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ABSTRACT: The development, characteristics and calibration
of a new inductance type . >celerometer 1s i.5cribe- The
mechanical features c¢. ihis accelerometer are characterized
bty a mass unit suspended by a double cantilever heam soring
system, Al excursion of thils mass unit chances tne gajy
spacing of a mu metal pad relative io zn E coil, The r:-
sulting change in reluctance of the ragrstic circult pro-
duces an inductance change in an inductance coilir which
comprises the inductance element in the taun. circuilt of an
FM oscillator. Thus an acceleration of the mass unit re-
sults in a frequency modualation of the carrier freguency

of the FM system. Accelerometers were produced with the
following characteristics:

Range

Damping
“requency shift
Accuracy

0.1g to 38g

0.5 to 0.7 critical
+ 7.5% at full range
bett~r than 5%,

Calibration techniques described include the use of a tilt
table, spin tablez, and shake table.

Explosives Research Department
U.S. NAVAL ORDWANCE LABOR~TORY
Whiite 0ak, Maryland
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This repcert is rart of a classified re. ort 1ssued as re-
cort NOILR-1167. The numbering 3ystem used in this report
1s accounted for by the fact that it is part of a more ex-
tensive report. The purpose of this report 18 to declassify
and circulate on a wider basis certain parte of this more
extensive report which deal with instrumentation develop-
ment of general interest. It may be stated that a consid-
erabie number of the accelerometers herein described were
succeygsfully used on large scale explosion tests., The fre-
quency rmodulated recording system used in conjunction with
the accelerometers described in this report is reported 1in
unclassified NAVORD 2713. This work was carried out by the
Explosion Effects Division of the Explosives Research De-
partment under Task NOL-187.

E. L. WOODYARD
Captain, USN
Ccommander

AUL M. FYE
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CHAPTER L

ACCELER(METER DEVELOPMENT, CALIERATIOM ARD INSTAILATION

L.l ACCELEROMETER DEVELOPMENT

4.1.1 Introductory Remarks

In the early stages of planning for the test, it was
egtablished that accelercmeter records were Lo be obtained by recordirg
™ signals on magnetic tape. The gages wcre to be coupled to field
oscillators located at the respective test stations and ™M signals
from the oscillators transmitted directly by cable to the recording
unite.

In determining the type of the accelerometers to be used,
it wvas considered advisable to require s unit operating on a variable
inductance or variable capacitance principle. Other types of accelero-
meters would have required a relatively camplex oscillator design which
had as yet been undevelcoped. Time limitations were such as not to allow
for such development work to be undertaken. A further consideration

vas the possibility that increased complexity of the oscillator circuit
would result ip reduced reliabilily.

Ar extensive survey was made throush various comopercial and
goverment agencies of the avallability of an accelerometer with suitable
clectrical and mechanical properties. Units with the frequency and high
sensitivity characteristics required for a large number of gage stations
could not be located. Further, those commercial units which would have

been satisfactory for some of the stations could not be obtained irn the
time required.

An experimental and theoretical research program was there-
fore established at the Naval Ordnance Laboratory (NOL) which resulted
in the development of the accelerometers used or. the test. The final
design was ccmpleted in cooperation with Schaevitz Engineering cf
Cemden, R.J., where ail of the units required for the test were =anu-
factured. The instrument is now available commercially as the
Schaevitz Accelerometer, Type B.

A comprehensive ctudy of the gseneral properties of the
gayge was conducted at NOL. A summary of the research and testing program
is presented In the following section of this report. Individual
topics are gen2raily unrelated; hcwever, an attempt has been made to
offer somc degree cf continuity in the order of presentation.
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4.1.2 Design Specifications

All efforts vere directed toward producing an accelerameter
cperating on a variable inductance principie and capable of measuring

lizear accelerations.

The desired mechanical properties were:

(a)
(v)

(c)
(a)
(e)

(£)
(8)

(n)

Vibratory system to have one degree of freedmm
wvith lipear response characteristics

Full-scale sensitivities from £ 0.1 g to ¥ 38 ¢
for Loth vertical and horizcontal units

Rescnant frequency as high as possible
Darping between 0.5 and 0.7 of critical

Variation of sensitivity due to temperature
changes less that 2% between 32°F and 8P

Accuracy within S% cver the gage range

Accelerations normal to the gege axis o
introduce negligible effects

Over-all dimensions riot to exceed 3 in. in
any direction

The necessary electrical properties as governed by the
characteristics c¢f the recording system were:

(a)

(v)
(c)

(a)

Initial !{nductance approximately 130 mh at 4 k¢
to 10 kc

Q ¢of the coil greater than 10 at 4 kc to 10 k¢

Inductanre variations of about 15% correspond-
ing to full-scale accelerations

Double stops to iimit frequency range tc a
naximm of ¥ 10% of the center frequency.
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%.1.3 Description of Gage

Based on ‘v foregoing requirements, the accelerameter
design evolved by NOL and Schaevitz EZngineering had the basic fcatures
outiinsd schematically in rig. 4.1. The instrument consists ¢f a metal
housing withir which are mounted an inductor and tvwo cantilever beans.
The beams are lccated directly above one another viin a mass centrally
supported betveen them at their free ends. Fixud rigidly to cne end
of the mass is a Mu-metal pad having a high permeability. A sensitive
rugnetic c.vcuit i3 formed by l-cating the Mu-metal pad in clc - prox-

ty to the inductor. Aligment of the various elements of the
instrument is such as to afford a single axis of scnsitivity.

When subjected to an acceleration, the movable mass and
Mu-metal pad undergo an excursion controlled by the bending of the
cantilevers. The motion of the Mu-metal pad changes tThe gap spacing in
the magnetic circuit, resulting in a charge of magnetic reluctance.
A measure cof the reluctance change is the corcresponding inductance
variation of inductcr E-coil. The gage is coupled to an indauctance
controlled oscillator vhose frequency of ¢scillation is a function of
the dispiacement of the Mu-metal pad from equilibrium.

To provide necessary damping, tbhe instrument is filled with
a non-corrosive damping oil. A oecprene gasket separating the fluid
from a vented recess in the cover plate permitse expansion and con-
traction of the fluid.

A double stop is provided limiting the frequency range as
required to + 10% of the center frequency. The purpose of the stop
meclianism 16 essentially to prevent damage to mechanical parts due to
exceosive accelerations and to prevent the subcarrier frequency from
going out of its band and interfering with other channels.

The final model weighs approximately 0.7 1lbs, and hags over-

all dimensions of 2.1 x 1.5 x 2 inches. A photograph of the instrment
is shown in Pig. h.2.

%.1.4 Spring-Mass System

cxtensive information can be found in the literature~"~4 on

P.M. Morse, "Vibration and Scund”, McGraw-H:1ll Bock Co.
. Timoshenko, "Vibration problems in Engineering”, D. Van Nostrand Co.

[73]

R. J. Roark, "Pormulas for Stress and Strain”, McGrav-Hill Book Co.
Gross & Lehr, ‘e Federn”. VDI Berlin.
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tia daflsciion mnd vidrstion propertizs of cantilever spxriigs, geosrelly
claisified ez fixad-froe eame. The response «f a double captilever
sy.tem with simple mass load at the free endsz, as wssd in the gage,
closely ressghles that of a single camtilever with both axial and latersl
losds. The coupling of the free ends by tia terminal mase restrictas the
frevéom of rotation by iatroducing an axial force which iz a function

of tiw deflaction of the springs aod the relaiive spacing Latween tham.

A doudle csntilever gysism vaz chosan Lscause of its
stability sgainat tarsional and rotationsl effecte. Thies feature was
highly Geairsble in ordsr to minimirzs potentis! extiranecus sigpals whan
ths instrumsnt is subjected to accelissaticns in randcm directions.

Ths various paremsters of ths spring-mass tystem were deter-
2ised espiricelly. In general, it wes mecesgory to vary only the
spring thickmess for &ifTersal g=g: rotisgs. Bocause of its low
tazpereture coefficient, Wi Span-C was used for the spring material.
To ineure unifors electrical sapeitivity for various gsge ranges, ths
displacement of iths maes vmder posk reted eccalerations vas Gssigmed to
be tie ssme in each csse, vithin resssomabls tolarences. All displacessuts
of the mass undar opsrating coaditions ware smai] g0 thet the lioeer
strass-strain limits of the springs were not sxceadad.

