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Foreword

The material in this volume has been excerpted from ANSI/IEEE Std 500-1984 because of specific interest in
reliability data for pumps and drivers, valve actuators, and valves.

Comments are invited to this guide, as are suggestions for additional material. These should be
addressed to:

Secretary

IEEE Standards Board

The Institute of Electrical and Electronics Engineers, Inc.

345 East 47th Street

New York, NY 10017
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Notice

Information disseminated in this document is intended to permit data utilization in the interests of
evaluating and improving safety and reliability in generating station design and operations. Dissemi-
nation of said information does not imply verification or endorsement of the information. Neither the
disseminator nor the originators of data included in Appendix D assume any liability to parties
adopting any product, process, or practice based upon the usage of the information.

The correctness of data listed in the Appendixes of this document is ensured only to the limits that
the producers of each individual chapter, and their sources, can ensure correctness,

A listing, description, or definition of any item in this document is not to be regarded by implica-
tion or otherwise as, in any manner, licensing any person or corporation, or conveying any rights or
permission to manufacture, use, or sell any device or item that may in any way be related thereto.

This document may not be employed in any manner which may cause embarrassment to the pro-
ducers or disseminators of the document, or to manufacturers or users of product categories listed
herein, or which might be construed as endorsement or censure of any item listed herein, and should
only be used within the scope of the intent stated above.
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Failure Rates for Pumps and
Drivers, Valve Actuators, and Valves

1. Introduction

Two of the most common components of
any plant dealing with the transfer of gases, lig-
uids and semiliquids (cement, flour, powdered
coal, etc.) are pumps and valves used in nu-
clear, chemical, food processing, plastics, oil
exploration and refining, temperature control,
and concrete structure industries. Human
safety, structural integrity, and energy control
depend upon the reliability and maintainability
of these critical items.

The data are derived from ANSI/IEEE Std
500-1984 and are displayed in generic form.
They were gathered from a variety of sources
and combined statistically to reduce the biases
that might be introduced by overlapping
sources and those with differing bases. The
table of contents for each chapter has been re-
placed by hierarchical trees to show the man-
ner in which the overall failure rates were
generated from the original data. In general the
failure rates for each subdivision were com-
bined from the lowest bottom level to the top-
most level through a succession of composites,
to the final composite for the category.

1.1 Scope. This guide applies to reliability data
of pumps and driver, valve actuators, and
valves.

1.2 Purpose. This guide is intended to establish
methods of collecting and presenting reliability
data for use in reliability calculations as out-
lined in IEEE Std 352-1975.

The data contained in Appendix D are in-
tended for the use of system reliability en-
gineers or design engineers and are derived
from the tables presented in ANSI/IEEE Std
500-1984. The data are normally used by design
engineers in models developed by the analysts.
The objectives of such models and calculations
are as follows.

(1) Determination of system adequacy (fail-
ure or success probability is only one measure
of system adequacy; the designer should bal-
ance reliability with other system considera-
tions).

(2) Evaluation of system design alternatives.

(3) Evaluation of, or contribution to, the de-
velopment of system test intervals, mainte-
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nance programs or operating procedures, or
both.

(4) To contribute to probabilistic risk assess-
ment studies.

1.3 Definitions

item or equipment hazard rate. The instantane-
ous failure rate of an item or equipment or its
conditional probability of failure versus time.

environmental application factor. A multiplica-
tive constant used to modify a failure rate to
incorporate the effects of other normal and ab-
normal environments.

NOTE: When available, these factors are includ-
ed in Appendix D in the appropriate ehapter
prefaces.

failure. The termination of the ability of an
item or equipment to perform its required func-
tion.

NOTE: Failures may be unannounced and not
detected until the next test or demand (unan-
nounced failure), or they may be announced
and detected by any number of methods at the
instant of occurrence (announced failure).

failure mechanism. The physical, chemical, or
other process which results in failure.

NOTE: The circumstance that induces or acti-
vates the process is termed the root cause of
the failure.

failure mode. The effect by which a failure is
observed to occur.

failure mode types. (1) Catastrophic. A failure
which is both sudden and complete.

NOTE: This failure causes cessation of one or
more fundamental functions. This refers to
system related failure modes. See Appendix A.

(2) Degraded. A failure which is gradual, par-

tial, or both.
NOTE: Such a failure does not cease all func-
tion but compromises a function. The function
may be compromised by any combination of
reduced, increased, or erratic outputs. In time,
such a failure may develop into catastrophic
failure.

(3) Incipient. An imperfection in the state or
condition of an item or equipment so that a
degraded or catastrophic failure can be expec-
ted to result if corrective action is not taken.
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outage times. (1) Out of Service. The average
time required to get the failure, analyze it, obtain
spare parts, repair and return the item or equip-
ment to service, including planned delays.

(2) Restoration. The average time required to
get to the failure, analyze it, obtain spare parts,
repair, and return the item or equipment to
service, excluding planned delays.

(3) Repair. The average time required to ana-
lyze the failure, repair, and return the item or
equipment to service. This excludes planned
delays and waiting for spares or tools.

failure rate. The expected number of failures
of a given type, per item, in a given time inter-
val (for example, valve failures per million
valve hours).

NOTE: For cyclic items or equipment insert “in
a given number of operating cycles.”

operating conditions. The loading or demand
cyclic operation, or both, of an item between
zero and 100% of its related capability(ies).

operating time. The period of time that an active
item or equipment is functioning effectively.

component. The largest entity of hardware for
which data are most generally collected and
expected to be available (for example, pump
with motor, valve with operator, amplifier, pres-
sure transmitter). It is generally an off-the-shelf
item procured by the system designer as a
basic building block for his system. It should
be distinguished from seals, materials, nuts,
bolts, and other piece parts from which the
component is made.

system. A collection of components arranged
to provide a desired function (for example,
containment spray system, residual heat re-
moval system, high pressure coolant injection
system).

fault. Any undesired state of a component or
system. A fault does not necessarily require
failure (for example, a pump may not start
when required because its feeder breaker was
inadvertently left open—a “command fault™).

failure. A subset of a fault and represents an
irreversible state of a component such that it
must be repaired in order for it to provide its
design function. A component failure is gener-
ally defined in terms of the system in which it
resides. For example, any leak might be consid-
ered a failure in a system where fission prod-
ucts are to be contained, and yet leaks may be
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considered as normal or even required states of
other systems (for example, pump packing
gland leakage). Failures are sometimes classi-
fied as either primary or secondary.

() A primary failure is the so-called “ran-
dom failure” found in the literature. It results
from no external cause.

(2) A secondary failure results when the
component is subject to conditions which ex-
ceed its design envelope (for example, exces-
sive voltage, pressure, shock, vibration, temper-
ature).

common cause failure. Two or more redun-
dant component failures due to a single cause.
The common cause events that cause multiple
failures are usually secondary events or events
which exceed the design envelope of the com-
ponent.

demand failure rate. The probability (per de-
mand) of failure that a component will fail to
operate upon demand when required to start,
change state, or function.

operating failure rate. The probability (per
hour) of failure for those operating compo-
nents required to operate or function for a pe-
riod of time.

standby failure rate. The probability (per
hour) of failure for those components which
are normally dormant or in a standby state un-
til tested or required to operate to perform
their function.

1.4 General. The areas considered in the prep-
aration of the tables of this guide are listed be-
low:

1.4.1 Common Time or Cycle Base. To en-
sure uniform interpretation, the failure data of all
items and equipment have been reduced to a
common time or cycle base. Because failures are
relatively few, they are estimated for each item
or equipment in failures per million hours of op-
eration or in failures per million operating cycles.
In each case, upper and lower subjective bonds
(expressed as a range) have been established for
estimated data, and a 90% confidence interval has
been established for statistical data.

14.2 Source and Scope of the Failure
Data. The sources from which the data were
compiled are listed in Appendix C. Failure and
outage data obtained from published sources
are acknowledged and referenced.

1.4.3 Plant Environment. Consideration of
actual plant environments in various plant areas
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and various operating conditions is routinely re-
quired in the course of an analysis. In these in-
stances, the appropriate environmental factors,
when available, should be applied to the listed
failure rates. Specific consideration should be
given to an item or equipment which is required
to be operable during and after an accident.

1.4.4 Constant Hazard Rate, In all cases, the
individual item or equipment hazard rate is
assumed constant. Any significant deviations
from a constant hazard rate are noted.

1.5 Failure Mode. This guide concentrates on
failure modes of items of equipment as de-
scribed in Appendix A. These failure modes are
recorded next to each item or equipment de-
scription n the data sheets of the tables.

1.6 Limitations of Data. The user should be
aware of certan limitations of the data con-
tained in the tables of this guide. Foremost is
that the failure rate reported here is not always
developed from an actual count of failures in
one or more plants. It has sometimes been de-
veloped from a wide range of applications
which include fossil-fueled power generating
stations and industrial process plants but
which are applicable as data sources for re-
liability analysis.

The data for Ref. 1 resulted partially from the
analysis of estimates made by over 200 experts.
These estimates were collected by an extensive
multistep Delphi survey. Therefore, in some
cases, the data developed represent either re-
corded data or the best collective judgment of
a group of specialists.

No claim is made the IEEE standard docu-
ment for pumps and drivers, valve actuators,
and valves represents a random sample of
plants. Therefore, both the recommended
(REC) values (the geometric means or “best es-
timates”) and the interval reported may be ex-
pected to differ from those experienced in-
service for some of the failure data reported.

The published failure data values given in the
guide are for items used under the conditions
discussed in individual references and sources.
They are intended to apply only to such use.
The user should take appropriate precautions
while applying these data under different con-
ditions.

The reliability of an item tends to increase as
the applied stresses (such as electrical, mechani-
cal, and environmental) decrease, and vice versa.
The user is cautioned to consider the effect of
operating conditions in the plant prior to the
use of the data contained herein.
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2. Data Processing

2.1 Data Processing for Pumps, Valve Actua-
tors and Valves. In most cases, the minimum
and maximum values given in the tables repre-
sent the geometric means of individual values
obtained from various sources. As such they
should be interpreted as ranges and not as spe-
cific confidence bounds. However, in some spe-
cific cases (discussed in 2.3), low and high
values are the 90% confidence interval around
the best estimate.

In the analysis and pooling of the failure-rate
estimates, care should be taken to ensure that
the analytical techniques are no more sophisti-
cated than the pool of estimates to which they
are applied.

Therefore it was decided that the simple pro-
cedure of unweighted geometric averaging was
preferred for the first edition. This was based
on the subjective observation that the distribu-
tion of estimates was better represented by
failure-rate exponent averages than by mantissa

averages.
Given
min.i = individual estimate of minimum fail-
ure rate
Xm‘i = individual estimate of maximum fail-
ure rate
Xb. ; = individual best estimate of failure
rate

n = the number of individual estimates
The geometric averages are obtained using the
following equations:

n-
=1

. 1/n
)\min. i
a 1 < -
A mex = anti-logyo | > 10g1 0Amax, i
i=1
[i

n

i=1

or

R . 1% 5
Amin = anti-logio [" Z 10g1 0 Amin, i :]

or

n
A . 1 A
A, = anti-log; o [‘,‘,‘ logy 02, x]

n . 1/n
or I X
i=1
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where
mins Amaxs and & = accepted combined esti-

mates of the minimum, maximum, and most
likely (best estimate) failure rates, respectively.

This heuristic technique has been useful in
Delphi pollings, such as this one, where a con-
sensus is sought on several properties of a dis-
tribution for a random variable. Since Delphi
procedures deal, in part, with opinion (not ex-
clusively recorded information) they are not
purely statistical procedures.

Where recorded data was available it was com-
bined with the Delphi results by the same
hevristic technique.

2.2 Data Processing for IEEE Pump and
Valve Failure Rate Document. The 1984 edi-
tion of IEEE Std 500 has separate entries for
each data source including ANSI/IEEE Std
500-1977 which is designated in Appendix C as
reference [1] for data source. The separation of
the data entries allows the user to combine
data by any method deemed appropriate.

When combining the data, two factors should
be kept in mind;

(1) Since data sources such as Licensee Event
Reports (LER) data summaries, Nuclear plant
reliability data system (NPRDS), and Inplant
reliability data system (IPRDS) often report on
the same nuclear plants then not all the data
points are statistically independent

(2) ANSI/IEEE Std 500-1977 contains infor-
mation obtained by way of Delphi process and
published data sources, thus it cannot be treat-
ed properly without consideration of bias due
to expert opinion [1].!

For the purposes of this edition, a weighted
geometric means was chosen as the maximum
likelihood (ML) estimator.

The maximum likelihood (ML) estimator is
determined by the following modification of
the geometric mean as described in [1].

a"nalw‘

i=1

where
6 = the ML of failure rates or outage times
i = data source number, 1,2,3...
W, = a dispersion dependent weighting factor
for each data source
and

1The numbers in brackets refer to the refer-
ences in Section 4.
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2
W
n

0;2
=1

1
where
0% = reciprocal of the variance of the log of
each data source
If the available measure of dispersion are ranges
only, a suitable function of the ranges can be
substituted for o2,

The weighting factor W, is important because
it reduces the influence of data sources with
large ranges and vice versa it increases the im-
pact of data with narrower ranges. Data sources
with wide ranges of course indicate insufficient
data or data from an immature data base. Like-
wise, for Delphi data, experts with less confi-
dence in their estimates tended to give wider
ranges. Wider range Delphi information thus
carries less weight than it would in a simple un-

-weighted geometric mean approach.

There are cases where no measure of disper-
sion is available. In these cases, the maximum
likelihood estimator § was determined by tak-
ing the unweighted geometric mean for all data
points not having measures of dispersion and
combining that result with the others by the
following relation,

]
W= —
7 (+k)
where
W, = weighting factor with dispersion
J = number of data points with dispersion
k = number of data points without disper-
sion

k

(j+&)
W, = weighting factor without dispersion
By = 878, We
= weighted geometric mean for combined
observations with and without measures
of dispersion

Wk =

2.3 Statistical Data from a Single Population.
In some cases, data were available which were
amenable to statistical treatment. If the data
came from a single population with a failure
rate A (exponential density), it was treated asa
x2 distribution (see [2]). It has also been shown
in [3] that the x? distribution can be used to
construct confidence bands. In particular, IEEE
Std 352-1974 gives the confidence interval on A
data as

. 29 — 9.
x’a/2,2n<7\<x 1—a/2;2n+2
2T* 2T*
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where
n = number of failures observed
a = 1 — confidence level desired
The recommended value of A is
A=n/T*

T* = accumulated item or equipment test or
operating hours over a fixed calendar
time.

The associated upper and lower confidence

bonds on A are given by:
X = x%a/2;2n
Lo orx
_ x21—a2;2n+2
2T*

and

A

where

A\r and A, =lower and upper bonds, respec-

tively.

The value of x? can readily be obtained from
standard tabulations [4] and [5] for the cases
where the problem degrees of freedom v are less
than 30, and by the following approximation
for v>30:

x2=%[(2u—1)"'+Z]2 (6]

where
Z = value of the standard normal variable at
the desired confidence interval and where
the number of degrees of freedom is given
for the upper and lower bonds by:
vp=2n
v, =2n+2,

The procedure used for establishing the data
base and calculating the component failure rate
is as follows: From the plant equipment lists,
piping and instrument diagrams, and process
flow diagrams, a population card was formu-
lated for each component containing informa-
tion such as the component identification
number, system, and type, type of operator,
process fluid, and size. System codes were as-
signed from descriptive information derived
from plant equipment lists and piping & instru-
ment drawings (P&ID’s).

The failure rate estimate is calculated after
determining the appropriate numerator (num-
ber of failures) and denominator (component
hours or demands) from the data base. To de-
termine the numerator of the failure rate esti-
mate, the analysts reviewed all the corrective
maintenance records collected froimn the plant
visit for related failures. These records were
separated, reviewed again, and classified. Ana-
lyzing the failure and repair text, the analysts
assigned the following codes: failure cause(s),
failure severity, and failure mode. The data re-
ported on the maintenance record such as
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component name, failure date, failure and re-
pair text, as well as the code assignments from
the analyst were entered into the computer. A
computer program then matched the individual
failure and repair record with the population
record on the basis of the component identifi-
cation number. A population record/failure and
repair record set was thus generated for each
population record, containing the failure and
repair history of each component. The total
number of failures for a particular component
of interest was used as the numerator for the
failure rate estimate. Information was gathered
to determine the denominator of the failure
rate estimate: the total number of service hours
for a time-dependent failure rate or the total
number of demands for a demand failure prob-
ability. For each component analysts assigned
the service hours (calendar hours in the sys-
tem) and an estimated number of demands (12
actuations per year) to each component.

3. Data Format

The format for the presentation of the data is
shown in Fig 1. The following paragraphs de-
scribe the sections of the format. A detailed
description of the data sheets and hierarchical
development is found in each chapter of Ap-
pendix D.

3.1 Chapter. The chapter identifies the broad-
est hierarchical breakdown (for example
pumps, valves, actuators and valves.)

3.2 Section. The section is the second level of
the hierarchy. The bases for the divisions vary
from chapter to chapter but are usually based
on functional or physical differences.

3.3 Subsection. The subsection is the third hie-
rarchical level. In those instances where data are
collected to only this level, the subsection is
located in the item or equipment description.

3.4 Item or Equipment Description. The item
or equipment description may represent the
third or fourth hierarchical level. In those in-
stances where the subsection is left blank, the
description represents the third level. In all
other times it represents the fourth level.

3.5 Failure Mode. This column contains a brief
description of the manner in which the failure
occurred (where such information was avail-
able). A further discussion of failure modes is
presented in each chapter preface and in Ap-
pendix A.
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3.6 Failure Rate. The failure-rate columns pre-
sent various values of the failure-rate range. The
low and high values establish the range, and rep-
resent, respectively, the best and worst data
points. The recommended values (REC) should
be used to determine the best estimates and the
high and low values can be used as range esti-
mates.

Two types of rates are presented: failure per
106 hours and failures per 106 cycles. The cyclic
failure rate is used in specific instances to de-
scribe demand probabilities as noted in each
chapter.

3.7 Outage Times. Outage times are divided
into three separately entered categories; out of
service, restoration (designated as restore), or
repair. All time entries are in hours. The low
and high columns represent the highest and
lowest observed data points. the outage times
are designated *, § or 1 respectively in each
chapter data sheet of Appendix.

3.8 Reference. The reference (REF) column
identifies the origin of the data given in the
data source reference section of Appendix D.

RELIABILITY DATA FOR PUMPS AND DRIVERS,
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Fig1

Typical Data Report Sheet

CHAPTER: SECTION:

SUBSECTION:

ITEM OR EQUIPMENT
DESCRIPTION

FAILURE MODE

FAILURE RATE

. {*) OUT OF SERVICE
(1) REPAIR TIME OR (§) RESTORE
(HOURS)

FAILURES/10® HOURS

FAILURES/10% CYCLES

Low REC HIGH

Low REC HIGH Low REC HIGH REF
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Appendixes

(These Appendixes are not a part of IEEE Std 500-1984, IEEE Guide to the Collection and Presenta-
tion of Electrical, Electronic, Sensing Component, and Mechanical Equipment Reliability Data for

Nuclear-Power Generating Stations.)

Appendix A

A Discussion of the Term Failure Mode

A1l. Introduction

Failure terms are usually assumed to be so
well understood that they do not necessarily
require definitions. They are seldom questioned
in everyday usage. Even in formal test plans and
procedures failure usually can never be so well
defined as to avoid debates on some of the
anamolous events which can occur in the test-
ing or performance evaluation of materials,
components, items, equipment, personnel, or
complex systems, or a combination of these.
Therefore, to establish a definition for failure
mode, an examination of the concepts of fail-
ure as they relate to the testing and operation
of systems, equipment, personnel, parts, and
materials must be undertaken.

A2. Failure Concepts

Failures of hardware may be defined perhaps
most commonly in abstract functional terms
such as: the loss of ability (or inability) to per-
form a required function (or functions). Fail-
ures of an operator may he defined on such
terms as: (1) noncompliance with established
procedures; (2) improper actions (or improper
inaction); or (3) operator error, or a combina-
tion of these. Failures of equipment or materials
may be defined technically in terms of defina-
tive specification parameters which were not
met during established tests or inspections, Fail-
ures of complex systems may be defined in
terms of system functions which are disabled or
degraded by the failure. These failures may also
be defined in terms of the degradation or loss
of specific functions by the subsystem in which
the failure occurred. In tracing a system failure
to the lowest level of assembly or part involved
in the failure event there will often be a chain
of interrelated events (or failures) — each of
which had an effect upon another element (or
elements) in the chain.
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A3. Failure Types

A3.1 Statistical Types. Some types of failures
are classified on the basis of the statistical
distributions representing their frequency of
occurrence. These include the exponentially —
distributed random failures, having a constant
hazard rate; and, the Gaussian or Weibull —
distributed wear out failures, having an increas-
ing hazard rate. The only statistical type of fail-
ures used in Appendix D is the constant hazard
rate.

A3.2 Faijlure Tracing Types. In tracing system
failures, often a primary, independent, or root-
cause failure (which initiated a series of events
leading to the failure of the system) and one or
more secondary, dependent, or contributing
failures. These are failures which were caused
directly or indirectly by the root-cause failure.

When discussing failure tracing it is helpful to
characterize failure causes as root causes, con-
tributing causes and immediate causes. Briefly,
a root cause can be characterized as the basic or
fundamental cause of a failure. Root cause
should not be confused with failure mechanism
(see A4). These are generally a myriad of con-
tributing causes that lead to the failure. Con-
tributing causes follow root causes and lead up
to an immediate cause. The immediate cause is
the cause that immediately preceeds the failure
mode (see Fig Al).

A4, Failure Mechanism

The failure mechanism defines the physics of
the failure. This involves the description and
sequence of those mechanical, electrical, or
chemical processes or a combination of these,
which occurred during the period in which the
failed item changed from an operational item to
a failed item. For example, electrical or me-
chanical overloads which involve a level of
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stress which exceeds the rated electrical or
mechanical strength of an item will cause
physical damage resulting in loss of functional
capability. The failure mechanism is the process
which occurred to change the physical or func-
tional characteristic, or both, of the materials in
the failed item (for example, relay coil wire
burned open by electrical overload).

A5. Failure Modes

When failures occur in a system element they
often occur in a variety of ways. For example, a
relay can fail in the closed position (for exam-
ple, when contacts are welded shut) or the open
position (for example, when contacts fail to
close on demand because of such problems as
an open coil). A failure mode is defined as: the
effect by which a failure is observed to occur
and is usually characterized by description of
the manner in which a failure occurs. It is a
description of the failure itself. A failure mode
provides a descriptive characterization of the
failure event in generic terms — not in terms of
the failure mechanism: which occurred, and not
in terms of the failure effect (see below). In the
case of a relay which fails to close on command,
the failure mode is fails to open or fails to close.

An important thing to recognize in defining a
failure mode is that each failure mode must be
defined and considered at a particular indenture
level (that is, a failure mode at the part level
usually has an effect upon a higher-level of in-
denture which, in turn, may be involved in
another, different failure mode) (as shown in
Fig Al). This is the so called system-related fail-
ure mode approach as described in Appendix A
of ANSI/IEEE Std 500-1977.

A6. Failure Effects
The effects of a failure within a system may be
propagated to higher and lower levels of assem-
bly — or the system design may prevent such
propagation. The propagation and interrelation-
ships of failure modes and failure effects have
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been well illustrated in such documents as the
PRA Procedures Guide vol 1 (NUREG/CR-
2300). Failure mode and effect analysis is a
formal approach to the analysis of failure
modes and their propagated effects involves the
loss or degradation of functions and also the
effects of failures on system safety (that is,
hazards to personnel, or property, or the envi-
ronment, or a combination of these). In a typ-
ical system, failure of a part affects the function
of the assembly of which it is a part. This effect
also initiates a failure mode at the assembly
level. The effect of this assembly failure mode,
in turn becomes a failure mode at the next
higher level (for example, the subsystem).
Therefore, as failure modes and effects occur at
successively higher levels of indenture each fail-
ure effect may give rise to a new failure mode.
In the operational and maintenance man-
machine interfaces, the common failure syn-
droms (that is, failure indications) are usually
identified by some established terminology (for
example, Loss Of Cooling Accident, LOCA).

A7. Development of Failure Modes

The purpose of the tables is to present fail-
ure and repair information, therefore it should
not be interpreted as a failure reporting, failure
investigation, or cause tracing tool; that can
only be accomplished by carefully researching
the referenced data sources.

The failure modes shown in the tables are a
brief description of the manner in which the
failures occurred as reported in the data
sources. So as to make the reported descrip-
tions consistent from one data source to an-
other, failure modes were reworded on a
common basis. For instance, functioned with-
out a signal and false trip were replaced by
spurious response. In the case of pumps, failed
to run once started and failed to continue to
run were replaced by failed to run since failed
to start was already a part of the failure mode
description. In general the failure modes are
similar if not identical to those shown in Figs
A2 and A3.
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Failure Severity
Catastrophic Degraded Incipient
1. Failure to operate (run) 1. Low output Discovered through:
2. No output 2. High output 1. Local inspection (over-
§ 3. Erratic output heating, Jeaks, con-
s 4. Locked in one mode of tamination, noise,
s operation severe vibration,
4 5. 0 b bel odor, cracks, etc)
: ' utpu_tfa dove or below | o Testing: (output above
= spec: 1ed require- or below specified
el % ments limits while in stand-
21§ by mode of opera-
518 tion)
5 3. Monitoring (trend
3 'g towards failure)
- § g A spurious: 1. Premature or delayed Discovered through:
E_ & | 1. Start/Stop actuation (an actua- | | Tegting: Failure or
‘s < | 2. Insertion tion that occurs out diminished ability to
g 3 3. Withd ] of timing sequence) transmit or retain
5 = - rawa 2. Won't stay open or energy during the
g g | 4. Actuation closed stand-by mode of
K] % | 5. Response operation
= % § | 6. Opening 2. Local inspection
- -~ = .
g 21| 7. Closing
g ;o - | Failure to: Improper Response:
5 £ $|1. Start 1. Partially open, close,
8 E 2. Stop etc
': 3. Insert 2. Oscillation (failure to
g 4. Withdraw :is::;ne a fixed posi-
2| 5. Actuate
% 6. Respond to command
o | 7. Open
Z | 8. Close
Fig A2
Failure Mode Matrix

Active Item or Equipment
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Failure Severity

Catastrophic

Degraded

Incipient

Change in item or equipment condition

Failure to retain or transmit
energy

1.0 Breach of pressure or
static fluid boundary

1.1 Major leaks

1.1.1 External leaks

1.1.2 Internal leaks

1.2 Explosions

1.3 Implosions

2.0 Loss of energy trans-
port or exchange
capability

2.1 Blocked or stopped
flow

2.2 Loss of heat transfer
capability (scale
buildup)

2.3 Major heat loss (loss
of insulation)

3.0 Loss of structural in-
tegrity

3.1 Failure to support or
brace

3.1.1 Fracture (of all mem-
bers)

3.1.2 Physical distortion
(permanent set)

3.1.3 Distortion under load
(without perm. set)

3.2 Failure to fasten or join

3.2.1 Removable fastener
failure

3.2.2 Failure of permanent

joint
3.2.2.1 Weld failure
3.2.2.2 Imbed failure

Diminished ability to retain
or transmit energy

1.0 Degradation of pres-
sure or static fluid
boundary

1.1 Minor leaks

1.1.1 External leaks

1.1.2 Internal leaks

2.0 Interference with
energy transport
or exchange capa-
bility

2.1 Restricted flow

2.2 Reduced heat trans-
fer capability

2.3 Minor heat loss

3.0  Structural integrity
compromised

3.1 Reduced support
capability

3.1.1 Fracture of part of
the structural
members

3.1.2 Minor physical dis-
tortion

3.2 Partial failure to

fasten or join

Change in operation

Testing: Failure of
diminished ability
to transmit or retain
energy during the
energized mode of
operation

(2) Local inspection

(leaks, vibration,
odor, cracks, etc)

(3) Monitoring: Monitor-

ing trend towards

failure, during the
energized mode of
operation

(1)

Change of state

(1) Testing: Failure or
diminished ability to
transmit or retain
energy during the
stand-by mode of
operation

(2) Local inspection

Passive Item or Equipment

Fig A3
Failure Mode Matrix
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Appendix B
The Delphi Procedure

This guide utilized a Delphi procedure (see
[1],2 to secure from over 200 experts located
throughout the county, initial failure-rate and
failure-mode estimates on components used in
the power industry. Since nuclear plants are
historically reliable (the total of equipment fail-
ures is well under 300 a year) it was impossible
to secure estimates of failure rate by relying
exclusively on plant operating failure data.
However, even though operating data were not
spcifically available, information existed
throughout the industry in various forms. It
was known that published data sources existed
external to the industry which might be to
some degree applicable. During the course of
the Delphi procedure the working group exam-
ined published data sources not only in the
power apparatus and instruments industries
but also in aerospace and other industries.

