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SECT ION 1 V 

-

INTRODUCTION

McDonnel l Doug las Astronautics (MDAC), Titu svi lle , Florida , conducted an investigation
for Harry Diamond Laboratories (HDL) and Picatinny Arsenal to determine the effects
of specifi c environment on a fluidic subsystem of the type that might be part of
a fuzing system. This particular subsystem is a f luidic dig ital—to—analog convertor
(FDAC). The prima ry purpose of the program was to determine the performance of a
fluidic subsystem when exposed to both ambient and adverse environments .

Twenty-one FDAC’ s were received by MDAC and their physical condition was documented
by both photographs and prose descriptions (see section 3). Design and fabrica-
tion of the FDAC test fixtures , environmental chambers , signai source and power
supp ly were completed before initial testing so tha t all testing was accomplished
wi th the same fixtures and power supply.

The test program was conducted in seven tasks , as follows .
Task A - Receive , clean and operate FDAC 1 s.
Task B - Ream the set point orifice of the FOAC’s so that all units are

identical.
Task C - Install the FDAC ’s in an environmental chamber and ream the chamber

orifi ce so that all units are identical .
Task D - Perform compatibility testing with a fluidic Schjni tt trigger
Task E - Obtain baseline and step pulse data prior to environmenta l testing.
Task F - Perform environmenta l testing.
Task G - Analyze data and prepare final report.

The task flow is shown in Figure 1— 1 .

The initial ultrasonic cleaning and operation of the FOAC ’s were accomplished and
all twenty-one un i ts were operating; however, sever~1 of the units wre erratic
(noisy) and severa l other units would not operate continuously. Investigation
of the erratic operation suggested that contamination was still present in the
units. A backfl ush method of cleaning ~as adopted instead of the original ultra-
sonic method (see section 3). After the units were cleaned , the FDAC ’s were
tuned so that they produced a differential output pressure of +5 psi at 400 + 40 Hz;
this frequency was chosen because the majority of the units were distri buted in the

5
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400 Hz area at an output of +5 psi. The FDAC~s were then installed in the
environmenta l chamber and the chambers were tuned to 500 Hz for +5 psi. This
frequency was chosen by the orifice size and chamber pressure that would allow
sonic fl ow across the orifice. Compatibility testing of the FDAC was accom-
pu shed using a f luidic Schmitt trigger. These tests were extremely successful ,
except that the response time of the entire sys tem was relatively slow (see V

section 3). Environmental testing was initiated with a baseline run , then nine-
teen FDAC’s were exposed to the desired environments . After each environment
testing was completed , twenty—one units were again exposed to a baseline run .
Serial number ’s 6 and 36 were never exposed to any environments . All other
S/N’s were exposed to all environments .

Data from all testing were plotted at the -5, 0 and +5 psi output pressure
points to determine the frequency variation of the units with respect to each
other and also wi th respect to the individual environments . These plots are in
Volume 11 of the report.

Section 2 describes the test equipment , modifications to the test equipment and
test techniques that were used. Each environmental test setup is discussed wi th
relation to variations in parameters, limi ts of test equipment , and calibratio r’
of test equipment.

Section 3 contains the results of all the FDAC tests. Data tabulations within
this section correlate test resul ts by environment. In addition , data analysis
is presented. Histograms are presented for the +5 test condition for the various
baseline and environmenta l test runs.

Section 4 contains the conclus i ons and recommendations. 

_ _ ~~~~~~~ _~~~~~~~ _~ ~~~~~~~~~~~~
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SECTION 2

TEST EQUIPMENT AND SETUP

The FDAC performance was evaluated under both ambient and environmental conditions.
The environmental conditions to which the units were exposed were :

• High temperature

• Low temperature

• Acceleration

• Vibration , sinusoidal and random

• Acousti cal noi se

• Alti tude

It will be noticed that the FDAC ’s were not exposed to any preconditi oning en-
vironments , such as transportation , storage , or handling. Therefore , possible
effects from these environments have not been determined. All functional evalua- V

tion utilized the test setup shown in Figure 2-1 wi th some modi fications performed
during environmental testing.

2.1 PORTABLE GAS POWER SUPPLY AND CHOPPER

During the initial investigation of the FDAC ’s, it was determined that the
data which would be obtained should have as many variables minimi zed as possible;
i.e., the data obtained from the FDAC should be only that of the FDAC and not of
the X -Y recorder , chopped supply, pressure transducer , etc . Therefore , a single
source power supply was chosen so that each FDAC woul d be identi cally exc ited.
With standard test equipment (X-Y recorders , frequency to analog convertors , etc.)
there is little problem if the equipment is correctly calibrated; however , the
power supply and connections could present a severe problem if the supply changes
or the connections leak. Therefore , it was decided to build a chopper and power
supp ly that would:

• Be able to supply clean , dry air

• Have easily controllable chopped signal supply

• Be well regulated

• Be portable

• Have minimum connections

• Have equipment permanently mounted (to insure use of same regulators ,
f i l ters, dryers , etc.)
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The chopper is shown in Figure 2-2. The wheel of the chopper is a timing bel t
gear pul l ey which was machined to .010 inch of the diameter to minimize the run-
out of the teeth when passing through the air supply. The air supply nozzle
is a group of six etched l aminae , which are approximately one inch wi de and .020
inch thick. This group of l aminae form a chamber which is .001 inch from the
teeth of the wheel ; therefore , when the wheel is turning the laminate air chamber
nozzle is effectively being opened and closed . Thus , if the air chamber is moni-
tored (actually the signal to the FDAC), a chopped supply is obtained whose fre-
quency is directly proportional to the rotational speed of the wheel . Tests on
the chopped supp ly pressure versus chopped speed indicate about 70% of the chamber
input pressure is recoverabl e at the input to the FDAC. Figure 2—3 is the port-
able gas power supply with the chopper motor and speed controller. The equipment
on the bottom of the unit is the fi l ters and dryers. The regulator on the left
side of the unit is the control for the regulated air supply for the FDAC . The

V box on top of one cart is the speed and acceleration control for the chopper!
chopper motor. This acceleration control was required since it was found that
the response of the FDAC was slower than the accelerati on of the motor. Thus ,
the chopper would be at maximum frequency while the FDAC was not at maximum pres-
sure; therefore, to keep all runs of the FDAC ’s identical , the acceleration of
the motor was limi ted. The time for the motor k reach maximum acceleration is
about three seconds as compared to 12 seconds when the motor acceleration is
limi ted . The response time of the FDAC ’s averages about six seconds.

2.2 FLUIDIC FUZE FIXTURE

Since the FDAC ’s were to be exposed to a number of adverse environments and
numerous tests, it was necessary to build a fixture that would provide support
and eliminate hose connections for the FDAC . The fixture that was built for
each of the 21 FDAC ’s is shown in Figure 2—4. The FDAC is mounted in the center
of the aluminum plate and is supported by the three uprights . The uprig hts not
onl y provide support for the FDAC , they also carry the power supply air , signal
air and the differential output signals. The bolts that hold the FDA C to the
uprights are specially machined to duct the input/outputs from the upri ghts intoV the appropriate opening on the FDAC . The bolts are sealed wi th Parker Stat-~O-Sealwasher 0-ring seals between the FDAC and uprights and between the bolt head and
upright. The uprights are then bo l ted to the aluminum base plate and are sealed
via 0-rings. The hose connections are made to a stainless steel baseplate which
has ports that match the aluminum base plate and are sealed via 0-rings. The four
bolts at the corners of the al uminum plate hold the test fixture to the stainless
steel test bed; thus all that is required to change from one FDAC to the next is

L 

removal of the four corner bol ts, removal of the test fixture , installation of the
next FDAC under test and reinstallation of the four corner bolts. This procedure
eliminates the necessity of making and breaking flow lines and possibly incurring
leakage paths.

Figure 2-5 is the FDAC installed within the environmental chamber . The chamber
provides a controlled pressure atmosphere via a sonic orifice. This allows the
FUAC to function at essentiall y the same pressure as ambient at altitudes up to
90 ,000 feet. Nineteen of the FOAC ’ s were exposed to adverse environments in the
configuration shown in Figure 2-5. The Figure 2—4 configuration was only used
during the initial testing and tuning of the FDAC ’s. The only probl ems experienced

~ 
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wi th the environmenta l chamber test fixture was a susceptibility to sinusoida l
vibration . Resonances of the test fixture were experienced at 1200, 1 500 and
2000 Hz. These resonances were found to be extremely significant and , shoul d
the test fixture be used in a fl ight configurati on, the environmental fixture
should be redesigned. The resonances were an order of magnitude greater on the
FDAC than was being applied; i.e., when a l-g sinusoidal sweep was applied to
the test fixture , the FDAC accelerometer saw 10 g ’s at the frequencies previously
mentioned. Examination of the fixture showed the problem to be the aluminum
baseplate which is 1/2 inch thick and 6 inches square. Had this plate been 1
inch thick , the problem woul d have been significantly reduced. Tests were run
on the 1 inch baseplate to verify the previous investigation and the results of
these tests indicate the 1 Inch baseplate reduced the problem by approximately
90%.

