubrication is required. If a rod cover is installed, lubrication points may be
obscured by the rod cover and or the fastener band. The most common lubrication
points are located at the clevis on size 4 and 5 MA actuators, and at the stop plate on our
size 6 actuator and all trunnion brackets if equipped. The thrust bearing, motor bearings
and gearbox are considered permanently lubricated. Most maintenance free applications
are equipped with DU bushings at the front cap as well as stainless steel to PTFE fabric
on sliding surfaces as installed on the radial spherical bearing at the rod end.

ACME Screw
The ACME screw and nut system must be re-lubricated approximately every 10,000 strokes or after one year,
whatever comes first. Please refer to below chart for the re-lubrication quantity. After the prescribed amount
of grease is injected into the clevis or stop plate zirk fitting, the actuator should be retracted into the complete
end position and then cycled for a full stroke. This procedure ensures that the new grease is distributed over
the entire length of the ACME screw. It may be required to disconnect the actuator from the load or readjust
the limit switches to achieve the full stroke cycle. Secure load as required.
Ball Screw
The ball screw and nut system must be re-lubricated approximately every 100,000 strokes or after one year,
whatever comes first. Please refer to below chart for the re-lubrication quantity. After the prescribed amount
of grease is injected into the clevis or stop plate zerk fitting the actuator should be retracted into the complete
end position and than cycled for a full stroke. This procedure ensures that the new grease is distributed over
the entire length of the Ball screw. It may be required to disconnect the actuator from the load or readjust the
limit switches to achieve the full stroke cycle. Secure load as required.

Brackets
Trunnion brackets should be lubricated immediately upon installation.
If the actuator is supplied with RACO trunnion brackets, the same Conoco Phillips
Dynalife L-EP1 or Exxon Mobilith SHC460 should be used. Attach the grease gun to
the zerk fitting and apply grease into the fitting until the old grease is forced out of the
trunnion pin hole and the grease relief groove. Wipe off the old and excess grease from
the trunnion pin and bracket. Periodic re-greasing is required at least once per year. The
time interval depends on the angular movement, duty cycle and ambient condition.
Dispose of old grease and used rags in accordance to your local environmental
guidelines.
Front Cap
If the front cap is supplied with a zerk grease fitting the type of grease specified on the lubrication sticker
found on your actuator shield tube should be used. Attach the grease gun to the zerk fitting and apply grease
into the fitting until back pressure builds up. During operation of the actuator a light grease film should be
present on the thrust tube to protect the surface from adverse environmental impact and protect the seal in the
front cap from dry rot. Dispose of old grease and used rags in accordance to your local environmental
guidelines. If the front cap is not equipped with a zerk fitting apply a light coat of grease to the exposed part of
the thrust tube.
Clevis, Spherical Rod End, Junction Pieces
RACO supplies a range of front end adapters to accommodate the connection between the RACO actuator and
the customer’s equipment. These connection points may allow the actuator to pivot or rotate during the stroke.
Periodic re-greasing is required at least once per year. The time interval depends on the angular movement,
duty cycle and ambient conditions. Visually inspect connections, for example, clevis, through holes for wear
and surface damage. Replace these items as required.
Lubrication Quantity Chart
The below re-lubrication chart applies to the ACME screw and ball screw actuators. The lubrication quantity
is dependent upon the nominal stroke length of the actuator. Make sure that after each re-lubrication interval
the actuator is cycled over the entire stroke length to allow the new lubricant to be distributed over the entire
nut / spindle system.
Re-lubrication Quantity in Ounces
Stroke in inch
Actuator
Size
3.9 7.9 11.8 15.7 19.7 23.6 31.5 39.4 47.2 55.1 63.0 70.9 78.7
2
4
5
6
7
8
9
10
11

0.35 0.35

0.35

0.53 0.53

0.53

0.71

0.71

0.88

0.88

1.06

0.71 0.71

0.71

1.06

1.06

1.41

1.41

1.76

0.71 0.71

0.71

1.06

1.06

1.41

1.41

1.76

2.12

2.12

2.47

2.47

2.47

1.06 1.06

1.06

1.41

1.41

1.76

1.76

2.12

2.82

2.82

3.53

3.53

3.53

1.41 1.41

1.41

1.76

1.76

2.12

2.12

2.47

3.17

3.17

3.88

3.88

3.88

7.05 7.05

7.05

7.05

8.82

8.82

8.82

8.82 10.58 10.58 10.58 10.58 10.58

8.82 8.82

8.82

8.82 10.58 10.58 10.58 10.58 12.35 12.35 12.35 12.35 12.35

8.82 8.82

8.82

8.82 10.58 10.58 10.58 10.58 12.35 12.35 12.35 12.35 12.35

Motor / Gearbox Lubrication
RACO Motors and most commercial motors are considered permanently lubricated. RACO supplied
gearboxes are filled with mineral or synthetic oil and do not require any maintenance under normal operating
conditions. Nord and SEW gearboxes are filled in most cases with synthetic oil such as Mobil SHC 630.
Bockwoldt gearboxes are typically filled with a CLP mineral oil, viscosity class VG 320. All gearboxes that
are not vented are max filled to allow for universal mounting conditions on the actuator.
From time to time, a visual inspection of the gearbox should be performed. If signs of oil leaks at the gearbox
are observed, appropriate action should be taken or consult factory for specific information.
Exchange of Grease
It is recommended that a complete exchange of grease on the ball screw or ACME
screw should be performed after 4 to 6 years. If the duty cycle is very low, the grease
should be exchanged completely no later than 8 to 10 years.
We recommend during the lubrication change to replace all seal and gasket materials.

SECTION 7 BIND RELIEF (UN-JAMMING) INSTRUCTIONS
FOR RACO MA TYPE ACTUATORS 4, 5, 6, 7 & 8
RACO Electric Linear Actuators are normally equipped with one pair of adjustable limit switches. When
properly adjusted they will shut the motor off when the motor reaches the fully extended or retracted positions.
If the actuator is operated without the connection of limit switches to the circuit, or if the limit switches are
readjusted incorrectly, it can happen that the unit will jam, since the motor does not shut off in time. To unjam
the actuator mechanically, please follow these instructions:
Jammed in Retracted Position
You will want to gain access to the motor coupling;
For MA type 4 actuators, the coupling (4.10) can be accessed by removing the motor and gear box, if
equipped. Remove bolts (4.3) and the flange and the coupling housing will now separate from the unit.
For MA type 6 actuators it is not necessary to access the coupling by removing the motor. Instead remove the
clevis, remove the first jam nut (1.7), and loosen the second jam nut until it is relieved.
For MA type 5, 7 & 8 actuators, the coupling (4.10) can be accessed by removing the 6 seal nuts (4.4) on the
bearing block and removing the motor assembly and gear box, if equipped.
Using care not to damage any parts, exert force on the coupling in a counter-clockwise position (as viewed
from the motor end) using an appropriate lever until jam loosens.
Note: In the event that excessive force is required to unjam the actuator, it is advisable to return the unit to
RACO for complete disassembly.
Jammed in Extended Position
Carefully loosen the cap nuts (2.17) on the front cap (2.1) approximately three turns.
WARNING - Loosen one turn at a time. Do not remove completely as spring pressure on large units can be
dangerously high.
Jog the reverse button on the motor control. If necessary, loosen the cap nuts (2.17) more until jogging causes
the thrust tube to retract. If necessary, you may also choose to remove the motor and gear box, if equipped to
access the coupling. In this instance you would then exert force in a clockwise position (as viewed from the
motor end).
“C” Design Actuators
Unjamming MA actuators of the “C” design is the same if a jam occurs in the extended position.
For a jam in the retracted position you must access the lower belt wheel (12.7) by removing the rear belt cover
(12.2). Exert a counterclockwise force on the lower belt wheel until the jam loosens.
For actuators that have a “D” or “E” accessory housing, removal of the housing BEFORE removal of the
motor is necessary. Take off the cover to remove the switches and the belt, and then you may proceed with
disassembly. When reassembling the accessory housing be sure to follow the instructions on the timing belt
and tracking details planes of alignment data sheet

Section 8 Disassembly Instructions
Prior to disassembly
You must observe all cautions and warnings posted on all device labels and as listed in this
manual. Failure to do so may result in serious personal injury or death.
Warning! Do not attempt to install, perform maintenance, or service any RACO product
until you have read thoroughly and understand completely all instructions, safety rules,
cautions, warnings, and dangers contained in this manual. Failure to comply can result
in accidents involving fire, electric shock, and serious personal injury or death. Save
this manual and review frequently for continuing safe operation, and for instructing
others who may use RACO products.
Read and closely follow all Warnings, Cautions, and Instructions in this manual.
Failure to do so may result in voiding the RACO Warranty.
CAUTION! You MUST check with RACO prior to any disassembly or maintenance
procedures not specifically recommended in this Manual in order to preserve the RACO
Warranty. If unauthorized or non-recommended practices or procedures are performed,
RACO reserves the right to deny warranty claims for any defect at the sole discretion of
RACO.
CAUTION! Disassembly is not recommended under any circumstance. However,
under extreme conditions, if there is no other opportunity to return the unit to RACO,
the following instructions may be used as alternative guidelines.
Fully and independently support the cylinder and the attached load. If possible,
disconnect the front attachment mechanism from the load.
Disassembly of Thrust Unit Only










Remove clevis and / or stop plate assembly.
Remove front cap.
Remove shield tube.
Remove guide rods.
Remove thrust tube. (remove set screw or heat Loctite to break loose)
Remove front screw guide.
Remove nut housing and bronze nut assembly.
Disassemble nut housing after removing stop screw. (heat may be required)
Remove end plates from nut housing. Note orientation of pressure plates and springs for re-assembly.

