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APPLICATION OF THE SMALL BODY PRESSURE TRANSDUCER

Robert E. George

U.S. Army Research and Technology Laboratories (AVRADCOM)
Apes Research Center
Moffett Field, Calif. 94035

ABSTRACT

\ELThe small body pressure transducer3 were used in both fixed-wing
snd rotary-wing scale models to measure dynamic and static pressures.
These models were then tested under controlled wind tunmnel conditioms
and the transducer signals recovded for eithey on- or off-line analyses.

On2 experiment using the smal) body pressure transducers was con-
ducted in the American Aeromechanics Wird Tumnel (7 x 10 #2, NASA Ames,
Moffett Field)lin order to compare different geometricclly shaped
rotary-wing airfoil sestions under dynamic stall conditions. An addi-
tional application for the small body pressute transducer was a series
of tests conducted in both the French Tummnel, S France (CEPRA 19)
ana the Dutch-German Amsterdam, The Netherlands’ Jrind tunnel.
During the foreign tests, data were obtained on helicopter rotor noise
generated by blade pressure disturbances due to helicopter blade-vortex
iuteraction. Both the acoustic signature and the blade pressure trans-
ducar outputs were recurded gimultaneouely,. In all of these experiments,
special purpose electronic and mechanical dware for the small body
pressare transdvcers was developed.

INTRODUCTION

The need for determining the pressure distribution on asrudynamic
shapes both in wind tunnel and in full-scale flight tests has brought
about a steady evolution in both the mechanical dezign and the electrical
properties of the pressure transducer. Twenty-five to thirty years ago,
the majority of wind tumnnel pressure surveys wvere fcr static messurement
only. These measurements were taken with liquid manometers that, for the
most part, were eittier read manually or photographed for later analysis.
In the estly 1350s, a project was undertaken at the NACA Ames Aeronautical
Laboratory and cthev centeys around the country io develop and apply a
techinigque whereby dynamic pressures cculd be measured. Previously, these
unsteady pressures could not be recorded on liquid manometers. The
resulting efforts at Ames developed a series of pressure tranasducers
starting with a single active leg, going to a hali bridge, and then to
a full bridge in the form of a "bud" rosette gauge. The full-bridge
transducers were powered by the CEC 20KC carrier equipment, and the out-
put was recorded on Consolidated Electrodynamics Corporation (CEC) oscil-
lographs. These pressure transducers were 1/4 in. diameter by 1/8 in.
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deep with the strain gauge bonded to the interface of a stainless steel
diapbragm. This diaphragm was then spot-welded to the case body. In
the casa of either the single leg or the one-half bridge tramsducer.
the bridge completion resistors were mounted near the transducer on a
steel block; if precision resistors were used, they were located on the
inner surface of the model. The desire was to keep temperature effects
to a minimu.

In the 19508, a big step forward in transducer development came
with the advent of the pilezoresistive-semiconductor gauges that opened
a whole new field for development. Such representative entrepreneurs as
Micro~Systems and Kulite-Bytrex and then Schaevitz-Dytrex and Kulite in
the 1960s led tie way in the development of this new technoloyy. They
were able tc supply the testing market with a valusble new tool which
had great potential. The current transducer state of the art offers
many advantagee including small size, high cutput, and both static and
dynamic vesponse. The major objective of this paper is to report two
recent small body pressure transducer applications and some of the hard-
ware developed for improved calibration and monitoring techniques.

EXPERIMENTAL RESULTS

A. Oscillating Airfcil Studies

An ogcillating airfoil test using the small body pressure trans-
ducer was conducted in the 7- by 10-foot wind tunnel at NASA Ames
Research Center (ARC). This test used the Kulite model YQCH~250-1 and
YQCH-093-15D pressura transducers (Fig. 1). The purpose of the test
was to determine the dynumic stall characteristics of the advanced
rotary-wing airfoil sectioms.! Twenty-six Kulite transducers were dis-
tributed cver the upper and lower surfaces of eight different geomet-
rically shaped airfoil sections (Figs. 2 and 3). These transducers were
differontial in type and referenced to tunnel total pressure. Each
transuucer was powered by 5 VDC and the output balanced for zero voltage
whenever the differentisl pressure war kncwn to de zero. The signal wus
then filtered and sained for recording on an Ampex 32 channel atalog
magnetic recorder (Fig. 4).