2.3 AMBIENT (BASELINE) ENVIRONMENT EVALUATION

Ambient testing of the EDAC ’s to establish baseline performance curves was
ccncttcted both with and wi thout the environmental chamber. Testing done without
the chamber was primarily for familiari zation, cleanliness , and tuning of the
FDAC ’s. Testing done wi thin the ‘Thamber gave the baseline data that was used
for the environmental testing. Baseline or ambient testing was performed on all
21 units both before and after a specific environmental test sequence . The type
of data or curves obtained from baseline testing are the same as the data for the
~tvironments; thus , any anomalies that occur during an environment are directlyrelatable to the baseline data.

2.4 STEP PULSING EVALUATION

During the performance of Task D and Task E (see Fig. 1-1 ) it was necessary to
step pul se the FDAC when the FDAC was driving a Schmi tt trigger and when it was
connected in the normal manner (driving a differential pressure transducer). The
Schmi tt trigger used for this test was a General Electric Model MT11 . The FDAC
was set up in the norma l manner (40 psi supply pressure). An X—Y recording was
made that had pressure on the Y coordinate and time on the X coordinate . The test
flow was to start the recorder (X axis sweep at 1 m is) and then app ly the signa l
input pressure at 500 Hz. This yielded a trace from which response time for the
Schmi tt tri gger and the FDAC could be obtained.

The Schmi tt tri gger test was conducted only once throughout the program; however ,
the step pulsing was done both before and after the adverse environments (Task F).

2.5 ADVERSE ENVIRONMENTS
V 

As previously mentioned , the adverse environments were high temperature , low
temperature , acceleration , vibration , acoustical noise and altitude . Nineteen of

15
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the twenty -one units were exposed to all the environments . The two units which
were not exposed (S/ N’ s 6 and 36) were baseline tested on the environment test
setup both before and after the environment. This baseline data was used to
verify that the environment test setup did not change; it also yielded data that
would insure that the FDAC ’ s did not degrade with time .

2.5.1 Temperature Evaluation

A Delta Model MK6300 temperature chamber was used for both the high and low
temperature tests . Figure 2-6 is the temperature setup (with the front doors

ovec~ for both the high and low temperature cond itions. The gas coming into
the units was preheated/coo led via the copper tube coi ls.  The temperature of the
air was measured at the output orif ice of the FDAC and compared to the oven
temperature; the maximum difference was 3° F. The FDAC ’ s were preconditioned for
aporoximate ly four hours before testing. Figure 2-6 shows that while one unit was
under test , severa l other units were wi thin the chamber; this was done to facil i-
tate testing, since the units ~ithir. the chamber were already conditioned and
could be tested immediate ly. High tempc -ature (+165°F) testing was performed
without any problems ; however , during low temperature (-40°F) testing, severa l
icing problems occurred . The first unit that was tested at low temperature ex-
hibited severe icing of the input supply air. This situation was corrected by
using bottled dry nitrogen gas wit h a dew point of —65 °F. Baseline data a~ ter
the low temperature testing was a lso perfor m ed with dry nitrogen gas so that a
reasonable comparison could be made between the dry nitrogen and conditioned shop
air that was used during a ll other testing.

2.5 .2  Accelerat ion Evaluation

F~gure 2 -7 shows a unit instal led on the Genisco centrifuge that vias used for
the acceleration testing. Ninetee n of the twenty-one specimens were subj ected
to acce leration per MIL-STD-8l OB , Method 513. 1, Procedure II. Accelerat ion level
was 25 g ’ s applied along axes +1 , -.1 , ÷3 and —3 for a period of two minutes , m i n i -

V ,~~~ i , in each direction . Definit ion of the specimen axes is shown in Fi gure 2-8.
S J : V~~~1J ~nd si gna l air entered the FDAC via pneumatic sl ip rings. The output of
tH-~ ~~~~~~ was measured wi th the differentia l pressure transducer which was mounted
in the cV rnter  of the Genisco table and the signals of the transducer wer e monitored
thru’i j~ tne electr ical  sl ip rings. Three performance curves were recorded during
eac h acce lera t ion  test. Before and after completion of the accelerat ion test ,
thr~~ base line performance curves were recorded for each of the twenty-one FDAC ’ s.

2 . 5 . 3  V ibrat ion FTv a l uat ion

V brat ion testing was performed on a Ling Model 300 e lectro-dynam i c vibration
test machine driven by a Ling Mode l PP-70/ l20 power ampl i f ier.  This system was
Lor~ rol1~~1 by a Spectra l Dynamic SP 114 Sweep Osc i l la tor  Sensor and a Model SD—l l7

16 
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Automatic Level Progranine r to provide sinusoidal vibration . Random vibration
was achieved by driving the system w ith an MB Model 1598 automatic spectrum

V -qualizer /analyzer. Vibration testing, both sinusoidal and random , was conducted
per MIL-STD-8 10B , Method 514.1 , Category D, Procedure IV. Specimens were tested
i~ Axes 1 and 3. Curves H and AG were used for sinusoidal and random vibration
~c-specti vely.

~urve AG is defined as shown in Figure 2—9. Curve H is defined as:

5-14 Hz , 0.10 inch double amplitude

14—23 Hz , 1 g

23-74 Hz , 0.036 inch double amplitude

74—2000 Hz , 10 g ’ s

A resonance survey conducted on the test f ixture revealed that the fixture was -
V

not resonant-free below 2000 Hz. To compensate for fixture resonance , one fi x-
t~re wi th a specimen (S /N 32) was used as a control reference during vibration V

testing (see Figure 2-11). The unit on the left side is the unit under test;
the unit on the right side is the reference unit. An accelerometer installed on
the reference unit was used as the point of vibration feedback control . Each of —

the remaining eighteen units were in turn mounted adjacent to the control led re-
ference specimen for vibration testing. The test sequence for ea-th specimen was
-~s follows:

(a) Three baseline performance test runs , 21 units , no v ibration .

(b) Sinusoidal vibration , Ax i s 3, 18 units , one 20 minute sweep (5—2000 —5 Hz),
per unit. Specimen was operated wi th input frequency controlled at 400 Hz
and output differential pressure was recorded on an X— V recorder versus
vibration frequency.

(c )  R~ndom vibration , Axis  3, 18 un i ts , thirty minutes duration per unit. Three 
—

performance test runs were conducted during application of the random vibra-
tion ; one at the start, one mi dway and one at the end.

(d) Items (b) and (c) were repeated for Axis 1 for 18 units .

(e) Three performance test runs , 21 units , no vibration .

2.5.4 Acoustical Evaluation V

Aco -n t ical environment testing was performed at the McDonnell Douglas St. Louis
facility . The equipment used was a matched set of Wyle Modulated Air Horns, which
-mare driven and monitored by a Bovel-Kjaer precision amplifier and microphone. The

20
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acoustical envi ronment was per the conditions of MIL-STD-8lOB , Method 515.1 ,
Category C, for rockets (eight minute exposure). The test setup is shown in
Figure 2-12. Examination of the chanter shows the horns at the far end of the
chamber wi th the specimen and mi crophone in the foreground. Figure 2—1 3 shows
theupper and lower limi ts (solid lines) as outl ined by MIL—STD-8lOB with the
circled points being the actual octave band spectrum that each of the 19 units
were exposed to. The test flow was accomplished in the following manner:

( a )  Three basel ine run s per each of the 21 uni t s , no acoust ical environment.

(b) Acousti cal environment was Initiated; three performance test runs were
conducted on the 19 units , one run at the beginning, one midway and one
performa nce run at the end.

(c) Three baseline runs per each of the 21 units , no acoustical environment.

2 .5.5 Al titude Envi ronment

Alti tude testing was performed per the requirements of MIL-STD—810B , Method
500, Procedure I , except that the max imum altitude was 90,000 feet. The sequence
that each of the 19 specImens were exposed to is as fol lows:

(a) Three baseline performance test runs at sea level with the specimen installed
in the alti -tude chamber.