£.1.5 Hageetic Cirouit

The inductor of the gage ccrzzisis of s E-coil mounted in
e mstal bousing and cemmated in positic: by s potiing comgermand. The
B-coll is composed of a ssrissz of E-shayed Xu-metal lauinations bourd
togethey by an electrical coil voumd aroend the center arms.

Po insuwre the required high persadbility of the Ru-mstal pad,

s Naofiaing process was macessary. The pads were heated i 3 furnace
bax to shout 2,100°F. While the tespersture wss steadily increasing &
stresm of 2pecialiy 4&ried hydrogen was introhiced. The unite were then
kept at 2,100PP for a period of S howrs. Following this #osking treat-
=snt, the parts were ther cocled in a similer streem of Rydrogen. This
entire procese increased the permeahiliity of the Mu-metal chiefly by
reRcing impurities (mostly carbon) frum the alloy.

The E-coll and Mu-sstal ped of ths gage camprise s magmetic
cireuit whoge reluctance veries with gap specing. A corresposding
varistion resuits in the inductunce of ths E.coi’. Shown in Fig. 4.3
is & typical le of the relation veiween inductunce L and gep
spacing &. ¥ig. 4.4 shows hov the Q of the gage coill varias with gap
spasing, wvhere Q is a messure of ihe emergy loss ip the magvetic circult
per eyels of AC cumrreat through the E-coil.

-2‘/;_



Ar sxporizantal aludy was mods of the sensitivity of
imduotencs to trunsvarse and rotsticmel motioms of the MNi-metsl ped.
The rnsnl a of this study sre swmarized by the ssries of coxtours in
Figs. 5.5, 5.6, snd 5.7. On the besisz of teese resulis amd olher
a.uilin.ry tests, & gap spacing of 15 mils waa chosen as most practicel
for the gage decigs, ¥ith 4= pod déflsctiomn to te 5 xils st an acosi-
eration equel to ths gags Tating.

For the gage oscillator, s shunt-feed Eo—lsy eircuit was
used to xinimizs any magnetic atizracticns thit would result fxc= DO
cuwrrent r=saing throuwgh the E-coil. Ik the case of the 0.1 g z=gs e
magnetic effect proved to os zarious vhem a series-feed circuit wes
first used.

4.1.6 Caliteation techniques

0f the various methods evailadle for cslikretior of ascels-
sramters’-7, three were applisd in the pesssxt case. A s3in table en
tilt table penitted independsni static csilvretions asd & chaks table
offered a =ans fcr dynamic calibratiom.

i

D to the wmavatlaRility of & cemsTeial unit vwit
required time limit, a s;in tadls was 4&ssigasd and built ﬁtm ?ni
unit wvas highly st:bh_. well balanced and easily tranaportedbls for
field use. Xpcorporsated in the design waa thaas uss of a positive specd
contrcl which minimized & and hunt and allowsd Zor guick adjustmaxts
to exact spreds. A reprt pow in preperatica dmacrites in detedl the
construction and oper=tion of the spin tabls. A photogreph of the umit
is shown in Fig. ».8. In principls, aa acoclexumster is moumted om
an arm vhick is pivoted st ite center and rotated i 2 Morizontzl plass
at & constant angular wvelocity. Thz sccelsrstion applied to tha gage

7 Armour Ressarch Foundation, "Study of Eetdods of Celilbration of Accel-
excaster, Velccimeteres and Displacemsut Gegss”, Proj. 30-534, Oct. 1547.

6 8. lavy, A. B. McFosrson & E. V. Eobbe, "Calibration of Acoslercesters”,
BuStds Res. Paper 1 Vol. k1, Fov. 1948.

7 8%athem Latorstoriss, Mcalibration and Test of Accelercmsters” 5

Instrumect Fotes Yo. 6 Imc. 1948,
8 R. G. Quick, "Spin Table for Celibrating Accelsrometers”,
EavOrad Rpt. 2%01.




is a = rd’(“, vhere - is the aistance of the instrument from the

center of the arm and W {s 2 TV times the frequency of rotation. PRy
menans of a tachometer gensrator geered to the drive shatt of the am,
an accurate measure cf the speed cf rotation of the arm was availahle.
Balancing of the arm was accomplished by an adustable counterweight.
Accelerometers -culd be m.unted at a distance of either 9 in. cr 11 in.
from the center of the arm. The speed limits were 17 to 430 rpm, so
that the cver-all acceleratirn range was about 0.08 ¢ to 59 g.

The tilt tsble used was a standard univeyrss) dividing head
with sensitive levelirg adjustment and a vernier scale for reading
angle ¢f roteticn. Accelerometers wure mounted on the flat plate of
the heua and rotated tc an angle such that a fractiona. camponent of
the earth's gravitational field acted along the oc.c-’!*ve axis of the
gege. (See Fig. 4.9). Because of its range iimitations, the .. °
table was used for gages vith ratings of 1.0 g or lover. Lkxcellent
resolution vas available for calidbrating 0.1 g gages.

The suxiliary electronic equirment required for static
calibraticn ccnsisted of the gasre cscillator, ean oscillic3ccpe, and a
variable reference cscillator. The "age oscillatcr wvas coupled to
one set of plates of the cgcillivsccpe and the reference oactillator to
the other set. By means of Lissaious patterns, the fregue:cy changes
of the gage circuit were easily determined. A simiiar techaique
vas used to determine the speed cf rotation of the spin table, where
the ocutjput of the tachometer geoerstor replaced that of the gage
o3cillator.

The acceierometers wvere calibrated dynamically usisg an
MB Model C31 Shake Table (see Fig. 4.il). Rigidly fixed to the table
bead, the gage was sudbjected to a forced sinuaridal motion of ‘mrious
azplitudes and frequencies. Autamatic control of this mction was
possible such thet the acceleration wvus constent over a contin-uum of
frequencies. A measure of the exc:tat:on of the .uas ¢ was gained by
meens of a velocily meter whiuch forwed an (ntegral part cf the vibratory
system of the table., The xase osc:ilialor waua ccipled to an PM discrimi-

nator whose output voltoge signale vere used for analysis of the gage
character:st!cs.
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In the early use of the shake tadle, a problem of correct
interpretaticn of the output data develcped because <f the non-linear
transfer churacierigtins of the gage. Howerer, further investigation
showed thet the peak to peak output signal of the age was linearly
proporticnal to the input acceleration within 2 to 3% over en entire
gage range. Thereafter, a vacuum tube voltmeter reading pesk tc peak
voltages was used for recording guge output signals. All frequancy
respcnse atudies were hased on this peak tn peak data.

A tvpilcal normalized response curve iz shown in Fig. 4.11
for u 10 g gage subjected tc a uniform 10 g input acceleration over a
range of applied frequencies. The same response curve was found for
constant inputs of 5 g to 7.5 g. For comparison, a thecretical curve
is shown in Fig. %.11 by the solid 1line, corresponding tc the response
of a one-degree-cof-freedom system with pure viscous demping. The
theoreticel curve wmg calculsted to coincide with the experimental curve
at Ub/al- 1. The good agreement between the two curves indicates
thnat the gage response to sinusoidal excitation may be analyzed by
sixple linear theory.

In the design of the accelerometer, it was necessary that
the damping factcr @ ve limited to values of between 0.5 and 0.7 cf
eritical. On the basis of the foregoing agreement vetween theory a-..
experiment, the @ for any particular gage could be evaluated by
determining the ratio between the gage output sisnals at u)/“)o - 1
and W/u}, < 1- According to theory, this ratio is equal to //29.
In gefieral, good results were c¢btained by this method. However, some
problems were encountered at low frequencies because cf distortion in
the vibration of the shake table.

