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UNCONTROLLED MOVEMENT OF WASTE HOIST

INVESTIGATION REPORT

SCOPE

As a result of the July 25, 1987 incident of two related
uncontrolled movements of the Waste Isolation Pilot Plant
Waste Handling Hoist and conveyance, an investigation board
was formed and convened on July 27, 1987. The investigation
board was tasked to investigate, to determine the cause or
causes of the uncontrolled movements, and to make
appropriate recommendations to prevent a recurrence.

The investigation included an analysis of the events that
led to the "freewheel" of the Waste Hoist drum and the
attached conveyance. Included in the analysis was a review
of the procedures that were followed, the manufacturer's
recommendations and directions for the use and repair of the
hoist, the warranty repair process, the quality assurance
process, the work control process, the design of the hoist
system hydraulics, testing of the manufacturer-provided
replacement parts, the operations and maintenance manual for
the hoist system, and interviews with the cognizant engineer
for the hoist repairs and the installation contractor
employees who were performing the warranty work. Event and
Causal Factors sequencing was used to determine the failure
mode with a Change Analysis providing the key investigative
direction.



II.

SUMMARY

On July 25, 1987, at approximately 11:00 A.M. the first of
two uncontrolled movements of the Waste Handling Hoist
occurred. Representatives of Brinderson Construction
Corporation were in the process of replacing, under
warranty, a suspect malfunctioning valve in the hydraulics
system of the Waste Hoist. The valve had been identified
as a deficiency during pre-turnover testing. The valve
malfunctioning was considered a nuisance factor in that
excessive hydraulic fluid was being pumped to a (the)
standby tank during the operation of the hoist.
Approximately five percent (5%) of the fluid was being
vented to the opposite tank during operation. During the
operation of the primary pump, the fluid vented to the
secondary (standby) pump tank. Also, during the operation
of the secondary pump, the fluid was being vented to the
primary tank. A level switch in the primary tank
automatically switches to the secondary system when a low
hydraulic fluid level is detected in the primary tank. A
level switch in the secondary tank activates the Emergency
Stop (E-Stop) function of the hoist when a low hydraulic
fluid level is detected. Proper design of the system and
function of the shunting valve should vent the hydraulic
fluid only to the appropriate tank preventing a low level
condition developing during normal operation of the

hoist. Undesired activation of the E-Stop function of the
waste hoist is less than adequate system performance.
Administrative controls were being utilized to manually
switch the pumps to prevent inadvertent activation of the
E-stop function.

The manufacturer of the hoist system, Rexnord Inc., had
agreed, under warranty, to supply a valve that would
provide the desired function. A replacement valve was
provided to be installed, and on July 25, this work was
being done. The valve provided was of a different design
and manufacturer and minor modifications were necessary to
make the valve fit. However, to the persons doing the
work, all appeared to be in order with normal field fit
activities required. The replacement valve was installed,
electrical connections made and the pump system was
energized. At this time, the fluid from the secondary
tank was transferred directly to the primary tank. The
system was deenergized and the electrical connections were
reversed and the system reenergized. At this time the
brakes were hydraulically released resulting in the first
uncontrolled movement or freewheel. The distance
travelled by the conveyance was approximately thirty (30)
feet. The system came to a halt on its own with the
brakes resetting. The system is designed to require 1200
pounds per square inch to release the brakes to allow
movement.



The brakes had apparently been released due to the impeded
flow of fluid through the valve which created back
pressure in the system. The pump system was deenergized
and the valve was removed from the system. The valve was
reexamined and the employees discovered that the valve
could be reversed and the alignment dowels in the base of
the valve would still fit.

At this time the valve was installed oriented one hundred
eighty (180) degrees from the first installation. As a
precaution, manual dump valves to the brakes were opened
and the normally open hydraulic valves that provide
hydraulic activation of the brakes were closed. The pump
system was reenergized and the second freewheel of
approximately three hundred (300) feet occurred. The
Brinderson employees and the engineer made every effort to
open or close valves that might have halted the freewheel
to no apparent effect. The personnel cleared the area
fearing the worst. Again, the hoist brakes set. At this
time the system was returned to the original
configuration, onsite QA was notified and callout
notifications were made to management and the
manufacturer.

An evaluation of the event was made, and on recommendation
of the manufacturer, the system was returned to operation
with the original valve reinstalled. Every effort was
made to return the hoist to the conditions existing before
the repair was undertaken. Preoperational tests of the
hoist were made with checks of systems affected. The
system was energized and run through operational tests
before it was released to service. These actions were
completed by approximately 9:00 P.M., on July 25, 1987.
See Figure 7 for Events and Causal Factors Chart.
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III.

FACTS

SITE DESCRIPTION

The Department of Energy (DOE) is constructing the
Waste Isolation Pilot Plant (WIPP) in Southeastern New
Mexico to perform Research and Development on the
disposal of transuranic waste resulting from United
States defense activities. This project has been
authorized by Public Law 96-164. Certain radioactive
wastes (called transuranic waste) are proposed to be
permanently emplaced at WIPP.

The WIPP site is located approximately 30 miles
southeast of Carlsbad, New Mexico, over the Permian
Salt Basin. This 3,000 foot thick salt formation
extends laterally for hundreds of miles in all
directions from the site. The main storage area for
the waste is at a depth of 2150 feet below ground
level.

The project is nearing completion of the construction
phase and is scheduled to begin receiving waste in
October 1988.

Organization and Responsibilities
1. Organization

The DOE's Albuquerque Operations Office manages
the WIPP Project. The DOE WIPP Project Office
(WPQ) is responsible for project integration,
organization, and operational activities. Under
WPQ direction, the following organizations
provide(d) scientific, engineering, and
construction support to the Project:

Sandia National Laboratories - provides overall
scientific support with emphasis on environmental
issues, site characterization, and experimental
programs.

Bechtel - provided architect/engineer services for
facility design and inspection for the waste hoist
system.

U.S. Army Corps of Engineers - provided facility
construction and construction management services
for the waste hoist system

The WIPP facility is managed and operated by the
Waste Isolation Division of the Westinghouse
Electric Corporation. The Waste Isolation



Division will hereafter be referred to as
Westinghouse. See Figure 1. for the Project
Participant Organizational Chart.

2. Responsibilities

a. DOE WIPP Project Office.
The DOE WIPP Project Manager has the overall
responsibility and authority for WIPP
activities. The WPO is staffed to provide
managerial direction and overview of all site
activities. See Figure 2 for WPO
Organization.

b. Waste Isolation Division, Westinghouse
Electric Corporation.
Westinghouse is the Managing Operating
Contractor for the WIPP Project.
Westinghouse has the responsibility for
operating and maintaining facilities as
directed by the WPO., including the surface
and underground facilities at the WIPP Site
and the Trupact facilities and office spaces
maintained in the City of Carlsbad.
Westinghouse also acts as Construction
Manager for newly contracted construction as
may be directed by the WPO. See Figure 3 for
MOC Organization.

c. Bechtel, as the architect for the WIPP
facilities canstructed to date previded the
facility design and inspection services. The
waste hoist design specifications were
provided by Bechtel.

d. The U.S Army Corps of Engineers provided
construction management services for the
Waste hoist and continues to be the
intermediary concerning items of warranty.
Brinderson Corporation contracted to the
U.S.A.C.E. for construction of the Waste
Hoist system. Rexnord Inc. subcontracted to
Brinderson for the design and manufacture of
the Waste Hoist System. O0il Gear
subcontracted to Rexnord to supply the Brake
hydraulic system parts to Rexnord
specifications.

C. Incident Details

Valve 45 (solenoid control valve #7 manufactured by
Racine),
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provided by the manufacturer Rexnord, was identified as
a deficiency in the pre-operational turnover testing.

Approximately five percent of the hydraulic fluid
vents/seeps into the wrong tank. The valve was
targeted by Rexnord as the source of this seepage.

After the valve had been determined during pre-turnover
testing to be malfunctioning, the spare parts inventory
valve was installed to determine if the installed valve
vwag defective. The replacement valve, also
manufactured by Racine, was determined to function the
same as the valve originally installed.

Rexnord provided, under warranty, a replacement valve
manufactured by 0il Gear to correct the venting
problem.

The 0il Gear replacement valve provided by Rexnord was
not accompanied with design engineering data,
installation instructions, or changes to parts list and
the Operations and Maintenance instructions to WIPP
Operations.

Blockage of the valve 45 with the hydraulic pump(s)
running provides, by design, a flow path for hydraulic
fluid to provide pressure to release (all) of the hoist
brakes.

The Hoistman's Emergency Stop button does not function

unless_there is control power. Without control power,

all electrically operated valves move to the "failsafe"
position.

With control power to the Hoistman's console, the
Emergency Stop button activates valve numbers 25.1,
25.2, 25.3, and 25.4 which vent hydraulic fluid
pressure through valve 45 to the reservoir.

Blockage of the valve 45, with or without control
power, has the potential to release the brakes and
inactivate the electrically operated limit switches and
overspeed safeties designed into the system.

Valve 25.3 (and 25.1%) requires the Hoistman to operate
the controls to release the brakes for the valve to
provide a flowpath for the hydraulic fluid-pressure in
normal operation. (*corresponding valve)



Valve 25.4 (and 25.2%) requires the motor to generate
approximately 500 amps in the motor (torque proving) to
provide a normal flowpath for the hydraulic
fluid-pressure. Conversely, if the torque proving is
not provided, the return line from the brake system is
open. (*corresponding valve)

The curvent (as of July 1987) Operations and
Maintenance Instruction Manual provided by Rexnord Inc.
indicates the valve installed with the valve spool
oriented in a 180 degree position to the actual
operation position.

Tests performed on the Oil Gear replacement valve
resulted in the valve spool being centered, blocking
the ports.

The 0il Gear valve was specified and provided by the
manufacturer with the pilot drain port plugged.

The porting arrangement on the 0il Gear valve, with the
exception of the blocked pilot port, provides flow per
the Operations and Maintenance Manual diagrams.

The counterweights weigh 104,000 pounds.

The conveyance weighs 66,000 pounds, plus the weight of
the workdeck that has been installed which is 10,000
lbs.

The brakes were released and the hoist did move.

The conveyance was located at the rine level 2,150 feet
below ground level, the position with the most

potential energy.

The brakes are designed to automatically apply under
the following circumstances:

1. Power failure

2. Loss of pressure in the brake operating system
3. Excessive brake lining wear

4. Overspeed

5. Overwinding (overtravel)



By design, retardation is controlled when the
brake is applied under emergency conditions.

The brake furnished is a high pressure hydraulic
dist brake, spring applied and pressure released.

Two sets of brakes are supplied; each set consist
of three brake calipers with six disc brake pads.
Each set of brakes is designed to stop and hold
the design load.

The hydraulic fluid return for both sets of brakes
flows through valve 45,

New Mexico Hydraulics performed functional tests
of the Racine and 0il Gear Valves. These tests
were observed by Westinghouse personnel,
Functional tests of the Racine valve determined
the flow path of "P" to "A" when deenergized, and
"P" to "B" when energized. This is opposite of
what is shown in the current Revision F of the
hydraulic schematic in the Rexnord Inc. O & M
Manual. The Racine valve tested was in service at
the time of turnover of the Waste Hoist.

The Racine valve tested and the valve currently in
use have been in service during the test periods
and training conducted by Rexnord Inc.
representatives.

The test of rhe 0il Gear valve when deenergized
was from port "P" to "B" and when energized from
port "P" to port "A" as indicated correct in the O
& M Manual. However when the solenoid was again
deenergized, the valve became centered and blocked
all flow paths.

Removing the plug in the Oil Gear pilot port
allowed the valve to operate and changed ports
when energized/deenergized, however the flow was
opposite to the Racine valve that is currently
functioning in the Waste Hoist Hydraulic system.

Valve 45 has no normal on/off role. Regardless of
the power situation, flow through 45 is assumed.



Iv.

ANALYSIS

A,

Background

On July 25, 1987, repairs to the Waste Isolation Pilot
Plant Waste Handling Hoist were being effected.
Brinderson employees Bud Barnes and Curtis Kessler were
working on a warranty repair under the oversight of
Cognizant Engineer Al Varga representing the Managing
Operating Contractor, Westinghouse. The Warranty item
being replaced was the malfunctioning hydraulic return
Valve 45. The problem with the valve is that during
operation approximately five (5) percent of the
hydraulic fluid leaks by the internal parts to the vent
line to a hydraulic fluid storage tank. This venting
or leaking is to the second of two tanks, either the
primary tank or the secondary tank.

The brake system is hydraulically operated with
essentially two complete braking systems, either of
which is designed to support the design load of the
system. Redundancy in the braking system is intended
to provide a single failure "failsafe'" braking system.
The one-line diagrams provided in this report show
mirror images in the braking system. There are two
sets of brakes, each consisting of three disc brake
calipers with six disc brake pads. There are also two
pumps with each capable of providing the hydraulic
pressure/flow necessary to operate both sets of

brakes. There are two hydraulic fluid tanks that
provide the volume to the two pumps, a primary tank and
a secondary tank. The primary tank has a safety
function installed that will switch to the secondary
system, both the secondary pump and the secondary tank,
should the primary tank sensors determine that the
fluid level is low. The secondary tank also has a low
fluid level sensor, however, when the fluid is detected
to be low, the sensor activates the emergency stop
(E-Stop) function.

The events on July 25 resulted from the combination of
conditions outlined above. Brinderson employees and
the Cognizant Engineer were in the process of replacing
the No. 45 valve. Although work authorization 87-1763
had been written, maintenance had elected not to
support the valve changeout, reportedly a management
decision based on employee overtime. As a result, the
Cognizant Engineer elected to '"'make do" with the
available manpower. Jim Ellet, the Mining Operations
Supervisor was contacted and completed the lockout
provisions that were required to deenergize the hoist
and the Construction group electrician, Tom Hackler was
utilized to make electrical connections. The Hoistman
on duty at the time was Jim Campbell. Thus the

9



technical requirements and paperwork for lockout and
deenergizing the hoist were accomplished.

The replacement valve was received on site during the
week of July 13. Al Varga visually examined the valve
in the warehouse receiving area on the 22nd and
subsequently showed the valve to Brinderson employees
on the 23rd. The tools and equipment were gathered and
on the morning of the 25th the replacement was begun.
Rexnord Inc. had provided the 0il Gear valve to
correct the Racine valve leakage problem. The
Brinderson employees and the Cognizant Engineer were
accomplishing the task on Saturday the 25th because it
was the only convenient "window'" in the work schedule
to minimize impacts in other work and Project
Participant schedules of activities.

The morning of the replacement, the underground
employees were lowered on the Waste Handling Hoist and
the hoist was left positioned at the underground
station, 2150 feet below ground level. The hoist was
deenergized, locked out and replacement was begun.
There was no control power to the hoistman's console.
Everything appeared to be in order. The 0il Gear
replacement valve was "supposed to be'" a direct
changeout with no modifications required. At least,
this was the belief of the employees doing the work.
However, a shim was required to be removed and
different length of bolts required to remake the
connections. The valve was examined and put into place
with the ports on the bottom of the valve lining up in
the configuration most common to the valve being
replaced. See Photographs 6 and 8. The only
manufacturers instructions available were those in the
O & M Manual. See Appendix 1. The personnel present
noted that the 0il Gear valve did have a plug in one of
“ the pilot ports. See Photograph 8. No additional
instructions, directions, or Engineering Design Data
were provided. Revisions to the O & M Manual were not
indicated to be necessary by the manufacturer.

Installation and electrical connections were made and
personnel were directed to remove the lockout and
energize the system. The system was energized, the
hoistman was instructed to start the standby hydraulic
pump motor from the hoist motor control panel (not to
be confused with the control power). The effect was
that the hydraulic fluid was "jettisoned" to the
opposite (primary) tank. The system was deenergized
and again locked out. Al Varga left the hoist house
for some reference material while the electrician
changed the wires to the solenoid valve. The system
was reenergized and again the pump was turned on with
the Cognizant Engineer absent. See Figure 5 for the
control valve configuration for incident one. At this

10



time the first of two incidents occurred; The thirty
(30) foot uncontrolled movement or freewheel of the
hoist. At this time, only two changes from normal
operations had been made; Valve 45 had been changed
and the electrical connections to solenoid SV-7 had
been changed.

