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3.0 TECHNICAL CONTRACT SCOPE OF VWORK -

Jnder- this contract, the Bell Aerospace Company (BAC) was
couwissioned %olperform an analysi§ of all‘materials as used
in this- company's Model'VIl ﬁihiature lineaf Torce belance
accelerometer to defermine by analytical means and by ?ests
the influence on the aecelerometer performance of changes in
the characteristics_of the materials with respect to thermal
expansion, electrolytically induced corroeipn, stresses,
strains, etc., due to the thermal sterlllzatlon nrocedures
at 135°C. This effort was dlrected toward achieving the
post sterilization performance characﬁeristics identified in

Section 7.0 of this report.

Five sterilizable versions of the Model VII accelerometer
and two sets of transformerless accelerometer ﬁickoff elec-
tronics were fabrlcaéed and tested to defermine performance
eharacteristics after sﬁerillzation. Tests lncluded vibra-
fion, shock and ethyline oxide compatibility, which were
performed by JPL. In addition,. the contract covered the
design and fabrication of five sets of séerilizable proofl
ﬁass assembliee using advanced laser beam welding fechniques
and one sterilizable pfoof masd ueing a monolithic beryliium

pendulum structure.
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4.0  ABSTRACT

ée;l Aerospace Company (BAC) under the efforts funded by

this contract endeavored to make their standard Model VII
? : .

accelerometer thermally sterilizable. By sterilizable is

‘meant that it be capable of méeting cerfain specifications

and operate reliably after exposure to six sterilization
cycles, each’ of 60‘hours duration at 275° ambient tempera-
ture. The initial efforts wefe directed toward replacing
those materials and cémponents kgown to be unusable at the
sterilization'temperature and -to repiace them wherever poss-—

ible from materials and components on the JPL preferred

parts list.

The major technical consideration was determined- to be

the stability of thé epoxy spring to pendulum joints under

stresses induced by ﬂigh temperature exposure. . The various
étteﬁpts at-solution to:tpisnproblem included substitution
of new epoxies, a change in the pendulum material from zlu~
minum to beryllium, and a replaqement-bf the epoxy joint by
laser beam welding of metal parts witﬁ eiéctrically insulated

surfaces

A parallel effort on the electronic assembly was to eval-
uate a BAC developed transformerless design in the steriliza-—

tion environment.
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6.8 GLOSSARY

The terms used to define accelerometer parameters

ana their performance are as defined in EETC Report No,.

F

30, titled "Standard Accelerometer Tefminology*.and pre-

‘pared by Aerospace Industries Association (AIA).
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TECHNICAL DISCUSSION

This section of the report will present the approach to

making the Model VII accelerometerFsterilizable and the re-~

sults of the various ‘investigations that were pursued in

‘doing éo, as well as the end results achieved.

For the purposes of this investigation, sterilizability

is defined as the ability to operate without catastrophic

failure and to perform within the performance criteria

identified below, after exposure to si% cycles of 64 hours

duration during which the ambient temperature is 275°F. The

required post steprilization accelerometer performance re-

quirements are

(A) Bias

(B). Bias Stability

(C) Scale Factor

(D) Scale Factor Stability
(E) Input Axis‘Alignment
(F) Input Axis Stability

(G) Prequency Response

+300 micro g maximum
100 micro g 1 sigma
1 ma/g +10%

05% 1 sigma
+15 arc seconds
30_arc‘secbnds 1 sigma
That of a eritically
damped .second order sys-

tem with a cutoff fre-
quency not less than 300 Hg.

7.1 Model VII Operating Characteristics

The' Bell accelerometer is a single axis, pendulous,

flexure suspended, Torgue rebalance instrument.

It is
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equally—applicable to analog and digital rebalancing tech-
nigues, and is\presently being used'in both types of appli-

cations,

The detection of acceleration on the instrument is accom-

"plished by means of a capacitive pickoff and the rebalancing

is effected.by.electgoﬁégnetic forces produced when  current

flows in the torquer..

The capacitive sensing system consists of two capacitance
rings placed on each side of %he“proof mass. The proof mass
is supported by twoe springs and is free to move along the in- |

put axis-of the instrument. Thislis illustrated in Figure 1.

The capacitance rings are fixed with respect to the

mounting base through an electrically insulating structure.

The sensing system 1s completed by forming a‘ capacitance

bridge with two fixed cgpacitofs{ The proof mass and the
capacitance rings are shown in Figure 2. The capacitance
bridge is excited with a ffequency that can vary from 8 KHz’

to 200 KHz denendine on rustamer nrefearsnera

Any movement of the proof mass from the null position
caused by acceleration on' the mounting base will unbalance
the bridge. The unbalance of)the bridge will produce an
ampliéude modulation‘of théhexéitation frequencj. The bridge
unbalaﬁbe signal is fed to a transfo;mer and an amplifiér ip-

tegral to the accelerometer for prover signal conditioning.
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The resulting signal is- the error signal required by the
external febaléncing circultry.

"The rebalance of the proof mass is accomplished by elec-—
?

tromagnetic forces produced by:passing current ﬁhrough the

'torquér.' The proof mass is immersed in a high density mag-

netic field as shown.in Figure 3.

" The "flux from the permanent magnets flows through the
proof mass ab rightiangles to the torquer coil windings. The
forquer coii 1s comnnecvea Lo uvne exvernal circuitry through

the suspension springs which act ‘as .current carriers., A

torquer coll current with the correct polarity produces a

_flux whith reacts with the permanent magnet's flux to pro-

duce the force that tends to restore the pendulum to the

null position.

This restoring current, produced by the rebalance elec-—

tronics as a function of the error signal from the capaci-

- tance sensing system, can be in the form of an analog current

or digital pulses,

Therefore, the accelerometer proof mass can be con- .
strained in a high gain servo loop such that the acceleration
force on the proof mass described.by f = ma is balanced by

a force f = LIaB where:

f = force on pendulum proof mass
m = proof mas:
a = _acceleration
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B =

Iy =

The wvariants

;hus current

number of turns on proof mass torguer
coil X mean circumference

magnetic lux density

torquer current

in the rorce balance equation are a and Ig,

is a measure of acceleration and I, = %%.

Since m and I are constants, the only other possible

rabiant besides I , the rebalancing current, .and a, the

icceleration, is B, the magnetic flux density. ‘'hrough
s ¥ g

rears of experience, Bell has developed technidues to age

imnd stabilize the permanent magnets so that instruments with

rery high scale factor stability-result.

The acpelérdmeter gets its damping from the eddy currents

iroduced in the prodf mass when it hoves with respect to the

rermanent magnetic field. -This movement induces currents in

the proof mass which, in turn, produce flux that reacts with

. the. permanent magnets' flux. This method of damping elimi-

nates the need for filling the unit with fluid with its

attendant sealing and contamination probiéms.

A cutaway view of the Model VII nnée?erometer to illusg-

trate actual construction is shown in Figure 4,

Special design considerations include such features as:

1) . Capacitive sensing offers the dual advantage of having

infinite resolution and no coupling of electromasnetic
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2)

3)

)

5)

6)

signals into.the sensing system from the rebalancing

currents.

Mechanical, magnetic and electgical symmetry’ assure
identical Eharacteristics of the instrument for positive

and negative acceleration.

The magnetic path is closed around the pendulum to mini-
mize flux leakage and to protect the transducer from ex-
ternal fields. Thus, several transducers can bé mounted

in close proximity.

A transistor stage is incorporated within the transducer
housing to prdvide a "low output impedance for the pick-
off Signél. Thus, compatibility with vehicle noise is

achieved.

The cross-coupling caused hy the proof mass moving from

the nulled position'can be held to a negligible value

with the capacitance sensing system's infinite resolution,

and the use of high gain rebalance electronics;

Acceleration sensing systems with-a full scale output.of ..
10*§g‘and a fhreshold ofmligs.thantIOHGQ have been built
and flown.in space wvehicles. . It is.significanf to note
that the same spring suspension systeﬁ that permits.

measurements and thresholds this low can also--be used teo

measure accelerations as high as 150 g's and withstand
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the rigorous vibrations and shock environments sustained
during launch of the vehicle. The range and sensitivity

is exclusively & function of the rebalancing electronics.

7.2 Preliminary Approach

The initial assessment of the task of sterilization had
two separatve considerations: the pfeblem of modifying the
instrument to elimiﬁate any materials or. paris that could
cause cataétrophic failure due to the sterilization Tempéra-
tures and tﬁe modifications neceésary to meet the sterili-
zation performance requirements. Previous applications of
the Model VII required storage of the instrument up to 200°F,
but there was no previous akperience at temperatures é%cva
this. For'the purposes of the initial assessment, the
mechaﬁicai and electronic assemblies were treated separabely

because of the different engineering disciplines involved.

In the case of the mechanical asgembly, it was immedi-
ately recognized that some of the epoxies used had curing
teMgeratures:below 275°F. It was felt that exposing thes
epoxies to temperatures abowve thelr curing tempeéatureg,
would almost certainly @raéuﬂeﬁﬁeleterious effects on the
bonds themselves or result In excessive outgassing which-
cdbuld contaminate the wnit. ‘Therefore, the pursuit of sub-~

stitute epoxies was started early in the program.

The Electronic Assembly of the Model VII had components
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that were not ratvea ror use affter exposure to 275°F;.in
addition, veTy\little was knoﬁn about the effects on ?he
special pickoff transformer fabricated by Bell. _Replacement
of the electronic parts was guided;by the JPL preferred .

parts list and work was initiated to redesign and test the

transformer after sterilization farly in the program.

