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SUMMARY

During the experimental testing of the ultralight, it was determined
that a pressure gauge would be required to monitor the simulated flight
loads. After analyzing several factors, which are indicated in the dis-
cussion section of this report, the Marsh J1678 pressure gauge appeared
to be the prominent candidate for the task. However, prior to the final
selection the Marsh pressure gauge was calibrated twice, using two dif-
ferent techniques. As a result of the calibration, the Marsh gauge was
selected as the appropriate measuring device during the structural test-
ing of the ultralight.

Altbough, there are?ommerical pressure gauges available on the market
that would have proven to be more efficient and accurate. However in ord-
er to obtain these characteristics in a gauge, one has to pay the price
on the price tag, and this value is an exponential function of the degree
of accuracy efficiency, precision, and many other features that may be
designed into the gauge. After amalyzing the extent of precision and ac-
curacy that would be required, a more expensive gauge wouldn't have proven

to be a financial benefit towards the outcome of the experiment.

-
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INTRODUCTION

There are several manufactures that design and produce a large variety
of measuring devices with specific capabilities that are predetermined for
each instrument.

Thare

Their are two primary objectives of this report. First, it will justify
the logical deductions that lead to the selection of the Marsh J1678 pres-
sure gauge as the measuring instrument to monitor the experimental loads
that would be exerted on thg structure of the ultralight at any given time.
Second, it will indicate the two different techniques that were used to
calibrate the Marsh pressure gauge, and the margin of error thats associat-
ed with each reading as a result of each calibration.

Also, this report was written in partial fulfillment of course require-
ments in A.E. 592. This report is rated with a worth of 3/4 of a semester

hour out of the two hours of-A.E: 592.
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MARSH PRESSURE GAUGE
Figure 1

ASHCROFT TESTER
Figure 2
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There were two calibration tests performed on the Marsh J1678 pressure gauge

prior to its acceptance as an experimental measuring device. The first test was

Calibration Process

completed with an Asheroft dead weight tester (model no. 1300, and serial no. 1788).

Tbe following procedures were used during the test process and are illustracted

in Figure (5) in Appendix (B).

1

2

8

9

weights were compiled.
gauge was calibrated up to 500 psi.
calibrating a gauge above 3500 psi, the accessories that

the calibration process were unot available.

After each incremental weight increase,

The reservoir was filled with a light mineral oil.

Value B was retracted, so that the compression cylinder
could be filled with mineral oil from the resevoir.

The Marsh pressure gauge was conmected to the Ashcroft
tester at point E.

Value B was closed to prevent the mineral oil from escaping
back into the reservoir.

Value D was opened to expose the port of the pressure gauge
to the mineral oil contained in the compression cylinder.

Weights of desired increments were added to the platform of
piston F.

Value H was screwed until the piston floated freely approx-
imately two inches above cylinder G.

The platform was spun.

A preésure reading was read from the pressure gauge.

Table 1 and Figure 3.

page &

the steps that followed thé addition
With the Ashcroft dead weight tester, the Marsh pressure

Even though the tester had the capability of
were required to continue

The calibration data can be observed

of
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ASHCROFT DEAD WEIGHT TEST LAB RESULTS

CALIBRATED PRESSURE
(PSD)

205

305

405

490

TABLE I

pPage 5

GAUGE READING
(PST)

200

290

390

485
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CALIBRATION PROCESS (CONTINUED)

The second calibration was accomplished by using the facilities at Richards-

Gebaur Air Force Base in Missouri,

Initially the test equipment was prepared for testing. The steps that were
involved in preparing the test equipment are outlined in appendix B. Once the
equipment was ready, the calibration process was completed by using the fol-
lowing steps:

A) 1Isolate the gauge from the test stand system by closing the associated
shut off wvalve.

B) Using an independent source of pressure connected to a master gauge of
known accuracy, comnect this pressure source to the test port of the gauge to
be caltbrated.

C) Remove the ring and glass from the gauge and use a screwdriver and ad-
just the position of the pointer by turning the self-locking worn adjustment
screw

D) Then check the calibration of the pressure gauge at several different
pressures, when the adjustment :is satisfactory replace the glass and ring

However, when the Marsh pressure gauge was tested, the gauge didn't need
to be adjusted, and this fact can be observed fron the data that was obtained
during the calibration process at Richard Gebaur. This data can be observed

in TABLE II, and the calibration curve can be observed in figure 4.
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11.