The Cognizant Engineer was made aware of the
occurrence. With the Cognizant Engineer present, the
sequence of events was evaluated and the 0il Gear Valve
was removed and examined. The O & M Manual was
rechecked and the piping was examined. The base plate
was checked and it was discovered that the alignment
dowels would fit if the valve was turned 180 degrees.
The flow chart of the manual was compared and it
appeared that indeed the valve had been installed
backwards. The decision was made at this time to
reinstall the valve in what appeared to be the correct
configuration. This was accomplished, however, as a
safety precaution the manual dump valve was opened
before the system was energized. Also valve 56.4 was
opened. See Figure 6 for valve configuration for
incident two. The system was reenergized and the
hoistman was instructed to start the hydraulic pump.
When the pump was started, event number two occurred,
the hoist freewheeled for approximately 300 feet.
During the event, employees made the attempt to stop
the freewheel by opening or closing various valves to
no apparent effect. Fearing the worst, perscnnel
departed the immediate area. The brakes again set
relatively slowly since a loud squealing noise was
heard prior to the final stop. The hoistman observing
the winding of the hoist had also hit the E-Stop
button, to no apparent effect.

The onsite QA engineer was notified and on his
recommendation the Cognizant Engineer then made
notification calls to Management, Safety and the hoist
manufacturer. Management officials reported to the
site to determine the cause and to effect repairs. On
recommendation of the hoist manufacturer, the hoist was
placed back in service with the original valve
reinstalled. Every effort made to reestablish
conditions existing prior to the attempted repair.
Actions were evaluated and changes made were considered
for the effects to the hoisting system. Hoist systems
were checked and tested as possible., Hoist operational
safety checks were made and test runs up and down the
shaft were made prior to release of the hoist to
service. During this time, the underground personnel
were stopped from working and were removed from the
mine via the exhaust shaft hoist.

Data has been collected on the hoist hydraulic,
electrical and emergency operations functions of the

11



hoist. Hydraulic Return valve 45 has been identified
as a single point failure common to both sets of
brakes. Valve 45 is common in the pressure relief
function. See Figure 4. Blockage of this valve has
the potential to provide full hydraulic pressure of
1900 pounds per square inch (psi) in the pressure
relief piping. There are two valves controlled by the
hoistman that normally operate the hoist and also
activate the pressure relief safety function designed
to set the brakes. The brakes are spring activated and
pressure released. These two valves are 1) The brake
release lever controlled valve 25.3 and 2) The torque
proving controlled valve 25.4 which requires
approximately 500 amps on the hoist motor to release.

The torque proving valve vents to the pressure relief
system when it is in the "off" position. In normal
operation the torque proving valve 25.4 and the brake
release valve 25.3 BOTH have to be in the "on" position
to allow hydraulic fluid/pressure to the brakes for
release.

During both incidents, the control power to the
hoistman's console was "off" with valves 25.3 and 25.4
in the "off" position. This description is based on
one side of the brake system only and is shown in
Figures 5 and 6. The other side of the brake system is
a mirror image as determined by Figure 4. All comments
affecting one side apply to the other side with minor
differences. One side has the Primary Pump vs. the
Secondary Fuwp o Lhe other. Therefore whan puessuace
is experienced on one set of brakes, it is assumed
unless manual valves isolate the system that pressure
is also experienced on the other set of brakes.

Both of the freewheel events assume a blocked hydraulic
return valve 45 since the valve is the only change that
has been made.

EVALUATION

At a point in time during the construction and testing
of the Waste Hoist a change was made to the operation
of Racine Valve 45, changing the function of the
porting of the valve. This orientation of the porting
arrangement versus power input was not properly
recorded in the as built diagrams and Operations and
Maintenance Manual provided to WIPP Operations.

The Operations and Maintenance manual hydraulic system
description on page 08-01-01 of section 4 states that
"each pump is mounted with its motor on a common
reservoir and is complete with pipe connections
arranged for flooded suction". In fact, the pumps are

12



mounted on separate reservoirs. If the pumps were
mounted on a common reservoir, the leakage through the
return line(s) would be returned to the common tank,
there would not be a low fluid level sensed and there
would not be a problem. Although the literature does
not specifically state that some leakage is expected
and desired for internal lubrication, similarly
designed valves are known to function in this manner.
The use of Valve 45 in the current design is apparently
a misapplication of the valve. The Operations and
Maintenance manual is not correct for the as built
conditions concerning the hydraulic fluid reservoirs.

The spare Racine Valve provided by the Manufacturer
Rexnord Inc. had been installed during pre-turnover
testing to correct the identified problem of the fluid
leakage. The spare valve functioned the same as the
original valve. The spare valve also leaked fluid to
the tank opposite that which was being used. The spare
valve was left in service with the first valve returned
to the warehouse spare parts inventory. A third Racine
valve from warehouse invetory was also tested and
functioned the same as valves that have been in
service.

Rexnord Inc. had been notified through the Construction
Manager, the U. S. Army Corps of Engineers, and the
Contractor, Brinderson Corporation, that the valve was
not providing the desired function. Rexnord had agreed
to repair/replace the valve under Warranty. Rexnord
provided the Uil Gear valve to the bBrinderson
contractor to correct the lezkage problem. The 0il
Gear valve provided, with the exception of a plugged
pilot port, was configured to provide functions as
represented in the O & M Manual. Since the 0 & M
Manual is incorrect in reference to current operation,
the 0il Gear valve could not possibly operate in the
Waste Hoist hydraulic system. With the plugged pilot
port, testing has determined that the 0il Gear valve
spool will center, blocking porting functions.

Contractor Quality Assurance controls applied to the
receipt and installation of the 0il Gear valve no. 45
are less than adequate. Although the identification of
the complex problem by Q.A. was not probable, the Q.A.
of items received under warranty are not being
addressed. Items received through the purchasing
system receive Q. A checks and appear to be entirely
adequate. However, the receipts of warranty goods are
perhaps inadequately presumed to be correctly provided
by the manufacturer.
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The lockout and tagout procedures were accomplished by
persons not intimately familiar with the systems
involved. Although the paperwork and procedures were
technically followed, the lockout and tagout was
accomplished without a complete understanding of
potential consequences. Personnel accomplishing the
electrical connections did not demonstrate an
understanding of the system when the wiring on the
solenoid valve was changed.

The contractor personnel responsible to accomplish the
work did not demonstrate an understanding of the
hydraulic system. The plugged pilot port, as was
demonstrated by test, had to be opened for the system
to function. Energizing and deenergizing the system to
change the wires with a plugged pilot port effectively
centered the valve spool on the 0il Gear valve,
blocking the ports and setting the system in a failure
mode for the first freewheel event.

The Cognizant Engineer was representing Westinghouse
during the warranty repair work. Warranty repairs have
not historically required a Person in Charge (P.I.C.)
per procedure. However, in effect the Cognizant
Engineer was the overview authority. Brinderson
employes did not utilize good judgement by directing
the Hoistman to energize the system without the
Cognizant Engineer's presence. The Hoistman also
accepted direction from the contractor in energizing
the hydraulic pumps to the hoist system.

The O & M Manual provided information required to
effect the change in valves, however the manufacturer
had not updated the information to the correct format.
The valves were properly installed according to the
information provided. However when the valve did not
function properly, further actions taken were less than
adequate. The 0il Gear valve vented hydraulic fluid to
the opposite tank, which was not per the manual.
Changing the electrical connections on the solenoid
valve should not change the function of the valve and
only served to center the valve and block the ports.
Reenergizing the system with the valve ports blocked
and control power "off' provided a flow path to
pressurize the return hydraulic lines and release the
hoist brakes. The brakes were released and the first
freewheel of thirty feet occurred. See Figure 5 for
the valve configuration and flow path for event one.
The physical fact that the counterweights weigh more
than the cage and attachments assured that the
direction of movement of the cage would be upward.

14



The occurrence of the first freewheel certainly should
have made all persons involved with the hoist system
repair aware of the significance of the event.
Notification of management and the manufacturer should
have occurred at this time, if not before. The
participants did not exercise good judgement in
electing to continue.

The Cognizant Engineer and Brinderson employees studied
the O & M Manual and determined that the valve could
and should be reversed. Since the 0 & M Manual was
incorrect, further efforts were doomed to failure. The
safety of the system was considered and dump valves
were opened in belief that the return hydraulic lines
would be vented and the hoist brakes would not be
released. The porting arrangement for the venting of
the relief lines also route through valve 45 providing
a single point of failure mode. Instead of providing
the desired dump of hydraulic fluid/pressure, the
opening of the dump valves provided a more direct flow
of fluid to the brake release mechanism. See Figure 6
for event two. When the system was energized and the
pump started, the hydraulic pressure released the
brakes and the second event, the three hundred foot
freewheel, occurred.

Personnel in the hoist tower attempted to stop the
freewheel by opening and or closing various valves to
no apparent effect. The sequence and identification of
valve positions changed cannot be established. The
personnel believed at this time that a disaster was in
the making. The hoistman observed the hoist
freewheeling and hit the Emergency Stop button to no
apparent effect. The Emergency Stop button does not
presently serve any safety function if there is no
control power.

The sequence of conditions or events that eventually
caused the hoist brakes to reset has not definitely
been determined. A failure mode and effects analysis
is currently underway by Westinghouse.

Subsequent to the second freewheel event, QA was
notified, the hoist was secured and Management, Safety
and the Manufacturer were notified. Notifications were
made to the following: Jack Gilbert, Engineering
Coordinator, Construction and Site Activities Branch,
DOE, Vince Likar, Manager Engineering, Westinghouse,
Henry Brandt, Underground Operations Manager,
Westinghouse, Jere R. Galle, Safety Engineer,
Westinghouse, Bud Lucus, Mining Operations Manager,
Westinghouse, Bill Rude, Field Service Superintendent,

15



Rexnord Inc. Brandt and Lucus reported to the site and
provided overview for the mitigation of the event.

Bill Rude approved the reinstallation of the
Racinevalve that had been removed., Precautions were
taken to assure that the valve and hoist system were
returned to the conditions existing prior to attempted
repairs. Hoist systems were checked and tested as
possible. Preoperational Safety checks were made on
the hoist system per procedures. Several trips up and
down the shaft were completed without difficulties and
the hoist was returned to service. Meanwhile the
underground employees had been stopped from working and
removed from the underground via the Exhaust Shaft
Hoist.

The root cause of the freewheel events is that

undocumented changes to the hoist system have been
made.

16



V.

RECOMMENDATIONS

A.

DESIGN:

The Accident Investigation Board believes there are
several significant deficiencies to the design of the
WIPP Waste Hoist Brake System. There are many ways to
change the system to achieve a 'failsafe" hoist, but
high priority should be given to achieving the
following:

Provide a check valve in each of the return hydraulic
lines to prevent back pressure to the brake release
mechanism.

Provide a pressure release valve in the return line(s)
with limits set well below the pressure that will
release the brakes.

Interlock the Emergency stop button with the hydraulic
pump motors to eliminate a continuing pressure source
in the hydraulic system and simplify pressure release
and subsequent brake engagement.

Vent the return line of any Emergency Stop Button
controlled valves directly to the hydraulic tank(s).
Currently the vent or return line passes through the
single point of failure valve no. 45.

The Operations and Maintenance Manual Provided by
Rexnord Iric. is incorrect in at least two instances.
The manual does not correctly desczibe the function of
valve No. 45, and it still makes references to the
"common'" hydraulic fluid tank. Every effort should be
made to verify the as built diagrams and instructions
for operating the Waste Hoist.

Establish the desired function of Valve No. 45. If the
valve is desired by the manufacturer to have internal
lubrication that will have leakage, an overflow
connection between the two tanks could provide a
solution to the low tank sensor problem. It is
possible that valve No. 45 can be eliminated.

ADMINISTRATIVE

Contractors performing warranty work at WIPP should be
required to follow WIPP procedures. The Person In
Charge (P.I.C.) program is intended to fulfill this
requirement. A P.I.C. should be assigned to all
warranty work on critical WIPP systems. The P.I.C.
should be familiar with the WIPP system being repaired.

17



The Quality Assurance program should assure that the
function is covering warranty repairs on critical WIPP
systems.

The Operations program should assure that
Lockout/Tagout Procedures are accomplished by persons
that are assigned and have responsibilities to be
intimately familiar with critical WIPP systems.

A Maintenance procedure should be established to assure
that during work on the hoist hydraulic systems the
brakes are isolated by closing all incoming and return
line manually controlled valves. A direct drain line
between the isolation valves would assure that leakage
through the valves could not release the brakes.

A procedure should be in place to locate or "chair" the
cage at the mine level and provide adequate weight on
the cage to assure counterweights cannot move the cage
in an upward direction. A scenario can be developed to
change all of the disc brake pads without danger of the
hoist moving.

18
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Bob Johns, Industrial Safety Manager, Westirighouse

Richard Boyer, Manager, Radiation Safety, Westinghouse
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Karl Schendel, Senior Engineer, Safety Evaluation Program,
Westinghouse
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Larry Patrick, Mahager, Training, Westinghouse
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Norm Seipel, Quality Assurance Engineer, Westinghouse
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APPENDIX 1

WASTE HOIST OPERATIONS AND MAINTENANCE MANUAL

(SELECTED PORTIONS)
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HOIST DATA
S/N 7030-1369

GENERAL DATA OF HOIST:

SIX ROPE FRICTION WHEEL . v &© ¢ & ¢ ¢ o o o o o o o o s o o o 144 In. Dia.
54 In, Face

WHEEL SHAFT DIAMETER THROUGH WHEEL . . . . . . . . o« ¢« ¢« v ¢« . .. 24 In.

WHEEL SHAFT BEARINGS S T One (1) - SKF

231/530CAK/W33

One (1) - SKF

231/600CAK/W33

Adapter Mounted

BRAKES & v v v 4 v v e e e e s e e e e e e e e Two (2) - Brake Discs

With three (3) Brake Units Per Disc

COUPLING © v e e b e e e s e e e e e e e e e e e One (1) - Falk Rigid

Hub Bolted to Motor Rotor

LILLY CONTROLLER v ¢ & ¢ v ¢ ¢ ¢ o o o & « « + s o One (1) - Model "C"
HYDRAULIC PRESSURE UNIT . . . . . One (1) - Main and One (1) Standby Unit
One (1) Panel

DEFLECTION SHEAVE . &+ v v v v v v o v o o o v oo .  Six (6) 144 In. Dia.
Sheaves
WRZ OF HOIST COMPONENTS:

WHEEL ASSEMBLY & v v v v o e e v e e e e e e e e u 2,085,000 LB FT2
SHAFT ASSEMBLY & v v v v v v e e e e e e e e . 22,700 LB FT2
MOTOR ROTOR « « = v s o o o o o v v o e s v o www. 200,000 LB FT2
DEFLECTION SHEAVE )
SHAFT ASSEMBLY & v v v e o e v o v e v e e e 650,000 LB FT
SECTION 2

Page 2 of 2
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HOIST DATA
S/N 7030-1369

GENERAL DESCRIPTION

The hoist described herein shall be used as a Service Hoist to transport CH
waste packages, pallets and RH facility casks between the collar and underground
storage level; and on a daily basis, during shift changes, to transport personnel
and materfals. It shall be used for routine man-trips for personnel who work

on the waste side of the operation. The hoist shall also be used for shaft
inspection and under emergency conditions, for personnel evacuation.

OPERATING CONDITIONS AT THE SITE

HOISTING DISTANCE (BELOW COLLAR):
INITIAL (APPROX.) e e s e s e e e e e e e e e e s e e e e e e s 2,160 Feet
MAXIMUM DEPTH . . . . « . . v o v ¢ v o v . e e e 4 e e s 2,670 Feet
HOISTING CONDITION:

CONVEYANCE WEIGHT (MAX.) v & & v v v e e v s e e o s e o s o 66,000 Lbs.
DESIGN PAYLOAD (MAX.) v v e e e e e e e e e e e e e e e e e 90,000 Lbs.
COUNTERWEIGHT (MAX.) . . . . . .« . .. o o o « o o « o « « 104,000 Lbs.
ROPE . . .« .. e et e e e e e e e e o« e e e e e Six - 1-3/8" Dia.
Full Locked Coil
Galvanized

Weight:

4.55 Lbs./Ft.
Breaking Strength:

234,000 Lbs. Min.

