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1. INTRODUCTION

Sundstrand Data Control (SDC),
Inc., was awarded a contract during
August 1977, to perform design analysis,
fabrication and testing on three Quartz
Flexure Accelerometers built to meet
the requirements of Lance Missile
Interim Specification (MIS) Number
13227C, dated 24 September 1975.

The main thrust of the program with
Sundstrand was to improve the Q-Flex
Accelerometer performance in the area
of bias thermal hysteresis (BTH). The
design analysis portion of the program
was performed to establish alternative
methods to improve BTH. During the
course of the analysis, the following
areas were investigated:

e Magnet Matching
e Cubic Self-Heating
e Servo Loop Design
e Bobbin Material

e Use of Welded Pickoff and
Torquer Leads

e Proof Mass Assembly Sensitivity

The purpose of the magnet matching
investigation for the Q-Flex sensor was
to reduce the quadratic nonlinearity
term. The effectiveness of the match was

determined through vibration
rectification tests. Magnet matching
does not directly affect BTH.

The cubic self-heating investigation
resulted in the incorporation of a
negative temperature coefficient resistor
(NTCR) for use in the output circuit to
reduce nonlinearity due to sensor self-
heating.

The Lance servo electronics were
reconfigured for use with the standard
production Q-Flex sensor during the
servo loop design investigation. The Q-
Flex sensor uses air damping as one
servo damping source. The standard
production sensor has had a
modification incorporated to eliminate
errors due to static electricity. This
modification reduced the air damping,
necessitating a modification of the
Lance electronics, originally configured
for a special sensor for Lance, which had
the higher air damping.

The first design area investigated
which directly affects bias was torquer
bobbin material. There are two torque
coil bobbins in the Q-Flex sensor which
are attached to the quartz reed with an
adhesive. Any stress on the reed will
cause it to warp and produce a bias error
through the action of the servo
electronics. The attachment of the
bobbins to the quartz reed produces
stress through differential expansion of
dissimilar materials and, thus, produces
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bias errors. The standard bobbin is
made of aluminum, which has a
relatively high temperature coefficient
of expansion compared to quartz. As the
temperature is varied, the aluminum
expands or contracts more than the
quartz reed, and this causes stress to
build up at the interface in the adhesive.
A bias error is produced when the stress
in the adhesive is transferred to the
quartz. This bias error changes with
temperature. Bias instability will result if
the adhesive yields with time and
temperature. Bias instability can be
reduced by fabricating the torquer
bobbin from a low temperature
coefficient of expansion material such as
quartz.

The effects of welded pickoff and
torquer leads were investigated to
determine their contribution to bias
error. In the past, Sundstrand has made
pickoff and torquer lead connections
with electrically conductive epoxy.
Temperature variations cause a
differential expansion between the
conductive epoxy and the quartz reed
substrate and produce output bias
errors. These induced errors are not
stable as a function of time and
temperature. Similar problems exist
when conductive epoxy is used on the
torquer coil leads. The welded pickoff
and torquer leads tasks were undertaken
in an attempt to resolve these problems.

The last design analysis area to be
investigated was related to proof mass
assembly sensitivity. The proof mass
assembly sensitivity investigation was
designed to look at the effects of bias
instability rather than the causes.

The three quartz flexure
accelerometers were to be built to meet
the design and performance
requirements outlined in MIS 13227C,
dated 24 September 1975. In addition to
the requirements outlined in the above
specification, the accelerometer bias at
80°F was specified to within plus and
minus 50 ug of its initial 80°F
value after each period of stabilization
above and below 80°F. High-reliability
components were specified for all
electronic parts.

Program testing was directed at
verifying acceptable accelerometer
performance under the requirements
outlined in MIS 123227C. The following
tests were performed by Sundstrand on
the three quartz flexure accelerometers:

e Initial acceptance test procedure
(ATP)

e High-g nonlinearity over the
-40°F to 200°F temperature range

e Bias stability after exposure to
temperature of -65°F and 200°F (25
cycles minimum each test unit)

. et - e ——




e Non-operating vibration

e Final acceptance test procedure
(ATP)

2. SUMMARY OF SDC
TEST PROGRAM

The data generated during the SDC
test program showed that all three
accelerometers performed well within
the Lance specification with the
exception of spin sensitivity. Since the
spin sensitivity results on the three
accelerometers were near the
specification limit, sensor yield became
of some concern. To quantify this
potential yield problem, SDC
performed an analysis to determine the
spin sensitivity magnitudes to be
expected from various possible error
sources. More than 100 sensors were
tested to support the analysis. The
analysis showed that the magnitudes
experienced were essentially what would
be expected based upon the part and
assembly testing tolerances. The
analysis and test data on the 100 units
indicated that the yield in quantity
production would be very high for this
parameter and that no part, assembly, or
tooling changes would be required.

Table | shows the data from the pre-
environmental and post-environmental
ATP’s at Sundstrand. Accelerometer
nonlinearity test results are summarized
in Table 2. Figures 1, 2, and 3 depict the

nonlinearity at ambient temperature
and at the temperature extremes. Table
3 shows the bias stability through all
environments, including both ATP’s.
Figure 4 is a plot of the bias through the
entire test sequence at Sundstrand.