Thus the data from which Appendix D was
synthesized were found in the following forms:

(1) Statistical operating data from nuclear
facilities.

(2) Statistical operating data from fossil-fired
generating stations and other large industry data
(such as the chemical industry).

(3) Statistical failure data from transmission
grids and industrial plants with judgment used
to estimate the population from which the fail-
ures were observed so that a failure rate could
be calculated.

(4) Failure and population estimated data
made by individuals familiar with the operating
and failure histories of specific generic types of
devices.

(5) Data extracted from published sources for
other industries which were judged to have some
level of applicability to nuclear-power generating
station components.

It should be noted that individual experts were
instructed to generate estimated data only when
statistical sources of data remained unavailable
to them 3

2The numbers in brackets in Appendix B re-
fer to the references in B4,

30n the average, 80% of the data included in
the document resulted from statistical data fall-
ing into one of the first three categories given
above,
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B1. Use of the Delphi in the
Development of Ref [1]

Individuals familiar with the failure modes
and failure rates in the power industry are usu-
ally specialists on a certain range of equipment
that represents but a small segment of the
components in any power plant. In addition,
the number of experts available to participate
in estimating failure rates for some of the spe-
cialized equipment might be small. However,
much of this knowledge resides in the years of
experience on the part of these specialists.
Therefore:

(1) Over a hundred individuals were needed
for coverage of the scope of components in a
nuclear power plant.

(2) Only a small number of individuals have
direct knowledge of any one subset of com-
ponents. These small groups of individuals are
not unique: for example, there may be overlap-
ping memberships.

(3) Much expert judgmental data had to be
integrated.

The unique nature of the problem dictated
that a specific Delphi approach be taken from
established principles of the Delphi method
outlined in B3. The objectives of this approach
as applied to the document were to:

(1) Develop a logical structure for considera-
tion of all the components in a nuclear-power
generating station and for their modes of fail-
ure. (See B2.1.)

(2) Solicit reliability data, or estimates, or
both, for components on the first Delphi round
while allowing respondents to further develop
possible modes of failure on the forms indicated
in B2.2.

(3) Solicit on the second round, estimates of
newly defined failure modes and reliability data
for any additional components.

(4) Solicit, on the third round, re-examination
of any areas where there appears to be signifi-
cant polarization of disagreement among those
responding to a particular question. Solicit eval-
uation of the magnitudes and range of relevant
published data.

(5) Solicit, on the fourth round, any final
changes in component reliability data, or esti-
mates, or both, that the respondents desire.

(6) Retain at all times the anonymity of re-
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spondents so that responses are not misrepre-
sented as reflecting an organization in which
the particular respondent may be employed.

(7) Structure the procedure and questions so
that only those specializing in a particular set of
components will respond to that set.

Over 150 professionals provided input as
chapter administrators, experts, and consultants.
These primary respondents were encouraged to
utilize colleagues and associates as they deemed
necessary or desirable to broaden the scope of
the response.

To further refine the results of the responses,
it was recognized that the performance of a
Delphi group increases as its collective expertise
increases. This fact includes within it the subtle
problem of discovering an independent measure
of expertise. Several approaches to the solution
of this problem have been proposed. See [1].
Of the approaches investigated only those of
ordinal self-ranking were considered to be of
any practical value. This method was employed
by the Delphi experts on an individual basis us-
ing a scale of 1 to 5. Experience dictated that
when estimates occur in the tails of distribu-
tions, the estimators responsible usually rated
their expertise lower than those within the
mean of the group, and even this result did not
occur very often. Also, by the very nature of
the experts selection process, most of the parti-
cipants were judged a priori by their peers to be
in the 4 or 5 category. In actuality, the experts
ranked themselves for the most part as either a
4 or a 5. Thus, the expert weighting of the data
did not essentially change the results which
would have been obtained from an unweighted

group.

B2. Delphi Questionnaires

B2.1 Pre-Questionnaire Period. The pre-ques-
tionnaire period exhibited activity at all levels
of the organization. The project administration
developed a general questionnaire form and the
instructions for its use. A schedule was estab-
lished for completing the Delphi, and the Delphi
technique, and the use of the forms was ex-
plained to the chapter administrators. The pro-
ject administration also assisted and guided the
chapter administrators in the preparatory work
leading to the Delphi.
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B2.2 First Round Questionnaire. Chapter ad-
ministrators issued their modified questionnaire
forms (Fig B1) to the Delphi experts, and they
explained the use of the form. The Delphi ex-
perts were free to use any data sources in answer-
ing the questionnaires., Those most commonly
used sources were recorded data from the ex-
pert’s company or personal files, personal ex-
perience, and published data. The experts also
added any comments and suggestions that they
considered were pertinent. The questionnaires
were then returned to the chapter administra-
tors. The chapter administrators collected the
completed questionnaires, evaluated the sug-
gestions and comments, and sent the forms to
the project administration. The comments pro-
vided valuable supplementary information about
the various equipment types. These comments
were evaluated and edited by the chapter ad-
ministrators and are given in the chapter
prefaces. The completed forms and suggestions
for improvements were sent to the project
administration, which, in turn, had experts
from the data processing chapter evaluate,
compile, and display the data.

B2.3 Second, Third, and Fourth Round Ques-
tionnaires. The second generation Delphi ques-
tionnaire (Fig B2) was developed by the project
administration and was based upon the develop-
ment plan and comments from the first ques-
tionnaire. The chapter administrators again
modified the general questionnaire form to
make them unique to their chapters and sent
the forms and the compiled data to their ex-
perts. Experts were given the opportunity to
either reaffirm or change their previous esti-
mates, based upon the compiled results from
the first questionnaire. The process from this
point was identical to that in the first question-
naire. The pattern repeated itself through the
fourth questionnaire with the specific excep-
tions discussed in B2.1.

B2.4 Post-Questionnaire Period. Only the pro-
ject administration and data processing chapter
personnel were active during the post-question-
naire period. They analyzed and compiled the
questionnaires from all the rounds, correlated
the data, and tested them against existing data
sources. When completed, the data were placed
into the failure rate tables of Appendix D.
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B3. The Delphi Method

The Delphi method (see [1]), represents the
concept of establishing a feedback system for
the written communication of data and infor-
mation among a group of professionals, It char-
acteristically involves:

(1) A group of specialists or experts on the
topic of concern and an administrative team
needed to carry out the exercise.

(2) The design of a structure that focuses on
the nature of the problem being considered.

"(3) A series of questionnaires that. utilize the
overall structure in terms of specific issues or
data.

(4) Anonymous response to the questionnaires
on the part of the respondents.

(5) An opportunity for respondents to revise
judgments based upon summaries of the group’s
response prepared by the administrative team.

(6) Anywhere from two to five iterations of
the material through the questionnaire — sum-
mary — revision — new questionnaire process.

The Delphi method is, therefore, a technique
to solicit, synthesize, and correct or improve
individual and group judgment. The concept
was developed in the 1950s by the RAND Cor-
poration. See [2] and [3]. Studies using the
Delphi method have been conducted on groups
from five to five hundred in size. There have
been over five hundred published reports on
Delphi exercises, and it is estimated that pro-
prietary studies using the Delphi method con-
ducted in corporations represent over two
thousand additional studies.

A number of successful applications have
been documented in a recent book (see [1])
together with criteria and guidelines on the
design and application of Delphi.

Those active in the area currently view Delphi
as a communication process structured around
a particular problem. Studies using the Delphi
method have been implemented by way of
computer terminals as well as by paper and
pencil. A major justification for the technique
lies in the fact that in many situations so-called
classical statistical data do not exist, and for
many information gathering efforts other com-
munication schemes are impossible. Typical
reasons which invalidate other schemes are:
group size, travel costs, time constraints or psy-
chological bias, or both, or organizational
problems.

In the case of Appendix D, the need for
statistical failure rate estimates has long been
realized by the nuclear industry and its govern-
ment regulators. Since the standardized collec-
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tion and statistical analysis of historical data
has not been centrally organized, any project
which relies upon classical data alone cannot
hope to provide failure rate information broken
down to the level of sophistication presently
required by the industry. However, the industry
has long recognized that, despite its isolation, a
wealth of valuable data is available even today.
These data are locked up in the years of per-
sonal experience of hundreds of experts. The
Delphi provides a procedure that finally allows
this valuable resource to be tapped for the ben-
efit of all parties concerned.

Typical ways to gather this information is to:

(1) Interview every one of these individuals at
least twice to establish consistency among dif-
ferences in responses.

(2) Hold many hundreds of small group meet-
ings with associated travel costs and assume all
the experts are able to give the time involved.

(3) Launch a wide number of small studies
with the organizations employing these special-
ists.

The first two approaches are prohibitively
expensive to conduct and the last is impractical
because the individuals in a particular area are
not unique to any one organization. Most of
the experts involved have severe constraints on
available time. Therefore, the Delphi appeared
to be the only mechanism available for gather-
ing reliable information in an efficient and
timely manner. The resulting emphasis of the
Delphi is that of an exercise where the specific
knowledge of small groups of respondents is
tapped, but within the context of an overall
structure.

As a result of the above conditions and the
value of the specific data being collected, these
particular data do not suffer from some of the
difficulties facing those exercises that deal with
broad concepts and heterogeneous mixtures of
expertise.

B4. References
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Appendix C

Development of the Hierarchical Trees and Limitations of the
Individual Data Sheet Entries

Although every effort has been made to
make the tables uniform and consistent, there
are exceptions that are worth noting. This in-
cludes the general philosophy behind the devel-
opment of the hierarchical trees that is given in
each chapter preface.

The relationship of differences in failure
rates to differences in design configurations
has been apparent in most reliability data bases
in recent years. However, many other factors
influence that difference. Early documents did
attempt to identify factors other than design
differences and incorporate those factors into
the generic hierarchial structure. Subclassifica-
tion of equipment by voltage is one such exam-
ple.

Two new factors influence the hierarchial
structure. First, outage times (particularly re-
pair times) tend to be related to size. Second,
presently available data sources contain a mix-
ture of information as to size, application, and
design configuration. Some data sources only
describe the equipment in terms of size or ap-
plication, or design configuration, but not in
any combination of the three. Thus, so as to
use some data sources a new conversion for
the development of hierarchical structures was
necessary.

C1. Alpha Numeric Indexing
of the Hierarchical Trees

Previous documents used the same numeric
indexing method as is commonly used in report
writing so as to uniquely identify various levels
of the generic hierarchy.

It has become clear that a purely numerical
method of indexing was not practical when
combining various data sources into one com-
posite because there is not uniform way to dis-
tinguish size, application, and design configura-
tion which would not vary from chapter to
chapter. To avoid this potential source of con-
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fusion, an alpha-numeric system was adopted
which designates the size category as (a), the
application category as (b) and the design dif-
ference category as purely numeric. For a hy-
pothetical “chapter 30” hierarchical tree shown
in Fig C1 would provide the framework for the
organization of the data sheets.

C2. Composites

When combining information from several
data sources into a composite it was always pos-
sible to bring forth a composite number for fail-
ure rates as described in 2.2 of the guide. This
was possible because all references provided
failure rate information as a minimum. Since
not all references contain failures per cycle or
outage times, it was not always possible to
propagate failures per cycle or outage times. If
in Fig C1, level 30.X had outage times whereas
30.a and 30.b did not, then forming an estimate
of outage time at the 30-“kluge’’* level could
not be justified.

C3. Round-Off Error

So as to limit the data entries to three digits
and four decimal places, round-off errors are
given on the data sheets. The sum of the entries
under the failure categories of catastrophic, de-
graded, and incipient often will not add up to
the all modes failure category at the top of the
column. In a similar manner the breakdown of
each category into subcategories may not add
to the value given for that failure category.

4A nondescript item that performs an imagi-
nary function.
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HIGHEST
EQUIPMENT
LEVEL
(COMPOSITE)

30.a [

ONLY

RELIABILITY DATA FOR PUMPS AND DRIVERS,

OUTAGE TIMES OR
FAILURE/CYCLE
CANNOT BE

FAILURE RATE INFORMATION PROPAGATED FURTHER

DIFFERENCES IN
PHYSICAL SIZE
OR AMOUNTS OF

ENERGY TRANS-
MITTED, OR BOTH

30.b
DIFFERENCES IN

APPLICATION

| |
30.X

DIFFERENCES IN
GENERIC DESIGN
(COMPOSITE)

"]
30.1
DIFFERENCES IN
PHYSICAL SIZE 30.2

OR AMOUNT OF
ENERGY TRANS-
MITTED, OR BOTH

DIFFERENCES
IN APPLICATION

]

30.2.1 l
DIFFERENCES IN

PHYSICAL SIZE OR
ENERGY TRANS-

MITTED, OR BOTH

Fig C1
Hypothetical Hierarchical Tree

C4. Notation

So as to have the decimal point fall in the
same position in all columns the following for-
mat was adopted: 123.1234, or three digits fol-
lowed by four decimal positions. A number
such as 7156, will be entered as 7.16E3. The
notation E3 standing for 10 to the third power.
There are no negative exponents.

The data under the service columns are shown
as “Out of Service (*)”, “Repair Time (})”, or
“Restore (§)”. The data in the columns under
these headings, are referenced by (*), (f) and
(8), which are always given in the column under
the heading LOW, in the fourth decimal place.
For example:

LOW REC HIGH
6.25 * 26.4 324.0
t 12.0
§ 18.0
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Appendix D

Reliability Data for Pumps, Actuators, and Valves

(The data of this Appendix were developed and reviewed by a Subcom-
mittee of the IEEE Nuclear Power Engineering Committee, but have not
been reviewed by NPEC or the IEEE Standards Board.)

The current data base does not permit distinction between failure rate
estimates in standby and operating modes for all applicable components
and all failure modes. When this distinction is not possible the quoted
failure-rate estimates must be used and interpreted with care.

References

The sources referenced in Appendix D data
pages are as follows:

[1] ANSI/IEEE Std 500-1977, IEEE Guide to
the Collection and Presentation of Electrical,
Electronic, ad Sensing Component Reliability
Data for Nuclear-Power Generating Stations.
[2] Interim EGG-EA-5B16, April 1982, Data
Summaries of Licensee Event Reports of Valves
at US Commercial Nuclear Power Plants.

[3] Corps of Engineers (HND) R/M Data Base,
Ground Stationary Equipment, Rep No 16,
04/12/73.

[4] Nonelectric Parts Reliability Data (NPRD-2)
Summer 1981, Reliability Analysis Center,
Rome Air Development Center, Griffiss Air
Force Base, NY 13441.

[5] Utility “A”

[6] Nuclear Unit Productivity Analysis (Special
EPRI Report No 46) Aug 1976 (Nonredundant
Equipment Only).
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[7] Gas Turbine Manufacturer “A”

[8] Architectural Engineering Company “A”

{91 NUREG/CR-1205 Jan 1980, Data Summaries
of Licensee Event Reports of Pumps at US
Commercial Nuclear Power Plants.

[10}] NUREG/CR-2232, Nuclear Plant Reliability
Data System (NPRDS) 1980 Annual Reports of
Cumulative System and Component Reliability.
[11] ANSI/IEEE Std 493-1980, IEEE Recom-
mended Practice for Design of Reliable Indus-
trial and Commerical Power Systems (Gold
Book).

[12] NUREG/CR 2886, May 1982, In-Plant Re-
liability Data System (IPRDS) Interim Draft
Report on the Reliability Characteristics of Se-
lected Pumps in Four Nuclear Plants.

[13] Pressurized Water Reactor — Plant No 10.
[14] EPRI Rep No AP 2071, Oct 1981, Compo-
nent Failure and Repair Data for Coal Fired
Power Units.

[15] R&D Status Report-Advanced Power Sys-
tems Division, EPRI Journal, March 1982, p 37.
[16] Architectural Engineering Company “B”.



ANSI/IEEE
Std 500-1984
P&V

RELIABILITY DATA FOR PUMPS AND DRIVERS,

Chapter 1
Valve Operators and Actuators

Preface

D1.1 Introduction. This chapter contains fail-
ure rates, failure modes, and environmental
effects which are the basic ingredients neces-
sary for performing an effective reliability
analysis on valve operators and actuators.

This information on valves collected from
the Delphi questionnaires and IEEE team visits
to nine operating power plants contains data
on a variety of applications including a balance
of nuclear and fossil fuel-plant applications.
The team visits to operating plants included at
least four engineers from IEEE who were
knowledgeable in the field of power applica-
tions. They reviewed and copied maintenance
records for the previous five-year period and
completed lists of the plant installation instru-
ments and operating parts.

D1.2 Hierarchical Tree. Figure D7 is a pic-
torial representation of the hierarchical struc-
ture of Chapter 1 and the procedures in which
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composites were formed for the various levels
of information regarding valve operators and
actuators, failure rates, and outage times.

If the design calls for a solenoid operated
electric, pneumatic, self operated, hydraulic or
mechanical operated device, and data are not
presently available for so specific a device, the
data for the broader drive class may be used to
approximate this device, provided that the fail-
ure-rate range and the recommended value are
considered.

D1.3 The reduced data used in this chapter
were taken from the complete failure rate
compendium, ANSI/IEEE Std 500-1984. The
figures and tables have been reproduced from
the same plates and hence carry the designa-
tions of Chapter 7 as in the original volume.

Although Chapter 2, Valves, includes the ac-
tuators in most cases, this chapter on the actu-
ators is introduced for those whose interest
includes the actuator failure rates as separate
entities.
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Fig D7

Hierarchical Tree
Valve Operators/Actuators
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7.3
SELF OPERATED

{COMPOSITE)

1 1

7.3.1 7.3.2
PROCESS EXTERNAL
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7.3.1.1
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—

7.31.3
DOWNSTREAM ||
PRESSURE
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~—
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—

Fig D7 (c)
Valve Operators/Actuators
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D7.3 Failure Modes. The failure modes have
been developed on the basis of three mode
classes: catastrophic, degraded, and incipient
each of which are further developed into sub-
sidiary classes wherever available data permits.

Failure modes are defined in terms of observ-
able effects on the system resulting from some
changes in operating characteristic or the state
of the device. Thus all failure modes are viewed
from the system level rather than the com-
ponent level.

It must be noted that in Chapter 7 failure
modes differ in some cases between the hourly
rates and the cyclic rates. Therefore, in these
cases, there are two failure modes shown, one
for the hourly rate and one for the cyclic rate.

D7.4 Environmental Effects. Such Environ-
mental effects as high temperature, radiation,
humidity, and vibration do have an effect on

ANSI/IEEE
Std 500-1984
P&V

the failure rates of the valves and valve oper-
ators. It is important to point out, however,
that a valve is usually required to operate after
an incident within a relatively short period of
time. This means that the environmental changes
as a result of an incident have very little chance
to affect valves before they are required to
operate. On the other hand, the day-to-day
environment may have an effect on valve opera-
tion which has been considered in this chapter.
Table D7 gives the environmental factors to
be used in conjunction with the failure rates
listed. These environmental factors are to be
multiplied by the failure rates listed for each
particular device under consideration.

D7.5 Data Collection and Analysis Notes
D7.5.1 Operating Practices. It is important to

conduct periodic preventive maintenance inspec-

tions (for leaks etc). It is also important to

Table D7
Valve Operators and Actuators
Environmental Factor Matrix

Hierarchical

High High High High
Code Temperature  Radiation = Humidity Vibration
71 1.57 1.57 2.04 —
7.1.1 14 11 3.0 —
7.1.2 1.73 2.03 1.07 1.33
7121 1.73 2.03 1.07 1.33
7.1.2.2 1.70 2.03 1.07 —
7.1.23
7124 1.50 1.55 1.10 2.0
7.2 1.52 1.34 1.24 -
721 1.67 191 1.13 —
7211 1.63 2.06 1.03 -
7.2.2 1.54 1.45 1.19 -
7221 1.58 1.80 1.18 -
7222 1.50 1.10 1.20 -
7.2.3 1.58 1.48 1.18 -
7.2.3.1 1.565 1.55 1.15 —
7.2.3.2 1.60 1.40 1.20 -
724 1.45 1.10 1.35 -
7.3 1.40 1.10 1.35 -
7.3.1 140 1.10 1.35 —
7311 140 1.10 1.35 —
7.3.1.2 1.40 1.10 1.35 -
7.3.1.3 1.40 1.10 1.35
7314 1.40 1.10 1.35 —
7315 1.35 1.10 1.35 —
7.3.2 1.35 1.10 1.45 -
73.2.1 1.35 1.10 1.45 -
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periodically replace “O” rings, packing, and
seals to counter the effects of radiation, aging,
and wear. These maintenance actions should be
governed by an established and accepted main-
tenance plan.

There are many cases of maintenance-induced
failures, so care should be exercised to minimize
such errors.

D17.5.2 Testing. Periodic surveillance testing is
essential to the verification of the reliability of
valves, but caution should be used in defining
these schedules to ensure that excessive testing
does not induce failures. Cases have been re-
ported wherein excessive testing has caused
valve failures.

The following listing of failure mode categor-
jes occur under the component listings in
Chapter 7.

RELIABILITY DATA FOR PUMPS AND DRIVERS,

Valve Operators and Actuators
Failure Modes Breakdown

All Modes (the sum of catastrophic, degraded
and incipient)
Catastrophic
Spurious opening
Spurious closing
Failure to open on demand
Failure to close on demand
Degraded
Premature or delayed actuation (actuation
that occurs out of timing sequence)
Partially opening
Partially closing
Incipient
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Chapter 2
Valves and Actuators

D2.1 Introduction. Chapter 2 contains basic
information on failure, causes, rates, modes,
and outage times of valves and actuators. For
those cases where the operator or actuator is
not given, refer to Chapter 1 for valve actua-
tors.

This information on driven equipment was
gathered by IEEE team visits to nine operating
nuclear-power plants. The team visits to these
plants were made by at least four IEEE en-
gineers knowledgeable in the field of nuclear
power generation. They reviewed and copied
maintenance records and complete lists of the
plant installation complement of instruments
and operating parts, many detailed by sub-
systems of the plant, for the previous five-year
period.

D2.2 Hierarchical Tree. Figure D11(a), (b), (¢)
is a pictorial representation of the hierarchical
structure of Chapter 2 and the procedure in
which composites were formed for the various
levels of information regarding driven equip-
ment failure rates and outage times.

D2.3 Failure Modes. The failure modes have
been developed on the basis of three mode
classes: catastrophic, degraded, and incipient,
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each of which are further developed into sub-
sidiary classes wherever the available data per-
mits.

D2.4 Failure Reporting. Throughout this data
guide failures have been reported for 10E-6
hours or cycles of operation.

The failure rate tables shown in this chapter
were taken from the comprehensive ANSI/
IEEE Std 500-1984, using the same plates and
figures. Therefore the table headings and fig-
ures are captioned Chapter 11.2 valves and fig-
ures D11, (d), (e) and (f).

D2.5 Valve Component Boundaries.A valve is
defined as the valve body and all its internal
parts and the valve operator (motor, solenoid,
hand wheel, etcetera).

D2.6 Failure Mode Breakdown.
All modes (the sum of catastrophic, degraded,
and incipient failure modes catastrophic
Failed to operate
Plugged
External leakage
Degraded
Incipient
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Chapter 3
Pumps and Drivers

D3.1 Introduction. Chapter 3 contains basic
information on failure causes, failure rates, fail-
ure modes, and outage times of pumps which
can be driven electrically, hydraulically, by die-
sel or turbines.

This information on driven equipment was
gathered by IEEE team visits to nine operating
power plants. The team visits to these plants
were made by at least four IEEE engineers
knowledgeable in the field of power generation.
They reviewed and copied maintenance records
and complete lists of the plant installation com-
plement of instruments and operating parts,
many detailed by subsystems of the plant, for
the previous five-year period, plus the previous
Delphi data.

D3.2 Hierarchical Tree. Figure D1l is a pic-
torial representation of the hierarchical struc-
ture of Chapter 11 and the procedure in which
composites were formed for the various levels
of information regarding driven equipment fail-
ure rates and outage times.

D3.3 Failure Modes. The failure modes have
been developed on the basis of three mode
classes: catastrophic, degraded, and incipient,
each of which are further developed into sub-
sidiary classes wherever the available data per-
mits.

D3.4 Failure Reporting. Throughout this data
guide failures have been reported for 10E-6
hours or cycles of operation. In this chapter,
however, in the section on pumps, 111, the
units have been changed to 10E—3 for failures/
10° cycles. Please take note of this change
when using these tables.

The failure rate tables shown in this chapter
were taken from the comprehensive ANSI/
IEEE Std 500-1984, using the same plates and
figures. Therefore the table headings and fig-
ures are captioned Chapter 11.1, Pumps and fig-
ures D11 (a), (b) and (c).

D3.5 System definitions. We define the pump
component as the pumping unit and its associ-
ated prime mover coupling and mechanical
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controls, excluding switches, circuit breakers,
and sensing devices.

D3.6 Categories of Systems. In order to better
represent the populations of pumps that have
different operating characteristics, we found it
necessary to divide the systems that contained
the pumps of interest into three different cate-
gories. The systems and their codes are listed
by category in Table 1. We recognize that some
of the systems could belong to more than one
category. For example, Auxiliary Feed, and Re-
sidual Heat Removal could at times fall into the
Alternating category. However, the duration
that these systems fall into the Alternating cat-
egory is short compared to that in the Standby
mode. So, we identified the pumps within these
systems as Standby pumps.

Alternating Systems

We define an Alternating system as any sys-
tem in which the pumps are periodically alter-
nated between standby and operating status
while the reactor is critical. Examples of this
kind of system are the Component Cooling
Water and Service Water systems. Conse-
quently, the pumps within these systems are
categorized as Alternating pumps.

Standby Systems

We define a Standby system as any system in
which the pumps are normally in a standby
condition during critical operation. Examples
of these systems are the Containment Spray
and Core Spray systems. Consequently, the
pumps within these systems are categorized as
Standby pumps.

Also, some systems may vary between cate-
gories, depending on the plant in question.
However, for this analysis, we assume that the
systems in all plants can be categorized accord-
ing to Table 1. We also consider the standby
systems to be representative of the safety sys-
tems in PWRs and BWRs.
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TABLE 1. SYSTEM CATEGORIES

ANSI/IEEE
Std 500-1984
P&V

PWR System (Code)

Running

Reactor Coolant

Alternating

Component Cooling Water
Chemical Volume Control
Boric Acid Transfer

Service Water

Standby

Auxiliary Feed
Containment Spray
High Pressure Coolant Injection (H)

Low Pressure Coolant Injection/
Residual Heat Removal (L)

BWR System (Code)

Coolant Recirculation

Component Cooling Water

Service Water

Core Spray
Containment Spray
High Pressure Coolant Injection

Low Pressure Coolant Injection/
Residual Heat Removal

Reactor Core Isolation Cooling

Standby Liquid Control

D3.6 The following listing of failure mode cate-
gories occur under the component listings in
Chapter 3.