WHEEL SHAFT SPEED « o v v v o v e o e e e e e e o s e e e e 13.5 R.P.M.

MOTOR HoPo o o v e e e o e e e e e . e e e e e e ... 600H.P.D.C. Motor
13.5 R.P.M.

GEARING . & ¢ & & ¢ ¢ ¢ 5 o o o 5 o o o s o o o o o o a . . Direct Drive
SECTION 2
Page 1 of 2

Rev, -



HYDRAULIC SYSTEM
DESCRIPTION

Two independent pressure systems are provided, one of which 1s a standby
which will automatically be started if the pressure in the system drops
below 1200 PSI. Each pressure unit is of ample size for maintaining
pressure during winding operations.

Each pump is mounted with its motor on a common reservoir and is
complete with pipe connections arranged for flooded suction.

Each pump suction 1s fitted with a strainer that can be removed for
inspection and cleaning. A check valve 1s supplied in each pump
pressure line. All necessary valves, solenoids and controls are mani-
fold mounted and connected to both the primary pressure unit and
secondary pressure unit.

In the manual mode the pressure to the brakes is controlled by an
elector-hydraulic valve operated from the console. The fluid in the

system {s a water glycol solution.

Fluid level should be checked in each reservoir at least twice a month.

Under normal operating conditfons the fluid should be changed once a year.

In addition, the fluid in each reservoir should be tested every three months.
It should be changed if it does not_meet specification. Change every six
months if a sampling program is not adhered to.

To insure good cooling, the outside of each tank should be kept clean.

The fluid reservoir and filter should be carefully cleaned whenever the
fluid is changed.

Bleed the systems after one week of service, then bleed whenever it is necessary;
however, the systems should be bled at least once every six months.

SECTION ¢
Page 08-01-01
Rev. A



DISC BRAKES

Reference Drawings: Hoist Assembly
Dis¢c Brake Assembly

The brake furnished is a high pressure hydraulic disc brake, spring applied
and pressure released. The brake operates directly on the disc, and when
properly adjusted and maintained, is designed to hold the rated load under
specific operating conditions. The brake calipers are arranged to distribute
pressure over the working face of the brake pad.

Air gap indicators are provided to indicate when the air gap is to be reset or
the brake linings changed.

The brake will automatically apply under the following circumstances:

1. Power failure

2. Loss of pressure in the brake operating system
3. Excessive brake lining wear

4, Overspeed

5. Overwinding

Retardation is controlled when the brake is applied under emergency conditions.

To adjust the air gap between the brake pad and brake disc ring, proceed as
follows:

1. Apply hydraulic pressure to the disc brakes to 1ift the
brake pad off the disc brake ring.

2. Remove end plate and cap or the cover of the monitor unit,

3. Adjust the air gap to .177 inch on each sides of disc brake
ring by turning the hexagonal adjusting spindle with a screw-
driver or the spanner wrench provided ?1 flat of hex for each Ymm
retraction). Adjust spindle to nearest position in which one pair of
flats are vertical.

4. Replace end plate and cap or the cover of the monftor unit., Position
of adjusting spindle is locked by slot in end plate or monitoring unit
sliding locking bracket which is held in engagement by the dust cover.

SECTION 4
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DISC BRAKES

5. Test run the brakes and check the air gap.

6. Adjust the air gap indicator supplied with the disc
brakes to .177 inch each side, {f necessary.

7. Brake must be readjusted when the air gap has reached
.197 inch. Air gap should be reset to .177 inch,

WARNING

Keep all fluid and grease from contaminating brake
pads. Faflure to do this can result in an
ineffective brake. If the above occurs, replacement
of brake pad is recommended,

Before startup check brake disc surface to fnsure that it is clean and free
of any fluids, hydrocarbons or anti-rust agents. Any cleaner can be used
that will clean the surface of the disc and not leave a residue (thinner,
trichloroethylene). Make sure that all instructions for use of any cleaners
are followed.

NOTE: 1If hoist has been idle for several days, please follow the above
procedures for disc cleanup and run-in to insure proper brake
operation.

SECTION 4

Page 06-01-02
Rev, -



1.1

DISC BRAKE SYSTEM OPERATION

Two Pressure Units 95080296
One Valve Panel 95080297
6 Brake Units

Reference Drawings: Field Piping 95080298
Hydraulic Brake System 95080294
Sheets 1 and 2

Introduction and Description of Operation

The hydraulic brake system assembly provides the following modes of Disc
Brake Unit Operatfon:

Release Brakes - Normal Hoist Operation

Fluid from either pump 4 flows through check valve 42 next to the running
pump; the other Check Valve 42 prevents fluid from driving the other,
nonrunning pump. Flufd flow continues through Flow Control Valve 48 until
Accumulator 47 {s filled with fluid at 1900 PSI. A timer fn the electrical
circuit prevents the solenoids from being energized for a period of time
until Accumulator 47 is filled. This accumulator assists the pumps to
provide the proper flow of fiuid for timely release of the brake units.

Fluid flow continues through Manual Valve 44 and through Directional
Control Valves 25.1, 25.2, 25.3 and 25.4 to the Brake Units, the pressure
being controlled by E1ect"o hydraulic Relief Valve 43./, lue & - Sryo)

Fluid at 1900 PSI acting on the Brake Unit pistons compresses the springs
and thereby releases the brakes.

Fluid flows through Sequence Valves 36.1 and 36.2 set at 1675 PSI through
Check Valves 30.1 and 30.3 and Flow Control Valves 29.1 and 29.2 to the
Brake Units.

Fluid also flows through Sequence Valves 36,1 and 36.2 until the 8C0Q PSI
prechared Accumu1ator 35.1 and 35.2 are filled at 1900 PSI.

Internal leakage from the pumps 4 is returned through Check Valve 11,1 and
Filter 15.1 to the Heat Exchanger 13.1 via case line drains, Check Valve
12.1 also returns this fluid directly to the reservoirs should the Heat
Exchanger become blocked.

SECTION 4
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1.2

1

.3

DISC BRAKE SYSTEM OPERATION

Pressure Switches PS-1 & PS-2 plus the mechanical 1imit switches on the
brake units provide signals to the hoist electric control circuitry that
the brakes are applied or released.

Pressure Switch PS-3 provides signals to the hoist electric control
circuitry that there is a loss of pressure from the Primary Pressure

Unit and to automatically start the Stand-by Pressure Unit, Shut down

the Primary Pressure Unit, de-energize Valves 45 and 51 to shift drain lines
to the Stand-by Pressure Unit and signal via a 1ight on the hoist control
panel that the hoist is operating on the Standy-by Pressure Unit. The
Primary Pressure Unit should be repaired at once. PS-4 monitors pressure
when the pump is de-stroked and holding. When leakage reduces the pressure
to a level of 1700 PSI, this pressure switch energizes a solenoid controlling
the pump, which starts-up, pressurizes the system to 1900 PSI, then
de-strokes agafin.

Apply Brakes Normal Hoist Operation

The brakes can be applied by lowering the pressure to the unit by means of
the Electro-hydraulic Relief Valve 43. Final braking is applied when the
master switch in the control console is brought toward the null position
which de-energizes the Directional Control Valves at a given speed. _ _

3 peed- 2573 R

De-energize the solenoids of Directional Control Valves 25.1 & 25.3. Fluid
from Pump 4 will be blocked; fluid at 1900 PSI from the Brake Units will
flow to the reservoir through Relief Valves 27.1 and 27.2, Flow Control
valves 28.1 & 28.2, Filter 15.1 or 15.2 and Heat Exchanger 13.1 or 13.2
resulting in a very rapid pressure drop to the Pelief Valves 27.1 & 27.2.
The flufid pressure at the Brake Units will now be at pump pressure as
gstab1:sh§d by the setting of Relief Valves 27.1 & 27.2 and the brakes will
e applied.

Release and Apply Brakes Using Hand Pump

Actuate Hand Pump 55.1 or 55.2 to apply fluid pressure to release the
brakes. Open Shut Off valve 56.2 or 56.5 and close Shut-Off Valve 56.3 or
56.6. Any one of three or all of the brake units on either side can be
released using the Hand Pump. Caution! Do not release the brakes on both
discs manually at the same time for any reason because the hoist will move
if an imbalance in loading is present. To re-apply the brakes, open
Shut-0ff Valves 56.3 or 5€.6 and return fluid to the pressure unit reservoir.
Check to see that Shut Off Valves 56.2 and 56.5 are re-closed for normal
operation.

SECTION 4
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2.

DISC BRAKE SYSTEM OPERATION

Installation

2.1 Environment

Warning: Install and operate the Hydraulic Power Unfts and Disc
Brake System only in an environment free of injurious
dust, corrosive media or fumes, oil laden atmosphere
and extreme humidity and temperature.

Each Hydraulic Unit, including all fluid lines to the brake units,
is intended to operate at fluid temperatures of 20° F minimum and
1209 F maximum.

2.2 Shipping Damage

The hydraulic units in particular can be abused and damaged during shipment.
Carefully check the entire unit and associated brake systems components and
manifolds for shipping and handling damage including contamination of
piping and fluid connection points.

2.3 Positioning
2.3.1 Allow at least 1% feet clearance all around the hydraulic units

Caution: Do not obstruct air flow to radiators, heat
exchanges or pump motors.

2.3.2 Install on a level foundation or floor using adequate
bolts.

2.4 Tubing and-Hoses Installed by Customer

2.4.1 A1l tubing and hoses must.be flushed and cleaned with clean
solvent and blown dry

2.4.2 Tubing and hose ends must be capped if not connected
immediately.

2.4.3 Avoid straight line tubing runs. Include at least one
bend for thermal expansion. Provide adequate support for
all tubing runs.

2.4.4 For pipe threads usé only Loctite Pipe Sealant with Teflon
and Loctite NF Primer.

SECTION 4
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DISC BRAKE SYSTEM OPERATION

Apply as follows:

Step 1 - Wipe threads with clean cloths to remove all
fluids and dirt

Step 2 - Apply primer and let dry

Step 3 - Fill second and third male threads with Sealant

Step 4 - Assemble. Once joint has been assembled to not

disturb or effectiveness of seal will be diminished or
lost.

Warning: Do not permit Loctite or other material to enter system
when making hydraulic 1ine connections.
2.5 Electrical Connections

Check motor nameplates for required electrical power supply. Install
motor starters, etc., as per Contract Specifications. Check for correct
power supply to all other components.

3. Start Up

3.1 Accumulators

Precharge to pressure given on Hydraulic Brake System drawing.
Warning: Use only Dry Nitrogen Gas for the precharge.

Before removing Accumuiators for repair service,

shut down the primary pumps and discharge

accumulators by de-energizing all vValves 25.1, 25.2,
25.3 and 25.4 to insure the accumulators are discharged.

3.2 Hydraulic Fluid/01}

For normal ambient temperature (60 to 120° F), fi11 reservoir to high
level mark using fluid meeting the specifications as outlined in
Section 5, Lubrication, of this manual.

CAUTION: Filter all flufd through a 5 micron absolute
filter before installing.

See 2.1 for abnormal ambient temperature conditions

SECTION 4
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0ISC BRAKE SYSTEM OPERATION

3.3 Coupling Alignment and Pump Shaft Rotation

Check a1ignmént of pump shaft to motor shaft. Jog electric
motors; check for correct rotation direction.

3.4 Bleed System of Air

3.4.1

3.4.2

Operate manual lever valves on both brake brackets to
return fluid to reservoir without releasing the brakes;
i.e., to bypass the brake units.

Operate hydraulic unit to supply fluid to the brake
brackets. Allow fluid to circulate 5 minutes to clear
1ines of air.

Check reservoir fluid level and top up.

4, ADJUSTMENT TO OBTAIN RAMP CONTROLLED BRAKE OPERATION

4.1 Preliminary

WARNING: Complete the following before adjusting RAMP pressure

and RAMP time:

a. Bleed all brake units per 3.4.

b. Adjust all brake friction pads to 4.5 mm 177"
clearance to the brake disc with brakes completely
released. See Twiflex Instructions.

c. Check that Accumulator is properly precharged.

4.2 Check and Adjust Relief Valves 27.1 and 27.2 to obtain RAMP PRESSURE

WARNING: If hoist is roped, de-energize the brakes on one disc to

4.2.1

4.2.2
4.,2.3

maintain brake applied on one brake disc before performing
the following Adjustment Procedures: (The Procedure will
then use only the brake units on one disc.)

Open Flow Control Valves 29.1 completely; turn knob to
highest dial position.

Close Flow Control Valve 28.1 and Needle Valve 31.1 completely.
Operate hydraulic unit to release the brakes (energize 25.1)
Check that brakes are released at brake units.

Check that pressure gauge reads 1900 PSI when brakes are

released. Adjust pump per manufacturer's instructions
to obtain 1800 PSI.

SECTION 4

Page 08-02-05
Rev. -



5.

0ISC BRAKE SYSTEM OPERATION

4.2.4 Wait about 20 seconds to assure that Accumulator is
filled with fluid.

4.2.5 De-energize 25.1 to apply brakes. Note RAMP
pressure on gauge.

4.2.6 Adjust Relief Valve 27.1 to value shown on Schematic Drawing.
NORMAL MAINTENANCE

Basic maintenance should be planned and scheduled to obtain satisfactory
operation and service life.

5.1 Use only clean fluid

CAUTION: Filter all fluid through a 5 micron absolute
filter before installing or adding.

5.2 Change filter and fluid

5.2.1 The in-line filter should be changed at 50 hours
of operation.

5.2.2 Two approaches can be used for the time fnterval
between subsequent fluid changes:

A. Change every 12 months or 2000 hours of
operation, whichever occurs first.

Install a new filter; OR

B. Send a fluid sample to a qualified laboratory
for analysis; major fluid suppliers often provide
this service.

Change if the contamination level is greater
than Class 3 per NAS 1638 or SAE ARP 598.

Install a new filter.

5.3 Check reservoir fluid level regularly, and correct system seepage
promptly.

5.4 Inspect air flow and cleanliness of heat exchangers, pump
motors and fluid reservoirs.

Proper cooling requires these be kept clean.

Check reservoir temperature versus temperature limits
per 2.1 every three hours of operation.

SECTION 4

Page 08-02-06
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DISC BRAKE SYSTEM OPERATION

5.5 Check Accumulator for correct precharge pressure:

Every four hours for first two days of operation or
until no pressure change {s noted.

Every eight hours for the next two days, or unti)
no pressure change is obtained.

Every sixteen hours for next two days, or untf!
no pressure change is noted.

Every 48 hours of operation thereafter.

SECTION 4

Page 08-02-07
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APPENDIX 2

TRANSMITTAL OF DEFICIENCIES: WASTE HOIST
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W0:87:00030
Westinghouse Nuclear Fuel Divisions ARE RS
Electric Corporation 202078

JASCIC WM 380
April 28, 1987

Mr. Kesh Vadlamani

Area Engineer

U. S. Army Corps of Engineers
P. O. Box 2346

Carlsbad, NM 88221-2346

Subject: Transmittal of Deficiencies: waste Hoist Tower and
Waste Hoist Conveyance System

Dear Sir:

The purpose of this memorandum is to transmit for your action a
list of the Waste Hoist System deficiencies noted during the
performance of the initial Waste Hoist startup procedure;

observed during electrical and mechanical training; and

resulting from the operating experience subsequent to hoist
certification.

1. The startup of the hoist motor cooling blower is violent -
loose belts or no step starter.

2. The standby oil cooler cover is dented. This is still cpen
from transfer document DD 1354.

3. . There are torched (flame cut) slots on the inside of the
" deflection sheave frame for the regrooving tool.

