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Integrating Vibration Meters

USES:

= Measurement of machine condition for mainte-
nance procedures

= Vibration Severity measurements of rotating and

reciprocating machinery
» Production quality control

» Occupational health investigations of powered
hand-tools

s Vibration and shock testing

» General vibration measurements for design, re-
search and development work

FEATURES:

» Cholce of measurement units — Sl with 2513, g's

and in/s with 2516
= Robust, slim-line construction

types 2513 and 2516

Compact pre-calibrated Piezoelectric Accelerom-
eter, with robust connection-cable, supplied

True Peak, Max-Peak, AMS or AMS-Max. indica-
tion of vibration acceleration or velocity

Vibration acceleration ranges cover 1 to
1000m/s? (2513}, 0,1 to 100g {2516)

Vibration velocity ranges cover 0,1 to 100mm/s
(2513}, 0,01 to 10 in/s (2516}

Electronic integration of measurement for L, dis-
play (equivalent-energy level) selectable

Solid-state thermometer-type read-out covers
100:1 range

Measures Hand-Arm vibration (to ISO/DP 5349
with Charge Attenuator available to order or alter-
native Accelerometer), Vibration Severity {to 1SO
2954), or wide-band vibration 10Hz to 10kHz

AC output for use with recorder, analyzer etc.
Low-energy circuits for long battery life

Y The Types 2513 and 2516 Integrating\
Vibration Meters have been developed
to meet the needs of the user who re-
quires an economical yet accurate in-
strument for day-to-day vibration mea-
surements. Compact and light enough
to bhe carried in the Document Folder
supplied, they incorporate several ad-
vanced features which enable them to
be used easily by busy perscnnel for
whom mechanical vibration measure-
ment is only one of many activitiea, The
25613 is graduated in metric units, and
\@ 2516 in g's and in/s. ‘

Fig.l. Documentation of measurements
taken on site with the Vibration Me-
ter in its folder
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roller-bearing defects, etc. The phase
response has also been optimized for
accurate shock measurement. This
weighting can be used for such mea-
surements in both acceleration and ve-
locity modes. However, the instru-
ments must be set to velocity for Vi-
bration Severity or Hand-Arm
measurements in accordance with the
IS0 standards quoted (even though as
shown in Fig.5, Hand-Arm is a mea-
surement of a weighted vibration ac-
celeration). The High Pass Filter
which replaces Hand-Arm in the mod-
ified instruments 2513/WH 2258 and
2516/WH 2260 should be used with
the instuments set to acceleration,

Vibration Transducer

The Type 4384 Piezoelectric Accel-
erometer supplied with the 2513 and
2516 is of Delta-Shear® construction,
and is trimmed during manufacture to
achieve & Uni-Gain® sensitivity of
1pC per m/s®. This ensures inter-
changeability between all 2513/2516%
and 4384%, and eliminates the need
for sensitivity adjustment of the Vi-
bratien Meter by the user. Calibration
of the overall measuring sysiem (4384
plus 2513/2516) is not nermally neces-
sary, but it can be checked using the
Type 4294 Accelerometer Calibrator
{not included).

The Mounting Magnet UA 0642
supplied with the Accelerometer is de-
signed to exploit the full frequency
range of the 2513/2516 system. A disc
made of self-adhesive PTFE (2 sup-
plied) may be placed under the Mag-
net if electrical isclation of the Accel-
erometer from the mounting surface is
required. Ferromagnetic Cementing
Discs YO 0070, like the one supplied
with the Magnet, may be glued to reg-
ular measuring positions, using epoxy
resin or cyanoacrylate adhesive, and
left permanently in place. Alternative-
ly the Accelerometer can be mounted
directly by a Threaded Stud (supplied)
in a tapped hole in the mounting object.