Transducer calibrations were p:rformed atr 8~ to l0-hr intervals.

A set of starting zerves wae taken after tuunel wermup and again aiter
aach run (20 min). This procedure was to maintain a 3ood DC zero refec-
ence level for measuring both steady ard unsteady loads on the airfoll
sections. Specifically, the calibration proccss made use of the pres-
sure stepping abilicy of a Scanivalve (model SGM), a commutator, aud a
step-drive system (Fig. 5, Appendix A). The adaption of the Scanivalve
allowed the rapid stepping of a multilevel pressure source without dis-
comnecting any tubing, and then returned the transducers back to an
operating reference pressure (Pr). Replacing the normal transducer in
the Scanivalve with a2 dummy plug allowed six preset pressures to be
ported out to a manifold which connected the reference side of all the
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small body transducers. The pressure regulators were used to establish
a nominal pressure value for each step. The absolute value of each step
[ressure was measured by means of the Parascieutific Model 600 pressure
computer. and with a quartz reference transducer connected in the pres-
) sure line between the Scanivalve and the model reference manifold. Of

. particular note was the outstanding durability of the small body trans-
ducers used in this test. The duration of tunnel occupancy for the

: model and the transducers was slightly over 1 yr. [Iollowing an initial
. shakedown run, during which several units were replaced, there were no
further transducer failures during thie pericd. (These initial failures
B during the shakedown were due to broken wires and occurred at the tine

. of installation.)

r. AV N
L.%
ST A

An outstanding piece of electronics hardware that was developed for
' the oscillating airfoil program is the on-line pressure profile monitor
A (Fig. 6, Appendix A). It was designed and built by Don Humphry of the
b Electronic Development Branch, ARC. This instrument allows the oper-
- ator to visually monitor any 10 pressure transducers at one time, for
~ either the upper or lower surface of the model (Fig. 2). The resulting
i data are presented on a CRT of any standard laboratory oscilloscope.

The display is calibrated for psi along the y-axis and for x/c trans-
ducer location along the x-axis. Ten pressure transducers could be
selected and displayed as a continuous line representing the pressure

S profile at a predetermined angle of attack of the model in the air system.
N The airfoil motions are generated by means of a mechanical device (Fig. 7)
. and are controlled in both amplitude and rate of oscillation.

Helicopter Blade-Vortex Interaction Study

5 Two sequential wind tumnel tests were conducted using the small

¥ body pressure transducers, model XCQ-63-093-25A and the model XCQ-6€5-

! 096-1UD (Fig. 8). The purpose of these test: was to study the scaling
of helicopter blade-vortex interaction. The first test was conducted
in CEPRA 15 anechoic wind tunnel configur«d with a 3-m open test sec-

. tion.? (CEPRA 19 ie located south of Par.s, near Saclay, France.) The

A second wind tunnel test was conducted in the rtew DNW wind tumnel, an

R aerodynamic and aeroacoustic low speed facili: .® (The DNW is a German-

" Dutch cooperative project, located northeast of Amsterdam, The Netherlands.)
T The rotor stand (Fig. 9), which was used to mount and run the rotor

blades, was designed and built for the U.S. Army Aeromechanics Laboratory,
ARC."* Also, two instrumented pressure blades for these tests (Figs. 10
and 11) were fabricated and instrumented with small body transducers at
ARC.

A method was devised to select and to precalibrate all of the
presgsure trensducers that were installed into the two rotor blades.
This preinstallation calibration determined the tramsducer response to
pressure in units of volts ner psi, and the sensitivity to both tempera-
ture and time (see Appendix B for typical calibration format). With few
exceptions it was found that the transducers were well matched and the
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assignment of position of transducers on the rotor blade presented no
problem. After the transducer ' were installed on the rotor blade and
the blade then mounted on **.. rotor stand, an end-to-end calibration
technique was devised whereby all absolute transducers could be cali-
brated at one time. This procedure allowed setting excitation voltages
to produce a commcn-slope celibration for all transducers, both absolute
and differential, thereby giving on-line quantitative monitoring of
blade pressure responses. This end-to-end calibration device consisted
of a clear plastic cylinder which could be sealed at both ends. The
cylinder is shown enclosing the blade instrumented with absolute pres-
sure transducers in Fig. 12, This cuffing technique for calibration
had been tried in the past but with little success. Appropriate atten-
tion to blade construction, transducer installation, and calibrator
design resulted in leak-free pressure calibrations, making it simple

to simultaneocusly and accurately calibrate many transducers.