(b) Pump down chamber to maximum altitude capability , approximately 90,000 feet
(13.03 win Hg). Three performance test runs were then conducted at altitude .
Chamber pressure decayed to approximately 79,000 feet (22.78 nm Hg) by the
end of the third run. -

C c)  Three performance runs at each of 50,000, 25,000 and 10,000 feet al titude .

(d) Three performance runs at sea level .

24
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2.6 TEST EQU IPMENT
V 

The following is a list of test equipment that was used for all testing of the
FDAC ’ s.

N OMENCL A4TURE MODEL SERIAL NUMBER

Gas Cart — MDAC 1
Chopper - MDAC 1

Speed Control - Bodine ASH-502 907VD103
Motor - Bodine NSH—54 280YA086
Kistler Charge Amplifier 504 1923
Kist ler Charge Ampl ifier 504A04 1713

Kistler Transducer 606L 1494
Kist ler Transducer 606L 1795

Scope - Tektronix 556 2727

Plug-In - Tektronix CA 58650

Plug-In - Tektronix 1A1 982

Frequency Meter - Hewlett Packard 5210A 752-00899

X-Y Recorder - Hewlett Packard 7035A 646-1170

X-Y Recorder - Hewlett Packard 7047A l422A00l30

Voltmeter - Hewlett Packard . 3440A A50l 380

Vol tmeter Plug-In - Hewlett Packard 3443A A501206

Fluke - DC Standard 335A A501252
Pace Carrier Modulator CD 1O 20939

Pace Transducer KP15 23175

Heise Pressure Guage C H50043

27
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SECTION 3

TEST RES ULTS

Results of the test. program discussed in this section include evaluation under
ambient and environmental conditions. Twenty—one FDAC ’ s were tuned and tested
at ambient conditions to establish basel ine performance , and then 19 of the 21
were subjected to evaluation under the adverse environments.

This section first discusses the units and the condition in which they were
received . This is Important because the units were manufactured approximately
four years ago, were not treated with controlled care and were sUsa~uewtly subjected
~ t~~environmental tests. In examination of the data/test results, care and
j udgement will be necessiry to determine those anomalies that are due to con-
tdnnnatlon and those that are due to actual environments.

3.~ RECEIVED CONDITION OF FDAC1S

The units , when received, had several discrepancies which led MDAC TICO to record
their condition. The following list of discrepancies and Figure 3—1 describe
the discrepant conditions. Photographs of each FDAC are Included in Appendix A.

Fluidic Fuze
Serial Number Remarks

4 Ven ts 1, 3 and 5 deformed , decoupler F/A dented
5 Vents 2, 7 and 9 severely deforme d , decoupler F/A

dented
6 Vents 2, 4, 8 and 9 deformed 

V

7 Vents 4, 6 and 9 severely deformed, tuning orifice
scratched

- - V-
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Fluid ic Fuze
Serial Num ber Remar ks

9 Vents 5 and 9 deformed, decoupler F/A dented
16 Vents 4, 7 and 10 deformed, tuning orifice scratched
17 Vents 1 , 2, 5, 6, 7, 8, 9 and 10 deformed , decou pler

F/A dented
20 Vents 5, 6 and 8 deformed , tuning orifice scratched
21 Vents 6 and 10 deformed
22 Vents 3, 5 and 7 deforme d
25 Vents 3, 5 and 8 deformed, decoupler F/A dented
28 Vents 1 , 3, 5, 7, 8 and 10 deformed
29 Vents 1 and 10 deformed, decoupler F/A dented
30 Vents 2, 6 and 7 deformed, face sea l on signa l por t

scratched
31 Vents 1 , 3 4, 6 and 10 deformed, decoupler F/A dented ,

amplifier dented , face seal on output port scratched
32 Vents 2, 3 and 4 deformed, decoupler F/A dented
33 Vents 1 , 3, 4, 5, 6, 8 and 9 deformed
34 Vent 10 defo rmed
36 Vents 1 , 2, 3, 5, 7, 8 and 9 deformed, decoupler F/A

dented

38 Vents 1 , 2 , 3 and 4 deforme d , decoupler F/A dented
39 Vents, 1 3 and 5 deformed, decoupler F/A dented

3.2 CLE ANING

When the un i ts were originally received , both HDL and MDA C intended the FDAC ’ s to
be cleaned i n an ul trason ic cleaner Trichioroethylene (TRIC) bath . The FDI*C’s
were exposed to the ultrasonic bath in each axis for ten minutes (total of 60
minutes per unit).

After the ultrasonic cleaning was completed a baseline test was performed (see
Tables 3-1 , 3-2 and 3—3 for results). Review of these data indicated the units
were extremely erratic and probably still contaminated. Therefore, It was decided
that the ultrasonic cleaning was not sufficient and another cleaning method had to
be devised. Many methods were tried and a backfl ush method was found to be superior .

-
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TA& E 3-1
BASELIN E ~~TA 8~FO~~ UC~FLuSN CLEN(ING IN TRIC

F~~QUEN CY AT -5 PSI

- 
RIll 1 2 ~ 3 4 e~ 5 6 A 7 ~~~~~~~ A 9 10 A MAX A/ ~~ ~ ~ iAVG A ~~ S

- 4 339.4 335.6 3.8 345.4 342.9 2.5 344.6 344.6 0 339.5 338.6 0.9 346.3 346.3 0 3.8/1.4 10 336.1 346.: 10.7 342.3
5 362.9 363.6 0.7 362.8 364.5 1.7 366.2 368.7 2.5 363.6 360.2 3.4 367 364.9 2.1 3.4/2.1 10 360.2 368.: 8.5 364.4
6 400 400 0 281.8 - — 268.7 264.5 4.2 270.4 271.3 0.9 277.6 275 2.6 4.2/ 1 .9 9 264.5 400 135.5 301
7 405.3 402.3 3.0 400 400 0 400 401.7 1.7 386.3 400 3.7 401.7 400 1.7 3.7/2 .0 10 396.3 405.: 9 400 7
9 342.4 350 7.6 350 354.3 4.3 350 361.7 1.7 355.1 355.9 0.8 358.5 356.8 1.7 7.6/3 .2 10 342.4 358.5 16.1 352.5

16 334.1 325 9.1 450 447.9 2.1 510.2 507.7 2.5 510.2 509.4 0.8 510.2 508.5 1.7 9.1/3 .2 10 325 510 2 185.2 46 1 .3
17 362. 1 361.4 0.7 365 364.5 0.5 367 365.3 1.7 368.7 367 1.7 368.7 373.8 5.1 5.1/ 1 .9 10 361.4 373.8 12.4 366. 4
20 3 77.3 380.3 3.0 375 370.4 4 .6 365.3 368.7 3.4 367 369.6 2.6 367.9 366.2 1.7 4.6/3.1 10 365 3 380 3 15 370.8
21 340.2 350 9.8 343.7 345.4 1.7 342.9 343.7 0.8 350 348 2.0 350 348.3 1.7 9.8/4.4 10 340.2 350 9.8 346.2
22 355.3 352.3 3.0 361. 1 361.1 0 354.3 355.9 1.6 355.1 354.3 0.8 356.8 354.3 2.5 3.0/1.6 10 352.3 361.1 8.8 356.1
25 342.7 342.7 0 344.6 343.7 0.9 344.6 343.7 0.9 348 345.4 2.6 340.3 342.4 2.1 2.6/1.3 10 340.3 348 7.7 343.8
28 333.3 331 2.3 321.3 317 4.3 315.3 320.4 5.1 321.3 321.7 0.4 324.7 328.4 3.7 5.1/3.2 10 315.3 333.3 18 323 5
29 340.2 350 9.8 345.4 342.9 2.5 325 325 0 324 325 1.0 330.1 330.9 0.8 9.8/2.8 10 324 350 26 333.9
30 325 323 2.0 322.1 325 2.9 322.1 319.6 2.5 321 .3 322.1 0.8 324.7 310.3 14.4 14.4 /4.5 10 310.3 325 14.7 32 1.5
31 268.9 265.2 3.7 270.4 275 4.6 268.7 68.7 0 271.3 268.7 2.6 271.3 271.3 0 4.6/2.2 10 268.2 275 9.8 269.9
32 284.1 285.6 1.5 287.8 287.8 0 286.9 86.1 0.8 287.8 285.2 2.6 287.8 285.2 2.6 2.6/1.5 10 284 .1 287.8 3.7 286 A
33 363.6 360.6 3 .0 361.1 360.2 0.9 356.8 356.8 0 358.9 371.3 12.4 376.7 371.3 5.4 12 .4/4.3 10 356.8 376.7 19.9 363 .7