Pumps and Drivers
Failure Modes Breakdown

(1) Pumps
All modes (sum of catastrophic, degraded
and incipient)
Catastrophic
Fails while running
Fails to start
Degraded
Out of specification
Incipient



Fig D1
Hierarchical Tree

Pumps and Drivers

332



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

Wd9 000 05
H3A0
SETLLL

Wd9
000 05-000 O
yeeiL

Wdo
6666-0052
eETILL

sdumg

(e) 11 313

(3L1ISOdWOD)
Wd9

66vZ-00S
TETLL

2

ﬁ

{3L1S04W0D)

{311S0dWO0D)

veerel [AA NN Lz

|

I

JWOD)
]

|

{311S0dWOD)
301AH3S
T

(311SOdWOD}

Iviavy
T

(311SO4WOD)
AVIXY
[ X491}

XTUe

[

{3LISOdWOD)}
AVONLIYNLINID

L

(3L1ISOdWOD)
m‘ fsi] 33y

azis WOVHHAVIQ
i o
m LIS oot m (311S04WO2}
¥3ann yvao i
]

XUeviL

(3L1SOdWOD} {3L1SOdWOD} {3L11S04WOD)
30IAH3S AHVLOH ONILYOO0HdIOIY
AN et [N

{311S04WO00)

AN3W3DVdSIO

3AILISOd

v

(311S0dW02)
Sdnng
i

v

333



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

Juowadeldsi(y aAnjIsod
sdumg

(9) 11a 314

.
~

(3L1SOdWOD)
ONILVYNHILVY ASANVLS

ceELLLL Vet
N

(311SO4WOD)
SNONNILNOD
gLl

AJIAH3S 1V
ELULret

334



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

02°608 01°2L 0 £3££°1 §2°02| S¥°0 INITdIONI
¥'097 65°2 0 s-z2u¢| €20 0 030v4930
091 2°61 0 34235 03 S|tey
G°6e2| €6°1 0 Butuuny aitym s|iey
0'00§ 6£°¢ [+ 0°1 y°097 2761 0 s'geg| €6°1 0 JIHJOYLSY1YD
£3€6°t 0°127+« 079 0°0c5  6°€6 0 £€386°1 22| svo S300W 1Y
434 HOIH o3y MO 434 HOIH o3Y MO 434 HOIH o34 Mo
mmn_o>om 0L/S38N1Ivd SHNOH wo—\mmxz.:(u_
{SHNOH)
3401534 (§) HO IWIL HIVdaY (§)
301AH3S 40 1NO(,,)

3ivH 3¥NTiv4

300W 3uNivd

NOILLJI¥OS3a
A1N3INGIND3I HO WILI

Juawadde |dsig

9ALILSOd T°T 1T :NOILO3SENS

sdung  T°11

Juawdinbyl
:NOILO3S USALJYQ T ‘¥ILdVHO

(€°T°T°TT 4bnouyy T°T°1°TT 40 33150dwo))

335



RELIABILITY DATA FOR PUMPS AND DRIVERS,

€3E6 'Y SY°G6 [« 0 0°06L] 65701 L0°€ S300W 1Y
334 | HOIH o3y MO | 343¥ ] HOIH 03y Mo 434 [ HOIH 034 MO
S310A0¢01L/S38NTIVS SYNOH 901/S34NT1VA
(SUNOH)

340453 (§) WO IWIL HIVJIY ()
3J1AY3S 40 LNO ()

Std 500-1984

ANSI/IEEE
P&V

31vY 38NV 3G0W 38NTIV3
93150dwo) bur3es04d193y 1 1°1°11 NOILIIYOSI0
LN3WdIND3I HO WALl
Juswade |ds g juawdinb]
SALISOd  T'T'TL :noiro3sans sdung 111 :NOILO3S UALAG TT  :y3navHO

(X°T°T°1°11 pue GT ‘y 43y 40 23150dwo))

336



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

ST ]€359°¢ 0°LSLfx 0°21 S1 0°06. 0°91¢ 0°t6 S300W 1Y
434 HOIH 234 Mo | 43d HOIH 034 MO 434 HOIH 234 MO
S31DAD¢OL/SIUNTIVS SHNOH 901/534N1IV3
(SHNOH)
3404534 (§) HO IWIL HIVdIH (})
3DIAH3S 40 LNO (,)
3LVH IUNTIVS 3Q0W 38NTIV4
Wd9 006 +d3pun  ‘wbeaydetg T 1°T°1°1°11 NOILdI¥IS3a
AN3INAIND3I HO W3Ll
Juswade |dsiq juawdinb3y
sdund  1°71 INOILD3S UBALAQ  TT  :M3LdVHO

9ALILISOd T T'IT :NO1LD3SENS

337



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

ST G2y [« ST 0°081 281 St S300W 1Y

438 HOIH o34 Mol HOIH 03y Mo 434 HOIH 034 Mol

$310A0¢0L/S3HNTIV SYNOH 901/S3HNTVY
{SUNCH)
3401534 (§) YO IWLL HIVdIY (})
301AH3S 30 1LNO (,)
31vH IHNUVS 300W 38NV
Wd9 66¥2 - 00§ ‘wbeaydeiq Z'T°T°1°1°11 NOILdI¥0S3a
1N3IWJIND3I HO W3l
juswade |dsig juawdinby

SALLSOd T°T°1IT :NOILDO3SENS sdung 1°11 :NOLLO3S UsAL4g TT :H3LdVHO

338



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

€386°0 0°ST1|» 0 0s¢ 0°£0T| 62°¢ S3A0W 1Y
43y HOIH 23y MO1 [438 ] HOIH 03y Mo 434 | HOMH 23y Mo
$310AD¢£0L/SIHNTIVS SHNOH 901/S3HNTIVS
(SYNOH)
3404534 (§) HO IWIL YIVdIY (§)
3D1AY3S 40 1NO (,)
31vH 38NIIvd 300W 34NTIV4

93isodwo) 8ztS Z°T°1°T°1I ‘butyedoudiosy T1-1°1°'11 NOILdI¥OS3a
AN3WJIND3 HO W3LI

juaulde(dsiqg juawdinby
2AL3Lsod  T°T 1T :NoOILO3SENS sdung 1°71 :NOILD3S UBALUG  TT  :M¥31dVHO

(ST 434 30 331s0dwoy)

339



ANSI/IEEE
Std 500-1984

P&V

RELIABILITY DATA FOR PUMPS AND DRIVERS,

ST [€3¢6°v 0°0bTix 0

S1 0°05¢ 0°Le2 0°v0¢ S3q0W 1V
434 | HOMH 034 MO |438 | HOIH pEL] Mo 434 | HOMH o3u Mol
S310A3¢01/S3HNTIVS SHNOH 901/S3HMIVI
(SHNOH)
3HO0LS3Y (§) WO IWIL HIVdId (4)
301AH3S 40 LNO (,)
31vY 3¥NTIVY 3Q0W 38NIVY
Wd9 00§ +9pun  ‘butesoudiddy 12 1°1°1°11 NOILJI¥OS3Q

1N3IWdIND3 ¥O W3LLl

Juawade (ds1g
IALILSOd  T°T°TT

‘NOLLO3SENS

sdung |

1 *NOILI3S

juawdinby
UsALJg  TT  ‘Y¥3LdVHO



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

S1 0766 |x st | oeer| ezev| szt S300W 1V
434 HOIK o3y MO 434 HOIH o3y MO 434 HOIH 034 MO
quu>0mo—\mw~_3‘:<u SHNOHK g0L/S3uNIIVY
{SHNOH)
340LS3H (§) HO 3WIL HIvd3H (})
3D1AHIS 40 1NO {,)
31vd 34NTIvd 300N 34NIV3
WdD 66vZ - 005 ‘Bul3e004dioay 22 [ 1 1 11 NOIL4I¥0S30

1NIWIND3I HO W3LI

Juawade |dsig

9AL3LSOd T°T°IT :NoILD3S8NS

sdund T1°11

‘NOILO3S

juawdinby
UsALIg  T1  :H31dWHO

341



RELIABILITY DATA FOR PUMPS AND DRIVERS,

07808 07941« 0 0°961 6°0¢ G0 SIUOW 11V
434 HOIH o34 MO 438 HOIH o3d Mol 434 HOIH EL] Mo1
$3710A0¢0L/S38NTIVY SHNOH ¢01/S3ENTIVS
(SHNOH)

3HO01S3Y (§) HO IWIL HIVdIH (})
3JIAH3S 40 LNO (,)

Std 500-1984

ANSI/IEEE
P&V

31vH 3NV 300N 3¥NHVS
apisoduny Asvjoy 20101011 NOILdI¥OS30
AN3IWJIND3 ¥O WalLl
Juaae e 1ds 1 g jusudinby
JALILESOd 1T :NOILD3SBNS sdung 711 ‘NOILO3S UaAtag {1 ‘H3LdVHO

(X2 1"1°17 pue g1 43y jo aj1sodwo))

342



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

ST 229 9°61 68°¢ S300W 11V
334 HOIH ED] Mo 434 HOIH 234 MO 434 HOIK 23y Mol
S310AD¢0L/SIWNTVS SHNOH 901/S3HNIVS
{SHNOH)
3YO0LS3Y (§) HO IWIL HIVd3Y (})
3D1AH3S 40 1NO (,)
31V 3HNUIVY 300W 34NTIvY
Reejoy TTZ21 111 NOILdIDS3a
AN3WJIND3I HO W3LI
juswade | dsiQ jusudinby
BALILSOd  T'T°11 :NO1LD3SEBNS sdung 1711 INOILO3S UaAtaQ 11  :43ILdVHO



RELIABILITY DATA FOR PUMPS AND DRIVERS,

61 0°99¢€ 018 [» 0 G1 0°ty 98¢ £l
434 HOIH o34 MO 434 HOIH ek 1] MO 434 HOIH o34 MOo1
$310A301/S38NIVY SHNOH ¢01/S3HNTVS
(SHNOH)

3¥O0LSIY (§) HO IWIL HIVAIH ()
3DIAH3S 30 1NO (,)

31VvH 3HNTVY

Wd9 00§ 43puf

Std 500-1984

ANSI/IEEE
P&V

juawade|dsiq
A1YISO4 17111

‘NOILO3S8NS

sdung

‘NOILO3S

300N 3uNTIvd

LN3IWdIND3 HO WILI



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

ST 0°808 0°21vfx 0791 Sl 07961 9°61 06"t S3IQ0W 1V
438 | HoIH 23y mo1 HOIH 23y mo1 | 33w [ Hom LE Mol
$3710A0¢01/S36NIVY SHNOH ¢01/S3¥NTIVA
(SUNOH)
340153 (§) HO IWIL HIVdIY (4)
3D1AH3S 40 4N0 (,)
31vH WMV 300W 3NV

WdI 6666 - 00G¢ NOILdI¥DS3a

AN3WdIND3 HO WALl

juawade (dsiqg
9ALISOd  T1°1°11

‘NOILD3SENS

sdung 111 ‘NOI103S

‘4341dVHO

345



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

0°v81 ovzile 0O°11 0°SLT] tbL't St 0 S300W TV
43y HOIH 23y Mol |43d HOIH LET] Mo 434 HOIH 23y Mol
SITOADLOL/SIUNIVS SHNOH g0t/S3HNNIVA
(SHNOH)
3401534 (§) YO IWIL YIvdad ()
3D1AH3S 40 1NOA,)
3LvH 3HNIVS 300w 38NTIv4
4e39 pue Juep 40 ajLsodwo) X2 T ([T ‘A4ejoy Z2°T°1°11 NOJ LdIHOS3a
ANIWAIND3 HO WaLL
juswade |dsiq juswdinb]

3ALILSO4 T°T°I1 :NOILD3SENS sdung  1°11 INOILO3S W3AL4Q T H3ILAVHD

(2°2°T°1°TT Pue T°2°T°1°11 40 33Lsoduo))

346



/IEEE
Std 500-1984

ANSI

P&V

VALVE ACTUATORS, AND VALVES

0°¥8T} 0S5°2T [« O°TI 0°6L1 9°0¢ 6€ P S3A0W 1V
434 HOIH o34 mol |43y HOIH bET] Mol 434 HOIH 03y Mo
S31DAD¢0L/SIUNMIVS SHNOH 901/S3UNTIVL
(SYNOH)
3401534 (8) HO IWIL HIVdIY (})
301AH3S 40 LNO (,)
31iVH 38NIIVY 300N 3YNTIVY

d3tsodwoy auep T°Z2°TT°TL ‘AuRl0oy 2°I°T°11 NOILdIHIS3a

ANIWIND3I HO WaLl

juawade [dsiq juawdinby

:NOILO3S8NS sdung 111 :NOILD3S UBALAQ T H3LdVHO

ALILSOd  T°T°11

(ST 424 40 331s0dwo))

347



RELIABILITY DATA FOR PUMPS AND DRIVERS,

ST 0°$81 0°8. |+ 011 ST £°6¢ 9L 62°11 S3A0W 1V
434 | HOIH 23y Mol HOIH 53y mo1 |23y | wom- | o3m MOT
SI1DAD ¢ OL/SIUN NV SYNOH 01/534N V4
(SHNOH)
3H01S3H (§) HO IWIL YIVAIH (4)
3DIAH3S 40 1NO (,)
31vH 38NV 300W 3NNIV4

Wd9 00§ 49pun  ‘adhy auep NOILdIHOS3Q

AN3NdIND3 YO WLl

Std 500-1984

ANSI/IEEE
P&V

juawade |ds Qg
SALILSO4  [°T°11

‘NOLLO3SENS

sdung

‘NOILI3S

juswdinby
USALJ4Q [T  :H3LdVHD



P&v

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

St 02 |« ST 0°641 'RVA N 6€°Y S300W 1Y
434 | HOH 234 mor |43u | Howw 23y Mol |43 | Hom 23y Mol
SI10AD0L/SIUNNVS SHNOH ¢0L/SIUNTIVS
(SHNOH)
3Y01S3Y (§) MO IWIL HIVAIY (})
3DIAH3S 40 1NO (,)
3LVH 3HNTIVS 300W 38NTIV4

adA) auep NOILd1¥2S3a

LNINGIND3 YO WaLl

Juswade | dsiq
9ALILSOd T°T°11

‘NOILO3SBNS

sdung T1°11 !NOILO3S

Juawdinby
UsAtag T1  :H3LdVHD

349



RELIABILITY DATA FOR PUMPS AND DRIVERS,

ST €36¢°T |« ST 0°18T| 18°1 S%°0 S3IA0W 1V
434 HOIH o3y Mo HOIH o3y 434 HOIH eEL] [ loa}
$3710A0¢01/538NTIVY SHNOH ¢0L/S3UNTIVL
(SHNOH) -
34OLS3Y (§) WO INIL BIVdIY (})
3D1AH3S 40 .LNO (,)
31vH 3HNTIVY IAOW 3uNTIVd
4039 ZeZ-TTTIT ‘Aueloy Z2UTUTCIT NOILdI¥OS3Q
' LN3WdIND3 HO WALl

Std 500-1984

ANSI/IEEE
P&V

Juawdde [dst(
BALILSOd "I°T°T1

INOILD3SENS

sduing

janet

:NOILO3S

juaudtnby
UBALLQ  TT  :¥ILIVHO

360



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

0°60g 01°2¢ 0 €3.€°1 §°08¢ 02°2 INIIQIONI
0°19T% 65°2 0 0°€Lgl 9t°¢ 0 03avy93a

07097 S1°61 0 34e3g 03 s|ieg

0°9¢c2 L°92 0 Butuuny ajtym sptey
0°091 2°61 0 0°9¢2 L°92 0 JIHdOY1SY1Y)
00g 6£°¢ 0°1 0°0€5| 98°¢6 0 €386°1 0-01€] 02°¢ S300W 11V

434 HOIH 93y MO1 | d43d HOIH 23y Mmo1 434 HOIH 23y Mol
$310A0¢0L/S34NIVS SHNOH gOL/S3UNTIV]
{SHNOH)
3HOLS3Y (§) HO IWIL YIVd3Y (})
301AH3S 30 1NO (,)
31vHY 38NIVY 300W 38NIV4
93150dwo) 9d1A43S (ly £°T1°T°11 NOILJI¥OS3a
AN3IWdIND3I HO W3aLt
Juawade |dsiqg judwdinby

9ALILSOd  T°T°IT :NOILD3SENS sdung 1°11 INOILD3S UBALUQ  T1 :‘YILAVHD

(€°€°T°T°TT ybnouys 1°¢1,1°11 J0 33tsodwo))

351



RELIABILITY DATA FOR PUMPS AND DRIVERS,

02602 8Y¥°02 0 IN3IIdIINI
0°197 2v°9 0 030vy¥930
0°09T] 9¢°§ 0 14295 03 s{iey
0°097] 9¢°§ 0 JTHAOYLSY 1Y)

0°01 v.'9 |4 0°9 0°0¢£s o-eg 0 S300W 1Y
434 | HOIH o3y Mo HOIH o3y Mo 434 | HOM o34 Mo
SIIDAD¢O1/SFUNIVS SHNOH ¢0L/S34NTIV4
(SYNOH)

3HOLS3Y (§) HO IWLL HIVd3H (})
301AY3S 30 1NO (,)

34VH 3HNTIvS

300w 34N1Ivy

Agpuess [ 11711

‘921A4BS  E£°1°1°11 NOILdI4DS3a

AN3IWCIND3 YO W3LT

Std 500-1984

ANSI/IEEE
P&V

juauwade tdstq

3AL3LSO4  T°T°11 :NOILD3SBNS

sdung 1°11 ‘NOILO3S

juauwdinb]
usAtug T1  :H3LdVHD

(L1 49y 40 331s0dwo))

352



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°0¢ 0°ey 0°¥e IN3IdIONI
0°6¢ 0°91 0€°§ Qa3avy93a

0°0¢ 0°21 o€ "¢ jJ4e3g 03 spiey
0°0¢ 0°21 o€t JIHdOYLSY YD
L1 0°6e1 0°69 9°¢2¢ S300W 1Y

434 HOIH 234 MO |43 HOIH o34 Mol EEL] HOIH 03y Mo1
SITOAD£0L/SIUNTIVY SYNOHgOL/S3YNTIVA
(SHNOH)
3404S3Y (§) WO INIL YIVdAIY (})
3D1AM3S 30 1N0 (,)
J1vYH 3¥NIIVY 300W 38N1IVd

43A14Q bulpn|dul  usALJAQ JOJOK < |043U0) PLnbL7 Aqpuels ‘@3LAI3S AQpuURIS T'E°T°T°IT ‘32MA4S €°T°1°11 NOILdI¥ISIA

LN3WAIND3I YO W3LI

Juawade | dstg juaudinby
SALILSOd  T'T'T1 :NoiLD3sans sdung 1711 :NOILD3S UBALUG T :w3ndvHO

363



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°0TT 0°€9 0°€ee IN3IIdION]
0°1¢ 09°1 0 030v¥93d
0°1¢ 09°1 0 34035 03 Spley
0°2h 0c°¢ 0 JIHdOYLSY1Y)

{1 0°2S1] 0299 0°€¢ S300W 1TV

434 | HOIH 03y MO |d43¥ ] HOIH o3y Mo HOIH 03y
S3I1DAD¢ OL/SIUNTIVS SYNOHQOL/SIUNTIVA
{SHNOH)

3401534 (§) HO IWIL HIVd3H (})

301AH3S 30 1NO (,)

31vy 38NIIvy

300w 3¥NTIVY

Std 500-1984

ANSI/IEEE
P&V

43ALAQ SIPN[DUT  TUBALUQ JOJOWN ©LO4IUOY PLNbLT “@1A4SS AQpuURlS g 1 1°T1 ‘391Ad8S € 1-1°11 NOILAINIS3
LINIWAIND3 HO WaLl

Juawaoe |dstq i juswdinby
dALILSOd  I°T°IT :NOILO3SENS sdung -1 NOILD3S UBALAQ TT  :¥3LdVHO

354



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°6¢ 0°¢ 0 IN3IdIINI
028 0°92 09y 030vy930
0°6¢ 0°¢ 0 343§ 03 syiey
0°6¢ 0°¢ 0 JTHJOYLSY 1Y)
L1 0°21 |4 {1 0°091 0°2¢ 9t S3I00W Y
434 HOIH 03y Mol | 43W HOIH 234 MO 434 HOIH o3y Mol
S3TDAIg 01/538N VS SHNOH g01/S3uNTIv3
{SHNOH)
3401534 (§) HO IWIL HIVdIY (4)
3D1AH3S 40 1NO {,}
J1vH IHN UV 3Q0W 3YNTIVY
49AL4Q S3PN{JU] ‘uUBALUQ 400K “UdjSURL) [LQ [aN4 ‘@01A43g AQpPuelS T°E [T IT  °3d1AA3S 1T 11 NOILdINIS3O
1N3WdIND3 4O W3 LI
Juauwade(dsig juawdinby
SALILSOd  T°I'IT :NOILD3SENS sdung  1°11 *NOILD3S UBALUQ 1T  :y3LdvHO

365



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°¥5 0°12 L°s INITJIONI
m ovw | 0'vl| 0572 30v4930
,“ 0’1z | ovo 0 - 4R35 03 S|tey
01z | 6€°0 0 _ ITHJOYLSY 1Y)
[ 0°611] Ov'se.| ©02'8 .. $300W 11V
434 HOIH 203y | MO1 |aBY HOIH o34 MO 434 HOIH 334 MO
ww._o>0m 0L/S3uNTIV4 | wxsz.wc—\mme._:‘m
(SHNOH)
340153 (§) HO INIL BIX43M (3)
3DIAHIS 40 1NO {,)
3LVYH JHNTNIVY F00W YNV
JALAQ SAPN{JU] WBALJQ [853LG |3Nn4 JOJR.U3UBY |3SILQ ‘3ILA4BS AQPURIS T°ECT'T’IT ‘d2MA4dS £°T°1°(1 NOILdINIS3a

AINIWGIND3 YO WaLl

Std 500-1984

ANSI/IEEE
P&V

judwade |dsiq juswdinby
AALILSOd  T°T°'TT :NOILO3EANS sdund  T°11 NOLLD3S UBALLG T  ‘431dVHD

366



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°0Y €°8 £v°0 IN3TdIONI
0°Se 6°1 0 030v¥930
0°6¢ 6°1 0 3de3s 03 syiey
0°5¢ 6°1 0 JTHdOY1SY 1Y)

L1 0°06 121 Ev°0 S300W 1V

434 | HOIH BEL] MOT (3438 | HOIK 034 MOT {434 | HOM 03y Mo
SITOAD¢ 0L/SIUNTIVA SHNOH g0L/S3UNIVS
(SYNOH)

3401534 (§) HO IWIL HIVd3IH (1)
301A¥3S 40 LNO(,)

31vH 3HNIIvY

JAOW 3¥NTIVY

43ALUQ S3PN[IUT UBALAQ 400N “[LQ QN ‘Aouabuauy ‘433BM P34 “9DILAUDG Aqpuel§ T€'T°'1T°T1

‘OILAUBS  £°T°T°TT NOILdIHOS3a
AN3WdIND3 HO WaLI

juswsde|dstqg

9ALILSOd  T°T°1T

‘NOILDO3S8NS

sdung 1°11 ‘NOILD3S

juawdinby
UsaLag 11 ‘43LdVHO

357



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

0°08 08¢ 0 IN3ITdIONI
0°05 08°¢ 0 030vy93a

0°09 8¢ 0 jJde3s 03 s|ie4
0°0§ 08°¢ 0 JIH4OYLSY 1Y)
L1 0°0ST vl 0 S300W 1Y

434 HOIH o3y MO 434 HOIH o34 Mo 434 HOIH o3y MO1
$310AD ¢0L/S3¥NTIVA SHNOH g0L/s3¥N1IVd
{SHNOH)
3HO.S3Y (§) HO IWIL BIVAIY (})
301A¥3S 30 1NO (,)
31VH 3¥NIVY 300K 3YNTIvd

J3ALAQ SIPN[OU] ‘UdALUQ 400K SURU] ‘[LQ 3QNT] BULQuN] “u31PMPII4 “3ILAUBS AQpuels TUETTTCTT “92tA48S £°T°T°11 NOILdI¥IS3a
AN3IWdIND3 YO W3ll

juswade jdsig . juswudinby
9ALILSOd  [°T°T1 :NOILD3SENS sdung  [°11 *NOILD3S UsAL4g  TT  :H3LdVHD

368



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

0°00¢ 0°001 061 IN3IIdIONI
0°0€e 0°2s 0L°2 J3avy¥93a
0-0ge 0°2s 0L°e 14e35 03 s|iey
0°0€e 0°¢S 0L°¢ JIHAOY1SYLY)
L1 001 058 {4 079 (1 0°0€S 0°¢st LT S300W 1Y
EEL HOIH o3y MO 434 HOIH 334 MO 434 HOIH o34 Mo
S3TOADg 0L/S3UNTIVY SHNOH gOL/S3¥NTIVA
(SUNOH)

3Y0.153¥ (§) HO INIL HIV4IH ()
3D1AU3S 40 1n0 ()

AdA

A0

3LVH 3UNTiva

3Q0W 3YNTIvy

uels 1eTlTIT

d

STARS ¢ T°1° 11 NOILdI¥DS3IO

AN3INGIND3I YO W3L!

juauwade |dstg

9AL3Lsod  T°1°11

*NOILLO3SENS

sdung - T°T1 INOILO3S

Juawdinby
UALAG 1T -y3sawHD

359



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°0ct1 0°9¢ 0e’1 INITdIINI
0°S¢L 06°S 0 030v¥930
0°S¢L 06 °S 0 34e3s 03 S|ley
0°S¢L 06 °S 0 JIHdOY1SYLYD
L1 0t |4 L1 0°0L2 8°L¢ 0e°1 S300W 1TV
434 | HOIH o3y MO1 | 338 | HOIH o3y MO HOIH 03y
S310A0¢ 0L/S3HNIVS SHNOH g0L/S34NTIV3
(SHNOH)

3YOLS3Y (§) HO INIL HIVA3HY (§)
301AH3S 4O 1NO (,)

31vy 38NV

3Q0N 34Mivd

Std 500-1984

ANSI/IEEE
P&V

4SATAQ SOPN[OUT TUSALAQ JOIOW ' [ND4L) |10 90 ‘3ILA43S Aqpuels T-€ 11 11 €T T NOILJIYOS3a
A1N3WJIND3 HO W3l

juawade |dsig juawdinbl
9AL31SOd  T°T°1T :NoOtLD3SENS sdung  1°11 INOILD3S U3AL4G 1T  :¥31dVHD

360



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

0°0L1 0°0t11 0°v9 €3°1 0°059 0°8¢
0°62 06°1 0 0°6¢ 06°1 0
0°59 0°62 08°9
0°0v2 0°0S 09°¢

AIN3IIIONT
3avy93a
34e3S 03 s(tey

Butuuny artym syiey

0°59 0°6¢ 08°9 0°ove 0°0§ 09°¢ J1HAOYLSY 1Y)
L1 0°00¢ 0°4¢ 0°¢ L1 0°092 0°LET 8°0L } LT €3{2°1 07207 9°0v S300W 1Y
434 | HOIH 03y MOT  |438 | HOIH o3y Mo 434 | HOIH o3y MO
SI10AI¢0L/S3UNTIVS SYNOH g01/S3YNTIVA
{SBNOH)

340153y (§) YO IWIL HIV4IY ()

3D0IAH3S 40 1NO (,)

