Torres Rojas, Genara 7’%7]% ?/ ?17

From: chris@dcmerectors.com

Sent: Wednesday, August 07, 2013 3:37 PM

To: Duffy, Daniel

Cc: Torres Rojas, Genara; Van Duyne, Sheree; Qureshi, Ann
Subject: Freedom of Information Online Request Forn
Information:

First Name: Chris

Last Name: Koehnken

Company: DCM Irectors

Mailing Address 1: 110 I 42nd Street
Mailing Address 2: Suite 1704

City: New York

Statc: NY

Zip Code: 10017

Email Address: chrisidemercctors.com
Phone: 212-599-1603

Required copies of the records: Yes

List of specific record(s):

We are seeking all documentation connected with the TG1900 Tovier Crane Accident SN 76G9-1206C CD3705
that was involved in the February 16th, 2012 crane accident at the World Trade Center Tower 4 Projecl.
Specifically we are seeking a copy of the report generated by Dr. F aag at the request of the Port Authority.



THE PORT AUTHORITY OF NY & NJ

FOI Administrator

December 16, 2014

Mr. Chris Koehnken

DCM Erectors

110 E 42nd Street, Suite 1704
New York, NY 10017

Re: Freedom of Information Reference No. 14190
Dear Mr. Koehnken:

This is in response to your August 7, 2013 request, which has been processed under the Port
Authority’s Freedom of Information Code (the “Code”) for copies of all documentation
connected with the TG1900 Tower Crane Accident SN 76G9-1206C CD3705 that was involved
in the February 16, 2012 crane accident at the World Trade Center Tower 4 Project, specifically
a copy of the report generated by Dr. Haag at the request of the Port Authority.

Material responsive to your request and available under the Code can be found on the Port
Authority’s website at http://www.panynj.gov/corporate-information/foi/14190-WTC.pdf. Paper
copies of the available records are available upon request.

Please refer to the above FOI reference number in any future correspondence relating to your
request.

Very truly yours,

Daniel D. buffy
FOI Administrator

225 Park Avenue South, 17th FL
New York NY 10003
T: 212 435 3642 F: 212 435 7555
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December 21, 2012

The Port Authority of NY and NJ
Port Authority Safety Board

225 Broadway 15th Floor

New York, NY 10003

Attention: Mr. Jim Keane

Re:  World Trade Center 4500063211
4 World Trade Center
New York, NY 10006
Client File: 4500063211
Haag File: 0212001176-250

In accordance with your request, we have initiated an analysis into factors causative of the
involved 1976 FMC Link-Belt TG1900 tower crane incident occurring at 4 World Trade Center,
New York City, New York, on February 16, 2012. Our inspection was conducted on May 23,
2012.

This engineering report has been written for your sole use and purpose, and only you have the
authority to distribute this report to any other person, firm, or corporation. Haag Engineering
Co. and its agents and employees do not have and do disclaim any contractual relationship with,
or duty or obligation to, any party other than the addressee of this report and the principals for
whom the addressee is acting. Only the engineer who signed this document has the authority to
change its contents and then only in writing to you. This report addresses the results of work
completed to date. Should additional information become available, we reserve the right to
amend, as warranted, any of our conclusions.

Accident Crane Description

FMC Link-Belt model TG1900 is a luffing, lattice boom tower crane. The crane has an upper
revolving frame assembly which turns on a lower tower assembly. Levers for controlling hoist
operations are inside the operator’s station within the cab. Controls for the crane are pneumatic-
over-hydraulic. The cab is centered on the upper revolving frame near the base of the boom,
between the base boom pivots. Hoist control levers are in front of the operator’s seat on the dash
of the cab. The swing pedals are in front of the operator’s seat mounted on the floor. A diesel
engine assembly (power package) mounts on the revolving frame that powers the crane, along
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with the reservoir that supplies hydraulic oil for crane operations. Additionally, the climbing
system entails the hydraulic components connect to the main hydraulic system since it does not
have its own hydraulic unit. (Refer to Attachment A for FMC Link-Belt model TG1900 tower
crane specifications.)

Three hydraulic hoists mount on the revolving frame. The main hoist wire rope routes through
the boom head sheave assembly and a multi-parts-of-line block (4 parts-of-line maximum). The
main hoist drum’s wire rope capacity is approximately 1,200 feet of 1-5/8-inch-diameter wire
rope (line). An auxiliary hoist wire rope reeves through the auxiliary (boom tip extension)
sheave assembly and attaches to a downhaul weight for loads requiring a single part-of-line. The
boom hoist wire rope reeves through bridle sheaves attaching to the mast sheave assembly that
mounts to the mast tip. Pendants connect between the boom tip and the bridle. When the boom
hoist drum rotates, it raises or lowers the boom via the boom hoist wire rope. The opposite end
of the wire rope for each of the hoists is anchored to the outboard side of the respective drum
flange with two wire rope clamps. A slotted hole through the drum flange allows the wire rope
to route from the inboard side of the drum flange to the outboard side of the drum flange. Four
bolts for each clamp anchor the line to the outboard side of the drum flange.

Each hoist hydraulic transmission system is a closed, bi-directional (hydrostatic) hydraulic
circuit. The piston pump discharges oil directly to one side of the hydraulic motor ports (high
pressure, high loop), and then oil exits from the opposite port (low pressure, low loop
approximately) of the motor back to the pump. Intended movement in one direction requires that
the piston pump and hydraulic motor rotate in the same direction. High and low pressure
locations for the circuit depend on the directional movement (flow) of the hydraulic circuit.
Flow direction of the hydraulic circuit is determined by the position of the pump swash plate.
Flow speed and motor displacement dictate the motor output shaft speed. Additionally, the
charge pump provides positive pressure to maintain the low loop pressure and oil from the
reservoir to make up for internal leakage within closed loop hydraulic circuit.

Operation of the hoist circuit to raise the load is provided by moving the hoist’s lever off-center
towards the operator. Hydraulic pressurized flow from the pump (stroked forward) at the motor
increases the torque sufficiently to raise the load. The pump provides hydraulic power,
converted from input torque, to the hydraulic motor. Splined motor output shafts then rotate
long tubular shafts with attached pinion gears that in turn rotate the geared hoist drum.
Continued lever movement for the hoist moves the hoist drum by signaling the pump to increase
pressurized flow to the motor. A counterbalance valve, located in the lift (high pressure) side of
the hydraulic circuit between the pumps and motors, allows hydraulic oil to flow freely from the
pumps to the motors through the counterbalance’s check valve.

Operation of the hoist circuit to lower the load is provided by moving the hoist’s lever off-center
away from the operator. Hydraulic pressurized flow reverses from the pump (stroked backward)
to the opposite motor ports. The counterbalance valve holds the load until the pressure increases
sufficiently to open the counterbalance’s relief valve in the lower (low pressure) side of the
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hydraulic circuit while the counterbalance’s check valve is forced close. Once the relief valve is
opened, the motors provide a controlled flow to lower the load.

Dynamic braking (slowing) of the hoist is accomplished as oil flowing through the motors is
reduced when the hoist’s lever is moved back towards the center (neutral) position. When the
hoist’s lever is in the center position, the pumps stop supplying flow of hydraulic oil through the
circuit and the counterbalance valve engages to hold the hoist drum stationary (counterbalance’s
relief valve closes).

Static braking of the main hoist is accomplished when the hoist’s lever is moved to the right
center position. Two band brakes clamp the drum in place, via splined shafts opposite of the
motors, preventing the load from drifting down due to internal leakage within the hydraulic
motor circuit. Each band brake is spring applied, pneumatically released through an external air
cylinder. A compression spring pulls the drum band through a brake actuation assembly, which
clamps the brake linings concentrically around the drum. The shaft is greased via a fitting that
allowed excess grease to enter the brake drum housing.

The main hoist system is composed of two hydraulic axial piston pumps, one of which is
diverted from the auxiliary hoist circuit when it is not being utilized, powered through a diesel
engine and a pump drive gearbox. Each piston pump has a charge pump. An external pre-charge
pump mounts to the pump drive gearbox and provides hydraulic oil at a positive pressure to each
charge pump. The geared main hoist drum is driven through pinion gears (gear reduction) by
four radial piston hydraulic motors. A counterbalance valve is incorporated in the raise (lift) side
of the main hoist system to provide positive pressure control when holding and lowering the
load. Two filter assemblies and a suction strainer remove contaminants and foreign debris from
the hydraulic system.

Each radial piston hydraulic motor consists of five pistons within a motor housing. Each piston
assembly has a connecting rod, piston, seal kit (piston seal, O-ring, and backup ring), and
retainer kit (piston retainer, clip, and restrictor screw) that is capped with a cylinder head
attached to the end of the piston bore within the motor housing. A crankshaft, splined at one end
for output torque, is supported with a set of roller bearings and routes through a drum (cam) for
synchronizing/timing of each piston that is rotated by a valve spool (distributor). Each
connecting rod shoe rides atop the cam, and as the crankshaft rotates, the connecting rod slides
the piston forward and back within the piston bore. An Oldham coupling interfaces between the
crankshaft and the distributor and accommodates a small amount of misalignment between the
rotating crankshaft and distributor. The distributor rotates within the valve (distributor) housing.
The motor housing fastens between a front cover and rear c-spacer along with the distributor
housing. (Refer to Attachment B to view a Kawasaki Staffa piston motor assembly drawing.)

The manufacturer of this crane, FMC Link Belt, produced this crane under a license with Favco
(an Australian company) in the 1970°s. According to Favelle/Favco, when this agreement
expired, FMC Link Belt built their version of the TG series. In the late 1980’s, FMC sold the
intellectual property and manufacturing assets for the TG series to another company.
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Background

The 4 World Trade Center (WTC) building is located at 150 Greenwich Street on the southeast
corner of the 16-acre World Trade Center site in New York City, New York. The building faces
directly towards the WTC Memorial Park from the west, rising 977 feet from street level. The
podium of 4 WTC consists of two retail levels below grade, ground floor, and three levels above
grade, and 4 WTC is the fourth-tallest skyscraper on the WTC site. The remaining floors are set
aside for commercial offices, totaling 2.3 million rentable square feet. One third of the office
space is slated to become the new headquarters of The Port Authority of New York and New
Jersey. The tower portion of the building accommodates office spaces in two distinctly shaped
floor plans. The lower- and mid-rise sections, floors 7 through 46, will feature a typical floor
plans size of 44,000 rentable square feet in the shape of a parallelogram echoing the
configuration of the site. These floors are served by two elevator banks, each equipped with eight
cars and one elevator bank with six cars. The high-rise sections of the tower, from floors 48 to
63, feature a trapezoidal floor plate measuring 34,000 rentable square feet. The trapezoid is
shaped and fluted to open toward the tip of Manhattan and triangulated from the lower floors to
face 1 World Trade Center. These floors are served by two elevator banks, each with six cars.
Both office floor plans contain a central core with a 45-foot span on the west side facing the
WTC Memorial Plaza, as well as on the north and south. The east side has a 35-foot lease span.
The 4 WTC Tower Project provides direct access to the Wall Street Financial Area and the PATH
Lower Manhattan WTC Transportation Centet.

The construction accident involved a 1976 FMC Link-Belt model TG1900 crane that was lifting
three steel beams weighing approximately 48,000 pounds on the morning of Thursday, February
16, 2012, at 4 World Trade Center. When the load reached approximately the 48th floor the
operator reportedly stated that it felt as if he had been rear-ended in a car. At this time, just prior
to 10:00 a.m. on the morning of the incident, the beams fell from a height of approximately 48
stories and impacted the flatbed truck that delivered the load which was located on Cortland Way
on the north side of 4 World Trade Center.

The crane’s site plan required that this crane would be climbed (“jumped”) a number of times
during the time on the project. Just six days prior to the accident on February 10, 2012, DCM
Erectors, Inc., climbed the crane for the first time. Shortly after the installation of the climbing
system, the crane’s owner, Federated Crane, added multiple gallons of hydraulic fluid to the
crane reservoir.

The 4 World Trade Center project is being developed by Silverstein Properties Incorporated
(SPI) and Tishman Construction is SPI’s Construction Manager that manages the worksite.
DCM Erectors Inc., is the crane lessor, and Federated Crane is the crane owner. The
International Union of Operating Engineers, Local 14 and 15, represent operating engineers that,
in part, work operate and maintain heavy equipment.
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Several parties including The Port Authority of New York & New Jersey — Port Authority Safety
Board, United States Department of Labor — Occupational Safety and Health Administration, and
New York City Department of Buildings — Cranes and Derricks are investigating this incident .

In addition to this accident an incident occurred on October 28, 2011, at 4 World Trade Center
involving a Favco 1500 crane that was lowering a 14,600 pound load and then experienced a
similar hydraulic failure. The load did not completely fall to the ground but had to be suspended
and then manually lowered. There was no property damage or bodily injury in this event. The
crane involved in the October 28, 2011, event is a member of the TG series that include the
TG2300, TG1900 and TG1500 models.

Inspection

Hydraulic System Inspection

Inspection of the accident crane hydraulic components was performed by Noah Manring, Ph. D.,
P.E., on March 1, 2012 at the Federated Crane Company facility in South Plainfield, New Jersey.
A partial summary of inspection observations follow. (Refer to Attachment C for Noah
Manring, Ph.D., P.E., August 3, 2012, report.)

Four (Kawasaki Staffa hydraulic) piston motors were disassembled and inspected. All four
motors had one or more pistons seized within their bores. A connecting rod was displaced
through the motor housing of one motor, which punctured a large hole through the motor
housing. All remaining connecting rods for this motor, as well as the other motors, were intact
and connected. Typical findings within the motors were deformed connecting rod shoes that
scored and flattened cam surface areas. All Oldham couplings were sheared, and each distributor
had seized within the distributor housing. Scattered metallic parts, along with metallic shavings,
were displaced throughout the motor varied in size, some up to 30 cm (centimeters) in length.
Metal shavings were also visibly observed on the high pressure side of each piston. Seals and o-
rings were intact and in good condition.

Other hydraulic components were disassembled and inspected as well, including the axial piston
pumps, charge pump, external pre-charge pump, and counterbalance valve. The charge pumps
and external pre-charge pump were intact with no observed unusual wear and either in good or
like-new condition. One of the main hoist pumps had one piston of the rotating group seized
within its bore, along with a broken and displaced slipper. Scoring of the bore was observed,
after the piston was removed. The remaining pistons within the pump were intact and in good
condition, as well as the swash plate and other bearing components within the pump.
Additionally, the counterbalance valve was tested and determined not to be functioning correctly
by allowing oil to flow unrestricted in the main hoist lowering direction.

Hydraulic oil samples were taken from several locations throughout the hydraulic system
including each motor, pump, and reservoir. Some of these samples were observed to have
significant amounts of water. Water was observed in the reservoir, and a five-gallon oil sample
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taken from the reservoir was observed to have a murky appearance. Oil samples were taken to
an independent third party lab for analysis of contamination. Lab results for ISO (International
Organization for Standardization — ISO) 4406 (Hydraulic fluid power -- Fluids -- Method for
coding the level of contamination by solid particles) cleanliness code for particle counts within
the hydraulic oil reservoir was 24/24/23 with a water content of nearly 0.55%. The ISO 4406
cleanliness code for particle counts within one of the motors was 24/23/17 with a water content
of over 0.17%.

Static Brake Assembly Inspection

Inspection of the accident crane band-brake components was performed by Anthony E. Bond,
P.E., C.F.E.L, on May 23, 2012, at a warehouse located in Bayonne, New Jersey.

Two band brakes, one located several feet above the other on the main hoist assembly, were
disassembled for inspection. After disassembly of the bottom band brake, we observed a high
volume of material movement at the surface of the brake lining. All of the original tan color
brake lining was observed to be significantly strained. Globules of material were displaced from
the brake lining surface, and subsequently forced into the brake lining elsewhere. Many of these
globules were polished to a high gloss with a purplish, mirror-like reflective appearance. Parts
of the brake lining were affected by high temperature due to the incident, which caused the lining
to be burned or scorched. At close proximity, the smell of burnt material was evident. Most
surfaces of the brake lining were very dark in color (black in appearance) with many areas of
discoloration and streaks, some of which were white in tint. Excess grease was seen inside the
brake drum cover. Lubrication had migrated onto the brake pads most notably at the bottom of the
brake. Additionally, the approximate thickness of the brake lining was 1/4 of an inch.

Steel properties of the bottom drum braking surface were notably affected as well. The surface
had a bluish tint, and appeared as though it was induction hardened by the intense heat due to
friction of the brake lining. Approximately 12 inches of the brake drum circumference was less
affected by the incident than the remaining circumference, which was observed to have a more
intensive heat affected area indicative of rapidly applied brake engagement; this area also
coincided with the clamp area of the band brake. The braking surface of the bottom drum was
concaved by approximately 1/8 of an inch towards the center of the drum. The concaved surface
was indicative of wear to the drum surface over a significant period of time, rather than to this
single incident.

For the top band brake, we observed no indication that the surface of the brake lining was
effected by the high speed, high load incident. Most of the original tan color brake lining was
undisturbed and was observed to have a uniform rough grit, friction material surface typical of
brake lining material. Hardly any observed signs of stress induced to the brake lining were
observed. Nearly no movement of material for the brake lining was present—only the normal
accumulation of material buildup on the brake lining surface formed in thin streaks. High speed,
high load, and high temperature did not appear to adversely affect the top band brake lining.
Additionally, the approximate thickness of the brake lining was approximately 3/16 of an inch.
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The top drum surface had an accumulation of brake lining material built up in small patches or
areas in an uneven pattern throughout its circumference. These patch areas were indicative of
uneven wear, and they were discolored black at their outer edges. The center of the patches had
bronze color streaks in the direction of normal operation. Steel properties of the top drum
surface were not nearly as affected as the bottom drum surface. The prevailing bluish tint
appearance of induction hardened induced by heat was noticeably absent on the top drum
surface. The braking surface of the top drum was concaved by less than 1/16 of an inch towards
the center of the drum.

Wire Rope Assembly Inspection

Photographs of the involved main hoist drum, wire rope, and wire rope anchor connection taken
immediately after the incident were provided for our review, as well as the report from Don
Pellow, P.E. (Refer to Attachment D for Don Pellow, P.E., September 2012 report.)

We closely examined the wire rope anchor slot through the steel drum flange that allows the wire
rope to route from the inboard side of the drum flange to the outboard side of the drum flange.
Noticeable was the strained area and material movement at the upper slot edge. We observed
that the wire rope had cut into the upper slot edge through the flange thickness by approximately
an inch in length, elongating the slot in the opposite direction of wire rope spooling onto the
drum. The wire rope forced material completely back against the inside flange, and the wire
rope strands created grooves in the material making depressions contouring the individual
strands. Scrapes and paint rub marks patterned into parallel diagonal lines, created by the wire
rope being pulled across the flange, were located approximately halfway up the flange above the
slot.

Inspections of the involved wire rope was performed by Don Pellow, P.E. (Pellow Engineering
Services, Inc.) at a warehouse located in Bayonne, New Jersey, April 3, 2012, and also at Lucius
Pitkin, Inc., located in New York, New York, on April 4, 2012, for laboratory inspection. A
partial summary of inspection observations follow.

The wire rope length on the involved main hoist drum at the time of the incident was
approximately 1,175 feet, and the nominal wire rope diameter was 1-5/8 inches. Most of the
wire rope’s length had fallen to the ground after being fractured at the wire rope anchor slot (on
the drum). An approximate two-foot section of wire rope remained attached by two wire rope
clamps on the outboard side of the drum flange. The involved wire rope was observed to have
undergone significant strain. Typical wire rope strained areas comprised of “bends, doglegs,
kinks, “curling” and recoiling of the wire rope caused from de-reeving and abrasion of the wire
rope within the system of sheaves”. Fractured ends of the wire rope were closely examined at
the laboratory, and the fractured ends of the wire rope were severed by the drum flange slot.
Most of the individual fractured ends of each wire had failed through bending and shear, while a
few of the individual wires had compressed flattened areas (severe crushing) near their fractured
ends.
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Review of Documents

ASME B30.3 Construction Tower Crahes

A national consensus standard developed by the American Society of Mechanical Engineers
(ASME) B30.3-2009 Construction Tower Cranmes provides requirements for the tower crane
industry. The following paragraphs provide excerpts on preventive maintenance and inspection
information for tower cranes.

The section titled Preventive Maintenance under ASME B30.3 section 3-2.3.1(a) states, “A
preventive maintenance program based on the crane manufacturer’s recommendations should be
established. Dated records should be kept available.”

The section titled Operator’s Responsibilities under ASME B30.3 section 3-3.1.4.3.1 states in
part, “Operator responsibilities shall include” ... “(d) understanding and applying the
information contained in the crane manufacturer’s operating manual.” ... “performing frequent
inspections as specified in para. 3-2.1.3.” ... “promptly reporting the need for any adjustments or
repairs to a designated person.” ... *

Frequent inspections, as defined by ASME B30.3, should be performed daily to weekly for
heavy service tower cranes”.

Operator's & Maintenance Manual

The manufacturer requires the operator and maintenance personnel to regularly perform
preventive maintenance by checking filters, filter indicator lights, and the hydraulic oil reservoir
daily, as well as to drain water by opening the drain plug that accumulate within the reservoir
due to condensation. The following several paragraphs provide excerpts of hydraulic system
preventive maintenance information.

Under the heading, “Before Starting Daily Operations” on page 1-3 of the manufacturer
operator’s and maintenance manual the following hydraulic items are required. (1) “Check all
hoses for chafing, bulging, or other damage. Replace defective hoses before starting machine.”
(2) “Check for external leaks.” (3) “Check filter indicator lights for evidence of plugged or dirty
filters. Replace filters as required.” (4) “Drain any water caused by condensation from the
hydraulic reservoir. Drain by opening the drain plug at the bottom of the hydraulic reservoir.
Close the plug after draining water.” (5) “Check the hydraulic reservoir level. Fill if necessary.”

The manufacturer operator’s and maintenance manual for 10 hour scheduled maintenance of the
hydraulic reservoir included the following on page 5-3. (1) “Check oil level — add as necessary.”
(2) “Inspect the system for leaks, wear, or other damage. Repair before further operation. (3)
“Before starting the engine, drain any water by using the drain plug at the bottom of the
hydraulic reservoir. Water accumulation is due to condensation in the hydraulic system.”
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The manufacturer operator’s and maintenance manual for 50 hour scheduled maintenance of the
hydraulic system included the following on page 5-4. (1) “Change after first 50 hours of
operation on a new machine, and every 500 hours thereafter.”

The manufacturer operator’s and maintenance manual for 1,000 hour scheduled maintenance of
the hydraulic system included the following on page 5-6. (1) “Drain, clean, and refill with
proper weigh hydraulic oil.” (2) Remove suction strainer and clean. If damaged, replace.” (3)
“Remove diffuser from bottom of return filter. Clean, or if necessary, replace.”

Underline text on page 5-19 of the manufacturer operator’s and maintenance manual states, “Use
only prefiltered oil, Store oil in clear, and sealed containers to prevent possible contamination of
oil due to foreign material, dirt particles, or moisture.”

Under the heading, “Hydraulic Oil Change Procedure” on page 5-22 of the manufacturer
operator’s and maintenance manual states the following, “The hydraulic system must be drained,
flushed, and refilled seasonally, or when the machine is erected at a new job site.”

Under the heading, “Hydraulic Oil Sampling Procedure” on page 5-44 of the manufacturer
operator’s and maintenance manual the following hydraulic items are required. (1) “A petcock is
provided on the machine for taking an oil sample.” (2) “Clean the area around the petcock to
prevent foreign material from entering the oil sample bottle. (3) “Run the engine at low idle.
The oil should be warm ... before taking sample.” (8) “Without changing the flow rate, collect
an oil sample in a clean bottle.”

Under the heading, “Allowable Contamination Level” on page 5-44 of the manufacturer
operator’s and maintenance manual states, “Figure 5-35 shows the maximum allowable
contamination level for this model crane. Any count above that level means that the hydraulic
oil must be replaced...” (Refer to Attachment E for Figure 5-35.)

Discussion

Hydraulic System

Hydraulic oil serves several purposes within a hoist hydraulic system. The primary purpose of
hydraulic fluid is to transfer energy through pressured flow. Other purposes of hydraulic oil
includes lubricating metal surfaces to reduce wear, transferring heat away from (cooling)
hydraulic components, removing wear patticles to filters, and protecting metal components from
corrosion.

Many factors can contribute to internal component wear and failure for hydraulic systems such
as large temperature fluctuations which effect oil viscosity. When the temperature of the oil
increases, the viscosity decreases (oil becomes thinner). Hydraulic components can then
prematurely wear when oil becomes too thin. Excessive temperatures also cause accelerated oil
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degradation. Internal component wear failure can also be attributed to such factors as
insufficient reservoir oil levels, oil degradation, oil particulate contamination, water
contamination, excessive oil pressures, as well as the age of the hydraulic components.

Hydraulic oil particulate contamination is commonly the leading cause for premature hydraulic
component failures. Particulate contamination within hydraulic components is an obvious
concern, since hydraulic components require precise machined components that have very tight
clearances between moving parts to meet operational demands of heavy equipment. The
lubricating film of hydraulic oil keeps moving internal parts separated and reduces the level of
wear for hydraulic components. Many hydraulic components have mechanical clearances that are
only a few ten-thousandths of an inch. (10um is approximately 0.0004 of an inch, which is
typical for piston pumps and motors.) Such tight clearances between moving internal parts of
motor and pump parts make them highly susceptible to particulate contamination within
hydraulic oil.

For the accident crane, lab results reported ISO 4406 cleanliness code on particle counts at
24/24/23 within the hydraulic oil reservoir and as high as 24/23/17 for the motors. The
manufacturer of the motor requires an ISO 4406 cleanliness code of 18/14 or cleaner. A
recommendation by a third-party hydraulic company suggest a similar ISO 4406 cleanliness code
of 17/15 (refer to Attachment F). The 18/14 cleanliness code numbers correspond to the last
two numbers in the aforementioned cleanliness codes for the reservoir (24/23) and motor
(23/17).

The manufacturer of the hydraulic motor recommends an ISO 4406 cleanliness code of 18 that
represents no more than 2,500 particle count of 5 microns or greater within a 1 ml of hydraulic
oil (lab sample). Particle count for the reservoir was over 84,000, nearly 34 times the allowable
particle count. Particle count for the motor was over 47,000, nearly 19 times the allowable
particle count. The manufacturer of the motor also recommended an ISO 4406 cleanliness code
of 14 that represents no more than 160 particle count of 15 microns or greater within a 1 ml of
hydraulic oil. Particle count for the reservoir was over 55,000, over 340 times the allowable
particle count. Particle count for one of the motors was over 900, nearly 6 times the allowable
particle count. As can be seen by these results, the lab sample tests indicate that the hydraulic oil
had abnormal conditions with extremely high levels of particulate matter.

Physical evidence throughout all hydraulic component parts confirmed these lab results, as seen
during disassembly of components, which showed significantly scratched and scored parts due
to particulate contamination. Internal components of the motors and pumps including the
distributors, pistons, bores, slipper bearing brass, valve plate, swash plate, connecting rod shoes,
readily exhibited scratched, scored, and worn surfaces. The hydraulic system of the involved
crane contained severe contamination due to an overabundance of particulates within the
hydraulic oil. Hydraulic oil was murky brown with minimal translucency in many areas
throughout the hydraulic system. A possible cause for this widespread water contamination may
be from the (tower crane) climbing system. The climbing system had not been active for several
months and the requirement to add approximately 50 gallons to the hydraulic systems shortly after
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installation could have generated the contamination. Once the fluid was added, the contaminants
were free to flow throughout the entire hydraulic system. The crane did not meet the motor
manufacturer’s recommended hydraulic oil cleanliness levels for particulate contamination. The
involved accident crane’s hydraulic system had significantly high levels of particulate
contaminates, which was a direct contributable cause for the initial motor failure.

Hydraulic System - Water

Water is another common source of hydraulic oil contamination in hydraulic systems, which is
also known to cause premature hydraulic component failures within the hydraulic industry.
Water can enter the hydraulic system for crane hydraulic equipment in several ways, such as
through worn pumps, motors, and cylinder seals, as well as through the reservoir breather,
reservoir filler cap, loose hydraulic fittings, and hydraulic manifolds. Water can enter the
hydraulic system during hydraulic component servicing or replacement. Water can condense on
the inside of a reservoir, and water can be drawn into the reservoir when the oil level rises and
falls. Water also can be forced into the reservoir or other loose hydraulic components when
transporting the crane during rainfall or when the crane is being washed clean.

Moisture can exist in three states within a hydraulic oil system: dissolved water, emulsified
water, or free standing water. Emulsified water greater than a few hundred part per million can
cause the oil to become milky in appearance. Free-standing water settles at the bottom of the
reservoir when the pump stops circulating the oil within the hydraulic oil system.

Most hydraulic oil systems typically recommend a water content of less than 0.1% (1,000 ppm)
water, and many hydraulic component manufacturers recommend approximately half of this
amount to provide extended component service life by minimizing the harmful effects of water
contamination. Significant concentrations of water cause fluid degradation within the hydraulic
system; such degradation includes accelerated corrosion, reduced lubricating film thickness and
component life, as well as increased metal surface fatigue and component wear. A large volume
of water was present within the accident crane’s hydraulic system. As previously mentioned, lab
results reported a water content of nearly 0.55% and over 0.17% for a motor. At a minimum, the
reservoir had five times the amount of acceptable water concentration for hydraulic oil and the
motor had nearly two times the amount of acceptable water concentration for hydraulic oil. The
reservoir was observed to have a murky appearance; this in itself would have clearly indicated
that the hydraulic oil had a profuse concentration of water contamination. The involved accident
crane’s hydraulic system had significantly high levels of water concentrations, which was a
direct contributable cause of the initial motor failure.

Main Hoist Components

Hydraulic pressurized flow from the pump at each motor increases the torque sufficiently to raise
the load, when the pump strokes forward. Each main hoist motor is the same type and model.
Motors are hydraulically plumbed in parallel for the main hoist hydraulic circuit, which provides
four times the output torque at one-fourth the speed that would be provided by a single motor.

Enginearing
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The pump provides hydraulic horsepower in the form of pressurized flow to the hydraulic motor
that in turn provides mechanical horsepower in the form of torque and speed (rpm) which rotate
the geared hoist drum. Since mechanical horsepower (torque x rpm / 5252) is a fixed quantity
for the main hoist system, a loss of one motor will significantly reduce the available mechanical
horsepower by one-fourth or 25 percent.

A maximum allowable load provided by the load chart for a single part-of-line is approximate
57,000 pound load for the involved crane. The actual load lifted at the time of the accident was
approximately 48,000 pounds, so the actual load was approximately 84 percent of maximum
capacity (48,000/57,000 x 100%). This is confirmed by the involved crane’s load monitoring
system data that indicated the load lifted at the time of the incident was 48,145 pounds and the
percent capacity of maximum load was 84 percent. When a hydraulic motor failed, the crane
capacity was reduced by one-fourth, as well as the available mechanical horsepower. Similarly,
the reduced allowable load would be three-fourths of the original maximum allowable load from
the manufacturer load chart. This translates into a reduced maximum crane capacity of 42,750
pounds (57,000 x 0.75 = 42,750 pounds) for a single part-of-line. Once one motor failed due to
hydraulic contamination, the main hoist system did not have enough mechanical horsepower to
hold the load from falling to the ground impacting a flatbed trailer.

Noah Manring, Ph. D., P.E. used a numerical model developed in Matlab/Simulink® to simulate
one failed motor. Report discussion and graphs indicate that within a few seconds of the motor
failure, gravitational pull of the 48,000 pound load overcame the remaining three motors
mechanical horsepower and ability to hold the load. At this point, the gravitational pull of the
load forced the main hoist drum to reverse the directional rotation of the three motors and the
load descended. Within the hydraulic system, motors force hydraulic oil into the high pressure
side of the hydraulic circuit against the pump’s pressurized flow rate; this caused the system
relief valve to open allowing hydraulic oil to flow back to the opposite side of the motors. In this
condition, the motors were not able to operate without sufficient horsepower to support the load.
Motors continued to spin faster in reverse than their rated speed within a few seconds reaching
speeds well over 800 rpms. Catastrophic failure of the internal motor parts including the
remaining Oldham couplings happened at this time, which allowed the load to fall uncontrollably
to the ground. (Refer to Attachment C for Noah Manring, Ph.D., P.E. August 3, 2012, report.)

Physical evidence of motor components supports Noah Manring, Ph. D., P.E., numerical model
analysis. Once one distributor seized within its housing due to hydraulic contamination, forced
rotation of this motor output shaft by the main hoist drum sheared the Oldham coupling that
interfaces between the crankshaft and the distributor. Excessive rotational speed of the motors,
forced a connecting rod to displace through the motor housing of this first failed motor, which
punctured a large hole through the motor housing. The hole in the motor housing allowed
hydraulic oil to rapidly escape from the hydraulic system. Similarly, the excessive motor
rotational speed, that was forced by the gravitational pull of the load on the main hoist drum to
rotate at several times normal operational speeds, caused all remaining distributors (valve spools)
to seize within their distributor housing due to cavitation. This chain reaction of seized
distributors eventually sheared the remaining Oldham couplings of these three motors.

£
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Additionally, the Oldham coupling reportedly has a significant safety factor of 100, which would
eliminate the failure of the Oldham coupling as the cause of the initial motor failure.

As previously mentioned, static braking of the main hoist is accomplished when the hoist’s lever
is moved to the right center position. Two band brakes clamp the drums in place preventing the
load from drifting down due to internal leakage within the hydraulic motor circuit. Physical
evidence indicated that the static band brakes were engaged during the falling load incident at
some point. This is made apparent due to the significant observed damage to the bottom brake
lining and drum. Movement of material for the brake lining was indicative of a high speed, high
load event made evident by the high gloss purplish, mirror-like reflective appearance of the
brake lining. The bottom brake lining was affected by severe high temperatures due to the
incident, causing the brake lining to be burned and scorched. The bottom drum steel properties
at its brake surface changed to a bluish tint appearance due to the high temperature created by
clamping the brake linings onto the drums at extremely high speeds and load.

Greater wear on the lower brake compared to the upper brake was attributed to a design feature that
required equal adjustments of both brakes for even braking. In this situation, most of the braking
was performed by one brake that resulted in uneven braking, since the brakes were not equally
adjusted. Newer crane designs typically activate the holding brake after significantly reducing the
hoist drum RPM and the joystick is brought to the neutral position (with no sideways movement of
the hoist lever).

Drum brakes for the involved accident crane are static brakes and were neither designed nor
intended for dynamic braking. Hydraulic motors control the load. Hydraulic motors control the
movement of the main hoist by slowing the load down until the load is stopped. Band brakes
merely clamp the hoist drum in place once the load has stopped, after the control lever is placed
in the neutral position. As stated within the manufacturer operator’s and maintenance manual,
“Each hoist brake control is interlocked with the control valve so the brake cannot be applied
when lowering until the hoist control lever returns to the neutral position.” The involved crane’s
static band brake system was not designed for dynamic braking. The involved accident crane’s
static band brake system was not a contributing factor of the falling load incident.

To gain an understanding of the wire rope failure, the theoretical wire rope unspooling speed at
the time of the incident was determined. Surveillance cameras at the site indicate that the load
had dropped approximately 7 floors in 1.3 seconds just prior to impacting the flatbed trailer.
With an average floor height of 14.5 feet per floor, the approximate speed at impact would
calculate to 78 ft./sec (7 floors x 14.5 ft./floor /1.3 sec = 78 ft./sec). The theoretical average
velocity of an object falling approximately 700 feet, which is about 48 stories, is 106 ft./sec (V2 x
32.2 ft./s* x 700 ft./2 = 106 ft./sec).

Noah Manring, Ph. D., P.E., used a numerical model that indicated that the motor output shaft
speed reached over 800 rpm. The main hoist gear and motor pinion have a gear ratio of
approximately 12.53 (238 hoist teeth/19 pinion teeth = 12.53). This translates into a main hoist
drum speed of nearly 64 rpm (800 rpm/12.53 = 63.8 rpm). With a main hoist drum
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circumference of 170 inches or 14.14 feet, each wrap of wire rope was unspooling from the drum
at a rate of approximately 905 fpm or (64 rpm x 14.14 ft./rev = 905 fpm). With 700 feet of wire
rope on the drum plus an additional three wraps of wire rope on the drum, the length of wire rope
on the drum would be approximately 742 feet (700 ft. + 3 x 14.14 ft. = 742 ft.). The wire rope
would completely unspool in less than a minute (742 ft. /905 ft./min x 60 sec/min = 49 sec),
which translates to approximately 15 ft./sec. This simply implies that the Noah Manring, Ph. D.,
P.E., numerical model approach was conservative, since the surveillance cameras indicate over
five times this speed for the last several floors.

Many media reports indicated that the cause of the falling load was due to the main hoist wire
rope failure. These reports were inaccurately presented, as our previous discussions on the motor
failure have indicated. The speeds provided by the aforementioned camera surveillance and
numerical analyses above, indicate that the main hoist drum reached speeds sufficiently high to
enable the wire rope to completely unspool and the spinning drum’s momentum (inertia)
attempted to reverse-spool the wire rope around the drum with significant force to fracture the
wire rope against the wire rope anchor slot, aided by the falling 48,000 pound load that highly
impacted the wire rope. Calculations by Don Pellow, P.E., indicated that the impacting force
initiated by the falling beam “easily and instantaneously” fractured the wire rope.

Don Pellow also indicated in his report that the damage to the wire rope, excluding the fractured
wire rope ends, was “caused subsequent to the wire rope being sheared”. He also reported that
evidence indicated the wire rope fractured due to “severe bending, crushing, and cutting
experienced against” the wire rope anchor slot within the drum flange. The wire rope fracture
was not the cause of the load falling. The wire rope fracture for the involved main hoist was the
result of the falling load initiated by the motor failures. Additionally, Don Pellow indicated that
there was no observed wire rope manufacturing defects.

Maintenance

The lack of preventive maintenance of hydraulic systems is certainly a leading cause of hydraulic
system failure. Proactive maintenance of the hydraulic systems would eliminate hydraulic
failure of this nature. Preventative maintenance needs to be performed routinely, such as
following recommendations provided by the manufacturer maintenance schedules. Manufacturer
maintenance schedules should be followed as standard practice, since preventive maintenance
obtains desired results of maximized component life and reduced component failure, as well as
reducing overall cost of the hydraulic system over its life. The manufacturer puts significant
emphasis on preventative maintenance of the hydraulic system, because filtering contaminant oil
and periodically changing the oil avoids component failures of this nature.

The manufacturer requires either the operator or maintenance personnel to check filters, filter
indicator lights, and the hydraulic oil reservoir daily, as well as to drain water by opening the
drain plug that accumulate within the reservoir due to condensation. This preventative
maintenance is also required after 10 hours of crane operation. The manufacturer requires that
the hydraulic filters be changed after every 500 hours of crane operation and the hydraulic
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reservoir be drained, cleaned, and refilled with pre-filtered hydraulic oil after every 1,000 hours
of crane operation. Requirements by the manufacturer indicate that the hydraulic reservoir needs
to be drained, cleaned, and refilled with pre-filtered hydraulic oil seasonally or when the crane is
erected at a new job site by the owner. Additionally, the manufacturer requires that maintenance
personnel take oil samples regularly to have them analyzed for contamination, since particulate
count within the sample is a precise indicator of contamination levels. The lack of preventive
maintenance for the involved hydraulic systems is a direct contributable cause of the initial
motor failure.

A national consensus standard ASME B30.3-2009, Construction Tower Cranes, provides
maintenance requirements for the tower crane industry. The standard requires that the crane
preventative maintenance program should follow manufacturer’s recommendations. An operator
is required by the standard to “be familiar with the equipment and its proper care”, and any
conditions that requires maintenance, the operator “shall report the condition promptly to the
appointed person”. Further defining of frequent inspections by the standard requires that daily
inspections, and up to a maximum of a weekly inspection, be performed for heavy service tower
cranes that are operating at 85% or above rated load.

Maintenance challenges are presented when multiple personnel maintain equipment over an
extended period of time. The owner (Federated Crane), lessee (DCM Erectors Inc.), operator,
and maintenance personnel, all have important roles to fulfill in terms of crane maintenance.
Each must do their part to ensure the crane is safe and performing optimally. The manufacturer
and ASME B30.3 provide requirements for the inspection and maintenance of the involved
crane, as well as the involved personnel, An owner (Federated Crane) fulfills their responsibility
by ensuring crane maintenance between subsequent leasing contracts. The owner (Federated
Crane) is responsible for the manufacturer’s requirement, among other maintenance items, that
the hydraulic oil reservoir be drained, cleaned, and refilled prior to the crane being erected at a
new job site (or at a minimum seasonally). The lessee of the crane (DCM Erectors Inc.) fulfills
their responsibility by ensuring crane maintenance is performed per the leasing contract,
manufacturers requirements, and ASME B30.3. The lessee (DCM Erectors Inc.) is at a
minimum responsible for overseeing that proper maintenance is performed by either the operator
or appropriate maintenance crews at the jobsite. An operator fulfills his responsibility by
ensuring he is familiar with the equipment, and he provides daily and frequent inspections that
are required by the manufacturer, as well as ASME B30.3. A few of the crane operator’s
responsibilities are to check filters, filter indicator lights, and the hydraulic oil reservoir daily.
The national standard requires the operator either perform the maintenance or have the
appropriate maintenance personnel do so. The operator is also required to either drain the water
daily within the reservoir that accumulates from condensation or have the appropriate
maintenance personnel do so. The owner (Federated Crane), lessee (DCM Erectors Inc.),
operator, and maintenance personnel did not, at least in part, successfully fulfill their roles to
ensure the involved crane was adequately maintained.
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Design

The design of the 1976 FMC Link-Belt model TG1900 was performed in the late 1960°s and
early 1970’s, which was using technology that existed at that time. This resulted in the
hydraulic circuit not being designed in a fail-safe manner. The hydraulic system design could
have contributed to the incident due to the four motors being plumbed in parallel. When one
motor fails under heavy load, the crane can drop the load. The failed counterbalance valve,
which appeared to be original equipment, may also have contributed to the incident, which
allowed hydraulic fluid to flow back through the counterbalance valve instead of closing. The
hoist brake design requires that the operator move the joystick laterally to the right, once
reaching the neutral position, to engage the brakes. On newer cranes, the neutral position is in
the middle of the joystick stroke and requires no side movement of the joystick to engage the
static brakes. The involved design of the static brake system also requires equal adjustment for
two separate brake drums, which is not realistically accomplished over the life of a product. The
involved design also required the climbing system be added to the main hydraulic system likely
contributing to contamination of an otherwise clean system. Modern crane climbing systems
have independent hydraulic systems, which eliminates the possibility of contamination from an
idled climbing system. Additionally, the layout of the hydraulic hoses appears haphazard and
allows for chafing, eventual leakage and the possibly of a failure before a new one is installed.