V 34 288.7 285.5 3.2 353.4 352.6 0.8 360.2 356.8 3.4 340.3 341.2 0.9 342 345.8 3.8 3.8/2 .4 10 285.5 360.2 74.7 336.9
36 337.9 338.6 0.7 335.2 331.8 3.4 327.6 332.7 5.1 335.2 331.8 3.4 333.1 334.4 3 .3 5.1/2.8 10 327.6 338.6 11 333 .8
38 325 324.2 0 8  321.3 315.3 6.0 322.9 319.6 3.3 319.6 319.6 0 321.3 320.4 0 9  6.0/2 .2 10 315.3 325 9.7 320.9
39 265 2 267.7 2.5 27 1.3 275 3.7 240.3 187.8 47.5 265.3 27 1.3 6.0 268 .7 284.4 5.7 17.5/15.1 10 238.6 287.8 49.2 265.9

31 
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TABLE 3-2
BASELINE DATA 8E FORE BACKFLUS~1 CLEM IN& IN TRIC

FREQUENCY AT 0 PSI

H’  4 

~ ±~ ± ~~ 
9 10 MAX A/ ~# 0F~ MIN J 

MAX AVG 1 
- 

1
A V G A ( R~~S

- 3~ l .7 ’ 388.1 36390.3 390.3 0 387.8 390.3 2.5 387.8 386.9 0.9 387.8 387.8 0 3.6/1 .4~ 10 386.9j391 .7 4.8 388.9
5 4 1 7 9 ~4fl,9 6.0 412.8 4 17 4 .2 4 15. 3 418.7 3.4 413.6 406.8 6.8 412.8 415.3 2.5 1 6.8/4.6 10 406.8~4 18 .7 11.9 414 2

~S7 450 7.0~328.4 - - 315.3 306.8 8.5 316.2 315.3 0.9 320.4 317 3.41 8 5/5.0 9 306.8 457 150.2 347.4
- - -~5~~7 45 4 .8 4.9 450 3.0 451.7 453.4 1.7 447.1 450 2 9 454.3 453.4 0.91 4.9/2.7 10 447.1 459 71 126 452.7

-
~ 33~~. 7 -100 8.3~4OO 406.8 6.8 400 400 , 0 403.4 406.8 3.4 406.8 404 3 2.5~ 8.3/4.2 10 391.7 406.8115.1 40L9

3~-5.~~~375 1L9 528.4 521.3 7.3
(
611.9 605.9 6.0 608.5 606.8 1.7 606.8 6O6.8~ 0 !11.9/5 3~ 10 386.9 611.9 225 545 .81

1/ 1’6.7 414 3 2.4 415.3 416.2 0.9 417 414.3 2.7 417 415.3 Li 417 420.4 3.4 3.4/2.2 10 414.3 420.4 6.1 416 4
?- : - ?5 325 0 42L3 420 4 0.9~ 419.6 416.2 3.4 415 .3 4 3 6 .2  0.9 4 16.2 41 3.6 2 .6  3 .4 / 1 . 6  10 413.6 425 11.4 416.9’

4 5
1
39L7 7 .2  389.5 392.9 3.4 :386 9 386.1 0.8 393.7 3 9 3 . 7 0  392 390.3 L7~ 7.2 /2 .6 10 384.5 393.7~9 2  390.1

- 
“ . ~:5.9 404.8 1. 1 411 .9 413.6 1.7 :405.1 408.5 3.4 405.9 410.2 4.3 402.6 406.6 4.0 4.3/2.9 10 402.6 413.6 11 

~~~~
3~7 .6I397.6 0 397.9 400 2.1 400 400 0 397,1 400 2.9 392.9 393.7 0.8 2.9/1.2 10 392.9 400 7.1 397.7
3-~5.7(384.5 L2 i361 361.1 5.91358.5 362.8 4.3 367 367.9 0.9 375 379.3 4.3 5.9/3.3 10 358.5 385.7 27.2 370.9 V

f0 400 0 396.3 400 3.7 ‘ 395.4 396.3 0.9 398 393 5.0 401.7 400 1.7 5.0/2.3 10 393 401.7:8.7 398.3

3. ‘-;~2 366.7
(
15.31369.6 375 5.4 364.5 361.9 2.6 365.3 364.5 0.8 368.7 351.7 17 1 7/8.2 10 351.7 382 30.3 366 9

31312 .9 L4~317.9 315 3~263 15. 3 316.2 0.9 317 317 0 317.9 315.3 2.6 2.6/1.5 10 312.9 317 .915 315.9
- - . :-~ ~~~~~ 3.61325 325 0 325 325 0 323 323.8 0.8 326.7 325 1.7 3.6/1.2 10 323 328-615 .6 325.2

~~ ~~~~ 416.7 2.3 417 408.5 8.51408.5 406.8 1.7 409.4 423.8 14.4 425 423 2 14.9/5.8 10 406.8~425 18.2 415.8

332.4:332 .3 0.7 408.5 406.8 L7 410.2 405.1 5.1 386.1 383.5 2 .6 386.1 390.3 4.2 5.1/2.9 10 332.1 410.2 78.1 384.2

3~9 3~395.2 59389.51385.2 43-378.4 386.1 7.7 385.2 385.2 0 383.5 386 9 3V4 7,7/4 3 10 378.41395.2 1 16.8 386.5

383.3 317 .4 5.9 375 372.1~~2 9  370.4 367.9 2.5 366.2 368.7 2 .5 379.3 377.6 1 .7 5.9/3.1 10 366.2 3833H7.1 ‘ 373 -~
319~ 321 4 j 2 . 4 322.1~~25 L

292 55
~ 

36.~~~~ 320 ~33&4 ~4~~~o~sej328.4 - ~81 V8/25 10 I255.1
~
336 9

~~
L8 

~~~
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ENVIRONMENTAL TESTING REPORT MDC L0366
OF A FLUIDIC DIGITAL-TO-ANALOG JULY 1976
CONVERTER

