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INTRODUCTION
Five high-gain, long-period seismograph stations

are being installed, operated, and evaluated at sites in
Alaska, Australia, Israel, Spéin, and Thailand. Details
of these installations are given in a series of five
'Technical Reports each entitled "High-Gain, Long-Period
Seismograph Systems Installation Report". These instru-
ments are capable of operating at magnifications greater
than 500,000 at periods of 35 to 45 seconds. The purpose
of this report is to describe the instruments in detail,
present a parts list, and present technical drawings and

operation manuals for the major components.

I: GENERAL DESCRIPTION OF THE INSTRUMENTATION

Each high-gain, long-period seismograph station
consists of a three-component seismograph system as shown
in Figﬁres 1l and 2. The design is based on the develop-
ment of a similar system (Pomeroy et al., 1969) that has
been in operation since the fall of 1968 at the Lamont-
Doherty Geological Observatory's OgdensburglMine
Observatory in New Jersy (Major et al., 1964). Modifi-
cations, as outlined beloﬁ, were made to the basic instru-
ments to obtain increased sensitivity of the seismometers
for thé observation of long period seismic waves (Oliver,
1959) and small teleseisms (Molnar et al., 1969; Pomeroy

t al., 1969), and to reduce the thermal and mechanical
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noise of the seismograph system (Melton, 1966; Savino,
1970; Savino and Hade, 1970; Sutton, 1962: Trott, 1965,
1966). Typical component values and system gains are
given in Table I,

The seismometers, a Geotech Model S-11 vertical and
two Geotech Model S-12 horizontals, have their natural
periods set at approximately 30 seconds. Each seismometer
has two velocity transducers, each of the moving coil-
fixed magnet type, and was modified to include a Spreng-
nether displacement transducer system. One velocity
transducer output is loosely coupled to a Kinemetrics
Model LG-1 galvanometer of 100 seconds natural period.

The position of a light beam reflected by this galvano-
meter is converted to volts, amplified and filtered

using a Geotech Model 5240B phototube amplifier and a
Geotech Model 14486 power supply. The filtered output
from the phototube amplifier (P.T.A,) system is recorded
photographically on a Sprenénether HR-6007 three-drum
recorder using a Geotech Model G-10 recording galvano-
meter with natural period of 0.3 seconds. Magnifications
in excess of 500,000 at periods of 35 to 45 secsonds can be
attained, and so this output is designated "high-gain"
(Figure 3). The P.T,A. output is also recorded on magnetic
tape using an Astrodata digital data acquisition system.
This digital system has a dynamic range of over 90db, but

the overall system dynamic range is iimited by the photo-

8
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Figure 2: Detailed diagram of the high-gain, broad-
band, long-period seismogroph system, This diagranm
is given on the last page o’ the report.
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tube amplifiers to about 70db., The second velocity
transducer is loosely coupled to a Kinemetrics Model
LG-1 galvanometer of 100 seconds natural period and
recorded photographically on a second Sprengnether three-
drum recorder., Kinemetrics Model LG-~1 MOD galvanometers
with natural periods of 7 seconds are provided as band
rejection filters (Pomeroy and Sutton, 1960) at stations
where the short period (6 to 8 second) microseism level
is observed to be exceptionally high. This standard or
"low-gain" output (Figure 3) has a wagnification of up to
8000 at periods of 25 to 35 seconds.

Modifications were made to the boom of each seismo-
meter to accomodate Sprengnether Models VC202H and VC202V
displacement transducer systems. Signals from the dis-
placement transducers are detected and amplified by the
Sprengnether Model VCT201BA oscillator-discriminator units
and recorded digitally on the Astrodata system.

The high sensitivity of the seismograph systems is
possible because of several design features. The "high-
gain" passband has been shaped to correlate with a natural
low in the earth noise spectrum (Figure 4). This spectrum
is based on the earth noise studies of Savino (1970) who
showed that a very stable and pronounced minimum, or
window, exists between 30 and 40 seconds at Ogdensburg.

At periods longer than 40 seconds, the displacement

spectrum of earth noise increases at 12 to 14 db/octave.

10



TABLE I

High-Gain Seismograph System:

Resistors: Seismometer r, = 560 ohms
Phototube Amplifier r = 500 ohms

R = 12K ohms

S = 6K ohms
L-Pad Attenuator R = 200K ohms

S = 120 ohms

Recording
Galvanometer rg = 68 ohms
System Gain: 120,000
Damping: zseis 1 zgal = 1
N-Sseis = 1,2 N-Sgal = 1
E-wseis = 1,2 E-wgal e 1

-a
—
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Standard (Low-Gain) Seismograph System:

Resistors:

System Gain:

Damping:

Seismometer

Filter Galvano-
meter

L-Pad Attenuator

Recording Galvano-

5

N-S

E-W

,800

seis
seis

seis

12

meter

1 z
l.2 N-S
1.2 E-W

gal
gal

- =

560
500

6K
6K
500

ohms

ohms

ohms
ohms

ohms
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Figure 3: Circuit diagrams of seismograph systems.
Boxes marked SEIS represent seismometer; GAL L.P.,
long-period (Tg = 100 sec) galvanometer: GAL S.P.,
short-period (Tg = 0.3 sec) galvanometer: FG, filter
galvanometer; R,S,r',r , and Fpg are lumped circuit
resistances. 9

‘o-————-———-—

p PHOTOTUBE AMPLIFIER a

ANALOG
DIGITAL
(a) HIGH-GAIN
Py M.
ANALOG

N

(b) STANDARD (LOW-GAIN)
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Data from a few sites in the U.S.A. (Figure 4) and from

a high-gain station in Chad (Abeche), Africa, show the
existence of a similar noise minimum, The short period

(6 to 8 second) microseisms are electronically filtered

by a Geotech Model 6824-155 filter which is part of the
P.T.A. power supply.

Environmental sources of noise were minimized by
encapsulating each seismometer in a pre-stressed steel
tank with a hemispherical top. Each instrument tank is
filled with argon. By means of this rigid environmental
control, each seismometer is isolated from changes in
temperature and atmospheric pressure. In addition,
these tanks are placed in a vault sealed from external
environmental variations by a series of ship-type bulkhead
doors.

Data are recorded in both analog and digital format.
The analog data are derived from the velocity transducers
of the vertical, north-south and east-west components,
and consist of six photographic records per day (15 mm
per minute time base) comprising three component records
each of high (P.T.A.) and low (standard) gain data. The
digital tape data consists of three channels of high-gain
velocity data digitized at a rate of one sample per second
and three channels of displacement data digitized at a
rate of one sample per five seconds. At this sampling

rate, a tape lasts approximately two weeks. Up to nine

14



Figure 4: A comparison of the shape and level of spectrum
of earth noise observed at Ogdensburg, New Jersey (Savino,
1970), Garland, Texas, and Las Cruces, New Mexico (Trott,
1965). The spectral amplitude densities were based on data
for vertical seismometers. The data from Ogdensburg repre-
sent the lowest level in the earth noise spectrum of tne
high-gain, broad-band, long-period seismograph system instal-
led at this site. The Brune-Oliver (1959) mean and minimum
curves are shown for comparison. The displacement response
of the high-gain vertical seismograph is shaped to correlate
as closely as possible to the inverse of the earth noise
spectrum,
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additional channels of data can be easily written on the
tape if desired.

Provision is made to calibrate the system, test
seismometer boom and galvanometer mirror positions, and
to center the booms and mirrors, all remotely from a
control console external to the seismometer vault. Time
signals for the photographic recorders are provided
either from the Astrodata digital data acquisition system
or from the WWSSN system clock when this high-gain system

is installed adjacent to a WWSSN station.

II: DETAILED DESCRIPTION OF THE INSTRUMENTATION

The detailed description of the instrumentation will
be subdivided into sections according to the major
divisions of the station as shown in Figure 2. Where
applicable, Lamont-Doherty Geological Observatory four-
digit part numbers of the components are given (e.g. #1100)
according to the listings in Appendix I of this report.
Details of cabling for this seismograph system are given
in Table II.

Prior to the pouring of the concrete piers and
subsequent instrument installation in the seismometer-P.T.A.
chanber and recording building, all excavation and building
construction was completed. The installation included
the emplacement of the ship-type bulkhead doors (#5100)
and cable conduits (#5101) in the concrete bulkheads of

the seismometer-P.T.A. chamber.

16
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A: SEISMOMETER VAULT

The seismometer vault, generally with minimum
dimensions of 15 feet by 7 feet by 7 feet, houses the
three seismometers (#1200 and #1300) in their respective
pressure tanks (#1100). The five seismometer vaults are
constructed in three different settings: (a) Charters
Towers, Australia - in an existing tunnel between two
bulkhead doors, (b) Fairbanks, Alaska; Eilat, Israel;
Toledo, Spain - at the end of a tunnel enclosed by one
bulkhead door, and (c) Chiang Mai, Thailand - in a
specially constructed reinforced poured concrete building,
which proved to be airtight, enclosed by one bulkhead
door.,

At all sites the area that was to become the seismo-
meter vault floor was carefully excavated to bedrock so
that no large slabs of rock supported by sand or large-
grain pebbles existed. The cement floor was poured after
all loose rocks were removed and the rock surface
thoroughly cleaned. A two parts sand - one part cement
mixture, with no reinforcing or aggregate, was used.

A good bond between the pier and the bedrock was ensured
by careful plastering or brushing of the cement onto the
clean rock surface. The seismometer enciosures were
placed directly on the floor in order to avoid the possi-
bility of thermal stresses acting on the sides of the

commonly used seismometer pier.

a7
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TABLE 11

CABLE DETAILS

Description

N-S Velocity Low Gain Signal Seismo to Photorec
E-W Velocity Low Gain Signal Seismo to Photorec
z Velocity Low Gain Signal Seismo to Photorec
N-S Velocity High Gain Signal Seismo to P.T.A.
E-W Velocity High Gain Signal Seismo to P.T.A.

Z Velocity High Gain Signal Seismo to P.T.A.

N-S Primary Calibration Seismo to Console
E-W Primary Calibration Seismo to Console
z Primary Calibration Seismo to Console
N-S Secondary Calibration Seismo to Console
E-W Secondary Calibration Seismo to Console
A Secondary Calibration Seismo to Console

N-S Velocity High Gain Signal P.T.A. to Photorec
E-W Velocity High Gain Signal P.T.A. to Photorec
Z Velocity High Gain Signal P.T.A. to Photorec
N-S Velocity High Gain Signal P.T.A. to Digital
E-W Velocity High Gain Signal P.T.A. to Digital
Z Velocity High Gain Signal P.T.A. to Digital
N-S Displacement Signal/ Seismo to Console
Boom Center Motor
E-W Displacement Signal/ Seismo to Console

Boom Center Motor

Cable

Iype

2CS
2Cs
2CS
2Cs
2Cs
2Cs
2Cs
2Cs
2CS
2CS
2CS
2Cs
2CST
2CST
2CST
2CST
2CST
2CST

2CST

2CST
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TABLE II - Cont'd.

Description

N-S

E-W

N-S

E-W

N-S

E-W

N-S

E-W

Displacement Signal/
Boom Center Motor
Displacement Signal
Displacement Signal
Displacement Signal

PTA Gal Centering Monitor
PTA Gal Centering Monitor
PTA Gal Centering Monitor
PTA Gal Centering Motor
PTA Gal Centering Motor
PTA Gal Centering Motor
Boom Centering Motor
Boom Centering Motor

Boom Centering Motor
Displacement Transducer
Power Supply
Displacement Transducer
Power Supply
Displacement Transducer
Power Supply

Spare Cables

Spare Cables

Spare Cables

Seismo to Console

Console to Digital

Console to Digital

Console to Digital

P.T.A.
P.T.A.
P.T.A.
Console
Console
Console
Console
Console
Console

P.T.A.

p.T.A.

P.T.A.

Seismo

Seismo

Seismo

to Console

to Console

to Console

to

to

to

to

to

to

to

to

to

P.T.A.
P.T.A.
P.T.A.
Seismo
Seismo
Seismo

Seismo

Seismo

Seismo

to Console

to Console

to

p.T.A.

Cable
nge

2CST

2CST
2CST
2CST
2CST
2CST
2CST
2CST
2CST
2CST
2CST
2CST
2CST

3CST

3CST

3CST

2CST

2Cs

3CST
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TABLE II - Cont'd.

Notes:

(1)

(2)

(3)

2CS -- 2 Conductor Solid (#18 Wire)(#5150)

2CST -- 2 Conductor Stranded (#16 Wire)
(#5160)

3CST -- 3 Conductor Stranded (#16 Wire)
(#5170)

All Cables with Milar Shield and Separate

Earth Conductor

Abbreviations for End Positions of Cable Runs:

Seismo -- Seismometer Vault

P.T.A. -- P.T.A. Room

Photorec -- Recording Room (Photographic
Recording)

Console -- Control Console in Control Room

Digital -- Astrodata Digital Acquisition

System in Control Room

All 110V Cables are #10-3 Wire Plastic Jacket

Cable (#5180)

20
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Each pressure tank (#1100) consists of a hemi-
spherical top, a right-circular cylindrical bottom and
i mating flanges on the top and bottom that provide a metal
to metal seal after compressing a 1/4 inch thick 60 duro-
meter neoprene gasket that forms the interface seal. A
lifting eye is welded on the top-center of each hemisphere.
Signal cable entrances into the tank enclosures are seven
one inch pipe couplings welded to the side of the
cylindrical bottom. A nut assembly is welded to the inside
center of the cylindrical bottom to be used with the
prestresser (#8201)., Six 1/4 inch thick steel gussets
are spaced at 60° intervals around the bottom flange for
i additional support. To facilitate the removal of the tank
top without seriously disturbing the instrument inside,
a handwinch (#1111) is provided together with either
an eye bolt (#7023) with roof bolt anchor (#7024) attached
to the vault roof above the center of each tank or a metal
tripod (#1115), An airtight seal between the tank top
and bottom is made by clamping the flanges together with
twelve equally spaced "C" clamps (#1109) and twelve steel
clamping plates (#1110). A thin coating of vacuum grease
(#1113) is placed on both sides of the neoprene gasket
before clamping.
Before anchoring the tanks, each bottom was pre-
stressed with the prestressing fixture (#8201) by dis-

torting the base into a dome approximately 3/8 inch high

]
—
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at the center. Each tank area was cleaned and the
bottom surface was roughened. Using a tank base template,
drill guide (#8202) and guide pins (#8204), six 1 3/8 inch
diameter holes were drilled through the pier to a depth
of at least 4 inches into the bedrock whenever possible.
Using the setting fixture (#8205), the steel hold-down
studs (#1106) and roof-bolt anchors (#1105) were set in
the holes. The tank bottom was placed on the pier on a
domed bed of fine grained mortar (#7206) and anchored
down, The prestresser was released a small amount until
mortar, excess water and entrapped air were extruded
from under the tank bottom on all sides. Thus no air
voids were left between the tank base and the pier. The
prestresser remained in place until the mortar had set
(from six to twenty-four hours).

The Geotech long-period seismometers, two horizontal
(#1300) and one vertical (#1200), were adjusted to a
30 second operating period. Each seismometer has two
velocity transducer (signal) coils and two calibration
coils wound to have resistances of 560 ohms each and 2
ohms each, respectively. The calibration coils are
simply wound on the outside of the signal coils. The
four ends of each coil assembly (#1202, #1307), that is,
two signal coil ends and to calibration coil ends, are
long enough (approximately 25 inches) to extend beyond the

hinge point of the seismometer boom. These fine wires

22
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are insulated from the point where they leave the coil
assembly back to the hinge and are mounted in synthane
cable holders (#1208-1, #1208-2) attached to the seismo-
meter boom. The excess wire at the hinge point is
coiled to minimize any restoring force on the boom and
the ends are mechanically clamped between copper blocks
in the terminal blocks (#1207, #1305). One terminal
block per coil assembly assures that a positive electrical
and mechanical connection is formed between these wires
and the solid wires going to the P.T.A., recording
galvanometers and the control console. Since there is
only one mechanical connection between each coil and the
P.T.A. (high-gain) or recording galvanometer (low-gain),
nearly all thermal rnoise-generating solder joints are
eliminated.

Since the adjustment of the boom position with
pendulum periods of 30 seconds is extremely delicate,
the seismometer leveling mechanism must be very sensitive.
Remote boom position sensing and boom position adjustment
are necessary because the seismometers are sealed in the
tanks and in the vaults. For these reasons, several
additions and modifications were made to the seismometers.
The use of low RPM, low voltage DC motors in place of
high torque AC motors allowed for greater control. 1In
addition, the low DC voltage is necessary since humidity

conditions may cause extreme "cross-talk" that results

1A ]
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with the use of 110V AC power. The vertical seismometer
incorporates a Geotech Model 1007S remote centering
assembly (#1201) with its standard 500 RPM 110V AC

motor replaced by a 10 RPM 12V DC motor (#1203). This
modification was most satisfactory since the extra mass

of the DC motor to the rear of the hinge point helped
compensatglfor the added mass of the center capacitor
plate of the displacement transducer (#1204) in front of
the hinge puint.

The remote leveling devices provided by the manufact-
urer for the horizontal seismometers proved inadequate
for the unique leveling needs demanded by the high-gain
system, The W.F. Sprengnether Co. designed and built
a leg assembly for the horizontal seismometers (#1302)
that uses a motor driven wedge to microscopically adjust
the seismometer level. The unit, attached to the under-
side of the seismometer base with no drilling or base
modifications necessary, is bolted to the base using the
existing leveling leg holes and two (1/2 - 32) brass
bolts. One of the legs, which the unit replaces, is
again used with the unit for initial leveling. The
Sprengnether unit can be leveled (1) manually, by
screwing the manual adjust leg in and out of the unit
and (2) electromechanically, by gently wedging the
remaining leg toward or away from the pier. The backlash

in the system is minimal and the contact areas of the

24
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wedge in compression are constant. Micron positioning
of the pendulum (boom) is easily and quickly done even at
extended pendulum periods of 60 to 90 seconds. This
leveling unit is rather massive and attaching it to the
seismometer base tilts the seismometer relative to the
pier. The third leg of the seismometer, that is used for
period adjustment is lengthened by a brass bushing (#1301)
to equal the amount the seismometer was raised as a result
of attaching the leveling unit.

To remotely monitor the boom position, Sprengnether
Models VC202V and VC202H, variable-capacitance, displace-
ment transducers (#1204, #1303 respectively) were mounted
to the seismometers. Fixtures to mount the transducer
hardware without disassembling or drilling the instru-
ments were provided by the manufacturer . On the vertical
seiamometer, the displacement transducer mounting plate
(#1205) was modified to serve as a cable guide and
cable clamp (#1205-1, #1205-2). The total range of the
seismometer boom motion (20 mm) was reduced to about 6 mm
to improve the signal-to-noise ratio, linearity and
sensitivity of the displacement transducer. Sprengnether
Model VC201BA os<illator-discriminator units (#1206)
with a power consumption of 0.5 watts per unit, are used
to detect the three displacement signals. One such unit
is placed inside each pressure tank adjacent to the

seismometer and is connected to the capacitor plates by

5
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short coaxial cables. These cables must be clamped

to prevent mechanical motion that may induce apparent
signals. The displacement transducers thus play the

dual role of monitoring the seismometer boom position

and detecting earth motions over the very broad period
range from about 10 seconds (limited by the sampling

rate of the digital recorder) to DC.

The moment arms, centers of gravity and centers of
oscillation were accurately determined for one vertical
seismometer and one horizontal seismometer by the
manufacturer. These values were used for the other seis-
mometers. Extreme care was taken in placing the
seismometers in the tanks with their respective axes
aligned as close as possible to the north-south or east-
west direction, which had been surveyed to an accuracy
of 4_»0.5o by sun or star sightings and transferred to the
pier floor and pressure tank flanges. The axis of the
vertical seismometer was orientated either north-south
or east-west. Following the emplacement of the seismo-
meters, all electrical connections and cabling were
conpleted and checked and then coded and logged. Each
pair of signal and calibration cables from the same coil
assembly were potted in Scotchcast (#7002) using the
small potting mold (#8208) and sealed with a one inch
compression fitting (#1112) into a pipe coupling in the

tank bottom. The boom centering motor power enters the

2
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pressure tank through a watertight bulkhead assemnbly
(#1103) with a pipe adapter (#1101). A similar bulkhead
connector is also used for the cables carrying power to,
and signal from, the oscillator-discriminator unit, A
pressure valve (#110Z} is sealed in another pipe coupling
to facilitate venting of the tank. Pipe plugs (#1104)
sealed the two remaining pipe couplings in each tank.

A schematic diagram indicating the positions of all the
above cables in each pressure tank is shown in Figure 5.
All connectors in the pipe couplings were completely
sealed with Glyptal sealant (#7009). Outside the tanks,
the cables were rigidly attached to either the seismo-
meter pier or a cable trellis on the seismometer vault
wall. All cables were then potted and passed through
cable conduits in the bulkhead between the seismometer
vault and the P.T.A. room (as described in Section II B).
Before encapsulating the instruments inside their
respective tanks, argon gas was bubbled into the sealed
seismometer cover through a brass vent pipe (#1209) to
purge damp air and replace the air with a medium that
would not support thermal convection. A balloon (#1210)
was placed over the brass vent pipe to hold the gas
inside the seismometer while allowing the seismometer
enclosure to breathe. Several packets of dessicant
(#6001) were placed inside each seismometer as well as

inside each pressure tank. The calibration procedures

27
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and determination of instrument parameters are discussed

in Section II!.

B: PHOTOTUBE AMPLIFIER (P.T.A.,) ROOM

The P.T.A. room, generally with minimum dimensions
of 6 feet by 7 feet by 7 feet, houses the phototube
amplifiers (#2100), their power supplies (#2200) and the
displacement transducers power supply (#2300). This
room is sealed from both the seismometer vault and the
outside environment by ship-type bulkhead doors (#5100).
All cables enter and leave this room through the potted
cable conduits (#5101, #8206). Each phototube amplifier
consists of a Kinemetrics Model LG-1 100 second galvano-
meter (#2103), beam splitter, light source and phototube
deck. The galvanometer is electromechanically adjusted
to center the light on the beam splitter using a DC
motoxr-driven adjustable galvanometer base (#2101, #2102,
#2104). This adjustment and subsequent monitoring of
the motion are carried out remotely from the control
console (#3200). The P.T.A.'s are placed on a concrete
pier generally less than four inches high. The three
solid state Geotech Model 14486 power supplies are
placed on a separate bench and each contains two fixed
Geotech Model 6824-15S plug-in active filters (#2201),
one for the high-gain signal to the photographic recorders

and the other for the high-gain signal to the digital
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recorder. The response of this band pass filter, with
a luw cut at 200 seconds, a high cut at 30 seconds, and
a 40db notch at 6 seconds, is shown in Appendix 2
(#2201). A quad box (#2400 - #2403) distributes the
110V AC power in this room to the P.T.A.'s and displace-
ment transducer power supplies.

All exposed surfaces of the concrete bulkheads are
sealed with epoxy paint (#7005) (Figure 6). The 2 inch
galvanized pipe cable conduits (#5101) are cemented into
the bulkheads. All signal, calibration and centering
motor cables are potted using the large potting mold
(#5105). A complete airtight seal is made by firmly
clamping the molded cables and brass coupling (#8206)
inside a length of rubber hose (#5106). The 110V AC
power cable enters the P.T.A. room through a 2 inch pipe
cap with a 3/4 inch compression fitting attached (#5103).
The open ends of the cab;e conduits are protected with
2 inch pipe protectors (#5104) to prevent chafing of the
cables. All unused cable conduits are sealed with 2 inch

pipe caps (#5102, #7008),

C: PHOTOGRAPHIC RECORDING ROOM
The photographic recording room houses long and
short period galvanometers (#4201, #4302) and two
Sprengnether Model HR-6007 three-drum photographic

recorders (#4100) for the analog recording of the high-

e



Figure 6: Schematic diagram indicating the position of
cable conduits in the concrete bulkheads.
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gain and standard (low-gain) velocity outputs. Concrete
galvanometer piers ranging in height from 24 inches
to 42 inches were constructed. All cables enter the
room through 2 inch galvanized pipe conduits (#5101)
which are sealed to be light-tight (#7003).

The three high-gain recording galvanometers, Geo-
tech Model G-10 0.3 second galvanometers (#4302), are
rigidly mounted on individual brass assemblies (#4300)
each with its own leveling legs. The three assemblies
are placed on a single aluminium plate with leveling
legs (#4304). A resistive network (L-pad attenuator,
Figure 3 a ) for each galvanometer is mounted on a
terminal strip (#3275) attached to the brass assembly.
Signal cables terminate in the terminal strip, and
short pigtails connect the attenuator network to the
galvanometer input terminals.

Each standard recording galvanometer, a Kinemetrics
Model LG-1 100 second galvanometer (#4201), is encapsu-
lated in an airtight cylindrical brass enclosure (#4200)
to eliminate the effects of humidity, pressure variations
and air currents on the galvanometer. The standard
precision leveling screws were removed and the body of
the galvanometer rigidly attached to the enclosure base
plate (#4200). New leveling legs (#4200) are attached
to the base plate. An air and moisture tight seal

between the cylindrical cover and the base plate is made
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with a neoprene rubber O-ring. The signal cables, which
are potted in Scotchcast (#7027), enter the galvanometer
through a right-angle pipe coupling with a compression
fitting (#4200) attached to the underside of the base
plate to preserve the air and moisture tight seal.

The resistive network (L-pad attenuator, Figure 3 (b),
#4203) for suitable damping and signal voltage levels

is attached directly to the galvanometer at the lower
binding pust and the other resistor is spot-welded to

a piece of copper wire that is attached to the upper
binding post. The filter galvanometers, Kinemetrics
Model LG-1 MOD (Tg = 7 seconds) (#4350) are tightly
coupled to their respective seismometers (Figure 3 b )
and are placed adjacent to each standard (long period)
recording galvanometer.

Each three-drum recorder is placed on an adjustable
metal bench (#4103) such that the cylindrical lens of
the recorder is at a distance of approximately one meter
from the galvanometer mirror. The recorder is level in
two planes. Adjustment of the metal bench allows the
recorder lens to be brought to the proper horizontal
level compatible to the galvanometer mirror and light
source. With the galvanometer level and unclamped, the
light spot is adjusted by the galvanometer zero adjust-
ment until the reflected light is centered horizontally

on the recorder aperture. The recorder light source is

34
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Figure 7: Schematic diagram showing stacked recording
galvanometers and photographic recorders.
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then adjusted vertically until the image is centered on
the aperture of the recorder. A good spot on the photo-
graphic paper is obtained by setting the adjustable
focus galvanometer lenses, the light intensity (lamp
current) and the cylindrical lens focusing adjustment.
Time mark amplitudes are set with the recorder time

mark deflector control.

At several sites it is necessary to stack the
recording galvanometers and photographic recorders
because space is limited. A metal bench is placed on
a concrete galvanometer pier and the galvanometers are
located on both the pier and the metal bench., The two
photographic recorders are attached to each other by
angle-iron brackets (#4101) and the combination placed
on a concrete pier. This mounting procedure is shown
in Figure 7. Adjustments of the galvanometers and
recorders are carried out in the same manner as described
above.

