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THE TYPE 1553-A VIBRATION METER

The new General Radio Vibration
Meter, Tyri 1553-\, is a portable easy-
to=use instrument for the gquantitative
measurement  of  vibration. With its
aceelerometer, the Tyre 1560-P51 Ce-
ramie Vibration Pickup,' it is direct
reading in aceeleration, veloeity, dis-
placement, and jerk, Other pickups can
also be used, among them veloeity-type
transducers and special-purpose accel-
erometers respouding to frequencies up
to 20 ke With many of these, the vibra-
tion meter can be adjusted to be direct
reading.

The exeellent performance of this in-
strument is made possible in large part
by it stahle, high-gain, wide-band, low-
notse amplifier, which ean also be used as
a =ensitive voltmeter for audio and sub-
andio frequencies and as o ealibrated,
mnlti-range preamplifier for analyzers;
stroboscopes;  tape, graphie level, or
direet-reading oscillographic recorders;
and oscilloscopes.

The cover photograph shows the ex-
ternal features of the new Tyre 1553-\
Vibration Meter. The instrument is
housed in an aluminum Flip-Tilt* case,
which combines convenience in use with
protection during transportation or sfor-
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=ysten, " il Rwedine !-J;ur;mmh

Noveyiher-Doceraber, i,
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age. The pickup, cable, six-ineh probe,
and probe tips are stored in the cover,
The panel Luyout and readout dials have
heen designed to avoid ambigaities aind
to make the instrument simple and easy
to use and to read.

CIRCUITS

The eleetrieal signal from the vibra-
tion pickup (acceelerometer) is processed
hy the following clectrical systems that
make up the indicating instrument: the
amplifier, a ealibrated attennator, threc
ac voltmeters, integrating cirenits to
convert aceeleration signals to veloeity
or displocement signals, o differentiating
Cirenit to convert aeee !vt' ation ~.1g||ul- 10
jerk signals, and o calibration civenit for
l11.u||| LIIIHI;., ‘llnjl|lht't @il or for setting
amplifier gain to accommodate alternute
pickups  with  different  sensifivities.
These are ndiented  graphically  in
Figure 1,

Amplifiers

Experience gained in the design and
building of amplificrs for portable sound-
level meters™® has been put to divect

. KL Gross, Ir., "Type 14314 Sonnd-Tavel Mter*
enverid Rodio Beperimender, 20, W0, Mureh, 1952,
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Figure 1. Functional block diagram of the vibration meter.
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Figure 2. Elementary schematics of the voltmeter circuits.

vse i the amplifiers of the Tyee 1553-A
Vibration Meter, Similar eivenitery as
well s resilient mountings and supports
for microphonic suppression have heen
cruployed. Transistors have been nsed
where  characteristies  and — stability
achioved surpassed that previonsly oli-
fained with vaeunm tubes. In some in-
stances, however, the requireiments are,
even today, better met with vieunm
fithes. For example, transistorized ver-
sions of the high-impedance Tow-noise
inpulamplificr are uot competitive
ceonotmieally or relinbly with vaeuum-
tube models. T addition, eoupling and
hy-pass capacitors often beeome pro-
libitively bulky and expensive when
low=impedance transistor ampliliors re-
place tube amplifiers that nost have
flat response to 2 epsz or lower.

Voltmeters

The three voltmeter eirenits with
respoises, respectively, of peak, peak-
to-peak, and  avernge are shown in
Figure 2. The peak-indieating eipeuit
(Figimre 2a) 15 the well known combina-
tion of a diode rectifier, o copacitor and
ade voltmeter systen, The peak-io-pealk
reading eirenil (INeure 2h) s obtained
by the addition of a second diode 1)
which detects the other peak of the
voltage wave. In this eiredit, the de
voltige across capaeitor ¢ which
presented to the de vienum-tube voli-
meter, is equal to the sum of The positive
and negative peaks of {he signal wave,
Figive 2¢ shows the full-wave Dbridge
rectifier civeuit used to obtain the aver-
wge reading voltmeter.

Fach of the three voltmeter eirenils is
operated in s linear region, so that
common meter seales are possible,

Ancemitter-follower ontput amplifier
and  silicon-junction  diodes make it
possible to maintain a high ratio (107)

1=

i
of 7
true peak and peak-to-peak responses,
even for very complex wave forms7
The sensitivity of the avernge-reading
meter eircuit is adjusted to be 10 db
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Sons, New York, MO, pp 175170,
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g i £ Figure 4,
T T Schematic of
" ) T improved in-
QUTPUT  tegrating cir-
INPUT e cuit.

greater than the sensitivity of the peak-
to-peak reading, so that for a sine wave
the same eurrent fows throngh the in-
dicating meter for average and peak-to-
peak voltmeter selection. This change
in sensitivity is antomatically indicated
i the window showing the meter full-
seule reading.