The third area considered, and probably the most giffi-
cult -technical task wasithe improvement of the post sterili-
zatioﬁ pefformance. In retrospect this was found to be the
méjor problem. The expeéted magnitgde.of-pefformance degrad-
ation was projected from-performance established by a Model
IITB acdelerometer (which is a similar but léfger acceler-
ometér than the Modél VII) after exposure to-lower storage_
temperatures than th; sterilization tempefatureo A standard
Model ITTB ‘had preyiously been exposed to storage at éOO°F
fbr 1é0 hours. This environmeﬁt was considered mild compared.
to the'tofai sterilization temperature time of 360 ﬂours at
the_275°F-temperéfure. The difference in duration was not
éonﬁidered significant but rather the difference in sforage
temperature. The blas bandwidth of the Model IIIB degraded
from a typical wérst case 250 ug's at lower storage tempera-
tures (75°F) to approximateiy 800 ug's after the 200°F ex-
posure. Additionai data on the Model IIIB accelerometer (-5,
-10 and -174A ﬁyﬁes) was accumulated by JPL during the_Rangér

and Mariner programs. - JPL exposed 15 of these accelerometers
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to +125°C for 24 hours. Two of these were exposed twice.
While the température was lower than present day requirements
and exposure time was shorter, results were significant,

showing bilas change as high as 1650 ug's. These early Model

I1IIB tests also indicated a marked‘imbrovement in their abil-

ity to withstanad higher,temperatures-when a monclithic pendu-
luﬁ design was incorporabed. Aﬁ,assumption was made that as
a first apbroximation.of the existing Model VIIB design, the
biés'bandwid?h is proporfional to the square of the soak
temperature. in degress Fahrenheit. This resulted in a.pro-—
jected bilas bandwidth of 1800 ug;s after exposure to 275°?.
Specificaily,_it was anticipated that both the-bias stability
and yncertainty would be degraded and that to achieve the
+3Q0 ug'!s as the maximum bias bandwidth would present the
major.tephnical chaileﬁge; therefore, the greatest effort

was ﬁirected to thisfperformanqe'parameter. The performance
éEgradgtion of the other parameters, i.e. scale factor, axis
alignment énd frequencé response, was not considered to be

significant at this point.

The verification of the validity of the estimated bias
bandwidth, after-exposure to 2?§°F, vas considered to be one
of the most critical experimentai steps to be taken early ir
the program. Fortﬁhately, sﬁéh an experiment was run by JPI
personnel with two standard Model VII dinstruments shoptly

after the program started. The bias’bandwidth.of these Model
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Vil's affer sterilization was found to be 1500 ug's. These

test, results confirmed the initial estimace,

The initial assessment of the cause of this large bias
3shift produced the opinion.thaf the most suspect material
4as tﬂé epoxy used to6 attach the springs to the pendulﬁm
suﬁports. Any degradation of this Joint would manifest it-
self as a bias change. The primary requiremenf of this
mechaniqal.attéchmént of the springs to the pendulum is that
it must pfovide an electrical insulation between the spring

and coll form strucfure.
Standard lModel VII Sterilization Experiments

Complete'standard Model VII accelerometers and components
were exposed to prolonged storage at the sterilization temp-

erature. The parts were subsequently examined.

The significant observations from these experiments were
as follows:

1) The metal parts were unaffected except that there waé
some slight discoloration, particulafiy'on the_nickei-
plateq soft iron surfaces. No real significance was
attached to this because it wasn't felt this would pér
se degrade pérformance and might, in faét, have been ‘

caused by outgassing of the non-metallic parts.

2)" Deposits webe observed in several places. The first

type of deposit-found was a smooth, white, trénsparent
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and sticky substance. It was found on outer surfaces of
the nagnet housings and would not impair the perfprmance
- 0of the accelerometer. It is believed to be a remainder

of soldering flux, and that therough cleaning would

avoid its appearance.

The second type of deposit settled mostly on copper con-
taining metal parts, giving them a shiny appeérance. Tt
did nof appeaf oﬁ the brass capacitance rings contained
inside of the magnét assemblies, which indicates that
its source lies oubtside of the magnet assemblies. This
deposit; too, couid be due to remains of flux. It also

would not impair the performance of the accelerometer,

‘the Third type of deposit could, if buildup continued,
lead to a catastrobhic failuré. It was white, opague
and granular. Tt was found mainly in the air gap. of the
magnetic flux path, namely on the T.D. of the magnet
housing and qﬁ the O;D. of the aluminum coil form. It
_appéared mostiy -on thaé part of the I.D. of the‘magnet
‘housing that is opposite to the coil'ﬁiﬁdings of the pen-
dulum. Tﬁe i.D. of fthe éoil form and the 0.D. of the
flux_éiétes remaiqed ffee ef the deposiﬁ; the grain size
of which was generally between .001 and .003 inches. In
the area between the I.ﬁ: bf the magnet housing and the
0.0, of the torquer coil form, this was nearly enough %o

bridge the air gap. It is suspected that the deposit
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originated from the FFA-2 epoxy applied to the torguer
coll windihgs. A further type of deposit %as observed
in'the same area as fhe white, opaque granulated deposit,
namely, an extremely thin evenﬁco§erage of'light brown -
which did not appear to be rust. This deposit would not
affect Ehe accelerometer performance. Froﬁ;the qolbr o1

the deposit, it was felt that 'its origin could be the

Iscnel type 155 magnet wire insulation.

3} The non-metallic parts had observable signs of deteriora-
tion. If was recognized ﬁhat i%sual deterioration along
is riot a valid criterion for the acceptance or rejection
of a material. Og the other hand, extensive analytiecal
éhémistr§ and 1éboratory ﬁorﬁ would have been beyond the

' scope of the program. For this reason, Bell made an
effort to replaée all existing materials nét contained
iﬁ JPL's prefgrred-materiais list, regardless of the

degree of deherioration that was recorded.
7.4 "Mechanical Assembly Analyses

The Mechanical Assembly's components were subdivided into
meﬁa}lic and non;metallic partg_for thé ﬁunpose of analysis
énd ﬁoésible sﬁbstitution of other materials. In most cases
a simple substitution was considered, but, in the pendulum
design, several different configurations-evolved because
here the considerétions Were more complex and, therefore,

they are'trea@ed in a separate subsection of this section.
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7.4.1 Metallic Materials Investigation

The investigation of the metal parts exclusive of the
pendulum showéd that ‘the only suspect material was brass
whiech is used for the capacitance rings. Whereas the other
'metal.parts merely exhibited a slight diséoloration, the
brass capacitance riﬁgé had a slight outgrowth. This sut—
growth is apparently normal for copper-zing alloys when ex-
posed to elevated teﬁperatures. The zinc forms Ziné—oxide
crystals that protrude ﬁrom-ﬁhe gapacitancé ring surface.
This process 1s accelerated at elevated temperatures. - The
first épproéch to eliminating this problem was the applica-
:tien of é proper surface protectionl This development encom-
passed two'dOnsiderétions:

1) The identificatibn of ar. cvvgeeev — e .. protection
procedure;

2) The establishment oﬁ a new assembly procedure for the
magnet housing capacitance ring assembly to accommodate

the surface ﬁrotection procedure.

In considering protective'coa@ings, the investigation
tirst considéred the following: Liquid Bright Gold #6854
ané-Liquié Bright Platinun #65 (products of the Hanovia
ldiquid Gold Division of Engelhard Industrigé) to be applied
by brﬁshing. The results wére not satisfactory. After

firing; the coating was found to be unevén and bright-only

*

in limited areas. Since even coating is essential to main-




BAC 0345 Rev. 1248

Madel,

Deate

BEL L -AEROSYSTEMS . - 1
- » {oxironl company ' Page . 2

CLEVELAND OPERATIONS ;%pm 60007-035 -

tain the proper position of the.pick-off surface after re-
installation of the capacitance ring, these efforts were

discontinued. .

Next, a chromavling process wWas applled rendering an even

shiny surface which will readily accept 60/40 SN 60 solder.

Further, a process o1 electroless gold praviig WD LT
The chemicals were obtained from Technie, Inc. This process
is désignated as Oromerse, Immefsion 24 KT Gold. aAccording
to information from the supplier; a coverage of 3 micro
inches builds up in about 15 minutes. further submersion

adds only very 1little to the Tilm thickness.

The chromated parts and the parts plated with Oromerse
were subjected to tfﬁperatgre sterilization. —The chromated
parts were found tohbe discolored to a dull dark brown. The
ﬁwo capacitance rings treated with Oromerse appeared un-
affected by'temperature sterilization; their surfaces looked
bright and shiny without any indicatien of discoloration or
any. sign of outgrowth. The application of the protective

coating necessitated introduction of new steps in the accel-

erometer assembly procedure.

In the magnet housing-capacitance ring assemblies of the
standard Model Vli accelerometers, the distance between the
pickoff surface of the capacitance ring and the reference

surface of the magnet housing is controlled within-i 50 micro
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inch. In order  to ebtain this high accuracy, the pickoff-
surface of eaéﬁ capacitance ring is machined after the cap~- ,
acitance ring-is installed in the magnet housing. Removal of
.the capacitance ring from the @agnét housing was felt to be
.mandatory for the process of surface pfotectioﬂ. Care.had to
be taken to assure that in the process of re-assembly, the- .
pickoff surface of -the capacitgnce rings was restored accur;
ately to its position after machining. A procedure %o oﬁtain
this_result-hqs been established: the three jewel wa%hers
used as spacers between the capacitance ring and the magnet
housing are bonded to_the magn§t housing, e.g., by méané of
‘an epoxy, so that their position does not change when the

capacitance ring-is.rembved and reinstalled.

7.4.2 Non-Metallic HMaterials Investigation

The investigation of-the non—meﬁallic=papts exclusive of
the pendulum showed that several material substitutions wére
equired. The materials as well as their usage in the in-

trument and the substitution made afe identifiied below:

TUF-ON 747-S Varnish: This material was uvsed to cover
the exposed surface of the magnets.