The develsping ~nd processing of the photographic
records is performed at each site. Processing trays
(#4111), photographic paper (#6004), chemicals (#6002,
#6003) and a record canister (#4105) are provided for
each installation. All developing and processing is
carried out in a room outside the photographic recording
room., At those sites where the L.D.G.O. system has been

installed next to a WWSSN station, the WWSSN dark room
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facilities are used.
Where high humidities are common, a Westinghouse
Model ENJ2S dehumidifier (#4400) is installed in the

photographic recorder room.

D: CONTROL ROOM

The control room houses the power distribution
panel for the system (#3424), the control console (#3200-
3215), the Astrodata digital data acquisition system
(#3100) and metal cabinets for parts (#3500, #3501).
Input to the distribution panel is either 110V 60 Hz or
240V 50Hz (locil power). Power then passes through a
20 amp circuit breaker (#3420, #3421), a Topaz Model
051T25ST transformer (#3410-1, #3410-2) and two line
filters (#3411) at which point 110 volts is fed to the
rear panel connectors on the control console (#3207,
#3278, #3279). The transformer, circuit breaker, line
filters and a three-pin 30 amp receptacle (#3422) and
socket (#3423) are mounted on a sheet of marine p.lywood
(#3424) anchored to one wall of the control room.

The control console contains equipment for power
regulation, calibration and remote centering of the
seismic system. A voltage regulator (#3270) and the
system groung point (#3281) are located in the bottom
of the console. A Simpson Model 1349 segmental volt-

meter (#3272) for monitoring the system line voltage
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(nominally 110V) and the system fuses (#3273, #3274)
are mounted on a 5 inch panel (#3213)., A drawer (#3204)
is provided for instruction manuals. The Wavetek Model
112B oscillator (#3240) and Hewlett-Packard Model 419A
null voltmeter (#3250) are provided for use during
calibration and maintenance. These two instruments are
normally located on an enclosed shelf (#3211) behind
a swinging door (#3206).

The calibration panel (#3230) contains a digital
current meter and circuitry to provide positive or
negative calibration pulses or steps from a stable DC
source (mercury battery). The Wavetek oscillator can
also be connected to this panel by using the external
input jacks. The calibration output signal can be
attached to a calibration coil on each seismometer or
to the coils of two or three seismometers by means of
a patch panel.

The boom position monitor and control panel
(#3220) ecntains a meter, switches and a power supply
for remotely detecting the position of the seismometer
booms and P.T.A. galvanometer mirrors and for leveling
the seismometers or rotating the P.T.A. galvanometer
base. A choice of 115V or 220V power input is given
and an output is provided to power the calibration
panel.

Time signals for tr>: records are taken from the

38
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digital data acquisition system., An auxiliary slave
time relay (#3102) is installed in the digital unit
for this purpose. A radio receiver (#3218) and antenna
(#3219) are installed in the control room and outside
the tunnel, respectively, to determine time corrections,
For those installations at a WWSSN station however, time
signals for the photographic records and radio signals
for the time corrections are taken from the WWSSN time
console. To minimize any effects of tampering with the
timing system of the WWSSN console, a 24 volt relay
with a 500 ohm coil is placed in parallel with the
time mark deflectors of the U.S.C.G.S. system (Figures
8 and 9). The 24 volt 2 second duration pulses that
give time mark deflections to the U.S.C.G.S. recorders
also actuate the relay. The relay contact closures,
in turn, switch the time mark deflectors of the Spreng-
nether recorders (#4100). The WWSSN radio signal is
wired directly to a speaker panel (#3215) in the control
console,

The Digital Data Acquisition System has 15 channels
(nine A-type and six B-type channels) aviilable for
analog data input. Only six channels (thre~ A-type and
three B-type) are used in normal operation. The A-type
channels contain velocity data and the B-type channels
contain displacement data. Each channel input has a

low-frequency filter; type A channhels a bandpass ‘ter

)
(W)
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and type B channels a low-pass filter (Appendix 2, #3100).
A solid state multiplexer sequentially selects the type
A and type B filter outputs and transfers them to an
analog-to-digital converter. The l4-bit-plus sign
digitized output is integrated and then formatted for
output to a Cipher Data Products Model 100 tape recorder.
The magnetic tape format consists of a sequence of 18-bit
words recorded at 556 BPI on 7-track IBM-compatable
1/2 inch computer tape. Each record consists of four
words of header time data, 1998 words of seismic data
and a record gap. The seismic data is composed of the
outputs of the three velocity channels (high gain out-
puts from the P.T.A.'s) digitized ut a rate of one sample
per second, and the outputs of the three displacement
transducers, digitized at rates of one sample per five
seconds. Included in the unit is a crystal-controlled
digital clock and remote time display panel. The
general theory of operation and tape format of the
digital system are described in Appendix 2 (#3100).
A Weston digital multimeter (#3103) is included for
testing and calibrating the digital systenm.

A Westinghouse Model ENJ2S dehumidifier (#3600)
is usually installed in the control room. Station line
voltage (either 110V or 240V) or system voltage (110V)
can be monitored by the Rustrak recorder (#3413),

An Exide Uninterruptable Power Supply consisting
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of battery charger (#3800), batteries (#3802 and #3803)
and static inverter (#3801), is being installed at

each station sometime during the first year of operation.

III: CALIBRATION AND TEST PROCEDURES

The following determinations are usually carried
out during installation:

(a) Measurement of flux densities of seismometer
magnets

(b) Measurement of the resistances of the seismo-
meter signal and calibration coils

(c) Measurement of the resistances of the standard
(low gain) velocity output signal cable, primary
calibration cable and secondary calibration cable

(d) Free periods of the seismometers

(e) Seismometer free period versus boom position
(linearity check)

(£) Critical damping resistance (CDRX) of each
seismometer signal coil

(g) Electromechanical constants (G values) of each
seismometer signal and calibration coil

(h) Free periods of the P.T.A., high gain recording,
standard recording and filter galvanometers

(i) CDRX of the P.T.A. and standard recording
galvanometers

(j) Current sensitivities of all galvanometers
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(k) Calibration and polarity check of each output

(1) Noise checks of individual components and
complete system

(m) Frequency response of each velocity output

(n) Phase response of each velocity output

(o) Absolute calibration of displacement trans-
ducer (linearity and sensitivity).

Values for specific instruments are given in the station
installation reports.

The flux densities of all magnets (after regaussing)
ire measured with a General Electric Model 416X33 gauss-
meter (#8001) placed in a plexiglass holder (#8002).

A probe positioning guide locates the gaussmeter in
exactly the same part of the flux field each reading
thereby eliminating variations in the readings due to
different observers techniques. Tne vertical seismometer
frame was found to be slightly magnetic and measurements
are therefore taken before and after attaching the
magnets to the frame,

All coil and cable resistances are measured with
an RCA Voltohmyst meter (#3414). The values are
tabulated according to particular instruments in the
station reports.

The seismometer free periods are measured after
each instrument has been leveled and adjusted for a

near-zero boom position. While adjusting the seismo-

Lt
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meter to the predetermined value, a Hewlett-Packard
Model 419A Null Voltmeter (#3250) is corrected across
the standard velocity output coil to monitor the boom
oscillations, and the period determined with a stop
watch (#8007) (Figure 10 a ). When the free period
is as close to 30 seconds as can be determined by the
above method, a record of the exact value is then ob-
tained by photographically recording decaying oscilla-
tions. For this, the seismometer is loosely coupled
to a short period (Tg = 0.3 seconds) recording
galvanometer (#4302) with an appropriate L-pad
resistive network (Figure 10 b ) and then pulsed.

The period versus boom position test is performed
on each seismometer with the displacement transducer
capacitance plates removed, so that the full 20 mm
movement of the boom can be utilized. No test point
should vary by more than th% from the average. With
the horizontal seismometer, a substantial period
adjustment must be made in order to adjust the boom
position. This effect results from the position of
the new adjustment legs (#1302) relative to the long
axis of the boom.

The CDRX of each signal coil is determined using
the circuit of Figure 11. The pulsing circuit is
extended into the recording room to facilitate obser-

vation. A pulse is remotely applied to one calibration

=
‘s
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Selsmometer

(To = 30 sec)

Standard 419A
Velocity Output Meter
Coll (560Q)

(a) Circult for Seismometer Free Perlod Adjustment

20KQ
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Standard 1008 VanomeLler ke oo nordi
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|
T
Seismometer I Recording Room
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(b) Circuit for Recording Seismometer Free Period

Figure 10: Circuits for the determination of the free period
of a seismometer.,
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coil (using the calibration panel on the control console)
and the resulting deflections are observed on the null
voltmeter and recorded punotographically. The decade
resistance box (#8006) is adjusted to give zero overshot.
Following the same procedure, the resistance necessary

for a damping factor of approximately 0.7 ( 5% overshoot)
is determined and the seismometer is then left to operate
in this underdamped condition.

The electromechanical constants, G values, for all
signal and calibration coils are determined using the
circuit in Figure 12. This method follows a variation
of the standard "weight-1ift" calibration procedure.

The seismometer is initially centered to give a zero
output using the displacement transducer as monitor,

A 200 mgm calibration mass is attached to the seismo-
meter méss thereby applying a constant force that
results in a deflection from zero. For the horizontal
seismometers, this mass forms part of the catenary
suspension (#1212), whereas for the vertical seismo-
meters, the calibration mass is placed directly on the
seismometer mass at the center of oscillation., Current,
adjusted by the decade resistance box, is passed through
one calibration coil, returning the seismometer boom to
its original zero and equalizing the applied force.

The value of G, which is simply force per unit current,

is calculated as follows:

1.7

=
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where: m

For the circuit

where: R

R]

\)

<@V

applied force in newtons

restoring current in amperes

mg -1
— newtons amp

i

effective mass of applied weight (kgm)
(100 mgm for horizontal: 200 mgm for
vertical)

Current through calibration coil (amp)
acceleration due to gravity

2

9.8 m sec”

elements used (Figure 9) this reduces to

D9R jewtons amp—l
v

(Rl + r) ohms

= resistance as measured on decade resist-

ance box (ohms)
resistance of particular seismometer
signal or calibration coil (ohms)

DC voltage as measured on null voltmeter

This calibration procedure is performed with each seismo-

meter set to a free period of approximately 15 seconds.

The free periods, critical damping resistance

and damping coefficients of all galvanometers are

determined in a similar manner to those for the seismo -

meters. The circuits are shown in Figure 13. On the
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long-period galvanometers, the damping factorx of 0.7
(CDRX = 3000 ohms) is set by adjusting the magnetic
shunt lock screw. The current sensitivity (amperes
per mm deflection at 1 meter) of each long-period (Tg =
100 seconds) and short-period (Tg = 0.3 secornds) galvano-
meter is calculated from a photographic record of the
application of a constant current (step function).
This step function is applied directly to the respective
galvanometer with the long period and short period
resistive networks (#4202, #4303, respectively).

Using the complete system, a calibration pulse
is applied to each toil to determine relative magnifi-
cations and polarities. A schematic diagram indicating
correct polarity on the photographic records is shown
in Figure 14.

The noise levels of several parts of the system
are determined from photographic recordings. The
following tests are performed:

(a) Input to high gain recording galvanometer
(Tg = 0.3 sec) shorted

(b) Dummy galvanometelr in place of the 100 second
P.T.A. galvanometer. The P.T.A. is connected to the
0.3 seconds recording galvanometer. This test enables
the determination of the best noise level of the P.T.A.
electronics- and power supply (including the 15-S filter)

since the seismometer and P.T.A. 100 second galvano-

€N
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mete ¢ ave replaced by a stable light beam incident on
the beam splitter.

(c) Open circuit input to P.T.A. galvanometer.
This would show worst possible noise level of the
electronic plus galvanometer part of the high-gain system

(d) Open circuit input to standard recording
galvanometer (Tg = 100 seconds). This enables the worst
noise level of the 100 second galvanometer to be deter-
mined.

Frequency responses can be determined for the
complete seismograph system. A steady-state calibration
method consisting of driving the seismometer with a
known steady-state sinusoidal motion and recording the
outputs from the P.T.A. and standard galvanometer
systems on photographic paper is used (Miller, 1963).
The primary calibration coils of each seismometer are
connected in series to the Wavetek Model 112B oscillator
(#3240), which generates a constant amplitude sine wave
at periods varying from 10 seconds to 250 seconds.

This method of applying a force directly to the seismo-
meter mass by passing a current through a coil
corresponds to a force applied to the mass through the
seismometer frame by earth movements, as both cause
relative acceleration of this inertially stable mass
(Geotech Technical Report No. 67-35). The response is

expressed in terms of the amplitude measurement on the
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photographic record as a function of the amplitude
of the earth displacement at various frequencies.
Since the recorded amplitude can be thought of in terms
of earth acceleration, earth displacement can be refer-
enced by a double integration with respect to time.
The record amplitude of each frequency plotted against
the frequency or period gives an acceleration response
curve. By multiplying each point on this curve by
w and WY the velocity and displacement response curves,

respectively, are obtained. Thus, in the MKS system:

Gi -2
y = __ meters sec
m
rxl
where: y = seismometer frame acceleration due to earth

motion or, in the case of a frequency
response, the constant amplitude acceler-
ation of the simple harmonic driving force
(in meters sec”?)
G = motor constant of the calibration coil
. -1

(in newtons amperes ")

i = current in calibration coil (in amperes)

m M

effective mass of the seismometer (in

kilograms)

and integrating twice with respect to time

e

ul
y = __ meters

W)y m

where: @ = 27f, (in radians sec™) where £ is the

55
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frequency of the motion
y = displacement amplitude of the earth
vibration (in meters).
The dynamic magnification, M, of the seismograph system

is then given by

record amplitude

displacement amplitude of the earth vibration

= yr

Y
= Y w'm
Gi
The dynamic magnification, M (or record amplitude/
ground displacement) can then be plotted against frequency
(or period).
The phase response of the seismograph system,

(in radians) is given as

where: t = time difference between the same phase
of the input current and the output record in seconds
T = period in seconds
A plot of gfversus T yields the phase response curve.
The absolute calibration of the displacement
transducer system is determined in terms of the sensitivity
(mV per micron of ground displacement) and linearity.

Using the micrometer mount assembly (#1211), the boom



-54-
is mechanically moved increments of 0.05 mm at the
center of oscillation and the resulting DC voltage
outputs are observed on the null voltmeter (#3250).

The sensitivity is defined as

Sensitivity‘LrDC voltage output

boom position increments

With the 6 mm displacement as used in this system, the
displacement response was found to be linear over the

whole range.

IV: AMENDMENTS TO THE SYSTEM

During the installation of the Australian station
(in the summer of 1970), it Lecame obvious that the
prestressing fixture (#8201) (refer to Section IIA)
used to . distort the tank bottom into a shallow dome was
distorting the plane described by the top surface of
the flange as well as the circular shape of this flange.
Because of the distortion of the plane of the top
surface of the flange, unwanted stresses and strains
were induced in the base cylinder when the more rigid
hemispherical top was clamped to the distorted flange.
The relief of these stresses and the new physical shape
into which the base was squeezed have two serious effects:

(a) they cause "curing" noisz, during which the cylinder

’

relives its internal stresses, and (b) they cause a

change in the parameters of the seismometer (e.g. period

v

e



-55.
and boom position), It is impossible to allow for

these problems during encapsulation and, therefore,

when the seistomneter is enclosed and sealed, subsequent
random period and boom position of the instrument are
incurred,

A new prestresser (#8201-MOD) has been designed and
built to correct for this non-unifors prestressing of
the base. Whereas the original prestresser concentrates
the forces at three points on the base, up at the center
and down at each end of a diavetral line inside the tank
cylinder, the nevw prestresser again concentrates a
central force upward on the bottom but distributes a
unifor® downward load on the inner periphory of the tank
botton., With this unifor® loading the cylinder will not
be distorted and the bending mozent forces of the base

on the sides will be uniform» and ainimal.
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DEVALLED PARTC LIST

APPENDIX I contains the detalled parta list of tne systerw,
The drawings and paits list are arrangsd by rfow past o,
“he first digit (tnousands digit) sigitfies the location or
overall classification of the par. accading to the ol lowing
scheme:

Selsmormter Vault

Phototube Amplifier Roor

Control Room

Photographic Recording Focr

Pressure Door Assesbly and Cabling

Expendable Supplies, General

Expendable Supplies, Used for Installation

Special Tools liweded for Installation

O O ~N & v oW NV e

Recormended Spare Pats

The parts list consists of major asserblles as purcha.cd for o
built by Lummont-Donerty Geologlcal Cbservatory. Y detalled
drawings aw manuals are given In APPENDIZ 10 !f the colum
labeled "DETAILED DRAWING" is rarked as follwws:

X Denotes drawing included and arraiged In order off pa

number
M Denotes manufacturer's instructlon manual Is avallmble
MA Derotes manufacturer's instructlon manual and @iy

modifications to it are included in APPRQUIZ I,
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DETAILED DRAWINGS AND MANUALS

APPENDIX 1II contains detalled drawings and most manuals.

These are arranged in sequence of the four-part numbers as

designated in APPENDIX I,
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INTRODUCTION

This publication contains technical instructions for Long Period Vertical Seismometer, Model 75054, a
highly sensitive electromechanical device which converts vertical motion into electrical signals. The
publication consists of seven chapters bound in one volume. Chapter | contains general information
and leading particulars; the installation phase 18 covered in Chapter 2; Chapter 3 (operating instruc-
tions) is not applicable, principles of operation are described in Chapter 4; Chapter 5 provides
instructions for maintenance and overhaul; Chapter 6 is the illustrated parts breakdown' Chapter 7
contains complete circuit diagrams for the unit. The following publications governt e u e of abbre-
viations, symbols, and reference designations in this publication:

Abbreviations for Use on Drawings and in Technical-Type Publications
Electrical and Electronic Symbols
Electrical and Electronic Reference Des’gnations

107
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Figure 1-1.

Long Period Vertical Seismometer, Model 7505A
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Chapter 1
Paragraphs 1-1to 1-4

CHAPTER 1|
GENERAL INFORMATION

l-1. DESCRIPTION AND PURPOSE,

1-2. Long-Period Vertical Seismometer, Model 7505A, is a highly sensitive electromechanical
device, using two moving coils and two magnets to convert vertical motion into electric signals.
The Seismometer has an adjustable natural period (10-30 seconds); its outputs are normally propor-
tional to velocity of the vertical motion. When the cover is properly secured, the Seismometer is
sealed against water and barometric pressure changes. This pressure-seal plus the internal heater
assembly permit operation under adverse environmental conditions. The Seismometer is shown in
figure 1-1,

1-3. INFORMATION AND REFERENCE TABLES.,

1-4. Tables 1-1 through 1-4 contain information which will be helpful in the operation and mainten-
ance of the Seismom-=cer.

Table 1-1. Leading Particulars

A-c power 4,0 v, 150 ma, 60 cps (for Mass Position Monitor)

115 v, 350 ma, 60 cps (for Remote Centering Unit)
D-c power 22.5v, 1.5 ma (for Mass Position Monitor)

24 v, 115 ma (for Seismometer Heater)

24 v, 1.5 amps maximum (for Thermal Jacket Heater)
Weight 160 pounds

Dimensions 15.5x 12 x 24 inches

Table 1-2. Capabilities and Limitations

Natural period 10 to 30 seconds, adjustable
Weight of inertial mass 10 kg +1%
Transducer:
Type Moving coil
Damping Electromagnetic
Effective generator constant 105 v/meter/sec (each coil)
Maximum flux density 1950 +100 gauss
in air gap

109 1-1
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Table 1-2.

1200-8

Capabilities and Limitations (Cont'd)

Data coil:

Number of coils
Terminal resistance
Turns

Wire size

Length of wire
Inductance

Calibration coil:
Number
Resistance
Turns
Wire size
Effective motor constant

Critical damping resistance

Spring rate

Two

565 10 ohms (each coil) at 77° F (25°C)
3260

No. 36

1324 feet

Negligible

One per data coil

0.2+0,05 ohms at 77°F (25°C)
1

No. 36

0.032 newtons/amp 0. 002 newtons/amp

80 times natural period, in ohms £10%

10. 3 1bs per inch 3%

Thermal Jacket (accessory which houses Seismometer)

Inputs

Heater power required

Air leak rate

Dimensions
Pressure

Humidity

5 (to Seismometer)
1 (to Thermal Jacket heater)

24 vdc, 1. 5 amp (maximum)

8 hr time constant from 1-1/2 psig
differential

36 inches (height) x 43 inches (diameter)
Insensitive to normal atmospheric variations

0 to 95%

Mass Position Monitor (accessory mounted on Seismometer)

Output

Power required

Dimensions

Weight

Zero to #l. 5 vdc (maximum)

1. 5 ma at 22. 5 vdc
150 ma at 4 vac, 60 cps

1-1/4x3-1/4 x 1-3/4 inches

0.25 pounds

Remote Centering Motor (accessory mounted on Seismometer)

Type

Synchronous, single phase, bidirectional

1-2
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Chapter |
Table =40 Capabilitics and Limitations (Gont'd)

Number of poles 6

Speed 1200 rpm reduced to 25,8 rpm by gear bhox

Power reguirced £ ma, at 115 vac, 60 cps

Table 1-3. Equipment Supplied
NAME QUANTITY DESCRIPTION AN Pz

Long-Period Vertical Transducer, 1 Moving-coil Transducer to conve
Model 7505 A vertical motion into vlectric .| ¢
Gonnector, P10} 1 MS3106A-20-4P
Conncector, P102 1 MS3106A-20-)18
Conncctor, P104 1 MS3106A-10SL-4S
Cable clamp 2 MS3057-12
Cable clamp 1 MS3057-4
Calibration kit: (1 weight, 200 my, 1 Used to deflect the niass wiuen lestllg
and 1 spool of silk thread) Transducer
Expanded polystyrcene insulating l Used as insulation to minimize the
caver, Part No, 16375 etfects temgperatnes ! :
Gilass Insulator Assonmiblics, § Used to support, level, o o
Part Nos., 16954-1, 16954.2, Transducer

and 16954 -3 (1 each)

Wrench, Poart No, 1118-2 2 Used to adjust and lock levelin: corews
when installing the 1Transdacer

Pluy, Pipe, /410, NPT i Used to secal lransducer wase

Shipping Crate ! Special container ased darin, '

Adjustor Assembly, Part No, 10220 ! Use to manually adjust the miss  sirée

(Supplicd when Remote Centering mechanism

Accessory No, 10075 i3 not installed

at tactory)

Thermal Jacket, Model 14414 | Houses and isolates the 1ranstoe e tre
pressure and temperature clhange.

Mass Position Monitor, Model 1007 3% 1 Used to generate nmiass pusition saonial sor
external indicator (Monitor mounte o
Transducer)

Remote Centering Nocessory, Model l Used to center hoom travel wh

100752 ducer is at rest (mount o o !

#hot farnished,  Available as optional accessory,
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Table 1-4. Equipment Required but not Supplied
QUANTITY EQUIPMENT MODEL OR DESCRIPTION
1 Vacuum Tube Hewlett-Packard, Model 410B, or
Voltmeter (VI VM) equivalent
1 Microvoltmeter Hewlett-Packard, Model 425A, or
equivalent
1 Wheatstone Bridge Leeds and Northrup, Model 5300,
Type S, or equivalent
2 Power Supply Hewlett-Packard, Model 721A
(or equivalent)
1 Helicorder Amplifier Geotech, Model 4983, or equivalent
1 Volt-Ohm Milliammeter Triplett, Model 630, or equivalent
1 Helicorder Geotech, Model 2484-1, or equivalent
1 Electric Timer Standard, Model S-1
1 Potentiometer Any manufacture
(500 ohms, 2 watts)
1 Decade Resistor General Radio, Model 1432 -N,
or equivalent
1 Decade Voltage Divider General Radio, Model 1454-A,
or equivalent
1 Battery Burgess No. TW -2 or equivalent
1 Resistor, 100 ohms, 10 watts Any manufacture
1 Stop Watch Type A-8
2 Power Supply Hewlett-Packard, Model 721A,
or equivalent
1 Hand Pump Any manufacture
1 Air Pressure Gauge Fisher 0-20 oz/in% or equivalent
1 Aneroid Barometer Any manufacture; 0,02 inches of

-4
C—
1N\

mercury/division

1-4
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Chapter 1

Table 1-4 Equipment Required but not Supplied (Cont'd)

QUANTITY EQUIPMENT MODEL OR DESCRIPTION
1 tube Sealant Permatex No. 2 or equivalent
1 Pressure test adapter For performing pressure test
% % of Seismometer
1 valve cap For tank valve
1 tank valve Schrader No. 645A6
1 bushing 3/8 in. to 1/4in., ID
1 reducing tee 3/8in. x 3/8 in. x 1/4 in.
1 nipple 1/4in. IDx 1-1/21n. long
1 bushing 1/4in. ID to 1/4 in. dryseal
1 nipple 3/8in. ID x 2 in. long
* * Component parts
1 pkg Graph paper 10 x 10 divisions/inch (linear), any
manufacture
1 pint Cleaner, soldering Kester Thinner, Formula 101,
or equivalent
1 pint Flux, soldering Kester Formula 135 or equivaient
(pure resin in alcohol)
1 spool Solder, thermal Leeds & Northrup 107-1-0-1
free (2 ft.) or equivalent
1 Phototube Amplifier Geotech Model 4300 (with 3 cps
galvanometer, no. 4100-213, and
resistive filter)
1 Thermometer

Mercury, indoor, 2°/division,
any manufacturer

1-5/1-6
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Chapter 2
Paragraphs 2-1to 2-3

CHAPTER 2
INSTALLATION

2-1. INTRODUCTION. This chapter provides information necessary to install the Seismometer and
to prepare it for operation.

2-2. LOGISTICS.

2-3. UNPACKING. The Seismometer and insulating cover are shipped in a specially designed
plywood shipping crate. Connectors, insulators, the calibration kit, the Thermal Jacket, wrenches,
etc., are shipped in separate cartons. To unpack the equipment, proceed as follows:

a. Check the packages against table 1-3, Report any missing or damaged items immediately.
b. Place the shipping crate containing the Seismometer near the location selected for installation,
c. Remove the cover of the crate after removing the ten bolts.

d. Remove the tape from the waterproof paper and fold the puper back to expose the expanded
polystyrene insulation cover.

e. Carefully lift off the insulation cover.

f. Carefully lift the Seismometer off the expanded polystyrene base and out of the crate.

g. If the Seismometer appears damaged, determine the extent of damage and if necessary, send it
to the depot for repairs and adjustment.

h. Remove the shipping covers from the polystyrene base in the bottom of the packing crate, and
lift out the two masses and the trim weights. Do not remove the polystyrene base since this material
is a part of the shipping crate.

NOTE

Retain the shipping crate and the associated packing material for use in installa-
tion or reshipment.

i. Unpack the other containers and examine their contents. Report any shortage or damage imme-
diately.

WARNING

When removing polyutherane wrapping from Seismometer spring, do not rotate
or turn spring out of adjustment.