S
RICHARD GEBAUR CALIBRATION RESULTS

CALIBRATED PRESSURE

(PST)

400

500
1000
1500
1800
2000
2100
2300
2500
2800

3000

A\

TABLE II

page 8

INDICATED GAUGE PRESSURE
(PSI)
395
495
1000
1500
1800
2000
2100
2300
2500
2800

3000
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DISCUSSION

When a pressure gauge or any other measuring device is being considered
for a particular task, several factors have to be analyzed to ensure that the
proper gauge has been selected for the job. Because, if the time is not taken
to properly analyze these factors, complications as well as inaccuracies can
result directly from an improper selection. From the available gauges, the
Marsh J1678 pressure gauge was preferred over the other models and brands.

Our decision was based on several factors which included the gauges's op-
erating environment, readability, accuracy, measuring range, recalibration ca-
pabilities and versitility for future usages.

Readability During experimental testing the scale on the measuring in-
strument should be highly visible and relitively easy to comprehend. On the
Marsh pressure gauge the scale is marked with slashes in 100 psi increments.
The face on the dial gauge has a white enamel background with slashes and nu-
merical values painted in black enamel, The needle is also painted black which
enhances the reader's ability to accurately interpret the correct pressure.

Accuracy In experimental testing the degree of accuracy in the laboratory
data is an extremely important comsideration. Therefore, methods should be
developed and practiced in the lab to enhance the accuracy of experimental
data, as long as the results of the experiment are more important than the cost.
The Marsh company publishes a handbpok on standard gauges. This book shows
that the Marsh J1678 gauge has a margin of +/- 2% error for the middle half of
the scale, and +/- 3% for the re;aining half. From Appendix A, it is evident
that the margin of error is much less than either 2 or 3 percent, except at
pressures below 175 psi.

Measuring Range The measuring range is a factor that can be easily over

looked when selecting the proper gauge. However, through a theoretical analy-

sis, it was determined that the ultralight structure could withstand approxi-
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mately up to four G's, which is equivalent to 600 psi, prior to catastrophic
failure. With this information, the range of loads that are of interest can
be determined and used in selecting the proper gauge. On the Marsh pressure
gauge, the effective range is from approximately 750 psi to 2250 psi, which is
the middle half of the gauge.

Recalibration When recalibrating a pressure gauge it is beneficial to

have the ability to adjust the location of the pointer so that it can be re-
adjusted to rest within the zero band when the pressure applied to the gauge
is zero. The Marsh pressure gauge includes a zero band denoting that the -
pointer may fall anywhere within this band when the gauge is properly calibra-
ted. In addition the gauge is designed in such a way that the needle can be
adjusted within a limited range so that a seriously damaged instrument can not
be falsely recalibrated.

Versffilitz When a gauge is selected for Ver;$;ility a decision has to 5:})
be made as to whether the gauge will be used for a specific task or for a va-
riety of tasks. If the selection was based om a specific task then, gauge
vers}éility can be limited. However, if the gauge was selected based on a va- —
riety of tasks, then the gauge will have to be vers#tile in order to be used _—
efficiently. When the Marsh pressure gauge was gelected, the selection was
based mainly on precision and accuracy. Even though versjiility was not a de- —_
ciding factor, the manufacturer designed the gauge with versftility in mind. —_
The universal design features of the Marsh pressure gauge can be observed in

Table V.
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CONCLUSION

From the limited selection of gauges that were readily available the Marsh
J1678 pressure gauge was selected as the proper gauge for the task. However,
there are gauges on the market that would have proven to be more efficient in
accomplishing the same task. Also, it is evident from Figure 1 that accurate
scale reading will be difficult to obtain. Although the margin error (inac-
curacy) is mot suspected to exceed +/- 10 psi. Although even with this error
and after analyzing the extent of accuracy that is required during experimen-
tal testing, in conjunction with the capabilities of the Marsh pressure gauge,
it was cohcluded that the Marsh gauge would be an acceptable measuring device.

In determining the accuracy and precision of the Marsh instrument, the
Gaussian distribution method was used and the calculatioms are outlined in
Appendix A. |

The results of the Gaussian distribution for the +/- 3s approach are as

follows:

FOR THE DEAD WEIGHT TESTER

P = (0.9795 % 0.0392); - 2.62 * 12.78

FOR THE HYDRAULIC TESTER .

P, = (1.002 ¥ 0.004)P; - 4.22 ¥ 10.77

Where: P, - Marsh Pressure Reading (out-put)

P; - Calibrated Pressure (in-put)
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APPENDIX A

(CALIBRATION CALCULATIONS)
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CALTBRATION CALCULATIONS

In the calibrating a pressure gauge the relationship between the cali-
brated input pressure and the output ( Gauge Reading ) pressure is ideally
a straight line. However in reality nothing is perfect. Although the cali-
bration curve is still considered to be a straight line. This line was de-
termined through the least squares method. This method minimizes the gum
of the squares of the vertical deviations of the data points from the

fitted curve.

