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( ABSTRACT

‘ph. object ive of the subject contract was to establish des ign criteria and
damonstrate by means of models the feasibility of a permanently attached
aircraft tire inflation indicator. The pressure Indicator was required to
visually display the inflat ion status of the tire to ~,hich it is mounted.

phase I of the contract was directed to a literature search into the state
of the art of t ire pressure measurement and to a design study and submission
of design proposals per ta ining to the appl icat ion of a tire pressur e indi-
cator to the IC-133 aircraft wheel.

Phase II of th . contrac t was concerned with the fabrication and testing of
two selected designs in sufficient quant ity to d onstrate ability to meet
the envIxo~~~nta 1 and reliability test conditions outlined in the contract
work stat ement. Upon completion of the qualificat ion test ing, the USAP
Project Engineer selected one of the two designs for fabrication of the
phase III service test models.

The Phase III work effort was directed to the fabrication of twenty-five
(25) c~~~lete Tire In flation Indic ators . Twent y (20) were for field test-
ing by tha USAF and five (5) were for reliability testing by the contractor .

A pressure gauge which employs a relatively new pressure measuring concept
and which can be perma nently attached to an aircraft wheel was developed .
The enviroumental and re liability testing demonstrated the abili ty of the
system to withstan d the extreme shocks and accelerations associated with
a ircraft wheels witho ut loss in accuracy . The development contract was
also concerned with adaptin g the infla t ion measur ing system to the standard
p1~-l35 wheel. This req uired the design of a separable housing which re-
placed the valve stem of the tubeless tire and accomodated the pressure gauge .

por future applications , it is suggested the gauge housing be made integra l
with the wheel rim casting rather than attached as a separate part.
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(
1W1’RODUCTION

There are nuserous occasions when aircraft tires fail due to Improper in-
flation. Daproper inflation affects the aircraft floatat ion dur ing land ing
which could cause catastrophic failure . A need exists for a permanently
attached inflation ind icator which will quickly and accurately register the
inflation stat us of the t ire to which it is mounted. The present method of
checking the tire preasu r ó using a hand held gauge is too slow for use during
walk-around inspect ion.

The purpose of this program was to develop a pressure gauge which could be
permanently mounted and be capable of withstanding the shocks and accelera-
tions encountered dur ing landing and take off.

This development program was divided into three (3) basic phases:

I. Investigation and Preliminary Design Study

II. Development, Test and Evaluation of Two Designs

III. Production of Service (Field) Test Models

The- purpose of phase I was to conduct a literature search into the state of
art of tire preamwe measurment . Alio, investigation and preliminary testing
of basic pressure elements were conducted to determine those which would
most likely meet the severe shock and vibration requirements.

The purpose of Phase II was to develop two (2) designs, build models of them
and submit then to environmental and reliability tests to determine the de-
sign best suited for the application.

The purpose of phase iii was to fabricate 25 field test aod.ls of the final
design selected from Phase II. Five of the models ware for reliability
testing by U. 8. Gauge and twenty were to be delivered to the USAF at
Wright-Paterson Air Force Ease, Ohio for field testing .

• —1-
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(-
I. PHASE I - P1ZL~ tTF~’Y DESIGN STUDZ~

A. GEISRAL DISCUSSION

1. Early in th. design study , peisoelectric pressure measurement
devices were ruled out because such devices are dependent upon a dynamic
pres sure to generate a signal. As it is desired to measure stat ic pres-
sure during perioda when th. aircraft La statiosary, this type of excitat ion
is not applicable.

2. Investigation of other el~ctrically excited devices was not
conducted. Electrical power for the excitation of a transducer and for
trane~ 1Asiou of the measured signal is required. A sans of i~u~~~tatingpower to the pressure transducer or the use of a miniature bettery would be
required. A pressure indicator would therefore have to consist of a sensor
(transducer) , a power source (battery) and readout device (meter or the
like). The complexity of such a system could only result in a low level of
reliability. In addit ion, the cost of such an electric al traflsduc tIon
system would be so high as to preclude its us. on most aircrdft. Tb. pro-
gram was therefore directed exclusively towards the design and development
of a mechanical system of pressure measurement.

3. As required by the contract,the gauge developed was designed
for use on the ~~-l35 wheel.

1. LTIUAT~~Z SEARCH - A literature search on the subject Air Pressure
Measurement of Tires was conducted. Following is a list of the literat i re
r ceived and reviewed:

Source Document Title

EmC AD-277 392 Shock and Vibration En-
vironment. An ASTIA report- Bibliography.

b c  AD-269 920 Theoretical Analys is of The
Response of Measuri ng Syst~~~to Impulsive Inputs .

DDC. AD-290 204 - Vibration Damping Studies

DDC AD-261 012 Invest igation and Evaluation
of Hydraulic Pressure Snubbsrs

• -2- . C 
-
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Source - Doc~~~nt Title

OTS 59-21211 Central Tire Pressure Control
System of the ZIL-157 Truck

opts p~ 34827 Calibration of Service Tire
Gauges

opts Pa 142 258 Atmospher ic Cont—inent, Radi-
ation, and Electricity Criteria
for Aircraft and A irborne Equip-
ment

opts 62-24292 The Theory of Pressure Gauges
Incorporating Pistons without
Packing

Engineering Societies Tyre Pre ssure Control - Rollin g

Library Resistance of Tires

Inventor US . Patent $~~. Title

A. E. Bronson - 1,893,222 Pressure Indicator

J. L. Woodfill 3,117,195 Puenmatic Tire and Electric
Switch for Pressure Indicator

W. S. Clarka on 2 , 190,530 Tire Gauge

B. D. Boenker 1,855,088 Air Gauge

w. J . Zipper 3,111,930 Tire Pressure Indicator

P. Rubth 2,417,449 Tire Inflation Indi~ator
Valve Cap

I. D. penwick 2,329,039 Tire Air Pr essure Gauge

H. J . Poster 1,807,752 Automobile u~. indicator
or Gauge

B. H. G.lperi.n 2,770,134 Pressure Gauge

G. H. Quiat 2,689,481 Tire Pressure Indicator

c 
-3- -
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Inventor U. S. Patent No. Title

R. L. I4srcer 2,579,120 Valve Cap Gauge

R. Gatalder 2,969,086 Device for Measuring and
Balancing Air Pressure in
Wheel Tire of Automobiles

A. 1. Moff ett 2,661,626 Fluid Pressure Gau ge

L. L. Tapp 2,948,256 Tire Pressure indicator

V. Gfoll 2,903,888 Pressure Cage Attachment for
Tire Valve Stems

OTS - Office of Technical Services
DDC - Defense Documentat ion Center

1. In general , the literature offered little information in regard
to the design of a pressure gauge for this application . One of the documents
and one patent were found informative . and helpful in developing the gauge de-
sign.

(a) Document No. 34827 - This document is a report of the results
of tests conducted on standar d piston type tire gauges. Errors as high as
25t at the temperature extremes of -65°F and +160°F were reported. This in-
formation coup led with other facto r8 led to rejection of the use of spring
loaded piston devices .

(b) Patent No. 1,855,088 - The device covered by the patent
employs a helical Bourdon element with è pointer affixed to the active end
of the helix . No provisions for supporting the Bourdon to protect it from
damage due to shock , vibrat ion, and accelerat ion forces was made . One of
the proposals made in Phase I utilized such a helical tube with suppor t
provided by a central shaft inside the helix .

C. 1RELIMVIARY TESTD~ - Before coemitti ng large amounts of effort to
any one or two designs , an informa l test program was conducted to determine
the most promising concepts . Various dial and marking formats were studied .
Several pressure element types were subjected to vibra t ion, shock and acceler-
ation , (simolating or exceeding actua l operating conditions), to observe
their resistance to these forces. A special acceleration machine was buil t
to perform some of these tests.

(
-4-
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(
1. Readability Tests - The readability of various size dials from

3/4” di ter to 1-1/2” diameter was reviewed to determine the minimum dial
size which could be read from 3-6 feet with in the required accuracy of ±51.
Dial and pointer mock-ups of severa l designs were made . Personnel not
associated with this program were requested to take readings at varying dis-
tances and lighting conditio ns . It was determined from the observations
tha t a 1” dial diameter could be consistently and accurately read from
3-6 feet. As one of the objectives was to keep the size and mass to a
athi~~~, the presentations proposed were limited to 1” and 1-1/4” diameter.
These are shown on drawing cSi-9426-C, (PLgure 8).

2. Informa l Enviro~~~nta1 Tests - Acceleration , shock, and vibration
tests were conducted on gauges and /or assemblies employing the mechanical
pressure measur ing elemsuts being cons idered ~ r use in the gauge .

(a) Specimens - The following specimens were subjected to in-
forma l acceleration , vibration , and shock tests :

Specimen 1 - 0-300 psi “C” Bourdon tube pressure gauge with
geared movement (Bourdon tube size, 5/8h~ coiling
radius) 270 angular degrees output.

SpecImen 2 - 0-100 psi spira l Bourdon tube center, mounted
center guided, 70 angular degr ees output.

Specimen 3 - 0-300 psi spiral Bourdon tube, center mounted
with wrap-around pointer affixed to outer coil
230 angular degrees output.

Specimen 4 - 0-100 psi spiral Bourdon tube, center mounted
with radial pointer affixe d to outer coil , 70
angular degrees output.

Specimen 5 - 0-100 psi spiral Bourdon tube, outer end mounted,
with center takeoff pointer , 70 angular degrees
output.

SpecImen 6 - 0-300 psi helical Bourdon tub ., end mounted ,
unsupported . 230 angular degrees output.

Specimen 7 - 0-60 psi single plate diaphra gm gauge with
gear less moVement, 70 angular degrees ott put.

Photographs of the spec imens are shown in Figure 1.
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(b) Acceleration Tests - Combined Acceleration Tests (rad ia l plus
tangent ial) were conduct.d on specimens listed in (a). Tests were conducted
with specimens in three mutually perpendicular planes to verify resistance
to acceleration, and to d termine th . least vulnerable and most vulnerable
axis. These tests were performed on a machine especially built for the
purpose, (see Figure 2). (See II D 3. (a) for description). 2500 radial
acceleration was obtained by allowing the machine to rotate at its maxim
speed (3800 rpa). Braking time from this rotation rate was maintained be-
low • 123 seconds to assure tangential accelerations in excess of 50 g.

(c) Shock Tests - Shock tests were conducted on the specimens
listed in paragraph (a). Shock Test equipesnt was not used. The units
were dropped fro. approximately five feat onto a concrete floor, a pro-
cedure which produces shock forces in ~zcess of several hundred g’s. Each
gauge was dropped a total of three t imes (one t ime in each of three planes)
pr ior to scal. error readings .

(d) Vibration Tests - Vibration scann ing tests were conducted
on the specimens listed in paragraph (a). The tests were conducted in
accordance with the “Tenta t ive Test Spec ification, TS-701” • Resonant
point frequency and magnitude of oscillation at resonance were noted.
The equipment used for this test was MB Model C1OVB .

te) Results of Informa l Env iron mental Tests - The results of the
preliminary tests conduc ted on th€~ specimens listed in paragraph (a) follow.
The axis parallel to the pressure connection was considered Plane 1; the
axis normal to the pressure connection was considered Plane 2; and the axis
normal to the connection and normal to the axis of Plane 2 was considered
Plane 3.

(f) Analysis of Informal Environmental Tests

Cl) Specimen 1 - C Bourdon tubes appear to be unsuitable for
this application. The mass of mecha nism requir ed to magnify the small out-
put travel results in high deforaing forces when subject to high acceler-
ation . The hairspr ing necessary to maintain the pointer coupled to the
Bourdon (through the segment and link) is quite delicate and easily deformed.
lisa of this typ. of Bourdon was therefore not considered in subsequent pro-
posals.