Table 2-1. Estimated Packaged Weights and Dimensions

Case No. ! (Seismometer)

Dimensions 17-1/4 x 28-3/4 x 20 inches
Weight 210 pounds
Volume 5.94 cubic feet
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Paragraphs 2-4 to 2-6

Table 2-1. Estimated Packaged Weights and Dimensions (Cont'd)

Case No. 2 (Seismometer parts)

Dimensions 2 x 8 x 8 inches
Weight 2 pounds
Volume 128 cubic inches

Case No. 3 (Thermal Jacket)

Dimensions 52 x 52 x 45 inches
Weight 435 pounds
Yolume 70 cubic feet

Case No. 4 (Jacket installation materials)

Dimensions 30 x 30 x 32 inches
Weight 115 pounds
Volume 18.8 cubic feet

Case No. 5 (Jacket installation hardware)

Dimensions 14 x 14 x 8 inches
Weight 22 pounds
Volume 0.9 cubic feet

2-4. MATERIAL HANDLING. The Seismometer can be transported in a light truck. Two men can
handle the unit without special handling equipment. The mass sections (including trim weight) shall
be removed from the boom assembly, and the boom assembly shall be locked against the bottom stop
by the stop screw when the Seismometer is moved or shipped. A length of polyutherane sheet shall be
wrapped and tied securely around the spring. The Seismometer shall be shipped in a specially de-
signed shipping crate. No other special handling precautions are necessary beyond ordinary care to
avoid excessive shock, vibration, or temperature extremes.

2-5, INSTALLATION PROCEDURES,
2-6. To install the Seismometer at the selected site, proceed as follows:
a., Insure that Thermal Jacket, Model 14414, has been installed in accordance with TI 2W-1-1,

b. Set glass insulator assemblies on floor of Thermal Jacket, Model 14414, as shown in figure2-1,

Place the Seismometer leveling screw assemblies on these insulators with the rear leveling screw
assembly (foot) on insulator A",

e— 15 9/16

— 4 — 73/4

\

-~

ALIGN SLOT IN INSULATOR"A\-, B
WITH HOLE IN INSULATOR "B" \
AS SHOWN

Figure 2-1. 1nstallation of Glass Insulator Assemblies
114
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Chapter 2

CAUTION

Do not allow dirt, dust, or moisture to fall into the Seismometer when the cover is off.
The presence of foreign material inside the case may affect operation of the Seismometer.

c¢. Brush all loose insulation, dust, and dirt off the cover., Open the twenty latches and remove
the cover., e careful not to strike the internal parts.

d. Levelthe Seismometer using the leveling screw assemblies and the level assembly mounted on
the base of the instrument. When both bubbles are centered, lock the leveling screws with the two
wrenches furnished,

e. Perform tests described in paragraphs 5-9 and 5-10.
f. Remove the polyutherane covering from the spring.

g- Remove the two inertial masses and trim weights (if supplied) from the Seismometer shipping
crate. Install the masses and weights using the mounting bolts attached to the boom.

CAUTION

Care must be taken when loosening the stop screw to prevent the boom from swinging
upward at a fast rate, thereby damaging the instrument.

h. Loosen the stop screw until the mass position pointer reaches the top ofthe scale when the
boom assembly is lifted.

i, Checkthatthe boomassembly swings freely from stopto stop without binding, sticking, or dragging.

jo If a coil sticks in a magnet assembly air gap, loosen slightly the two screws that hold the coil
support to the boom assembly, Shift the coil support until the boom assembly swings freely from
stop to stop without binding. Tighten both coil support screws securely. With the boom assembly
at the center of its travel, the coils shall be centered in the air gaps of the magnet assemblies,

NOTE

When the coils are in the correct position and the boom assembly is at one of its
stops, there is approximately 1/64-inch clearance between the coil and the magnet,
The adjustment in step j must be made with care to insure that the coils will have
sufficient clearance at both extremes of their travel.

k. Install connectors P101, P102, and P104. (P10l is not used in paralleled data coil hookups).
P102 connects to the mass -position, remote-centering, and calibration circuits. P104 connects to
the heater circuit,

1. Apply 115 volts a-c between pins M and N of connector P102. The Remote Centering Accessory
shall raise the booin assembly, Apply 115 volts a-c between pins L. and N of connector P102. The
accessory shall lower the boom assembly, Again apply 115 volts a-c between pins M and N of
connector P102 to bring the boom assembly to the center of its travel,

m. Replace the Seismometer cover and secure the twenty latches,

n. Replace the plastic shipping plug with the steel pipe plug, with threads coated with Permatex
No. 2 or equivalent sealant.

o. Perform the tests and adjustments described in paragraph 5-13,

118 2.3
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1=SHIPPING BOL T

3 =BOOM ASSEMBLY

2=SHIPPING SPACER
4=BOTTOM STOP
HANGER
UPRIGHT ON FRAME ——I@h/
é
3 —BOOM ASSEMBLY 6
|
-
o= 5§ = BOOM SHIPPING
BRACKET
\
5<=BOOM SHIPPING
BRACKET
7

Figure 2-2. Shipping Bolt and Spacer, and Shipping Bracket Installation G 1685
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NOTE

When the coils are in the correct position and the boom assembly is at one
of its stops, there is approximately 1/64-inch clearance between the coil
and the magnet, The adjustment in step j must be made with care to insure
that the coils will have sufficient clearance at both extremes of their travel,

m. Install connectors P101, P102, and P104. (P101 is not used in paralleled data coil hookups).
P102 connects to the mass-position, remote-centering, and calibration circuits, P104 connects to the
heater circuit.

n, Apply 115 volts a-c between pins M and N of connector P102. The Remote Centering Accessory
shall raisc the boom assembly. Apply 115 volts a-c between pins L and N of connector P102. The
accessory shall lower the boom assembly., Again apply 115 volts a-c between pins M and N of con-
nector P102 to bring the boom assembly to the center of its travel.

o. Replace the Seismometer cover and secure the 20 latches,

p. Replace the plastic shipping plug with the steel pipe plug, with threads coated with Permatex
No. 2 or equivalent sealant.

q. Perform the tests and adjustments described in paragraph 5-13,

r. Install and tighten down Thermal Jacket lid until metal to metal contact is made between the
retaining ring and the side of the tank,

2-7, PREPARATION FOR RESHIPMENT,

2-8, DISCONNECTING AND LOCKING, If it is necessary to reship the Seismometer, proceed as
follows before repacking:

a. Remove Thermal Jacket lid and plastic insulation bags, Remove the Seismometer from the
Thermal Jacket. Remove the insulation covering from the Seismometer,

b. Remove connectors P101 from receptacle J101 and P102 from receptacle J102. Remove leads
from binding posts E101 and E102. Remove connector P104 from receptacle J104 in cover.

c. Remove pipe plug from Seismometer cover and replace with special vented plug. Use of the
special shipping plug is important to prevent excessive internal pressures during high-altitude air
shipment,

CAUTION

Do not allow dirt, dust, or moisture to fall into the Seismometer when
the cover is off. The presence of foreign material inside the case may
affect operation of the Seismometer.

d. Brush all loose insulation, dust, and dirt off the cover. Open the 20 latches and remove the
cover., Pe careful that the cover does not strike any internal parts,
NOTE

Itern numbers in parentheses in steps e through i refer to index num-
bers appearing in figure 2-2,

113
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e. Place the shipping spacer (4) between the boom (3) and the bottom stop (4).
f. Tighten the stop screw finger-tight against the boom (3).
g. Attach and secure the shipping brackets (5).
h. Remove the stop screw and secure it to the frame with tape.
i, Install the shipping bolt (1).
j» Wrap and tie the spring with polyutherane or some damping material such as foam rubber,

k. Replace the cover and secure the 20 latches, Screw in the leveling screws,

2-9. REPACKING., To repack the Seismometer, proceed as follows:

a, Place the Seismometer in the shipping crate taking care to set leveling screws in the cutouts
in the insulation,

b. Cover the Seismometer with the expanded polystyrene insulation and waterproof paper. Seal
the waterproof paper with waterproof, pressure-sensitive tape.

c. Replace the cover of the shipping crate and sacure it with the 14 bolts.

d. Pack the connectors, glass insulator assemblies, calibration kit, adjustor, insulation cover,
and wrenches in a cardboard carton.

2-6
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is called the External Critical Damping Resistance (CDRX) at that frequency. Critical damping is
defined as the amount of damping that will return the boom assembly (after a deflection) to the center
of its travel in the shortest time without overshoot and without appreciable reduction of deflection,
CDRX varices inversely with the natural frequency and must be redetermined whenever the natural
fre 1uency of the Seismometer is changed.

4-8. REMOTE CALIBRATION,

4-9. A calibration coil is wound on the same form as each main coil and is located within the field

of the same magnet. A current pulse applied to either calibration coil will deflect the boom assembly.

The amount and rate of deflection is determined by the current, the characteristics of the deflection
system (wiring configuration, resistance, voltage, etc,), the amount of damping in each main coil,
and the known motor constant of each calibration coil. The output of the main coils is determined by
their generator constants and how they are wired to the output circuit (independently or in parallel).

If the input current to the calibration coils is known, the output of the main coils may be used for
remote calibration of the Seismometer. Since the characteristics of the Seismometer change whenthe
natural frequency is changed, the Seismometer must be recalibrated for each new natural frequency.
The motor constants of the calibration coils do not vary with natural frequency; this allows remote
calibration without knowledge of the natural frequency.

4-10. REMOTE CENTERING,

4-11. Best results are obtained if the inertial mass rests at the center of its travel when it is not
deflected by motion. Under these conditions the characteristics of the suspension system and the
portions of the magnetic fields traversed by the signal coils are symmetrical. Large temperature
changes, especially during the first few weeks after installation, will cause the Seismometer inertial
mass to rest off center. The inertial mass can be centered by changing the static balance of the
boom assembly by moving the mass position trim weight. This can be accomplished manually with
an adjustment plate or with the Remote Centering Accessory Motor.

4-12. MASS POSITION MONITOR,

4-13. The Mass Position Monitor Accessory produces a mass position signal at any time desired.
The accessory consists of a lamp, an aperture, and a Wheatstone bridge consisting of two photo-
resistors and two fixed resistors. The aperture is mounted on the boom assembly in the light path
between the lamp and the photoresistors. When the inertial mass is in the center of its travel, the
aperture allows an equal amount of light to fall on each of the photoresistors. In this condition, the
bridge is balanced. When the inertial mass is off center, the aperture premits more light to fall on
one photoresistor than to the other, unbalancing the bridge. The amount and direction of unbalance
is determined by the amount and directior that the inertial mass is off center. The unbalance of the
bridge can be sensed by connecting a zero-center microammeter across the output terminals of the
bridge.

4-14. HEATER.

4-15. The Seismometer Heater (see figure 7-1) consists of three power resistors mounted under the
top of the Seismometer cover inside the instrument. This heater assembly is operated from a unit
which supplies a 0-24 volt d-c input. The heater serves to stratify the air in the mstrument case,
thus, minimizing noise produced by air flow caused by temperature inversion. '\'

4-16. THERMAL JACKET,

4-17. The Thermal Jacket is a special tank used to house the Seismometer. This tank is designed to
isolate the Seismometer from barometric and temperature changes by: (l.) air st -atiiication within
the tank by heating the top of the tank with an internal heater, and by (2.) being nearly air-tight

(the leak-rate time constant is 8 hours).
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CHAPTER 5
MAINTENANCE

5.1 INTRODUCTION. This chapter contains information necessary to maintain the Seismometer.
Section I covers organizational and field maintenance; Section Il covers special maintenance.

SECTION I
ORGANIZATIONAL/FIELD MAINTENANCE

5
5-1, Performance tests and standards are listed in Section II. Those tests not specifically noted
as depot or special tests may be performed in the field,

-2. GENERAL. Test equipment required for organizational/field maintenance is listed in table

NOTE
Equipment characteristics shown in table 5-1 are the characteristics required to

test the Seismometer and do not necessarily reflect the full capabilities of the
equipment.

Table 5-1. Test Equipment Required for Organizational/Field Maintenance

MANUFACTURER REQUIRED
EQUIPMENT AND MODEL NO, CHARACTERISTICS
Vacuum Tube Hewlett-Packard Ohmmeter range:
Voltmeter, Model 410B (or Zero to 500K ohms
(VT VM) equivalent
Battery Burgess No TW-2 12 volts
or equivalent
Potentiometer Any manufacturer Zero to 500 ohms, 2 watts
Power Supply Hewlett-Packard 22,5 volts d-¢, 1,5 ma
(2 each) Model 721A (or 4 volts d-c, 150 ma
equivalent)
123
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CHAPTER 4
PRINCIPLES OF OPERATION

4-1. INTRODUCTION. This chapter contains information that will help the experienced maintenance
technician understand the operat'on of the Seismometer, Refer to Chapter 6 for parts identification,
A schematic diagram is shown in Chapter 7.

4-2. OPERATION OF TRANSDUCER.,

4-3. The transducer converts vertical motion into electrical signals, Vertical motion is transmitted
through the frame to two magnet assemblies. This causes a relative motion between the magnets

and the main coils, located within tne fields of the magnets. The coils are mounted at the end of the
boom assembly with the 10kg inertial mass. The boom assembly is mounted on flexure pivots and
tends to remain stationary. Relative motion between the magnets and the coils generates voltages

in the coils proportional to evither the velocity, acceleration, or displacement of the relative motion,
depending on the natural frequency of the Seismometer, Two coils and two magnets are used to mini-
mice '""piston effect” and to improve linearity of the instrument.

4+-4. SUSPENSION SYSTEM, The suspension system for the inertial mass assembly and the main
coils consists of the two-section boom assembly, which is mounted on the frame by two flexure

pivot assemblies; and a spring which is mounted by flexure pivot assemblies between the boom
assembly and the frame. The flexure pivot assemblies permit relative motion between the Seismom-
eter frame and the boonm assembly in a vertical direction, but prevent such motion in the horizontal
direction. Flexure pivot assemblies operate by bending flexure ribbons of spring brass rather han
by the movement of bearing surfaces. Since there 1s no contact between moving parts of the suspen-
sion system, friction 1s eliminated and mechanical losses are reduced to the relatively small losses
of the flexure ribbons.

4-5. The restoring force of the suspension system is provided by gravity and the spring. The
weometry of the suspension system causes the spring to act as if it had zero length. Since movement
of the boom assembly does not change the characteristics of the spring, linearity of period is main-
tained even though the relative mass position changes. Adjustments of mass position and period are
made by adjustments on the boom assembly rather than by changing the length of the spring. The
characteristics of the suspension system is not affected by these adjustments, The flexure pivot
assemblies provide a small additional restoring force, bringing the period into the correct range.

4-0. NATURAL FREQUENCY. The natural or resonant frequency is the frequency at which the
boom asscimbly would oscillate if it were undamped and set in motion. The natural frequency is
determined by the spring specifications and mounting geometry, the weight of the inertial mass, and
the setting ot the period adjustment. Gravity and the spring assembly provide the major restoring
forces. Changing the position of the period adjustment provides a natural frejuency of any value
between 0.033 and 0.1 cps. Stated another way; the natural period the reciprocal of the natural
frequency, can be adjusted to any value between 10 and 30 seconds per cycle,

4-7. DAMPING. The voltage induced in the main coils causes a current to flow through them and

the external load. As this current flows through the main ¢oils, 1t creates forces which tend to
opposc or damp the motion. Thus, electromagnctic damping is provided in the t ransducer by the
action of induced current in the main coil assemblies. The amount of damping 1s determined by the
total resistance in the main coil circuits and may be controlled by adjusting the external load. The
amount of cxternal load required for critical damping of cach transducer at a given natural frequency

191
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CHAPTER 5
MAINTENANCE

5.1 INTRODUCTION. This chapter contains information necessary to maintain the Seismometer.
Section I covers organizational and field maintenance; Section II covers special maintenance.

SECTION 1

ORGANIZATIONAL/FIELD MAINTENANCE

5.2. GENERAL. Test equipment required for organizational/field maintenance is listed in table

5-1. Performance tests and standards are listed in Section II. Those tests not specifically noted
as depot or special tests may be performed in the field.

NOTE
Equipment characteristics shown in table 5-1 are the characteristics required to

test the Seismometer and do not necessarily reflect the full capabilities of the
equipment.

Table 5-1. Test Equipment Required for Organizational/Field Maintenance

MANUFACTURER REQUIRED
EQUIPMENT AND MODEL NO, CHARACTERISTICS
1 Vacuum Tube Hewlett-Packard Ohmmeter range:
] Voltmeter. Model 410B (or Zero to 500K ohms
: (VT VM) equivalent
Battery Burgess No. TW-2 12 volts
or equivalent
Potentiometer Any manufacturer Zero to 500 ohms, 2 watts
Power Supply Hewlett-Packard 22.5 volts d-c, 1.5 ma
(2 each) Model 72 1A (or 4 volts d-c, 150 ma
equivalent)
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5-3. VOLTAGE REQUIREMENTS AND SOURCES, Table 5-2 lists the voltage requirements, their
purposes, and suggested test sources.

Tablez 5-2. Voltage Requirements and Sources

REQUIREMENT PURPOSE SUGGESTED TEST SOURCE
4 volts a-c or d-c Excite mass position Power Supply - Hewlett -
150 milliamperes monitor lamp Packard, Model 721A

{or equivalent)

115 volts a-c, Operate remote cen- Commercial or standard
60 cps tering motor 115 volt a-c power source
22.5 volts d-c Excite mass pos tion Power Supply, Hewlett-

monitor photoresistor Packard, Model 721A

(or equivalent)

5-4, THERMAL FREE SOLDERING PROCEDURE, A special solder is used in the transducer coil

L2 L A RS A T AT T
assembly connections to reduce the generation of thermal voltages. When necessary to resolder a

thermal free connection ( usually painted bright green), use the following procedure:

a. Use a new soldering tip tinned with thermal free solder. Do not use this tip for any purpose
other than soldering with thermal free solder.

b. Use any standard soldering iron from 30 watts to 200 watts, depending on the size of conductors
to be soldered.

c. Use a clean and uncontaminated flux and apply with a non-metallic applicator. The flux must
be pure resin in alcohol. (see table 1-4)

d. Clean all conductors to be soldered(with thinner). Tin the conductors using flux (pure resin in

alcohol). Place the conductors as close together as possible to reduce the amount of solder neces-
sary to make the joint.

e. Solder the connection. The joint will not have a bright smooth appearance, but may look like
a cold joint. These joints, if properly made, are electrically and mechanically sound.

f. Paint the joint bright green toidentify it as a thermal free connection during future repairs or
wiring changes.

g. Do not allow soldering tip to overheat or become badly oxidized. Re-tin as necessary with
thermal free solder.

5-2
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SECTION II

SPECIAL MAINTENANCE

5-5. SPECIAL TOOLS AND TEST EQUIPMENT,

5-6. No special tools or special test equipment is required.

5-7. BENCH TEST,

5-8. Refer to table 1-4 for test equipment required to test the Seismometer,

NOTE
Use of test procedures described in this section may be performed at field

level as prescribed by current operating instructions.

5-9 COIL RESISTANCE. This test may be performed in the field as well as the depot with limita-
tions so noted herein, When the test is performed in the field, steps 1 through 4, table 5-3, are
applicable. In the depot, steps 1A through 4A, table 5-3, are applicable. Prior to performing this
test, lock the suspension system except as noted. To remove the cover and lock the suspension
system, proceed as follows:

NOTE
If the test is being performed as a preinstallation test, the suspension system

is locked and steps a through d may be omitted.

a, Remove the Thermal Jacket cover. Remove insulation cover {(and any other materials) from
the Seismometer. Remove connecto s P102 and P104 from connectors J102 and J104, respectively.

b. Brush all loose insulation, dust, and dirt off the Seismometer cover.

CAUTION
Do not allow dirt, dust, or moisture to fall into the Seismomeier case when the
cover is off. The presence of foreign material inside the case may affect
operation of the Seismometer,

c. Remove cover being careful not to strike the internal parts.

d. Tighten the stop screw to lock the boom assembly against the bottom stop.

CAUTION

Since it is desirable to test the coil windings in the field without removing the
cover, extreme care must be used in checking continuity without locking the
suspension system. Use a range on the ohmmeter that presents the lowest
voltage to the coils being tested, to avoid a violent movement of the boom

assembly.
125
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e. Replace cover and pressure test in accordance with paragraph 5-49.

indicated in table 5-3.

1200-26

NOTE

Measurements in table 5-3 are for data coils connected separately. For data coils in
parallel use one-half the standard (or 290 ohms) in steps 2 and 2A; infinity (open-

circuit) for steps 1 and 1A,

Table 5-3. Coil Resistance Measurement
OPERATION OF POINT OF CONTROL PERFORMANCE
STEP TEST EQUIPMENT TEST SETTINGS STANDARDS
For field use
1 Use VTVM on Between pins Not Resistance shall
RX100 range C and B on applicable measure 580 ohms
J101 +£200ohms
2 As in step 1 Between E101 Not Resistance shall
and E102 applicable measure 580 ohms
#20ohms
3 Use VTVM Between pins Not Meter shall measure
on RX! range Dand A applicable 0.8 £0, 16 ohm
on J101
4 As in step 3 Between pins Not Meter shall measure
Jand H applicable 0.8 +0,16 ohm
on J102
For depot use
1A Use Wheatstone Between pins Not Resistance shall
bridge (refer to Cand B applicable measure 580 ochms
table 1-4) adjusted on J101 +20ohms
to 1000 ohm range
2A As in step 1A Between E101 Not Resistance shall
and E102 applicable measure 580 ohms
20 ohms
3A Use Wheatstone Between pins Not Resistance shall
bridge adjusted to D and A applicable measure 0.8 10,16 ohm
lowest range on J101
4A As in step 3A Between pins Not Resistance shall
Jand H applicable measure 0,8 +0, 16 ohm
on J102

5-10. INSULATION RESISTANCE, This test may be performed in the field as well as the depot.
sure the suspension system is locked as in paragraph 5-9. Measure resistance as in table 5-4.

5-4
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Table 5-4. Insula ion Resistance
OPERATION OF POINT OF CONTROL PERFORMANCE
STEP TEST EQUIPMENT TEST SETTINGS STANDARDS
1 Use VTVM on Between pin Not Resistance shal’
RX1 megohm A on J101 applicable measure | megohm
range and ground minimum
2 As in step 1 Between B Not Resistance shall
on J10 and applicable measure 1 megohm
ground niinimum
3 As in step 1 Between Not Resistance shall
E101 and applicable measure | megohm
gfound minimum
4 As in step 1 Between pin Not Resistance shall
H on J102 applicable measure 1 megohm

and ground minimum

5-11. MASS CENTERING, NATURAL PERIOD, AND DAMPING, This test may be performed in
the field as well as the depot with limitations as noted herein, To center the mass, find and adjust
the natural period, and check the damping, perform the following steps:

NOTE

Luring the performance of this test, the mass sections shall be assemblcd to the
boom, and the suspension system shall not be locked in any way, For tests per-
formed in the field, do not remove the cover unless such removal has been
specifically authorized by current operating instructions,

a. Level the Seismometer by adjusting the leveling screws while observing the level vials on the
instrument. In the field, if the instrument was leveled during installation, it may be assumed to
be level,

b. Apply heater power (24 volts, d-c) to J104 for 30 minutes to temperature-stabilize the instru-
ment, If the cover has been removed, allow the Seismometer to reach the temperature of its
surroundings. This may require as long as 12 hours

c. Connect a temporary short circuit between the terminal posts E101 and E102 to damp the mass
movement,

d. Adjust the large gear of the Remote Centering Accessory until the mass position pointer,
visible through the window in the front of the cover, 1s in the center of its scale. This adjustment
may be performed either by momentarily app ying power to the Remote Center ng Accessory motor
or by turming the gear with the adjuster assembly furnished (see figure 5-1),

NOTE
When operating the Remote Centering Accessory electrically, apply 115 volts a-c

between pins L and N of receptacle J102 to move the mass down, Apply 115 volts
a-c between pins M and N to move the mass up.

e. Remove the temporary short circuit from terminal posts E10]1 and E102

127
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f. Connect the equipment as shown in figure 5-2 for the bottom coil, For field tests see figure
5-3. Adjust R1 for the lowest voltage that will give a usable deflect:on of the boom assembly when
the switch is closcd momentarily., Adjust R2 (figure 5-2) to approximately 10,000 ohms.

CAUTION

To avo:d damage to the transducer, do not allow the current through the calibra-
tion coils to exceed 50 ma.

g. Set the boom assemb.y in motion by momentarily closing switch §1

h., Using a stop watch, determine the time required for the point.r on the microvoltmeter to
swing from zero to a maximum in one direction, back to zero, to a maximum in the other direction
and back again to zero. The time required for this cycle is the natural pe “iod of the Seismometer,
More accurate results are obtained i1f 3 to 5 initial cycles are timed and the results averaged.

NOTE

If thic test is performed in the field and a stop watch is not available, use an
ordinary watch having a sweep second hand.

i. If the test is being performed in the field, observe the mass position pointer through the win-
dow in the front of the Seismometer cover and time the cycle as in step h.” Accuracy of the test is
highest when performed with a recorder such as used in table 5-5.

j. If the natural period is not correct, adjust the large knurled adjustment plate as shown in
figure 5-1. Turn the plate clockwise to increase th~ period; turn the plate counterclockwise to
decrease the period.

k. After performing the adjustment described in step j, repeat steps g and h or 1 to determine
the new period.

NOTE

The suspension system is subject to drift during the first few days following
installation. It may be necessary to readjust the natural period every day during
this initial period. Once this initial period is past, the Seismometer will continue
to operate for a long time with only occasional slight readjustments.

1. Graph the output of the transducer or observe on a recorder. The output shall be a damped
wave train reducing in amplitude over several cycles in the standard pattern for damped waves.
Amplitude of the initial half cycle and the number of cycles in the wave train are dependent upon the
magnitude of the electrical pulse to the calibration coil.

m. Check the electromagnetic damping by repeating step g and then shorting E101 and E102. The
mass position pointer shall stop moving immediately, and the pointer of the microvoltmeter shall
not move after the short is removed.

n. Disconnect the test equipment.