Integrating Circuits

The frequency-response  characteris-
ties availuble in the Tyer 1553-A
Vibration Meter with the Tyre 1560-1'51
Piekup are shown in Figure 3. These
curves show the readings obtained on
the vibration meter as a function of fre-
quency for a constant aceeleration of 100
inches per =econd per second, Over their
specified frequency ranges all responses
are well within 109, of their respective
design objectives, Tt is worth noting thut
the high sensitivity and  good  low-
frequency response for veloeity and dis-
plicement  measurements have  been
achieved by an integrating cireuit that
performs the desired frequeney-response
shaping without the losses inherent in

conventional integrating cirenits. The
x T T
TRUE
DISPLACEMENT
+iop—; A
CIRCUITS l
a 0
2
1
§ il TYRE 1553-4
VIBRATION N
w DISPLACEMENT \
RESPONSE
= \\

7 z 5, ol
% 2 F";EUUEWI' : .

Figure 5. Low-frequency displocement response.
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cireuit (Figure 4) is a modification of the
familiar  Miller-iype  integrator.® The
grid-plate capacitor of the Miller ¢ivenit
is replaced Tiere by a form of parallel=T
tuned eivenit. Advantages of the new
cirenit are illustrated in Figure 5 which
shows the low-frequeney portion of the
displacement  response of the Typru
1553-A and the computed response for
two RC or Miller-type infegrators. Al
fi. the minimum desived response fre-
quency, both responses are within 5,
of the true displacement response. The
difference in maxinnn responses (A)
represents the saving in gain regoire-
ments  for equivalent  sensitivity  on
displacement afforded by the new eir-
enit. This redueed gain requirenient alzo
mewns one can obtain higher sensitivity
with no inerense in noise level, A further
improvement in noise lovel seeries from
the new eirenit beciuse its response falls
ofl just below its normal operating range
of fy to ufi.

JERK RESPONSE

Jork #A00 the time rate of change
of aceeleration, is the response obtained
when the ontput of an accelerometer is
differentiated. Jerk is o measure of any
\Ilfl(](_'ll change m aceeleration of a luul\
1t is this sudden change that is related
to the riding quality of automobiles or
elevators, Tt is important in load tie-
down in railroad ears, tencks, and air-
eraft. Low frequencies (usually 1 to 20
eps) are of interest in jerk measurements,
The rated response of the Tyre 1553-\
for jerk measurcment is 2 to 20 cps. The
actual response, obtained by use of a
differentiator of design® similar to ithe
integrator deseribed above, ix as shown

ARefervmee Dt for
Internutional Telophone & Telogriph Corgr.,
1947,

Ruihor Kngindvre = Foucth Edition,
Neww York,

o aand Viteubion  Diba, Specinl Pub. Dept. (5109
1y of Autometive Enginsers, New York, 1950,

YT, A, Pearls and €, W. Kinsenger, ™ A Jerkweter for
Rallistocantiographs.” NEBS Report No. 4132, Washing-

ton, D, €., June, 1955,

Uansld 10 Eckminn, Tndusteind Tuateumentation, Wiley
& Sons, New York 1031, p 213,

Aokl . G, Petersan and F. E, Gross, Je.. Wt
wf Noige Mensuiement (Fovith tion), Genernl Raddin

Company, 1960,

*Here the paralicl- T eiretit i tsid Below its nall fre-
quency while the integrator operates above the mill
Fregpuiemey of e parsllelsT astwork.

www.ietlabs.com
TEL: (516) 334-5959 + (800) 899-8438 » FAX: (516) 334-5988



GENERAL RADIO EXPERIMENTER 6

[ T
? 07_;_ _t_
£of Ll E =

z ] 20
FREQUENCY iN CYCLES PER SECOND

Figure 6. Response to conston! jerk signol as o
function of frequency.

in Figure 6, very good from 1 to 25 eps.
A welcome by-product. of this fype of
differentintor 15 the YLy gnl)tl hi:_'jll-
frequency cut-olf,

