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SPECIAL NOTES

1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A
GENERAL NATURE. WITH RESPECT TO PARTICULAR CIRCUM-
STANCES, LOCAL, STATE, AND FEDERAL LAWS AND REGULATIONS
SHOULD BE REVIEWED '

2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS,
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN
AND EQUIP THEIR EMPLOYEES, AND OTHERS EXPOSED, CON-
CERNING HEALTH AND SAFETY RISKS AND PRECAUTIONS, NOR
UNDERTAKING THEIR OBLIGATIONS UNDER LOCAL, STATE, OR
FEDERAL LAWS.

3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND
PROPER PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS
AND CONDITIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE
MANUFACTURER OR SUPPLIER OF THAT MATERIAL, OR THE
MATERIAL SAFETY DATA SHEET.

4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE
CONSTRUED AS GRANTING ANY RIGHT, BY IMPLICATION OR
OTHERWISE, FOR THE MANUFACTURE, SALE, OR USE OF ANY
METHOD, APPARATUS, OR PRODUCT COVERED BY LETTERS PATENT.
NEITHER SHOULD ANYTHING CONTAINED IN THE PUBLICATION BE
CONSTRUED AS INSURING ANYONE AGAINST LIABILITY FOR
INFRINGEMENT OF LETTERS PATENT.

5. GENERALLY, APl STANDARDS ARE REVIEWED AND REVISED,
REAFFIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS.
SOMETIMES A ONE-TIME EXTENSION OF UP TO TWO YEARS WILL BE
ADDED TO THIS REVIEW CYCLE THIS PUBLICATION WILL NO
LONGER BE INEFFECT FIVE YEARS AFTER ITS PUBLICATION DATE AS
AN QPERATIVE APISTANDARD OR, WHERE AN EXTENSION HAS BEEN
GRANTED, UPON REPUBLICATION. STATUS OF THE PUBLICATION
CAN BE ASCERTAINED FROM THE API AUTHORING DEPARTMENT
[TELEPHONE (202) 682-8000] A CATALOG OF API PUBLICATIONS AND
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY
BY API, 1220 L. STREET, N W., WASHINGTON, D C. 20005.
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FOREWORD

This standard is based on the accumulated knowledge and experience of manufac-
turers and users of monitoring systems. The objective of this publication is to provide a
purchase specification for machinery monitoring systems using piezoelectric vibratory
acceleration transducers

This standard requires the purchaser to specify certain details and features, Also, it is
recognized that the purchaser may wish to modify, delete. or amplify sections of the
standard. It is strongly recommended that such modifications, deletions, and amplifica-
tions be made by supplementing this standard rather than by rewriting or by incorporat-
ing sections into another complete standard

Suggested revisions are invited and should be submitted 1o the director of the Refining
Department. American Petroleum Institute. 1220 L. Street. N W . Washington. D ¢ 20005
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Accelerometer-Based Vibration Monitoring System

SECTION 1—GENERAL

1.1 Scope

This specification covers the minimum requirements for
machinery monitoring systems using piezoelectric vibra-
tory acceleration transducers It outlines a standardized
system covering hardware (sensors and instruments) re-
quirements, installation, and arrangement. This system
may be used separately or in conjunction with noncontact-
ing, eddy current proximity devices as described in API
Standard 670 Accelerometer-based vibration monitoring
systems are generally used for machinery having high
shaft-to-bearing transmissibility, such as with rolling ele-
ment bearings: for speed changers to monitor gear mesh
condition; and for other turbomachinery to monitor such
high frequency phenomena as blade rate, blade passing,
and rubs. as well as such low frequency phenomena as
cavitation and reciprocating compressor forces

1.2 Alternative Designs

The vendor may offer alternative designs (see 6.1 for
proposal requirements) Equivalent metric dimensions, fas-
teners. and flanges may be substitited as mutually agreed
upon between purchaser and vendor

1.3 Conflicting Requirements

In case of conflict between this standard and the inquiry
or order. the information included in the order shall gov-
ern

1.4 Definition of Terms

The terms used in this standard are defined as follows:

A vibration transducer is a device which converts me-
chantcal vibration into an electrical signal proportional to
that vibration

A piezoeleciric acceleromeier is a transducer that trans-
lates vibratory acceleration to an electrical charge.

An electrically isolared acceleromerer is one in which
both signal leads are electrically separated from the accel-
erometer case.

The charge amplifer cable is the interconnection be-
tween the piezoelectric accelerometer and an external
charge amplifier

The extension cable is the interconnection between an
accelerometer having an integral impedance matching de-
vice and a junction box.

The charge amplifier is a conditioning device which
converts the charge signal generated by the piezoelectric
accelerometer and provides an output voltage signal pro-
portional to the accelerometer’s electrical charge (The
charge amplifier must be powered by a direct current suf-
ficient to pravide the dynamic range required from the sys-
tem )

An accelerometer with an integral impedance marching
device is a piezoelectric accelerometer with 2 built-in min-
iaturized charge amplifier (This design eliminates the need
for an external charge amplifier )

Linear frequency response range is the portion of the
transducer’s voltage output versus frequency curve, be-
tween the lower and upper frequency Hmits, where the re-
sponse is within a specified tolerance.

Operating frequency range 15 the frequency range speci-
fied by the user for a particular type of machinery

A channel is a transducer and the hardware required to
monitor its oytput signal

The term field ¢hangeable describes a required equip-
ment feature the function of which may be changed after
installation of the monitoring system. This change may be
accomplished by (1) soldering jumper leads to terminal
pins especially provided for this purpose, {2) employing
circuit board-mounted switches or potentiometers, (3} us-
ing a shorting or diode pin-type matrix board, or (4) using
prewired shorting plugs.

The term field alterable describes a required equipment
feature the function of which may be altered after installa-
tion This alteration may be accomplished by (1) muking
any changes in field changeable functions or (2} inserting
or replacing plug-in modules or circuit beards in the moni-
tor housing.