5-7
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A. PREFERRED METHOD  ____ _ _ _ — __ T
o e  MULTIMETER—TRIPLETT, MODEL
> | £10A [OR EQUIVALENT] ADJUSTED
X, ' H | TO MEA.URE D-C MILLIAMPERES
: Erereev sy
' PACKAR L 42'A AL
i ot ; I'ADJUSTED TO 30 MV SCALE
J !
P RI—DECAD VOLTAGE DIVIDER,
o—j »—. . GENERAL RADIO MODE\ .454-A
! RI | GAHBRATION -, (oR EQUIVA ENT)
ke [ !
——— BATTERY | R2—DECADE RESISTOR GENERAL RADIO,
! El01 | MODEL 1432-N(OR EQUIVALENT)
L |
| BATTERY—I2VOLT, BURGESS
. | TW2 (OR EQUIVALENT)
| |
| |
"y R2 !
| EI102 _J'
R
STANDARD ELECTRIC
MICROVOLT- | LONG PERIOD TMER
ke SEISMOMETER MODEL 8-1
MODEL 7505 A

Figure 5-2 Tes Arrangement for Natural Period, and Damping (Depot Method)

8 ALTERNATE METHOD

NOTES.
MULTIMETER—TRIPLE TT, MODEL
6304 (OR EQUIVALENT. ADJUSTED
et o e S < TO MEASURE D-C MILLIAMPERES
oy, i 1021 g1 _POTENTIOMETER, 500 OHM,
' H; 2 WATY
: ' BATTERY—I2 VOLT, SURGESS
MULTIMETER t | TW 2{OR EQUIVALENT)
! )
—o70 ' 3,
' CALIBRATION !
' ColL ;
BATTERY ¥ R : :
o comeocae aod
LONG_PERIOD
VERTICAL
SEISMOMETER
MODEL 7505 A

Ficurce 5-3  Test Arrangment for Natural Poersod, and Damping (Field M+ thod)
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5-12. PERFORMANCE TESTS,

5-13. WEIGHT LIFTS. When the instructions for a performance test state that weight lifts must be
performed, proceed as follows: (Thesec ins‘ructions assume that test equipment has been connected
and weight lifts must be recorded. )

a. Level the Seismometer and adjust it for the correct period and mass position as described In
paragraph -11.
b. Brush all loose in ulation, dust, and dirt from the top of the cover. Open the twenty latches
and remove the cover from the Seismome er Be careful not to strlke the internal parts with the cover.

I
2 v
-

CAUTION

Do not allow dart dust, or molsture to fall into the Seismometer when the cover is
off The presence of foreign material Inside the case may affect operation of the
Seismometer

¢. Attack & chort piece of thread to the 200 milligram test weight.
d. Place the test weight on the boom assembly at the Indicated mark near the flexure pivots.

e. When the boom assembly has come to rest and when the test equipment is ready, 1i t the test
weight sharply, holding it by the thread. The movement must be as n.arly vertical as p ssible. Do
not touch any part of the Seismometer; do not allow the test weight to touch any part of the Seismomater.
Record and measure the deflection. The deflec 10n may be either ps2'tive or negative depending on
the polarity of thi: connect ons at E10]1 and E102, See the note at the bottom of page 5-11

f. When the required measurement is conplete, replace the test weight on the boom as.embly.
Wait until t ¢ boorn assembly has come to rest, and then repeat step ¢ Average the results of
several weigit lafts.

g. After replacing and latching the cover, replace the pipe plug in the cover (see figure 5-1).

Table 5-5. Performance Standards
Test No | Critical Damping Resistance {(CDR)

PRELIMINAR Y INSTRUCTIONS: Determine both signal coi resistances as descrided in
paragraph 5-9 to an accuracy of 410 ohms. Unleth
suspension arm. Level the Seiomometer and adjust for
correct period and mase position. Determine the free
period as described in paragraph 5-11. Conaect test
circuit as shown in figure 3.4

OPERATION CONTROL SETTINGS
OF TEST POINT AND OPERATION OF PERFORMANCE
STEP EQUIPMENT OF TEST EQUIPMENT STANDARDS
1A E10] and Perform weight lift
E® as described in para-
greph 5-13

Y
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A. PREFERRED METHOD .7=.C+.°
---------- MICROGVOLTMETER INPUT
{ 1 RESISTANCE = | MEGOHM
' | .
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]
]
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: >
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Table 5-5. Performance Standards (Cont'd)
OPERATION CONTROL SETTINGS
OF TEST POINT AND OPERATION OF PERFORMANCE

STEP EQUIPMENT OF TEST EQUIPMENT STANDARDS
1B Adjust decade E10l and  Repeat weight lifis a. |
resistor Rp until  E102 as described 1n b
overshoot 1s be- paragraph 5-13 ——

tween 20% and 25% 8

{See note below)
b. Percent overshoot =
a/bx 100

¢. Determine ratio of
actual damping to critical
damping (1) from table 5-6

1C Disconnect test a. Calculate the critical
equipment damping resistance (CDR)
using the formula
CDR r Ry x \®

b. CDR = 80 x free
period in ohms

Test No. 2 External Crit cal Damping Resistance (CDRX)

OPERATION CONTROL SETTINGS
OF TEST POINT AND OPERATION OF PERFORMANCE
STEP EQUIPMENT OF TEST EQUIPMENT STANDARDS

2A a. Calculate the external
critical resistance (CDRX)
using the formula CDRX =
CDR-R¢ *

b. CDRX = 1600-290 ohms
s 1310 ohms 210% at

t # 20 sec (coils connected
in parallel)

NOTE

Polarity of transducer output should be posit ve when mass 1s moved down;
negative when mass 18 moved up (or when weight 1s lilted).

® For preferred method Ry = RC 4 np
FPor alternste method lrorc.olnelA
R, ¢ lnput resistance of Phototube Amplifier

Re * Resistance of dats conl (d-¢)
Rp ¢ Resistance of decade resisteor
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Table 5-5. Performance Standards (Cont'd)
Test No. 3 Calibration Coil Motor Constant (G)
PRELIMINARY INSTRUCTIONS: Connect test circuit as shown in figure 5-5.
OPERATION CONTROL SETTINGS
OF TEST POINT AND OPERATION OF PERFORMANCE
STEP EQUIPMENT OF TEST EQUIPMENT STANDARDS
3A E101] and Perform weight lifts a.
E102 as described in para-
praph 5-13, using Xy
200 mg test weight =
Remove test weight b Measure and record |
before proceeding to X in millimeters for
next step. each weight lift |

B Complete circuit El10] and Not applicable
through top cali- £102
bration coil as
shown n figure
5-5. Close switch
S| and observe
initial deflection.

The deflection CAUTION

should be in the

same direction Do not permit the

as that of step current through the ‘
3A. If 1t is not, callbration coils to

reverse battery exceed 50 milliam-

connections peres at any time.

Leave S) closed To do so will

until the mass damage the coils.

stops moving.

Open 8! and re-

cord and measure :
the resulting

deflection This

deflection must be

in the opposite

direction to the de -~

flection of step 3A.

C Adjust variable a. Measure and record
resistor while E101, E102 "n in millimeters
opening and clos -
ing circuit through p——
calibration coil, Xy
uatil X, caused by
opening circuit is N
within 10% of X,

b. Record current (i)

through calibration coil

in amperes (gero-to-peak)
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Table 5-5. Performance Standards (Cont'd)
Test No. 3 Calibration Coil Motor Constant (G) (Cont'd)
OPERATION CONTROL SETTINGS
OF TEST POINT AND OPERATION OF PERFORMANCE
STEP EQUIPMENT OF TEST EQUIPMENT STANDARDS
iD Disconnect the
test equipment a. Calculate the motor

constint of both calibration
coils in newtons /ampere

using the formula:*
G = 980 x 10" "x0.04 (—x*-)

Xw
i

. 3 =,032 £,002
new.ons/ampere per coil

Test No 4 Mass Position Monitor Alignment
i
PRELIMINARY INSTRUCTIONS: Remove the cover from the Seismometer (paragraph 5-17) and block

the suspension arm with a small piece of wood. Be careful to
block the arm with the mass position pointer centered on its
scale. Check that the bar on the face of sach photoresistor is
vertical. Loosen the two screws holding the aperture to the boom
assembly and adjust the aperture to be parallel to the face of the
photoresisior housing and within 1/32 inch of the face. The
aperture shall not touch the face of the photoresistor houeing at
any point in the travel of the suspension arm. Tighten the screw
to secure the aperture clip to the arm.

Connect the test circuit as shown in figure 5-6.

OPERATION CONTROL SETTIN S
OF TEST POINT AND OPZRATION OF PERFORMANCE
_‘STIZP EQUIPMENT OF TEST EQUIPMENT STANDARDS |
4A Set the power sup- JI0Z, pins

plies (or the volt- A, B, C, D,
ages showninthe E, and F

| diagram. Set the

microammeter to

the 100 microamp
ccale

® Top calibration coil is not used in piurallel data coll configuration.

$-14
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Figure %-6. Test Setup for Mass Position Monitor Align~ent
Table 5:% Perlformance Standards (Cont'd)
Test No 4 Maess Puosition Monitor Alignment (Cont'd)
OPERATION CONTROL SETTINGS
OF TEST POINT AND OPERATION OF PERFORMAXCE
STEP EQUIPMENT oF TEST FEQUIPMENT STANDARDS
448 Close the test 3102 pins Loveen the tad screns Micrtoammeter teads
clrcuits Aard B holding the aperture 10 tero
the apettute citp on
the susyrnsion arm
Adjest the aperture
until e microam-
meter teads 2eto
‘ Tighten the seten,
being carefal net te
distarh the adjsstonent
o« 3102 pine Remave the biock ftom Lo teading of the micte
Aand B the sdspension ot m ammeter oiall ine Peaee

Carelally saing the
artem (rom one slop 1o
the athe ¢

smogthly 0 ahe $i100 0

a0 the sndprasion 2t
sovngs towatd o slap

The readiag vhail tien
devteace emonatti, o

§om
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Paragraph 5-14
Table 5-5. Performance Standards (Cont'd)

Test No. 4 Mass Position Monitor Alignment (Cont'd)

OPERATION CONTROL SETTINGS
OF TEST POINT AND OPERATION OF PERFORMANCE
STEP EQUIPMENT OF TEST EQUIPMENT STANDARDS
other direction as the arm
swings through center to
the other stop.
4D Disconnect test
equipment

Table 5-6. Ratio of Actual Damping to Critical Dampiag (1)

PERCENT
OVERSHOOT A

| 20.0 0.4%%
20.% 0. 449
21 0 0 444
21.9 0.4%9
2.0 0.43¢
.9 0.429
23.0 ¢ 24
24 0 0.414
2% 0 0.404

3:14. MASS POSITION VS. PERIOD TEST. T e purpose of this test i lo determvine if the epring-
mase adjustment, normally made ot the factory, io within epecified tolevances Afer replacement
of the spring or of any criticel part of the indice or or the suspension eystem or il any of theoe
parts are loosened or damaged in shipment, 1t =1 | be necessary (o perform th.o tesl. Te porform
this test. proceed as (ol .owe:

A Prepate a ¢raph similar 1o the one showm 1a ‘igure 9.7
b Remove the cover and level the instrument In -ccordiance with pacagraph $-11

¢ Determine the nateral per of of the Seiamometcs oith the mase position adjestment &l approni.
mately m d-range and the natural period adjsetrment at ite lovest (batiem) position.

d  Mabe sijestments with the rear leveling screw and the period adjestment 00 that the natural
period io betacen |9 and 20 secande. Keep the ponter centered with the mase positien adjsstment.

LA 1
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e. Plot 10 points on the graph by determining the period at mass positions from -10 to +10 on the
pointer scale. Use only the mass position adjustment to change the mass position. Do not disturb
the leveling screw adjustment or the period adjustment.

. If the curve is symmetrical as shown by curve A in figure 5-7, the spring mass adjustment is
within tolerance and the instrument is properly balanced.

R. If the curve is not symmetrical and appears as cither curve B or curve C, adjustment of the
spring is necessary as indicated (sce figure 5-7),

TT A: Normal
INEEE mEE. 11 B: Linkage too long - tighten spring
. .. . 4444 { C: Linkage too short - loosen spring
R s 4 4 ; 4 e -
-4 tq ' f .zay- - b o+ 4 o+ 4
4 + -4 1 4 I R IS i -’ J} 4 3 = 3
. e l~ -1 e
1 L1l l
S EESEEEREES
%— ‘ _'. - - R P R =
= ' - B o o i K3
T 1 1T t" =
! 4—--+— };-;— l-n #—4-
! - _4',_4;..’__ ‘,Q..-—JI.,;. '
.- 4
] T
K - 4»* ! I {
. . . v R - = A 4
4 4 ‘ B . . 1 pe _I
r ‘ o e 4 ¢ = -
- . $ : 5L4 1 i ! 1 »o‘i o -
* g ‘ + 4 v
= 8 } ! I . 4 *4»4 s
, - ' i + & . 44 4}
- . Tttt

L
waAsS J- - . e v 5
Figure 5:7 Mase Position Vs Period Graph

NOTE
This adjustinent is exttemely critical near the point of proper spring tension Do
net turn the spring adjustiment screws over 1/8 turn without plotting  new curve
te determine if (urther adjustment is necessary
h. Repeat steps e and ¢ wntil & curve is oblained similar to curve A

i Level the instrument and adjust the natural period with the p2ricd adjustment to the desired
(requency in accordance with patagraph $-11

) Replace cover
L ¢
‘ 39 $.47
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Paragraphs 5-15 to 5-20

5-15. DISASSEMBLY.

5-16. Disassembly is described in the following paragraphs to the extent necessary for replacement
and cleanming of critical parts. Further disassembly will rarely be necessary and requires no special
instructions. Refer to Chapter 6 for identification and location of parts. The procedures must be
performed in the order given; however, do not proceed further than necessary to remove the parts
that require cleaning or replacement.

5-17. REMOVAL OF COVER,

5-18. To remove the cover, proceed as follows:

a. Brush all loose insulation, dust, and dirt off the cover. Wipe off any moisture.

CAUTION
Be careful that no dust, dirt, or moisture falls on the Seismometer while the céver
is off.
b. Open the twenty latches.

c. Lift the cover straight up. Be careful that the cover doesn't strike any internal parts of the
Seismometer,

5-19. REMOVAL OF COIL ASSEMBLIES,
5-20. To remove the coil assemblies, proceed as follows:
a. Remove four socket-head capscrews holding the top magnet assembly to the spacer and remove
the magnet assembly.
CAUTION
Cover the magnet gaps with paper or tape to protect gaps from contamination with
foreign matter. Be careful to keep magnetic materials away from the magnet.
b. Pull the pointer out of the end of the coil support.

¢. Remove the two binder-head screws and the clamping block that hold the coil support and coil
assemblies to the boom assembly.

d. Remove the coil support with the coil assemblies. Avoid unnecessary strain on the leads
attached to the coils.

e. Scparate the coil assemblles, the spacers, and the coil support after removing the screws that
hold these parts togsther.

{. Disconnect the leads from the eight terminal posts of the coil assemblies. Be careful to avoid
excesslve heat; the plastic coil form melts readily.

NOTE

Use soldering iron tinned with thermal free solder to avoid contamination of leads
and terminals.

5.18 wy'd
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Chapter 5
Paragraphs 5-21 to 5-24

5-21. REMOVAL OF SPRING AND FLEXURE ASSEMBLIES,
5-22. To remove the spring and the flexure assemblies that support it, proceed as follows:
a. Lock the boom assembly against the bottom stop by tightening the stop screw.

b. Remove the inertial masses from the boom assembly after removing the bolt that holds each
mass in place.

c. Release the spring tension by loosening the adjusting nut at each end of the spring.

d. When the spring is relaxed, support the spring with one hand and remove the adjusting nut from
the top end of the spring.

e. Lift the upper flexure assembly out of the hanger.
f. Remove the spring with the lower flexure assembly.

g. Inspect the flexure ribbons of both flexure assemblies to be sure that each is free of nicks,
bends, and creases. Remove any defective flexure ribbons after removing the capscrews and clamp
blocks that hold them in place.

5-23. REMOVAL OF BOOM ASSEMBLY AND MAIN PIVOTS,
5-24. To remove the boom assembly and the main pivots, proceed as follows:

a. Disconnect the fine wires that connect the three terminal boards of the boom assembly to the
three terminal boards on the frame.

b. Remove the aperture from the boom assembly after removing the two screws that hold it in
place.

c. Remove the screw that secures each of the two flexure pivot blocks (located under the boom
assembly) to the hanger.

d. Loosen the friction screws in the bottom stop until the stop screw can be turned freely. Care-
fully support the boormn assembly with one hand and remove the stop screw.
CAUTION

Handle the hoom assembly and pivots with extreme care to avoid bending the flexure
ribbons.

e. Carefully work the two flexure pivot blocks off the dowel pins.

f. When the flexure pivot blocks are free, slide the boom assembly forward, and remove it from
the Seismometer.

g. Remove the four capscrews that secure the period support assembly.

h. Remove the capscrew that secures each of the two flexure pivot blocks to the boom assembly.
Lift each of these two blocks off the dowe!l pins. Remove both sets of flexure pivots from the boom
assembly.

i. Inspect the flexure ribbons to be sure that each is free of nicks, bends, and creases. Remove
any defective flexure ribbons after removing the capscrews and clamp blocks that hold them in place.

161
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Paragraphs 5-25 to 5-33

5-25. CLEANING,

5-26. GENERAL. Cleaning disassembled parts includes refinishing or recoating the parts as
necessary. The cleaning methods used must be adequate for the conditions without being harsh or
injurious. Painting or coating with corrosion resistant compounds shall be limited to the exterior
of the Seismometer.

5-27. The Seismometer operates as a sealed unit and should not require extensive cleaning unless a
failure in the seal has allowed the entrance of dust, dirt, or moisture. Normally, wiping the parts
carefully with a clean dry cloth, or brushing out any dust with a soft-bristled brush will be sufficient.
If a solvent is necessary, use trichloroethylene sparingly and wipe clean of any deposited film. Do
not use trichloroethylene or any other solvent on the plastic parts of the Seismometer,

WARNING

Trichloroethylene is extremely poisonous. Use only in a well-ventilated area.

5-28. CORRODED PARTS, If corrosion is present, it may be removed with very fine sandpaper or
steel wool. Remove the magnet assemblies from the frame before reconditioning any part of the
frame. Do not allow any steel particles to enter the air gaps in the magnet assemblies. The toler -
ances of the working parts of the Seismometer are very close; severely corroded parts shall be
replaced. Do not attempt to sand or otherwise recondition the flexure plates, the coil assemblies,

or the magnets. Brush or wipe off all foreign particles and applr a thin coat of grease (Fiske Bros.
Refining Co., Lubriplate 630AA, or equivalent) or rust preventaiive (Humble Oil and Refining,
Rust-Ban 39¢, or equivalent) after removing corrosion. Do not allow any grease or rust preventative
to enter the magnet air gaps. When reassembling the Seismometer, perform the adjustments described
in paragraph 5-31. After the Seismometer has been reassembled, perform the tests and adjustments
described in paragraph 5-12.

5-29. CLEANING THE AIR GAPS, Clean the air gaps in the magnet assemblies before installing

the coil assemblies. Remove particles from the gaps using a nonmetallic rod tipped with masking
tape, sticky side out. Be careful to avoid causing nicks or burrs in the gaps or at their edges. Keep
magnetic materials away from the air gaps.

NOTE

Upper magnet assembly has shunts on the outside of the magnet case.

5-30, REASSEMBLY AND ADJUSTMENT,

5-31. The reassembly instructions in the following paragraphs begin where the disassembly proce-
dures in paragraph 5-15 stopped. If the Seismometer was not difassembled to this extent, begin
reassembly at the appropriate paragraph. The procedures must be performed in the order given.
Refer to Chapter 6 for identification and location of parts. Be sure to perform all the tests and

adjustments described in the reassembly procedures. After reassembly has been completed, perform
the tests and adjustments described in paragraph 5-10.

5-32. INSTALLATION OF BOOM ASSEMBLY AND MAIN PIVOT FLEXURE RIBBONS,

5-33. To install the main pivot flexure ribbons and the boom assembly, proceed as follows:

CAUTION

Exercise extreme caution in handling and mounting to avoid bending or damaging
the flexure ribbons.

5-20 11‘}2
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Paragraphs 5-34 to 5-35

a. Assemble the dowel pins and the flexure ribbons to the flexure pivot blocks, being careful not
to bend the ribbons while placing them over the dowel pins. The two left-hand flexure pivot blocks
form a pair; the two right-hand flexure pivot blocks form a second pair.

b. Install the clamp blocks 1n place to secure the flexure ribbons Be sure that there is not dirt,
dust, or other foreign matter between the ribbons and the clamp blocks. Orient the clamp blocks so
that the edge of the block is aligned with the edge of the flexure pivot block.

c. Install the two 4-40 x 3/8 capscrews that secure each clamp block. Tighten the capscrews until
they are snug.

d Place the side of one flexure pivot block of one pair on a smooth flat surface such as a surface
plate. Place a 9/32 inch toolmaker's flat under the other flexure pivot block of the pair (see figure
5-8). While holding one block against the surface plate and the other block firmly against the flat,
tighten all eight capscrews securely.

e. Repeat step d for the other pair of flexure pivot blocks.

f. Install the two reassembled pairs of flexure pivot blocks on the boomn assembly with the dowel
pin and capscrew that secures each pair. Tighten the capscrews until they are snug.

g. Install the four capscrews that secure the period support assembly to the two flexure pivot
blocks. Tighten the capscrews until they are snug. ‘

h. Place the boom assembly in its position in the frame. Carefully work the two flexure pivot
blocks (under the boom assembly) onto the dowel pins at the bottom of the hanger

i. Install the socket-head capscrew that secures each of these two flexure pivot blocks to the
hanger. Tighten these screws uutil they are snug but not tight Align the boom until the side of the
boom 1s parallel to the frame and the distance from boom to frame is the same on both sides.
Tighten the screws securely.

j- Install the stop screw and tighten it sufficiently to hold the boom down while the spring is
installed. .

k. Install the aperture on the boom assembly.

1. Connect the fine wires (No. 40 AWG) between the three terminal boards of the boom assembly
(TB101, TB102, and TB105) and the three terminal boards (TB103, TB104, and TB106) on the frame
(sce figure 7-1),

5-34. INSTALLATION OF SPRING AND FLEXURE ASSEMBLIES.

5-35. To install the spring and the flexure assemblies that support it, proceed as follows:

CAUTION

Exercise care in handling and mounting to avoid bending or otherwise damag'ng the
flexure ribbons.

a. Assemble the upper and lower flexure assemblies with the dowel p ns and (. 2 4-40 x 7/16 inch
capscrews. Be sure that there 1s no dirt, dust, or other foreign matter between the flexure ribbons
and the clamp blocks. Orient the clamp blocks so that the edge of each block is aligned with the edge
of the support, anchor, or yoke to which it is attached. Tighten the capscrews until they are snug

but not tight

143
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Paragraphs 5-36 to 5-37

ALLEN =i,
WRENCH

9/32 INCH BLOCK

Figure 5-8. Flexure Pivot Reassembly

b. Hang the upper flexure assembly in its position near the top of the hanger.

c. Aitach the tie rod at one end of the spring to the lower flexure assembly with one adjusting nut
Do not tighten the nut beyond the [ rst one or two threads.

d. Hook the lower flexure assembly in the recesses in the boom assembly. Attach the tie rod at
the top of the spring to the upper flexure assemb.y with the adjusting nut.

¢. Install both inertial mass sections on the boom assembly with the two large bolis The two
dowel pins in the boom assembly prevent installing a mass section on the wrong side. Be rure to

install the trim weights supplied with each mass section.

f. Install the coil assemblies as described in paragraph 5-36. Then adjust the flexur ribbons 2s
described in paragraphs 5-38 and 5-40.

5-3G. INSTALLATION OF COIL ASSEMBLIES,
5-37. To install the coil assemblies, proceed as follows*
a. Assemble the coil assemblies, the spacers, and the coil support. Install and tighten the screws
that hold these parts together.
CAUTION
Be careful to keep magnetic materials away from the magnet

5-22
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Paragraphs 5-38 to 5-39

b. If the magnet assemblies were removed from the frame, reinstall the bottom magnet assembly
before proceeding. Note that the bottom magnet case does not have magnet shunts.

c. Clean the air gap in the magnet assembly as described in paragraph 5-29.

NOTE

Use only the thermal free solder.

d. Solder the leads to the eight terminal posts of the coil assembly. Use the schematic diagram
in Chapter 7 to determine the correct connections. Avoid excess heat; the plastic coil form melts
readily.

e. Install the coil support with the coil assemblies on the boom assembly. Be careful that the
bottom coil assembly does not touch any part of the magnet assembly. Secure the coil support in
place with clamping block and screws.

f. Replace the magnet spacer.
g. Replace the pointer in the end of the coil support.

h. Replace the top magnet assembly. Top magnet case has two magnet shunts on the outside of
the case,

5-38. ADJUSTMENT OF SPRING AND FLEXURE RIBBONS,

5-39. If the spring was removed or loosened during disassembly, readjust the spring tension and the
flexure ribbons as described in the following steps. If the spring was not loosened or removed and
the flexure ribbons were not removed, omit this adjustment and proceed with paragraph 5-41.

a. Tighten the adjusting nut at each end of the spring until about 1/4 inch of tie rod is exposed
beyond each nut.

b. Loosen the stop screw until the mass position pointer reaches the top of its scale when the boom
assembly is lifted.

c. Check that the boom assembly swings freely from bottom stop to stop screw without binding,
sticking, or friction.

d. If the coil sticks in the magnet assembly, loosen the two screws that clamp the coil support to
the boom assembly. Shift the coil support until the coils are centered in both magnet assemblies air
gaps when the boom assembly is in the center of its travel, and the boom assembly can swing from
stop to stop without binding. Tighten both screws securely.

NOTE

When the coil assemblies are in the correct povition and the boom assembly is at
one of its stops, a clearance of approximately 1/64 inch exists between each coil
and the magnet assembly. Therefore, the adjustment of each coil position described
in step d must be made with care so that each coil will have sufficient clearance at
both ends of its travel.

e. Tighten the adjusting nut at each end of the spring until the boom assembly floats near the ¢enter
of its travel. This adjustment must be made carefully, since there 1s only one spring tension at

1L5 5.23
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Parauraphs 5-40 to 5-41
which the Scisnmometer will operate properly.
f. Check that the tie rod at each end of the spring is centered between the collars.

u. Check that the four capscrews securing the period support assembly are slightly loose. Check
that the caps.rews securing the flexure pivot blocks to the boom assembly and to the hanger are
slightly loose. Check that the capscrews securing each flexure ribbon, with the exception of those
flexures of the boom support blocks, are slightly loose.

h. Tighten all the capscrews enumerated in step g until they are snug.

i. Tighten all the capscrews enumerated in step g until they are tight, working in a random pattern
to avoid tightening any one flexure completely before tightening the others partially and to divide
equally the load among the flexure ribbons.

j- Inspect the flexures to be sure that the flexure ribbons do not touch at the crossing point. In-
spect each flexure ribbon to be sure that it is free of nicks, bends, and creases.

5-40. ADJUSTMENT AND TEST AFTER REASSEMBLY,

5-41, After reassembling the Seismometer or any other time after adjusting the spring or flexures,
perform the adjustments and tests described in the following steps:

a. Loosen the stop screw until the mass position pointer reaches the top of its scale when the
boom assembly is lifted.

b. Check that the noom assembly swings freely from bottom stop to stop screw without binding,
sticking, or friction.

c. If the coil sticks in the magnet assembly, loosen the two screws that clamp the coil support to
the boom assembly. Shift the coil support until the coil is centered i1n the magnet assembly air gap
when the boom assembly is in the center of its travel, and the boom assembly can swing from stop
to stop without binding. Tighten screws securely,

NOTE
When the coil assembly is in the correct position and the boom assembly is at one
of its stops, there is a clearance of approximately 1/64 inch between the coil and
the magnet assembly. Therefore, the adjustment of the coil position described in
step ¢ rnust be made with care so that the coil will have sufficient clearance at
both ends of its travel.

d. Check that the tie rod at each end of the spring is centered between the collars.

e. Inspect the flexures to be sure that the flexure ribbons do not touch at the crossing point.
Inspect each flexure ribbon to be sure that it is free of nicks, bends, and creases.

f. Perform the tests and adjustments described in paragraph 5-7.

g. Adjust the setscrews in the bottom stop so that the stop screw can be adjusted against the drag
and will stay wherever it is set.

h. When the Seismometer is in proper operating condition, prepare it for reshipment as described

in paragraph 2-7.