4. Fence on cage rubs guide ropes.
S. Brake release pump handles are missing.

6. The north counterweight catchgear release arm cannot be
. released 12" clear of ropes as required.

7. The Lilly man-mode solenoid valve is not mounted; just
hanging off the pipes.

8. Bolting hardware missing in sump counterweight rigid guide
support slots.

9. The hoses for the jacking cradle assembly were not

provided.
N
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\
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Mr. Kesh Vadlamani
Arvil 28, 1987
Page Two

10. One of two machined cak jacking cradle blocks was not
provided at turnover.

11. No grounding brush was provided between the hoist motor and
main bearing.

12. The braking system by-passes fluid to the reservoir
opposite the side in use (standby vs. primary). This has
been recognized by Rexnord as a design deficiency; however,
we have seen no action in two months.

der is provided marginally by a globe type valve.

13. Th: pressure regulator function to the Lilly man-mode shift
This valve vibrates open and excessive pressure results.

Of these, we consider items 11 through 13 above to be the most
critical. The motor manufacturer stated during electrical

training that failure of the bearings due to arching would not
be covered.under warranty due to the lack of a grounding brush.

Should you have any questions, please contact Mr. Al Varga of
Mine Engineering.

Sincerely,

- q

"/ C_ ~— ‘\.“ ~ Y "

"J. A. Cedillos
Project Startup

JAC/phm
PS:87:0188
CONCURRENCE DATE
cc: T. Dillon
D. Cash
V. Likar
H. Brandt

R. Figlik/DOE
T. Baca/DOE




APPENDIX 3

UNUSUAL OCCURRENCE REPORTS



8.3 UNUSUAL OCCURRENCE REPORT FORMAT

FORMAT (Spacing of items in following example may be altered as necessary to
provide adequate space for full exposition of {items).

NAME OF SITE AND/OR CONTRACTOR

Page ! of °

1. UOR Number UOR:87:003 Rev. |

2. Statuys and Date: Initial 7/27/87

Interim
Final
3. Site:
Waste Isolation Oivision - WIPP
4. Facility, System, or Equipment: 5. Date of 6. Time of
Occurrence: Occurrence:
Waste Handling Hoist 7/25/87 11:0Cam

7. Subject of Occurrence: wunplanned release of hoist brakes causing uncontrolleg
motion of conveyance.

8. Apparent Cause: Oesign ____ Material _____ Personnel _xx  Procedure ___

Other (Explain in [tem " 3)

9. Description of Occurrence: Two unplanned rei-ises of the Waste Hoist disc orakaec
occurred during warranty work on the hoist brake hydraulic system. Because
neither tne conveyance nor the counterweight was blocked, the release of “=e
brakes resulted in the uncontrolled upward movement of the conveyanrce (COMNTINUED

10. Operating Conditions of Facility at Time of Occurrence:

Waste Hoist turned over and operational, project inm a startup phase.

1 Immediate Evaluation: Improper installation or function of replacement vaive
allowed counterweight to descend and conveyance to ascend without braking
or motor controls. Insufficient work preparation and control.

12. Immediate Action Taken and ResultS: Stopped all warranty repair work. PRamoved
replacement valve and reinstalled origimal valve. Inspected braking components
and fluid power system for visual damage or anomalies. Physically testea nydraul
power unit performance while isolated from brakes, tested each hrake (CONTINUED)

13. [s Further Evaluation Required? Yes _xx No

If Yes, Before Further Operations? Yes No xx

If Yes, By Whom? Mine Eng., Safety, Maintenance, QA, Mining Ops, Manufacturer

When? Preliminary by 7,28/87, Final by 8/15/87




T

Page 2 of _°
UOR No. UOFR:3-:3C3

UOR Date (mi-is. .27

14. Final Evaluation and Lessons Learned:
15. Corrective Action:

Taken: Recommended: To Be Supplied: «x
16. Programmatic Impact:

None.
17. Impact Codes and Standards:

None.
18. Similar Unusual Occurrence Report Numbers:

None.
19. Signatures (as a minimum}: 4{,

hl— | RV S oy e

Originator _H. L. Lucus A. varc: Date 7125'/_5‘

Approved Dby: fép ' .

MOC Manager, Operdtiong 5LL : gf7 e d3te 7227

Manager, Safety/Security /% ¢ ’_zﬂé{;1;, Date /<« <7

Manager,

Date 7- Y5 7

WP0O Manager, Date /7/2,’”"/;' -
-7’—“7‘

<

20. Distribution:

MOC Operations Manager

MOC Quality Assurance Manager
MOC Safety and Security Manager
MOC Applicable Managers

WPO Safety and Security Manager

WPO Quality Assurance Manager

WPO Applicable 8ranch Managers

WPO Applicable Contractors

WPO £GA&G CAIRS program if applicable
WPO ES&H Division, AlLO if applicable




UNUSUAL OCCURRENCE REPORT CONTINUATION SHEET

’ Page 3 of
UOR No. JUCOR:27:203
UOR Date [-~i-i:. 7:2

W

9. CONTINUED:

due to the unbalanced condition (i.e. 66,000 lb. canveyance vs. 104,000 !
counterweight). The estimated distance of upward travel was 30 feet for
first event ang 300 feet for the second incident. These incidents were
assoclatedg with the installation and checkaut of a teplacement hydraulic <
way valve (flow return directional valve). This valve was supplied by tre
Rexnord Company to WIPP to satisfy a warranty action involving excessive
internal hydraulic leakage causing liquid transfer between the primary
pressure unit and the stand-bs system,

"
~ .
.-

12. CONTINUED:

pedestal independently to provide a secured hoist while verifying brake val.
performance. The hoist power was activated for limited travel and bDrake
testing, which confirmed proper brake operation. The Hoist Qperator then
performed all operating safety tests of hoisting systems. Maintenance QOept.
representatives performed a physical inspection of all hoist ropes, conduct=z
a collar test and 31 rope "kick test™.

1

All systems and components were found to be i~ good operating order. Tre
system was than tested in the various operati-3 modes, no immediate prcoi=-
or areas of concern were detected.

[

NOTE: Please use this form when there is insufficient space for providing
complete information on pages 1 and 2. [ndicate the appropriate page number,
UOR number, and UOR date. when entering information on this form, use the
appropriate item number and title for each item carried over from pages 1
and 2.



8.4 DISTRIBUTION LIST

The following is the minimum UOR distribuytion list:
8.4.1 Managing Operating Contractor

o Operations Manager

o Quality Assurance Manager

0 Safety and Security Manager
0 Applicable Managers

8.4.2 WIPP Project QOffice

Safety and Security Manager
Quality Assurance Manager
Applicable Branch Managers
Applicable Contractors

EG&G CAIRS program if applicable
ES&H DI sion, ALO if applicable

o000 O0O0



8.3 UNUSUAL OCCURRENCE REPORT FORMAT

FORMAT (Spacing of items in following example may be altered as necessary to
provide adequate space for ful) exposition of items).

NAME QOF SITE AND/OR CONTRACTOR

Page 1 of 5

1. UOR Number UOR:87:003

2. Status and Date: Initial 7/27/87
Interim  8/11/87

Final
J. Site:
Waste Isolation Division - WIPP
4. Facility, System, or Equipment: 5. Date of 6. Time of
Occurrence: Occurrence:
Waste Handling Hoist 7/25/87 11:00am

7. Subject of Occurrence: unplanned release of hoist brakes causing uncontrolled motion
of conveyance.

8. Apparent Cause: [Design _xx Material xx “arsonnel  xx Procedure ..
Other (Explain in ltem ' ¢)
NOTE: This incident resulted from a combiration of the ice--ified causes.

9. Description of Qccurrence: Two unplanned releases of the waste HOist disc brakes ac-.-ran
during warranty work on tne hoist brake hydraulic system. Sccause neither the conveyance rer -2

counterweight was blocked, nor the brakes isolated, the brakes released resulting in the uncortzz.lsz
upward movement of the conveyance due to the unbalanced condition (CONTINUED)

10. Operating Conditions of Facility at Time of Occurrence:
Waste Hoist turned over and operational, project in a startup phase.

11. Immediate Evaluation:
Improper installation or function of replacement valve alloved counterweight to descerd arc -crve.3-cs
to ascend without braking or motor controls. Insufficient work preparation and control. ~he <,3%2m
design needs additional failsafe features. -

12. Immediate Action Taken and Results: Stopped all warranty -epair work. Removed rac.sce-
ment valve and reinstalled origimal valve. Inspected braking components and fluid power syste~ =
visual damage or anomalies. Physically tested hydraulic power unit performance while isolatec Fram
brakes, tested each brake pedestal independently to provide a secured hcist while (CONTINUED

13. [s Further Evaluation Required? Yes _x  No

1f Yes, Before Further Operations? Yes NO x

————p——

[f Yes, By Whom? Mine Eng., Safety, Maintenance, QA, Mining Ops., Manufacturer

when? FPreliminary by 7/28/87, Final by $/4/87.




Page 2 of 5
UOR No. _87:003
UOR Date 8/11.37

Interim
14. Evaluation and Lessons Learned: There were several causative factors involving
personnel, procedures, processes and hardware, and these factors contributed to inadvertant release
of the waste Handling Hoist brakes and two congruent unplanned, uncontrolled movements of the
conveyance. The process involved the poorly executed replacement of a misapplied 2 position, (CONT.)
15. Corrective Action:

Taken: X Recommended: To B8e Supplied:

SEE CONTINUATION SHEET.

16. Programmatic Impact:
None.

17. Impact Codes and Standards:

None.

18. Similar Unusual Qccurrence Report Numbers:
None.

19. Signatures (as a minimum): d,”’ $_12-87
Originator _H. L. Lucus W‘#N A. /al‘z Date

Approved by:
MOC Manager, Operations

Date ?’/Z’fz

Manager, Safety/Security A{ZCZ . 524;k1,

Manager, Quality Assuranc

WPO Manager, Safety/Security

20. Distripution:

MOC Operations Manager

MOC GQuality Assurance Manager
MOC Safety and Security Manager
MOC Applicable Managers

WPO Safety and Security Manager

WPO Quality Assurince Manager

WPO Applicable Branch Managers

WPO Applicablie Contractors

WPO FG&G CAIRS program if applicable
WPO ES&H Division, At.Q if applicable




UNUSUAL OCCURRENCE REPORT CONTINUATION SHEET

Page 3 of S5
UOR No. _87:002

————

UOR Date 8/11,8"

————————

CONTINUED:

9.

12.

4.

Description of Occurance:

(i.e. 66,000 lb. conveyance vs. 104,000 lb. counterweight). The estimated distance of upward travel was
30 feet for the first event and 300 feet for the second incident. The conveyance was at the undergroun:
station at the time of the first incident. These incidents were associated with the installation ang
checkout of a replacement hydraulic 4 way valve (flow return directiomal valve). This valve was supplie:
by the Rexnord Company to WIPP to satisfy a warranty action involving excessive internal hydraulic leaxage
causing liquid transfer between the primary pressure unit and the stand-by system.

Immediate Action Taken and Results:

verifying brake valve performance. The hoist power was activated for limited travel and brake testing,
which confirmed proper brake operations. The Hoist Operator then performed all operating safety tests :=°
hoisting systems. Maintemance Cepartment representatives performed a physical inspectiom of all hoist
ropes, conducted a collar test and a rope "kick test". All systems and components were found to be in
good operating order. The system was then tested in the various operating modes, no immediate problemrs
or areas of concern were detected.

Interim Evaluation and Lessons Learned:

4 way, solenmold operated, directed control valve, which functions -5 direct hydraulic fluid in the low
pressure return system to either the primary fluid storage system - to the standby fluid storage syste-.
The replacement was being accomplished as part of a warranty actic~. DOuring the process of waste nois:
system turnover ta the Mamagemeni @ng Toerating Jomtractcr (MOL), o vaive was llentified for repair

or replacement under warranty due to excessive bvpassing leakage causing depletion of the oil inventory

in the primary hydraulic system. The replacemen? valve was provided by tne hoist hydraulic system
supplier/designer and subsequent evaluation evidenced that the valve was not a suitable plug-in replace-
ment. The presence of a plugged vent port and other factors resulted in configuration that blockead :tre
hydraulic flow in the brake system return circuit. Blocking of the flow allowed pressurizaticn and relz:se

of the noist brake actuation cylinders and thus mairtain tbe brakes in a disengaged position causing a IIANT.;

NOTE: Please use this form when there is insufficient space for providing
complete information on pages 1 and 2. [Indicate the appropriate page numoe-,
UOR number, and UOR date. when entering information on this form, use the
appropriate item number and title for each item carried over from pages !
and 2.



UNUSUAL OCCURRENCE REPORT CONTINUATION SHEET

Page < of S
UCR No. _87:9C3

e ————

UOR Date 8/1i,8>

s e——.

CONTINUED:

l4. free fall of the counterweight and lifting of the conveyance. The initial valve receipt lacked proper
documentation, such as drawings, installation procedures, safe checkout procedures and specifications.
The second barrier, which failed, was the potential for the original construction/installation contracter
personnel to stop the warranty action based on the absence of appropriate documentation and the physical
difference in valve configuration. A third absent barrier was the lack of Quality Assurance input for
this process. Installation procedures, drawings, hazards and/or failure mode analysis were not proviced
and the replacement/checkout was performed on a real-time, on the spot basis.

The primary deterrent missed was the accountability, responsibility, and operational control assigned

to the responsible Operations group. The control is related to operations by qualified personnel ang
management using proven procedures issued to preclude inadvertant energy releases. The primary
procedure is a lockout/tagout procedure, which specifically addresses electrical lockout as well as
lockout of potential energy releases. The criteria translates to providing for physical retention of
the hoist either through system balancing, chairing of the counterweight or very positive lockout of

the brakes to prevent disengagement. The Operations persornel failed to exercise management control and
stop the activity after the first inadvertant brake release. Up-front involvement by the Quality
Assurance and Safety organizations would have resulted in a higher success potential.

In summary, the incident was characterized by a breakdown of barri::s established in the WIPP modus-
operandi to prevent unplanned events. Lack of good operational cco:irol is censidered to be the most
significant causation factor.

The ilessons learned tO date alk sWamalilizQ 35 Tulitws:

1. Operational control over operational processes must be improved and specific accountability, ownersria
and responsibility must be established and maintained.

2. Processes which involve non-MOC personnel, must be better manmaged, contrclled, and overviewed %o
ensure full compliance with WIPP work procedures.

3. Adequate documentation and data such as drawings, certifications, specificaticns, installation arg
checkout procedures must accompany critical replacement harcdware. (CONTINUED)
NOTE: Please use this form when tnere is insufficient space for providing
complete information on pages 1 and 2. [ndicate the appropriate page numpe-,
UOR number, and UOR date. when entering information on this form, use tre
appropriate item number and title for each item carried over from pages '
and 2.



UNUSUAL OCCURRENCE REPORT CONTINUATION SHEET

The technical guidance and girectlons associated with work must be of sufficiently high quality to
minimize incidences.

The analysis of critical systems should include methods such as Failure Modes and Effects analysis
to uncover any single point failure mechanisms.

Procedures, such as the lockout/tagout procedure, must be understood and thoroughly implementec.

CONTINUED:
14. 4.

5.

6.

7.

15.

The Quality Assurance and Safety functions must be involved in critical work processes to extract
value from their expertise and overview.

Corrective Action:

As of August 10, 1987, the following corrective actions have been taken:

L.

U

A task team, which was comprised of multi-disciplined (i.e. Safety, Training, Quality Assurance)
investigators, interviewed the persormnmel, gathered data and is currently preparing a Class "C"
investigation report.

With appropriate consideration and forethought, disciplinary actions, which included time off without
pay, were imposed on personnel who clearly performed poorly relative to this incident.

A strongly worded letter was transmitted to the subsystem desigrer/hardware supplier to clearly
identify the potential consequence of this incident and WIPP *+°T expectations for critical corzcrert
and system suppliers.

Appropriate safety bulletins, intermal MOC correspondence arc :cpartment level meetings were .:zac

to disseminate accurate information and maximize the learning .alue derived from this incident.
Critical valves have ceen lociked out using ohiysical locks arc 3 comprehensive Failure Modes and
Effects Analysis (FMEA) will be expeditiously completed to ensure identification of amy single
point failures and implement remedial actions guickly.