Age of Crane

Mechanical, hydraulic, pneumatic, and electrical degradation is inevitable with a crane that is
nearing 40 years of age. Crane maintenance is more intensified with a crane of this age, since
components naturally wear with use, fatigue with repeated cycles, become inoperable for a
multitude of reasons, break due to impact or misuse, and deteriorate from environmental
conditions. The original crane manufacturer (FMC Linkbelt) does not continue to support this
series of cranes; they manufactured approximately 56 cranes of this series. The acquiring
company does not take legal responsibility for the design of cranes manufactured by FMC
Linkbelt, but can fabricate spare parts according to the drawings contained in the purchased
assets. Knowledgeable maintenance personnel for equipment of this age also can become hard
to find. At some point, as reportedly in this case, the crane is overhauled. Replacement parts
with today’s sophisticated technology and machining are placed on a crane that has already seen
its best days. These issues and conditions increase maintenance cost, and each time a component
is replaced the dynamic working parts of the crane system is altered. Component replacement,
system modification, and continued aging of the crane, at some point require a risk assessment
for continued crane operation. Crane maintenance should be proactively pursued by all parties
that oversee and perform maintenance for cranes, especially since mechanical, hydraulic,
pneumatic, and electrical degradation is inevitable on an aging crane nearing 40 years of age.
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Conclusions

Based on our inspection and the information discussed above, we have reached the following
conclusions:

1. The main hoist system did not have enough horsepower due to a failed hydraulic motor,
which caused the load for the involved accident crane at 4 World Tower Center to fall
uncontrollably to the ground.

2. Significantly high levels of particulate contaminate and water concentrations were likely
contributable causes for the initial hydraulic motor failure.

3. Design of the hydraulic system design likely contributed to the incident, since the hydraulic
system was not designed in a fail-safe manner. When one of the four motors that were
plumbed in parallel failed under heavy load, the hydraulic system allowed the load to fall.

4. The involved hydraulic system design also required the climbing system be added to the
main hydraulic system, which likely contributed to contamination of an otherwise clean
system.

5. A failed counterbalance valve, which appeared to be original equipment, also likely
contributed to the incident, which allowed hydraulic fluid to flow back through the
counterbalance valve instead of closing and holding the load.

6. Design of the hoist brake system likely contributed to the incident, since the operator is
required to move the joystick laterally to the right once reaching the neutral position, to
engage the brakes. The involved design of the static brake system also requires equal
adjustment for two separate brake drums, which is not realistically accomplished over the
life of a project or life of the crane.

7. Evidence indicates that the wire rope fractured at the two wire rope clamps anchored to
the outboard side of the drum flange.

8. Wire rope failure for the involved main hoist was the result of the uncontrollable falling
load initiated by hydraulic motor failures.

9. The involved wire rope had no observed manufacturing defects.

10. Lack of preventive maintenance for the involved hydraulic systems was likely a
contributable cause of the initial motor failure.

11. The crane’s age was likely a contributing cause for the incident, especially since
mechanical, hydraulic, pneumatic, and electrical degradation is inevitable on a crane
nearing 40 years of age.
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12. According to Dr. Manring, the mode of failure identified here for the FMC Linkbelt 1900
“crane is probably the same mode of failure that caused the earlier lost-load incident for
the Favco 1500 crane on October 28.” This is a cause of concern for the TG series of
cranes when they are operating within a densely populated area like New York City.

13. The owner (Federated Crane), lessee (DCM Erectors Inc.), operator, and maintenance

personnel did not, at least in part, successfully fulfill their roles to ensure the involved
crane was adequately maintained

Respectfully submitted,

HAAG ENGINEERING CO., INC.

(wAnthony E. Bond
Dec 21 2012 1:35 PM

Anthony E. Bond, P.E.
New York License 089143-1

AEB:lea
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General Specifications

Link-Belt® 115-ton (104.31 metric ton)
Tower/gantry crane
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General dimensions _ Feet meters
Basic boom length 80’ 0’ 24.38
Maximum boom length 200' 0" 60.96
Length, optional boom tip extension 10’ 0" 3.05
Tailswing 20' 10" 9.15
Over-all width, revolving upperstructure 13’ 4" 4.06
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Weights for tfansporting — approximate

3/

Mast assembly complete with
platforms and ladders — 23,910#
(10 848 kg)

Main load hoist drum and shaft —

9,700+# (4 400 kg) . X

Auxiliary foad hoist, including
complete winch assembly — 3,585#

Two-piece tubular boom, 40’
(12, 19 m) top section, 40' (12, 19 m)
base section, accessways, boom
head machinery, hanger block, and
boom tip extension assembly —
20,590# (9 340 kg)

(1626 kg)
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Fixed counterweight and linkage —
23,7004 (10 750 kg)

Baslc upper including machine
deck, swing system, turntable
bearing, counterwelght troliey, main
and auxiliary load hoist winches
{Including drum assemblies),
boamholst cable, machinery cab,
and operators cab — 84,555#

(38 354 kg)

/\\7@

Moving counterweights (3 @
23,600# — 10 705 kg) — 70,800#
(32 114 kg)

1900 tower weights — 40’ (12,19 m)
tower assembly complete — 30,665 #
(13910 kg), 13’ 7V2" (4.15 m) tower
assambly complete — 11,670#

(5 294 kg)

Turntable bearing mounting base
and bolts — 16,560# (7 512 kg)




Machine working weights — approximate

Machine w/80' (24.38 m) boom, 10’ (3.05 m)
boom tip extension, including counterweights,
all necessary operating equipment, but no tower.

254,710# (115 536 kg)

General Specifications

Foundation

Foundation requirements and founda-
tion reaction charts — consult factory.

Tower

A

Welded, high strength, low alloy steel,
wide flange beams. Sections 13’ 7%2"

(4.15m) or 40" (12.19 m) long, 9 9" x
9’ 9" (2.97 x 2.97 m) outside dimensions;
bolted together on machined pads at

each corner.

Free standing tower
{non-climbing)

Climbing tower — consult factory.

Revolving upperstructure

Q

All-welded, high strength, low alfoy
steel; machined to accommodate boom,
mast, swing-system, main hoist drum
mounting frame and drum, power unit
and operator’s cab. Optional: auxiliary
hoist drum mounting frame and drum
mounted on top of main hoist drum
frame,

Frame

;}z‘;’..:i;-_ﬁ Turntable bearing
l}'«g " | mounting base

Welded, high-strength, low-alloy steel,
wide-flange beam construction, The cir-
cular turntable bearing mounting pad,
along with the tower connecting pads,

are machined to assure squareness,

proper fit, and a flat surface to uniformly
transfer loads. Overall dimensions for
the mounting base are 9’ 9” x 12’ 3%" x
5' 3" (2.97 x 3.75 x 1.61 m) high. -

—3—

Roller bearing type; inner race with
integral swing gear bolted to transition
section mounted on top of tower
section; outer race bolted to revolving
upperstructure frame. Swing gear teeth
machine-cut,

C o

Diesel; turbocharged full pressure
lubrication, oil filter, air cleaner, hour
meter, hand throttle, and complete set of
engine gauges. Optional: electric motor
drive — consult factory.

Turntable bearing

Engine

Fuel tank

750 gallons (2 839 L) capacity.
(Sufficient to run crane for
approximately 80 hours of average lifting
crane operation.)
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Hydraulic system

=

Swing, boomhoist, main load and
auxiliary load hoist drums — all
hydraulically operated. Hydraulic power
is supplied by reversible flow, variabie
displacement, piston-type pumps, flange
mounted to gear reduction unit, which is
mounted on output shaft of engine.
Hydraulic pumps are connected through
a closed loop hydraulic cireuit to radial
piston hydraulic motors which power
operating functions. Normal braking of
operational functions accomplished by
hydraulic motors when oil flow through
motors is reduced by movement of
control lever toward neutral position.

Fabricated steel, non-pressurized; baf-
fled for strength and deaeration.
Mounted above power unit, Return line
filter mounted on internal side of tank,
and charge filter mounted in pressurized
line between suction pump and charge
pumps mounted to power unit. Capacity
— 120 gallons (454.25 L).

Sump tank

Engine Specifications GM 12V-71T
Number of cylinders 12
Bore and stroke — inches 4% x5
-—(mm) (108 x 127)

Piston dispiacement — cu. in. 852

, —{cm?) (13 964)
High idle r.p.m. 2 050
Horsepower @ full load speed — 493

— (W) (367 630)
Peak torque — ft. Ibs. 1450 @ 1850 r.p.m.
—(J) (1966)

Electrical system 24-volt .
Batteries 2 - 12-volt

Principal Operating
Functions —

G0

Y]

Control system

Air controls; control levers for various
functions mounted convenient to
operator; “dead man" type controls re-
turn to *‘zero speed, brake on" position if
released.

Ve

Grooved, 54" (1.37 m) root diameter;
mounted on anti-friction bearings on
non-turning shaft, Drum driven through
spur gear reduction by four two-speed,
high torque, radial piston hydraulic
motors, infinitely variable rope drum
speed control in three speed ranges —
low, medium, and high — is standard.

Main load hoist drum

Low Speed — Hydraulic motors each set
to run at 90 cu. in. (1 475.10 cm?3) dis-
placement per revolution.

Medium Speed — Two hydraulic motors
each set to run at 25 cu, in. (409.75 cm?3),
and two hydraulic motors set to run at 90
cu. in. (1 475.10 cm3) displacement per
revolution.

High Speed — Hydraulic motors each set
to run at 25 cu. in. (409.75 ¢m?) dis-
placement per revolution,

Optional main load hoist drum — Avail-
able is an optional main hoist drum for
greater wire rope capacities.

Auxiliary load hoist drum — Optional.
Smooth, 18" (0.46 m) root diameter, 33%"
(0.84 m) wide between flanges; mounted
on anti-friction bearings on non-turning
shaft. Drum driven through spur gear
reduction by one 2-speed, high torque,
radial piston hydraulic motor. Irffinitely
variable speed cantrol in two speed
ranges — low and high — is standard.

Low speed — Hydraulic motor set to run
at 90 cu. in. (1 475.10 ¢m?) displacement
per revolution.

High speed — Hydraulic motor set to
run at 45 cu. in, (737.55 cm?3) displace-
ment per revolution,

Drum brakes

External contracting band holding
brakes; spring applied, air released.
Brake drums involute splined to
hydraulic motor counter-shafts at
opposite end of shafts from motors.
Brakes spring applied when contro}
lever is moved to “brake on" position; air
released when control lever is moved to
neutral position — at which time
hydraulic motor is blocked hydraulically
to restrain load.

Load indicating and overload warning
system — Equipped with a load-moment
device for measuring the load and the
load radius. Incorporated with this
device is an overload warning system
which warns the operator when an
overload condition exists and inhibits
certain functions of the machine.
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Swing mechanism
N -

Two fixed displacement, high torque,
radial piston hydraulic motors; each
drive one vertical swing shaft.
Machine-cut swing pinion splined on
‘each vertical swing shaft.

Swing Brake — Disc type, mounted on
one hydraulic swing motor, spring
applied, air released. Holding brake only,
not intended for stopping swing.

Swing Speed — 1.45 r.p.m. @ high idle
no load; 1,14 r.p.m, @ engine full load
speed.

i

Independent hydraulic
boomhoist

2

Grooved, wire rope drum, 24" (0.61 m)
root diameter; mounted on anti-friction
bearings on non-turning shaft. Drum
driven through spur gear reduction by
one hydraulic motor. Infinitely variable
control.

\\» 3

Arrangement same as for load hoist
drum brakes. ’

O

Mechanical drum locking paw! is
standard; paw! is air released.

AN

24-volt; two 12-volit batteries.

Boomhoist brake

Drum locking paw!

Electrical system

Operator's cab

Completely enclosed operator's cab is
located between boomfeet for greater
visibility. Tinted safety glass is used
throughout the cab. The side windows
are sliding. Main front windows swing
outward for ventilation and ease of
cleaning, while the upper and lower
front windows are stationary. Rear door
slides to the right and has provisions for
a padlock. To reduce the sound level, the
cab is trimmed with sound proofing.
Instrumentation includes tachometer, air
pressure gauge, load gauges, and load
indicator. Standard equipment also
includes two dome lights, a dry chemical
tire extinguisher, defroster fan and hot
water heater.

3

T~
]

Machinery cab

Fabricated steel cab has two doorways
at front of cab to provide inside access.
Two doorways provide access to the
sump tank for.service, while-a doorway
is.also provided for access to the
hydraulic lines. A ladder and platform is
provided to gain access to roof. Handrail
is provided around the roof of the
machinery cab and winch package.
Three lights are also provided inside the
machinery cab as standard equipment.

7 —1
Q.
i

Total 94,400# (42 819 kg). One fixed
counterweight — 23,600# (10 705 kg) —
attached to rear of frame. Moving
counterweight — 70,800# (32 114 kg)
consisting of three segments weighing
23,600+ (10 705 kg) each — is attached
to moving trolley which rides on
underneath side of revolving
upperstructure frame. Counterweight
moves toward rear of frame as boom is
lowered — provides rear moment to
compensate for that which is imposed by
lifting load.

Counterweight

Boom

i

Tubular; basic boom two-piece 80’
(24.38 m) long; 75" wide (1.90 m), 75"
(1.90 m) deep at connections. Main
chords of T-1 alloy steel are 5%" (0.13 m)
outside diameter. Maximum boom
length is 200’ (60.96 m). Expanded metal
walkways are provided on top of the
boom for access to the boomhead
machinery.

Heavy duty boom -

Base section — 40' (12.19 m) long, boom
feet are 434" (0.12 m) wide on 96%"
(2.44 m) centers.

Boom extensions — Available in 10’
(3.05 m), 20’ (6.10 m), 30(9.14 m) and 40’
(12.19 m) lengths with appropriate
length pendants,

Top section — 40’ (12.19 m) long.
Equipped with two head sheaves.
Sheaves are mounted on anti-friction
bearings. A hanger block equipped with
single sheave is supplied as standard
equipment for use with 3 or 4 parts of
line.

Boom connections — In-line pin
connected.

—5—
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Boom tip extension

Optional: Tapered, 10’ (3.05 m) long,
14,800# (6 713 kg) rating. Tubular main
chords, 100,000 p.s.i. (7 031 kg/cm?)
alloy steel; pin-connected to boom top
section in fixed position, 18 degrees
ottset from boom. Equipped with one
main load hoist rope sheave and one
hoist rope defiector sheave mounted on
anti-friction bearings. Mounts on boom
lengths 80’ (24.38 m) through 200’
(60.96 m),

‘;’j{ Boom stops

e

Dual, rigid, with spring loaded bumper
ends: mounted on mast.

&

Connects boomhoist wire rope reeving
to boom pendants, Equipped with three
sheaves, mounted on anti-friction
bearings to accommodate 6-part
boomhoist wire rope reeving.

“Xizs,. ; .1

Supports boom suspension system.
Wide flange beam construction,
pin-connected to revolving
upperstructure frame. Equipped with
three boomhoist sheaves on anti-friction
bearings and one fleeting auxiliary load
hoist line deflector sheave.

Boomhoist bridle

Mast

Mast ladders and platforms —
Accessibility to the mast for reeving rope
and maintenance is provided by upper
and lower platforms. The upper platform
is located near the top of the mast, while
the lower platform is located 10%’
(3.20 m) above the crane deck. A ladder
provides accessibility to both platforms,
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Auxiliary Equipment

Boom angle Indicator

Standard; pendulum type mounted on
boom base section.

Load hoist limit switch — Prevents
hoisting load into boom peak.

Engine alarm — Trips warning buzzer if
water temperature Is too high or if
engine oil pressure is too low.

Main air solenoid valve — When properly
adjusted, acts to immobilize all systems
in event of an engine failure.

We are constantly Improving our products and therefore resarve the right to change designs and specitications

FMC Corporation Cable Crane and Excavator Division Cedar Rapids lowa 52406

Link-Belt® cranes & excavators manufactured in: Cedar Rapids fowa » Lexington & Bowling Green Kentucky + Ontario Canada * Milan Hely « Querataro Mexico & Nagoya Japan (under licanse)
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Link-Belt® TG-1900 Performance Specifications

Wire rope and rope drum data —

Main load hoist wire rope length — using 15" (47 mm) diameter wire rope.

Table below — indicates length of

load hoist wire rope required for handling
loads between boomfoot level and boom
head sheaves.

Parts Boom lengths
of 80" (24.38 m) 80' (27.43 m) 100’ (30.48 m) 110' (33.53 m) 120° {36.58 m) 130’ {39.62 m) 140' (42,67 m) 150' (45.72 m)
line Feet | metars | Foet | meters | Feet | meters | Feet | meters | Feet | meters | Feet | meters | Feet | meters | Feet | maters
1 220 67.06 240 73.15 260 79.25 280 85.34 300 91.44 320 97.54 340 | 103.63 | 380 10973
2 310 94.49 340 103.63 370 112.78 400 121.92 430 131.06 460 140.21 490 149.35 520 158,50
3 370 112.78 410 124,97 450 137.16 4390 149.35 530 161.54 570 173.74 610 185.93 650 198.12
4 450 137.16 500 1562.40 550 167.64 600 182.88 650 198.12 700 213.36 750 228.60 800 243,84
Paris Boom lengthe .
of 160’ (48,77 m) 170' (51.82 m) 180’ (54.86 m) 190’ (57.91 m) 200’ (60,96 m)
line Foet | meters | Feot | meters | Feet | metars | Feet | mefers | Feet | maters
1 380 116.82 400 121.92 420 128.82 440 | 134.11 460 | 140.21
2 550 167.64 §80 | 176.78 610 185,93 640 | 195.07 670 | 204.22
3 690 | 210,37 730 | 22250 770 | 234.70 810 | 246.89 B50 | 259.08
4 850 255,08 900 274,32 950 289,56 | 1,000 | 304.80 | 1,050 | 320.04

Table below — indicates additional
length of load hoist wire rope which
must be added to that shown in above
tabie for handling loads between
boomfoot level and ground.

Parts Tower helghts®)

of 40' (12,19 m) 80’ (24.38 m) 120' (36.56 m) 160’ (48.77 m)

line Fest | meters | Feet | metors | Feet | meters | Feet | meters
1 50 18.24 90 27.43 130 38.62 170 51.82
2 100 30,48 180 54,86 260 79.25 340 103.63
3 150 45,72 270 82,30 390 11887 510 155.45
4 200 60.96 360 108.73 520 158.50 680 207.26

OFor tower heights in excess of 160’ (48,77 m), multiply
the additional tower height by the number of parts

of line to be used, and add that total to the

amount required for 160’ (48 77 m) of tower.

Auxiliary load hoist wire rope lengths — using %" (22 mm) diameter wire rope.

Table below — indicates length of load
hoist wire rope required for handling
loads between boomfoot level and
boom tip extension head sheaves.

Parts - Boom lengths
of - 80’ (24.38 m) 90’ (27.43 m) 100’ (30,48 m) 110’ (33.53 m) 120’ (36.58 m) 130’ (39.62 m) 140° (42,67 m) 150' (45.72 m)
line Faet | moters | Feet | meters | Feet | meters | Feet | mefers | Feet | meters | Feet | meters | Feet | meters | Feet | metors
1 200 | 60,96 | 220 | 67.06 | 240 | 7315 | 260 | 79.25 | 280 | 85.3¢ | 300 | 9144 | 820 | 907.54 | sd0 | 103.6
Parts Boom lengths
of 160 (48.77m) | 170'(51.82m) | 180° (54.86m) | 190 (57.97m) | 200’ (60.96 m)
line Feet | meters | Feet | meters | Feot | meters | Feot | meters | Feet | maters
1 360 109.73 380 115,62 400 121.92 420 128.02 440 134.11

LithoinUS A 5/84 — #5010



TG-1900 perforrhance specifications

Wire rope and rope drum data — (continued)

Auxiliary load hoist lengths — (continued)

Table below — indicates additional
length of load hoist wire rope

which must be added to that

shown in the previous table for
handling loads between boomfoot level
and ground.

Parts Tower haights®

of 40' (1219 m) 80’ (24.38 m) 120’ (36.58 m) 160’ (48.77 m)

fine Faet meters Feat meters Feat meters Feet metars
1 50 18.24 S0 27.43 130 39.62 170 51,82

©For towar haights jb excess of 160’ (48.77 m),

add the additional towar height to the amount of wira

rope required for 160’ (48.77 m) of tower.

Drum wire rope capacities —

Maln load hoist drum — 54" (1.38 m) Optional main load hoist drum — 54~ Auxillary load holst drum — 18" (0.46 m)
root diameter grooved drum (1.38 m) root dlameter grooved root diameter smooth lagging
Wire 1%" (41 mm) wire rope drum 1%" (41 mm) wire rope A" (22 mm) wlre rope
rope Rope per layer Total wire rope Rope per layer Total wire rope Rope per layer Total wire rope
layer Faet meters Feet meters Feet meters Feet meters Faet meters Feet meters
1 ae8 112.16 368 112.16 359 109.42 359 109.42 172 52,43 172 5243
2 421 128.32 789 240.48 412 125.58 Izal 235,00 199 60.65 N 113.08
3 444 135.33 1,233 375.81 434 132.28 1,205 367.28 215 65,53 586 178.61
4 457 139 29 1,662 506,58 232 70.71 818 249.32
5 480 146.30 2,142 652.89
Boombhoist drum ~ 24" (0.67 m)
toot dlameter grooved drum
Wire 1%" (32 mm)
rope Rope per layer Total wire rope
layer Foet maters Feot meters
1 213 64.92 213 64.92
2 248 75.59 461 140,51
3 271 82,60 732 223.71
Rope size and type —
Wire rope applicatlon Size and type used Wire rope types
Boomhoist 1%" (32 mm) diameter, Type “DB"” Type "DB" — 6 x 26 (6 x 19 class), Warrington
Main load hoist 1%” (41 mm) diameter, Type "Y" Seals, extra improved plow steel, praformed,
Auxiliary load hoist " (22 mm) diameter, Type “N" independent wire rope center, right lay,
Boom pendants 134" (44 mm) diameter, Type “N" ragular lay.

Type "Y" — 35 x 7 non-rotating spacial tensile
formset,

Type "N" — 6 x 25 (6 x 19 class), filler wire, extra
improved plow steel, pretormed, indepandent wire
rope center, right lay, regular lay.
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TG-1 900 performance specifications

Wire rope and rope drum data — (continued)

Permissible line speed and line pull — based on Type "'Y" wire rope strength for main drums and Type “N”
wire rope strength for auxiliary drum.

Main toad holst drum
R
Wire rope Number d:upn: Rated Une speed at No load
Root dlameter Rope of operating line pull@ rated line pull line speed
diameter Inches mm layar wraps speeds Pounds kllograms Fp.m. mimin Fp.m. mimin
1 253 63,100 28 622 136 41.45 180 54.86
2 273 Low 61,200 27 760 144 43,89 190 57.91
3 213 58,000 26 309 152 46.33 201 61.26
547 1 253 40,100 18 189 209 63,70 279 85.04
(1.37 m) 1% 41.28 2 273 Medium 37,900 17 191 222 67.67 295 89.92
: 3 273 35,900 16 284 234 71.32 312 95.10
1 25.3 15,500 7031 477 145.39 640 195.07
2 27.3 High 14,600 6623 505 153.92 677 206,35
3 27.3 13,900 6 305 532 162.18 715 217.93
Optiona! main load holst drum
Rope
Wire rope Number drum Rated Line speed at No load
Root dlameter Rope of operating \ine pul rated line pull line speed
dlameter | Inches mm layer wraps speeds Pounds kllograms Fp.m, m/min F.p.m, mimin
1 24,7 63,100 28 622 124 37.80 180 54,86
2 26,7 63,100 28 622 131 39.93 190 57.91
3 26.7 Low 63,100 28 622 138 42.06 201 61.26
4 28.7 60,800 27 579 145 44.20 211 64,31
] 26.7 58,000 26 309 152 46.43 222 67.67
1 24,7 44,300 20 094 191 58,22 279 85.04
54 2 26.7 41,900 19 006 202 61.57 295 89.92
(1.37 m) 1% 41.28 3 267 Medium 39,700 18 008 213 64.92 312 95,10
: 4 26.7 37,700 17 101 224 68.28 327 99.67
5 26.7 35,900 16 284 234 71.32 344 104,85
i 247 17,100 7757 422 128.63 640 195.07
2 26.7 16,200 7 348 447 136.25 677 206.35
3 26.7 High 15,300 6940 471 143.56 715 217.93
4 26.7 14,500 6577 496 151.18 752 229.21
5 26.7 13,900 6 305 521 158.80 . 789 240.49
®Permissible line pull based on 1%" (41 mm) diameter wire rope Is restricted to 63,100 Ibs. (28 622 kg).
Optional auxitiary load holst
Wire rope Number g::‘p; Rated . Line speed st No load
Root diameter Rope of operating line pull rated line pull line speed
dlameter inches mm layer wraps speeds. Pounds kilograms Fp.m. mimin Fp.m, mimin
1 34.8 19,200 8709 216 65.84 252 76.81
2 36.8 Low 17,600 7 983 236 71.93 276 84,12
3 36.8 16,200 7348 256 78.03 299 91.14
18" 4 36.8 15,000 6804 276 84,12 322 98,15
Zs" .
(0.46 m) o 223 1 348 5,900 2676 424 129,24 500 152.40
2 36.8 High §,400 2449 463 141.12 547 166.73
y 3 36.8 9 5,000 2268 502 153.01 593 180.75
- 4 36.8 4,600 2087 541 164.90 639 194.77

Wo are constantly improving our products and therefore reserve the right to change designs and specifications
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Link-Belt® TG-1900 lifting crane capacities — without climbing frame

Boom — tubular; 75" x 75" (1.1 x 1.91 m)

Tower — free standing, without climbing

frame; 9’ 9" x 9’ 9" (2.97 x 2.97 m) cross
section. Tower heights 13' 72" (4.15 m)

through 162’ 7¥2" (49.57 m) — see

footnote®,

Mast — 43' 0%" (13.11 m) over-all height.

Refer to Notes page 15

with 40’ (12.19 m) base section, 40’ (12.19 m)

top section, 1%" (44 mm) diameter boom

pendants, with or without boom tip

extension.

Counterweights — Total 94,4004

(42 820 kg). Includes one fixed counterweight
— 23,600# (10 705 kg) plus one moving
counterweight — 70,800# (32 115 kg)

Boom tip extension — tubular; 14,800# consisting of three sections weighing -
(6 713 kg) rating; 10’ (3.05 m) long.

23,600# (10 705 kg) each.

Boom Capacliles — Maln boom only®
Boom polnt Load
Angle height® radius® 4-part holst line 3-part holst line 2.part halst line 1-part holst line
Length Degree Feet meters | Feet | meters || Pounds | kilograms | Pounds | kllograms | Pounds | kilograms | Pounds | kllograms
855 89’ 6" 27.27 10 3.05 115,200 52 253
848 89’ §” 27.25 1 3.35
84.1 89’ 4 27.22 12 3.66
834 89" 2 27.19 13 3.96
827 89’ 1" 27.15 14 4,27 ° 57,600 26126
81.9 88" 11 27.11 15 4,57
80' 78.3 88 1° 26.84 20 6.10 230,400 104 507 172,800 78 380
(24.38 m) 74.6 86' 107 26.48 25 7.62 230,400 104 507
' 70.9 85" 4 26.00 30 9.14 204,200 92 623
670 83’ & 25.42 35 10.67 177,500 80512 172,800 78 380
631 81" 1* 24.71 40 12,19 156,800 71123 157,100 71 259
54,7 75 O 22.87 50 15.24 126,800 57515 127,100 57651 115,200 52253
454 66’ 8" 20.31 60 18.29 106,300 48216 106,600 48 352 106,800 48 443
341 54’ 8" 16.65 70 21.34 90,200 40914 90,400 41004 90,700 41140
17.7 34 1 10.38 80 24,38 69,000 31297 69,700 31615 71,100 32 250 57,600 26 126
85.4 99’ §* 30.31 1 3.35 115,100 52 208
848 99’ 4" 30.28 12 3.66
84.1 99’ 3" 30.25 13 3.96
83.5 99’ 2" 30.22 14 4,27 57,500 26 081
82.8 99’ 0" 30.18 15 4,57
79.6 98’ 3 29,95 20 6.10 230,300 104 462 172,700 78 335
90 76 4 97! 2 29.62 25 7.62 230,300 104 462
(27.43 m) 731 g5' 10" 29,21 30 9.14 201,900 91 580
* 697 94’ 2 28.69 35 10.67 175,400 79 560 172,700 78 335
663 92" 1 28.08 40 12,19 154,700 70170 156,100 70 352
59.1 86' 11" 26.50 50 15.24 124,800 56608 125,200 56789 115,100 52208
514 80" 0" 24,39 60 18.29 104,300 47 309 104,600 47 445 104,900 47 581
426 70" 8 21.55 70 21.34 88,600 40188 | 88,900 40 324 89,100 40415
321 57" 7 17.56 80 24,38 76,500 34699 76,700 34790 77,000 34 926
167 35" 7 10.84 90 27.43 59,700 27079 60,300 27 351 61,400 27 850 57,500 26 081
853 | 109' & | 3334 | 12 | 3.66 115000 | 52163
847 | 109’ 4" | 3331 | 13 | 39
84.1 109° 2* [ 3328 | 14 | 427
836 | 109 1" | 3325 | 15 | 457 57,500 | 26081
807 | 108" 5" | 3304 | 20 | 6.10
778|107 & | 3275 | 25 | 762 || 230,100 [ 104371 | 172,500 | 78244
100° 748 106’ 3" 32.38 30 9.14 199,700 90 582 172,500 78 244
(30.48 m) 718 104’ 9" 31.92 35 10.67 173,300 78 607 172,500 78 244
‘ 688 102" 11* 31,38 40 1219 152,700 69 263 163,200 69 490
626 98’ & 29,99 50 15.24 122,900 55746 123,400 55973 115,000 52 163
558 92' 5" 2817 60 18.29 102,400 46 447 102,800 46 629 103,200 46 810
48.5 84’ 8 25,81 70 21,34 87,100 39 507 87,500 39 689 . 87,900 39 870
404 74’ 6" 22,70 80 2438 74,900 33974 75,200 34110 75,600 34 291 5
304 60" 5" 18.41 90 27.43 65,600 29755 65,800 29 846 66,100 29982 57,500 26081
168 7' 0 11.28 100 30.48 51,900 23 541 52,400 23768 53,300 24 176 55,800 25310
~852 [ 119' 4" | 3637 | 13 [ 3.96 114900 | 62117
847 119’ 3 36.35 14 4,27
84,2 119" 27 36,32 15 4,57
815 118" 6" 36.13 20 6.10 — 57,400 26 036
78.9 117 8 35.86 25 7.62 229,900 104 280 172,400 78199
76.2 116° 7* 35.53 30 9.14 197,500 89 584 172,400 78199
110" 73.5 115 2" 35.11 35 10,67 171,300 77700 171,800 77 927
(33.53 m) 708 113 77 34.62 40 1219 150,800 68 401 151,300 68 628
652 109" 77 33.39 50 15.24 121,100 54 830 121,600 55 156 114,900 52 117
59.3 104" 3 31.78 60 18.29 100,700 45676 101,100 45 858 101,600 46 084
630 97! T 29.74 70 21,34 85,800 38918 86,200 39 098 86,600 39 281
46 1 89’ 1" 27.14 80 24.38 73,600 33 384 74,000 33 565 74,300 33701
384 78 1" 23,79 80 27.43 64,100 29075 64,400 20921 64,800 29 392
290 63" 1" 19.22 100 30.48 56,700 25718 56,900 25 809 57,200 25 945 57,400 26 036
15.1 38 4 11,69 110 33,53 45,200 20502 45,600 20 683 46,400 21 046 48,400 21953

®Consult manufacturer for tower heights greater than 162’ 7V2" {49 57 m).

{continued)

Load handled off main boom head sheaves with 10’ {3 05 m) boom tip extension mounted on boom.
Measured vertically from center of boom head sheave to base of turntable bearing mounting
easured from center of tower base section to center of gravity of freely suspended load.

LithoinUS A 5/84
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TG-1900 |lft|ng crane CapaCitieS —-. without climbing frame Refer to Notes page 15.

Boom Capacities — Maln boom only®
Boom palnt Load
Angle helght® radlus® 4-part holst line 3-part holst line 2-part holst iine 1-part holst line
Length Degree Feet meters | Feet | meters || Pounds | kilograms | Pounds | kllograms | Pounds | kllograms | Pounds | kilograms
85.6 129' 4" 39.43 13 396 114,800 52072

85.1 129" 3" 39.41 14 4,27
84.6 129' 2* | 39.38 15 4,57
822 128° 77 1 39,20 20 6.10 57,400 26 036
79.8 127' 10" | 38.96 25 7.62 229,700 104 180 172,200 78108 1
774 126' 10 38,66 30 9.14 195,300 88586 172,200 78108 -
74.9 125' 7 | 3828 | 35 10.67 169,200 76 747 169,800 77019
120’ 724 124 2= | 37.83 40 1219 148,900 67 539 149,400 67 766
(36.58 m) 67.4 120' 6" [ 36.72 50 15.24 119,400 54 158 119,800 54 385 114,800 52072
62.1 1158 @ 35,28 60 18.29 99,000 44905 99,500 45132 100,000 45 359
56.5 109' 10° | "33.47 70 21.34 84,100 38147 84,600 38373 85,000 38 585
50.6 102" 6" § 31.22 80 24.38 72,300 132794 72,800 33 021 73,200 33202

441 93" 2 | 2841 90 2743 62,800 28 485 63,200 28 667 63,600 28 848 57,400 26 036
36,7 81" & 24,82 100 30.48 55,200 25038 55,600 25219 55,900 25 355 56,200 25 491
27.7 65, 7 19.99 110 | 33.53 49,200 22316 49,500 22 452 49,700 22543 50,000 22679
14.4 39’ & 12.09 120 | 36.58 39,500 17 916 39,800 18 052 40,400 18 325 42,000 19 050
B5.5 139" 4" | 4247 14 4.27 ’ 114,700 52 027

6851 139" 3" | 4244 15 4.57

828 138' @ 42,28 20 610 57,300 25930

80.6 138° 0" | 42.06 25 7.62
784 137" 1" 41.77 30 9.14 193,200 87 634 172,100 78 063
76.1 135 11" | 41.43 35 10.67 167,200 75 840 167,800 76112
73.8 134 7 41.02 40 1219 147,000 66678 147,600 66 950

130 69.2 1311 3 | 40.00 50 15,24 117,600 53 342 118,200 53614 114,700 52027
(39 62 m) 64.4 126' 11" | 38.69 60 18,29 97,300 44134 97,900 44 406 98,400 44 633
59.4 121" 77 | 37.06 70 21,34 82,500 37 421 83,000 37 648 83,600 37920
54.1 115 1~ | 35.07 80 24,38 71,100 32250 71,600 32477 72,200 32749
48.5 107 0° | 3262 90 27.43 61,500 27 895 62,000 28122 62,500 28 349 57,300 259%0

423 97" 2" | 29.61 100 | 30.48 63,900 24 448 54,300 24 630 54,800 24 856 55,200 25038
35.2 84' 8" | 25.81 110 | 3353 47,800 21681 48,100 21817 48,500 21999 48,900 22180
26.6 68' 0 | 2073 | 120 | 36.58 42,800 19413 43,100 19 549 43,400 19 685 43,700 19 821
13.9 40' 11" 1246 | 130 | 39.62 34,400 15 603 34,700 15739 35,300 16 011 36,600 16 601
85.4 149" 3" | 45.50 15 457 114,600 51981

83.4 148 ¢ | 4535 20 610 57,300 25990

81.3 148 1" | 4514 25 7.62
79.2 147’ 3" | 44.88 30 9.14 190,900 86 590 172,000 78 017
774 146' 27 | 4456 35 10.67 165,200 74933 165,800 75 205
75.0 145 07 | 44,18 40 12,19 145,100 65816 145,800 66 133
70.7 1417117 | 43.24 50 15.24 115,900 52571 116,500 52 843 114,600 51981

140' 66.3 137" 117 | 42.05 60 18,29 95,700 43 408 96,300 43 680 96,900 43953
(42,67 m) 61.8 13 17 | 40.56 70 21,34 80,900 36 695 81,500 36 967 82,100 37 239
57.0 127" 2 | 3876 80 24.38 68,700 31615 70,200 31 842 70,800 32114
52.0 120’ 0" | 36.59 90 | 27.43 60,400 27 396 60,900 27 623 61,400 27 850 57,300 259380
46.6 111/ 57 | 33.96 | 100 | 3048 52,700 23 904 53,200 24131 63,700 24 357 54,200 24 584
40.7 100° 117 | 30.77 | 110 | 33583 46,500 21082 46,900 21273 47,400 21500 47,800 21681

33.9 87'10" | 26.76 | 120 | 36.58 41,400 18778 41,800 18 960 42,200 19141 42,500 19 277
25.6 70' 47 | 2143 | 130 | 39.62 37,300 16 918 37,600 17 055 37,900 17191 38,100 17 281
13.4 42' 1" | 12,83 | 140 | 42,67 29,900 13 562 ' 30,200 13 698 30,700 13 926 31,800 14 424
85.7 159 4" | 48,56 15 4.57 . 114,500 51936

83.8 158’ 107 | 48,42 20 6.10 57,200 25 945

81,9 158’ 3 | 48.22 25 7.62
79.9 167" 5" | 47.98 30 9,14 188,800 85 638 171,800 77927
78.0 156’ 5" | 47.68 35 1067 163,200 74 026 163,900 74343
76.0 158" 3 | 47.33 40 12.19 143,200 64 954 143,900 65 271
721 152' 6" | 46.46 S0 15,24 114,200 51800 114,900 52117 114,500 519836
150’ 68.0 148'10” | 4535 60 18.29 94,100 42683 94,700 42 955 95,400 43272
(45.72 m) 63.8 144" 4" | 43.99 70 | 21.34 79,400 36 015 80,000 36 287 80,700 36 604

: 59.5 138/ 11" | 4234 80 | 24.38 68,200 30935 68,800 31207 69,400 31479
54.9 132" 6" | 40.38 90 | 2743 59,300 26 898 59,800 27124 60,400 27 396 57,200 25 945
50.1 124’107 | 38,04 | 100 | 30.48 51,500 23 360 52,100 23 632 52,700 23904 53,200 24131

449 115’ 8" | 3525 110 { 33.53 45,300 20547 45,800 20774 46,300 21001 46,800 21228
39.2 104 7* | 31.87 | 120 | 36,58 40,100 18 189 40,600 18 415 41,100 18642 41,500 18824
32.7 90’ 9 27.67 130 39.62 35,900 16 283 36,300 16 465 36,700 16 646 37,100 16 828
248 7207 | 2211 140 42,67 32,300 14 651 32,600 14787 32,800 14923 33,200 15059
129 43 ¥ 13.18 | 150 4572 25,900 11748 26,200 11884 26,600 12065 27,500 12473

(continuad)

®Load handled off main boom head sheaves with 10’ (3.05 m) boom tip extension mounted on boom.
Measured vertically from center of boom head sheave to base of turntable bearing mounting.
®@Measured from center of tower base section to center of gravity of freely suspended load,



' EIVIC

TG-1900 Ilfting crane capacities — without climbing frame Refer to Notes page 15,
Boom Capacitles — Maln boom only®
Boom polint Load
Angle helght® radlus® 4-part holst line 3-part holst {ine 2-part holst line 1-part holst line
Length Degree Feet meters | Feet | meters || Pounds | kliograms | Pounds | kilograms { Pounds | kilograms | Pounds | kllograms
84,2 168' 11" 5148 20 6.10 114,400 51890
82.4 168’ 4" | 51,30 25 7.62 57,200 25945

806 167" 77 | 51.07 30 9.14 ’

76.8 166' 8" | 5079 35 10.67 161,100 73073 161,900 73 436
76.9 165' 7* | 5047 40 12.19 141,300 64 092 142,100 64 455 114,400 51 890
73.2 162' 117 | 49.65 50 15.24 112,400 50 983 113,200 51346 113,900 51 664
69.4 159’ 6" | 48.62 60 18.29 92,500 41957 93,200 42274 93,900 42592
65.6 155" 6" | 47.36 70 21.34 77,800 35 289 78,500 35 607 79,200 35 924
61.6 150 5" | 45.84 80 24.368 66,700 30254 67,300 30 526 68,000 30 844
57.4 144' 6" | 44.05 90 27.43 57,900 26 263 58,600 26 580 59,200 26 852 57,200 25945
53.0 137" 77 | 4193 100 3048 50,400 22 861 51,000 23133 51,700 23 450 52,300 23722
484 129" 65 | 39.44 110 33.53 44,100 20003 44,700 20275 45,300 20 547 45,900 20819
43 4 119’ 8" | 3649 120 36.58 39,000 17 690 39,500 17 916 40,000 18 143 40,500 18 370
37.9 108" 17 | 32,94 130 39,62 34,600 15 694 35,100 15921 35,600 16 147 36,100 16 374

160°
(48.77 m)

316 93" 8" | 2855 140 42.67 30,900 14 016 31,400 14 242 31,800 14 424 32,200 14 605
240 4 9| 2277 150 45,72 27,900 | 12655 28,200 12791 28,500 12927 28,900 13108
125 44 4 13,62 160 48.77 22,300 10115 22,600 10 251 22,900 10 387 23,700 10750
845 178" 11" | 54.54 20 6.10 114,300 51845 J

82,8 178" 5" | 5437 25 7.62 57,100 25 900

811 177 8" | 54.16 30 9.14 .
79.4 176' 10" | 63.90 35 10.67 159,100 72166 159,900 72529
77.7 175107 | 5359 | 40 12.19 139,400 63 230 140,200 63 593 114,300 51 845
74,2 173 4" | 52,83 50 15.24 110,700 50212 111,500 50575 112,300 50938
707 170' 2 | 51.87 60 18,29 90,900 41231 91,600 41 549 92,400 41911
67.1 166’ 4" | 50.69 70 21,34 76,300 34 609 77,000 34 926 77,800 35 2689

170’ 634 161’ 8" | 49.28 B0 | 2438 65,200 29574 65,900 29 891 66,700 30 254
(51.82 m) 595 156' 3" | 47.62 90 | 27.43 56,500 25627 57,200 25945 57,900 26 263 57,100 25900
55.5 149’ 11" | 4568 | 100 | 30.48 49,400 22407 50,000 22679 50,700 22997 51,400 23314
51.3 142" 6" | 43.42 110 | 3353 43,000 19504 43,700 19 821 44,300 20 034 45,000 20411
46.9 133'10" | 40.78 120 36 58 37,800 17145 38,400 17 417 39,000 17 690 39,600 17 862
421 123 7" | 37.68 130 39 62 33,500 15195 34,000 15 422 34,600 15 694 35,100 15921
36.8 1117 & | 33.97 140 42,67 29,700 13471 30,200 13698 30,700 13925 31,200 14152

30,7 96' 6" | 29.40 150 4572 26,600 12 065 27,000 12246 27,400 12428 27,800 12 609
23.2 76710 | 23.41 160 4877 24,000 10886 24,300 11022 24,600 11158 25,000 11339
12,1 45' & 13.85 170 51.82 19,000 8618 19,200 8708 19,600 8 890 20,200, 9162
84.8 189’ 0" | 57.60 20 6.10 114,200 51 800

83.2 188" 6" | 57.45 25 7.62 57,100 25900

81.6 187° 10" | 57.24 30 9.14
80.0 187 0" | 57.00 35 10.67 152,500 69 172 153,400 69 581
784 186’ 1* | 56.71 40 12,18 137,500 62 368 138,300 62 731 114,200 51800

© 781 183 8" | 55.99 50 16,24 109,000 49411 109,800 49 804 110,700 50 212
71.8 180' 9" | 55.08 60 18.29 89,200 40 460 90,100 40 868 90,900 41231
684 177' 17 | 53.98 70 21.34 74,800 33928 75,600 34 291 76,400 34 654
180" 65.0 172° 10" | 52.67 80 24 38 63,700 28 893 64,500 29 256 65,300 29 619
(54.86 m) 61.4 167" ¢ | 51,13 90 27.43 55,000 24 947 55,800 25310 56,600 25 673 57,100 25 900
' 57.7 161°10" | 49.33 100 30.48 48,100 21817 48,800 22135 | _ 49,500 22 452 50,300 22815
53.8 155" 1" | 47.26 110 33.53 42,000 19 050 42,700 19368 43,400 19 685 44,100 20003
49,8 147° 2" | 44,86 120 36.58 36,700 16 646 37,400 16 964 38,000 17 236 38,700 17 554
455 136° 17 | 42.08 130 39.62 32,300 14 651 "32,900 14923 33,600 15 240 34,200 15512
40.8 127’ &% | 38.83 140 42,67 28,600 12972 29,100 13199 29,700 13 471 30,300 13743
357 114 9" | 34,96 150 45,72 25,300 11475 25,800 11702 26,300 11928 26,900 12 201

29.8 99’ 2" | 30.22 | 160 48,77 22,600 10251 23,100 10 477 23,500 10 659 23,900 10840
22,6 78°10" | 24.03 170 51.82 20,400 9 253 20,700 9389 21,100 9570 21,400 9706
118 46' 6" 14.17.] 180 54,86 16,000 7257 16,200 7348 16,500 7484 17,100 7756

. (continued)
®Load handlgd off main boom head sheaves with 10’ (3.05 m) boom tip extension mounted on boom.
@Measured vertically from center of boom head sheave to base of turntable bearing mounting,
easured from center of tower base section to center of gravity of freely suspended load



TG-1900 lifting crane capacities — without climbing frame Refer to Notes page 15.