5.24 AL
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Paragraphs 5-42 to 5-48

CAUTION

To avoid damaging the flexures, never move the Seismometer without first locking
the boom assembly.

5-42. REPAIR OF MASS POSITION MONITOR ACCESSORY,

5-43. REPLACEMENT OF LAMP,

5-44, To replace the lamp located in the mass position monitor accessory lamp housing, proceed as
follows:

a. Remove the bayonet-base lamp from its socket by using a pair of tweezers and working through
the aperture in the side of the lamp housing.

b. When the lamp is free, hold the open lamp end of the housing downward and allow the lamp to
slide out.

c. If it is necessary to remove the lamp socket, use a pencil or similar object to push the socket
and retaining ring out of the socket end of the housing. Otherwise, install a new lamp using the
tweezers as in step a. Note that the lamp can only be installed in the socket when the socket is
inside the housing.

5-45. REPLACEMENT OF PHOTORESISTORS,

5.46. If it becomes necessary to replace one photoresistor, both must be replaced with a matched
pair. To replace the photoresistors, proceed as follows:

a. Remove the photoresistor bridge assembly from the base by lifting it out of the mounting clip.
Be careful not to damage the leads.

b. Remove the cover surrounding the housing to gain access to the leads.

c. Disconnect the leads and remove both photoresistors from the housing.

d. Install two matched replacement photoresistors in the housing. The light-sensitive face of each
photoresistor shall be flush with the front of the housing, and the bar on the face of each photoresistor
shall line up with the bar on the other photoresistor. Do not connect the photoresistor leads.

e. Perform test No. 4 of table 5-5 to check that the photoresistors are correctly aligned.

f. Solder the leads to the terminals in the housing. Hold the lead with a pair of pliers while
soldering, to conduct heat away from the photoresistor. See figure 7-1 for connections.

g. Slide the sleeve back into place surrounding the housing and covering the connections.

h. Install the photoresistor bridge assembly on the frame by snapping it into the mounting clip.
The bar on the face of each photoresistor shall be vertical.

i. Perform test No. 4 of table 5-5 to check that the photoresistors are operating correctly and that
the aperture is adjusted correctly.

5-47. MAINTENANCE OF REMOTE CENTERING ACCESSORY,

5-48. Disassembly and reassembly of the remote centering accessory requires no special instruc-
tions. Refer to Chapter 6 for identification and location of parts. The remote centering accessory

LT
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Chapter 5
Paragraph 5-49

shall not be lubricated.
5-49. PRESSURE TEST, Connect the Seismometer as shown in figure 5-9. Secure latches on Seis-

mometer, Seal all threaded connections with Permatex No. 2 or an equivalent sealant. To test
the pressure seal of the Seismometer, perform the following steps:

a. Pump gauge to 20 ounces per square inch and disconnect pump.

b, Wait 1 hour for the temperature to stabilize. If gauge drops below 14 ounces per square inch,

add air to 20 ounces per square inch again; 1f gauge rises above 20 ounces per square inch, bleed off
the excess,

¢. Read and record gauge reading (C'l)' barometer reading (Bl), and thermometer reading (T))at
test location, Repeat in 4 hours to obtain G, B and T,,

NOTE
Always tap the pressure gauge and barometer before taking a reading.
d. Convert B} and B from inches of mercury to ounces per square inch by multiplying by 7. 86.

e. Convert T) and T2 from degrees Fahrenheit to degrees Rankins (°R) by adding 460.

r——SEISMOMETER Piree

BUSHING

NIPPLE § VALVE CAP

TANK VALVE
BUSHING

TEE
NIPPLE

PRESSURE GAUGE

MERCURY THERMOMETER

ANEROID
BAROMETER

Figure 5-9, Pressure Test Setup
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f. Calculate the correction for change in barometric pressure by subtracting B} from B2:

B, —B) = pressure correction (in ounces per square inch)

g. Calculate the correction for change in temperature by the following formula:

Py (l = _T_z_)= temperature correction (in ounces per square inch)
T
where Py =B + G,

NOTE

The temperature and pressure corrections may be negative numbers.

h. Calculate the corrected final gauge pressure (Gz.) by the following formula:

Gy = Gp + (pressure correction) + (temperature correction)
NOTE

If either correction is a negative number, it must be subtracted from Gp.

i. Compute the pressure drop ratio Gy
Gac

j. Pressure drop ratio must not exceed 1. 65.
check the fittings on the test setup; the latches

k. If the pressure drop ratio is greater than 1,65,
and the connectors and glass window seals.

for metal-to-metal seal between the base and the cover;
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Chapter 6 Section
Paragraphs 6-! to 6-16

CHAPTER 6
ILLUSTRATED PARTS BREAKDOWN

SECTION 1
INTRODUCTION TO ILLUSTRATED PARTS BREAKDOWN

6-1. GENERAL,

6-2. This illustrated parts breakdown lists and illustrates parts for the LONG PERIOD VERTICAL
TRANSDUCER, Model 7505A. This breakdown will be used for requisitioning, stocking, issuing,
identifying parts and for illustrating assembly and disassembly relationship.

6-3. Related publications: None.

6-4. MAJOR SECTIONS.

SECTION I Introduction

SECTION II Numerical Index

SECTION III Reference Designation Index
SECTION IV Group Assembly Parts list

6-5. NUMERICAL INDEX,

6-6. The numerical index contains all parts that appear in the Group Assembly Parts List, super-
seded parts, parts that are riveted or welded, altered vendors' parts and commercial hardware to
which no part number has been assigned.

6-7. PART NUMBER SEQUENCE,

6-8. Part numbers are listed in alpha-numerical order. Commercial hardware parts are listed in
sequence, considering the identifying noun as the part number.

6-9. STOCK NUMBERS,
6-10. Stock numbers are not included in this manual.
6-11. FIGURE AND INDEX NUMBER COLUMN,

6-12. Figure and index numbers in this column key part numbers to their location in the Group
Assembly Parts List.

6-13. QUANTITY PER ARTICLE COLUMN.
6-14. The quantity shown in this column is the total quantity required per article.

6-15. REFERENCE DESIGNATION INDEX.

6-16. This section contains reference designations, indexed to the Group Assembly Parts List,
figure and index numbers, stock numbers, when available, and the part numbers of the reference
designated parts. All reference designations established for any electrical or electronic parts
listed in the Group Assembly Parts List are included in thir section.
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Chapter 6 Section I

Paragraphs 6-17 to 6-32

6-17. GROUP ASSEMBLY PARTS LIST,

6-18 The Group Assembly Parts List prov'des the parts identification drawing and parts 1 st.
6-19. PART NUMBERING SYSTEM,

6-20. The manufacturer's part number consists of a group of letters and digits assigned chronolo-
gically and has no particular significa ce.

6-21. ATACHING PARTS,

6-22. Attaching parts appear in the Group Assemb y Parts List following the item they attach. The
symbol ##iokkk 1ndicates the end of attaching parts,

6-23. VENDORS' PARTS OR ASSEMBLIES,

6-24. Vendors' items are listed by the vendor part number. T .e vendor's code is listed in the MFR
CODE column. See Vendors' Code List at the end of S ction I to determine vendor's name and address.

6-25. UNITS PER ASSY.

6-26. The quantity listed in this column is the total quantity used at that location and is not neces-
sarily the total quantity used in the equipment.

6-27. USABLE ON CODE,
6-28. The Usable On Code column does not apply for this equipmen

6-29. The symbol »* preceeding the Mfr Part Number designated reference to a footnote. The
footnote will be located at the end of the figure.

6-30. HOW TO USE THIS ILLUSTRATED PARTS BREAKDOWN,

6-31. HOW TO FIND THE PART NUMBER,
a. Locate the part and its index number on the 1llustra ion.

b. Find the index number on the Group Assembly Parts List page to de ermine the part number or
complete description.

6-32. HOW TO FIND THE ILLUSTRATION OF A PART IF THE PART NUMBER IS KNOWN,

a. Refer to the numerical index (Section II) and find the pa t number.

b. Turn to the Group Assembly Parts Last (Sec 1on IV) and 1nd the first figu e and index number
indicated in the Numerical Index for that part. If his figure shows the part in a location other than
the one desired, refer the other figure num ers lis ed in the Numerical Index.

c. On the face of the illustration, find the index n mber d termined in step b.

VENDORS' CODE LIST*

Code Code
Number Vendor's Name and Address Numbe Vendor s Name and Address
01351 Dynamic Gear Co , Inc 01528 Cal Ohm Laborator: s, Inc.

Amityville, Ne.v York San 1ego, Californ’

1=
[t}

*



Code
Number
03797

03911

06008

11503

12139

24455

25140

70331

70903

71041

71279

1200-53

Chapter 6 Section |

VENDORS' CODE LIST* (Cont'd)

Vendor's Name and Address

Eldema Corp.
El Monte, California

Clairex Corp.
New York, New York

New Departure Division
of General Motors Corp.
Meriden, Connecticut

Keystone Mfg Co.
Warren, Michigan

Pic Design Corp.
Van Nuys, California

General Electric Co., Lamp
Division of Consumer
Products Group

Nela Park (Cleveland), Ohio

Globe Industries Inc.
Dayton, Ohio

Alpha Wire Corp.
New York, New York

Belden Mfg. Co.
Chicago, Illinois

Boston Gear Works Division
of Murray Co. of Texas
Quincy, Massachusetts

Cambridge Thermionic Corp.

Cambridge, Massachusetts

Code
Number
72653

73734

79566

79963

81168

85780

88245

89462

96188

97197

98003

99515

Vendor's Name and Address

G. C. Electronics Mfg. Co.
Rockford, Illinois

Federal Screw Products Co.
Chicago, Illinois

Whitney Blake Co.
New Haven, Connecticutt

Zierick Mfg. Corp.
New Rochelle, New York

Linear, Inc.
Philadelphia, Pennsylvania

Moyer, W, A,, and Sons
Parkers Landing, Pennsylvania

U. S. Engineering Co.
Glendale, California

Waldes Kohinoor, Inc.
Cambridge, Massachusetts

Precision Rubber Products, Corp.
Chicago, Illinois

Edmund Scientific Corp.
Barrington, New Jersey

Nielson Hardware Corp.
Hartford, Connecticut

Marshall Industries, Electron
Products Division
Pasadena, California

*Geotechnical Corp., Garland, Texas, as prime contractor is not listed

6-3
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SECTION 11

NUMERICAL INDEX

PART NO, STOCK NO,

QTyY
PER| 3

arT,| 'C PART NO,

QTY
PER
ART,

Al.23

Bl-1
Cl.003
Cs-tt
C33A117-1
£3-750
Di-312

D4-375
D5-500

FBio-3

HS179086-25S
H3I0F

LEVEL

MC250

MS3G -4
MS3057-12
MS3102C lusSL4P
MS3102C20-11P
MS3102C20-45
MS3100A10S1.4S
MS$53106A20-11S8
MS3106A20-4P
NUT

PIN
PLUG
PVC105-5
PC105-8

PVC  .5-10
RCO * FI537
RSTTR2

SCREW

SC-BB3314-2
SETSCREW

WASHER
WIRL

W2.208
IK5742
o2
1003
10004
100U5

JOUK
1rur4
16075
U107
[Ul0K

[\~
o

~

.
i

v
[
e e
=

w

N~ —
&

=

=

_w W N

v
i

o

.o
[t]
(=]
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2 10121
10132
10133
10134
10155
10159
10166
6 10170
10171
10172
10207
10216
10220
10283

_ N = NN

o @

N

(=]

10293
10331
10332
10333
10334
10581
10765
10766
10767
10768
10769
10770
10771

4 10772

1 10775
AR 11-016
AR 11-024
AR 11013
AR 11064

2 1118-2
2 116

12

190 13296-1
13296-2
139
1426
20 15822
12 15823
15824

2 15939-1
AR 15940
15943-2

O = = N W N

16373
16374
16375
16434
16435
16436
16437
16438
16535
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16696
16735
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Chapter 6 Sections II through 111
Numerical Index
Reference Designation Index

FIG. FG
AND |atY AND | QTY
INDEX |PER] S / INDEX |PER| S
PART NO, STOCK NO, NO. |ART. c PART NO. STOCK NO. NO ART. e
16741 6-1-32 1 8728-3 6 1-47 1
16748 6-3-24 1 8730-3 6 3-41 1
16749 6-3- 1 8731 6- -11 1
16792 6-3-10 5 8732 6- -12 1
16937-1 6-3-9 1 8733 6-2-6 1
16892 6-1-2° 4 8734 6-2 5 1
16938 6-1-24 1 angs 6 4- 1 1
16937-2 6-3-11 1 9089 6-2-2 24
16939 6-1- 1 6-2-8
16950 6-1-39 1 6-3-26
16951 6-1-41 1 9091-1 6-2-4 12
16954-1 6-1-35 1 6-2-10
16954-2 6-1- 1 6-3-27
16954-3 6-1- 1 9093 6-1-22 2
17041 6-1- 2z 9094 6-1-21 2
17066-1 6-1-44 1 9095 6-1-20 3
17066-2 6-1-45 1 9096 6-3-37 2
17469 6-1- 1 9048 6-3-35 2
17800 6-1-30 1 91 6-5-13 2
1853 6-1- AR 9101 6-3-40 1
2041C 6-5-5 4 9103 6-1-19 1
2196 6-1-5 2 9108 6-3-38 1
251-186HS250 6-4-6 1 9109 6-3-39 1
33-110 6-1- 3 9113 6-3-17 2
6-3-23 6-4-10
389-7184 6-1-12 1 9143-1 6-3-30 1
4950 6-1-51 1 9143-2 6-3-29 1
5115-37C 6-1- 1 9990 6-4-13 1
7505A 6-1- 1 9994 6-3-15 1
3178 6-1- 1
SECTION Ill
REFERENCE DESIGNATION INDEX
FIG. STOCK NO. FIG. STOCK NO
REF AND REF AND

DESIG- INDEX DESIG- INDEX

NATION NO, PART RO, NATION NO, PART NO.
B201 6-4-16 C53A117-1 Rl 6-1-9 MC250
c201 6-4-19 w2-205 R101 6-5-4 RC70GF153)
DS101 6-5-10 12 R102 6-5-4 RC70GF153)
El01 6-1-43 16696 R2 6-1-9 MC250
E102 6-1-43 16696 R3 6-1-9 MC250
J101 6-1-40 MS3102C20-45 TB101 6-3.22 15943.2
Jlo2 6-1-42 MS3102C20-11P TB102 6-3-22 15943-2
J104 6-1-4 MS3102C 10SL4P TB103 6-1-36 15943.2
L1 6-3-7 15940 TB104 6-1-36 15943-2
L2 6-3-8 15940 TB105 6-3- 10283
P10l 6-1-40 MS3106A20-4P TBIO06 6-1-37 10283
F 102 6-1-42 MS3106A20-11S vi0l 6-5-6 CLb03
P104 6-1-4 MS3106A105L4S V102 6-5-6 CL603

XDS301 6-5-11 1K5742 |
S |
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1200-56

SECTION 1V

GROUP ASSEMBLY PARTS LIST

F gure 6-1. lLong Per: d Vertical Se mometer (Sheet 1 of 2)

UNTS  USABL
yic, & PART NUMBER  DESC IPT ON MFR. 5 g ON
INDEX NO, CODE ASSY CODE

1 2 34 5 7
6-1- 505A VERTICAL SEISMOMETER, Long Pe od 1
-1 16375 . COVER ASS IN ULATION 1
17041 COVER, Round Plug 2
-2 16373 COVER, Squ r Plug 1
-3 16374 COVER INSULATION 1
-3A 16735 COVER AS Y 1
=4 MS3102C10SL.4P CONNECTOR RECEPTACLE,
ELECTRICAL 1
(ATTACHING PARTS)
COML SCREW MATHINE, Pan hd 4-40
thd sizeb 1/, ., sst 4
COML WASHER, 1. CK, Int tooth, no. 4, st 4
11-0 6 SEAL, O-ring 8 168 1
e djedfe s fesle
-5 2196 " WINDOW 97 97 2
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Chapter 6 Section IV
Group Assembly Paris List

UNITS USABLE
mgg‘;'( :O. PART NUMBER DESCRIPTION (?O?E PER ON
12 34 85 6 7 ASSY CODE
6-1-6 HS179286-2SS . . STRIKE, Sst 98003 20
(ATTACHING PARTS)
SCREW, MACHINE Pan hd, 4-40
thd size by 1/4 in., sst 40
Rty »
-7 COML . . PLUG Pipe 1/4 NPTF, Sst 1
16437 . INSULATOR, Lower heater 1
16 38 « « INSULATOR, Upper heater 1
-8 16434 . . HEATER ASSY 1
(ATTACHING PARTS)
coML . . SCREW, MACHINE Pan hd, 8-32
thd s ze by 7/16 'n , sst 2
COML . + WASHER LOCK, In tooth, no 8 sst 2
7
-9 MC250 .+ . RESISTOR 70 ohm, 25W, +.% 01528 3
(ATTACHING PARTS)
CoML . « . NUT, PLAIN, HEX, 4 40 thd size 6
CoML .« . WASHER, LOCK, Shakeproof, no. 4
ss 6
COML o o SCREW, MACHINE, Pan hd, 4-40
thd size by 5/16 in., sst 6
TR
1853 . . WIRE, ELECTRICAL 70331 AR
-10 16435 . . . STANDOFF HEATER PLATE 2
(ATTACHING PARTS)
COML . . . SCREW, MACHINE, Pan hd, 6-32
thd size by 5/ 6in., ~st 4
CoOML 0 WASHER, LOCK Shakep oof, no 6
sst 4
k% oY %
-11 6436 . . . PLATE HEATER 1
-12 389-7184 . SEAL, O-Ring 96188 1
-13 10171 . LEVEL ASS 1
(ATTACHING PARTS)
COML . SCREW, MACHINE Pan hd, 4-40 thd
size by 5/16 in,, sst 2
" K
COML . . NUT PLAIN HEX, 2-56thd size, st 2
COML . . SCREW, MACHINE Flathd, 2-56 thd
size by 5/81n., ss 2
101 -2 . SPRING, Compression 2
D3-750 . PIN DOWEL 121°9 2
-14 10170 . . HOUSING ASSY 2
COML . . . LEVEL 0.32!in d'a. lin lg,
2 PGMS gra 25-.5 sec (May be
purchased from 8580) 1
-15 10002 . . . HOUSING 1
-16 10003 . .+ BASE 1
-17 10155 . FLEXURE ASSY, UPPER (See figure
6-2 for breakdown) 1
-18 10159 . FLEXURE ASSY, LOWER (See figure
6-2 for breakdown) 1
9103 SPRING 1
(ATTACHING PARTS)
-20 9095 . NUT, ADJUSTING 2
=21 9094 . SPACER, ADJUSTING 2
22 9093 . TIE ROD 2
COML . SCREW, MACHINE, Socket hd, 4-40
thd size by 1/4 in., sst 10
.23 16892 1 58 COLLAR, Spring tie rod 4
- 7 peak.e
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Group Assembly Parts List

1200-58

UNITS USABLE
mg:&‘ r:o PART NUMBER DESCRIPTION ::‘g;;: PER ON
5 ASSY CODE
1 2 3 4 5 6 7
b-1-24 16938 STOP ASSY 1
17469 . COLLAR 1
16939 SCREW STOP 1
5115-37C RING, External, circular self-
locking 89462 1
-25 10293 . SCALE 1
(ATTACHING PARTS)
COML SCREW, MACHINE, Fill hd, 0-80
thd size by 1/8 in., brass 2
ko
-2b 10004 APERTURE 1
{(ATTACHING PARTS)
COML SCREW, MACHINE, Binder hd, 4-40
thd size by 1/2 in., sst 2
T T
-7 16535 BOOM ASSY (See figure 6-3 for
breakdown) 1
(ATTACHING PARTS)
COML SCREW, CAP, Socket hd, 6-32 thd size
by 1/2 in., sst 4
LE L LE S ]
-28 10166 SPACER 1
(ATTACHING PARTS)
COML . SCREW, CAP, Socket hd, 4-40 thd sise
by 1/2 in,, sst 8
LT
-29 15939-1 . MAGNET AssY" 2
\ATTACHING PARTS)
COML SCREW, CAP, Socket hd, 6-32 thd size
by 1/2 in., sst 4
ool e
=30 17800 COVER, MAGNET 1
(ATTACHING PARTS)
-31 coML SCREW, MACHINE, Pan hd, 1/4-28
thd size by 1/2 in., sst 2
Aok
-32 16741 PLATE 1
(ATTACHING PARTS)
(COML SCREW, MACHINE, Flat hd, 1/4-28 thd
size by 5/8 in., sst 2
ol ok
-33 10216 STOP ASSY, Bottom 1
(ATTACHING PARTS)
COML SCREW, CAP, Socket hd, 1/4-28 thd
size by 1/2 in., sst 3
Aot ok
Cs-11 . SETSCREW, No-mar, 8-32 thd size 12139 2
-34 15824 LEVELING SCREW ASSY 3
10207 SCREW, LEVELING 3
15822 PLATE, JAM 3
15823 . PLATE, ADJUSTMENT 3
-35 16954-1 GLASS INSULATOR ASSY, Plane, right
front leveling screw 1
16954-2 GLASS INSULATOR ASSY, Hole left
front leveling screw 1
16954-3 GLASS INSULATOR ASSY, Slot, rear
leveling screw 1
-36 15943-2 . TERMINAL BOARD ASSY 2
157 (ATTACHING PARTS)
COML -+~ ; SCREW, MACHINE, Fla’ .d, 2-56 thd
size by 5/8 in., sst 4

e dfenle e ok

*Upper magnet assembly includes 2 shunts, magnet, part number, 13313-E
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Figure 6-1. Long Period Vertical Transducer (Sheet 2 of 2)
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Chapter 6 Section 1V
Group Assembly Parts Last

UNITS USABLE

FIG. &
PART NUMBER  DESCRIPTION MFR. ppgp ON

INDEX NO CODE
12 3 45 6 1 ) ASSY CODE
6-1-37 10283 TERMINAL BOARD 1
(ATTACHING PARTS)
coML SCREW, MACHINE, Pan hd, 2-56 thd
size by 5/16 in., sst 2
33-110 WASHER, NONMETALLIC, Fiber 73734 1
T
COML PIN, DOWEL, 3/16 dia by 1-3/4 in. 2
D5-500 PIN, DOWEL 12139 2
-38 10074 MASS POSITION MONITOR ACCESSORY 1
(Sece figure 6-5 for breakdown) 1
(ATTACHING PARTS)
COML SCREW, MACHINE, Binder hd, 8-32
thd size by 3/8 in., sst 2
ok
39 16950 CABLE ASSY, Frame 1
PVC-105-10 TUBING, PLASTIC 70331 AR
COML CABLE, ELECTRICAL, 4-conductor,
awg 20, strd 7/28, 0.010 in.
chrome vinyl ins, 200 V (May be
purchased from 70903, part no. 8484) AR
-40 MS3102C20-4S CONNECTOR, RECEPTACLE,
ELECTRICAL 1
(ATTACHING PARTS)
COML SCREW, MACHINE, Pan hd, 4-40
thd size by 1/4 in., sst 4
11-024 SEAL, O-ring 1
ook Rk
-41 16951 CABLE ASSY, FRAME 1
PVC105-8 TUBING, PLASTIC 70331 AR
PVC105-10 TUBING, PLASTIC 70331 AR
COML WIRE, ELECTRICAL, Tinned copper,
awg 28, strnd 7/36, 0.010 in. poly-
vinylchloride ins, 600 V, temp rtng
-55°C, +105°C AR
COML WIRE, ELECTRICAL, Tinned copper,
awg 20, strnd 7/36, 0.010 in. poly-
vinylchloride ins, 600 V, temp rtng
-55°C, +105°C AR
8178 . TERMINAL, ELECTRICAL, Lug 72653 1
-42 MS3102C20-11P . CONNECTOR, RECEPTACLE,
ELECTRICAL 1
(ATTACHING PARTS)
COML . SCREW, MACHINE, Pan hd, 4-40
thd size by 1/4 in., sst 4
11-024 SEAL, O-ring 1
o
-43 6696 BINDING POST ASSY 2
-44 17066-1 WIRE, Copper circuit 1
-45 17066-2 WIRE, Copper circuit 1
MS3106A20-4P CONNECTOR, PLUG, ELECTRICAL 1
MS3106A20-11S CONNECTOR, PLUG, ELECTRICAL 1
MS 3106A10SL.4S CONNECTOR, PLUG, ELECTRICAL 1
MS3057-12 CLAMP, CABLE 2
MS3057-4 CLAMP, CABLE 1
COML PIN, DOWEL, 3/16 in.,, by 1-3/4 in, 2
-4t D5-500 PIN, DOWEL 12139 2
COML SCREW, CAP, Socket hd, 6-32 thd size
by 5/8 in., sst 2
-47 8728-3 HANGER 1
(ATTACHING PARTS)
COML SCREW, CAP, Socket hd, 10-32 thd
size by 1-1/2 in., sst 6
sl it e
6-10
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Chapter 6 Section IV
Group Assembly Parts List

—_ — UNITS USABLE
G. PER ON
INDEX NO. PART NUMBER DESCRIPTION CODE Assy ZoBE
1 2 3 4 5 6 7
6-1-48 10220 ADJUSTOR ASSY 1
-49 1118-2 . WRENCH, Leveling screw 2
-50 SC-B833l4-2 . CATCH 98003 20
(ATTACHING PARTS)
COML . SCREW, MACHINE, Pan hd, 4-40 thd
size by 3/8 in,, sst 40
ShnkE
-51 4950 NAMEPLATE 1
-5. 16572 -2 FRAME 1
*#All coml wire may be purchased from 70331
or 70903. Specify color when ordering
6-2- 10155 FLEXURE ASSY, UPPER (See figure
6-1 for next higher assembly) Ref
-1 COML . SCREW, CAP, Socket hd, 4-40 thd
size by 7/16 in., sst 16
-2 9089 CLAMP, Flexure plate 8
-3 D4-312 . PIN, DOWEL 12139 8
-4 9091-.1 RIBBON, Flexure 4
-5 8734 . SUPPORT, Upper 1
-6 8733 . YOKE, Upper 1
10159 FLEXURE ASSY, Lower Ref
-7 CcOML SCREW, CAP, Socket hd, 4-40 thd
size by 7/16 in., sst 16
-8 9089 CLAMP, Flexure plate 8
-9 D4-312 PIN, DOWEL 12139 8
-10 9091-1 RIBBON, Flexure 4
-11 8731 . ANCHOR, Lower 1
-12 8732 . YOKE, Lower 1

Flexure A:zsembly

160

Figure 6-2.
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Chapter 6 Section IV
Group Assembly Parts List