For ball screw actuators do not remove the ball nut. Re-assembly of the nut is difficult and the loss of bearings
is likely.

Disassembly of Motor






Remove 6 seal nuts on the trunnion bearing housing.
This will allow separation of the bearing housing and the coupling housing. If an accessory housing is
attached please see the instructions for accessory housings.
Any accessories installed on the rear of the motor must be removed first.
Remove the front bearing housing from the stator housing. The rotor will also come out.
Remove snap rings and bearings as required.

Disassembly of the Screw and Bearing Block Assembly





Remove couplings.
Remove bearing cover nut or preload locknut. (setscrews)
Press the screw to the front of the bearing block.
Remove bearing seals, bearings and spacer as required. Note orientation for re-assembly.

Disassembly of Actuators





Turn off and lock out the main power and control circuit power to the actuator.
Support the load if necessary and remove the electrical connections from the actuator.
Remove actuator to a clean work environment.
If the actuator is jammed in the extreme extended or retracted position, refer to the un-jamming
instructions first.

(Loctite Gasket eliminator 515 is used on all metal to metal exposed surfaces, and Loctite 271 is used on all
thread locking. 271 requires heat to break it loose.)
DISASSEMBLY INSTRUCTIONS FOR ACCESSORIES
You must observe all cautions and warnings posted on all device labels and as listed in this
manual. Failure to do so may result in serious personal injury or death.
Warning! Do not attempt to install, perform maintenance, or service any RACO product
until you have read thoroughly and understand completely all instructions, safety rules,
cautions, warnings, and dangers contained in this manual. Failure to comply can result
in accidents involving fire, electric shock, and serious personal injury or death. Save
this manual and review frequently for continuing safe operation, and for instructing
others who may use RACO products.
Read and closely follow all Warnings, Cautions, and Instructions in this manual.
Failure to do so may result in voiding the RACO Warranty.
CAUTION! You MUST check with RACO prior to any disassembly or maintenance
procedures not specifically recommended in this Manual in order to preserve the RACO
Warranty. If unauthorized or non-recommended practices or procedures are performed,
RACO reserves the right to deny warranty claims for any defect at the sole discretion of
RACO.

CAUTION! Disassembly is not recommended under any circumstance. However, under extreme conditions,
if there is no other opportunity to return the unit to RACO, the following instructions may be used as
alternative guidelines.
Fully and independently support the cylinder and the attached load. If possible, disconnect the front
attachment mechanism from the load.
Read and closely follow all Warnings, Cautions, and Instructions in this manual. Failure to do so may result
in voiding the RACO Warranty.
CAUTION! You MUST check with RACO prior to any disassembly or maintenance procedures not
specifically recommended in this Manual in order to preserve the RACO Warranty. If unauthorized or nonrecommended practices or procedures are performed, RACO reserves the right to deny warranty claims for
any defect at the sole discretion of RACO.
DISASSEMBLY OF ACCESSORIES “D” or “E” Lateral Accessory Housings
1. Remove the cover (9.35).
2. Remove RPM Pulse Generator if so equipped to allow clearance for belt removal.
3. Remove two socket screws (9.66) from the bearing block supporting the driven shaft.
Note any shims used to tension the belt.
4. Tilt the bearing block to allow removal of the belt

ATTENTION
These instructions are for emergency repairs only. If your actuator is still under
warranty, you will void this warranty by opening the unit. We strongly recommend
having all repairs done by RACO International, Inc. and using RACO spare parts only.
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1 0 0 027-2011-AQ -GER- DAkkS

I nitial c ertification date:
2 0 . M arc h 1 996

V alid:
0 1 . A pril 2 018 - 3 1 . M arch 2 021

This is to certify that the management system of

International

RACO Elektro Maschinen GmbH
Jesinghauser Str. 56-64, 58332 Schwelm, Germany

has been found to conform to the Quality Management System standard:

ISO 9001:2015
This certificate is valid for the following scope:
Development, Design, Manufacturing, Sales and Service of Electric
Mechanical Drive Units, Electric Actuators, Linear Drives, Brake Systems,
Ball Screws and Electronic Control and Positioning Components

P lac e and date:
Essen, 27. February 2018

For the is s uing offic e:
DNV GL - Business A ssurance
Schnieringshof 14, 45329 Essen, Germany

Thomas Beck
T ec hnical M anager

Lack of fulfilment of conditions as set out in the Certification Agreement may render this Certificate invalid.
ACCREDITED UNIT: DNV GL Business Assurance Zertifizierung und Umweltgutachter GmbH, Schnieringshof 14, 45329 Essen, Germany.
TEL:+49 201 7296-222. www.dnvgl.de/assurance

Colonel Patrick O’Rorke Memorial Bridge
Rochester, NY

Mechanical Maintenance
and Lubrication Manual

5.5. Traffic Gates

177

Partial information due to scan quality.
See O&M literature in operator's house for
complete details, including additional drawings

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Partial information due to scan quality.
See O&M literature in operator's house for
complete details

Colonel Patrick O’Rorke Memorial Bridge
Rochester, NY

Mechanical Maintenance
and Lubrication Manual

6. Lubricants

228

Mobilith SHC™ Series

Page 1 of 4

Mobilith SHC™ Series
Mobil Grease , United States
Grease

Product Description
Mobilith SHC™ Series greases are superior performance products designed for a wide variety of applications at extremes of temperature. They combine
the unique features of synthetic base fluids with those of a high quality lithium complex thickener. The wax-free nature of synthetic fluids and the low
coefficient of traction (compared with mineral oils), provide excellent low temperature pumpability and very low starting and running torque. These
products offer the potential for energy savings and can reduce operating temperatures in the load zone of spherical roller and ball bearings. The lithium
complex thickener contributes excellent adhesion, structural stability and resistance to water. The greases have a high level of chemical stability and are
formulated with special additive combinations to provide excellent protection against wear, rust and corrosion, and providing operating viscosity at high
and low temperatures. Mobilith SHC Series greases are available in seven grades, varying in base oil viscosity from ISO VG 100 to 1500 and in NLGI grade
from 2 to 00.

Mobilith SHC Series greases have become the products of choice for many users, in many industries worldwide. Their reputation is based on their
exceptional quality, reliability, versatility and the performance benefits they deliver.

Features and Benefits
The Mobil SHC brand of oils and greases are recognized and appreciated around the world for their innovation and outstanding performance. The
Mobilith SHC series symbolizes ExxonMobil's continued commitment to using advanced technology to provide outstanding products. A key factor in the
development of the Mobilith SHC Series were the close contacts between our scientists and application specialists with key Original Equipment
Manufacturers (OEMs) to ensure that our product offerings would provide exceptional performance in the continually evolving industrial equipment
designs.

Our work with equipment builders has helped confirm the results from our own laboratory tests showing the exceptional performance of the Mobilith
SHC Series lubricants. These benefits include longer grease life, enhanced bearing protection and bearing life, wide temperature range of application, and
the potential for improved mechanical efficiency and energy savings.

To combat high thermal exposure of the oil our product formulation scientists chose proprietary synthetic base oils for Mobilith SHC Series oils because of
their exceptional thermal/oxidative resistance potential. Our scientists developed a state-of-the-art lithium complex thickener technology and used
specific additives to enhance the performance of each grade of the Mobilith SHC Series product family. The Mobilith SHC Series greases offer the
following features and benefits:

Features
Outstanding high temperature
temperature performance

Advantages and Potential Benefits
and

low Wide application temperature ranges, with excellent protection at high temperatures and low
torque, easy start-up at low temperatures

Excellent protection against wear, rust and
Reduced downtime and maintenance costs because of reduced wear, rust and corrosion
corrosion
Excellent thermal stability and oxidation resistance Extended service life with longer intervals between relubrication and improved bearing life
Low traction coefficient

Potential to improve mechanical life and reduced energy consumption

Includes both high and low viscosity grades

Options for outstanding protection of slow speed, heavily loaded bearings, and options for good
low temperature performance

Outstanding structural stability in the presence of
Retains excellent grease performance in hostile aqueous environments
water
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Features

Advantages and Potential Benefits

Low volatility

Helps resists viscosity increase at high temperatures to maximize relubrication intervals and bearing
life