Boom Capacities — Maln boom only®
Boom polnt Load
Angle helght® radius® 4-part holst line 3-part holst line 2-part holst line 1-part holst line
Length Degree Feet meters | Feet | metors Pounds | kilograms | Pounds | kllograms | Pounds I kilograms | Pounds | kilograms
85.1 199" O 60.66 20 6.10 114,100 51754
83.6 198' 6" 60.51 25 7.62 57,000 25 854

82.1 197" 117 60.32 30 9.14
805 197" 2° 60.09 35 10.67 139,400 63230 140,300 63 639
- 79.0 196' 3" 59.81 40 12.19 134,200 60 872 136,500 61915 114,100 51754
75.9 194 ¢ 59.14 50 15.24 105,500 47 854 108,000 48 987 109,000 49 441
72.8 1917 3" | 5828 60 18.29 86,900 39 417 88,500 40 142 89,400 40 551
69.6 187 10" §7.25 70 21,34 73,200 33202 74,100 33611 75,000 34019 N

56.01 80 24,38 62,300 28258 63,100 28 621 63,900 28 984 57,000 25 6854

-l

66.4 183" ¢
190’ 63.0 179' O 54.57 90 27.43 63,600 24312 54,400 24 675 55,300 25083 56,100 25 446

(57.91 m) 59.6 173 7 52,90 100 30.48 46,700 21182 47,500 21545 48,300 21908 49,000 22 226
56.0 167’ 3" | 50.98 110 33,53 40,900 18 551 41,700 18914 42,400 19232 43200 | 19595
52,3 160" 0" 48,78 120 36.58 35,700 16193 36,400 16510 37,100 16 828 37,800 17 145
48.4 151" ¢ 46.25 130 39.62 31,200 14152 31,900 14 469 32,600 14 787 33,300 15104
44,2 142" 2 43.34 140 42.67 27,500 12473 28,100 12745 28,700 13018 29,400 13335
39.7 131" 1" 39.95 150 45,72 24,200 10976 24,800 11-249 25,400 11521 25,900 11748
347 17'11" | 3593 160 48,77 21,400 9706 21,900 9933 22,500 10 205 23,000 10 432
28.0 101" 9 | 31.02 170 51,82 19,100 8663 19,500 8845 20,000 9071 20,400 9253
22.0 80' ¢ 24,63 180 54.86 17,200 7801 17,500 7937 17,900 8119 18,200 8255
115 47 6" 14.48 190 57.91 13,200 5987 13,400 6078 13,700 6214 14,200 6 441
85.4 209 17| 63.72 20 6.10 114,000 51709
83.9 208 77| 63.58 25 7.62 §7,000 25 854
82,5 208 0" | 63.40 30 9.14

81.0 207 37| 63.18 35 10.67
79.6 206’ 5" | 62.92 40 12,19 125,300 56 835 126,300 57 288 114,000 51708
76.6 204" 4| 6227 50 15.24 101,600 46 084 104,200 47 264 107,400 48715
73.7 201 8" | 61.47 60 18.29 83,400 37 829 85,500 36 782 87,900 39 870
707 198° 5" | 60.49 70 21.34 70,600 32023 72,300 32794 73,500 33339
67.6 194" 8" 1 59.32 80 24,38 60,800 27578 61,700 27 986 62,600 28 394 57,000 25854
200" 64.5 190" 2 | 67.97 90 27.43 52,200 23677 53,100 24 085 53,900 24 448 54,800 24 856
(60 96 m) 61.2 185" 1 | 56.41 100 | 30.48 45,300 20547 46,100 20910 47,000 21318 47,800 21681

§7.9 179' 2" | 64.62 110 33.53 39,600 17 962 40,400 18325 41,300 18733 42,100 19 096
54.5 172’ 6" | 52.58 120 36.58 34,600 15694 35,400 16 057 36,200 16 420 36,900 16 737
50.9 164’ 10" | 50.25 130 39,62 30,200 13698 30,900 14016 31,700 14378 32,400 14 696
471 156" 2° | 47.60 140 42.67 26,400 11974 27,100 12292 27,800 12 609 26,500 12927
43.0 146’ 2 | 44.56 150 45,72 23,100 10477 23,700 10750 24,400 11067 25,000 11339

368.6 134 7 41,03 160 48,77 20,300 9207 20,900 9 480 21,500 9752 22,100 10 024
33.8 121" 0" | 36.87 170 51,82 17,900 8119 18,400 8346 18,900 8572 19,500 8 845
28.2 104 4 { 31.80 180 54.86 15,800 7166 16,300 7393 16,700 7574 17,200 7801
21.4 82' 8" | 2521 190 | 57.91 14,200 6441 14,500 6577 14,900 6758 15,200 6 894
1.2 48’ 6 | 1478 | 200 60.96 10,600 4808 10,800 4898 11,100 5034 11,500 5216

®Load handled off main boom head sheaves with 10’ (3.05 m) boom tip extension mounted on boom,
®Measured vertically from center of boom head sheave to base of turntable bearing mounting.
@Measured from center of tower base section to center of gravity of freely suspended load.




EIVIG

TG-1900 lifting crane capacities — with climbing frame

Tower — free standing, with climbing
frame; 9° 9" x 9' 9" (2.97 x 2.97 m) cross
section. Tower heights 40’ 0" (12.19 m)
through 162’ 7¥2" (49.57 m) — see
footnote®.

Mast — 43' 0%" (13.11 m) over-all height.

Refer to Notes page 15.

Boom — tubular; 75" x 75" (1.91 x 1.91 m)  Counterweights — Total 94,400#
with 40° (12.19 m) base section, 40’ (12,18 m) (42 820 kg). Includes one fixed counterweight

top section, 1%" (44 mm) diameter boom

pendants, with or without boom tip

extension.

— 23,600# (10 705 kg) plus one moving
counterweight — 70,800# (32 115 kg)
consisting of three sections welghing
23,6004 (10 705 kg) each.

Boom tip extension — tubular; 14,8004
(6 713 kg) rating; 10’ (3.05 m) fong.

Boom Capacities — Main boom only®
Boom polnt Load
Angle helgh radius® 4-part hoist line 3-part holst line 2-part holst line 1-part holst line
Length Degree Feet meters | Feet | meters || Pounds | kilograms | Pounds |kilograms | Pounds | kilograms | Pounds | kilograms
85.5 89' 6 27,27 10 3.05 115,200 52 253
84,8 89’ 5" 27.25 1 3.35
84.1 89’ 4" 27.22 12 3.66
83.4 8g’ 2" 27.19 13 3.96 57,600 26 126
827 89’ 1" 27,15 14 4.27
81.9 88’117 | 2711 15 4.57 .
80° 78.3 g’ 1* 26,84 20 6.10 230,400 104 507 172,800 78 380
(24.38 m) 746 86' 107 26.48 25 . 71.62 230,400 104 507 172,800 78 380
E 709 85' 47 26.00 30 9.14 196,600 88 176 172,800 78 380
67.0 83’ 5" 25.42 35 10.67 170,800 77 473 171,200 77 655
63.1 81" 1* 24.1 40 12.19 150,800 68 401 151,200 68 583
54.7 75 0 22,87 50 15.24 121,900 55 292 122,200 55428 115,200 52 253
454 66' 8" 20.31 60 18.29 102,100 46 311 102,400 46 447 102,700 46 583
34.1 54' @ 16,65 70 21,34 88,000 39916 88,200 40 006 88,400 40 097
17.7 34' 1" 10.38 80 | 24,38 69,000 31297 69,700 31 615 71,100 32 250 57,600 26 126
85.4 99' 5" 30,31 1 3.35 115,100 52 208
84.8 99' 4 | 30.28 12 3.66
84.1 99’ 3" | 30.25 13 3.96
835 59’ 2* 30.22 14 4.27 57,500 26 081
828 99' O 30.18 15 4,57
79.6 98’ 3" 29.95 20 6.10 230,300 104 462 172,700 78 335
90’ 76.4 97’ 2* 29,62 25 7.62 228,500 103 645 172,700 78 335
(27.43 m) 73.1 95'10" | 29.21 30 9.14 194,300 88133 172,700 78335
' 69.7 94 2~ 28.69 35 10.67 168,700 76 521 169,100 76 702
66,3 92' 1~ 28,08 40 1218 148,700 67 449 149,100 67 630
59.1 86’ 11" 26.50 50 15,24 119,900 54 385 120,300 54 567 115,100 52 208
514 80" 0 24.39 60 18.29 100,100 45 404 100,400 45 540 100,800 45 722
426 70' 8" 21,55 70 | 2134 85,800 38 918 85,100 39 054 86,400 39 190
321 57" 7" 17.56 80 24,38 75,200 34110 75,400 34 200 75,600 34 291
16.7 35 7" 10.84 90 27.43 59,700 27078 60,300 27 351 61,400 27 850 57,500 26 081
853 109’ §” 33,34 12 3.66 115,000 52 163
847 109° 4" | 3331 13 3.96
...841 109’ 2" 33.28 14 4.27
83.6 109’ 17 33.25 15 4,57 57,500 26 081
- 80.7 108" 5" 33.04 20 6.10
778 107" 5" 32,75 25 7.62 226,100 102 557 172,500 78 244
100 74.8 106’ 3" 32:38 30 9.14 192,100 87 135 172,500 78 244
(30.48 m) 71.8 104' 9~ [ 31.92 35 10.67 166,600 75 568 167,000 75 748
: 68.8 102' 11" | 31.38 40 12,19 146,800 66 587 147,200 66 768
62.5 98' 5" 29,99 50 15.24 118,000 §3 523 118,400 53705 115,000 52 163
55.8 92' 5" 28.17 60 18.29 98,200 44 542 98,600 44724 99,000 44 905
48,5 84' & 25.81 70 21,34 83,900 38 056 84,200 38 192 84,600 38 373
40.4 74' 6 | 22,70 80 | 24.38 73,100 a3 157 73,400 33 293 73,700 33 429
30.4 60’ 5" 18.41 90 | 27.43 64,900 29 438 65,100 29 528 65,400 29 664 57,500 26 081
15.8 37 o 1128 | 100 | 30.48 51,900 23 541 52,400 23768 53,300 24176 55,800 25310
. 852 119’ 4" 36.37 13 3.86 114,900 52117
- 847 119’ 3" | 36.35 14 4,27
84.2 119’ 27 36.32 15 457
81.5 118’ ¢" 36.13 20 6.10 57,400 26 036
789 117' 8" | 3586 25 7.62 223,700 101 468 172,400 78199 |
76.2 116" 7 35,53 30 9.14 189,900 86 137 172,400 78 199
110° 735 118 27 | 3511 35 10.67 164,600 74 661 165,100 74 B88
(33.53 m) 70.8 113 77 | 34.62 4 | 1219 144,900 65725 145,400 65 952
! 65.2 109 7¢ 33.39 50 15.24 116,200 52 707 116,700 52 934 114,900 52 117
59.3 104" 3" 31.78 60 18.29 96,500 43771 96,900 43 953 97,400 44179
53.0 87" 7" 29.74 70 21.34 82,100 37 239 82,500 37 421 83,000 37 648
46.1 89" 1 | 2714 80 | 24,38 71,300 32 341 71,700 32 522 72,100 32 704
38.4 78 1" 23.79 90 | 27.43 62,900 28 530 63,300 28 12 63,600 26 848 57,400 26 036
29.0 63' 1 19.22 100 30.48 56,400 25 582 56,700 25718 57,600 25 854 57,200 25 945
15.1 38' 4" 11.69 110 33.53 45,200 20 502 45,600 20 683 46,400 21046 48,400 21 953

®Consuit manufacturer for tower heights greater than 162* 712" (49.57 m).

(continued)

®Load handled off main boom head sheaves with 10° (3.05 m) boom tip extension mounted on boom.
@Measured vertically from center of boom head sheave to base of tumntable bearing mounting
@Measured from center of tower base section to center of gravity of {reely suspended load.
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TG-1900 lifting crane capacities — with climbing frame Refer to Notes page 15.

Boom Capacities — Main boom only®
Boom point Load
Angle height® radius® 4-part hoist line 3-part holst line 2-part hoist line 1-part holst line
Length Degree Feet meters | Feet | meters Pounds | kilograms | Pounds | kilograms | Pounds | kllograms | Pounds | kilograms
85.6 129’ 4 39.43 13 3.96 114,800 52 072

85.1 129' 3 39.41 14 4,27
84.6 129' 2 39.38 15 4.57
822 128 77 39,20 20 6.10 — 57,400 26 036
79.8 127' 107 38.96 25 7.62 221,300 100 380 172,200 78108
77.4 126’ 107 38.66 30 9.14 187,700 85139 172,200 78 108
74.9 125' 7" 38.28 35 10.67 162,500 73708 163,100 73 980 -

120 724 124' 2 | 37.83 40 12,19 142,900 64818 143,500 65 090 .
(36.58 m) 67.4 1200 6 36.72 50 15.24 114,400 51890 115,000 52 163 114,800 52072
621 15’ ¢ 35.28 60 18.29 94,800 43 000 95,300 43 227 95,800 43 454

56.5 109° 107 33.47 70 21.34 80,500 | = 36514 80,900 36 695 81,400 36 922

50.6 102' & 31.22 80 24,38 69,600 31570 70,000 31751 70,500 31978

441 93 2 28.41 90 27.43 61,200 27 759 61,600 27 941 62,000 28 122 57,400 26 036
36.7 81’ 5" 24.82 100 30.48 54,500 24 720 54,900 24 902 55,200 25038 65,600 25219
277 65 77 19.99 110 33.53 49,200 22316 49,500 22 452 49,700 22 543 50,000 22679
14.4 39’ 8§ 12.09 120 36.58 39,500 17916 39,800 18 052 40,400 18 325 42,000 19 050
85.5 139’ 4 42.47 14 4.27 114,700 52 027

85,1 139" 3 42.44 15 4.57 -
828 138’ ¢ 42,28 20 6.10 57,300 25 990

80.6 138' ¢ | 42,06 25 7.62
784 137" 1” N7 30 9.14 185,600 84 186 172,100 78 063
76.1 135" 11" 41.43 35 10.67 160,500 72 801 161,100 73073
73.8 134" 7" 41,02 40 12.19 141,100 64 001 141,700 64 274 114,700 52 027

130 69.2 131" 3 40.00 50 15.24 112,700 51119 113,300 51 392 113,900 51664
(39.62 m} 64.4 126 11" 38.69 60 18.29 93,100 42 229 93,700 42501 94,300 42773
59.4 121" 77 | 37.06 70 21.34 78,500 35788 79,400 38015 79,800 36 242
54,1 115" 1" 35.07 80 24,38 68,000 30844 68,500 31071 69,000 31297
48.5 107" O 32,62 90 2743 59,600 27 034 60,000 27 215 60,500 27 442 57,300 25990

42,3 97’ 2 29.61 100 30.48 52,900 23 995 53,300 24 176 53,700 24 357 54,100 24 539
35.2 84' 8 | 2581 110 33.53 47,500 21 545 47,800 21681 48,200 21 863 48,600 22 044
266 68° 0" 20.73 120 36.58 42,800 19 413 43,100 19 549 43,400 19 685 43,700 19 821
13.9 40" 11" 12,46 130 39.62 34,400 15 603 34,700 15 739 35,300 16 011 36,600 16 601
854 149’ 3 45,50 156 4,57 114,600 61981

83.4 148' @ 45.35 20 6.10 57,300 25 990

81.3 148" 1* 45.14 25 7.62
79.2 147" 3" 44,88 30 9.14 183,400 83 188 172,000 78017
771 146' 27 | 44,56 35 10.67 158,500 71894 159,200 72211
75.0 145’ 0" 44,18 40 1219 139,200 63 140 139,800 63 412 114,600 51 981
70.7 141 11" 43.24 50 15,24 111,000 50 348 111,600 50 620 112,300 50 938

14¢’ 663 137" 117 4205 60 18,29 91,500 41 503 92,100 41775 92,700 42 048
(42,67 m) 61.8 133' 1~ 40.56 70 2134 77,300 35 062 77,800 35 334 78,500 35 607
57.0 127" 20 | 38.76 80 24,38 66,500 30163 67,000 30390 67,600 30 662
52,0 1200 0 | 36.59 90 27.43 58,000 26 308 58,500 26 635 59,100 26 807 57,300 25990
46.6 " g 33,96 100 30.48 51,300 23 269 51,800 23 496 52,300 23722 52,700 23 504
407 100' 117 | 30.77 110 33.53 45,800 20774 46,300 21 001 46,700 21182 47,200 21 409
339 87'10" | 26.76 36,58 41,400 18778 41,800 18 960 42,200 19141 42,500 19277
25.6 70 4| 2143 39.62 37,300 16918 37,600 17 055 37,900 17191 38,100 17 281
13.4 42' 1" 12.83 42.67 29,900 13 662 30,200 13 698 30,700 13 925 31,800 14 424

120

130

140
85.7 159' 47 | 48.56 15 4.57 114,500 51936
83.8 158" 10" | 48.42 20 6.10 57,200 25 945
819 168 3" | 48.22 25 762
799 157’ 5" | 47.98 30 914 181,200 82190 171,800 77927
78.0 156’ 5" | 47.68 35 1067 156,500 70 987 157,200 71304
76.0 165 3" | 47.33 40 12.19 137,300 62 278 138,000 62 595 114,500 51 936
721 152' 6" | 46.46 50 1524 109,300 49 577 110,000 49 895 110,600 50 167
68,0 148" 10" | 45,35 60 18 29 89,900 4777 90,600 41095 91,200 41367

70

80

90

100

110

120

130

140

150

150’

(45.72 m) 63.8 144" 47 | 43.99 21.34 75,700 34336 76,400 34 654 77,000 34 926

59.5 138' 117 | 42.34 24 38 65,000 29 483 65,600 29 755 66,200 30027
54.9 132' 6 | 40.38 2743 56,500 25 627 57,100 25 800 57,700 26 172 57,200 25945
50.1 124'10" | 3804 30.48 49,800 22 588 50,300 22815 50,900 23 087 51,400 23314
44.9 115 8" | 3525 3353 44,300 20 094 44,800 20 320 45,300 20 547 45,800 20774
392 104" 7 | 3187 36 58 39,800 18 052 40,300 18 279 40,700 18 461 41,200 18 688
32.7 90’ 9" | 27.67 39.62 35,900 16 283 36,300 16 465 36,700 16 646 37,100 16 828
248 722 77 | 2211 4267 32,300 14 651 32,600 14 787 32,900 14923 33,200 15 059
12,9 43 7 13.18 45.72 25,900 11748 26,200 11884 26,600 12 065 27,500 12473

(continued)

@Load handled off main boom head sheaves with 10’ {3.05 m) boom tip extension mounted on boom.
®@Measured vertically from center of boom head sheave to base of tumtable bearing mounting
®@Measured from center of tower base section to center of gravity of freely suspended load.



| EIVIE

TG-1900 __2_:@ crane capacities — with climbing frame Refer to Notes page 15.
Boom Capaclties — Main boom only®
Boom point Load
Angle height® radius® 4-part holst line 3-part holst line 2.part hoist lIne 1-part holst line
Length Degree Feet meters | Feot |meters || Pounds | kllograms | Pounds | kilograms | Pounds | kilograms | Pounds | kliograms
84.2 168' 11" [ 51.48 20 6.10 114,400 51 890
824 168 4" [ 51.30 25 7.62 57,200 25 945
80.6 167 7' | 51.07 30 9.14 :
78.8 166’ 8" 50.79 35 10.67 154,500 70 080 155,200 70397

76.9 165" 77 | 50.47 40 12.19 135,400 €1416 136,100 €1733 114,400 51890
73.2 162' 117 | 49.65 50 15,24 107,600 48 806 108,300 49 124 109,000 49 441
69.4 159’ 6" | 48.62 60 18.29 88,300 40 052 89,000 40 369 89,700 40 687

160’ 65.6 165’ 5" 47.36 70 21,34 74,200 33 656 74,800 33974 75,600 34 291
(48.77 m) 61.6 150° 5" | 4584 80 24,38 63,500 28 803 64,100 29075 64,800 29 392 67,200 25 945
57.4 144" 67 | 44.05 90 27.43 55,000 24 947 55,700 25 265 56,300 25 537 57,000 25 854
53.0 137" 7 41,93 100 30.48 48,300 21808 48,900 22180 49,500 22 452 50,200 22770
48.4 129' 5" | 39.44 110 | 33.53 42,800 19413 43,400 19 685 44,000 19 958 44,600 20230
434 119° 8" | 36.49 120 36.58 38,300 17 372 38,800 17 599 39,400 17 871 39,800 18 098
37.9 108" 1" | 32,94 130 | 39.62 34,600 15694 35,100 15 921 35,500 16 102 36,000 16 329

31.6 93' 8" | 28.55 140 42.67 30,800 14016 31,400 14 242 31,800 14 424 32,200 14 605
24.0 74 9| 2277 150 | 4572 *+ 27,900 12655 28,200 12791 28,500 12 927 28,900 13 108
12,5 44' & 13.52 160 48.77 22,300 10 115 22,600 10 251 22,800 10 387 23,700 10 750
84,5 178117 | 54.54 20 6.10 114,300 51845

82,8 178' 57 | 5437 25 7.62 57,100 25 900

81.1 177* 8" | 54.16 30 9.14
79.4 176' 10" | 53.90 35 10.67 152,400 69 127 153,300 69 535
77 175' 10" 53.59 40 12,19 133,500 60 654 134,300 60917 114,300 51 845
74.2 173' 4" | 52,83 50 15.24 105,800 47 990 106,600 48 352 107,400 48715
70.7 170' 27 | 51.87 60 18.29 86,700 39 326 87,500 39 699 88,200 40 006
67.1 166’ 4" | 50.69 70 | 21.34 72,700 32 976 73,400 33 293 74,200 33656

170'© 63.4 161" 8" | 49.28 80 | 24.38 62,000 28 122 62,700 28 440 63,400 28 757 57,100 25 900
(51.82 m) 59.5 156' 3" | 47.62 80 27.43 53,600 24 312 54,300 24 630 55,000 24 847 65,700 25 265
55.5 149’117 | 4568 100 30.48 46,900 21273 47,600 21691 48,200 21863 48,900 22180
51.3 142’ 6" | 43,42 110 | 33.583 41,400 18 778 42,000 19 050 42,700 19 368 43,300 19 640
46.9 133°10" | 40.78 120 | 36.58 36,800 16737 37,500 17 009 38,100 17 281 38,700 17 554
42,1 123° 77 | 37.68 130 | 39.62 33,100 15013 33,700 15 286 34,200 15512 34,800 15785
36.8 111’ 5" | 33.97 140 42,67 29,700 13 471 30,200 13 698 30,700 13925 31,200 14152

30.7 96' 6" | 29.40 150 | 45,72 26,600 12 065 27,000 12 246 27,400 12 428 27,800 12609
23.2 76'10" | 23.41 160 | 48.77 24,0600 10 886 24,300 11022 24,600 11158 25,600 11 339
121 45' & 13.85 170 51.82 19,000 8618 19,200 B 708 19,600 8890 20,200 9162
84.8 189 0" | 57.60 20 6.10 114,200 51800

83.2 188' 6" | 67.45 25 7.62 57,100 25 900
81.6 187107 [ 57.24 30 9.14 # b

80.0 187° 0" | 57.00 35 10.67 150,400 68 220 161,200 68 583

78.4 186’ 17 | 5671 40 12,19 131,600 59 692 132,400 60 055 114,200 51800
75.1 183" 8" | 55.99 50 15.24 104,100 47 218 104,800 47 581 105,800 47 990
71.8 180’ 9" | 55.08 60 18.29 85,100 38 600 85,800 38 963 86,700 39326
68.4 177" 1" 53.98 70 | 21.34 71,100 32250 71,900 32613 72,700 32976

180'© 65.0 172°1Q" | 52.67 80 24,38 60,500 27 442 61,300 27 805 62,100 28168 57,100 25 900
(54.86 m) 61.4 167° 9" | 51.13 90 27.43 52,200 23677 52,900 23 995 53,700 24 357 54,400 24 675
57.7 161" 10" | 49.33 100 30.48 45,500 20 638 46,200 20 955 46,900 21273 47,700 21636
53.8 156' 1" 1 47.26 110 | 33.583 40,000 18 143 40,700 18 461 41,400 18778 42,100 18 096
49.8 147° 27 | 44.86 120 | 36.58 35,500 16 102 36,100 16374 36,800 16 692 37,400 16 964
45.5 138’ 1" | 42.08 130 39.62 31,700 14 378 32,300 14 651 32,800 14 923 33,500 15185
40.8 127' 5" | 38.83 140 42,67 28,500 12927 29,100 13189 29,600 13 426 30,200 13 698
35.7 114’ 9" | 3496 150 45.72 25,300 11 475 25,800 11702 26,300 11929 26,900 12 201

29.8 99’ 27 | 80.22 160 | 48.77 22,600 10 251 23,100 10477 23,500 10 659 23,900 10 840
2.6 78°10" | 24,03 170 | 51.82 20,400 9253 20,700 9389 21,100 8570 21,400 9706
1.8 46' 67 1 1417 180 | 54.86 16,000 7257 16200 | 7348 16,500 7484 17,100 7756

(continued)
®Consult mamufacturer for boom lengths greater than 170’ (51.82 m).
DLoad handI&d off main boom head sheaves with 10° (3.05 m) boom tip extension mounted on boom.
@Measured vertically from center of boom head sheave to base of tumtable bearing mounting.
®Measured from center of tower base section to center ot gravity of freely suspended foad.




TG-1900 lifting crane capacities — with climbing frame Refer to Notes page 15.

Boom Capacities — Maln boom only ®
Boom paint Load
Angle helght ® radius ® 4-part holst line 3-part hoist line 2-part holst line 1-part hoist line
Length Degree Feot meters | Feet | meters || Pounds | kilograms | Pounds | kilograms | Pounds |kilograms | Pounds | kilograms
85.1 199 0" 60.66 20 6.10 114,100 51754
83.6 198' 6" 60.51 25 7.62 57,000 25 854
82.1 197’ 117 60,32 30 9.14
80.5 197" 27 60.09 35 10.67 139,400 63 230 140,300 63 639
79.0 196° 3" 59.81 40 12,19 129,600 58 785 130,500 59 193 114,100 51754
75.9 194’ 0" §9.14 50 15,24 102,400 46 447 103,300 46 856 104,100 47 218
72.8 191" 3 58.28 60 18.29 83,500 37 874 84,300 38 237 85,200 38 646
69.6 187 10" | 57.25 70 21,34 69,600 31570 70,500 31978 71,300 32341 "_
66.4 183 9" 56.01 80 24,38 59,100 26 807 59,900 27 170 60,700 27 533 57,000 25 854
150'© 63.0 179' 0" | 54,57 90 27.43 50,800 23042 51,600 23 405 52,400 23768 53,200 24131
(57.91 m) 59.6 173 52,90 100 30.48 44,100 20 003 44,900 20 366 45,700 20729 46,400 21046
56.0 167' 3" | 50.98 110 | 33.53 38,600 17 508 39,400 17,871 40 100 18 189 40,900 18 551
52.3 160' 0 48.78 120 36.58 34,100 15 467 34,800 15785 35,500 16 102 36,300 16 465
48.4 151" @ 46.25 130 39.62 30,300 13743 31,000 14 061 31,700 14 378 32,400 14 696
442 142° 27 43.34 140 42,67 27,100 12 292 27,800 12 609 28,400 12 882 29,000 13 154
39.7 (131" 1" | 389.95 150 | 45.72 24,200 10976 24,800 11 249 25,400 11 521 25,900 11748
34.7 117" 11~ 35.93 160 48.77 21,400 9706 21,900 9933 22,500 10 205 23,000 10 432
29.0 101" 9 31.02 170 51.82 19,100 8 663 19,500 8845 20,000 9071 20,400 9 253
22.0 80’ 9" 24,63 180 54.86 17,200 7 801 17.500 7937 17,900 8119 18,200 8 255
11.5 47' & 14.48 190 57.91 13,200 5987 13,400 6078 13,700 6214 14,200 6 441
85.4 209" 1" | 63,72 20 6.10 114,000 51709
83.9 | 208" 7| 6358 | 25 | 7.62 57,000 | 25854

82,5 208" O~ 63.40 30 9.14
81.0 207 ¥ 63.18 35 10.67
79.6 206’ 5" 62,92 40 12,19 125,300 56 835 126,300 57 288 114,000 51,709
76.6 204’ 4" | 6227 60 15.24 100,600 45 631 101,600 46 084 102,500 46 493
73.7 201" @ 61.47 60 18.29 81,900 37 149 82,800 37 557 83,700 37 965
70.7 198’ 57 | 60.49 70 21.34 68,100 30889 69,000 31297 69,900 31706
67.6 194’ 8" 659,32 80 24,38 57,600 26126 58,500 26 535 59,400 26 943 57,000 25 854

200'© 64.5 190° 27 | 57.97 20 27.43 49,300 22 362 50,200 22770 51,100 23178 51,900 23 541
(60.96 m) 61.2 185' 17 56.41 100 30.48 42,700 19 368 43,500 19731 44,400 20139 45,200 20502
57.9 179' 27 54,62 110 33.53 37,300 16918 38,100 17 281 38,900 17 644 33,700 18 007
54.5 172" 6" 52.58 120 36.58 32,700 14832 33,500 15195 34,300 15 558 35,100 15921
50.8 164’ 10" 50.25 130 39.62 29,000 13154 29,700 1347 30,400 13789 31,200 14 162
471 186' 27 47.60 140 42,67 25,800 11702 26,500 12020 27,200 12337 27,900 12 655
43.0 146' 27 44,56 150 45,72 23,000 10 432 23.700 10750 24,300 11022 25,000 11339

38.6 13¢' 7 41.03 160 48,77 20,300 9207 20,900 9480 21,500 9752 22,100 10 024
33.8 1217 0" | 36.87 170 51.82 17,900 8119 18,400 8 346 18,900 8572 19,500 8 845
28.2 104' 4 31.80 180 54.86 16,800 7166 16,300 7393 16,700 7574 17,200 7801
21.4 82’ 8" 25,21 180 57.91 14,200 6 441 14,500 6 577 14,900 6758 15,200 6894
11.2 48' 6" 14.78 200 60.96 10,600 4 808 11,200 5080 11,100 5034 11,500 5216

©Consult manufacturer for boom lengths greater than 170’ (§1.82 m).

OLoad handled off main boom head sheaves with 10’ (3.05 m) boom tip extension mounted on boom.
@Measured verticaily from center of boom head sheave to base of tumtable bearing mounting.
DMeasured from center of tower base section to center of gravity of freely suspended load.
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TG-1900 lifting crane capacities — pedestal, bogie or gantry mounted  Refer to Notes page 15.

Mounting — pedestal, bogie, or gantry. Boom — tubular; 75" x 75" (1.91 x 1.91 m) Counterweights — Total 94,400#
with 40’ (12.19 m) base section, 40’ (12.19m) (42 820 kg). Includes one fixed counterweight
top section, 1%" (44 mm) diameter boom — 23,600# (10 705 kg) plus one moving
pendants, with or without boom tip counterweight — 70,800# (32 115 kg)
extension. consisting of three sections weighing 23,600 #
(10 705 kg) each.
Mast—43' 0% (13.11 m) over-all height. Boom tip extension —tubular; 14,800#

(6 713 kg) rating; 10’ (3.05 m) long.

Boom Capacities — Maln boom only®
8oom point Load
Angle helght® radius® 4-part holst line 3-part holst line 2-part holst line 1-part holst Ilne
Length Degree Feat maters | Feet | meters | Pounds | kllograms | Pounds | kilograms | Pounds | kilograms | Pounds | kilograms
85.5 89’ 6" 27.27 10 3.05 115,200 52253
84.8 89’ 5" 27,25 1" 3,35
841 89’ 4~ 27.22 12 3.66
834 89 2" | 27.19 13 3.96
82,7 ag’r 1~ 27.15 14 4.27 57,600 26 126
81.9 g 11" 27.11 15 4,57 .
80 76.3 88" 1 26.84 20 6.10 230,400 104 507 172,800 78 380
(24.38 m) 74,6 86' 10" 26.48 25 7.62 230,400 104 507
: 70.9 85' 4~ 26.00 30 9.14 217,600 98701
67.0 83’ & 2542 35 10.67 186,400 84 549 172,800 76380
63.1 81" 1* 24.71 40 1219 162,600 73754 163,000 73935
54.7 75" O 22,87 50 15.24 128,900 58 468 129,200 58 604 115,200 52 253
45.4 66' 8" 20,31 60 18.29 106,300 48 216 106,600 48 352 106,800 48 443
34.1 54' 8" 16.65 70 | 21,34 90,200 40914 90,400 41004 90,700 41140
17.7 34' 1" 10.38 80 24.38 69,000 31297 69,700 31615 71,100 32 250 57,600 26126
85.4 99’ 5" 30.31 1 3.35 115,100 52 208
84.8 99' 4" | 30.28 12 3.66
84.1 99' 3" | 30.25 13 3.96
83.5 99’ 27 30.22 14 427 57,500 26 081
82.8 99’ 0" 30.18 15 4.57
79.6 98’ 3" 29,95 20 6.10 230,300 104 462 172,700 78335
90" 76.4 97" 2 29,62 25 7.62 230,300 104 462
(27.43 m) 731 95’ 10" 29,21 30 9.14 216,400 98 157
' 69.7 94’ 2 28.69 35 10.67 185,100 83 959 172,700 78335
66.3 92' 1" 28,08 40 1219 161,300 73 164 161,700 73345
59.1 86’ 117 26.50 50 15.24 127,500 57833 127,900 58014 115,100 52 208
51.4 80" 0" | 24.39 60 | 18,29 104,800 47 536 105,100 47 672 | 105,500 47 854
42.6 70' 8" 21,55 70 21.34 88,600 40 188 88,900 40324 89,100 40 415
32.1 57 7" 17.56 80 | 24.38 76,500 34 699 76,700 34790 77,000 34 926
16.7 35 7" 10.84 90 27.43 59,700 27 079 60,300 27 351 61,400 27 850 57,500 26 081
85,3 109* 5" 33.34 12 366 115,000 52163
84,7 109' 4~ | 33.31 13 3.96
.- 841 109' 2" 33.28 14 4,27
83.6 109’ 1 33.25 15 4,57 57,500 26 081
80,7 108" 5" | 33.04 20 610
77.8 107* 5" 32.75 25 7.62 230,100 104 371 172,500 78244
100° 74.8 106’ 3" 32.38 30 9.14 215,100 97 567 172,500 78 244 he
(30.48 m) 71.8 104 9 31,92 35 10.67 183,900 83 415 172,500 78244
* €8.8 102 117 31.38 40 1219 160,100 72 620 160,500 72801
62.5 98' 5 | 29,99 50 | 15.24 126,300 57 288 126,700 57470 | 115,000 52 163
55.8 92' s | 2817 60 | 18,29 103,500 46 946 103,900 47128 | 104,300 47 309
48.5 84’ g 25,81 70 21,34 87,100 39 507 87,500 39 689 87,900 39 870
40.4 74 6" | 2270 80 | 24.38 74,900 33974 75,200 34110 75,600 34291
30.4 60’ 5" 18.41 80 27.43 65,600 29 755 65,800 29 846 66,100 29982 57,500 26 081
15.8 37" 0§ 11.28 | 100 | 30.48 51,900 23 541 62,400 23768 53,300 24176 55,800 25310
| 852 119 4 | 36.37 13 396 114,900 52 117
-~ B47 119° 3" | 36.35 14 4,27 :
84,2 119' 2" | 36.32 15 4.57
81.5 118' 6~ 36,13 20 6.10 57,400 26 036
789 117' 8" | 35.86 25 7.62 229,900 | 104 280 172,400 78199
762 116" 7* | 3553 30 914 214,000 97 068 172,400 78199
110° 73.5 116" 2 35.11 35 10,67 182,700 82 871 172,400 78199
(33.53 m) 708 1My 7 34,62 40 1219 158,900 72075 159,400 72302
’ 652 109' 77 33.39 50 1524 125,100 56 744 125,600 56 971 114,900 52117
59.3 104 3 31.78 60 1829 102,300 46 402 102,700 46583 103,200 46 810
530 a7t 7 29,74 70 21.34 85,900 38 963 86,300 39145 86,700 39 326
46.1 89 1~ 27.14 80 24,38 73,600 33384 74,000 33565 74,300 33701
364 78 1" | 23.79 90 | 27.43 64,100 29075 64,400 29211 64,800 29392
290 63’ 1~ 19.22 100 30.48 56,700 25718 56,900 25809 57,200 25945 57,400 26 036
151 38 4 11.69 110 3353 45,200 20 502 45,600 20683 46,400 21046 48,400 21953

(continued)

®Load handled off main boom head sheaves with 10’ (305 m) boom tip extension mounted on boom.
easurad vertically from center of boom head sheave 1o base of turntable bearing mounting
easured from centerline of rotation to center of gravity of freely suspended load
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TG-1900 lifting crane capacities — pedestal, bogie, or gantry mounted  Refer to Notes page 15.

Boom ' Capacities — Maln boom only®
Boom point Load
Angle helght® radius® 4-part holst line 3-part holst line 2-part hoist line 1-part holst line
Length Degree Feet meters | Feet | meters|i Pounds | kllograms | Pounds | kllograms | Pounds | kilograms | Pounds | kifograms
856 129’ 4 39.43 13 3.96 ) 114,800 52 072

851 129" 3" 39.41 14 427
846 129' 27} 39.38 15 4,57
822 128 77| 39.20 20 6.10 57,400 26 036
798 127° 10" | 38.96 25 7.62 229,700 104 190 172,200 78108
774 126' 107 38,66 30 9.14 212,900 96 569 172,200 | 78108
749 125 77| 38.28 35 10.67 181,600 82 372 172,200 78 108

120 724 124" 27 37.83 40 12,19 157,800 71576 156,300 71803 -
(36 58 m) 67.4 120" 6 36.72 50 16,24 123,900 56 200 124,500 56 472 114,800 52072 -
62,1 118’ 97 35.28 60 18.29 101,100 45 858 101,600 46 084 102,100 46 311
56.5 109° 10" 33.47 70 21.34 84,700 ~38 419 85,100 38 600 85,600 38 827
506 102 §” 31.22 80 24.38 72,300 32794 72,800 33 021 73,200 33 202

44.1 93 2 28.41 90 | 2743 62,800 26 485 63,200 28 667 63,600 28 848 57,400 26 036
36.7 a1’ 5* 24,82 100 30.48 55,200 25038 55,600 25219 55,900 25355 56,200 25 491
27,7 65' 77 19.99 110 | 33.53 49,200 22316 49,500 22452 49,700 22543 50,000 22679
144 39’ & 12.09 120 | 36.58 39,500 17 916 39,800 18052 | ' 40,400 18 325 42,000 19 050
855 139" 4° 42.47 14 4.27 114,700 52027

85.1 139’ 3 42,44 15 4,57

82.8 138' 9 42,28 20 6.10 57,300 25 990

80.6 138' 0" 42.06 25 7.62
784 137" 1° 41.77 30 9.14 211,900 96 116 172,100 78063
76.1 1357 117 41.43 35 10,67 180,600 81918 172,100 78063
73.8 13¢ 7 41.02 40 1219 156,700 71077 157,300 71350

130’ 69.2 131" 3 40,00 50 1524 122,900 55746 123,400 65973 114,700 52027
(39 62 m) 64.4 126" 11" 38,69 60 18.29 100,000 45 359 100,500 45586 101,100 45 858
59.4 1211 7 37.06 70 | 21.34 83,500 37874 84,100 38 147 84,600 38 373
54.1 115 1" 35.07 80 24,38 71,100 32250 71,600 32477 72,200 32749
485 107" 0 32,62 90 | 27.43 61,500 27 895 62,000 28122 62,500 28 349 57,300 25 980

423 97' 27 29.61 100 | 3048 53,900 24 448 54,300 24 630 54,800 24 856 55,200 25038
352 84' g 25.81 110 | 3353 47,800 21681 48,100 21817 48,500 21999 48,900 22180
26.6 68' 0" 20,73 120 | 36.58 42,800 19413 43,100 19549 43,400 19685 43,700 19 821
13.9 40' 117 12,46 130 | 39.62 34,400 15 603 34,700 15739 35,300 16 011 36,600 16 601
85.4 149 3" 45.50 15 4,57 114,600 51 981

834 148' 97 45,35 20 6.10 57,300 25 990

81.3 148° 17 | 45,14 25 762
79.2 147' 3" | 44.88 30 9.14 210,800 95617 172,000 78017
771 146" 2¥ 44,56 35 1067 179,500 81419 172,000 78017
75.0 145" 0" 44.18 40 | 12,19 155,600 70578 156,300 70 896
70.7 1417117 | 43,24 50 16.24 121,800 55 247 122,400 55519 114,600 51981

140’ 663 137 11" | 42,05 60 1829 98,900 44 860 99,500 45132 100,100 45 404
(42,67 m) 61.8 133 1~ 40.56 70 | 2134 82,400 37376 83,000 37 648 83,600 37 920
57.0 127' 2" | 3876 80 | 2438 70,000 31751 70,600 | 32023 71,100 32 250
520 120’ 07 ; 36.59 90 | 27.43 60,400 27 396 60,800 27 623 61,400 27 850 57,300 25 980
46.6 111" 57 33.96 100 | 30.48 52,700 23 904 53,200 24131 53,700 24 357 54,200 24 584
40.7 100’ 11” 30.77 110 | 33.53 46,500 21092 46,900 21273 47,400 21 500 47,800 21 681

339 87’ 10" 26.76 120 | 36.58 41,400 18778 41,800 18 960 42,200 19141 42,500 19 277
25.6 70" 4 21.43 130 | 39.62 37,300 16918 37,600 17 055 37,900 17191 38,100 17 281
13.4 42' 1 12.83 140 | 42,67 29,900 13562 30,200 13 698 30,700 13925 31,800 14 424
85.7 159’ 4 48,56 15 4.57 . 114,500 |. 51936

838 158’ 10" 48.42 20 6,10 . 57,200 25945

819 158’ 3" 48,22 25 7.62
79.9 *| 157 5" 47,98 30 9.14 209,700 95118 171,800 77927
78.0 156' 5" 47,68 35 10.67 178,400 80920 171,800 77927
76.0 155' 3* 47.33 40 1219 154,600 70125 155,300 70 442
721 152' 5" 46.46 50 15.24 120,700 54748 121,400 55 066 114,500 51936
150° 680 148 10" 45.35 60 18.29 97,800 44 361 98,500 44 678 99,200 44 996
(45.72 m) 63.8 144' 4" 43.99 70 21.34 81,300 36 877 82,000 37 194 82,600 37 466

! 59.5 138" 11~ 42,34 80 2438 68,900 31252 69,500 | 31524 70,200 31842
54.9 132° 6" 40.38 90 | 27.43 59,300 26 898 59,800 27124 60,400 27 396 57,200 25945
50.1 124107 38.04 100 | 30.48 51,500 23 360 52,100 23 632 52,700 23904 53,200 24131
44,9 115" 8" 35.25 110 | 33.53 45,300 20547 45,800 20774 46,300 21001 46,800 21228
39.2 104 77 31.87 120 | 36.58 40,100 18189 40,600 18 415 41,100 18 642 41,500 18 824

32,7 90’ ¢ 27,67 130 | 39.62 35,900 16 283 36,300 16 465 36,700 16 646 37,100 16 828
24.8 72' 7 22,11 140 | 42.67 32,300 14 651 32,600 14787 32,900 14923 33,200 15 059
12.9 43 3 13.18 150 | 45.72 25,800 11748 26,200 11884 26,600 12 065 27,500 12 473

{continued)
@Load handled off main boom head sheaves with 10’ (305 m) boom tip extension mounted on boom.
easured vertically from center of boom head sheave to base of turntable bearing mounting.
easured from centerline of rotation to center of gravity of freely suspended load
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TG-1900 lifting crane capacities — pedestal, bogie, or gantry mounted

Refer to Notes page 15.