— UNITS USABLE
b > MFR. PpER ON
INDEX NO. PART NUMBER DESCRIPTION CODE Assy CODE
1 2 3 4 5 6 17
6-3- 16535 BOOM ASSY (Sce figure 6-1 for next
higher assembly) Ref
-1 11064 . WEIGHT, TRIM 2
-2 10133 MASS, RH 1
(ATTACHING PARTS)
11013 BOLT, BRASS 1
s sk ekl
-3 10134 . MASS, LH 1
sl ool
11013 BOLT, BRASS 1
FTTT L
-4 10581 PIN, DOWEL 2
-5 10108 SUPPORT, COIL 1
{(ATTACHING PARTS)
COML . SCREW, MACHINE, Pan hd, 6-32 thd
size by 1/2 in., brass 2
COML WASHER, LOCK, Int tooth, no. 6, sst 2
-6 10132 BLOCK, CLAMPING 1
sl skl
-7 15940 COIL ASSY, Bottom 1
(ATTACHING PARTS)
CcoML SCREW, MACHINE, Pan hd, 4-40 thd
size by 5/16 in., brass 2
COML . WASHER, LOCK, Int tooth, no. 4 sst 2
COML . SCREW, MACHINE, Flat hd, 2-56 thd
size by 3/8 in., brass 2
-8 10107 . SPACER, Coil 1
Aok ol e
15940 COIL ASSY, Top 1
(ATTACHING PARTS)
COML . SCREW, MACHINE, Pan hd, 4-40 thd
size by 5/16 in., brass 2
COML .  WASHER, LOCK, Int tooth, no. 4, sst 2
COML SCREW, MACHINE, Flat hd, 2-56 thd
size by 3/8 in., brass 2
10107 SPACER, Coil 1
stk
-9 16937-1 CABLE ASSY, Boom (Made from 70903
part no. 8484 or 79566 part no., 161-1436) 1
(ATTACHING PARTS)
COML , SCREW, MACHINE, Pan hd, 2-56 thd
size by 3/16 in., brass 7
-10 16792 CLAMP, CABLE 5
llq CLAMP, CABLE, 79963 2
sorjole ok
-11 16937-2 CABLE ASSY, Boom (Made from 70903
part no. 8484 or 79566 part no. 161-1436) 1
(ATTACHING PARTS)
COML SCREW, MACHINE, Pan hd, 2-56 thd
size by 3/16 in., brass 3
116 CLAMP, CABLE 799¢3 3
sttt e
-12 COML . SCREW, CAP, Socket hd, 6-32 thd
size by 5/8 in., sst 4
-13 COML NUT, PLAIN, HEX, 1/4-28 thd size, sst 1
-14 COML SETSCREW, Socket hd, 4-40 thd size
by 1/4 in., sst 2
-15 9994 . PLATE, ADJUSTMENT 1
COML NUT, PLAIN, HEX, 3/8-24 thd size,
1 4/32 in, thick, sst 1
-16 COML . ~RUL, PLAIN, HEX, 3/8-24 thd size, sst 1
6-13
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1200-64

FIG & MFR UNITS USABLE
HDEXING. PART NUMBER  DESCRIFPTION CODE auy ngE
1 2 3 4 5 6 7
6-3-17 9113 . SPRING, Re ainer 1
-18 10121 WEIGHT 1
-19 10005 . ROD 1
-20 COML . SETSCREW, Socket hd, 4-40 thd size
.y 1/41n,, sst 1
=21 Al-25 SHAFT 12139 1
=22 15943 .2 BOARD, TERMINAL 2
{ATTACHING PARTS)
COML . SCREW MACHINE, Pan hd, 2-56 thd
s'ze by 5/8 in,, sst 4
a1 dkalek
=23 33-110 WASHER, FIBER 73734 2
10283 BOARD TERMINAL 1
ATTACHING PARTSY
COML SCREW, MACHINE, Pan hd, 2-56 thd
s ze by 3/8 in., sst 2
[ IR 2. 0
-24 16748 SUPPORT, PERIOD ASSY 1
FB46-3 . BEARING, FLANGED 71041 1
16749 0 SUPPORT, PERIOD 1
-25 COML . SCREW, CAP, Socket hd, 6-32 thd
s'ze by 1/2 in,, sst 2
=26 9089 CLAMP FLEXURE PLATE 8
(ATTACHING PARTS)
COML . SCREW, CAP, Socket hd, 4-40 thd
siz by 3/8in , sst 16
*x> F ok
27 9091-1 . RIBBON, FLEXURE 4
-28 D4-375 . PIN, DOWEL 12139 8
=29 9.43-2 . PIVOT BLOCK. Flexure, 1
-29A 13296-2 . PIVOT BLOCK, Flexure, 1
=30 9143-1 PIVOT BLOCK, Flexure, 1
-30A 13296-1 PIVOT BLOCK, Flexure, 1
=31 D5-500 . PIN, DOWEL 12139 2
-32 10075 . REMO E CENTERING ACCESSORY
(See figure 6-4 for breakdown) 1
(ATTACHING PARTS)
COML SCREW, CAP, Socket hd, 6-32
size by 5/8 in., sst 4
skt i
-33 139 CLAMP, CABLE 79963 2
-34 COML SCREW, CAP, Socket hd, 10-32 thd
size by 5/8 in,, sst 2
-35 9098 PIVOT 2
-36 COML SCREW, MACHINE, Pan hd, 10-32 thd
size by 7/8 in, sst 2
-37 9096 STOP 2
-38 9108 HINGE, BOOM 1
(ATTACH NG PARTS)
COML . SCREW, CAP, Socket hd, 4- 0 thd
size by 3/8 in , ss 1
soloteteok
-39 9109 HINGE, BOOM 1
(ATTACHING PARTS)
COML SCREW, CAP, Sock t hd, 4-40 thd
size by 3/8in., s t 1
EX TE T
-40 9101 BRACE 1
-41 8730-3 BOOM 1

6-14
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Chapt r 6 Section IV

Group Assembly Parts List

&3
S 10

Figure 6-4. Remote Cen ering Accessory

UNIT USABLE
FIG. & MFR PER ON
PART NUMBER DESCRIPTION
INDRE NS 12 3 4561 CODE assy CODE
6-4- REMOTE CENTER NG ACCESSORY (See
figure 6- for next highe assy) Ref
-1 COML . SETSCREW, Socket hd, 4 40 thd
s ze by 1/8 in. sst 1
-2 Al-25 SHAFT 12139 1
-3 RS77R2 BEARING, Ball 06008 1
-4 10331 PLATE, BEARING 1
ATTACHING PARTS)
COML . SC EW, MACHINE, Binder hd 4-40
hd size by 3/8i , sst 2
-5 COML NUT PLAIN, HEX 1/4 28 thd size, sst 1
-6 251-186HS250 GEAR 01351 1
-7 COML WASHER 9/321D. x1/2 0,D. x
1/16 n thk, b ass 2
-8 . 10008 WASH R, THRUST 2
=9 COML NUT, PLAIN, HEX, 3/8-24 thd size
by 3 3 ’'n. thk. sst 2
-10 9113 S RING RE AINER 1
-11 9085 W IGHT 1
-12 0005 R D 1
-13 9990 P ‘ION AND SPUR GEAR ASSY 1
-14 COML S TS REW, Sock t hd, 2-56 thd
s e’y 8in s.t 1
-15 10333 PIN ON GEAR M tor 1

|
(o
£
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Chapter 6 Section 1V

Group Assembly Parts List

1200-66

UNITS USABLE
I PART NUMBER DESCRIPTION MFR. ppp ON
INDEX NO, CODE ASSY CODE
1 2 3 4 5 6 1
6-4-16 C53A117-1 MOTOR 25140 1
{ATTACHING PARTS)
COML SCREW, MACHINE, Binder hd, 4-40
thd size by 5/8 in., sst 2
sl okok
-17 Bl-1 SPACER 12139 1
-18 10332 SPACER 1
(ATTACHING PARTS)
COML SCREW, MACHINE Flat hd, 4-40 thd
size by 5/8 in., sst 2
seokolok ok
-19 TYPE W2-205 CAPACITOR, 2.0 M{d, 200V 99515 1
-20 1426 STANDOFF, Insulated 88245 3
21 RSTTR2 BEARING, Ball, 06008 1
-22 FB46-3 . BEARING, FLANGE 71041 1
=23 10334 . BAR, MCTOR SUPPORT 1
6-5- 10073 MASS POSITION MONITOR ACCESSORY
(See figure 6-1 for next higher assembly) Ref
-1 PVCl105-8 TJBING, PLASTIC 70331 AR
-2 PVC105-5 . TUBING, PLASTIC 70331 AR
10765 BRIDGE ASSY, Photo resistor 1
-3 10775 COVER 1
8 12

6-5-4

-5
-6
-7

RCO7GF 1537

2041C
CL603
10769

Figure 6-5,

Mass Position Monitor

RESISTOR, FIXED, COMPOSITION,
15K, 1/4W, 5%

TERMINAL

PHOTO-RESISTOR

HOUSING

71279
03911

— NN



Chapter 6 Section IV

1200-67 Group Assembly Parts List
6. & SER UNITS USABLE
mg& NO. PART NUMBER DESCRIPTION e A!;*s:g c%Npa
1 2 3 4 5 6 7
**COML . « WIRE, ELECTRICAL, Tinned
copper, awg 26, strd 7/34
0.010 polyvin%lchlorid%inl. 600V,
temp rtng -55°C, +105°C AR
10766 . LAMP AND HOUSING ASSY 1
-8 H310F . . PLUG, Hole 72653 1
-9 10768 . .+ RING 1
-10 12 . . BULB 24455 1
-11 1K5742 . . SOCKET 03797 1
-12 10767 . .+ HOUSING 1
PVC105-8 . . TUBING 70331 AR
#*COML . . WIRE, ELECTRICAL, Tinned
copper, awg 26, strd 7/34,
0.010 polyvinylchloride ins, 600V,
temp rtng -55°C, +105°C AR
10770 .  BASE ASSsY 1
-13 91 . . CLIP 11503 2
-14 10772 . . SUPPORT 1
-15 10771 . . PLATE 1

#%All com] wire may be purchased from 70331

or 70903. Specify color when ordering.

}.A
N
T
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. Chapter 7
1200-69 Paragraph 7-1

CHAPTER 7
CIRCUIT DIAGRAMS

7-1. INTRODUCTION. This chapter contains the schematic diagram of the Seismometer.

L.e
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a)

h)

1204-1

OPERATING INSTRUCTIONS

VARIABLE CAPACITANCE TRANSDUCER

MODEL VCT-201BA

General Description

The VCT-201BA Transducer is designed for use with a long
Period Seismometer when displacement meter operation is
required,

The VCT-201 Transducer

The Sprengnether VCT-2U1 is a displacement sensing capaci-
tance transducer where the capacitive element is incor-
porated into a variable discriminator circuit.

In FIG 3 two LC resonant circuits are formed between the
detector plates and the shunt inductances Ly and L,.

The carrier voltage from the 1.5 mc crystal oscillator is
lnosely coupled to the detector circuit through the air
transformer formed by the variable inductor pairs L3 and
Ly-L

155"

At equilibrium, the voltages generated in the circuits L,C;
and LaCy are equal and the sum of the rectified output
voltages developed across RjR, and RgRg is zero. Displace-
ment of the center detector piate shif€s the circuit
resonant peaks with respect to the carrier frequency.

The voltages developed across the output resistors RjR
RgRy become unbalanced and their difference is observe

as signal. Output stability of this circuit is dependent
principally upon the oscillator frequency regulation,
Consequently, system stabilities adequate for tidal obser-
vations are readily obtained.

VCT-201BA Transducer

The VCT-201 discriminator output requires a minimum load
resistance of 10 megohms,

To make the transducer system compatible with stondard
recorder inputs, a buffer amplifier stage has been :necor-
porated into the VCT-201BA system. Load resistance as
low as 1000 ohms can be employed without signal distorti =

169
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1204-2

Operation with a Vertical Seismometer:

Displacement Response

The VCT-201BA (LPV) combination functions as a displace-
ment meter with stable output sensitivity of approximately
1.0 volt/mm of ground motion.

Gravicy Response

The VCT-201BA (LPV) also functions as a gravity meter with
a response proportional to the square of the seismometer
period.

The Period-gravity response characteristic for gravity
increments is given in FIG §.

The observed gravity response for constant period is given
in FIG 6 for periods of 10, 20, 30 and 50 seconds. The
principal limitation on gravity meter operation is the
barometric and temperature response of the LPV Seismometer,

To check gravity response load the boom at the center of
mass using standard balance weights and observe deflection
at scale, The sensitivity should be approximately 0.025
mm/mg for a seismometer period of 3N seconds.

To convert to equivalent gravity sensitivity, use the
formula:

Ag = .%zgt O 94 o
Wiere

m = mass of added weight in grams
g = acceleration of gravity in cm/sec?
M = geismic mass in grams

d) Qperation with a Long Period Horizontal Seismometer,

The VCT-201BA Tranaducer is combined with the LPH Long
Period Seismometer for displacement meter or tiltmeter
operation,

VCT-201BA Displacement Meter Operation:
The VCT-201BA (LPH) combination functions as a displacement

meter with a stable output sensitivity of about 1 volt/mm
of boom motion,

LPH Tilt Meter Operation:

From the general theory of operation for the Long Period
Horizontal Seismometer, the boom deflection resulting from
a tilt (%) is given by:

_ 2/ g
o= Y7 (‘/W‘L/\
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=8
where small deflections are assumed,
# = deflection of boom
?V = tilt of base in radians
2 = angle of inclination of mast
4 = acceleration of gravity
A = peduced pendulum length
II. Specifications:
a) Detector Plate Gap =+ 2 am nominal
b) Plate Area = 25,8 cm?
c) Sensitivity -
Discriminator Output = 0.5 v/mm
plate displacement
= 2,5 v/mm referred to
scale for S-5100 V& H
Seismometers
Buffer Output = 1 v/mm referred to
. scale for S-5100 V & II
Seismometers
d) Linear Range = t 2 mm plate displacement
= + 10 mm referred to scale
for S-5100 V & H Seisrometers
e) Operating 0% to +50°% (-20° to +50°¢c
Temperature Range = with Special Amplifiers)
Permissible
Temperature Excursion
about operating point = * §%%
f) Power Comsumption - + 12 VDC, 0.5 watts, 20 ma quiescent
Required Regulation = 0,005% line and load
g) VCT-201B = 110V, 60 Hz input
Power Supply t 12 VDC, 60 ma output
Regulation = 0,005% line and load
h) Mass of Center
Plate Assembly = 60 gm
i) VCT=-201BA Weight = 2 lbs.

Ly
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III. Installation

The seismometer and the discriminator/amplifier unit
form a matched set,

The complete system has been assembled at the factory
and tuned for optimum performance. If a proper field
installation has been carried out, only minor adjust-
ments will be required.

a) Connections:

The capacitance plates are shipped assembled on the
seismometer.,

The end plate assembly is mounted on the seismometer
base. The cénter plate is an integral part of the
boom and is connected electrically to the seismometer
frame (ground).

Unpack the discriminator unit and not it on the pier
adjscent to the seismometer.

Electricsl connections are made through corresponding
terminals on the boom and seismometer base. Coaxial
leads connect to the discriminator unit., The seis-
mometer base and the discriminator unit should be con-
nected to a common ground located adjacent to the pier.
Proper grounding insures negligible signal effects due
to stray capacitance, displacement of leads, etc.

Connect power supply to discriminator unit terminal

block OBSERVING CORRECT POLARITY (See FIG 1)

Power required is T 12 volts DC, 30 ma; 0.005% line,
load and temperature regulation.

Connect output to suitable recorder. Buffered output
will accept loads down to 1000 ohms without appreciable
distortion.

b) Preliminary Checkout

Activate the syastem and run a preliminary calibration

by observing output voltage while moving the seismometer
boom from stop-to-stop in one mm increments. The result
should approximate Curve IV in FIG 4.

If the response is linear and the mechanical and elec-
tronic zero points coincide to a few tenths of a milli-
metier, the system is ready to operate. In this case,

the complete tuning and adjustment procedure that follows
can be omitted.

112
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If the output voltage is low or fails to pass through

zero as the boom is moved from stop-to-stop, the dis-

criminator is detuned. Tuning procedures are given in
Paragraph (d).

If output is obtained but fails to approximate the
curves shown in FIG 3, one or more of four control
adjustments will be required. Typical signal output
diviations and the necessary corrective adjustments
are outlined in FIG 9,

1, Failure to achieve linearity (FIG 9-A).
Resonance peaks fall within the operating
range. Paragraph (e) describes the adjust-
ment for maximum linearity.

2. (FIG 9-B) Horizontal displacement of the
electronic zero with respect to mechamical
zero., The procedure for adjusting the
discriminator zero point is given in
Paragraph (g).

3. (FIG 9-C) Displacement of the output charac-
teristic along the voltage axis. See Paragraph

(n).

4. (FIG 9-D) Deviation of amplifier gain. See
Paragraph (i).

If more than one of the output deviations described
above occurs, ' Qf

in the order given ] through 4, This is necessary
because operations 1 and 2 control the position of
the dual discriminator characteristic with respect to
true boom position, while 3 and 4 regulate the elec-
tronic voltage zero only. Adjustments 3 and 4 cannot
be made until the detector response characteristic has
been established.

Tuning the Discriminator Input

Equipment required: VTVM or equivalent high impedance
voltage detector.

Loosen the 4 top panel screws on the electronic unit
and 1ift the assembly from the box.

Identify the components according to FIG 2. The center
inductor (L;) is the primary of the air transformer.
Connect the VIVM between either point A or point C

(FIG 2) and the common output (use a miniture alligator
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204-
1 6 6

clip to connect to the diode on the P.C, Board). Lock
the seismometer boom at center zero. Adjust Lj (center
inductor) for maximum voltage.

Tuning the Discriminator

Unclamp the seismometer boom. Check position of detector
plates for proper centering. They should not come into
mutual contact at extreme boom positions,

If the plates are not properly centered, loosen clamp
screws securing the outer plates (C; & C;) to the
seismometer frame. Insert a 0.020 inch fo.s MM) spacer
into the lower gap. (Right hand gap for LPH). Lock the
boom at extreme lower (right) position and align lower
plate (C3;) against spacer. Tighten clamp screws.

Clamp boom against upper stop and repeat operation for
C3. (Left hand stop for LPH?.

Identify the three plate connectors with the associated
inductor controls and connect as follows:

Left hand connector #1 to upper (left for LPH)
plate (C3) and #1 inductor (L) (Point A).
Center connector (#2)to center plate (C),
Right hand connector (#3) to lower (right)
plate (C3) and the L, inductor (Point C).

Connect the VIVM across A & B shown in FIG 1 with B
positive. (i.e. between the ‘3utput lead and tuning
Point "A" on the P.C, Board). Move the center plate
towards C, by holding the boom against lower (right)
stop. This will give a maximum gep in the circuit being
monitored. Adjust Ly for maximum positive voltage. Note
that B is always pos}tive with respect to A and C.

A value of 30-40 volts DC should be obtained.,

Move center plate to a position adjacent to C, by
holding boom against the upper (left) stop.

Transfer the negative VIVM probe from A to C and adjust
L, for maximum voltage.

Check adjustment of L; for maximum voltage.

Repeat procedure with boom at upper (left) and lower
(right) stops to obtain optimum tuning.,

The discriminator circuit resonances will now be found
at the extreme positions of the seismometer boom,
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1204-7

A justment for Maximum Linearity

Due to the angular deflection of the capacitance detector
plates, the linear response range will be limited to

about t 4 mm boom displacement. To extend the range of
linear response, it is necessary to increase the resonance
peak separation. Turn the L; and Ly controls clockwise
(increasing inductance) by about 1/4 turn. Response
should now be linear over the entire stop-to-stop range.

Calibration of discriminator output

Connect the VIVM between A & C (FIGS 1 & 2). Move the
boom in one millimeter intervals, taking readings on the
VIVM., The results should appear as in FIG 4, Curve III.

Zeroing the Discriminator Output

Occasionally the electronic and mechanical zero points

do not coincide. (See FIG 9-B). To effect coincidence,
translate the discriminator resonance along the frequency
axis. To correct a negative zero voltage, move to the
right by increasing L; and decreasing L, by equal amounts.
To eliminate a positive zero voltage, reverse this pro-
cedure,

Output adjustmenf

Clamp the boom at center zero. Observe the signal output
of the VCT-201BA on a recorder or the VIVM. If a zero
shift is indicated (FIG 9-C), zero the output by adjusting
the trim potentiometer (Rj5 FIG 2) mounted on the P.C.
Board.

Gain

After zeroing, observe the maximum voltage output with
the boom positioned at each extreme. The amplified
voltage output is inverted. The output may be above
or below the 1 V/mm specified for this equipment

(FIG 9-D). To obtain the required t voltage output,
set the "Scale Adj." potentiometer (R14 FIG 2) until
maxima of t 10 volts are obtained.

Return unit to case and calibrate output at one milli-
meter intervals referred to scale.

PR
NS
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VCT-210
Addendum to Paragraph H

For Example:

With boom set to Left and Right maximum deflection, outputs
of 8 and 9 volts respectively are observed. Adjust Rjs
with boom at Left until 8.5 volts 1n.obtainod. Move boom
to Right. If setting is correct, an equal value of 8.5

volts will be observed.

b
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C INDICATES JUMPER

Fig &

SPRINGNETHER INST. CO. PARTS PLACEMENT VCT 201 BA

e —— - ¢ 4 1.
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FIG. §
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W.F. SPRENGNETHER INSTRUMENT COMPANY, INC.
VCT-201BA CAPACITANCE TRANSDUCER
PARTS LIST

Circuit Reference

Designation Deacription Manufacturer

A1, A2, A3 Operational Amplifier, Type UA741C Fairchild

C1 Capacitor, 150pf, t 10%, 1KVDC Sprague
C2, Cs Capacitor, .047 mfd t 10%, 100 WVDC Sprague
C3, C6 Capacitor, .001 mfd t 10%, 1KVDC Sprague
C4> C7 Capacitor, .01 mfd t 10%, 200 WVDC Sprague

CRy, CR, Diode, IN4148 G.E.

Ly, Lz, L3 Inductor, Variable, 61-122 uly, #2060-7 Cambion
R1, Rg Resiator, Metal Film, Y4W, 511K % 1% Corning
Rz, R§ Resistor, Metal Film, Y4W, 24.9K % 1% Corning
R3, Rs, R6 Reaistor, Metal Film, Y4W, 10K T 1% Corning
R10 Reaiator, Metal Film, Y4W, 24.9K t 1% Corning
R11, Rj2 Resistor, Metal Film, Y4w, 10K t 1% Corning
R4 Reaistor, Metal Film, Y4W, 4.64K * 1% Corning

Ry Jumper Wire (O Ohms) WFS

R13 Open (Infinite Resistance) N/A

R14 Helipot, Single Turn, 3/4W, 5K t 10% Beckman

R1§ Helipot, Single Turn, 3/4W, 10K t 10% Beckman

TB; Terninal Block 3-140-Y Cinch-Jones

P Cable Plug 91-MC3M Amphenol

J1 Receptacle 91-PC3F Amphenol

Py, P3, Py Coaxial Plug 309-2225/309-2275 Amphenol

J2, I3, 34 Coaxial Receptacle 309-2175/309-2275 Amphenol

J6 P.C. Receptacle 006022-022-940-002 Elco

Caae MT11281-063-300 Moorlee

Cover MT21281-063-010 N ¥ Moorlee
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OPERATION AND MAINTENANCE MANUAL

LONG.PERIOD HORIZONTAL SEISMOMETER, MODEL #700C

GEOTECH
A Teledyne Company
3401 Shiloh Road
Garland, Texas

27 July lugu
(Revised v Sept 19gn)
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INTRODUCTION

This publication contains technical instructions for Long Period Horizontal Seismometer, Model 8700C,
a highly sensitive electromechanical device which converts horizontal motion into electrical signals.
The publication consists of seven chapters bound in one volume. Chapter 1 contains general informa-
tion and leading particulars; the installation phase is covered in Chapter 2; Chapter 3 is not applicable,
since the seismometer requires no attention during operation; principles of operation are described in

Chapter 4; Chapter 5 provides instructions for maintenance ana overhaul; Chapter 6 is the illustrated
parts breakdown; Chapter 7 contains complete circuit diagrams for the unit.

The following publications govern the use of abbreviations, symbols, and reference designations in
this publication:

Abbreviations for Use on Drawings and in Technical-Type Publications
Electrical and Electronic Symbols
Electrical and Electronic Reference Designations

<01
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Figure 1-1.

Long-Period Horizontal Seismometer, Model 8700C
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Chapter 1
Paragraphs 1-1 to 1 -4

CHAPTER |
GENERAL INFORMATION

1-1. DESCRIPTION AND PURPOSE,

1-2. Long Period Horizontal Seismometer, Model 8700C, is a highly sensitive electromechanical
moving-coil device that converts horizontal motion into electrical signals. The seismometer has a

natural period that is adjustable from 15 to 30 seconds. When the cover is properly secured, the
seismometer is watertight and will operate under adverse environmental conditions. The scismometer

is shown in figure 1-1,

1-3, INFORMATION AND REFERENCE TABLES,

1-4, Tables 1-1 through 1-4 contain information which will be helpful in the operation and main-

tenance of the geismometer.

Table 1-1, Leading Particulars

A-c power 150 ma, 4.0 v, 60 cps {for Mass Position Monitor)
350 ma, 115 v, 60 cps (for Remote Centering Accessory)

D-c power 22.5v, 1.5 ma (for Mass Position Monitor)

24 v, 115 ma (for seismometer heater)
24 v, 11.5 amp maximum (for Thermal Jacket Heater)

Dimensions 12 x 15-1/2 x 24 inches

Weight 115 pounds net

Storage and shipping Mass sections must be removed from suspension
conditions arm and suspension system must be locked

Table 1-2, Capabilities and Limitations

Natural period 10 to 30 seconds, adjustable
Weight of inertial mass 16 kilograms
Seismometer:
Type Moving coil (velocity)
Damping Electromagnetic
Maximum flux density 1750 £100 gauss
Coils:

Signal Coil:

Number 2
Effective generator 105 volt-sec/m (each coil)
constant

203 1-1
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Capabilities and Limitations (Cont'd)

Signal Coil, continued:
Resistance
Turns
Wire size
Length of wire
Inductance

Calibration Coil:

Number

Resistance

Turns

Wire size

Effective motor
constant

Critical damping re-
sistance

Mass Travel

Inputs

Power required
Air leak rate
Dimensions
Weight
Pressure

Humidity

Mass Position Monitor (acces -
sory mounted on seismometer)

Outputs

Power required

Dimensions

Weight

Remote Centering Motor (Acces -
sory mounted on seismometer)

Motor Type
Number of poles

Power required

Speed

565 ohms +10 ohms at 25°C (77°F) each coil
3260 each coil

No. 36 AWG

1324 feet

Negligible

2
0.2 ohms 10. 05 ohms (each coil) at 25°C (77°F)
1

No. 36 AWG
0.032 +0.002 newtons/amp

80 times the natural period in ohma +10%

3 degrees stop-to-stop

Thermal Jacket (Accessory which houses seismometer)

5 (to seismometer)
1 (to Thermal Jacket heater)

1.5 amp at 24 vdc (max)

8 hr time constant from 1-1/2 psig differential
36 in. high x 43 in. diameter

280 1bs, approx.