TMLE 3-3

BASELI NE DATA BEFORE BACKFLUS H CLEN~ING IN IRIC
FREQUENCY AT +5 PSI

R U N 1 2 ~~~~~~~~~3 4 ~~~~~~~~5 6 A 7 1  8 A 9 1 O A  MAX A/ Ø O F  M I N 1 M A X A 1
~~~~~

i
AVG A R~~S 

~ 
_ _J

4 450 450 0 450 450 0 450 450 0 456.81450 6.8 443.7 445.4 1.7 6.8/1.7 10 443.1456.8 13.1 449.6f
5 473 467.41 5.6 464.5~468.5 40469.6 471.3 1.7 468.7 463.6 5.1 470.4 469.6 0.8 5.6/3.41 10 463.6 , 473 10.6~ 468.7-

6 518.9 515.2 3.7 375 - - - 350 348.8 1.2 358.1 355.9 2.2 3619 360.2 Li ’ 3.7/2.2 9 348.81518.9 I70.~ 393.8

7 518.9~517.4 I 1 .5 5 1 4 V 5 ’ 5 14 .5 0 511.9 512.8 0.9 510.2 513.6 3.4 513,6 508.5 5.1 5.1/2.2 10 508.5(518.9 10.4 513.6
9 442.4 453 106 456.4 460.5 4.1~45i.7 450 1.7 456.8 459.4 2.6 465.3 457.7 7.6 10.6/5.3 10 442.4: 465.3 22.9 (455.3:

16 450 4319 18.1 617.7~612 .1 5,6 - - - 710 720 10 715 700 15 38.1/12.: 8 433 9 715 283.~ 619.6

I? 481.1(478!8 2.3 478.2~476.6 1.6 473.8 470.4 3.4 476.7 476.70 475.9 472.1 3.8 3.8/2.2 10 470.4 481.1110.7 475
20 479.5~48L1 3 .6~475 478.2 3.2 471.3 469,6 1.7 467 470.2 3.2 468.7 466.2 2.5 3.2/2.4 10 466.2 481 .1~ 14.9 472.7

(21 434.1 450 15.9 442.7 442.70 439.5 439.5 0 443.7 446.3 2.6 443.7 442 1.7 15.9/4 10 434.3 450 15.9 442.4

22 464.4,463.6 1 0.81467.7 467.7 0 460.2 467 6.8 460.2 460.2 0 457.2 456.8 0.4 6.8/1.6- 10 456.8 467.71 10.9 462.5

25 4 6 1 . 3 ( 4 6 1 . 3  0 460.5 462.9 2.4 4619 457.7 4.2 460.2 461.1 0.9 454.3 455.3 0.8 4.2/3.71 10 454.3 462,918.6 459.6

28 441.7 441.7 0 420 414.5 5.5 412.8 410 2 2.6 423 424 10 426.7 428.4 1.7 5.5/2.2 ’ 10 ‘ 410.2 441.1 31.5 424.3

29 459.8 463.6 3.8~456.4 457.2 0.8 4.81.8 478.4 3.4 485.2 482.7 2.5 500 496.3 3.7 3.8/2.8 10 456.4 500 43.6 476.1-

30 428.8 421.2 7.6,419.3 437.7 1.6 415.3 415.3 0 417.9 411.9 6 419.6 405.9 13.7 13.7/5.8~ 10 405.9 428.8 22.9 417.3~
31 361.4 355.3 6.)362J 359.7 2.4 356.8 356.8 0 361.1 359.4 1.7 360.6 362.8 2.2 6.1/2.6 10 355.3 362.8 7.5 359.6

32 375 381.1 6.1 375 375 0 370 4 368.7 1.7 367 367 0 375 374 1.0 6.1/1.8 10 367 381.1 14.1 372.8

33 477.3 471 .2 6.1 474 465.3 8.7 458.5 461.9 34 465.3 481.8 16.5 481.8 481.8 0 16.5/6.9 10 458.5 481 .8~23.3 1 471.9

34 379 378.2 0.8(470 466.1 3.9 468.7 467 1.7 443.7 442.7 1.0 436.9 445.4 8.5 1 8.5/3.2 10 378.2 470 91.8 439 .~~j
36 450 452.3 2.3447.7 441 1.71434 .4 440 5.6 438.6 442.9 4.3 440.3 442 1. 7 : 5 .6 . 3 . 1 1  10 434.4 452.3 : 17.9 442.41
38 443.2(438.7 4.5(434 .7 431.4 3.3~431.8 425 6.8 428.4 423.8 4.6 436.1 432 .7 134 ’ 6.8 4 .S ~ 10 423.8 443.2 19. 4 432 .6 1
39 365. 2 13 6 5. L366~~~~~~

.7 LSJ
~
B2. l 388.6j~~9 386.9 38~~2 17 38~~2 387.8 ] 2.6 ~~ 9 / 2 . 4 28~~ 6 38L~~20 370~~j
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ENVIRONMENTAL TESTING REPORT MDC L0366
OF A FLUIDIC DIGITAL-TO-ANALOG JULY 1976
CONVERTER

The backflushing method utilizes the environmental chamber, a reservoir with
final fi l ter filled with trichloroethyl ene (TRIC), and air pressure forcing
the TRIC in the reverse direction to norma l air flow. The backflushing was
accomplished three times per unit with the TRIC being captured and fil tered
through five-micron fi l ter paper. Figure 3-2 presents a sample of the filter
paper showing contamination . The numbers on this figure represent the serial
number and the backfl ushing number; i.e., 6—2 is S/N 6 after the second back—
fl ushing. After the backflush cleaning, the baseline data was again taken on
the 21 units in the same manner as before (ten runs , five setups). This data
is presented in Tables 3-4, 3-5 and 3—6. Figure 3—3 compares the frequency
spread for the ten runs on each unit before and after the backflushing. This
data indicates that the units were extremely contaminated and that backfl ushing
with TRIG significantly improved the performance of the units.

3.3 DATA REDUCTION

The data was recorded on an X—Y plotter. Initial review of the total program
indicated that 3228 X-Y plots would be obtained; therefore, the data reduction
would be a task in itself.

A typical data plot is shown in Figure 3-4 . This plot indicates that the unit
is in saturati on at approx imately + 10 psi, and has relatively constant slope
in the interim. Therefore , three points would determine the slope and would
describe the unit’ s operation . The data could easily be handled by any computer/
calculator for any further anal ys is.  The three points that were chosen are the
+5, 0 and -5 psi output pressures. For Figure 3-4, the test is a baseline test
and the frequency at +5 psi is 455.8 Hz, at 0 psi it is 396.7 Hz, and at —5 psi —

it is 343.3 Hz. Now that the data is reduced , this can be quickly compared to
other tests which have the data reduced and the unit ’ s performance can easily
be examined .

3.4 TUNING

After the units had been cleaned by the backfl ush method , an attempt was made to
set all 21 units ’ performance identical by reaming the tuning orifice . The tuning
ori fice (see Figure 3- 1) is the small hole in the decoupler stack of the FDAC .
Varying the size of the hole changes the speed reference in the frequency—to—ana-
log convertor; thus the output of the FDAC can be shifted . Before reaming the
tuning orifice , each orifice was measured (see Table 3—7) and the meas urement was
compared to the set point frequency (+5 psi cross point). The distribution of the
unit’ s frequency before reaming versus the orifice size indicated that the majority
of the units could be tuned to a frequency at 400 Hz for +5 psi.
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FIGURE 3-2A FILTER PAPER OF S/N 6; RUNS 1.2. AND 3
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FIGUR E 3-2B FILTER PAPER OF S/N 9; RUNS 1.2, AND 3
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FIGURE 3-2C FILTER PAPER OF S/N 16; RUNS 1 AND 2
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FIGURE 3.2D FILTER PAPER OF S/N 28; RUNS 1,2, AND 3
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FIGURE 3-2E FILTER PAPER OF S/N 29; RUNS 1,2, AND 3
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ENVIRONMENTAL TESTING REPORT MDC 1.0366
OF A FLUIDIC DIGITAL-TO-ANALOG JULY 1976
CONVERTER

TABLE 3-4
BASELINE DATA AFTER BACKF1.USII CLEMING IN TRIC

FREQUENCY AT +5 PSI

RJI 1 2 a 3 4 a 5 6 a 7 8 6 9 10 a MX */ OI NIN NA~~~~~~~~AVG

_ _  

(MS

4 454.3 452.3 2 47 1 .3 468.7 2.6 463 .6 465.3 1.7 444.5 460.2 4.3 46!.! 460.2 0.9 4.3/2.3 10 452.3 471.3 19.0 462.2
5 464.5 460.2 4.3 468-7 472.1 3.4  465.3 467 1.7 465.3 466.2 0.9 475 468.7 6.3 6.3/3.3 10 460.2 475 14.8 467.3

6 4.81.4 476.7 4 .7  478.4 470.4 8 475 474 1 476 .7 4618 5 . 1 481 480.1 0.9 8.0/3 .9 10 470 .4 481.8 11.4 477.6

7 517 517.9 0.9 511.1 506.8 4.3  508.5 504.3 4.2 501 500 1 506.8 506.8 0 4.3/ 2 .1 10 500 517.9 179 508 1

9 473 .3 470.4 0.9 468.7 465.3 3.4 467 470.4 3.4 469.6 449.6 0 468.7 469.6 0.9 3.4/ 1.7 10 465.3 471.3 6.0 469.1

16 471.3 472.1 0.8 461.1 465.3 4 ,2  475 475 0 474 474 0 475 475 0 4 .2/ 1 10 461 .3 475 13.9 4/i .E

17 481.8 475 6.8 479.3 476 3.3 468.7 475 6.3 473 465.3 7.7 474 475 1 7.7/5 10 468.7 481.8 13.1]474 .3
20 466.2 463.6 2.6 464.5 464.5 0 464.5 464.5 0 46 1.9 458.5 3.4 467.9 466.2 1.7 3 .4/1 .5  10 458.5 467.9  9.4 4t-4 .2
21 450 462.8 12.8 454.3 456 1.7 447.1 454.3 7.2 454.3 454.3 0 452.6 448 4.6 12.8/5.3 10 447.! 462.8]l5.7 453. 4

22 453 4 462.8 9.4 457 .7  454.3 34 460.2 461.9 3.7 460.2 455.1 5.3 458.5 454 .7 3.8 9 .4/4 .4  10 453.4 462.8 9. 4 
~~~~~25 481.8 481.8 0 477.6 476.7 0.9 459,4 465.3 5.9 457.7 460.2 2.5 469.6 468.7 0.9 5.9/2 10 457.7 481.8 2 4 . 1 1 4 6 9 . 9