31vH 3HNTIVY

30Q0W 3uNTIVd

43AL4Q S3PN{JU] UBALJQ 4030K

“lRACWRY 13K [BNPLSBY ‘9DLAUBS BULIRUIST LY 2ET°T° 1T “391A485

€T T NOLLdIYOS3a

LN3IWGIND3 4O WaLI

Juswade dsig
9AL3LSOg

"1

INOLLO3SENS sdung 1°11 :NOILO3S

juswdinby
UBALIQ TT  :w3ldvHD

361



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

£3v°1 2 LE 01°1 IN3IIdIONI
08¢ 2 LE 01°1 Qa30vy93a
002 €9°8 0 Butuuny uayy sytey
002| €9°8 0 JTHdOYLSY1¥D
0°00T 0°¢e |4 01 €386 °1 £0°€8 0272 S300W 1V
434 HOIH 23y MO1 | 334 HOIH REL] MOl 434 HOIH o34 Mo
$310A0¢0L/S3HNTVA SHNOH g01/S34NTIVY
(SHNOH)
3401534 (§) 4O IWIL ¥IVAIH (1)
321AH3S 40 LNO (,)
31VH 3NV 300W 35NV
9OLAJIBS SnONULIU0) €€ T T"TT “¥dLAUdS € 1°T1°11 NOILdI¥IS3a
ANIWAINDI HO WALl
juawade (dsiq juawdinb3
9ALILSOd T°T°TI1 :NOI1D3SENS sdung T°T1T :NOILO3S UBALLQ  TT  :H¥3LdVHO

(L1 434 40 23150dwo))

362



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°66 0°1¢ o1°1 INIIJIINI
0°66 0°12 01°1 3avy¥93a
029 Ly 0 Butuuny 3|ty sqtey
0°29 LY 0 JITHO¥LSYLYD
L1 092 L°9% 2¢ ©S3aoW 1Y
434 HOIH o3y Mol |43 HOIH RET Mol 434 HOIH 03y Mol
$370A0¢ 01/S3¥NTIV SHNOH gO1/S3HNTIV4
(SUNOH)
3401S3H (§) HO IWLL HIVA3Y (4)
301AH3S 40 1NO ()
31vY 3ENTIVI 300W 3uNTIVd
49ALAQ SBPN{OUT UBALAQ 4030W “|LQ BGNT ULRK ‘DULQUN] IILAUIS SNONULIUO) €ET T°TT “901A43S E€°T°T°1T NOILdIHIS3a
LN3INJIND3I YO WaLl
juswade | dsiq judwdinbj

ALILSOd T T°TT :NOILD3SANS sdung  1°71 *NOLLO3S usaLug 11 ‘431dVHO

363



RELIABILITY DATA FOR PUMPS AND DRIVERS,

€3v°1 €3°1 0°02L LINITJIONI
0°08¢ 0°0L1 0°4S 03av4930

00¢ 0°¢h 1°¢ Butuuny 3| tym Stey
002 0°ev 172 JIHdOYLSY 1Y)
L1 0°001 0°¢e |4 0°1 LT [€386°1 €32°1 0°64L S3A0W 1Y

434 HOIH o3y Mol |43y HOIH 23y Mol 434 HOIH o3y mo1
S31IA¢ 01/S3HNTIVS SHNOH g01/S3¥NTIVA
{SYNOH)
3IHOLSIY (§) HO INIL HIVdIY (§)
301AH3S 40 1NO (,)
31vH 38NTIVA 300N NIV

JABALAQ SopN|du] uaAlag 4030 ‘Bulbuaey) g4 “92LA48S SnONULIUO) € € T T°TT1 “9ILA4dS €°1°1°11 NOILJIHIS3a
AIN3IWNAIND3I HO W3Lt

Std 500-1984

ANSI/IEEE
P&V

juawdoe |dsiqg juawdinby
9ALILSOd T'T°IT :NoOwLO3sENS sdung 111 INOILO3S UsALtag 1T :¥3LdVHO

364



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

0°0S€| 08°G2 0 €361°1 '8 0 IN3ITJIONI
0°9%¢ 21e 0 451 LY1 0 030vy¥93Q
0°v5¢ €LY 0 j4elg 03 s|ley
¥8s| (0°¢ 0 Butuuny atym spiey
0°vS2 €L 0 ¥8S L0°L 0 JIHdOYLSY 1Y)
£3€6°/ 0°65T|x O°T 0°098| 0/°2¢ 0 £319°¢ 6°66 0 S300W 1Y
434 HOIH 034 MOV |d438 | HOIH 03y MO 434 HOIH 23y Mol
$310A0¢0L/S3HNTIVY SHNOH g0L/S3¥N1IV4
(SHNOH)
3Y¥O0LSIY (§) HO IWIL HIVdIY ()
301AH3S 40 LNO ()
3LvH 34NTIVY 300W 38NTIV4
NOILdIHOS3A
AN3WJIND3 YO WAL
Juawdinby
(ebnytajua) 2°1°11 :nolLD3SENS sdung  1°11 INOILD3S UsALAG TT  :¥31dvHD

(X"2°T°T1 pue GT ‘p 48y 40 331S0dwo))

365



RELIABILITY DATA FOR PUMPS AND DRIVERS,

4 1021 22t 8.°S S300W 11V
434 | HOIH 03y MOl |338 | HOH 03y MO 434 | HOIH 03y Mo
S31DAD¢OL/SIUNNVA SHNOH g0L/S3UNTIV4
(SHNOH)
3W0L1S3Y (§) HO 3WIL HIvd3Y (1)

3 321AH3S 40 1NO (4)
m = 31VY 3uNIIVY 3Q0OW 3HNTIVd
21
Wmv ebnjrajuay “dung NOIL1dI¥IS3Ia
m = % AIN3WJIND3 ¥O WaLl

n

tebnyrauay 2°1°11

‘NOILO3SENS

sdung T°11 *NOILO3S

juawdinbj
USALAQ ]  HILAVHO

366



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

ST 07922 |» S1 0°8¢2 0°¢L ote S3Q0W 1TV
434 | HOMH o3y MO1 |33 | HOIH bEL] Mot 434 | HOW O3y Mot
SIT0AD01/S3UNTIVA SHNOH 401/S3UNTIV4
(SYNOH)
3YOLS3Y (§) YO IWIL YIVdIY (4)
301AH3IS 40 1NO (,)
31vH 3UNTIVY 300W 3YNTIVd

NOILdIHIS3a

ANIWGINDI 5O WaLI

tebnjLajua) z°1°11 :NOILD3SENS sdund  1°11 INOILD3S

juawdinby
UsAL4Q TT  ‘H3LdVHO

367



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°0s€| 8/°S¢ 0 €32°1 Z'v8 0 IN3IdIONI
0°9be| ¢1°¢ 0 0°€v8 L°v1 0 43avy93d
0°pS5¢| €LY 0 j4elg 0} s|iey
0°¥8S} (0°¢ 0 BuLuuny a(1ymM syiey
€3€6°L 0211}« 0 0°vse| €L°¥ 0 0°¥8S| «0°¢ 0 JIHdOYLSYLYD
0°986| GL°v (4 O°1 0°0s8| €9°¢¢ 0 £€39°¢ 0°901 0 S3IQ0W 1TV
438 | HoH 23y mo1 |438 | HoH 03y Mol | 338 | Howm 53y Mol
ST1DAD0L/SIUNTIVS SUNOH g01/S3UNTIVA
{SUNOH)
3Y0LSIH (§) HO IWIL HIVAIY (})
301AH3S 40 110 (,)
3LV 3¥NIV4 300W 3NV
MW NOILdINIS3O
g m LN3IWdIND3 HO W3LI
B> quswdinby
233 (ebnjLa3ua) 2°1°11 :Noiwdasans sdund 111 INOLLO3S UAALUG TT  :M3LJVHO

{v°2 1°11 ybnouyy 1°Z°1°1T 40 33tsodwo))

368



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°v18 0°L2T|x O°tp 0°00S| €£°S L1°1 S300W 1Y
434 | HOIH o3y MOT1 338 | HOIH 03y Mol 434 | HOIH 23y MO
$310AD 01/S3HNTIV SHNOH ¢01/534N IV
(SUNOH)
34O1S3Y (§) HO IWIL HIVdIY (1)
3D1AH3S 30 10 (,)
31VH 38NV 300W 39NV

LBlXy 172 1711 NOILdINIS3a

AN3IWGIND3I HO W3LI

1e6n41a3u8) 2 T°11 :noiLD3sENs

sdung 1711

‘NOILO3S

juawdinby
USALAQ  TT  :y31dvHO

(ST 494 40 331s0dwoy)

369



ANSI/IEEE

Std 500-1984

P&V

RELIABILITY DATA FOR PUMPS AND DRIVERS,

ST 0°vi8 0°€29|x O°cey ST 089y 89°v L1°1 - S300W 1V
434 | HOWH BEL] MO |43 | HOH 03y Mo 434 | HOIH bEL Mo
S310AD-01/S3UNTIVS SHNOH 401/S34N1IV3
(SYNOH)

3YOLS3Y (§) HO IWIL ¥ivd3Y (4)
3D1AH3S J0 1NO(,)
31VH 3HNTIVY 300N 34NTIVS

Wd9 00§ 48pun (etxy T1°2°1°11 NOILdIYOS3a
AN3IWJIND3 HO W3Ll

jududinby
(ebnyia3ud) 2°T°TT :No1LD3SBNS sdung 1711 INOILO3S UaALAQ 1T :¥31dVHD

370



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

ST 0°92 I» ST 0°00S 0°08 G°21 S300W 1V
438 | HOIH o3d MOV |d438 | HOIH o3y Mo 434 HOIH LEL] Mo
SIVAI0L/S3HNTIVS SHNOH g0L/S3YNTIV4
{SHNOH)
3¥O01S3H (§) HO IWIL HIV4IY (4)
301AY3S 40 1NO (,)
31vH 3¥NTIV4 300W 34N1IVY
Wd9 6666 - 0052 ‘leixy T[°2°T1°11 NOILdI¥IS3a

LN3INdIND3 YO WALl

(ebnyrajuay z-1°11

*NOILO3SENS

sdwng T°

‘NOiLO3S

juawdinby
USALUG  TT  :y3LdvHO

371



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

S1 0°621 0°TIT |« ST 0°¥91 v91 (7 S3A0W 1Y

434 HOIH 23y 434 HOIH 23y Mo 434 HOIH 034 Mol

S31DAD, 01/SIHNTUVS SYNOH oo_\mmz:ﬁ&
(SHNOH)
34041534 (§) HO IWIL HIVdIY (})
30IAH3S 40 1N0 ()
31VH 34NV 3Q0W 38NTIVY
Wd9 00§ 49pun  ‘[eipey 2°2°1°11 NOILdIHIS30
AN3WdIND3 YO WALl
juawdinby

(ebnyiagua) z-1°1T  :NOILLD3SENS sdung 111 *NOILD3S USALJUQ T  ‘H3ILdVHO

372



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

011 |4 JIHdOYLSY 1Y)
€386 °/ €711 |+ 0 0/°8¢ L721 L9°¢ S300W 1Y
434 | HOIH o3y MO1  |43d | HOH 034 MO1 [ 434 | HOIW o3y MO
SI1DAD0L/SIUNIVA SHNOH g01/S3¥NTIVA
(SYNOH)
3HOLSIH (§) HO IWIL YIV4IY (1)
3DIAH3S 40 LNO (,)
31vH 3UNTIvY 300W 38NTIV3
3150dwo) azls £°Z°T°1I NOILdI¥OS3a
AIN3IWJIND3 YO Wall
juawdinb3
1ebny1a3ud) 2 1°11 :nowwoasans sdund  T°11 :NOILO3S UALIG  TT  :u3LdvHD

(S°€°2°1°1T ubnoayy T-€°2°1°11 40 a3isodwo))

373



RELIABILITY DATA FOR PUMPS AND DRIVERS,

16°0 |4 JIHdOYLSYLY]
€3€6 "L 07645 |= 0 0€°5¢ 2ree 611 S300W 1V
334 | HOIH o3y MOl |438 | HOIH 034 MO | J3W | HOIH 03y Mo
S3DAD0L/SIYNTVA SHNOH 401/S3YNTIV4
(SYNOH)

340LS3Y (§) HO IWIL HIVIIY (§)
30IAYH3S 40 1NO (,)

31vH 3uNIVY 300N 38NIV4
E M ‘
ofes WdD 005 49pun  T°€°2 1'T1 ‘92ls €2'1°11 NOILIIE0S3q
=} m 1N3WdIND3 HO WaL!
Ll
M.m M juaudinbgy

A tebnyiaqua) 2°1°I1  :NoiLO3SENS sdung 111 NOILOTS UBALUQ T :HILAVHO

(ST pue ¢ 49y 0 331s0dwo))

374



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

ST [€366°L 0°GLS 0 ST 09°6¢ 0€ 12 6°p1 S300W 1Y

434 | HOIH o3y MO1 |43 | HOIH 034 Mo 334 HOIH 03 Mol

SI1DAD¢01/S3BNNVS SHNOH g01/S3¥NIV4
(SUNOH)
3JYO0LS3H (§) HO IWIL HIVdIH (4)
301AH3S 40 LNO ()
31VH 3°NIIVS 3Q0W 34NV
Wd9 00G 43pupn  1°€°2°T°11 “9zZLs €°2°1°11 NOILdI¥OS3A
LN3IWJIND3 YO WLl
juawdinb3

ebnyiaius) Z°1°11 :NOILD3SBNS sdund 1°T1 INOILO3S udALag  TT  :¥3LdVHD

376



RELIABILITY DATA FOR PUMPS AND DRIVERS,

£ 0°1T [+ € 011 S300W 1V
434 | HOH 03y Mo HOIH 03y Mo 434 | HOMH 03y Mol
S3T1DAD 01/S3UNTIVS SYNOH 401/S3YNIV4
(SHNOR)
3401534 (§) HO IWIL HIVdaIY (1)
301AY3S 40 1N0 (,)
31vH 38Nivy 300w 3¥NTIV3
d4 T PEH 34 06 ‘WdD § “LeBN4LJaud) T-g-g2°T°T1 ‘d2ZiS €°2°1°11 NOILdI¥0S30

LN3IWAIND3 YO WaLI

Std 500-1984

ANSI/IEEE
P&V

tebnjiajuay 2°1°11

*NOILLOISENS

sding 1°11 *NOILO3S

juaudinby
USALUAQ TT  ‘H3ILJVHO

376



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

€ 06°0 4 € 9°01 S300W 1Y
434 | HOIH 23y mol 43| HOH 034 Mol 438 | HOWH 03y Mot
S3ITDAT¢0L/SIUNTIVS SHNOH gOL/SIUNTIV4
{SYNOH)
3501534 (§) WO IWIL HIVdIY (})
301AH3S 40 LNO L)
3LvH 3UNTIV4 3QOW 34NTIvd
du € “PeaH 14 0§ ‘WdD 02 ‘lebnjiaqua) T1°¢-2°T 11 °‘8zis €°2°1°11 NOILJINIS3A

LNIWAIND3 HO W3LI

tebnytaiuay 2°1°11

‘NOtLIO3SaNs

sdung 1°11 :NOILD3S

juawdinb]
UdALAQ TT  :¥3LdVHD

377



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

£ 0°T |4 € G€°6 S300W 1V

434 HOIH L] Mo HOIH o34 Mmo1 434 HOIH o34 Mol

. SIIDAD01/S3WNTIV SHNOH g0L/S3UNTIV
{SHNOH)
3Y0LS3Y (§) HO IWIL HIVdIY (1)
3DIAH3S 40 LNO0 {,)
31VH 3UNIVY 3QOW 3¥N1IvY
du T “PP3H 34 GZ ‘Wd9 OFf “[ebnjyiujud) ‘dung T°g-2°1°11 9215 €°Z2°1°11 NO11d143S30
1N3IWJIND3I HO W3Ll
quawdinbj

tebnytajua) 2°1°11 :NOILD3SENS sdund 111 :NOLLO3S USAL4Q TT  H3LIVHO

378



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

379

€ 08°0 £ 0°9¢1 S3a0W 1V

434 HOIH o3y MO 434 HOIH o3y Mol 434 HOIH o3y MmO

ww._o>0mo—\mwzs.:<u szOIwo:mwxD.:(m
(SHNOH) T
34OLS3Y (§) HO INIL HIVAIH ()
3DIAH3S 40 LNO ()
31VH 3NNV 340N 3¥NTIVY
921AJDS JUDIILWAIIU] “UIBM ‘Wd9 0§ ‘lebnyiuajua) TTEZCUCTT ‘azLs €171 NOL1dI¥0S30
LIN3IWJIND3 HO WALl
jquawdinb3l

lebnjiajua) 2°1°11 :NOILO3SENS sdund T1°1T *NOILO3S udAtag 11 ‘H3LdVHO



ANSI/IEEE

Std 500-1984
P&V

RELIABILITY DATA FOR PUMPS AND DRIVERS,

€ T |4 € €°0¢ S300W 1Y
434 | HOIH o3 MOT | 33H | HOIIH 03y Mo 434 | HOMH BEL] Mol
$310A0 ¢0L/S3¥NIVA SYNOH g0L/S3UNTIVA
{SUNOH)

34O01S3Y (§) HO INIL ¥IVd3Y (})
301AM3S 40 1NO(,)

31vYd 38NV 300w 34NIvd

(UWNg SBeRITT PESH 13 O "WdD 0G1 " [EON3ra30s) 1€ 2 1°11T 9218 2 111

NOLLdIYOS3a
LNIWAINDI YO WLl

juawdinby

(eBn313U3) 2°1° 1T .yg)y03sans sdund  T°11 ‘NOILO3S UBALIQ TT  :H3LAVHO

380



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

€ ottt |4+ € ¥8°L S3A0W 1V

434 HOIH o3y mol | d43W HOIH 03y Mol 434 HOIH 034 Mol

wmd>omo:mmc:.=<u mz:o:oo:wwm:.:ﬁ
{SHNOH)
340LS3H (§) HO IWIL HIVdIY (4}
3D1AH3S 40 LNO (,)
31vd 38NIIVd 3Q0OW 38NV
dY ST “PeaH 34 €£1 “Wd9 OLT ‘Lebnjrazua) 1°€°2°1°11 €2 111 NOILdIHIS3a
AN3WdIND3 HO W3Ll
juawdinby

(ebnytazuay 2°1°11 :nNo1LO3SENS sdung T1°11 *NOILO3S udALag TT  :H3ILAVHO

381



RELIABILITY DATA FOR PUMPS AND DRIVERS,

SUNOH JRPUI|RY) 4y

£ 08°0 |+ £ 0°89 S300W 1Y
434 HOIH 334 Mol 334 434 234
ww._o>omo_\mw~.51:<u X% 0L/S3dNivy
{SHNOH)
3JHOLS3Y (§) O IWIL HIVdIY 1)
30IAH3S 40 100 {,)
3LVY 3UNIIVY 3A0W 38NTIVY
9ILALSS JUSITLWARIUL “(491BM) ‘Wd9 00E “1BBnyLa3ud) T°€°Z T°11 ‘2ziS £-°z2°1°11 NOILdI¥DS3d

AN3IWdIND3 YO W3Li

Std 500-1984

ANSI/IEEE
P&V

tebnyraquay z-1°11

*NOLLO3SanNs

jududinby
USALUG 1T  :H3LdVHO

382



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

£ 01T |4 € 0L°12 S300W TV
434 | HOIH o34 MO1 |34 | HOIM LED Mol 434 HOIH 03y Mol
S$310AD0L/S3HNTNVS SHNOH0L/S3UNTIVA
(SHNOH)
3HO0LS3Y (§) BO IWIL HIvd3H (})
3J1AH3S 40 LNO (,)
31VH 3UNIvd 300W 3uNTIVY
d4 G “PedH 34 G2 ‘Wd9 08E T°E€°2°T°IT °®ZiS €°2°1°11 NOiLdIH2S3a
ANIWIND3 HO W3ll
juawdinby
(ebnytajuay Z°1°1T :NOILLO3SENS sdung 1711 INOILO3S UdALAg TT  :H3ILIVHO



RELIABILITY DATA FOR PUMPS AND DRIVERS,

TR JIHdOYLSYLVD
€317 0t 081 [« 0 9°L€ €81 €0°ST S300W 1V
434 | HOIH 03y MO1  |43d | HOIH 03y Mo 434 [ HOIH o3y Mo
$I1DAJ0L/SIHNIVS SYNOHg0L/S3¥NTIVL
(SYNOH)

3401534 (§) YO IWLL ¥IvdaY {})
3JIAH3S 40 LNO (,)

31vH 38N+ 300W 3YMIV4

oy
wm 911s0dwo) ‘Wd9 66%2 - 005 2°€°2°T1°11 “8Zi§ €£°2°1°11 NOILdINOS30
B3 LN3WJIND3 HO WaLl
=8
Bl quawdinby
ANn M 2 (ebnyiiaua) 2°1°11T  :NOILO3SENS sdung  1°11 :NOILO3S UdALAQ TT  ‘¥3LdVHD

(G pue £ 33y 40 33150dwo))

384



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

£ s2'1 |+ vEl S3IAOW T
434 HOIH 03y MO 434 HOIH 93y MO 434 HOIH o34 Mo
S3T0AD mo—\wm¢34_<u SHNOH oo_.\wwm-j_(u
(SHNOH)
3401S34 (§) HO IWIL HIVdIY (})
IDIAYIS 40 LNO ()
31ivH NIV 3JAOW IHNTIV4
{dng 341J) PE3H 34 162 ‘W49 00T '[eBnJLa3ud) z-€-2 1 11 ‘92l €2°T°Tl NOILg18083a

1ININGIND3I HO WALl

tebnyiausy 21711

‘NOILD3SANS

sdund  1°T1 :NOILD3S

juawdinb3

UaAL4d 1T  :W3idVHO

385



RELIABILITY DATA FOR PUMPS AND DRIVERS,

ST 0°¢6¢ (U204 5 0 ST 9°LE 1°6¢ 0°61 S300W 1Y
434 HOIH J3d Mol 434 HOIH o3y Mol 434 HOIH o3y Mol
S$310AD mo—\mmmb._ V4 SHNOH oo—\wwza._;‘u
(SHNOH)
3HOLS3Y (§) HO INWIL HIVdIY (4)
301AY3S 30 1NO (,)
3ivd 3ENTiva Elole LT RIVE]
Wd9 6602 - 006 ‘lebnyragua) z-€'2°1°11 ‘dzLs €°2°1°11 NOILdIHOS3a

AN3WJIND3I HO WALl

Std 500-1984

ANSI/IEEE
P&V

tebnjrazuay z-1°11

‘NOLLO3SENS

sdung

:NOLLO3S

juawdinb3
UsALUQ T[] ‘YILIVHI

386



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

931s0dwo) ayj uL pasp JON 930N

ST | €31°¢L 0°2E9}« 0 ST §¢°1 0°1 SL°0 S300W 11V
434 HOIH 03y Mo 434 HOIH 034 Mo 434 HOIH o3y Mol
S3TOAD mo—\mmxaj_(u_ SHNOH ca—\wwx:.:(u
{SHNOH)

3Y0.LS3Y (§) HO IWIL HIVAIY (}) .
301AH3S 40 LNO ()

31vy 3ENV3 JAOW 3ENMIVd

Wd9 6666 - 0052 €°€°2°T°I1 °dZLs €°2°T°11 NOI1di¥0s30
AN3IWIND3 YO W3LI

quawdinbl
ebnytsyudd Z°1°11 :noiwLO3SENS sdung 1°71 :NOLLD3S UBALAQ  TT  :y3LdvHD

387



RELIABILITY DATA FOR PUMPS AND DRIVERS,

ST | €31°1 0°€22]x 0792 St L°01 119 L(9°E S300W 1Y
434 HOIH 03y Mol HOIH 03y Mol 43y HOIH 034 M0
$310AD¢01/SIUNVS SHNOH g01/S3¥NTIV4
(SHNOH)
3Y0LS3Y (§) HO INWIL HIVJIH (1)
3D1AH3S 40 LNO ()
31vH 38N7Ivd 300W JYNTIVY
Wd9 000°0S - 000°0T #°€°2°T°1T ‘921§ €°2°1°11 NOILdIHOS3q

AN3INDIND3 HO WALI

Std 500-1984

P&V

ANSI/IEEE

tebnyLaguay 2111

:NOILO3ISENS

sdung T1°11

*NOILI3S

juaudinby
UBALUG TT  :HILAVHD

388



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

ST |€36¥°€ 0°29€|x 0°1 ST 0.°82 161 vyl S300W TV
EEL] HOIH o3y Mol 434 HOIH eEL] Mo 434 HOIH o3y Mol
ww._o>omo§mw=3.:<u SHNOH wo—\wwxa.._<u
{SYNOH)
3401534 (§) HO IWIL HIVdIY ()
301AH3S 30 1NO (,)
3LVH JENIVY 3Q0W 34N1ivd
Wd9 000°0G 43A0 G°€°2°T°T1 ‘9ZLS €°2°1°11 NOILdIHOS3a
AIN3INJIND3 HO WALl
juawdinby
lebnjtagua) z°1°11 :NOLLO3SENS sdung T1°11 *NOILO3S UdALJQ T ‘H3ILIVHO

389



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

0s¢ 8°G¢ 0 €361°1 0°EvT 0 IN3IT4IINI
pe| ¢1°¢ 0 bes 0°5¢ 0 a3avy93d
0°vse| €L7% 0 jJe3g 03 spteq
¥8S 0°¢1 0 Butuuny aLym s|tey
0°vs2] €LY 0 ¥8S 0°¢I 0 JIHJ0YLSYLY]
0°986] 6v°0C |+ 01 0°098] 09°¢¢€ 0 €319°2 0°081 0 S300W 1Y
334 HOIH 03y MOl |43 HOIH 03y Mol 434 HOIH 034 Mol
S3TDAD 0L/SIUNTIVS SHNOH 01/S3¥MIV4
(SHNOH)
IHOLS3Y (8) HO INIL YIVdIY (4)
30IAH3S 40 1NO ()
31vd 3¥NIIvd 3JAOW 3NV
3JLAU3S snonuijuo) pue buirjeuasily ‘Aqpueis 4o a3lsodwo) 8dLAUBS LY 7271711 NOILdI1¥IS3a
AN3NJIND3I O WaLI
juawdtinby
[ebnjLajua)y Z-1°11 :NOILD3SBNS sdung T1°11 *NOILO3S UdALAQ T ‘HILAVHD

(€°-2°1°TT ubnoayy T°p-2°T°1T 40 331soduwo))

390



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0S€] ¥0°9 0 IN3IdIONI
9ve| Sv°0 0 Q30vy¥930
v62| €0°¢ 0 3}J4e35 03 Sjtley
£8°G" - 0°02 Butuuny a3 tym s{Ley
005] 98°¢L 0 0702 JTHAOYLSYLYD
0°1€6] 80°01 0°1 08| 6E°v1 0 0°0¢ S300W 1Y
434 | HOIH o3y mo1 |d434 | HOH 034 mo1 | 438 | wHom o3y MO
S31DAD0L/S3YNTIVA SHNOH I/SIUNTIVH
(SHNOH)
3401S3Y (§) HO IWIL HIVIH (1)
301AY3S 40 1N0 (4)
31ivy WMV 300W 34NTIV4
a31s0dwo) Aqpuels Ty 2 T TT ‘30MA49S LY #°2°T°11 NOILdIHIS3a
LNIWdIND3 YO WaLl
juawdinbjy
(ebnjiagud) Z°T1°TT :notLD3SBNS sdung 1711 :NOILO3S UALAQ  TT  :H3LVHO

(X*T'p*2 111 Pue §T 49y 40 93isodwo))