(2) Specimen 2 - This specimen resisted deforma t ion due to
shock but indicated a need for additional structural support for the accel-
era t ion loads. It was felt that with some increase in the strength of the
bear ing support, the shifts could be eliminated. The oscillation under
vibration was isolated to a narrow frequency band and would probabl y have
no adverse effect on the performance under static conditions.

(
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Acceleration - - -______

Radial Plane 1 Ridial Plane 2 - I 
- 

~~brat ion 
-

!~~J~~!.  Tang. Plane 2 Tang . Plafle 3 shock p1. 1 117T p1. 3

1 1% shift R.irspriug & New specimen Not c ~ducted due to
se~~~nt tail used pointer poor isulta s otbei
bent lodged behind tests

zero stop pin. -

2 2.3% shift 9% shift No shifts 
- *25 1 1  

—

- 
- psi

- - - 
- . 

. oscill—
- 

ation- 
at SO
cpa .

3 0.4% shift 0.fl shift 1% shif t URN ±25 ~50 pe~ 
- 

-

~
psi. osc.at
oec at 32 cpa
32 cpe and 65 -
*30 cpa
psi osc
at 65 -

cpa .

4 Inoperable due Not conducted Not Cond. Not conduc t d
to case 6 dial
distort ion

3 10% shift Inoperable 5ev specimen Not onducte- Bourdon de- used m oper-
formed - - able due to - - 

-

Bourdon t ube
distortion

6 Inoperable , lot conducted Not conducted Not conduct I~ -
Bourdon de- 

-formed See -
Note 1. 

- 

-

7 ~% shif t 12% shift - 6% shif t IIRI~ NSRN ±8 psi.- - at ilO
cpa

URN - No ser ious resonances noted - ______

— —-- -- ~~~~~~~~ —~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____
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I .
(3) Specimen 3 - The large dL~~~ter center support provided

support for all coils urg ed against it by the g forces. The strength of each
coil was suffic ient to support without deformation of all the coils being
forced onto it. The lar ge resonances noted under vibrat ion indicate a need
for viscous damping or better balance of the pointer. The dauping could be
introduced by the use of silicone grease between the coils. The balance
could be achieved by the use o f .  canter pivot around which the pointer and
its balance would be pivoted.

(4) Specimen 4 - This spec imen was permanently damaged on the
first test due to the insufficient strength of the case mater ial. As it was
very similar in construct ion to specimen 3, it was felt no additiona l in-
format ion could be obta ined by its repair and cont inued testing.

(5) Specimen 5 - The entire mass of the tube and pointer was
cant ilevered from the outer end of the tube and althoug h the Bourdon was
supported by a bracket which trapped the outer coils and the pointer stud ,
severe Bourdon tube distortion occurred. It was felt the support of the
tube could not be improved greatly over the means used in the specimen. All
subsequent proposals using spira l Bourdon tubes avoided this method of
mounting.

(61 Specimen 6 - Although the informal teat results were not
encouraging, it was felt that when supported by a close fitting internal
post a helical bourdon would be capabli~ of resisting the environmental loads.
This view was supported by the fact that military helical element gaugea are
now in use by the services. The helical element was used for several sug-
gest ions in the Phase I proposal.

(7) Specimen 7 - The disphra gm gauge with gearless mechanism
performed outstand ingly under vibration. The motion of the light mechanism
parts was frictionally dazped by the sliding of the parts on one another .
The high resonant frequency of the diaphra gm prevented oscillation in the
test spectrus. The overhung, unbalanced mechanism was subject to deforma-
tion under high g forces from shock and acceleration.

D. TENTATIVE TEST SPECIFICATION. TS-701 - In view of the “Work State-
ment” (Exhibit A to the Contract, Addendnm II) with the USA? Project Engineer ,
it was apparent that vibration and ahock testing had not been included in the
design requirements. A test specification outlining a complete test program -

including these tests was prepared and submitted to the USA? Project Engineer
for review. This specificat ion, after approva l by the USA?, was the basis for
later qua lif icat ion testing .

E. DESIGN DISCUSSION

1. Measur ing Elements - Prom the foregoing work, the important att n-

( I

- 10-
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I butes of the gauge to be developed could now be stated. The element should
deliver sufficient angular motion to require no magnification. The lourdon
tube most be supported to prevent d format ion under high g loads but can be

I quite light to keep these forces low. Where ver possible , app endages (such
I as the pointer) should be balanced to avo id oscillation error and possible
I fatigue failure under vibration. If a system with magnification is to be
j used, the parts should be bala nced, light end rugged.

To keep the gauge and hous ing as small as possible , but provide the neces-
I sary readabil ity, the gauge ~tal should be at least 1” in diaaet~~ and be
I gradua ted over approximately 230 . The gauge or the housing should in-
F corporate a device to prevent catastrophic loss of air in case of a failure
I of a gauge part. Several suggestions were made i.n each of the following
I categories. Measuring element, housing, fail safe system, dial format ,
I and bezel construction. Three primary elements were proposed . Theáe.. were
I cons idered most suitable for use in the tire pressure indicator . They
I were selected following study of the literature, analysis of preliminary
I- testing on various types of elements , and in the li ght of our favorable
F experience with these types when used in applications with severe environ-
I- 

mental conditions prevailing.

I (a) Spiral Bourdon Tube - To obtain a large angle of rotation
I without an amplification mechanism requires a multi-turn, thin walled
I Bourdon element. Recent developeents in this field have shown that a sixr or seven turn spiral fabricated from a flattened .078 o.d. x .003 wall BeCu
I tubing is capable of delivering approximately 230’ angular travel with a
I high margin of overpressure protection. This recent advance in the technol-
I ogy was not reflected in any of the patents and papers uncovered in our
I -search. Such an element has a relatively low torsional spring gradient
I (on the order of 50 ~~~~~~~~~~ per full scale). This factor would imply poor
I resistance to vibration and acceleration. However, when coupled with low
I mass and small size, and when appropriately restrained from excessive move-
I ment, these elements show excellent resistance to these environments.

I Several designs using this element were suggested.

I (b) Helical Bo~zrdon Tube - The same coements concerning angular
L travel, rigidity, and mass apply to the helical Bourdon element. A heli-
I cal Bour don delivering 230° of travel for rated pressure with a margin

f or  over-pressure takes the form of a long thin cylinder, which occupies
I several times the volume of the spiral. Designs VI and VII were prop osed
I to illustrate some possibilities for the use of such an element (Figures

I S and 6).

I Cc) Diaphragm Elements - Small diameter diaphragms have cx-
- 

tremely high resonant £req t~encies and provide a very rigid (high energy)

[
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(
clamant capable of driving high magnification mechanisms . They are used
in high frequency response milita ry transducers for this reason . The

plifying mechanism moat be kept extremely light, but rigid, and good
coupling most he ma intained between the indicating pointer and the dia-
phragm dur ing vibration . The mechanism should alsø avoid the use of
such wear induc ing components as gear teeth and link bearings. A
mechanism which has pr3ven itself very resistant to th. vibration and
shock encountered in a Lr craft and farm tractor serv ice is illustra ted
in Design VIII, (Figure 7). Under very high acceleration forces, the
linkage may temporarily separate from the diaphragm. Another short-
coming of this gauge mechanism is the limited angle of motion obtained
from the pointer (approximately 70 - 900

).

2 • Hous ings and )Iounti ng - The housing designs shown on drawings
81-9426, (Figures 3 and 4), 51-9426-A (Figures 5 and 6), and 51-9426-B
(Figure 7) are not intended for illustration of interna l mechanism.

(a) Design I (Figure 3) - This housing was designed pri-
marily for enclosing a gauge util izing a spiral spring Bourdon tube.
It is made to mount in the same opening as for the present tubeless
t ire valve stem. The assemb ly is prevented from turning dur ing
opera t ion by a special keyed lock washer which indexes in a hole in the
rim and a hole in the housing.

Instal lation of this design requires the removal of the existing valve
stem, the drilling of a hole in the rim , as shown, for locking purposes,
and assembly of the unit to the rim as shown . As the mount ing depends
only upon the va lve hole and is independent of the wheel contour , - this
arrangement would require only one gauge type for stocking and retro-
fitting purposes .

(b) Design II (Figure 3) - This assembly was ident ical to
that of Design I except an additiona l supp ort was provided for wheel
attachment . It prov ides greater resistance to deformations resulting
from tangent ial g forces . The addition of the mounting pad requires
the separation of the wheel halve , for assembly purposes. The addition
cf the mount ing pad, would eliminate the need for the lock washer,
thereby eliminating the need for any wheel rim modification . Use of
this housing would be limited to Bendix wheel 154600.

(c) Design lU (Figure 3) - The charging stem on this dc-
sign extends through the center of the gauge internals and is, there-
fore, limited to particular internal design in which the pointt~ir rotates
around the periphery of the dial.

— 12—
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L
(lj Pressure is inducted to the gauge by means of a

stainless steel capillary connecting to the valve stem and the pressure
port of the gauge . The valve stem end is equipped with a swivel nut
Which, when attached , depresses the tire valve and creates a pneimat ic
seat.

(2) The housing is mounted on two of the wheel halve
bolts supported by a pa ir of extende d pads integral with the gauge
housing. The housing is shown nested into the corner of the wheel be-
tween tha web and rim. This arrangement minimizes the overhang, but
requires the removal of the rather large fillet in the area shown on
the drawing. By extending the mounting pads to the center distance of
two bolts, the housing could be attache d to the wheel without modif i-
cation of the wheel.

(3) After the wheel is modified, installation is
accomplished by remov ing two of the wheel ha lve nuts and assembling the
gauge unit over the extended bolts.

(d) Design IV (Figure 3) - Design IV was identical to
Design III except that the assembly was mounted into one of the elong-
ated holes of the wheel. The housing exterior nests in the elliptical
hole and conforms to the wheel rim contour, preventing turning of the
housing. A wedge type washer is provided to prevent non- uniform loading
when tightening the nut. The wheel r im wuat be dismantled to install the
gauge. -

(e) Design V (Figure 4~ - This design was similar to De-
sign I except the housing was nested into the wheel contour to pro-
vide keying action without a keying washer. This eliminates the
need for reworking the wheel rims on retrofit. The 45° orientation
of the gauge takes advantage of the supór ior resistanc e of the spiral
Bourdon to acclerations parallel to the axis of the spiral.

()~ Design VI (Figure 5) - This design employs a helical
Bourdon tube. The tube is approximately 2” long and La silver soLdered
into the internal connect ion. The output mot ion is transmitted through
a bracket which indicates the pressure on the outer periphery of a cup
shaped dial. A small clearanc e is ma ir .tained between the helix and the
center post. The outer end of the socket is fitted with the standard
filling valve which extends through the center of the lens . Mounting
and installation are identical to Design II. The angular output is about
120°, limiting the scale length and readability.

(g) Design VII (F igure 6) - This gauge utilizes a helix
approximately 2” long whose axis i~ parallel to the axis of rotation

(
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of the Wheel. Such an arrangement provides good resistance to the high
centrifugal accelerations of rotation as well as the tangential acceler-
ations of spin up. The dia l location, while not recessed as deeply as
in all oth.’~ nroposed designs , is sufficiently recessed to protec t it
aga inst runaway hazards . In dayl ight the gauge dial will be more visible
than if recessed into the wheel.

(I) By increas ing the active length of the tube (to
3” or 4”) a larger reading angle is obtained without sacrif icing
overpressure protect ion.

(2) The gauge can be installed in the existing valve
stem opening but must be supported by a second screw at the outer lip.
The holes in the hous ing lip can be placed so as to fit several air-
craft Wheels now in use.

(hi Design VIII (Figure 7) - The mounting arrangements
suggested for this design were similar to Designs j and V.

(1) The prime mover is a single corrugated diaphragm
plate (approx imately .875 diameter) fastened into the housing, driving
an extremely light wire rocker arm which in turn drives the pointer
pivoted on a wire staff. The mechanism is kept coupled by a spring
of suffic ient stre ngth to maintain mechanism coupling under most con-
dit ions while not contributing significantly to the friction of the
mechan ism. The scale angle is limited to about 75° in or der to Qbtain
a reasonable degree of linearity . Taki ng advantage of the non-linàar
effects over larger pointer angles would permit a scale compression be-
tween 175 psi and 300 psi resulting in better readability in the oper-
ating zone . Overpressure protection is achieved by supporting the
diaphra gm element with a heavy plate formed to match its corrugations .