To connect the Accelerometer to the
Vibration Meter, a sturdy Cable
A0 0193, designed to withstand the
rigours of regular shop-floor use, is
provided. This Cable is suitable for
use over a wide temperature range
(-74° to +1B0°C), and generates neg-
ligible internal noise, It is terminated
with robust TNC coaxial connectors.
Connection to the Accelerometer is via
an Adaptor, UA 0641, which incorpo-
rates a seal to provide good mechani-
cal contact and moisture-resistance,
The Accelerometer may alternatively
be used with a standard Accelerome-

Vibration Severity {(based on 1SQ 2954) & Linear
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Fig 4. The frequency response weightings of the 2513 (excluding Accelerometer) for Vibration
Severity and Linear. To be understood as the weighted vibretion level of a harmonic
vibration I nm/s (rms) at the respective frequency, expressed in dB re I nm/s (For the
2516 the same curves apply but substitute 1077 in/s for 1 nm/s)
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Fig.5. The frequency response weightings of the 2513 and 2516 {excluding Accelerometer) for Hand-
Arm vibration. Te be understood as the weighted vibration level of a harmonic vibration
1 um/s® (rms) at the respective frequency, expressed in dB re 1 um/s®. Also shown (dashed line)
is the High Pass Filter, which replaces Hand-Arm in the 2513/WH 2258 and 2516/WH 2260

Integrating
Vibration
Meter

Tunable
Band Pass Fliter

Synchronlzation

I L Ay — .
1621 el O E

Ii 2513 or 2516

Instrumentation
Tape Recorder
7005

Y N K
“ee @

X Portable Graphic
Level Recorder

i -—
-—
-
amm | Signal Analyzer

s 81 2002, 2033
‘emimmmE Wt | o034 or 2615

=. f e mrwm——
hud hnd a01200/3

Fig.6. Measurement and analysis systems which may be built round the 2513 or 2516

ter Cable (AO 0038, supplied) and
Adaptor JP 0162 (available as an ac-
cessory) for measurements on light-
weight structures.

A number of alternative Accelerom-
eters are available from B& K for vari-
ous applications. In particular, for
Hand-Arm measurements to [SO/DP
5349  (1982-02-17), “Hand-Arm”
Transducer Set Type 4392 is recom-
mended for the 2513 (with some small
correction for Accelerometer sensitiv-
ity tolerance). This set comprises a

miniature Accelerometer Type 4374
and two adaptors which overcome the
problem of the transducer interfering
with the operator's grip. Alternatively,
for the 2516, the Miniature Acceler-
ometer Type 4375 is available or, for
both 2513 & 2516, the Accelerometer
Type 4384 supplied can be used togeth-
er with an optional Charge Attenuator.

Use with Other Instruments

Fig.6 shows a number of other B&K
instruments which may be used to ex-
tend the applications of the 2513 or 2516.




The 2513 and 2516 are intended for
four main kinds of application —

General vibration measurements,
Vibration measurements are valuable in
many branches of industry. Examples of
applications are: shock measurement in
rolling mills, lesk detection in pipes,

" and pulsation measurements in pneu-
matie and hydraulic systems. Fields of
use include power generation, mining,
motor vehicles, ships, and railways.

Condition monitoring. It is well
known that most kinde of machinery
failures are preceded by a rise in vibra-
tion level. Regular measurement of ma-
chine vibration level can be used to de-
cide whether the machine requires

maintenance. Thig can form the basis of

a systematic and economical technique

for scheduling maintenance. It is appli-

cable to a very wide range of industrial
plant, including machine-tools, steel,
hoard and paper mills, chemical plants,
cement ovens, compressors, diesel en-
gines, and power stations.

Vibration Severity measurements.
Vibration Severity is a quantity particu-
larly useful in the evaluation of the run-
ning quality of rotating and reciprocat-
ing machinery. The 2513 and 2516 meet
the requirements for an instrument
guitable for measuring Vibration Sever-
ity as laid down in 18O 2954 (1975).
Vibration Severity criteria are covered
by IS0 2372, 2373 and 3945, and corre-
sponding national standards. For quali-
ty-assurance personnel and technical
staff engaged in buying or selling ma-
chinery, the 2513 and 2516 provide ideal
meang of checking that the vibration
generated by a machine in operation

meets its contractual requirements. Be-
cause of their simplicity of operation,
only the briefest of introductions is
needed before the user starts making
accurate measurements with the 2513 or
2516.