An anticipatory alarm (alert) is a device that indicates
whether the transducer output signal has exceeded a pre--
established value (first stage of alarm).

A shutdown (danger) is a device that indicates whether
the transducer output signal has exceeded the anticipatory
alarm value by a pre-established value (second or final
stage of alarm).

A filter is an electrical device which suppresses signals
outside the frequency range of interest

Signal suppression is a scheme for altering the vibration
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monitor’s reading by subtracting (suppressing) mechanical
runout, electrical noise, and so forth.

Roor mean sguare (rms) is the square root of the mean
of the square of the signal (voltage, acceleration, current)
taken during a complete cycle.

The machinery vendor is the agency that designs, fabri-
cates, and tests machines. The machinery vendor may pur-
chase a monitoring system and may install transducers on
machines,

The instrument manufacturer is the agency that designs,
fabricates, and tests monitoring system components,

The construction contractor is the agency that installs
the machioery train and installs monitors and connects
them to transducers.

The owner is the final recipient of the machinery train;
he may purchase the monitoring system

G is a unit of acceleration equal to 386 .4 inches per sec-
ond squared (9.81 meters per second squared).

IPS is a unit of velocity equal to | inch per second (25 4
millimeters per second).

The blade passing frequency is calculated by multiply-
ing the number of rotating blades times the rotational
speed of the shaft.

The blade rate frequency is calculated by multiplying
the blade passing frequency by the number of stationary
blades, diffuser vanes, or volute tongues and dividing this
number by the largest integer which is a common factor in
the numbers of rotating blades and stationary blades, diffu-
ser vanes, or volute fongues,

1.5 Referenced Publications

1.5.1 The latest edition of the following standards,
codes, or specifications shall form to the extent specified

herein a part of this standard.

IPCEA!
5-61-402 Thermoplastic-Insulated Wire and Cable
for the Transmission and Distribution of
Electrical Energy
ISO* Requirements for Instruments for Mea-
suring Vibration Severity
NFPA’
Bulletin National Electrical Code, Article 723,
No. 70 ““Ciass 1, Class 2, and Class 3, Remote-
Control. Signaling. and Power Limiting
Clrcuits™
496 Purged and Pressurized Enclosure for
Electrical Equipment in Hazardous Lo-
cations
NEMA®
ICS (-110 Enclosures
ANSP
Y-14.2 Line Conventions and Lettering

1.5.2 The applicability of any federal, state, or local
codes, regulations, orcddinances, or rules shall be mutually
agreed upon by the purchaser and the vendor.

"asulated Power Cable Engineers Association. 283 Valley Road
Montclair. New Jersey 07042

? international Standards Organization. Naval Publications and Forms
Center. 5801 Tabor Avenue. Philadelphia Pennsylvania 19120

P Nationu! Fire Prot@ction Association, 470 Atlantic Avenue Boston
Mussachusetts 02210,

* National Electrical Manufacturer's Association. 2101 L Street. N W,
Wushington. D.C 20037

* American National Standards Iastitute, 1430 Broadway New York
New York 10018

SECTION 2—GENERAL DESIGN SPECIFICATIONS

2.1 Linearity Requirements

The minimum linearity requirements of the system. in-
cluding the transducer, the power supply. and the moritor,
as calibrated on a bench test, shall be as described in 2 1.1
and 2 1.2 unless atherwise specified by the purchaser

211
100 millivolts per G (or 10 pico coulombs per & for accel-
erometers without integral impedance maiching devices)
sensitivity over a minimum operating range of 0 1 10 75 G
peak and over the frequency range of 5 hertz to 10 kilo-
hertz,

2.1.2 Channel linearity shall be 10 percent of specified

Accelerometer linearity shall be =35 percent of

fult scale acceleration dispiay range over a frequency range
of 5 hertz to 10 kilohertz.

2.2 Environmental Requirements
221 TEMPERATURE

The linearity requirements of 2 1 shall apply over the
temperature ranges and temperature transients described in
2211 through 2.2 1.6

2.21.1 Piezolectric accelerometer without integral im-
pedance matching device and charge amplifier cable: —65
to +450F (—54 to +232C) and a temperature transient
of 5 F (2.8 C) per second.
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2.2.1.2 External charge amplifier: =30 to + i85 F
(=341t +850)

2.2.1.3 Accelerometer with an integral impedance
matching device and extension cable: —65 to +250F
{—54 to + 121 C) and & temperature transient of 5F
(2.8 C) per second.

2.2.1.4 Monitor and power supply: ~ 20 to + 150 F
{(—~2%to +66C)

@ 2.2.1.,5 When applications requiring operation of the
charge amplifier outside the above temperature range are
specificd, military specification components suitable for
~67t0 +257 F (=55 to + 125 ) shall be furnished.

Nore: A bullet (@) in the margin indicates that a decision by the pur-
chaser is reguired

2.2.1.6 For certain special applications, such as gas tur-
bine casings, components suitable for higher temperature
ranges may be required. Details of such installations shall
be mutually agreed upon by the purchaser and the vendor

2.2.2 HUMIDITY

The linearity requirements of 2 | shall apply at levels of

relative humidity up to 95 percent noncondensing

0241

2.2.3 SHOCK

Accelerometers, both with and without integral impe-
dance matching devices, shall be capable of surviving a
mechanical shock of =5000 G. peak, without affecting
the linearity requirements specified in 2.1

2.3 Interchangeability

Al components covered by this standard shall be physi-
cally and electrically interchangeable without requiring re-
calibration of the channel to stay within the linearity
requirements of 2 1 (This does not imply that interchange-
ability of components from different instrument manufac-
turers is required. )

2.4 System Responsibility

AH monitoring equipment purchased under this
standard and installed for a single machinery train shall be
purchased from the same instrument manufacturer The
machinery vendor, instrument manufacturer, or construc-
tion contractor, as specified by the owner, shall assume re-
sponsibility for the design and installation of the monitor-
ing system for the train

2.4.2, The agency responsible for system design shall
ensure that proper relay arc suppression is implemented
throughout the system '

SECTION 3—CONVENTIONAL HARDWARE

3.1 Piezoelectric Accelerometers

3.1.1 The conventional electrically isolated accelerome-
ter is an assembly consisting of a case, an electrically iso-
lated piezoelectric crystal, an integral impedance matching
device, and a connector This accelerometer shall be used
when the mounting environment temperature is lfess than
I0F (121 €Y.