3. Dial and Readout Means, CSK-9426-C (Figure 8) - Six (6) 1”
diameter dial designs (#1 thru #6) were suggested. These were rea dable
from a distance of six (6) feet. It was suggested that color combin-
at ions would be desirable to provide the best contrast for readability.
Also shown were dials #7 and #8, 1-1/3” and 1-1/4” diameters , for com-
par son of readability. These diameter s would have required the size
and mass of the housing to be increased. Dial designs #2, #3, #5 and
#6 have no graduation lines between 0-75 psi and 225-300 psi. Since
the operable range is stated as 75-175 psi, no calibration is required
for other portions of the dial and therefore , graduations would not be
necessary. This would result in a lower cost gauge . The wide bands
shown at 0 and 300 psi on Designs 2 , 3 and 6 represent the allowable
tolerance at these two test points.

( .
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(a) In general , it may be said that those dials with fewer
graduations (25 psi grads) read more easily from a distance . Using more
graduations tends to cause confusion in reading from a distance , but
gives b tter accuracy for close- in reading. A compromise dia l which
provides good readability for close and far reading was suggested and
is shame in dial #9. The sub-minor grads (5 psi) wauld be printed in
a light grey so as to disappear from a distance, but provid, the
add it iona l precision for close reading.

4. Fa il Safe Systems

(a) Design (a) CS~-9426-D, Sheet 1 (Figure 9)

(1) This design provides a fail safe gauge device
without the need for a pressure sealed gauge housing. This is
accomplished by providing a “piggyback” valve assembly which isolates

— the gauge from the tire. During ground inspec t ion, it would be neces-
sary to depress the outer valve stem housing which actua tes the inner• valve core , there by opening the gauge to the tire pressure • Dur ing
this inspect ion check the outer valve core would reta in the pressure
in the t ire. The gauge would then be exhausted by depressing the pin
of the cuter valve core .

(2) When the tire would requ ire inflat ion, the in-
spector need only app ly the standard filling manifold to the outer
valve stem hous ing with sufficient force to depress the return spring.
This will simultaneously open both valves, there by opening the gauge
and the tire to the filling pressure.

(3) Due to the isolation of the gauge from the tire
pressure, the need for the gauge Bourdo n tube to with. tend the over-
pressure encountered during landing of the aircr aft is eliminated.
Furthermore, in the event of a gauge failure , the tire pressure will
not be lost.

(b) Design (b) CSX-9426-D, Sheet 2(Ffgurs 10)

(1) This fail safe arrang~~~nt is similar to that
defined in Design (a) above, except that the t ire pressure is isolated
from the gauge by a spring loaded valve ball. The spring force is
suff icient to support the ball check during periods of radial acceler-
ation of 3000 g’s.

(2) In order to Inflate the t ire, it is necessary to de-
press thi plunger in the side of the gauge Which unseats th. ball
check. While holding the plunger in the depressed posit ion, the gauge
will read the tire pressure. Upon release of the plunger the con-

(/
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~

pressed air in the gauge is auton.tically exhausted through a small vent
in the plunger ch~~~sr.

Cc) Design (c) CSr~-9426-D, Sheet 3 (Figure 11)

(1) This design pro tects the tire from loss of air
should the gauge develop a leak. The clearance between the ball and
its housing is designed to make the ball act as a check valve when
flow rates exceed a predetermined level. This levsl of flow vill be
sufficiently law to assure that the total loss of air over any period
of flight will be insufficient to cause t ire under- inflation. Under
no~ma1 condit ions the spring urges the ball to maintain a vent from
the gangs. A leaking gauge can be detected by the low reading which
will be obta ined. To verify whether the low read ing is due to under-
Inflat ion of the tire or to a gauge leak , the vent pin in the housing

-: is depressed . If the read ing increases , a gauge leak exists .

(4) Design (d), CSX 9426.D, She.t 4 (Figure 12)

(I) Th is design i. similar to Design (c) except
that a check valve is not used. The case vent is sized to assure
that should a leak develop in the gauge, the flow rate will be
sufficiently low to prevent excessive under- Inflation for the period
of flight . A leak in the gauge will result in a low indicat ion of
tire pressure due to a build up of pressure in the gauge housing . If
there is a gauge leak aüd the vent becomes plugged, the gauge will
eventually read sero (0) although the tire inflation will remain at

• safe values .

je) Design (el CSK-942 6-D Sheet 5 (Figure 13)

(1) This design is similar to Design (c) above, except
the case vent valve is normally closed. This seals the gauge hous ing
and provides complete protection against dust and moistur e. The
sealed construct ion do.~ make the gauge subject to pressure errors

— due to ambient temperature changes . These errors are on the order of
±3 psi, depending on whether the temperature is above or below the
temperature at which the gauge was last vented. For the most accurate
indication of tire pressure, the case should be vented by pushing the
vent valve open, prior to taking the reading.

(2) The sealed gauge housing provides a sel f-temperature
compensating effect since the change in spring modulus of the Bourdon
tub. causes an. error which is partially offset by the change in air
pressure within the sealed case.
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(3) If a low gauge readin g exists, the cause of the
low reading may be under-inflation of the tire or a leak in the pressure
gauge . By use of the vent valvó, the actual cause can be determined if
the low pressure condit ion is a result of tire pressure loss, the gauge
reading will not change ‘when the vent valve is depressed; however, if
the gauge reading Increas es when the valve is despressed, a leak in the
gauge would be indicated. -

5. Bezel and Pressure Indmx CSx-9426-E (Figure 14)

(a) Design (A) - This design utilizes a pointer pa inted on
the underside of the cry~tal. A threaded ring, ‘when t ightened, provides
locking of th. crysta l and sufficient force to seal the gasket. The ring
is locked in place by an overcenter leaf spr ing attached to the housing.
Upon t ightening the r ing the spring is engaged in an edge knurl on the
ring Which restricts any back rota t ion. In order to adjust the set point-
er , the ring must be loosened by depressing the spring ratche t and ro-
tating the crystal until the pointer indicates the desired pressure on
the dial. The ring is then retighte ned, thereb y locking the crystal.
This index pointer arrangement can be used with the 3-screw and ring
hold down illustrated in Design (B). -

(b) Design (B) - This arrang~~~nt consists of a balanced
• wire pointer attached to a bush ing which extends throug h the center -of

the crystal. An 0-ring seal and ,a spr ing washer provide sufficient
friction to . overcome any rotation of the balanced pointer mechanism. A
screwdriver slot is provided in the head of the bushing for field adjust-
ment of the set pointer. The three hold down screws are locked after
t ightening by the use of lockwire. The threaded ring arrang~~shown in
Design (A) is interchangeable with this index pointer design.

(c) Lens

(1) Severa l types of plastics and glass materials which
are capable of withstanding the high temperature exposure requirement
(350°F) were investigated. The lens must be strong enough to withstand
the effects of the shock, vibration, and acceleration forces.

(2) Study of available literature on high temperature
transparent materialC narrowed the choice to two materials. These are
“Glass-Resin” manufactured by Owens-Illinois and Cha .cor Class manu-
factured by Cornin g Glass Company.

6. Si ation of Phas. I Work Effor t

(a) Throughout the Phase I design study , many approaches to
the design of a suitable means of monitor ing the tire pressure of air-

I .
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craft were reviewed and considered. From the prelimin-iry teats of
acceleration, vibration, and shock which were conduc ted on re pr eseuta-
t ive pres sure el~~~nts and associated m chaniaas, s~~~ of the possible
approaches which were originally coasid*red were rejected. These tests
also def ined and clarified the problems which had to be overcome in the
later phases of the developeent.

(b) Three et nt types appeared to be sufficiently rugged - 
-

to wLths ta~d the severe environesut of this requir nt . These were the
helical and spix l Bourdon tube, and th. single plate diaphragm with
geerl ess mecheni . Each type showed carte in advantages and disadvantages
from the standpoint of readout , mounting, and convenience of retrofit.

(c) Severa l fail asfe syst~ Is ‘which would assure that no
catast rophic deflation could occur were proposed. Some of these may be
considered to inconvenience the walk-around inspection; others may not
be ct,~~idersd sufficiently re liable . Most of these systems may be

— applied to any of the three elements.

(d) We investigated dial visibility and readabil ity and
mad. suggestions to permit the Air Force Project Engineer to select
that configuration which best suits the needs of the Air Force.

(e) Several methods of houøing and mounting this gauge
and various gauge closures were presented for consideration by the
Air Force.

II. PHASE II - DEVELOPMENT. TEST AND EVALUATION OF j~O GAUGE DESIGNS

A. GEN~~AL - Based on the results of the Phase I Design Study, the
USA! Projec t Engineer selected two of the Phaee I design proposals for
fabrication and testing in Phase II. A coemon housing configuration was
selected to accoimaodat e spira l and helical Bourdon pressure sensing el.-
ments. The 1” diameter dial size was selected as it was readable from
a distance of 3 to 6 feet . It was decided that both the filter and dual
valve fail safe syst. be developed to determine the most suitable for
this application. The Phase I proposals did not detail a complete de-
sign for a tire pressure indicator . This phase was left open and was
accomplished in Phase II to meet the particular func t iona l requLr~~~uts.
The contract required that a sufficient quantity of each of the two

— designs be fabricated and tested to assure conformance to the environ-
mental and rel iability performance requirements. Mock-ups of each gauge
were built to conduct preliminary eaviroomental and reliability tests for
genera l design evalua t ion. The tests to which the gauges were subjected
were thought most likely to caus e gauge failu re . The results of the
tests conducted are reviewed in paragraph II.B.4 of this rep ort.

H -  (
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(

B. DESIGN STUD!

1. Pressure Element Materials - Iconel X, Ni Span C , and
b.rylliun copper were considered for use in the preasure sensitive
el~~~nt s (spiral and helical Bourdon tubes). Each of these materials
poss . properties which would be advantageous for this application.
of these three materials , bery lliun copper embodies 

- 

the be~~ combinat ion
of prop erties requ ired for this applica t ion, these are :

(a) Belatively low modulus to provide maxiia angular
travel and readabil ity .

(b) High tens ile and fat igue stre ngth for good over-
pressur. and vibration resistance.

(C) A relatively short heat treat cycle which can easily
be adjusted to optimize tensile stre ngth and hardness .

(d) Co rcially available in a wide variety of diameters
and wall thicknesses at a relatively low price.

(e) Good corros ion resistance . —

One disadvantage of berylliun copper is that it exhibits a 2L1100°F
tbe r.oslastic coefficient. Tests were therefore made on five bery lliun
copper spira l lourdon tub s ra nge 0-300 psi at room temperature , -65°F
and +l65 1 (see Table 1). The maxim~~ hot shift was +6 psi and the
mezi cold shift was -7 psi. This shift was considered to be small
enough that it could be tolerated.

2._Spira l Bourdon Tube -

(a) Previous experience on 6” long small o.d., spiral
Bourdons had shove that 230 angular degreea of tip travel could be ob-
ta m ed with a wall thick neas of approximately .003 inch. This is
sufficient pointer travel to elimina te the need for mechanical ampli-
f ication.

(b) Production limitations on maintain ing toe wall
thickness, diameter, and spiral shap e necessitated the incorporation of
a means of adjusting the angular output of the Bourdon to the indicating
dial. Previous experience has indicated that this adj ustment should be
capable of correcting for angular output variations of ±l5~ from nominal.
varying the active length of the Bourdon by attaching a movable takeoff
to the outer coil provides such an adjustment.

ci  
-
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B. DESIGN STUD!