Replaced by: 828/2

#5 Electrical Tave (3M): "This materizl was used to cover

through holes in the magnet housings to prevent penetra-
tion of dust particles. -

ReDiaced bv: " #7300 Mvstic Tave
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Nylon: This material was used  for spacers between the
magnet housings and the top cover,

Eliminated

Formvar Insulated Wire: This wire was used 4o connéct

the ends of the coll windings to the spring tabs.

Replaced by: Heavy Isonel 200

Locktite, Grade A: This material was used to secure s

Screws, either in the thread or at the head, or both.

Replaced by: LCA-49

Epon 828/D (Shell): This material was used to attach
the flux plates to the magnets and %9 bond the Diamonite
insulateors to the base Qlate and To the spring clamps.

Replaced by: 828/%

Polyolefin: RNF 100 heat shrinkable sleeving .was

shrunk over the- capacitance leads and beryllium copper
.tubes soldered to tha capacitance rings.

_Replaced by:__Kynaf 3/64

'Isonel Wire Type 155: AWG #44 wire was used to ‘make
thé_cqil‘aSSembly.

Replaced by: Heavy Isonel 200

7.4.3 Pendulum Configuratiou

Préviously it was identified that the major instrument

r

vulnerability to sterilization was in the epoxy joint pe-
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tween the springs. and.the pendulum-assembly. Because the-
elimination oﬁxthis vulnerability took several forms. the

pendulum is treated in a separate subsection.

A second problem area encountered in the pendulum was in
‘the method of attachment of the torque coil to the pendulum
in the standard Model ViI. This will be discussed first and

the problem identified in the above paragraph subseguently.

TQH,é.l- Torguer Coil - Pendulum Bobbin Analysis

In the standard Model VIT ﬁendulum_desién, the torguer
coil winding was inserted into a‘gfoove. -The grbove was
-1ocated on .the inside surface of the cylindrically shaped
peﬂduiﬁm ffaﬁe.-'For this application, the FFA-2 epoxy
was chosen because it proviged self-support for the pre-
”fébricated coilﬁassembly, yet it also maintained a flex-
ibility for properly forming the:coil during the inser-
tion into the inner'groove'of the coil_form. The curing .
temperature of FFA—é is about 200°F. Exposure to 275°F
is undesirable because of its poor:dutgassing character-
'istics; and because dimensional deforﬁation and cfeep
is unavoidable. This would result in shifts or movement
of the %6rquer coll windings on the pendulum structure,
which, in turn, could adversely affecf the bias and

scale faector performance.

It was felt that té eliminate *this possible'error
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source. the .usage of semi~rigid.epoxy should be avoided.

-

'Therefore, Bell introduce@ a new pendulum design gith
;fooveé machined on the outside of the-cylindrical sur-
féce of . the pendulum bobbin. This design pe;mitted
rinding the coil directly on the pendulum structﬁre and.
jas secured with epoxy 828/Z. This design should result
n a better form stability and the tempersdture steriliza-
-ion should produce'no creeb effect. This new pendulum
lesign considerably helped to acﬁieve the good scale
‘actor stability of the.accelerometers. Test data sub-
tequently indicated the scale faqtér performance Ho be.:
rell‘ﬁitﬁin goal requiﬁements of 0.05% one sigma in foup

;ut_of five cases.

7.4.3.2 Pendulum. to.Spring Bonding Analysis

Because of the limitations recognized in the epoxy
(LGA—M/BA;Q) used in this joint in the standard Model VI
an investigation into possible substitutes was pursued.

The materials considered are as presented below:

BU-120D — Pittsburgh Plate Glass Company

Ablecast 147-1:- The Ablestik Adhesive Co.

-EC~1469 = Minnesota Mining & Mfg. Company
EC-2258 . - Minnesota Mining & Mfg. Company-
2850 FT/11 - Emerson & Cummings

LCA-U4/BA-9 - Bacon Industries (distributed

by the Ablestik Adhesive Co.)
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The most rellable method. of evaluating these materlals

would have been to bulld up and test complete acceler—

'ometers with each of the mauerlals Slnce thls was im-

practical from a time and cost p01nt of v1ew, 1t was
decided that a series of experimental tests on the ma-
terials would provide some significant inéicatiops of
their applicabiiity énd migﬁt even identify one‘as.peing

the eoptimum choirce.

The following types of tests were performed:
1) Test to determine heat distortion temperature;
2)- Wetting and bonding test on surfacés_of Aluminum 3003

and of Beryléo 25 materials, including pedling tests;

*3) Shear tests under normal temperature -conditions and -

1ffer temperature sterilization.

At the conclusions of these tests all but two epoxies
were eliminated from furthér evélyation. These were:
E012258‘ and
Ablecast 147-1.
These materiais weﬁe tested in a functional.accelerometer
ana nave shown improvement compared To*standard acceler-— .

onmeters.

However, EC-2258 turngd-out to be eléctrically conduc—

-tive epoxy because of its aluminum.pgwder filler., So

this material‘had to be discarded as a possible. substi-

tute. The epoxy Ablecast 147-1 remained the only poss-
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ible choice for the replacement of LCA-U4/BA-9 compound
to assure.improved bonding between the spring tab and
pendulum support, and it was vsed on all accelerometers

*tested.

7.5 Electronic Assembly Analysis

‘lished.

The basic principles governing the design of the standard
Model VII electronics were also applicable to the development
of a sterilizablelelectrbnic assembly. (See.Rigure 7.5.

pagé. 25afor the Schematilc Dlagram ) The main efforts were-

directed toward the deflnltlon of the sterilizable eleétronw

+iles configuration.

'iﬁiorder“to meet the design goals outlined by the JPL
spécification; a seé of performance reqguirements- was estab-

- The electrlcal parameters aescrlbed below character—

‘ize and control the functlon of this assembly

"Excitation Frequency.

Input Impedance

Pickoff Scale Factor
- (output scale factor

"Phase Angle

Maximum Power Consumption
Noise
Output Iﬁpedance

Quadrature

192 Ke

~j 8.0 Xohms or greater

40- . 5mv/mr

90? + 10° heading with
header pin "H" down

.125 watts

1.0mv‘

500 ohms

+1 mv,’
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The electronic assembly comprises three major components:
1) ?he two capaciltors constituting the fixed elements of
the capacitance bridge and a variable capacitor for re-

sultant nwll adjustment;

2) the pickoff transformer;

3) the preamplifier.

The part selection for the sterilizable configuration was .

~ governed by performance and reliability considerations and,

as far-as possible,.by the JPL Preferred Parts List (PPL).

7.5.1 Bridge Capacitors

The fixed capacitors constitute the upper arms of the -
capacitance bridge. Thelr temperature drift characteristics-

and étability vs. time behavior-are very important because

"these parameters control the eleetrical null performance

which has a significant effect on bias stability.

The gquality and ?eliapility of theee‘components was up-
graded by selecting the Corning Glass capacitor CYFR and by
perchasing in accordance’wiﬁh specification J951 iﬁspection
level B.- This device has a fused monolithic construction '
sandw1ched between the two conductive elements. A gléss to
metal seal terminates the internal structure and provides a

complete environmental protection for the criticalrelements.

The temperature coefficient is approximately 140 + 25
PPM/C® The devices selected w1ll not deviate from a pre-

determined temperature-characteristic by more than 5 PRM/C°
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The purpouse oi uvne variaple capacitor is to assure that
the absolute value of the null bias does not exceed 100 ug
befqre'final sealing of the instrument. - This is achieved by

trimming the.wvariable.capacitor. This component was speci-

fically designed for this application per Bell specification

control drawing 26-01011-1. It is manufactured by J.F.D.

Electronics of New York.

.5.2 The Pickoff Transformer

The transformer is designed to transmit the error signal.
from the output of the capacitance bridge.circuitry into the
preamplifier. It is important that the signal transmission
be achieéed without introducing undesired loading on'the
bridée and without ény effect on bridge balance conditions.
To minimize the briqée loading, the transformer is tuned to
parallél resonance at the operational frequenéy of 192 KHgz.
To eliminéte any bridge-balance influence, the unbalance and
drift §f thé stray capacitances of the trénsformer measured
from primaries ﬁo‘ground must cause oniy negligible secondary
efchts. This is achieved by the layout and construction of
the transformer. The qguality of the transformer, in particu-
lar the magnitude of the stray capacitancdy ‘and their stablii-
ity in time-and temperature, was assured by separate shield-
ings provided fof both the primary and. secondary windings
Furthermore;, the devicg is cgse_in a_carefully selected

potting compound. The quality of the transformer is assured

by evaluation of two sets of test data. The transformer is
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tested first before potting and,_secogdly, after potting -and
temperature cyéling. These tests assure that}the trégsformer
performs in_écpordance With the specification reguirements
listed below:

-SPEC. PARAMETER BEFORE POTTING AFTER.POTTING

1. Primary Inductance 11 - 13 mh 11 ~ 13 mh
2. Q at 180 KHz (Pri) >12.0 210.u
3.. Primary Distributed 430.0 pf {35.0 ..
Capacitance .
a) with primary shield £30.0 pf £35.0 pf
~ to.lead A ’
b) with primary shiel” <3010 pf {35.0 pf
to lead B
i, Secondary Inductance .5 — 3.5mh 2.5 - 3.5 m
5. Secondary Distributed £75.0 pi £80.0 pr
] Capacitance
6. Q at 180 KHz (sec) 12,0 510.0

NQTE: Capacitance difference
- between 3a and 3b must
be less than 3.0 pf {3.0 pf {3.0 pf

7.5.3 " The Preamplifie:

The preamplifier is a high input and low output imped-

1ce device. Tt is a single.stage a-¢ amplifier, an emitter

1o0llower with unity gain.