391



RELIABILITY DATA FOR PUMPS AND DRIVERS,

SJNOH JePUB|R) 90T 49 S34N|Le4 xx

0y 002 14v35 30N S20Q
0°01 14835 30N
$80@ sapn|dou] 33esadp 0N S$30(Q
0°tvl 0°0¢ J1HJOYLSY1YD
1A 01 Pl 0°02 S300W 1Y
434 | HOIH 03y Mol |438 | HoH 23y MO1 | 434 | HOIH 23y Mol
S31DA0 ¢0L/SAUN UV xx  SHNOH g0L/S38MIVI
(SHNOH)
3401534 (§) HO IWIL HIV4IY (1) .
30IAH3S 40 £NO (,)
B 31VH 3¥NTIV4 300W 3YNTIV3
SE
=P JBALAQ S3PNIOU] UIALIQ ULQUNL ‘BDLAUIS AQpuels ¢z T°1T NOILdI¥DS3a
B LN3WdIND3 O WaLl
Z3R
<N

tebnyrazua) 21711

:NOILO3SENS

sdung T1°11

quawdinbj
*NOILD3S usALtdg 1T  :H3LdVHD

392



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

SANOH JePUB|R) 90T 43d SIUNLBH xx

0°S 0°02 34035 30N $30Q
0°6 34e35 JON
$30Q Sapn|ou] aieuadp 0N S90Q
0°v1 vl 0°0¢ JTHJOYLSYLYD
At 0'v1 1At 002 S3A0W 1Y
434 HOIH 034 Mmon | 43¥ HOIH 034 MO 434 HOIH o34 Mol
SITDAI¢0L/SIUNIIVA vy SHNOH gOL/S3HNTIV3
(SHNOH)
3401534 (§) WO INIL HIVAIH (§)
301AH3S 30 LNO (4)
31vH 38NV 3QOW 34NNVd
A3ALA(Q SOpNIdU] ‘udALJ4g [3S3L(Q “dILA43S AqpuelS p°ZT°TL NOLLAIYIS3C
LN3WJIND3 HO WaLl
juawdLnb]
(ebnjiajudy Z2°1°11 :NoOILO3SEANS sdund 1°11 :NOILO3S UaALAg  TT  :¥3LdVHO

393



RELIABILITY DATA FOR PUMPS AND DRIVERS,

SANOH Jepu3|e) 0T 43d SBuN|LR xx

0S°0 0t 34e31S JON S90(Q
0°¢ 34e3S 30N S30Q Sapn|du]
ajeuadp 0N $30Q
G2 0y JIHMOBLSY1YD
b1 §°¢ 1A 0¥ S300W 1V
434 | HOIH 03y MO1  |434 | HOIH 034 Mol 434 HOIH 03d Mmo1
S310A001/SIUNVA xx SHNOH OL/S3¥NTIV4
{SYNOH)
340.LS3H (§) HO INIL HivdIY (})
30IAH3S 40 1N0 (,)
m P 31vH 3UNTIVA 300W 34N1Ivd
S
Hd
- NOILdI¥IS3a
) g M AN3W4IND3 HO WLl
M © A jududinby
(ebnyLugua) 2°1°11 :NOILDISENS sdung 1°11 *NOILD3S UsALlag TT  :H3LJVHO

394



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°0S€] 6.°6 0 INIIJIINI
0°9¥2] €L°0 0 a3avy93a
0°ps2| ¢8°¢ 0 jJ4els 03 s|tey
0°962| ¢8°¢ 0 JIHdOY1SYIYI
0°T1€S| 80°0T {4 O°T 0°0S8 vl 0 S300W 1TV
434 HOIH O3d Mo 434 HOIH J34 Mo 434 HOIH 23y Mol
SIDAD mo—\wwxan:<u SYNOH oop\ww¢34_<u
(SUNOH)

3YOLS3H (§) HO IWIL HIVAIY (4}
301AH3S 40 LNO {,)

3ivy 3HNTIvd

3A0W 3ENTIVS

ajtsodwo) waisAs X°'1'v'2°'T1°11

301A43S AQpURlS T'v-2 1'11

“SADLARS LY 2T

NOILdIHOS3a
AN3NWdIND3 HO W3 LI

(ebnjiajua) 2°1°11

‘NOILD3SENS

sdund 111 :NOILD3S

juawdinby
USAL4Q  TT  :¥31dvHO

(9°T°%-2°T°1T ubnoayz T°1°'p°2°1°1T 40 33is0dwo))

396



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

0°GEPY S 19 0v°01 IN3IdIONI
0°66 L°ST 0 030Qvy¥93d
0°91¢ Al 0 JJ4R3S 03 S|ie4
0°91¢ I Al 0 JIHdOYLISYIVD
0°0v Sv°11 0°'1 0°0$8 v°18 0% °0T S300W 1V
438 | HoM 53y mo1 [438 | Hom 23y Mo1 | 43n | wowm 23y MO
SI1DAD0L/SIUNIVA SHNOH 01/STUNTIV4
{SHNOH)
3H0153Y (§) HO INIL HIVAIY (1)
391IAH3S 40 110 (,)
31vY I8NV 3Q0W 38NV
g ST T U H ¢ T 1T 9JIAIS% AQPURTS T 92T IT  "SodTAGSS [TV v 2 11T NOILAI¥IS3Q
LN3WJIND3 HO WALl
juawdinbj
1e6n313u3) 2 11T yoy453sans sdung  1°11 :NOILO3S UALAQ TT  :y3jqvHo

(L1 #3¥ 30 33150dWoj)

396



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

0°051 0°49 0°€e IN3IdAIONI
0°6L 0°L1 98°0 03avy93a
0°6L 0°L1 98°0 3}4R3S 03 S|Le4
0°6L 0°L1 98°0 JIHdOY1SYLYD
A 0°ve 06 |+ 0T LT 0°80¢ 0°10T L°¢ S300W 1V
334 HOIH 23y Mol | 434 HOIH 03y Mol 434 HOIH 03 Mol
S$31OAD mo:mmxa.:«u_ SHNOH §0L/S3¥N IV
{SHNOH)

3Y¥01534 (§) HO INIL HIVJIY (})
301AY3S 40 LNO (,)

31vHd 3yMmiivd

300W 34N1IVd

JBALAQ SOPN(DU] USALAQ (95910 ‘@4t T T°p°2 1°11

€32(A43S AQqpuelg

T'v2 111 NOILdI¥3S3a
AN3IWGIND3I HO WALl

febnjrajua) z-1°11

INOILO3SENS

sdund 111

*NOILO3S

juawdinb3
USALAQ TT  Y3LJVHO

397



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0-022 0021 0°6S IN3IJIONI
0°0S1 0°£9 0°€e 030vy¥930
0°011 0°¢ee 06°S }4els 03 s|ley
0°011 0°¢g 06°S JTHdOYLSYLYD

L1 0°0t 06 |+ 0°1 L1 0°08% 0°022 6°€8 S3A0W 11V

438 | HOIH 03y MOT [338 | HOIH 03d Mo 434 | HOMH 03y Mo
S$310A3¢01/S3HN VS SBNOH J01/S3UNTIV

(SHNOH)
3HOLS3Y (§) HO IWIL HIVAIY ()
391AH3S 40 1N0 {,)
3LVH JHNTIVA JAOW NIV
43ALAQ SIPN|JUT USALUQ JOJON B4L4 T°T°p 2 T°1T “9dLAL3S Agpuels T-p-2°1°11 NOILIIS3d

AN3WdIND3 HO WALl

Std 500-1984

ANSI/IEEE
P&V

juawdinb3
tebnyta1ud) 2 1°11 :noiroasens sdung  1°T1 :NOILO3S UaALID  TT  :M3LdVHD

398



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

0°0ST 0°L6 0°6S LIN3ITdIINI
0°99 6°9 2.0 030vy¥93d
0 vy 0°vi 06°¢ 34R1S 03 Sptey
0ty 0°v1 05°¢ JIHAOY¥LSYLYD

{1 0°09¢ 0°811 2°29 S300W 1Y

434 | HOMWH o3y MO1 [d38 1} HOIH o3y Mo 434 | HOWM 03y Mo
SITOAD £0L/STUNTIVA SHNOH g0t/S3UMIVA
(SYNOH)

340LS3Y (§) HO IWIL HIVAIY (1)
3DIAUIS 30 LNO (,)

31vH 3HNIVY

3IQOW 3HNTIVS

J3ALAQ SOPN|DU] ‘UBALJQ [3S2LQ 9414 T['I'p°2°T°TT ‘9dLA43S Aqpueis

v 1'11 NOILdIHOS3a
AN3IWGIND3 HO WALl

tebnytajuay 2-1°11

‘NOILO3SANS

sdung T1°11 *NOILD3S

Juaudinby .
UdALAQ  IT1  :W3LdVHO

399



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°LE 0°¢ 1°¢ IN3I4IONI
0°82 06°9 0€°0 a3avy¥93a
0°¥s 0°6E 0°'8 j4e3§ 03 Spiey
0°tS 0°6¢ 0°'8 JIHOYLSY 1Y)
L1 0°611 6°25 ¥°01 S3A00W 1V
434 HOIH o3y Mol |43 HOIH 03y Mo 434 HOH o3y Mot
S3I12AD mo:mwx:,_ Iv4 SYNOH wo:wmx:.__f
(SHNOH)
34O01S3Y (§) HO IWIL HIVAIY (4)
321AH3S 40 1NO ()
31VH 38NTIV4 3QOW 3¥NIV4
43AL4Q S3PN|IU ‘UDALAQ [ISBLQ PUR UOIOW ‘ALY T T'p 2 T°I1 ‘99LAA3S AQpuels 1'p-z-1°11 NOILd142S30

LN3INDINDI HO W3LI

Std 500-1984

ANSI/IEEE
P&V

juawdinby
(ebnyiazuay Z°1°11 :Nowoasans sdung  1°11 :NOLLD3S UBALAQ 1T :¥31dvHD

400



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0-oee 0°¢9 0L°¢ IN3IdIONI
o ovt 0°¢t 0 a3avy93a

0°08% 0°092 0°0T1 4R35 03 S|tie4
008y 0°09¢ 0°0T1 JIHJOYLSY 1Y)
L1 0°2¢ 0°12 {4 0791 | L1 0°058 0°yee 0°€1T S300W 1Y

334 HOIH o3Y MO 434 HOIH J3Y MO 434 HOIH 034 Mol
$310AD¢OL/S3UNTIVL SHNOH g01/S34N1tV4
{SHNOH)
3YOLSIY (§) HO IWIL YIVA3H (})
30IAHIS 30 1N0 (4)
31VH 3NV 3QOW 38NV
J3ALUQ-SIPNLIUT ‘UBALUQ 9SALQ ‘S4ll TTTTPTZCTIT “9ILAU3S Agpuels [y 2 1711 NOILdI¥IS3a
LIN3IWJIND3 HO W3LI
juawdinby

tebnyLa3ud) 2 1°11 :noiuoasans sdund 1711 :NOLLO3S UALAQ  TT  :y31dvHD

401



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

0°099 0°08v 0°ove IN3ITdIONI
0°6L 0°L1 98°0 Q30vy93a
0°0S 8°¢ 0 J4B)S 03 S|tey
0°0§ 8°¢ 0 JIHdOYLSYLYD

(1 0°ov 0's |+ 0°1 JA 0°68¢L 0108 0°1v¢ S300W 1Y

434 | HOMH 23y MO [43¥ | HOIH o3y Mo 434 | HOH o3 MO
S310AD ¢0L/S3HNTIVA SHNOH g01/S3¥NTIVY

(SHNOH)
3¥O0LS3Y (§) HO IWIL HIVAIY (§)
3D1AH3S 40 1N0 ()
31vY 38NTIvY 3AQ0W 3¥NTIVS
J3ALAQ SSPNIOUT “UIALAQ 4030 ABNOOP BAL{ T TP 2 1°T1 82LAL3S AQpuRlS T°p°2°1°11 NOILdI¥2S3a

LN3IWdIND3I HO W3Lt

ANSI/IEEE
P&V

juawdinby
ebnyia3us) Z°1°11 :nolLD3sENS sdung 1°11 :NOILO3S uaALag TT  :y3LdVHO

402



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

b 9vE 0°G2Tf 0£°€e INIIJIINI
2°60€| Ob°6v 0 Q30vy93a
S'ST1 9°61 0 j4e3S 03 Ss|iey
005t Butuuny a|Lym sytey
G'GTT| 09761 0 0°0st JIHdOYLSY1YD
0°0t €6°ST |4 0°T 0749, 6°621 £°€2 0°05Y S3Q0W 1Y
43y HOIH 03y MOl |43¥ | HOIH o3y MO 434 | HOIH o3y Mol
S3ITOAD ¢0L/SIUNTIVS . SHNOH gOI/S3BNTIV4
(SUNOH)
340LS3Y (§) HO IWIL HIV4IH (4)
30IAH3S 40 1NO(,)
31vH 3NTIVY 300w 34N1Ivd
497eMpaay Ader|ixny 2 Ty 2 T 11 “921A495 Aqpueis T'p°2°1°11 NOILdIYOS3Q
AN3IWJIND3I YO WLl
juawdinby
1ebnjiajua) 2°1°I1 :NOILO3SBNS sdung T°11 INOLLO3S UdAL4g [T ‘H3LdVHD

(61 pue /T 33y 30 33Lsodwo))

403



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°02¢ 0°01e 0°5¢ Jadg 40 InQ
0°0v1 0°21 0 a3avy9o3a
0°0v1 0°¢1 0 JJels 03 S|teg
0°0v1 0°¢t 0 JIHd0Y1SYLY)

L1 0791 00T |4 0°9 L1 0°00¢ 0°vee 0°6L S300W 1V

4349 HOIH 03y MO1 |43 HOIH o3y Mo 434 HOIH kL] Mot
S310A0 mo:muc:.__ﬁ SHNOH oo_\wuza_f

{SYNOH)
3¥0LS3Y (§) HO INIL HIV4IY (})
301AH3S 30 LNO (,}
3LvH 38NV 300N 38NTIVY
J9ALAQ SIPNOUL “UIALUQ BULQUN) UBIEMPASH AURL|LXNY 2 TP 2 T°T1 °901A43S AQpueis Ty ¢ 1°11 NOILdI¥OS3A

AN3IWdIND3 YO W3Ll

Std 500-1984

ANSI/IEEE
P&V

quauwdinby
ebnytaiud) 2°1°11 :noILD3sSENS sdung T1°11 *NOILO3S UBALAQ  TT  :d3LdVHO

404



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°061 08¢ 0°¢2 AIN3IJIONI
0°0ct 0°9¢ 0€°1 a3avy930
0°6¢ 6°G 0 34R1S 03 Sitie4
0°S¢L 6°S o] JIHOYLSY 1Y)

L1 0°9¢ |4 L1 098¢ 0°011| o0€°€e S300W 1TV

434 HOIH o3y MO 434 HOIH J3y MO 434 HOIH 03y MO

S3ITOAD mo—\wmx_‘jzu SHNOH mo—\mmxa._zu
{SHNOH)
3401S3H (§) HO IWIL YIVd3Y (})
30IAYH3S 40 1NO {,)
31VH IHNIVY 3Q0W 3YNTIVY
ABALAQ SOPN[DU] ‘UBALUQ JOION UDIBMPID4 AdeLiLXny Z°T°p°2°1°11 “@dLA43S Aqpueis T°v°2°T1°11 NOLLJIYIS3a

1NIWAINDI HO WILLI

juswdinb3
(ebnytaqua)y 2°1°11 :NoOILO3SENS sdund  1°11 ‘NOLLO3S USALAQ TT  :H3LAVHO

405



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°02¢ 0°00¢ 0°0¢1
0-0s¢ 0°0€e 0°0v1
0°6L 0°L1 98°0

INIIHIONI
d3avao3a
14e35 03 syiey

0°6L (A 98°0 JTHAOYLSY1Y)
L1 0°0 0L |+ 01 L1 0769, 0°Lvy 0°19¢ S300W 1Y
438 | HOIH 03y MOT [43H | HOIH 03y MO | d3W | HOIH o3y
S310AD¢01/S3HNTIVS SHNOH g01/S3UNTIV4
(SYNOH)

3HO0LS3Y (§) HO INIL HIVvd3Y (§)
3DIAY3S 40 LNO ()

EIRACED IR])F]

300N 38NIIvd

49ALUQ SAPN|OU] “UBALUQ |3SILQ “491BMPID4 AUBLLXNY Z T°'p 2 T1°T1

€301A435 Aqpueis

NOILdIHOS3C
AN3WdIND3 HO W3L)

Std 500-1984

ANSI/IEEE
P&V

tebnyraguay 2o 1711

*NOLLO3SENS sdung T1°11 ‘NOLLI3S

juawdinby
usatug 11  Y3LdVHD

406



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°022 0021 0°SS INII4IINI
0°011 0°€e 06°S 030vy¥93d
0°6L 0°L1 98°0 }4R1S 03 s|tey
0°6¢L 0°L1 98°0 JIHJOYLSYLIYI
L1 0°49 0°9T |+ 0°¢ L1 0°60v 0°0L1} 08°19 $300W 1V
434 | HOIH 03y MO1 | d3d | HOIH 03y [ oy 434 | HOIH 03y MO
S310AD£01/S3HNTIVS SHNOH 301/S3UNNV4
(SUNOH)

3401534 (§) HO IWIL HIVd3H (4}
3DIAH3S 40 1N0 (,)

31vY 3uNlivd

3QONW 3UNTIVd

ASALJQ Sopn|ou]

USALJAQ dutqan)

Tiayempaa] AJeLlixny Z 19 2 1 11

€931A235 Agpueils

Uve it

NOILdIHOS3a
AN3WCIND3 HO Wall

tebnjiazuay z-1°11

INOLLO3SENS

sdung T°11

*NOILD3S

juawdinby
UBALAQ  TT  :W3LdVHD

407



RELIABILITY DATA FOR PUMPS AND DRIVERS,

3dws3y 34RIS AUQ = 3[IA) BUQ xx

09°6 34035 03 s|tieq
0°0St Butuuny 3(tym s|tey
09°6 0°0st JIHdOY1SYLYD
61 09°6 61 0°0St S3Q0W 1Y
434 | HOIH LED] MO1 |33¥ | HOIH o3y Mo 334 | HOIH ED] Mo
«x SFIDADCOL/SFUNIIVA SUNOH g01/S3UNTIVA
(SHNOH)
3401534 (§) HO IWIL HIVdIH (})
301AH3S 30 LNO (,)
- w 31vH 3¥NTIVY 300W 3¥NTV4
= hn
Mm 433eMpaay AdeL|txny 2°T1°p 2 T 11 ‘92LA43S AQpuels T1'¢-Z°T1°11 NOI1dIH2$30
»n AN3WdIN
2 g m dIND3I HO WALl
<oA juawdinby
tebnyialud) Z°1°11 :no1LD3SENS sdung 1°11 ‘NOILO3S USALUQ TT  :W3LdVHO

408



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

1dwa}ly 34035 AuQ = 3[IA) BUQ xx

0°1L 14035 03 S(le4
0°0Sv Butuuny 3 tyM s(Ley
0°1¢L 0°05¥ JIHAOYLSY 1Y)
61 0°14 61 005 S300W 1Y
434 HOIH J3d MO 434 HOIH PoEL) Mo 434 HOIH 234 MO
x ww._o>0motwwx34_<m wxDOImo(mme.:(u
{SHNOH)

3Y01S3Y (§) HO IWIL HIVAIYE (})
301AY3S 40 1NO0 (4}

34VH IHNTIVL

IAOW 3YNIIVd

A3NQ 3U93FLWASIU] ‘UBALUQ BULQUN] <J3IBMPaay AueLiixny g ¢ 2 T°I1

€901A495 Agpuels T°p°2 1711 NOIL1dI¥0S3a

ANIWGIND3 HO W3l

ebnyiaquay 2 1711

‘NOLLD3SENS

sdung 1°11

juawdinby

:NOILO3S UaALAQ TT  ‘H31dVHD

409



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°011{ 0¢-21 L1 IN3IdIONI
0°6¢ (11 0 ¢30vy¥93a
0ot bv°8 £€9°0 J4e3S 03 S[Le4
0°0b vy '8 £€9°0 JIHdOYLISY 1Y)
0°02 0’8 | 0t 0°SL1| 08°T12 ov°2 S300W 1Y
438 | HOIH 034 MmOl |43 | HOIH 03y MO 434 | HOMH BE] Mo
SITOAI0L/SIHNNVA SHNOH g 0L/SAUNIV
(SHNOH)
JHOLSIY (§) HO INIL HIVAIH ()
INAUIS 40 1N0 (,)
3LVH 38NV 300W 38N1IVY
mm AeadS juawuLeluo) €°1°p°Z°T°T1 ‘DLA43S AQPuUeIS T[p-z2 [ 11 NOILdI¥IS3a
B AIN3IWJIND3I HO WaLl
=8
n_ > juawdinb3y
Z82 (ebny143ud) 2°1°11 :noiLo3sans sdung  T°T1 INOILOIS ' udntug  TT  Y3LdvHO

(L1 43y 40 331150dwo0))

410



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

022 069 02°1 INIIAIONI
0°0t 6,°0 0 030vy4930
0°22 069 02°1 314035 03 S[iey
0°¢2 069 021 JIHdOYLSYLY]

L1 0°vS 09°¢1 ov°¢ S3A0W 1TV

434 | HOIH 23y MO1 {d43d | HOIH 03y Mol 334 | HOH o3y Mol
S3T0AD 0L/SIUNTVS SHNOH §01/53¥NTIV4
(SYNOH)
3401534 (§) 4O INWIL ¥IVdIY (4)
301AY3S 30 LNO (,)
31VYH 34NV 300W 38NTIVd
49ALAQ S3PNIOU] ‘UBALUQ 4030 ARUdS JUBWULRIUO) € T°p°2°T°TT “@ILA43S Agpuels T1°4°2°1°11 NOIL4IHOS3Q

ANIWIND3I HO WaLl

juawdinby
(ebny1a3ud) Z°1°1T :noILO3SENS sdund T1°11 :NOILD3S UBALAQ  TT  :H3LJVHO

411



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°0TY 0°8S 0°82 IN3TdIONI
0°s2 06°1 0 03avy930
o°ov €8 ov°0 34035 03 S|ley
0°0¢ €°8 ov°0 JIHdO¥LSYLIV)

At 0°02 08 |+ O L1 0°SLT| 02°89 oy 82 S300W TV

434 | HOIH o3y MOT1  |d3¥ | HOIH o3y MO | 434 | HOIH REL MO

ST1DADL0L/SIUNTIVA SUNOH  01/S3UNTIV4
(SUNOH)
3Y01S3Y (§) HO INIL HIVdIY (§)
30IAH3S 30 1N0 (,)
31vY 3UNTIVY 300N 34NTIVY

43A14Q S3PN|JU] ‘UBALAQ 1030W AeudS JudWULRIUOY £y Z T I1 ‘@D1A3S AQPURIS T'p-2 11l NOILdINOS3Q

AN3INGIND3 YO WAL

Std 500-1984

ANSI/IEEE
P&V

jusudinby
tebnyiuzuay z°1°11  :noiLD3SENS sdung 1°11 INOLLD3S UBALUQ  TT  :HALAVHD

412



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

6502 1°01 | 09°2 IN3IdIONI
8t '€ 9t °0 0 a3avy93a
(5°S ¢8°¢ 0 34e3S 03 S|le4
(5°S 2872 0 JTHdOYLSY YD
T 0962 €1 | 09°2 S300W 1V
434 HOIH o3d Mol 434 HOH o34 Mol 434 HOIH o3y MO
mw._o>om oL/S3dNiv4 wxnozmc—\ww¢34_<u_
(SHNOH)
3HO1S3H (§) WO IWIL HIvdaH (})
301AH3S 40 1N0 ()
Alvd 34Nivd 300N 34NV
Aeads 8403 H T°p 2 T1°T1 ‘@21A43S Agpuels T1°p°2°1°11 NOILdIYOS30
LINIWIND3I HO WALl
juawdinby
(ebnjtagua) Z°1°I1  :NOILD3SEANS sdung 1°11 :NOILD3S usaAtag 1 ‘¥3LdVHO

(£1 42y jo 311s0dwo))

413



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°6S 0°G¢ 0°61 IN3IdIONI
00T 6L°0 0 030vy93a
0°9T1. 05°¢ 020 34e3S 03 S|Ley
0°91 0S¢ 0¢°0 JIHdOYLSY 1Y)
{1 0°s8 0€ "6€ 02761 S300W 1Y
434 HOIH owr MO 434 HOIH o3y Mol 434 HOIH o34 Mo
SII0AD¢0L/SAUNIVY mx:ozoo-\mwxa._:qu
(SYNOH)
3¥01S3H (§) HO IWIL HIVd3H (})
3DIAY3S 40 LNO (,)
31VH 3HNTIvy 3Q0W 34N1ivd
43ALAQ S3PNIOU] “USALJUQ A0J0W ARUdS B40] p T b 2 T°11 °9d2LA43S AQPURIS T['p'g2 1°11 NOILLAINIS3A

AN3IWNdIND3 YO W3LL

Std 500-1984

ANSI/IEEE
P&V

jududinby
(e6n4143u8)  2°T°11 :noiLoasans sdung  1°11 INOILD3S UBALIQ TT  :H31dVHD

414



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°'81 0L°¢L 09°2

08°S €v°0 0
08°S ev°0 0
08°S €v°0 0

L1 09°62 95°8 09°¢

IN3IIdIINI
030v4930

jJelg 03 spiey
JIHd0YLSY1YD
S300W 1TV

434 HOIH o3y mo1 434 HOIH J3Y mol 434 HOH J3d [ lea)

mm40>umo—\mw¢3.__<m wx:OIoo—\mwxb.__(u

(SHNOM)
JYOLSIY (§) HO IWIL HIVAIY ()
3DIAH3S 40 1N0 {,)

31vH 3¥NIvy

3CO0W 34NV

43ALJQ SBPN|JU]  ‘UBALJIQ 4030W ‘Aeudg 8403 p-1v 2 1'11 ‘921AJaS Aqpueis

Tt 1°11 NOILdINOS3a

LN3NWHIND3 HO WaL!