1. Pressure Element Materials - Iconel X, Ni Span C , and
bery llium copper were considered for use in the pressure sensit ive
elements (spiral and helical Bourdon tubes) . Each of these materials
posse properties which would be advantageous for this app lication.
Of these three materials, beryllium copper embodies the be* combination
of properties required for this application, these are :

(a) Relatively low modulus to provide maxim angular
travel and readability.

(b) High tensile and fatigue strength for good over-
pressure and vibration resistance.

(c) A relatively short heat treat cycle Which can easily
be adjusted to optimize tens ile stre ngth and hardness .

(d) Coamsrcially available in a wide variety of diameters
and wall thicknesses at a relatively low price.

(e) Good corrosion resistance.

— One disadvantage of beryllium copper is that it exhibits a 2%JlOO°F
-. thermoelastic coefficient. Tests were therefore made on five beryllium

copper spiral Bourdon tube s range 0-300 psi at room temperature, -65°F
and +163°F (see Table 1). The maximum hot shift was +6 psi and the
maximum cold shift was -7 psi. This shift was considered to be small
enough that it could be tolerated.

2. Spira l Bourdon Tube

(a) Prev ious exper ience on 6” long small o.d., spiral
Bourdons had shown that 230 angular degrees of tip trave l could be ob-
tained with a wall th ickness of approx imately .003 inch. This is
sufficient pointer travel to eliminate the need for mechanica l ampli-
ficat ion.

(b) Production limitations on mainta ining the well
thickness, diameter, and spiral shape necessitated the incorpora t ion of
a means of adjusting the angular outp ut of the Bourdon to the indicating
dial. Prev ious experience has indicated that this adjus tment should be
capable of correcting for angular output variations of ±151 from nominal.
Varying the active length of the Bourdon by attaching a movable takeoff
to the outer coil provide. such an adjustm ent.

-31-

I L



- -~~~~~

- ASD-T~R-65-l March 8, 1966

- TABLE I

BESYLLIWI COPPER SPIRAL BOURDON ~~; ~~J i~~L TEST DATA -

-~~~~~~~~ SPEC DIEM NTIIE~~ ______________________________ 
-_ 1 

___ _ _ 2 
_ _  

_ 
_ _  

3 _ _
D1PUT ROCK COLD COLD HOT f HOT i&4 ~~ÔLI COW HOT HOT ROCK COLD COLD HOT 

- 
HOT

PR~~S1~ J ~~~~ ~~~ SHIP .U3 (~ SR~~ ~~a ~1(H ~HIPT ERRCR SHIP ERRU ERRC& SHIFt ERR~~ SElF

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

30 +3 0 -3 +4 +1 + 2 0 - 2  +4 +2 +3 0 -3 +4 +1

100 +1 0 -1 +4 +3 +2 0 - 2  +4 +2 +2 0 -2 +4 +2

150 0 - 6  -6 +4 +4 +1 0 - 1  +3 +2 +1 0 -l +3 +2

200 -l -3 -4 +3 +4 .0 -5 -5 +3 
- 

+3 0 -5 -5 +3 +3
-

- 250 -1 —6 -5 +4 +5 0 - 5 —5 +5 +5 0 -7 -7 +4 +4

300 -2 -7 -5 +3 +5 -1 -7 -6 +5 +6 +2 -3 -5 +7 +5

______  ____ 
4 

____ 

SPEC DIEM NUMBER 
____ 

5 
____ ____

INWZ.. ROCK COLD COLD UCf l ~ HQT ROOM COLD COLD HOT HOT
PRESSUR ~~~ SHIFT ~~ SElF] ERRCH ~~~~ ~~J~f 

ERR(~ ~HIFT
0 0 0 0 0 0 0 0 0 . 0  0 Room Temperatur e: 75°F

Cold Te8t Temper-
50 +2 0 -2 +4 +2 +3 0 -3 +4 +1 ature -65°F

Hot Test Temper-
100 +1 0 -l +4 +3 +2 0 -2 +4 +2 ature +l60°p

H 150 +1 -3 -4 +4 +3 0 0 0 +3 +3

200 0 -7 -7 +3 +3 0 -  -4 -4 +3 +3

250 0 -7 -7 +4 44 +1 -5 -6 +4 +3

-
~~~~~~ 300 +1 _ S -6 +5 +4 +1 -5 -6 +5 +4

- -32-
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$PThAL B~~~DON CALIBRATION AND LINEARITT TEST DATA

BEST ANC’-IJUR oirrwr_(I’ ~~EES
PODIT (P3j) #1 #2 1T J4~ 75 - #6 #7 #8

150 97 98 92 96 91 93 93 93

300 200 199 200 199 198 198 201 198

~~~~ANGULAR
)UTPUT FOR 46.5 49.3 46.0 4 82  45.8 48,0 46.3 46.9
3O% DIWr

~INEARlT! Z 1.5 0.7 4.0 1.8 4.2 2.0 3.7 3.1 -

BEST 
- 

UIJaK uu~i’trr (p~~~ss5)
Poflir (PSI) #9 #10 #11 #12 #13 #14 #15 - #16

p 
150 96 95 98 96 91 91 94 96

300 199 199 201 200 199 200 200 200

~~~~ANGULAR
17tP~7t FOR 48.4 47.7 48.8 47.9 45.8 45.5 47.1 48.1

501 DIPUT 
-

[.DIEARTIT 7. 1.6 2.3 1.2 2.1 4.2 4.5 2.9 1.9