NOTE: Please use this form when there is insyfficient space for provicing
complete information on pages 1 and 2. [ndicate tne appropriate page n.~oe-,
UOR number, and UOR date. when entering information on this form, use tne
appropriate item number and title for each item carried over from pages '
and 2.



8.4 OQISTRIBUTION LIST

The following is the minimum UOR distribution list:
8.4 Managing Operating Contractor

Operations Manager

Quality Assurance Manager
Safety and Security Manager
Applicable Managers

o0 0O0

8.4.2 WIPP Project Office

Safety and Security Manager
Quality Assurance Manager
Applicable B8ranch Managers
Applicable Contractors

EG&G CAIRS program if applicable
ES&H DY sion, ALO if applicable

0O 00000



APPENDIX 4

ENGINEERING DESIGN DATA RACINE VALVE



Racine ||

Engineering | .
Data

]

fluid power products

DIRECTIONAL CONTROLS
FOUR WAY VALVE

1-1/4" pvrti

WET CORE SOLENGIO CONTROLLED
FLANGE. FOOT, SUBPLATE MOUNTED

NFPA 010 & CETOP 10 PATTERN

SR

SPECIFICATIONS

PRESSURE RATING--3000 psi 207 bar; 20,700 kPa). Exhaust port pressure must
fvot exceed 1000 ps) (69 bar; 6900 kP3), Tank port 3000 psi (207 bar; 20,700 kPa) I
externatly drained,

PILOT PRESSURE --A pilot pressure of 75 psi (5.2 bar) minimum must be avail-
abie lor pliot operation of the vaive. The pilot port may de connected o pressure
Internatly or externally.

ATING--100 gpm (380 L/min) nominal, Miximum recommended flow rate:
175 gpm (660 Umin).

CYCLE RATE--Maximum continuous rating is 50 cycles/min.

'w--hr hydraulic pilot operation, a maximum of 3.04 in3
m3) of oil dispiacement is required to shift the spool from neutral to either

_..a position with double solenoid waives, A maximum of 6.08 in3 1100 cm3) of
oil displacement is required for actuation with single sotenoid vaives.

TEMOERATURE--Under normal conditions of continuous onaration, fluid tem-

perature should not exceed 136°F (54°C). In no instance shouid the lemperature

eceed 160°F (719C).

RECOMMENOATIONS--Premium grade hydraulic fiuid with 60 SUS(10cSt)

10 1000 SU'S 1216c S viscosity at operating temperatu re. for detailed fluid infor-
* mation, refer to Racine publication $-106, "Petroleum Hydraulic Fluids® and

S-107, 'Fire Resistant Fluids".

SEAL S--Viton seals are standard (o allow operation with petroleum base fluids

and most tire resistant fluids.

SOLENO1DS--AC solenoids are awailable in wet core only.

DRAIN PORT--Piiot drain can be connected 1o nk internatly or externally.
Drain pressure must be at lsast 75 psi (5. 2 bar} lowsr than pilot pressure.

FIXED PILOT CHOKES--The standard wive may be turnished with fixed orifice
plugs which provide siower spool shift to reduce the possibility of shack.

THR 0 --Notched spool lands provide for extremely smooth opening
and closing of Walve ports. This modification is awailabie tor mast neutral port-
ing arrangements.

MOUNTING POSITION--Vaives with detented spoois must be mounted with the
spoot bore centerline horizontal. Ali other valves are unrestricted.

MODIFICATIONS --Consuit the factory for deviations from these specifications.

PILOT PRES SURE SEQUENCE VALYE(Double Solenoid Valves)--An optional buiit-

in pilot pressure sequence valve provides a source of 85 psi (5.9 bar) oil pres-
sure for use with open center spools. This power loss disappears as so0n 3s
working pressure exceeds 85 psi (5.9 bar).

.SSURE CENTERED--An option that ensures fast and dependable main spool
centering,

PRESSURE PORT CHECK VALVE--This 4-way valve is availabie with an optionat
built-in check vaive in the pressure parl  This device is especially useful in

multiple vaive circults where it is necessary t hold pressure onone part of the
circuit while a second valve actuates another part of the circuit.  This slimates
the need for a seperate check vaive 10 be piped into the tine.

ADJUSTABLE SPOOL_STOPS--Adjustable spool stops limit the opening of th
main spool. This option can be used as an actuator speed control, and is awail
able only on spring centersd waives.

WEIGHT (Approx.}--

Double Solenoid Vaive  «==e=ss--smscmamocnee 9 1bs. (449 kg)
Hydraulic Centering, Add -=--===-s=ev=ccccas 61bs. (2.7 kg)
Singie Soienoid Valve  se-esescescsecscence 98 lbs. (44.5 kg)
Adjustable Pilot Chokes, Add  =-~e-scevesee 1.5 1bs. (3.4 kq)
Adiustable Spool Slogs. AGd == --e--eesesoeee 5 ibs. 12.3 xq)
Flow CONtrol MaJule - -==s-mmsmmresanaveanee 45 1bs. (227 g
Pressure Control Module <-s=cvecsssescccnces 15 Ibs. 1340 kg)
Side & Bottom Ported Subplate -----scosesees 15 1bs. (340 kg)
Bottom Ported Subplate -~<---=-=--csvocscenee 4 1bs. {181k}

ELECTRICAL OPTIONS

SENTINEL LIGHTS--Long life neon lights indicate when voitage is applied t0 the
soienoid. This provides a quick method of troubleshooting,

QUICK CONNECT--This electrical connector enables quick disconnecting of the
wlve from the electrical power source without disturbing the wiring. The three
or five prong receptacie is prewired to a terminal strip located in the valve wir-
ing box. The wiring box option may be rotated 180° to accommodate installations
which require electrical access from the opposite end of the valve. Mating fe-
maie plugs are awilable. See 'How 1o Order" section.

HIRSCHMANN SOLENQIDS --This solenoid utilizes a bipolar connector. This
electrical connector enables quick disconnecting of the solenoid from electrical
power source without disiurding the wiring. See ‘How 10 Order" section.

MODULE OPTIONS

FLOW CONTROL MODULE--This device aliows independent spead control of actu-
ators in each direction of motion. Two non -compensated flow controis with in-
tegral return checks are ported o cylinder ports A and 8 of subpiate mounted
valves.

PRESSURE CONTROL MODULE--This module is avaitable in reducing as well as
sequence valve versions. The madule's construction allows for pilot pressure
10 be sensed either at the pressure inlet to the four-way vaive, or at cylinder
mn "A".

ADJUSTABLE PILOT CHOKES--These consist of 2 flow control module which
mounts between the pilot section and the main body. It is used 3s a means B
increase the vaives shifting time,

E-79
JANUARY 1982
Copyngnt 182 by Resnord ne.




AVERAGE LEAKAGE & RESPONSE TIME - DOURE SOLENO10 VALVES AVIRAGE PRESSURE DROP PER FLOW PATH
PRESSURE (PS 100 so0 {1000 | 2000 | 000 FLOW RATE IGPW) %0 5] 100 13 1+ BT,
* Laskage [ate per port Pressure Drop - pst
nslmin.! ¢ I I ) n 100 P-A, 8T P-8 AT L4 16 - o 8|
Response | Solenoid Pressure Drop - p3i
Erergized | 0.500 ] Q1000 @5 | 000 ] 4 09 Open canter spools, P-T1 16 3 @8 100 WS | a0
Time pring
Cortering | 0525 | 0.525{0 55 ] 0525 ] 055
(Seconds) | Pressure |
Contaring | 0.%00 | Q100005 | 0. 000 | A CI3
*Loskage wiues are nominal and an average for afl stendend spools
AVERAGE LEAKAGE & RESPONSE TIME - SINGLE SOLENOID VALVES BLECTRICAL DATA
PRESSURE (PS 1} 100 | 00 {1000 | 2000 | 3000 SOLENOID WET CORE
* Laskage rate per VOLTAGE INRUSH HOLDING
prassyrized Now peth AMPS AMPS
{in?iMin ) 4 1813 by 100 115 ¥ @ Hz L )
Response | Solenoid 20V 0O Hy .3 .3
Time Energized | 0525 ] 0.410{/Q 080 j 0. 080 [ 0 050 1oV 0M2 59 R
Spring 20V 0K .7 2
{Seconds) | Return 0s50{ 013018 |am]aoes
Response time is the time duration from solenold Data represents averwme performance
energlzation or deenergization to the first per- when using oil with 133 SUS (¢SH
captable change In pressure, viscoslty st 120°F (490C).
SPRING CENTERED SPRING RETURN

D2 {PLUG TOR EXTERNAL DAMMY Py (PLUG FOR EXTERNAL FILOT)

“ORINCE FLUG

A-ORIFICE MLUG (OPTIONAL)

(OPTIONAL)

}L PILOT PORT D =~ DRAIN PORT
(PLUG TOR INTERNAL PILOT {PLUG TOR INTEANAL DRAIN)
TANK CYLINDIR B
CYUNDER A PRESSURE
A S
P
13 L=

I T

T

DETINT

D; (PLUG FOR EXTERNAL DAAIN)

A-ORIMICE MLUG
(OPTIONAL)

»; - MLOT roun——-l

{M.UG FOR INTEANAL MLON
TANK CYUNDER 8
CYLINDER A PRESSURE

A-QRINCE PLUG
{OPTIONAL)

(PLUG FOR INTERNAL DRAIN)

O {FLUG FOR EXTERNAL DRASN)

A-OMACE MLUG

{OPTIONAL
- MLOT PORT
thvc FOR INTERNAL MLOT)
TANK CYUNDER »
CYLINDCR A PRISSURE
A B

Y X,d

P, {MLUG FOR EXTCANAL PILOTY

tﬁz‘

oM (a1 3
<+ Ho
r'y

4,
Page 2

Py (PLUG FOR IXTIRNAL FPILITY

A~OMACE MLUG

{OPTIONAL)

D1 = DRAIN rORT
{PLUG FOR INTERNAL DRAIC




prarar o
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OIMENSIONAL DATA

W)
PILOT DAALM i 7.%0 H pai— 3
FOOT MOUNTED /s NPTr (180,93 98. 8
~ 0.8
— —_— (12,9 N-PORT SIZE
D/ 8 @Z - COOE NPT 5126
‘ 013 D4 - **HT - 10° 1-U4 NPT
|4—- o (138.9 D4 -SoHT- L2 1-U2 NPT
; R
ai L
owre]U (=]
11.64
(296.2)
3.89 1302 AIQ'D 1.4 0 WCHES
TO AEMOVE SOLENOID L (MALLIMETAES) _ 1.7
(220.7) . L e
'—(l‘is“S) ] SIERSI0NS ARE NOUEML. 1.38
1/1 NrFT 1.97 @ s o .0
ELECTNCAL conncnon\ "1 (30.0)
\
— |
b,
L —— MANUAL ACTUATOR
s a—= | 8 1 sor. » sont thos
R
012
@ | @271 742 “0.19
5.20 ] (180.9) l .0
[ N 1
(132.1) : : ' ' .44 s ) - —
| : ! : n 07. ¢ 130.2 (;UC‘
A : i ] M :
4.00
TS 3.50 \ 0.
r,ﬂ,;"‘“u" T u.a (80.9) PORT N ..00
(;;i.:). T 203.2)
p—————(37¢.
*ADD 1.3i (33.3) TO TACH OF THISE
DIMENSIONS FOR SPRING RETURN VALVIS
i 7.3 J.a e
FLANGE MOUNTED (1305 (,,,,-‘
MLOT DAMAIN —_ i
/4 NPTF .50
163.9) N-PORT SIZE
CoDE NPT SIZE
*D4 - **HF -°10° 1-U4 NPT
6.2%
aie “Dd-**HF-*12* | 1-U2 NPT
INCHES
(MILLIMETRES)
NOTE:
1.59 (91.2) REQ'D UNLESS OTHERWASE SPECIFED
TO AEMOVE SOLENOLD .47 ¢ ALL DHMENSIONS ARE NORMAL
g™ 1.7%
.6y o 2405 (6.9
1/3 NPT Q0.0 o, 18
ELECTAICAL T2 T ) g7 e soL. » 5.1
CONNLCTION {50.0) .
~ -I_- = MANUAL ACTUATOR,
X — _ PILOT PRISSUAL BOTH ENDS
‘P‘ |- 1/4 NPIF
012 SOL. A — ¢ —] '
1206.2) /
> 8.94
' g (227.1) 7.2
s.20 Y T (.9 N ?4'..:)
1324 ;,' - . !: 3.44 S.44 B D I
' ! (87. 4 (130.2) 2.06
o ﬂ Q @ h (s2.3)
& 3 .~ \ — ———— —T
~ PORT N 5.6
o“n 1.50 ] gu.n—"
M 21.2) (88.9)
Lol » .28
376.2 (208.9

Page 3

*ADD 1.31 (33.3} TO TACH OF THLSE
DIMENSIONS FOR SPRING RLTURM VALVES



DMENSIONAL DATA

SUBPLATE MOUNTED (O O). O « MouNTING HOLLS
D NOWASY ODug| 0.76(19.0 DIA. THRU
0y 4fv .
. 3
O | 5
Qa0
1 39(91.2) (IQ'D 1.8
TO REMOVE SOLENOID — = (296.D) 9.47 ¢
ey - (240.9)
™ 2201 ve
e [Tuiss T e
ELECTRICAL (s0.0)

CONNECTION — I

1.3
%19

T - I

MANUAL ACTUATOR
OTH INDe

‘ﬂ——?A — - r (;6:.’0’ ,.['
P—' A D [ 1183.8

A 0
1.4 (141.0) 9.08 .18
€3.0) ] 5.5 t29.9) o
n b (134.6)
b L BE 1] J .18
L ‘ ,} fo < J ma TNY)
0.42 } 0.7% L 1.3% —‘r'
no.vc)mm“ et /J L es F'T (19.0) (3.4 N
CONNECTIONS {42.9 | 3.0 * 0.80 1 LOCATING MINS
1/4 NPTF w1 (96.8 (20.3 1.00 0.25(6.3) DaA.
{108.0) ™ (90. )™ SIT SUBPLATE
SIT SUBPLATE DLTAIL FOR LOCATION “ADD 1.31 (3.1 10 TACH OF DETAIL fOR LOCATIONS
OF POATS AND MOUNTING HOLES. 9.00 THESE DIMEINSIONS FOR SPRING 1.8 MeraL sATE &
e RETURN VALVES 1.9 SIALS SUPPLIID
. [ ]
SUBPLATE —— (376.2)
10.s0
1-1/4", 1-1/2" & 2" BOTTOM - PORTED SUBPLATE I~ (2060 <

A -
When subplate is not used, 2 __ sz
machined pad must be provided (147.62)
for mounting. Pad must be fiat R — 3
within 0.0003 in/in with a surface FRESSURE - X 1.000

TANK = N = '-c 4 .