The sealed caiibration cylinder was pneumatically connected to a
volumetric pressure piston and monitored by a Parascientific Model 600
pressure computer, using a 15 psid quartz transducer as a reference
(Fig. 13). A series of 0.5 psi reducing pressure steps was generated
and the transducer outputs were recorded on a 32-channel Ampex tape
recorder. The transducer signals were gained to match the recorder
level of 1 V rms for the largest Ap step of approximately 4 psid
The recordings were made at 30 ips and FM wide Band 1, which allowed
a playback band pass of 20K Hz.

The end-to-end calibration for the second blade, which was instru-
mented with differential pressure transducers, preseated a more complex
problem as the sealed volume calibrator technique inherently would not
work. The problem for the differential transducers occurred because
there was no practical way to seal one side of the transducer. Many
techniques and materials including various types of tape were attempted
but alway:. .nduced zero shifts that could not be calibrated. All tapes
that were tested resulted in deformable cavifies under pressure at the
orifice opening and the transducer diaphragm never returned to original
Zero condition. Therefore, a transducer-by-transducer calibration was
performed instead. A corollary technique for simultaneous calibration
of blade-installad differential (both sides open) small body transducers
is still needed.

The transfer of data from the rotating blade system was made pos-
gible by means of a 156-channel, high speed, Poly-Sci:ntific slip-ring.
An important requiremcnt in the use of this slip-ring was to maintain
a very clean brush-to-ring enviromment. Both the CEPRA 19 and the DNW
wind tunnel tests were conducted using the same slip-ring assembly and
without any channel failvres. The slip ring used during these tests
proved to be a well-manufactured un‘t and was maintai.ed by flushing the
slip-ring brush areas on a regul-  J.asis., Specifically, after every
20 hr of use, a mixture of one part synthetic oil (Exxon 2380) and nine

~ parts freon was forced into the contact area and allowed to drain.
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e CONCLUSION

' The small body nressure transducer has proven to be a very useful
. tool in the acquiring of both static and dynamic data. With the advent
EZ of the piezoresistive-semiconductor gauge, the state of the art in pres-
Y sure measurements has increased in such areas as pressure range, sensi-
. tivity, and in the reduction of physical size of transducers. These

i. improved properties have allowed the test engineer to more reliably

X . meagure and monitor the physical changes taking place in the test

- environment. In addition, the interfacing instrumentation has also

s kept pace with this change and has enabled the engineer to monitor, to
SO record and to accurately calibrate, the transducer prior to and duriag
" its application in a.test situation.

REFERENCES

McCrockey, W. J., McAlister, K. W., Carr, L. W., Pucci, L.,
Lambert, 0., and Indergand, R. F.,, "Dynamic Stall on Advanced Airfoil
Sections," Paper presented at the 36th Annual Forum of the American
Helicopter Society, Washington, D.C., Vol. 26, No. B, July 1981,
pp . 40- 500

l:v-‘-.r"r r & ¥
. PREPAERIRTRYS
. B AN 2 ke
- . PILIE AN N

%3chmitz, F. H., Boxwell, D. A., lLewy, S., and Dahan, C., "A Note
on the General Scaling of Helicopter Blade-Vortex Interaction Noise,"
Paper presented at the 38th Annual Forum of the American Haiicopter
Society, Anaheim, California, May 1982.

P ol hiri
LS et

Seidel, M. and Maarsingh, R. A., "Test Capabilities of the German-
Dutch Wind Tunuel DNW for Rotor, Helicopter and V/STOL Aircraft,” Paper
presented at the 5th European Rotorcraft and Powered Lift Aircraft
Forum, Paper No. 17, Sept. 1979, Amsterdam, The Netherlands.

Ay
A

L gP
N

o
»

“Laub, G. H., "A Unique Drive System for Testing Model Scale
Rotors," Article in VERTIFLITE, Vol. 29, No. 2, Jan./Feb. 1983,

Tl

Fd
w

o pp. 50-51.