-
~~~~

-33- 
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TABLE 3

TYPICAL CALIBRATION DIII1~A UTrE HON LT$~4R DIAL

MPUT 
- ER&CR DI PSI

~~~~~~ _.
~tL_ __

~iZ__ #2w. ~~~~~ AL~
__  IL.... .

0 —5.5 +3.3 43.0 -3.3 —7.3

30 -2.3 -1.0 +2.0 -4.0 -4.0

100 +1.3 -1.5 0 -3.3 -2.0

150 +0.5 0 -0.5 -1.0 0

200 —1.0 +3.0 -1.0 -2.0 0.5

250 -2.5 +6.0 +2.5 —0.3 +1.5

300 -4.5 +7.5 +4.0 +1.0 +2.0

___________ —------——— — —~---- -- - - - 
- - & I
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(

(c) Assuming a Bourdo n having a nominal angular outp ut of
230 *30

0 for a 6” long spira l, a dial graduated over 200 angular degrees
for 300 psi input was used. The mot ion takeoff can then be adjusted to
r~~~ve active material from the outer coil until the 200 angular degrees
is obta ined. By thus controll ing the total angular trave l for full scale
pressure , scale errors of only a fraction of that permitted were achieved ,
throughout the 0-300 psi range .

(d) Sixteen 0-300 psi spiral Bourdona were uasd to perform
linearity teats and to check the feasibility of the range adjustments.
These Bourdons produced travels in excess of 200 angular degre.a for
300 psi input. A wire pointer was attached to the outer coil of the
spirals at a point which produced the 200 angular degrees of travel.
Pressure tests were then conducted at 150 and 300 psi. (See Table. 2).

(e) The linearity err or varie d between -0.7% and -4.3% .
The average non-l inearity was 2.5% . A 300 psi scale with the 150 psi
point at 47.5% of full arc was designed for use on the sixteen Bourdo na .

(f) The sixteen Bourdon assemblie s were calibra ted aga inst
this dial to determine if the scale error tolerance could be met. All
specimens calibrated were judged sufficiently accurate to allow for sub-
sequent shifts resulting from exposure to severe env ironmenta l condi-
tiona . (See Table 3 for Typical Calibrations.)

(g) The specification requires the gauge to withstand
an overpreasure of 500 psi. Severa l spiral Bourdon tube assemblies,
delivering 200 angular degrees, for 300 psi, were equipped with stops
to limit the free travel of the Bourdon to approximately 225 angular
degrees. Upon application of the 500 psi, the Bourdons distorted and
exhibited severe zero shifts. In some cases the outer coil straightened
and the Bourdon became inoperable. These particular Bourdons were age
hardened at 900’F for three hours to obtain maximum burst pressure. 

-

(h) An additional group of Bourdons was heat treated at
60007 for three hours. These were assembled and equipped with stops
and subjected to five cycles of 0-525 psi. After cycling, the specimens
were overpressure tested by subjection to 500 psi for ten minutes . Upon
removal of the pressure , the Bourd ons exhibited no observable set.

3. Helical Bourdon Tube -

(a) It was determined that with some minor changes in the
contact angle of the coiling point and the tubing, helical tubes could 

Jbe fabricated on the same equt~~~nt as used for the spiral tubes • The
helices produced by the machine used , delivered counter-clockwise ro-
tation to the indicating pointer. Since this work phase was involved

-35-
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in prototype effort only, no useful purpose would have been served by
expend ing effort to produce coils of opposite rotation .

(b) A test lot of helical Bourdon tubes was coiled
as above to develop the tubi ng size and configur at ion which would
produce tip travels consistent with those defined for the spira l
Bourdom . (Refer ence parag raph 2 above.) The angular travels and
linearities observed on two typical assemblies are shown in Table 4.

(c) Thes. data indicate the helical Bourdons exhibited
more moe-linearity than the spira l Bourdons . By us ing a slightly
heavier section and more turns , helical Bourdons exhibiting I.insarttlas
c uper able to the spirals could be obtained.

4. Preliminary Environmental Tests

(a) Gener .l R rks

(1) Our more extensive manufacturing experience
in the spiral Bourdon field, permitted the utilization of ava ilable
hardwar. to perform teats without actu al fabr icat ion of the final
gauge . In order to produce a mock-up of the helical design, it was
necessary to fabricate final hardware. Therefore , preliminary environ-
mental tests were not conducted on the helical design except as noted
under “Pulse Amplitude”.

(2) The necessary debugging of the helical de-
sign was conducted during the fina l Phase II teats . In the event of
a failure, the unit was repaired and rete sted to that particular
enviro nmental condit ion which caused fa ilure .

(b) Accelerat ion Tests

(1) One spiral internal ase~~~ly identical to
that proposed was prepared and subjected to the accelera t ion test.
The unit was calibrated to produce 200 angular degrees for 300 psi
input. This necessitated the pointer to be pos itioned approximately —

1/2 coil from the tip of the Bourdon. (S.. Table 5.) -

(2) The acceleration forces in the direc t ion of
12 o’clock to 6 o’clock caused an averag, shift of appruzlm etely 15 pet.
It we. determ ined that the shift in scale calibra t ion, was a result of
the center coil of the b urden being deformed by the pressure of the
outer coils at high acceleratio n.

(3) The center coil suffers a loss in physicals
du. to the high temperatur e (1200’?) necessary to silver solder the

(.
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TABLZ 4

ANGULAR O~ TrP~~7I’ OP HILTJCAL ELE)~~ IS

_ _  

1 
_ _ _ _ _ _ _ _  

2 _
~mwr ~ n rur % 0? ANGULAR OUTPUr % OP ANGULAR
PSI) (D8~W”8) ouTPtrr (~~ r~s) - ovr~uT

0 0 0 0 0

25 14 7

50 28 20

75 42 21.4 37 18.5

L00 56 52

125 72 68

150 88 45 84 42

175 104 104

~00 120 120

~25 138 70.5 141. 70.5

250 156 159

US 176 182

300 196 100 200 100

I -
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TABLE S

PRELD(WA*T ACC1T~~ATI0N FOR SPIRAL BOURDON GAUGE TEST DATA

_________ ______________ 
SCALE ERROR PSI

~ ESSUU PRIOR TO AFTER ACCKT RkATION 3X PROM 3500 RPM
PSI DECELERATION (2500 g’s RADIAL AND 75 g’s TANGENTIAL MTh.

ACC. DIRECTION
3 o’clock to 9 o’clock [2 o’clock to 6 o ’clock

0 +4 0 -19

50 +6 +3 -15

100 +6 +5 -12

150 +4 +2.5 -11

200 — l —2 —1 1

230 -4 -4 -13

300 -6 -3 -14

-38-
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Bourdon to the socket. Depending on the direction of the acceleration
forces, the point where the inner coil is attached to the socket may
or may not have been subjec ted to these defor.ing forces . The lower
tensile strength of the inner coil permitted the entire Bourdon to
shift and assnms a new cente r with respect to the dial.

(4) As the gauge most withstand 33V,, the
Bourdon must be silver soldered to the connect ion. With production -
solder ing equipmant we expect the degradat ion in the physicals will
be reduced, but this condit ion cannot be el4~1n-.ted completely. A
Teflon bushing was designed to f it snugly over the socket shank with
an outside contour spiraled to match the tufler coil. This provides
sufficient support for the inner coil to prevent distortion under
acceleration and shock loads .

(5) The damaged unit was equipped with the
support bushing described above and subjected to the acceleration
test. (See Table 6) Since the added bushing f irmly supports the
inner coil and restr icts any motion outp ut from that coil , a loss in
tip travel was noted. No attempt was mad. to restore the output motion
to 2000 for the remaining portion of these tests .

(6) The results of tests shown in Table 6 m di-
cate that the spiral Bourdon with a center support bushing for the
inner coil meets the acceleration (reliability) requirements of the
specification.

Cc) Vibration Tests

(1) The spiral mock-up was subjected to the
vibra t ion test in accordance with Paragraph 4.6 of TS-701. (U. S.
Gauge Tentative Test Specificat ion.) This specification requires
vibration testing in accordance with MIL-STD-810, Method 514. The
requ ired vibration program is as follows:

CPS DISPLACEMENT

5—14 .100
14-23 ig
23-90 .036
90-500 l5g

Resonance scanning was conducted in each of three mutually perpendicu-
lar planes to determine the resonance points . Since no resonance was
observed, the unit was subjected to an endurance vibration test for
three hours in each plane as required by the time table , Figure 514-lI

(_
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TABLE 6

SPIRAL BO(*DOI~ GAUGE ACCELER ATION TEST DATA AFTER *)DIFXCATIOII

INPUT PRESSURE ERROR (PSI) ERROR PSI
PSI BEFORE AC~EL~RATION AFTER ACCELERATION *

0 +3 +3

50 -1 -l

100 -6.5 -7
150 -14 -14

200 -17 -18

250 -18 -19

300 -20 -21

*The acceleration test was conducted in each of 12 directions (each
30° of gauge rotation). Three cycles were applied in each of the
12 directions. No zero shift of the pointer occurred after each
cycle of deceleration. The final scale error test was conducted
upon completion of the test.

(
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of MIL-$Tfl-810. Scale error tests were conducted after endurance vibration
in each of the three planes. (See Table 7).

(2) The vibration date from Table 7 indicated the pro-
posed spira l Bourdon would meet the vibration requ irements of the speci-
ficat ion.

(d) Mechanical Shock Tests - The seme spiral mock-up was
subj ected to mechanical shock tests in accordance with paragraph 4.8 of
TS-701. The shock tests were conducted on a Barry Drop Tester , Type
20 VI , in each of three mutually perpendicular planes. No effect on
scale calibration resulted from this test. (See Table 8)

(e) Pulse Amplitude Tests (See Table 9)
- 

(1) A t the start of this progr there was no require-
ment for a Pulse Amplitude Test. In revieving the design requirements
with the Air Force Proj ect Engineer , it appeared necessary to qua lify
the Bourdo n tubes on their ability to withst and pressure impul ses
(simulating the pressure pulse of a land ing) .

(2) A pressure cycle of 175 to 500 psi and back to
175 psi was ass~~ed for this test.

(3) In all cases of failures, fracture occurred on
the outer coil beyond the point of motion takeoff. This failure was a
result of permitting the Bourdon section beyond the takeoff point to
flex freely. The active portion of the Bourdon was not permitted to
flex this far, and is likely to have had a much longer impulse life
than was noted. -

(4) As a result of the suggestion to incorporate a
Pulse Amplitude Test , an amendesnt to the work statement was requested
to add to U. S. Gauge “Tentative Test Specification” TS-70l, paragraph
5.5 , “Pu lse Amplituds Test” . This request was granted and the pro Cedur e
specified by the USAF. The requirement is noted in attached TS-70l.
It can be seen that this requir ement is cons iderably less savers than
the tests performed and therefore we were confident that no difficulty
would be encountered from the final Pulse Amplitude Test . No further
effort was directed to increase impulse life.

- 41.—
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TABLE 7

SPIRAL BOURDON GAUGE VIBRATION TEST DATA

INPUT __________________ SCALE ERROR PSI 
_______________

PRESSURE AFTER VIBRATION* FTER VIBRATION* AFTER VINRATION*
(PSI) BEFORE VIBRATION PLANE #1 PLANE #2 P~~1JE #3

0 +3 +2 +1 +1

50 —1 -l —3 :

100 -7 -8 -7 -9

150 —14 —14 —13 —14

200 —18 -18 -18 -19

250 -19 -20 -20 -20

300 -21 -21 -22 -22

*Plane 1 - Gauge face ve:tical
Plane 2 - Gauge face horizontal - Normal ReadoutPlane 3 - Gauge face horizontal - 90° from normal readout.

TABLE 8

SPIRAL BOURDON GAUGE MECHANICAL SHOCK TEST DATA

______________________ SCALE_ERROR_(PSI) 
_________________

INPUT PRESS1~E BEFORE AFTER *
PSI ~~~HANICAL SHOCK MECHANICAL SHOCK

0 +1 +1

50 -3 -2

100 -9 -9

150 -14 -15

200 -19 -18

250 -20 -20 
(

300 -22 -22

*Ebree 15 g ehocka in two directions of each of three mutually perpe ndicular
planes .
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TABLE 9

SPIRAL AND HEL]~AL BO~~DON
PBZLDAIRAR! PULSE AMPLT!UDE TEST DATA

_ _ _ _ _ _ _ _ _  
UNiT # NUMEER OF CEELES AT PATLI~I CAUSE 01 FATLUNI

1 804 Bourdon Tube Fracture

- Spiral 2 - 835 Rourdon Tube Fracture
Bourdon -

3 1100 lourdon Tube practure

4 1400 Bourdon Tube Fracture

Helical 1 8000 Test Equipment failed -

Bourdon 
- to cycle full range.

(
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C • DESIGN OP DEVELOPt€NrAT. PEDELS

1. Pr ,ssure Elements

(a) Spira l Bourdon Tube - The Phase II prototype spiral
$ourdons were coiled from .0775 o.d. x .0032 wall BeCu tub ing . These
Rourdons have approx Imately 6” of raw tub ing formed to obtain 4-5
act ive coils • This configuration consistently produces a minimum of
200 angular degrees for 300 psi applied pressure . After forming, the
Boutdons are heat treated at 600’? for a period of three hours to ob-
tain maximum tensile strength. With this age hardening, the units are
capable of withstanding the required 66~ overpressure without damage .
The inner coil is formed across the center of the spira l to prov ide
for assembly to the connectors and subsequent pressure sealing by
silver solder ing. (See Figure 15)

(b) Helica l Bourdon Tube - The helical Bourdon tubes
were also fabr icated from .0775 o.d. x .0032 wall beryllium copper
tubing. The free length of the helix ii 1-1/2” which i. made up of
10 active coils formed on a coiling diameter of approx imatel y 7/32
o.d. This Bourdon will produce a minimum of 200 angular degrees for
300 psi applied pressure. The age hardening and method of socket
connection and pressure sealing are identical with the spiral. (See
Figure 16.)

~~~~~~~~~~ - The basic housing design which was selected by
the USAF Proj ect Engineer is shown in Figure 6. This drawing illus-
trates gener al outline feature s only. The f ina l conf iguration, size,
etc., was dependent upon further development of the gauge internals
and review of the method of mo2nting to the wheel rim. Reference is
made to Figure 17 of this rep ort for the f ina l housing definition
and outline dimens ion. This drawing illustrates a complete tire
inflation indicator with the helical Bourdon gauge installed. The
sp iral Bourdon des ign is completely intercha ngeable except that the
gross weight reta ining r ing markings would be revers ed. The housing
material of the Phase II prototyp e was alumin um. Final material
specifications will depend on the wheel rim material (aluminum or
magnesium).

3. Dial - At the conclus ion of Phase I, the USA? Proj ect
Engineer specified a dial to be marked with graduat ions at S psi
intervals (reference CSK-9426-C #9, Figure 8). It was agreed at
that time to use lines for 10 psi intervals and small dots for S psi
intervals . This permits an inspector to accurately read the pressure
at a close distance but will not blur the dial markings when read at
a distance of 3 to 6 feet dur ing walk around inspections . A green
sector from 75 to 175 psi was provided to indicate the operating ange.

( -
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(a) It was proposed by the USA? Proj ect Engineer to adj ust
the total range so that the operating ra nge (green sector) would center
on 12 o’clock. A Bourdon deliver ing 200 angular degrees output for
250 psi applied pres sur e would be require d to withstand 100% overpressur e
(500 ps i) without loss in calibration. This would result in a less re-
liable element than the proposed 300 psi element with a 67% overpressure
requirement. We therefore provided the prototypes with dials graduated
O to 300 psi. In the event it is desired to center the sector , this
could be graduated 0 to 250 psi only and thereb y reduce the dial arc to
approximately 160 angu lar degrees . The Bourdon element used would be
the same as for the Phase II model.

(b) Tb. dials for both th~. spira l and helical lourdon de-
signs are identical except reversed in direction.

4. Fail Safe Devices - The USA? proposed at the conclus ion of
Phase I, that two Fail Safe Devices be developed. Both of these are in-
cluded in the Phase II prototypes for waluation purposes. It was agreed
only one of these would be incorporated in the f inal design. The selec-
tion of the particular fail safe device to be used is dependent on
whether it would be acceptable to “push to read ” the tire gauge . With
this design the filter would not be necessary . On the other hand , if
“push to read ” is objectionable , then the filter would be required.
Definit ion of the two devices follow:

La) Push to Read Valving (Ref. Figure 17 of this report)

(1) This design isolates the gauge from the tire.
During ground inspect ion, it wou ld be necessary to depress the outer
valve stem housing which actuates the inner valve core, thereby opening
the gauge to the stored pressure chamber. During this inspection check,
the outer valve core would retain the pressure in the tire. This pres-
sure can ba allowed to remain in the gauge or can be exhausted by de-
pressing the pin of the outer valve core .

(2) In the event that the tire would requ ire inflat ion,
the inspector need only apply the standard filling manifold to the outer
va lve stem housing with sufficient force to overcome the force of the
return spring and pressure forces against the piston . This will simul-
taneou sly open both valves, there by subjec ting the gauge and the tire
chamber to the filling pressure . The devic. La equipped with a locking
means to avoid the necessity of manually holding the valve open during
fin . Locking is accomplished by pushing and turning the outer va lve
housing . 

-

(3) This design, due to the isolation of the stored
pressure, would el1z~tina te the need for the gauge to withstand the over-
pressure pulse encountered during landing of the aircraft. Furthermore,

(I
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In the event of a gauge failure the tire pressure will not be lost since
the gauge is isolated from the stored pressure.

(b) Porous Restriction (Ref . Figures 18 and 19)

(1) The purpose of a filter in the connection to the
gauge is to provide a restricted passage to the gauge which will permit
it to indicate the tire pressure providing sufficient restriction of
air flow to prevent a catastrophic loss of tire press ure should the
gauge fail . The restriction prov ided will limit tire deflation to
2.0 psi loss in approximately 200 minutes, and will cause the gauge to
have a response rate of 4 to 5 seconds maximum.

(2) Inveat igation f various types of filter materials
and densities and thin plate orifices was conducted. Th. desired flow
rates could be achieved with a .005 diameter orifice. It was felt, how-
nez, that a single hole of this small size would be vulnerable to clog-
ging.

(3) Tests on various filter materials available re-
vealed that a fine grade ceramic manufactured by Corning Glass Company
having an effective area of .00212 square inches would produce a flow
rate of .0333 SCFM of aix for a differential pressure of 200 psi.