The following sections describe the ‘design considerations

: applied'for the part selection of this component.
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C3 ~ Tuning Capacitor

This capacitor is used to tune the primary of the pickof?

transformer to parallel resonance. This tuning capacitor

must be stable. The capacitor selécted is Corning Glass

. CYFR per 'specification J951’inspectién—level B, which

appears on the JPL~Preferred.Pgrts List.

Rys Ry, RB’ Rys FPixed Resistors

Ry and Ry ave used primarily for D.C. Biasing; Ry is a
quadrature fesistor; Ro, a bandwldth controlling resistor.
Thege resistbrs are all high Rel type which conform to MIL-

R-55182A inspection level B, They are also on the JPL

“praferred Parts Tist.

"The resistor selected is a metal  film type XLT manufactured

by ITC. It meets.the specification as outlined in MIL-R-
10509D and also meets all the circuit requirements, wattage,

stability, and the predicted failure rates at a 60% confi-

‘dence level. TFrom a packaging point of view, it also has

the_proper physical size.

‘Decoupling Capacitor Cg

The cgpacitor4se1ected for this is a Xemet 1.0 ufd rated

at 50 VDG (Type KG).

Mfg. Part Designation is:- KGLJ50KMS similar to that which

appears on the JPL Prererred Parts List. MIL Part No.
CSR136105KP per MIL=C-39003/1.
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7.6

Transistor
An "NPNG30 franéistor was selected because of its proven re-
1iability and because it appears on the JPL Preferred Parts

List.

nesiscor reedback Rs'.

The resistor is a molded bomposition resistor procured from
Ohmite or Allen Bradley, type RCRO7G, which meets and is
certified to the specification outlined in MIL—R—39OOB
(RCROT, RCR20). The basic reasbg for the gelection of the
component is its small size and high ohmic value. 'This part
is similar to the 1/1 wétt carbon coﬁposition resistor

found on the JPL Preferred Parts’ List.

Resistor Bleeder R§ -

The selection of this particular type, RCROY per MIL-R-
39008 (RCRO7, RCR20), was made primarily for its small
physical size in conjunction with the high cochmic value re-—

quirement.

'Sterilizable Accelerometer Configuration Summary
The. following tables compare component parts and mater-
ials used in thelSterilizable Accelerometer which are differ-

ent from thosé of a standard Model VIIB Accelerometer.

Blanks under the "Sterilizable™ Configuration indicate the

natériql,dr part was not used. The reason for the elimina-

.tion of the material or part is given in the "Use" (oo, ..




Material /Parts

(7.6) COMPARISON -OF MATERIALS/COMPONENTS

Standatd.Model VIT Accelerometer

l “ Supplier

Final Assembly

Sterilizable Med.VII Accelerometer

»
Material/Parts -

Supplier -

USE

#5 Scotch Brand
Electrical Tape

Locktite Grade A
(10-1)

Nylon Spacer

Adhesive {(on back
of Id. label)

1015 Plux

#20 Tube Teflon

Coating of Instru-
ment -

3M Co.

American Sealants
[aTa

Bradley Co.

Kester Solder Co.

Magna Coating
& Chem. Corp. -

#7300 Mystic Tape

LCA-149/BA 9 Frozen
Adhegive

135 Flux

The Borden Chem.v
Co.

8hell Chemical Co.
{(Ablestik)

Kester Solder Co.

Taping down of torque
coil and ground leads

To secure screws

Spacen,waé‘eliMinated
due to design change
on all accelerometers

Id. label was eliminate
(fell off at 275°F);
Mounting base engraved

- instead

Sealing of instrument

To guide leads in base;
‘Eliminated - used only
‘'with thermistor temp.
compensated accel.

Coating of instrument;
Eliminated as it may
outgas in temp.; our
standard nickel plating
will be used as pro-
tective coating.

i)

o

1¢ =28ed 4G£0-L0009 "*ON-3a0da¥ DVg



Standard. Model VII Accelerometer

Material/Parts

COMPARISON OF MATERIALS/COMPONENTS

Supplier

Material/Parts -

Sterilizable Mod.VII Accelerometer

Magnet Assemblies

USE

1RNF 100 1/16 heat

shrinkable sleev-

ing

#828 Epon Resin
Cement with Cur-
ing Agent "DV

"Tuf-On" 747-5

#5 Scotch Brand
Electrical Tape

Locktite Grade A
(10-1)

3M Co.

Rayelad Tﬁbes Inc.

Shell Chemical Co.
(Ablestik)

Brooklyn Paint &
Varnish po._

aAmerican sealant -

Kynar 3/64 heat
shrinkable sleev-
ing

#828 Epon Resin
Cement with Curing
" Agent. MZ"

#328 Epon Resin
Cement with Curing
Agent "Z"

#7300 Mystik 'lape
(Glass cloth,
thermo setting)

LCA-L4/BA 9 Froze

 Adhesive :

Supplier

Rayclad. Tubes Inc.

Shell Chemical Co.
. (Ablestik)

Shell Chemical Co.
. (Ablestik)

THe Borden Chem,
Co.

Shell Chemical Co.
(Ablestik)

Support of capacitance
leads at cap. ring

Bonding of flux plate
to magnet

Sealing of Magnet sur-
face

Covering of openings' in
magnet assembly

¢t @8ed GE£0-L10009 "ON 3a0dsy DVd

Securing oI capacitance
rings holding =



COMPARISON OF MATERTAT:S/COMPONENTS -

Standard Mpdel.VII Accelerometer

Material/Parts

Supplier

Tdrgue Coll Assembly

Sterilizable Mod.VII Accelerometer

Material/Parts

Supplier

USE

Heavy Isonel Type
1855 #44 AWG Wire

#828 Epon Resin
Cement w/Curing
Agent "D" .

Thermester L Wag-

net wire or equlwv.

#42 AWG

XR 875 Silicone
Varnish

Xylene (CH3)2

1015 Flux

LCA-4/BA9 Froze:
Adhesive

FFA-2 Frozen EpoXxy
Resin Cement with
BA-6 Activator

Hudson Wire Co.

Shell Chemical Col
(Ablestik)

Hi Temp Wire Inc.

Dow Chemical Co.

Mallinckrodt Chem.
Works

Kester,Solder Co.

Bacon Industries

Bacon. Industries

Heavy Iscnel Type
200 #40 AWG Wire

#828 Epon Resin
Cement w/Curing
Agent "Z"

Heavy Isonel Type
#200- #42° AWG wire

Neutral Flux in

core of 60/40 SN60‘

solder

Ablecast 147-1 -

#828 Epon Resin
Cement w/Curing -
Agent "z"

Hudson Wire Co.

Shell ciivinowl CO.
(Ablestik)

Hudson Wire Co.

Kester Solder Co.

Ablestik

Shell Chemical Co.
(Ablestik)

Coil Winding

To hold windings to
coil form;.to bond
spring insulatdon to
baseplate & clamps

Wire from spring to
coll

Coating of coil form
(replaced by heavy
anodizing of form ~

change in all accels.

Dilution of XR 875 Sil-
icone Varnish.

Soldering leads

Third'fill of spring- -
support bond

To bond torque coil
windings together

*ON gacdey Ovd

YyeU—40009
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Standard Model VII Acqelerometer‘

Material/Parts

COMPARISON OF MATERIALS/CQMPONENTS

Supplier

Transformgr Assembly (potted)

Sterilizable Mod.VII Accelerometer’

Material/Parts -

Supplier .

USE

#2651 MM Stycast
with Catalyst #11

#27 Tape, glass
cloth, thermoset-
ting

Grade Ht, Code 13
#80 AWG wire

Grade HiS, ‘thermalo
#30 AWG wire

Emerson & .Cummings

3M Company

Hi-Temp Wire, Inc.

T Hi-Temp Wire,Inc.

#2850 PT Stycast
. with Catalyst #11

#7020 Mystic Tape
(glass cloth,
thermosetting)

Heavy Isonel Type
200 #40-AWG wire

Heavy Isonel Type
200 #40 AWG wire

Emerson & Cummings

The Borden Chem.
Company

Hudson Wire Co.

Hudson Wire Co.

Encapsulafion-of
transformen

Securing of leads befoi
encapgulating trans-
former; protecting and
isolating ftransformer
windings and shields.

Transformer windings

Leads attached to
shields

€ 88ed GL0-10009 ‘OoN 3xodsy Hvg



COMPARISON OF MATERIALS/COMPONENTS -

Standard Model VII Accelerometer

Material/Parts

Supplier

Electronic ASSemblyl

Sterilizable Mod.VII Accelerometer

Material/Parts

Supplier

USE

Transformer Ass'y
{(potted)

Co Capacitor
9.1 pf * 5%

C. Capacitor
24 pf + 5%

Cl & C, Capacitors
g3 posSsible sub-
stitutes from
10 - 22 pf

Cy Capacitor
240 pf + 5%

Bell 26-01213-3

Corning Glass Spec
J 950 CYFR 10-
. 9 RIJ

Corning Glass spec
J 950 CYFR 10~
2407

Corning Glass Spec
J 950 CYFR 10-
100J to 220J

Corning Giass Spec
- 950 CYFR 10-241J

Cgz Capacitor
‘1 uf + 10%

Ry Resistor

1.96 Ko+ 1%

R5 Resistor
2.15 Ko+ 1%

Kemet CSR 13G 105
KP ’

TRC
RNR 55C 1961 FR

IRC .
RNR 55C 2151 FR

Transformer Ass'y
(potted)

Co Capacitor
9.1 pl + 5%

C, Capacitor
24 pf + 5%

Cl & 02 Capacitors
as possible sub-
stitutes from
10 - 22 pf

Cy Capacitor
240 pf + 5%

Cs Capacitor

1 uf + 10%

Resgistor

Ry
599 + 1%

Resistor
18.2 K+ 1%

¥ Change in Manufat

cturer's designatio

part is same

Bell 26-01523-1

Corning Glass Spec
J 951 CYFR 10~
G 9 RIJ

Corning Glass Spec
J 951 CYFR 10-
G 2407

Corning Glass Spec
J 951 CYFR 10G
< 100J to 220J

Corning Glass Spec
J951 - CYFR 10G
2417

Sprague
350 D105 x 9035
-A-2

IRC XLT
RNR 57C 4990 FS
Alt: MEPCO series
FH .