3.1.2 The optional electrically isolated accelerometer is
an assembly consisting of a case, an electrically isolated
piezoelectric crystal. and a connector This accelerometer
requires an external charge amplifier and shall be used
when the mounting environment temperature is equal to or
greater than 250 F (121 C} and less than 450 F (232 C).

3.1.3 The accelerometer case shall be constructed from
Type 316 stainless steel and shall be hermetically sealed
The case shall have a maximum outside diameter of | inch
=0 125 inch (25 millimeters = 3 millimeters). The overall
case height shall not exceed 2.5 inches (65 millimeters)
not including the connector. The accelerometer case base

shall be fitted with standard wrench flats. The base shall
have provision for safety lock wiring.

3.1.4 The accelerometer case mounting surface shall be
finished to 2 maximum roughness of 16 microinches rms
The center of the mounting surface shall be drilled and fin-
ished tapped (perpendicuiar to the mounting surface %35
minutes of an are) with a V4-28 UNF-24 threaded hole of
Yi-inch minimum depth The monitor vendor shall supply
with each accelerometer a double-ended, flanged '4-28
UNF-2A threaded, stainless steel mounting stud. The stud
shall not prevent the base of the accelerometer from mak-
ing flush contact with the mounting block (see Figure 1)
{See Figure 2 for accelerometer housing details .}

3.1.5 The accelerometer transverse sensitivity shall not
exceed 5 percent of the active axis sensitivity over the fre-
quency range and operating range specified in 2 |

3.2 Cables

® 3.2.1 Extension cables shall be shielded, twisted pair, or
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DENTAL CEMENT, OR EQUAL.
OPTION ON MACHINE WITH
THIN WALL SECTION, SCREW
NOT REQUIRED. USE CEMENT
ONLY .

BEARING HOUSING
SPLIT LINE (NORMALLY
SHAFT ¢)

1/4-20 UNC, TAP 1/4” DEEP
{FULL THREADS), 3 HOLES AT
120°0N 1 9/16 ¢ B.C.

SEALED BY GASKET
OR BTV

1

i .

l

Woed T
B -
2 ,3 MOUNTING BLOCK

(]

AN

— OPTIONAL:
EXTENSION RING
AND/OR DOME COVER

MAY BE USED FOR
1 ADDED HEIGHT

rail

CHHai

i

iy

N

™
a
-

r2
h‘

FLANGED
MOUNTING
STUD,

i

2R

NN

=t

g=— 1/4-28 UNF
===/ " TYPICAL ACCELEROMETER, <
HOUSING

SIZE AND DETAIL MAY VARY 1/4-28 UNF TAP, 3/8" DEEP

(FULL THREADS). 1 HOLE

2-1/2 $ SPOT FACE,
SURFACE FINISH 63rms

|
o]

HOUSING
p)
X #7 ¢ DRILL THROUGH, 1/4-28 UNF
~3 TAP THROUGH, 1 HOLE SPOT FACE DETAIL
MOUNTING
BLOCK [T
L]
THESE SURFACES TOBE &l . .
FLAT, AND PARALLEL t 001
Nortes:

t. Horizontal mount shown. A vertical mount would be similar but would be located on top of the bearing
(9 degrees CCW).
2. Spot facing is shown on the existing housing but a raised boss with finish is preferred.

Figure 1-—Accelerometer Case and Mounting Details

shielded twisted triad in accordance with Appendix A or
coaxial as specified (see Figures 3 and 4). When specified,
the conductors shall be tinned.

3.2.2 The charge amplifier cable shall be a low noise co-
axial cable (see Figure 3},

3.2.3 The total physical length of the extension/charge
amplifier cable shall be a minimum of 108 inches =3 in-
ches (274 centimeters =7.5 centimeters) and a maximum
- of 180 inches =6 inches (437 centimeters £ 135 centi-

meters). This length is needed in order to provide physical
compatibility with proximity probe systems.

3.2.4 The extension/charge amplifier cable and
connector{s) assembly shall be designed to withstand a
minimum tensile load of 50 pounds (222 5 Newton).

3.3 Connectors

The attached connector(s) shall meet or exceed mechani-
cal, electrical, and environmental requirements specified in
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15/64" ¢ DRILL THROUGH 1000104
COUNTERSINK 9/64" DEEP x 7/16" $
ON 1-9/16" 4 B.C., 3 HOLES AT 1200

TO BE FURNISHED WITH 3 EACH
12-24 UNC x 5/8" LONG

AMERICAN STANDARD SLOTTED, 100°
FLAT HEAD MACHINE SCREWS

o WO FLUSH COVER BOME COVER
(STANDARD) {OPTIONAL)
e ‘
m——
MODIFICATION i
CONDUIT BODY THREADED EXTENSION

FOR 2" OPENING
4 |

T | T
= () U I VR, i
F’.‘."m:‘...m'z.": THREADED FOR I ] Al ks e e e s s Tn-g / \
\E | - 1/2" CONDUIT

s\,,.... — ":';_-"7":;':2 &:‘m{m

(OPTIONAL)

i

1-1/8" DIAMETER

HOLE Figure 2-—Accelerometer Housing
- APPROXIMATELY 3 METERS -
o ™ s ( - x
@: 3 — I @
Y 4 7 / -
0.200"
SILICON RUBBER DIAMETER
STRAIN RELIEF MAXIMUM
CLEAR SHRINK SLEEVE
{APPROXIMATELY 1-1/2" LONG)
FOR IDENTIFICATION STAINLESS STEEL ARMOR BRAID
DO NOT SHRINK AND/OR HIGH TEMPERATURE INSULATION