28 469.6 479.7 10.1 469.1 473.8 4.7 475 470.4 4.6 475 471.3 3.7 481 480.1 0.9 10.1/4.8 10 469.6 4.81 114 (474.5
29 415.3 425 9.7 423.8 429.3 5.5 423 425 2 418.7 437 1.7 414 413.6 0.4 9 7/3.9 10 413.6 429.3 15.7 (420.5

30 436.9 440.3 3.4 430.1 431 0.9 426.7 435.2 8.5 431.8 431.8 0 426.7 429.3 2.6 8.5/3.1 10 426.7 440.3 13.6 432

31 421.3 425 3.7 415.7 417.9 2.2 410.2 410.2 0 405.1 401.7 3.4 405.1 400 5.1 5.1/2.9 10 400 425 25 411 .2

32 450 448.8 1.2 447.1 442 5.1 450 453.4 3.4 451.7 455.1 3.4 450 456 6.0 6.0/3.8 10 442 456 14 45Q • 4
33 423.8 425 1.2 430.1 436.1 6 442 450 8.0 450 447.1 2.9 459.4 456.8 2.6 8.0/4.1 10 423.8 459 4~35.6~442

34 469.6 465.3 4.31467 469,6 2,6 473 475 2 464.5 467 2.5 471.3 475 3.7 3.7/2.8 30 464.5 475 10 . 5 1469 .7 1
36 450 451.7 1.7c450 446.3 3.7 439.9 449 9.1 450 447.1 2.9 446.3 443.7 2.6 9.1/4 10 439.9 451 .7 11 .8~447.4

38 428.4 422.5 5.9 421.3 428.4 7.1 436.1 431.8 4.3 431.8 425 6.8 439.5 425 14.5 14.5/7.7 10 421.3 439 5 18.2 1429

~ 
451.7 452.6 0.9 455.1 455.1 0 457.7 456.8 458.5 456.8 L7 456 457.7 j 1,7 1.7/3.0 10 451 .7 458.5 6.8 455.~~
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ENVIRONMENTAL TESTING REPORT MDC L0366
OF A FLUIDIC DIGITAL-TO-ANALOG JULY 1976
CONVERTER

TABLE 3-5
BASELINE DATA AFTER SACKFL tJSH CLEANING IN TR I C

FREQUENCY AT -5 PSI

[~~ N 1 2 H f  3 4 ~ 5 6 ~ 7 1 8  4 1~ i 1 0 { 4 j M A X~~/ # OF! MIN MAX ~ AVG
I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
RUN Si

4 
t .

~~~~~
-V-- - 

3 5 1 7 1 1 7 3 6 1 9 3 6 2 8 0 9 , 3 6 1  1 361 9 0 8  359 4~ 356 3 4 ( 3 5 9 4 358 9 T h  5 1 3 4/1 5 10 350 362 8 1 1 2 8 3 S 8 3

5 356.81 356.8 1 0 365.3~368.7 3.4 365 .3 (365.3 0 361.1
~~
362.8

I
!.7 369.6 365.3 4 3 (  4.3/1.9 10 356 .8 .369 .6 12 .8 1363 .7

— 6 369.6 364.5 5.1 365.3~361 .9 3.4 363.61364 .5 0.9 367 371.3 4.3 370.4 368.7 1.7 ( 5.1/3 .1 10 36 1. 9137 1 .3 9.4 366.7

7 403.4 400 3.4 398 
~~~~ 

4.3 395.41392 3.4 391.2(386.9 4.3~389 5 389.5 0 4.3/3.1 10 386.91403.4 16.5(394
9 358.5 3 6 1 9 3 4  357.7360.2 2.5 360.21360.2 0 360.2 362.8 2.6 360.2 361.9. 17 2.5/1.8 ’ 10 357.7 ’ 362.8 5.1 360.4
16 355.1~355.9 0.8 348 352.6 4.6 360.2 (358 .5 1.7 356.8 (356.8 0 363.6 360.2 

~
-
~~l 

4 6/2.1 10 348 1 363,6 15 .6 ( 356 .8
17 357.7 359.4 1.7 361.1-363 .6 2.5 359.4 ’360 2 0.8 361.1~ 359.4(L7 360.2 361.1 0 9 ( 2,5/1 .5 10 ( 357.7 1 363.6 5.9 360.3
20 361.1 361.9 0.8

i 3611 359.4 1.7 362.8 365.3 2.5 362.81 3619 0.9 361.9 363.6 1.7 2.5/1.5 10 359.4 365,3 1 5.9 362.2

21 340.31348 7.7j344.6 344 1~05 339.5 342 2.5 341.2 342 0.8 340.3 340.3 0 7.7/2.3 10 339.5 348 8.5 342

2 2 343 . 7~356 12. 3 1 350 348 2 352 6 351.7 0.9 356 350 6.0 356 352.6 3.4 12.3/4.9 10 343.7 356 12.3~3517
25 365.3 368.7 , 3.4 365.3 3611 42 350 353.4 3.4 350 350 0 356 ‘ 357.7 1.7  4 . 2 /2 .5  10 350 1368.7 18.7 357.8

28 351.7 366.2 14 .5-36 11-364.5 3.4 366.2 362 8 3.4 361.1 361.1 0 367 368.7 1.7 14.5/4.6 10 351. 71368 .7 1 17 363

29 317 325 8 324 330 6 325 326.7 1.7 326.71322.3 4.6 324 324 0 8.0/4.1 10 317 330 13 324.5

30 324 331 I 7 323.8 1324 0.2 325 328.4 3.4 328 .4 331 2.6 326 .7 330.1 34 7.0/3.3 10 323 8~331 7.2 327.2

31 317.9 317.9 0 316.2 (313.6 2.6 311.1 312.8 1.7 308.5 306.5 2.0 305.1 307.7 2.6 2.6/18 10 305 3 17 .9 1 12 . 9  3 3 1 .7
32 342 340.3 - 1.7 336.1 (337 .8 1.7 342 350 8 348.81 350 1.2 344.6 348 3.4 8.0/3.2 10 336.1 350 13.9 344

33 331.81335.2 3.4 340.3 342 1.7 350 352.6 2.6 348 350 2.0 360.2 351.7 8.5 8.5/3.6- 10 1 331 8 360 2 28.4 346.2

34 354.3~354. 3 - 0  356.8 356.8~0 364.5 (362.8 1.7 357.7’362.8 ,5.1 363.6 367 3 4  5.1/2 10 354.3 (367 ‘ 12.7 360.1
— 36 336.1(343.7 7.6~3412 338 6126 338.6 343.7~5.1 342.9 ’341.211.7 340.3 340.3 0 7.6/3.41 10 336.1(343.717.6 340.7

38 328A~323.8 4.6 323.8 324 0.2 331 329 3(11 330.1~324 6.1 327.6 329.3 1.7 6.1/2.9 10 323.8(331 
L

7

~~

2 327.1

39 332.71332.7 ._ L~±~ 
8J~

33.
~~~L~

7
~

340 3 l 340.3ftj 34 1.2 33 7. 8J3.4 338.6 339.5 0 .9 3 . 4 / ± . 2  10j 33L8~~~L 2 9 ~~J~~6.8
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ENVIRONMENTAL TESTING REPORT MDC L0366
OF A FLUIDIC DIGITAL-TO -ANALOG -V JULY 1976
CONVERTER

TABLE 3-6
BASELINE DATA AFTER BACKaUSH CLEANING IN TR IC

FREQUENCY AT 0 PSI

[U N 1 1 2  a 3 4 a 5 6 a 7 8 a 9 10 a MAX a/ # 0F MIN MAX~~~~~~~~ AvG

~~NT 4~
__ AVG a RIMS 

— —4 1 400 393 .7 6.3 412.8 411.9 0.9 408.5 410.2 1.7 404 .5 402.6 1.9 406.8 406.8 0 6.3/2.2 10 393.7 412.8 19.1 405.8.
5 406.8 409.9 0.9 412.8 415.3 2 5  411.9 414.5 2.6 410.2 413.2 3.0 417 411.7 5.3 5.3/2.9 10 405.9 417 11.1 411 .9 (
6 426 4 18.7 7.3 420 .3 14 1 5 .3 ( 5 

~~~~ 
417 0.7 419.6 422.9 3.3 425 420.4 4.6 7 . 3 /4 .2  10 415.3 426 10 .7 ( 420.3

7 458.1 456 8 3 .3 450 450 a 446 .3 448.5 2.2 444 .6 440.3 43 442 443.7 1.7 4.3/1.~ 10 440.3 458.3 37.8 448
9 408.5 417 8.5 411.9 414 2.1 410.6 413.6 3 414.5 4 14 5 0 412.8 411.9 0.9 8.5/2.9 10 408.5 417 8.5 412.9