Hand-Arm Vibration. Of particular
concern to manufacturers and users of
portabie power tools, and environmen-
tal health authorities, are the effects of
sustained exposure to vibration trans-
mitted into the hands and arms of their
operaters. The 2513 and the 2516 incor-
porate an electronic weighting filter, in
accordance with ISQ/DIS 8041 Draft
1987, to permit measurements to be
made of the overall level of exposure, in
accordance with ISO/DP 5349 (Draft
1982-02-17) when used with a Charge
Attenuator available to order or a suit-
ahle alternative Accelerometer.

S

The Types 2513 and 2516 are com-
pact hattery-powered instruments eas-
ily held and operated in one hand. The
9513 measures in SI units, and the
2516 in g’s and in/s. A decument folder
designed to contain both the Vibration
Meter and an A4 note-pad for record-
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Fig.2. The interconnection arrangements
for the 2513 and 2516 (illustrated)

ing measurements taken on site is also
included (Fig.1). Each Vibration Me-
ter is supplied with a light-weight Pi-
ezoelectric Accelerometer, connected
by a 1,2m coaxial cable (see Fig.2).

Display

The 2513 and 2516 feature a solid-
state thermometer-type display which
makes them especially easy to use
without sacrificing accuracy. It con-
sists of 41 red light-emitting diodes
(LEDs) covering a relative amplitude
range of 1to 100, The amplitudes are
logarithmically spaced, giving a con-
stant accuracy over the whole range.
The LEDs, however, are equally
spaced, so each successive LED corre-
sponds to an amplitude 11% greater
than the one helow. If the amplitude
measured falls between two LEDs, they
both light giving a resclution of 6%.

The display range itself can be
switched between two settings differ-
ing in level by a factor of 10, giving an
overall measurement range of 1000:1.
The main graduation levels are
framed in “windows”, and change
automatically with function setting. A
decibel (dB) scale is provided in addi-
tion to the engineering-units scale.

The L,, (“Equivalent Level”} facili-
ty on the 2513 and 2516 takes the
vagueness out of vibration measure-
ment when the level is fluctuating. In
this mode of operation, the L, is com-
puted by mathematical integration
from all the mean square levels occur-
ring since the measurement started
(hence the name “Integrating Vibra-
tion Meter™). The standard instru-
ments compute a one-minute L., but
the 2513/WH2258 & 2516/WH 2260
compute a 10s L,,. A steady figure for
the vibration measurement is ob-
tained, that is repeatable.

When the L, function is selected,
the display simultaneously indicates
the maximum peak value. There is no
ambiguity because maximum peak val-
ues can never be less than L, values
{Fig.3). The display flashes until mea-
surement is complete and is then held
until 2 minutes after the last “Reset”
{or 2,5 minutes with the 2513/WH 2258
& 2516/WH 2260), then the instrument
switches off to save batteries.

The display can also be set to read
running peak levels only, with 1s de-
cay-time constant, and RMS values,
with a 1s time constant. Either instan-
taneous or maximum RMS indication
may be selected.

All the display functions are avail-
able with a choice of indication of vi-
bration acceleration or velocity. The
preferred parameter depends on the
application. Three different weight-
ings may be selected — Linear, Sever-
ity and Hand-Arm. The Linear
weighting (Fig.4) uses the extended
frequency response of the 2513/2516
measuring system , which is of advan-
tage where vibrations to be measured
are caused by cavitation, turbulence,
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Fig.3. The display of the 2513, showing L,,
and Max. Peak indications simulta-
neously. The ratio of Peak to L, gives
the Crest Factor of the vibration sig-
nal, which is used for detecting faults

in rolling-element bearings



Specifications 2513 and 2516

MEASUREMENT AMPLITUDE RANGES:
2513 Selectable Ranges: 1 to 100 and 10 to
1000 m/e? acceleration; 0,1 to 10 and 1 to
100mm/s velocity