USING THE LEAST SQUARES METHOD

Where:
— Po - Output Quantity

Pi - Input Quantity
M - Sole Of The Line

B - Intercept of the Line On the Vertical Azig

NEIP;P - (¥P;)(EP)

2

NIP,“ - (Zpy )2

(EP,) (TP - (TPiPy) (TR

B Nz - (zpp?

Where: N is the total number of data points,
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STANDARD DEVIATION

2
2 N SPo
m ~ 2 2
o NEP;© - (TPy)
Sp & P%
2 o
;. =

2 2
NZPi - (ZPi)

The numerical values of the mean and standard deviation were calculated
for both calibration processes. The data that was substituted into the above

equations were obtained from Table ITI and IV

Where:
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FOR THE ASHCROFT TEST

MEAN
(5)(5.25%105 ) - (1405) (1365)
M=
5 2
(5) (5.39X10°) - (1405)
7.072x105
= : - 0.9795
7.219%10
(1365) (5.39%10°) - (5.25X107) (1405)
B =
7.219%10°

- 1.89X106

7.219x10°

STANDARD DEVIATION

y&
(5) (123.66)

7.219x10°

page 16

- 2.62

= 1.308X10°

FOR 3s,

2

+ -2
Sy = - 3.92 X10



\

2 5.\ "2
(123.66)%(5.39%107)

S = : = 4.26

7.219 X10

s, = Y12.78

FOR 33,

S
FOR THE RICHARD GEBAUR HYDRAULIC TEST

MEAN
(11) (4.368%107) - (1.989x10™) (1.991x10%
M=
(11) (6.369 X107) - (1.991x10%) 2
7
8.474 X10
- - = 1.002
8.458 X10
(1.989 X10%) (4.36 X107) - (4.368 X107) (1.991 x10%)
B =
8.458 X10’
-3.573 x10°
= 7 = -4.22
8.458 X10
STANDARD DEVIATION
73
(11) (161.49) B
S = - = 1.38 X10
" 8.458 X10 3
For 3s, Sm = 4.14 X10
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)
((161.49) 4.369x10%) \ 72
S =
b 8.458 X107

= 3,589 For 3s, Sm = 10.77

page 18



CALCULATED DATD OF THE ASHCROFT TSET

2 2
B, P, PP p? P
5 5 25.0 25.0 25.0
205 200 4.1 X104 4.2x10% 4.0x10%
305 290 8.85x10% 9.30x10% 8.41x10%
4 4 5
405 390 1.58X10 1.64X10 1.52X10
5 5 S
490 485 2.38%X10 2. 41X10 2.35%10
p 5 5 5
1405 1365 5.25X10 5.39X10 5.12X10
- TABLE IIT
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APPENDIX B

(CALIBRATION PROCEDURE S)
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ASHCROFT DEAD WEIGHT GAUGE TESTER
TYPE 130
DIRECTIONS FOR USING

Fi_L RISTEVD W'TH A LIC=T GRADI OF MINZRALD (AT SAE ZILCRCLVCIANL,
WATIR §=2ULD ONuY LS TS WHISI 1T IS MANTATIORY, SUCE AS TESTING CF OXYCSIN SAUCES.
TC fiLL CO o CYLINSIRCl CLOSE vALVETDT CZIN VALVE B, AND BACH SUT

COMSRIOSSION SCREW M. - - .
CANNECT CAUGE TO BE TESTED AT E. CLOSE VALVE BTAND OFEN VALVE DI PLACE THE DESIRED
\ WEIGC=TS ON WEIGHT PLATFORM OF PISTON'F. AND SCREW IN'H UNTIL PiSTON F,ANC T=E
WLIG=TE ARC FLOATING FRECLY ABCUT 27 ABOVE THE CYLINCER G
FOR TISTERS UP TO 500 LES.CAPACITY THI PISTON ANC WEISHT P_ATFOARM ALONE SRCDUCE
THE FiPST SL8S CF PRESSURE, THEREFORL, IF TWO ICLE WEIGHMTS ARE PLACEID ON THE
FLATTORM, 25 .85 PRESSURE IS PRODUCLD .
FOR TESTLAS ABOVE SCOLEBS. CAPALITY, A SMALLER p1eTON FL 1S USEID, AND THL FISTON

-

ANS WEIGHT B_ATFORM ALONE PRCMUCE THI FIRSET ICLES OF PIESSU=L.