-

. | 2ecesstion Por

iﬂ: ’ SUTTS GRARL

2 SRR Y 01

by P I U etaouneed 0O

o) / o '

R) . L ' J . etifteati

Le R
!! ( e e ]
E$ » o;.‘:/, by —_

v R r‘t-u-uutun/ ‘

E Av.lmbxuw .ndos

£ mn‘l aad/or

F" Diet Spesdad

b,

L —

T e _AS—— . . & mC_®

ATAMNR X Tl Lttt R B .alala i N REEEA L T Sal SRS R CME R T SR .

laZalBly ;5 % 7 _ 8% "



Ty T T T T TR T WL Y IV Yy Y YUY e PR - u I N el T s T AT . - ¥ Y .
~ ARSI  Laf R T T A AT AR I RN ﬁ‘ N Ll "'1
i D
N K
~ {
- .
el -
v '
. "
|"_

b-.

e

-

4

= 1
\‘

3 :
i i
'
EI; 1.27+wm 6.35mm_ AS REQUIRED !
5 ®@ C] 1.27 mm )
N AS REQUIRED 12.7 mm

< KULITE YOCH-2650-1 {17 cs.)

N OUTPUT = 16 mV/psi @ 10 V EXCITATION

» NATURAL FREQ. < 70 kHz

s (FUNCTION OF TUBE LENGTH)
p ACCELERATION || ~ 0.0004% F.S./g
3 ACCELERAT!ON L = 0.002% F.S./g

0.763 mm 2.388 mm AS REQUIRED

1 v ’
‘:/ ‘ = 0.762 mm
Ui =
- AS REQUIRED 6mm KULITE YCQL-093-15D (9 ee.)
2 OUTPUT =~ 5 inV/psi @ 10V EXCITATION
;. NATURAL FREQ. < 230 kHz

ACCELERATION || =~ 0.00004% F.S./g

P (FUNCTION OF TUBE LENGTH)
5 ACCELERATION 1 = 0.0002% F.S./g

s Figure 1 Pressure transducers for oscillating air foil
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# xX/C # X/C # X/C # X/C
1 0.000 8 G250 15 0.9 21  0.300
2 0.005 9 0325 16 0.980 22 0.150
3 0.01 10 0.400 17 0.980 23 0.060
4 0028 11 0500 18 0.900 24 0.025
5 0.080 12 0.600 19 9700 25 0.010
6 0.100 13 0.700 20 9.500 26 0.005
7 0178 14 0.800

TRANSDUCERS USED YQCH-250-1
AND YCQL-093-16D*

Upper and lower surface pressure
stall models

transducer locations for all eight
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Figure 3 Installing transducers in the oscillating airfoil
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On~line pressure profile monitor
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Figure 7

View of

mechanical device
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® ABSO" UTE PRFSSURE TRANSDUCERS (BLADE #1)
2.382€ mm
KULITE XCQ-63-093-25A MOD. 2

4 ] — USED WITH “M” SCREEN (29 ea.)
T OUTPUT = 1.5 mV/psi @ 10 V EXCITATION
v NATURAL FREQ. ~ 230 kHz
3.937 mm ACCELERATION I = 0.00004% F.S./g
- ACCELERATION 1 ~ 0.0002% F.S./g

KULITE FLAT PACK
LQS-34-125-15A (3 ea.)

.. | ¥ OUTPUT ~ 5 mV/psi @ 1C V EXCITATION
o ‘o |6.604 mm NATUR/.L FREQ. =~ 430 kHz
‘e | § ACCELERATION I = 0.00004% F.S./g
" 1.397 mm ACCELERATION L =~ 0.0002% F.S./g
aF e T
o
Il:.':i: T

o DIFFERENTIAL PRESSURE TRANSDUCER (BLADE #2)

o'l L]
= N

N 1.016 mm 2.388 mm
- 14 1 0.762 mm
= T
L .<
1.016 mm
3.912 mm

KULITE XCQ-65-093-10D (1€ ea.)