A phnse comparison for determining e was devised which
fave ~od agreement with the foregoing method. After the natural
frenuenc; was found, this techrnique permitied all peasurements to be
made nt e single excitation frequency chesern in a range outside of any
sinfuwiar difficuities awscciated with the shake table. A repcrt” on

95 0. Culling, "A Phape Ccaoparison Technique for Determining Damping
Coefficients of Accelerometers’, Mavird Rpt. 2342.




this method is now in preparation. The method in essence may be
deecribed as follows. Consideriug peak to peak cutput, the accelerc-
meter responds like a system of one degree of freedom vwith pure

viscous daxping. An electricel ejuivalent of the accelerometer by means
C, R circuit can easily be devised. It has been srhown in

of a passive L
the litersturel® that for minimum-phase networks, one of which is the
ejquivalent accelerometer circuit, there is only one posesible phase vs
frequency function for a specific amplitude vs frequency dependence.

This leads to the possibility of comparing the accelerometer phage with

the phase of an equivalent electrical simulating circuit. In this
respect, the non-linear transfer characteristics of the gage do not
influence its phese response and therefore a direct comparison may be
mede between the gage and simulating circuit. Common reference for

the comparison wes the signal from the velocity metler of the shake table.

A nul technique by means cf Lissajous patterns was applied to find the
required similating circuit having the same phase relation tc the
velocity signal as the gage output. A simple relaticn between the L,
C, R parameters of the equivalent circuit determined the desired
damping factor of the gage.

4.1.7 Demping

Early models of the accelerometer showed evidence of non-
linear damping properties. It appeared that the damping factor @ was
a function of both the initial gap spacing in the magnetic circuit and
the amplitude of displacement of the pad under mzotion. A study cf the
problenm indicated that this effect could be eliminated by having the
vpole faces of the E-coil extend O mils above the level of the potting
compourd. Records for a series of free-fall drop tests taken with an
early and final model of the gage are shown in Fig. 4.12, indicating
the results of this change in the design of the E-coil. The patterns
yielded by the final model are independent of the gap spacing. It
might be noted that there is an excessive curvature in the respective
signals. This was due to a characteristic angular motion of the
recording pen over its range of motion.

The dumping {iuid used in all of the studies and finai

design was Dow Corning DC-200 Silicone 0Oil. Extensive measurements were

10
HE. ¥W. Bode, "Network Analyecis and Fecdback amplifier Design',
Bell Telephcne Laboratories.
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made tu determine the proper viscosity required for each individual

gage range. & group of simi _sr geges, vith the same viscoeity fluid,
vas found tc have a variati » in (@ of about 20%. These differences
are possibly 2Que to tolerances in the clzarance between the wmass and

its channel cf travel.

The variation of (3 with texperature was investigated to
obtain infcrmation fcr expected field test conditions. For pure viscous
damping. @ is linearly proportionsl to the viscosity of tke damping
fluid. Thereiore the temper-ture variation of viscosity for DC-200
£1luids given in commercial literature alsc determines the correspording
variation of 3 . A study of viscosities from 20 to 1000 ceatistokes
indicated that s single normalized curve'yt/ﬁ, ve T could represent the
entire group over a temperature rangc of about 7°C to 50°C, with a
maximum error of only 5%. The normalization factor M, is the rated
viscosity at 25°C. A plot of this curve, designsted as 9/@. vs T
because of the linear relution, is shown in Pig. 4.13. With the aid
cf this plot, estimates of © expected under operating conditions
are easily found from values of Q meagured accurately at ccuvenient

laboratory temperatures.

011 leakage from a gage may at times be serious, depending
on vhere resulting air bubbles become trapped. An experiment with one
unit indicated there was little effect even when 25% of the damping
#1244 wag lacking. (The total vol of fluid contained in a gage
is 15 cc). Thie test consisted of determining a frequency response
curve and a characteristic damping coefficient as compared to the data
acquired when the unit was full. 1= general, even though possible
effects may be small, extreme precautions were caken in the cil filiing
technique to eiiminate any air bubbles, and the body of the gage was
coated externally with a clear lacquer to minimize potenmtial oil leakage.

%.1.8 Resonant Freguency

A prime requirement for an accelerometer is that its
resonant ‘requency be severai times greater than the camponent
frequeicies ~f the acceleration tc be measured. Trerefore careful

consideration of this prcperty was necessary iu establishing the
design criteria.

Barmonic mﬁign cf a simple vibratory system is governed
2y the relaticn a = W¥TI<e<d, where a is the peak acceleration. { the

.
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frequency of vibration, and & th~» peak displacement of t*~ mass of the
cystem. Por free undamped motion f represents the natura. frequency of
“he system. As mentioned earlier, the parameter d for the accelero-
iwetere wvas specified to be 5 mils at an acceleration equal to the gage
rating. Thereforc the spring-mass system in iiseif has the property that

“

2= 2000 a, wvhere £ is in cycles per second and a is in gravity units.

It wvas evident that this relation would not hold true for
the accelercmeter because of the presence of the damping fluld. The
Instrument was designed with all of the interpal parts completely
jimmersed in the fluid. Twvo effects were to be expected, namely buoyancy
and lces of energy due to mction of the fluid. This latter effect would
appear as if a virtual mass had been added to the mass of the vibrating
system. The resonant ‘requencies of various gages measured experiment-
ally were found to cloisly follow the relation f2&= 1000 a. A plot of the
data le given in Pig. 4.1k. Since £2 is proportional to l/m, it is
seen that the virtual mass added by the presence of the fluid was equal
to the original mass of the system.

The resopant frequency of the accelerometers vas determined
by means of the shake table, and was defined as that frequency at vhich
a gage cutput signal was in phase with the velocity signal of the table
head. According to lipear theory this frequency corresponds to the
natural undamped frequency of the system. Therefore, for the case vhere
the mass 15 immersed in a fluid, it may be classified as the "virtual
undaaped”" resonant frequency. Taking into account the effect of visccus
damping, the resonsnt frequency is decreased according to the relaticn
f =f,Yl -@< for free ceciliations and £ = 2, i 1-2 is 2 fcr steady
state excitation, fy being the "virtual undamped” frequency and @ the
damping factor.

4.1.9 Transfer Characteristic

The accelernmeter is an electromechanical transducer. Its
~ransfer characteristic is the relatiocn dbetween tke occhanical effects
ing measvred and the electrical sigrals produced.

Prom eiectrical. theory, the fregucncy of the gage coscoillator
varies as _L , where L is the inductance of the Z-coll for any particular

position ¢f the Mu-metal pad. Dencting the initial values by f, and

I‘b’ it is seen that as the inductance varies duc to the moticn of the

ped, the frequency will very according to the relation ?_ =¥v . Since
s |-

the mechanical properties of the spring-mass system are linear, the pad
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displacemsnt is directly proportionmed to the appliad accelsration in the
cese of atatic Sn}ibnticns. Using the L vs @ plot in Pig. 4.3, o

corresponding O vs e cwve vas datsrnined, vhere ey is the sccel-

sratiorn rating of “the eage corresponding tc a 7.5% dscreess in frejomacy.
This curve, shown in Pig. 4.15, ia the transfer charecteristic of the
uwnit, eand it is essentially nom-linsar. Yor _& < +1 axd -1, it is seen
thav 1;.'_"_ = - 7.56 and ¢ 5.5 respectively. ore, when aneiyzing
gAge ncgm vhere the amplitudes are propartiona) to the frequancy
changes, it is necessary to use & calidration cuwrve of the type shown

in Pig. 8.15 for conversion to equivalent accelsrstions.

Beczuse of the limited time svailalile for the dsvelopment
of the accelsromster, no effort could de mads to eliminate this non-
linsarity. To 4o so would have required dasigning a magretic eirouit
such that the inductance varied ss 1 over the region & operstion.

a
Coupled with the property that £ varies u’,lr, the nst result would
have been @ linsar transfer charactaristiec.

It 1s often dssirable to integrate accelsrstion records to
find velocities and displacemsats associated vwith the phencmens deing
studied. However, bdecause of thes asymmstric form of ths transfer
characteristic about the equilibdrium position, the integratiou errors
fram positive and msgative phases would dbe cumulative. ihere & gage
record consists of a series of positive and negative signals, it {s &d-
visable to linsarize the record by sither electrical or mechanical means

before integrating.