Insensitive to normal atmospheric variations

0 to 95%

Zero to £1.5 vdc (rmax.)

1.5 ma at 22.5 vdc
150 ma at 4 vac

1-1/4x3-1/4x 1-3/4 inches

0.251b

Synchronous, single-phase, bidirectional
6

350 ma at 115 ;/ac, 60 cps

0.7 rpm

1-2
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Table 1-3, Equipment Supplicd
NAME QUANTITY DESCRIPTION AND PURPOSE
l.ong Period Horizontal seismometer, 1 Moving-coil seismometer to convert
Model 8700C horizontal motion into electrical signals
Mass Position Monitor Model 10074* 1 A remotely monitored photoelectric device
to provide electrical indication of mass
position
Remote Centering Accessory 1 Motor-driven leveling device to provide for
Model 10076% remote adjustment of inertial mass position
Connector, Pl101, MS3106A-20-4P 1 4.contact connector to connect external
cable to one of the Transducer coils
Connector, P102, MS3106A-20-118 I 13-contact connector to connect external
cable to one of the Transducer coils and
the seismometer accessories
Connector, P104, MS3106A-10SL.4S 1 2-contact connector to connect external
cable to heater
Cable Clamp MS30567-12 2
Cable Clamp MS3057-4 1
Glass Insulation Assemblies, 1 each Placed under leveling screws to provide
16954-1, -2, and -3 insulation
Calibration kit, 10391 1 Used to manually calibrate the seismometer
Wrench, 1118-2 2 Used to adjust and lock leveling screws
Desiccator Breather Assembly, 1 Used to dehumidify air entering the
17025% seismometer
Insulation Cover Kit, P/N 16375 1 Used as insulation to minimize the effects
of temperature changes
Plug, Pipe, 1/4in. PPTF 1 Pressure relief fitting used during shipment

Thermal Jacket, Model 14414%

Shipping Crate

*Not furnished. Available as optional accessory.

Houses and isolates the seismometer from
pressure and temperature changes

Special carton for shipping seismometer

205
da W
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Paragraph 1-4 (Cont'd)

Table 1-4. Equipment Required but not Supplied

QUANTITY EQUIPMENT DESCRIPTION

1 Microvoltmeter Hewlett.-Packard 425A or
equivalent

1 Wheatstone Bridge Leeds & Northrup 5300 Type S
or equivalent

2 Power Supply Hewlett-Packard, Model 72 1A
{or equivalent)

1 pkg Graph paper 10 x 10 divisions /inch (linear), any
manufacture

1 pint Cleaner, soldering Kester Thinner, Formula 101,

or equivalent

1 Amplifier Geotech Helicorder Amplifier
Model 4983 or equivalent

1 Recorder Geotech Helicorder
Model 2484-1 or equivalent

1 D-C Ammeter Triplett 630A or equivalent
(0-1a)
1 Variable Resistor 500 ohms, 2 watt, any

manufacturer

1 Decade Resistor General Radio 1432-N or
equivalent

1 Voltage Divider General Radio 1454-A or
equivalent (10 K)

1 Battery Burgess TW-2 or equivalent

1 Electric Timer Standard, Model S-1

1 Resistor 100 ohms, 10 watt

1 Stop Watch Type A-8

1 pint Flux, soldering Kester Formula 135 or equivalent

{pure resin in alcohol)

1 spool Solder, thermal Leeds & Northrup 107-1-0-1
free (2 ft.) or equivalent
1 Phototube Amplifier Geotech Model 4300 (with 3 cps

galvanometer no. 4100-213 and
resistive filter)

206
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Paragraphs 2-1 to 2-3

CHAPTER 2
INSTALLATION

2-1, INTRODUCTION. This chapter provides the information necessary to install the seismometer
and to prepare it for operation.

2-2, LOGISTICS.

2-3, UNPACKING, The seismometer is shipped in a specially designed plywood shipping crate (see
table 2-1). The Remote Centering Accessory, Desiccator-Breather Assembly, connectors, Glass
Insulator Assemblies, wrenches, Insulation Cover Kit, and Thermal Jacket are shipped in separate
cartons. To unpack the equipment, proceed as follows:

a, Check packages against table 1-3. Report any missing or damaged packages immediately to
the supplying agency.

b. Place the shipping crate containing the seismometer near selected location.
c. Remove the cover of the crate after removing the fourteen retaining bolts,
d. Remove the tape from the waterproof paper and fold the paper.
e. Carefully lift the seismometer out of the crate,
f. If the seismometer appears damaged, send it to the depot for repair.
NOTE
Retain the shipping crate and all the associated packing materials for use in

reshipment,

g. Unpack accessories and examine them for damage, If the Remote Centering Accessory appears
to be damaged, determine the extent of the damage; and if necessary, send it to the depot for repair,

207
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Chapter 2
Paragraphs 2-4 to 2-6

Table 2-1. Shipping and Receiving Information*

CASE NO. DIMENSIONS (INCHES) CONTENTS VOLUME (CU FT) WEIGHT (LBS)
1 17-1/4 x 28-3/4x 20  Long Period Horizontal 6 170
Seismometer, Model 8700C

2 12 x 10 x 10 Accessories 0.7 10

3 52 x 52 x 45 Thermal Jacket 70 435

4 30 x 30 x 32 Jacket installation materials 18.8 115

5 14 x 14 x 8 Jacket installation hardware 0.9 22

6 28 x 14-1/4 x 5, Insulation Cover Kit 1.15 3

% All dimensions, weights and volumes arce approximate values

= MATERIAL HAWDLING, ‘lhe seismometer can be transported in a light-duty trucks Two men
can handle the unit without special handling equipment, The arm shall be secured as described in
paragraph 5-11 while the seismometer is being moved or shipped, The seismometer shall be
shipped in the specially designed shipping crate. No other special handling precautions are
neccssary beyona ordinary care to avoid excessive shock, vibration, or temperature extremes,

2-5. INSTALLATION PROCEDURES.

2-6. To install the scismometer in the selected location, proceed as follows:
a. Insure that Thermal Jacket Model 14414 has been installed in accordance with TI 2W-1-1,

b. Remove right leveling screw (viewed from the window end) from base of seismometer. Retain
leveling screw for use when reshipping seismometer.

c. Attach Remote Centering Accessory to base of seismometer as shown in figure 2-1. Secure
accessory to basc by installing hex screw (supplied) into hole previously occupied by leveling screw.

d. Apply 115 volts a-c between pins A and C of connector P103 on Remote Centering Accessory.
The accessory shall lower the right side of the seismometer. Apply 115-volts a-c between pins B and
C of P103. The accessory shall raise the right side of the seismometer. Apply 115 volts a-c between
pins A and C to bring the accessory back to the center of its range.

e. Place glass insulator assemblies, part no. 16954-1, -2, and -3 on the Thermal Jacket floor
as shown in figure 2-2.

f. Place seismometer on glass insulator assemblies, taking care to set leveling screws in insula-
tor cutouts,

g. Brush all loose insulation, dust, and dirt off seismometer cover. Open latches and remove
cover. Be careful not to strike internal parts with cover.

CAUTION

Do not allow dirt, dust, or moisture to fall into seismometer when cover is off. The
prescnce of foreign material inside the case may affect operation of the seismometer,

h. Mecasure the resistance of the coils as described in paragraph 5-12,

2-2 208
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Chapter 2
Paragraph 2-6 (Cont'd)

ECEPTACLE

REMOTE CENTERING ACCESSORY
LATCHES
SEISMOMETER

0-RING (GROOVE)

Figure 2-1. Installation of Remote Centering Accessory

-~ 15 9/16 -,
A
e T 3/4
\\\
ALIGN SLOT IN msuu‘roum\-, B
WITH HOLE IN INSULATOR "B" \
AS SHOWN

Figure 2-2. Glass Insulator Assembly Setup

209
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Chapter 2
Paragraph 2-¢ (Cont'd)

b
i

1. Using the wrenches, part no, 1118-2, manually adjust the left leveling screw (viewed from the
window end) so that the bubble in the vial is centered between the etchings.

NOTE

R

Be certain that the Remote Centering Accessory is approximately in the center of its
range (extended 3/16"). If not, repeat step d.

Jo Unlock the suspension arm by removing 6, 7, 8, & 9 and set the stops (3, figure 5-1) so that the
pointer will swing over the entire width (t10mm) of the scale,

k. Check that the suspension arm swings freely from stop to stop without binding or sticking.

I If the coils stick in either of the magnet assembly air gaps, slightly loosen screws which hold
the corresponding magnetic assembly support to base. Shift magnet assembly until suspension arm
swings freely from stop to stop without sticking. Tighten screws which hold magnetic assembly
securely, With the suspension arm at the center of its travel (pointer on scale zero), the coils
shall be centered in the air gaps of the magnet assemblies.

NOTE

When the magnet assembly is in the correct position and tie suspension arm is at one
of its stops, there is a clearance of approximately 1/64 inch between the coil and the
magnet. Therefore, the adjustment of the magnet assembly position described in

step m shall be made with care so that the coil will have sutficient clearance at both
extremes of its travel,

m, Observe that the black bar on front of each photoresistor in the Mass Position Monitor Acces-
sory is parallel to base,

n. Lock the suspension arm so that the pointer is on scale zero and set up the equipment as shown
in figure 5-5. If the microammeter does not read 0, perform test number 3 as described in table 5-4.

o. Repeat step j. Tighten the locking screws (2, figure 5-1),

p. Make certain that the O-ring seal is in its groove and replace the seismometer cover. Secure
the latches.

q. Assemble the Cesiccator Breather Assembly as shown in figure 6-2.

r. Using the mounting hardware supplied, mount the Desiccator Breather Assembly to the bracket
on the inside of the Thermal Jacket. Remove the shipping plug from the seismometer cover (opposite
side from window) and insert the male union fitting into this hole. onnect tubing to the fitting. Save
the shipping plug for future use.

B e BTN T G e SR

s. Allow seismometer to reach temperature of its surroundings. This may require as long as 12
hours.,

t. Raise the rear of the seismometer by placing a 1/2-inch thick block beneath the rear leveling
screw.

u, Connect a jumper wire across binding posts E101 and E102.
v. Observe the pointer through the window on the seismometer cover. If the pointer is more than

+5mm from center scale, either the pointer is bent or the flexure assemblies are out of alignment
(see chapter 5 for adjusting flexures). If the pointer is within this tolerance, proceed as follows:

[N
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w. Using the wrenches, part no. 1118-2, manually adjust the left leveling screw (viewed from the
window end) so that the pointer is as close as possible to scale zero. Lock the levelinig screws by
tightening the knurled jam nuts, being careful not to disturb adjustment.

x. Make final critical adjustment for pointer to be at scale zero by connecting 115 v a-c to the
Remote Centering Accessory. Connecting 115 v a-c between pins A and C of connector P103 causes
the pointer to move to the right; between pins B and C causes the pointer to move to the left.

NOTE

The Remote Centering Accessery should be approximately in the center of its
range. If not, repeat step d, d, w, and x.

y. Remove the jumper wires previously installed in step v, and connect signal leads to binding
posts E10]1 and E102.

z, Connect Remote Centering Accessory to seismometer by inserting connector plug Pi03 into
connector receptacle J103. Tighten coupling ring securely to assure a watertight installation.

aa. Remove the 1/2-inch block beneath the rear leveling screw,

bb, Perform tests and adjustments described in paragraph 5-13 to assure that the seismometer is
in good operating condition.

cc. Connect external cable to connector receptacle J101 by inserting connector plug P10l.
Tighten coupling nut securely to assure a watertight installation,

dd. Connect external cable to connector receptacle J102 by inserting connector plug P102,
Tighten coupling nut,to assure a watertight connection.

ee, Place expanded polystyrene insulation cover over seismometer,

ff. Connect heater external cable to connector receptacle J104 by inserting connector plug P104,
Tighten coupling nut to assure a watertight connection.

2-7. PREPARATION FOR RESHIPMENT,

2:8, DISCONNECTING AND LOCKING. If it is necessary to reship the seismometer, proceed as
follows before repacking:

a. Remove connector plugs P101 through P104 from respective connector receptacles J101 through
J104. Remove external cables from binding posts E101 and E102.

b. Remove insulation cover from seismometer if it is in place. Retain insulation cover for use in
repacking.

¢. Remove and completely disassemble the Desiccator Breather Assembly, and insert the ship-
ping plug in the hole previously occupied by the male union fitting. Refer to figure 6-2.

NOTE

It is important that the original shipping plug be used, This is a special vented plug
to prevent excessive internal pressure build-up during high altitude air shipment,

d. Brush all loose insulation, dust, and dirt off cover, Wipe off any moisture, Open latches and
remove cover from seismometer. Be careful that cover does not strike any internal parts.
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CAUTION
Do not allow dirt, dust, or moisture to fall into seismometer when cover is off,
The presence of foreign material inside the case muy affect operation of the
seismometer,

¢, Fully tighten suspension system as described in paragraph 5-11,

f. Replace cover an'l secure latches,

g. Disconnect Remote Centering Accessory, Remove accessory from base of seismometer by

removing hex screw which secures it,
h. Replace leveling screw which was removed from the left side.
2-9, REPACKING, To repack the seismometer, proceed as follows:

a, Place seismometer in shipping crate, taking care to set leveling screws in cutouts in. the
insulation,

b Cover the seismometer with waterproof paper, Seal waterproof paper with waterproof
pressure sensitive paper,

c. Replace shipping crate cover and secure it with fourteen bolts,

d. Pack accessories in a cardboard carton,

"~/
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CHAPTER 4
PRINCIPLES OF OPERATION

4-1, INTRODUCTION, This chapter contains information that will help the expericnced maintenance
technician understand the operation of the Horizontal Seismometer. Refer to Chapter 6 for identifica-
tion of parts. An electrical schematic diagram is in Chapter 7,

4-2. OPERATION OF SEISMOMETER,

4-3, The seismometer converts horizontal motion into electrical signals. Horizontal motion 1s trans-
mitted through the base to the magnet assemblies. The main coils arc located within the field of the
magnets and are mounted at the end of the suspension arm. The suspension arm is mounted on

flexure pivots and tends to remain stationary. Relative motion between the magnets and the coils
generates a voltage in the coils proportional to either the velocity, acceleration, or displacement of
the relative motion. Two coils and two magnets are used to minimize ''piston effect' and to improve
linearity of the instrument.

4-4. SUSPENSION SYSTEM. The suspension system for the inertial mass assembly and the main
coils consists of the suspension arm, which is mounted on the mast by two flexure pivot assemblies.
The flexure pivot assemblies permit relative motion between the base of the seismometer and the sus-
pension arm in a horizonial direction, but prevent such motion in a vertical direction, Flexure pivot
assemblies operate by bending flexure plates of Ni-Span C rather than by a sliding motion of bearing
surfaces, Since there is no contact between moving parts of the suspension system, friction is elimi-
nated and mechanical losses are reduced to the relatively small loss of the flexure plates. Gravity
and the small net spring action of the flexure plates provide the restoring force in the suspension
system,

4-5, NATURAL FREQUENCY. Natural or resonant frequency is the frequency at which the suspen-
sion arm would oscillate if it were undamped and set in motion. Natural frequency is determined by
the restoring force, the weight of the inertial mass, and the angle between the centerline of the sus-
pension arm and the horizontal. Changing the angle between the centerline of the suspension arm
and the horizontal by raising or lowering the rear of the base provides adjustment of natural fre-
quency to any value between 0.033 and 0.1 cps. Stated another way, the natural period, which is the
reciprocal of the natural frequency, can be adjusted to any value between 10 and 30 seconds per
cycle.

4-6. DAMPING, The voltages induced in the main coils by their motion causes currents to flow
through the main coils and the external load. As these currents flow through the main coils operating
in the fields of the magnets, they create forces which tend to oppose or damp the motion. Thus,
electromagnetic damping is provided in the seismometer by action of the induced currents in the main
coil assemblies. The amount of damping is determined by the total resistance in each of the main
coil circuits and may be controlled by adjusting the external loads. Critical damping is defined as
the amount of damping that will allow the suspension arm to return to the center of its travel in the
shortest time without overshoot. The total amount of resistance required to produce this condition

is called Critical Damping Resistance (CDR). The amount of resistance external to the seismometer
which produces the critical damping condition is called External Critical Damping Resistance (CDRX)
at a given natural period. CDRX varies directly with the natural period and must be redetermined
when the natural period is changed.
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-7, REMOTE CALIBRATION.

-9, The calibration coils are wound on the same form as the main coils. A current pulse applied

to vither of the calibration coils will deflect the suspension arm. The amount and rate of deflection

is determined by the current, the characteristics of the deflection system, the amount of damping,

and the motor constant of the calibration coils. The output of the main coils caused by this deflection

ts determined by the gencrator constant of the main coils. If the current inputs to the calibration

coils are known, the outputs of the main coils may be used for remote calibration of the seismometer.
Since the characteristics of the scismowmeter change when the natural frequency is changed, the seismo-
meter must be recatibrated for each new natural frequency. Tlie motor constants of the calibration
coils do not vary with natural frequency; this allows remote calibration without knowledge of the

natural frequency.

4-9. REMOTE CENTERING.

4-10. Best results are achieved if the inertial mass rests at the center of its travel when it is not
deflected by motion. Under these conditions the characteristics of the suspension system and the
portions of the magnetic fields traversced by the coils are symmetrical. Large temperature changes,
vsapeciatly during the first few weeks after installation, will cause the inertial mass to rest off center.
The incrtial mass can be centered by raising or lowering one side of the seismometer. This can be
accomplished manually by adjusting the leveiing screws, or from a remote point by operating the
notor of the Remote Centering Accessory,

4-11. MASS POSITION MONITOR,

4-12. The Mass Position Monitor Accessory produces an electrical indication of the mass position

at any time. The accessory consists of a lamp, an aperture, and two photoresistors and two fixed
resistors connected as a Wheatstone bridge., The aperture is mounted on the suspension arm and is
located in the light path between the lamp and the photoresistors. When the inertial mass is in the
center of its travel, the aperture allows an equal amount of light to fall on both photoresistors and

the bridge is balanced, When the inertial mass is off center, the aperture allows more light to fall
on one photoresistor than on the other, unbalancing the bridge, The amount and direction of unbalance
is determined by the amount and direction that the inertial mass is oft center, The unbalance of the
bridge can be sensced by connecting a source of 22,5 volts d-c to pins A (+) and B (-) of J102 and a
zero-center microunmeter or microvoltmeter to the bridge at pins C and D of J101., (See figure 7-1,)

4-13. HEATER ASSEMBL.Y,

4-14. The seismometer heater (see figure 7-1) consists of three power resistors mounted under the
top of the scismowmeter cover inside of the instrument. This heater assembly is operated from a unit
which supplies a 0-24 volt d-c input. The heater serves to stratify the air in the instrument case,
thus, minimizing noisce produced hy air flow caused by temperature inversion.

4-15. THERMAL JACKET

4-16. The Thermat Jacket 15 a special tank used to house the seismometer. This tank is designed to

sotate the svismometer trom barometric and temperature changes by: (1.) air stratification within
the tank by heating the top of the tank with an internal heater, and by (2.) being nearly air-tight (the
leak-rate time constant 1s 8B hours),
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CHAPTER 5
MAINTENANCE

5-1. INTRODUCTION, This chapter contains information necessary to maintain the Horizontal
seismometer. Section I covers organizational/field maintenance; section Il covers special
maintenance.

SECTION I
ORGANIZATIONAL/FIELD MAINTENANCE

5.2. GENERAL, Test equipment for organizational/field maintenance is listed in table 5-1,
Performance tests and standards are listed in Section II. All tests listed in Section 1I, except thosc
specifically indicated as depot tests, may be performed in the field.

NOTE
The characteristics of equipment listed in table 5-1 are the characteristics required

to test the seismometer and do not necessarily reflect the full capabilities of the
equipment.

Table 5-1, Test Equipment Required for Organizational/Field Maintenance

MANUFACTURER AND REQUIRED
EQUIPMENT MODEL CHARACTERISTICS
Multimeter Triplett 630A or equivalent Ohmmeter range: 0.2 ohms to
0.5 megohms
Battery Burgess TW-2 or equivalent 12 volts d-c
Power Supply Hewlett -Packard Model 721A 22.5 volts d-c, at 1.5 milli-
or equivalent (2 ea.) amperes; 4-6 volts a-c or d-c,

at 150 milliamperes

Potentiometer Any 500 ohms, 2 watts
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5-3. VOLTAGE REQUIREMENTS AND SOURCE

i,

-4. Voltages required to test the seismometer and their suggested sources are shown in table 5-2.

Table 5-2, Voltage Requirements and Sources

VOLTAGE APPLICATION SUGGESTED SOURCE

115 volts a-c¢

Operating powcer for remote
vl cps

Standard 60 cps source
centering accessory motor

4.0 volts a-c or d-c¢ Lamp excitation Power supply, Hewlett-
at 150 milliamperes

Packard, Model 721A

22.5 volts d-c Photoresistor bridge input Power supply, Hewlett-

Packard, Model 721A

53-5. THERMAL FREE SOLDERING PROCEDURE

-6, A special solder is used in the seismometer coil connections to reduce the generation of thermal

oltages. When necessary to resolder a thermal free connection, usually painted bright green, use
e tollowing procedure.

a. Use a new soldering tip tinned with thermal free solder.

Do not use this tip for any purpose
othier than soldering with thermal free solder.

b. Usec any standard soldering iron from 30 watts to 200 watts, depending on the size of conductors
to be soldered.

c. Use a clean and uncontaminated flux and apply with a non-metallic applicator. The flux must
be pure rosin in alcoliol.

¢, Clean and tin all conductors to be soldered. Place as close together as possible to reduce the
unount of solder necessary to make the joint.

v. Solder the connection. The joint will not have a bright smooth appearance, but may look like
>ld joint.  These joints, if properly made, are electrically and mechanically sound.

f. Puaint the joint bright green to identify it as a thermal free connection.
p. Do not allow soldering tip to overheat or become badly oxidized, Re-tin as necessary with
hermal free solder.

PG T T
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SECTION 11

SPECIAL MAINTENANCE

5-7. SPECIAL TOOLS AND TEST EQUIPMENT.

5-8. No special tools or test equipment are required.

5-9, BENCH TEST.

5-10. Refer to table 1-4 for test equipment required for testing the seismometer.

5-11, LOCKING THE SUSPENSION SYSTEM. Lock the suspension system as follows:

a. Remove connector P104 from receptacle J104 and the polystyrene insulation cover from seismo-

meter.

b. Brush all loose dirt, dust, or moisture off seismometer cover.

CAUTION

Do not allow dirt, dust, or moisture to fall into seismometer when cover is off. The
presence of foreign material inside the case may affect the operation of the
seismometer.

¢. Remove cover from seismometer, being careful that cover does not strike internal parts.
d. Refer to figure 5-1 and lock the suspension arm by loosening the locking screws (2) and fully
tightening the stops (3) so that the pointer (5) is locked on scale zero. Fully tighten the lociing

screws (2) for reshipment or moving.

e. Replace seismometer cover.

Figure 5-1. Locking the Suspension System
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5-12 RESISTANCE OF COILS,
testing in the field, perform steps 1 and 2 of table 5-3,
accordance with steps 1A and 2A of table 5-3,

1300-24

This test may be performed in the field as well as the depot. If
If the testing is done in the depot, test in
Do not connect seismometer to a power source for this

test. Lock suspension system as described in paragraph 5-11 and perform test in accordance with
table 5-3.
NOTE
Measurements in table 5-3 are for data coil connected separately. For
data coils in parallel use one -half the standard (or 290 ohms) in steps
1 and 1A,
Table 5-3, Coil Resistance Test
OPERATION OF POINT OF CONTROL PERFORMANCE
STEP TEST EQUIPMENT TEST SETTINGS STANDARDS
For field use
1 VOM adjusted to a. Between pins Not applicable Resistance
RX100 ohms scale B and C on J101 shall measure
580 £20 ohms
b. Between
binding posts
E101 and E102
2 VOM adjusted to a., DBetween pins Not applicable Resistance

For depot use

1A

2A

RX1 ohms scale

Wheatstone
bridge adjusted
to measure
hundreds of ohms

Wheatstone
bridge adjusted
to measure
tenths of ohms

A and D on J101

b. Between pins
Hand J on J102

a, Between pins
B and C on J101

b. Between
binding posts
E101 and E102

a. Between pins
A and B on J101

b. Between pins
H and J on J102

Not applicable

Not applicable

shall measure
0.8 £0, 16 ohms

Resistance
shall measure
580 20 ohms

Resistance
shall measure
0.8 +0. 16 ohms

5-13.

5-4

218
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Be sure the suspension system is locked as in paragraph 5-11,
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Table 5-4. Insulatio. Resistance (Cont'd)

OPERATION OF POINT OF CONTROL PERFORMANCE
STEP TEST EQUIPMENT TEST SETTINGS STANDARDS
1 Use VTVM on Between pin Not Resistance shall
RX1 megohm A on J101 applicable measure 1 megohm
range and ground minimum
2 As in step ) Between B Not Resistance shall
on J101 and applicable measure 1 megohm
ground minimum
3 As in step Between Not Resistance shall
E10l and applicable measure 1 megohm
ground minimum
4 As in step | Between pin Not Resistance shail
H on J102 applicable measure 1| megohm
and ground minimum
5-14. PERFORMANCE TESTS

5-15., The performance tests described in the following paragrphs and in table 5-5 shall be per-
formed after installation and after major repairs both in the field and at depot level. If testing
facilities are not available in the field, repair of the operating components of the seismometer should
not be attempted. This series of independent tests should be performed in the sequence given. Pre-
liminary instructions in a test apply only to that test, but do not restore the seismometer to normal

conditions until you have read the instructions for the next test. After complete testing, restore the
seismometer to normal condition as described at the end of the table.

5-16. NATURAL FREQUENCY AND DAMPING.

5-17. Measure and adjust the natural frequency; check the damping of the seismometer suspension
system as described in the following steps. This test may be accomplished in the field.

NOTE

During the performance of this test, the mass sections must be assembled
to the suspension arm, and the suspension system must not be locked.

a. Allow seismometer to reach the temperatureof its surroundings. This may require as long as
12 hours if cover is removed.

b. Short binding posts E101 and E102 to damp the suspension.

c. Apply heater power (24 volts, d-c) to J104,

d. Perform the final cross-leveling adjustment by adjusting the leveling screws while observing
the inertial mass position through the window in the front of the cover, The seismometer is properly
cross-leveled when the pointer is centered on its scale.

NOTE

If the Remote Centering Accessory is attached to the seismometer, final cross
leveling may be performed by completing step y of paragraph 2 -6.