16 408.5 411.1 2.6 401.7 405.5 3.8 413.6 413.6 0 411.9 411.1 0.8 415.3 415.3 0 3.8/1.4 10 401.7 415.3 13.6 410.8

17 412.8 415.3 2.5 415.3.415 .3 0 406 410.2 4.2 411.1 406.8 4.3 411.1 435.3 4.2 4.3/2.96 10 406 415.3 9.3 411. 0

20 410.2 409.4 0.8(410.2 408.9H.3 408.5 411.1 2.6 406.8 407.7 0.9 412.8 408.1 4.7 4.7/2.1 10 406.8 412.8 6 409.4:

21 390.3 405.1 14 .8 1 393 .1 393 . 7 1 0 ~388.6 392 3.4 390.3 393.7 3.4 390.3 389.5 0.8 14.8/4.5 10 388.6 405.1 16.51 392.7 ’

27 393.7 406.8 13.11404.3.400 4.31401.7 403.4 1.7 405.1 400 5.1 404.7 398 6.7 13.1/6.2 10 393.7 406.8 13 .1 401.8

23 420.4 421 .3 0.9 414 417 3 400 403.4 34 400 400 0 407.7 408.5 0.8 3.4/1.6 10 
1
400 421.3 21.3 1 409.2

23 406.8 417.9 11.1 412.8~412.8 0 417 415.3 1.7 411.9 412.8 0.9 418.7 419.6 0.9 11.3/2.9 10 406.8 419.6 12.8 414 .6(
2) 361.1 371.3 10.2, 371.31372 . 1 0.8 370.4 371.3 0.9 367.9 364 3.9 362.8 363.2 0.4 10.2/3 .2 10 361.1 372.1 11 367.5
30 377.6 383.5~ 9.91 3’3.3 (379.3 6.0 375 379.3 4.3 378.4 373.8 4.6 373 376.7 3.7 6.0/4.9 10 373 383.5 10.5 377

31 362.8 369.11 6.3L36l.9(364.5 2.6 360.2 356.8 3.4 351.7 350 1.7 348 350 2.0 6.3/3.2 10 348 369.3 21.1 1357 .51

32 390.3 392 1.7 391 .2 389.5 1.7 392 399 7.0 396.3 396.3 0 399 ‘ 399 0 7.0/2.1 10 390.3 399 8.7 394 .5

3.1 376.7 378.4
! 
1.7 . 383.5

1
386.1 2.6 393.7 400 6.3 391.2 393.7 2.5 408.5 400 8.5 8.5/4.3 10 376.7 408.5 31.8

~391.2

34 , 404.3 404.3 0 1 408.5, 408.5 0 414.5 415.3 0.8 406.8 410.2 3.4 411.5 415.3 3.8 3.8/1.6 10 404.3 415.3 11 409.9

36 I 392 392 
I 
0 387.8’ 390.3 2.5 390.3 390.3 0 392 389.5 2.5 388.5 389.5 0.9 2.5/1.2 10 387.8 392 4.2 

(
390.2

3E I 376.7 368.7 1 
8.0’ 366.2 , 374 (7.8 376.7 377.6 0.9 376 375 1.0 375 376 1.0 8-0/3.7 10 366.2 ’ 377.6 11 .4 , 374.2 1

~~~~~~~~~~~~~ ~~~~.i ~92 7 ao~.4 394 .6 8.8 392.9 392.9 0 8.8/2.4 10 389.51403.4 13.9 1 393 .1 (  



-- ---V

ENViRONMENTAL TESTING REPORT MDC L0366
OF A FLUIOIC DIGiTAL-TO-ANALOG JULY 1976
CONVERTER

P..

~~~~~ t[~ 
!~~~

-J!--- --1 -- — -- — - - - - - --— .—
~~~~

t i
~~~~— — —  — --——-~~- --— -— — - - - —— —- — - - - — ——  — --— — 8  ~
o .
-J

-
~~~~~~

- V - -— — - -  — - . V -- - - . - V— —  — —- -— -V-- —

V Q~~~J

u_ ~ .

0 -— — — - -— V —— — — — —  — —  -— — - - , , - V .— — — —0  —

~~

--

~~~~

.- 

~~~~~~~~~~~~~~N S !INfl

FIGURE 3-3 DATA COMPARISON OF FLUIDIC FUZES BEFORE AND AFTER CLEANING
43



-V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ENVIRONMENTAL TESTING REPORT MDC L0366
OF A FLUIDIC DIGITAL-TO-ANALOG JULY 1976
CONVERTER 

—~~~~

ii~~i i ii i iiiIiiii Ii i~
— --~~~~~~~-—  -~~~~

— ----—- -

~~~~~~~~~~~

- - 

— — — — — —

~~~~~~~~~ 

— — -— — — — — —

~~~~~~~~~~~~~

— 

— s... — — 8

— — —— — — — —

~~~~ (3 — — — —  — — — — — —  2

i ii i~ i i i i ii i i i~~~ç~ ii ~
i i i i i i i i i i i i i i i i i~~ii

— — 8

— I .. 
~~~~~~ 

- — —— — — — —— — —  — —

~~~Q
-- . .

~~~~ 4~~~~~O (fl zcr 
—

‘~ 
I~-~ _j .d —2 4 W 4 ~~ 

-á 
~~ a in

‘ . — — —  — —— —  — —  — — —  —

~~~LU UJ W~~~ ~ l~~~~4
~~ &, ,.- I- > 4 4

OOODO~~
I I 1

0 U) 0 tO U) U) 0
— .

+ -4- —

DIScI 3IIflSS3IM lfld .LflO

FIGURE 3-4 TYPICAL FLUIDIC FUZE TRANSFER FUNCTION

- - . 
~~~~~~~~~~~~~~ . ..



ENVIRONMENTAL TESTING REPORT MDC 1.0366
OF A FLUIDIC DIGITAL-TO-ANALOG JULY 1976
CONVERTER

TABLE 3-7

ORIFICE VALUE

Seria1/Nun~er Before Tuning Afte r Tuning Difference

4 .021 35 inches .0280 .00665
5 .02245 .0262 .00375
6 .02145 .0291 .00765
7 .0207 .0299 .0092
9 .02275 .0256 .00285
16 .0276 .0295 .0019
17 .0232 .0279 .0047
20 .0221 .0292 .0071
21 .024 .0257 .0017
22 .0245 .0275 .003
25 .0237 .0268 .0031
28 .02425 .0291 .0049
29 .0237 .0276 .0039
30 .0242 .0258 .0016
31 .0249 .0263 .0014

V 32 .0248 .0295 .0047
33 .02 .0255 .0055
34 .0225 .0261 .0036
36 .02765 .0279 .0003
38 .0262 .0267 .005
39 .0251 .0281 .003
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After reaming and tuning the units , the fuzes were performance tested , backfl ush
cleaned , and again performance tested (see Tab le 3—8 and Figure 3-5 for resul ts).

The da ta in Figure 3-5 indicates:
32~ of the 84 baseline runs are within + 5 Hz of 400 Hz at S psi
56% of the 84 baseline runs are wi thin + 10 Hz of 400 Hz at 5 psi
76% of the 84 baseline runs are wi thin + 15 Hz of 400 Hz at 5 psi
83.3% of the 84 baseline runs are wi thin ÷ 20 Hz of 400 Hz at 5 psi
89~- of the 84 baseline runs are within -s- 25 Hz of 400 Hz at 5 psi
94% of the 84 baseline runs are wi thin -s- 30 Hz of 400 Hz at 5 psi

Figure 3-30 0 indicates baseline runs after reaming prior to bac kf lush cleaning.

Figure 3-30 v indicates baseline runs after reaming and backf lush cleaning .

After the tuning and performance test , the units were installed in the environ-
mental chambers and again tuned . The units~ setpoint frequency was intended to
t~ 400 Hz. When the unit was installed in the chamber and the chamber orifice
reamed , it was impossible to maintain the 400-Hz setpoint and also maintain sonic
conditions across the orifice. Since the purpose of the chamber was to provide
altitude isolation through maintaining a critical pressure ratio , this was the
more i mportant parameter. it was therefore decided to select another setpoint
which would allow sonic operation . Thus , 500 Hz was selected and all chambers
were tuned . This data is exhibited in Table 3—9 and Figure 3—6. This data shows
the distribution at -5 psi to be 321-395 , at 0 psi 400-454 and at +5 psi 470-518.
This data was obtained from 20 units and 60 runs wi th three runs per unit. Unit
S/N 21 stopped functioning entirely. Clean ing and backflushin~ failed to revivethe unit.