"WEIGHTS AND FISTONS MUST BZ KEFT
REVOLVING BY HAND DURINGTESTS

BIFORE DISCONNECTING THE GAUGE,BACK OUT THL COMSRLSSON SCRIW H, THUS
RCLTASING PRISSURE AND LOWERING WEIGHTS. TO INSURL THAT NO FRESSURL 1S RLEMAINING,
VELVE B mAY BL OPENED. CLCSE B BITOREL MAKING NEW TLST. .

VALVE "D 1S ORDINARILY LEFT OPEN AFTER COMPRESSION CYLINDER T HAS BEEN
ORIGINALLY FILLED iT 1S ONLY CLOSED WHEN AE-PRIMING CYLINDER C™ AND IF GAUGE IS
IN PLACE. WiLL THUS RETAIN ANY PRLLIMINARY PRESSURL WHiCH HAS BIZEN PRODUCED IN
THE GAUGE.

SUTAS_f WRENCHES, TOOLS,ETC. ACCOMPANY THE TESTLR FCR CONNECTING GAUGE
AND WARING ATJUSTMINTS

MAD'E ONLY BY
ASHCROFT GAUGE DIVISION

'®) Figure V

F'
A NNING. MAXWELL & MOORE INC. ™™
BRIDGEPORT CONNECTICU



7.0. 334A2-2-354

Scretien VG

£i-cr-aphs 7-1 te 7-4

SECTION Vi
CALIBRATION

7-1. GENERAL.

7-2. A calibration check is required every 180 days,
however, calibration of the compiete test stand as s unit is
not considered practical. Refer to paragraph 2-5 for the
initial adjustments to be made before operation of the tes:
stand.

7-3. FLUID TEMPERATURE CONTROLLER.
(15, figure 4-2.}

7-4. To adjust the fluid temperature controlier, pro-

ceed as {ollows:
‘::]
CAUTIUN

The ({luid temperature controller requires
clean, dry, oil free air at 18 to 20 psi. A
piece of hard paper (lint {ree) piaced between
the nozzle (10, figure 7-1) and the flapper (9)
will show the presence of moisture, oil, or
dirt. Add dryers or f{ilters to the air supply
line as required to obtain clean dry air before
operating or calibrating the temperature con-
troller. Be sure the {lapper is lined up with
the nozzle and makes a square contact.

a. Turn on air and drainfilter (15, figure 4-7) through
its drain valve. Adjust pressure regulator (6) to 20
psi supply pressure as shown on supply gage (15, fig-
ure 7-1). Set red index pointer (1) at 100°F by turn-
ing index setting knob (6).

b. Operatethe teststand to pump otl past the sensing
element of the temperature controller (refer to para-
graph 4-5 and step j of paragraph 3-5f{or this operat-
ing procedure).

c. Observe the operation of the temperature con-
treller,

Note

Temperature control processes respond slowly
(as compared with pressure). Be sure that the
period of observation is of sulficient length {cr
the coatroller to respond to changes in oil
temperatuse. Also, the position of the sensing
element in the hydraulic circuit will cause long
delays in adjusting due to load changes.

d. If observation of the temperature controller shows
that the controlled temperature cycles too much, pro-
ceed as {ollows:

(1) Turn proportional band adjustment (12, figure
7-1) with a screwdriver to increase (widen) the pro-
portional band in steps until the controller is just
stable.

Foc.e_éfv

(2) Then increase the setting vy half for a margin
of stability.

e. If observation of the temperzaiire controller shows
that the controlled temperatuseis siuggish or wander-
irg, proceed as {ollows:

(1) Turn proportiona! band adiuistment (12) with a
screwdriver to decrezse the proportional band in
steps until measurementis jittery or just cycles a bit.

(2) Increase proportional banduntil controlis stable.

(3) Then Increase the setting by half {or a margin of
stability.

Note

An attempt to sacure 2a fine ogerating adjust-
ment which is just stable under the operating
conditions of the mcment is nct adwvised since
slightly changed cperating conditions will
probably result in inswability and cyeling.

f. Normal adjustment of the temperature controller
should not require excessive adjustment. U the pro-
cess being controlled is subject to extreme tempera-
ture changes or {requentshut-downs and start-ugs the
temperature controller should be observed through
the period of upset to make certain that it remains
stable.

g. I continued adjustment does nct bring the process
under ccatrol, refer to the trouble shooting table in
Section V1 and check for erratic behavior in the hy-
draulic systen:, water system, and temperatire con-
troller. To determine if the contrciler or the process
ts at fault, operate the contrcller marnuallyas follows:

(1) Setrced index pointer{1)well 2nove blackindicat-
irg oointer (I) and above the d:s.rel temperature of
the hydrzuiic [luid. :

(2} Adjust the air supply presci.re regulator valve
to vary the pressure cn tho cont- .ller diaphragm and
thus manuclly regulate the action of e controller.