Boom Capaclities — Maln boom only®
Boom point Load
Angle helght® radlus® 4-part holst ilne 3-part hoist line 2-part holst line 1-part holst line
Length Degree Feot meters | Feet | meters | Pounds | kilograms | Pounds | kllograms | Pounds | kllegrams | Pounds | kilograms
842 168" 117 51,48 20 6.10 114,400 51890
824 168’ 4" 51.30 25 7.62 57,200 25945
80.6 167 7 51.07 30 9,14
78.8 166' 8" 50.79 35 10.67 172,400 78199 171,700 77881
76.9 165 7* 50.47 40 1219 149,600 67 857 153,500 69 626
73.2 162' 11 49,65 50 15.24 118,800 53 886 120,400 54 612 114,400 51890
69.4 159' 6" 48,62 60 18,29 96,800 43907 97,500 44 225 98,200 44 542
160¢ 65.6 155' 5" | 47.36 70 | 21.34 80,300 36 423 81,000 36 740 81,700 37 058
(4877 m) 61.6 150" 5% 45,84 80 24,38 67,800 30753 68,500 31071 69,200 31388
574 144' 6" 44,05 90 27.43 58,200 26 399 58,800 26 671 59,500 26 988 57,200 25 945
§3.0 1377 7 41,93 100 30.48 50,400 22 861 51,000 23133 51,700 23 450 52,300 23722
48.4 129' 5" 39.44 110 33.53 44,100 20003 44,700 20275 45,300 20 547 45,900 20 819
434 119’ 8* 36.49 120 36,58 39,000 17 690 39,500 17 916 40,000 18143 40,500 18 370
37.9 108 1~ 32,94 130 39,62 34,600 15694 35,100 15921 35,600 16 147 36,100 16374
31.6 93 o 28.55 140 42.67 ,30,900 14016 31,400 14 242 31,800 14 424 32,200 14605
24,0 74 9 22,77 150 45,72 27,900 12655 28,200 12791 28,500 12927 28,900 13108
125 44' 47 | 1352 | 160 | 48,77 22,300 10115 22,600 10 251 22,900 10387 23,700 10 750
84.5 178117 | 5454 20 6.10 114,300 51845
828 178" 57 54,37 25 7.62 57,100 25 900
81.1 177" 8" 54.16 30 914
794 176' 107 53.90 35 1067 165,600 75114 166,400 75477
777 175 10" | 53.59 40 | 1219 144,000 65317 147,700 66 995
74.2 173" 4" | 5283 50 | 15.24 114,000 51709 116,600 52888 | 114,300 51845
70.7 170" 2" | 51,87 60 | 18.29 94,400 42819 96,500 43771 97,300 44134
67.1 166' 4 50,69 70 21.34 79,200 35924 80,000 36 287 80,700 36 604
170° 634 161' 8" | 49.28 B0 | 24,38 66,800 30 299 67,500 30617 68,300 30 980
(51.82 m) 59,5 156' 3* 47.62 90 27.43 57,100 25900 57,800 26 217 58,500 26 535 57,100 25900
55.5 149" 11" | 4568 | 100 | 3048 49,400 22407 50,000 22679 50,700 22997 51,400 23314
51.3 142' 6" 43.42 110 33.53 43,000 19 504 43,700 19 821 44,300 20094 45,000 20411
46.9 133" 107 40,78 120 36.58 37,800 17145 38,400 17417 39,000 17 690 39,600 17 962
421 123 7™ 37.68 130 3962 33,500 15195 34,000 15 422 34,600 15 694 35,100 15921
368 11" 5° 33.97 140 42,67 29,700 13471 30,200 13698 30,700 13925 31,200 14152
30.7 96' 6 29,40 150 45.72 26,600 12 065 27,000 12246 27,400 12428 27,800 12609
23.2 76' 107 23.41 160 48,77 24,000 10886 24,300 11022 24,600 11158 25,000 11339
121 45' 5" 1385 170 5182 19,000 8618 18,200 8708 19,600 8 890 20,200 9162
848 [ 189' 0" | 5760 | 20 | 6.10 114200 | 51800
832 [ 188" 6" | 5745 | 25 | 762 57,100 | 25900
81.6 187'10" | 57.24 30 9.14
800 187 07 | 5700 35 | 10.67 152,500 69172 153,400 69 581
784 | 186" 17| 5671 | 40 [ 1219 [ 138,900 | 63003 | 142,500 | 64636
751 183’ 8" 55.99 50 15.24 109,600 49713 112,200 50 893 114,200 51 800
7.8 180’ 9" 55.08 60 1829 90,500 41 050 92,600 42 002 96,000 43 544
684 177 17 | 53.98 70 | 21.34 76,900 34 881 78,700 35 697 79,800 36196
180° 650 172’ 10” 52,67 80 24,38 65,800 29 846 66,500 30163 67,300 30526
(54.86 m) 614 167" 9* | 5113 90 | 2743 56,100 25 446 56,800 25764 57,600 26 126 57,100 25900
' 57.7 161' 10" 49,33 100 3048 48,300 21908 49,000 22226 49,800 22588 §0,500- 22906
538 155' 1" | 47.26 | 110 | 3353 42,000 19050 42,700 19 368 43,400 19 685 44,100 20003
'49.8 147 2* 44,86 120 36.58 36,700 16 646 37,400 16 964 38,000 _ 17 236 38,700 17 554
455 138" 1" 42,08 130 3962 32,300 14 651 32,900 14923 33,600 15 240 34,200 15512
40.8 127 5 38.83 140 42.67 28,600 12972 29,100 13199 29,700 13471 30,300 13743
357 114 9" 34.96 150 45,72 25,300 11475 25,800 11702 26,300 11929 26,900 12201
29.8 99’ 2" | 30.22 | 160 | 48.77 22,600 10 251 23,100 10477 23,500 10 659 23,900 10 840
22,6 7810 |- 24.03 | 170 | 51.82 20,400 9253 20,700 9 389 21,100 9570 21,400 9706
11.8 46' 6" 1417 180 54.86 16,000 |~ 7257 16,200 7348 16,500 7 484 17,100 7756

QLoad handle.cLo" main boom head sheaves with 10’ (3.06 m) boom tip extension mounted on boom.
easured vertically from center of boom head sheave to base of turntable bearing mounting.
®Measured from centerline of rotation to center of gravity of freely suspended joad.
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TG-1900 lifting crane capacities — pedestal, bogie, or gantry mounted  Refer to Notes page 15.

Baom Capaclties — Maln boom only®
Boom polint Load
Angle helght® radius® &part holst line 3-part holst ling 2-part holst line 1-part holst line
Length Degree Feot meters | Foet | meters | Pounds | kilograms | Pounds | kilograms | Pounds | kllograms | Pounds | kilograms
85.1 199 0" 60.66 20 6.10 114,100 51754
83.6 198’ 6" 60.51 25 762 57,000 25 854

82.1 197/ 11~ 60 32 30 9.14
80.5 197" 2~ 6009 a5 10.67 139,400 63 230 140,300 63 639
79.0 196 3" 59 81 40 1219 134,200 60 872 137,700 62 459 114,100 51754
75.9 194’ ¢~ 59.14 50 15.24 105,500 47 854 108,000 48 987 112,500 51029
72.8 191 3~ 58.28 60 18.29 86,900 39 417 88,900 40 324 92,200 41821
69.6 187 107 57.25 70 21,34 73,700 33429 75,400 34 200 78,100 35 425

66.4 183" 9~ 56.01 80 24,38 63,700 28 893 65,200 29 574 66,400 30 118

190 63.0 179' o~ 54,57 90 | 2743 55,000 24 947 55,800 25310 56,700 25718 57,000 25 854

(57.91 m) 59.6 173 77 52.90 100 | 30.48 47,300 21454 48,000 21772 48,800 22135 49,600 22498

56.0 167’ 3" 50.98 110 33.53 40,900 18 551 41,700 18 914 42,400 19 232 43,200 19 595
52.3 160° 0" 48.78 120 36.58 35,700 16193 36,400 16 510 37,100 16 828 37,800 17 145
48.4 151" @ 46.25 130 39.62 31,200 14152 31,900 14 469 32,600 14787 33,300 15104
442 142" 2 43.34 140 42.67 27,500 12473 28,100 12745 28,700 13018 29,400 13335
39.7 1317 1" 39.95 150 45,72 24,200 10976 24,800 11249 25,400 11621 25,900 11748
34.7 "7 11" 35.93 160 | 48.77 21,400 9706 21,900 9933 22,500 10 205 23,000 10 432
29.0 101" 9" 3102 170 5182 19,100 8663 19,500 8845 20,000 9071 20,400 9253
220 80' 9 24.63 180 54.86 17,200 7 801 17,500 7937 17,900 8119 18,200 8 255
11.5 47' 6" 14 48 190 57.91 13,200 5987 13,400 6 078 13,700 6214 14,200 6 441
854 209' 1" 63.72 20 6.10 114,000 51709
83.9 208’ 7" 63 58 25 762 57,000 25 854

825 208" 0~ 63.40 30 9.14
81.0 207" 3 63.18 35 10.67 § -
79.6 206' 5" 62.92 40 12.19 125,300 66 835 126,300 57 288 114,000 51709
76.6 204" 4 62,27 50 15.24 101,600 46 084 104,200 47 264 108,600 49 260
737 201" 8 61.47 60 18.29 83,400 37 829 85,500 38 782 88,800 40279
707 198" 5° 60.49 70 2134 70,600 32023 72,300 32794 74,900 33974
67.6 194’ 8" 59.32 80 24.38 60,900 27 623 62,400 28304 64,600 29 302 57,000 25 854
200" 64.5 190’ 2~ 57.97 90 | 27.43 53,200 24131 54,600 24 766 55,700 25 265 56,600 25673
(60.96 m) 61.2 185’ 1~ 56.41 100 30.48 46,200 20955 47,100 21364 47,900 21727 48,800 22135
' 57.9 179’ 2¢ 54 62 110 33.53 39,900 18 098 40,700 18461 41,500 18 824 42,300 19 186
54.5 172" 6" 52.58 120 36.58 34,600 15 694 35,400 16 057 36,200 16 420 36,900 16 737
50.8 164’ 10~ 5025 130 39.62 30,200 13 698 30,900 14016 31,700 14378 32,400 14 696
20

471 156’ 47.60 140 42.67 26,400 11974 27,100 12292 27,800 12609 28,500 12927
43.0 146" 2* 44,56 150 45,72 23,100 10477 23,700 10750 24,400 11067 25,000 11339
38.6 134" 77 41.03 160 48,77 20,300 9207 20,900 9480 21,500 §752 22,100 10024
33.8 121 o 36.87 170 51.82 17,900 8119 18,400 8346 18,900 8572 19,500 8 845
28.2 104’ 4" 31 80 180 54.86 15,800 7166 16,300 7393 16,700 7574 17,200 7801
21.4 82' 8 25 190 5791 14,200 6441 14,500 6577 14,900 6758 15,200 6894
11.2 48' 6" 14,78 | 200 60 96 10,600 4808 10,800 4 898 11,100 5034 11,500 5216

DLoad handled off main boom head sheaves with 10’ (3.05 m) boom tip extension mounted on boom,
Measured vertically from center of boom head sheave to base of turntable bearing mounting,
@Measured from centerline of rotation to center of gravity of freely suspended load.
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Mounting — pedestal, bogie, gantry or freg standing

tower with or without climbing frame.

Mast — 43’ 0%" (13.11 m) over-all height.

Boom — tubular; 75" x 75 (1.91 x 1.91 m) with

40’ (12.19 m) base section, 40’ (12.19 m) top section,
134" (44 mm) diameter boom pendants, with boom
tip extension.

Boom tip -extension — tubular; 14,800#
(6 713 kg) rating; 10’ (3.05 m) long.

Counterwelghts — Total 94,400# (42 820 kg). Includes
one fixed counterweight — 23,600# (10 705 kg) plus one
moving counterweight — 70,800# (32 115 kg) consisting of
three sections weighing 23,600# (10 705 kg) each.

®Load handied off peak sheave of 10* (3.05 m) boom tip extension mounted on boom.
Measured vertically from center of boom tip extension peak sheave to base of turntable bearing mounting.
®Measured from centerline of rotation to center of gravity of freely suspended load.

Boom® Boom®
Boom polnt Load Capacities Boom polnt Load Capaciltles
. Angie helght® radius® 1-part hoist iine Angle helght® radius® 1-part holst line
Length Degree Feet meters Feet melers Pounda | Kilograms Length Degree Foet matera Feet meflers Pounds | kilograms
755 95 9" 29.17 30 9.14 14,800 6713 77.8 135’ 87 41.36 35 10.67 14,800 6713
722 94" 0" 28.65 35 10.67 75.5 134" 57 40.97 40 12,19
80’ 68.7 92" O 28.04 40 12.19 70.9 1317 1 39.96 50 15.24
(24.38 m) 61.6 87" 0" 26.52 50 15.24 66.1 126 11~ 38.68 60 18.29
. 53.8 80" 27 24.44 60 18.29 120" 61.1 129 7 37.06 70 21.34
45.1 710 21.64 70 21.34 (36.58 m) 55.8 1§ 1 35.08 80 24,38
34.7 58' 2" 17.74 80 24.38 14,800 6713 50.2 107" 2" 32.67 90 27.43
770 | 106" 0" | 3231 30 9.14 14800 | 6713 440 | o7 & 29.72 100 3048
740 104° 7 31.88 a5 10.67 37.0 85 2: 25.97 110 33.53
71.0 102" 107 31.33 40 12.19 285 68’ 8 20.94 120 36.58 14,800 6713
90’ 64.7 98 5" 29.99 50 15.24 76.6 144" 8" 44,10 40 12.19 14,800 6713
(27.43 m) 58.0 92" & 28.19 60 18.29 723 141’ 8" 43.19 50 15.24
50.8 84" 11" 25.88 70 21.34 67.9 137 11 42.03 60 18.29
42.6 74107 22.80 80 24.38 ' 63.4 133" 17 40.57 70 21.34
328 61" 0 18.59 S0 27.43 14,800 6713 130" 58.6 1270 27 38.77 80 24.38
75.5 1ns o 35.05 35 10.67 14,800 6713 (39.62 m) 53.6 120° 27 36.64 90 27.43
728 113" 5" 34.56 40 12.19 48.2 17° g 34.05 100 30.48
67.2 109° 6" 33.38 50 15.24 423 101" 47 30.88 110 33.53
100’ 61.3 | 104 4| 3179 60 18.29 355 | 88" 471 2691 120 36.58
(30.48 m) 55.0 97" 8" 29.78 70 21.34 274 71 1" 21.67 130 39.62 14,800 6713
48.2 89" 4 27.22 80 24.38 775 155" 17 47.27 40 12.19 14,700 6 668
40.5 78" 6 23.93 90 27.43 735 152" 4" 46.42 50 15.24
3 63 8 19.42 100 30.48 14,800 6713 69.5 148’ 9" 45.32 60 18.29
768 |125° & | 38.22 35 | 1067 || 14800 | 6713 653 | 144" 4| 43.98 70 | 2134
743 | 124 oo | 3780 10 12.19 1400 609 | 138°11" | 4234 80 2438
r g 56.4 132" 77 40.42 90 27.43
69.2 120" 5 36.70 50 15.24 (42.67 m) .
63.9 115° 8" 35.27 60 18.29 51.6 125" O 38.10 100 30.48
110° rqqn 46.4 115" 197 35.33 110 33.53
58.4 1M1' 11 34.11 70 21.34
(33.53 m) S 40.7 104’ 197 31.97 120 36.58
524 (1020 77| 3127 80 24.38 1
45.9 93’ 6" 28.50 90 27.43 34.2 91" 4 27.83 130 39.82
38.6 81 11" 24.96 100 30.48 1 26.4 73" 57 22.37 140 42.67 14,700 6 668
297 66" 2" | 20.18 110 33.53 14800 | 6713 (continued)
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Refer to Notes page 15.
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TG-1900 lifting crane notes for crane mounted on a 9’ 9" x 9’ 9" (2.97 x 2.97 m) tower with or
without climbing frame, pedestal, or on a bogie or gantry.

General notes:

8. These capacities are based on a30 m.p.h. Pedestal, bogie or gantry mounted
(48.27 km/h) wind in the operating
condition, and a hook load reduction
must be made when winds exceed

1. Loads shown are in pounds and in all
cases are limited by strength capabilities

of the machine. Proper design of the Notes:

1. Lifting capacities shown are not more

substructure to withstand the loadings
imposed by the machine shall be the
responsibility of the purchaser. A
deduction must be made from these
capacities for weight of load handling
equipment such as hook block, hook,
sling, grapple, load weighing devices,
etc.

30 m.p.h. (48.27 km/h).

. If the machine is swung 360° in the

nonoperating condition, the machine,
reeving, and hook blocks must clear any
obstacles with the boom stowed at its
specified position. This precaution is
necessary due to the weathervane

than 66% of the tipping loads calculated
under static conditions with the boom in
the least stable direction, The user must
take into account the dynamic effects of
hoisting, lowering, booming, swinging,
and traveling. Additional factors to be
considered are freely suspended loads,
track, wind or ground conditions, boom
length and proper operating speeds for

2. The operator must make the following rotation of the crane by the wind. . .

considerations when operating the the existing conditions.

crane; 10. These capacities apply only to the ,

a. Make certain the actual load operating machine as originally manufactured and 2 The operator must make certain the
radius is the same as the radius normally equipped by FMC Corporation, actual load operating radius is the same
specified on the capacity chart, The Cable Crane and Excavator Division. as the radius specified on the capacity
load radius is measured from the chart. The load radius !s measured from
center of the tower base section to the  Tower mounted with climbing frame the center of the traveling base to the
centar of gravity of the freely center of gravity of the freely suspended
suspended load, The user must make Notes: !oad. The user must make allowances for
allowances for increases in the load 1. The maximum free standing tower height increases in the load radius caused by
radius caused by stretching of the with a climbing frame is 162’ 7%2" stretching of boom suspension and
boom suspension and deflection of (49.57 m) for boom lengths B0’ (24.38 m) deflection of the boom and traveling
the boom and tower. through 170’ (51.82 m). For boom lengths base.

b. Prevent shock or impact loading of the greater than 170’ (51.82 m) and for tower . -
crane's structure especially when heights greater than 162’ 71/2". (49.57 m), . For these lifting capacmes: ghe user must
operating during low temperatures. consult manutfacturer for additionat make certain that all specified ballast is

c. Effect of wind on loads with large requirements for the crane, properly assembled to the traveling base.
surface areas, Ballast may be necessary to meet stability

. When the crane is in the non-operating requirement as specified on working
3. Do not lift a load with a single part of condition, the boom must be' stowed to areas and ballast requirement plate.
main hoist line at boom angles greater conform to one of the following . .
than 84.0°. conditions: . U§e caution when approaching rail stops
Boom length Condition with crane bumpers, Exces’si\(e rate. gf
4. Do not lift aload on the 10’ (3.05 m) boom 80" - 160’ Stow boom at coztactf c.?" resfult iln crane’s instabllity
tip extension when the main hook is in (24.38 - 48.77 m) maximum rated and/or failure of rail stops.

use. radius . .

. , . When the crane is in the non-operating
5. For each 10 feet (3.05 m) of boom foot 170’ (51.82 m) ﬁ;ﬁxobnc::r‘pgéltlon condition, the rail mounted traveling base
height above the lowest hook position, must be secured w't.h .'a" clamps or tie

the following deductions must be made downs to prevent drifting,

from these lifting capacities: :

192# (87 kg) when using 4 parts of Tower mounted without climbing frame
main hoist.line Notes:
144+# (65 kg) when using 3 parts of 1. The maximum free standing tower height
main hoist line ) ) without a climbing frame is 162’ 7%"
96# (44 kg) when using 2 parts of main (49.57 m) for boom lengths 80 (24.38 m)
hoist line through 200 (60.96 m), For tower heights
48# (22 kg) when using 1 part of main greater than 162' 7% (49.57 m), consult
hoist line o manufacturer for additional requirements
for the crane. -

6. If the 10’ (3.05 m) boom tip extension is

not attaghed to the boom, 2,400 pounds . When the crane is in the non-operating

(1089 kg) may be added to the main hoist condition, the boom must be stowed to

lifting capacities but must not exceed the conform to one of the following

— maximum rated capacity for the number conditions:
of parts of line being used. Boom length Condition
7. The boom hanger block is not required 80" - 160 Stow boom between

We are constantly improving our products and therefore reserve the right to change designs and specifications.

when using one part or two parts of main
hoist line. If the hanger block is removed
when using one part or two parts of main
hoist line, 1,800 pounds (816 kg) may be
added to these main hoist capacities but
must not exceed the maximum rated
capacity for the number of parts of line
being used.

(24.38 - 48.77 m) a 60° boom angle
and maximum rated
radius

170" - 190’ Stow boom at

(51.82 - 57.91 m) maximum rated

radius

Stow boom at

horizontal position

200" (60.96 m)
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FMC Corporation

Cable Crane & Excavator Division
1201 Sixth Street Southwest

P.O. Box 2108

Cedar Rapids lowa 52406

Link-Belt® cranes & excavators

manufactured in: Cedar Rapids lowa
Lexington & Bowling Green Kentucky
Ontario Canada * Milan ltaly

Queretaro Mexico & Nagoya Japan (under license)
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Boom — tubular: 75" x 75" (1.91 x 1.91 m) with 40" Jib — tubular: 36" (0.97 m) wide, 30" (0.76 m) deep. Counterwelghts — Total 94,400 ibs. (42 820 kg). rr
(712.19 m) base section, 40’ (12.79 m) open throat top Includes one fixed counterweight — 23,600 Ibs. 5'
section and 1%" (44 mm) diameter boom pendants. (10705 kg) plus one three-section moving =
counterweight — 70,800 Ibs. (32 1715 kg}. [
. sy
1 (1%
K Jib offset 15° Jib offset 15° =
% Load Boom 2-part {oad 1-part iocad Load Boom 2-pert load 1-part load @
e‘ Boom Jib radius angle holst line hoist line Boom Jib radius angle holst line holist iine ;-l
3 iength length Ft. m Degrees | Pounds | kilog Pounds { kilog fength length Ft. m Degrees| Pounds | kilograms | Pounds [kilograms Q
" 35 | 1067 | 80.4 | 29,600 | 713426 | 14,800 6713 90 | 2743 | 650 | 14.000 6350 | 14,700 6668 %
40 | 1219 | 785 | 29600 | 713426 100 | 3046 | 61.2 | 12900 5851 | 14,000 6350 'y
50 { 1524 | 745 | 29600 | 73426 110 | 3353 | 57.4 | 12,000 5443 | 13.000 5897 e
60 | 1629 | 70.4 | 28300 | 12837 o' 120 | 3658 | 53.3 11,300 57126 | 12,100 5489 o
70 | 2134 | 662 | 25400 | 11821 (1524m) | 130 | 3962 | <89 | 10,600 4808 | 11.400 5171 o
30 B0 | 2438 | 61.9 | 23,100 | 10478 - 140 | 4267 | 442 | 10,100 4581 | 10,800 4899
(9.14m) | 90 | 27.43 | 573 | 21,200 9616 150 | 4572 | 390 9,600 4355 | 10,200 4627 —+
100 | 3048 | 525 | 19,700 8936 160 | 48.77 | 330 9,300 4218 9,800 4445 o
110 | 3353 | 473 | 18,400 8346 170 | 51.82 | 256 9,000 4082 9,500 4309
120 | 3656 | 415 | 17300 | 7847 60 | 1829 | 764 | 13400 | 6078 | 14700 | 6668 Q
130 | 3962 | 350 | 16500 | 7484 ] , 70 | 21.3¢ | 754 | 12000 | 5443 | 13100 | 5942 2
140 | 4267 | 269 | 15900 7212 | 14800 | 6713 130 80 | 2438 | 723 | 10900 | 4944 | 11800 | 5352 L)
50 | 1524 | 781 | 20400 | 9253 | 14700 | 6668 (39.62 m) 90 | 27.43 | 69.1 9300 | 4497 | 10700 | 4854 V]
60 | 71829 | 745 | 18,100 8210 100 | 3048 | 65.9 9,100 4128 9,800 4445 O
70 | 21.34 | 709 | 15200 7348 110 | 3353 | 625 8,400 3810 9,100 4128 ==
B0 | 2438 | 672 | 14,700 6668 | 14,700 6668 70 120 | 36568 | 59.1 7,900 3583 8,400 3810 -
l 90 | 2743 | 633 | 13500 6124 | 14600 6623 (21.34mj | 130 | 39.62 | 554 7,400 3357 7,900 3563 1)
] 120 50° 100 | 3048 | 593 | 12,500 §670 | 13.400 6078 140 | 4267 | 518 6,900 3130 7.400 3357 w
(36.58 my | (15-24m) | 110 | 3353 55.1 11,600 5262 | 12,500 5670 150 | 45.72 | 47.5 6,500 2948 7,000 3175
! - 120 | 3658 | 50.6 | 10.900 4944 | 11,600 5262 160 | 48.77 | 43.3 6,200 2812 6.600 2994
130 | 39.62 | 457 | 10300 4672 | 10,900 4944 170 | 51.82 | 38.3 6.000 2722 6,300 2858
140 | 4267 | 403 9,700 4400 | 10400 4717 180 | 54.86 | 32.4 5,700 2586 6,100 2767
150 | 4572 | 344 9,300 4218 9,900 4491 190 | 57.91 25.3 5,600 2540 5,900 2676
160 | 46.77 | 265 | 9.000 | 4082 | 9500 | 4309 40 [ 1279 | 799 | 29500 | 73381 | 14700 | 6668
60 | 7829 | 777 | 13,100 5942 | 14,300 6486 50 | 71524 | 764 | 29500 | 13387
70 | 21.34 | 745 | 11,700 5307 | 12,700 5761 60 | 78.29 | 728 | 29500 | 73387
80 | 2438 | 71.3 | 10.600 4808 | 11.400 5171 70 | 2134 | 892 | 27300 | 12383
90 | 2743 | 67.9 9,600 4355 | 10.400 4717 80 | 2438 | 656 | 24900 | 717295
100 | 3048 | 645 8,600 3992 9,500 4309 10" 90 | 2743 | e1.6 | 22900 | 10387
70 | 110 | 3353 | 609 8,200 3720 8,800 3992 (9.74m) | 100 | 3048 | S76 | 21300 9662
(2134m) | 120 | 3658 | 571 7.600 3447 8.100 3674 - 110 | 3353 | s34 | 19,900 9027
- | 130 | 3962 | s32 7,100 3221 7,600 3447 120 | 36.58 | 48.8 | 18,700 8482
| 140 | 4267 | 489 6.700 3039 7.100 3221 130 | 39.62 | 44.1 17,700 8029
1150 | 4572 | 444 6,300 2858 6,700 3039 140 | 4267 | 388 | 16.900 7666
160 | 46.77 | 393 6,000 2722 6,400 2903 150 | 4572 | 326 | 16,300 7394
170 | 51.82 | 334 5,800 2631 6,100 2767 160 | 48.77 | 25.1 15,800 7167 | 14,700 6 668
160 | 54.86 | 262 | 5600 | 2540 | 5900 | 2676 . 50 | 1524 | 79.4 | 21,400 | 9707 | 14700 | 6668
40 | 1219 | 79.2 | 29,500 | 13381 14,700 6668 (42,67 m) 60 | 71829 | 762 | 19,100 8664
S0 | 1524 | 755 | 29500 | 13381 . 70 | 2134 | 73.0 | 17,200 7 802
60 | 7829 | 71.7 | 29300 | 13290 80 | 2438 | 638 | 15700 7122
70 | 21.3¢ | 678 | 26400 | 717975 90 | 2743 | 66.4 | 14,400 6532 | 14,700 6668
80 | 2438 | 63.8 | 24000 | 70888 100 | 3048 | s3.0 | 13,300 6033 | 14,500 6577
30 90 | 2743 | s9.6 | 22100 | 10025 50° 110 | 3353 | s9.4 | 12400 5625 | 13,400 6078
(9.14m) | 100 | 3048 | 553 | 20,500 9299 (1524m) | 120 | 3658 | 556 | 11,700 5307 | 12,600 5715 2
130’ 110 | 3353 | s0.6 | 19,200 8709 130 | 39.62 | 51.7 | 11,000 4990 | 11800 5352 c
(39.62 m) 120 | 36.58 | 45.6 | 18,000 8165 140 | 4267 | 475 | 10,900 4717 | 11,200 5080 >
u 130 | 3962 | 40.1 17,100 7757 150 | 4572 | 429 9,900 4491 | 10,600 4808 °
: 140 | 4267 | 337 | 16,400 7439 160 | 48.77 | 378 9,500 4309 | 10,100 4581 z
! 150 | 4572 | 259 | 15.800 7167 | 14,700 6 668 170 | 51.82 | 320 9,200 4173 9,700 4400 =
: 50 | 1524 | 788 [ 20900 | 9530 | 14,700 | 6668 180 | 54.86 | 248 9.000 ) <4082 | 9500 | 4309 o
} 50’ 60 | 78.29 | 75.4 | 18,600 8437 70° 60 | 71829 { 790 | 13,700 6214 | 14700 6 666 B
: (15.24m) | 70 | 21.34 | 720 | 16.700 7575 (21.34m) | 70 | 2134 | 76.1 12,300 5579 | 13.400 6078 Q
. 80 | 2438 | e85 | 15,200 66895 | 14,700 6 668 o
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Load

Boom

Jib offset 15°

Jib oHset 15°

2-part load 1-part load Load Boom 2-parl load 1-part load
Boom Jib radlus angle hoist line hoist line Boom Jib radius angle hoist line holst tine
length tength Ft. m Degrees | Pounds | kilograms | Pounds | kllograms fength fength Ft. m Degrees | Pounds |kilograms | Pounds | kilograms
80 24.38 73.2 11,100 5035 12,100 5489 50 15.24 77.9 29,500 13 3871 14,700 6 668
380 27.43 70.2 10,200 4627 11,100 5035 60 18.29 747 29,500 13 381
100 30.48 67.2 9,400 4264 10,200 4627 70 21.34 71.5 29,100 13120
110 33.53 64.0 8,700 3946 9,400 4264 80 24.38 68.3 26,600 12 066
120 36.58 60.8 8,100 3674 8,700 3946 90 27.43 64.9 24,500 11113
140’ 70° 130 39.62 57.4 7.6500 3447 8,200 3720 100 30.48 61.5 22,800 10342
(42.67 m)| (21.34 m) 140 42.67 539 7,100 3221 7.700 3493 30° 110 33.53 57.9 21,300 9 662
- ° 150 45.72 S50.2 6,800 3084 7,200 3266 (9.14 m) 120 36.58 542 20,100 8117
160 48.77 46.2 6,400 2903 6,900 3130 130 39.62 50.2 19,000 8618
170 51.82 419 6,100 2767 6,500 2948 140 42.67 46.0 18.100 8210
180 54.86 370 5,900 2676 6,300 2858 150 45.72 415 17,300 7 847
190 §7.91 31.5 5,700 2586 6,000 2722 160 48.77 36.5 16,600 7 530
200 60.96 246 5,600 2540 5,900 2676 170 51.82 30.7 16,100 7 303
40 | 1219 | 804 | 29,500 | 13381 | 14,700 | 6668 180 | 54.86 | 236 | 15700 | 7722 | 14700 | 6668
50 15.24 77.2 29,500 13 38171 50 15.24 80.4 22,300 10115 14,700 6 668
60 18.29 73.8 239,500 13 381 60 18.29 77.6 20.000 9072
70 21.34 70.4 28,200 12792 70 21.34 747 18,100 8210
80 24.38 67.0 25,800 11703 80 24.38 71.8 16,600 7 530
90 | 2743 63.4 23,800 10796 90 27.43 68.8 15,300 6 940
30’ 100 3048 59.7 22,100 10025 100 30.48 65.8 14,200 6441 14,700 6 668
(9.14m) | 110 33.53 55.8 20,600 9344 110 33.53 62.7 13,200 5988 14,400 6532
120 36.58 51.8 19,400 8 800 50° 120 36.58 59.4 12,400 5625 13,400 6078
130 39.62 474 18,400 8 346 160° (1524 m) |} 130 39.62 56.1 11,700 5307 12,600 5715
140 42.67 42.7 17,500 7938 (48.77 m) 140 42.67 “52.5 11,100 5035 11,900 5398
150 45.72 37.6 16,700 7575 ” 150 45.72 48.8 10,600 4 808 11,300 5126
160 48.77 31.6 16,200 7 348 160 48.77 44.9 10.100 4581 10,800 4899
170 51.82 24.3 15,700 7122 14,700 6 668 170 51.82 40.6 9,700 4400 10,300 4672
180 54.86 358 9,400 4264 10,000 4536
gg ;g;g; ;gjg f;:ggg g ggg 14000 | 6668 190 | 57.97 | 303 9,100 | 47128 9.600 | 4355
70 21.34 73.9 17,700 8029 200 60.96 234 8,900 4 037 9,400 4264
80 24.38 708 16,100 7 303 60 18.29 80.0 14,200 6441 14,700 6 668
S0 27.43 67.7 14,900 6759 A 70 21.34 774 12,800 5806 14,100 6 396
100 30.48 64.5 13,800 6260 14,700 6668 80 24.38 74.7 , | 11,700 5307 12,800 5806
110 33.53 61.1 12,800 5806 13,900 6 305 90 27.43 721 10,700 4854 11,700 5307
150° 50° 120 36.58 576 12,000 5443 13,000 5897 100 30.48 69.3 9,900 4491 10,800 4899
(45.72 m) (15.24 m) { 130 39.62 54.0 11,400 5171 12,200 5534 110 33.53 66.5 9,200 4173 10,000 4536
" 140 42.67 50.2 10,800 4 899 11,500 5216 120 36.58 63.7 8.600 3 901 9,300 4218
150 45.72 46.1 10,200 4627 11,000 4990 20" 130 39.62 60.7 8,100 3674 8,700 3946
160 48.77 41.7 9,800 4445 10,500 4763 (21.34 m) 140 42.67 57.7 7,600 3447 8,200 3720
170 51.82 36.8 9,400 4264 10,000 4536 ) 150 45.72 54.5 7,200 3 266 7.700 3493
180 54.86 311 9,100 4128 9,700 4400 160 48.77 51.1 6,800 3084 7.300 3311
190 57.91 241 9,000 4082 9,500 4309 170 51.82 47.6 6,500 2948 7.000 3175
60 | 7829 | 795 | 15000 | 6804 | 14.700 | 6668 180 | 54.86 | 438 | 6200 } 2812 | 6700 [ 3039
70 21.34 76.8 12,600 5715 13,700 6214 130 57.91 39.7 6,000 2722 6,400 2903
80 | 2438 | 740 | 11400 | 5771 | 12500 | 5670 200 | 60.95 | 351 | 5800 | 2631 | 6.200 | 2872
90 | 2743 | 712 | 10500 | 4763 | 11400 | 5171 210 [ 6401 | 298 | 5600 | 2540 | 6000 | 2721
g g 220 67.06 23.2 5,600 2 540 5,800 2 631
100 30.48 68.3 9,700 4400 10,500 4763 . .
110 33.53 65.4 9,000 4082 9,700 4 400 50 15.24 785 29,400 13336 14,700 6 668
120 36.58 62.3 8,400 3810 9,000 4082 60 18.29 75.5 25,400 13 336
70 130 39.62 $9.2 7.800 3538 8,400 3810 70 21.34 72.5 29,400 13336
* 1(21.34m) | 140 42.67 559 7.400 3357 7,900 3583 80 24.38 69.4 27,400 12 428
150 45.72 52.5 7.000 3175 7.500 3402 170° 30 90 27.43 66.3 25,300 |! 11476
160 48.77 48.8 6,600 2994 7.100 3221 (51.82m) | (9.14 m) 100 30.48 63.1 23,500 10 660
170 51.82 45.0 6,300 2858 6,800 3084 ) ) 110 33.53 58.7 22,000 997
180 54.86 40.7 6,100 2767 6,500 2948 120 36.58 56.3 20,700 939
190 57.91 361 5,800 2631 6,200 2812 130 39.62 52.6 18,600 8891
200 60.96 30.6 5,700 2586 6,000 2722 140 42.67 48.8 18,600 8437
210 64.01 239 5,600 2540 5,900 2676 150 45.72 44.8 17,800 8074 14,700 6 668
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Lead

Boom

Jib otfget 15°

Jib offset 15°

2-part load 1-pert load Loed Boom 2-part load 1-part load
Boom Jib radius angle holst line holst line Boom Jib radius angle hoist line hoist line
length length Ft. m Degrees | Pounds | kllograms | Pounds | kil length length Ft. m Degrees | Pounds | kllograms | Pounds | kifograms
160 | 48.77 | 40.4 ‘| 17,100 7757 | 14,700 6668 100 | 3048 | 681 | 14,900 6759 | 14,600 6623
30" 170 | 51.82 1 355 | 16.500 7484 110 | 3353 | 653 | 14,000 6350 | 14,600 6623
(9.14m) | 180 | 5486 | 299 | 16,000 7258 120 | 3658 { 62.4 | 13,100 5942 | 14300 6486
190 | 57.91 | 229 | 15,700 7122. | 14,700 | = 6668 130 | 39.62 | 595 | 12,400 5625 | 13,400 6078
50 | 1829 | 782 | 20.400 9257 | 12700 | o068 140 | 4267 | ‘564 | 11,700 5307 | 12,700 5761
, 150 | 4572 | 533 | 11,200 5080 | 12,000 5443
70 | 21.3¢ | 755 | 18,500 8392 50
160 | 4877 | 499 | 10700 4854 | 11,500 5216
80 | 2438 | 727 | 17.000 7711 (15.24 m)
170 | 5182 | 464 | 10200 4627 | 11,000 4990
90 | 2743 | 699 | 15700 7122
100 | 30.48 | 670 | 14.600 6623 180 | 54.86 | 426 9,800 4445 | 10,500 4763
190 | s7.97 | ass 9,500 4309 | 10,200 4627
110 | 3353 | s41 | 13,600 6169 | 14,700 6668
200 { 60.96 | 34.0 9,200 4173 9,800 4445
120 | 3658 | 61.0 | 12,800 5806 | 13900 6305
. 210 | 64.01 | 287 9,000 4082 9.600 4355
50 130 | 3962 | 579 | 12,000 5443 | 13.000 5897 2 ATl I o i P oo
(15.24m)| 140 | 4267 | 546 | 11400 | 5171 | 12300 | 5579 20 | 67 - : 4 g
150 { 45.72 | 512 | 10,900 4944 | 11,700 5307 60 | 18.29 | 808 | 14,600 6623 | 14,600 6623
160 { 46.77 | 476 | 10400 4717 | 11,100 5035 70 | 2134 | 784 | 13300 6033 | 14,600 6623
170 | 5182 | 437 | 10,000 4536 | 10,700 4854 180’ 80 | 2438 | 760 | 12,200 5534 | 13,300 6033
180 | 54.86 | 395 9,600 4355 | 10,200 4627 (54.86 m) 90 | 2743 | 736 | 11,200 5080 | 12,300 5579
190 | 5791 | 348 9,300 4218 | 9,900 4491 100 | 3048 | 711 | 10400 4717 | 11,300 5126
170’ 200 | 60.96 | 295 9,100 4128 9,600 4355 110 | 3353 | 686 9,700 4400 | 10,500 4763
(51.82 m) 210 | 6401 | 228 8,900 4037 9,400 4264 120 | 3658 | 66.0 9,000 4082 9,800 4445
60 | 7829 | B0.4 | 14400 | 6532 | 14600 | 6623 130 | 3962 | €34 8500 | 3856 | 9200 | 4173
70 2134 | 779 | 13100 | 5942 | 14400 | 6532 70° 40 | 4267 | 607 | 8000 | 3629 | 8700 | 3946
150 | 45.72 | 57.9 7,600 3447 8,200 3720
80 {2438 | 754 | 11900 5398 | 13.100 5942 (21.34 m)
90 | 27431 729 | 11000 2900 | 12000 5443 160 | 4877 | 550 7,200 3266 7.800 3538
100 {3048 | 703 | 10100 | 4581 | 11,000} 5035 170 | 57.82 | 51.9 6.900 37130 7400 | 3357
y y 180 | 54.86 | 48.8 6,600 2994 7.100 3221
110 | 3353 | 676 9.400 4264 | 10,300 4672
190 | 5791 | 454 6,300 2858 6.800 3084
120 | 36.58 | 64.9 8,800 3992 9,600 4355
200 | s0.96 | 418 6,100 2767 6.500 2948
130 | 39.62 | 621 8,300 3765 9,000 4082
. 210 | 6401 | 379 5,900 2676 6.300 2858
70 140 | 4267 | 592 7,800 3538 8,400 38710
(21.34m)| 150 | 45.72 | 563 7.400 3357 8,000 3629 220 [ 67.06 | 335 5,700 2586 6,100 2767
160 | 48.77 | 532 7.000 3175 7,600 3447 230 | 70.70 ; 284 5.600 2540 5.900 2676
170 | 51.82 | 499 6.700 3039 7200 | 3266 240 | 7375 | 221 5,500 2495 5.800 2631
180 | 54.86 | 465 6.400 2903 6900 | 3730 50 | 1524 | 796 | 29,400 | 13336 | 14,700 6668
190 | 5791 | 428 6,100 2767 6600 | 2994 60 | 71829 | 769 | 29400 | 13336 y
200 | 60.96 | 387 5,900 2676 6.300 2858 70 | 2134 | 742 | 29400 | 73336
210 | 64.01 | 343 5,700 2586 6100 | 2767 80 | 2438 | 714 | 28900 | 73709
220 | 67.06 | 291 5,600 2540 5.900 2676 90 | 2743 | 686 | 26,800 | 72756
230 | 7010 { 226 5,500 2495 5,800 2631 100 | 3048 | 657 | 24900 | 71294
50 | 1524 | 790 | 29400 | 1333 | 14700 | 6668 110 | 3353 | 628 | 23400 | 70614
. 120 | 3658 | 59.7 | 22.000 9979
60 | 1829 | 762 | 29.400 | 13336 30
70 | 2134 | 734 | 20400 | 1333 (9.14m) | 130 | 3962 | 566 | 20,800 9435
80 12438 | 705 | 28200 | 12792 - 140 | 4267 | 534 | 195800 8981
y - . 150 | 4572 | 499 | 18,900 8573
90 | 2743 | 675 | 26000 | 171793
160 | 4877 | 463 | -18,100 8210
100 | 3048 | 645 | 24200 | 10977
190/ 170 | 51.82 | 425 | 17.400 7893
110 | 3353 | 613 | 22700 | 10297
. (57.91 m) 180 | 54.86 | 383 | 16,800 7620
30 120 | 3658 | 58.1 | 21.400 9707
190 | 5791 | 337 | 16,300 7394
(9.14m) | 130 | 3962 | 548 | 20200 9163
, 200 | 60.96 | 283 | 14,800 6713
180 140 142671 512 | 19.200 8709 210 | 6407 | 218 | 11,500 5216 | 14,700 6668
(54.86 m) 150 [ 4572 | 475 | 18.300 8307 : . . )
160 | 4877 | 436 | 17,600 7983 60 | 1829 | 792 | 21,100 9571 | 14,600 6623
170 | 5182 | 393 | 16,900 7 666 70 2134 | 767 | 19,300 8754
180 | 5486 | 345 | 16.400 7 439 80 | 2438 | 742 | 17.700 8029
190 | 57.91 | 291 | 15,900 7212 50 90 | 2743 | 717 | 16.400 7438
200 | 60.96 | 223 | 14600 6623 | 14,700 6668 (1524 my| 100 | 3048 | 69.1 | 15300 6 940
60 | 7829 | 787 |20800 | 9435 | 14600 | 6623 ’ 110 13353 | 664 | 14300 | 6486 :
50° 70 | 2134 | 761 | 18900 8573 1§3 36'58 gg'g 12500 : 154 13500 2500
(1524m)| 80 | 2438 | 735 | 17400 | 7893 9.62 - 12700 § 5767 | 13800 | 6260
90 2743 | 708 16,000 | 7258 | 14600 | 6623 140 | 4267 | S8 12000 | S5443 | 13100 | 5942