3. 5 SUPPLY PRESSURE VARIATION

The purpose of this test was to evaluate the FDAC performance when subjecte d
to var yi ng su pp ly pressure . The units were set up in the norma l manner within
their chambers and the supply pressure was varied -~ 8 psi about the design pres-
sure of 40 psig in 2 psi increments. Two runs were made on each serial number unit
a t each p ressure . Ta ble 3-10 presents a suninary tabulation of the reduced data
for unit S/N 17. These da ta are plotted in Figure 3-7 and show that the frequency
rcsponse fol lows a l inear relation to supp ly pressure.

3.6 STEP PULSE INPUT RESPONSE

The purpose of this test was to investigate the response of the FDAC to a step
change in input frequency . The test setup was as described in sect ion 2.4. Figure
3-8 is a sample curve of the output data nf this test. The maxin~um oressureexcursion before stabi l izat ion was 11.2 psi. Stabilization occurred in 3.5 s.
Each FDAC received two addit ional step pulse runs at 500 Hz set frequency. In
addition , each FDAC was subjected to three step pulse tests at set frequencies
of ~~~ 400 and 600 ~z for a total of 13 step pulse tests .
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TABLE 3- 10
EFFECT OF CHANGING SUPPLY PRESSURE

S/N 17

________ 
-5 Avg. 0 Avg. +5 Avg.

32 325 322.1 391.7 389.2 460 459.2
32 319.2 386.7 458.3
34 330.8 332.9 394 .2 400 460.8 463.8
34 335 405.8 466.7
36 351.7 346.7 414.2 412.1 483.3 479.2
36 341.7 410 475
38 356.7 356.7 422.5 422.9 490.8 488.8
38 356.7 423.3 486.7
40 370 369.2 431.7 500 500.9
40 368.3 430 501.7
42 384.2 382.5 441.7 515 512.5
42 380.8 440 510
44 390 389.2 452.5 451.3 516.7 515.9
44 388.3 450 515
46 407.5 406.7 466.7 466.3 535.4
46 405.8 465.8 537.5

48 424 422.4 485 483.8 550
48 420.8 482.5 545.8
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3.7 OPERATION WITH A SCHMITT TRIGGER

Two tests were run on each device wi th the FDAC driving a Schmitt trigger
instead of the differential pressure transducer. The Schmi tt trigger was a
General Electric Model MT 11 . Two curves were generated during each run , one
showing FDAC ou tpu t  pressure vs. frequency , and the other showing the Schmitt
trigger output as a function of frequency. Figures 3—9 and 3—10 are examples
of these curves for one run on device S/ N 20.

3.8 ENVIRONMENTAL TESTING

Environmental testing consisted of subjecting 19 of the 21 FDAC 5 s to the
overstress environments of temperature , acceleration , vibration , acoustical
noi se and altitude as described in section 2.5. The typical performance curves
were run for each cve rstress test and baseline test before and after each
environment. Three runs were made at each environmen t. As was previously
discussed , data were tabulated from each transfer function curve of frequency
corresponding to -5 psi , 0 psi and +5 psi. These data were tabulated , averaged
and plotted and are presented in Volume II of this report .

3.9 TEST SEQUENCE

The FDA C test sequence is shown in Figure 3- 11. Examination of the plan shows
the test program is initiated with baseline (non-environmental) testing and
all except two control units are subjected to each environment. After subjection
to an environment , each un it is again subjected to a baseline test. Examina-
t ion of baseline test resul ts before and after an environment will provide
insig ht into degradation of performance, if any, in a unit due to the environment.
The ca llouts in the boxes of Figure 3-11 , i.e., F—i , F— l2 , etc.,  correspond to
task designations and a lso appear wi th the tabulated data presented in Volume II
of this report for cross correlation.

3.10 DATA ANALYSIS

An extraordinary amoun t of data was generated i n the course of this program;
3228 performance curves were generated. As mentioned previously, three data
p o i n t s  were tabulated from each transfer function (the value of frequency at -5 ,
0 and  +5 psi); therefore , approximately 10,000 data points are available for
ana lysis. These data are presented in tabular form and i n  graph form in Volume
II of this report.

Uf primary inte rest is the variat ion of frequency about a set point as a result
of operating conditions. One way of presenting this type of data is in the form
of histograms which are graphical representations of frequency distributions.
Histograms of the FDAC’s in the baseline condition and whei~ subjected to all
environme nts are given in Appendix B.
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TASK E
BASELINE DATA BASELINE DATA BASELINE DATA
6 RUNS PER UNIT 3 RUNS PER UNIT 3 RUNS PER UNIT
6 STEP PULSES PER UNIT 20 UNITS 20 UNITS
21 UNITS F-5 F-14

_____________  I______  I
C SELECT 2 CONTROL AC CELERATION

UN ITS AND AXIS ±1 & ±3 ALTITUDE TEST
TASK1 TEST UNIT 3 RUNS PER UNIT PER 3 RUNS PER UNIT

S/N 6 AND 36 CONTROL F
AXIS 18 UNITSUNITS

S/N 32 TEST UNIT 18 UNITS F 7  F-15

I 
-,~

--
~~~~ I

BASELINE DATA I
3 RUNS PER UNIT BASELINE DATA BASELINE DATA

20 UNITS (AL L UNITS I 3 RUNS PER UNIT 3 RUNS PER UNiT
INC LUDING CONTROL I 20 UNITS 20 UNITS
UNITS F-i F-8 F-16

TA SK , 
[ 

- 
* 

—- 

~~~ *

F

HiGH TEMPERATURE TEST VIBRATION TASK E (REPEAT)
RANDON: AXIS 1 & 3 BASELINE DATATASK , +145’F SINUSOIDAL: AX iS 1 & 3 6 RUNS PER UNITF - 

3 RUNS PER UNIT , 3 RUNS PER UNIT PER AX IS 6 STEP PULSE PER UNIT
18 UNITS F-2 18 UNITS f 9 20 UNITS

1 ’ — ~ ___  _ _ _  _ _ _ _ _ _

BASEL INE DATA BASELINE DATA TASK G
3 RUNS PER UNIT 3 RUNS PER UNIT ANALYZE DATA

20 UNITS 20 UNITS
F-3 F-b

I -p-- * i__ ” *

LOW TEMPERATURE TEST ACOUSTICAL NOISE
—40 F 3 RUNS PER UNIT
-~ RUNS PER UNIT 18 UNITS
18 UNITS F-4 F-12

TII _ I * DATA AVERAGED & PLOfl ED

FIGURE 3-11 FDAC TEST SEQUENCE
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SECTION 4

CONCLUSIONS AND RECOMMENDAT IONS

The devices tested in this program were advertised to have a tolerance band
o f  + 5 Hz about a given operating pressure point. With this criterion , this
program was conceived to subject FDAC ’s to an environmental test program and
compare performance ( c h a r a c t e r i z e d  by frequency shift at a given design out-
put pressure) before and after a specific environment to an initial baseline.

The un i ts as received showed evidence of mishandling, resulting in physical
damage to flow passages and internal contamination . No attempt was made to repair
the physical damage , but the units were cleaned repeatedly to improve performance.
After cleaning, 94% of the 84 baseline runs were wi thin + 30 Hz of set point
frequency at set pressure . The presence of contamination and its effect on
performance shoul d serve as a strong reminder of the need for controlled handling
of fluidic components . Unfortunately, this type of data scatter in baseline
runs tends to overshadow data scatter due to environmental stress.

Even though these devices were not in the best condition , it should be noted
that they went through approximate ly 150 operations each and did exhibit good
operating characteristics. All devices produced an output. One device did not
work initially, but did subsequently produce an output and thereafter continued
to operate , indicating possible internal blockage/contamination which subsequently
dis lodged .

Variations in output of the devices tested indicate that these samp les may not
be suited for close tolerance applications . However , the devices are definitel y
suited for a binary type of operation; e.g., all fi re-no fire (>650 Hz, <250 Hz
@ 5 psi). It is reasonable to assume that similar devices subjected to controlled

C handling should resul t in a smaller control band .
V The environmental program used to test these devices should serve as a basis

for qualifying any future devices. It is definitely known now how these devices
operate when subjected to various environments. The test program was useful and
informative. In spite of the drawbacks mentioned , a great deal was learned about
fluidic devices.

I
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