Applications
Application Considerations: While Mobilith SHC Series greases are compatible with most mineral oil based products, admixture may detract from their
performance. Consequently it is recommended that before changing a system to one of the Mobilith SHC Series, it should be thoroughly cleaned out to
achieve the maximum performance benefits. While the Mobilith SHC Series greases share many performance benefits, their applications are best
described in terms of each product grade:
• Mobilith SHC 100 is an antiwear and extreme pressure grease primarily recommended for higher speed applications such as electric motors, where
reduced friction, low wear and long service life are required. It is an NLGI 2 Grade / ISO VG 100 grease with a synthetic base fluid. Its operating
temperature range is -40º C* to 150º C.
• Mobilith SHC 220 is a multi-purpose, NLGI 2 extreme pressure grease recommended for heavy-duty automotive and industrial applications. It uses an
ISO VG 220 synthetic base fluid. Mobilith SHC 220 has a recommended operating temperature range of -40º C* to 150º C.
• Mobilith SHC 221 is a multi-purpose, extreme pressure grease recommended for heavy-duty automotive and industrial applications, particularly
where centralized grease systems are utilized. It uses an ISO VG 220 synthetic base fluid. Mobilith SHC 221 has a recommended operating temperature
range of -40º C to 150º C.
• Mobilith SHC 460 is an NLGI 1.5 Grade grease with ISO VG 460 synthetic base fluid and is an extreme pressure grease recommended for tough
industrial and marine applications. It provides outstanding bearing protection under heavy loads at low-to-moderate speeds and in applications where
water resistance is a critical factor. Mobilith SHC 460 has demonstrated outstanding performance in steel mills, paper mills and marine applications. The
recommended operating temperature range is -30º C* to 150ºC.
• Mobilith SHC 1000 Special is an NLGI 2 Grade grease with ISO VG 1000 synthetic base fluid and strongly fortified with solid lubricants including 11%
graphite and 1% molybdenum disulphide for maximum protection of plain or rolling element bearings operating under boundary lubrication regimes. This
product is designed to extend bearing life under conditions of extremely slow speeds, sliding contacts, and high temperatures. Mobilith SHC 1000 Special
has a recommended operating temperature of -30°C* to 150 °C with appropriate relubrication intervals.
• Mobilith SHC 1500 is an NLGI 1.5 Grade / ISO VG 1500 grease with a synthetic base fluid. It is intended for use in plain and rolling element bearings
operating at extremely slow speeds, under heavy loads and high temperatures. Mobilith SHC 1500 has a recommended operating temperature range of
-30 ºC* to 150 ºC with appropriate relubrication intervals. Continuous lubrication with Mobilith SHC 1500 has been very effective in prolonging bearing
life in a severe roll press application. Mobilith SHC 1500 has also provided excellent performance in rotary kiln roller bearings and in slag transfer rail car
bearings.
• Mobilith SHC 007 is an NLGI 00 Grade / ISO VG 460 grease with a synthetic base fluid; it has a recommended operating temperature range of -50º C
to 150 º C with appropriate relubrication intervals. Its primary uses are in grease filled industrial gear cases subject to high temperatures, where
conventional semi fluid greases will not provide acceptable lubricant life and in non-driven heavy-duty truck trailer wheel hubs.

*Low temperature claims based on ASTM D 1478 results vs. maximum limits of 10,000 / 1000 gcm @ startup and 1 hour respectively.

Specifications and Approvals
This product has the following approvals:
AAR-M942

007

100

1000 SPECIAL

220

221

X

This product is recommended for use in applications requiring:

460

X

007

CEN EN 12081:2017

This product meets or exceeds the requirements of:

1500

100

1000 SPECIAL

1500

220

221

460

X

007

100

1000 SPECIAL

1500

220

221

460
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This product meets or exceeds the requirements of:

007

100

1000 SPECIAL

DIN 51825:2004-06 - KPF HC 2 N-30

1500

220

221

460

X

DIN 51825:2004-06 - KP HC 1-2 N -30

X

DIN 51825:2004-06 - KP HC 1-2 N -40

X

DIN 51825:2004-06 - KP HC 2 N -30

X

DIN 51825:2004-06 - KP HC 2 N -40

X

DIN 51826:2005-01 - GP HC 00 K -30

X

Properties and Specifications

Property

007

100

1000
SPECIAL

1500

220

221

460

Grade

NLGI 00

NLGI 2

NLGI 2

NLGI 1.5

NLGI 2

NLGI 1

NLGI 1.5

Thickener Type

Lithium
Complex

Lithium
Complex

Lithium
Complex

Lithium
Complex

Lithium
Complex

Lithium
Complex

Lithium
Complex

Color, Visual

Red

Red

Grey Black

Red

Red

Light Tan

Corrosion Preventive Properties, Rating,
ASTM D1743

PASS

PASS

PASS

PASS

Dropping Point, °C, ASTM D2265

265

265

265

265

265

265

Four-Ball Extreme Pressure Test, Weld Load,
250
kgf, ASTM D2596

250

620

250

250

250

250

Four-Ball Wear Test, Scar Diameter, mm,
ASTM D2266

0.5

0.50

0.50

Four-Ball Wear Test, Scar Diameter, 40 kg,
0.5
1200 rpm, 1 h, 75 C, mm, ASTM D2266
Penetration, 60X, 0.1 mm, ASTM D217

415

0.50
280

280

PASS

0.50

0.50
305

280

325

Rust, Rating, ASTM D1743

PASS

SKF Emcor Rust Test, Distilled Water, ASTM
D6138

0,0

SKF Emcor Rust Test, Distilled Water,
Bearing 1, ASTM D6138

0

0

0

0

SKF Emcor Rust Test, Distilled Water,
Bearing 2, ASTM D6138

0

0

0

0

US Steel Mobility @ -18 C, g/min, AMS
1390

20.0

3.0

11.0

305

0

5.0
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007

100

1000
SPECIAL

1500

220

221

460

Viscosity @ 100 C, Base Oil, mm2/s, ASTM
55.6
D445

16.3

83.7

149

30.3

28.8

55.6

Viscosity @ 40 C, Base Oil, mm2/s, ASTM
460
D445

100

1000

1500

220

220

460

Viscosity Index, ASTM D2270

175

164

212

179

169

188

6

2.6

2.5

3

4

3

Property

Water Washout, Loss @ 79 C, wt%, ASTM
D1264

188

Health and Safety
Health and Safety recommendations for this product can be found on the Material Safety Data Sheet (MSDS) @ http://www.msds.exxonmobil.com
/psims/psims.aspx
All trademarks used herein are trademarks or registered trademarks of Exxon Mobil Corporation or one of its subsidiaries unless indicated otherwise.
10-2020
Exxon Mobil Corporation
22777 Springwoods Village Parkway
Spring TX 77389
1-800-ASK MOBIL (275-6624)
Typical Properties are typical of those obtained with normal production tolerance and do not constitute a specification. Variations that do not affect
product performance are to be expected during normal manufacture and at different blending locations. The information contained herein is subject
to change without notice. All products may not be available locally. For more information, contact your local ExxonMobil contact or visit
www.exxonmobil.com
ExxonMobil is comprised of numerous affiliates and subsidiaries, many with names that include Esso, Mobil, or ExxonMobil. Nothing in this document
is intended to override or supersede the corporate separateness of local entities. Responsibility for local action and accountability remains with the
local ExxonMobil-affiliate entities.

Energy lives here™

© Copyright 2003-2019 Exxon Mobil Corporation. All
Rights Reserved
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Falk Long Term Grease Product Sheet

Benefits for Your Application
• Increased coupling life
• Significantly extended
re-lubrication intervals
• Reduced maintenance costs
• Reduced downtime
• Superior lubrication
• High load-carrying
capabilities
• Usable up to 250 degrees
Fahrenheit (F) (121 C)
• Extended warranty
USDA Approval
Falk LTG has the United States
Department of Agriculture (USDA)
Food Safety & Inspection
Service approval for applications
where there is no possibility of
contact with edible products
(H-2 rating).
Packaging Options
Falk LTG is packaged to suit
every need:
• Polybags — included with
Sizes 1020T-1090T couplings
for initial hand packing at
installation
• 14-ounce (.4 kg) cartridges —
for use in standard industrial
lubrication guns
• 35-pound (15.9 kg) pails
• 120-pound (54.5 kg) kegs —
for plants with many small
couplings or large size
couplings, best for hand
packing
• 400-pound (181.8 kg)
drums — for plants with
a pressurized lubrication
system
• A 10 pack of 14-ounce (.4 kg)
cartridges

Falk Long Term Grease
Falk Long Term Grease (LTG) for flexible
shaft couplings.

that such couplings be inspected and re-lubed
only when the connected equipment is being
serviced or the coupling is opened for alignment
Our engineers have spent years measuring the
wear rates on coupling components using various checks.
lubricants and coatings. Virtually every common
Falk Lifelign® Gear Couplings — re-lube intervals
industrial lubricant has been centrifuged under
for sensitive gear couplings have been extended
laboratory conditions per American Society
from six months to three years.
for Testing and Materials (ASTM) standard test
methods for “Oil Separation from Lubricating
Warranties
Grease by Centrifuging.” The results of
When a new coupling is aligned, installed,
extensive research indicated that greases with
high viscosities and low bleed rates produce the lubricated and operated within the limits
specified in the Falk Lifelign Gear Coupling
longest life. Falk® LTG is specially formulated
or Falk Steelflex Grid Coupling installation
to provide superior lubrication for flexible
instructions, the following warranties apply from
shaft couplings.
date of purchase.