Py 3 sl o
\\\\(\(l\y\\\\\\\) )\\\\'\\\\\\\\\\\\\\\\l

OPTIONAL CABLE FOR SEVERE DUTY SERVICE

Connectors: Type 316 stainless steel A pE/IL. capaciance

Standard cable: #29 AWG Low noise type, 1 5 pC. PP maximum
Fused teflon jucket To withstand 95 humidity (noncondensing)
TFE insulation Temperature range: 450°F 1o 500°F

Figure 3—Charge Amplifier or Extension Cable
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STAINLESS STEEL CONNECTOR (TO ACCELEROMETER)

STAINLESS STEEL LUGS
{SOLDER ON)

2 OR 3 WIRE (18~22 GAGE) TWISTED

P —

T

ALUMINUM MYLAR
SHIELD 100 PERCENT

COVERAGE WITH

GROUNDING DRAIN

WIRE

CLEAR SHRINK SLEEVE
(APPROXIMATELY 1-1/2" LONG)
FOR INDENTIFICATION

DO NOT SHRINK

30 MIL PVC
INSULATION 15 MIL PVC

INSULATION

Figure 4—Extension Cable

2.2 and 3 2 Connector body material shall be Type 316
stainless steel. The connector shall be commercially avail-
able.

3.4 Charge Amplifiers

3.4.1 For installations where the accelerometer environ-
ment temperatures exceeds +250F (+ 121 O, external
charge amplifiers shall be used.

3.4.2 The charge amplifier shall be linear in accordance
with the tolerances allowed in 2.1 with a standard supply
voltage of minus 24 volts of direct current

3.4.3 The output, common, and power supply connec-
tions on the external charge amplifier shall be by means of
a Type 316 stainless steel heavy duty, barrier-type terminal
strip with size 6-32 screws of Type 316 stainless steel.

3.4.4 Means shall be provided for obtaining field data
without disturbing the normal connections

3.4.5 The maximum outside physical dimensions for the
external charge amplifier shall be 2.5 inches by 3.5 inches
by 2 5 inches in height (6.35 centimeters by 8 9 centi-
meters by 6 35 centimeters) {see Figure 5)

3.5 Power Supply and Systems Qutput
Relays

¢ 3.5.1 Monitoring hardware shall be capable of providing
the readout Hnearity requirements specified in 2.1 with in-
put voltage to the power supply of 117 volts alternating
current rms = |5 percent (50/60 hertz = 10 percent). If an

alternate power supply input is specified by the owner, the
same accuracy and linearity requirements shail apply

3.5.2 The output voltage from the power supply to the
charge amplifier shail be minus 24 volts of direct current
with sufficient regulation and ripple suppression to meet
the linearity requirements specified in 2,1

3.5.3 The power supply shall be capable of sustaining a

short circuit across the output for prolonged periods of

time without damage. Qutput voltage shall return to nor-
mal upon removal of an overload or short circuit,

3.5.4 Channel isolation shall be provided to prevent a
short circuit in one transducer from shorting or tripping
any other transducer

3.5.5 The monitor power shall be immaune to an instanta-
neous transient input voltage equal to twice the normal
rated peak input voltage for a period of 3 microseconds
Such a transient voltage shali not damage the power supply
or affect normal monitor operations.

3.5.6  As a minimum for all instruments. the power sup-
ply transformer shall have separate isolated windings with
grounded laminations or shall be shiclded to eliminate the
possibility of high voltage in the transformer secondary: in
case of an insulation fault. the input voltage shall be
shorted to ground

3.5.7 A minimum of three relays shall be provided: one
anticipatory alarm (alert), one shutdown (danger), and one
circuit fault relay, Anticipatory alarm and circuit fault re-
lays shall be of the single-pole, double-throw type. Shut-
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down relays shall be of the double-pole, double-throw type
with electrically isolated contacts.

3.5.8 Al relays shall exhibit the following general speci-
fications:

I Relays shall be electromechanical or solid state.

2. Relays shall be hermetically sealed.

3. All contacts shall be wired fo an accessible and clearly
marked terminal board for field wiring attachment.

4. Relays shall have a contact rating of 5 amperes resistive
load at 120 volts alternating current for a minumum of
10.000 operations

5. Pole contacts on double-pole, double-throw relays shall
be electrically isolated.

6. Alarm output refay contacts shall be completely iso-
lated electrically from shutdown output relay contacts.

3.5.9 The minimum configuration for an anticipatory
(alert) relay shall be single-pole, double-throw. Standard

BARRIER TERMINAL STRIP

SN——————-—i

f

operational status shall be normally energized uniess other-
wise specified. Anticipatory alarm (alert) relays shall be of
the latching (manual reset) type and shall be field change-
able to nonlfatching. Latching shall be electrical with at
least one reset switch per power supply.