READOUT SYSTEM

The information available from the
Tyer 1553-\ is indicated in o simple
uneonf=ing manner, Figure 7 shows the
appeianee of the two main readout
dhials, The meter full-seale sensitivity
alwiys appears in Che left=hand window,
while the appropriate units always ap-
pear in the right-hand window. Any one
of three panel controls can change the
setting of the meter full-seale dial, each
independently of the other two. As one
might expect the scank seLecror knob
this dial over a wide
of meter sensitivities (ten 10-db steps).
[n addition te pointing to the measure-
ment  characteristie and changing the
units appearing in the right-hand win-

controls range

SHIFTS
NUMBER TO
ELIMINATE
MULTIPLIER

METER
FULL SCALE

APPEARS HERE

FULL ALE ADING
ON AVE POSITION

I1ET

dow the ruxcriox knob also controls
the number appearing in the left-hand
window. The merer reaps knob i-
the third control affecting the number
appearing in this left-hand window of
Figure 7. As explained earlier, the num-
ber is deereased by 3 to 1 when the knob
is turned from PEAK L0 AVE.

CALIBRATION

luternal calibration of the vibration
meter is accomplished by a method
similar to that employed to ealibrate the
General Radio Sound-Level Meter! A
feedback system from output to mpl
containing a tuned eivewit, o ealibrated
attenuator, and limiters is adjusted 1o
produce a 100-cycle oscillation at a level
indicated on the meter when the gain of
the instrument is corvect, The attenua-
tor is calibrated for pickup sensitivities
of 30 to 150 my g .\ precise setting of
the meter indieation in the can position
1= not required because the meter in-
dication multiplies any change in ampli-
fier gain, e, the meter reading changes
approximately ten percent for each one
percent change in gain. Complete system
calibration including the pickup at 100
eps can readily be made with the Tyre
1557-A Vibration Calibrator.’®

Raliu
decomibaor, 11000,

Gienerul

UNITS ALWAYS
APPEAR HERE

Figure 7. View of
a porlion of the
panel showing
readout system,

MAIN METER
SCALE SELECTOR
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TABLE
TYPE 1553-A VIBRATION METER
MEASURED QUANTITIES AND MINIMUM SIGNALS
QUANTITY MINIMUM READING MINIMUM SIGNAL FREQUENCY
PEAK TO PEAK AVERAGE v orms RANGE CPS

Jerk 30 in/sec’ 10 in/sec” 55 2-20
Acceleration 0.3 in/sec? 0.1 in/sec? 10 2-1200
Velocity 0.03 in/sec 0.01 in/sec 13 2-1200
Displocement 0.003 in 0.001 in ‘ 8.2 2-1200
Displacement 0.00003 in 0.00001 in | 8.2 20-1200

SENSITIVITY AND NOISE LEVEL

Tuble 1 lists the effective sensitivity
of the Tyre 1553-A for each nu':mu'ﬂl
quantity. In each ense the minimnm
rending i< 110 full seale, The minimim
signal 1= the rms input voltage required
to produce the minimum readings, The
mternal noise level of the Tyer 1553-A
eauses a meler reading of less than 379,
and =0 the signal- to-toise ratio exeeeds
10 db at the minimum re: |t||113., tabulat-
ed. On aceeleration, which is the re-
sponse one wotild ehoose when using the
instrument as a voltmeter or preampli-
fier for auxiliary equipment, the max-
i [ullsseale sensitivity is 100 gy
vins. This is trae for the 2-10-20,000 eps
Dandwidth as well as the 2-10-1200 c¢ps
Bemdwidth shown.

AUXILIARY EQUIPMENT

Analyzers

The output from the Tyee 1553-A
Vibration Meter ean be fed to the Typr
155 1=\ Sound and Vibration Analyzer!
when spectram analysis of the vibration
waveform is vequired, The combination

ol these two instrments permits one to
obtain detailed frequency and amplitude
information for all four of the vibration
(uantities

measured  with the Tyre

J. Lahanas, and W,
try."” Geneenl Ruoddye Ko porimenier,
&4, 0, Soptember, 100,

Fitzmuorns, €,
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1553-\. Frequeney analyvsis s necessary
in many  mechanical design problems
and in most vibesation control problems.

For shock measurements the Thyvei

1556G-13" Tmpact Noise Analyzer can be
npm.nml from the vibrtion meter ont-
put. The storage feature of the impael
noise analyvzer mkes it possible o meis-
wee the peak value of o single shock on
impact, while the fime-average measur-
g eirenit 1un\il|1-.~ i measure of the
shock duration.