2516 Selectable Ranges: 0,1 10 10 and 1 t0
100 g acceleration; 0,01 to t and 0,1 to 10in/s
velocity

Hand-Arm Range (standard 2513 and 2516
anlyk: 100 to 160 dB re 10°% m/s® when used
with a suitable Charge Attenuator or alterna-
tive Accelerometer

Maximum Internal Noise: 2513: 0,2m/s? ac-
celeration, 0,1 mm/s velocity; 2516: 0,02 g ac-
. celeration, 0,007 In/s velocity

MEASUREMENT FREQUENCY RANGES:
Lin: 10 Hz 10 10kHz + 3dB (tolerance at high-
er frequencies in this range is dependent on
good mounting of Accelerometer)

Sev: 10Hz to 1 kHz, to 1SO 2054 {1975}
H-A: 8Hz to 1kHz, to I1ISO D/P 5349 (Draft
1982-02-17)

HP: 1kHz to 10kHz =+ 3dB enly In
2513/WH2258 & 2516/WH 2260, where the
High Pass filter replaces Hand-Arm

INDICATION:

Level Indicated:

Instantaneous or Maximum True Root-Mean-
Square (AMS), with 18 time constant

True Peak, with T8 decay-time constant

L 4q simultaneously with Maximum Peak
Overall Accuracy: (at B0 Hz) £ 6% (including
Accelerometer sensitivity tolerance). Tem-
perature sensitivity +0,06dB/°C. Vibration
sensitivity -20dB (relativa to the vibration
level at the Accelerometer). Magnetic sensi-
tlvity negligible for field strengths up to
100 A/m

Shock Measuremeni Accuracy: (with hal-
sine impulse} +2 -3 dB for 0,1 to 5§ ms Im-
pulse, +1dB for 0,5 to 2 ms Impulse.

RME Crest-Factor: 3 for full scale indication,
worst case, 100 at 3% of full scale

RAMS Max. Droop: Held indication will fall by
not more than 6% of Indication per minute
Peak Rise-Tima: 6% per us. For a rectangu-
lar step, 60 us8

L,g/Max.-Peak function: Display gives two
simultanecus Indications. Lower is L, upper
Is Max.-Peak. Display flashes until measure-
ment terminated (after 60s = 2% with the
standard  Instruments, 108 with the
2513/WH 2258 & 2516/WH 2260); display is
held until total 2 min. after the last “Reset”
(2,5 min, for 2513/WH 2258 & 2516/WH 2260}
Display: 41-element LED “thermometer” style
Brightness Adjustment: Automatic compen-
sation for ambient Highting by photo-sensitive
transistor

Resolution: 6% (0,5dB). Intermediaie levels
are signified by illumination of 2 adjacent LEDs
Scales: Engineering units (m/s? and mm/s on
2513, g's and In/s on 2518) with logarithmic
graduations, plus dB re t xm/s? and 1nm/s
(2513) as 0d8 {1077 in/s on 2516). For Hand-
Arm measuremeants to ISO/DP 5349 (Draft
1982~02-17) a 20dB Charge Attenuator
WE 0726 (for 2513) and a 12 dB Charge Atten-
uator WB 0778 (for 2518) are available. Aller-
natlvely, a *Hand-Arm" Transducer Set Type
4392 {with 2513} or a Miniature Accelerome-
ter Type 4375 (with 2516} may be used
Overload Warning: Display flashes and leve|
Indication is suppressed until overload Is re-
moved

OTHER CONTROLS:

Reset: Operating any switch resets the in-
strument. Pushing “Reset” indicates battery
condition on the display

On/Off: Push for on, push for otf

AC Out: Sub-miniature socket sccepting
2.5mm jack-plug JP 0213 or cable AO 0173
for connection of a recorder or analyzer. Full
insertion of plug disables automatic switch-
off. Output impedanca 100 In series with
33 uF. Open-circult voltage 1V * 6% corre-
sponds to full scale Indication. Min. load
10kf}

BATTERIES:

Type: 3 x 1,5V cells to IEC specification LRE
(“Penlight™ or “AA" slze), e.g., alkaline cells
QB 0013