3.5.10 The minimum configuration for a shutdown {dan-
ger) relay shall be deuble-pole. double-throw Operational
status shall be normally deenergized unless otherwise
specified. There shall be no false shutdown as a result of
power interruption (line power or direct current output
power) regardless of mode or duration except for the nor-
mally energized shutdown relay output Shutdown {(dan-
ger} alarms shall be field changeable to latching (manual
reset) or nonfatching (automatic reset) Latching shall be
standard. Latching shall be electrical with at least one reset
switch per power supply

3.5.11  The minimum configuration for a circuit fault re-
lay shall be single-pole. double-throw. Operational status

15 MIL PVC INSULATION
ALUMINUM MYLAR

SHIELD 100 PERCENT
COVERAGE WITH

2‘ 5'!
CHARGE

e,

AMPLIFIER

L

GROUNDING DRAIN WIRE

L OW NOISE COAXIAL

MONITOR
=.
3 WIRE {1822 GAGE O O
TWISTED (TO ALERT DANGER
MONITOR PANEL)}
O
OK

CABLE WITH
STAINLESS STEEL
CONNECTORS
J -
ACCELEROMETER
MOUNTED ON
MACHINE
30 MIL PVC
INSULATION

Figure 5—Accelerometer with External Charge Amplifier
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shall be normally energized unless otherwise specified. A
power supply failure shall activate the circuit fault relay

3.5.12 The relay control circuit shall be field changeable
to be either (1) de-energized to shutdown or alarm or (2)
energized to shutdown or alarm.

3.6 Vibration Monitor

3.6.1 The front panel surface area. excluding mounting
rack or bezel, shall not exceed 17 square inches (100
square centimeters) per monitor

3.6.2 Each monitor shall be provided with the following
features as a minimum unless otherwise specified:

@ | Continuous indication {analog or digital) of vibration
displayed in the units and range specified by the owner on
the data sheet. Analog display, if used. shall have linearly
spaced graduations with increments as specified in 3.6.10
and 3.8
2. Anticipatory alarm (alert) output to alarm relay
3. Shutdown (danger) output to shutdown relay with sepa-
rate and isolated alarm contact.

4 Zero to ten volis of direct current sigral (proportional
to the displayed variable) available at a barrier strip con-
nection located at the rear of the monitoring system.

5. Indicating. light-emitting diodes for anticipatory alarm,
shutdown. and circuit fault

6 Connections for monitoring the transducer output signal
on the front of the punel and on a barrier strip located at
the rear of the monitor. A short circuit of these cutputs
siall not affect monitor operation

7. Front panel readout of anticipatory alarm and shutdown
settings.

8. Front panel and remote reset of latching alarms and
shutdowns.

9. A system to identify the first anticipatory alarm and the
{irst shutdown. (The first-out indicators need not be lo-
cated on the individual monitors.)

3.6.3 Internal circuit fault monitoring with a common
alarm relay located in the rack or power supply and an in-
dicating. light-emitting diode on each monitor shall be pro-
vided. A circuit fault alarm shall not initiate a shutdown
The circuit fault system shall be set to actuate when an
open circuit or short circuit exists in the monitor-
transducer-monitor loops (including the charge amplifier-
transducer-charge amplifier loop).

3.6.4 The electrical and mechanical zeros, gain, alarm,
and shutdown adjustments shall be tamperprool and not di-
rectly accessible on the front panel. The monitor shali con-
tinue to function normally during adjustment. Adjustments

shall be accessible from the front side of the monitor sys-
tem without the aid of special tools.

3.6.5 Fixed time delays for shutdown shall be tield
changeable to either | or 3 seconds One second shall be
standard.

3.6.6 A tamperproof means for disarming the shutdown
and a visible indicating light-emitting diode shail be pro-
vided for each monitor channel. A common disarmed indi-
cator relay located in the rack or power supply shall be fur-
nished.

3.6.7 The anticipatory alarm (alert) and the shutdown
{danger} set points shal be individually adjustable over the
entire specified display range

3.6.8 Signal suppression in the monitor shall not be al-
lowed.

3.6.9 Printed circuit boards shall be coated for protection
against moisture, fungus, and corrosion

3.6.10 The conventional monitor shall have display.
alarms, and direct current proportional to aceeleration out-
put over a range of 0 to 30 G true rms (not caleulated from
peak or average) Graduations for analog display (if used)
shall have three major divisions Each major division shall
have ten minor divisions.

1<)
3.6.11 The conventional monitor shall be field alterable
to accommodate any combination of options listed in 3 §

e3.7 Filters

Filter architecture shall be Butterworth {or other design
approved by the owner) with unity gain and no loss in the
passband greater than 0.5 decibel referenced to the input
signal level. The filter shall have a roll-off rate of 24 deci-
bel per octave at the cutoff frequency (~ 3 decibel} speci-
fied by the owner

3.8 Monitor Options

When specified on the data sheet. the monitor shail be
provided with the options described in 3.8 1 through
383

3.8.1 A dual meter face graduated with three major divi-
sions, each having ten minor divisions, and ten major divi-
sions, each having 5 minor divisions shall be provided.
The monitor shall have front panel indication of the
readout mode (acceleration or velecity) and meter range
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selected The monitor shall be provided with the following
readout options:

1. Acceleration ranges of 0 to 3 G rms, 0 to [0 G rms,
and 0 to 30 (G rms (true rms, as above).

2. Single integration with scale ranges of 0 to 0.3 IPS
peak (0 to 7.5 millimeters per second peak), 0 to 1.0 IPS
peak (0 to 25 millimeters per second peak), and 0 t0 3.0
IPS peak (0 to 75 millimeters per second peak) over a fre-
guency range of 3 to 2500 hertz.

3.8.2 Monitor operation (including detection and dis-
play) shall use peak units rather than rms units.

3.8.3 Two filters in seties shall be provided per monitor
Filters shall be any combination of high pass and/or low
pass, as specified. Filtering shall occur prior to integration.
These filters shall be in accordance with 3.7

ALUMINUM MYLAR SHIELD

3.9 Wiring and Conduit (General)

Wiring and conduit shall be installed in accordance with
the National Eleciric Code, Article 723, and good electri-
cal installation practices as illustrated in Figures |, 5, 6
and 7. All components (transducers, amplifiers, and so
forth) and conduits shall be located in well ventilated areas
away from hot spots, such as Hnes. machinery, and ves-
sels. Components shall not be buried in insulation or ob-
structed by machinery covers, conduits, piping, or similar
equipment. All components, conduit, and so forth, shall be
located to allow disassembly and repair of equipment and
machinery without removal of. or damage to. the conduit.
Segregation of signal and power wiring shall be main-
tained according to good instrument installation practices
Signal wiring shall not be run in conduit or in trays with
circuits above 30 volts of either alternating or direct cur-
rent.