How LTG works
The consistency of Falk LTG changes with
operating conditions. As manufactured it
is a National Lubricating Grease Institute
(NLGI) #1 grade. Working of the lubricant
under actual service conditions causes it to
become semifluid while the grease near the
seals will set to a heavier grade, helping to
prevent leakage. Falk LTG is highly resistant
to separation, easily outperforming all other
lubricants tested. The resistance to separation
allows the lubricant to be used for relatively
long periods of time.
Compatibility
Falk LTG is compatible with most coupling
lubricants. For optimum performance it is
recommended that couplings be cleaned of old
grease before packing with Falk LTG.
Extended maintenance intervals
Falk Steelflex® Grid Couplings — when Falk
Steelflex Grid Couplings are initially lubricated
with Falk LTG, scheduled periodic maintenance
is not needed. You can now get the superior
protective features of these couplings, plus
the toughness of steel, and eliminate periodic
maintenance expense. Rexnord recommends

Falk Steelflex Grid Couplings are warranted for
five years and Falk Lifelign Gear Couplings for
three years when LTG is used. If other approved
coupling greases are used, our standard one-year
warranty applies to both coupling designs.

Falk Long Term Grease Features and Benefits

Lubrication facts
Separation — grease is a blend of oil and a
thickener or soap. These compounds are not very
stable and will eventually bleed or separate under
the high centrifugal forces generated in many
coupling applications. Once a grease begins to
separate, the thickener accumulates in the areas
where lubrication is required, and rapid wear of
the contacting surfaces occurs. The oil is now
free to leak out of the coupling past the seals,
causing premature failure of the coupling.
Service intervals for all-purpose greases —
it is common practice to lubricate all rotating
equipment with one or two all-purpose greases.
Most greases that are used as coupling lubricants
were initially developed as bearing lubricants.

Falk LTG specifications
• NLGI Grade: #1
• Thickener Type: Lithium/Polymer
• Color, Visual: Dark Brown
• Penetration, Worked, 25 Celsius (C), ASTM D 217: 325
• Dropping Point, C, ASTM D 2265: 215
• cSt @ 40 C: 680
• Centrifugal Bleed, ASTM D 4425, K36, 24 hrs, 38 C, vol %: 0
• Penetration Change, ASTM D 217, from 60X to 10,000X, mm/10: 25
• Bomb Oxidation, ASTM D 942, Pressure drop at 100 hrs, kPa: 35
• Four-ball Wear Test, ASTM D 2266: 0.35
• Four-ball EP Test, ASTM D 2596, Weld Point, Kg Load Wear Index, Kgf: 315 51
• Timken OK Load, ASTM D 2509, lb: 60
• Corrosion Prevention, ASTM D 1743: Pass
• Copper Strip Corrosion, ASTM D 4048: 1A
• Operating Range: -20 F (-29 C) to 250 F (121 C)
• Minimum Pump: 20 F (-6 C)
• Operating Speed Range
• Falk Steelflex Grid Couplings: All speeds
• Falk Lifelign Gear Couplings: Minimum speed per Table 1. See service
manual 458-110, 458-112 or 458-120 for more information.

Bearing greases have a low viscosity and high
bleed rate which is desirable to avoid heat caused
Table 1
by rolling friction. However, rolling friction is not
Falk Steelflex Grid Coupling
present in couplings where the only movement is
a sliding action caused by misalignment of shafts
Required
Size***
Lube
or thermal growth.
1020T
1030T
1040T
1050T
1060T
1070T
1080T
1090T
1100T
1110T
1120T
1130T
1140T
1150T
1160T
1170T
1180T
1190T
1200T
1210T
1220T
1230T
1240T
1250T
1260T

Maintenance and downtime — in today’s
industrial plants the cost of equipment downtime
for servicing can easily exceed thousands of
dollars per hour. So rather than shutting down
this critical equipment, the connecting shaft
couplings are frequently allowed to run until
failure occurs or until the more expensive drive
components in the system require maintenance.
In an attempt to hold the line of high maintenance
costs, some users have switched to non lubricated
coupling designs. This switch seldom works out
for the best because many elastomer designs have
a short life expectancy and they induce problems
elsewhere in the drive system. When they do fail,
the connected equipment often has to be moved
to replace the element.

Falk Lifelign Gear Coupling
Flanged Sleeve

Continuous Sleeve

wt-lbs (kg)

Size*

Required
Lube
wt-lbs (kg)

Size

Required
Lube
wt-lbs (kg)

Minimum
Speed with
LTG or
NLGI #1
Grease**

.06 (.027)
.09 (.041)
.12 (.055)
.15 (.068)
.19 (.086)
.25 (.113)
.38 (.173)
.56 (.255)
.94 (.427)
1.12 (.509)
1.62 (.736)
2.0 (.909)
2.5 (1.136)
4.3 (1.955)
6.2 (2.818)
7.7 (3.5)
8.3 (3.773)
9.7 (4.409)
12.4 (5.636)
23.2 (10.55)
35.4 (16.09)
53.0 (24.09)
74.5 (33.86)
110.5 (50.23)
148.1 (67.32)

1010G
1015G
1020G
1025G
1030G
1035G
1040G
1045G
1050G
1055G
1060G
1070G
1080G
1090G
1100G
1110G
1120G
1130G
1140G
1150G
1160G
1180G
1200G
—
—

.09 (.041)
.16 (.073)
.25 (.113)
.50 (.23)
.80 (.36)
1.20 (.54)
2.00 (.91)
2.30 (1.04)
3.90 (1.77)
4.90 (2.22)
7.00 (3.18)
9.60 (4.35)
21 (9.55)
27 (12.24)
33 (15)
39 (17.7)
46 (21.8)
72 (32.6)
73 (33.1)
90 (40.8)
95 (43.1)
110 (49.9)
150 (68)
—
—

1010GC
1015GC
1020GC
1025GC
1030GC
1035GC
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

.025 (.011)
.063 (.028)
.094 (.042)
.144 (.065)
.201 (.093)
.269 (.122)
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

1,030
700
550
460
380
330
290
250
230
210
190
160
140
120
110
100
94
88
82
76
72
64
58
—
—

* Refer to the Falk Lifelign Gear Couplings catalog (458-112) for larger sizes.
**	For Falk Lifelign Gear Coupling speeds below these values, use NLGI #0 grease. For coupling speeds less than half of
these values use an EP (extreme pressure) oil. When using oil lubrication, be sure to seal keyways and flange connection
to prevent leakage.
***	Falk Steelflex Grid Couplings use Falk LTG Grease or equivalent for all speeds.

Material Safety Data Sheet (950401) available at: www.rexnord.com/documentation
866-REXNORD/866-739-6673 (Within the U.S.) 414-643-2366 (Outside the U.S.)
©2015 Rexnord
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Mobil Polyrex EM Series
Electric-Motor Bearing Grease

Product Description
Super-premium Mobil Polyrex EM Series grease is specially formulated for electric-motor bearings. The advanced thickener formulation
and proprietary manufacturing techniques provide improved bearing performance and protection for long electric motor life.

Features & Benefits
Mobil Polyrex EM and Mobil Polyrex EM 103 offer the following features and benefits:
Features

Advantages and Potential Benefits

Outstanding grease life

Outstanding long-life, high-temperature lubrication of ball and
roller bearings, particularly in sealed-for-life applications
Increased durability versus conventional polyurea greases when
subjected to mechanical shear forces

Advanced polyurea thickener
Excellent corrosion resistance

Low-noise properties

Mobil Polyrex EM and Mobil Polyrex EM 103 provide protection
against rust and corrosion. Mobil Polyrex EM provides additional
protection under mild salt-water wash conditions versus Polyrex
EM 103
Mobil Polyrex EM is suitable for lubrication of ball bearings in
many noise-sensitive applications

Applications
Mobil Polyrex EM greases are recommended by many major bearing and electric motor manufacturers for long-life lubrication of electric
motor ball and roller bearings.
Mobil Polyrex EM 103 is more specifically recommended for applications such as vertically mounted bearings, or very large motors
where a stiffer grease consistency may be required by the OEM, and low noise properties are not required.
Mobil Polyrex EM greases have been shown to be compatible with a number of ExxonMobil lithium complex greases, as well as
competitive electric motor mineral polyurea products, as determined by the methodology of ASTM D6185. For specific questions about
grease compatibility, contact your Mobil representative.
Key applications include:
•
•
•
•
•
•

Electric-motor bearings
Fin-fan bearings
High-temperature pump bearings
Factory-filled, sealed-for-life ball bearings
Ball or roller bearings operating at high temperatures where low oil separation is required
Polyrex EM for ball or roller bearings operating in noise sensitive environments
ExxonMobil Lubricants & Specialties
All products may not be available locally. For more information, contact your local sales office or visit www.exxonmobil.com.
ExxonMobil is comprised of numerous affiliates and subsidiaries, many with names that include Esso, Mobil, or ExxonMobil. Nothing in this document is intended to override or
supersede the corporate separateness of local entities. Responsibility for local action and accountability remains with the local ExxonMobil-affiliate entities. Due to continual
product research and development, the information contained herein is subject to change without notification. Typical Properties may vary slightly.
© 2005 Exxon Mobil Corporation. All rights reserved.