As mentioned earlier, a property of the accelerumecter wss
that peak to peak signals were limsarly propartiocnal to accelerstion.
rig. L.16 shows s plot of f+ " f. yg & .orresponding to the dats of

3 b i}
Pig. h.15. It was assumod that eimu 5i4al accslaystions of various
magnitudss wvere spplied to the gage, and the resultant maxizum osciliator
frequencies fe¢ and £- were determimed by the transfer charccteristic.
The divergence from absoliute iinsarity is ssex in Fi13. 4.16 to be very
slight and definitely within practicai limits for studying steady
state response properties.
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§.1.10 Selsctivity Pactor

The ability of an accelercmeter t0 resolve only componsuots
of eccelerstion directed along its sensitive axis may dbe called its
selectivity factor. Tests werte conducted using ths ahaks tadble to
vidbrate gages successively in three mutually peryendicular 4directions.

Results indicated that the instruments recorded on an average sbout 3% of
the scoelarations vhen transverse to the sensitive axes, the maximm for

the group tested being 6%. The selectivity factor is campletely in-
dspendent of the errors introduced by improper aligmeent of an eccel-
ercmster in a test position. Potential errors of this type are related
to the angle of misaligment by simple sine and cosine functions.

Anothay measuwre of the selectivity fector vas found vhen
calidrating the 0.1 g vertical gages vith thw tilt tadble. PFor saximm
gage rating of 0.1 g it vas nsocegsary to rotate ths unit through an
angle of 26° At this angle, the camponent of acceleraticn normal to
the gage axss vas sin 26° or 0.0 g. THe camtridution of this trans-
verse effect was 3%, or 0.13 g, therefore resulting in an errcr of 13%
in the gage reading. A simple mrthod for campensating for this effect
wvas found by rotating the gage clockwise and ocommterclockwise and
aversgiasg the calidbration data. For thess opposite directions of
rotation, the transverse camponent acting on the spring-mass system is
reversed, in ons case bdeing sdditive and in the other subtractive,
thus essentially cancelling vhen averaged.

3.1.11 Temperature Dependence

As mentionsd earlier in this report, there is an increase
in &smping coefficlent with dscreasing temperaturs. A question aross

as 10 vhether any other calibration factors were in some way temperature

dependant.

A group of M2 gages consisting of 3 horisontal and 3
vertical units of each of seven accelerstion rangss were checked for a

possidbls variation in sansitivity with temperature. The test consisted

of Astarmining az and @ at room temperature (about 27°C) and at 2°C.

The symbol op refers sgain to the gage accelsration rating amd Py
ccrresponds to the percent frequency change that occurs vhen aa accel-
eration equal to -ap 1s eyplied to the

—

were those taken at roam tempsratwre. The msan dsviations for the k2

gsges wvere 2.46% and 3.08% for ay smd @Pp respectively, and the standa.d

‘mq.

The test data showed random
differences in variation of A% apd & , Yhare the reference valuss
D .
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deviations were 2.33% and 4.16%. These randcom a3ffects ere in all
probadility due tc a&n irregular cumbination of the verious coefficlents
of volume expuinsion.

A dsfinite tepperature effect was noted by s shift of the
center frejuency with no applied sncelerations. In Ml cases of the growp
tested, the center frequency of 3.9 k¢ vas {ncreased dy an average of
¢ 0.5%. In an attempt to locate *be source of this shift, a group of
five individual B-coils was checked over the smis temperature range.

The increase in center frequency of 3.9 kc was 13, 1k, 14, 15 and 15
cycivs, vhich vas an average of about ¢ 0.364. No axperiments have been
conduzteé to estadlish the cause for this characteristic in the EB-coil.
In gems.al, the effects of this property wers not sigrificant in the

accuracy of an scceleramster, provided the center frequency was sccurstely

datermined for sach particular test.

§.3.12 Accuracy

A mmder of posential sources of arror have been descridd
in the variocus sections of this regort. It is bBelieved that in gensral
the instrument can bs used to y1eld accurscies of 5% and better. This
sccurscy is naturally subject to the use of the instrumeat in the
frequency ranges considered satisfactory for sccelercmsters.

Over a pericld of several months, & search wves made for
possidble aging effects in the gage. No evidence of such effects were
found. Small rzndom 4ifferences in same of the calidratiom factors
wvere noted, dut these were within the iimits of the accuracy of msasure-
ment. Pending tests over a longer period cf tims, an assumption that
the shelf life of the arcelicromster is indefinite appears reasonadls,
in view of its general design featwres.

4.1.13 Recommendations For Purther Development

Because of a critical time element a number of features
were incurporsied in the desigh of L inzinmmsiut without bSsing fally
explored. In the svent further research is possible, secveral directicas
for improvement worth considering are as fcliows:

(a) Modification of the Amwmping systam such that the mass
of the vidbratory syctem 1is nct imsmrsed in the
daxping fluid. (Rliminating the virtus) mass effect
would tend to ipcrease the resonant frequency by

possibly LO%.)

e e T

=

l

< > —




(P} Design «f « segnatic circuit such thet the inductence
of the E-.coil variss inverssiy =3 the savare of the
gep spacing over the reglon of operation. (This
vroperty would insure a linesr transfer charscteristic.)

(c) Zxploring the possibilitiss of dacreasing the pesk
displacesesat of the Mu-mstal ped corresponding to
thi gags acceleration rating. (A decresse from
5 mils to 3 mils would resull in a resomant.
frequency grester ty about 30%.)

(¢} Determination of the optimm wsight and geametry of

ths nasz of the system to miaimize the virtusl =eass
effect of the fiuid. (Higher resonent frequonciss
vould be available for values of m¢ less then unity,

22 found {n the jrussst design.) )

{e) Investigation of the effectz of greater beme thick-
ness for the camtilever springs in ordsr to ainimise
the selectivity factor. = '

The foregoing fielda of study are recceamsndad as possinls
nethods whereby ths dasign of the accelerometer nay be improved. The
instruwe:l in its existing form was found to be quite satisfestory for
the purpose intanded and should prove to be likewise for amy sisilisr
test progrsm requiring = varialle inductance accelercmster.

e
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Fig. 4.3 Inductance of Ccil vs Gap Spacing

i = 6L

|

R

U 74

e e - m—— ® .-




G0

40

POy

T ieanae

30
GAP SPACING ( MILS)

20

10

Pig. b.b Q of Coll wvs Gap Bpecing

- 59 «

] .l :
gt
2 Y “. 4 .qgl:sl L L o ¥
M
X
]
!
i
_ .
I 11] ﬂ TTIT] ) 1 ) T
| g T Tt * 11 ¥ 1 T
: pOSH &
. - et b H
; o ] & }
i gesenasgnsivea I
m OlrL w ! ' 4 -1 - "
] i L
3 T
i lﬁ“ra
J S|
; AgRsgsRansyin
_ & s 1
i ka.f 3
| Hlv%. L 4—4-4 -+ 1 .
P .L....TI hl a8 B
._ SEnganne -+ 4 w
| u.|+ 1T Hl + -+
1
= +4t 3 11
133 KW M - 4+
11 _ :
7 aEWE
&% B
o i : I
| 431 11t :
3 b
H LM.*MU. i1 -4 -+ + + N o Y
..J_l..;T».& .X*< + w - g r...”‘ p - “
i B WD sns . i T
it 44+ : :
HHHY } -t
ne 8 . nsiy ne
— 4 -+ 41 1 t T 4
H BB ! 1 1 v 4 1t T
H g33sc aisconianaa: HH
] .Hm“.-..fl + .mlwlu_—.q - ...I._..". 444 P .A.IM . M.L
[} R ot 7 + = 8. :
) 111 ot + 4§ m 1 1 ! bgu
{ assr - " B ane ; T 18 B B gan
{ } o o o 4 =
” 1 3 s b 1 -
Pt T T L M . 1~
! 8 B 6 DS 1 11 1 t 1 t
“ [ © r~ @ 0n < () o~ -
' o
)
!
§
L
|
¢ ; Y
. -