LHe: 24 hours continuous measurement in

room lighting. In bright sunlight continuous
measurgment life falls to 10 hours

PHYSICAL CHARACTERISTICS:

Weight: 3509 (12,4 0z) excl. 4384

Height: 187 mm (7,41n) with 4384 cable dis-
connected

Width: 72mm (2,8 in)

Depth: 22mm (0,9in}

Temperature Renge: —10° to + 50°C (14° to
122°F)

Humidity: 0 to 80% RH {non-condensing)

ACCESSORIES SUPPLIED:
Instruction Manual
Piezoelectric Accelerometer.
Document Folder
1.2m (4 11) TNC-to-TNC Acceler-
ometer Cable
Adaptor, TNG plug to Accelerom-
ater

Mounting Magnet... UA 0642
{includes 1 Ferromagnetic Dlsc YO 0070
and 2 PTFE Isolating DIscs ... DS 0553)
2,5mm (0,1in) Sub-Minlatur

Jack Plug " JP 0213
3 Alkallne Celis ... QB 0013
Measurement Record Pad. ... QP 4992
ACCESSORIES AVAILABLE:

Service Instructions

2,5 mm-Jack-to-BNC Cable

(1,5 m).... AQC 0173

Adaptor, 10-32 UNF miniature
coaxial connector to TNC (for
connection of other Accelerome-
ter Cables to 2513 or 2516)...
20dB Charge Attenuaior.
12dB Charge Attenuator,
1 kHz High-Pass Fllter,
Mechanical Fliter ..........
{Available as a sot of 5...
“*Hand-Arm" Transducer
(for 2513) .
Minlature Accelerometer.................. Type 4375
{for 2618)

Tripod Bush Adaptor
Accelerometer Calibrator ..

e P 0162

.. Type 4254

Specifications 4384

MEASBUREMENT CHARACTERISTICS:
Sensitivity: 1pC per m/s® + 2% (10pC/g)
Capacitance: 1,2nF approx. (incl, 1,2m ca-
ble). Actual value given on calibration chart
Mounted resonance: 35kHz (threaded-stud)
Trensverse sensitivity: Max. 4% of main-
axis sensilivity. Orientation of minimum sen-
sltivity marked on case

Piezoelactric matsrisl: PZ23

Base-strain sensitivity: Typically 0,02m/s?
(0,002 g) per uStrain (measured in base plane
al 250 uStrain to ANSI 52,11-1969)
Temperaiurs transient sensitivity: Typically
0,8 m/s? per °C (00449 per °F) {to ANSI
$2.11-1968)

Magnetic sensitivity: Typically 7m/s? per T
(0,07 g per k Gauss), measured at 50Hz and
0,037

Acoustic sensitivity: Typically 10mm/s?
{0,001 g) at 154dB SPL {2 to 100H2)
Temperature range: -74°C (-101°F) to
+ 250°C (+ 482°F)

Shock: * 200km/s® ( 20000 g) max. peak
parallel to main axis

Vibration limit (within linear frequency
range) 60km/s? {6000g)} continuous peak
sinewave along maln axis; 1km/s? (100g}
with magnet UA 0642

PHYSICAL CHARACTERISTICS:

Weight: 11 g (0,4 02), excl. mounting accesso-
rieg

Height: 18,6 mm (0,8in), excl. mounting and
miniature 10-32 UNF screw-locking coaxial
connector

Diameter: 13,5 mm (0,53in} body and mount-
ing-surface

Base: Titanium, 14 mm (0,6in) hexagon, with
central 10-32 UNF tapped hole for mounting

ACCESSORIES SUPPLIED:

1.2m (411) Accelerometer Cable

with miniature 10-32 UNF scraw-

locking coaxial connectors.............. AQ 0038
10-32 UNF Threaded Steel Stud....... YQ 2960

ACCESSORIES AVAILABLE:

3m Accelerometer Cabla with

miniature 10-32 UNF screw-lock-

Ing connectars ... - AC 0122
Tube of Cyancacrylate Adheslva._ .. Qs 0007