(4) The flow rate through a filter is prop ortiona l
to the supply pressure and the change in flow rate for a 10 psig pres-
sure change La negligible. The elapsed time for 10 psi loss was com-
puted in a stepwise manner using 10 pa ig decrement s. (See Table 10)

(3) It was determined that the desired flow was -

obtained with $ .052 dianeter filter 1/16” thick. Since this small
size would be difficult to assemble and seal to a holder, a filter
with a di eter of .135 was assembled and the outer face of the filter
and around the filter to holder joint completely coated with Rysol
ERL.-2795 epoxy. After the epoxy cured , the filter was spot faced to
produce the des ired effective area .

(6) Respons. tests were performed on five units. The
response time (time to traverse 63% of a step change) was found to be
between 4 and 6 seconds.

5. Lens - The Phase I study indicated that consideration
would be given to the use of “Glass Resin”. Samples of the Glass Resin
material were received and upon exr.(nation were found to be insuffici-
ently free of visual distortion to be used for this applicat ion. It
was therefore decided to use a tempered glass for the gauge.

(I
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(_ _  TABLS 1O

ELAPSED TINE F~~ 10 PSI PRESSURE LOSS THROUGH ~~~OUS RESTRICTION

1 ~ 3 
_ _ _ _  3 6 7

PSIG ROrA1~~ZHR PLOW LB. INITIAL VT. OP A t (NIL ) ELAPSED TINE
DJPIJT READING j

~~~ 
M~~ AIR AT PRESSURE P~~ 10 PSI DEC. KIN. HRS.

200 8 .0355 .00266 11.20 211.0 211.0 3.3

190 7.8 .0340 .00253 10.63 220.0 431.0 7.2

180 7.6 .0325 .00244 10.09 - 230.0 661.0 11.0

170 7.3 .0305 .00229 9.53 244.0 905.0 15.1

160 7.0 .0285 .00214 8.96 262.0 1167.0 19.5

150 6.7 .0260 .00193 8.40 287.0 1454.0 24.2

140 6.3 .0235 .00176 . 7.84 313.0 1772.0 29.6

130 6.0 .0210 .001575 7.29 335.0 2127.0 35.5

120 5.7 .0190 .001425 6.73 393.0 2520.0 42.0

110 5.4 .0175 .00131 6.16 427.0 2947.0 49.2

100 5.1 .0160 .00120 5.60 466.0 3413.0 57.0

90 4.8 .0140 .00105 3.04 533.0 3946.0 66.0

The foregoing table was computed based on the following information:

Temperature of air in tire Is constant T — 77°? — 537°R

Est imated Tire volume V — 9.53 ft 3

Gas constant — 53.3 ft.~b/j b’p
.075 lbs

Density of air at standard condition 
- 

D — ft1

Coli.~~ 1 - Det~~ainad from assigned pressure decrements.
Column 2 - Determined from actual experimental tests.
Column 3 - Determined from associated calibration curve c~ rotsmeter .
Column 4 Determined from relationsh ip SC? Density — lbsH ~~~~.
Co1~~~ 5 - Determined from formula Weight —

iT
Coltmn 6 - Determined from relationship A t — A P (.0561

- LbsImI.n.
• ~lh.re ~ P — Pressure decrement

— .056 —

-51- -
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( j

D. TEST RZQU]RENENTS F(* DEVEWPKENTAL NODELS

1. Test Specification (T8-70l)

(.) Tentative Test Specification , TS-70l, was proposed and
subsitted to the USA? Project Eng1” er. In addition to the requirements
set forth at that time, Paragraph 5.5 “Pulse Amplitude Test” was added.
(See paragraph E of Section II of this report for detail.)

(b) All tests on Phase II prototypes were conducted according
to the reçilrem.n ts set forth In this specification.

2. Test Program

(a) Specimen Number Tests

1 TS-701, paragraphs 3.1, 3.2 , 3.3, 5.3,
3.2 , 3.3, 5.2, 3.2, 3.3

2 and 3 TS-70l, paragraphs 3.1, 3.2 , 3.3, 4.2,
4.3, 3 .2, 3.3, 4.4, 3.2, 3 . 3, 4.5, 3.2,

3.3 ,. 4.6, 3.2, 3.3 , 4.8, 3.2 , 3.3 , 5.1,
3.2, 3.3, 5.5, 3.2, 3.3

— 
4 and 5 TS-70l, paragraphs 3.2, 3.3, 25 cycles

of 5.4, 3.2, 3.3, 75 cycles of 5.4, 3.2,
3.3 , 125 cycles of 5.4, 3.2 , 3.3 , 200 •

cycles of 5.4, 3.2 , 3.3 , 300 cycles of
5.4, 3.2, 3.3, 400 cycles of 5.4, 3.2 ,
3.3

(b) Specimen Number Description

1 Housing with Spira l Bourdon Internals

2 and 4 Spiral Bourdon Internals

3 and 5 Helical Bourdon Internals

Note on Specimen l~ - The acceleration equipment did not have suff icient
capacity to handle this relatively large mass , as it was designed for
evaluating the gauge only. The salt spray t~3ts could be performed but
sand and dust test equipment was not available at USG. As the salt spray
tests should be the last performed on the unit, USA? agreed that these
tests would be conducted at Wright Field.

-52-
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(
3. Environmental and Reliabil ity Test Equipment

Test Req.. TS-701 Descript ion of Equipment

Vibration Error, Pa re . 4.6 W Model ClOVE Vibration System

Mechanical Shock, Para . 4.8 Barry Drop Tester , Type 20 VI

Acceleration Test, Para.5.4 Built by USG for contract
AP33(657)l249l

(a) Accelera tion Mach ine - In order to apply the required
centrifugal acceleration of 3000 g’s, and ta ngential acceleration of 30 g’s
to th. specimens, it was necessary to design and build a machine capable of
producing these g forces. Centrifugal accelerations were obtained by ro-
tation and the tangential accelerations by angular deceleration of the
saehina and specimen (braking) . The machine used for these tests is des-
cribed below. -

(1) The braking mechanism in the machine is made from
a standard Chevro let clutch-fly wheel assembly . In àrder to reduce the
brak ing mass , the function of the clutch is reversed. The heavy fly ‘wheel
is mounted on a stationa ry upright member. The clutch plate disc is driven
by the shaft to which the specimen plate is mounted. The shaft is driven
by a variable speed (0-1800 rpm) electric motor from a 1O~ diameter pulley.
The shaft is equ ipped with a 3-step pulley with 3” , 3-3/4” , and 4” diameter.
steps . This gives the machine the capability of being rotated at an angu-
h r  velocity of up to approximately 6000 rpm. When the clutch is disengaged,
the shaft is allowed to rotate freely. Upon reaching the predetermined
speed, the clutch is engaged to reduce the angular velocity to zero within
the time required to achieve 50 g tangential deceleration.

(2) Machine Design Computations - A 6” radius for the
specimen was first selected as a convenient dimension, hence:

Let A.1 — tangential acceleration in ft/sec2

— radial acceleration in ft/sec2

— angular velocity in radians/sec

pt — engular acceleration in radians/sec2

t — time in seconds

(
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(

Given:

A1 — (50 g’s) (32.17 ft/sac2) — 1610 ft/s.c2

Ag — (3000 g’s)(32 .l7 ft/sec2) — 96,500 ft/s.c2

r — 0 . 5 ft . 
-

To find the angular velocity necessa ry to obtain a radia l acceleration of
3000 g’s

A g . w 2 r

Transpos ing (,~) —

—i~~6.500 f t  x 1 
-

U secZ 0.5 ft.

1.93 x l0~ radians

- 

- 

- 

sec2

Ui — 438 radians — 4180 rpm
sec.

To find the angular deceleration necessary to obtain a tangential
deceleration of 50 g’s

AT — r ~ .
- 

Transposing ~~~
. —

r

a— l 6 l O ft.  x 1
secZ 0.5 ft.

— 3220 radians
secz —

(\
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To f ind th. braking time necessary to obtain a tangentia l deceleration
of SO g’s

dt

dt — d

dt — 438 radians sec2
sec . 3220 radians

t — .141 seconds to change from

3220 radians t 0 radians0 
sec2

(3) Ra dia l acceleratio n was easily determined by
measurement of the rpm rate of the spec imen plate using a strobe light.
Tan gentia l acceleration was more difficult to measure. To verify whether
the machine would generate a 50 g tangentia l componant it was equipped
with a #2213 Endevco Accelerometer . This accelerometer ’s performance
was marginal at the low frequency (approximately I cpa) signa l generated
by the tangentia l acceler ations . This acceler ometer and other low fr e-
quency ac .I.rcmet.x . coum.rcially available all have cro satalk er r or a.
When a load of 3000 g’a is exerted transverse to the sensitive axis of
these transducers , the error at the output is so h igh as to render the
readi ngs unusable . It was decided to use the #2213 Endevco, together
with high speed motion pictures to dete rm ine whether a correlation be-
tween the values of accelera t ion obta ined by both means could be made.
The sensitive axis of the accelerometer was oriented in the direction of
the tangential acceleration. The accelerometer signal was comutated and
fed into a #26 14 Endavco Amp lifier. The output of the amplifier was re-
corded on a Hughes Aircraft Meet-Scope #104 thereby displaying the accel-
•ration pattern. -

(4) Test cycles were conducted by braking to zero
from speeds of 2500 and 3500 rpm. High speed film was ana lized by
noting. the change in position in degrees rotation of the specimen plate
for each two frames of film.

(5) Asswatng the t ime intervals between frame, to
be constant , the angular displacement for each two frames is pro por-
tional to the angular velocity. This velocity was plotted in Figures
20 and 21 which clearly show the constant velocity before braking and
the averag. deceleration as a line sloping down to the right. Avera ge
decelar at ions of 79.4 and 107.2 for initial speeds of 2500 rpm and
3500 rpm were noted.

(
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ASD-TJ*-65-l :Wsrck 6,1966

(6) Figure 22 shows the M~~~-Scope traces made
concurrent with the high speed film graphs.

(7) It can be seen from the M~~~-8cope films that
the acceleration magnitudes (readi ng. from start of trace ) are approxima tely
116 g’s for the 2300 rpm trace, and 113 g’a for the 3500 rpm trace.

(8) The following values of plituda on the Memo-
Scope traces were observed: 2.25 spaces for 2500 rpm run and 2 .73
spaces for the 3300 rpm run. The corresponding average deceleration
taken from the high speed f ilm plots La 79.4 g’s and 107 g sa.

- 

Therefore : 79.4 
— ~ g/space r~5 

39 g/space

Both these values are somewhat higher than the calibrated value of 33 g’s/
space for the accelerometer. Even assi ing the lowest value of 33 g’s/space,
the tangential decelerat ion is in excess of the required 50 g’a when braked
from any speed higher than 2300 rpm.

(9) The machine as checked out above, wa ~ot capable
of rotating at 4180 rpm (3000 g’s radial acceleration at 6” r~~ .-. 

~
). A

more powerful motor (1 HP, 6500 rpm) was purchased and asse~ b1 ?d tne
machine . With the new motor the machine was capable of ach i~’i~~g 3peeds
in excess of 5000 rpm (4300 g’a at 6” radius).

(10) The fina l form of the spiral and helical