o ———

——
. e m——
—— oy -

L ———

- —
- o

o

..vfh..m-.m%.-_ﬁ Tt M 1 T T T
" 88 snsus Hqas
o T sapgasedutensiyistpn ST
e t L 1T T -t on T ¢ 1111 v
P..H._ - 1vﬁ1 ._m.. . .mmf vrl_ll ] - ] F 1 4 3+ <1T#w ._In 44 H.u—. “ 4 .ml*lw ] m
snfeddsuade 0o g wed § 8 0 RS ol 5 ™ 14008 BESE 86
it b R
H g W 1111 ‘v...II{. T ¥ B
.w 1 _.IL.HW.._n* .llw - T o i By ”_v.“l..ﬂ.__-ﬁa B4+ L4 + 1 - m
o R beaadiaitl ndatod: S R e aasensans: 8oy t 3T
ot HH T T boqu Se4 08 8 T 8 sapnl s
.-‘- TiT ruﬂ. ._ﬂ TEHIT 44 Ingas me ! : 7 8 111 .
SHTREE H afises ine Sagnasseunass 488 ma e =
BE Ay igadanas: W.‘#.:rll. ] - 1+ H ' - - (73]
=t 11 8 4 ar t X "
R B : 3
- i e - 4 4 4+ 4 g b
i T i o -
R : ¢ cuish adv se?s FHfHe &
- ....._.+...L 43 1111 4414 + 1 oAt = m
T e ;.A .u..?.fﬂ,. |wm d i ‘ 1..._.1 rI-m .+ #“ L] ->d+“ m
R0 seefi s beeangeatsass, $85%adt0ee: AT AT S 5 33 45! W $
'xvmﬂ.f. g #rn” T ELL . T } SRS t 4 h
S Sezsssses ++w~ segspeaLy 8 o HAHH 4 dapeeite i o w -
1 (L Ra 8N 1 - < 3 B 1 2 8 2 e ¢
S SrinfiniafantE 3
II..”. T -+ 11 Iﬁﬁ" ..T;.TA. s Y 44 e " ua m Biee r.._vu_. ..— O
b+ - v g S I + H ! . 111, : !
”n. -y - )1 m I T3 2 i T * ot | - L z
- Hertr i HET .t A ¢ Iagess sa e w
gitesssteitatot sas ] i R :
T.MLL- g ‘...w...‘. T .-I.T_...'vvl_. H 1111 1TH 1S qupanss b w
i RN B i i clas + I8a. TR-H
o S R HH . TR0 9
ﬁMuWH?..I. ._IL.."%HHW - r v u;.- ?“l phaah + - ‘_ﬂ‘w YH 1 n sash ¥ 1»1 m d
Eibserymoesttatoppassasssisats R {H IR E R
T TR R M N0 55, i s A e "
mpﬁuar 1 i s H.'& A3 { 5 _ s g X Trﬂw 18} S Q m
ppdadfobl nheal e 4 I -+ n e o G I 1 08 e : it .
T R THE 3assass Ea I8} WIREEY Sevags s J325s t2ess: sT3 a
6 B PEni s e A +“HLﬂﬂdz qadsaspdp t BUBEE: yushes; s 189, '§088E SES S Y
: v | T = 2 1Tt W W 7 41 A te gwaE .. N
Seabitatdaateninnyis (E HIE slgets Sads §5as: sast: S85ec 1343 BN
aahEed Ml _ EEOERS 111! - i ne
—E s 1133 b+4+4 1 Hl—.. .ﬁ 411 - o sakas 1o i@ e
I.ru_..Y«n 1+ Hc.#ﬂvmx -+ t+ Re M*H o] w
..”u.ﬁ.ww..” T : M,.ﬁwm..r...: ghahudgnns s HHH T 1 L L 19 a
e idegiecsins: e HICHETHY : T § LF.
-T.o...-.l. - e i .r rgd e e + bt 1 b+ ME .-r.“ f
OIB: TEL M.. _.._.1r+|m L .3.. ....u.my.« 11-1_ t t nulﬂ Y 1 ahgges §HQ N .W,Lw ' u
w il 11T M.H 1 +H+ 1 T b4ty : @ Ivjn.*l 0 §e ._'.H 1] '“
i M - S -
w w o 0 1l 115 11T ITI 1 |ﬂ = g .u.
o o T o~ o X111 1T
N o o - w w
~ o© g o s 5
- s b 9 oF, F 4
o
L]
]




i et R T U PR

350

T T =TT T 85 TIT CITITE [ [T
o4 HH LT IBERGEP" - 08 g pEas N s 111 ser b
+ 3 —tt- {4 - 41444 i +d-14 44 L .
H 4444 +- _ 4444 . : : t -
' H15T BERRAANE .Iﬂm.....n . T 14 I,.‘hx u..iJ H i ﬁy .
t an 1 111 bt 1 ran ,“J_ + I 41+ £+
b -4 + . 4t 1+ 41+ t -+ .....“ 1 ,._.|l ol
_ llIIh‘L sh m b Jenpan’ o8 - - 1 u I .l.ﬂ o
_ - 3 o X . BB %
] =4 4 ++ 1 - ty...l ﬁlH - + T |” Fﬁu -
T 1l | o & [ -+ 44— +h4 14
~ -+ LJ'LHx NNV S r.l 14 m + 1+ w
H sa ssns b6 s 88 y - =
! B - o . e + 4 S H + 4 M
4 b 44 T...Ll& + + - + “”uvo.l o)
] ot b 24 ) & =1 - uv = -4 ¢ . H1T o5 ﬁ o) =
} aes +4 44 44 + : ! __—1 D &
I ! | : TH-
| Bise aaces Spsay ! jassssncs . gasigseds AT
-+t 11 rH. Lf;\&l -+ 3 REE 1 1 N
n | atanirdatd Bateanidnas FHIH : t SpEh
i 0 8 ISEBEe 4 444 +1 H1+ ssasse
{ sagisisan) .\ ! 5 B W and : rx;.h s o
m §ESLIREREA | aubue a8 § [ )i ugissaces sas susdassa P
b4 -y —po . JEERSS -+ . ; _ 3
H R I T thi i g1 sduups
. + 4 -4 - - p ¢+ = e EE 4 T] -
; TR 28 ssagagnsaans . i P w
4 @ B i th - . b —t— 5
T . -
] 44 ~+ 1 ++ .Jﬁ 1 oAl MI U._.!..W..+.+HH M
luv 5l : - ] B bt 4 “ + 4+t 1+ “++rtr m.?] (@]
] o nEdgEr e bt . e to - +++ +tr-1t++ o m
{ T : T 1 3 T T aTh:.u
: al 4 T -4 “fpt-t-b b + ++ FRENT l_¢|+.. 0
} Pt 4 A b4 4+ 44 b 44— - 3 —11... - T+ s ,_1 O
4 IH.I.[. ﬁTo ¢.+L [ e * 3T z
H- 41 '“1_1 1+ - i g CHAH H 1] 1T agsenn >
ssschEsasiatasiaedtisiiasil 3 HH  1333E355 12888 Baens B
1= $ u w!H“r 1 4444t W 1T Ju r.‘..i Shis Tt '.&il. Heo m‘w
w4w1 ‘m H«oL;I-m.._vL:I.v [ - IS . + 00O
r - n H - ¥ Sy - -+ t H .._v.-. - . 4
f33ai fkairanazanazs @ H T AN R Y o
y .TM._. {4+ + ,H.. 4+t M . ...i“l” .l._” : T TIe ! M
: (111 3 - 11 } t oo, B \ 7
_ + et - »... P 4 44 b 4
T 1
13

*
4- +t+1 T4 4 EAE:
N B e : g _ os. sasam sl
i + ¢ =4 T Il i F JEERS. " Ny
. | TH - e NG AR R S8a “gge A
A } 15150 .1ﬁr~..l N T b 1881 + —t -+
} L_L.lﬂ* -4 1 Ses 1 T i 1 4 o 4t g * + A+ 1
t ggasidasapaiasaptiags " st H 1t NN
! + + 4 - + + 1 5 T I 44 4+
EEREERERNG S8} T 4 1 T 1 11
} { P B = ] . -lxI ol | |8 14 ju s +y O
' B PO & B 1 i +-H 441 1 It il [ Jo
i 0 B 100 5 B B R ) I |51 B P = o o™
(o] o] '
| g ¢ ¢ & g 8 8 g &8 8
N (Yw) IONVLONONI
)
i
w
: ,. i . 3 5
| i
1

Pig. .6 Varistion of Indmctance Dwe to lateral Lisplacement
of Pad in a Direction Normal to tas Line of Pole Faces