IRC XLT BRWNR 57C
1822 FS. Alt: Mep-
co Series FH ’

‘| Outer shield added.

Center tap added;

Bridge Capacitor (fixed]
Bridge Capacitor (fixed)

Possible substitutes
for C; and Co Bridge
capacitors :

Coupling Capacitor#®

Noise Suppression Cap-
acltor - alternate used

Change from 1/10 watt
rating to 1/8 watt rat
ing and high reliabil-
ity call out added

Change from 1/10 to 1/§
watt rating & high rel.
call out added

*oN 3Jo0day Jvd

9?0“L0009
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COMPARLSON OF MATERIALS/CQMPONENTS

Standard Model'VII Accelerometer

Electronic Assembly (cont.)

Sterilizable Mod.VII Accelerometer’

Material/Parts Supplier Material/Parts - Supplier USE
Rq Resistor IRC RNR 550 R, Resistor IRC X¥LT RNR 57C Change from 1/10 watt
from 49.9a.+ 1% from 49.9a.+ 1% | Alt: Mepco Series gzglgﬁdtgiQQBrgiggbgit_
+ 1% t 1000+ 1% FH -
wo 1000a.% 1% © k18 ity call out added
22 Megst Resistor Ohmite LIDSM 22 Megri Registor LIDNU Change from 1/4 watt &

2 pileces

#828 Epon Resin
Cement w/Curing
Agent "D"

Locktite
. Grade A (10-1)

Shell Chem. Co.
(Ablestik)

‘American Sealants
Co.

1l piece

#828 Epon Resin.
Cement w/Curing -
Agent' "Z"

L.CA-L9/BA O Frozen
adhesive

Shell Chem. Co.
(Ablestik)

Shell Chem.
(Ablestik)

Co.

+ 10% resistance toler-
ance resistor to 1/8
watt & + 5% resistance
tolerance resistor.

Bonding of boards to- .
gether; bonding of
transistors & wvariable
cap. to boards, and-
spacers to bracket

Securing of nuts to
bracket

g¢ o8ed GE£0-.0009 *ON 3JI0dsy OV
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7.7 Testing of First Design Sterilizable Accelerometers.

(Serial Nos. 657, 659 and 660)

The steri;izable accelerometers were evaluated in accord-

ance with requirements of the JPL Statement of Work and the

A.

BI

 testing was governed by the following procedure:

_Calibration and adjustment prior to initial festing;

Initial Testing

1) Measure and record bias, scale factor and input axis
alignment at room temperature and at the temperatures
of 50°C (122°F), 65;C (149°F) and 80°C (i76qF).

2) Measure anu reuuru LieguenCy response at room temp-

erature and at 80°Q (176°F)

Repeat Item B.1l.five times over a period of not less

than ten calendar days to establish a reference base for
the following tésts.

Submit accelerometer to sterilization cycle.

‘Measure. and record the shift of the pafameters determined

in B as-a result of thermal sterilization.

Hepeat the sterilization procedure and the parameters

‘shift test for a total of slx cycles.

One sterilization cycle consisted 01 a temperature exposure

of 135°C (275°F) for a period of not less than 60 hours.

The rate of rise and fall of the temperature was controlled

to be 19°C/hr. The accelerometer was not operated during

the thermal cycle.
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From the collected test data, the following performance

parameters were evaluated:
1. .Bias
2. DBias stability

‘Scalé factor absoelute

3.

4. Scale factor stability
5. Input éxis alignment
6. Input axis, stability
T. Frequency responge

7.7.1 Test Data

The following curves and tables

scale factor and misalignment‘affer

sterilization cycles.

Serial numbers 657,‘659 and 660

12 sterilization cycles.. The first

-

sidered as conditioning and, as can

are a summary of bias,

exposure to a number of-

were each subjected to
six cycles were-con-

be seen on the bias and

scale factor curves, no return readings were recorded on

$/N;s 657 and 660 during the six.conditioning cycles., On

S/N byvy, return readings were recorded after each of the 12

cycles.

All sterilization testing was performed with the accel-

v

erometer base in the horizontal position so that input axis

orientation would be random. All return points of Bias and

Scale Factor were taken at room temperature and several
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:adings were faken To insure that a stable condition had
been. reached. _he initial reference point on each curve is

the final reading of the ten day stability test (data show-

in Appendix 10.0).

The tables show change in blas; scale factor and mis-

allgnment after‘subjecfion to the sterilizalion cycle

Zl. is the.arithmetic average of the changes;[&ld~is tﬁ

Hiean.

one sigma value of the changes. It should again be noted
that no readings were taken on S/N's 657 and 660 -during con-

ditioning cvcles.

.7-2 Test Results

The results of testing on S/N's 657, 659 and 660 at
Bell and S/N 656 at JPL all showed bias changes in excess of
1000 ug, ﬁhile scalé factor and misalignment were within the
requirements. These results indicated fhaﬁ additional de-
sign chapges-would have to be incorporated to achieve befter

bias stabilitv with temperature. Section 7.8 discusses the

changes.




SUMMARY OF TEST RESULTS ON ACGELERCMETER S/N .657

Sterilization : ‘ S ot

Cyole Numbor 12 3 [h 5 |6 7 8 9 10 | 13 | 12 Bean | Dag

Bias Change {(ug)- ~11921 1769} 384 |-1654 | 1483 {-1L408| -103 | 13881
Scale Factor 70| . 147{ -30} 13| 81 46| 55| 55
Change {(PPM) . :

Misalignment . ~5{ =2{ B3| -1 2 ~5] -1} 3.6
Angle Change (sec) .

SUMMARY OF TEST RESULTS ON, ACCELEROMETER S/N 66¢(

Sterilization J ‘ ¥ )

Cycle Number 3 2 3 & 5 .6 7 8 3 104 1 12 ean ZQEG“
Bias Change (ug) -2518! 5051 874 | -640 | 2526 |-1621| -146 | 1666
Scale Factor . - ‘ . 1331 1301 -3| -4o| +98 | +d40 60 | 66
Change (PPM) . .

Misalignment : K 5t 42 3] -2 0 o| -1 2.6
ingle Change {(sec)

0f @3ed  GL0~-L0009 "ON FI043Y OV



SUMMARY OF TEST RESULTS'ON ACCELEROMETER S/N 659

Sterilization '
Cycﬁi ﬁumbér 1 2 3 4 2 6 7 8 9 10 . 11 12 Zl‘mean Zlhf
Bias Change (ug) ~789| -60[12631-649 | 6ko | 611 | -121| 85 | 325 | 2319 -1199] 448 239 { 907
Scale Factor 6621 -82| 34} -94 8 -385 59| ~44 31 =77 2 | -25 2] 227
Change (PPM)
0 -3 -5 11} ~-11 14 -2 3 10 -8 "4 2"-7.6

Misalignment

Angle Change (sec)

Sterilization
Cyecle Number

Bias Change (ug)

Scale Factor
Change (PPM)

Misalignment
Angle Change (sec)

"oN 3ao0day Ovd

T @%ed G£0-.0009
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1

Additional Design Changes

8.1__Berylliuﬁ Pendulum

After the program had been in progress for a period of
time it became apparent that a subétitution of a different
epoXxy for the one used to bond the springs to the pendulum
assembly would not by itself eliminate the large bias shifts
cagsed by sterilization. It was realized that Che differ-
ential thermal expansion between the aluminum pendulum assem-
bly and the stainless steel base plate due to temperature
changes of 200°F (room to 275°F) creates undesirable bending
stresses in the spring and shearing.stresses in the epoxy
Joint. Calculations indicated that the differential thermal
expansion between the pendulum assembly and the base plate

could be reduced by a factor of 40, if the pendulum assembly

were made of beryllium. Subsequently, a beryllium pendulum

frame was designed. The fifth accelerometer built as part

of this program utilized a beryllium pendulum.

Test results did not show the bias improvement expected.
The -test results indicated that matching the coefficieﬁts of
expansion of the base plate and pendulum did not relieve the
permanent deformation due to temperature exposure. It,
therefore, must be assumed that the stresses causing the per-
manent deformation occur either in the epoxy bonding materi-
al or in the spring material itself. The following curve

and table show test results of S/N 658 with the beryllium

&




SUMMARY OF TEST RESULTS ON ACCELEROMETER S/N 658

Sterilization
Cycle Number

10

11

12

A1’!’[86\.1’1

10w

898

1899

-213

-1440Q

2224

-16

559

1022

622

432

425

132

302

-84

225

228

"ON 3aoday Jvd

Misalignment
Angle Change (sec)

GE0-L0009

gh 83ed
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7.8.2 Laser Beam Welded Proof Mass

pendulum.  Test data was accumulated and is displayed as

described in paragraph 7.7.1.

Further pursuit of this problem of pendulum deéign leads
to consideration of different atfachment technigues of the
springs to the pendulum - other than with epoxy - and differ-
ent spring materials. One such activity was the attachment
of the springs to the pendulum utilizing laser beam welding.
This technique had to be investigated in great detail be-
cause of its radical departure from -BAC's previous experience.
Considerable work had to be done to apply the exlsting laser
beam welding technigues to this application. It was quickly
appreciated that for proper spot welds, the critical param-

eters were the energy levels, pulse duration, weld spot dia-

" meter and weld spot depth. Sufficient access to the welding

location had to be madelavailable for the regulred Cixturing.
With the aid of JPL and NASA/Ames Research Center, the ini-
tiallinvestigation, discussions and experiments were con-
ducted in laser beam welding techniques at Optiecs Technology,

Inc. of Palo Alto, California.