3/4+10 THD, , 1.312
finish of @ RMS. | 16.20) =4 R (3230 Dree
‘ 0%
- t

— 1 HOLLS FOR

LOCATING PINS

§ VALVE MTG. HOLLS

17.44)
) i
y ~ g MLOT DRAIN = M Pt
; L~ was
mcues -+ 1
{MILLIMETRES) “‘ ;:_’3;, é l ror L""‘( poTToM
wOTE: ? z 4.500 '\
UNLESS OTHERWASE SPECHED 1.128 4 {114.30)
ALL DIMENSIONS ARE NOMMAL  , ;¢ 28.57) 2 b r— -
(196.8) b _L_J é %___._L 13 '
[y iy 1
LR L .re
.10
(‘:ms)‘L— - ‘(:iﬁ; \\ L L
(;if?g) — G‘ o \ 4 HOLES o.656 (16.47) DIA. THRU
L.
PILOT PRESSURE - M L/ (11430 ' CYUNDERA « N
/ ——* —
CTUNDER 8- N —_— (1’4:.030) SUN—
12.00
YT
MODEL NO. A 8 c 1} t F G H J X L M N°
Top & 6,65 | 4500 | L& | 4875 | LIS | 1,625 3.2507 S5.812 | L3IS) 4855 | 1.750
D4H-10S | Bottom | (168,27 ) (114,300 | (41,27 {1123.82) | (34 92) | {41. 27} (82.55)] (147, 64) | (34 R} (123,321 | (44, 45)] L/&" NPTF | 1- /¢ NPT
Top & 6.6 | 4500 | 1.625 | 4875 | L35 | 1.625] 3.250| 3.250 | L35 | 485 | LSO
DAN-12S | Bottomn | (168,27 | (114300 (41.2N [1123.82)| (34 92} | (41, 2N ] (82.55)] (147, 64) | (34 92)| (123.82) | (44 45} L&' NPTF | 1-1/ZNPT
665 | 4500 | 1.6 | 4855 LIS | 1628 3.250] 5.812 | L35 | 485 | 2128
Top (168.20 | (M4 300 | 412N 1(123.82) | (34 923 {41 2] (82,550 ] (147, 64) | (34 923] (123.82) | (53.9D ‘NPT |2 NPT
D4H-165 .00 7505 LR AW [ LT TATTEI [ LS| 5.18 [LIB| V"NPT |Z' NP
Bottom | (177,800 | (130170 | (26, 99 [ (114 ) | (23.81) {{15.87] (68. 26)] (160. 34) | (39. 691 (13Q. 1N | (53, 9N

. . M
TAPPED CONNECTIONS--BOTTOM Page 4



DIMENSIONAL DATA
SUBPLATE — S10E AND BOTTOM PORTED —~

’\uuuu
TANK
PLOT DAIN
m- NPTT
v ie M TT’.
AL
. 24 1y A S 5
IR 2,?
M LB
1.500 1,13y
118.10) (38,57 Ua
‘ 500 [ Al Ports 1-1i4" NPT
(114.30) when subplate |s not used a machined
— i pa0 must b provided for mounting. Pad
’ must de flat within Q 0003 InVin with a
AN $.628 surtace finish of 63 RMS.
L.e2s ’————(u.,;n-—_{
; 5,812
§ VALVI MOUNTING HOLES tar. any - TR R N
3/4-10 THD., 1.312 (33.34 9
oaee ul o —1
= 3.000
4 MOUNTING HOLES (74.20) PILOT DAIN
0.636 (16.67) DIA, THRU - ,
\
_I___\.- -._-._1 _O__ 4;_#—@
-+ . .
§.250 I N r I 7.1%
(150.79) 1.128 1.37% [t 1N 1)
878 (18.57) 13490 4,500
{133.02) | a0
1 f‘ e, - H t l
- 4 3 3
J 3 A Q@ 6*
/ ; 0.750
suns _7_ (19.08)
MLOT PRISSY ! ) f—e CYLINDER 8
(:i‘ﬁ)’// ik 33—
. 4.500
/ YN CYLINDIR A
LOCATING PIN HOLES - 7.500 .30
3 F—=" {190.5%0) — (147.‘54) INCHES
1.500 10,00 (MILLIMETRES)
(18.10) 9,00 (266.70) ]
- (228.4) UNLESS OTHERWASE SPECIRED
- [_ e 1.427 ! AL 0 ARE NOMINAL.
PLOT PRESSLRE ' (65,521 CYUNDER A
1/4* NPT n_—— s } L
RERY TT
T 2089 {11
1.%0 —‘—L— e
(409 .
i 1,607
L 142.36)
1.‘; }_ 4.500 ‘
(5.4 (114 JO)
0750 S 7.300 N\ CYLNDCR 8
(19.08) ..._..__.ﬁo_s_o’ 2o
1495.9) '
CYLINDER A
PILOT PRESSURE < 1/4* NPTT
CYLNDER 8
\
( 0 ‘\) >
\ MLOT DRAIN - 1/4* NPT
TANK
PRESSURE
€™

Page S



DIMENSIONAL DATA

ELECTRICAL OPTIONS ——

o
(01,8

SENTINEL LIGHTS

QUICK CONMECT
WISENTINEL LIGHTS

HIRSCHMANN SOLENOLD

OIMENSION TO
TOP OF GROUND PIN

E19
Page &



HOW TO ORDER

r:- DESIGN SERIES
FD4-BSHS-1108-A-10 115/60  (Aiways specify Solenoid Datai
L

—
A--INTERNAL PILOT, EXTERNAL DRAIN

B--INTERNAL PILOT, INTERNAL DRAIN
E--EXTERNAL PILOT, EXTERNAL ORAIN
F--EXTERNAL PILOT, INTERNAL DRAIN

r
N--DETENTS
$--SPRING CENTERED

T--SPRING RETURN

P--PRESSURE CENTERED

£--FLANGE MOUNTED
THREADED CONNECTIONS

G--SUBPLATE MOUNTED WITH
INTEGRAL CHECK PRESSURE
PORT

H--SUBPLATE MOUNTED WITH
INTEGRAL 65 PSI SEQUENCE
IN PRESSURE PORT

$--SUBPLATE MOUNTED

T--FOOT MOUNTED,
THREADED CONNECTIONS

*THROTTLED AS STANDARD

Subplate, Modules, Boit Kits, and Female Electrical

Plugs must be specified separately.

SUBPLATES & FEMALE PLUGS

DAH-10S -- 1-L/4" NPT Bottom Ported Subplate

D4H-125 -- 1-U/2" NPT- Botiom Portad Subplate

D4i-165 -- 2" NPT Bottome Ported Subplate

D4H-10A -- 1-U4" NPT Side & Bottom Ported Subplate
95190] -- Female Plug, Singie Soienoid

951902 -- Female Pilug, Doubie Solenoid

951923 Female Hirschmann Plug, Single Solenoid
951924 Female Hirschmann Plug, Double Solenoid

WET CORE ELECTRICAL SPECIFICATIONS

Standard AC Voitages & Fraquencies
u¥ie - o0
2020 - N

Standard OC Voltages

Non- Standard voltages & irequencies may
be oblained on special order at added cost.

C.F. ---- CONSULT FACTORY

E-79
Page 7

t{Specily only o required)
ee A--SENTINEL LIGHTS
*s D--QUICK CONNECT

** E--SENTINEL LIGHTS WiTH
QUICK CONNECT

H--HIRSCHMANN SOLENOID

**NOT AVAILABLE WHIRSCHWANN
SOLENOIDS

PT

5--STANDARD

A--FIXED PILOT CHOKE

B--ADJUSTABLE SPOOL STOPS (SPRING CENTERED ONLY)
5--THROTTLED SPOOL

£--FIXED PILOT CHOKES &
THROTTLED SPOOL

F--FIXED PILOT CHOKES, ADJUSTABLE
SPOOL STOPS & THROTTLED SPOOL

" G--ADJUSTABLE PILOT CHOKES &
ADJUSTABLE SPOQL STOPS

M--ADJUSTABLE P1LOT CHOKES

P--ADJUSTABLE PILOT CHOKES &
THROTTLED SPOOL

R--ADJUSTABLE PILOT CHOKES, THROTTLED
SPOOL & ADJUSTABLE SPOOL STOPS

T--ADJUSTABLE SPOOL STOPS &

THROTTLED SPOOL
BOLT KITS
Kit No, To Mount
B-24 1-1/4" 4-way Vaive Oniy
8-25 1-1/4" &-way Valve and Flow Control Module
B-65 1-1/4" 4-way Vaive and Pressure Control Module
B-81 1-1/4" §-way Vaive, Flow Control Module and

Pressure Control Module




APPENDIX 5

ENGINEERING DESIGN DATA OIL GEAR VALVE



APTI "A:‘H » Yo . ¥ BT W vg 2 ;,;- . . '.}. Jen X , N v :,‘- i .'1 L
w M
L\ s mw»aw D t l c e
R :
Solenoid 0 _ ted, irectional Contro
. . Nalves";Wpe‘}VDsgm;
fe e b oyt
y¥s pliot operated-Cetop 10, NFPA D10 interface-'design 30
E L Al (o 7 T A
;" Hydraulic directionai control vaives typo VOSP-8 are spoai type, puot 0peraIed -
CVRIVER Rk P e TR G N Wy ’/\x
< Thay ate 3 or A-wax 2 or 3 position vmu. sultable for wbpmo mounting .-
. according to CETOP 10, NFPA D10 for max. flows uplozluogpmnooourmn)
* and max. opersting pressurs up 10 5075 PSI (350 ban. &nie 2y,
" The pilot 8 519 ' & solenoid opereted directional control volvc typo VDSHl or
‘*-' . VOSHU (C OP 10, NFPA D10). ,“4‘ 4 O \ \

TR g i

e I, . PO T " P e ey 43'\\::;,‘. P )_“.-“;-'
vyosp-4 moununq surisce CETOP \0. NIFPA 010 PR Schomue erou section VDSP"-lmml Am
S € 1Y MRS Lovaun ;g._x;&;? pook
i R LA L SRR _;:1-_: *"k ‘2?"% -

TrANIRAS
2 2l8ler,- tonr :
BlulCiElR | . 2
e d & S
\ e g 1 .J! J . 1}
3.007 188! N N
450" (114.9) I I I > 7 <P
T ' P s
v 443" (168.9) ‘ l . ¢ d’t”&‘:ﬁ'ﬁ v ¥ z)
g 7.80” (190.8) ki - ; vt ]
T—"VOSPH-6SK" =3 "‘y"*"i 5 G Sy
SPARE SEAL KiT—"VDSPH-
Max. Oia. of Peris A, B. P T: 1.34"—Ports X, Y:.28"—Part L 20" o LY B P.AT L: f\-ﬁ‘w%‘ Fe

RATINGS AND SPECIFICATIONS e
tAsunung surtace, CETOF 1C. NFPA D10, Cete
Nax, recommended flow 264.0 gpm (1000 1/ min).

Max. recommended pressure on poris P-A-B.X = 5075 PSI (350 bar), port T = 3825 PS1 (250 ber) (for option /D pon'r = null prouuro).duln ports Y
and L (if raquired) = nuil pressure.

Electric power supply

These piiot valves have highly relisble solenclds type Ol which are sultable for direct current (DC) or altornadng current (AC) In lccord.nc. with coils
snd connectors used—2ee notes "eleciric and slectronic connectors”

Trese vaives may te &80 provided with solenoids type OU which ara sultable for direct current {DC) and may be oqulppod with devices for
csnuolling the switching time.

The eleciric power supply in aiternaling current is possible by means of electronic connectors type E-SA (wlth ocC colls) that aliow higher valve
periormances and low response timae.

Available a3 an aiternative are electric connectors type SP-999 with build-in rectifier (poﬂorrm as OC).

Consult Bulletin 80314 (VOSHU valves) and Bulletin 80312 (VOSH! vaives) for more mformuuon on pilot valves.

Eleciric and elecironic connectors

Thesa vaives are equipped with electric or electronic connectors for the proper interface to the electric supply system.

Electric connectors:

SP-E€68 ﬂlﬂdlrd connector, suitable for connecticn to diract current (OC) or rectified current (RC) or siternating current (AC) electric supply

syst

SP-777 e lbon S$P-8686, but with bullt-in eignai lamp, for connection to direct current (OC) or rectitied current (RC) or altarnating current
(AC) elactric aupply system.

SP-339 with buiit-in rectifier bridge for supplying DC colls by siternaling current (AC),

Electronic ccnnectors (see table G410 and note 9 electriC teatures).

E-SA improve pericrmances and give faster srifting times of OC sol. valves supplied by AC electric system.

€-SE improve performances and reduce power consumztion of OC solenoid vaives supplied by DC eiectre sysum

€-SR permit the switching of AC ¢r DC solenoid veives by & low power signal (max 20 mA),

E-SO eliminate eiectric disturbances when AC or DC sotencid vaives are switched off,

Nots: cistursances suppresser dewcn. similar 1o E-SD, are, as standard, buiit in all E-SA E-SE, E-SR.

GENIRAL NOTZS8

T;e pgaltlon of the vaive main spcol !s obtained by the action of the sclencid operated pilot vaive, that preesurizes or unioads the pliot

chamtars:

a)  inth23pasition varsion with spring centaring {L.e. VDSPH*-671°). the scool displacementis achiaved by hydraulic pressure on one of the pilot

C~3TI2r, whil the Othar 13 ynicaced. Tha ma:n spocl 18 centralized Oy the spring sction when both the pilot chambers are unioaded,
b) inine 2 pCsiticn sering of-setvaivos (.o VOSPH-663° 0 6377), and in the 2 position without springs vaives {l.e. VOSPH*-870 or 875°). the

SANERT
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o, when R plot preseurs exists, the main epool 1s OF -set By the :oring acton;

¢)  inthe dposition version litted with the hydraulic centering device (1.e. YOSPH®-671° /M), the main spodi diaplacement is schieved by hydraullc
Dressure on one of the plict chambers, while the other |8 unioeded. The 90001 I8 Centralized by the simultaneous appiication of presaure st both
the pliot chambers: the hydrauiic centering device provides differsnt saction areas, and the main spool I8 actuated Into canter position by the
resulting hydraytic force.
{1} The vaives can be suppiled with:
—pliot chokes for controtling the main spoo! shiing time (option /M),
—main 8pooi stroke adjusiment (option /&.
~pilot preasure generator (minimum 88 PSI (4 bar) fitted On P port (option /R). '
{2)  Piiot operated vaives, type VOSPH®-8, can be supplied with internal or external pilot and drain (see notes 3, 4, 12).
(3)  For operation of 3 posttion valves with presaures higher than 3623 P8I (250 bar) and high rates of flow the use of the hydrauilc centeriog device
may be recommended (option /M, see notes 3, 8), *
()] Mln’umum pliot presaure for cormect operation is 88 PSI (4 bar). 145 PSI (10 bar) with hydraullc centsring device (see notes ¢ and 8).
{8) Orain portY has to be connected directly to tank. if vaive is operated wiih interna! drain, no back pressure is allowed on pont T
(8) The pliot solenoid vaives are suppiied with manual override or, upon request, extended manysl overmde Dutton, protected with g rubber cap
and appropriate sealing betwesn coil and salencid tube (opton /WP),
MODEL COOR
VDSP H I - 8 7 1 1/ H - N 24DC / 30 / wa
1 1 1
plioted —T —_l spacial seals (omit
0lencid vaives, If not required) for
subplated firs resistant fluids:
mounted \{’Vg - :ntor glyoo!
type of solenoid :.,':',Dm'
pilot valve:
HI = VOSH
HU = VOSHY dasign numbet, subject
ote . tcol change. Inm:auon
y mensions unchenged from
6 = CETOP 10, NFPA D10 30 thru 39 L
pilot vaive:
6 = gingle solencid
T = double solenoid slectric system supply voltage: Voit
‘ 12, 24, 48,110, 220 DC or R .
8p00l-gpring arrangement 110-125, 220~ 290 (8t 50 or 80 Hz) AC
0 = no springs OC = direct current
t = opring centered AC = alternating current
3 = apring off-set (extemal positions) RC = ractified current sse note 9
§ = main epool without springs, pilot valve detented . 00 = vaive without colls
7 = gpring off-set (center and externai positions) e
ool see tadle
m 4900l type { - type of slectric/elsctronic connector
options. = ™ "
A = solencid mounted on port B side of pilot vaive Y ﬂ?g}l:'_,"‘;":"“ ond iite
O w=internal drain K = (500. NPT R
E = external piiot prassure W= '500" NPT w/iits
H @ adjustable chokes (meter out from the pliot chambars of M = 500 NPT "I "
o ehe: L = 500" NPT wirecitier
HY = :“cs‘)l\:‘a:a.?::‘f:noklt {meter-in to the pilct chambers of the and lite (110/11V only)
M = hydreulic pressure centering \ N = SP.886 A = E-SA
R = pilot pressure generator on P port (see note 5) ' P = SP-777 E=E-SE
8 = main spcol stroks adjustment Q = SP-3939 D =E-80
WP = piiot valve with extended manus! ovarride pin protected X = without connector R = E-SR
by rubber cap see note on connaciors (first pags)
SYMBOLS AND DESIONATION
Modet (*) Model (*) . Mode (%)
Symbol (**) } VORPHI-VOBPHU Symbol (*%) VDSPRI-VOSPHU $mbal ) | ypepanvaaeHy
. . ' phllo N 44
s gt | VOSPHI-871* AS VDSPHI-663° o it VDSPHI-881¢/A
o[ [Xpd - W {He Q-
bt K] | VDSPHU-871* st = VDSPHU-663¢ v ey VOSPHU-881°/A
dﬁ:.IX}:b VDSPHI-870° “ﬂ[ﬁ“ VDSPHI-663*/A @ VDSPHI-887°
et VOSPHU-870* A VDSPHU-863°/A ! by VDSPHU-867*
ﬁ]'m:.n VOSPHI-878¢ v{‘im}:l'b VDSPHI-681* { &Gﬁ” VOSPMI-887°/A 11
" VOSPHU-878* ekl VOSPHU-861* | Shary VOSPHU-667*/A |

{*)
2

The code cf the vaive has lo be completed with the digit (1, 2, 3, etc.) indiceting the spooi typs-numoer (see "TABLE A—Spoot Types').
The symbol doesn't show the hydraulic connection in center position becsuse it depends on the spoc! type as shown in TABLE A

TABLE A - 8pooi types Notes:

A A 7) Seoolstype Qand Jare slsoavailabless §/1

0 u u - IX] 3 H:HE 8 ard 3/1, where in center position oil pas-
z Lt . ssges from user ports to tank are reduced.