220
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A. PREFERRED METHOD

o2 | NOTES:
o | MULTIMETER—TRIPLETT, MODEL
> | 430A (OR EQUIVALENT) ADJUSTED
X, ' H | TO MEASURE D-C MILLIAMPERES
| bzt gy W
' . 25A UIVALEN
Wi ; | ADJUSTED TO 30 MV SCALE L
1J |
RI—DECADE VOLTAGE DIVIDER,
— oo - CALIBRATION | GENERAL RADIO MODEL 1454-A
S| I ol ! {OR EQUIVALENT)
= |
o PATIRRY | | R2—DECADE RESISTOR, GENERAL RADIO,
T ! El01 | MODEL 1432-N{OR EQUIVALENT)
|
' | BATTERY—I2VOLT, BURGESS
| | TW2 (OR EQUIVALENT)
|
| |
| |
Xy R2 ! |®
| El02 |
L s J
MICROVOLT- J LONG PERIOD STANDARD ELECTRIC
METER HOR 12 ONTAL TIMER
SEISMOMETER MODEL S-|
MODEL 8700C
B. ALTERNATE METHOD
NOTES:
MULTIMETER—TRIPLETT, MODEL
630A LOR EQUIVALENT), ADJUSTED
b - 7 TO MEASURE D-C MILLIAMPERES
Gl P J1021 ¢ | _POTENTIOMETER, 500 OHM,
. HI' 2 WATT
|
| ' BATTERY—I2 VOLT, BURGESS
MULTIMETER ! | TW-2{OR EQUIVALENT)
' |
I kg i
| CALIBRATION |
I colL !
BATTERY = &) ! ,
brew oomee =we -l
LONG PERIOD
HORIZONTAL
SEISMOMETER
MODEL 8700C

Figure 5-2. Test Setup for Natural Period and Damping

5-6
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e. Lock leveling screws by tightening knurled jam plates, being careful not to disturb adjustment.
Remove short from binding posts E10]1 and E102.

f. Connect a zero-center microvoltmeter between E101 and E102. Set microvoltmeter to the
30 mv scale,

NOTE

When this test is performed at field level, a microvoltmeter and stop watch
may not be available. In that case, the period may be checked with accept-
able accuracy by observing the mass position pointer through the window in
the front of the cover, and timing with any ordinary watch having a sweep
second hand.

g. Connect test circuit shown in figure 5-2. Set the voltage divider or variable resistor for the

lowest voltage that will give a usable deflection of the suspension arm when the switch is closed
momentarily.

CAUTION

To avoid damage to the seismometer, do not allow the current through calibra-
tion coil L2 to exceed 50 ma.

h. Set suspension arm in motion by momentarily closing switch,

i. Using a stop watch, Type A-8, or equivalent, determine the amount of time required for the
pointer of the microvoltmeter to swing from zero to maximum, through zero to maximum in the
other direction, and back to zero again, If this test is being performed in the field without a zero-
center microvoltmeter, determine the time required for the mass position pointer to swing from
zero to maximum, through zero to maximum in the other direction, and back to zero again. Refer
to the note following step f. This time is the natural period of the seismometer. The correct natural
period is between 10 and 30 seconds.

j. Repeat step i several times and average the results. If the excursion of the pointer becomes
too small to observe conveniently, apply another pulse to the calibration coil.

k. If the natural period is not correct, adjust the leveling screw at the rear end of the scismo-
meter. Raise the rear end to shorten the period; lower the rear end to lengthen the period.

1. After performing the adjustment described in step k, repeat steps g through j to determine the
new period. When the period is correct, lock rear leveling screw by tightening knurled jam plate,
being careful not to disturb the adjustment,

NOTE

The suspension system used in this seismometer is subject to drift during the
first few days following installation. It may be necessary to center inertial
mass and readjust the natural period every day during this initial period.
Always center the inertial mass before adjusting the natural period. Once
this initial period is past, the seismometer will continue to operate for a long
time with only occasional slight readjustments,

m. Calculate reciprocal of natural period. This is the natural frequency and shall be between
0.1 and 0. 033 cps.
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n. Cheek vlectromagnetic damping by repeating step h. After the boom is in motion, short bind-
ing posts E101 and K102, The mass position pointer should stop moving immediately, and the pointer
of the microvoltmeter should not move after the short is removed.

o. Disconnect test equipment,
5-18 WEIGHT LIFTS,
5-19. When the instructions for a performance test state that weight lifts shall be performed, pro-

ceed as follows: (These instructions assume that test equipment has been connected and weight lifts
must be recorded.,)

a. Adjust seismometer for correct period as described in paragraph 5-17; do not replace the cover
after adjusting the period.

b. Remove third latch from the rear on the right side by removing the two screws which hold the
latch to the base,

c. Refer to figure 6-1 and attach Calibration Jig Assembly, part no. 10391 by proceeding as
follows:

(1) Attach alignment plate 10389 to calibration bar 10388 with two 4-40 x 1/4 screws.

(2) Attach calibration bar to base with alignment plate facing suspension arm. Secure calibra-
tion bar in place with two 4-40 x 1/2 screws.

(3) Attach nylon thread between calibration bar and suspension arm. Secure nylon thread to
calibration bar with bar cap 10387 and two 4-40 x 3/8 screws. Secure nylon thread to sus-
pension arm with suspension cap 10390 and a 2-56 x 3/8 screw.

(4) Tie test weights (2 each 200 mg weights) in center of the nylon thread. Adjust thread length
so that portion between test weight and calibration bar is parallel to diagonal edge of align-

ment plate. Wait until suspension arm comes to rest before procecding.

d. Perform weight lift by picking test weights straight up with a small card. Be careful not to
touch thread or any part of the seismometer. Measure and record deflection produced.

¢. Allow the test weights to return to their initial positions. Wait until suspension arm comes to
rest, and then repeat step d. Average results of several weight lifts.

Table 5-4. Performance Standards

Test no. 1, Critical Damping Resistance (CDR)
PRELIMINARY
INSTRUCTIONS: Dectermine resistance of the main coils as described

in paragraph 5-12. Unlock the suspension arm.

Determine the natural period, as described in
paragraph 5-17.

Connect test circuit as shown in figure 5-3.
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Table 5-4. Performance Standards (Cont'd)

Test No. 1. Critical Damping Resistance (CDR) (Cont'd)

OPERATION OF POINT OF CONTROL SETTINGS AND PERFORMANCE
STEP TEST EQUIPMENT TEST OPERATION OF EQUIPMENT STANDARD
1A E101 Perform weight lifts as s g
and described in paragraph 5-17
E102 b
1B Adjust decade El01l Repeat weight lifts a, Percent overshoot =
resistor Rpy until and a x 100
overshoot is E102 L3
between 20% and
25% b, Determine ratio of
actual damping to critical
damping (\) from table 5-5
1C Disconnect test a. Calculate the critical
equipment damping resistance (CDR)
using the formula
CDR = R.r x A\
b. CDR = 80 x natural
period £10% (ohms)
Test No. 2. Calibration Coil Motor Constant (G)
PRELIMINARY
INSTRUCTIONS: Connect test circuit as showr. in figure 5-4,

NOTE

A north-south seismometer should be installed with the
front of the instrument (the end with the mass indicator
window) facing west, An east-west seismometer should
be installed with the front of the instrument facing
north, Viewed from the front, a mass movement to

the left (calibration weight off) should generate a nega-
tive signal, and a mass movement to the right (cali-
bration weight on) should generate a positive signal.
During weight lifts, observe that the polarities of the
data coil signal voltages are correct.

Make sure two shunts are installed 180° apart cn each
magnet case of the magnet assembly,

-
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Figure 5-4. Test Setups for Calibration Coil Motor Constant
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Table 5-4. Performance Standards (Cont'd)

1300-32

Test No. 2. Calibration Coil Motor Constant (G) (Cont'd)

POINT OF CONTROL SETTINGS AND

OPERATION OF PERFORMANCE
STEP TEST EQUIPMENT TEST OPERATION OF EQUIPMENT STANDARD
2A Binding Perform weight lifts as a s
Posts EJ0]l described in paragraph 5-17
and E102 Xy
e ]
L. Measure and record
Xw in millimeters for
each weight lift
NOTE
Remove Test Weight
before continuing to
next step.
2B Complete circuit, a, ]
Close switch and X;
leave switch closed
until mass stops
moving. Open
switch, Measure
and record initial
deflection.
CAUTION
Do not allow curreut
to exceed 50 ma
2C Adjust variable Binding a. Measure and record
resistor while Posts E101 X; in millimeters
opening and and E102
closing circuit b. Record current (i)
through calibra- through calibration coil
tion coil, until in amperes
X, caused by
opening circuit
is within 10%
of X
2D Disconnect the a, Calculate the calibra-
test equipment tion coil motor constant
(G) using the formula:
(980 x 10-5)(.04);<ri
G= - hd
1
G =0.032 £0, 002 newtons/
ampere
5-12

227



1300-33 Chapter 5 Section Il
Paragraph 5-18 (Cont'd)
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Figure 5-5. Test Setup for Mass Position Monitor Alignment

Table 5-4. Performance Standards (Cont'd)
Test No. 3. Mass Position Monitor Alignment

PRELIMINARY

INSTRUCTIONS: Removz cover from seismometer and lock suspension
arm as described in paragraph 5-11, Be careful to
lock the arm in the center of its travel, Check that
the bar on the face of each photoresistor is parallel
to the base of the seismometer. Loosen the screw
holding the aperture clip to the suspension arm and
adjust aperture to be parallel to the face of the
photoresistor housing and within 1/32 inch of the
face, The aperture must not touch the face of the
photoresistor housing at any point in the travel of
the suspension arm. Tighten the screw to secure
the aperture clip to the arm. Connect test circuit
as shown in figure 5-5.
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Table 5-4, Performance Standards (Cont'd)
Test No. 3, Mass Position Monitor Alignment (Cont'd)
OPERATION OF POINT OF CONTROL SETTINGS AND PERFORMANCE
STEP TEST EQUIPMENT TEST OPERATION OF EQUIPMENT STANDARD
3A Set power supplies J102
for voltages Pins A
shown in diagram. and B
Set microam-
meter to 1060 ua
scale.
3B Close test J1o2 Loosen screw holding aperture Microammeter reads
circuits Pins A toaperture cliponthe suspension Zero ua
and B arm, Adjust aperture sideways
until microammeter reads zero
ua. Tighten screw, being care-
ful not todisturbthe adjustment.
3C J102 Unlock suspension arm, Care- The reading of the
Pins A fully swing arm from one stop microammeter shall
and B to the other, increase smoothly in one
direction as the suspen-
sion arm swings toward a
stop.
The reading shall then
decrease smoothly
through zero and increase
smoothly in the other
direction as the arm
swings through center to
the other stop.
3D Disconnect test
equipment
Table 5-5. Ratio of Actual Damping to Critical Damping ()\)
PERCENT
OVERSHOOT A
20.0 0.455
20,5 0.449
21,0 0.444
21.5 0.439
22,0 0.434
22.5 0.429
23.0 0.424
24,0 0.414
25,0 0. 404
5-14 229
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5.20. PERIOD VERSUS MASS POSITION TEST.

5-21, Verify that the mass is centered by observing the pointer through the window on the
seismometer cover and perform the following steps in the order listed:

a. Time the natural period by performing steps { through i of paragraph 5-17.

b. If the natural period is not between 15 and 20 seconds, adjust the leveling screw at the rear end
of the seismoneter. Raise the rear end to shorten the period; lower the rear end to lengthen the
period.

c. Prepare a chart the same as figure 5-6,

d. Time the natural period for 7 to 10 different points on the scale, These points are obtained
by raising or lowering the right or left leveling screw (this changes mass position). Attempt to time
each point between approximately the same voltage readings onthe voltmeter. One test point should
fall under each bracket at the top of figure 5-6.

e. Compute the average period. No test point should vary more than :10% from the average.
The curve should be symmetrical about the scale zero. If the mass position response does not meet
the above requirements, the upper pivot assembly should be adjusted as described in paragraph 5-52.

f 1 I - ¥ el | ! B f - r | f ==
U Ul Uil
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30
3]
]
]
a
o
&
a A e St
20
0
10 8 6 4 F [s] & 4 8 10
gRT Figure 5-6. Mass Position versus Period Graph RIGHT
522. DISASSEMBLY.

5-23, Disassembly of the seismometer is described in the following paragraphs. Do not pruceced
any further than is nrcessary to remove the parts which require cleaning or replacement. Refer to
Chapter 6 for identification and location of parts.

230



Chapter 5 Scection II 1300-30
Paragraphs 5-24 to 5-29

5-24 REMOVAL OF COVER,

5-25. To remove cover, proceed as follows:

a  Brush all loose insulation, dust, and dirt off the cover. Wipe off any moisture,

CAUTION

Do not allow dust, dirt or moisture to fall into seismometer case while cover is off.

The presence of foreign matter inside the case may affect the operation of the
seismometer.

b, Open latches and lift cover straight up from seismometer. Be careful that cover does not strike
any internal parts.

5.26. REMOVAL OF COIL ASSEMBLIES,

5.27. To remove the coil assemblies proceed as follows:
CAUTION
Keep magnetic materials away from magnets. Protect magnet gaps with paper tape
when exposed. Do not strike coils while removing magnet assemblies.
a,

Remove the magnet assemblies and their supports from the base after removing three cap-
screws which secure each support to the base,

b, Remove the two pan head screws that hold the coil assemblies and coil bases to coil mount,

¢. Remove the coil assemblies and bases, Be careful with the leads.

d. Disconnect the leads from the eight terminal posts of the coil assemblies., Be careful to avoid
excess heat; the coil form melts readily.

¢, Remove coil assembly from its coil base after removing four flat head screws.

5-28. REMOVAL OF SUSPENSION ARM.,

5-29, To remove the suspension arm, proceed as follows:

CAUTION

Do not allow suspension arm to swing through a greater arc than it would with the
masses in place,

a, Remove mass sections after removing flathead screws.

CAUTION

Keep magnetic materials away from magnets.

Protect magnet gaps with paper tape
vhen exposed,

Do not strike coils while removing magnet assemblies.

D)
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b. Remove the magnet assemblies after removing cap-head screws holding assemblies to base.
NOTE

The two curved plates attached to the magnet cases are magnet shunts.
Do not remove from the cases.

c. Disconnect wires which connect terminal boards TB103 and TB105 to terminal boards TB102
and TB104,

d. Remove the two capscrews (25, figure 5-7) which secure the lower pivot assembly to the mast.
e. Remove the two capscrews on slide mount (14) which secure upper pivot assembly to mast.

f, While supporting suspension arm with one hand, remove shoulder screw (30) from the upper
pivot assembly and carefully work lower pivot assembly support off its dowel pins until suspension
arm is free,

g. Lay suspension arm down. (Guard against damaging coils.)

h., Inspect both pivot assemblies to be certain the flexure plates (3, 4, 21, and 22, figure 6-3) of
each pivot assembly do not touch at the crossing point. Inspect each pivot flexure plate and the hori-
zontal flexure plates (13) to be sure that each is free of nicks, bends, and creases. Replace any
defective flexure plate.

5-30, REMOVAL OF PIVOT ASSEMBLIES,

5-31. Refer to figure 5-7 and remove the pivot assemblies, by performing the following steps in
the order listed:

a. Remove the two capscrews (29) holding the upper pivot assembly to suspension arm. Remove
pivot assembly,

b. Remove two capscrews (31) holding the lower pivot assembly to the suspension arm. Remove
pivot assembly. '

c. Remove the two capscrews (27) holding the slide mount (14) to the upper pivot assembly.
Remove the slide mount.

5-32, DISASSEMBLY OF UPPER PIVOT ASSEMBLY,
5-33, Refer to figure 5-7 and proceed as follows:

a. Remove the 10 capscrews (12) holding the clamping blocks (1 and 2) and flexure plates (3 and 4)
in place. Remove the clamping blocks.

b. Carefully work the three flexure plates free from dowel pins,
5-34, DISASSEMBLY OF LOWER PIVOT ASSEMBLY
5-35, Refer to figure 6-3 and proceed as follows:

a. Remove the three capscrews (12) which hold the clamping block (11) and horizontal flexure
plates (13) to the flexure bracket (10). Carefully remove the bracket.

b, Remove the three capscrews which hold the clamping block (14) to the horizontal flexure block
(15). Carefully work horizontal flexures (13) free from dowel pins.

c, Remove the two capscrews which secure the horizontal flexure block (15) to the lower flexurc

block (19). -
232
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Figure 5-7. Disassembly of the Boom
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d. Remove the 10 capscrews holding the clamping blocks (17 and 20) and flexure plates (21 and 22)
in place. Remove the clamping blocks.

c. Carefully work the three flexure plates (21 and 22) free from dowel pins.
5.36, CLEANING.

5-37. GENERAL, Cleaning disassembled parts includes refinishing or recoating the parts as
necessary. The cleaning methods used must be adequate for the conditions without being harsh or
injurious. Painting or coating with corrosion resistant compounds shall be limited to the exterior
of the seismometer.

5-38. The seismometer will normally not require extensive cleaning. Normally, wiping the parts
carefully with a clean dry cloth, or brushing out any dust with a soft-bristled brush will be sufficient.
If a solvent is necessary, use trichloroethylene sparingly and wipe clean of any deposited film, Do
not use trichloroethylene or any other solvent on the plastic parts of the seismometer.

WARN

Trichloroethylene is extremely poisonous. Use only in a well-ventilated area.

5-39. After using trichloroethylene, apply a thin coat of grease (Fiske Bros. Refining Co.,
Lubriplate 630AA or equivalent) or rust preventive (Humble Oil and Refining Co., Rust-Ban 393, or
equivalent) to the clean area. Do not allow any grease or rust preventive to enter magnet air gap.

5-40, CORRODED PARTS. If corrosion is present, it may be removed with very fine sandpaper or
steel wool, Do not allow any steel particles to enter the air gap in the magnet assembly. The toler-
ances of the working parts of the seismometer are extremely close; severly corroded working parts
shall be replaced. Do not attempt to sand or otherwise recondition the flexure plates, the coil as-
sembly, or the magnet, Brush or wipe off all foreign particles.

5-4]1, CLEANING THE AIR GAP, Clean the air gaps in the magnet assemblies before replacing the
assemblies on the base of the seismometer. Remove particles using a nonmetallic rod tipped with
masking tape, sticky side out. Be careful to avoid causing nicks or burrs in the gap or at its edges,
Keep magnetic materials away from air gap.

5.42, REASSEMBLY AND ADJUSTMENT.

5-43, The reassembly instructions in the following paragraphs begin where the disassembly pro-
cedures in paragraphs 5-21 through 5-34 stopped, If the seismometer was not disassembled to the
extent, begin reassembly at the appropriate paragraph. The procedures must be performed in the
order given. Refer to Chapter 6 for identification and location of parts. Perform all the tests and
adjustments described in the reassembly procedures, Aiter reassembly, perform the tests and
adjustments described in paragraph 5-13, When the seismometer is operating properly, prepare it
for reshipment to the field.

CAUTION

To avoid damaging the flexure plates, never move the seismometer with out first
locking the suspension arm.
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5-44, REASSEMBLY OF LOWER PIVOT ASSEMBLY

5-45. Refer to figure 5-7 and reassemble the lower pivot assembly by performing the following
steps in the order listed:
CAUTION

A bent flexure plate will cause improper operation of the seismometer, Be careful
not to bend the flexure plate while placing it over the dowel pins.

a, Carefully work flexure plates (21 and 22) over dowel pins on pivot block (24).

b. Install clamping blocks (20 and 17) and clamping screws. Tighten screws until they are snug
but not tight.

c. Place a steel rule behind flexure plates, as illustrated in figure 5-8, and adjust the plates
until they are perpendicular to the block.

d. Carefully work flexure plates (21 and 22) over the dowel pins in the stationary flexure block
(19). Install clamping blocks and screws and tighten.

e. Attach horizontal flexure block (15) to the lower flexure block (19).
f. Carefully work horizontal flexure plates (13) over the dowel pins,

#. Install clamping block (14) and clamping screws (12). Tighten screws until they are snug but
not tight.

h. Attach assembly to the flexure bracket (10) by carefully working the horizontal flexure plates

over the dowel pins of the bracket. Install clamping block (11) and clamping screws (12). Tighten
the screws until they are snug but not tight.

i. Position the horizontal flexure plates (13) so that they are perpendicular to both the flexure
block (15) and bracket (10). Use a steel rule. Tighten clamping screws.

5-46. REASSEMBLY OF UFPPER PIVOT ASSEMBLY

5-47. Refer to figure 5-7 and reassemble the upper pivot assembly by performing the following
steps in the order listed.

CAUTION
A bent flexure plate will cause improper operation of the seismometer. Be careful
not to bend the flexure plate while placing it over the dowel pins.

a, Carefully work the flexure plates (3 and 4) over dowel pins in the stationary pivot block (7).

b. Install clamping blocks (1 and 2) and clamping screws. Tighten screws until they are snug
but not tight. Install flexure plates and clamps in the movable flexure block in the same manner.

5-48., INSTALI.ATION OF PIVOT ASSEMBLIES AND SUSPENSION ARM.,

5-49, Refer to figure 5-7 and install the pivot assemblies and suspension arm by performing the
following steps in the order listed.

[T
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ADJUST UNTIL FLEXURE
IS PARALLEL TO MARKS
ON RULE, THEN TIGHTEN

Figure 5.8, Adjustment of Flexure Plate

CAUTION

Exercise extreme care in mounting the pivot assemblies and the suspension arm
to avoid bending or damaging the flexure plates.

Attach lower pivot assembly to the suspension arm using the two capscrews (31).

b. Attach slide mount (14) to upper pivot assembly with two capscrews,

c. Attach upper pivot assembly to suspension arm with the two capscrews (27).

d. Mount suspension arm on vertical mast by first working the flexure bracket over the dowel
pins in the mast, Secure with the shoulder screw (30) then put two capscrews through the slide
mount.

Secure the lower pivot assembly to the mast with two capscrews (25) holding flexure bracket
to vertical mast.

e¢. Assemble inertial mass sections to suspension arm with the two flat head screws,

f. Inspect both pivot assembles to be sure that the flexure plates of each pivot assembly do not
touch at the crossing point.
236

5-.21



1300-42
Chapter 5 scction I
Paragraphs 5-50 to 5-53

g. Conncct the fine wires bcz\\gc'n terniinal boards TB103 and TB105 on the suspension arm and
terminal boards TB102 and TI3104 on the seismometer base. Use the schematic diagram in Chapter 7
to deteriuine the correct connections.

5-50 INSTALLATION OF COIL AND MAGNET ASSEMBLIES,
5-51. To install the coil assemiblies, proceed as follows:

a. Conncect lecads to the four terminal posts of each coil assembly. Use schematic diagram in
Chapter 7 to determine the correct connections. Avoid excess heat; the plastic coil form melts
readily. Use thermal free soldering procedure(see paragraph 5-6).

b, Attich coil assemblies to the coil bases with the eight flat head screws.

c. Assemble coil bases with coil assemblies to coil mount at end of suspension arm. Secure the
coil bases together with two pan head screws.

d. Clean air gaps in the magnet assemblies as described in paragraph 5-4!.

e. Place magnet assemblies and supports in the correct position on the seismometer base with coil
assemblies centered in the air gaps, Secure magnet assembly supports to the base with the six cap-
screws,

f. Check that suspension arm swings freely from stop to stop without binding, sticking or friction.

g. If coil sticks in magnet assembly air gaps, slightly loosen the capscrews securing magnet
assembly support to seismometer base. Shift magnet assembly until suspension arm swings freely
from stop to stop without sticking. Tighten the capscrews securely., With Juspension arm at the
center of travel, coils must be centered in air gaps.

NOTE

Whenr magnet assembly is in the correct position and suspension arm is at
one limit of its travel, there is only approximately 1/64 inch of clearance
between coil and magnet; therefore, the adjustment of magnet assembly
position must be made with care so that coil will have sufficient clearance
at both extremes of its travel,

5-52. ADJUSTMENT OF UPPER PIVOT ASSEMBLY,

5-53. The upper pivot should be adjusted whenever the mass position versus period test fails (para-
graph 5-19) or whenever the Livot assembly has been removed. Refer to figure 5-7 and adjust the
uppel pivot assembly by perforining the following steps in the order listed. Base should be level.

CAUTION

Never make any adjustments to the pivot assemblies »nless the clamping
screws are loose. Always let the suspension arm with attached masses
swing scveral times when making setscrew adjustments to let the flexures
find their least stressed position.

a, Slightly loosen the 10 clamping screws (12) the shoulder screw (30) and two capscrews until
they are snug, but not tight,

m~n
(Ao
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b. Unlock the suspension arm and set the stops (3, figure 5-1) so that the arm travels from +10
to -10 on the scale.

c. Raise the rear by placing a 1/2-inch thick plate beneath the rear leveling screw, Let the arm
swing freely between the stops.

d. Lock the suspension arm on zero.

e. Using vernier calipers, set the upper pivot assembly so that the flexure blocks are parallel to
each other. This may be accomplished by rotating the mast post setscrew (26) which pivots the slide
mount (14) onthe shoulder screw. When the blocks are parallel, tighten the shoulder screw(30) and
capscrews. Lock the jam nut of the mast post set screw (26).

f. Unlock the boom and let the suspension arm swing freely. Relock the arm on zero.
g- Tighten clamping screws (12)in the order shown in figure 5-9. Clamps should be as flat as

possible over the flexures. Do not tighten screws excessively, but aim for the same torque on each
screw,

‘ 0 R - 2
' n 9 2l Tl 3
: B 19 ': )
5" ' ~:
" 2

LEFT SIDE RIGHT SIDE

Figure 5-9. Securing Flexure Plates

h. Unlock boom and set stops so pointer will swing over the entire scale, Let pointer come to
rest, If pointer does not fall on the scale zero +3mm, center the boom with the set screws, (1, fig-
ure 5-1) on the lower pivot assembly. Run in the proper setscrew until the pointer moves, then back
the screw out. Repeat until vointer is within t3mm of zero. Make only small adjustments with these
setscrews,

i. Remove 1/2-inch block from rear.
j. Rotate rear leveling screw approximately four revolutions to elevate that end of the seismometer
level, Time the period and make adjustments on rear leg until period is between 15 and 20 seconds

and stable. Lock rear leg.

k. Perform tihe period versus mass position test as described in paragraph 5-19.
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5-54, REDPAIR OF MASS POSITION MONITOR ACCESSORY,

5-55, REPLACEMENT OF LAMP,

5-5v, o replace the lamp located in the mass position monitor accessory lamp housing, proceed
as follows:

a. Remove the bayonet-base lamp from its socket by using a pair of tweezers and working through
the aperture in the side of the lamp housing.

b. When the lamp is free, hold the open lamp end of the housing downward and allow the lamp to
slide out,

c. If it is necessary to remove the lamp socket, use a pencil or similar object to push the socket
and retaining ring out of socket end of the housing. Otherwise, install a new lamp using the tweezers
as in step a. Note that the lamp can only be installed in the socket when the socket is inside the
housing,

5-57. REPLACEMENT OF PHOTORESISTORS,
5-58. If it becomes necessary to replace one photoresistor both must be replaced by a matched pair.

To replace photoresistors, proceed as follows:

a. Remove photoresistor bridge assembly from base by lifting it out of mounting clip. Be careful
not to damage leads.

b. Remove cover surrounding housing to gain access to ph<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>