{continued)
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-Load

Boom

Jib offset 15°

JIb offset 15°

2-part load 1-part loed Loed Boom 2-part load 1-part load
Boom Jb radius angle holst line holst line Boom Jib radive angle holst line hoist line
fength length Ft. m Degrees | Pounds | kllograms | Pounds | kilograms length fength Ft. m Degrees | Pounds | kilograms | Pounds | kilograms
150 | 4572 | s51 | 11500 5216 | 12400 | 5625 30° 200 | 60.96 | 329 | 14400 | 6532 | 14,800 6623
160 | 48.77 | 520 | 10900] 4394¢ | 11,800 5352 074 210 | 6401 | 277 | 11700 | 5307 | 12,900 5 851
170 | 5182 | 488 | 10500 | 4763 | 11300 | 57126 (9-14m) | 530 | 6706 | 212 8700 | 3946 9,600 4355
so | 180 | 5486 | 453 | 10,100 4567 | 10800 | 4899 60 | 1820 | 796 | 21500 | 9752 | 14600 | 6623
190 | 5791 | 418 9700 | 4400 § 10400 | <717
(1524m}| 200 | 6096 | 376 | 9400 | 4264 | 104100 | 4581 70| 21341 773 1 19600 | 6891
- S S d 80 | 2438 { 749 | 18100 | 8210
210 | 6407 | 332 1{ 9200 47173 96800 | 4445 90 | 2743 | 7222 | 165800 > 620
220 | 67.06 | 28.0 9,000 | 4082 9500 | 4309 100 | 3048 | 700 | 15800 | 7076
230 | 7010 | 217 8900 | 4037 9400 | 4264 110 | 3353 | 674 | 12600 | 6623 :
70 | 21.3¢ [ 789 | 13500 | 67124 | 14600 | 6623 120 | 3658 | 649 | 13800 | 6260 | 14,600 6623
80 | 2438 | 766 | 12400 5625 | 13600 6169 130 | 3962 | 622 | 13000 | 5897 | 14,200 6441
90 | 27.43 | 743 | 11,400 5171 | 12,500 5670 sor 140 | 42.67 | 595 | 123001 5579 | 13.400 6078
100 | 3048 | 719 | 10600 | 4808 | 11600 | 5262 sso4m | 150 | 4572 | se7 | 11700 | 5307 | 12700 | 5761
180" 110 | 3353 | s95 9900 | 4491 | 10800 | 4899 (1524m) | 160 | 4877 | 538 | 11200 | 5080 | 12100 | 5489
(57.91 m) 120 | 3658 | 67.0 9200 47173 | 10100 | 4587 170 | 51.82 | s08 | 10700 | 4854 | 11.600 5262
130 | 39.62 | 645 8,700 | 3946 9500 | 4309 180 | 5486 | 477 | 10300 | 4672 | 11,100 | 5035
140 | 42,67 61.9 8,200 3720 8,900 4037 190 | 57.91 443 10,000 4536 10,700 4854
700 150 | 4572 | 593 7800 3538 8400 | 3810 200 | 60.96 | 407 9600 | 4355 | 10,300 | 4672
(2136m | 160 | 4877 | 566 7.400 | 3357 8.000 | 3629 210 | 6401 | 368 9400 | 4264 | 10,000 | 4536
- 170 | 5182 | 537 7000 | 37175 7.600 | 3447 220 | 67.06 | 324 9100 | 47128 9,700 | 4400
180 | 54.86 50.8 6,700 3039 7,300 3311 200 230 | 70.10 27.4 9,000 4082 9,500 4309
190 | s7.91 | a77 6.400 2903 7000 | 3175 (60.96 mj} 240 | 73.15 | 211 7300 | 3311 8,000 | 3629
200 | 60.96 | 444 | 6200 | 2872 | 6700 | 3039 70 | 2134 | 793 | 13700 | 6214 | 14600 | 6623
210 | 6401 | 4095 | 6000 2722 | 6400 | 2903 80 | 2438 | 771 | 12600 [ s715 | 13800 | 6305
220 | 67.06 | 370 | 58004 2637 | 6200 2872 90 | 2743 | 749 | 11600 | 5262 | 12800 | 5806
230 | 70.70 | 327 5,700 § 2586 6.000 | 2721 100 | 3048 | 726 | 10800 | 4899 | 11,800 | 5352
240 1 73.15 | 278 5,600 | 2540 5.900 | 2676 110 { 3353 | 703 | 10100 | 4581 | 11,000 | 4990
250 1 76.20 | 216 5.500 | 2495 5800 | 2631 120 | 3658 | e80 |. 9,400 | 4264 | 10300 | 4672
50 | 1524 | 80.0 | 29300] 713200 | 14600 | 6623 130 | 39.62 | 856 8,900 | 4037 9,700 | 4400
60 | 1820 | 775 140 | 4267 | 63.1 8400 | 38710 9100 | 4128
70 | 2134 | 749 150 | 4572 | 606 7.900 | 3583 8,600 | 3901
80 | 2438 | 722 | 29300| 713200 70° 160 | 48.77 | 580 7.600 | 3447 8200 | 3720
90 | 2743 || 696 | 27.400 | 712429 (21.34my | 170 | 51.82 | 554 7,200 | 3266 7,800 | 3538
100 | 3048 | 66.9 | 25600 | 711672 180 | 54.86 | 526 6,900 | 37130 7500 | 3402
200" 30 110 | 3353 { 641 | 24.000 | 710886 190 | 57.91 | 497 6,500 | 2994 7100 | 3221
(6096m) | (o.14m | 120 | 3658 | 612 | 22600 | 10251 200 | 60.96 | 457 6,300 | 2858 6,900 | 3130
- - 130 | 3962 | 583 | 21400 9707 210 | 64.01 | 43.4 6,100 | 2767 6,600 2994
140 | 4267 | 552 {20300 9208 220 | 67.06 | 4c.0 5900 | 2676 6,400 | 2903
150 | 4572 | s21 | 19,400 8800 230 | 7010 | 362 5800 | 2631 6200 | 2812
160 | 4877 | 487 | 18600 | 8437 240 | 73.15 | 320 5.600 | 2540 6,000 | 2722
170 | s1.82 | 452 | 17.800 8074 250 | 76.20 | 27.2 5500 | 2495 5900 | 2676
180 | 5486 | 415 | 17.200 7 802 1 260 | 79.25 | 211 5500 | 2495 5800 | 2631
190 | s7.91 | 374 | 15700 7575 | 14600 | 6623
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Notes — jib capacities

1. Loads shown are maximum permissible and in
all cases are limited by strength capabilities of
the machine. Proper design of the substructure
to withstand the loadings imposed by the
machine shall be the responsibility of the
purchaser. A deduction must be made from
these capacities for the weight of the load
handling equipment such as the hook block,
hook, slings, grapple, load weighing devices,
etc.:

2. The operator must make the following
considerations when operating the crane:

a. Make certain the actual load radius is not
greater than the radius specified on the
capacity chart for the load to be lifted. The
load radius is measured from the center of
the tower’s base section to the center of
gravity of the freely suspended load. The
operator must make allowances for
increases in the load radius caused by
stretching of the boom suspension and
deflection of the boom and tower.

b. Prevent shock or impact loading of the
crane's structure especially when operating
during low temperatures.

c. Effect of wind, especially on loads with
targe surface areas.

3. Do notlift aload with the main hoist and a load
with the auxiliary hoist at the same time.

4. For each 10 feet boom foot height above the
lowest hook position, the following deductions
must be made from these capacities:

30 Ibs. (13.67 kg) when using 2 parts of

auxiliary hoist line

20 Ibs. (9.07 m) when using 1 part of auxiliary

hoist line

5. If the 30" (.076 m) x 36" (.091 m) jib is attached
to the boom, the following deductions must be
made from the main hoist lifting capacities:

Jib Length Deduction
30’ (9.14m) -
50’ (15.24 m) 2500 Ibs. (1 134 kg)
70’ (21.34 m) 4000 Ibs. (1 814 kg)

We are constantly improving our products and therefore reserve the right to change designs and specifications.

8. These capacities apply only to the machine as

6. These capacities are based on a 30 mph
(48 km/h) wind in the operating condition.
Consult the manufacturer for operating
limitations when winds exceed 30 mph
(48 kmh). ,
7. For the nonoperating condition, the machine,
reeving, and hook blocks must clear any
obstacles with the boom stowed at its specified
position. This precaution is necessary due to
the weathervane rotation of the crane by the
wind.
1.
originally manufactured and normally
equipped by FMC Corporation, Cable Crane
and Excavator Division.

TOWER MOUNTED WITH CLIMBING FRAME

1. The maximum free standing tower height with
a climbing frame and 170’ (57.82 m) boom is
162'-7Y2" (49.56 m). For tower heights greater
than 162’ 7V2" (49.56 m), consult manufacturer 2.
for additional requirements for the crane.

2. When the crane is in the nonoperating
condition, the boom must be stowed as listed
in the following chart based on'tower height:

Tower Height Boom Position
80'-160’ Stow boom at maximum
(24.38-48.77 m) rated radius
170’ (51.80 m) Stow boom at
horizontal position 3

TOWER MOUNTED WITH CLIMBING FRAME

1. The maximum free standing tower height
without a climbing frame and with 200’
(60.96 m) boom is 162’ 7V2" (49.56 m).
For tower heights greater than 162’ 712" 4
(49.56 m), consult manufacturer for additional
requirements for the crane.

2. When the crane is in the nonoperating

condition, the boom must be stowed as listed 5.
in the following chart based on tower height:

2008 {Phat any
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Boom Position

Stow boom between a 60°
boom angle and
maximum rated radius

170’190’ -~ Stow boom at
(51.82 m-57.91 m) maximum rated radius
200° Stow boom at
(60.96 m) horizontal position

Tower Helght

80'-160"
(24.38-48.77 m)

RAIL MOUNTED WITH TRAVELING BASE

Lifting capacities shown are not more than
66% of the tipping loads calculated under
static conditions with the boom in the least
stable direction. The operator must take into
account the dynamic effects of hoisting,
lowering, booming, swinging, and traveling.
Additional factors to be considered are freely
suspended loads, track, wind, ground
conditions, boom length, and proper operating
speeds for the existing conditions.

The operator must make certain the actual load
radius is not greater than the radius specified
on the capacity chart for the load to be lifted.
The load radius is measured from the center of
the traveling base to the center of gravity of the
freely suspended load. The operator must
make allowances for increases in the load
radius caused by stretching of the boom
suspension and deflection of the boom and
traveling base.

. For these lifting capacities, the operator must

make certain that all specified ballast is
properly assembled to the traveling base.
Ballast may be necessary to meet the stability
requirement as specified on the working areas
and ballast requirement plate.

. Use caution when approaching the rail stops

with the crane bumpers. Excessive speed at
contact may result in crane instability and/or
failurs of the rail stops.

When the crane is in the nonoperating

condition, the rail mounted traveling base must.

be secured with rail clamps or tie downs to
prevent drifting.

.
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FMC Corporation

Cable Crane & Excavator Division
1201 Sixth Street Southwest

P.O. Box 2108

Cedar Rapids lowa 52406

Link-Belt® cranes & excavators
manufactured in: Cedar Rapids lowa
Lexington & Bowling Green Kentucky
Ontario Canada « Milan Italy

Queretaro Mexico & Nagoya Japan (under license)
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THE WORLD TRADE CENTER TOWER-FOUR, LINKBELT 1900 LOST
LOAD INCIDENT: A FINAL REPORT

Noah Manring, Ph.D., P.E.
Mechanical and Aerospace Engineering
University of Missouri, Columbia, MO 65211
573-884-5484, ManringN@missouri.edu

August 3, 2012

Executive Summary

This interim report documents an engineering assessment of the lost-load incident that
occurred on February 16, 2012 at the construction site of the World Trade Center, Tower-Four
using a Linkbelt 1900 crane. Based upon a physical inspection of the failed paits, a numerical

simulation of the crane system, and subsequent testing of the hydraulic fluid, it is concluded that

this incident was caused by the seizure of a distributor in one of the Staffa motors that was used

to operate the main hoist. The seizure of this distributor instantaneously reduced the load-

carrying capacity of the main hoist, thus causing the load to drop to the ground in an
uncontrollable fashion. It is also concluded in this report that the distributor in the Staffa motor
seized due to the poor lubrication properties of the hydraulic fluid that was being used in the
system that failed. Specifically, fluid testing has shown that the hydraulic fluid in the system
contained 5 times the amount of water that is allowed for such systems. Furthermore, the same
fluid testing indicated that there was more than 500 times the recommended number of particles
per volume in the fluid that were in excess of 15 microns. This report concludes with several
recommendations for remedying this problem that was experienced on this crane, and for
insuring a safe work environment for the remainder of the World Trade Center construction

project.
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Introduction

Background, On February 16,2012, a Linkbelt 1900 crane was being used to raise and
lower loads of steel for the construction of Tower 4 of the World Trade Center. During the
incident described in this report, the crane was raising a 48,125 Ibf load from the ground to an
upper story of construction. When the load reached the 48" floor of Tower 4 (or thereabouts) the
crane suddenly “lost the load”; meaning, that the load dropped uncontrollably to the ground.
This lost-load incident was the second of its kind. On October 28, 2011, a load had been lost
while using a Favco 1500 crane to lower a 14,600 1bf load while working on the same tower of
the World Trade Center [1]. These lost-load incidents have given the Port Authority of New
York and New Jersey reason for investigating the events and to take corrective actions that will
insure the safety of the worksite during the remainder of this project. This report is being written
to describe the work that has been performed to investigate the Linkbelt 1900 crane incident, and
to make recommendations for preventing future lost-load conditions of this crane.

Descriptions. Figure 1 shows a labeled photograph of the crane hoist system before the
hydraulic components were removed and inspected at Federated Crane on March 1, 2012. The
primary features of this photograph include: a) the main hoist which is a rotary drum from
which the crane cable is unwrapped for lowering a load (and wrapped for raising a load), b) the
four hydraulic motors that are used to apply raising and lower torque on the main hoist, ¢) the
cross-over relief valve “N” which keeps the high pressure side of the circuit from over
pressurizing, and d) the counter balance valve which is used to hold the crane load in place in the
absence of a command input from the pumps which supply flow to the motors. It should be
noted that the hydraulic power unit (including the diesel engine and hydraulic pumps) is not

shown in Figure 1. Other hydraulic components shown in Figure 1 are used to service the
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auxiliary hoist system for the crane, which is not suspected for any fault in the lost-load incident

of February 16, 2012.

Figure 1. A photograph of the crane hoist system before the hydraulic motors 1-4 were removed
and inspected at Federated Crane on March 1, 2012

Figure 2 shows a schematic for the main hoist hydraulic circuit, with the following notes

identifying several components that are important for understanding the schematic:

A

B

External charge pump

External charge pump filter

Bypass valve for the cooling circuit (normally open as shown)
Gearbox driven by the engine

Main hoist pump

Auxiliary hoist pump, connected to the main hoist circuit during the incident
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Charge pump connected to the main hoist pump

Charge pump connected to the auxiliary hoist pump
Check valve

Charge circuit relief valve

Shuttle valve for the cooling circuit

Orifice for the cooling circuit

Cross over relief valve for lowering

Cross over relief valve for raising

Return line from the main and auxiliary pump case drain
Return filter inside the reservoir

Main hoist motors

Counter Balance Valve

Cooler <é

LK
Engine L oy ;
f“q‘“ F{:} + ] >: :
I - ‘L ‘ S ( L i
Youl o !
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Reservoir
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Figure 2. A schematic of the hydraulic circuit for the main hoist system

N.D. Manring

Page 4 of 24



Other components of the main hoist hydraulic circuit are explicitly labeled in Figure 2. The

following comments are offered to help understand the circuit shown in Figure 2:

1. The orifice for the cooling circuit labeled as L in Figure 2 is not explicitly described
anywhere in the operator’s manual for the Linkbelt 1900 crane. This has been included to
illustrate that this must be a controlled, small amount of flow facilitated by some restriction.
According the Mr. Thomas Kanzler, Chief Engineer for Federated Crane, this component is
actually operated by a relief valve setting that is integral to a Sauer-Danfoss Series 20 pump.

2. The cross-over relief valves labeled as M and N are not explicitly referred to in the operator’s
manual. These are included in Figure 2 because they are commonly used in closed loop
systems, and because Mr. Thomas Kanzler, Chief Engineer for Federated Crane, identified
the valves during the inspection. The cross-over relief valve labeled N is shown in Figure 1
as well.

3. The operator’s manual on page 7-7 discusses a “Motor Drain Circuit” used to provide
cooling for the motors. This is commonly called “motor flushing” and is not unusual to see
in closed loop systems; however, since this “circuit” is integral to each individual motor it is
assumed to be represented within components 1-4 in the schematic.

4. The case flow for the motors is obviously an important concern for this design since the
return flow from the motor case remains unfiltered to avoid back pressure (operator’s
manual, p. 7-5). The Staffa Motor literature [2] also specifies that the case pressure not |
exceed 50 psi.

As illustrated in this schematic, the power for the main hoist is provided by a diesel engine which

drives two Sauer-Danfoss, Series 20, axial piston pumps [3]. These pumps are labeled E and F

in Figure 2, and are used to convert the rotating mechanical energy from the engine into
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pressured fluid that is transmitted through hydraulic lines to four Staffa motors which are
provided by Kawasaki [2]. The motors are labeled 1-4 in Figure 2, and are designed to operate at
low speed (c.a., 300 rpm) while transmitting large amounts of torque to the ring gear of the main
hoist. The torque from each motor is additive which means that all four motors apply
simultaneous effort to raise and lower a load on the crane. The hydraulic system is equipped
with cross-over relief valves that are set near 3,200 psi to prevent over pressurization of the high-
pressure side of the circuit. These relief valves are labeled in Figure 2 by the symbols N and M.
A counter balance valve is shown on the high-pressure side of the circuit in Figure 2, and is used
to hold the load in place while the pumps are operating at zero displacement. In order to raise
the load, the pumps are stroked forward and fluid freely passes through the check valve of the
counter balance valve, and is received by the motors which then exert torque on the ring gear of
the main hoist. In order to lower the load, the pumps are stroked backward and flow is forced
through the opposite side of the circuit. In this mode of operation, the check valve of the counter
balance valve is held closed, while the pressure from the low-pressure side of the circuit is
increased to open the relief valve of the counter balance valve. By opening this relief valve, the
motors are then able to transmit flow across the counter balance valve and the crane then lowers
the load. The net effect of the counter balance valve is to require pump activity for both raising
and [owering the load. In other words, the counter balance valve keeps the load from lowering

based on gravity alone and the load must be “powered” up and down by the pumps.

Machine Inspection on March 1, 2012
On March 1, 2012, the crane / hoist system shown in Figures 1 and 2 was inspected at the

Federated Crane location at 1640 New Market Avenue, South Plainfield, New Jersey 07080.
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Representatives from various private and government entities were onsite to witness the
inspection of the machine components. The process for inspection is described in the following
list of enumerated events:

1. The hydraulic motor labeled 4 in Figures 1 and 2 was disassembled first. There was an
obvious interest in disassembling this motor first because the case had a large hole in it, from
which a connecting rod had been thrown out of the machine during failure, along with
another large piece of metal that appeared to belong to one of the hydrostatic bearings.
Figure 3 shows the type of failure that was observed for Motor 4 (and the other 3 motors).

The following things were observed during the disassembly process:

Figure 3. The typical finding of a motor failure in which metal parts were scattered randomly,
conrod shoes were highly deformed, and motor pistons were either jammed or partially jammed
within their bores.
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a. Two jars of oil were extracted from the motor case before the motor was removed from
the winch pack. These have since been analyzed and will be discussed later in this report.

b. A mechanical key (called the “Oldhams coupling” by the Staffa engineers) which is used
to synchronize the shaft rotation with the distributor (port timing) of the motor was
broken. The distributor, which normally rotates freely in its bore, was stuck in place and
required a hydraulic press operation for its removal. As will be described later, the

seizing of one of these distributors is considered to be the incipient failure that resulted in

the lost-load incident.

c. Seals and o-rings for the motor appeared to be in good shape, with no unusual signs of
extrusion or other deformation.

d. There were many metal parts scattered throughout the motor case ranging from long
strips of material extending up to 30 cm in length to observable metal shavings less than
one millimeter in size. Many small pieces of metal were found of the approximate size of
a penny. Most of these metal parts appear to have come from the mangled hydrostatic
thrust bearings which had been destroyed due to an apparent over-speed phenomenon.

e. The machine was designed with 5 pistons. The piston labeled number 1 was the only
piston to have lost its connecting rod (called a conrod by the Staffa motor engineers). In
fact, the connecting rod was found on the job site, indicating that this was the object that
had most likely created the hole in the motor case. By disconnecting the connecting rod
from the piston, a 5 mm lubrication passage from the pressurized side of the piston was
opened up to the motor case. Initially, this was thought to be a cause for the accident;
however, as it will be shown later, there was sufficient pump capacity to make up for the

flow and therefore a 5 mm hole would not have been sufficient for creating the failure.
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f. A few pistons could still slide in their bores a small amount. When pushed back, the
bores looked clean with normal wear, indicating that a long standing problem of
contamination was not responsible for the motor failure.

g. While the motor case was filled with metal shavings and broken parts of all sizes, the
pressurized side of each piston had small metal shavings that were observable and had
apparently found their way into the pressurized loop of the circuit.

2. The hydraulic motor labeled 3 in Figure 1 and 2 was disassembled next. The following
observations were made:

a. Two jars of oil were extracted from the motor case before the motor was removed from
the winch pack. These have since been analyzed and will be discussed later in this report.

b. This motor exhibited similar failure symptoms of Motor 4 (and typical of Figure 3);
however, the connecting rods were all nominally in place, indicating that the 5 mm
lubrication passages from the pressurized side of the pistons were not opened and
pressure could have been held by these pistons.

¢. The motor’s Oldham coupling was broken and the distributor was seized in the bore.

d. Metal shavings, deformed hydrostatic thrust bearings, and other pummeled parts looked
similar to Motor 4 (and typical of Figure 3).

3. The hydraulic motor labeled 2 in Figure 1 and 2 was disassembled next. The same
comments in 2 above apply.

4. The hydraulic motor labeled 1 in Figure 1 and 2 was disassembled next. The same comments
in 2 above apply.

5. The main hoist pump and charge pump labeled E and G respectively in Figure 2 was

disassembled next. The following observations were made:
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a. Two jars of oil were extracted from the pump case before the pump was removed from
the gearbox. These have since been analyzed and will be discussed later in this report.

b. The charge pump G was in good shape and indicated no unusual wear or other failure
symptoms. Joint seals indicated nothing unusual.

¢. Upon disassembly of the main hoist pump E, the valve plate and barrel face looked good
with other internal parts that looked essentially new. Gaskets and joint seals indicated
nothing unusual.

d. There was no widespread contamination that was observable with the naked eye in this

pump; however, the rotating group had one piston that had seized in its bore and a slipper

had broken away from the ball-and-socket joint. The slipper had broken into at least

three pieces, two large pieces were recovered within the pump case; however, these parts
were not pummeled and do not appear to have created problems for the other pistons
within the pump. This may indicate that the slipper failure was recent,

e. When the slipper broke from the piston, a 1 mm hole was opened up from the working
side of the piston to the pump case drain. The amount of additional leakage generated
from this 1 mm hole is deemed to be insignificant and is not attributed to the incipient
failure associated with the lost-load incident.

f. Upon visual observation, the running surface of the broken slipper looked more scratched
than the running surface of the other slippers; however, none of the scratches observed
were unusual for machines of this type.

g. The seized piston was pounded out of the bore with a hammer and screw driver, and bore
scoring was observed which was typical of a seized piston failure. All other piston bores

looked very good and the pistons were free to slide within them.
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h. The swash plate and other bearing components within the pump looked healthy and
without damage.

i. There was no contamination from the motors that appeared to have made its way back
into the main hoist pump E or the charge pump G.

6. The auxiliary hoist pump labeled F and H respectively in Figure 2 was disassembled next.
The following observations were made:

a. Two jars of oil were extracted from the pump case before the pump was removed from
the gearbox. These have since been analyzed and will be discussed later in this report.

b. The charge pump H was in good shape and indicated no unusual wear or other failure
symptoms. Joint seals indicated nothing unusual.

c. The auxiliary hoist pump F was in good shape and indicated no unusual wear or other
failure symptoms. All internal parts looked essentially new.

d. There was no contamination from the motors that appeared to have made its way back
into the auxiliary hoist pump F or the charge pump H.

7. The external charge pump labeled A in Figure 2 was disassembled next. This pump was
disassembled and indicated no failure symptoms. All parts looked in good operating
condition.

8. A S gallon oil sample from the system reservoir was taken. This sample has since been
analyzed and will be discussed later in this report; however, from visual observations the
fluid appeared to contain a significant amount of water. Oil samples throughout the system
were murky with a greenish tinge. Some jars of oil appeared to have a different shade of

green than others.
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Failure Theories

Preliminary Failure Theories. In a preliminary report [4] written on March 3, 2012,

shortly after the machine inspection of March 1, 2012, six different failure theories were

proposed for explaining the lost load incident. These theories were presented in the following

order of preference:

1.

A failure of the charge pressure relief valve J, shown in Figure 2, caused the pumps to lose
control pressure and thereby reduced the system’s ability to makeup leakage. The system
may have been running hot, exacerbating normal leakage effects, and other leaks may have
opened up due to mechanical failures (a broken conrod in Motor 4, seized piston in Pump E).
This theory was favored at this point due to anecdotal statements about a loss of charge
pressure being suspect for the previous lost-load incident on October 28, 2011.

Failure of the Pump E slipper and a stuck-open relief valve in the counter balance valve
created a leak path that was too large for the system to overcome. The leakage through the
counter balance valve, and subsequently through the open slipper hole caused the load to
start dropping.

The Motor 4 connecting rod breaks creating a leak path that was too large for the system to
overcome and the load began to drop. This theory left the seized piston and broken slipper in
the Pump E unexplained.

The motor flushing system breaks creating a leak path that was too large for the system to
overcome and the load began to drop. No evidence of this failure mode was discovered
during the machine inspection; however, we didn’t look for it either.

The cross over relief valve N fails (sticks open) and creates a short circuit in the hydraulic

loop around the motors. This explains the over speed failure of the motors, but leaves the
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seized piston in Pump E unexplained.
6. The check valves on the main hoist junction block fail creating a short circuit which would

create a failure mode similar to 5 above.

Additional Failure Theory. After the inspection on March 1, 2012, the preliminary

report written by Thomas Kanzler [1] concerning the first lost-load incident of October 28, 2011,
was made available. This report used the same Staffa motors [2] that wete used in the Linkbelt
1900 crane and therefore common failure conditions between these two events were sought. As
it turned out, the most common feature between these two failures was that both failures
involved at least one broken Oldham coupling which synchronizes the motor shaft and the port
distributor for each motor. Aside from one broken Oldham coupling, the motors on the first
failure seemed to be in good shape, indicating that no secondary over speed failures had
occurred. Staffa motor engineers later informed us that the Oldham coupling was designed with
a safety factor in excess of 100, which means that a seized distributor must have occurred in each

case of a broken coupling. If a seized distributor (as indicated by a broken Oldham coupling)

was responsible for the initial failure of both machines, the following question needed to be

answered: ‘“What happens to the lift circuit when a distributor seizes?” To answer this question,

a numerical simulation of the main hoist system was conducted using the Matlab/Simulink®

software package which is capable of modeling the dynamic failure of the crane.

Numerical Simulation
Modeling. To examine the additional failure theory presented above; i.e., that a seized
distributor in one of the Staffa motors caused the lost-load incident for the Linkbelt 1900 crane, a

numerical simulation of the hoist system was conducted using mathematical modeling
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techniques that are well documented for hydraulic control systems [5]. This model included the
supply flow that was delivered by two Sauer-Danfoss Series 20 pumps [3], and the torque
generated on the ring gear of the hoist by four Staffa motors [2]. The load was modeled as a
constant payload of 48,000 Ibf (neglecting the weight of the lifting cables) and for simplicity the
wrapped diameter of the cable around the hoist was assumed to be constant. The output for this
model was designed to be: a) the fluid pressure in the high-pressure side of the circuit, b) the net
torque exerted on the ring gear of the hoist, ¢) the rotational speed of each motor (all four motors
rotate at the same speed), and d) the height of the load above the ground. All four motors were
modeled with some detail, including the instantaneous torque ripple that is applied to the ring
gear from each motor, and the capability of seizing a distributor in each motor was also designed
into the model with the motivation of examining this effect. Figure 4 shows the graphical user

interface for this model as it was implemented using Matlab/Simulink®.

£ ree] i) |

Figure 4. The graphical user interface for the numerical model that was developed in
Matlab/Simulink® for simulating the condition of a seized distributor in one of the motors
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Figure 5. Simulation results for the lost-load incident of the Linkbelt 1900 crane, on February
16,2012.

Results and Discussion. To simulate the loaded condition of the failure that occurred for
the Linkbelt 1900 crane on February 16, 2012, the load was assumed to be lifted from an

elevation of 700 ft in the air by four Staffa motors that were in perfect working condition. After
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10 seconds of operation, one of the distributors in a motor was seized (numerically), which
caused the motor porting to remain fixed for this motor while the motor shaft continued to turn
with the ring gear on the hoist. As shown in Figure 5, the numerical results indicate that the load
began to drop in an uncontrollable manner, shortly following the seizure of the distributor. In
addition, the motor speed reversed direction as the hoist began to unwrap the cable and the load
began to drop. Within 10 seconds, the motors were spinning at over 400 rpm which is in excess
of their rated speed. Within another 10 seconds the motors would be spinning over 800 rpm
resulting in the catastrophic failure of the internal parts that were observed during the inspection
on March 1, 2012 at the Federated Crane location. While the motors are operating in the reverse
direction and are being driven by the ring gear of the hoist, they actually turn into a pump and try
to force fluid into the high pressure side of the system. At the same time, the pumps are trying to
force fluid into the same fixed volume and the net effect is to increase the pressure on this side of
the circuit until the cross over relief valve (labeled N in Figures 1 and 2) opens and allows fluid
to short circuit the system. Since this relief valve is set at 3,200 psi, Figure 5 shows that the
pressure in the high-pressure side of the circuit saturates at this value.

So, what has caused the lost-load incident during a distributor failure of one motor? The
answer is fairly simple. By seizing a distributor in one of the motors, we have effectively
disabled a motor which was needed to generate the lifting capacity of 48,000 Ibf for the crane.
When that lifting capacity became reduced (by one fourth of what is should have been), the load
dropped uncontrollably until it hit the ground. Figure 6 shows the instantaneous torque of all
four motors as they exert effort on the ring gear of the hoist. The motor with a seized distributor
is shown in red, and it can be seen from this figure that the instantaneous torque oscillates about

the mean value of zero. In other words, the average torque effect from this motor is zero. The
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oscillatory effects of this torque on the total system are also shown in the second strip chart of
Figure 5. In the end, this appears to be the most plausible explanation for the lost-load incident

of February 16, 2012.

Figure 6. Instantaneous torque of all four motors being used to lift the load on the Linkbelt 1900
crane. The torque from the motor with a seized distributer is shown in red, and the average value
of this torque is shown to oscillate about zero.

As noted earlier, several failure theories having to do with the inability of the pumps to
keep up with leakage effects in the system were proposed. It should be mentioned that the
numerical model was used to test these theories by keeping all motor distributors functioning

properly, and introducing sudden leak paths into the high-pressure side of the circuit. The results
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of these tests showed that a large hole in excess of a 10 mm diameter would be required to bring
the load down, and even then the load would drop at a fairly slow rate. As no leak paths of that
size were identified during the site inspection or in subsequent valve testing (to be discussed

later), these failure theories have been ruled out and are now considered to be unlikely.

Valve Testing
In order to rule out the possibility of a valve malfunction as being responsible for the

crane failure of February 16, 2012, the counter balance valve and the cross-over relief valve N
shown in Figures | and 2 were removed and taken to a hydraulic test facility to examine their
flow characteristics. These tests confirmed two things:
I That the relief valve of the counter balance valve was malfunctioning in a stuck-open

position where flow was allowed to freely pass in both direction, and
2. That the cross-over relief valve was functioning properly with a setting of 3,200 psi.
Although the counter balance valve was shown to be malfunctioning, it is not our current opinion
that this caused the failure of the crane. The reason for this conclusion is that this malfunction
would have to be coupled with another leak path failure on the pump-side of the circuit, and that
this leak path would need to be characterized by a hole in excess of a 10 mm diameter. Since no
leak paths of this size have been identified, it is assumed that the malfunctioning of the counter
balance valve was benign in this case, and that the more probable cause of failure was a seized
distributor on one of the motors. Based on the lab testing of the cross-over relief valve, the relief
valve setting of 3,200 psi was used in the simulation of the hoist system presented in the previous
section. Figure 5 illustrates this setting by limiting the pressure to 3,200 psi on the high-pressure

side of the circuit.
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Fluid Testing

As previously noted, fluid samples were taken from various places within the hydraulic

system during the inspection on March 1, 2012, at Federated Crane. These samples wete sent to

Analytical Testing Services, 191 Howard Street, Franklin, PA 16323, for a complete analysis of

contamination particles, viscosity, and water content. Table | shows the salient features of this

analysis that were used to make the following conclusions concerning the fluid that was taken

from the hydraulic reservoir drain (ATS Lab ID 83412):
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83410 Oil Sample Charge Filter 3/8/2012 42.84 712 0.071% 88997 20440 23 5 0 0 24/22{12
83411 Aux Pump Case 3/8/2012 42.84 657 0.066% | 88432 16324 5 1 0 0 24/21/9
83412 Hydraulic Reservoir Drain 3/8/2012 43,38 5476 | 0.548% | B7406 84122 55205 20272 468 23 24/24/23
83413 Maln Pump Supply 3/8/2012 42,90 750 0.075% 91100 32485 43 1 1 0 24/22/13
83414 MotorNo 1 3/8/2012 43,38 448 0.045% | 92013 41196 101 4 0 0 24/23/14
83415 Motor No. 2 3/8/2012 43.41 970 0.097% | 88839 25283 62 5 0 0 24/22/13
83416 Motor No, 3 3/8/2012 43,38 877 0.088% 91286 37638 124 7 1 0 24/22/14
83417 Motor No. 4 3/8/2012 43.44 1726 0.173% | 93631 47121 916 38 5 0 24/23/17
83418 Main Pump Draln Case 3/8/2012 42.87 630 0.063% 88281 19148 11 1 0 0 24/21/11
83419 Pump Drive Gear Case 3/8/2012 306.40 1269 0.127% | 118883 | 106076 | 23673 204 1 0 24/24/22
83420 Oil Main Hydraulic Tank 3/8/2012 42,80 1215 0.122% 87574 21359 27 2 0 0 24/22/12
83421 Chevron Rando HD 1SO 46 (Virgin) 3/8/2012 71.78 57 0,006% 12450 1768 17 2 0 0 21/18/11

Table 1. Fluid analysis performed by Analytical Testing Services on March 21, 2012

1.

2.

3.

The water content 0f 0.548% in this fluid is 5 to 10 times too high. Current practice is to

keep the water content less than 0.1% but some recommend keeping the content less than

0.05% [6]. Without any question, fluid that has a water content of 0.2% should be discarded

and replaced and water content is the most important factor in fluid property degradation.

According to the crane Operator’s Manual [7], the contamination level for the fluid is far

above recommended values (off the charts) that are given in Fig 5-35, on page 5-45.

According to ISO 4406:1999 [8], and the Staffa motor literature [2], the class of particles per

milliliter in the fluid greater than 5 microns in size should be less than 18, and the class of
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particles per milliliter in the fluid great than 15 microns in size should be less than 14. From
Table 1, it can be shown that the measured class for each of these particle size conditions is

24 and 23 respectively which means that the number of particles greater than 5 microns is 60

times larger than recommended, and the number of particles greater that 15 microns is 500

times larger than recommended. In other words, contamination levels in this fluid are way

out of bounds.

4. The viscosity measurement is given in Table 1 by 43.38 ¢St at 40C. The minimum viscosity
recommended in the Staffa literature is 25 ¢St. In Don Garrahan’s letter of April 4, 2012, it
was indicated that a AW46 hydraulic fluid was being used in the crane which exhibits a
viscosity of 25 ¢St at a temperature of 58C. In a conversation between Chris Hoffbeck at
Kawasaki Precision Machinery (Staffa motor providers), and Don Garrahan it was affirmed
that the operating temperature of the hydraulic system in this crane never exceeds 58C
(137F) which means that the viscosity requirement for the Staffa motor is satisfied by using
AW46 hydraulic fluid.

Based on the findings of the fluid test report, the following recommendations have been made:

a) that the fluid on existing cranes be checked and monitored every 50 hours for acceptable water

content and contamination levels, b) that a 5 micron filter be used for filter “B” in Figure 2 to

keep the intake fluid clean, and ¢) that a 20 micron filter be used for filter “P” in Figure 2 to
further ensure that catch contamination that may be generated within the system due to normal
machine wear. Note: after the monitoring of the fluid condition has been done for several
months and the fluid condition remains good and stable, it may be appropriate to reduce this

monitoring activity to a 250 hour interval.
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Safety Factor Analysis

After considering the analysis and modeling results presented in this report, and in
consultation with others who have been involved with this project, it has been agreed upon that
the most likely cause of failure for the Linkbelt 1900 crane is the seizure of one of the
distributors in a Staffa motor. Furthermore, the extremely poor fluid conditions of this machine
are most likely the cause of the seizure of the distributor and may also be used to account for the
seizure of a piston in Pump E which resulted in the breakage of slipper. In response to this

situation, a report has been written [9] in which it has been recommended that the payload for the

Linkbelt 1900 crane be limited to 30,000 Ibf until the question of motor-distributor seizure is

answered. This payload limitation will provide a safety factor of nearly 1.40 for a system that
loses one motor due to distributor seizure, and will provide a safety factor of nearly 1.00 for a
system that loses two motors due to the same failure. Once the distributor seizure problem is
resolved, and proper safety checks are put in place for future operation, the load capacity of the
crane may be increased to its more standard capacity which exceeds 48,000 Ibf. Note: when
calculating the payload for the crane, the weight of the cables that are used for lifting the
construction materials should be included in the calculation. The cable weight may be calculated
as follows:

W, = -—l—b—f-xLxN ,
ft

¢

where L is the length in feet of one line of cable hanging downward from the height of the hoist,
and N is the number of cables that are being used to lift the construction materials. For
example, a 700 ft lift using one cable will reduce the acceptable payload to 25,100 Ibf. If two

cables are used for a 700 ft lift, the acceptable payload is reduced to 20,200 Ibf.
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Conclusions and Recommendations

The following conclusions and recommendations are supported by the analysis and

discussion of this report:

1.

That the lost-load incident on February 16, 2012, was caused by the seizure of a distributor in
one of the Staffa motors.

That the seizure of the distributor in the one of the Staffa motors was caused by poor
lubrication stemming from inadequate fluid conditions.

That the mode of failure identified here for the Linkbelt 1900 crane is probably the same
mode of failure that caused the earlier lost-load incident for the Favco 1500 crane on October

28,2011,

The following recommendations are offered to remedy the existing problem of distributor seizure

and lost-load failures for the Linkbelt 1900 crane:

1.

That until the seized distributor problem is resolved; the payload for the crane (including the
weight of the lift cables) should be limited to 30,000 1bf.

That the hydraulic filtration system be equipped with 5 micron filters at location “B” in
Figure 2, and that 20 micron filters be used at location “P” in the same figure.

That fluid contamination and water content levels should be checked every 50 hours of
operation by sampling fluid from the hydraulic reservoir. The water content should routinely
be measured at less than 0.1% and the contamination levels should be cleaner than a rating of
18/14 using the ISO 4406 standard. Fluid exceeding these levels should be discarded and
replaced with new AW46 or AW68 hydraulic fluid.

That after at least 200 hours of regular monitoring of the hydraulic fluid (every 50 hours)

which has shown acceptable water content and cleanliness ratings, the fluid monitoring
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program may be reduced to a frequency of 250 hours. Again, fluid exceeding the
recommended levels of water and contamination should be discarded and replaced with new
AW46 or AW68 hydraulic fluid.

5. That after the 250 hour fluid-monitoring frequency is implemented based on regular and
healthy fluid sampling, the reduced payload recommendation of 30,000 Ibf may be relaxed
and the crane may once again be used at its maximum lift capacity. Note: the monitoring of
fluid should continue every 250 hours throughout the duration of the World Trade Center

project.

References

[1] Kanzler, Thomas. December 12, 2011. Interim Report on Favco 1500 Tower Crane,
CD3450, #4 World Trace Center. Federated Crane Co., LLC. 1640 New Market Avenue,
South Plainfield, NJ 07080.

[2] Staffa Dual Displacement Hydraulic Motor, HMC 080. Kawasaki Motors Corp., USA
Precision Machinery Division. 5080 36™ Street S. E., Grand Rapids, M1 49512.

[3] Series 20 Axial Piston Pumps, Technical Information. Sauer-Danfoss (US) Company. 2800
East 13" Street, Ames, IA 50010.

[4] Manring, Noah. March 3, 2012. The World Trade Center Tower-Four, Linkbelt 1900 Lost
Load Incident: Investigation of Pump and Motor Damage. University of Missourt,
Columbia, MO 65211,

[5] Manring, Noah. 2005. Hydraulic Control Systems. John Wiley & Sons. New York, NY.