8) Spoois type 1, 4 and 5 era also sveilable a3

A A A 1/1, 4/8 and 3/1. They are appropristely
1 4 7 shaped to reduce water-hammer ghocks
R i % during the intermediats pasaages from ex-

tamai to center position with positive over-

A . a 13p3ing on 1/1 and negative overtapping on
= OER  OHX et
3 9) Oé\ request, othar type of spocis are avail-
. '

p
T ' ™

KN

e

BULLEVIN

Instafation

YDS?-U epring off-set and spring cantered valves can be installed in any position. The vaives type VCSP*-870" (no springs), whan op 2rated by
impuises, must be Instalied with their longitudinal axis horizontal.

0. 80318 Page 2
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8€(NG ORTWEEN YAIVE 8N MOUNLNG SUOPIAIE GSEUIEQ DY W /INGE. YWAEN A 40RILe if NOL ysed, & Fue N8 POG Must DO PTOVIGRd tor
mountng, having surtace finish with flainess 0.01/100 and roughness Tl e N Wfﬁ,éhr&‘ﬁ- b
P nd temparsture renge ' IR PR, S 2
The valves are designed i order 10 operate with good quality hydraullc oif containing the mm‘g Mdditives (antiwest antifrothing,
antioxidizing agents). Tha recommended range of viscosity lles between 38 S8U and 1720 S8U (2.6 and 300 o8t [2.3 ~ 80°E]) In sversQe
conditions of employment, an oll having @ viscosity of 114 $8U, 122°F 120 I3 1] &5& at 50°C) ls recommended.

g

Pluid temperatyre: the maximum ffuid temperature recommended 188°F (70° o lempersture would result in ¢ ﬁp‘d damage of the
seele

Fiitrstion: the fluid must have homogensous phyaica! and chemical properties and be free of any impurfties. A fluld fiiration of 23 microns in
absolute value is recommended. . )

The use of fire resistant flvid ires special ssala (to be indicated In the modei code).

Ambient temperature rangs ~4°F w0 158°F (-20 to +70C). .

Orain (-, /D, / e .

Orain gt.me'mu.l’t always be connected directly to tank, except for version /0 (internal drain). With the hydraulic centaring device fitted, port L
must 8/80 De connectad 10 ank. Counter-pressure on drain lines aren't8llowed. If the vaive operates with intecnal drain (/0), counter-preseure
on T port is not ellowed.

Pliot pressure (-, /0)

For a proper operation of the valve, the pilot preseure must be sl least 38 PSI (4 bar), 148 P8} (10 bar) with hydrauiic centering device: pilot
pressure can be internal of extecnal (/€) through port X.

Pilot pressure genersior /R

The d’o'vlco /A generates an additionsl pressure drop, in order to ensure the minimum piiot pressure, for correct operation of the valves with
internal pilot and fitted with spocie type 0,0/1, 4. 4/8, and 5. The device /A Nes to be fitted when the pressure drop in the vaive, verified on AP/Q
characteriatics, la iower than the minimum pilet pressure vaius. .

Tlectrical wiring

The slectrical wiring of the VOSP pilot vaives is done by adjustable and fully orientabie plug and socket connectors. The wiring can be done on
the plug Independantly of the valve position; the plug housing can be rotated in its axis.

0

perstion
Energizing the solencid port “A™ side of pilot valve, the hydraulic connections are P—8, A~T except for VOSPH*-*714, where, by enargizing
solanoid, the connections ere P—A, B—T and for VOSPH*-*87, where, energizing solanoid the spoot is driven 1o center position.
On 2 position, spring oft-eet valves, the solencid of pilot vaive ls normatly

fitted on port A side. Pressure Pressure Pressure
Working limits snd hydrsulic pressure centering device /M Spooi type z“’?m (3::: :."" ("0'705 b’a‘r:
In the table on the right ara examples of some typical spools and values of

operating pressure and the max. recommandad flow rates for correctvaive 10 1,173, 8,7, 8 2040gpom | 211.4gpm | 179.7 gpm

operation. For 3 position vaives the device /M le recommanded (or obisining {1000 I/min) | (800 I/min) | (880 I/mip)
the spool canter position whan pressure and flow vaives are higher than the 2,48 %9 9¢ 21140pm | 1797 148.0 gpm
figures shown hers. i (800 {/min) | (680 I/min) | (860 I/ min)
Electrical characteristics
Electric Power ‘Nominai Cator of
Vaive system consumption voltage Type of ool () the coll
supply (1) (3) and (6) tabel
VDSPMe.vero.N 12 0C S$P-COU 12 0C green
VOSPH®.***e.P; |  DC and RC 24w 24 0C $P-COU 24 OC red
Y; KW Horl 48 DC SP-COU 48 DC silver
RIZTH 120C . SP-COU 60OC brown
VDSPH®.evee-E o W@ 24 OC SP-COU 12 OC green
aese. 110/50 AC SP-COI 110750 AC yellow
Y aeee-b: AC 40 VA () 118/60AC | SP.COi 118/80 AC white
YW HerL " 220/50AC | SP-COI 20/50 AC sky bive
. N _ 230/60 AC i SP.COI 230/80 AC grey
110 - 125 AC (7) SP-COU 24 OC red
VOSPH®.*4¢%.A . 55 VA (4) 220 - 250 AC (7) 8P-COU 48 OC sliver
. . 110 - 118 AC () $P-COU 110 DC golo
VOSPH®-t222-Q 0 VA 220 - 230 AC () SP-COU 220 OC blus

(M Protection clase: H; Duty cycle: 100%.
(1) Valuee based on tesis performed with the Aluld temperature of 122°F (50°C) and the ambient tempersture of 68°F (20°C).

(2) inacycls, where the 30lencid s energized/de-enargized In 1 second (1 Mz}, tha sverege power ccnaumption is 7 W, for fonger cycles,
the power consumption is lass then half this valve.

wm the solenoid is snergized thainrush current valua 1s 6A at 12V DC and 3A st 24V OC, correspondirg 10 8 pesk of power consumption

Thess current peaks psrsist for & period shorter than 50 msec and they must be considersd when the elactric circult is designed.
(3) When the solenoid is enargized, an inrush current of approx 3 times the hoiding current vaiue flows in the coll. Inrush current values
persist for few maec. and correspond with a power consumption of 130 VA

4 {4) Whan the solenoclid s energized the inrush current value is 4.6 Aat 110 v AC and 2.3 A at 220 V AC. the peak of power consumption is

S00 VA; thase current pesks persist for 8 period shorter than 40 msec ana they must be considered when tha alectric circult is

cesigned. (8) On request, other voitage values ara available.
. (8) Tolarance on the nominal voltage is ~10% +5%. (7) Elactric frequancies can be 50 Hz as well as 80 Hz.
10 TYMCAL A P/Q CHARACTERISTICS FOR STANDARD SPOOLS
ar
:'W—: 0 ® Option /R (nots $)
0.0 ¢ 2 / v @
21184 1§ ¥
Uit~ 19 < ® i
' v e . — IR
1 20 “ ] " 1000 | Q 1/mim 0.\ . s §
| ¢ ux wms ma M mal Orenm 2 Flspper-guide X N {
I NN
| (A) P-Ar-8 @ P-T (3p00is type 4 ang 4/8) \ i @ Fispper AR
l (8) A-7.8-1 . @ Spring stop-washer N
; D Spring MO 448
Tasts based en fluid vise- ,122°F (24 cSt{2.3°E
[ 1 £6°3). Ve alty of 114 83U, 122°F (24 ¢S113.4°E] D Plug type $-X230
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'E Respones imes (8verage vaiues) performed with 3623 PSI (250 bar) pilot pressure, nominal volage, 8P-888 connectors and fluid viscosity of
114 88U, 122°F (24 cS1[3.5°8) a1 50°C) :
VDSPH®E71?, -841¢: energizing 38 ms (DC .dxoond 40 ms (AC sol); de-energizing 170 me.
VOSPH*-883¢: energizing 88 ms (DC sol) end 80 ms (AC sol.); de-energlzing 320 me.
The responee time is sflected Dy the elasticity of the hydreuiic Circult, by the varlation ot the hydraullc parsmeters and tsmperature.
Using other connecion the respones Sme ie sffected as shown In Bulieting 80300 and 80314 note 10 end Bulietin 80312 note 9.
The decreasing of the pitot pressure increase the response time.
For more information consult THE OILGEAR COMPANY

i3 ORIMCE LOCATION POR PILOT/DRAIN CHANNELS
vDSP-§ (pliot channels)

Oepending on the position of 8P-X*** Internal plugs, different
pilot/drain configurations can be cbiained as shown below:
internal piloting: dlinded plug 8P-X300 In X
External plloting: blinded plug 8P-X300 In ™

(remove piug 1 to reach PY)
internal drain: blinded plug $P-X300 in Y
External drain: blinded plug 8P-X300 In Dr

For modity the pilot/drain configuration it is only necessary
to interchange the respective pluge.
Standard valves have interne! piict and external. drain.

INSTALLATION DIMENSIONS Inohes (mm)
VOSPH®-8***/H (adjustadle chokes)

147 (3o9)
: [
Chokes (/Hx HQ-012, HQ-022
tff;,,» 58 increase haight by 1.87" [40
4 e i mm})
. == - E-l Fastening bolts for pilot vaive
1) g with chokes (/HE
- ‘ Optional Boit Kit—"VDSPH-
ﬁ\ Y BK/H" contsing (4) tastening
L4 g &l boits M8 x 90 ig. Recommended
-—1 ~ 2 ubricated torque 87 in. ibs.
l l . 5 : Weight 83.6 (38 kg} (38.8 ibs. {39
Lt | - | | kg] with chokes)
Eﬁ' . iy ?. T T T ‘ i 1 Fastening bolts for DP-8
L ey —- ‘ f - Optiona! Boit Kit—="VOSPH-88K"
o e | | o024 (o) '| ¢ containg {8) fastening screws
Lo (120.9) e Uk .750-10 UNC x 2.78% Ig. Recom-
Le 1300 741" 00 1 @ mended |ubricated torque 244 .
ho- - ba.
; 104" QT8
16.00° (306)
Version /M (hydraulic pressure centering) :g:nn o:l.swmm
Lt Il o4
. in®
T 1.] "m "y ! |
] o
] i
)
L2
! Waeight 88.0 Iba. (40 kg)
4 =

*‘ “~ Fastening bolts for OP-8
! Optional Boit Kit—-"VOSPH-8BK"
H | (contains (8) fastening screws
\ .750-10 UNC x 2.75" Ig. Recom-
;'lb'\:ndod lubricated torque 244 1t

b A,

7.38° (181.5) M

B (¥
____;}'

17.01° (688)

B

Note—The quoted height dimensions are for valves fitted with the standerd electrical connector SP.§68; with E.SD, $P-777, SP-099 the quotes
are increased by 0.47" (12 mm), With E-SA, E-SE connectors the quote |s increased by 0.58" (15 mm) and 0.71" (16 mm) with E-SA.

For more detaiia see Builetin 80380.
iﬂwr

2300 South 51st Street, Milwaukee, Wi USA 53219
Frore: (414) 327-1700
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WASTE HOIST BRAKE RELEASE SEQUENCE



i Engineering & Repository Technology

L] -

L) July 30, 1987

socec WASTE HOIST BRAKE RELEASE EVENT SEQUENCE 7/25/87

' Henry Brandt, Underground Operations
cc: R. Dillon V. Likar V. Dedong
W. Chiquelin T. Miller B. Lucus
L. Madl T. Campbell

The Waste Hoist was permitted to free wheel due to a series of events

which occurred 7/25/87 related to a valve replacement in the primary hydraulic
power pack. This valve replacement was being performed to correct a

warranty defect of brake return flow seepage causing a minor but persistant
nuisance which was an out of design condition.

The following sequence of events describes the preliminary activities
and the occurrence iteself.

1. A transmittal of deficiencies dated April 28, 1987, identified
the valve seepage problem through the Corps of Engineers from
the MOC and DOE. (Attached see Item 12.)

2. The problem was again transmitted this time directly to
Brinderson from MOC Purchasing on May 13, 1987. (attached see
[tem 2)

3. The replacement valve arrived at the site during the week of
July 13, 1987.

4. Brinderson Corp. agreed on July 23, 1987 to change out the valve
on Saturday, July 25, 1987 as warranty work.

5. Underground Operations promised to develop Work Requests for
electrician, hoistman, and a supervisor in support of this work.

6. On Friday 7/24/87, it was noted that Maintenance had not been

directed to provide an electrician and Construction Management
was asked if they could provide support to which they agreed.

Tscaritate
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7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

The valve was issued to Brinderson on 7/24/87 and it was taken
to the hoist for comparison. Two shorter bolts were acquired
and a minor wiring modification was targeted.

Work was scheduled for 8:30 am and all personnel were ready to
begin.

The hoist was locked and tagged by Jim Ellet with support from
Jim Campbell.

The existing valve was disconnected by Tom Hackler and it was
removed by Bud Barnes and Curtis Kesler of Brinderson.

The new valve was carefully compared with the removed valve
and the following items noted:

a. The new valve does not require the adapter baseplate which
was used on the existing valve to provide o-ring seal support.

b. One small port on the new valve has been plugged.

c. The new valve has a 3/8 inch sealtite connector and the
existing wire is protected in % inch conduit.

d. Both valves have dowels for proper alignment, yet they can
be mounted either of two ways and no instructions were provided.

The replacement valve was mounted by Brincerson in the configuration
most common with that of the removed valve.

After wiring-up the valve and with personrel manning the 3 dump
valves, | requested the supervisor to remcve the locks and tags.

The hoistman started the east (standby) pump and we noted that
fluid was rapidly transferring to the west tank.

Pump operation was then shifted to the west pump which then
transferred the fluid to the east tank.

The supervisor was requested to lock and tag the system and
the solenoid wires were reversed.

A test starting of the east pump caused a very brief uncontrolled
release of brakes of approximately 30 feet. The annunciator
panel indicated "Hoist Traveling Wrong Direction”.

Another brief starting of the pump was performed which demonstrated
that the fluid was still retruning to the opposite reservoir
and that wire switching has no effect on solenoid operation.
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19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

The locks and tags were placed back onto the controls and the
valve was rotated 180° and re-installed.

The locks and tags were removed, the brake dump valves were
opened for safety, and the west pump only was started. This
resulted in an immediate release of all brakes and a conveyance
ascent at up to approximately 500 FPM based on visual observation
of drum rotation,

An attempt was made to open dump valves and no change was noted.

After less than one minute, with the brake dump valves returned
to the closed position, the brakes moaned for 5-10 seconds and
then stopped the hoist. Some minor smoking of pad material

was noted.

The breakers were locked and tagged and the "QOilgear" valve
was replaced by ;he original "Racine" valve.

A call was placed to Bill Rude of Rexnord Inc. who recommended
restoring the system to its original configuration and testing
hoist operation. We also notified Henry Brandt, Bud Lucus,
Jere Galle, Jack Gilbert, and Norm Siepel (on site).