Strobotac

The 5-volt output from the vibration
meter is adequate to trigger the Ty
1531-A Strobotae™ Fleetvonie  Strobo-
scope. s that  the atrobe  light s
synchronized with o signal from the
vibration being studied.

SUMMARY

The Tyee 1553-A Vibration Meter is
a  small,  battery-operated,  portable,
complex hut easily operated instrument
for measuring one or more of foar
quantities of a vibratory motion. It s
normedly supplied with o rugged piezo-
ceramic aeeclerometer pickup that has
a4 very good low-fregquency  response.
Excellent  high-frequency  performanee
permits the use of many small high-
impedanee aceclerometers for messure-
ments up to 20 ke, Efforts to keep the
opertion simple have resulted in o«
direet readout system in which the meter
full seale and proper units are always
correctly displayed —— no multipliers. A

www.ietlabs.com
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true penk-to-peak meter eiretit is em-
ployed and frequency-response shaping
cirenits arve designed to give maximum
sensitivity with low noise.

— E. E. Gross, Jnr.

CREDITS
The Tyei 1553-A Vibration Meter
was developed by E. 15 Gross, author of

the foregoing article. Two who con-
tributed to the packaging and general
appearance of the instrument arve George
Clemow, who designed the direet read-
ot svstem, and Henry Sterling, who
was responsible for the general mechan-
ical design of the imstrument. The proj-
cet was nnder the diveetion of Dr. AL 1.
G. Peterson.
Fnrron

SPECIFICATIONS

Aveeleration: 0.3 to 300,000 1w, see? )
peak. 0.1 to 100,000 in. ‘sec? average.

Velocity: 0.03 1o 30,000 in. see peak-to-peak,
0.01 to 10,000 in. see average,

Displacement: 0.003 to 300 in. (peak-to-
pesko, 0.001 to 300 in. (average) from 2 to 1200
ep=: 0,00003 10 30 in. (peak-to-peak ), 0,00001 to
100 i, (average) from 20 to 1200 eps,

Jerk: 30 1o 300,000 in. see’ (peak-to-peak),
10 to 300,000 in, see® (avernge ),

Frequency Range: Amplificr response, 2-20,000
epsy with Typr 1560-P51 Pickup, 2 to 1200 eps
for aeceleration, velocity, and displacement,
2 1o 20 eps for jerk.

Accuracy: =107, of full seale.

Input Impedance: 25 megohims.

Veoltage at Output Jack: 5 valts ris hehind 75
ke for full-seale defleetion.

Antenuators: A 10-step aitenuutor changes the

e k-to-

Calibration: [nternal.

Allowable Pickup Sensitivity for Direct Reading:
30 10 150 mv g,

el jack is provided Tor plugging
in headphones, Tyee 15545 Sound and Vibra-
tion Analyzer, Tyree 1356-B Tmpact  Noise
Analyzer, Tyee 1531-\ Strobotae® Elcetronic
Strohoscope, or oscilloscope,

Terminals: .\ |n

Tube and Transistor Complement: Two
CR5I12AN, five CR641S, one 2NH200\, one
2AN525, and one 2N3TTAL

Bateries: 3 =iz 1) cells and one G7-volt hattery
(Burgess Type XXAS or equivalent i supplied.,
Typical battery life, 7 days at 8 hours per day.
Accessory Supplied: Ty 1560-1"31 Vibration
Pickup.

Case: Flip-tilt aluminum ense; pickup and
probe store inside.

Dimensions: Width 8, height 91 depth 71y

meter seale range by u factor of 100,000 {o 1, inches (205 Dby 235 by 195 mm), ovor-ull
Window rendont indiestes full-seale valnes  (ease closed),
and nnits. Met Weight: 10, 11 (1.8 k).

Type Code Ward Priee
1553-A1 Vibration Meter WAGER 1 $675.00
1560-P51 Replacement Pickup " : VIBRO 80.00

Set of Replacement Batteries . WAGERADRAT 4.10
1560-P35 Permanent-Magnet Clamp MAGNO | 6.50
#hve instrament and soris] mimber whien ondering. FUS Patent Nos. 2000257 and DIST S,
GENERAL RADIO SERVICE LABORATORY
OPENED IN TORONTO
For the convenience of our Canadian  tory  provides complete  repair  and

ciustomers, a new Service Laboratory
wits opened November 1 at the General
Radio Canadian Office, 99 Floral Park-
way, Toronte 15, Ontario. This Labora-

calibration facilities for General Radio
products. For customers who wish to
make their own repairs, a stock of re-
placement parts is available.

General Radio Company
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