After initial experimentation with sample parts during
the first phase of this activity, confidence was gained that
such a technique was feasible. With the recommendations of
Optiecs Technology Inc., Bell selected Laser Systems- Corpora-

tion of Ann Arbor, Michigan, as a vendor to be used in the

-
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actual fabrication of the pendulums. Their Laser Beam
Welder Model LW 212, with a Neodymium doped glass rod head,
was used in our welding operations.

f
The second phase included building a relatively crude

pendulum which utilized a split bobbin as a single turn for
current conduction. This eliminated the need for the laser
welded joint to give electrical isolation of the torguer
coil from the springs. This pendulum assembly was evaluated
in an accelerometer, but, unfortunately, the high scale
factor (120 ma/g) compromised the ﬁsefulness of the results.
Thg final phase of this activity was to design a pendulum
assembly with the proper scale.factor and dynamic character-

isties required by the JPL specification.

The torquer coil wire was wound directly on a standard

~ anodized coil form and the windings secured by No. 828/Z

epoiy in the same manner as on the proof mass assemblies in
the five previous sterilizable accelerometers. In order to
retain the use of the springs as current conductor elements,
én insulating member was introduced into the electrical path
between the two springs. This was achieved by constructing
the aluminum supports with two overlapped parts secured to-
gether by brass fillester head screws. The contact surfaces
of these parts have been hard-coat anodized 0.002 inches
thick to assure the required insulation. Three proof mass

assemblies of the final design were delivered to JPL. These

*
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were primarily weld evaluation units and were not installed

in instruments.

One péndulum assembly was builE into a functional accel—
erometer and the effects of hot (QdOOF) and cold (-40°F)
temperature soak on null bias and séale factor stabillty &t
ambient temperature were tested and evaluated. The results
compared to data collected on standard Model VII acceler-
ometers under the same test condition showed a reduction of
the null-bias bandwidth by at least a factor of two. The
following curve shows actual test fgsults of 18 temperature
exposures (+200°F or -40°F). All bias and scale factor read-
ings were taken at room temperature after the accelerometer
was éllowed to stabilize. The notations of "pin A up" and
"pin A down" indicate that the sensitive axis was always

. sensing lg either plus or minus (A up +lg; A down -lg). The
accelerometer was not constrained during temperature exposure.
The results-show the bias bandwidth repeatability with temp-
erature has been aecreased by a factor of two. It also shows
thap the bias repeatability is not position (+1lg or -1g)

dependent.

7.8.3 Transformerless Electronics Assembly

A transformerless bridge pickoff electronics was devel-
oped for the Bell Model IX accelerometer. This design util-
1zed discrete components and commercially available inte-

grated elrcults.
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A matched pair of Amelco 2N392é field effect transistors

are used in conjunction with a UA709 operational amplifier.

The

the

2)

3)

A—C-gaih setting is about 100. See Schematic, Fig.7.8.3.

TNE evaludatlon Ol THNe usw uebigit cuacepu wrought EAC to
fgllowing conclusions:

The 19 pf input capécitépces of the ﬁaﬁched pair FET
devices track in temperature extremely well;

The null drift of the electronics was fouﬁd to be 0.0008
pf/°F, which is well within the internal specifiéation
Bell set for bonnet null drift.

This aesign gives 5e£ter electrical null stability be-
aausé it minimizes undesired stfay'capécitancés in the
éritical bridge area and improves their stability, bhe-
cause the input capacitance stability of FET devices is

SUperiolr Lo surayv capacitances of hand wound transformer

wWindings.

The results encouraged BAC to recommend the design prin-

iple for other programs, ineluding the sterilizable Model

IIE acceleromeber,

BAC built two transformerless electronic (bonnet) assem-

lies under the sterilization contract, of which one was

evaluated under the sterilization environment.

The evaluation of the pickoff electronics in steriliza-

tion temperature shows that. the D-C output did not exceed a
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bandwidth of-0.22 VDC which is eguivalent to 11 ug's.

Tests were conducted with the bonnet mounted on two mag-
nev NOUSing assembiles WLTA Thelp capacitance rings connected
. ; ' 5. .
to the bonnet, and the complete assembly enclosed in a stan-

dard Model .VIIB lower cover'(can);

ExXternal test electronliecs consisting of a reference os-

cillaﬁion,_demodulator and-a D-C amplifier were attached to

‘the bonnet. - Oniy the pbonnet and 1ts mounting structure was

subjected to the 275°F temperature. ‘The test electronics

were held at room ambient. Initially, the variable capacitor

.{see_Schenmatic Fig. 7.8.3) was  adjusted to reduce the D-C

gffsgt voltage to The millivolﬁ-range. The pickoff elec-
tronics had a gain equivalént to 2000v RMS/rad; the test
electronics had a_géip of 50 Vde/Vrms, thus providing a total
opén loop gain of 106,000 Vde/rad. An observed change of

1 vBlt.D—C at the output can be related to an electrical null
angle change of IO.urad., which is eguivalent to 50 ug's

bias, assuming a spring rate of 5g/rad.

LUT LULIUWLLIE DULUWDS LIS LUSsulus vl sLa \uy saposures to
275°F for-1l6 hours duration each time. All readings were
taken at room ambient after the bonnet had been allowed to

stabilize in temperature.




BAC 0345 Rev. 1248

Model

Date

& [BIre company Page 55
CLEVELAND OPERATIONS | ;... 60007-035

Bonnet uutput Heveatability -

Date Output Volts DC
1-20~70 +.035 (reference)
1-21~70 ;.fad
1-22-70 ~.180
.1—23—70 -.180
1-26-70 -.180
1-27-70 185
1-28-70 -.132

7.8.4 Other Spring Materials

While this design effort dnd testing was outside the JPL
sterilization gontract, BAC feels the techﬁological advances
made are pertinent t¢ any fubure use or requirement for a

sterilizable acceleﬁometer. All past Test results to date

" have indicated that the spring sfillczcontributes a large

poréion of bias non—repéatability in high temﬁerature expo-

sufe. _Therefore, BAC investigated various materials-to re-
pladé the beryllidm copper now in use in all BAC acceler-
oméfers. Elgiloy, a material manufacturéd by Elgin Watch
Company, was selected for use as a spr;hg material. Eigiloy

has high strength characteristics in yield and elastic mod-

lules, and has been used in similar electro-mechanical appli-~

cations.

Accelerometers Model VIIB S/N 303-1C and S/N 303-4 were

bullt with Elgiloy springs. While the shape of the spring




BAC 0345 Rev. 1248

Mode!

Date

BELL AEROSYSTEMS ’ 56

A fadnoni comPany Page

CLEVELAND OPERATIONS - 60007-035

‘Report

cubtout area and initial material thickness were not, optimum,

a spring constént of 2.5 gjvad was achieved Initial sta-

-blllty tests for beth 1nstruments showed good stablllty

Several subgectlons to sterlllzatlon cycle were performed

‘over_a 26 day period. After 1n1t1a1 changes in blas, both

accelerometers. tested showed a bias repeatability bandw1dth

of approx1mate1y 200 ug, part of whlch appears to be a blas

drift characteristic. These first results 1ndlcate an im-
provement in blas repeauabllluy by a- factor of 3 or 4 Tests
also indicate that sens:LtJ.ve axis erientation (Pin A up "and

Pin A down) has no direct bearing on the bias repeatability._
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8.0 CONCLUSlumu AND HECUMMENDALLUNS

The following conclusions pén be made based on the re-

sults achieved during the program:

1) An instrument that will operate reliably after sterili-

.zatlon was developed.

2) The following performance parameters identified in the

JPL performance objectives - scale factor, stability of
0.05% 1 sigma (in four of the five cases), input axis
stability of 30 arc sec 1 sigﬁé - were successfully

Ed

demonstrated after sterilization.

3)Y The design changes implemeﬁtéd as part or the program
reduced the bias uncertainty after sterilization to well
below that demoﬁs?rated by standard Model VIi's, but the

performance objective was not achieved.

The laser beam welded pendulum was not fully evaluated

-under the contract, but was subsequently evaluated as part

of "an in-houée effort. The preliminary results indicate a

bias repeatability improvement by a factor of two.

" Additional in-house efforts with new spring material
(stlll using epoxy bonding of the spring to the pendulum)
also have shown improved Dost sterlllzatlon bias reveatabil-

ify.

Thefeforé, it is the recommendation of BAC at this time
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chat accelerometers should be built and evaluated with laser

eam welding of the spring to the pendulum, utilizing the

ew spfing material. Based oh the results to date, such a

zombination will have a greater likelihood of achieving the

iesired post sterilization repeatability.
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10.0 APPENDIX

This appendix contains computer print-outs of actual.

data obtained from accelerometers tested under this program:

temperature, output at +1lg, output at -lg, scale factox

(volts and MA/GY, bias, slope of scale factor and bias be--

.tween temperatures indicated.