{3) When temperature stabilizes at desired value,
record the pressure on the output gage (5).

(4) Move the red index pointer (1) back toward the
-csired temperature untii the pressure on the output
1ge (5) ju tdrops. Restore the a:r supply presscre

15 20 psi. Adjust the red index poanter to be sure Lo
ctessure oo the outputl gupre o broeught to the exact
alue reens 14 (a step (3) abave, ./

S |

Chang¢ 7 Aprll‘1969 70



ion VI 7.0. 33A2-2-35-1

s e AT T AT TP WS T S e T e T

T :

=

iy
i1l

U

1. Red Index Pointer 8. Faechack Diaparagm Assambly
2. Black [ndicating Peinter 3. Fiagper
3. Process Connection Block 10. Nozzle
4. Measuring Head Assembly 1. Proportional Dial
(mercury actuated) 12. Proportional Band Adjustment
5. Qurput Gage 13. Relay Assembly
6. Index Setting Knobd 14. Orifice Cleaner Button
7. Synchroanizing Nut 13. Supply Gage
Figure Fluid Temperature Controller, Daor Cpen
Nate manga. Be sur2 0 ilicw measuremanl 22 s2role at
_ sne dasirad value tefcre aroczading.
If the prccess can De controlied manually -
[ n 3 . s i 1
(steps ¢ rouga) busrorasomatealy(sten ) o 1 s age grasmure fs signficanty iferans
cannct be controlled maaually, tie reouble i3 from 39 2si and the tast st:md is 0 be opern;ed at one
in the water system or the bydzz:xu”c system tem;e:at'.}:e for 2 long 'pencd. tne reg potster may
* - R - be brouzht to 1 matghing DpoOsition with tie black

noiater 2oy uraing synchronizing nul (m.

After whe controller is in operation, the black in-
1ting pointer (2) may not be diracsly over e rad i
STex potaters (1) siace Lactory adjstment 14 et on tote

2si 0ulsul A siauwn on culput gage | fn el

seration che incex scitiug Xnob can e turned 22 or i Do Lo tures 10T canrolloc ned
sl Ly Uie nount ol e requiced Llack pouiter : T E TN Y L R B T A
2

page 24



1.0. 33A2-2-354

to be frequertly varied, synchronization with
each load change is notnecessary; proceed as
in step h above.

7.5. HYDRAULIC INDICATORS ZERO ADJUSTMENT.
The pressure gages supplied with the test stand have
djustanle gointers o permit recaliorating the gages.
To recalibrate a gage, proceed as follows:

a. Isolate the gage from the test staad systea: DY
clos:ng the associated shut off valve.

[£%

= Use an independent source of pressur: :ian
pump) connected (0 a master gage of known accurady,
connect this pressure source o tie test port of th=
gag2 to be calibrated,

Seczion Vil
Paragraphs 7-5 to 7-9

c. Reniave the rirg and glass from e 3ag2. Use 3
screwds. Lo amd adjust the josiwuion of the gownter Oy
turning e self-locking worm adjusiment screw,

4. Thacs the calicration of the gage at several dif-
fereat grossures. When adjusiment 3 sausiaclory,
paoiace he 2lass and rag.

2. Beglacs 10 n200urate gage i canael Se reclut-
nrated.

7-6. ELECTRICAL INDICATORS ZERQO ADJUSTMENT.
The voltmeter and ammeter are supplied with an external
zero adjusiment. Use a screwdriver £o adjust pointer to
zero with no current {ow.

7.7. RESERVOIR AIR RELIEF VALVE ADJUSTMENT.
The air relief valve, for the hydraulic reservoir, (93, figure
1-3) must be set ‘o relieve if pressure in the line exceeds
125 psi. By apolying requlated air, it can be datermined at
what psi the refief valve opens. The pressure at which the
valve initially opens can be adjusted by increasing or
decreasing the spring tension.

7.8. INSPECTICN OF RESERVOIR LEVEL FLOAT
SWITCH. The switch, S15 figure 1-6, will cut off the
electric immersion heaters if the hycraulie tluid level falls
below 3/4 full. If the switch does not function properly
when inspected replace it. There is no adjustment.