Typical Properties
NLGI Grade
Color
Base Oil Viscosity, ASTM D 445
cSt @ 40°C
cSt @ 100°C
Mineral Oil Viscosity Index, ASTM D 2270
Penetration, ASTM D217 worked, 60x, mm/10
Penetration Change after 100.000 strokes, ASTM D217, mm/10
Dropping Point, ASTM D 2265, °C
Oil separation test, ASTM D 1742, %
High Temperature Grease Life, ASTM D 3336, Hours @ 177°C
4-Ball Wear Scar, ASTM D 2266, @ 40kg, 1200 rpm, 75°C, 1 hr, mm
Low Temperature Torque, ASTM D 1478, g-cm @ -29°C
Starting
Running
EMCOR Corrosion Performance, 10% Synthetic Sea Water ASTM D
6138 (Prepared As Per ASTM D 665B)
Rust Protection, ASTM D 1743, Distilled Water
Copper Corrosion Resistance, ASTM D 4048
Water Washout, ASTM D 1264, %

Mobil Polyrex EM
2
Blue

Mobil Polyrex EM 103
3
Blue

115
12.2
95
285
40
260
0.5
750+
0.41

115
12.2
95
250
40
270
0.1
750+
0.6

7500
800
0,1 (No Rust)

9300
1000
-

Pass
1A
1.9

Pass
1A
0.8

Health & Safety
Based on available information, this product is not expected to produce adverse effects on health when used for the intended
application and the recommendations provided in the Material Safety Data Sheet (MSDS) are followed. MSDS's are available upon
request through your sales contract office, or via the Internet. This product should not be used for purposes other than its intended use.
If disposing of used product, take care to protect the environment.
The Mobil logotype, the Pegasus design, and Polyrex EM are trademarks of Exxon Mobil Corporation, or one of its subsidiaries

ExxonMobil Lubricants & Specialties
All products may not be available locally. For more information, contact your local sales office or visit www.exxonmobil.com.
ExxonMobil is comprised of numerous affiliates and subsidiaries, many with names that include Esso, Mobil, or ExxonMobil. Nothing in this document is intended to override or
supersede the corporate separateness of local entities. Responsibility for local action and accountability remains with the local ExxonMobil-affiliate entities. Due to continual
product research and development, the information contained herein is subject to change without notification. Typical Properties may vary slightly.
© 2005 Exxon Mobil Corporation. All rights reserved.
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Mobil SHC™ 600 Series
Mobil Industrial, United States
Exceptional Performance Gear and Bearing Oils

Product Description
Mobil SHC™ 600 Series lubricants are exceptional performance gear and bearing oils designed to provide outstanding service in terms of
equipment protection, oil life and problem-free operation helping to enable increased customer productivity. These scientifically engineered oils
are formulated using the latest proprietary and patent pending Mobil SHC technology to provide outstanding and balanced performance in
demanding applications at high and low temperatures. Mobil SHC 600 products feature excellent low temperature properties, as well as
improved air release performance in the lower viscosity grades. These products are resistant to mechanical shear, even in heavily loaded gear and
high shear bearing applications, so that there is virtually no loss of viscosity.
Mobil SHC 600 Series products have low traction coefficients relative to mineral oils which derive from the molecular structure of the base stocks
used. This results in low fluid friction in the load zone of non-conforming surfaces such as gears and rolling contact bearings. Low fluid friction
produces lower operating temperatures and improved gear efficiency, which translates into reduced power consumption. Mobil SHC 600 Series
products have demonstrated up to 3.6% improvement in energy efficiency in controlled laboratory testing(*). Mobil SHC 600 Series formulation
also provides excellent resistance to oxidation and deposit formation at elevated temperatures, as well as exceptional resistance to rusting and
corrosion, antiwear, demulsibility, foam control and air release properties, and multi-metal compatibility. Mobil SHC 600 Series oils maintain good
compatibility with seals and other materials used in equipment normally lubricated with mineral oils.
Mobil SHC 600 Series lubricants are suitable for use in a wide range of equipment, not only as high temperature problem solvers, but also
because of the other benefits they offer.

(*) Energy efficiency relates solely to the performance of Mobil SHC 600 when compared to conventional (mineral) reference oils of the same
viscosity grade in circulating and gear applications. The technology used allows up to 3.6% efficiency compared to the reference when tested in
a worm gearbox under controlled conditions. Efficiency improvements will vary based on operating conditions and application.

Features and Benefits
The Mobil SHC brand of lubricants are recognized and appreciated around the world for their innovation and outstanding performance. These
synthetic products, molecularly designed and pioneered by our research scientists, embody the continuing commitment to using advanced
technology to provide outstanding lubricant products. The development of Mobil SHC 600 Series was preceded by close contacts between our
scientists and application specialists with key Original Equipment Manufacturers (OEMs) to ensure that the products provide exceptional
performance in the continually evolving industrial equipment designs.
Our work with key equipment builders has helped confirm the results from our own laboratory and rig tests showing the exceptional
performance of Mobil SHC 600 Series lubricants. Not least among the benefits, shown in work with OEMs, is the potential for energy efficiency
improvements up to 3.6% relative to mineral oils (*). These benefits are particularly evident in equipment with a high level of mechanical losses,
such as high ratio worm gears.
To develop the latest Mobil SHC technology for Mobil SHC 600 Series oils, our product formulation scientists chose select base oils because of
their exceptional thermal/oxidative resistance potential and combined them with a balanced additive system, which complements the inherent
benefits of the base oils to provide excellent oil life, deposit control and resistance to thermal/oxidative and chemical degradation. This
formulation approach provides low temperature fluidity characteristics exceeding that of many conventional mineral products and is a key
benefit for remote, low ambient temperature applications. Mobil SHC 600 Series oils offer the following features and potential benefits:

Features

Advantages and Potential Benefits

Superb high temperature
thermal/oxidation resistance

Helps extend equipment high temperature operating capability
Long oil life, helps reduce maintenance costs
Helps minimize deposits to enable trouble-free operation and long filter life

25.10.2018
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Features

Advantages and Potential Benefits

High Viscosity Index and
absence of wax

Maintains viscosity and film thickness at high temperatures
Helps enable exceptional low temperature performance, including start-up

Low traction coefficient

Helps reduce friction and increase efficiency in sliding mechanisms such as gearing, with potential for
reduced power consumption and lower steady-state operating temperatures.
Helps minimize the effects of micro slip in rolling contact bearings to potentially extend rolling-element life

High load carrying capability

Helps protects equipment and extends life; helps minimize unexpected downtime and extends service
periods

Balanced additive combination

Provides excellent performance in terms of rust and corrosion prevention, water separability, foam control
and air release performance enabling problem-free operation in a wide range of industrial applications,
and reduced operating costs

(*) Energy efficiency relates solely to the performance of Mobil SHC 600 when compared to conventional (mineral) reference oils of the same
viscosity grade in circulating and gear applications. The technology used allows up to 3.6% efficiency compared to the reference when tested in
a worm gearbox under controlled conditions. Efficiency improvements will vary based on operating conditions and application.

Applications
While Mobil SHC 600 Series are generally compatible with mineral oil based products, admixture may detract from their performance.
Consequently it is recommended that before changing a system to one of Mobil SHC 600 Series products, it should be thoroughly cleaned out
and flushed to achieve the maximum performance benefits. Mobil SHC 600 Series oils are compatible with most NBR, FKM and most other
elastomeric seal materials that are used with mineral oils. There is the potential for substantial variations in the elastomers. For best results,
consult your equipment supplier, seal manufacturer, or your local company representative to verify compatibility.
Mobil SHC 600 Series lubricants are recommended for use in a wide variety of gear and bearing applications where high or low temperatures
are encountered or where operating temperatures or bulk oil temperatures are such that conventional lubricants give unsatisfactory life, or where
improved efficiency is desired. They are particularly effective in applications where the maintenance costs of component replacement, system
cleaning and lubricant changes are high. Specific applications require selection of the appropriate viscosity grade and include:
Filled for life gearboxes, especially high ratio/ low-efficiency worm gears
Remotely located gearboxes, where oil change-out is difficult
Low temperature applications, such as ski lifts where seasonal oil changes can be avoided
Mixer roll bearings and roll neck bearings where high temperatures are encountered
Plastic calenders
Severe centrifuge applications, including marine centrifuges
Railroad A/C Traction Drives
Mobil SHC 626, 627, 629 and 630 are suitable for Oil Flooded Rotary Screw Compressors compressing natural gas, field gas gathering,
CO2 and other process gasses used in the natural gas industry
Mobil SHC 629, 630, 632, 634, 636, and 639 are approved by Siemens AG for use in Flender gearboxes