The following defines computer print-out headings:

T
Voo
V270
S.F.
MA/G
B(ug)
PPM/CF

B{ug/F)

l

i

Stabilized temperatUre of data points
“+lg dﬂtéﬁ%
~lg output
~Scale Factor derived from 90-270° outputs
Current Sehsitivity
. ﬁias derived from 90-270° outputs

" Scale Factor slope between temperatures
indicated in T

Bias slope between temperatures indicated
in T
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ACCELEROMETER u/w 0657
TWITTAL TEITING

T(1) Vao(!s V270017 SF(ID “MA/R B{UnR) PRM/F" DL
73,18 =~1.047512 1045727 1,007150  0,0105G5 -3hE, ] N
123..55 .«1.nr G T 1.052567  0.915276 T 107, 9
180,08 =1.0554n1 1 na5n0q 1.0555n00 0.017996 oh 0 15,0
17506  -1.058005 T OBRGLD 1.052%7%  n.020730% 2600 1100
73000 -1.6L7h70 1 AkG7se T.007A0T  0.010%1R nan. G 100k
125,06 ~1,057700 1. 057670 1.nE97%0 n.aTEKD T Ro R o1, N
M3.52 =1.66525% 1055670 1.085366  n.917700 0n. 0 1059
175.57  -1.0S8i05 T.05°600 1. A5R%07 RELEIT 271, 7 17,8
71.70 ~1.0h7007 1.0REG7N 1. 0HGARD n.a10%Es TN 07,0
1I20.2% =1, 050506 1. 050G ar 1. 082077 0.018107 BT 1 s
15085 ~1.0F5R7E 1.05579 1 1.005508  0.6170717 116.5 1000
175.69  ~1.6801Ch 1. 050718 1.050h 00 nognpwn3 ng1 1 ing. 3
71.75 <1.047773% 1. rkGaET0 1.A08A7C . 0LaTnnTY REERE] 1nn. 3
127.58  ~1.560890 T.052%%¢ 1.050018 0.0181h% 06T 107, 0
ih7.8%  =1.0%5120°  L.PRGARES 1. 058070 0.917670 T 1070
175,20 ~1.05R14G 1.058703 1.0684570  0.0920%60 G 110, 9
74,73 =1.aL7577 1.00k697% 1.0K7985  AL01pghe ~315.0 1.8
122.8%  =1.052575 1.QR2 00 1. 052500 8.015919 ~60. ¢ 107 8
168,G%  ~1.05506A.  1.085k 70 T.NR5%7,  N.017717 00 .1 106, 5
176,27  =1.058993 1. 05PR3% 1.0R857¢9 n.arnngn 228 .% 10,5
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BAG 0345 Rov. 1248

ACCELEROMAETER S/N 0657
PARAMETER CHECH AFTER EACH JTERILIZATION CYCLE - SHCOND PERIOD

22y woolx v270{1} s¥{x) MA/C s(ua) /F B{UG/E)
o7 b =1 AREROS 1085757 1,0L751R 0,9107131 ~1509.% St 17,2
122,36 ~1,084060  1.051667  1.082859  0.83653A 11%9,9 Tor. & 7.3
168,55 «1,056746  1,08L837  1.05%7271  0,g1sAvy R 107, 1 8.8
175,77 =1.082620  1.058%57  1.CA009h 0. 0R0PGH -r9q.0 T12. 0 17,3
73,04 0 =1,087108  I1,6R77h5  1,AR7477  0,010FLS 2RR N 108, 9 -2, 4
123,57  ~1.052525  1,063812  3,052060 0. 0IR&0Y AL A0k .k 5.1
188, GE ~1.08502%  1,08G520  1,085770 0, n1pnG) 707,7 07,1 7.7
174,70 =1,05774G  1.0%08573  1.050703  0.070517 116.7 107.9 7.8
72.58  =1,0RG7GG 1.0hR118  I1.0L7401  _oinage Gh%,7 104, % 2.6
127,11 =1.051869  1.053229  1.052843  0.015%77 920,y 100, 0 5.8
198,54 =1.055566  1.05R031  1,nRA7ME pLaisatg 119%,3 6.1 7ol
175,71 -1.,057%60  1,A80380 1,08P02%  0,90A760 TRER LG 199,k °,1
72.61  ~1.048513 1, 840337 1.0hThSE  n.ainpin 10360 1,7 1.2
322,16 -1,0535h7  1,05217%  1,08286)° 0918837 SRED D 100, 7 7.2
159,50  -1.056298  1.0S5ERL L 1.AREREY N3P IRG a0, 6 N5, 2 9.2
177.19.  -1.050108  1,00P080  1.05°993  0.000nGhH S107.R 00,1 LN
72,95 . =1,0E704S  1,0R8N36  1,0%7%k0 .0 ineang 77,0 0%, 7 ‘5.6
122,90 -1,0F2136 1,053723  -1,057000  0,975R00 7th 0 10%, % 5,6
146,95 ~1,A5E010  1,085870  1,055820  0.01P100 GEG 5 1860 7.2
175,17 -1.0R75k1  1.0K8A0N0  1.0BR763 0, 00DAES 1156 .6 17,0 7.5
71,50 ~1,005G68  L.DOGGIN 1.0LTSRR 0.01004G 330 8 10s.9 10,6
122,50 =1.M83528  1.059210  1.AR2R7A 0.9IR5LD 621k 103 6.k
150.28  ~1,056322  1,055530  1,0S89%%  0.a10200 3735 10f, 5,9
176,96  -1.052951  1,0587ah  1,N89P6T  0,40ATSL ~70 B 10 1.1
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MECHANICAL UNIT S/N ° 3

A oanT9 Rnert K

TEMPERATURE

TCH) vao(L)

72,37 -1,048303

122.70 ~1,053530

147,15 ~1,056129

176.22 -1.059324

72,08 -1,043420

122,32 ~1,053623

150,08 -1.056549

17L,27 -1.059188

72,55 ~1.0U8380

122.34 -1,053555

150,58 -1,056705

176,18 -1,059449

72,34 ~1,0L8L25

129.7h -1,053507

150.55 ~1.056657

176.00 ~1.059423

73.35 ~1.,048512

122.00 ~1.05363%0

159,51 -1.05G837

175.55 ~-1.059438

73.04 -1.048361

120,72 ~1.0534460
150,42 . ~1,056602
175,21 -1.052373

? 72.90 ~1,048072
176,00 ~1.0R8047

72.82 -1.086217

175,08 -1.057341

~ 75.22., =1.048885
& 176.92 ~1,057837
735 -1. 048534

E 177.75 -1,0548283%
N 75.25 ~1,046515
175,98 -1.057480

% 7h,ug -1, 0uBhhh
i 174,748 -1.05789%

']
/EMD READ
M.0070  END

JPL S/N 08658

2
y270(1) SECI)
1,048779 - 1.018540
. 1.054438-  1,05398%
1,057289  1.056709
1,060686 1,069005
1.048679  '1.08550
1.054308 1.053966
1,057566 1,057057
1,060L02 1.059794
1,0458G08 1, 048493
1,054199 1,053877
1,057675 1,057190
1.060550 1.059999
1,013499 1.0484G2
1.053974 1,053741
1,057505 1,057080
1,060501 1,059962
1, 03586 1,0L8549
1.054087 1.053858
1,057361 1,05694L9
1.060521 1,059979
1.048527  1.0u8ukb
1,053064 1.053704
1,N57490 1.057046
1,060490 1,05993L
i AE0121 1059096
1,.061913 1,060L79
1,052253 1.049238
1.064079 1.060710
1,052475 1, 049680
1.064078 1.060957
1,051103 1,049818
1,062958 1,061120
1,.053755 1,050135
1.064859 1.061170
1, 053650 1,050047
.1.0647590 1,061321]

MA/G
0,91177L
0,916507
0.918878
0.92174t
0,911782
0.916492
0.919180
0,92156N0
0.911735
0.916410
0.919296
0.92173%3
0.911706
0.8916286
0.919200
0.921706
06.911781
0.916398
N.9190886
0.021721
0.211690
0,916264
0.918170
0.921681
0.,922156
N,912378
0.9223586
0.9127065
0,92257%
0.912885
0,922713
0,9131069
0.922756
0,913084
0.9228838

R{UG)
226.,9
L30,7
Su8 .7
6h2.4
123.7
2L, 8
hen.s
572,85
108.7
NG, h
k53,7
519.1
35,5
221.7
B0T.0
EN1R,3
35.5
216.7
389.8
511.0
79,1
265,7
L2n,0
52,6
976.8
1551.2
2876.3
2176.5
2662,9
29L1,6
1223.2
1731.4
3LL7 .3
77,1
3451,

3299.@

PHAE

6.0
03,7
NG6.6
.08.5
03,8
03,3
06,5
08,2
Ri1
03,6
12,3
04,9
g4, 8
G4,.5
Nn7.2
08,3
0.8
0L .,5
i08.3
19,5
06,1
05,7
i07.6
L1,k
99,9
LG i
2.7
168.1
1oL, 1
106.,8
162.4
108,2
10,0
105.4
13,3
108,72

A{Ua/F)

-
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BELL AEROSYSTEMS comm
INSTRUMENT LAB ¢/