- 57 -

e




-~ - - . - o B> B b st e St e i —— S ——————n. s G e s ©- S
Nocma t8
Wn..; I et o grmv bt s s mesommes,

]
- o~
-
3
- T T *\- T 1 T T M w 3 m L g Pk
3oxs T S 1T 1 A : =
— bt b 441 seEp it ] ags =
aa o HBEBHRARE :
A i -4 - -4 ﬁ.d-. g b b ottt x 1 T
—ﬁ, 1 ?..ﬁ (S = 44 .ﬂ.. R " w “| o
| it issidtspsesiannl ! g @
] 1 T HI.]:I. - -~
L T e : 2 o
w.m HHti u.”m B H  ~
_ 1 11T sdussbadss - ] 2 ; ¥ oW
B 111 5 iy d5 2 11 A M-
~ ot + 33 :
g s ] e : HE
14 H HH + w
”I ..M..._A_ L 1 - - i C
gapis 1o 1.._ : 1 1 w m
. [ 3%s: _
i [y . + . =+ - fe) [
m. H p= 1 O
- 4 t4-4 1 w )
t ! 1 1 : X : e o
i t : : 2 1 & z c *
- 3 t 5 paas <
rlqrxvli : T ! o m P -
i %v 1 3! ] ! ) § e
__ 5 e it SR
1 $ 1 s - paos
H 1 Bedes: wu W U
13 1 e
. .H bl .W:.l + A M 44t s ..IIM.L:”WL- l. rd - u
u_r - +4 4+ 11 1 rwﬁu”“ + . T1 .....t. ¢ N”.. T ¥ -r- th m M .
K E aa - ‘4 ! T geny 88 -
jepisinststasdasetibis HHH H 5 =
It z ! 28 ; :
2 NEsespadd H_“.nlv“il 4 4 } a8 " n...rn. [1 4
ul .I.....[v.l.u _l t m. 1 i Lw 1 _M zu A F
1t S H HHS 1 ...u.%._mb_. V2 >0
~ 8t3 ihastasadaass HHH dE3igtessy Stesiits ot
S ot THE SN sasses ceesdgnassy sas ~
‘..w~< L - 4 i s b w. byt r.ier.. LI"i—.ITw - A
v T rtrs g sunp’ Juaspignaass
HHEE I s ! ; A S iy <
(o] o o O o
w m o) @ < 4 QO °
~ o o~ - - ¢ O o
(Yw) 3IONVLINANI o
b s

i e et et St e+ e o droe b8 .




e —wr e T

- — il ’ _;H—”?;- » 3\ -

- L

rig. h.8 POL Spin Table Used for Static Calilratioan
- 59 s

1 m‘”l
[ i

i
i

?
!
i
;
}
t
{
}
*

|

!

|

i

i

[

{

|

i

b

i

i



Y
- —— e
—— = e o
- ————
~ '.l.!loll._..d.!:.i...f . —

Pix. 4.9 TLIt Table Used for Static Calidration

-l e maaa

i




———

-

Pig. 4.10 MB Shake Table Used for Dynazic Calibrations




“.
: -
p ~ PR+ e etr g o 5 4 % o e o e Sy

.L-!l‘nil..\. ﬂl

UoT3e3TOXY TWPTONULg 03 esuodsey Aouenbaxg TT°% 814

I .

O
)
‘m
B
14 € 2 016080 L0 90 GO +$0 e0 _.O_.O
|OBSGSHNEBE 1041) 1563 HE91 18084 M LU v Y 450083 ERNDOEB B
RS 3 RTEa it i1 esed st ! 1l e peggashan
1 e B web 14991 rer 1 - 151 80005 w0 § 6.6 8 Sin
Tt P el o 111 - T . . (SR 0ARS RS Bl i
SSSS SRR chem 1iifs tesss foats i ! siii1dsby fagpand b
300 g ) g 1 ) i of o 4l 004 Swm o
35 DO il i . ‘r 1 sssssnpsds o
+ - $ b n
: 1 3 +
[se e = (4 3153
: 235 : Y i .
2ISSFFEBS 55 23 mm..mw = 3% LRI g [
: Ersiinntat sl it bttty 1 5
SIS ERS I 353 3521 3833 b3 | mﬁ i
==3= t = B 333 1
E i H T X
3 t 232 2 TESE
H.ﬂ Tis ﬂmm E wln_.m ) '
ot -3 + - forind gucfeepy w. ..ml:-_.n no
: S8 nfisfeen sedssqtes sos e = «
3 rs 14008 04 24 4 ...w G 4 V4001 iRty pesdney S3ke s et @ o ol &
] s ses sy - t T r LTI e = o
{ JEE il i i 352, TR R 3 t His e Mwm o SSSERS +0 ta '
m {355 e s gk S ZEA FHITE s TR SRS e
T Tk 4 - = g 238 gttt
233 Aol o g S 2= mnhv 3iz 4.—;1: T Tty =
Tt : 3 55 ] e ~e
M r.”uw 1=k E: .m.m s et = s0 [
- - - - - » :
H } = £ = Wm.«iw. E = w
1 g= - =% 1 = % A
. m -1 1 1 vkt b LT 4 g Pl wo
“ T 1 11l Hipe { gt B btk it
H oty Tl 8 - - uL  ne TRl 11 u o ¥ Ll .
‘ e uhﬂ: b + - w b o.s.u.‘ . v N o
— wg e - 8 1 H 1 ¥ g e - o
i asre = 3 t TR pE s .
~ S e : : R syiezTEn i
~ ] i AR i e 3t 50
! i bt = = 33318 = M fiz Tt iy .
i [ H e it ; ! “n Lo i +- ~ 01
{ ¥ . 18,8 H1%) 01 10400 RERE 4 . 53 4 3
: vl 48 hat 06) rq0 KO0 B 1] # 5 i
- _«-. ..n_.. 1 +4 44 SENE
“ ; 7”04 uH.w - m b 44+ 4 .m .M“
4s 4 ' : + H41 444 -4
i . 1 + : 3 I
' ! 111t wwr 5 =
: HEh 2ss s o
et b } : : 5 YH“..Q. m » o +1
1 Tl * - 3 1t ol.-.ﬂ - .
il-.m..vt:.ﬂ:c. progne + 4 b O § B o L4 .
it 3y § 3 3 £ Iales g 328
b Snabd e b - b eadbes sndbd - — - H s - p be b M
31 1 o2