Specifications and Approvals
Mobil SHC 600 Series meets or exceeds the requirements of:

624

625

626

627

629

630

632

634

636

639

AGMA 9005 E02

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

DIN 51517-3 CLP
ISO 12925-1 CKB

X

ISO 12925-1 CKD

Mobil SHC 600 Series has the following builder approvals:
Fives Cincinnati

624

X

X

X

X

X

X

X

X

625

626

627

629

630

632

634

636

P-63 P-76 P-77
P-80

639

P-34 P-78
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Mobil SHC 600 Series has the following builder approvals:

624

625

626

627

SIEMENS AG Flender gear units, T 7300, Table A-c, Flender Code No.
SEW Eurodrive:
SEW IG CLP HC
SEW SG CLP HC

32
32

68
68

629

630

632

634

636

639

A36

A35

A34

A33

A32

A31

150
150

220
220

320

460
460

680

1000

Typical Properties
Mobil SHC 600
Series

624

625

626

627

629

630

632

634

636

639

ISO Viscosity Grade

32

46

68

100

150

220

320

460

680

1000

cSt @ 40ºC

32

46

68

100

150

220

320

460

680

1000

cSt @ 100ºC

6.3

8.5

11.6

15.3

21.1

28.5

38.5

50.7

69.0

98.8

Viscosity Index, ASTM
D2270

148

161

165

162

166

169

172

174

181

184

Pour Point, ºC, ASTM
D5950

-57

-54

-51

-45

-39

-36

-33

-30

-30

-27

Flash Point, ºC, ASTM
D 92

236

225

225

235

220

220

225

228

225

222

Density @ 15°C (60°F) 0.85
(g/cc)
ASTM D4052

0.85

0.86

0.86

0.86

0.87

0.87

0.87

0.87

0.87

Appearance, visual

Orange

Orange

Orange

Orange

Orange

Orange

Orange

Orange

Orange

Orange

TOST, ASTM D 943
mod, hours

10,000+

10,000+ 10,000+

10,000+ 10,000+

10,000+ 10,000+

10,000+

10,000+

10,000+

RPVOT, ASTM D
2272, minutes

2500

2500

2500

2500

2500

2500

2500

2500

2500

2500

Rust protection, ASTM Pass
D665B, Synthetic Sea
Water

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Water Separability,
ASTM
D1401,Min. to 37 ml
water @ 54ºC

10

15

15

-

-

-

-

-

-

-

Water Separability,
ASTM
D1401,Min. to 37 ml
water @ 82ºC

-

-

-

15

20

20

20

20

20

25

Copper Corrosion,
ASTM D130,
24 hrs @ 121ºC

1B

1B

1B

1B

1B

1B

1B

1B

1B

1B

Foam Test, ASTM
D892, Seq
I,II,IIITendency /
Stability, ml/ml

15/0,
20/0,
25/0

10/0,
30/0,
10/0

10/0,
20/0,
10/0

0/0,
10/0,
0/0

0/0,
0/0,0/0

0/0,
10/0,
0/0

0/0,0/0,0/0 0/0,0/0,0/0 0/0,0/0,0/0 0/0, 0/0,
0/0

Viscosity, ASTM D 445
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625

626

627

629

630

632

634

636

639

FZG gear scuffing test, 11
A/8.3/90,
ISO 14635-1 (mod),
Failure Stage

12

12

12

13

13+

13+

13+

13+

13+

FAG FE8 Bearing
Wear Test
7.5/80-80
((DIN 51819-3)
Roller Wear (mg)

-

-

2

2

2

2

2

2

2

-

Health and Safety
Based on available information, this product is not expected to produce adverse effects on health when used for the intended application and
the recommendations provided in the Material Safety Data Sheet (MSDS) are followed. MSDS's are available upon request through your sales
contract office, or via the Internet. This product should not be used for purposes other than its intended use. If disposing of used product, take
care to protect the environment.
All products may not be available locally.
Note for Canadian users: Mobil SHC 600 Series is not controlled under Canadian WHMIS legislation.

All trademarks used herein are trademarks or registered trademarks of Exxon Mobil Corporation or one of its subsidiaries unless indicated
otherwise.
08-2018
Exxon Mobil Corporation
22777 Springwoods Village Parkway
Spring TX 77389
1-800-ASK MOBIL (275-6624)
Typical Properties are typical of those obtained with normal production tolerance and do not constitute a specification. Variations that do not
affect product performance are to be expected during normal manufacture and at different blending locations. The information contained
herein is subject to change without notice. All products may not be available locally. For more information, contact your local ExxonMobil
contact or visit www.exxonmobil.com
ExxonMobil is comprised of numerous affiliates and subsidiaries, many with names that include Esso, Mobil, or ExxonMobil. Nothing in this
document is intended to override or supersede the corporate separateness of local entities. Responsibility for local action and accountability
remains with the local ExxonMobil-affiliate entities.

Energy lives here™

© Copyright 2003-2017 Exxon Mobil Corporation. All
Rights Reserved.

25.10.2018

3 - 18
Sales, Service & Distribution Center
Newark, NJ 07105
Phone: 973-589-9150
Fax: 973-589-4432
Manufacturing, Sales, Service & Distribution Center
Toledo, OH 43605
Phone: 419-691-2491
Fax: 419-693-3806
ISO-9001 Registered Quality System.
ISO-21469 Compliant.

Sales and Tech Service Support
Phone: 1-800-733-4755

PRODUCT DATA

LUBRIPLATE GEAR SHIELDS
DESCRIPTION
LUBRIPLATE Gear Shields are available in three
different thickness densities (N.L.G.I.) These
lubricants are applied as received – THEY DO NOT
HAVE TO BE HEATED for application.

ADVANTAGES

Typical Test Data
PROPERTY

TEST
METHOD

Type of Base
NLGI No.






Complete series covering user needs for different
film thickness
Waterproof, corrosion resistant
Strong adhesive and stay-put properties
Solid fillers for extra wear protection under heavy
load

APPLICATIONS
LUBRIPLATE Gear Shield is an NLGI No. 1 grade.
LUBRIPLATE Gear Shield Heavy is an NLGI No. 2
grade. Both lubricants are recommended for normal
gear coating applications.
LUBRIPLATE Gear Shield Extra Heavy is a NLGI
No. 3 grade very thick, adhesive and tacky grease
designed especially for heavy duty applications.
LUBRIPLATE Gear Shield Extra Heavy has proven
itself an outstanding lubricant on a wide variety of
applications. A leading heavy construction firm found
it so successful in lubricating the dipper sticks, racks
and pinions on their shovels handling blast furnace
slag, that they adopted its use on all their shovel
operations including strip mining, stone quarrying and
highway construction. A leading manufacturer of
heavy duty fork-lift trucks found that this lubricant was
the only one that successfully lubricated the slides on
some large vehicles designed for the Armed Services.
Likewise, chemical and other processors using large
open gear drives have found that LUBRIPLATE Gear
Shield Extra Heavy has lubricated the gears more
satisfactorily and prolonged the gear life considerably
over that previously experienced using other gear
compounds. It is also an outstanding fifth wheel
grease.

TYPICAL RESULTS*
GEAR
SHIELD

HEAVY

EXTRA
HEAVY

Lithium

Lithium

Lithium

1

2

3

Worked Penetration

ASTM D-217

310/
340

265/
295

235/
260

Dropping Point

ASTM D-566

350°F/
177°C

365°F/
185°C

370°F/
188°C

SUS @ 210°F

ASTM D-2161

90

150

200+

cSt @ 100°C

ASTM D-445

17

31

40+

-20°F/
-29°C

-10°F/
-23°C

0°F/
-18°C

Viscosity:

Approximate Cold Test

PACKAGING AVAILABLE
Carton, 4/6 lb. Plastic Tubs
35 lb. Pail
120 lb. Quarter Size Drum
425 lb. Full Size Drum
PACKAGING AVAILABLE
Carton, 40/10.5 oz. Caulk Cartridges

35 lb. Pail
120 lb. Quarter Size Drum
425 lb. Full Size Drum
Carton, 12/11 Oz. Aerosol Cans

GEAR SHIELD

HEAVY

L0150-005
L0150-035
***
L0150-040

L0151-005
L0151-035
L0151-039
L0151-040

EXTRA HEAVY

L0152-000
L0152-035
L0152-039
L0152-040
L0152-063

Printed in USA
Revised 11/2/2017
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Mobilgrease XHP™ 220 Series
Mobil Grease , United States

Product Description
Mobilgrease XHP™ 220 greases are extended service lithium complex greases intended for a wide variety of applications and severe operating conditions.
These greases were designed to outperform conventional products by applying cutting edge, proprietary, lithium complex manufacturing technology.
They are formulated to provide excellent high temperature performance with superb adhesion, structural stability and resistance to water contamination.
These greases have a high level of chemical stability and offer excellent protection against rust and corrosion. These greases feature high dropping points
and maximum recommended operating temperature of 140º C (284°F). Mobilgrease XHP 220 greases are available in NLGI grades 00, 0, 1, 2 and 3 with
an ISO VG 220 base oil viscosity.