HECHANT CALUNTT "S7N ™ &&F—IPL" STERTLIZATION" TEST MR == moommn o oo o

TINITTAT, TESTING

1) VIO V270t SFECTY M/ G r{unRYy PEM/ PRt G Ry
72.18 1.0L5L37 ~1,.045707 1.045571 0.99578%2 -129.1 ' 0.0 0.0
121,68 1.05083%30  =1,.051550 L. NR1180 T 1.001132 7 =342 57— L 13° A it T R
148,91 1.653823% ~1.054872 1.064307 1.00L3080 87,0 111.1 ~5.7
177G T 1L,057076 T =1.058051 7 1, 08776377 1, 007393, —=GLg AT 1L QT =5, 5
72,75 1.045580 -1.085870 1.045725 0.995928 «~138,06 108.7 -4 .9
1230k T,051020 ~-1,051800 1T.05%12 1.001300 ~372 .8 1n8V7Y =TT
kg 2 1.053842 ~1.054879" J.05083060 1.00152 -b92.1 111. 4 -h,7
TA76.65 7T LL0570107 T -2, 0583707 1,0576907 1.0073237 T=QL2 0T T I 0T T T R T
71.73 1.045L77,  =1.0457L7 1.065611 0.005820 ~-120.1 .100.1 -1, 0
"122.92"“m"1.050937"_”;1.051733 """" 1.05139(0° 1.001323 T =337 T T 108,677 -8
149,09 .1.0538069 ~1.05043 1.054L06 1.00L196 -E0N. 2 110,.5 -5,72
175,96 - 1.856910 ~1.,058271 1057590 10072297 ~6E3.8 13T T =50
71.78 1.045500 -1.0L5788 1oNU56RY "N.905851 ~137.7 108.4 -i.9
T121.78 7 1.0508837  =1,.051661 7 1.0512827 T 1,0011927 7 =500 2T 07 L e TR 0T
19,81 1.0583975 -1.0550L5 1.N54510 1.00h294 ~507.0 111.5 -4, 2
177,08 7T 1,0570%2 0 =1.058L157 1,087723°  1,0N7385° =G&n 1T 113,72 -
,71.38 1.045407 -1,ML573%3 1.0045590 N,9052900 - ~13%6.8 108, 5 -4,9
101,57 1.050858 =J3.0516h8 108512553 1.00119% T =376.,5 1.k =4 TURTT
148,890 1.05384L0 -1.054915 1.054382 1.00L1753 ~-E0R, 0 169,48 -4, 7
m175.96“_mm1.ﬂSGQﬂSmm_31.05828h”"m“1.OS?SQSH"fal.OUVZBB ''''' -HE0, 67 T113.9TTTTT T T T
72.089 1,045500 -1.045800 1.0045655 1.995862 o= 1h3,6 18,7 =49
121,787 1.050881 7 =1.0516L7T 1.05126HM_—"1.001203__““*“-36ﬁ{2“' 1088 IS O
1h9.00 1.0538069 '=1.0849Q45 1.054007 L1.a0015%7 ~51N0,HR 110.7 - =K.
- 1.056783  ~-1.0581857 C1,057k737 7 0 1.007117 T 77 G837 112,27 BT
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176,

75.38
T176.07

76.50
175.50

__76.85
175,82

76.53
76.06

T176.83 7 7

72,00

71.58
122.77
15044
174,92
71,78
121.96
149,00
175,10

71.48
121,68
16,42
176,32

71.71
120,28
In7.78
173.00

72.18
122.14
18,14
175.06

72.50
122.09
148 LG
170,748

TT175.467

74

~ INSTR.,..ENT (AB MY

S LS

PARAMETER CHECK AFTER EACH STERILIZATION CYCLE -~ -FIRST PERIOD

1.015371 ~1,047323 1.046387 0 0.,096520 -932.9 1050 2.8
T1.056179 T ~1.052915° 77 1,.057547 "1.007187 T TTT=12093 TTTTTTT1R7.E T TR g
1.045223  ~1,047299 1.0462461 N,396439 —9ﬂ7 ? 107.2 -3.0
. 1.056299 ~-1.05808557 T 1,057G27 1,017263 “”““—1zrr.s‘"*"“"'111 A A
1,046508 ~1. 045001 1.0L8225 0.990cL08L " 270.7 109.3 -15,5
11,0576 =1,057721 1.05758% 1To07271 =300 1IN 0T
1.085732  =1,04L5523 1.06127 N,0068312 -~370,3 119,1 2.5
1.056919  ~1,05°350 7 1.057G307 7 C1.007275 7T «GRO R T2 T T
1.04G809  ~1.045862 1.NuG135 0,906319 261, 2 109, 4 . =9,5
*.057003 ~1,058138 777 1,057900 TTTT1.00752h T =224,5 mmuﬂh'llz,q*“““““"";w.gm—*"“
1.08GGU5 _ ~1.044820_  1,DL5732 0.995936 872.8 T 109,7 -10,5
1.058u25 =1.057249 1.057837 7 "1.007403 7 5558 111UR =30
PARAMETER CHECK AFTER EACH STERILIZATION CYCLE - SECOND PERIOD
1.0L6579  =-1.0L5008  1.04579k 0.9295994 751.4 108,72 -1.9
1.052190 ~1.0505650 1.051419 1.001351 7732, T TT 108 6 T T -0 kT
1.055200  -~1,053869 S L.05H53N 1.6004317 30,8 187.9 ~3.,7
L057890  T-1.086791 777 1.057341 1.006%9n TUURALET T 100,90 T T Al BT
LOLBEE23  ~1,044R73 1.Hn57uu 0,995950 £36.,7 NG.3 ~3,1
.0521637  =1.050610  1.0513 S1U0015197 7388 e AT
i or51“7‘__-1 05%8272 1. nnuﬁnb 1. 001290 Gh7.% AN 6 -3.h
L.OSBIGG TT=1.,05R6079 7 T1.0575 7?“““”1.007211‘“““““ 560.9 A A S
LORGO95 ~1.0L0L565 1.005780 n,008981 1161, 0N7.6 -5,8
L052535 77 =1,0%0176° 1, 0813657771, 001290 7 T T 1122, 1 LR, 7T -0, 8
_m05551q__w-1 053326 1.054118 1.0047207 1035, no.n -3.2
L N58605 ~1.05666G0 1.057632° 1.0D72€2 ' '"91917 L1087 =4
.. 0L9339 -1.0L20G0 1.045609 0.9959nn AN 6 07,8 -24.5
LLO5L730T =1,047050° 7 1.053190 7 1.001133% T 3367, & 07, 7‘“”“”*""-2:3
057565 -1.050803 1,054 186 1.003986 2200 ,7 06, -G.1
LLORNGUE T =1, 058288 1.B57457 . © 1,0n71n1 T 30165.9 ;1}.7 """"""""" -8,7
.. 048007 -1.0433%16 . 1,0hk5707 0.995%906 S8tk 07,0 7.1
[.053706  -1.089041  1.051373 1.001307 2218.7 Lne .1 -1.%
L 05GRAC -1,052172 1.08L320 7T 1.0001717 7 209k R [ S A T
L059772 ~1.055550 L 1.057660 1.007295 1995, ¢ 113.1 -3, f
L.uba 30 777 ~1,0082822 77 1,065675 TTT0,995881 77T 2720, na.g~ —%7,1
1{05u170 -1.048473 1.051321 1.001268 2709, 1 109. 1 -0, 1
L.05688K  =1.051410 " 1.05L1h7 71,0039 TTT 72546, ¢ 62,7 S
L.059730 -1,054472 1.057106 1.000R767 201, e .0 -l
page 2 of 27
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{CCFLEROMETER S,/ 0660
INITIAL TESTING

Tl v3a<x> V27061 SE( TYIE R{Hm) po T HI I F s
fh,sv =0, 083078 0,a9657880 0,0620489 1,017104 ~12%, 6 n, 0 n,o
123,71 -0,068700 0.867778 0, 067903 n.071008 w220 1 107, 9 -2, 1
N, 8 0.9?112% 0,9707h 0, 07NRG 0,00850% =108, 7 100, 7 n,9
174,78 -D,0730804 0.0734L08 0,97350A 0,977243% Sk 117,10 -9.,7%
72.68  -pn,883082 0.9G2839 0.962000 0,017105 376, N7, ~f1, 8
122,51 -9,9452970 0,087254 0,080N0EN AR ERTh S -6, 0 in7,n -1,0
TIAD 20 w0, 871060 0.9705060 6,07n875 N,2200463 3Lk 09,1 0,7
5023 -0.873841 N, 9734508 C.O07RBSN 0,I877261 270 % 110, 0 -0, 0
"F1.00 =N 0G0g03 n,I02E73 0,a58%798 AR ES ~121, 0 ThE, 7 -0, %
102,07 ~0.062260 n.9r7800 n,aneN0EN pLNnI9n3 0o 107,77 -1,Q
1RO, B3 -0,8711%9 0.1706286 n.orTany a,09L6P% ~pnp 1 108, -n,n
176,49 -0, 873894 0, 073RA0 fn,073677 a,8872n80, -0008 A 1198 A0
71,58 “2,967993% N, 952700 n,0R%P8G nLatynnn TN .9 ~n,n
122,30 «n upenga 3,15707292 noaGring nLO%shnn ~2%2 ,h 100, 7 ~%.P
19,00 =p, 071080 ﬁ.%;ﬁu?& fLo70a0%7 N h0kRAG -010. 180 n, 5
176,065 «p,9730980 0,973%5 0,87378% 8,9273r6 RS B PULIRD: -1, &
73.85 ~0,08%107 0 %eas;ﬁ 0,063065 1,817908 ~1%6, % 108.5 -8,9
122,22 =0, 0600071 D.,967807 P,a07000 0.07198] -7E0, 0 107 1 -7, %
5,59 ~0,071030 0 9?&%?6 0,070807% D,00h57h “R7% N 08,0 n,B
174,60 =Q,973808 n,97%% n,073881 8.,427200 ~h3n. T, s
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22,458
H "
o2 L
5,77
73,10
22,722
s .02
75,30
72,790
22,05
Leong

[
-

o I Tl o I e

L]

L]

o

-

-

a

(192 Jtvwe ]
il e

'311

..-A

GG
07
94
ng
19
Lo

o
1Y

L340
LN7

PARAMETS
veo(T)

-0,9C657%0
-, 670000
20,8750
..!:] 0?[

-0 r.]f'—"\l:.}
-(.970%
-0,07%
-n. g7
*3.9@
"‘l.:n
=0

L

*{\}3
...0‘
..().
-0,
-~
-0,
-1},
~N.970490
~0N,07271§
-0, 96h3e3
-0.933700
~0.972L245
~-0,8754n3

S
=3~ a

-

H
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o
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L
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it
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)
.
b

D:.:)
T ATt

T270(1)
0.,260630
0,965760
ﬂ.ﬁﬁﬁﬁsm

G‘ﬂ?lﬁgw

L 0.961907

{} ﬂr) f"r‘?')
0,2300 77
0,971750
N.902006
Q ﬂ!‘faﬂﬁ}g
n,agnyaen
3 ?f

n‘:'\("'!n'?{,
D.9RGRG2
AR SR TR
B.722h0
0L.963858
0,96RR%G
0,071526
0,974 807
N.062h%0
0.90727%0

N.96084a5n

a72048a
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