designs dictated a new spec imen plate mount ing arrangement. - As a result
of this requirement the moment arm was changed from 6” to 5-9/16”, which
increases the rpm requirement to 4300 in order to achieve 3000 g’s radial
acceleration. This chang. in the moment arm reduced the appl ied tangent ial
deceleration by 7~. However, a 77~ reduction of even the lowest observed
value still assures that the machine will generate a tangential component
in excess of 50 g’s.

I. TEST RESULTS - Tables 2 thru 32 show the results obtained of
the testi ng performed in accordance with Paragraph II B • All test results
are satisfactory and in accordance with .15-701 except for the following.

1. Vibration Error (Units 2 and 3)

La) Spiral Bourdon (Unit 2) - After exposure to vibration
endurance, thi. unit was intact but showed excessive friction as shown in
Table 22. Th. pointer bearing was polished and Molykote appl ied to the
bushing. The gauge was then retested for vibration endurance . After
approximately 2/3 of the second vibration endurance test had elap.ed, a
fatigu. break was noted in the Bourdon tube. The gauge was tested for
friction and was satis factory . The conclusion was that no increase in
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(

fr iction would be caused by the endurance vibration exposure .

(b) Helical Bourdon (Unit 3) - During exposure to vi-
bration endurance , the Bourdon fractured causing a pressure leak. The
unit also indicated excessive fr iction. In analysing the unit, it was
determined that excessive length of Bourdon was allowed to remain be-
yond the take off wire, causing a concentrated flexing near the point
of take off. The excess material was removed and the unit resealed.
The bearings were also polished and Molykote added to reduce the
friction. The vibration endurance test was repeated. The unit passed
all of the requirements. Tables 23 and 26 show the scale error and
friction after the two vibration exposures.

2. Acceleration Test(Untts 4 and 5)

(a) Spiral Bourdon (Unit 4) - After exposure of 400
simulated takeoffs and landings, the unit functioned within the require-
ments.

(b) Helical Bourdon (Unit 5) - The initial scale error
(Table 13) indicates that the unit has excessive fr iction ; however ,
since the internals and the filter assembly were already sealed to the
housing it was decided to conduct acceleration without correcting the
friction. The decision to waive repair at that tine was in the interest
of expediting the program. It was felt that incorporating a finer bear-
ing finish and a lubricant (the need for which was evidenced on Units
2 and 3 after vibratiøn), would have no influence on the ability of the
units to withstand the high acceleration forces . The objective in con-
ducting the acceleration was to uncover any defect that would cause a
permanent shif t in scale calibration or a permanent deformation to the
unit. As shown in Tables 27 thru 32, the gauge calibration and function
was not affected by the acceleration forces. It is therefore concluded
that the helical Bourdon design is capable of passing this test.

F. ANALYSIS OF TEST RESULTS AND EVALUATION OF DES ICNS

1. The Phase II study and evaluation of prototypes has
demonstrated the feasibility of a permanently attached tire inflation
indicatior.

2. 
- Although difficulty with friction on both the spiral and

helical designs was encountered, it has been proven that by more precise
bearing finish control and lubrication, the units are capable of meeting
the required performance.

3. TIme did not allow a detailed study of the costs of the two
designs; howsvet, an analysis of the components and assemblies indicated
the helical design would be the more costly in a ratio of approx imately
5:4. (.
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ASD-T~t-65-l March 8, 1966

( ~~LIIRATION AIS PR~~T~OP DEl AT ROOM TEMPDATURE

TEST DATA (SPEC D~ N 1 T1~~U 5~

TEST 
____ ~IL~~&L #3

iomi Birax TAP ARID. TAP PR~~TI014 Uh (*Z TAP AflD TAP JIBCTIGN

0 -4 -6
23 -2 -l 1 -6 -4 2
30 -l +1 2 -5 -3 2
73 +2 +2 0 -4 -2 2

100 +4 +6 2 —3 —l 2
125 +4 +5 1 -l +1 2
150 +4 +5 1 -l +1 2
175 +4 +4 0 -l +1 2
200 +3 +4 1 -1 +1 2
225 +3 +4 1 0 -+ 1 1
250 +3 +4 1 +2 -+2 0
275 +4 +5 1 +2 +2 0
300 +4 +3 1 +2 +3 1
500 — — — — —300 +& +6 0 +4 ~~~+3 1
275 +3 +4 1 +4 +3 1
230 +5 +4 1 +3 +2 1
225 +5 +4 1 +2 +1 1

P 200 +4 +4 0 +3 +2 1
175 +5 +4 1 +1 +1 0
150 +5 +3 0 +2 +1 1
123 +4 ‘+4 0 +2 +1 1
100 +6 +5 1 0 -l 1
75 +3 +2 1 0 -3 .3
50 +2 +1 1 -2 -4 2
25 i +1 0 1 -2 -4 2
0 0 —1 1 —3 —5 2

C
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_ S

TEST gP~~~~ #1
UPCSZ TAP AP~~~ TAP ft~CTI0N

0 - . 
- 5

25 • - - -4 -4 0
30 — 1 —1 0
73 0 0 0
.100 +1 +1 0
123 0 0 0
130 +1 +1 0
173 —l —1 0
200 — 1 — 1 8
223 -2 -2 0
230 -2 . -2. 0
273 -2 -2 0
300 0 0 0
300 — — —
300 0 0 0
275 —1 — 1 8
230 —1 — 1 0
223 0 0 0
200 0 0 0
173 +1 +1 0
150 +2 +2 0
123 +2 +2 0
100 +2 +2 0
73 +1 +1 0
30 —1 -1 0
25 -3 -3 0
0 -4 -4 0
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TEST SPIRAL #4
POINT lUCRE TAP APTD TAP PlICTI~~ BUGlE TAP APTD TAP ~R BCTICN

0 0 +6
25 0 +1 1 +2 +5 3
50 +1 +1 0 +2 +5 3
75 +2 +2 0 +2 +5 3

H 100 +4 +4 0 +2 +6 2
125 +5 +5 0 +2 +4 2

H 150 +3 +3 0 +2 +3 1
173 +2 +3 1 — 1 +1 2
200 +1, +2 1 -2 -1 1
223 +1 +1. 0 -3 -2 1
230 0 +1 1 -4 -2 2
273 0 +1 1 —4 -3 1
300 +1 +2 1 —3 —4 1
500 — — — — — —
300 +4 +3 1 -1 -3 2
273 +4 +3 1 —1. —3 2
250 +4 +3 1 0 -2 2
225 +3 +3 0 +2 -1 3
200 +3 +3 0 +3 0 3
175 +4 +4 0 +3 +1 2
150 +4 +4 0 +6 +3 3
125 +6 +6 0 +8 +5 3
100 +6 +6 0 +10 +6 4
75 +5 +4 1 +10 +6 4
30 +3 +3 0 +11 +7 4
25 +4 +3 1 +13 +9 4
0 +2 +1 1 +15 +9 6
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~~~~~ 1l~~
TEST SP~~AL #2 HELICAL #3
____  

lUCRE TA? APTD TAP ftXCTIOI lUCRE TAP AFTER TAP FRICTION

O -4 -3
25 -4 -4 0 -4 -3 1
50 —2 -2 0 —3 -2 1

75 -2 -1 1 -3 0 3
100 —2 —l 1 —3 —3 0
123 -3 —3 0 -1 0 1
150 —4 —4 0 —2 — l 1
175 —7 —7 0 -3 —l 2
200 -10 -10 0 -3 -3 0
223 —10 -10 0 —4 - -2 2
250 -11 -10 1 -4 -2 2
275 -12 — 11 1 —5 -3 2
300 —12 —U 1. —5 —3 2
500 - — — — — — —
300 -12 -12 0 -4 -4 0
275 -12 —12 0 -3 -2 1
250 —10 —10 0 —1 —2 1
225 -10 -10 0 0 -1 1
200 -7 -6 1 0 0 0
175 -6 -6 0 +3 0 3
150 -6 -6 0 +2 0 2
125 -4 -5 1 +3 +1 2
100 -2 -2 0 +3 +1 2
73 -2 -2 0 0 -1 1
50 -3 -3 0 +1 0 1

25 -4 -4 0 +1 -1 2
0 0 -2 2 -1 —2 1

(
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CALIRRAT ION AND FRICTION DEl AT -65’p

• —.~~-‘-~ -I.~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

TEST DATA (SP!C U 2 e 3)

AT ROCK TDPDAT~~&

TEST HELICAL #3.
POINT BilGE UP AFTER TAP FRICTION BUGlE TAP AFTER TAP FRICTION

0 -4 -5
25 —4 -l 3 -6 —5 1
50. 0 +1 1 -3 -3 2
75 +2 +3 1 —3 — 1 2

100 +4 +4 0 -2 -1 1
125 +4 +4 0 0 +2 2
150 +4 +5 1 0 +1 1
175 +4 +4 0 0 +2 2
200 +4 +4 0 0 +1 1
225 +4 +4 0 -1 +1 2
250 +4 +4 0. 0 +2 2
273 +4 +4 0 . -1 +1 2
300 +5 +5 0 0 +2 2
500 — — — — — —
300 +6 +5 1 +3 +1 2
275 +4 +4 0 +2 +1 1
250 +4 +4 0 +4 +3 1
223 +4 +4 0 +3 +1 2
200 +4 +4 0 +4 +1 3
173 +4 +4 0 .14 +2 2
150 +5 +4 1 +5 +3 2
l2~~~ +5 +4 1 +4 +3 1
100 +4 +4 0 +4 +2 2
75 +3 +3 0 +3 0 3
50 +3 +2 1 — 1 -3 2
25 +2 -l 3 0 -2 2
0 0 -2 2 -2 -4 2

c
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TABLE 12-A

AT +16VP

TEST ~~~&1L . HE19 ~~~~~~~~ #3
PODIT BEIGE TAP AFIER TA? FRICTION lUCRE TAP AFTER TAP *wt~~~

0 +2
25 +2 +3 1. -3 -3 2
50 +3 +3 0 -3 0 3

.75 +6 +4 0 -2 +2 4
100 +5 +5 0 0 +2. .2
125 +5 +5 0 +2 +4 2
150 +5 +3 0 +2 +4 2
175 +5 +5 0 +3 +4 1
200 +5 +5 0 +2 +4 2
22.5 +3 +3 0 +1 +3 2
230 +5 +6 1 +4 +5 1
275 +6 +6 0 +4 +5 1
300 +6 +8 2 +5 +5 0
300 — — — — — —
300 +12 +10 2 +7 +7 

- 
0

275 +11 +9 2 +7 +5 . 2
250 +9 +8 1 +8 +6 2
223 +7 +7 0 +7 +5- 2
200 +7 +7 0 +7 +5 2
1.7.5 +8 +8 0 +8 +5 3
150 +9 +8 1 +8 +5 3
125 +8 +8 0 +7 +4 3
100 +9 +9 0 +6 +4 2
75 +9 +9 0 +5 +3 2
50 +8 +8 0 +2 0 2
25 +5 +5 0 0 -2 2
0 +5 +4 1 -2 -4 - 2

( 1
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(. TABLE 12-1 .

TEST SPIRAL #2 HELICAL #3
POINT lUCRE TAP AFTER TAP FRIC TION UPCU TAP AFTER TAP FRICTION

0 +2 03
25 +2 +3 1, -3 -3 2
50 +3 +3 0 -3 0 3
73 +4 +4 0 -2 +2 4

100 +5 +5 0 0 +2 2
125 +5 +5 0 +2 +4 2
130 +5 +5 0 +2 +4 2
175 +5 +5 0 +3 +4 1
200 +5 +5 0 +2 +4 2
225 +5 +5 0 +1 +3 2
230 +5 +6 1 +4 +3 1
275 +6 +6 0 +4 +5 1
300 +6 +8 2 +5 +5 0
500 — — — — — —
300 +12 +10 2 +7 +7 0
275 +11 +9 2 +7 +5 2
2,50 +9 +8 1 +8 +6 2
225 +7 +7 0 +7 +5 2
200 +7 +7 0 +7 +5 2
175 +8 +8 0 +8 +5 3
150 +9 +8 1 +8 +5 3 H
125 +8 +8 0 +7 +4 3 H
100 +9 +9 0 +6 +4 2
75 +9 +9 0 +5 +3 2
50 +8 +8 0 +2 0 2
25 +5 +5 0 0 - 2 -  2
0 +5 +4 1 -2 -4 2
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TABLE 13 (

POSITION ERROR AND OVERPEESSURE TEST DATA

(SPECIMEN 2 & 3)

SPIRAL #2 HELICAL #3
TEST POSITION POSITION
POINT NORMAL 90 CW l8O~cW 270°CV NORMAL NORMAL 90 CW 180’cw 270’CW NORMAL

150 +6 +7 +7 +6 +7 -3 -2 -3 -4 -3

OVERPRESSURE TEST

SCALE ERROR AND FRICTION ERROR AFTER 500 PS! PG TEN MDII~ES.

TES? SPIRAL #2 - 

HELICAL #3
POINT BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION

0 +4 -4
25 +4 +3 1 -4 -2 2
50 +6 +6 0 -4 -2 2
75 +3 +3 0 -3 0 3
100 +7 +7 0 -2 +1 .3
125 +5 +6 1 -1 +1 2
150 +7 +7 0 -2 +1 .3
175 +5 +5 . 0 0 +1 1
200 +5 +6 1 -2 0 2
225 +4 +4 0 0 +2 2
250 +5 +3 0 +2 +3 .1
275 +4 +5 1 +1 +3 2 

-

300 +4 +4 0 +2 +3 1
500 - - - - - -
300 +7 +5 2 +5 +3 2
275 +8 +7 1 +4 +3 1
250 +7 +6 1 +5 +3 2
225 +5 +4 1 +4 +2 2
200 +5 +5 0 +6 43 3
175 +5 +5 0 +6 +3 .3
150 +6 +6 0 +7 +4 3
125 +6 +5 1 - . +6 +3 3
100 +8 +7 1 +8 +4 4
75 +9 +6 3 +6 +6 2
50 +7 +5 2 +6 +2 4
25 +5 +5 0 +4 +1 3
0 +5 +5 0 0 -2 2
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( TABLE 14

ç~LThRATION AND FRICTION ERROR AFIRE HIGH ~~~~~~~ EXPOSURE TEST DATA

(SP*CD I E N 2 & 3 )  -

TEST U &_t! HELICAL #3
POD~I lUCRE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRiCTION

0 -2 —4
25 —2 —2 0 -7 —4 3
30 +0 0 0 -5 -4 1

F 75 +4 +4 0 -1 0 .1
100 +4 +4 0 -2 .1 1
125 +5 +3 0 +1 +2 .1
150 +5 +5 0 0 -2 2
.175 +4 +5 1 0 +1 .1

200 +3 +3 2 -2 +1 3
223 +2 +4 2 -1 +1 2
250 +3 +5 2 0 +2 2
275 +2 +3 3 0 +1 1
300 +3 +5 2 0 +2 2
500 — — — —
300 +7 +5 2 +4 +3 1
275 +9 +5 4 +6 +4 2
250 +6 +5 1 +6 +4 2
225 +6 +4 0 +2 0 2
200 +5 +5 0 +6 +4 2
175 +6 +5 1 +6 +4 2
150 +5 +5 0 • +7 +5 2
123 +5 +5 0 +8 +5 3
100 +6 +5 1 +6 +5 1
75 +8 +6 2 +6 +4 2
50 +6 +5 1 +6 +4 2
25 +4 +4 0 +7 +4 3
0 +4 +1 3 +6 +2 4

-
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(
~~~~