Mobilgrease XHP 220 greases are designed for a wide range of applications including the industrial, automotive, construction and marine sectors. Their
performance features make them ideal choices for operating conditions including high temperature, water contamination, shock loading and extended
re-lubrication operations. Mobilgrease XHP 222 Special is an extreme pressure grease fortified with 0.75% molybdenum disulfide that provides protection
from wear under conditions pivoting and other conditions that lead to loss of oil film.

Features and Benefits
Mobilgrease XHP 220 greases are leading members of the Mobilgrease brand of products, which have gained a reputation for innovation and
performance excellence. Mobilgrease XHP 220 greases are high performance products designed by our formulation technologists and backed by our
world-wide technical support staff.

A key factor in the excellent adhesion and cohesion properties and high drop point of Mobilgrease XHP 220 greases is the proprietary manufacturing
technology developed at our research facilities and adopted by our modern manufacturing facilities. These products use specially selected additives to
provide excellent oxidation stability, rust and corrosion control, resistance to water contamination as well as anti-wear and EP protection. Mobilgrease
XHP 220 Series products offer the following features and potential benefits:

Features

Advantages and Potential Benefits

Superb resistance to water washout and spray-off

Helps assure proper lubrication and protection even in the most severe water exposure
conditions

Highly adhesive and cohesive structure

Excellent grease tenacity, helps reduce leakage and extend re-lubrication intervals for reduced
maintenance requirements

Excellent rust and corrosion resistance

Protection of lubricated parts even in hostile aqueous environments

Very good resistance to thermal, oxidative and Helps extend grease life and enhance bearing protection in high temperature applications
structural degradation at high temperature
helping to reduce maintenance and replacement costs
Very good anti-wear and EP performance

Reliable protection of lubricated equipment, even under conditions of high sliding with
potential for extended equipment life and reduced unanticipated downtime

Broad multi-purpose application

Provides potential for inventory rationalization and reduced inventory costs

Applications
Mobilgrease XHP 220 greases are used in a wide range of equipment including industrial, automotive, construction and marine applications. Their blue
color enables easy verification of application:
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Mobilgrease XHP 005 and 220 are softer, high-temperature greases recommended by ExxonMobil for centralized grease application systems, gear
lubrication, and where extreme-cold-temperature pumpability is important.

Mobilgrease XHP 221 is recommended by ExxonMobil for use in industrial and marine applications, chassis components and farm equipment. It provides
excellent low temperature performance.

Mobilgrease XHP 222 is recommended by ExxonMobil for industrial and marine applications, chassis components and farm equipment. Its sticky
formulation stays in applications longer.

Mobilgrease XHP 223 is recommended by ExxonMobil for applications where good high temperature and anti-leakage properties are required. It is
particularly recommended for severe truck wheel bearing applications or for rolling element bearings subject to vibration, or where higher speeds require
a grease with higher consistency to provide channeling characteristics.

Mobilgrease XHP 222 Special contains 0.75% molybdenum disulfide, is grey in color and is recommended by ExxonMobil for moderate duty service in
industrial applications, chassis components and farm equipment. It also finds application in king pins, U-joints, fifth wheels and bucket pins.

Specifications and Approvals
This product has the following builder approvals:

220

221

222

Fives Cincinnati P-64

X

Fives Cincinnati P-72

X

Fives Cincinnati P-79

X

This product meets or exceeds the requirements of:

220

221

DIN 51825:2004-06 - KP 1 N -20

222

X

DIN 51825:2004-06 - KP 2 N -20

X

Properties and Specifications
Property

005

220

221

222

222 SPECIAL

223

Grade

NLGI 00

NLGI 0

NLGI 1

NLGI 2

NLGI 2

NLGI 3

Thickener Type

Lithium
Complex

Lithium
Complex

Lithium
Complex

Lithium
Complex

Lithium
Complex

Lithium
Complex

Base Oil Viscosity of Greases @ 40 C, mm2/s, AMS
220
1697

220

220

220

220

220

Bomb Oxidation, Pressure Drop, 100 h, kPa, ASTM
35
D942

35

35

35

35

35

Color, Visual

Dark blue

Dark blue

Dark blue

Dark blue

Grey-black

Dark blue

Copper Strip Corrosion, Rating, ASTM D4048

1B

1B

1B

1B

1B

1B
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Property

220

221

222

222 SPECIAL

223

Corrosion Preventive Properties, Rating, ASTM
PASS
D1743

PASS

PASS

PASS

PASS

PASS

Dropping Point, °C, ASTM D2265

270

280

280

280

280

Four-Ball Extreme Pressure Test, Weld Load, kgf,
315
ASTM D2596

315

315

315

400

315

Four-Ball Wear Test, Scar Diameter, mm, ASTM
0.5
D2266

0.5

0.5

0.5

0.5

0.5

Molybdenum
CALCULATED

005

Disulfide

Content,

wt

%,

Penetration, 60X, 0.1 mm, ASTM D217

0.75
415

Roll Stability, Penetration Consistency Change, 0.1
mm, ASTM D1831

370

325

280

280

235

-15

-15

0

0

0

SKF Emcor Rust Test, Distilled Water, ASTM D6138

0,0

0,0

0,0

0,0

0,0

0,0

Timken OK Load, kg, ASTM D2509

40

40

40

40

40

40

Health and Safety
Health and Safety recommendations for this product can be found on the Material Safety Data Sheet (MSDS) @ http://www.msds.exxonmobil.com
/psims/psims.aspx
All trademarks used herein are trademarks or registered trademarks of Exxon Mobil Corporation or one of its subsidiaries unless indicated otherwise.
07-2020
Exxon Mobil Corporation
22777 Springwoods Village Parkway
Spring TX 77389
1-800-ASK MOBIL (275-6624)
Typical Properties are typical of those obtained with normal production tolerance and do not constitute a specification. Variations that do not affect
product performance are to be expected during normal manufacture and at different blending locations. The information contained herein is subject to
change without notice. All products may not be available locally. For more information, contact your local ExxonMobil contact or visit
www.exxonmobil.com
ExxonMobil is comprised of numerous affiliates and subsidiaries, many with names that include Esso, Mobil, or ExxonMobil. Nothing in this document is
intended to override or supersede the corporate separateness of local entities. Responsibility for local action and accountability remains with the local
ExxonMobil-affiliate entities.

Energy lives here™

© Copyright 2003-2019 Exxon Mobil Corporation. All
Rights Reserved
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Grease

Product Description
The Mobilith AW Series products are high performance lithium-complex greases. They are formulated with antiwear agents to provide
excellent service under the severe operating conditions of heavy and shock loading. Oxidation inhibitors enhance the ability of Mobilith
AW Series greases to withstand operating temperatures up to 175º C with minimum breakdown or leakage. Rust inhibitors protect
lubricated components from rust and corrosion. Mobilith AW Series greases are available in NLGI grades from 00 to 3 with base oil
viscosity ISO VG 150, except for Mobilith AW 00 which is ISO VG 100.
Mobilith AW Series greases have excellent handling and dispensing properties at temperatures down to -40º C, which means they are
superior to most high-temperature greases that generally have poorer low-temperature consistency and pumpability. The Mobilith AW
Series greases provide superior lubrication under thin film conditions, and resist displacement from highly loaded components
encountered in industrial applications. Their excellent resistance to water and protection against rust make the greases well suited to
applications requiring maximum protection over extended periods.

Features & Benefits
Mobilith AW Series greases are important members of the Mobilith brand of lithium-complex based greases that have earned a solid
reputation for high performance capability, excellent equipment protection and long life. Mobilith AW Series are backed by
ExxonMobil's worldwide team of technical and application experts to ensure that the best choice of product is used in customers’
applications. The reliable high quality of Mobilith AW Series greases results from the state-of-the-art facilities used in their
manufacture.
Features and potential benefits for Mobilith AW Series greases include:
Features
Excellent antiwear protection under heavy and shock loads

Excellent protection against rust and corrosion
High dropping point: 260º C
Very good low temperature properties

Advantages and Potential Benefits
Excellent protection of lubricated equipment with the potential for
extended life and reduced maintenance
Outstanding operating temperature range: -40º C to 175º C
Highly reliable equipment protection, even in hostile
environments, with less unanticipated downtime
Excellent high temperature performance with long grease life
and reduced maintenance potential
Series includes products capable of handling, dispensing and
lubricating down to –40º C

ExxonMobil Lubricants & Specialties
All products may not be available locally. For more information, contact your local sales office or visit www.exxonmobil.com.
ExxonMobil is comprised of numerous affiliates and subsidiaries, many with names that include Esso, Mobil, or ExxonMobil. Nothing in this document is intended to override or
supersede the corporate separateness of local entities. Responsibility for local action and accountability remains with the local ExxonMobil-affiliate entities. Due to continual
product research and development, the information contained herein is subject to change without notification. Typical Properties may vary slightly.
© 2001 Exxon Mobil Corporation. All rights reserved.