(100 PERCENT COVERAGE WITH GROUNDING DRAIN WIRE)
15 MIL PVC INSULATION
BARRIER TERMINAL STRIP

INTEGRAL IMPEDANCE
MATCHING DEVICE

an
STAINLESS STEEL / y

CONNECTOR
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«m\‘\‘q
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'/l'é

©
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E:: -
/ Na: 3 WIRE
N/ {18~22 GAGE) 0O O
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O
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Figure 6—Accelerometer with an Integral Impedance Matching Device
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SPIN CAP

PROTECTIVE

ORTHOGONAL
INTEGRALLY CASYT

FLEX CONDUIT

HOUSING }
RIGID CONDUIT \

AMPLIFIER
HOUSING

(NEMA 3 OR 4}  pry GAS PURGE

{OPTIONAL)

ADAPTOR

AGHINE AND MACHINED BOSSES /
REAFING OPTIONAL DOME || (ERMNAL j
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4+ — Xy
&5 PROTECTIVE ADAPTOR | RIGID
HOUSING RIGID CONDUIT| | | CONDUIT TO
et DRAIN MONITOR
FLEX CONDUIT CHARGE AMPLIFIER
AND/OR
TERMINAL STRIPS
" 3 METERS .

Figure 7—Transducer Qrientation

¢3.10 Conduit Run to Panel

Conduit of suitable size to accommodate the cables shall
be installed with a drain at each low point. Underground
conduit shall be adequately sealed to prevent the entrance
of moisture. Three-wires twisted, shielded cables with No
18 to No. 20 gage stranded conductors shall be used. The
cable shall be in accordance with the provisions of Appen-
dixes A and B. When specified, the conductors shall be
tinned. The physical length of the cable shall be limited to
500 feet (150 meters). The use of longer cable runs must
be reviewed and approved in writing by the instrument
manufacturer

3.11 System Grounding

The construction contractor responsible for installation
of the monitoring sy stem shall ensure that good grounding
practice is followed; cable shields shall be grounded only
at one point.

¢3.12 Location of Monitor

. Monitors shall be located indoors or outdoors, as speci-

%

fied by the owner (It should be recognized that outdoor in-
stallations must be designed and located to avoid adverse
vibrational and environmental effects.}

3.13 Field-Installed Instruments

¢ 3.13.1 Field-installed vibration instrumentation systems
shafl be suitable for the electrical classification of the area
in which they are installed. In hazardous areas systems
shall be suitable for Class |, Group B. C. or D, Division 2
{nonincendive} as specified by the owner Housings shall
be weatherproof (NEMA 33 or watertight (NEMA 4 if
outdoors and/or subject to fire sprinklers
Intrinsically safe systems are preferred; however, air
purging of housings described in 3 13.2 is acceptable for
meeting hazardous area requirements. if approved in writ-
ing by the owner

0 3.13.2 When specified, air purging shall be used to
avoid moisture problems even when weatherproof and wa-
tertight housings are used (see 3. {3.1).
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Purge air shall be clean and dry as in Type X or Y of

NFPA 496, as required.

3.13.3 All charge amplifier junction boxes shall be ar-
ranged on the same side of the equipment train

3.14 Calibration and Functional Test

3.14.1  Each transducer, amplifier. and charge amplifier

cable (if any} shall be calibrated to meet the requirements
of 2.1. This calibration shall be verified and documented
by the agency that installs the transducer and monitoring
systermn A shaker, simultaneously exciting a separate cali-
bration accelerometer, and a readout shall be used for cali-
bration. Calibration of the transducer shall be performed at
2 G, rms, over a frequency range of 5 hertz to 10 kilohertz
at a minimum of ten equally spaced frequencies and at 100
hertz over an amplitude range of 0 to 30 G, rms, at a mini-

mum of five equally spaced amplitudes These calibration
tests shall be graphed, and the graphs shall be supplied to
the owner

3.14.2 All power supply functions and monitor features
listed in 3.5, 3.6, and 3.7 shall be functionally tested and
the calibration verified as being in accordance with the
limits set in 2.1. These tests and calibrations shall be per-
formed following the final field installation and docu-
mented by the agency that is responsible for the final in-
staliation of the monitoring system,

3.14.3 A system functional check shall be performed in
the field on each monitor chaanel (except for the trans-
ducer) by Injecting an electrical signal equivalent to 75
percent of the full scale meter reading at a fixed frequency
which is within the range of the monitor.

SECTION 4—TRANSDUCER ARRANGEMENT

4.1 l.ocation

Locations described in 4.1 .1 through 4 1.4 are the mini-
mum required for adequate machine protection. The owner
shall have the option to review and approve the location of
all transducers

4.1.1 ‘Transducers intended to monitor radial vibration
shall be located on the radial bearing housing If two trans-
ducers are located on one radial bearing housing, they
shall be oriented such that one senses the vibration in the
horizontal plane and the other senses the vibration in the
vertical plane {on a vertical shaft machine, the transducers
shiould sense the vibration in orthogonal planes). (See Fig-
ure 7.)

4.1.2 Transducers intended to monitor axial vibration
shall be located on or as near as possible to the thrust bear-
ing housing

4.1.3 Location of transducers intended to monitor casing
vibration created by sources such as blade passing must be
jointly developed by the machinery manufacturer and the
owner. In some applications, field determinations of the
optimum mounting location may be required.

4.1.4 For gearboxes, one accelerometer shall be
mounted radially on the coupling-end bearing housing of
the high speed shaft and one accelerometer shall be

. mounted axially on the thrust bearing housing.