ISBN 0-471-69311-1

N.D. Manring Page 23 of 24



[6] Radhakrishnan, M. 2003. Hydraulic Fluids: A Guide to Selection, Test Methods, and Use.
American Society of Mechancial Engineering Press. New York, NY. ISBN 0-7918-
0184-5.

[7] Operator’s Manual: TG1500-1900-2300-2300B (unknown date). Section 7 — Hydraulic and
Pneumatic Systems and Schematics. (unknown publisher).

[8] International Standard ISO 4406. 1999. Hydraulic fluid power - Fluids — Method for coding
and the level of contamination by solid particles, 2" ed.

[9] Manring, Noah. March 17,2012, Recommendation for the Maximum Crane Payload for
Cranes operating at the World Trade Center Job Site. University of Missouri, Columbia,

MO 65211.

N.D. Manring Page 24 of 24



APPENDIX



REFERENCE 1. KANZLER REPORT



" Federated Crane Co., L.L.C.

y 1640 New Market Avenue, South Plainfield, NJ 07080
Engineering Office:

Phone: (585) 381-1663

Fax: (585) 381-5336

Email: tkanzler@rochester.rr.com

i

December 12, 2011

Port Authority of NY & NJ

115 Broadway

8" Floor

New York, NY 10006

Attn: Ms. Maureen Lynch-Jacobs

Subject: #4 World Trade Center, Faveo 1500 Sliding Tower Crane (CD3450)
Main Winch Hydraulics Interim Report
Dear Ms. Lynch-Jacobs:

Reparding vour request for examination and review of the subject tower crane winch system, [ am pleased to
ofler the attached Interim Report for your consideration.

As always, if there are any questions, or if [ can be of any other assistance, please do not hesitate to call.

- //
e ///

Thomas Kanzler,
Chief Engineer

ce: M. Schiavoni
L. Shapiro

enc.




7 Federated Crane Co., L.L.C.

| 1640 New Market Avenue, South Plainfield, NJ 07080
Engineering Office:

Phone: (585) 381-1663

Fax: (585) 381-5336

Email; tkanzler@rochester.rr.com

L e el

Interim Report
on
Favco 1500 Tower Crane
CD3450
#4 World Trade Center

Submitted to
Ms. Maureen Lynch-Jacobs
Port Authority of NY & NJ
115 Broadway
8™ Floor
New York, NY 10006

December 12, 2011

by

Thomas Kanzler, PE
Federated Crane Co., L.L.C.



Federated Crane Co., L.L.C.
South Plainfield, NJ

Table of Contents

1 EXECUTIVE SUMMARY ...oiiiiiiiiiiiiiiiiinisiiienincessiimiemeessissisinsinmesiets isssiasiessssssssanessesssssssssseneses 3
] INTRODUCGTION ... ettt sbe et e e e are e 4
1] SYSTEM DESCRIPTION .....oiiiiiiiiiiiiii i i bbbt e 4
v NORMAL OPERATION ..ottt ettt et a et saen e s srbeeren e 7
\ SITE VISIT OBSERVATIONS ......oiiiiiiiiiii i ettt e st 9
Vi, INCIDENT SEQUENCE OF EVENTS ...ttt 13
VIl SUMMARY AND CONCLUSIONS ..ottt 16
VI PHOTOGRAPHS ..ottt ettt sb ettt e 17
1X CHARGE CIRCUIT WIRING DIAGRAIMS .......cocoiiiiiiiiiiiiiiciiie ittt 22
X. SIMPLIFIED HYDRAULIC CIRCUIT DIAGRAM ......ccoiiiiiiiiiriinirenienin e aceanies e siea e niee e appendix 1
Xi. STAFFA MOTOR INSPECTION REPORT .......oooiiiiiriiniiiiee vt snie e e e appendix 2
December 12,2011

Page2 of 25



Federated Crane Co., L.L.C.
South Plainfield, NJ

I. Executive Summary

A Favco model 1500 tower crane using the main hoist to lower a 14,600 Ib load at #4 World Trade
Center experienced an event where the load accelerated and travelled downward in an uncontrolled
manner approximately 100 ft before being arrested by the mechanical braking system. Hydraulic fluid
was observed in large quantities in the vicinity of the hoist motors after the fact.

An examination of the hydraulic motors at a remote site, and of the hydraulic system on the subject
crane at the project site, revealed deficiencies in both hydraulic system performance, and in hydraulic
and electro-hydraulic components and interconnections. The noted deficiencies include a broken and
bypassed hoist speed range pressure switch, improperly set main load relief valve, improperly set
cooling shuttle relief valves, severe loss of charge pressure under load, and improperly connected charge
pressure protection circuitry.

Hydraulic motor cavitation was the eventual result of one or more of the deficiencies noted, which is
supported by the internal damage exhibited in all three motors, and is the most likely cause of the hoist
failure. It was brought on by one of several possible failures in systems intended to prevent such an
occurrence, in particular a worn main hoist hydrostatic pump, and a malfunctioning charge pressure
switch circuit. Damage to the motors appears to be cumulative, suggesting cavitation problems probably
existed for some time.

The runaway load event was initiated by ongoing motor cavitation and lack of internal lubrication,
resulting in the distributor section of one motor (out of three) seizing in its bore, and shearing the drive
coupling between the crankshaft and distributor. The resulting decrease in total combined motor
displacement, and the complementary increase in operating pressure of the remaining two motors,
contributed to the continued cavitation and resulting loss of ability of the motors to support the lifted
load.

The low charge pressure safety system did not activate as designed to prevent such an occurrence by
automatically setting all hoist brakes, and the load was allowed to drop in an uncontrolled manner. The
load was eventually arrested when the crane operator returned the manual hoist control to its neutral
position, setting the mechanical holding brakes.

This report is based on information available at the time of writing, including the final report from the
manufacturer of the hoist hydraulic motors (see appendix 2), and on additional information gained
through further examination and testing of the subject crane after the preliminary report was submitted
on November 22, 2011, but without benefit of a detailed investigation of the main hoist hydrostatic
pump beyond field testing. It is subject to revision once the pump has been examined and tested.
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II. Introduction

On October 28, 2011, a Favco 1500 working at #4 World Trade Center was lowering a 14,600 Ib load
using the Main Hoist and experienced an event where the load accelerated and travelled downward in an
uncontrolled manner approximately 100 ft before being arrested by the mechanical braking system.
Hydraulic fluid was observed in large quantities in the vicinity of the hoist motors after the fact, with no
other damage reported.

This report is in response to a request by the Port Authority of New York & New Jersey to investigate
and determine the root cause of the event.

III. System Description

The subject tower crane utilizes a three drum diesel-hydrostatic winch unit, serial number 100120, but
the auxiliary winch drum unit was not installed. Three Staffa HMC080 dual-displacement five-cylinder
radial hydraulic motors drive the main hoist drum through open spur gears mounted to countershafts.
The motors normally displace either 90 cubic inches, or 25 cubic inches, with the larger displacement
being the default condition. One motor was found to be non-standard, with 90 and 45 cubic inch
displacements. Three external spring-applied, pneumatically-released band brake units are mounted at
the opposite end of the countershafts, and provide load holding and emergency stopping. Control of
primary functions, particularly hydrostatic pump actuation and brake release, is through pneumatic
actuators remotely controlled by pneumatic operator control levers.

All three hydraulic motors are plumbed into a common manifold block such that the Raise ports of the
motors are connected to each other in parallel, as are the Lower ports. Motor displacement is
hydraulically shifted between maximum and minimum displacement. Two motors shift together into
minimum displacement for intermediate winch speed range, and the third can be shifted to minimum
displacement once the first two have shifted for high speed range. Winch line pull is reduced in the two
higher speed ranges.

The motors are powered by a single Sundstrand Series 27 hydrostatic pump displacing 20.36 cubic
inches per revolution. It is driven by the onboard diesel engine through a multi-output pump drive
gearbox at 1:1 ratio to engine speed. The pump has an integral charge pump displacing 4.0 cubic inches
per revolution, also turning at engine speed.

The hoist circuit is of the closed-loop, or hydrostatic type, which operates by driving hydraulic fluid
under pressure from the pump, through the motors, returning directly to the pump in a continuous fluid
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column as the motors are driven. The fluid can be pumped in either direction, with a continuously
variable flow rate up to its maximum in either direction, by changing the pump’s internal piston drive
mechanism via an external control. When the pump is not actively controlled, it centers itself and no
fluid flows in the working circuit, holding the motors essentially stationary. The pump is capable of
supporting a pressurized fluid column at zero flow, which translates to holding a lifted load stationary,
and when flowing in a direction opposite to the pressurized fluid column, as when lowering a load.

External control of hydrostatic pumps is through a small double-acting pneumatic actuator mounted to
the pump and controlled by a joystick in the operator’s cabin. Except for the semi-independent control
of the hoist brakes, and the hoist speed range selection, all other functions of the hydrostatic drive circuit
are fully automatic, and not under the operator’s direct control.

Positive control of suspended loads is provided by a counterbalance, or load holding, valve in the Raise
side of the circuit. This valve provides controlled resistance to movement of the fluid column on the
Raise side of the motors in the hoist down direction (lowering) to prevent flow out of the motors and
back to the pump unless fluid is pumped under pressure through the other side of the circuit to positively
drive the motors downward. A small pressure signal line from the Lower side of the circuit opens the
Load Holding Valve in proportion to pressure in the Lower side of the valve, modulating the fluid flow
and controlling the winch motion. This valve is internally bypassed in the opposite direction, and has no
effect while the load is being hoisted. It acts, in essence, as a hydraulic backstop or ratchet system.
There is a Fixed Restriction in the pilot (signal) line that slows the pilot fluid column to prevent erratic
response of the Load Holding Valve and subsequent jerky winch operation.

A Load Relief Valve connects the two sides of the working loop immediately after the motors. Over-
pressurization of the fluid column on the load (Raise) side, will bypass fluid to the non-load (Lower)
side under resistance, softening an abnormally high deceleration, and reducing the risk of cavitation of
the motors. The pressure setting of the Load Relief Valve is substantially higher than the greatest
working pressure across the hydraulic motors, to prevent fluid bypass during normal operation and loss
of control of the load.

Since the hydraulic fluid in the closed circuit will gain heat and contamination as it works, a cooling
shuttle is employed to remove a portion of the fluid for cooling and filtration. The Cooling Shuttle
Valve is shifted off center by pressure in the working loop, to one side or the other depending on which
side has the highest pressure, which is usually the Raise side. Fluid from the low pressure side of the
loop is allowed to flow through the other side of the Cooling Shuttle Valve, resisted by the Shuttle
Relief Valve to maintain a minimum pressure in the low pressure side of the circuit, and delivered to the
heat exchanger (not shown) and reservoir, where multiple stages of filtration (not shown) are employed
to maintain fluid cleanliness. No fluid normally flows through the Cooling Shuttle Valve when the
circuit is at rest, as the two sides of the working circuit after the Load Holding Valve are at the same low
pressure.
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N T T I s R e

Hydraulic fluid removed from the working circuit through the Cooling Shuttle Valve is replenished by
the Charge Pump. When the winch motors are at rest, with equal fluid pressure in either side of the
working circuit, the Charge Pump flow is returned to the Reservoir. A minimum pressure throughout
the circuit is maintained by the Charge Relief Valve, which is internal to the Hydrostatic Pump. Fluid
relieved through the Charge Relief Valve also serves to flush contamination from within the Hydrostatic
Pump case, and to provide necessary cooling, as the pump internal components rotate constantly with
the diesel engine even when the hoist is not actively working.

The other critical function of the Charge Pump is to maintain a minimum system pressure in all parts of
the working circuit. As a pump or motor rotates and displaces fluid on piston extension, fluid must fill
the cylinders as the other pistons retreat, which requires some relatively low pressure on the non-
working side of the circuit. If the minimum pressure is not available to drive the fluid into the motors
and pump, cavitation would result, potentially causing damage to the rotating group, and in the case of
winch motors, potentially loss of control of the motors and lifted load.

Motor displacement changes are accomplished by tapping high pressure fluid from the load (raise) side
of the circuit to shift the motors’ internal displacement servo when one or both electro-hydraulic valves
are shifted. These valves are controlled by the operator when selecting a winch speed range, with

‘ operation of these valves prevented when a load greater than that allowable for the selected range is
detected by the Pressure Switches, commonly referred to in the field by the brand name “Barksdale”.
With both valves deenergized all motors are in full displacement, and the hoist is in low speed range.
This is the default fail-to-safety state.

To effect displacement changes in the motors, a round eccentric on the crankshaft on which the piston
slippers bear is displaced off center either a small amount when one port is pressurized, giving small
displacement (‘high’ speed), or a large amount when the other port is pressurized (‘low’ speed). The
amount of eccentricity determines the stroke of the hydraulic pistons in their bores, so that short stroke
results in minimum displacement, and long stroke gives high displacement. Maximum and minimum
displacements are determined at manufacture, and are not adjustable. Standard hoist motors for this
winch have 90 cubic inches per revolution in high displacement, and 25 cubic inches per revolution in
low displacement.

A substantial volume of hydraulic fluid is required to shift each motor, to either maximum or minimum
displacement, therefore an Adjustable Restriction in the supply line to the valves limits the rate of
change. This is to prevent an excessive momentary fluid flow rate out of the load (raise) side of the
working circuit, resulting in the motors’ intake ports being starved of hydraulic fluid and cavitating,
particularly when running at speed.
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IV. Normal Operation

With the engine at governed speed and the operator’s controls in neutral, only the Hydrostatic and
Charge Pumps are rotating, along with ancillary pumps such as a climber pump, if present. If the hoist
function is not active, the Charge Pump draws hydraulic fluid from the Reservoir, and dumps most of its
output flow over the Charge Relief Valve into the Hydrostatic Pump case, which is returned to the
Reservoir. There is a small leakage flow through all of the motors under charge pressure alone, which is
intentional and normal. The Charge Pressure Switch will remain closed as long as the minimum
required charge pressure of 110 psi is maintained or exceeded. Operation of the pneumatic control
system is enabled. Charge pressure falling below 110 psi at any of the three Charge Pumps will disable
all manual controls, set all of the hoist brakes on all winches, and light a red Charge Pressure light on the
operator’s console.

Since the Cooling Shuttle Valve experiences the same pressure from both sides of the working circuit, it
remains centered. In that state, no fluid passes through it to the Shuttle Relief Valve. The Load Holding
Valve remains closed, blocking the Raise side of the working circuit as a backup to the winch drum
holding brakes. The Load Relief Valve also remains closed, blocking passage of hydraulic fluid from
one side of working circuit to the other. All motors experience the same charge pressure on both
working ports, generating no torque and therefore no movement. The suspended load or empty hook
remains stationary and secure with the brakes applied.

As the operator moves the control lever in the Hoist (Raise) direction, the band brakes are pneumatically
released, and the Hydrostatic Pump control is displaced off center such that its pistons go from zero
displacement to some small displacement in the Raise direction. With even a small displacement,
pressure in the working circuit becomes unbalanced, with the Raise side experiencing higher pressure
than the Lower side.

If the pressure imbalance is not great enough to overcome the pressure induced in the motors by the load
as the brakes are released, the Load Holding Valve will mostly prevent the load from moving
downward. It will, however, creep slowly as the motors’ internal leakage allows some fluid to bypass
the pistons, into the motor cases, and back to the Reservoir (drain lines not shown in the diagram). The
greater the supported load, the greater the bypass flow rate, and the faster the load will creep downward.
The Charge Pump supplies makeup fluid to replace the fluid lost in the circuit through internal motor
leakage.

As the operator displaces the control further from center, the Hydrostatic Pump stroke is increased, and
the fluid column supporting the load moves faster to hoist the load. Fluid bypasses the Load Holding
internally, and continues up to and through the motors, driving the load upward. Pressure in the host
side of the working circuit is a function of total motor displacement and applied load torque at the motor
shafts, with higher loads requiring greater circuit pressure.
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While hoisting, the low pressure side of the working circuit is maintained at or above the minimum
pressure required to keep the pump and/or motors supplied with fluid at their intake ports by the Charge
Pump, through the back-to-back makeup Check Valves internal to the Hydrostatic Pump. Since there is,
by necessity, a pressure unbalance between the two sides of the working circuit, the Cooling Shuttle
Valve is deflected off center. When shifted off center, the circuit side experiencing the higher pressure
remains blocked (internally in the Shuttle), but the lower pressure side passes fluid through the Shuttle
and to the Shuttle Relief Valve, which maintains a minimum system pressure on that lower pressure
side. Fluid taken from the low pressure side is sent to the cooling and filtering systems.

Replenishment fluid is provided as before from the Charge Pump and replenishment Check Valves
internal to the Hydrostatic Pump, which allow fluid flow from the Charge Pump to whichever side of the
working circuit is experiencing the lower pressure.

Load lowering is accomplished the same way, with flow directions being reversed, with the exception of
the Load Holding Valve, which does not allow free passage of hydraulic fluid from the motors to the
pumps without restriction. The Load Holding Valve remains closed, blocking fluid flow that would
allow the load to be lowered, unless and until the pressure in the Lower side of the circuit is high enough
to pilot the valve open, allowing the fluid column to pass. This piloting action assures that there is
positive pressure to ‘drive the load downward’, and absent that pressure, the Load Holding Valve will
prevent the load from descending at more than a creep speed as long as the engine is running, with the
Charge Pump supplying makeup fluid for that bypassed within the motors. The control system would
prevent the brakes from releasing, or apply them if already released, upon loss of charge pressure, which
makes it an inherently fail-safe system.

Speed range changes are initiated when the operator selects a speed range other than ‘low’. Using
‘intermediate’ for this example, the load is taken in ‘low’ speed and supported on the hydraulic system
with the brakes released. If the suspended load is less than the maximum allowable for the intended
higher speed range, as indicated on the Load Gauge in the operator’s cab, the selector switch is turned
by the operator to ‘intermediate’, and the load can be lifted or lowered normally in the intermediate
speed range.

The hydraulic motors shift displacement when the operator control stick is moved far enough off center
to cause a 25 psi or greater control pressure to the Hydrostatic Pump pneumatic actuator, but only as
long as the hydrostatic working circuit pressure at the Pressure Switch (Barksdale) is not greater than the
pressure setting of the Pressure Switch before the control pressure exceeds 25 psi. If the working circuit
pressure is higher than the Pressure Switch setting for that speed range, it will open, preventing shifting
of the hydraulic motor displacement control.
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The reason the pressure in the ‘low’ speed range is proofed by the control system prior to and during
shifting is because the displacement ratios of the hydraulic motors are approximately 2:1 when shifting
from ‘low’ speed range to ‘intermediate’. The total displacement of the three hydraulic motors in ‘low’
range is 270 cubic inches, and in ‘intermediate’ it is 140 cubic inches. The pressure required to support
a given load in “low’ speed will roughly double once the two motors that shift for ‘intermediate’ speed
are both shifted to minimum displacement (recall that the third motor remains at full displacement in the
‘intermediate’ speed range). The setting of the Pressure Switch Intermediate, which is part of the
Barksdale unit (contains both Intermediate and High pressure switches — see block diagram) is
approximately 1500 psi.

Shifting to ‘high’ speed range from ‘intermediate’ speed will similarly reduce the total motor
displacement at about a 2:1 ratio, or another doubling of the hydrostatic working circuit pressure to
support a given load. The Pressure Switch High is therefore set at a proportionately lower pressure of
about 700 psi, preventing shifting of all three motors with a load too heavy for ‘high’ speed range and
the resulting working circuit pressure on the Raise side.

While it is possible for the operator to improperly set the speed range selector to ‘high” with a load too
heavy for that speed range, the Pressure Switch High will prevent shifting of the third motor, restricting
the speed to the ‘intermediate’ speed range. Similarly, if the load is too great for even ‘intermediate’
speed range, both Pressure Switches will open, preventing activation of either of the two Shift Valves,
leaving all three motors in full displacement, or ‘low’ speed range.

V. Site Visit Observations

Thursday, November 17, 2011
Powertech Motion Control, Inc. facility

In the aftermath of the reported runaway load incident, all three hydraulic motors were sent to
Powertech Motion Control, Inc. in Mahwah, NJ for dismantlement and inspection. Mr. Chris Hoffbeck,
Engineering Supervisor for Kawasaki Precision Machinery (USA) Inc., makers of the Staffa product
line, was brought in to examine the motors and render an opinion on the cause of failure.

Discussions with Mr. Hoffbeck at the Powertech facility lead to the conclusion that the motors were
over-sped, starved of hydraulic fluid, or both. Discoloration of the bores of the distributor units across
all three motors suggests repeated events of over-speed operation and/or fluid starvation. Galling of the
distributors and matching bores was probably caused by this fluid starvation, leading eventually to the
seizure of the distributor in one of the motors when the Oldham coupling connecting it to, and
synchronizing it with, the crankshaft of the motor was sheared off due to excessive torque load in the
distributor.
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According to reports from the field, and verified when it was disassembled, one of the motors had blown
its main shaft seal and spilled a substantial amount of hydraulic fluid. This was almost certainly caused
when the motor experienced a great enough fluid starvation (partial vacuum) event to draw the internal
sealing O-rings out of their grooves, allowing high pressure hydraulic fluid to bypass them once pressure
was restored (as described below), putting system pressure at potentially high flow rates into the motor
case, and in turn blowing the main shaft seal.

Mr. Hoffbeck’s report is attached (appendix 2).

Friday, November 18, 2011
Favco 1500 crane, #4 World Trade Center

A visual inspection was performed of the subject crane, with emphasis on the Main Hoist hydrostatic
system and related components. Hydraulic pressures were checked at numerous locations, functionality
of various safety systems was checked, and load history data was downloaded from the Markload
Mariner safe load indicator system.

Machinery

A detailed inspection of the machinery was not performed, but a cursory inspection did not indicate any
obvious deficiencies. The open spur gear teeth driving the main load drum did not show obvious signs
of excessive wear, nor was there any obvious indication of countershaft bearing movement or
misalignment. Brakes had covers in place, and air lines appeared to be in good condition.

Hydraulic motors were replaced after the incident in order to raise the load hook to its out-of-service
position, and were therefore assumed to be in new or like-new condition. Countershaft couplings should
have been visually inspected at the time the motors were replaced (by others), but could not be checked
without removing the motors.

As the mechanical equipment was not originally suspected as a cause of the event, further investigation
was not indicated.

Hydraulic System

Many new or recent vintage hydraulic hoses were in evidence, including main working circuit hoses.
Manifolds, vaives, junction blocks and in-line devices appeared to be in good condition. No obvious
damage from rigging devices or human abuse was observed. Hydraulic fluid leakage was observed to
be no more in evidence than normally expected with any diesel-hydraulic power unit that has been in
service. No fluid leaks were observed during testing other than those initiated by installation and
removal of test instrumentation.
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The hoist up cross port relief valve (Load Relief Valve in the block diagram) was observed to be
adjusted all the way in, or approximately to its highest setting. Pressure testing of this valve while on
the machine, with the load drum mechanically locked and the hydrostatic pump control activated by
hand for precise control, was inconclusive as to the actual pressure setting, but the system was brought
to approximately 4000 psi in the hoist up direction without evidence of fluid bypass on overpressure
(valve opening). The hydrostatic pump would not develop more than 4000 psi. Bench testing would be
required to determine functionality and pressure setting of this valve. The relief setting of this valve
should be approximately 3900 psi.

Unconfirmed reports from the field are that this relief valve was adjusted in the field at one point to limit
SLP to 24,000 Ib, though it would not be possible to determine what pressure it was adjusted to after the
fact, or even if it actually was adjusted downward in the first place. It is only mentioned because there is
evidence of missing paint and rust, and is the only valve of its type out of a total of six such valves that
had the appearance of recent adjustment, recent meaning after the crane was last painted.

Charge pressure was checked at the test port on the charge pump, and determined to be approximately
390 psi with the pump not stroked (neutral), which is at the high end of the normal range. Since the
crane had not been running long, and only with all drums stationary, the hydraulic fluid temperature was
lower than normal steady-state running temperature limits, and charge pressure would be expected to be
a little high under those conditions.

Charge pressure was also checked at the cooling shuttle manifolds, which registered no more than 140
psi at governed engine speed at one, and 150 psi at the other. However, both shuttle valves should have
registered something less than that when the hydrostatic pump was neutral, and over 170 psi (relief set
pressure) when the pump is on-stroke (not neutral) due to flow pressure within the valve, and
backpressure in the lines returning to tank.

Extremely brief gauge readings of near zero pressure at the shuttle relief valve with small hydrostatic
pump actuation motion suggested broken centering springs, a broken or damaged valve spool, or binding
of the spool within the valve body. Failure to achieve at least set pressure with the hydrostatic pump on-
stroke suggests charge relief pressure setting too low and/or a broken or otherwise malfunctioning
cooling shuttle valve or valves.

The Load Holding Valve had a plastic cup attached, ostensibly to catch fluid leaks from that valve. No
significant fluid quantity was observed in the cup, and personnel on the crane explained that it was to
catch an intermittent drip, which was subsequently stopped by tightening the valve attachment. No
further investigation was warranted at that time.
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The Adjustable Restriction in line with the high pressure hydraulic fluid supply to the High and
Intermediate Shift Valves appeared to be set at or near its least restrictive setting. The potential flow
rate out of the working circuit on the load side to the motor shifting actuators could not be determined
without a flow meter,

Electrical and Controls

The intermediate and high speed range pressure switches are contained in a single unit, made by
Barksdale Control Products, with a single load pressure signal feed hose teed from the same port the
load gauge in the operator’s cab is tapped from, and the motor hydraulic displacement shifting fluid
supply to the High and Intermediate Shift Valves. The two pressure switches contained therein are
independently adjustable for opening on rising pressure.

One of the two switches presently does not function, and is bypassed with a short jumper wire. The
functioning switch is improperly set at approximately 1500 psi (700 psi would be appropriate), and is
connected in series with the High Shift Valve. The Intermediate Shift Valve is connected to the bypass
jumper in such a way that intermediate speed is not directly selectable with the operator’s control
switch, and only low and high speed ranges are selectable.

The Markload safe load indicator overload function was tested with the engine off, and the hoist up
enabling circuitry was disabled when a load in excess of 24,000 Ib was simulated with an external
potentiometer load pin simulator. The appropriate warnings and hoist up shut down features functioned
as intended with the engine running, stopping the drum (empty hook) and setting the brakes.

Wednesday, November 30, 2011
Favco 1500 crane, #4 World Trade Center

Additional testing of the Hydrostatic Pump and Charge Pump was performed. Charge pressure was
measured as the Hydrostatic Pump was stroked against a locked main hoist drum. Charge pressure was
observed dropping to near zero psi as the pump came on stroke, climbing again when the manual control
was held steady in a fully-stroked position. This was repeated a number of times, with similar results.

The Charge Pressure Switches (Barksdales) on all three hoist pumps were opened and examined. The
boom pump Charge Pressure Switch signal hose was observed to be disconnected from the pump, and
the auxiliary pump Charge Pressure Switch connected in its place.

Wiring and connections of the Charge Pressure Switches was examined. An unnumbered jumper wire
was found between the normally closed (NC) terminals of the main and boom Charge Pressure
Switches. The function of the jumper wire was not clear at the time this observation was made.
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Wire number 109 was found landed on the common terminal of the boom pump Charge Pressure
Switch, rather than the normally open (NO) terminal, where it would normally be found.

The improper connection of wire number 109 had in effect overridden the Charge Pressure Switches,
allowing the control system to supply compressed air to the operator’s manual control levers regardless
of the actual charge pressure.

The unnumbered jumper wire was later determined to be a parallel conductor to the original wiring
between the NC contacts of all three Charge Pressure Switches, and was therefore both redundant and
unnecessary, but did not modify the function of the system. The reason for its existence is unknown.

The Shuttle Relief Valves were bench tested and determined to be set at between 130 and 135 psi. The
design setting for these valves is 170 psi.

The cooling shuttle valves were dismantled and examined, and it was determined that they were in good
working order and functioning properly.

VI. Incident Sequence of Events

A load of approximately 14,600 lb was lifted from the building, swung over a landing area on the
ground, and lowered. At one point, the load began to drop apparently not under the control of the
operator, who pulled back on the control lever in an attempt to arrest the descent of the load. The brakes
were applied when the operator moved the control lever to the neutral position. The total distance the
load descended was approximately 100 ft.

The middle hydraulic motor had, by the end of the event, leaked a substantial amount of hydraulic fluid
from its main shaft seal, but no other damage or leakage was reported.

At a later time, the operator tried to lower the load slowly, but the hoist lowered in a jerky motion, and
would not raise at all, and the attempt was quickly abandoned in favor of transferring the load to another
tower crane on the same building.

Given what was evident during the hoist examinations, there are three possible scenarios for this event.

1) A worn Hydrostatic Pump will consume an excessive amount of make-up hydraulic fluid when
working at high pressure due to excessive clearances between moving parts. If the load is
moving and the Charge Pump is unable to maintain a minimum system pressure, motor
cavitation and lack of lubrication is likely, resulting in damage to the motors and possibly the
Hydrostatic Pump. The Charge Pressure Switch circuit would normally shut down the controls
and apply the brakes automatically, but it was disabled and could not activate.
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Cavitation potentially allows the motors to ‘outrun’ the fluid column coming into the motors
through the low pressure side because the charge pressure system cannot flow enough fluid to
make up the difference.

Motor cavitation is tantamount to the motors having a smaller displacement than they actually
have, as the vacuum in the cylinder when the fluid cannot fill cylinder behind the retreating
piston is not incompressible like hydraulic fluid, and some of each piston’s stroke contributes
virtually nothing to supporting the load. Reduced effective displacement results in higher
average pressure required to support the load. If the pressure is high enough, fluid will flow past
the Load Relief Valve to the other side of the motors, which is essentially a ‘short circuit’
allowing the motors to run without adequate resistance to support the load.

Loss of positive pressure on the low pressure side of the circuit would normally allow the Load
Holding Valve to close, stopping and holding the load against gravity, but the Fixed Restriction
in the pilot line that controls the valve slows the reaction time of the valve, allowing cavitation to
begin. Once begun, it can run away without warning.

Severe cavitation of the motors would have then pulled the o-rings within the one motor out of
their grooves, allowing clear passage from the high pressure ports within the motor to the motor
case, probably exasperating the cavitation problem.

When the operator pulled back on the control stick to attempt to provide hoisting torque to arrest
the load, high pressure fluid from the Hydrostatic Pump bypassed the now non-existent o-rings,
pressurizing the motor case beyond design value, and blowing the main shaft seal, sending
hydraulic fluid to the exterior of the pump.

Scoring of the motor distributors could have been caused by momentary lack of lubrication, or
over-speeding as the load was accelerating downward at high speed, or a combination of both.
The top motor, which was new when installed, had a broken Oldham coupling, which connects
the distributor to the motor shaft. This type of failure is known to the manufacturer, and is
caused by the distributor heating rapidly and swelling within the bore, binding, and eventually
breaking.

Once the Oldham coupling is broken, the hoist system essentially has only two motors, as the
third motor with the broken coupling will still rotate with the winch drum, but will not contribute
to supporting the load. The lumpy sensation the operator experienced when trying to lower the
load after the incident was probably the regenerative effect of the two or three (of five) pistons
that were open to the high pressure side, which alternately resist hoisting, then aid in hoisting,
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much like a car going over hills of a generally sinusoidal profile.

2) The Cooling Relief Valve is set too low, allowing partial cavitation to occur with each lowering
(primarily) operation, especially under load. As in 1) above, charge flow with such a low relief
setting may not be adequate at high running speeds to adequately protect against cavitation, with
resultant lubrication starvation of the distributor, and long term cumulative galling. The
distributor in the top motor eventually seizing would then set off a similar chain of events as in
1) above.

3) Malfunctioning Pressure Switches for speed range lockout (Barksdale unit). Shifting the speed
range selector switch in the operator’s cab to high speed range with a load too heavy for high
speed range operation would, due to a malfunctioning an improperly bypassed Barksdale
pressure switch and associated safety systems, allow all three motors to simultaneously shift to
minimum displacement (high speed range) anyway. This essentially quadruples the load
pressure from that required in low speed range, which with a 14,600 Ib load, would cause the
hydraulic fluid on the load side to bypass the Load Relief Valve even at its required setting, until
one motor shifted back to full displacement, lowering the load pressure to below the Load Relief
Valve setting. A Load Relief Valve improperly set too low would make this scenario possible
over a wider range of load (lower threshold), but the Load Relief Valve set even at its highest
(~4600 psi for that particular valve) would still not preclude the possibility.

Simultaneously shifting all three motors while running at speed may draw an excessive amount
of hydraulic fluid from the load side of the circuit, allowing the motors to briefly run even faster
than the fluid column in the load side would normally dictate, and the charge pump might be
unable to supply adequate hydraulic fluid to make up the difference. The Adjustable Restriction
in the supply line is intended to prevent this, but its adjustment state at the time of the incident is
unknown. Cavitation would be the eventual result, with loss of control as in scenario 1) above if
severe enough.

It should be noted that reports from the field are that the operator did not shift the selector
switch, but this scenario is included as it is physically possible due to malfunctioning safety
systems, and therefore at least warrants mention for completeness.

The most likely direct cause of the incident is the first scenario, a badly worn main Hydrostatic Pump.
Absent protection from the Low Charge Pressure
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VII. Summary and Conclusions

It is indisputable at this point that the hoist motors suffered ongoing cavitation, eventually resulting in
failure of one of the three motors. The cause of the cavitation was from any of a number of reasons or
combination of reasons, including (but not limited to) low charge pressure due to a worn main hoist
Hydrostatic Pump, improper Shuttle Relief Valves settings, and broken and bypassed Pressure Switches
(intermediate and high speed range limiting).

The observed cumulative damage to the motors is a strong indication that charge flow was borderline
inadequate, or periodically completely absent, for an extended period of running time. The inoperative
state of the Charge Pressure Switch control circuit had masked the problem, which would initially
present itself through the occasional dropping out of the operator’s controls at higher working circuit
pressures, accompanied by illumination of the red Low Charge Pressure light, had the charge pressure
safety system been working as designed.

The primary reasons for insufficient charge flow appear at this time to be a combination of worn main
hoist Hydrostatic Pump, and improperly set Shuttle Relief Valve. Field testing of the Hydrostatic Pump
indicates severe loss of charge pressure when loaded to high pressures, which will cause momentary loss
of makeup flow into the working circuit, and result in hydraulic motor cavitation primarily during
transient hoist events, such as accelerating a lifted load, or shifting the hydraulic motors.

Shuttle Relief Valves set below the design value are likely to cause partial cavitation during sustained
operation at higher motor speeds, with lower hook loads, contributing to overheating and the observed
cumulative wear of the hydraulic motor distributors, which in turn has lead to the observed failure of one
motor and near failure of the remaining two.

Teardown and examination of the main hoist Hydrostatic Pump is indicated at this point to verify that
the loss of charge pressure is internal to the pump, as this pump, in concert with the Charge Relief Valve
settings noted above, is by far the most likely root cause of the incident investigated here. The
conclusions stated herein may be subject to revision pending the outcome of additional examination and
testing.
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.Figurewl
Load Relief Valve (left)
Adjustable Restriction (right)

Load Relief Valve
Adjustment Screw
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Figure 3
Cooling Shuttle Valve Assembly (typical)

Figure 4
Load Holding Valve
(plastic cup in place)
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Figure 5
Barksdale Switch
Contains High and Med. Pressure Switches

Barksdale Switch
Bypass Jumper Wire (green)
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Figure 7
Shuttle Relief Valve Pressure

Figure 8
Staffa Radial Motors (3)
Boom Motor (1) at Bottom-left
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Figure 9
High Shift Valve

(typical)

Figure 10
Low Charge Pressure Light
(apparently unmarked)
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Figure 11
Charge Pressure Protection Circuit
As-designed
Normal Operation

With adequate charge pressure at each of the three Charge Pressure Switches, current passes from the
source to the Air Control Switch on the operator’s console, and on to the Main Air Valve, lighting the
green light on the console. The operatot’s controls are enabled.
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Figure 12
Charge Pressure Protection Circuit
As-designed
Low Charge Pressure

CONTROLS VENTED

With low charge pressure at the main hoist Charge Pressure Switch, current passes from the source to
the red light on the operator’s console, and the circuit to the Main Air Valve and green light on the

console is broken. Air within the operator’s controls is vented to atmosphere, disabling the controls and

setting the brakes.
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Figure 13
Charge Pressure Protection Circuit
As-Found
Normal Operation

With adequate charge pressure at each of the two working Charge Pressure Switches, and the original
boom hoist Charge Pressure Switch hydraulically disconnected, current passes from the source to the
Air Control Switch on the operator’s console, and on to the Main Air Valve, lighting the green light on
the console. The operator’s controls are enabled. Current also passes through the boom hoist Charge
Pressure Switch to the red Low Charge Pressure light on the operator’s console.
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Figure 14
Charge Pressure Protection Circuit
As-Found
Low Charge Pressure

With low charge pressure at the main hoist Charge Pressure Switch, current passes from the source to
the red light on the operator’s console. Current is also back-fed through the boom hoist Charge Pressure
Switch to the Air Control Switch on the operator’s console and on to the Main Air Valve and green light
on the operator’s console. The operator’s controls remain enabled, and the brakes remain under operator
control rather than automatically setting.
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Hydraulics
Kawasaki Precision Machinery — USA
Inspection and Evaluation Report
Date 11-17-2011
Customer  Airline Hydraulics
End User Federated Crane

Model # HMC080/90/25/S03/X/71

Back ground:

An inspection and evaluation of three Staffa HMC080 motors was requested by Rob Panzerella of Airline
Hydraulics. The motors had been mounted on a crane used at the site of the rebuilding of The World
Trade Center in New York City. The motors were used on a winch mounted to a crane which lost control
of a load and dropped it. Because of the serious nature of the incident, a number of representatives from
various departments in New York City participated in the inspection, including the Port Authority and the
NYC Cranes and Derricks group,

Observations:
The three motors were disassembled by Powertech Hydraulics prior to our arrival. Powertech has many
years of experience rebuilding Staffa motors.

Serial #00124813
This motor was identified as a new motor, meaning that it had operated for some time, but had never been
previously repaired. It was also determined that this was the first motor to fail.

The Oldhams coupling in this motor was sheared and was able to spin upon the face of the crankshaft. The
broken ends of the tang of the coupling remained inside the motor. The distributor valve housing was
galled near the ports, The spool also had galling where it had contacted the valve housing. The o-rings in
the C spacer housing were damaged. The inside surface of the connecting rod hold down rings had heavy
contact with the connecting rod shoes.
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Failure Analysis:

The galling between the spool and the distributor housing caused the distributor valve to lock during
operation. Because all of the motors operate on a common spur gear, the crankshaft continued to
rotate shearing the Oldhams coupling. Loss of this motor would have reduced the overall
displacement by 1/3 — assuming all motors were operating at the same displacement. A corresponding
reduction of torque would be the result along with an increase of downstream pressure. The possible
cause for the galling of the spool would be a lack of lubrication either due to an over speed condition
or cavitation and a loss of charge pressure.



Serial #01M16980

This motor was identified as the motor which sprayed oil and had the o-rings sucked into the
connecting ports. The Oldhams coupling and the face of the crankshaft in this motor were stressed
and bent. The o-rings in the C spacer are damaged. The spool and distributor valve housing are
galled. The inside edge of the connecting rod retaining rings are worn by contact with the conrod
shoes.

The motor case, pistons, conrods, and the crankshaft drum are all good condition.

Failure analysis:

The galling of the distributor is likely the result of a lack of lubrication, which is most often caused by
cavitation or over speeding of the spool. Displacement of the o-rings is known to be caused by
cavitation, If the motor is starved of oil and there is no oil flowing out, the motor can spin without

control. Starved of lubrication, the spool will seize in the bore and lock. In this case, the drive




Serial #01M16996

The Oldhams coupling and the face of the crankshaft in this motor were stressed and bent. The o-

rings in the C spacer are in good condition. The spool and distributor valve housing are galled and
there is some evidence of high temperature on the spool and valve housing. The inside edge of the

connecting rod retaining rings are lightly worn due to contact with the conrod shoes.

The motor case, pistons, conrods, and the crankshaft drum are all good condition.

Failure analysis:



The galling of the distributor is likely the result of a lack of lubrication, which is often caused by
cavitation or over speeding of the motor. If the motor is starved of oil and there is no oil flowing out,
the motor can spin without control. Starved of lubrication, the spool will seize in the bore and lock.




Summary:

The damage, in varying degrees, is the same from motor to motor. It appears that the first motor to
fail, serial number 00124813, must have had the distributor valve seize quickly as the coupling
sheared and there was no real impact to the end of the crankshaft. The others were either lightly
seized or had operated with some amount of seizure over time., This type of failure is usually the
result of the motor operating in an over speed condition, >1000 rpm. Over speed could lead to
cavitation or perhaps a circuit problem could result in low charge pressure and cavitation. In either
case, if the spool were to turn in the valve housing with little or no lubrication, the result would be
heat and possible seizure of the spool in the housing. The inertial load or the torque generated by the
other motors would shear the coupling of the first motor, the fall may have cavitated the other motors.

Report Submitted By:

Chris Hoffbeck
Engineering Supervisor




REFERENCE 2. STAFFA MOTOR LITERATURE




.,{ Kawasaki Motors Corp., U.S.A.
Precision Machinery Division

Staffa Dual Displacement
Hydraulic Motor




CONTENTS Page
1. General Description ........coever. 2
2. Functional Symbols ..., 2
3. Model Code ... 3
4. Performance Data:

Motor selection ... 3
Rating definitions ... 4
Output torques .
Bearing life ..o,
Volumetric efficiency ... 6
5. Circuit and Application Notes:
Displacement selection ... 7
Starting torques .
Low speed operation ............... 7
Small displacements ..........ccco.e. 7
High back pressure ...
BOOSt Pressure ..o 7
Cooling fIOW ..o 8
Motor casing pressure ... 8
6. Hydraulic FIUidS ..o 8
7. Temperature Limits ..o 8
8. Filtration ..., 8
9. Noise Levels ... 8

10. Polar Moment of Inertia ................. 8

11, MASS e 8

12. Installation Data:

GeNBral .....ooooooccrorcrers e 8
Motor axis horizontal ... 8
Motor axis upwards ..., 8
Motor axis downwards .. e 8
Start-Up ..o 8
13. Installation Dimensions ... 8to 11
1. GENERAL DESCRIPTION

Kawasaki “Staffa” high torque, low
speed radial piston motors use
hydrostatic balancing techniques to
achieve high efficiency, combined with
good break-out torque and smooth
running capability.

The HMC series dual displacement
models have two pre-set displacements
which can be chosen from a wide
range to suit specific application
requirements. The displacements are
hydraulically selected by a directional
control valve which can be remote
from, or mounted directly on, the motor.
Displacements can be changed when
the motor is running.

The range of HMC motors extends from
the HMCO010 of 202 cm? (12.3 in%) to
the HMC325 of 5330 cm?® (325 in3)
displacement.

2

These motors are also available in a
continuously variable version using
either hydro-mechanical or electro-
hydraulic control methods.

Other mounting options are available on
request to match many of the
competitor interfaces.

The HMCO080 is one of 8 frame sizes
and is capable of developing torques up
to 6050 Nm (4460 Ibf ft) with a
continuous output power of 112 kW
(150 hp).

The Kawasaki range also includes fixed
displacement motors, plus matching
brakes and gearboxes to extend the
torque range.

2. FUNCTIONAL SYMBOLS
All model types with variants in model code positions [ & EA.
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3. MIODEL CODE

Features shown in brackets () may be left blank according to requirements.

All other features must be specified.