7.9. MANOMETER CALIBRATION. Theaccuracy of the
manomaeter is confirmed by initial oreparation and the be-
fore use adjustment requirements contained in paragraph
3-5. 1. Further calibration is not required.
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APPENDIX C

(MANUFACTURE 'S INFORMATION ON MARSH GAUGES)

page 26



Viarsh Standard Gauges

A |S1 B40.1 Grade B accuracy
s =2% of span in.middle half
3f scale, =3% of span for rest
of scale.

Specifications

Accuracy

Grade 3 Prassure and Vacuum Gauge

— specifications as established by ANSI| Standard
B40Q.1 —1974 states that the permissible error
shall not exceed 2% of span at any peint
betwean 25% and 75% of span: in the rest of
the sczle, 3% is permissible.

¢ _zes and connections

14", 27, 24", 34" and 44" dial sizes. All
cannections are male N.P.T. 14" size has V.
bottom or center back ocutlet. 27 and 234" sizes
have %~ or 4" bottom or center back outlets.
34" siza has 'A” bottom or center back autlet.
4'%” size has 4" botigm outlet.

Bourdon tube assembly

Dial

Case

Lens

New cupped dials are made of steel, with
white enamel background and black printed
matter. 2" and 242" only.

patterns and construction

Plain Case, Slip Ring—drawn stzel, 147,
3%, 44",

Plain Case, Twist-lock Ring—drawn steel, 27
and 2'4".

Plain Clearfront—drawn steel, 174",

Stainlass Clearfront—drawn stainless steel,
1% and 27.

Elush Case. Snap Ring—drawn stzel, 27,
219", 3%".

Liquid-filled Plain Case, Nonremovable Ring—
pheanolic, 24",

Drawn steel cases and rings are finished in
black semi-gioss enamel.

Drawn steel cases in 3 flush pattern have a
ctear zinc finish.

Drawn stainless steel cases have a brushed
stainiass steel finish.

All Standard Gauges are supplied with flat glass
lens except for Clearfront cases. which have

a molded acrylic press-fit front. 14 Plain
Case Gauges have a flat plastic crystal.

For Vacuum and Pressures to 600 psi Tube, tip
and socket are copper alloy. :
- Phenolic case liquid-filled gauges—

Ni-Span-C Bourdon tube; capper alloy tip and

socket. Necprene plug seals fill port.
Snap-in, nanremaovable polypropylene retaining
ring.
Movement - Accuracy is £3% of span in middle haif of scale.

300 series stainless steel internal construction is
availabie in bottam connection in selecied
ranges.

Standard movement for afl 27, 2%47, 3%47, and

- 43" gauges is the new Acculite™ 2000. Itis
made of glass-filled thermoplastic polyester,
and is available either with or without
Recalibrator in some models (see Selection
Guide).

2%" dial size only.

Cupped aluminum dial with black numerals on
white background. )
14" Standard Gauges featur2 a copper alloy

movament, o ] . .
— Glycarin filling dampens pulsation and vibration.

S22 m2ga 3 for fuller descriptions of both Suitable for use from —30° te¢ 130°F. Other
mcvament fills available on sgecial order.

Restrictor screw is supolied as standard.

w
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rlarsh Standard Gauge Selection Guide