4.2 Transducer Mounting

4.2.1 The machinery vendor shall provide prepared
transducer mounting points as shown in Figure [. The boss
or surface shall be cast integrally with the machine part.

4.2.2 The instrument manufacturer shall provide acceler-
ometer mounting blocks as shown in Figure | for each
transducer. These blocks shall be made of Type 316 stain-
less steel unless otherwise specified by the owner.

4.2.3 All cables shall be enclosed in conduit The con-
duit shall not be attached to the accelerometer. It shall be
attached to an enclosing box Figures 1 and 2 show typical
mounting and enclosing box arrangements.

4.3 Charge Amplifier Mounting

When an external charge amplifier is used, it shall be
mounted in 2 junction box which provides a vibration-free
environment. Where feasible, all externally mounted
charge amplifiers for a machine shall be mounted in a
common junction box (see Figure 7).

4.4 Transducer ldentification

4.4.1 Each extension/charge amplifier cable and charge
amplifier shall be plainly marked to indicate the transducer
location and service.

4.4.2 For the owner’s field identification, a piece of
clear shrink-tubing (not to be shrunk at the factory} | % in-
ches (38 millimeters) long shall be installed over the cable
before the connector is installed.
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SECTION 5—DOCUMENTATION AND DRAWINGS

5.1 Documentation

5.1.1 Machinery vendors shall furnish, at the time indi-
cated in the following paragraphs, the specified numbers
of copies of documentation on vibration monitoring system
installation and calibration details and vibration limits as
fisted in 3 1.2 through 5 1 4

Calibration and functional checkout of the entire moni-
toring system shall be performed by the appropriate con-

struction agency prior to startup The specified number of

copies of documents shall be furnished to the owner

5.1.2 At least 6 months prior to scheduled shipment, the
machinery vendor shall supply:

. Recommended vibration limits for anticipatory alarm
and shutdown set points. Limits shall be stated in terms of
monitor display (Gs rms, IPS peak, and so forth).

2 A completed system arrangement plan for each ma-
chine int the train. The plan shall be in accordance with the
description in Appendix C.

3 Wiring diagrams (including schematic. connection. and
elementary diagrams) for installation and maintenance.

4 Supplementary proposal for spare parts other than those
included in the original proposal. This supplementary pro-
posal shall include recommended spare parts, cross-
sectional or assembly-type drawings, parts numbers, mate-
rials, prices, and delivery. Parts numbers shall identify
each part for interchangeability purposes Standard pur-
chased items shall be identified by the original
manufacturer’s numbers. This supplementary proposal

shall be forwarded to the owner promptly after receipt of

approved drawings and in time to permit ordering and de-
livery of parts prior to field startup.

5 Transducer serial numbers (manufacturer’s) and trans-
ducer model numbers (manufacturer’s)

6. Completed as-built APl data sheets (see Appendix D)

5.1.3. Prior to performing the machinery vendor’s fac-
tory mechanical tests, calibration curves for each trans-

ducer shall be supplied Serial numbers and model num-
bers shall be included on each calibration curve,

5.1.4 Not later thun 5 days after the scheduled shipping
date. instruction manuals for the complete vibration moni-
toring system shall be supplied. The manuals shall include
drawings and instructions covering installation: parts list:
completed data sheets: final test calibrations; checks. start-
up. and operating limits: operating procedures: and mainte-
nance procedures.

5.2 Drawings

5.2.1 When necessary to meet the scheduled shipping
date, the vendor shall proceed with manufacture without
awaiting purchaser approval of drawings. unless otherwise
specified

5.2.2 Approval of drawings shall be made promptly after
receipt by owner. However, such approval shall not consti-
tute permission to deviate from any requirements in the or-
der unless specifically agreed upon in writing After the
drawings have been approved, certified copies shall be fur-
nished in the quantity specified. All drawings-must be
clearly legible and in accordance with ANSI Y-14 2

5.2.3 The following information shall be provided on the
drawings: .

I The purchase order number (on every drawing).

2. The owner's equipment item number {on every draw-
ing).

3. All principal dimensions including those required for
panel arrangements, maintenance clearances, and disman-
tling clearance. Typical drawings are not acceptable.

4. Complete bills of material covering the entire scope of
supply

3. A list of reference drawings.

6 Special weather protection and climatization features. if
any, supplied by the vendors and required by the owner

SECTION 6—PROPOSALS AND SHIPMENT

6.1 Proposals

Proposals shall provide the following:

I. Complete descriptive information [including necessary
drawings, diagrams, and API data sheets (see Appendix
D)] covering any equipment that the machinery vendor, in-
strument manufacturer, or construction agency proposes to
furnish. The machinery vendor, instrument manufacturer,

or construction agency shall submit API data sheets com-
pleted to the greatest extent practicable.

2. A price list of spare parts

3. An outline for the owner showing all necessary special
weather and winterizing protection required The proposal
shall list separately the proposed protective items

4 Fither a specific statement that all equipment is in strict
accordance with the owner specifications or a specific list
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of deviations therefrom. All deviations shall be detailed 6.2 Shipment
and explained Deviations may include alternative designs
equivalent to those specified and guaranteed for the speci-
fied duties.

The shiprment date shall be specified in the vendor’s pro-
posal as a fixed number of weeks from the receipt of the
order




 APPENDIX A

SINGLE CIRCUIT CABLE (NO MECHANICAL PROTECTION)
WITH SHIELD FOR VIBRATION TRANSDUCER

This appendix covers the minimum requirements for a single circuit cable with a
shield for a vibration transducer with a shield (The cable requires a conduit or a tray
system for mechanical support and protection ) Insulation must conform to Article 725
of the National Elecirical Code and must withstand with no shorts a t-minute, 3000
volt, direct current test potential between conductor to conductor and conductor to

shield.