(F**)-HMI(*)CO80-* *-**.* ¥ % ¥ %% (T*).30-(PL* *)

ElFLuip TYPE
Blank = Petroleum oil
F3 = Phosphate ester (HF-D

fluid)

F11 = Water-based fluids (HF-A,
HF-B)
MODEL TYPE

Blank = Standard (“HMC")
M = To NCB (UK) specification
463/1981 (“HMMC")

B2 sHAFT TYPE

P* = Cylindrical shaft with
parallel key a

S* = Cylindrical, 14 splines to
BS 3550

Q* = Female, 24 splines to BS
3550

Z* = Cylindrical shaft to DIN

5480 (W70 x 3 x 7h)

* For installations where shaft Is vertically
upwards specify “V” after shaft type letter
to ensure that additional high level drain
port is provided.

A Max. torque 5400 Nm (3920 Ibf fi)

EXHIGH DISPLACEMENT GODE
90 to 45 in3, in 5 in3 steps

ElLow DISPLAGEMENT GODE
5 to 70 in3, in 5 in? steps

EAMAIN PORT CONNECTIONS

S03 = 6-bolt (UNF) flange: 3"
valve (Staffa original valve
housing)

F3 = SAE 1'/4" 4-bolt (UNG)
flanges: 3" valve.

FM3 = SAE 1/4" 4-bolt (metric)
flanges: 3" valve.

DISPLACEMENT CONTROL PORTS
(AND SHUTTLE VALVE)
Threaded ports/bi-directional shaft
rotation:
X = Xand Y ports G'/4" (BSPF

to IS0 228/1)

ISO 4401 size 03 mounting face/bi-
directional shaft rotation:
C = No shuttle valve
CSm = With shuttle valve

HOHOHE B B

ISO 4401 size 03 mounting
face/uni-directional shaft rotation
(viewed on shaft end):

C1 = Control pressure from main
port 1 (shaft rotation
clockwise with flow into
port 1)

C2 = Control pressure from main
port 2 (shaft rotation
counter-clockwise with
flow into port 2)

& Not avallable with “S03” type main port
connections

3 TACHO/ENCODER DRIVE
T = Staffa original tacho drive
T1 = Suitable for Hohner 3000
series encoders. (Encoder
to be ordered separately)
Omit if not required.

Ed DESIGN NUMBER, 30 SERIES
Subject to change. Installation and
performance details remain
unaltered for design numbers 30 to
39 inclusive.

H SPECIAL FEATURES
PL** = non-catalogued features,
e.g.:
High pressure shaft seals
Stainless steel shaft sleeves
Alternative encoder and tacho drives
HFC fiuids
Motor valve housing orientation
Shaft variants
Special paint

** Number assigned as required to specific
customer build.




4. PERFORMANCE DATA

Performance data is valid for Staffa
HMCO080 motors fully run in and
operating with petroleum oil. Leakage
values are at fluid viscosity of 50 ¢St
(232 SUS).

MOTOR SELECTION

Use table 1 to select appropriate
displacements for each application.
Refer to table 2 for pressure and speed
limits when using fire-resistant fluids.

TABLE 1

Displacement code*
(Mode! code positions

B and E) 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
Displacement cm? 1475 1393 1310 1230 1147 1065 983 900 820 737 655 574 492 410 328 246 164 82
volume in® 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
Average actual ~ Nm/bar 22,02 20,80 19,66 18,48 17,11 1590 14,55 13,20 12,00 10,60 9,24 7,87 6,48 531 3,93 256 1,57 0
running torque  Ibf ft/psi 112 1,06 1.00 0.94 087 0.81 074 067 061 054 047 040 033 027 020 013 008 0
Max, continuous

speed r/min 300 315 335 360 385 415 450 490 540 600 600 600 600 600 600 600 600 1000
Max. continuous kW 112 109 105 103 100 96 93 89 85 80 75 64 52 42 31 21 10 0
output hp 150 146 141 138 134 129 125 120 114 108 100 86 70 56 42 28 14 0
Max. intermittent kW 138 133 128 125 121 118 114 110 103 98 91 78 64 51 38 25 13 0
output hp 185 178 172 168 163 158 153 147 139 132 122 105 86 68 51 34 17 0
Max. continuous bar 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 17e
pressure psi 3626 3626 3626 3626 3626 3626 3626 3626 3626 3626 3626 3626 3626 3626 3626 3626 3626 2504
Max, intermittent bar 275 275 275 275 275 275 275 275 275 275 275 275 275 275 275 275 275 174
pressure psi 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 250

* Intermediate displacements are avallable to speclal order,
® See "Small displacements” page & for information about higher pressure applications.

TABLE 2

Fluid type Pressure, bar (psi) Max. speed r/min
Continuous  Intermittent

HFA, 5/95% oil-in-water 50% of limits

emulsion 103 (1500) 138 (2000) for petroleum oil

HFB, 60/40% water-in-oil .

emulsion 138 (2000) 172 (2500) As for petroleum oil

HFC, 50% of limits

water glycol 103 (1500) 138 (2000) for petroleum oil

HFD, phosphate ester 250 (3626) 275 (4000) As for petroleum oil

RATING DEFINITIONS

© CONTINUOUS RATING

For continuous duty the motor must be
operating within each of the maximum
values for speed, pressure and power
as specified for each displacement
code.

© INTERMITTENT RATING

Operation within the intermittent power
rating (up to the maximum continuous
speed) is permitted on a 15% duty
basis, for periods up to 5 minutes
maximum.

© INTERMITTENT MAX. PRESSURE

Up to 275 bar (4000 psi) is allowable on

the following basis:

(a) Up to 50 r/min: 15% duty for
periods up to 5 minutes maximum.

(b) Over 50 r/min: 2% duty for periods
up to 30 seconds maximum.




OUTPUT TORQUES

Ibf ft
4500

4000

3500

3000

2500
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Shaft speed, r/min

The torque curves indicate, for each
displacement, the maximum output
torque of the motor with an inlet
pressure of 250 bar (3626 psi) and
zero output pressure. High return
line pressures will reduce the torque
for any given pressure differential.

The solid line portion of each curve
indicates the levels of maximum
torque and speed that are permitted
on a “continuous” basis.

The dotted portion of each curve
indicates the levels of torque and
speed at which the motor can
operate at an “intermittent” rating.

The starting torques shown on the
graph are average and will vary with
crank angle.




BEARING LIFE
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10000 —H
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The nomograph allows the median a
bearing life to be determined for
conditions of:

1. No side load and no axial thrust
2. Side load and no axial thrust

A o determine L10 life predictions per 1SO 281-
1-1977 multiply the median figure by 0,2.

For more precise life prediction, or
where axial thrusts are incurred, a
computer analysis can be provided by
Kawasaki on receipt of machine duty
cycle.

HMG080
Example 1 (follow chain dotted line):
Side load (W) a0
System pressure (P) b) 207 bar (3000 psi)
Speed (N} ¢} 300 r/min
Median bearing life d) 23 000 hrs
.10 bearing rating = median x 0.2 4600 hrs

Example 2 (follow chain dotted iine):
Side load (W)
Load offset (A) from motor mounting face
System pressure (P)
Speed (N}
Median bearing life
L10 bearing rating = median x 0.2

e) 40 kN (3000 Ibf)
f) 50 mm (2.0 in)

g) 207 bar (3000 psi)
h) 25 r/min

i} 39000 hrs

7800 hrs

® SHAFT STRESS LIMIT

The shaft stress limit in the nomograph
is based on the fatigue rating of shaft
types “S” and “P”; for shaft type “Z”
the shaft stress limit is approx. 20%
higher. Infrequent loading above these
limits may be permitted; consult
Kawasaki.

VOLUMETRIC EFFICIENGY

This nomograph enables the average
volumetric efficiency, crankcase (drain)
leakage and “winch slip”/shaft creep
speed to be estimated.

Example (follow chain dotted line):
Given:

1. Pressure ............... 175 bar (2500 psi)
2. Displacement code......... 70 (in3/r)
3.5peed .o 300 t/min
To obtain:
4. Volumetric efficiency .............. 96.1%
5. Crankcase leakage ................ 7 I/min
(430 in%/min)
6. Shaft creep speed ... 6,5 r/min

The shaft creep occurs when the load
attempts to rotate the motor against
closed ports as may occur, for example,
in winch applications.




VOLUMETRIC EFFICIENCY

Shaft speed (r/min)

Displacement code (in*/r)

100 200 300 600

25

\

\\\

N

N
SO NI

Shaft creep speed (winch slip) {(/min)

Pressure

9 1I 25 2?0 3?5 5(|)0 690 in/min
¥ 1 1 1 T T
0 2 4 6 8 10 I/min
Crankcase leakage
(IL) 1(?00 ' 20100 | |3900 ; psi 60 70
0 100 200 250 bar

Volumetric efficlency (%)

80 90 100

5. CIRCUIT AND
APPLICATION NOTES

DISPLACEMENT SELECTION

To select either displacement, a
pressure at least equal to 2/3 of the
motor inlet/outlet pressure (whichever is
higher) is required. In most applications
the motor inlet pressure will be used.

For inlet/outlet pressures below 3,5 bar
(50 psi) @ minimum control pressure of
3,5 bar (50 psi) is required. In the event
of loss of control pressure the motor
will shift to its highest displacement.

For rapid reversing applications it is
recommended to externally source the
control oil supply direct from the system
pump (use displacement control type
“X” or “C" - not “CS", “C1" or “C2" -
in model code position ).

STARTING TORQUES

The starting torques shown on the
graph on page 3 are average and will
vary with system parameters. For
motors with low displacement below
25 in® and starting under load it is
recommended to select high
displacement for start-up.

L.OW SPEED OPERATION

(High displacement mode)
Minimum operating speeds are
determined by load conditions (load
inertia, drive elasticity, etc.) For
operation at speeds below 3 r/min
consuit Kawasaki.

SMALL DISPLACEMENTS

(5 in3 and below)

The pressures given in the table on
page 2 for displacement code “05" (and
below) are based on 1000 r/min output
shaft speed. These pressures can be
increased for shaft speeds less than
1000 r/min; consult Kawasaki for
details.

In addition to 5 in3, a zero swept
volume displacement (for free wheeling
requirements) is available on request,
subject to Kawasaki approving the
application.

HIGH BACK PRESSURE

When both inlet and outlet ports are
pressurized continuously, the lower
pressure in one port must not exceed
70 bar (1000 psi). Consult Kawasaki on
applications beyond this limit. Note that
high back pressures reduce the
effective torque output of the motor.

BOOST PRESSURE

When operating as a motor the outlet
pressure should equal or exceed the
crankcase pressure, If pumping occurs
(i.e. overrunning loads) then a positive
pressure, “P”, is required at the motor
ports. Calculate “P” from:

N2 x V2
1,6 x 1010

P (bar) =1 + + G bar

P (psi) = P (bar) x 145

Where:
N = speed, r/min
C = crankcase pressure, bar
V = displacement, cm3/r

The flow rate of oil needed for the
make-up system can be estimated from
the crankcase leakage figure (see
Volumetric Efficiency graph above) plus
an allowance for changing
displacement; e.g. to change high to
low in 0,25 sec requires 32 I/min (8.4
USgpm).

Allowance should be made for other

system losses and also for “fair wear
and tear” during the life of the motor,
pump and other system components.




COOLING FLOW
Operation within the continuous ratings
does not require any additional cooling.

For operating conditions above
“continuous”, up to the “intermittent”
ratings, additional cooling oil may be
required. This can be introduced
through the spare crankcase drain
holes, or in special cases through the
valve spool end cap. Consult Kawasaki
about such applications.

MOTOR CASING PRESSURE
With the standard shaft seal fitted,
the motor casing pressure should
not exceed 3,5 bar (50 psi). On
installations with long drain fines
a relief valve is recommended to
prevent over-pressurizing the seal.
Notes:
1. The casing pressure at all times must not
exceed either the motor iniet or outlet pressure,
2. High pressure shaft seals are avallable to
special order for casing pressures of:
Continuous: 10 bar (150 psl)
Intermittent: 15 bar (225 psj)
3. Check Installation dimensions (page 7) for
maximum crankcase drain fitting depth.

6. HYDRAULIC FLUIDS

Dependent on motor (see Model Code

position KH) suitable fluids include:

- Antiwear hydraulic oils.

- Phosphate esters (HFD fluids)

- Water glycols (HFC fluids)m

- 60/40% water-in-oil emulsions
(HFB fluids)m

- 5/95% oil-in-water emulsions
(HFA fluids)m

B Reduced pressure and speed limils, see page 3.

Viscosity limits when using any fluid
except oil-in-water (5/95) emulsions are:
Max. off load ... 2000 ¢St (9270 SUS
Max. on load ... 150 ¢St (695 SUS
Optimum 50 ¢St (232 SUS
Minimum 25 ¢St (119 SUS

PETROLEUM OIL RECOMMENDATIONS
The fluid should be a good hydraulic
grade, non-detergent petroleum oil. It
should contain anti-oxidant, anti-foam
and demulsifying additives. it must
contain antiwear or EP additives.
Automatic transmission fluids and motor
oils are not recommended.

7. TEMPERATURE LIMITS

Ambient min. ... -30°C (-22°F)
Ambient max. ................ +70°C (158°F)
Max. operating temperature range
Petroleum Water-
oil containing

Min.  -20°C (-4°F)  +10°C (50°F)
Max.* +80°C (175°F) +54°C (130°F)

* 7o obtain optimum service life from both fiuid
and hydraulic system components, 65°C
(150°F) normally is the maximum temperature
except for water-contalning fluids.

8. FILTRATION

Full flow filtration (open circuit), or full
boost flow filtration (closed circuit) to
ensure system cleanliness to ISO
4406/1986 code 18/14 or cleaner.

9. NOISE LEVELS

The airborne noise level is less than
66.7 dB(A) DIN (70 dB(A) NFPA)
throughout the “continuous” operating
envelope.

Where noise is a critical factor,
installation resonances can be reduced
by isolating the motor by elastomeric
means from the structure and the
return line installation. Potential return
line resonances originating from liquid
borne noise can be further attenuated
by providing a return line back pressure
of 2 1o 5 bar (30 to 70 psi).

10. POLAR MIOMENT OF
INERTIA

@ Shaft coupling

Where the motor is solidly coupled to a
shaft having independent bearings the
shafts must be aligned to within 0,13
mm (0.005") TIR.

CRANKCASE DRAIN

Typical data

Disptacement kg m? Ib in2
code

90 0,052 180
45 0,044 150
11. MASS

Approx. all models: 172 kg (380 Ib)

12. INSTALLATION DATA

GENERAL

® Spigot

The motor should be located by the
mounting spigot on a flat, robust
surface using correctly sized boits. The
diametral clearance between the motor
spigot and the mounting must not
exceed 0,15 mm (0.006"). If the
application incurs shock loading,
frequent reversing or high speed
running, then high tensile bolts should
be used, including one fitted bolt.

® Bolt torque

The recommended torque wrench
setting for the M20 bolts is:
40714 Nm (300+10 Ibf ft)

Motor axis horizontal

The crankcase drain must be taken
from a position above the horizontal
centre line of the motor.

Axis vertical, shaft up

Additional drain
port G'/s" (BSPF)

Standard drain port /

%" - 18 UNF 0,35 bar (5 psi)

An additional G'/4" (BSPF) drain
port in the front mounting flange is
provided when the “V” (shaft
vertically upwards) designator is
given after the shaft type letter in
position KX of the model code. This
additional drain should be
connected into the main motor
casing drain line downstream of a
0,35 bar (5 psi) check valve to
ensure lubrication of the upper
bearing. See above diagram.

Axis vertical, shaft down

Use any drain position. The drain
line should be run above the level
of the uppermost bearing; if there is
risk of syphoning then a syphon
breaker should be fitted.




START-UP

Fill the crankcase with system fluid.
Where practical, a short period (30
minutes) of “running in” should be
carried out with the motor set to its
high displacement (pressure to port Y,
or to port B of the size 03 pilot valve).

13. INSTALLATION DIMENSIONS IN MM (INCHES)

HMC080 MOTOR WITH TYPE “F3”/"FM3” MAIN PORTS GONNEGTION

3 drain ports (two normally
plugged) ¥+"-16 UNF-2B with
@ 38,0 (1.5 dia) spotface,
Warning: Plps fittings must
not enter ports by more than
12,0 (0.5) from face

5 holes @ 20,0 (0.79 dia)
equi-spaced as shown
on 327,03 (12,875) ped
and spotfaced to

© 38,0 (1.5 dia). @

See “Displacement control
connections” below

HE Port connection details (model code position ﬂ)

See additional views for displacement control connections, all shaft types and alternative g:gJ:([,]t?(')?l @—-‘S
main port connections.
Pressure gauge connection Into each main } Mounting face
port; supplied plugged. 303,8 (11.96 /
0.5625"-18 UNF-2B thread for main ports
code "F3". —e e 59,0 (2.34)
870 3.43) GY/4" for main ports code “FM3". '
(Note: Not on type SO3 flange, see below) e =—1— 21,0 (0.82) gp;%(;t 57/
@ 535,0 (21.1 dia) — — 46,5 (1.83) 301,50
! (11.873/
11,870 dia)
Port 1M 355 (1.19) | osfzle— A
I a0 I~
P 254,0 (1.46) 7 ( —J/ "‘\
(10dia) =i {
58,7 (2.31) 1 -
1 ooy 5 Z ‘|
) AN¢ T
58,7 (.31 :\+ ~ @ 365,0
159,0 37' 0 ole J S (14.4) max
AU L)
(6~I) (1.46) Qg_ﬁ - "\
Port 2 @ !

j— 30,2 (1.19)

Housing profile for
type Q shaft,

Fiow directions for

shaft rotation shown. le— 28,6
Reverse directions for (1.125) | 5 next page
opposite rotation. 100,0'
(3.94)
fs—174,0 (6.8)—
See "Shaft
fe—————  394,0 ———————*1*{ypes” on
(15.5) next page

view below.

Symbol Flange Bolt

nominat size tappings

F3 1'/4" SAE 4-bolt flange "/15"-14 UNC-2B x 1.06" deep
FM3 1'/4" SAE 4-bolt flange M12-6H x 1,75 x 27,0 (1.06) deep
503 Staffa 3" 6-bolt, see separate

@ Suitable for M20 or 5/4" bolts. Maximum reaming diameter 21,0
(0.83) (for fitted bolt); see “Installation Data”.




6 holes

VALVE HOUSING WITH 3" 6-BOLT FLANGE, “S03"
IN MODEL CODE PosiTIoN [

/j'
.’

63,0 L-l__,_'.\

(2.5) Flow direction for shaft
rotation shown on main
drawings on page 9.
Reverse flow for opposite
directlon of shaft rotation.

0.375"-24 UNF-2B,

394,0 (15,5) ————=

e—— 321,0 (12.62) ———
(5.08)

16,0 (0.62) deep

51,0

440 (1.76) ==

~ 1. 19.0 (0.75)
2.0

i@@* \

Port1 A

A 28 (1.125 dia) with recess for 31,0 (1.22) ¥d x 8 4 (0.157 dia)
section 0-ring

Mounting face

Type X

located valve #):

27,2 (1.

13,0

High displacement: P to Y;
Low displacement: P to X;

o

&

17,0 (0.67)
Pfl\

(0.51)

K

G'/«" (BSPF) tapped ports X and Y

Displacement selection {via remotely

Xto T
YtoT

7)

[

to motor

—
TTT?X

11.0

(0.43) ]}Z/V

2 ports G'/:" (BSPF)
x 15,0 (0.59)
fuil thread depth

separately.

174,0 (6.8)

mounting face

DISPLACEMENT CONTROL CONNECTIONS,
MODEL CODE POSITION

Types C, CS, €1 and C2

Mounting interface for directional
control valve ¢ to: ISO 4401 size 03
ANS!/B93. 7M size D03

Displacement sefection:
High displacement: P to B; Ato T
Low displacement: Pto A; Bio T

11,7 (0.46) | fo—s>

174,0 (6.8)

r/\_/ﬁ to motor
mounting face

L

o T 4 holes
fo!
B

@ 4,0 (0.15 dia)
x 6,0 (0.23)
deep hole for
orientation pin

2 connections to P
port, G'/s" x 15,0
(0.59) fuli thread
depth, supplied
plugged.

& Displacement selector valve Is not supplled with the motor; specify and order




SHAFT TYPE “P”, MODEL CODE PosITION E]
Straight shaft with rectangular key

Warning: Maximum allowable torque for this shaft is 5400
Nm (3920 Ibf i)

Key (supplied):
18,037/18,019 (0.7101/0.7094) wide 18.001/18.030
x 11,99/11,94 (0.472/0.470) deep (0"70087/0"7%398)

P |

L 69,6 f

L[ @7 —*
T @ 60,013/ 59,992
5 dming || I (2.3627/2.3619 da)
tt=={  54,04/53,94
\2,128/2‘124)
Y Vi

72,0
[ |4 (2.83)

< 135,4/133,6 (5.33/5.26)
to motor mounting face

1/2"-20 UNF-2B x 32
(1.25) deep

SHAFT TYPE “S”, MODEL CODE POSITION (3]
Cylindrical shaft with 14 splines to BS 3550

SHAFT TYPE “Z”, MODEL CODE POSITION 3]
Cylindrical shaft to DIN 5480

—
77,0 (3,09 ——]
-y
=g
"2'-20 UNF-2B x 32
efmm—— ‘—\ (1.25) deep
L— 54,0 (2,125
—
135,4/133,6 (5.33/5.26)

to motor mounting face

Spline data

For type S shaft
To BS 3550/SAE J498c (ANSI B92.1-1970, class 5)
Flat root, side fit, class 1

Pressure angle 30°
Number of testh 14
Pitch 6/12

Major diameter
Form dlameter
Minor diameter
Pin diameter
Diameter over pins

62,553/62,425 (2.4627/2.4577)
55,052 (2.1674)

54,085/53,525 (2.1293/2.1073)
8,128 (0.3200)

71,593/71,544 (2.8186/2.8167)

For type Z shaft
DIN 5480, W70 x 3x 22 x 7h

SHAFT TYPE “Q”, MODEL CODE PoSITIoN E]
Female straight shaft with 24 splines to BS 3550

Note: The type “Q” shaft will transmit the maximum
torques given on page 3. However, customers should
ensure that their own mating shaft will transmit the torque
required in their application.

I 71,04/69,44
(2.797/2.734)
ke 60,0 (2.4)—
21,0 (08) *| [*—
Motor mounting face
8,0
] 4(0.3) _/
ﬁ ’/
P
—
| T
| 1]
] 79,2/78,4
(3.115/3.085) ;
A bt
C p747 £
» 0542 294da) §  gpigot
? 17,3
9,8 (0.39) ﬁ = \ " Fosy #YH & psmsy
7 ~ 301,50
LA S (1187
@ .
S 11870 dia)
Y
_—
Spline data
To BS 3550
Flat root, slide fit, modified
Pressure angle 30°
Number of teeth 24
Pitch 12/24

Major diameter
Minor diameter
Pin diameter

Fin flatted to
Diameter over pins

53,246/52,916 (2.0963/2.0833)
48,811/48,684 (1.9217/1.9167)
3,658 (0.1440)
3,560 (0.1400)
45,626/45,550 (1,7963/1.7933)

B Usg mounting face spigot for motor location
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introduction

Description

Typical markets

Series 20 Axial Piston Pumps
Technical Information
General Description

Sauer-Danfoss a world leader in hydraulic power systems has developed a family of axial
piston pumps.

Sauer-Danfoss axial piston variable displacement pumps are of swash plate design with
variable flow capability suitable for hydrostatic transmissions with closed loop circuit.
Tilting the swash plate to the opposite side of the neutral or zero displacement position
reverses flow direction.

Sauer-Danfoss axial piston variable displacement pumps are well engineered and easy to
handle,

The full-length shaft with a highly efficient tapered roller bearing arrangement offers a
high loading capacity for external radical forces.

The hydro-mechanical servo displacement control maintains the selected swash plate
position and hence pumps displacement,

Upon release of the control handle, the swash plate automatically returns to zero
position and the flow reduces to zero,

High case pressures can be achieved without leakage even at the lowest temperatures
by using suitable shaft seals.

The servo valve arrangement offers the facility to incorporate function regulators and
remote control systems.

Axial piston units are designed for easy servicing. Complete dismantling and reassembly
can be carried out with standard hand tools, and all components or sub-assemblies are
replaceable.

Axial piston variable displacement pumps of the Sauer-Danfoss pattern are made by
licensed producers worldwide, providing consistent service and fully interchangeable
parts.

+ Industrial

+  Mining

«  Transit Mixer

.« Utllity Vehicles

© 2011 Sauer-Danfoss. All rights reserved.

Sauer-Danfoss accepts no responsibility for possible errors in catalogs, brochures and other printed material.
Sauer -Danfoss reserves the right to alter its products without prior notice. This also applies to products already
ordered provided that such alterations can be made without affecting agreed specifications, All trademarks

in this material are propertles of their respective owners. Sauer-Danfoss, the Sauer-Danfoss logotype, the
Sauer-Danfoss S-icon, PLUS+1™, What really matters Is inside® and Know-How in Motion™ are trademarks of the
Sauer-Danfoss Group.

Front cover llustrations: FOOS 104, FOOO 248, FO0O 150, FO00 249
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General Description

Technical Specification

Dimensions - Frame Size
070 and 089

Dimensions - Frame Size
334

Series 20 Axial Piston Pumps
Technical Information

Contents
Axial Piston Variable Displacement PUMP ..o .4
Pump and Motor Circuit DeSCriPLION i, .5
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— SAUER Series 20 Axial Piston Pumps
) (VI Technical Information
General Description

Lol

Axial Piston Variable Sectional View

Displacement Pump
Swash plate Control handle Servo valve {control valve)

: =
\f “ ....... __‘]_’_
Design 1 ' SRy oy
] 2 RS S g =Yl t
: v I’:r'\(:".‘rl-
| T
Input shaft | oV : \
L Charge check valve
T
/ YA
Shaft seal
/
Cylinder block assembly Servo cylinder POOS 121E

Design 2

|

4 11003621« Rev AB - Jan 2011



SAUER

v I Technical Information
General Description

\
N
[

Pump and Motor Circuit Description

Series 20 Axial Piston Pumps

HEAT EXCHANGER BYPASS VALVE

CONTROL
HANDLE

HEAT EXCHANGER

REVERSIBLE VARIABLE
DISPLACEMENT PUMP

PUMP SWASHPLATE

PRESSURE
RELIEF VALVES

CHARGE PRESSURE
RELIEF VALVE

INPUT SHAFT

RESERVOIR

VACUUM GAUGE

-\
J

PURGE RELIEF VALVE ‘

FIXED
DISPLACEMENT MOTOR

OUTPUT SHAFT

|SERVO CONTROL CYLINDER

" MOTOR SWASHPLATE

WORKING LOOP (HIGH PRESSURE)

WORKING LOOP (LOW PRESSURE)

[ ] contrRoLFLUID [ ] sucTionune [ ] cAsE DRAINFLUID

P000 027E

Above figure shows schematically the function of a hydrostatic transmission using an
axial piston variable displacement pump and a fixed displacement motor.

Pump Circuit Schematic

Designation:

1 = Variable displacement pump
2 = Charge pump

3 = Servo control valve

4 = Charge check valve

5 = Charge relief valve

6 = Filter

7 = Heat exchanger

L1003621 « Rev AB + Jan 2011

Ports:

AB = Main pressure ports
{working loop)

S = Suction port - charge pump
L1,L2 = Drain ports

M = Gauge port - charge pressure

Poo0 012




Technical Parameters

Series 20 Axial Piston Pumps
Technical Information
Technical Specification

Design
Axial piston pump of swash plate design, with variable displacement.

Type of mounting
SAE four bolt flanges.

Pipe connections
Main pressure ports: SAE split flange
Remaining ports:  SAE O-ring boss

Direction of rotation
Clockwise or counterclockwise (viewing from the input shaft).

Installation position
Optional; pump housing must be always filled with hydraulic fluid.

External drain fluid loss

28
7+ /334 Typical values for 350 bar [5076 psil
/ and 18° swashplate angle
24
6+ /
20
- T /
£ =
E =
3 .l £
@ 2
=2 o
T
3 3712
c
B 089
o1 2 8
g ] 070
@ L L]
5 L L
11+ 4 _—/‘—__________
0+ 0
0 1000 2000 3000

Driveshaft speed n (min™) (rpm) —————————»

4000

P005 10SE
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Hydraulic Parameters

Series 20 Axial Piston Pumps
Technical Information
Technical Specification

System pressure range, input p,

Variable displacement pump:

Charge pressure nominal: 13 bar [189 psi] above case pressure
Charge pressure minimum:8 bar [116 psi], intermittent only

Charge pump input pressure:
Min. allowable pressure, continuous = 0,75 bar [10.9 psi] absolute
Min. allowable pressure, intermittent 0.50 bar [7.3 psi] absolute (for cold start)

]

Charge pump output pressure:
Max. operating pressure = 35 bar [508 psi] above case pressure

Systerm pressure range, outputp,

Pressure on port A or B: Max. operating pressure  Ap =420 bar [6092 psi]
Max. high pressure setting Ap =460 bar' [6672 psi)

Tonly with POR-valve

Case pressure
Max. rated pressure
Intermittent

2.5 bar [36.3 psi]
5.0 bar [72.5 psi]

Hydraulic fluids
Refer to Sauer-Danfoss publications Hydraulic Fluids and Lubricants, 520L0463 and
Experience with Biodegradable Hydraulic Fluids, 520L0465.

Temperature range

Byin = - 40 :C [-40 :F]

Bnax= 95 °C[203 °F]

Viscosity range

Vmin = 7 mm?¥s [49 SUS¥)]

Vimax = 1000 mm?/s [4630 SUS*] (intermittent cold start)
Recommended viscosity range: 12 - 60 mm?/s [66 - 280 SUS¥]

*SUS (Saybolt Universal Second)

Filtration

Required cleanliness level: ISO 4406 - 1999 Code 22/18/13 or better. Refer to Sauer-
Danfoss publication Hydraulic Fluids and Lubricants, 520L0463 and Design Guideline for
Hydraulic Fluid Cleanliness, 520L0467.

Shaft load

The pump will accept radial and axial loads on its shaft, the maximum capacity being
determined by direction and point of application of the load. Please contact your Sauer-
Danfoss representative.

L1003621 - Rev AB « Jan 2011
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Hydraulic Parameters
(continued)

Determination of
Nominal Pump Sizes

Output flow:
Input torque:
Input power:

Variables:

Series 20 Axial Piston Pumps

Technical Information
Technical Specification

Technical Data
Parameter Units Frame size
070 089 334
Max. displacement cm? 69.8 89.0 3337
[in?] [4.26] [5.43] [20.36]
18.03 65.50
) ) an’ [1,10] [4.00]
Charge pump displacement options fin) 12.30 i
[0.75]
Minimum speed min” (rpm) 500
Rated speed 1 min’ (rpm) 3200 ] 2900 1900
Maximum swash plate angle degree +18
rIrll‘ass moment of inertia of rotating group kgm?. 103 1234 17.77 161.40
(without charge pump) [Ibf f2- 1073) [292.8] [421,7) {3830.0]
. k 63 78 270
| Weaht o [139) [172] [595]

! for higher speeds contact your Sauer-Danfoss representative.

Use these formulae to determine the nominal pump size for a specific application:

Based on St units

Based on US units

Vg n-n . Vg-n-n \
= =2 = —— v [USgal

Q 000 [/min Q 231 [US gal/min]
Vg-A Vg A

M=—32P N M= —32P  ibsing
20 mem 2:mem
Men Q-A M'n Q.A

P = _ P - =P [hp]
9550 6007, 63025 1714-m,

Sl units [US units]

V, = Displacementperrev. cm?/rev[in*/rev]
P, = Outlet pressure bar [psi]

Pw = Inlet pressure bar [psi]

Ap = Pup-Prwo bar [psi]

n = Speed min™ (rpm)

n, = Volumetric efficiency

N, = Mechanical (torque} efficiency

mn, = Overall efficiency (m,m,)

L1003621 < Rev AB - Jan 2011




Series 20 Axial Piston Pumps
Technical Information
Technical Specification

Servo Displacement Regulated by the control handle on the servo valve, the swash plate can be infinitely
Control (linear response)  varied in both directions with the help of the servo system. The pump displacement
resulting from any control handle position can be established using the figures on this
page.
The angle of the control handle for stroke initiation and for the final position of the
stroke can vary from unit to unit within the range of the tolerance band.
The inter-relation of flow direction, rotation of the pump and the control handle
movement is shown below.

Pump flow direction c .5
Flow direction changes with the l—— Null position
direction of rotation and the control ¢ a
handle movement (See bestdes), M?S{E‘éﬂem Maximum displacement
UM Movement of Pressure | Pressure & Contrat handie
rotatli)on control handlein | port port 4
direction ouTt IN
ccw C B A J
(Left) D A B ot
CVy < A B L Serrated shaft
(Right) D B A P0O00 013
SPV2/070 SPV2/089
69.8 89.0
{80 >
Vg [cm’]f [i: P vg [cm’]f Feo N
<l Mo <Lall :Z_
P LI N yoif P 2050228 20 15 0 £ 303k ey 29.5
: ST o T 2 Az 1257 Aéin’:osa o 15 2 252 |<
SO o] <al'] o] <of’)
1 ol 1
‘Vg [em?] ] ‘Vg [em?}
89.0
69.8
PO00 016 PO00 017
SPV2/334
3337
Vg [cm’]? :;
200
:150
. L1oo <
<ol -
26725 0 15 10 355
292 053 o 15 20 25362292
T e <a]
1
s i R
X( 100:
2504 3
0> 300 ‘Vg fem’)
3337
POO0 021
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=5 SAUEDR Series 20 Axial Piston Pumps
= U4 s Technical Information
Technical Specification

Servo Displacement Reversing time
Control (linear response)  Time for the directional change of the flow from Q... , across zero to Q. , depending
{continued) on the size of the control orifice fitted in the supply port to the servo valve (see below).

The values given assume movement of the control handle directly from one end position
to the other.

Adjustment time of handle: < minimum reserving time

Operating pressure; Ap, =210 bar [3046 psi]

Speed: n = 1450 min’ (rpm)

System temperature: 50°C[122°F]

Viscosity: 35 mm?¥/s [164 SUS]

Erame size Minimum reversip__g time (s) ‘Maxi.n‘mmj‘evgrging time (s)
without orifice with orifice ¥ 0.66 in supply port

070 1.0 9.3
089 1.1 9.0
334 56 43.8

Schematic diagram of servo valve with alternative orifice positions

|

|

{ Orifices In the
)‘ ( pilot ports

/év‘ —i W

1

|

!

il

#——— Supply port with orifice
|

!

!

{

P0OO00 056E
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Servo Displacement
Control (linear response)
(continued)

Series 20 Axial Piston Pumps
Technical Information
Technical Specification

Reset time

Time for reducing the flow from either flow direction from Q
control handle.

Assuming no mechanical blockage of the control handle’s free return and assuming no
orifices in the pilot ports:

max L0 0 releasing the

Operating pressure: Ap, =210 bar [3046 psi]
System temperature: 50 °C[122 °F]
Viscosity: 35 mm?/s [164 SUS]

Servo valve counter bored recesses for orifice insert

Pilot ports

~ Frame size Minimum reset time (s)
070 3.0
089
334 5.4

Oriflce in supply port
(see table on page 10)

P000 057E

Changing reversing and reset time
Inserting one orifice in each of the pilot ports can extend the reversing time. The reset
time will also be extended.

Inserting an orifice in one of the pilot ports only can extend the reversing time in one
flow direction. The reset time will be extended only for this flow direction.

L1003621 - Rev AB « Jan 2011
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Series 20 Axial Piston Pumps
Technical Information
Dimensions — Frame Size 070 and 089 cm?

Configuration PS, displacement control VML 1

Dimensions - mm [in]

Coupling may not protrude
beyond 48 mm maximum |
lenght of full spline

X —&=

Port "L1":Case drain port
/ (use highest port as outlet)
8

Gauge port - servo cylinder pressure
(both sides) 7/16-20 UNF-2B
SAE straight thread
M O-ring boss
56
| Charge pressure
[f relief valve
— I | 1 g - Y
- <
W | f; j[E_ "E %5 .
S 9 A 1 28 9 i
i O+ 9
P = e A NN Se |k
sl ® [E=3-Ti N NP A o
! AL 0\ g g-
f I H / Al $ H l ] a‘j CI_VJ) - m
I | )\ /’ & ) .,_'l § E%’
| (N8 Al | 00 ¥
2 \\l,/ % “r}\ UT 2
o284 S i il 8 S Port "B"
e H ]
12.45+0.24 G Approximate
F centre of gravity
Shaft spline data:** E i
Pitch @ =P b '
Pressure angle =30"
Number of teeth=R c
Pitch =S A
POO5 106E

* Minimum and maximum angle o, (see section Serve displacement control),
** Shaft spline data: spline shaft with involute spline, according to SAE handbook, 1963, class 1, fillet root side fit.

12

Frame
size B C D E F G H J K L M o N
070 315 294 305 259 188 146 112 120 84 48 16 84
[12,402] | [11.575] | [12.008] | [10.197] [7.402] {5.748] [4.409] {4.724] [3.307] [1,890] [0.630] [3.307]
089 328 307 312 271 195 140 118 129 91 49 17.5 98
(12913] | [12,087] 12.283]) {10.669] [7.677} [5.512} [4.646] [5,079] [3.583] {1.929] [0.689] [3.858]
Al .
. Shaft spline Bore @ for shaft
Frame size Charge pump coupling
12cm? 18 am? 20 QP R S
372 381 34.50 ., 33,338 21 31,75 +0062
070 [14.646] {15.000} [1.358 0] [1.313] {0.827] 16/32 {1,250 *00024)
358 394 37.68 ., 36.513 23 34,95 +002
089 [14.094] [15.512] {1,483 o) [1.438] [0,906] 16/32 {1.376 +00024)

' Short version available on request. Please contact your local Sauer-Danfoss representative,

Dimensions - mm [in]

Frame size T U \ W X Y z
070 71.4 1127 105 108 60.5 85.8 9.5
[2.811] [4.437] [4.134] {4.252] {2.382] [3.378] [0.374]
089 77.7 128.7 115 119 65 95.2 12.7
[3.059] [5.067] [4.528] [4.685] [2.559] [3.748} [0.500]

L1003621 - Rev AB < Jan 2011




SAUER

L

v
i
e

)
\

Series 20 Axial Piston Pumps

2™ Technical Information

Dimensions — Frame Size 070 and 089 cm?

Configuration PS, displacement control VML 1 {continued)

View X (for SPV 2/070 only)

View X (for SPV 2/089 only)

Control handle shaft

Control handle shaft
DD s&?n?daé?éiﬁszsa pltch, DD spline data: 64/128 pitch,
Ee o SAE hantiock 1563 = o S handbiak 1963
(5] k] 00 (5] anaboo
Outside d?ameler =10,13.014 941024 QOutside diameter =10.13.514
94024 / Number of teeth =24 S /Numberof(eeth =24
X . Control
Control\ T handle ™~
" ’A,?’;i'e &l - 1/4- 20 UNC - 2A |H /”4’20UNC'2A
i <g—
JR e ﬁ% | - . 2
< o 1} n
@ @ . @
? B N Ef@ \@|k
. N = =)
Z
flo X4 ), o - ol ol -
@ ) (IR W @
Approximate —| y N & )
roximate
Oy /0 1|6 ety |\ ‘
215 .ul o \
167 Y 9
bl
" | " HH | Hi
P00S5 108E
Firame size AA BB cC DD EE FF GG HH )
070 187.6 162 128.6 133 13 126 123 130 194
[7.386] [6.378] [5.063] [5.236] [4.449] [4.961] [4.843) [5.118] {7.638]
089 198.6 173 139.6 144 123 140 134 148 194
[7.819] [6.811] [5.496] [5.669] [4.843] [5.512] [5.276] [5.827] [7.638]
View Y ViewZ
v
Case draln port ¢ +—&d— D
Gauge port -
servo cylinder v le— Null position
pressure \ %6 Port "s": B .
M Suction port o a
portL" \ 2 (charge pump) 7
or' 1. — ot ;g
Case drain port { Maxi 03 Maximum
ase drain po y I f‘\ 3 di:;;gxrr'r:ent 19 02 displacement
1 N 5 1 G Control handle
i —\ Position of charge pump for Q T
ﬁ \/é /\ clockwise (R) rotation A 1
3 . f_ g @ VKZZJ 5 T -
- L E wpn é R50.8
* %V Q}g% o PortA R25.4 %
N -
A - .
/ q}k\/&ﬂ? E Serrated shaft
// : -§} ! = P000 022€
Gauge port "M" —/ N Y \I [—F————}— Position of charge pump for
/\ )‘QH counterclockwise {L) rotation
il
NP —
Port "B" J \ Port "L,":
v v Case drain port
Port"B" Port "A"
]
Case draln port
POOS 107E
11003621 - Rev AB - Jan 2011 13




I
gy

= SAUER

YA
t

Series 20 Axial Piston Pumps

b L e ot Technical Information

Dimensions - Frame Size 070 and 089 cm?

Configuration AA 010, displacement control VML 1

34

14

|
|
|
l

Control and charge
pressure port

Return from charge relief
valve to pump case

P000 058E

L1003621 - Rev AB - Jan 2011

-
N h J
H_H H
A | [C] Sontorand e
_Eﬁ— E
E @@ _@ .g_
y
. @) ®,
i zz o = [l
B
Return from charge relief
valve to pump case R 3/4 A
P00O 009E
Dimensions - mm [in]
Frame Size A B Weight kg [Ib]
070 339[13.346]) 316 [12441] 63.5 [140]
089 352[13.858] 329[12.953] 78.510173]
Circuit schematic

Designation:

1 =Variable Displacement pump
3 =Servo control valve

4 = Charge check valve

7 =Heat exchanger

Ports:

A, B = Main pressure ports (working loop)
L1, L2 = Drain ports

M = Gauge port - charge pressure
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Configuration PS,
displacement control
VML 1

Series 20 Axial Piston Pumps

A EIROSE  Technical Information

Dimensions — Frame Size 334 cm?