3. DESIGN VERIFICATION
TEST PROGRAM AT
MIRADCOM

Many of the tests that were conducted
at SDC were repeated at MIRADCOM
to provide added confidence in the
performance of the accelerometers.
Special emphasis was directed toward
evaluating the accelerometer bias
thermal hysteresis (BT H) characteristics
because problems had been experienced
in that area on a previous program. A
Manufacturing Methods and
Technology (MM&T) program,
directed at improving BTH, was
conducted concurrently with the Lance
program. Many of the improvements
made in BTH can be attributed to the
successful MM&T program.

Table 4 provides a summary of some
of the accelerometer performance
characteristics evaluated at
MIRADCOM. Scale factor and bias
performance shown in the table
represent the value of these parameters
at the outset of the MIRADCOM test
program. Scale Factor Temperature
Coefficient (SFTC) performance proved
to be extremely good, with performance
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equal to or greater than two orders of
magnitude better than the design
specification on two out of three of the
units tested. The Negative Temperature
Coefficient Resistor (NTCR) performed
exceptionally well in fcducing the
accelerometer SFTC characteristic. Bias
Temperature Coefficienct (BTC)
performance was also well within the
design specification requirements. Both
SFTC and BTC results are averages
taken over the -40°F to 200°F
temperature operating range. Scale
factor and bias temperature coefficients
for -40°F temperature increments are
given in Appendix A. The changes in
vertical and horizontal axis alignment
temperature coefficients over the
operating temperature range are
negligible. Vertical and horizontal
alignment temperature coefficients for
-40°F temperature increments are
contained in Appendix B. Nonlinearity
tests were performed at -40°F,ambient
and 200°F temperatures on S/N 103.
Serial numbers 101 and 102 were
subjected to nonlinearity testing at
ambient and 200°F temperatures only.
A summary of the nonlinearity results
obtained on all three accelerometers is
contained in Table 4. Spin sensitivity is
the only parameter measured which was
near the Lance specification limit. The
spin sensitivity test results obtained at
MIRADCOM (Table 4) were almost
identical to the results obtained at SDC
(Table 1).

The results of the complete
nonlinearity tests series on the three
accelerometers evaluated at
MIRADCOM are contained in Table 5.
Comparing these test results with the
results obtained at SDC’s facility, it is
noted that there is an average difference
of approximately 0.012% (i.e., the
results obtained at SDC were

‘approximately 0.012% more positive

than MIRADCOM’s test results).
However, the results obtained at both
facilities were well within Lance
specifications. Figures 5 and 6 show the
nonlinearity of S/N’s 101 and 102 at
ambient temperatures at the high
temperature extreme. Figure 7 shows
the nonlinearity of S/N 103 at ambient
temperature and the two temperature
extremes.

The bias thermal hysteresis (BTH) test
results on the three accelerometers are
shown in Figures 8 through /0. The
instruments were stabilized at the hot
(200° F) and cold (-40°F) temperatures
for a nominal 4 hours each. The initial
bias reading (153 pug) taken on
S/N 101 after 16 hours of stabilization
at ambient temperature during run §
(Figure 8) is assumed to be in error. The
unit was allowed to remain at ambient
over a weekend for a total of 64 hours
when a bias reading of 12 pug
above the run 0 bias was recorded.
Fifteen additional runs were taken on
S/N 101 without incurring any large

A A i
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shifts. All post hot and cold readings
were taken after at least four hours of
stabilization at ambient temperatures.

Scale factor hysteresis information is
presented in Figures 1 through /3.
There appears to be a slight trend of
increasing scale factor (5.8 to 7.3 uV/g
per nanoscript) on each of the three
accelerometers as they progress through
the series of hot and cold environments.

The last test series to be conducted
was scale factor .and bias stability
through non-operating vibration. Ten
scale factor and bias runs were made
before and after the units were subjected
to the non-operational vibration
environment specified in the Lance
Accelerometer MIS. The three acceler-
ometers were vibrated along each of the
three orthogonal axes. Test results are
presented in Tables 6, 7 and 8.

4. CONCLUSIONS AND
RECOMMENDATIONS

Table 9 presents an abbreviated
summary of the tests conducted at SDC

and MIRADCOM and can be used fora
quick comparison between the test
results from both facilities. All
parameters listed in Table 9 meet the
requirements outlined in the Lance
MIS.

The bias thermal hysteresis design
goal of +50 ug’s from the initial bias
reading was met on every run except
one. Run 4 on S/N 103 showed a
deviation of 68 ug’s. This value,
however, was still within the Lance
specification of 200 ug’s absolute.

The overall design, fabrication and
test program on the Lance Q-Flex
Accelerometer has been a success.

It is recommended that additional
scale factor hysteresis tests be conducted
on the accelerometers to establish the
trend reversal. It is also recommended
that the source of the nonlinearity
difference between the SDC and
MIRADCOM centrifuge be determined.
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APPENDIX A

SCALE FACTOR AND BIAS TEMPERATURE
COEFFICIENT TEST DATA
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APPENDIX B

VERTICAL AND HORIZONTAL ALIGNMENT
TEMPERATURE SENSITIVITY TEST RESULTS
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