CIAL SIZE [

§ 14" ' i
: |
| CASZ MATEAIAL Stael Stainless Sleeli Steel
T
; CASE PATTERN Slain | Clearfrant Clearfrant i Plain
r ' -
l Centerl [Cantﬂr Centnr} ‘ Center
! COMMECTION LQCATICN Bcnnnlaack Betizmi Back Boa miaack. Battam | Jack
CONMECTION S!ZE! "W } %" ! " \ W | ow 'l VR RO BN A
! [ l ] ‘ I N 1
HECAUBRATOR& Mo | d ! Ma i No ‘ Na l No | Ne t Na ; Yes | Mo ! Ma
i ; l i ; ] H
i RESTHICTGHi Mene '.‘lnnﬂg Mene | Mone I‘lur'ﬂ ' fes i tlana Mane !.‘Jcne ;Ncne
! i ] | i ! ! : : .
| VACUUM | 30" Hg/—100 <Pa SRR R R 11gs FIED : 141355 1426051
{ ! i i i )
g 30" Hgx 30 psi/—100x 210 xPa . } R T * . - ’J1|12 Jldlz; . (J2012
10" Hg x 30 osi/—1C0x 400 kPa| ° | I T SRR EE P NI PIRE NN IE F
' | .
T COMPCOUND | 307 Hg x 100 psi/—100 x 700 xPa . i . } | <y
a0 Hg x 150 psi/—100 x 1000 ¥Pa ° o ¢ ‘ 1JI113|J14|3! ° ,JI&13E
| |
30" Hg x 200 p5i/—100 x 1400 kPa y . . . © ! . . i
10" Hq x 300 7si/—100 x 2100 kPa | ° . . . 1 | N A
130" Hg x 400 351/ —100 x 2300 %Pa * ‘ : * : T R f :
CCPPER ‘ i
- ALLOY 13 psi/100 kP2 * * * * * * | - rJIEdO .
BOURCON 30 psif210 kPa J0042 1J0242 1J0442 1J0642| 40842 [J1042 1d1142 J1442iJ1542 J1342 142942
TUBE
50 psi/40Q kPa J0046 'J0246 110446 1J0646 | J0346 J1048'J1146!JYLAG'JiﬁiiiJlsdﬁ‘Jlﬁlﬁ
160 2s1/700 xPa J00¢8!J0243=JG443 J06431J0843 1J1338 “J1148 1J1243 J1543‘J1343wJ2”48
PRESSURE 180 asif1,100 kP3 JUGSZEJOZSZ * 1J0852 ‘ JIISZ J‘i‘2|'15521J§352 J2952
200 psif1,430 «Pa JGOSi{JﬂzsilJGiid J0634 y 'Jl154 t113 4'J1854 J1SSi:JZGS4
- h
1G9 psi/2.100 kPa * iy : * * !Jllaa J14<~ : J2053
400 psif2.900 kPa S T I N lor1s0 21450 - |J2080
500 psi/3.500 kPa * * : * : * ° : ° °
500 psif4.000 kPa ° * ° " ’ * * J1454 * ° J2064
|
1,000 psi/7.000 kPa * * * ¢ * * * ° |J1872Y ° *
NI-SPAN-C HIGH 1.500 psif10.000 kPa "
BQEHGON PRESSURE 2.000 psi/14.000 kPa . . . . . . . . . . .
LgE 1,300 asif21.000 Pa - . . S YL FT I A
5,000 7si/35.090 kPa T * : * - - * - *

(") all high-pressurs gauges mave rastriciors as standard equipm

ent

TABLE V
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DESIGN OF STATIC REACTION GANTRY
FOR AN ULTRALIGHT AIRPLANE DESTRUCTION TEST

Howard W. Smith*
Uaiversity of Kansas
Lavrence, Kansas

Abstract

The steel gantry superstructure needed to
perform an airplane static test 1s described.
Standard civil engineering design practices are
used to react the loads generated by an airplane
in flight. Reaction columns are mounted on a
structural floor to carry the wing airloads and
the downward acring fuselage loads are carried
directly 1iato the floor. The gantry can
accommodace a general aviation airplane or
rotorcraft. An immediate use for an ultralight
alirplane s shown as an example coanfiguration of
the four main steel frames.

Introduction

There have been several accidents involviag
ultralight aircraft. In some of these the
integrity of the structure was quescioned,[ll *.
As a result it was decided that a structural test
should be performed.

Fig. 1

*Professor, Aerospace Engineering
Assoclate Fellow, AIAA

Discussion

Approach

Since time and funds were limiting factors,
it was decided that a structural test to
destruction would be performed in the same manner
as an FAA static test would be performed for
certification of a new general aviation
airplane. Testing was abbreviated to include
only one flight coandition. The “point” to be
tested was chosen as point A" on the V-n
diagram.

Alrplane Description

The manufacturer called the airplane an
»Afrmass Sunburst Model 'C’'.” It is nine feet
high, sixteean feer long, and has a wingspan of
thirty-six feer. Additional details are shown in
Figures 1 and 2, and Table 1.

Airmass Sunburst Model 'C’.

e

#%xNumerals in brackets are references.



Hangar Descripcion

A specially designed hangar houses
university-owned airplanes. The eastern half
also has a structural cest floor, which i3 a

Table 1

gcaled version of the structural floor at the Ceometric Specificactions:
Beechcraft Plant in Wichita, Kansas. Figures 3
and 4 show the salient features of the floor. A g Length 17.58
cruciform test section 1s fourteen inches of . Height 9.69
reinforced concrete, with "I-Beams” embedded in 8 *
floor. These embedded beams provide "up . Wing Span 36.00
reaction” where needed, and also serve as a
Wing Ar .
foundation for the steel columns of the gantry. g8 ea 150.93
Aspect Ratio 8.59
A major shortcoming of the hangar is the MGC 4.19
lack of an overhead crane. A clearance of °
twenty-one feet six inches is avallable for Wing Taper Ratio 0.92
mobile crane operations. Incidence Angle 5.50
Loads . Tail Area 28.04
T .
The empty weight of the airplane is 273.9 ail Spaa 9.33
pounds, determined by three~point weighing. Dihedral Angle -40.00