1ebnyLa3uay Z'1°11 :NOILO3SBNS sdung  1°11 INOILO3S

JuawdLnby

UBALYQ T :H3ILJVHD

4156



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

0°09 29°¢ 0°1 IN3IIJIONI
0°9¢ €21 900 030v¥930
0°69 Ly L1 jaelg 03 stiey
0°69 Ly (780" JIHdOYLSYLYD
L1 0°G9Tf 9576 08°2 S300W 1TV
434 HOIH o3 Mol |43¥ | HOIH 034 Mo 434 HOIH 034 Mol
SFI0AD; 04/S3UNTIV SHNOH oo:mmcn.__ﬁ
(SHNOH)
34O0LS3Y (§) HO 3WIL HIVA3Y (})
3D1AH3S 40 LNO ()
31vy 38NIvI 300W 38NTivd
LN A 1 NOILJIYIS3a
LN3WdIND3 HO Wakl
juawdinbl
tebnyLaqudy 2°T°11 :youuoasens sdung  1°11 INOILLD3S UBALIG TT  :y3sgvhHo

(L1 43y 0 331sodwo))

416



ANSI/IEEE
Std 500-1984
P&v

VALVE ACTUATORS, AND VALVES

0709 0°€ec £°9
0°9¢ 8¢ 0ot 0
0°69 0-0¢ 011
0°69 0°0¢ 011
07991 08°09 0L°LT

IN3IdIONI
G3avy93a

jJe3s 03 s(iey
JIHdOY1SYLYD
S3A0W 1Y

434

HOIH

o34

Mmo7

434 HOIH | 03d Mo 434 HOIH o3 Mo

{SHNOH)

3¥01538 (§) YO IWIL Yivd3Y (1)

30IAYH3S 30 LNO ()

S$S310AD mo—\mwxD‘:(u szOImo—\wwEﬂ v3

31vH 3NV

300N 34NTIvY

JIATAQ SOpn[ou] USALJg aulq

4n] U0L333(U] 3UR|00) 34nSSaud YBLH G Ty 2111 °‘S8d1A4as Aqpueis

Tv2' 111 NOILdIYOS3a
AN3IWdIND3 HO WaLL

tebnyrajuay 2-1°11

:NOILO3S8NS sdung 1711 NOLLD3S

juawdinby
UaALlag 11 :¥3ILdVHD

417



RELIABILITY DATA FOR PUMPS AND DRIVERS,

3dwdlqy duQ = A[IL) BUQ xx

0S°1 34035 03 S|ley

0°02¢ Buiuuny aytym sjteq
0°02¢2 JIHdOYLSYLVD
61 05°1T 61 0°022 S300W 1TV

434 | HOIH 034 MmOl |43 03y 43y 03y Mo
xx  STDAOL0V/SIWNTIVE SHNOH 0L/S3UNTIVS
{SYNOH)
340453H (§) 4O INIL WIvd3d })
301AH3S 40 LNO ()

31vH 38NV

3QOW 38NTIVd

USALJQ 4030} WaISAS uoL3I3lu] a4nssaad YbtH G T1°v°2°1°11

£S3DLAURS Aqpuels

T°9°¢°1°11 NOILJIYOS3a

LN3WdIND3 YO WALl

Std 500-1984

ANSI/IEEE
P&V

tebnjraguay 2-1°11

‘NOLLO3SENS

sdund T1°11

INOLLO3S

juawdinbj
U3AL4Q TT  :H3LJVHO

418



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°69 69°8 1] INITAIONI
0°66T| L0°6 0 03avy¥930
0°222 T°¢t 0 340315 03 sj|tey
£39°1 Butuuny a[Lym siiey
0°222 1°¢€1 0 €39°1 JIHdOYLSY1YD
0°TES| 1€°¢ 0°¢ 0°608 ¥ 81 0 €39°1 S3I00W 1Y
434 HOIH 23y MO | 33d HOIH o3y Mol 3434 HOIH 03y ["on]
S310AD .0L/S3UNTIVS SHNOH @o_\mux:.:&
(SHNOH)
340LS3Y (§) HO IWIL HIVdIY (1)
3DIAY3S 30 LNO (,)
31VH 3¥NTIVY 300W 38NTIVY
SNOJUB|[IISLW 9°T°p 2 T°T1 “S32LA43S AQpuels ['p°2 1'11 NOILdIHOS3Q
AN3IWJIND3 HO W3LI
juawdinby
(ebnyia3ud) Z2°1°11 :norLo3sans sdung 1711 INOILO3S UsALtag 1T  :u3LdVHD

(61 pue /1 43y 40 3311s0dwo))

419



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°18 0°6¢ 0°61 INITJIONI
0°€e 0L°T 0 Q30vy93a

0°€e 0L°1 0 34035 03 S|ley4
0°¢€2 0L°1 0 JIHAOYLSYLYD
(1 07221} Ov°ev 0°61 S300W 1V

434 HOIH | 03 MO1 | d43d HOIH 034 Mol 434 HOIH ER] Mol
S31IA00L/SIBNTIVA mx:oxmo,\mwzadf
{SYNOH)
3401S3H (§) YO IWIL HIvd3Y (})
3DIAH3S 30 1NO (,)
3ivH 3ENTIV4 3Q0W 38NTIVS

4BALAQ SIPN|JU] ‘UBALAQ BULQ4n) 433S00G [IdH 9 Ty 2 T°I1 “SdILA43S Aqpuels 1°p-2°1°11 NOI1dIHIS3C

LN3WdIND3 YO 3Ll

Std 500-1984

ANSI/IEEE
P&V

juswdinby
{ebngiajuay 2 1°11  :NOILD3SENS sdund 1°11 *NOLLO3S udAlag T ‘H31dVHO

420



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°2¢ 0°v1 8y IN3IIJIONI
0°01 6°0 0 Q30vy¥930

0°01 6.°0 0 34815 03 siiey
001 6,°0 0 JIHAOY¥1SYLYD
L1 0°2s 09°61 08t S300W 1Y

434 HOIH 03 Mol | d43d HOIH o3y Mol 434 HOIH 034 MO
S310A0¢0L/S3UNTIVA SYNOH gOL/SIYNTIV4
(SHNOH)
340LS3H (§) HO IWIL HIV43Y ()
301AH3S 30 LNO (,)
31VH 3HNIVS 300W 3YNTIVY

49ALAQ SBPN{OUT ‘udALUQ 4030 433soog AeudS 840) 9°[pZ T T1 °S9ILAI3S Agpuels 1-v 2 1- 11 NOILJIYDS3Ia

LNINGINDI HO WALl

juawdinbj
ebnyiuaud) Z°1°11 :norwdasans sdund  1°11 INOILD3S UdALAQ TT  :M3ldVHO

421



ANSI/IEEE

Std 500-1984

P&V

RELIABILITY DATA FOR PUMPS AND DRIVERS,

14wy AUQ = I|2A) SUQ xx

0°'T1 j4el5 03 s|tey
€39°1 JIHdOYLSLYD
61 0°11 61 €39°1 S3A0W 1Y
434 HOIH J3d MO 434 HOIH 234 MO 434 HOIH J3y MO
SITOAD 0L/SIUNTIVY SHNOH O0L/S3ENMIVd
X% € 9
(SHNOH)

3HO04S3Y (§) HO IWIL HIVdIY (4)

301AH3S 40 1NO (,)

31VvYH NIV

300W 38nTIvd

UA LIQ

4070)y “YHY ‘uoL3dafu] adnssadd M0 9°T°p 2 T °IT ¢Sadtaaas Agpuei§

L0 2F2N AR A

NOILdI1¥3$30
1NINGINDI YO WILI

(ebnyiaguay z- 111

‘NOILOISANS

sdung 111 :NOILO3S

juawdinb3
UsAtdg TT  :y3advHI

422



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°6e 06°1 0 IN3IdIONI
0°62 06°1 0 30vy4930
0°¢S 0°L1 0°¢ 14B3S 03 S[tey
0°€S 0°L1 0°¢ JIHJOYLSYLYD

L1 0t 0S°€ [+ 0°¢ L1 0°€01 8°02 0°¢ S300W 1Y

434 HOIR o3y Mo 434 HOIH J3y Mo 334 HOIH o3y Mol
wwqu>omo—\mux3£<m m..._:o:oo_\mmz:.:(u

{SHNOH)
3401534 (§) HO 3IWIL HIVd3Y (})
3JIAY3S 40 1NO ()
31vH 3UNTIVY 300N 3YNTIVY
43ALAQ SBPN DUl ‘UBALAQ 4030 ‘43SURL] |ANJ |BS3LQ 9 TP 2 T 1T °S3dLA43S Aqpuels 1§ °2°1°11 NOILAIYISIa

LN3W4IND3 HO WILI

juswdinby
tebnyLajua) Z°1°11 :NoiLo3sans sdung 1°11 ‘NOILO3S UBALUQ  TT  :¥3LdVHD

423



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°081 0021 0°0L IN3II4IONI
0°9¢ 6°1 0 03avy93a
0°0¢ £°8 £v°0 343§ 03 S|ie4
00V €8 £v°0 JTHAOYLSYLYD
{1 0°08¢ 078 |+ 0O A 0°6¥¢ 0°0€T| OV°0L S300W 1V
43y HOIH 03y MO1 [43¥ | HOIH 03y Mol 434 HOIH o3y MO
wmqu>umo:mmz3_<u mz:o:wo-\mmz:._Eu
{SYNOH)
3Y0L53Y (§) HO IWIL HIVdIY (4)
301AY3S 40 1NO (,)
31vH 34NTIVY 300W 38NTIV4
JBALUQ SSPN{OU] UBALUQ 030K UOL}IALU] £1338S 9 T v 2 T°T1 °S8ILAUIS Aqpueis T'p°2°1°11 NOILdI¥OS3a

AN3INdIND3 YO WLl

Std 500-1984

ANSI/IEEE
P&V

juawdinby
lebnjtugua) zZ°1°IT :NOILD3SENS sdung T°11 INOILO3S UdALAQ T ‘YILAVHO

424



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0-0ge 0°2% 0L°2 AIN3IdIONI
0°0v1 0°21 0 03avy¥930
0°0¢£e 0°2§ 0L°2 J4e3S 03 S|ley
0°0¢€2 0°2% 0L°2 JIHdOY¥LSYLYD

L1 091 |4 L1 0°009 091§ Op°s S300W 1V

434 HOIH o34 MO 434 HOIH 23y Mo 434 HOIH o3y MO
SITDAD mc—\mwcnazu wxDOIoo—\wwID._zu_

(SYNOH)
380153 (§) HO IWIL YIVdIY (})
3I0IAY3S 40 1NO(,)
31V 3uNvy JAOW JUNTIVd
43AL4Q SapN|ou] NOILdI¥IS3a

UBALUQ 4030y (AeudS judwuleluo)) “juej uoLyLppy LBOLWBY] G T ¢ 2 T 11 °SadtA43dS Aqpuels 1°¢-2°1°11 LNIWDIND3 HO WaLI

juawdinbj
lebnjajusy 2 1°11  :NOILD3SENS sdung 111 NOLLO3S USAL4g TT  ‘¥3LdVHO

426



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°0¢1 0°92 0" IN3I4JIONI
0°SL 06°S 0 030vy93Q
0°S¢L 06°6 0 j4e3S 03 s(Ley
0°SL 06§ 0 J1Hd0YLSYLY)

L1 0°09 [+ LT 0°0L2]| 08°(LE 0E"1 S300W 1Y

434 HOIH o3 MO1 |43y HOIH BET] Mol 434 HOIH 034 MO

S3I1JAD mo:wwz:.:ﬁ_ wmooz@o:mmaa.__i
(SHNOH)
3HOLS3H (§) HO IWIL HIVd3H (})
3DIAH3S 40 1NO (,)
31vY 38NVl 3a0W 34NV

J9ALAQ SOPN[JU] UdALJQ 400K AeudS youand Q- T p 2 I°TT °©S321A43S Agpueis T[°'¢°2°1°11 NOILINS30

LN3IWJINDI HO W3ll

Std 500-1984

ANSI/IEEE
P&V

juawdinb3
[ebnytajud) Z-1°11 :NoILO3SENS sdung T°11 :NOILD3S UALUQ 1T :¥3LdVHD

426



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

068 0°81 26°0 IN3IdIONI
0°€s T 0 030v¥930
0°68 0°81 26°0 34e3S 03 Syie4
0°58 0°81 26°0 JIHdOYLSY1VD

{1 0°€22 1°0t $8°1 S300W 1Y

434 HOIH o3y Mo 434 HOIH o3y MO 434 HOIH o3y MO
S$3710AD mo__\wwxa..__<u mKDOImo—\mme.:<u
(SHNOH)

3HOLS3H (§) HO INIL HIVdIY (})
3DIAH3S 40 LNO (,)

31vY 3HNNIv4d

3JA0OW 3¥NTIVS

43ALIQ SIPN(DU] UIALAQ JOJOW ‘IDSUBL [10 BGMT 912 {11 *501A4ag AQPUEIS IR AR RN

NOILdIHOS3a
AN3NWJIND3I HO W3LI

tebnyiaquany ze1°q1

‘NOLLI3sENsS

sdung

"1

‘NOILLD3S

juswdinby
U3ALAQ 1  ‘H3LdVHO

427



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°€2 0/°1 0 LINITdIONI
0°9¢ 087/ 6€°0 Q3avy¥930
0°€e 0L°1 0 34R3S 03 sitey
0°€e 0L°1 0 JIHdOYLSYLY)

(1 0°¢8 0211 6€°0 S300W 1Y

434 HOIH o3d Mol 434 HOIH o3y Mo1 434 HOIH o3y Mo
mw40>omc—\ww¢34_<u wc:OIwo—\wmr_Da_(m
(SHNOH)
3HOLS3Y (§) HO IWIL HIVdIY (})
30IAH3S 30 1NO ()
31VvYH NIV 3QOW 38NTIv4d
43AL4Q SBPN|DUL UIALJUQ BuULQUN} D40) 4030e3Y JIJY Bui|00) 9 [ p 2 T 11 “S3JLA43S Agpueis “T1°v 2 '1°11 NOILdI¥0S3a

A1NIWLIND3I HO WALI

Std 500-1984

ANSI/IEEE
P&V

juawdinby
lebnytajua) 2-1°11 :NOILD3SEANS sdung 1°11 INOILO3S USALAQ T ‘HILJVHOD

428



ANSY/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

6°Y 0'1 S0°0 LIN3IdIONI

0°8¢ ¥2°0 0 34e3S 03 S{tey

08¢ ¥2°0 0 JIHAOALSYLYD

L1 0°608| 8¥°1 S0°0 S3A0W 1V

434 HOIH o3y MO1 33" | HOIH o3y MO 434 HOIH L] Mo
S310AD0L/S3HNTIVS mm:o:oo:wmm:.__ﬁ.
(SHNOH)
3HOLS3Y (§) HO IWIL YIVAIH {})
3DIAH3S 40 LNO (,)
31vH 3UNTIVL 3QOW 34NTIVS

JBALAQ SIPN{OU] UBALUQ 4030 dwng 4B4SURA] 9T pZ T IT “S9ILAUIS Agpuels Ty 2 111 NOI1d41¥0S3a

AIN3IWdIND3 HO WLl

juawdinb]
tebnyia3us) zZ°1°11 :NoILD3saNns sdung 1711 *NOILO3S usaltdg 1T :Y3idvHD

429



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°€9 0°8¢ INITJIONI
07001 0°69 G3avy934
0Ty 0°1¢ 34835 03 spied
0" 0°1e JTHJOYLSY 1Y)
L1 07902 07821 SI00W 1V
434 | HOMH bEL] MO1 |d43d | HOIH 03y 43y Mol
S310AD, 01/SIUNUVS SHNOH _0L/S38NIV4
(SUNOH)

340153Y (8) HO IWIL HIVAIH (4)

331AH3S 40 LNO ()

3LVH IHNTIVY

300w 3YNTIV3

TR SOpJuT

UIKTI XOTON JOTeR 90TAISS 9 1V ¢ 1 11 S9JLAASS AQ

v eIl

NOILdI¥OS30
1N3IWJIND3 YO WLl

Std 500-1984

ANSI/IEEE
P&V

(eBnyiuguay Z° 1711

*NOILO3saNs

sdung

*NOILD3S

judwdinby
UaALAQ 1T :y3idvHO

430



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

0°0£2| 0091 0°00T IN3TAIONI
0°0¥ £°8 £6°0 03av4930
0°9L 0°€€ 0°11 J4R3S 03 s|tey
0°9¢ 0°ge 011 JIHAONLSY 1Y)

[ 0°1es} 0726 |+ 02 |1 ]| o'9ve| o°102] 0211 $300W 1Y

434 HOIH J3u MO 434 HOIH 3y MO 434 HOIH 33y MO
S310AD mo—\mwxD.:(u_ mm:Otoo—\mwm34_<u

(SHNOH)
JHOLS3H (§) WO INLL HIVd3H )
301AH3S 3O LNO(,)
3LVH 38NIvy 300W 34NTIVY
49ALQ S3PN|JUT UBALAQ 4030W Bulbaey) 9 T'p Z 11T ‘SedtAdss Aqpuels vz 1 11 NOILAINOS30

AN3WdIND3I YO W3LI

juaudinby
1ebnytugua) zZ°1°11 :nolLO3sENS sdung  1°11 :NOILO3S UBALUQ T :H3ILdVHD

431



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°642 0°9% 0 £€3°¢ 0°991 0 IN3IIdION]
0°0ov1} €0°¢ 0 €3v°1 ¥ve 0 @30v4930
ot 18 16°¢ 0 34R3S 03 Stte4
086 2°v2 0 Butuuny aiym s|tey
op°18 16°¢ 0 086 e 0 JIHdOYLSY1VI
0°199f Sv°1b 01 0°00§ 6°2S 0 €38E Y 0°S1¢ 0 S3A0W 1V
434 | HOIH 03y MOT |438 | HOH 03y MO 434 | HOIH 03y (%]
S3T0AD 0L/SIUNTIVA SHNOH oo:wmz:.__ﬁ.
(SYNOH) .
3401534 (§) YO IWIL Yivd3d (})
3DIAH3S 40 10O (,)
- 31vY 38NTIV4 300W 38N1IV4
=R i
mw X292 T T1 *‘S99tAdas buijeuadrly 292 1°11 NOILdIHOS3a
=8 LN3IWJIND3 HO WALl
m et M juaudinby
<N Ay tebnyiajudy 2 T°11 :NnO1LD3SANS sdungd 1711 :NOILO3S USALUQ TT  :¥3LdVHO

(8°2°%"2"1°11 ybnouyy 1°2°p°2 1°11 40 331s0duwo))

432



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

931sodwo) ay3 ui papn(du] joN :3joN

LAl 0°02 14e3S ® uaALlg d3eJadg JON S30Q

0°6 uny 031 8nuLIU0) JON SB0Q

1A 0t uoLIdun4 40 $SO7

vt 050 34R1S 0N S30(Q

434 HOIH 03y MOT | 438 [ HOIH o3y Mol 434 HOIH 034 MO
wmdo>umo:mwz:4_<u mz:oImo:wm=34_<u
(SYNOH)
3401S3H (§) HO IWLL HIV4IY (})
301AH3S 30 1NO (,)
31vy 38NTIv4 300N 3¥NTIVY
J9ATIF SOpNOUT  ~USA T v J A
LIq SopnouT 140 030N TISTAJISS BUTIRUISTIY ¢ %2 1 11 NOILJIHISIq
AN3IWAIND3I YO WILI
judwdinby

(BBN31U3) 2 T 1T yey 53sans sdung 111 :NOILO3S UBAL4G TT  :y3idwmo

433



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°0¢1 0°'vy 9°02 0°0S¢ 0901 9°9¢
0792 e 110 1°€S 9°9 €2°0
0791 2Ll 0

6°19 €9 0
091 Ll 0 6°19 €9 0

0°e91 9°8Y £°0¢ | L1 0°59¢ 0°'811 89

INIIdIONI
030v¥930
14835 03 S|tey
Butuuny 3| tym s|ted
JIHJOY¥LSY 1Y)
S300W 11V

434 HOIH o3y Mo 33y HOIH o3y Mo 434 HOIH O34 MO

wwn_o>omo—\ww¢3.:<u. mzbozoo—\wwxsqzm

{SYNOH)
34OLS3H (§) HO INIL YIVd3Y (4)
301AH3S 40 1NO{,)

EIRA LRIV E]

IA0W 3NV

EW a33eyM Bui|oo) mey T-Z°p g T TT 99LAJ3S buljeusdlly z°p°2'1°11 NOIL4I¥ISIa

m m AN3WJIND3I HO WALl

W.D ) juawdinby

M ) w tebnyiajud) Z°1°11 :NoiLD3SENS sdund 1711 INOILD3S UBALAG TT  :¥3LdVHD
R

(L1 494 40 311s0dwo))



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°9¢t 0°T¢ 0°61 0011 0°0¢ 0°tP INITdIINI
1°6 6°1 01°0 012 13 4 12°0 a3avy93a
0°sT 8°§ 9°1 34R1S 03 S|Py
0°49 0°41 9°¢ Butuuny a|ym s|tey
0°61 8°§ 9°1 0°L9 0741 9°¢ JIHJOYLSYLYD
L1 1°0L (8¢ £°02 | L1 0°861 £€°16 89 S300W 1Y
434 | HOIH o3d MO1 {438 | HOIH o3y Mo 434 | HOIH o3y Mol
$31040.01/S3UNIV4 SHNOH,, 01/S3UNTIV3
(SHNOR)
3HOLS3Y (§) HO INIL YIVAIY (})
3D01AH3S 40 1NO (,)
31vH 38NV 300W 3¥NIV4
JSRTIQ SSpTIUT " USATI] J0T0N JSTON BUT[00) APy 12 7 2 1 11 "921A3s BUlIeuasTy 25 2 T 11 NOILJINIS30
LN3WdIND3 HO WaLI
Juswdinby
1eBny113U3) 2 T° 11 .ygy10asens sdung  T°11 :NOILO3S UBALIQ  TT  :y3sdvhH

435



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°021 09, 0°9% 0°0L2 0°0L1 0°001 INITJIONI
0°92 £°g 82°0 0°89 021 £€9°0 Q30vy930

091 ¢°1 0 34035 03 sjley

0°L€ 82 0 Butuuny aiLym sytey
0°91 21 0 0°L€ 8°¢ 0 JTHdOYLSYLYD
LT 0°291 G°28 €9 | L1 0°99¢ 0681 0°101 S30A0W 1Y

434 | HOMH 23y Mo |434 | HOIK 034 MO 434 | HOIH 03y MO
SI1DAD L01/S3UNTIVS SHNOH oo:wsz_E
(SBNOH)
340.S3Y (§) HO IWIL HIVdIY ({)
301AH3S 40 1NO (,)
31lvH 38NV 3AOW 34NTIVY

J3ALAQ SAPN{JU] “UBALUQ 400K 481BM Bui|00) MY T2 p 2 T T °90LA43S bULIPUIDIY 2P 2 1 1T NOILdINOS3a

LN3WdIND3 4O WALl

Std 500-1984

ANSI/IEEE
P&V

juawdinbjy
te6nytaaudy 2 1°11 :noiroasens sdund 111 INOILO3S UBALAG  TT  :y31dvHD

436



ANSYI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°021 AV 0€°1 0°029 0°1€2] 28°9 IN3IdIONI
0°9¢ 8¢ 0 06¢€ 0°6p 0 a3avy93a
0°SL S'b 0 34015 03 S{ie4
06€| 1 0 Butuuny a1 1um sptey
0°6¢ Sy 0 06¢€ /AR 0 JIHJOYLSY LYD
(1 0°00¢ (1 0°0L2 £°G2 0€°1 LT | €30°T S 11E 89 S300W 1Y
434 HOIH 03 MO1 | 43u HOIH 03 Mol 434 HOIH 03y Mol
$310A0,0L/S3HNIIVA SHNOH 401/53¥N71Vd
(SHNOH)
340153 (§) HO IWIL HIVd3dY (§)
IDIAHIS 40 1NO(,)
31VH 38N1IV4 3Q0W 3HNTIVY
LBAOWSY 3@3H [BNPLS3Y 22 p 2 T°T1 *@dLA4dS bBuljeudally zZ-p-2°'1°11 NOILdI¥IS30
LN3WJIND3 HO Wall
juawdtinby
tebnyta3ua) z2°1°11 :NoiLD3sans sdund 1°11 ‘NOILO3S USALAQ 1T  :¥aLdVHD

(L1 334 40 331sodwoy)

437



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°6¢ €6 L1 0°0ct 0°0€T 0°tve INITHIINI
0'vt "1 0 0002 0°S1 0 d30vy¥93a
0°v1 11 0 34e3s 03 s(tey
0-01¢ 0°99 Ve Buiuuny aLum sitLey
0°v1 't 0 0-01€ 0°99 e JIHJO¥LSYLYD
1 074§ S 11 L1 L1 0°0¢6 0°11¢ vl S300W 1V
434 HOIH 33y MO 434 HOIH o3y MO 434 HOH O34 Mo
ww._o>0mo—\mm¢34_<u mmDOIeo—\mwxb.:(u
(SYNOH)
3¥O01S3Y (§) HO IWIL HIVA3Y ({)
301AY3S 30 LNO (,)
JLvH IHNTIVL 30OW 34NIvd

J3ATAQ SOPN|JU] TUIALIQ 400K ‘ [RAOWSY 3JCOH [BNPLS3Y Z'¢ ¥ ¢ 1 Il -@0LA43S DULIRUIBIY 2'b'2 111 NOILAINOS3T

LN3WdIND3 4O W3l

Std 500-1984

ANSI/IEEE
P&V

juauwdinby
1e6ny1a3u9)  Z2°1°1T :noILD3sENS sdung  T°11 INOILD3S uaatdg 1T :y3idvHO

438



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°0ET 0°001 0°9, 0°005 0°06¢ 0°00¢ IN3I4IONI
0°vg 0°12 0°11 0°0v1 0°¢8 0ty 030vy930
0°St Ly £8°0 34e3$ 03 S|Ley
0°0L 012 ' Buruuny a(tym sytey
0°S1 L'y £8°0 0°0L 0°L2 vL JIHdOY1SY 1Y)
LT 07641 0°921 8°(8 | L1 0°0TL 0°66¥ 0°15¢€ S3IA0W 1TV
434 HOIH o3y Mol | d43d HOIH 03y Mol 434 HOIH 03y Mo
SITOAD01/S3UNTIVA SUNOH g01/S3UNIV
(SUNOH)
IHOLSIH (§) HO INIL HIV4IY ()
301AY3S 40 LNO(,)
3A1vH 3¥NIV4 300W 38NTIVd
43ALJQ SOPN[IU] “UDALAQ JOJOW ‘4DIBM BDLAUDS YHY 2°2°b 2 T'T1 °9OLAAdS BULIRUIBILY Z v 2 1'11 NOILdI42S3

. LN3IWJIND3 HO WALI

juswdinby
lebnyra3ua) 2°1°11 :Noiwo3ssns sdund 1711 INOLLO3S UaALJg TT  :¥3LdVHD

439



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°92 05 €1 €9 0°01¢ 0°0L1 0°8L AINIIdIONI
021 6°¢ 69°0 0°051 0°8p §'8 030vy930
021 6°€ 69°0 34R3§ 03 S(Ley
0011 0°'¥e 2°1 buluuny 3| Lym sitey
0721 6°¢ 69°0 0°'0TT 0°¥e 21 JIHOULSYLV)
(1 0°0S £°12 89/ JA S 0°0L5 0°2¥e L°L8 S300W 1Y
434 HOIH J3y MO J34 HOIH o3y MO 434 HOIH o3y MO
wm40>0mop\mwx3.=<n_ mEDOIoo_\wNKDJ.JE
(SYNOH)
3Y0LS3Y (§) HO IWIL YIVd3Y (4)
301ANH3S 3041N0(,)
EIREEEDRIVE] 300N IHNTIV4
JOALA] SOPNLJU] FUSALJQ 4030 © [BAOWDY 183H LBNPLSAY Z2°Z2 v ¢ L 11 ‘921A43S buljeuddlly z2'¢°2°1°11 NOIL4INS3a

ANINJIND3 8O WALl

Std 500-1984

ANSI/IEEE
P&V

Juawdinb3
(ebnyia3us) 2 1°T1 :noiLO3sENS sdung  1°T1 :NOILO3S UBALAQ  TT  :¥3LAVHO

440



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°021 0°9¢ 0g°1 0°029 0°0¢£1 89 IN3IQIONI
* 0°'6L 6°G 0 0°06¢ 0-0¢ 0 03avy93d
0°6¢ 6°S 0 34e3S 03 S(LB4
0°06€ 0°0¢ 0 Butuuny aLum s(iey
0°6¢L 6°G 0 0°06€ 0-0¢ 0 JIHJOYLSYLYD
L1 0002 |+ L1 0°0L2 8°LE 0e°1 LT ) €39°T 0°061| 089 S3Q0W TV
434 | HOHH 03y MO |d434 | HOIH 034 Mo 438 | HOIH 03y MO
$310A30L/S3HNTVS SHNOH 401/53¥NTIV4
(SYNOH)
3H0LS3Y (§) YO IWIL HIVd3Y (4)
301AY3S 40 1N0 (.}
31vYH 38N71V4 300W 38NTIVS
J3ALAQ SBPN(OU] ‘USALUQ 400K ©(BAOWRY 1BIY |BNPLSAY 2°2°H 2 T° 1T 92tA4ds Burieusasly z'9°2°1°11 NOILdI¥IS3a