Conductors

Primary insulation

Number of conductors
Color code

Lay of twist

Shield

Overall jacket

Description of Cable

I8 10 20 gage. 7 strand, Class B concentric lay copper
per IPCEA S-61-402, Part 2, Table 1.

15 mils (380 micrometers) minimum, 90 C polyvinyl-
chioride (PVC). For environmental temperature higher
than 90 C, special suitable insulation, such as tetra-
fluoroethelene, shall be used.

3 twisted.

Black, white, and red.

1Y to 2V4 inches (3 75 to 6.23 centimeters)

100 percent coverage. Aluminum/mylar shield with a
minimum aluminum thickness of 0.35 mils (8 8 micro-
meters) helically applied with 2 minimum of a 25 percent
overlap. Aluminum side to be in continuous contact with
a bare 22 American Wire Gage (AWG), 7 strand. Class B
concentric lay drain wire.

3G mils (750 micrometers) nominal, 80 C PVC.
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APPENDIX B
MULTICIRCUIT CABLE (NO MECHANICAL PROTECTION)
WITHOUT GROUP SHIELD FOR VIBRATION TRANSDUCER

This appendix covers the minimum requirements for a muiticircuit cable without a
group shield for a vibration transducer (The cable requires a conduit or a tray system for
mechanical support and protection. } Insulation must conform to Article 725 of the Na-
rional Electrical Code and must withstand with no shorts a {-minute, 3000 volt, direct
current test potential between conductor to conductor and conductor to outer shield.

Description of Cable

Conductors {8 1o 20 gage. 7 strand, Class B concentric lay copper
per IPCEA §-16-402, Part 2, Table |
Primary insulation {5 mils (380 micrometers) minimum, 90 C PVC
Number of conductors 3 twisted
per group
Color code Black, white, and red.
Lay of twist 1¥4 10 2V inches (3.75 to 6.25 centimeters).
Overall shield 2 to 3 mils (30 to 75 micrometers) of aluminum/mylar

tape with a minimum aluminum thickness of 0 35 mils
o (8.8 micrometers) helically applied with a 25 percent
overlap. Aluminum side to be a continuous contact with a
bare copper 18 AWG, 7 strand, Class B concentric lay
drain wire

Communication wire 22 gage, 7 strand, Class B concentric lay copper with 30
mils {750 micrometers) of insulation. Color code other
than group color

17
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APPENDIX C
TYPICAL SYSTEM ARRANGEMENT PLAN

This appendix presents a typical system arrangement for a motor, centrifugal fan, and
double helical gear {see Figure C-1). The arrangement plan furnished for each machin-
ery train (see 5.1 2 item 2} must illustrate as a minimurm the following items:

. The position of each transducer in relation to the machine’s bearings.

2. The machine rotation showing a view of all drivers from the high pressure or out-
board end and all driven machines from the driven end.

3. A complete system description, including any pertinent information applicable to the
particular system layout and including:

a. Transducer number, type. and positions.

b. Bearing types.

c. Radial transducer clock positions with degrees referenced to vertical top dead cen-
ter (TDC) as zero.

ITEM DESCRIPTION ITEM DESCRIPTION
1xR!I MOTOR RADIAL OUTBOARD 0% 8=xR GEAR RADIAL QUTPUT 80
2xR| MOTOR RADIAL OUTBOARD 90%| 9xR FAN RADIAL INBOARD Qe

3 xRi{ MOTOR RADIAL INBOARD 0*§ 10 %R FAN RADIAL INBOARD a0
4 xR | MOTOR RADIAL INBCARD 20 11 xR FAN RADIAL OUTBOARD 0°

5 xR} GEAR RADIAL PINION 0°f12 xR FAN RADIAL QUTBOARD  90°
6 xR | GEAR RADIAL PINION 20 1xA GEAR AXIAL THRUST BEARING
7 xR GEAR RADIAL QUTPUT 0% 2xA FAN AXIAL THRUST BEARING

T1xR

CENTRIFUGAL

12xR

GEAR SPEED

3xR REDUCER

DRIVE
MOTOR

2xR

Nore: Notation conforms 1o the Instrement Soclety of America standard references
X vibration transducers
R radial transducer
A axial transducer

Figure C-1—Typical System Arrangement Plan for a Fan
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APPENDIX D
TYPICAL ACCELEROMETER BASED VIBRATION MONITORING
SYSTEM DATA SHEETS
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ACCELEROMETER-BASED VIBRATION PURCHASE ORDER NO
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Customary Units INQUIRY NO
PAGE oF 8y
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SITE SERAVIGE
NOTE: INFORMATION TO 8E COMPLETED 3 BY PURCHASER [3 8Y MANUFAGTURER
MACHINERY TRAIN COMPONENTS
O NUMBER OF; COMPRESSORS
PUMPS STEAM TURBINES CENTRIFUGAL ROTARY
GAS TURBINES GEAR UNITS S OPEAATING FREQUENCY RANGE:
FANS AND BLOWERS hartz TO kilahertz
SITE DATA
DESIGN TEMPERATURE: SUMMER {C) ____ WINTER (MIN) O DAY AIR PURGE: " IX OR 1Y
. DESIGN WET BULB TEMPERATURE: (C} ...._.. PEACENT HUMIDITY ____, D OPEHATING TEMPERATURE RANGE:
) WINTERIZATION AEQUIRED O THOPICALIZATION REQUIRED ACCELEROMETER FTO F
O UNUSUAL CONDITIONS: DUST FUMES OTHER EXTERNAL CHARGE AMPLIFIER FTO F
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i O SPECIAL BODY MATERIAL ] TYPE OF CABLE
' O CONNECTOR LOCATION TOP SiDE 2 SHIELDED TWISTED PAIR O CONDUCTOR ) BARE 12 TINNED
2 SHIELDED TWISTED TRIAD (3 COAXIAL
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7t MACHINERY VENDCR
2 INSTAUMENT MANUFACTURER
7 CONSTRUCTION CONTRACTOR
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