Applications
Application Considerations: In order to maintain the performance characteristics of the Mobilith AW Series greases, completely clean or
purge previously used greases from the system.
Mobilith AW Series greases are heavy-duty products designed for multi-purpose industrial applications covering a wide range of
operating conditions. Specific applications include:
·
·

Mobilith AW 1, 2, and 3 greases are recommended for the lubrication of bearings operating with heavy or shock loads, and at
temperatures up to 175º C. They are suitable for lubricating cams, ways, and other sliding elements. Other applications include
vehicles and greased components in paper mills, where both water and high temperatures are encountered.
Mobilith AW 0 and 00 are softer, high-temperature greases recommended for centralised grease application systems, gear
lubrication, and where extreme-cold-temperature pumpability is important.

Specifications & Approvals
Mobilith AW Series meets or exceeds
the following industry specifications:
Quality Level USDA H2

00

0

1

2

3

X

X

X

X

X

Mobilith AW Series meets or exceeds
the following builder approvals:
Cincinnati Machine, P-64

00

0

1

2

3

X

Typical Properties
Mobilith AW Series
NLGI Grade
Thickener Type
Color, Visual
Penetration, Worked, 25º C, ASTM D 217
Dropping Point, ºC, ASTM D 2265
Viscosity of Oil, ASTM D 445
cSt @ 40º C
4-Ball Wear Test, ASTM D 2266, Scar, mm
4-Ball Weld Load, ASTM D 2509, Kg
Timken OK Load, ASTM D 2509, lb
Bomb Oxidation, ASTM D 942, Pressure
drop at 100 hrs, kPa
Corrosion Prevention, ASTM D 1743
Rust Protection, IP 220, Distilled Water
Copper Strip Corrosion, ASTM D 4048

00
00
Li-complex
Green
415
--

0
0
Li-complex
Green
370
--

1
1
Li-complex
Green
325
260

2
2
Li-complex
Green
280
260

3
3
Li-complex
Green
235
260

100
0.5
30+
35

150
0.5
250
40+
35

150
0.5
250
40+
35

150
0.5
250
40+
35

150
0.5
250
40+
35

Pass
0-0
1A

Pass
0-0
1A

Pass
0-0
1A

Pass
0-0
1A

Pass
0-0
1A

ExxonMobil Lubricants & Specialties
All products may not be available locally. For more information, contact your local sales office or visit www.exxonmobil.com.
ExxonMobil is comprised of numerous affiliates and subsidiaries, many with names that include Esso, Mobil, or ExxonMobil. Nothing in this document is intended to override or
supersede the corporate separateness of local entities. Responsibility for local action and accountability remains with the local ExxonMobil-affiliate entities. Due to continual
product research and development, the information contained herein is subject to change without notification. Typical Properties may vary slightly.
© 2001 Exxon Mobil Corporation. All rights reserved.

Health & Safety
Based on available information, this product is not expected to produce adverse effects on health when used for the intended
application and the recommendations provided in the Material Safety Data Sheet (MSDS) are followed. MSDS's are available upon
request through your sales contract office, or via the Internet. This product should not be used for purposes other than its intended use.
If disposing of used product, take care to protect the environment.
The Mobil logotype, the Pegasus design are trademarks of Exxon Mobil Corporation, or one of its subsidiaries.

ExxonMobil Lubricants & Specialties
All products may not be available locally. For more information, contact your local sales office or visit www.exxonmobil.com.
ExxonMobil is comprised of numerous affiliates and subsidiaries, many with names that include Esso, Mobil, or ExxonMobil. Nothing in this document is intended to override or
supersede the corporate separateness of local entities. Responsibility for local action and accountability remains with the local ExxonMobil-affiliate entities. Due to continual
product research and development, the information contained herein is subject to change without notification. Typical Properties may vary slightly.
© 2001 Exxon Mobil Corporation. All rights reserved.
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7. Lubrication Table

252

O'Rorke Machinery Lubrication Chart
Machinery Lube

Qty.

Lubricant

Equipment

Frequency Notes

Year:
April

B-1 Bearings
B-2 Bearings
Pinion Shaft Cplgs

4

Mobilith SHC 1500

Grease gun

6 months

4

Mobilith SHC 1500

Grease gun

6 months

4

Falk LTG

Grease gun

Annually

Floating Shaft Cplgs

8

Falk LTG

Grease gun

Annually

Motor Cplgs

4

Falk LTG

Grease gun

Annually

Electric Drive Motors

4

Grease gun

Annually

Instrument Reducers

4

Mobil Grease
Polyrex EM
Mobil Gear 600 XP 220

Pour

6 mo.
5 yrs*

Primary Reducers

2

Pour

6 mo.
5 yrs*

Secondary Reducers

4

Pour

6 mo.
5 yrs*

Machinery Brakes

4

(ISO 320)
Mobil Gear 600 XP 320
or Mobil SHC 632
(ISO 320)
Mobil Gear 600 XP 320
or Mobil SHC 632
Chevron Spindle Oil #10

5 Gallon Pail

6 months

Motor Brakes

4

Chevron Spindle Oil #10

5 Gallon Pail

6 months

Pinions & Racks

4

Lubriplate Gear Shield Heavy

Can

Monthly

Tail Locks

4
-

Mobil Grease XHP 222

Grease gun

6 months

-

Mobil Grease XHP 222
Mobilith SHC 1500

Gun, brush or swab
Gun

Monthly
Monthly

Rmove existing lube and debris and apply new

-

Mobilith SHC 460

Gun

6 months

Remove cover to access

-

Mobilith SHC 460

Gun

Annually

Remove cover to access

4
-

Mobil Grease XHP 222

Grease gun

6 months

-

Mobil Grease XHP 222

Grease gun

6 months

-

Castle Muscle Grease
Mobil SHC 629

Can
Pour

6 months

Rod Eye
Lock Bar
Guides
Trunnion Bearings
Actuator Housing
VT 40 Warning Gates
Shaft Bearings
Connecting Rod Ends
Chain
Reducers

-

6 months

May

June

July

Aug

Sept

Oct

Nov

Dec

1. Pull 2 lube port plugs
2. Install fittiing at one port
3. Pump to flush old lube out open port
4. Re-install plugs
1. 5 pumps per year
2. Do not over grease.
* For all reducers:
1. Check oil level and top off as necessary at 6
month interval.
2. Est. oil replacement at 5 years, but recommend
annual oil sample analysis to determine frequency.
3. Synthetic oil would extend time b/w oil
replacements.

Thrustors are "sealed for life"
Monitor and top off as necessary. Replace thrustor
if significant leakge.
Rmove existing lube and debris and apply new

Check and top-off oil.
Change oil if discolored or milky.

Monthly
Center Jaw Locks
4
Mobilith AW-0
Paint Roller or Brush
Note:
1. Lubrication frequencies are suggested starting points. Adjust as necessary to ensure that wearing surfaces are always lubricated.
2. Use caution when changing lubricants. Incompatible lubricants may result in failure of the lubricant. When replacing one lubricant with another,
flush old lubricant to the extent possible.
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O'Rorke Machinery Mechanical Maintenance Chart
Part

Qty.

Frequency Maintainer Notes

Page 1 of 2

Year:
April

Electric Motors
Bolts
Operation noise / vibration
Paint touch-up
Brakes
Bolts
Thrustor stroke
Friction surface debris / corrosion
Torque setting
Thrustor seals
Pad wear
Pad contact / clearance when set / released
Manual operation
Switch functions
Paint touch-up
Reducers
Bolts
Operation check
Internal inspection
Debris removal
Paint touch-up
Oil sample
Bearings
Bolts
Operation check
Debris removal
Paint touch-up
Couplings
Bolts
Keys and keyways
Noise check
Seals and gaskets
Remove excess grease
Set screws (limit switch couplings)
Paint touch-up
Internal inspection
Racks and Pinions
Tooth condition
Remove debris
Remove old lubricant from roots
Operation check
Paint touch-up

2
4
3
4
8
2
-

Leaf:
May

June

July

Aug

Sept

Oct

Nov

Dec

6 months
Annual

6 months

Annual

6 months

Annual

6 months
Annual

6 months

Annual
As needed

6 months

Annual

Revised 2/11/21

O'Rorke Machinery Mechanical Maintenance Chart
Part

Qty.

Frequency Maintainer Notes

Page 2 of 2

Year:
April

Position Indic. and Lim Switches
Exercise limit switches
Bolts
remove debris
Paint touch-up
Curved and Flat Treads
Remove debris
Operation check, wear review
Paint touch-up
Tail Lock
Bolts
Remove debris
Operation check
Paint touch-up
Live Load Reactions
Bolts
Remove debris
Paint touch-up
Bumper Blocks
Bolts
Timber damage check
Mid Span Shear Jaw Locks
Bolts
Remove debris
Paint touch-up
VT 40 Warning Gates
Bolts
Operation check
Remove debris
Gate arm inspection
Reducer bolts when rock gate arm
Sprocket and pulley set screws
Reducer leakage check
Paint touch-up

2
2
2
2
2
2
-

Leaf:
May

June

July

Aug

Sept

Oct

Nov

Dec

3 months
Annual
Monthly
Annual

6 months
Annual

6 months
Annual

Annual

6 months
Annual

3 months

Annual
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