Total weight ("Basic Flight Design Weight™) 1s:

Performance Specifications:

Airmass Suaburst Ultralight Model 'C'

ft
fr
ft
fe2

fc

deg

ft
deg

Fuel 15.5 #
Pilot 175.0 . CL 1.45
Alrp. 273.9 - max
TOTAL 464.4 . OWE 277.48 1bs
. Stall Speed 43.11 ft/sec
Cruise Speed S0-75 ft/sec
. Cuyuna 430 cc 30 HP engine.
DRAWWG | ULTRALGHT
x PART 3
NG R18 RIY) X ] NG -8
5 1MCHES INCHES 2 wG -
R (0,752 52284 3 w6 -27,33.37
/2 477348 51.588 4 wG - 56
R3 78.252 5096 WG -92
Rd 112248 50220 € wG 37 C
RS 14€.244 49536 RIK) TAL FAGRIC
RE 1830282 48.840 " NG -%0
R7 218.252 48.500 S NG - 49
WING AREA. 5= 15093 FT? ) 15-34
WING BPAN: _b:36Q FT 1l 1S -22
T: .93 FT ; TAPER RATO : A : Q9I6E 12 EN-12
SWEEP: Ay g:0 . Aiq® O3 NG s G58° 13 PROPELLER
OHEDRAL: WING : 55 . TaL : ~400°
INGIDENCE . WING: 55 : TAIL: LS~
235
223 ey ®\
0 L2
- LD R Y
REFERENCE LINE
235 N QUTB0ARD
OF CENTERLINE @ >§u
5
! RY}
a2y ) \LCABLESW)
15 . -
8549 MOTE: sib DIMENSIONS 1 0
N ICHES ]' {0
6
%
[fl
“REFERENCE LINE 3549 INCHES WTRALIGHT  RESEARCH
FORWARD OF WING LEADING EDGE

Fig. 2 Planview - "Sunburst”.
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For structural test purposes, the design limit
load factor was assumed to be, n = 4.0. A factor
of safety of 1.5 was asauned,lzl.

Using these values, the estimate maximum
ultimate load {s:

1.5 (4.0) (464.4) = 2786.4 pounds

Rounded, the design ultimate load is 2,800 1bs.

Steel Gantry

Steel used for the superstructure was
designed for a general aviation airplane of cthe
“King Alr" class. Using the 12,500 lb. limic as
prescribed by FAR Part 23, the ultimate load
would be 1.5 x 4.0 x 12,500 = 75,000 pounds.

This load can be carried by four reaction
columns. Round off this number, a column load of
20,000 pounds was used for the steel design. A
beam connecting each pair of columns was designed
for a 40 kip load. A beam and two columans,
called a “portal™, was provided for each wing,
the aft fuselage, and the forward fuselage. The
four portals are connected to each other with
beams in the water plane, Fig. 5.

Each column base plate was centered over a
floor beam. Each of the three parallel floor
beans is on four foot centerlines, and the
columns are located on the outer beams. Since
the portal height was chosen to be sixteen feect,
a portal is twice as high as it is wide. Each of
these portals acts as a slender fraame, and
requires sway bracing normal to the plane of the
portal. An external brace 18 located on every
column ten feet from the floor and extending
outward and downward at a forty-five degree
angle, Fig. 6. The sway brace itself consists of
clevises at each end, a turnbuckle and two five-
eighth inch diameter rods. Each column is tied
to its nearest neighbor with a short sway brace,
and the four columns near the wing-body root are
diagonally tied with long sway braces, Fig. 7.

All the steel is type A36 ang all bolcs are
type AJ25 per the AISC Handbook,(’l. & list of
the standard sceel section chosen is given in
Table 2.

Fig. S Overall Steel Installation.
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Table 2. Steel Sections.

8 Columns W8x24 16"
4 Channels C12x20.7 5°
4 Beams Wl6x40 5'
2 Beams W18x40 12
4 Beanms W8x24 8'

All bolts loaded in tension and shear are
three—quarter inch diameter. Bolts at column
base plate clamps are five—eighth inch
diameter. Beam—to-beam counections are made by
“good civil engineering practices.” A pair of
angles is fillet welded to the beam web at each
end. The outstanding flange has a hole pattern
that matches the repeating pattern in each column
flange. Beam “seat” angles are provided for easy
construction and disassembly. All assemblies
were cleaned and grey primed after welding. All
assembllies were painted royal blue before
installacion.
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