OUTPUT = 5 mV/psi @ 10 V EXCITATION
NATURAL FREQ. < 230 kHz

" ACCELERATION | =~ 0.00004% F.S./g
ACCELERATION L =~ 0.0002% F.S./g

Figure 8 Pressure transducers for small body model rotor blades
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' BLADE ATTACHMENT ANDI UL
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QRN MR S abat

_ CONTROL FOR 20R
CONTROL SYSTEM UNIT MORE ROTOR BLADES

MULTI-COMPONENT ' MEAJSUFRES LOADS REFERENCED i

h BALANCE UNIT TO B&SIGN LOAD CENTER o
5 +60C # VERTICAL

o 150 # HORIZONTAL

% 124,50 = +2500 in. # MOMENT ARN(T HORIZONTAL AXIS

F +2620 in. # SHAFT TORQUE

:

::;' 3] P

.. |~ SHAFT EXTENS!ON SECTION

-
o,

> BI-DIRECTIONAL ROTATION (PRESET)
SPEEDS UP TO 3000 rpm

B AL S
w s 8 o 2 M
A SORANE

RdP el i
2

CONICAL ADAPTER

£
3

120 hp TRANSMISSION
DRIVE SYSTEM UNIT { 2527 GEAR RATIO

2-60 hp FLECTRIC MOTORS

R A
o3

PEDESTAL

-
8
~j
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Figure 9 Operational characteristics rotary wing test stand
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Figure 12 Pressure transducer calibratior sleeve and the rotor blades
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APPENDIX A

DATA DISPLAY SYSTEM
Donald E. Bumphry

A 10-channel data-display system has been developed to illustrate
a pressure profile of a moving airfoil during wind tunnel testing. The
inputs to the uystem are the 10 analog signals from the pressure trans-
ducers and a synchronizing pulse that corresponds tco the zero rotational
angular position of the airfoil. This pressure profile is presented on
an oscilloscope. A typical display is shown in Fig. 1. Each brightened
point or dot on the trace indicates the pressure reading at that par-
ticular location with the vertical distance being the pressure, and the
horizontal distance between dots being proportional to the horizontal
spacing of the pressure transducers on the airfoil. 7This pressure pro-
file is also for a selected rotational angle of the rotating or oscil-
lating airfoil. The 10 simultaneous pressure readings are taken at the
selected rotatinnal angle. Thus the display system acts like a strobe,
with the pressure profile being taken at any selected angular position
of the airfoil.

Also displayed on the oacillescope is a second trace, which shows
the selected rotational angle of the airfoil at which the pressure read-
ings are occurring as shown on the pressure profile. This is indicated
b> the vosition of a brightened point or dot on this trace, which corre-
sponds to the selected rotational angle.

The horizontal position of each of the 10 channels on the pressure
profile trace is adjustable, so that they correspond to the actual physi-
cal location of each of the pressure transducers on the airfoil.

The rotational angle of the airfoil at which the pressure reading
is recorded is adjustable from 0 to 360°. For instance, to take a pres-
sure reading at a rotational angle of 457, select a 45° by means of a
front panel switch and then zach time the airfoil passed through 45°, a
pressure reading would be taken at all 10 channels and displayed on the
scope as a pressure profile. The system can alsn be programmed to scan
through different angular readings at varying rates, which can be sec
oy means of gsome front panel switches.

This system has also proven useful in the calibration of the pres-

sure transducers since all 10 pressures can be observed simultaneously
and any variations between them are easily cbserved.

18

s IR

M J (N

P PEURSIR T )

r .

| AR | FERASTIRRs. 3 A

1
;
:

- .,
A e s_w__-

- DI A L
-:- PETR T TS L-L-



R it TLACS ir 3 S O TN T TR T N TR T TR TERAY NI E T W T T T RN U m I A T TR T YN NIV v Y WXUERYN PRI ETA I e T

R

.
. s % Yd
.

'y

SRR ) AR
PRESSURE

{
J I

.-
7,

.
-
-
-

—te 1 i 1. 1 L !