LNIWEIND3I HO WALl

juawdinby
lebnjtaqua) Z°1°1T :NOILD3SENS sdung  T1°11 :NOILD3S USALAQ [T  ‘H3LdVHO

441



RELIABILITY DATA FOR PUMPS AND DRIVERS,

8°68 ¥ °68 1°82 0°ov1 0°¢8 0°ty INITJIONI
07681 €1°L £0°0 0°0TY 0°01€ 0-0€2 030vy93Q
9°6¢ oy °01 G20 34035 03 S|Ley
0°1L 0tz | 0s°¢ Butuuny aLum sitey
9°62 0oy -0t G2 0 0°1L 0742 05°¢ JIHJOYLSYLYD
L1 0°80¢ 0°L01 v'82 | L1 0°129 0°6T 0°18¢ S300W 1Y
434 ] HOIH Y] MO1 |d43H | HOIH 03y Mo 434 | HOIH 03y MO
$31DAD 0L/SIUNTIVS SHNOH §01/S3UNTIV4
(SHNOH)
340LS3Y (§) HO IWIL HIVAIY (1)
301AH3S 40 1NO (,)
31VH 38NTIVY 3Q0W 38NTIVS
2
=2 3AL4Q POY [043U0) €72 % 2 T TT ‘3LAU3S buljeusdlly Z27¢72 1711 NOILdINDS3a
2] w AN3IWIIND3I YO WaLI
—D
m = M . juaudinb3
<hn tebnytaud) Z°1°1T :NolLD3SENS sdung 1°11 *NOILO3S USALAQ TT  :H3LdVHOD

(L1 43y 30 331sodwo))

442



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°001 0°99 0°82 INITAIINI
0°1e 9°17 0 a30v4930
0°€€ 6°9 9€ 0 jJelg 03 Ss|iey
0°ee 69 9€°0 JIHdOYLSYLYD

L1 0°%ST{ 0S°v9 0 '82 S300W 1TV

438 | HOMH 034 MO1 [43¥ | HOIH 03 MO 438 | HOIH 03y Mo
S310AD . 01/S3UNVY wx:ozmotmmma.:ﬁ
(SYNOH)

3Y0LS3Y (§) HO IWIL HIVd3Y (})
301AH3S 30 1NO (,)

. JeRUAy Sepmour

31vH 3¥NTivd

3Q0NW 3YNTIvd

*UIRTIT JOTOR ~SATI POY (047007 €275 2 T 11

T93LAJaS DUljeud

Y HCTTIT NOILdI¥IS3a
LN3WdIND3 HO WILI

Lebnjtajuay z2-1°11

*NOILO3SaNS

sdung T°T1 :NOILO3S

juswdinbl
USALAQ  TT  :y3idvHD



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°6¢ 0°ey 022 0°ovt 0°28 0°¢P IN3IdIONI
0°012 0°091 0°021 0°01Y 0°01E 0°0€2 g3avy93a

0°€e 8P 52°0 34e35 03 S[ley

0°'TL 0°¢L2 05°¢ Butuuny atym s|tey
0°¢e 8°Y §2°0 0L 0°¢L2 §°¢ JIHdOYLSY 1Y)
LT 0°80¢ 0°80¢ 0°ev1| L1 0°129 0°6TY 0°182 S300W 1Y

434 HOIR o3y MO1 | 339 HOIH 03y Mo 33y HOIH 03y MO
S310AD mo_\mmzad_i SHNOH oo:mmm:ﬁﬁ
(SHNOH)
3404534 (§) HO IWILL HIV4IY ()
3DIAH3S 40 1NO ()
EIVEERT R 3QOW 34NTIVd

ASALI] SSPNTIUT “USATIT J0T0W ~SATIY POg [0X3U0) € ¢ v ¢ 1 1T "93[AI3S BUTTCULSTIY 27 vOT T NOILdINIS3a
AN3WdIND3I HO WaLI

Std 500-1984

ANSI/IEEE
P&V

juawdinby
tebnyiaiuay z 111 :NOILOISENS sdung 1°11 :NOILO3S UALIQ T :y314vHD



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

£°06 8°62 0 0°68¢ 0°201 0 IN3TdIINI
8°9¢ 18°¢ 0 0°99T 9°¢1 0 (3avy93a
08°9¢ 18°¢ 0 J4elg 03 S|ley
0°ssT| 9°¢L¢ 0 Butuuny atym syiey
08°9¢ 18°¢ 0 0°991 9°LE 0 JIHdOY1SY1VD
L1 0°821 Ov1 |+ O°¢ L1 0991 G L€ 0 L1 0°669 0°esT 0 S300W 1Y
434 | HOIH 03y MO |d43" | HOH 034 Mo 434 | HOMH 034 Mo
31040 01/S3UNTIV SUNOH ,01/S3¥NTIV4
(SHNOH)
3401534 (§) WO IWIL HIVd3H (4)
301AH3S 40 1NO ()
31vd 38NTIVd 300w 38NTIVY
497eM BulL|009) quauodwo) e Z 2 T TT “901A435 Butjeusdily z'¢°2°1°11 NOILdI¥OS3Q
LIN3IWJIND3I 4O W3LI
juawdinbjl
|ebnyiajuay zZ°1°IT :NOILD3SENS sdung T1°11 :NOILD3S UdALAQ [ ‘HILdVHO

(L1 43y 40 33tsodwo))

445



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°0¢T 0°¢8 0°18 0°0¢§ 0°0vE 0°01¢
0Lt €1 0 0°99 2°S 0
0°L1 €1 0

0°011 0°€2 2’1

IN3IdIONI
03avy930
}4elS 03 s|iey

Butuuny aj1ym siiey

Std 500-1984

ANSI/IEEE
P&V

0°L1 €1 0 0°0TI1 0°€ec 2 JIHdOYLSYLYD
{1 0°8¢1 01 {1 0°%91 0°98 0°1S | (1 0°569 0°89¢ 0°11e S3A0W 1Y
434 HOIH J3d 434 HOIH o3y Mo 334 HOIH o3y MmO
wm40>om 01/s3uNTIva SHNOH mo—\mwxb.:(u
{SYNOH)

3YOLS3Y (§) HO IWLL HIV4IY (})
¥ 3JIA¥3IS 40 1NO (,)

31VH 34NNV

300N 3¥NTIVvd

J3ATAQ Sapn[OU] 'USALUQ 400K ‘J433eM BUL[00) Fuduodwo) -2 p -2 1 11

‘801AU3S buljeUUBIlY 27972111 NOILdI¥IS3a

LN3IWdIND3 WO W3aLl

tebnyragua) z-1°11

INOILO3SENS sdund  1°11 INOILD3S

juswdinbjl
USALAQ  TT  :M3LdVHD



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°€s 06°¢ 0 0°01¢ 0°91 0 IN3IdIONI
0°€9 06°¢ 0 0°012 0°91 0 Q3avy93a

0°€s 6°¢ 0 34015 03 Syley

0°01¢ 091 0 }Je3S 03 sqtey
0°€s 6°¢ 0 0012 0°91 0 JIHJOYLSY1VD
A 0°6ST L1t 0 L1 0°0€9 08t 0 S300W 1V

434 HOIH 234 MO1  [d43d ] HOIH 03y Mo 434 HOIH o3d Mo
mu._o>omo:wmx3_<n_ SHNOH mo_\wwx:.:«i
(SHNOH)

3HOLS3IH (§) HO IWIL ¥IVd3H (§)

301AH3S 40 1NO (,)

T JonTay SOpNIUl USATH

31vH 34NV

3QOW 3YNMIvd

q JOTORISTeR BUTTO0T TUSUOtWO0) 52 % ¢ 1 1T "9J1AIsS BUTTeT:

SR A G4 NOILJI¥OS3a

AN3IWGIND3 HO W31

ebngrazuay z-1°11

‘NOILO3S8NS

sdung  1°71

‘NOLLO3S

juawdinb3

UsALAd  TT  :y3i4vHD

447



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°091 8°L9 0°¢e 0°09¢ 0721 0°6¢ IN3IHIINI
0°¢6 2762 08°¢ 0°01¢ 8 by 0Z°'t Q3av¥930
0°2s 8L°2 900 14e3S 03 S{Le4
0°01E| 8°TS L6 Butuuny atym siiey
0°29 8L°¢ 90°0 0°01¢ 8°1% L6 JIHdOYLSY1VD
o..Hmw 0t {4 01 0°v0E|[ 0L°G6 6°G2 0°088 0°82¢ 6°2S S300W 1Y
43y HOIH 234 MO |33" | HOIH ] MO 434 HOIH o3y Mo
S310AD40L/S3UNTIVA SHNOH oo:mmm_...__ﬁ
(SHNOH)
340LS3Y (§) HO IWLL HIVd3Y ()
3D1AH3S 40 LNO(,)
31vH 38N71IV3 300W 3HNTIVY
<
2% 431BM ADLAUAS GZTp 2 T 11 “8J1A48S BULIRudIly 2 b2 1°11 NOILdI¥OS3a
& m AN3W4IND3 YO WaLl
- D
de juawdinby
M&P ‘tebnyia3udy  Z2° 1711 :noiLo3sEns sdung 11T NOILD3S UBALID  TT  :y31dVHD

(L1 43y 30 93tsodwo))



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°091| 0°69 0z 0°09¢| 0°091] 0°vS INIIdIINI
0°26 0'se | 0z°9 0°012| 0°6¢L 0°v1 03avy9340
025 6°€ 0 34835 01 S|tey
0-01€| o0°021| o0°€s Butuuny ajtymM siey
0°2§ 6°¢€ 0 0°01€| 0°021| O0°€E JIHAOYLSY 1Y)
L1 085 octl+ o0y | /1 0°v0e| o0°so0t| z-og | /1 0°088] 0°65€| 0°101 S300W 17V
434 HOIH EL] MO 434 HOIH o3y MO 434 HOIH o3y MO
S31DAD motmwx:.:<u SHNOH oo—\wwx:._:\u
(SHNOH)

3¥OLS3Y (§) YO IWIL HIvd3H (})

301AH3S 30 1NO0 {,)

31vd 3¥NTIVL

300N 34NV

JBALIJ S3PN|JU] TUSALAQ 40I0W ‘43BN BDOLAUDS G Z2v 2 T 11l

‘9d1aa3g butjeusdily Zy 21Tl

NO!1d1¥OS3a
AINIWAIND3 YO WLl

ebnyraguay z:1°11

INOILD3SaNS

sdung T°11 INOILO3S

juawdinbyl
USALAQ  TT  :¥3aLdVHO

449



RELIABILITY DATA FOR PUMPS AND DRIVERS,

016 0°6Y 0°'€2 0°091 0°'€8 0°6¢ LIN3IdIONI
0°'vb 0°v1 062 0°SL | 0°ve 0z'v a3avy93a

0°¢E 6°9 9€°0 JJ4e3S 03 SpLey

0°26 (1} L6 Butuuny a|tym sqtey
0°€€ 6°9 9¢ "0 0°26 0°8v L6 JIHJO¥LSY 1Y)
L1 0°891 6°69 6°62 | LT 0°L2¢ 0°6S1 6°29 S300W 1Y

434 | HOIH o34 Mol |338 | HOIH o34 MO 434 | HOWH 03y Mol
SI10ADO0L/SIHNTIV SHNOH §01/S3UNTIV4
(SUNOH)
3JHOLSIY (§) HO IWIL HIVJIY (4)
301AH3S 40 1NO (,)
31vH 3UNTIVY 3Q0W 34NTIvd

A3ALAQ Sopn|douUf .cw>.—LD A030W .Lmumz 3ILAUIS m.N.e.N.ﬁ.HH .wu.—>me m::m.:.hwu:\ P2 AV AR RS R NOILdI¥IS3C

LNIWAINO3I YO WaLI

Std 500-1984

ANSI/IEEE
P&V

juawdinby
lebnyiaua) Z°1°1T :NOILD3SENS sdung T1°11 NOILO3S USALAQ TT  H3LdVHD

450



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°0€t 0°68 '0°6S 0°0t€ 0°002 0°0¢1 LIN3IdIINI
0°99 0°€€ 0°S1 0°0S1 0°9¢ 0°€ce d43avy93a

041 €1 0 34e3S 03 s|iey

0°86 0°8¢ 0°01 Butuuny aLtym s|tey
0°L1 €1 0 0°86 0°8¢ 0°01 JIHJO¥1SYLY)
(1 0°199 0'v¢ |4 O°1 {1 0°€T1e 0-eet 0'0L | L1 0°8S§ 0°p1E 0°€L1 S300W 1V

434 HOIH I3y Mo 434 HOIH o34 Mo 434 HOIH J3d Mol
ww._0>omo—\wwx34_<u SYNOH mop\mwcnq.eﬂ
{SYNOH)
3404534 (§) HO IWIL HIV4IY (4)
3J1AY3S 40 1NO (,)
31vy 3YNiivd 3QONW 3uNTIVd

42AL4Q SIPN[IUT UBALAQ 40I0N ‘4BJBM BDILAUBS G'Z°p 2T IT ‘*@d1A4as Buijeussrly 2°p 2 1°11 NOILdI¥OS30

1N3WdIND3 HO W3l

juawdinby
ebnyLaud) 2°1°11 :NoILO3SENS sdung 111 *NOILD3S USALAQ TT  :¥3ldVHD

451



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std '500-1984

ANSI/IEEE
P&V

0°LLE 0°t91 0°L€ 0218 0°149 0°86 LINIIJIONI
0°89 G°'ST 0 S°0L1 0°¢s 06t 030vy93Q
0°6e 222 0 348315 031 s{te4
0°825| 8°11 0°6t Butuuny a|tym siey
052 222 0 082§ 8°11 0°6% JIHJOYLSY1YD
L1 0°0S1 6.2 |4 0°1 L1 0°0LY 0281 0°L8 | L1 [€31S8°1 6°SEL 07961 S300W 1Y
33y HOIH o3y MO1 (438 | HOIH 034 [Ten] 434 HOIH 234 Mo
31040 (01/SIUNTIVS SHNOH 401/S3UNTIV4
(SHNOH) *
3401534 (§) HO IWIL HIV43Y (})
3DIAH3S 40 1NO (,)
31vH 38NTIvd 3Q0W 38NTIVd
uoL323fur uodog 92 p 2 T IT “3d1A43S Burjeuudrly z2°v-z2°1°11 NOILdI¥IS3A
ANIWNJIND3I HO WILI
juawdinby
tebnyiaguay 2:1°11  :NOLLO3SENS sdung T1°11 INOLLD3S USALAQ [T  ‘H3LJVHD

(L1 394 30 931sodwo))

452



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°08¢ 0°08¢ 0°012 €3°1 0°04¢ 0°08¢€ LINITJIONI
0°99 0°s¢ 89 0°081 0°89 061 030vy¥93a
0°62 6°1 0 34315 03 spley
89 2 0 butuuny 3(tym sytey
0°62 6°1 0 89 28 0 JIHdOYLSYLYD
L1 08t 0LT |4 0°1 L1 0°0LY 0°L0¢€ 07412 LT |€36¢°1 0°¢v8 0°66¢ S300W 1Y
334 HOIH 03y MmOl |43 HOIH 03y MON 434 HOIH o3y Mo
S310AD mo:mwm3_<u_ SHNOH oo:mmz:.:ﬁ.
(SHNOH)
3YOLSIY (§) HO IWIL HIVdIY (4)
3DIANH3S 40 LNO(,)
31VH 3HNTIVY 3Q0W 34NTIV4
J3ALUQ SIPN(DU] udALAQ 400 “UOLIIBLU] UOUOG 9°Z 2 T°I1 ‘9OLAIdS DULIRUIBILY 2B 2 111 NOILJIHIS3Ia

ALNINWJIND3 HO WaL!

juawdinby
1ebnytaqusy 2°1°11 :noiLoasans sdung  1°11 INOILD3S USALAQ  TT  :MaLdVHD

453



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0-021 0901 0°L€ 0°059 0062 0°86 INII4IINI
0°S¢ 6°S 0 0012 0°91 0 43av4¥93a
0°6¢L 6°S 0 34e]S 03 S|te4
0°0S9 0°062 0°86 Butuuny aitym sytey

0°SL 6°S 0 0°0%9 0°06¢2 0°86 JIHJOYLSY1YD

L1 0°08T| 0S°/2T{4 0°9 L1 0°0L¢ 0211 074 | LT |€31S8°1 0°666 0°961 S300W 1V

434 | HOIH 034 MO1 {434 | HOIH 03y Mol 434 | HOMH o3y Mol
31040 (OL/SUNTIVA SHNOH oo:mmx:,:«m

(SYNOH)
34O01S3Y (§) HO IWIL HIVd3Y (1)
3DIAY3S 40 1NO ()
31VH 3HNIVY 300W 38NTIVd

JOATAQ SepN[JU] 'USALAQ JOJOW ‘UOLIDA[U] UOJOg 9°2 p 2 1 11 <9OLAI3S DULIRUIBLILY 2 %2 1 11 NOILINIS30

LNIWdIND3I YO wWall

Std 500-1984

ANSI/IEEE
P&V

juawdinby
(ebnytajua) Z°1°11 :nol1o3sBNS sdung  T°11 INOWLO3S UBALAQ  TT  :¥3LdVHD

454



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

0°221 €62 0 0°11E 0°68 0 INIIJIONI
8°09 L9°6 0 0°091 0°ve 0 03avy93a
8709 9°b1 0 34e35 03 S| Loy
0°091 /2001 0 Butuuny 3Ly s|tey
8°09 941 0 0°091 ARNt 0 JIHdOYLSYLYD
0°8p 0°IT |4 O°T 0°tte S 6t 0 0°0¢9 0°vel 0 S3A0W 1V
434 HOIH 03y MO1 434 HOIH 03y MO 434 HOIH o3 Mol
SII0AD mo_\mwc:.:ﬁ SHNOH co:mwx:.:(u
{SYNOH)
3HOLS3Y (§) HO INIL HIVAIAY ()
3D1AH3S 40 1N0O (,)
3LVH IHNUVY 300w 3HNTIVY
Ad4Sued} PLIY J140g £°2°p 2 T 1T “@31A43S butieuddlly z2°v°2°1°11 NOILdIHIS3a
1IN3INGIND3I HO WALl
juawdinb3
tebnyiajua) z2°1°11  :Nowoasans sdund T°11 INOILO3S U3ALJG TT  ‘¥3LdVHD

(L1 32y 30 33150dwo))

455



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°6¢ 6°G 0 0'012 o0°91 0 IN3TdIONI
0°S¢L 6°G 0 0'012{ 0°91 0 03avy930

0°S¢L 6°G 0 14R3S 01 S|tey

0°012] 0°91 0 Butuuny a1ym syiey
0°S¢ 6°G 0 0°012| 0°91 0 JIHJOYLSY 1Y)
L1 0'szz| (41 0 | 1 0°0£9] 0°8p 0 S300W 1Y

434 HOIH 334 MO 434 HOIH o34 MO 434 HOIH 034 MO
SINDAD mo—\mwxan__<u_ SHNOH mc—\wwxa.._<u_
(SHNOH)
3401534 (§) HO IWIL HIVdIY )
301AH3S 10 1NO(,)
31VH 38NV 3Q0W 34NTIVd

JIALAQ SIPNIOUT “UBALUQ 00N 4dISURUL PLIY OL4Og £°Z'p 2 T°TL ‘93tAJds Butieusslly zpUzc1°I1 NOILdI40S3a

1N3WdIND3 BO W3ll

Std 500-1984

ANSI/IEEE
P&V

quaudinby
[ebnjtaquay 2°1°T1 :NOILO3SENS sdung T°11 *NOILO3S UBALUQ 1T ‘H3LJVHO

456



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°0ST| 0°26 0°1§ 0°0Tv| 0°-0s2| o0-op1 IN3I4IONI
0°0% 0°8 0v°0 0°0T1| 0°€2 01 @30v4930
0°€S 0°L1 0°'¢ 14835 0} s|iey
0°£9 0°g 0 Butuuny o Ltym syiey
0°¢€s 0°L1 0°¢ 049 0°S 0 JIHdOYLSYLYD
{1 08y 0°11 0°'1T | (1 oevz| o0°11] v°vs | L1 0°/85| 0°8/2] O0°Tb1 S300W 1V
434 HOIH o34 MO 434 HOIH 334 MO 434 HOIH o038 Mo
mm._o>umo:mmm3.:<u mm:OIoo:wme.:xI
{SHNOH)

3401S3Y (§) HO INLL HIV43Y (})

T JeATJg sepnouT U

301AY3S 40 1NO (,)

31vyd 34NV

3Q0W 34N1IVd

SKTAY JOTON ~JSJSUCI] POy o140g 7 ¢ v 2 1 11

“30LA49S BULIPU

SIlY VT 11 NOILdI¥IS3a
LNIWINO3 HO WALl

tebnyiazuay z-1°11

INOLLO3SENS

sdund T1°11

‘NOLLD3S

juawdinby
USALAG  TT  :yardvHO

457



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

ooez| 891 | o0z°¢ €372 608 091 IN3IIJION]
0°09T| 65°T 0 €30°1 10°L 0 a30vy930
0°0T1| 21°¢ 0 14835 03 S|tey
0°086| 96°V 0 BuLuuny 3| 1ym sitey
0°0TT} 21°¢ 0 0°086| 96° 0 JIHdOYLSYLYD
L1 v2€ L1 0°00S| 0§°1Z2 | 02°'¢ | /1 [e3s8e°v 0°¢6 0°91 S300W 1Y
434 HOIH 434 HOIH o3y Mol 434 HOMH o3y MO
mw._o>omo—\mmx3.:<u wx:Oxoo—\mmzz.:(u
3HOLS3Y (§) HO IWIL HIVd3Y (})
301AY3S JO LNO {,)
31vH 34NIivd 3GOW 34NTIVY
sdung SNO3UR||3SLW 82 2 [ I1 ‘9ILAJ3S DUIeUSBIlY Z2v'2 1'11 NOLLJINOS3Q
LAN3INWAIND3I HO WaLI
juawdiLnby
(ebnyiaaud) zZ°1°11 :nowoasans sdung T°11 INOILO3S USALUQ  TT  :43LdVHO

(L1 43y 30 a3tsodwoy)

458



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°0£2 0021 0°LS £€3°2 €371 0°01S LN3IdIONI
0°091 0°69 0°¥e ELARE 0°029 0°'012 030vd930
07011 0°6¢ 02°9 j4e35 03 S|Ley
0°086 0°01¢ 096 Buruuny aLtym s|te4
0°0T1 0°'G¢ 029 0°086 0°'01¢ 0°6S JIHdOULSYLYD
L1 0°p2¢ 8°09 |4 0°8 L1 0°00S 0°v2e 2°(8 | L1 €38y [€3E0°2 0°G4¢ S3Q0W 1V
434 | HOIH o34 MO1 |434 | HOIH 03y Mol 434 | HoH o3y Mol
$310AD.01/S3HNIVS SHNOH ;01/S3UNIV4
(SYNOH)

340.1S3Y (§) HO IWIL YIVd3IY (4)
3D1AY3S 30 1NO (,)

31vH 3uMiivd

3J00NW 3¥Nivd

43ALaQ Sapn|ou]

U3ALAQ 4030y ‘pedy ybip/buibuaey) 8-z p Z 1°11

€901A435 buLlRULdIlY Z2°'p'2°T°'1l

NOI141H3S30
LN3WdIND3 YO W3l

tebnyiaqua) z-1°11

*NOLLO3SENS

sdung 1°T11

*NOILO3S

juawdinby
UBALAQ 1T  :¥31dVHO

459



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°0¢ 0°ST L9 0021 0°¢9 042 IN3IIdIONI
021 9°¢ £€1°0 0°0S 0°11 ¥5°0 030vy930
L°¢ 86°0 0 34e]S 03 S[te4
0°2¢ vz 0 butuuny agiym s|tey
L7L 85°0 0 0°2¢ /A4 0 JIHAOYLSYLYD
{1 L76b 281 £€8°9 L1 0°202 ¥°9¢ 9°/2 S30OW 1V
43y HOIH o3y MmOl |d43" | HOIH o3d Mo 438 | HOM 03y Mo
$310A0 (O1/53HNIVA SHNOH g01/S36NTIV4
{SHUNOH)
34OLS3Y (§) HO INIL HIVAIY (3)
301AH3S 40 1NO (,)
31VH 34NTIVY 300N 3YNTIVd
43AL4Q SIPNIOUT ‘UBALUQ 4030 ‘MDD Bulpiing 403083y 8°2°p° 21Tl ‘3JLA4aS Burjeudally 2 ArAR A1 NOIL4I¥OS3Q

1N3WIND3 HO W3LI

Std 500-1984

ANSI/IEEE
P&V

Juawdinbil
(ebnytajua) zZ°1°11 :NOILO3SENS sdung T1°11 *NOILO3S UBALUAQ T  ‘H31dVHO

460



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°0¢ 021 | oz¢ 0°0vT| 0°95 061 IN3IdIINI
0°2T | 06°0 0 05§ 2 50°0 @30vy93a
0°¢1 [8°0 0 34R35 07 S|[Le4
0°88 06T | S6°0 butuuny a{tym syiey
021 [8°0 0 0°88 06T | 660 JTHAOYLSY 1Y)
TA 0°9S 8€1 [ o0z°¢ L1 0°€82| 02°6¢/ 0°91 S3Q0W 1V
434 HOIH EL] Mo 434 HOIH o34 Mol 434 HOIH J34 Mo
wwqo>om oL/S3¥NIIvd SHNOH oo—\mmz34_<u
(SUNOH)

3HOLS3Y (§) HO IWIL BIVd3Y (4)
3DIAH3S 30 1NO (,)

31vH 3HNIIvd

J00W 38NTIvd

43A14Q SIPN{DU] “UBALUQ 400K ‘duing 491EMP3I4 03 uOL}dAfu] 4d1eM [PAS §°
“8o1A43g Burjeuual |y

L2 AR!
R 22NN

1 NOILdIHOS3a
H »zmz&DOuzOSwt

(ebnytajuay zZ-1°11

‘NOILO3SENS

sdung 1°11

‘NOILO3S

juawdinbj
UBALAQ TT  :¥3LJVHD

461



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°28 02y 0°81 0°0£2 0°0T1 0°08 IN3II4IONI
0°12 9°1 0 0°LS £ 0 030v4930
0°12 9°1 0 3435 03 S|ley
0°LS 13087 0 Butuuny a1tym sytey
0°12 9°1 0 0°L§ £t 0 JIHdOY¥LSY1VD
L1 0°b21 2°Sv 0°81 /1 0°pee 0611 0°0S S3A0W 1Y
434 | HOIH 034 MOT {438 | HOIH o3y Mo 434 HOIH o3y Mol
S310A2 ¢0L/S3HNIVA SHNOH gOt/S3UNTIV
(SUNOH)
3401534 (§) YO IWLL HIVd3Y (4)
301AY¥3S 40 1NO (,)
3Lvy NIV 3Q0W 3ENTIVd
43AL4Q SOPN|JUT “UBALUQ 400N ‘433eM BUL|00) P3SOL) GY 8°Z'HZ T 11 ‘9OLASS DULIPUIDILY Z2°b 2 1 11 NOILdINOS3a