578
244 Port "L,": Case drain port
208 (use highest port as outlet)
198 Gauge port - servo cylinder pressure
{both sides) 7/16-20 UNF-2B
77 25,5 SAE straight thread
|| O-ring boss
/ Charge pressure
Coupling may not protrude refief vaive
beyond 48 mm maxImum 1
lenght of full spline 4 € S ] 302
N {,} 36.5
B g i\ GIalB)- &
ol & - = ]
e @f 3 /" D 3
¥ - @ = k= — o—3 ol T N _& "
= Rle Sl K AW I@m-- =
° e & ] ahd
e et | - e
: 3 it
8 30 \\ aARY ity
3 B N ;’%/ E}T) Port"s";
] a0 5| L R Charge pump
£ | suction port
15.6:4£0.24 86 \> Port "8
Shaft spline data:** 246 Approximate
Pitch @ =63.500 111 centre of gravity
Pressure angle =30
Number of teeth =27 433 |
Pitch =16/32 1
5
Internal opening 0062 47 1
for grooving =61,93+% 493

* Minimum and maximum angle o, (see section servo displacement control).
** Shaft spline data; spline shaft with involute spline, according to SAE handbook, 1963, class 1, fillet root side fit,

L1003621 - Rev AB « Jan 2011
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Series 20 Axial Piston Pumps
Technical Information

Dimensions — Frame Size 334 cm’®

Configuration PS, displacement contro! VML 1 {continued)

View Y View X
Controt handle shaft
174 spline data: 64/128 pitch,
187.2 64 dlan?‘etr;lbpitih acc.
. : 153 to SAE handbook 1963
Searsgi)'fﬁrrnt:ler Case drain port Outside dlameter =10,13 .44
pressure 164 Position of charge pump for 0.44024 Number of teeth = 24
9% clockwise (R) rotation Control handle / 1/4- 20UNC - 2A
Port "Ly" R
Case drain port & i
ANV A \ \\‘; Charge pump pressure m v <+— 7
¥ gauge port
— } 7/16-20 UNF-28 () g,) (i) o
7 / SAE straight thread al o =
g 0 -1ing boss Nl AN g &
& e B G i §
~l )
0 E _é | Port"A” e e
P - . -
4}\& ~
lﬁ | o (¢ O
Gauge port "M" -/ Z / f& w E
AN Approximate a1 -
Qy g e centre of gravity @ [ $ o ;
wpa Y /‘— o ¥
Port "B Port "L,
N Case drain port @27.7 xo.5|
— | 300
ort Position of charge pump for 212 | 212
158.7 158.7 counterclockwise (L) rotation t
Port "8" Port "A"
187.2
Case drain port
View Z POOS 111E
C p——— D
[+—— Null position
x *
26771080 26.7'mln‘
Maximum 19 703 Maximum
displacement displacement
HE Control handle

Port A and B:
PortL1,L2:
Port S:

Port M:

16

liﬁ:to.’l

R254

i

R50.8

Serrated shaft

L1003621 - Rev AB - Jan 2011
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SAE flange, size 1 1/2 SAE split flange boss, 6000 psi, 4 threads, 5/8-11 UNC-28, 35 deep
1 7/8-12 UNF-2B, SAE straight thread, O-ring boss
SAE flange, 1 1/4 SAE split flange boss, 3000 psi, 4 threads, 7/16-14 UNC-2B, 28 deep
7/16-20 UNF-2B, SAE straight thread, O-ring boss
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¢ we® Technical Information

Series 20 Axial Piston Pumps

Dimensions — Frame Size 334 cm?

Configuration AA 010, displacement control VML 1

73

Dimensions - mm [in]

Return from charge relief
valve to pump case R 3/4

T

(r——

Control and charge
pressure port R 3/4

P000 010E

Frame size A B C Weight kg [Ib]
334 546 [21.496] 5201{20.472] 211[0.827] 264.5 [583]
Circuit schematic
Designation:

L1003621 « Rev AB + Jan 2011

Control and charge
pressure port

Return from charge relief
valve to pump case

PO0O0 058E

1 =Variable Displacement pump
3 = Servo control valve

4 = Charge check valve

7 = Heat exchanger

Ports:

A, B = Main pressure ports {working loop)
L1, L2 = Drain ports
M = Gauge port - charge pressure
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Products we offer:

¢ Bent Axis Motors

¢ Closed Circuit Axial Piston Pumps
and Motors

e Displays

¢ Electrohydraulic Power Steering
¢ Electrohydraulics

e Hydraulic Power Steering

e Integrated Systems

e Joysticks and Control Handles

e Microcontrollers and Software
¢ Open Circuit Axial Piston Pumps
¢ Orbital Motors

e PLUS+1™ GUIDE

¢ Proportional Valves

e Sensors

e Steering

e Transit Mixer Drives

Members of the Sauer-Danfoss Group

Comatrol
www.comatrol.com

Schwarzmiiller-Inverter

www.schwarzmueller-inverter.com

Turolla
www.turollaocg.com

Hydro-Gear
www.hydro-gear.com

Sauer-Danfoss-Daikin
www.sauer-danfoss-daikin.com

L1003621 . Rev AB « Jan 2011

Sauer-Danfoss is a global manufacturer and supplier of high-
quality hydraulic and electronic components. We specialize in
providing state-of-the-art technology and solutions that excel in
the harsh operating conditions of the mobile off-highway market.
Building on our extensive applications expertise, we work closely
with our customers to ensure exceptional performance for a broad
range of off-highway vehicles.

We help OEMs around the world speed up system development,

reduce costs and bring vehicles to market faster.
Sauer-Danfoss - Your Strongest Partner in Mobile Hydraulics,

Go to www.sauer-danfoss.com for further product information,

Wherever off-highway vehicles are at work, so is Sauer-Danfoss.
We offer expert worldwide support for our customers, ensuring
the best possible solutions for outstanding performance. And with

an extensive network of Global Service Partners, we also provide
comprehensive global service for all of our components.

Please contact the Sauer-Danfoss representative nearest you.

Local address:

Sauer-Danfoss (US) Company Sauer-Danfoss ApS

2800 East 13th Street DK-6430 Nordborg, Denmark
Ames, IA 50010, USA Phone: +457488 4444
Phone: +1515 2396000 Fax: +45 7488 4400

Fax: +15152396618

Sauer-Danfoss GmbH & Co. OHG Sauer-Danfoss-Daikin LTD.

Postfach 2460, D-24531 Neumdinster Shin-Osaka TERASAKI 3rd Bldg. 6F
Krokamp 35, D-24539 Neumdinster, Germany 1-5-28 Nishimiyahara, Yodogawa-ku
Phone: +4943218710 Osaka 532-0004, Japan

Fax: +49 4321 871122 Phone; +81 6 6395 6066

Fax: +816 6395 8585

www.sauer-danfoss.com
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THE WORLD TRADE CENTER TOWER-FOUR, LINKBELT 1900 LOST LOAD
INCIDENT: INVESTIGATION OF PUMP AND MOTOR DAMAGE
A Preliminary Report Submitted by Noah Manring

March 3, 2012

EXECUTIVE SUMMARY

This preliminary report provides a schematic of the main hoist system as it was being
used during the lost load incident. The schematic has been created based upon the anecdotal
information that was communicated during the pump and motor inspections that occurred at
Federated Crane on March 1, 2012, along with the system description that is provided in the
crane’s operating manual, and the technical input of Thomas Kanzler who is the Chief Engineer
at Federated Crane. Basic findings of the pump and motor inspection are also included in this
preliminary report. A videographer was present to capture most of this inspection on video. The
actual pumps and motors are still retained in a secure location and can be accessed for future
inquiries. This report also describes six failure theories that could possibly be responsible for the
lost load incident. These theories are listed in order of my preference with the first being related
to a drop in charge pressure and pump control, facilitated by a hot system and a possible
degradation of relief valves. The last two theories are somewhat unlikely but are listed as
possibilities just the same. The conclusion of this report offers some suggested tests and
activities that could be pursued to verify or refute the failure theories that are presented here.
The appendix briefly describes the finding of miscellaneous inspections that have been carried

out for another crane lost load incident.



DESCRIPTIONS

The main host hydraulic circuit and is shown in Figure 1. The following notes identify

several components shown in the schematic:

A

B

z z - Tz o =

o

P

1-4

External charge pump

External charge pump filter

Bypass valve for the cooling circuit (normally open as shown)
Gearbox driven by the engine

Main hoist pump

Auxiliary hoist pump, connected to the main hoist circuit during the incident
Charge pump connected to the main hoist pump

Charge pump connected to the auxiliary hoist pump

Check valve

Charge circuit relief valve

Shuttle valve for the cooling circuit

Orifice for the cooling circuit

Cross over relief valve for lowering

Cross over relief valve for raising

Return line from the main and auxiliary pump case drain
Return filter inside the reservoir

Main hoist motors

Other components of the main hoist hydraulic circuit are explicitly labeled in Figure 1. A few

comments should be made:

|. The orifice for the cooling circuit labeled as L in the Figure 1 is not explicitly



described anywhere in the operator’s manual for the Linkbelt 1900 crane. This has
been included to illustrate that this must be a controlled, small amount of flow
facilitated by some restriction.

The cross-over relief valves labeled as M and N are not explicitly referred to in the
operator’s manual. These are included in Figure 1 because they are commonly used
in closed loop systems, and because Mr. Thomas Kanzler, Chief Engineer for
Federated Crane, identified the valves during the inspection. These valves are shown
in Figure 2 as well.

The operator’s manual on page 7-7 discusses a “Motor Drain Circuit” used to provide
cooling for the motors. This is commonly called “motor flushing” and is not unusual
to see in closed loop systems; however, since this “circuit” is integral to each
individual motor it is assumed to represented within components 1-4 in the schematic.
The case flow for the motors is obviously an important concern for this design since
the return flow from the motor case remains unfiltered to avoid back pressure
(operator’s manual, p. 7-5). Furthermore, each motor is equipped with its own visual

flow meter for inspection during the life of the machine.

Figure 2 is a photograph that roughly labels several parts on the actual winch pack. Note: this

picture does not identify the pumps as they are connected to the power supply which is not

shown.
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Figure 2. Photograph of the winch pack with several components in Figure 1 labeled

OBSERVATIONS
1. The hydraulic motor labeled 4 in Figure 1 and 2 was disassembled first, There was an
obvious interest in disassembling this motor first because it the case had a large hole in it,
from which a connecting rod had been thrown out of the machine during failure, along with
another large piece of metal that appeared to belong to one of the hydrostatic bearings. The
following things were observed during the disassembly process:
a. Two jars of oil were extracted from the motor case before the motor was removed from
the winch pack. These have yet to be analyzed.
b. Seals and o-rings for the motor appeared to be in good shape, with no unusual signs of
extrusion or other deformation.
c. There were many metal parts scattered throughout the motor case ranging from long

strips of material extending up to 30 cm in length to observable metal shavings less than




one millimeter in size. Many small pieces of metal were found of the approximate size of
a penny. Most of these metal parts appear to have come from the mangled hydrostatic
thrust bearings which had been destroyed due to an apparent over-speed phenomenon.

d. The machine was designed with 5 pistons. The piston labeled number 1 was the only
piston to have lost its connecting rod. In fact, the connecting rod was found on the job
site, indicating that this was the object that had most likely created the hole in the motor
case. By disconnecting the connecting rod from the piston, a 5 mm lubrication passage
from the pressurized side of the piston was opened up to the motor case. With a 5 mm
hole like this, it is unlikely that the system could have held system pressure.

e. A few pistons could still slide in their bores a small amount. When pushed back, the
bores looked clean with normal wear, indicating that a long standing problem of
contamination was not responsible for the motor failure.

f.  While the motor case was filled with metal shavings and broken parts of all sizes, the
pressurized side of each piston had small metal shavings that were observable and had
apparently found their way into the pressurized loop of the circuit.

2. The hydraulic motor labeled 3 in Figure 1 and 2 was disassembled next. The following
observations were made:

a. Two jars of oil were extracted from the motor case before the motor was removed from
the winch pack. These have yet to be analyzed.

b. This motor exhibited similar failure symptoms of Motor 4; however, the connecting rods
were all nominally in place, indicating that the 5 mm lubrication passages from the
pressurized side of the pistons were not opened and pressure could have been held by

these pistons.



C.

Metal shavings, deformed hydrostatic thrust bearings, and other pummeled parts looked

similar to Motor 4.

3. The hydraulic motor labeled 2 in Figure 1 and 2 was disassembled next. The same

comments in 2 above apply.

4. The hydraulic motor labeled 1 in Figure 1 and 2 was disassembled next. The same comments

in 2 above apply.

5. The main hoist pump and charge pump labeled E and G respectively in Figure | was

disassembled next. The following observations were made:

a.

Two jars of oil were extracted from the pump case before the pump was removed from
the gearbox. These have yet to be analyzed.

The charge pump G was in good shape and indicated no unusual wear or other failure
symptoms. Joint seals indicated nothing unusual.

Upon disassembly of the main hoist pump E, the valve plate and barrel face looked good
with other internal parts that looked essentially new. Gaskets and joint seals indicated
nothing unusual.

There was no widespread contamination that was observable with the naked eye in this
pump; however, the rotating group had one piston that had seized in its bore and a slipper
had broken away from the ball-and-socket joint. The slipper had broken into at least
three pieces, two large pieces were recovered within the pump case; however, these parts
were not pummeled and do not appear to have created problems for the other pistons
within the pump. This may indicate that the slipper failure was recent.

When the slipper broke from the piston, a 1 mm hole was opened up from the working

side of the piston to the pump case drain. A closer study needs to be made of the impact



of this created leak path.

Upon visual observation, the running surface of the broken slipper looked more scratched
than the running surface of the other slippers; however, none of the scratches observed
were unusual for machines of this type.

The seized piston was pounded out of the bore with a hammer and screw driver, and bore
scoring was observed which was typical of a seized piston failure. All other piston bores
looked very good and the pistons were free to slide within them.

The swash plate and other bearing components within the pump looked healthy and
without damage.

There was no contamination from the motors that appeared to have made its way back

into the main hoist pump E or the charge pump G.

6. The auxiliary hoist pump labeled F and H respectively in Figure 1 was disassembled next.

The following observations were made:

a.

Two jars of oil were extracted from the pump case before the pump was removed from
the gearbox. These have yet to be analyzed

The charge pump H was in good shape and indicated no unusual wear or other failure
symptoms. Joint seals indicated nothing unusual.

The auxiliary hoist pump F was in good shape and indicated no unusual wear or other
failure symptoms. All internal parts looked essentially new.

There was no contamination from the motors that appeared to have made its way back

into the auxiliary hoist pump F or the charge pump H.

7. The external charge pump labeled A in Figure 1 was disassembled next. This pump was

disassembled and indicated no failure symptoms. All parts looked in good operating



condition.

8. A 5 gallon oil sample from the system reservoir was taken. This sample has yet to be
analyzed but appeared from visual observations to contain a significant amount of water. Oil
samples throughout the system were murky with a greenish tinge. Some jars of oil appeared

to have a different shade of green than others.

PRELIMINARY FAILURE THEORIES
The following failure theories are listed in my current order of preference:
1. Failure Theory 1. Failure of Charge Pressure Relief Valve J
a. While the operator is raising the payload, the charge pressure begins to drop due to a
possible failure of the relief valve J.
b. As the charge pressure drops, the ability for the pumps to remain in stroke also drops due
to the reduced control pressure, and the pumps begin to de-stroke.
¢. The pumps become unable to makeup leakage in the system and the pressure in the loop
drops resulting in an inability to hold the load.
d. The payload begins to drop, the motors reverse direction, and flow is forced backward
through various leak paths in the high pressure side of the circuit.
e. Ifthe counter balance valve is working, and if the system is sufficiently “tight” between
the counter balance valve and the motors, the load should hold.
f. If the counter balance valve is not working then flow from the motors can squeeze
through the leak paths on both sides of the counter balance valve, and without sufficient
flow capacity the main and auxiliary hoist pumps will be unable to make up for this

leakage. Note: the broken slipper in the pump will exacerbate this problem.



The operator releases the lever from the full hoist position; but the pumps are already
essentially at neutral so this has little effect.

The motors begin to over speed, breaking off‘the connecting rod in Motor 4 and opening
up a short circuit on the motor side thus exacerbating the failure.

To verify or refute this failure theory the following things must be done: 1) a bench test
of the relief valve J should be conducted to see if the charge pressure is set at an
appropriate level and if this degrades over time, and 2) modeling of this failure scenario
should be done to understand the makeup flow that is required and available from the
pump under a reduced control situation.

Note: the reduced charge pressure situation is suspected on a previous machine failure
and a reduction in charge pressure levels have apparently been observed over time on that
machine. For this reason I favor this scenario right now.

Note: if the system is running hot, possibly due to the cooler bypass valve being left
closed, leakage throughout the system will increase and charge pressures will naturally

drop over time. The position of the cooler bypass valve should be checked.

2. Failure Theory 2. Failure of the Pump E Slipper, and the Counter Balance Valve

a.

While the operator is raising the payload, the slipper in the main hoist pump (labeled E in
Figure 1) breaks off, creating a | mm leak path from the circuit to the pump case drain.
This additional leakage keeps the pumps from generating sufficient pressure to hold the
payload.

Assuming that the counter balance valve is stuck open, the payload begins to drop, the
motors reverse direction, and flow is forced backward through the counter balance valve

and through the additional leak path in the pump.

10



All the pump flow plus the additional motor flow is now being squeezed through the 1
mm leak path (not a likely situation ... but I need to calculate this).

The operator releases the lever from the full hoist position and the pumps go to neutral.
The main hoist pump E continues to receive flow from the motors through the failed-
open counter balance valve, and through the 1 mm leak path into the pump case due to
the slipper failure.

The motors begin to over speed, breaking off the connecting rod in Motor 4 and opening
up a short circuit on the motor side thus exacerbating the failure.

Essentially no flow from the failed motor system makes it to the main pump system
since the path of least resistance is through the motor case 5 mm hole and all charge flow
is flushing fluid down both sides of the loop away from the pumps.

This theory is weak in that it requires two simultaneous failures: 1) a slipper failure, and
2) a counter balance valve failure.

Two things should be checked to verify or refute this failure theory: 1) an estimate of
how much pressure the system can hold with a 1 mm leak path added, and 2) a bench test

of the counter balance valve to see if it is stuck open.

3. Failure Theory 3. The Motor 4 Connecting Rod Breaks

a.

While the operator is raising the load, the motor connecting rod breaks away from Piston
1 in Motor 4, opening up a 5 mm leak path from the pressurized side of the piston.

The 5 mm leak path allows high pressure flow to drain into the motor case thus short
circuiting the loop. Being unable to hold the payload, the motors reverse direction and
the main hoist begins to unwind as the payload drops.

The operator releases the lever from the full hoist position and the pumps go to neutral

11



f.

receiving and delivering no flow from the hydraulic circuit. This explains why the
pumps remained uncontaminated by the motor failures.

The charge system continues to provide flow to the loop; but without signs of cavitiation
or pulling a vacuum. This means that if the motors were still displacing volume as the
payload dropped, they were augmenting charge flow by freely circulating fluid (or air)
through the motor case / reservoir system.

All motors undergo an over speed failure, resulting in broken parts throughout the motor
system.

This theory leaves the broken slipper in the main hoist pump unexplained.

4. Failure Theory 4. The Motor Flushing System Breaks

a.

This theory is similar to Failure Theory 1, except the leak path from the high pressure
side of the circuit is somehow created through the motor flushing system described on
page 7-7 in the operator’s manual. No evidence of this failure mode was discovered
during the machine inspection; however, we didn’t look for it either.

To explore this possibility, we need to look at a schematic of the hardware that is used to
create the motor flushing circuit and the hardware needs to be reexamined for a possible
failure mode of this type.

All other aspects of the failure theory are similar to Failure Theory 1, and the broken

slipper in the main hoist pump still remains unexplained.

5. Failure Theory 5. The Cross Over Relief Valve N Fails

a.

While the operator is raising the payload, the cross over relief valve (labeled N in Figure

1) cracks open and sticks open.

b. This creates a short circuit in the hydraulic loop and equalizes the pressures on both sides

12



of the circuit disabling the ability of the motors to generate torque and to hold the
payload. The motors reverse direction and the payload begins to drop.

¢. The operator releases the lever from the full hoist position and the pumps go to neutral
receiving and delivering no flow from the hydraulic circuit. Again, this explains why the
pumps remained uncontaminated by the motor failures.

d. As the motors spin they essentially make up their own flow through the cross over relief
valve. The pressures in the system drop because the main pumps are at neutral and the
charge system makes up for small flow deficits as usual.

e. Since the charge system is operating normally, it experiences no damage.

f.  All motors undergo an over speed failure, resulting in broken parts throughout the motor
system.

g. This theory leaves the broken slipper in the main hoist pump unexplained.

6. Failure Theory 6. Check Valves on the Main Hoist Junction Block Fail

a. There is a check valve system on the main hoist junction block that could short circuit the
motor side of the loop if the valves were opened.

b. To verify this possible failure mode, the check valves should be removed and bench

tested for functionality.

PRELIMINARY CONCULSIONS

The following conclusions are supported by the investigation conducted on this failure
incident thus far:
1. The following valves should be bench tested to verify their functionality. These tests are

listed in order of preference and priority:

13



The position of the cooler bypass valve (shown in Figure 1 but not labeled) should be
checked to see if it is closed. This may result in a hot running machine with excessive
leakage throughout, thus reducing charge pressure and creating pump control problems.
The internal charge relief valve(s) (shown in Figure 1 as J) should be bench tested over
time to see if it holds the set charge relief pressure. This should be tested with oil
temperatures that range from 70 to 200 degrees Fahrenheit.

The external charge relief (shown in Figure 1) should be bench tested over time to see if
it holds the set charge relief pressure. This should be tested with oil temperatures that
range from 70 to 200 degrees Fahrenheit.

The counter balance valve (shown in Figure 1) should be bench tested to see if it stops
flow in one direction while the pilot line is open to atmospheric pressure.

The cross over relief valves (shown in Figure 1 as M and N) should be bench tested to see
if they stop flow below their set pressure of around 3,600 psi.

The motor flushing valves should be studied and tested to see if they are function
properly.

The check valves on the main hoist junction block should be tested to see if they are

functioning properly.

The following analysis should be conducted to better understand the likelihood of each

previously listed failure mode:

A simple model of the system should be generated to test the likelihood of various failure
theories, based upon discoveries of the pump and motor disassembly process and the
valve bench tests that are being suggested.

. Flow analysis for the entire system under pressure should be conducted to see how

14



sensitive the system is to increased flow demand resulting from, say, a failed slipper in

the main hoist pump.

APPENDIX

A previous failure on a similar crane had occurred prior to this incident. Since all
interested parties were present, a disassembly of certain components for this system was also
conducted. The following disassembly occurred:

1. Disassembly of the main hoist pump and its charge pump was conducted. This disassembly
indicated that he main hoist pump was in good condition with all parts looking essentially
new. No contamination was observable with the naked eye.

2. Disassembly of the external charge pump was conducted. Again, this disassembly indicated

that the pump was in good condition with no apparent failure symptoms.
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Operator's Manual section 12 - continued - crane overload Warning System

(2) There are six control
functions that the system can
deactivate, They are:

{a) Boom Up

(b) Boom Down

c) Boom Deceleration

d) Hoist Up

(e) High Speed Hoist

(f) Intermediate Speed Hoist

Chart B 1ists each function and
under what conditions that
function would be deactivated.
The operator should become fa-
miliar with the caules for the
deactivation of any control
function.

WARNING L!
Lm_w |

To Avoid Personal Injury Or
Machine Damage, Never Use The
Boom Override Switch When There
- Is A Load On The Main Or
Auxiliary Hoist Line. Use The
Override Switch Only For
Raising The Boom Past The Hoist
Limit To Release The Ratchet
Pawl, Or For Lowering Past The
Lower Limit For Boom Removal,

Chart 8 - Control Limits

Boom Up Deactivates: (1) If the automatic minimum radius
for a particular boom length is
exceeded.

(2) If the manual minimum radius set
by the operator is exceeded,

Boom Down Deactivates: (1) If the automatic maximum radius for
a particular boom lenath {is
exceeded,

(2) 1f the manual maximum radius set
by the operator is exceeded,

(3) If the hook load exceeds the alert
1oad by 10% or more.

(4) TIf the W/T switch is pushed.

Boom Deceleration:

(Boom Hoist Slow - Down): (1) If the boom angle exceeds 75°
(radfus at 75° depends on boom
Jength),

Hoist Up Deactivates: (1) If the hook load exceeds the alert

1oad by 10% or more.
(2) If the ¥W/T switch is pushed.

High Hoist Speed

Deactivates: (1) If the single Vine pull exceeds -

(a) 14,000 1bs. (6340 kg) for
TG1900-2300-23008,

(b) 8,800 1b (3112 kg) for TG1500.

Intermediate Hoist Spead (1) 1If the single 1ine pull exceeds -

Deactivates: (a) 36,000 1b. (16330 ka) for
TG1900;2300;23008.

(b) 14,700 1b, (6668 kg) for TG1500




Operator's Manual Section 13 - Pump Drive Gearbox

Subject Page No.
Removal Of Gear/Shaft Assemblifes And Bearings

From The Pump Orive Gearbox..... et Ceresaeeras S S 13-3
Pump Drive Gearbox ASSembly ProCedUre. ... .uesveuiseiosrneneraoosovsasnnsnscrratornsrnreersensess]d=0
Figures Page No.
Fig.13~) Pump Drive GearboX.......vevivevvrnunerranns et eraaes e et reea v ld=2
Fig,13-2 Flywheel And Housing ATignment, Step 1. . iiiiriorrriniornnrevsconencnsranes e 13-4
F1g.13+3 Flywheel And Housing AT{gnment, StEP Z...v.vvrrvrerreenrneesn. N NI 21!
F1g.13-4 Flywheel And Housing Alignment, Step 3........vvvevnne. vereane M [ 21
F19.13-5 Flywheel And Housing Alignment, Step 4,..........0vue.s P SRR 2
Fig.13-6 Gearbox Mounting........ Ceraeseerenaes e e r et ey .0 13-5

i
13-1

TG1500-1900-2300-23008



Operator’s Manual

Section 13 - Continued - Pump Drive Gearbox

18
16 o 0 O ° ¢ -—'_"15
1 O _| O [,
12 [ [ ? - o '9
10 8 6 4 2 28 21
Bokt Tightening S8equenca
Bolt Torque - 98-109 n/ba. (11=12 N-M)
Fig. 13-1

Pump Drive Gearbox

1) Bushing (9) Seal Carrier

2) Vent Fitting 210 011 Sea)

3) Elbow 11} Engine Adaptor

4) Housing Half 12) Capscrew

§) Bearing 13) Drive Plate Ass'y.

6) Input Gear Ass'y. 14) Capscrew, Lockwasher, Nut
7) ldler Gear 515 Pump Adaptor W/Capscrews
8) Gasket 16) Plug

)

Housing Bolt And Nut

Snap Ring

Spline Adaptor

Output Gear

Bearing Retainer, 0-Ring,
Snap Ring

Snap Ring

Dip Stick
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Operator’s Manual
Removal Of Geay/Shaft Assemblies

And Bearings From The Pump Drive
Gearbox

Removal: '
(1; Remove the pump drive gearbox
from the engine,

(2) Remove the nuts and bolts
from the pump drive housing
half. See Fig. 13-1,

(3) Separate the housing halves.
Slide one housing haif off
the dowels, then slide ft
free from the bearings, ,

Note: Each gear/shaft a
sembly will remain with its

Section 13 - Continued Pump Drive Gearbox

{6) To ensure that the housing
seals evenly, tighten the
bolts down on the housing
halves in the sequence shown
fn Fig, 13-1, Torque to 99-
109 1n/1bs. (11-12 N.m),

(7) Turn the input shaft by hand

to ensure that the unit 1s

free running. Binding will
load the bearings end-wise
and cause excessive heat
when runhing,

Mount and align the pump

‘drive gearbox to the engine

per the following Pump Drive

Gearbox Assembly Procedure,

(8

~—

hearings as a_sub-assemb Y.
If the sub-assemblies are
not to be removed, they may
remain in efther housing
half. For ease of reassem-
bly, it is recommended that
11 the sub-assemblies remain
An]:ne or the other housing
alf,

=4

(4) If the bearings are to be
removed from the gear/shaft
assemblies, use a puller.

Do not attempt to separate
the gear and shaft. They
are manufactured as a single
unit at the factory. See
the parts book for correct
part numbers,

Reasembly:
(1) Reassemble the pump drive
gearbox in reverse order,

Replace any 0-rings or gas-
kets as needed.

(2) Reassemble the bearings:to
the gear/shaft assemblies.

(3) Place all the/gear/shaft
assemblies and bearings in
either housing half. Make
sure that the bearings are
completely seated in the
bores. Place the dowels in
this housing half,

(4) Guide the other housing

“half over the exposad bear-

ings and over the dowels,

(5) Make sure the bearings are
completely seated in the
bores,

P
SR RGRYRG R RG

CAUTION

PN

To Avoid Component Damage, The
Pump Orive Gearbox Must Be
Mounted And Alfgned Per The
Pump Orive Gearbox Assembly
Procedure,

TG1500-1300-2300-23008




Operator’s Manual

Pump_Orjve Gearbox Assembly.
Procedure

(1) Secure the engine to the
frame. )

(2) After the engine is mounted
in place, use a dial indica-
tor to check the flywheel
and housing alignment and
record the dimensions for
service referenca,

(a) Clean the flywheel and
flywheel housing thor-
oughly.

(b) Measure the diameter of
the driving ring pilot
bore on the flywheel and
the diameter of the gear-
box drive disc, See
Fig, 13-2, The dimenstons
taken should be within
the values Tisted below,

Pilot Bore Diameter:
18,375 to 18.379 inches
{(46.67 to 46.68¢m)

Drive Disc Diameter:
18.370 to 18.374 inches
(46.66 to 46,67¢m)

(c) Attach the dial indica-
tor to the flywheel so
that the indicator stem
rides on the housing face
{see Fig, 13-2), The in-
dicator reading should
not exceed 0.008 inches
(0.2032mm) through one
revolution of the fly-
wheel,

E Dlai
{ndicator
Driving Ring

Pllot Bore
\o ‘E{-—-—o.u Box
% Drive Disc
]

Section 13 - Continued - Pump Drive Gearbox

not exceed 0,008 inches
(0.2032mm} through ene
revotution of the fly-
wheel.

L

Dlal Indicator

Fig. 13-3

(¢) Remove the indicator base
from the flywheel and at-
tach 1t to the flywheel
housing, Adjust the stem
so that {t rides on the
flywheel (see Fig, 13-4).
The indicator reading
should not exceed 0,01
inches (0,254mm) through
one revolution of the
flywhee).

Hywhoc

Flywhee!
Housling

Dial indioator

Fig., 13-4

{f) Readjust the indicator
so that the stem will
ride on the driving
ring pilot bore (see Fig.
13-5), The eccentricity
should not exceed 0.005
inches (0.127mm) maximum
total 1indicator reading
through one ravolution
on the flywheel,

53cm)_housing_bore dia-
meters, 11{&1_[\2 indicator
reading obtained in the
proceﬁures described
:?ove exceeds the speci-

ed 1imits, do not in-
'stall the pump drive
gearbox, Contacf the
angine manufacturer’s
representative for correc-
tive action.

st}

{(3) Remove the gearbox drive disc
from the gearbox input shaft
and attach the disc (item #5
in Fig. 13-6) to the engine
flywheel, Tighten the locking
capscrews (item #4 {in Fig.
13-6) to 100 ft/1bs. (133.6
Nem),

(4) Coat the adjusting pin, taper-
ed bushing, bushing seat and
the bore of the adgustinq
block assembly with 830009
grease, Install these {items,
and the lockwasher and locknut,
tightening capscrews and lock-
nuts snug.

(5) Rotate the adjusting pins so
that the adjusting block
assembifes are at their low-
est position.

(6) Using a 1ifting hoist, In-
stall the gearbox assembly,
meshing the shaft spline with
the disc drive hub, Align the
housing register with the-
flywheel housing.

(7) Insert two pieces of 0,010
inch (0.254m) thick shim-
stock, one on each side, be-
tween the gearbox and the
flywheel housing at the point
marked A" ip Fig, 13-6. .
Tighten the mounting bolts at
501?t "g" to 70 ft/lbs. {93.5

lm'

Note: The remaining_mounting
bolts attaching_the gearbox

Fig. 13-2

(d) Readjust the dial
indicator soithat the
stem rides on the bore
of the flywheel housing
(see Fig., 13-3), The
indicator reading should

L

Driving Ring

Pllot Bore indicator

Fig, 13-5

Note: The above speci~-

fications are SAE stand-

ards for flywheels with
to nch (41 to

to the flywheel housing may_
have to be started so that
the shims are clamped batween
the gearbox and flywheel
housing.

(8

—

Tighten the locknuts until
the adjusting pins can be
rotated with 200-20 ft/1bs.
(267-27 N.m) torque,

Rotate the adjusting pins
clockwise until the adjusting
blocks support the weight of
the gearbox. If the adjusting

{9

~—
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(10)

blocks do not touch the gear-
box, add shims (item #14 in
Fig. 13-6) as required until
the blocks support the gear-
box weight when the adjusting
pins are rotated, The gear-
box and the engine frame at
point "C" should be equal
within 1/16 inch (1.57mm)},
Readjust the helight of the
adjusting blocks as required
and insert shims (ftem #7 In
719, 13-6) at points "C" until
the gap 1s filled, Insert
the capscrews and tighten
until spug.

Measure the gap between the
flywhee} housing and gearbox
at points "0", with shims

installed at point "A".
Raise or Tower the adjusting
blocks by rotating the ad-
Justing pin unti) the gap at
the top and bottom are equal
within 0.0005 inch (0.0Tm).
Tighten the locknuts to 150
ft/1bs. (200 N-m) and tight-
en the capscrews in the
adjusting blocks to 100 ft/
Tbs, (133.5 Nem),

Remeasure the gaps at points
"0", If equal within 0,000%
inch (0,0lmm), proceed to
step 13, If the gaps at "0"
are not within tolerance,
loosen the capscrews in the
adjusting block and locknut,
holding the adjusting pins
to prevent slippage. Tap on

the end of the adjusting pin
to loosen and rotate pin to
readjust gaps at "D". Con-
tinve this procedure until
the gaps are within toler-
ance,

(13) After securing the locknuts
and capscrews in the adjust-
fng block, remove the shims
at "A" and tighten the
remajning mounting boits
to 70 ft/lbs. (93.5 N'm).
Tighten the capscrews at
points "C"*to 350 ft/lbs.
(467.6 N'm), Bend the tab
on the lockwasher and bend
the shims at point “C" at
both ends.

Polnt ‘D"

2
3
Polat ''B'"

0.010m(0,26mm)ehim
(Bolh 8ides)
Polnt “*A’!

QCrlnklhlll

Point *B"
3

‘—.%\
~ v~y
s : Point "G’
Polnt "¢ ——] 7
7__,._.—-——1
. o] (2] (] <]
Polnt *'D"
Point "¢"
7\ por
Point “C
8 o o o o ”/‘7
! 9
10
1
12 7] -
13 14
Fig, 13-6 F1233-C
Gearbox Mounting
1) Engine Flywheel Housing 6) Capscrew (8) 11} Locknut
2 Gearbox 7} Shim, 14 Gauge ({1.90m} 12} Tapered Bushing
3} Mounting Bolts (12) 8) Bushing Seat 13) Adjusting Block Assembly
4} Locking Capscrew (8) 9) Lockwasher (14) Shim, 1/8" (3.175mm)
§) Orive Disc (10) Adjusting Pin
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Operator’s Manual

General Lubrication Inform-ation~

Section 5 - Continued ~ Preventive Maintenance and Lubrication

The machine should be regularly
and systematically lubricated in
accordance with the Tubrication
charts shown in this section of
the manual. The time interval

shown on each lubrication chart

is intended as a guide only. Under

unusual working conditions, more
frequent lubrication will be
necessary. In these cases, the
person responsible must use his
own Jjudgement and work out his
own lubrication schedule.

The following points are impor-

tant and must be followed when
lubricating a machine:

Upper Maintenance Schedule

Every 10 Hours

(5) Use a clean funnel equippad
with a strainer for pouring
lubricants. Clean an area
around fill or check plugs
before removing to prevent
entry of foreign material.

(1) Wiping the grease gun nozzle
and fitting before Tubrication
will help keep grit from enter-
{nt the bushing or bearing.

(2) Keep al) grease and o1l cans
and containers clean. Always
replace the Yid on containers
when through to prevent entry

Note: See specific instructions

of foreigh materials. Wipe

fater in this section for lubri-

off can covers before using. cation check and changé procedur

£s

(3) Drain o1l cases when hot to on all gear cases.

drain off accumulated sludge.
(4) Watch for signs of fncorrect
lubrication, such as faflure
of fitting to take grease.
-If a fitting wil) not take
grease, determine the cause
before further operation of
the machine.

WARNING

Shut Off The Engine Before
Yorking On The Machine.
A1l Guards Before Starting

Note: The air compressor and Machine.

Replace

governor are not supplied,
Contact the engine manufacturer's
closest distributor for repaiy ¢r

replacement,

Operation

Engine

Main, 8oom, and Auxilfary Hoist
Gear Train

Turntable Bearing Gear and
Swing Pinion

Hire Rope

Air Reservoirs

Pneumatic Lubricator

Pneumatic Filter

Fuel Tank, Radiator, And Battery

Hydraulic Reservoir

Hydraulic Filters
Boom and Jib Chords & Lattice

[y

Remarks

(1) Provide lubrication and maintenance as recommended by the
manufacturer.

(1) Maintain a thin film of grease on the gear train at all
times. The engine must be shut down when applying the
grease. See Fig, 5-1,

(1) Maintain a thin film of grease on the turntable gear at all
times. The upper engine must be shut down when applying
the grease, and the swing brake applied. :

(1) Inspect all wire rope and fittings daily, as explained in
Section 8 of this manual.

(1} Orain accumulated water,

(!; Check o011 flow and adjust if necessary.
(2) Check oi] Yeve) and fiN1 if necessary.

M

él; Check and fi11 as necessary.
2) Check anti-freeze in winter,

Drain accululated water,

é]) Check o011 Yevel - add as necessary.

2) Inspect the system for leaks, wear, or other damage,
before further operation,

(3) Before starting the engine, drain any water by using the
drain plug at the bottom of the hydraulic reservoir, HWater
accumulation is due to condensation in the hydraulic system.

Repair

(1) Check filter indicators for evidence of plugged or dirty filters.

(1) Inspect al) parts of the attachment, paying particular attention
to the chords and lattice. If damaged, the' boom may collapse,
If a lattice or diagonal bracing membert{s broken, replace it.
1f bent, straighten it. Refer to general bulletin #1358 for repa
information. If a main chord 1s damaged or bent, even a slight
amount, don't use ft. Don't try to repair it. These members are
so vital that it §s not practical to attempt repair. Replace
the entire boom section,

ir

1G1500+1900-23008, ABS/APT 1500-1700
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Every 50 Hours

Operation

Remarks

First perform al} operatfons listed

Engine

Afr Box Drains (GMC'Engines Only)

Main, Auxiliary, and Boom Hoist
Shafts, and Countershafts

Swing Planetary Lower Bearing
Turntable Bearing

Pump Drive Gearbox (See Fig. 5-11)
and Swing Planetary

Brake Band Linkage

Boom Hoist Pawl Shaft and Linkage,
Swing Brake Linkage, and Control
Lever tinkage.

Brakes

Hydraulic Filters

Pump Control Linkage

General Upper and Attachment

Sludge Tank

(1)

()
()

M
(1)

2

m

(M
(2)
(3)
()

(1)
m

(1)

under 10 hours.

Provide lubrication and maintenance as recommended by the
manufacturer,

Drain as explained by the manufacturer.

Lubricate sufficiently to fil1l the bearing.

Lubricate sufficiently to fi11 the bearing,
Lubricate sufficiently to fi11 the bearing.

Check oil level, and fill as required.
Inspect for damage or leakage. Repair befora further operation
if damaged or leaking.

Lubricate sparingly with engine oil.
HWipe up excess oi} to prevent it getting on the brake 1inings.

Lubricate all pivot points with engine oil,

Check al) brakes for proper adjustment. Adjust as explained in
Section 6.

Greasy, aged, or worn linings must be replaced.
operation may be unsafe,

Check 1inings for foreign particles which may score drums.

Continued

Change after first 50 hours of operation on a new machine,
and every 500 hours thereafter (or as findicator directs).

Lubricate all pivot points with engine oil.

Lubricate all remaining 50 hour points as 1isted on the
lubrication chart.

Check fluid level in sludge tank; drain if required.

Every 250 Hours

Operation

Remarks

First perform all operations listed

Engine

Engine and Winch Unit Mounting
Bolts

Pneumatic Filter

m
(2)
(1)

M

under 50 hours.,

Provide lubricatfon and maintenance as recommended by the
manufacturer,
Check engine high and low idle adjustments.

Check bolts for proper torque. See Sections 3 or 9.

Clean the fi{lter as explained in $ection 6.
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Every 250 Hours - Continued

Turntable Bearing Mounting Bolts

Tower Bolts (TG-1500-1900-23008
Only)

Anchor Bolts {76-1500-1900-23008
Only)

Brakes

Mast Peak Sheaves

Boom Peak Sheaves, Boom Foot
Pin, Hanger Block Sheaves and
Bushings, Crossover Sheave

Tip Extension Head Sheave, and
Deflector Roller {Optional)

Boom Accessway Ling

(1) Check bolts for proper torque. For balt torque, refer to
specific bolt torque chart in Section 9,

{1) The tower bolts must be initially tightened as described in
Section 2 of this manual. After the first 250 hours of operation
tower bolt elongation must be remeasured and, 1f necessary, the
bolts retightened to their proper value. Every 1000 hours there-
after tower bolt elongation must be remeasured and, if necessary,
the bolts retightened. Tower bolt elongation must be remeasured
and, {if necessary, the bolts retightened if at anytime the tower
has been subjected to accidental overloading, high storm winds,
earthquake, etc, See Section 2 of this manual for tower bolt
retightening procedure.

(1) The anchor bolts must be {nitially tightened as described in
Section 2 of this manual, The anchor bolts must be retightened
after the first 250 hours of operation and every 1000 hours
thereafter. If at anytime the tower has been subjected to
accidenta) overloading, high storm winds, earthquake, etc., the
anchor bolts must be retightened. See Section 2 of this manual
for anchor bolt retightening procedure,

{1) Visually check band connecting lugs, actuating linkage, and the
mounting bracket for signs of wear or cracking.

(2) Visually check band for any indications of bending, interference,
or unusual 1ining wear which would indicate excessive wear of
the brake parts.

(3) Check condition of the band adjusting clevis, nut, and retaining
angle and bolt. Make sure the locknut will hold against rotation
during operation.

(1) Equipped with lifetime bearings.
(1) Provide lubrication to all bearings.

(1) Provide lubrication to all bearings.

(1) Check installation and adjust line tensjon if required,

Every 500 Hours

Operation

Remarks

Brakes

Pneumatic Lubricator
Hydraulic Filters

(1) Remove the band and a)l related parts for a detailed visua)
inspection, If any of the parts show signs of undue wear,
cracks, or other distress, replace them. Reassemble and adjust
the mechanism as shown in Section 6.

(1) F111 and adjust as described in Section 6
(1) Change the filters as described in Section 5.

I WARNING I

Load May Fall.

Removal Procedura,

Ensure That It Is Fully Engaged In The Ratchet Teeth.

Never Remove A1l Bnake Bands From Any Individual Function With The Engine Stopped, Or While A Load Is
Supported By The Main Or Auxiliary Hoist.
Prior To Removing The Boom Hoist Brake Band, Visually Check The Boom Hoist Pawl To

If These Two Conditions Are Hot Strictly Adhered To, The

See Instructions In Section 8 For Brake Band

\

TG1500-1900-23008, ABS/API 15001700
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Every 1000 Hours Or Seasonal

Operation

Remarks

1000
Hours

Seasonal

First perform all operations listed
Engine

Pump Orive Gearbox and Swing
Planetary

Hydraulic System

Turntable Gear & Pinion,
Gear Train

Pneumatic Lubricator

Pneumatic Afr Oryer

Wire Rope Sheaves

Bridle Sheaves

Tower B0lts (TG1500-1900-23008
Only)

Anchor Bolts (T61500-1900-23008
pn]y)

Tower Structure (7G)500-1900-~23008
Only)

under 250 and 500 hours.

(M

(1)

(M
(2
(3

— e

()
(1)

{1

()
()
(1)

()

m

Provide lubrication and maintenance as
recommended by the manufacturer,

Drain and refil) with specified lubricant.

Drain, clean, and refill with proper weigh
hydraulic oil,

Remove suction strainer and clean, If
damaged, replace,

Remoye diffuser from bottom of return
filter. Clean, or if necessary, replace.
See Fig, 5-13,

Inspect all open gears for wear or
damage, Replace if necessary.

Orain, clean and refill with proper
weight oil, See Fig, &1,

Check pneumatic system for excessive
accumulation of water, If necessary,
drying agent must be changed.

Inspect for signs of wear or damage,

Equipped with 1ifetime bearings,

The tower bolts must be Ini