FUNCTION OF X

| ,.
4, v,

P -‘.
A B

Appendix A - Figure 1. Typical display off the on-line pressure profile monitor
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~ APPENDIX B d
. !
3 =
. PRESSURE CRL IBRATION -
2 KULITE PRESSURE TRANSDUCER B-728 g
3 MOD. XCQ-63-093-25A 20- JAN-82 :
1 S/N 4470-4B-9 -
‘ CALIB. RANGE : 10 TO 24.9 PSIA !
: EXCITATION= 10,90 VDC d
& TEMPERRTURE = 18,857 DEGC, ¢ K
s ' i
R PRESSCPSIR) , OUTPUT YOLT,  CALS.PRESS DEY, (FSIA) !
! 1 19.692 -9.00%5293 9.9972 0.0148 i
S 11,089 -0.003652 19, 9966 0.0938 i
.3 12.900 -0.0020483 12. 9922 -6.0013 ]
4 13.00@ -0.000389 13. 0044 -9.6943 :
S 14.00: 0.001238 14.09053 -0.0048 j
4 & 15.989 8.002868 15.0077 ~9.0074
2 16.001 9.604499 16.0112 -.08109
L8 18.000 6.007752 18.0123 -0.08124
S 20.001 8.010995 20.0074 -9.0064
- 18 22.001 8.014220 21.9915 0.60891
= 11 24,001 8.01745Q 23.9789 8.9218
; 12 22.00! 8.0814220 21.9915 0.98092
13 22.001 0.010993 29,0067 -0.0069
w14 18,001 9.00773@ 18,0118 -0.0102
1S 16.000 9.004496 16,0033 -9.9089
T 16 15.001 0.002865 15.0062 -0.08053
17 14,001 8.001236 14,0049 -0.0930
- 13.001 -9.098392 13.0023 -9.0015
.o 12.001 -0.08082021 12,9003 @.0003
20 11.001 -3,003635 10.9%48 8.00¢€0
21 10,0901 -9.00%5299 9.9333 9.0174
INTERCEPT  SLOPECVOLT/PSiR) Rt2 STD.DEV. (PSIA)
.152690€-02 1.625470E-03 9.999954 9. 0996¢1

NOTE ¢t CALC. PRESS = (QUTPUT VOLTAGE--0.021526% >/ 1,.i2547E-03
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- PRESSURE CPLIBRATION

y KULITE PRESSURE TRANSDUCER ° B-728

5 MOD. XCQ-63-093-25A 29~ JAN-32
¥ S.N 4470-4B-9

] CALIB. RANGE : 10 TO 24,0 PSIA

3 EXCITATION= 18,38 VvDC

N TEMPERATURE = 32,%77 DEG. C

SN PRESSCPSIA)  QUTPUT VOLT.,  CALC.PRESS DEV. (PSIA)
B 10.001 -0.00%276 9.983S 0.0154
- 11.000 -9.003634 19, 99%9 0.8044
3 12,901 -9.002001 12,0009 -2, 9004
s 4 13,001 -9.000371 13,0039 -2.0031
w8 14.901 0.001256 14,0052 -9.0047
SR 15,081 0. 002885 15,2079 -0.0064
R - 16.001 0.004513 16.0093 -9, 0037
28 18.00! 0.607767 18.0113 -0.9105
2 20.000 0.011010 20,0965 -0,0051
L 22.001 9.014233 21.9911 8.0057
Y| 24,001 0.017467 23,9795 8.0212
Lo 22.001 0.014236 21,9718 9.008
BRE 20.001 0.011011 20.0073 -9,0068
SR 18. 081 0.207768 13.0120 -9.0114
TS 16.000 0.004514 16,0899 -0.209¢
ST 15.001 0. 092835 15.0072 -9. 9066
oar 14.900 - 0.0012%6 14,0049 ~8.6947
ST 13.001 -0. 000371 :3.0040 -9.00834
] 12,001 -9. 002001 12,9010 -, 004
v 11.900 -0. 003637 10,9946 7.0058
PO 18.0800 -9.005279 9.9841 9.0163
% INTERCEPT  SLOPE(VYOLT/PSIA) RT2 STD.DEV, (PSIA) .
j lT0980E-02 1.623190E-03 9.999994 0. 829531
g NOTE : CALC. PRESS = (QUTPUT VOLTAGE--@.0215842 )/ 1.¢2519E-93
9
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VOLTAGE DRIFT TEST :
KULITE PRESSURE TRANSDUCER R-7283
MOD.XCQR-63-093-23A | 20-JAN-82.