LN3WdIND3 YO W3LI

Std 500-1984

ANSI/IEEE
P&V

juawdtinby
(ebnyta3us) 2°1°11  :noILD3sENS sdung 11 INOILO3S UBALUQ T :H3LdVHD

462



ANSV/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

€360°1 el 0-et IN3TdIINI
0216 2°'82 €270 Q30vy934
0°sv9| v°8 €2°0 Buruuny aptym stey
0°6v9 '8 €2°0 JIHAOYLSYLYD
0°686 €92 01 £319°2 0°081 6°21 S300W 1V
438 | HOIH o3y MOT |434 | HOIH 03y MO 434 | HOIH 03y Mo
$310A,01/SUNVS SHNOH 01/S3YNTIV4
(SYNOH)
3401534 (§) HO IWIL YIVd3IY (§)
301AH3S 40 LNO (,)
31vH 3uNTIvd 3Q0W 3HNTIVY
wu.~>gmm snonuLjuo) m.v.N.H..: NOILJI¥IS3O
LN3WdIND3 YO WLl
quawdinby
tebnyrajua) z 111 :nNoiLD3sSENS sdund 1°11 INOILO3S UsALUAQ T  :W3ILdVHD

(X*€'¢°2°T°11 40 33150dwoy)



RELIABILITY DATA FOR PUMPS AND DRIVERS,

€°v°2°1°21 40 331s0dwo)
Syl Ul papn|du] 0N :330N

A 0°g S3I00W MY
434 HOIH 03y Mol |d438 | HOIH 234 MO 434 | HOH o3y MO
STIVAD01/53ENIVS SHNOH 401/S3UNTIV
(SUNOH)
3404534 (§) HO 3WIL HIVd3Y (3)
30IAH3S 40 100 (,)

. 3 3LVH 34NV 3QOW 3uNIVd
@S
mw JBALAQ SBPN|IDU]  “UBALUQ 400K  “DILAUIS SNONULIUCY E°h 2 T°TT NOILAINDS3A
BB, LN3IWJIND3I ¥O WaLl
Z3H
<A juawdinby

(ebnyiazuay z2°1°I7 :NOILD3SANS sdung T1°11 :NOILD3S UBAL4Q TT ‘H3LAVHD

464



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

€350°1 Loevt 0-et IN3TdIINI
0°¢16 282 €270 030v¥93a
0°5%9 v°8 €20 Butuuny agtym sitey
0°9v9 v°8 £2°0 J1HJOYULSY 1Y)
0°686 €792 0°1 €319°¢ 0°081 §'el S300W 1V
434 | HOIH o3y MOT  [43d | HOIH 034 Mol 434 | HOIH BEL] MO
$370AD mc:muz:,__ﬁ_ SYNOH co:mmm:,__«m_
(SHNOH)

3401534 (§) HO IWIL HIVd3Y ()

301AH3S 40 1NO (,)

31VH 3¥NIIVY

JA0W 3¥N1Ivdy

91Lsodwo) wayshAs X'€°pZ 1°11

f32LAUAS SNONULIUO) €°p 2 1 1T

NOILdIHIS3a
1N3WdIND3 4O W3ll

(ebnyiazuay 21711

*NOLLO3SaNs

sdung  T°11

*NOILO3S

juawdinby
USALAQ TT  ‘Y3LdVHO

(S°€°p 2 T"11 ybnoayy ¢ p°2°1°11 40 31150duwo))

465



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

0°082 0°v9 0°91 IN3IdIONI
0°vL 0°1f 0°¢t a3avy¥930

0°6¢ 0°S 0 Butuuny apymM syiey
0°6¢ 0°s 0 JIHJOYLSYLYD
0°€LE 0°011 2°0¢ S300W 1Y

434 HOIM 034 MO HOIH 93y MO 434 HOIH 03y MO
$310A2¢01/S3UMIVA SHNOH g0L/S3UNIVS
(SYNOH)
340453 (§) HO IWIL HIV4IY (})
301AH3S 4O LNO (,)
31VH 34NV 300W 34NTIVS
4935009 91PSUBPUO)/AASUBPUO) T € p 2 T°T1 ‘3ILAISS SNONULIUO) €y 2 1 11 NOILdINIS3a
1N3W4IND3I HO W3LI
Juawdinby

1ebnyta3ua) z°1°11  :noiwo3sans sdung  1°11 *NOLLO3S USALJ4Q TT  :H3LdVHO

(L1 334 j0 33tsodwo))

466



ANSI/IEEE
Std 500-1984
P&v

VALVE ACTUATORS, AND VALVES

0L 0°8¢ 0°91 IN3IIAIONI
0°99 0°1¢ 0°21 a30vy93a
0°6¢ 0°¢1 022 Butuuny aLym sytey
0°6¢ 0°€T | 0272 J1HdOYLSY1YD

i1 0°6/1| 0°28 2°0¢ S3A0W 1Y

4348 HOIH o3y MO 434 HOIH o34 MO 434 HOIH o3d Mo
mm._o>umo—\mwx:.__<u mzzoxoo—\wwmbﬁf.
(SHNOH)

3¥O0LS3Y (§) HO IWIL HIV43Y (})

3DIAY3S 30 1NO (,)

31vH 3¥NTIvd

300N 3ENTIVY

43ALAQ SIPNIOUT “UBALUQ UOJON ‘UOLIR{NDAL) UISUBPUOY ['E'pZ T T ‘9ILAJIS SNoNuL3uo) €v 211l

NOLLdIYOS3a
1N3N4IND3 4O WALl

tebngraquay z-1°q1

‘NOILO3S8NS

sdung 1

‘1

‘NOILO3S

juaudinby
USALAG  TT  :W3LdVHD

467



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°08¢ 0°012 07081 IN3I4IINI
0'vL 0°8¢ 0°91 a3avy93a

0°61 0°1 0 Buruuny afLum sytey
0°61 0°1 0 JIHdOY1SYLYD
L1 0°¢€L¢E 0°6%ve 0°991 S300W 1Y

434 | HOIH ] MOl |438 | HOIH 03y Mo 434 HOIH 23y Mo
$310A0¢01L/534NTIVS SHNOH g01/S3¥N NV
{SUNOH)
3Y01S3H (§) HO IWIL HIV4IY (})
30IAH3S 40 1N0 ()
31vH 3WNTIVY 300W 3YNIIvY

43ALJQ SIPN[OU] “UBALUQ 400N ©433S00G 93PSUIPUO) T € p°2 T T[] ‘3DLAA3S SNONULIUOY € ¢ 2°T°11 NOILdINOS3a

LN3NGIND3 YO WALl

Std 500-1984

ANSI/IEEE
P&V

juawdinb]
tebnyiaausy  2°1°11 :NOILD3SENS sdung  T°171 :NOILD3S UBALAG T :H3LdVHD

468



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0L 0°8¢ 091 IN3IIIONI
099 0°1¢ 021 a3avy93c

0°6¢ 0°€T1 22 Butuuny a[Lym s|tey
0°6€ 0°€1 22 JIHAOULSY 1Y)
(1 0'6/1| 0°28 2°0¢ S300W 1Y

434 HOIH o3y Mo 434 HOIH o3y Mo 434 HOIH o34 Mo
wm40>0mo_.\ww¢:4_<u SHNOH ooiwwx:q.cﬁ
{SHNOH)
3501534 (§) HO IWIL HIVdIY (§)
JOIAH3AS 40 LNO(,)
31VH 34NV 3AOW 3YNIIvd

43ALAQ SOPNLIU] “USALUQ 40O “UOLIR|NDUL) JBSUBPUOY T € p 2 T °TT “9ILAJI3S SNONULIUOY €4 2°T1°T1 NOILdI¥IS3A

LNIWNdIND3 YO WALl

juawdinbl
tebnytagua) 2z 1°11 :NOILO3SANS sdung T1°11 *NOLLO3S UaAL4g 1 ‘H3ILdVHO

469



RELIABILITY DATA FOR PUMPS AND DRIVERS,

€35°1 [€320°1 0°01¢ IN3I4IONI
0°06v| 0°222{ o0°82 a3avy93a
0°026| 0°-9c2| o0°¢€8 Buruuny aj1yy sptey
0°026| 0°-9c2| o0°¢8 JIHAOULSY LY)
0008 279y {+ 0°1 €315°2 [e3v't 0°8€S§ S300W 1Y
434 HOIH o34 Mo 434 HOIH o3d MO 434 HOIH o3y Mol
ww._u>0mo_.\ww¢:.:<u mc:OIwotwthgEm

(SYNOH)
3404534 (§) WO INIL HivdaH ()
301AH3S 40 1NO (,)

31V 3WNTV4 300W 38NTIV3
Em P34 udy WedIS Z €y Z T I1 ‘9ILAUIS SNONULIUOY £°p°2°T1°11 NOILJIYOSIC
m 3 AN3IWdIND3 YO WALl
Wm > Juawdinby
M M 2 {ebnyia3uay zZ°1°11T  :NoLLO3SEANS sdung  T°T1 INOLLO3S usAlag 1] H3ILAVHO

(L1 43y 30 311sodwo))

470



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

£36°T | €32°1 0°086 IN3I4IONI
0°08€] 0°0£2| 0°0f1 Q3avy93a
0-00e| o0-0L1] o°¢8 Butuuny a[tym syiey
o'00e| o0-ost| o0°¢8 IIHdOYLSY 1Y)

{1 0'8S| 0782 |4 0°'T (1 [€381°2 | €39°1 |[€361°1 S3Q0W 1TV

434 HOIH o3y MO 434 HOIH 23y MO 434 HOH o3 Mo

mwau>omo—\ww¢:4_<u mz:ormo—\wwzb._im
{SHNOH)
IHOLSIY (§) WO IWIL YIVdIY (§)
3D1AH3S 40 1NO(,)
31VvH JUNTIVS 300N 34NTIvd
P934 USY WedIS Z'Ep 2 1'IT < 9ILAJ3S SNONULIUGY € ¢ 2 1°T1 NOILdIHDS3a

LNINLIND3 YO W3t

juawdinby
tebny1aua) Z°1°11 :NoiLoasans sdung 1°T1 NOILO3S USALAG  TT  :W3LdWHO

471



RELIABILITY DATA FOR PUMPS AND DRIVERS,

ANSI/IEEE
Std 500-1984

P&V

€31°1 029 0°01¢ AINIIJION]
06t 091 0°82 030v¥93Q

026 0Ly 0°00¢ butuuny ayLym s|tey
026 0Ly 0°002 JIHdOYLSY1Y)
Al 0°008 0°L6 |4 0°1 (T §€316°2 (£392°1 0°8¢S S3A0W 1Y

434 HOIH 03y mol |43 HOIH o34 MO 434 HOIH 03y Mo1
mmd>omc:mm=3_<u SHNOH oo:mmEj_E
(SHNOH)
3¥0.LS3Y (§) HO IWIL HIVdIH (§)
30IAH3S 40 1NO (,)
J1VH 38NV 300W 3¥N1IVY

JBALAQ SSPNIOU] ‘USALUAQ 010K ‘P334 UBY WEIS ZEY 2 T Tl ©9ILAU3S SNONULIU0) €°H°2°1°T11 NOILJIYIS3Q

LN3WdIND3 HO W3l

juswdinby
lebnyiajua) 2°1°11 :NoILD3SENS sdund  1°11 INOILO3S UBALUQ TT  :W3LdVHD

472



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

01/| 06°99 0°21 IN3IJIONI
€3€°1 0§79 0 030vy930
0091 OT°% 0 Butuuny aftym s|tey
009 OT'¥ 0 JTHJOYLSY1V)
0°686 el |+ 071 £€319°¢ §°6/ §'21 S3I0OW TV
434 HOIH 03y Mol |33 HOIH o3y Mol 434 HOIH 03y MO
mw._u>omctwwx3_<u wz:ozoo_\mwzoq_ﬁ
(SHNOH)
3HOLS3H (§) HO IWIL HIVdIY (})
30IAH3S 40 1NO (,)
31VH 3ENTIVY 300W 3¥NTIVd
9IRSUBPUOY €€ P Z T TT ©92LAU3S sSnonuLluo) €°p°2°1°11 NOILJIYOSIA
IN3IWJIND3I HO WAL
juswdinb3
ebnjtaua) Z°1°11 :NoOILD3SENS sdund 111 INOILO3S UBALAQ TT  ‘"d3LdVHO

{£1 #3y 40 d3tsodwo))

473



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

0°86 0°95 0°62 INIIdIONI
0°0¢ 0£°9 0£0 Q30Yy¥930
0°61 ov°1 0 Butuuny 3ty sitey
0°61 or°1 0 JTHAOYLSY 1Y)
L1 0°Lp1 L°€9 £°62 S300W 1Y
434 HOIH o3y Mot | d43M HOIH 234 Mol 43y HOIH 03y Mol
mw..u>uMo<wm¢3_<u SHNOH @o:mwx_j.f.
(SUNOH)
3404534 (§) HO IWIL YIVd3Y ()
3DIAMIS 30 4N0 (,)
31VYH IHNUVS 300W 3¥NTIVY
J3ALAQ SOPNIOUT USALUQ 400K “IRSUBPUO) E£°E P Z T TIT “IDLALIS SNONULIUO) € Z2°[°T1 NOILdI4IS30
ANIWJIND3I HO WLl
juawdinby

(ebnyta3ua) 2°1°11 :noiLD3sens sdung  1°11 ‘NO11LO3S UBALAQ  TT  :¥3LdVHO

474



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

0°01L 0°01¢ 0°0T1 IN3TdIONI
£€3€°1 0°08. 0°02v 030vy93a

0°009 0°0ge 0°'%9 Buruuny ariym s(tey
0°009 0°0€2 09 JTHJOYLSYLYD
A 00t et |+ 0°2 LT [€319°¢ J€32€°1 0°¥6S S300W MY

434 | HOIH o3y Mol 43" | HOIH o34 Mol 434 | HOIH 034 Mot
S310A2 mo:mmx:ﬁi SHNOH 401/S3UNTIV4
{SYNOH)
3HO0LS3H (§) HO IWIL HIV43Y (})
301AH3S 30 1N0 {,)
3Lvy 3¥NIVY 3I00W 3ENTIV4

JBALAQ SIPN|JU] ‘UBALUQ 4030 ‘IBSUBPUOY E E Y 2 T°TT ©IILALdS SNONULIUO) € ¢ Z2°T1°II1 NOILdI¥IS3a

AIN3IWAIND3 YO WALl

juswdinby
lebnyta3ua) 2°1°11 :NolLD3sans sdung T1°11 :NOILD3S USALJUQ TT  :¥3LAdVHD

475



ANSI/IEEE

Std 500-1984

P&V

RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°0sS 0°08¢ 0°0ve IN3ITdIONI
07061 0°001 01y 030vy934
0°0€T 0°€9 0°L1 butuuny a1Lym sitey
0°0ET 0°€9 0°L1 JIHdOYLSYLY)
L1 0°586 0°59 01 {1 0708 0°€EvS 0°86¢ S3Q0W 1Y
434 HOIH o3y Mo 434 HOIH o34 Mol 43y HOIH o34 Mol
mw:_o>0m¢c—\mmx3.=<u SHNOH oo—\mwxﬂ..—_(u
(SYNOH)

3Y01S3Y (§) HO INIL HIvd3Y (§)

30IAH3S 40 1NO (,)

31VH 3HNIVS

300N FYNTIvd

J3ALUQ SBPN|JU] ‘UBALUQ JOIO ‘BIBSUBPUO) € °€ b2 1 11

©3JLA43S SNONULIUO) € 4 2°T1°T1

NOILdI¥Os3a
LN3WdIND3 HO WALI

ebngrajuay ZM 11

:NOILO3SENS

sdung  T°T1 NOILD3S

jududinby
UBALAQ TT  :43LdVHO

476



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°28 0°9¢ 0°21 INJIMIONI
0°L2 0°¢ 0 Q3avy930
0°2h 06 '8 9% °0 butuuny ayitym spiey
0°¢t 06 °8 9% 0 JIHdOYLSYLYD

LT 0°1ST| 069 G°¢1 S3A0W 1Y

434 | HOIH LE] MO |438 | HOM 03y MO 438 | HOIH 03y MO
S$3TDAD £0L/S3HNTIVA SYNOH (01/S3UNTIVA
(SYNOH)
3Y01S3Y (§) HO INWIL HIVAIY (1) '
301AY¥3S 40 1NO (,)

31vd 38NTVvY

3Q0W 34NMIVd

J3ALAQ DULPN{dU] “UdALAQ 4030 33RSUBPUO) E£°E€°t 2 111

€32LAJ3S SNONULIUO) €'§ 2 T1°11 NOILAINIS3a

AN3WdIND3 HO W3alLl

ebnytaquay z-1°11

:NOILO3SENS

sdung 1

‘1 INOILO3S

juauwdinby
UBALAQ TT  :H3LdVHD

477



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°0s2 0°v1e 0°011 IN3IIdIONT
0°0bT| 08°§ 0 030vy93a ®
<«

0°0€1 1722 9t "0 Butuuny 3 tym syiey
0°0ET 1°22 St °0 JIHJOYLSYLYD

At 0°686] 0£'92 |4+ 0°1 L1 0°02S 0112 0111 S300W MV

438 | HOIH o3y MO1  [43d | HOIH =] (] 434 | HOM EL] MO

S310A0¢01/S3UNTIV4 SUNOH g0I/S3UN NV
{SYNOH)
3401534 (§) HO IWIL Hivdad (1)
3O1AH3S 40 1LNO ()
31vH 38NTIVY 3QOW 38NTIVY

491PMPIS4 103083y pTE°p 2 T IT  “821AJ3S SnONULIU0) £y 2 111 NOILdI¥OS3a

1N3IW4IND3 HO WALI

Std 500-1984

ANSI/IEEE
P&V

juawdinby
(ebnyLaguay zZ 111 :noiroasans sdung  1°11 :NOILD3S UdALAQ  TT  :H¥3LdVHO

(L1 32y 30 311s0dwo))



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

0°0S¢ 0°0L1 o-ot1 IN3I4IONI
0°¢Le 0°¢ 0 030vy93a
0°ey 6°'8 9%°0 butuuny ajtym sptey
0°ey 6°8 9% °0 JIHdOYLSYLYD
L1 0°61¢ 0°181 §°011 S300W 1V
434 HOIH 034 MO1 {434 HOIH o34 MOt 43y HOIH 034 [T
S$31JAD mo:mmza._ Ivd SYNOH mo:mmcn._ 4
(SENOH)
3¥0.1S3H (§) HO INLL Hivd3Y (})
301A¥3S JO0 1NO(,)
31vH 3¥NIIVY 300N 34NTIvY
49ALAQ SBPN|OU] “USALIQ 4030 TI2TPMPB3J 401003y H°E v -2 1 11 €821AJ3G SnonuLIu0) € p2 1°11 NOILJINOS3
AN3IWJIND3I HO WALl
quawdinby
tebnyiaquay z-1°11 :NOILD3SENS sdung 111 INOILO3S UBALAG 1T :w3ldvHD

479



ANSI/IEEE

Std 500-1984

P&V

RELIABILITY DATA FOR PUMPS AND DRIVERS,

07052 0061 0°oct IN3I4IONI
0°0%1 0°88 0°€s Q30vy930

0°0€T 0°18 08t Butuuny aLiym s(iey
0°0¢l 0°18 0°8Y JIHdOYLSYLIYD
L1 0°028 0°6S¢ 012 S300W 1V

434 HOIH 03y Mol |43y HOIH 034 Mo 434 HOIH o34 MO
S3ITOAD0L/S3UNIVA SHNOH g01/53¥NTIV4
{SUNOH)
JHOLS3Y (§) HO IWIL HIVdIY ()
301AH3S 40 1NO(,)
3LV I8NV 300N 38NTIV4
ABALAQ SIPN|JU] “UIALUQ BULGUN] “UIIBMPID 403IRIY HUEYTZ TTT  ‘9ILAJBS SNONULIUOY £°p 2 T°Il NOILJI¥IS3Ia
1N3IWHIND3 HO WaLI
juawdinby

(ebnjLajud) zZ°1°11 :NOILO3SENS sdung 111 :NOILD3S U3ALAQ  TT  :¥3.dVHO

480



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

434 HOIH 03y Mol |43y HOIH 03y Mol 434 HOIH 034 Mol
$310A0 mo:mwm:.__f SHNOH oo_\mmxa.__ﬁ.
(SYNOH)
3HO0LS3Y (§) HO INLL HIVAIY (§)
3DIAY3S 40 1NO (,)
31VH 38NV 300W 39NTIVY
sdung SNOBUR | |3ISLY G'Ep'Z T Tl °9ILAJ3S SnonuLIu0) €°p 2111 NOILdIHIS3a
1N3WdIND3 HO W3LI
juawdinby

1ebnyLaud) z2°1°11 :noiLdasans sdung 1°11 :NOILO3S USALAQ 1T  :HILdVHO

(13437 styy 3y a31s0dwo) o)

481



RELIABILITY DATA FOR PUMPS AND DRIVERS,

L 0°0c # L A D / (£°1 69°0 S300W 1V
43d | HOMH o3y MO1 434 | HOIH 03y Mo 434 | HOH o3y Mol
S310AD ¢0L/SIHN NV SYNOH ¢01/S34NTIV4
(SHNOH)

3401534 (§) HO IWIL HIVdIY (1)
301AY3S 30 1NO (,)
31vH 38NTIvy 300N UMV

(¥MG) 42IBM 9DLAUAS G E°p 2 T IT “@ILAIS SNONULIUOY € p°2°1°11 NOILI¥OS3a
ANINCIND3 HO WALI

Std .500-1984

ANSI/IEEE
P&V

juaudinby
lebnjLaquay 2-1°11  :NOILD3ISENS sdung T1°TT ‘NOILD3S UdALAg T ‘H3LdVHO

482



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

L 0°0§ L vS't 120" L5°0 S300KW 17V
434 | HOIH 03y MO1 [434 | HOIH 034 MOT1 | 33¥ | HOH 23y Mo
SIIDAD cOL/SIUNTIVA SHNOH 901/S3UNTIV4
{SHNOH)

3Y40LS3H (§) HO IWIL HIVd3Y ()
30IAH3S 40 LNO (,)
31vH 3HNIvy 300W 3uNIvd

(¥Md) butbaeyy/dn-axew G-€'p'2 1'IT ‘99LA4SS SNONULIUOY) E°v g ' 11 NOILdIYIS3IA
LIN3IWdIND3 YO WaLI

juawdinby
tebnyraqua) 2°1°11  :NoiLd3sENs sdung  1°71 ‘NOILO3S UBALUQ  TIT  :u31dVHD

483



RELIABILITY DATA FOR PUMPS AND DRIVERS,

0°6L 0°0¥ 081
0°02 05°1 0
0°¢e 079 0v-0
0°¢e 0,79 o0
L1 0°1€T| 0C°8Y ¥ 81

INIIIONI
030v¥93a

Butuuny a|1ym s(tey
JTHAOULSY 1Y)

S30A0W 1Y

434

Mol

HOIH 334

Mol 434 HOIH 33y Mol

3404534 (§) HO IWIL YIVdIY (4)

301AYH3S 40 1NO{,)

S310AD £0L/S3¥NIvd

wCDOIoc—\mwKDA V3

31VH 3NV

300N 3¥NTIvdy

43A14Q SIPN|OU] ‘UBALJQ 400N ‘udJeM BulIe|ndal) G €y z T1°I1

‘8JLA43S SNONULIUO]Y £°4°2°T°T1 NOLLdIHOS3A

LN3WdIND3 80 Wall

Std 500-1984

ANSI/IEEE
P&V

[ebnyraquay z-1°11

*NOILO3s8NSs

sdung [°11 :NOILD3S

juawdinb3
UBALAQ  TT  :HILAVHD

484



P&V

ANSI/IEEE
Std 500-1984

VALVE ACTUATORS, AND VALVES

0°021 0°¢8 0°6S 0°081 0°021 0°02 INIIdIONI
06t 0°52 0°11 0°0T1 0°69 0°¥2 030vy¥930
0°02 b 120 348315 03 s|tiey
0°G6 0°sy 0°81 butuuny aytym Sliey
0°02 44 12°0 0°G6 0°Gp 0°81 JIHdOYLSY 1Y)
L1 0°0y 0°0T |4 05°1 A 0°681 27211 2°99 | (1 0°59% 0°6£2 0°291 S3IQ0W 1Y
434 | HOIH o3y MO |334 | HOIH 03y MO1 434 | HOM o3y MO
SITOAD £OL/S38NTIVS SYNOH 90L/S3HNTIVS
{SYNOH)
340LS3Y (§) WO IWIL HIVAIY (§)
3DIAH3S 40 1NO(,)
3LvYH 38NV 3QOW J8NTIVY
JOALAQ SBPNIOUT “UIALIQ 4030 4335008 JIJRM BDLAUIS GEp 2 T[] ‘931A43S SNONUL3uO) €92 111 NOILdI¥OS3a
LN3IWJIND3I ¥O WALl
juawdinby
l1ebny1a3ua) z°1°11 :NoiLO3sENS sdung 1°1T :NOILO3S UBALAQ TT  :HILJVHD

485



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Jdwazjy 3Je3s Bup = 3|IA) BUQ xx

01°¢ j4e3S 03 s|tey
0L v Butuuny aftym sytey
01°¢ (174 JIHdOYLSYLYD
61 01°¢ 61 0Lt S3A0W 11V
438 | HOIH EL] Mmo1 |33 | HOIH 234 MO 438 | HOMH 23y Mol
xx  SIIDAD £OL/SIHNTIVH SHNOH goL/S38NNVd
(SUNOH)
34OLS3Y (§) HO IWIL HIVIIY (3)
321A¥3S 40 1NO (,)
) P 3Lvd YNV 3Q0W 38NTIvd
[=3
Ba
ﬂm bui|o0) juauodwo) G E p°Z°T1°T1 °©2LA4dS SNONUEIUO) €2 1’11 NOILdIHOS3a
@ > LN3WJIND3 YO W3LI
mmumoa
na juawdinby
1ebnyia3ua) Z'1°11 :NoILD3SENS sdung T1°1T :NOILD3S UBALAQ TT  ‘H3ILJVHD

486



ANSI/IEEE
Std 500-1984
P&V

VALVE ACTUATORS, AND VALVES

1dwd3ly 34B3IS BUD = B[IA) BUQ 4x

0°1 14e35 03 s|tey
0¢°1 Butuuny 311um s(1ey
01 0£°1 JIHJOYLSY 1Y)
61 0°1 61 0€°1 S300W 1V
434 HOIH o34 MO 434 HOIH o3 MO 434 HOIH 3y Mo

¥

SFVAD ¢01/s3uNNvy

SHNOH g01/s3uNNIVd

{SHNOH)
3HOLS3Y (§) HO IWIL HIVd3IY (})
301AH3S 40 1NO {,)

31vH 3BNIIVY

JQON 34NV

3LAI3S UBIBM I(BS GEp 2 T[T ‘9LAJSS SNONULIUO) € pZ 1 11 NOILJINOS30

AN3WdIND3 HO W3L!

ebnyLaqua) 2°1°11 :noioasans

sduwng

juawdinby
"1 INOLLO3S USALYQ TT  :¥3LdVHD

487



RELIABILITY DATA FOR PUMPS AND DRIVERS,

Std 500-1984

ANSI/IEEE
P&V

g

311s0dwo) 3yj uL papnidu] 0N :330N

ST [€3€°1 0°2v9 0°66¢ S1 W'y 92°1 20 S300W 1V
434 HOIH o34 MO HOIH 03y Mo 434 HOIH 03y Mol
S310AD o01/S3HNIIVI SHNOH 901/S34NTIVY
{SHNOH)
340LS3Y (§) HO 3IWIL HIVdIH (})
301AH3S 40 1NO (,)
31vH 34NV 300N 3¥NTIVS
L A NOILdI¥OS3O

1NINdIND3 HO W3LI

s190 £°1°11

*NOLLO3SENS

sduing

111

*NOILO3S

usAtag 11 ‘H3LdVHO

488