Mssrs. Brandt and Lucus arrived on site within the hour and
supported a thorough st program to confirm safe operation
of the hoist in its previous configuration.

The power unit was first tested with the brakes isolated and
then with only one side put on-line at a time. Disk pad gap
was checked and confirmed not to be released.

Operational tests were performed by the hoistman with response
and oversight by all parties until reasonable assurance that

the system has been restored to a safe configuration was attainec.
These tests involved very short hoist movements in each directior
gradually increasing to normal full speed operation.

During the initial testing, brake covers were removed and brake
pad wear was checked. Minimum wear was noted.

Caliper support frames and bolts were visually inspected for
stress indications and none were noted.

The hydraulic power unit was inspected for leaks, stuck valves,
fluid levels, pressures, etc. and all were consistant with norre’
performance.
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31.

32.

33.

34.

Engineering, Underground Operations and the contractor, Brinderson,

"discussed and concurred that the system was restored to its

original configuration, That the hoist was operating normally,

and that operations should complete the daily operator checks
prior to further hoisting. The hoist manufacturer representatives,
Bil1l Rude and Jim Perrault, concurred that the original valve
would correct the problem.

Maintenance was requested to perform collar to collar, kick

tests and visual rope and connection inspections. [ checked

the hoist machinery 1og and noted completion of this and acceptable
results.

Operations released the hoist for normal operation based on
satisfactory performance of all tests and engineering and hoist
manufacturer concurrence that the hoist was restored to original
design condition. At this point, however, all personnel had
been hoisted form the U/G via the exhaust shaft.

A follow-up investigation is underway at the WIPP, and the manu-
facutrers, both Rexnord Inc. and Qilgear Corp. are investigating
the problem and they wish to return the valve to the factory

for testing. Other design concerns which develop from the invest-
igation should be submitted in writing to the manufacturer since
they are considering system safety cesign improvements.

iy

Al Varga

Mine Engineering

AV:dc-5

HA:87:0734

File #58100
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Jate August 13, 1987
S0eC  WASTE HOIST BRAKE SYSTEM ANALYSIS

Engineering and Repository Technology

fo Henry W. Brandt
cc: V. F. Likar T. K. Campbell
V. J. Dedong T. D. Miller
H. L. Lucus W. R. Chiquelin
L. J. Madl L. A. Patrick
R. D. Nations, DOE R. J. Figlik, DOE

The incident which occurred on July 25, 1987, has resulted in
ongoing brake system failure analysis. Some significant
developments have been made to identify the reason for the
unplanned release of brakes and to develop system improvements.
The following is a more current status of the work for your
information.

Bench Testing of the Valves

The original "Racine" valve and the replacement "Oilgear" valve
were bench tested at New Mexico Hydraulics on August 5, 1987.
The entire test performance was witnessed by Jim Allen, of QA,
and myself. The primary data obtained from this test provided
the following insight into what really happened at the hoist
before and during the incident.

1. The original "Racine" valve was bolted to a fabricated
subplate with hoses connected to all four (4) working ports
and both pilot ports (See attached sketch).

2. Testing was performed using Gulf Harmony 46 AW hydraulic
fluid at working pressures of 1000 psi for flow testing.
Flow rates were maintained between 20 and 22 GPM. The tank
port was normally plugged. Flow and pressure were
monitored into port "P" and out of ports "A" and "B".

3. The first test verified normal flow paths of the "Racine"
valve of "P" to "A" when de-energized, and "P" to "B" when
energized. This is the opposite of how it is shown on the
current Revision F of the hydraulic schematic diagram in
the Rexnord O&M Manual. The "Racine" valve tested was in
service at the time of turnover of the Waste Hoist.

Discarg Date:
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Internal leakage was measured by first disconnecting the
return line "B" from the bench and measuring its flow into
a graduated pitcher while de-energized, which directed
primary flow to port "A". A total of 12 oz. of fluid per
minute at 130°F leaked through the valve body to line "B".

Internal leakage was measured from return line "A" with the
valve energized and primary flow to line "B". The leakage
measured was 7 oz. per minute.

The test group speculated that the valve spool had been
reversed in the field to switch flow direction. This was
based on the fact that the Allen head bolts had been
wrenched since painting. It was also believed that the
reversing of the valve spool was performed by the Rexnord
Field Superintendent during mechanical training, which
included changing to the Westinghouse spare valve to
attempt to reduce internal leakage.

The spool removal and 180° rotation did reverse the valve
performance which verified that the valve could have been
originally installed to flow to port "B" when de-energized,
and port "A" when energized.

The "Oilgear" valve was then mounted on the test bench in
the exact configuration as it had been installed on the
hoist. The initial flow when de-energized was to port "A"
and when energized it shifted to port "A". However, when
the solenoid was again de-energized the valve could no
longer shift and it became dead-centered and blocked all
flow paths. The pilot could not shift due to pressure on
both ends unable to drain either, and only 38 psi pilot
pressure was applied.

The "Oilgear" valve was described as internally drained, so
the next test was to open port "T" to the tank and test
valve operation. This corrected the valve spool shifting
problem to provide de-energized flow to port "B" and
energized flow to port "a".
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10.

1l1.

12.

13.

The pilot drain port had been plugged when it arrived at
WIPP, so a test was performed with that plug removed and
the tank port "T" blocked. The valve again shifted well,
but still directed fluid to the opposite ports that the
"Racine" valve had.

Leakage testing was then performed and it was noted that
the "Oilgear" valve allowed 16 oz. per minute to flow to
either port when shifted for primary flow to the opposite.
The o0il temperature at this time was 150°F.

The solenoid was then reversed as had been demonstrated by
the "Oilgear" representative, Pat McCartney. This provided
the same fluid directions as the "Racine" valve when the
pilot drain port was left unplugged.

Upon returning to the site, a check was made of the
untouched "Oilgear”" valve which verified that its pilot
drain was also plugged and its solenoid was mounted so as

to provide flow to port "B" when de-energized and port "A"
when energized.

Bench Testing €onclusions

1.

The "Racine" valve, which iz in service now, and the one
which had previously operated on the brake system, function
to opposite ports of those shown on the hydraulic schematic
in the Rexnord O&M Manual. The main spool may have been
reversed in the field to achieve this result.

The leakage problem from the "Racine" valve would not be
corrected by the "Oilgear" valve. It is quite possible
that the problem is not only in the valve internal
clearances, but may also be in the check valves.

The "Oilgear" valves are incorrect for the hoist brake
system in two valve design functions. First, the lack of a
pilot drain (plug was installed) doces not allow full spool
shifting and was the reason for return line blockage,
causing pressure to build up and find a path to the brakes.
Second, the "Oilgear" valves are ported for flow directions
shown on the O&M Manual schematic which is opposite the
actual flow paths required at the hoist.
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Waste Hoist Brake System Design Concerns

The incident demonstrated that if a return line zbstruction
should occur, pressure will build up in that ené of the system.
This pressure has a direct path through valves z3.2 and 25.4
when de-energized, which will allow fluid to reazh the disk
brake units. Once this pressure exceeds approximately 1200 psi,
the brakes will release.

An obstruction in the pilot drain line from the subject valve
#45 (SV 7) could cause a hydraulic lock-up of thre valve,
blocking return line flow. This pilot drain obstruction could
also result from a blockage of valve #51 (SV 10), which is the
system pilot drain directional valve. The pilot drain port on
valve #45 is { inch N.P.T. which is more than adequate for the
intermittent drainage function that it performs. Pilot drain
valve #51 has % inch ports and provides pilot drain directional
control from all pilot operated and relief valves.

These two valves have a slight potential for obs:zructing return
line flows, yet this potential is remote in their existing
configuration. It is very unlikely that the primary valve pilot
drain could be blocked. Even when filter maintenance is poor
and cloth, mesh, or paper are extruded into the system, the
ports have not plugged on similar application, according to

Rod Phillipi, President of New Mexico Hydraulics. He also
stated that the pilot directional control valve #351, as I
described it to him, is a failsafe design and t:at only an
extremely odd occurrence would allow it to becore an
obstruction. The valve does not require pilot shifting pressure
so it is simply energized or spring returned. <There is,
however, a possible failure scenario or two which can be drawn
and follow up system design modifications are recommended.

Recommended Design Improvements

The primary design concern noted during this experience was that
the fluid return flow path can back up to the brakes at high
pressures if obstructed. Therefcre, the following modifications
are recommended as a minimum to insure that return flow will not
release the brakes.
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Install pressure relief valves near the X-5 and X-12 block
connections and set at low pressure (approximately 200 psi)
to dump directly to their respective tanks. This will
assure return side pressure remains well below brake release
levels regardless of return side path obstructions.

Install a hydraulic fluid reservoir equalization pipe just
below the full indicator switch level, large enough to
overcome internal valve leakage. This will resolve the
Rexnord warranty problem identified as Item 2 of WR 87-1763.

Perform a logic modification of the hoist controls to shut
down the brake pumps if an emergency stop is initiated.
This modification should be performed so as not to delete
the capability to perform brake maintenance with the loop
contactor open.

Valves 26.1, 26.2, 56.3 and 56.6 represent a potential for
containing pressure in the disk brake unit if either both
26.1 and 26.2 or 36.3 and 56.6 are closed when the brake has
been released. This would prevent the hydraulic pressure in
the brake unit from being released and would result in a
runaway. . These valves should be physically secured and
tagged with appropriate caution tags.

The O&M Manuals should be corrected to reflect the "Racine"
valve and its actual flow directions when energized and
de-energized. Valve number 51-SV10 is also noted
incorrectly and should be shown opposite.

The spare "Racine" valve (45) and the pilot return
directional valve spare (51) should be tested locally to
insure that they are ported as required and not as shown in
the O&M Manual diagrams.

The "Oilgear" valves should be returned to Rexnord, Inc.,
per the attached request.
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8. A letter should be sent to Brinderson/GE/Rexnord requesting
the results of their review of this incident. They should
be asked to approve the above recommendations 1, 2, and 3
and provide the design, materials, installation
instructions, asbuilt O&M Manual pages and technical support
required to implement them.

Conclusions

The Waste Hoist brake system does not violate any known state or
federal mine safety standards as designed. It does have an
apparent design oversight which does not present an imminent
hazard, yet does warrant prompt action.

In addition to this technical evaluation, a formal Failure Modes
and Effects Analysis (FMEA) of the hoist brake hydraulic system
is underway by Larry Patrick and myself, which will be completed
within one week.

L]
.~ — ~

- I . /~
fl .-_.s(.\_ “‘ . ‘ ;’.’G-’ P ’ . ¢ et S
Albert A. Varga Approved: R. T. Dillon, Manager
Mine Engineering Mine Engineering
AAV/11lf/1
HA:87:0760
58100

Attachments
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HYDRAULIC VALVE TEST REPORTS

NEW MEXICO HYDRAULICS



NEW MEXICO HYDRAULICS, INC.
324 8. Canyon
Carisbad, New Mexico 88220
(505) 887-6624

08/19/87

TEST REFORT

WESTINGHOUSE ELECTRIC CORP,
WASTE TECHNOLOGY SERVICE DIV,
P.0. BOX 2078

CARLSBAD, NEW MEXICO 88221

Attn: Mr. Al Varga

The attached represent the results of Function and Leak testing on 08/05/87
of one (1) Racine Model No. FD4 ETHS 110salO and one (1) Oilgear Model
VDSPH}6632/ADE-P-115/6AC/31 hydraulic, solenoid operated Directional Control
Valves on the test bench facility at New Mexico Hydraulics, Inc. in Carlsbad,
New Mexico.

The tests were conducted in the presence of Westinghouse Electric personnel
Msrs. Al Varga and Jim Allen and New Mexico Hydraulics' Mr. Rodney E. Phillippi.

Both valves were tested in'"as received" condition with no modification

-

Thank you [ .
Rodney E.YPhillippi, Pres.
NEW MEXICO HYDRAULICS, INC.

cciSam Azzinaro
Jim Allen

file

RP/an
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TEST REFORT

TEST # 1A: TEST SFOOL FUNCTIONS
RACINE MODEL # FD4 ETHS 110SA1l0 Hydraulic, Solenoid Operated Directional
Control Valve

Conditions

1. Hydraulic Fluids Gulf Harmony 46AW with Reservoir at 130°F. Temp.
2. Pressure: 1,000 PSI Regulated

3. Flow Rates 20 GPM

4. Tank Port Plugged to Duplicate Hoist Circuit

Tested Spool Functions

#1 a.§ Valve in de-energized position
b.) Pressure to Port"A"
c.) "B" Port to Tank
#2 a.) Valve in energized position
b.) Pressure to Port "B"
c.) Tank to Port "A"

Results: #L and #2 Valve Functions Correct per Circuit.

TEST 1B: TEST SPOOL FUNCTIONS
The Same Valve as Used in Test 1A with the Main Spool Reversed

Conditions

Same as test 1A

Tested Spool Functions

b.) Pressure to port "B"

#1 a.% De-energized Position
c.) Tank to Port "A"

b.) Pressure to Port "A"

#2 a.§ Energized Position
c.) Tank to Port "B"

Results: #1 and #2 Valve Functions Correct per Circuit
Reversing the spool simply reverses the functions
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TEST # 1C: TEST VALVE LEAKAGE
The Same Valve as used in TEST 1B
Condlitions

1, Flow Rate: 20 GPM
2. Pressure: 2,000 PSI
3. Hydraulic Fluid: Gulf Harmony 46AW with Reservoir at 135°F Temp.

Tested Leakage

#1 a.) Valve in De-energlized Position
b.) Pressure to Port "A"
c.) Plugged Tank Port

Results: Leakage out of Port"B" 12 oz. per Minute

#2 a.) Valve in Energized Position
b.) Pressure to Port B
c.) Plugged Tank Port

Results: Leakage out of Port "A" 7 oz. per Minute
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TEST 2A: TEST SPOOL FUNCTIONS
OILGEAR MODEL NO. VDSPH1-6632/ADE-P-115/60ac/31 Hydraulic, Solenoid Operated
Control Valve

Conditions

1, Hydraulic Fluid: Gulf Harmony 4€AW with Reservoir at 140¢ F.Temp.
2. Pressures 1,000 PSI Regulated

3. Flow Rates 20 GPM

4., Tank Port Plugged

Tested Spool Functions

#1 a.g Valve in De-energized Position
b.) Pressure to Port "B"
c.) Port "A" to Tank Plugged

Results: Spool shifted approximately twice (2 times) and malfunctioned.
(Expected results since the Model No of this valve indicates
it is internally drained and the tank port is plugged in the
circuit)

#2 All the same as #1 except Tank Port is unplugged and
~ connected to reservoir

Results: Valve Functions Correct

#3 a.) valve in Energized Position
b.) Pressure to Port "A"
¢.) Tank to Port "B"
d.) Remove "Y" Plug and "Y" port to Tank

Resultss Valve Functions Correct.
(If valve is internally drained you cannot plug the drain port.
This type Valve and Circuit will function only with port "Y"
connected to tank.)
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TEST 2B: TEST VALVE LEAKAGE
Same Valve as used in TEST 2A
Conditions

1. Flow Rate: 20 GIM

2. Pressure: 2,000 PSI
3. Hydraulic Fluid: Gulf Harmony 46AW withReservoir 140° F. Temp.

Tested Leakage

b.) Pressure to Port "B"

#1 a.% Valve in De-energized Position
c.) Tank Port "Y" Plugged

Results: Leakage out of Port "A" 16 oz. per Minute

#2 a,) Valve in Energized Position
b.) Pressure to Port "A"
c.) Tark Port "Y" Plugged

Results: Leakage out of Port "B" 16 oz. per Minute

TESTS COMPLETE

The Westinghouse personnel requested the Spool and Coil of the OILGEAR VALVE
be moved to the opposite side of the main valve resulting in changing the
energized and de-energized functions.

BRIEF SUMMATION

The Racine Valve, Model No. FD4 ETHS 110SA10, performs correctly in the
application with the minimum amount of leakage as received.

The Oilgear Valve, Model No. VDSPH1-6632/ADE-P-115/60AC/31, does not
perform correctly as received and displays more leakage than the Racine Valve