S/N 4470-4B-9
MEAN PRESSURE - 14,318 PSIA
EXCITATION= 10,00 VYDC

vy — s 7
4 e .
n""" el

RN - MAGSODOC F YINNISTMYT 00

Dok iR R o d ah

DU W, G

.....

- OINT # TRANS,OUTPUT  DRIFT TEMP, C TIMECMIND
o 1 8.902092 0. 009000 32.033 9. 86y
5 2 8,0802092 - 8. 000001 32.003 0.750
.I 3 9, 002090 -0, 000001 31,902 1.560
R 4 8.002090 -0.000002 31,923 2.167
i s 8.0802091 -6. 000001 31.843 3.000
N 6 0.002090 -0.9900002 31.78% 3.750
1 ? 8.002091 -0.000001 31.639 4.500
. 8 3, 0802090 -8. 000002 31.624 $.250
9 8.0020906 -0.000002 31.536 6.000
= 10 0.002083 -0, 000004 31.971 6,750
o 11 8.002088 -2, 000,04 31.461 7.500
- 12 8.0802088 -0. 000004 31.50% 8.167
% 13 0.002086 -0, 000006 31,470 9,000
14 9. 002086 -0, 000006 31.462 9.750
4 1S 9,002038% -0, 000006 31.518 10, 500
i 16 0.00203% -0. 000007 31.502 11.259
x 17 0,002635 ~9. 000006 31.537 12.000
¥ 18 8,0029386 -0. 000006 31.507 12.750
: 19 0.002087 -0, 000005 31.517 13,580
: 20 0.0802088 -0, 000004 31.512 14,250
1 0.002987 -0.0800004 31.597 15,000
S22 0.092088 -8. 000004 31.524 15.750
- @,802037 -0, 000Q0S 31,553 16,500
o 24 0.002087 -0, 000004 31.574 17.250
. 2% 8.902037 -9, 000005 31.575 8,000
26 0.002087 -0, 900005 31.584 13.750
!! 27 0.002087 -0, 900005 31.535 19,500
2 0.002037 ~0. 000005 31.530 20,167
29 8.002087 -0, 000005 31.576 21,990
.2 0.002087 -0.000005 31.52¢ 21,750
31 0.002037 -9.0089005 31,468 22,500
32 ' 9.002087 -0.000005 31.502 23,167
33 2.0920986 -9, 0002085 31.4583 24,000
0.002087 -0. 000005 31,475 24,750
38 0.0802087 -0.000005 31.544 25,500
3€ 9.802087 -8, 000095 31.529 25,250
37 6. 002087 -8, 000204 31.591 27.690
38 0.002037 -08.009005 31.628 27.€67
39 0,002087 -0.000005 31.538 23,500
40 0.002088 -0.000004 31.504 29,250
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’
i - MOD. XCQ-63-093-25A 28— JAN-32°
X S/N 4470-48-9
(| EXCITRTION= 10,00 o o o0
= OINT TRANS.OUTPUT  DRIFT TEMP. C TIMECNING
§§ ! 0.002089 0.000000 31,503 8.000
N 2 0.002089 0.000000 31.073 1,600
o 3 2.002089 0. 600000 27,724 2,000
S 4 0.002039 2.000000 25.361 3.000
i s 0.002088 -0. 000001 22.953 4,000
e 6 0.00208¢ -0.000002  22.192 5. 000
N ? 0.002083 -0. 000005 21.693 6.000
| 8 0.002080 ~0. 000009 21.407 7.000
3 9.002078 -0.000011 21.277 8,000
10 0.002075  -0.000014 20. 889 9.000
K 2.002072 -0.000016 20.945 10,600
12 0.002069 -9.000019 28.795 11.000
13 0.002066 -0.000022 20.811 12.000
14 0.002067 ~0. 000022 20. 733 13,200
15 0. 002066 -0. 000023 20. 684 14,000
e - " 9.002064 -0.000024 20, 261 (5,000
. 17 0.002063 -0.000026 19. 981 16. 160
> 18 8.002061 -0.000028 19.839 17. 880
D 19 0.0020%3 -0. 000030 19.773 13,000
Z 20 0.002058 -8.000031 19,739 19,202
.
25