fo ——e s —— v e ra e s
o i = g e e 4 @ A a0 e s . = . =




L T B S —— . G A8 A o — —— S

T e P e e e e = e i

—on

"B GV~ IS IDENCIR. Y (VTR o SREPTC e SN L B L (R T vk S

e ey

28 MK GAP

i9 MIL GAP

—/\__ L e ~
i
J

e 12 MIL GAP
EARLY MODEL FINAL MODEL

Pig. b.12 Study of Demping Properties by Drop Tests

- 63 -



- ——— - — e e o s

-0 amm o -

w
[+ 4
o
-y ™y 1 T ~L_-- _‘.ﬂ‘.:i. o 4 9 vAl
; ] L ] B U 20 ) s i &
] o oh o 5. T T ! d m fl.#. .— fHJ H & - - m
: o 2 Li £ M : i o ey s 4 44 NS WA -
_@. 1 ! @ 4t 6 b B 11t - Y
b+ y B EEERNATE T HEEBE O] EERA RIS 1 b s it
m.:T_.L u‘\,u - “ + ﬁ+ ;i |._ﬂ i +— ..T.TH — et b=
3 = ” iy 1 1 i il B o ds B ot 1 -1+ . . :
SEac 1111 i o r1] ! y b3
=4 P .u*.. . Jr N . pe gl M
Ty ¥ F i B Lt e
r -4 ‘o -4 1% 1 |.;_—|. | H R _w h h [ = o
Hi1d % ; - & B } Tt M
m gt 2 » R ot 1 o i e s § oAy B 31 + -1+ I = o)
*Il’lw* -..vv- .d-. R N L. » - Iwc . T i “u . c
B! 1 i L. ! 41 -+ % 4 trtd-4 -t 1 ..v%.ﬁ.lT._ <
' # & 117 .r 4 T BRI o+t &
: ._.HJ.. " y §4<4-44-2-- —+ 1 11 .HP 8 1
s = Tl " - ! i A -4 #.w|. - ..ml 9
. ad \Mm. ] .....uu. 14 4+ T«Lw b4 i g e 117 T ril ..m ; 2 R
”—! Y< Tu L% L - — +|.|+ ..|4_ > o i : .*no 1 JTH ) pa
: = £ ‘ ToARsE S ABIRRNBE <N EE" 4 BRRASE K B w 3
: 2 E . : 4 f ._ﬁ ¥ e -1 S ‘ﬂl...:- v +__Tw "1: __1._lm.l S -
3 Ty 7 |
o . d B 4 q]._ ..174. M
4..‘ - 1__ L Py
R 6 & v E T -
: ; ; lw : :
; L.v* M(Tl. 44 |..vl._-h“ “
= - vhj
-t . i Eh
BeE LS AN ILERY )
4 TN - w
*1 : : 3 o 188 ) =g N
1 : RO i ‘ ——4 A £ D0 I SEQRIR L >
o iz B ] t o bl e 1 4~ T ‘_. o 2
| § T R egeaas 137 i apnamiy RENEE
L AR RENaRERe pEEEEREY iy~ 3 W 44 MR AR x
FL - S b PR 6 ) SOV AN We i S e e ., % 4 1 G
) " f T Eo p F 1 1 ol i ] S
- 1 Ly \ . * . "l* by .1:.&&”._..,&! T ge ¥ - : -
e diak & A dokid S W P S | -ﬁluu.u .vnhl v T SR
s . 4 . Sy S . bt -3 A .IulH. -+ _ﬂd. _.IWA - *
wmp # 44 ﬂz" Jw.i. “.W.Lwtw 11T 3 | 5 W i 0 R S 8 GO 0 5 l._l+..+ 4 11 : .T.Hul.H.Ai 15 i
AR pe: 13 -+ H 3+t .ﬁ e R ; ‘.“.mih. : R W A o ;
{4 ; H.FLI ol i % ' 1 ol e T NSRS B DR -ul,Qd e A - O e © ~
) i o — m & o o o .
- a® g
7S
aw
1‘ -

T e et | b & trmrmn o a e e e e e e o 4

wre




- Lnadbamens “ve e .

..‘.ll.ls'\.

Fupqvy efen sA Louenbaxy TeamIeN RT'n 314

(SiINn ,9,) Yo

noI08 09 OF 0z o8 9 1 4 0'80 S0 ¢0 20

. T T v T T11 1 ! B .
wh S A e Y N R L TS SIS R R PR RY B
Y B . .h ._ﬁ..LLA*ﬂmrv [ {48+ J 4 1SS & N .
M ..-T. st fiaqs g4 T3 K2 BE ¥ + ot .1#& R B
w . lr-c...f:f‘__» R anes of 28 BN B . b it TR B
- HHEE -4 - ' by et | i ]«
| ] 100 188 .? ...mu.. "y oa et iisd 4 B
i S B . h -4 -4 h. 4 - h oo ) 84.H.. R R BN = _
b+ 4+ 4 - 1 + s S in ﬁ “d e 44 + ' QH.‘L 2 EE X ON
I - e @ mr +4-+ ISES B 1&. s FRE - vhe ks =
sppe b i1t 1§ gt bew 1} basp g i 2 &% B
H1:3 - I OHIEL: 31 e fE SR E Sara 4 98 81
b+ 4 - DLH. - - - - - E. . - - 4 = - Il .
B8 PRSI E S BRI 1 i TN3E s 3§ ¥ o
B ItssscREEE N HEE H T HEE i 11 02 e
- e s b I.f.- Y - ot e B .
8 e H'. -+ 114 g+ . - . Yl LR o ..H -
.t s - " et 441 iy ﬂf b e st e &
o 4+ .n%lf S d b 96 Sl 14 whois s e = I . o¢
- - . gy i - . . - ‘e . - - s 0=
HREs g seas s R I EE 3RS0 RIS e 4 53 SR AT STEIRE
] m itag 33 C 2 RE N 312 E s il gt thixck: padm e g
~$: T SER gz spw 2 B3 EL TR e e
B ta g = o BT " b | w Lt 1523 ER R o5 &8 B8 530 by ot Gl o S
% “ il i b5 oy i & T e G § 5 S iz i1 09
-1+ 1 il D e .1 5 B o b+ 4 . » - . - »
H S 3 4 rﬂuo.u 'S ' . . . - ot TR Ty e T = Ty = . T T - . |—
. |4 - * - - - + OQ
Lol - }+ FEPEDER 0 G " DR IO PB4 i R IRl SR e o P4 ' 3 v geshoes .
' - - s fass e 10490 ST SauaeaEn Fg S5 IV O TR PRTOY S s el S0 e (R A
-t e » = .Ix :m _r. — T 8 1 o OO—
1.1 S TR .+..—|1. N AR ._»..r._ _.inlal_. B R ] I s T T s SR o b I
F180 o 20 10084 SA 0 G 1IN MERI LERND RESERID S5 28 58 DS i) MENE SODUE Nohi TLE 1IN 21 DIPE
il NEVE SONBEE &1 B PY 00 B S I SUURS 000 B9 NRN 0y T4 B e
m b 5 bo b - 4+ FH.+. [ - HE Y e L.s_Tr P s d8 15 55 SIS i0) ENE SO wotd g A Dee el
™1 ¥ -y +
+ e Lo 0 PO Do S M T - b
the pgaiissee s i s seema il ! 23
ol -4 + TLT > - 0! PRS.O S N 64 i L ik
of- b o v —-dr b et g 314 pb b ridd - gt 4 Ji b .k OON
: T 1-1 34+~ LIRS R B2EEe R - T
! : o b4 & B s s e e SR i 2 1
iy v .M r.m 1 8 S Sap S o8 e
- i b= T 1= sphes dada e o oleas . 4
1 EES 35 B e o Hiftiosgsiis 3 :
11d 2 3 = Shnanidts it g Z
4 1 i an ' 3 r-§ GRS B A M 4) 08 '
o b gt 4 4.0 B 0 B sou B e 13 (P4t pERE § S8 G 1Y B
iy e . IR 4 4 ..*o H.. .w.n R IE .
b - e b sheds g - S nd Sid i -~ b1 - 4haa 4 Oo¢
- g gy 19 2 " 2SRt LR R R R IL .|
- o fe ~=-H1} - * _.....'14.- « 414 .
- - v fode - L3 43 mf{- +t1 _— a g
- 1341 3138 1 L U s b w8 37 & t
“ : IBTER 11 T 2 ¢ 12813 PSS SR 9 o
: FREARIE Rl S ETIERE i
. P [T IR TR B ey) ey AR - 14 W 4Lid4-1. oo.w
' b & 11 ) ISR 0 H 1
S
4 S s ey 9 4| HI.*,-I.* [S 48 Be e dbie 4 - 4+ —m -.«IT —..I. a-44 oom
! N R L N R IR —e -+ -J 44 44 _uq. 3513 11o4ritt W..ru b2 - e §4 +
m cFa Beiefiets Tels 3 IR .ulnﬁvrl BE3iS +—4er-p 1414 "m"rmih: et §of ".LL-.”... OOO—
H
H
B
|
! v
t
L §
} 5 S S
)
L3
T
S, ST _ R - e m e ) T N .

(SdD)Y




. M SR ey et e . W
m Judh

ot iR m
[ I R

PR ¢ e et v el e (s e

A o, i v b g ron

SRS S

e i T

-

|
m o : ; R T
} 5 3 : L] : P 5 i i
, w : : ¢ R RHIT
3 | I ...u.. ... 5
M
§ 3
1 333 i
i R i ¢ I
st il
i i
m. s s .
! i - @
i 1 i3 3 s
& 3 : 1 m
- > k H
B H L
i Eiaate: i [ - _,m
: it i SJaghiilgir's e &
i s t 5 o &
* desto: i : o*1o
w 13150 [R s HE - >-
m §ibon i 3 i i X it
i e : i t h
' Ty i i
3] S i
w i ! ; SR Y M
_ .., ._. 13 - T H1L { - 13 I
{ Pt T 4 st 3 o+ [T
: A A R : rd
3 FHre : I RIS 3
m _n.. H 4 _“. i§H AWMWH . -‘4 =
n -uﬁm 3= ] -~ : ” r_.-. .
! =di1 TR s : +
m 5 S tdy e ._.wﬂ
“ u,M H feq ey : T ~
; - oy = + b t- .L
L B i e syt s
| h _..... b m t T ? ”
[Fiysessts m.._, : v
i [ o S HiH
s fniee o ik i il £ 2
4 3 1 ., :
i L “ g 3 4
* ! 383 d
o
¢ .
‘ IH\G
t
3
i
]
i _
T By -
1
! % S 2 -




_. J
*.«1&.
poep o e

|

| ,
£
| T

_1‘!-!!"\:

FRASTAIE - -

— .

omne -

e

[ BPPar s ~orve o ¢ e A se g -

v - -

1
4

$

e m

fen

et s

S A e TaeT

12y Sedy

[ITEL e
.;..H
P

—
e

P

b1t

-
-

e I

[ RSS9 400 0% RFLY Pl

| T VSR ‘IR

e e e M ————

itation

.~

A

I'cak to Peak Response tc Sinusoidal

Fig. 4.16

- 67 -




UNCIASSIFIED
NAVCORD Report =712
Distribution
Chief, Bureau of Ordnance (Re2c)
Chief, Bureau of Aeronautlcs

Chiefl, BRureau cf Medicine and Surgery

u;

Chief, Bureau of 3hips =5
Chief, Buvreau of Yards and Docks

Chief of Naval Research -

Chief of Ordnance, Department of the Army,
'ZWashington, DL C -

Commanding General, Air Materiel Command, Wright

Patterson “iﬂld Air Force Rase, Dayton ©hio

Commander, Naval Ordnance Test St ation, Invokern
California Post Off*ce - China Lake, Calﬁfornia

Director, Ballistic Research Laboratories, Aberdeen
Proving Ground, Maryland

Director, Naval Research Laboratory, Washington, D. C.

Chief, Armed Forces Special Weapons Precject, Rm 1B68Y
The Pentagon, Washington D. C

Applied thsics Laboratory, Joﬁns Popkins University
Silver Spring, Maryland via INM Silver Spring, ~d.

Dr. E. F. Cox, Sandia Corporation, Sandia Base,
Albuquerque, New Mexico, via INM, T.0s Angeies, Cal,

Mr. S. Raynor, Assistant Chalrman, Armour Research
Foundation, JTllinois Institute of Technology,
Chicago 16, I1l.,, via INM, Chicago, Illincis

Dr. 8. J. Fraenkel, Armour Research Foundatlion,
Technology Center, Chicageo 16, Illinnis, via
INM, Chicagn, Illinols

Dr. E. B. Doll, 3tanford Recearch Instlitute, Stanford,

Caiifurnia, via Armed Forces Speclal Weapons Troject,

P.O. Bex 310, Pentagon Building, Washingten, D.,C.

“rank A. Parkey, Director, Project 3aquld, Fri
University, Princelon, New Jersey, via INNM, Nel

n

N

rn

—

[



Director, Rureau of Mines, weshington, D.C., ATTN:
Stephen .. Windes, Eastern Experiment Station

Office Chief of Ordnance, ORDTQ, Pentagon Bidg.,
ATTN: P. Drimmer

Commander, Navai Proving Ground, Dahlgren, Virginia

Los Alamos S3clentific Labor:tory, P.O. Box 1663,
Los Alamos, New Mexico, via INM, lLos Angeles, Calif,

University of Penver, via INM, Room 701, Buder Bullding,
St., Louls, Missourl

Coimanding Officer, Naval Mine Depot, Yorktown, Virginisa
ATTN: J. Manley, R & D Division

Commanding Officer, Picatinny Arsenal, Dover, N, J.

Commanding General, Alr Materiazl Armament Test Center,
Eglin Alr Porce Base, Florida

Bercules Cxperiment Station, Wilmington, Delaware
Attn: Dr. Roth, via INM, Philladelphia, Pa.

British ORDTB for distribution, via AD-8, BuOrd

Canadian Joint Staff for distribution, AD-8, BuOrd

J. S. Naval Attache, london, England

Institute for Alr Weapons Research Museum of Science and
Industry, Chicago 37, Illinols (Air Force Contract
33 (038)-15068 via INM, Chicago, Illinois

Assistant Chief of Staff, G-4, Department of the Army,
Washington 25, D.C.

Chief of Fnagineers, Tepartment of the Army, Washington 25,

D. C., Attn: Military Construction Division

Director, Operaticns Research Office, H410 Connecticut

Coples

n

- NN WU

()

Avenue, Chevy Chase, Maryland, Attn: Technical lLibrary 1

Commanding ¢erneral,Cnemical Corps Research and Engineering

Command, Army Chemical Cenrter, Maryland,
Attn: Technical Command

Director, wWaterways Experiment Statien, Corps of Engineers,

5. S. Army, P. O. Box 631, Vicrsburg, Mississippi

[

WP MGt - i v a4 e & wn .




T e i i

P

r—rw" o

- b

L e O P Py - Ay nal.

Ccopi

Chier of Naval Operations, Departrent cf the Navy,
Wwashingion 25, D, C., Attn: OF-36

Commanding Cfficer arnd Directcr, U, S. Navy Elec-
tronice Laporatory, Son Diego 52, Californis,
Attn: Dr. A, B, Focke

Commanding Officer and Director, U. S. Naval Engineer-
Ing Expe:siment Staztion, Annarclis, Marylend

Commanding 0fficer and Director, David W. Taylor Model
Basin, Washingten 7, D. C., Attn: Structural
Mechanice Divlsicn

Ccmmanding Officer, Office of Naval Research, Branch
Office, 103C E. Green Stieet, Pesadenz 1, California,
ttn: Scientific Officer

Commanding Officer, U. S. Naval Civil Engineering Re-
search and Evaluation Center, U. S, Naval Construction
Battalion Center, Port Kueneme, California

Commandant, U. S. Coast Cuard, 1800 E Street, N. W.,

Washington, T.C., Attn: Chief, Testing and Develop-
ment Division

Deputy Chief of Staff for Develcpment. Headaqusrters,
U. £. Air “orce, Washington 25, D.C., Attn: AFDRD

Commanding General, Alir Research and Developmen: Commangd,
P.O. Box 1395, Baltimore 3, Maryland, Attn: RDDN

Commanding General, Alr Force Special Weapons Center,
A.R.D.C., Kirtland Air Force Base, New Mexico,
Attn: Rescarch and Development

A.S.T.T.A, - Document Service Center, UB Bullding, Dayton 2
Ohio, Attn: DCS-SA

Commanding General, Fleld Command, Armed Forces Special

Weapons Project, P.C. Box 5100. Albuqueraque, New Mexico

Director, Division of Research, U. S. Atcmic Energy Com-
mission, Washington 25, D.C,

Director, Divisicn of Military Application, U, S. Atomic
Eriergy Commission, Washington 25, D.C.

Executive Secretary, Research and Developinent Board,
Depsrtment of Defense, wWashirgton 2%, D.C.

&

<]

P

(X4




ey

Executive Director, Committee on Atomic Energy, Ress~mch
and Develupmernt Board, washington 25, D.C.

-~

¥xecutive Secretary, Military Lieison Committee, U. S.

- Atomic Energy Commissicn, washington 25, D.C.

Cople.:.

L

P.C. Box 16£3,

. o

J Divirlon, Los Alamos Scientific [atoratory,
[.os Alamos, N¢w Mexico, Attn: Mr. F. B, Porzel

Executive Secretary, Wespons Systems Evaluation Group,
Cffice of the Secretary of Defense, Washington 2%, D.C.

~

RS

Directc:, Nationsl Bureau of Standards, Washington, D

RAND Corporation, 1500 4th Street, Santa Monica, Cal,
Attn: Dr. E. H. Plesset

Dr. L. S. Jaccheen, 668 Cabrillo Street, Stanford, Cal.

Professor Donald W. Taylor, Soll Mechanics Division,
Massachusetts Institute of Technology, Cambridge,

Massachusetts

4

e, WPV 9% §

N o

~———-

4 Tt . o
e -

"

o

¢ “~



	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039