CALIRRATION AND fl]ETI9N ERROR AFTER MECHANICAL SHOC& TEST DATA

ISPECIMEN 2

TEST - 
HELICAL #3

POINT BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION

0 +2 -3
25 +2 +2 0 -4 -3 1
53 +2 +2 0 -3 -2 1
75 +3 +3 0 -2 0 2

100 +3 +3 0 -2 -1 1
125 +3 +4 1 -3 -Z 2
150 +4 +5 1 -3 -1 2
175 +4 +5 1 -4 -3 1
200 +4 +3 1 -4 -2 2
225 +4 +4 0 -3 -1 2 ,
250 +3 +4 1 -2 0 -2
275 +4 +5 1 -1 +1 .2
330 +5 +7 2 +2 +3 1
500 - - - - - -
300 +8 +8 0 +5 +4 1
275 +5 +5 0 +4 +3 1
250 +3 +4 1 +3 +2 1
225 +5 +5 0 +3 +1 2
200 +6 +5 1 +3 +1 2
175 +6 +3 1 -1 -2 1
130 +8 +6 2 +3 0 3
125 +8 +5 3 +2 0 2
100 +8 +6 2 +2 -1 3
73 +5 +4 1 +2 0 2
50 +5 +4 1 0 -1 1.

• 25 +3 +3 0 -l —2 1
0 +3 +3 0 -1 -2 1
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TABLE j I  -
•

CALIBRATION AND FRICTION ERROR AFTER PULSE AMPLITUDE TEST DATA

(SPECD~NS 2 & 3~

TEST . SPIRAL #2 HELICAL #3
POINI BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION

0 +2 -4
25 +2 +2 0 -4 -2 2
50 +2 +2 0 -4 -2 2

75 +2 +3 1 —3 —2 1
100 +3 +4 1 —3 —2 1
125 +4 +5 1 -2 -2 0
150 +4 +5 1 -3 -2 1.
175 +3 +3 0 -3 -2 1-
200 +4 +4 0 -3 -2 1
225 +4 +4 0 -4 -2 2
250 +3 +3 0 -2 0 2
275 +3 +3 0 -2 0 2
300 +4 +5 1 +2 +2 0
300 — - —— — —— • —

300 +7 +6 1 +5 +4 1
275 +6 +5 1 +4 +2 2
230 +5 +5 0 +4 +2 2
225 +6 +4 0 +2 0 2
200 +4 44 0 +1 -1 2
175 +5 +4 1 +1 -2 3
150 +6 +4 2 +1 -2 3
125 +6 +5 1 +2 -1 3
100 +6 +6 0 +1 -2 3
75 +5 +4 1 +1 —1 2
50 +6 +4 2 0 -2 2
25 +4 +3 1 —1 —2 1
0 +3 +2 1 -2 —3 1

-7 1-
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TABLE 17 
(

CALIBRATION AND FRICTION ERROR AFTER VZ ATiCN ENMMMCE TEST DATA

(SP!Cfl~ N 2 & 3)

flbrat ion chsduls
Gauge Face Vertical

Resonance 180 cpa, lSg
Vibrated 1/2 hour at resonance, 2-1/2 hours cycling

Gauge Face Horizontal - Normal Readout Position
Resonance 115 cpa, 15g
Vibrated 1/2 hour at resona nce, 2-1/2 hours cycling

Gauge Face Horizontal - 90’ from Normal Readout Position
Resonance 110 cpa, 15 g
Vibrated 1/2 - hour at resonance, 2-1/2 hours cycling

BOON SCALE ERROR & FRICTION ERROR AFTER VIBRATION

TEST SPiRAL #2
POINT BEIGE TAP AFTER TAP FRICTION

O +2
25 +2 +4 2
50 +2 +5 3
73 +3 +5 2

100 0 +6 6
125 0 +6 6
150 -1 +5 6
175 +3 +4 1
200 +2 +4 2
225 -2 +3 5
250. -4 +3 7
275 -2 +3 5
300 .2 +3 7
500 — — —— —300 +20 +7 13
275 +12 +6 6
250 +8 +5 3
225 +6 +4 2
200 +10 +5 5
175 +11 +5 6
150 +20 +7 13
125 +20 +6 14
100 +20 +6 14
75 +20 +6 14
50 +16 +6 10

• 25 
- 

+10 +5 5
0 +7 +3 4
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( . TABLE 17-A

Vibrat ion Schedu le

Gauge Face Hor izontal - Normal Readout Position
Resonance 490 cpa, lSg
Vibrated 1/2 hour at resonance, 2-1/2 hours cycling

Gauge Face Horizontal - 90 From Normal Readout Position
Resonance 325 cpa, .lSg and 490 cpa , lSg• Vibrated 1/2 hour at each resonance, 2 hours cycling

Gaug. Face Vertical
Resonance 300 cpa, lSg
Vibrated 1/2 hour at resonance, 2-1/2 hours cycling

R~~~~~N SCALE ERROR & FRICTION ERROR AFTER VIBRATION

No tests conducted du. to leak in Bourdoa tub..
See paragraph IV D for *zplanat ion.
See Figure for vibratioâ error resu lts after
repair and rerun vibration.
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TABLE 18 (

CALIBRATION AND FRICTION BEER AFTER RZPA]Z OF VIBRATION FAILURE TEST DATA

(SPEC flI!N3 2& 3)

TEST Sp~~AL +2 HKLICAL #3
POD~ BEFORE TAP AFTER TAP FRICTION BEFORK TAP_ AFTER TAP FRICTION

0 +3 -3
25 +4 +4 0 -3 -2 1
50 +6 +5 1 -3 -1 2
75 +4 +5 1. -2 -1 1

100 +5 +7 2 -3 -l 2
125 +4 +6 2 -2 -l 1
150 +4 +5 1 -3 -1 2
175 +4 +4 0 —2 —l • 1
200 +3 +4 1 -2 0 2
225 +3 +4 1 -2 +1 3
250 +3 +4 1 -l +2 3
275 +4 +4 0 -l +2 • 3
300 +4 +4 0 +2 +5 3
300 a n a

- - 300 +5 +5 0 +8 +6 2
275 +5 4~5 0 +4 +3 . 1
250 +5 +5 0 +3 +3 2
225 +5 +4 1 +4 +2 2
200 +6 +5 1 +3 +2 1
175 +6 +5 1 +3 +1 2
150 +7 +6 1 +2 +1 1
125 +8 +7 1 +3 +1 2
100 +8 +8 0 +2 0 2
75 +7 +6 1 +2 0 2
50 +7 - +6 1 +1 -1 2
25 +3 +4 1 0 -2 2

H 0 +4 +3 1 -1 -2 1
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~~LThRAT ZION AND FRICTION ERROR AFTER VIBRATION ENDURAICE TEST DATA

(SPICD~ NS 2 & 3)

V~~rat ion Scheduls

Gauge Face Horizontal - Normal Readout position
Resonance 105 cpa, 15g
Vibrated 1/2 hour at resonance , 2-1/2 hours cycling

Gauge face Horizontal - 90’ From Normal Readout Position
Resonance 98 cpa, lSg
Vibrated 1/2 hour at resonance, 2-1/2 hours cycling

Gauge Face Vertical 
- •

Resonance
Vibrated

1~~N SCALE m~n AND FRICTION ERROR AFTER VIBRATION

Due to lsak in lourdon tubs, scale error could not be
conducted. Sufficient friction analysis was conducted
to prove friction error within r.quiram.nta.

—75-
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~~~~~~~A 
(.

. -

VIBRATION SC~~~ULE 
•

Cause Face Horizontal - Normal geadout Position
Resonance - 380 CPS, 15g
Vibrated - 1/2 hour at resonance , 2-1/2 hours at cycling

Gauge Face Horizontal - 90’ from Normal Readout Position
Resonance - 340 c~S, 13g
Vibrated - J./2 hour at resonances 2-1/2 hours cycling

Gauge. Face Vertical 
-

Resonance - 270 CPS, lSg
Vibrated - 1/2 hour at resonance, 2-1/2 hours cycling

ROOM SCALE ERROR & FRIC TION ER~0R AFTER VIBRATION
- 

TEST HELICAL # 3
POINT BEFORE TAP AFTER TAP FRICTION

0 +4
25 +2 +5 3
30 +3 +5 2
75 +3 26 3
100 +2 +5 3
125 +3 +6 3
150 +3 +5 2
175 +3 +5 2
200 +3 +4 1
223 +2 +4 2
250 +4 

- 

+4 0
275 +4 - .+6 2
300 +6 +7 1
500 — — — —300 +9 +8 1
275 +9 +8 1
250 +8 +6 2
225 +8 +7 1
200 +8 +6 2 

—

173 +7 +6 1
150 +8 +6 2
125 +9 +7 2
100 +9 +7 2
75 +8 +6 2
50 +7 +6 1
25 +7 +5 2 

•

0 +7 +5 2

(
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TABLE 20

~~AL~~~ATZION AND FR ICTION ERROR AFTER ACCELD~~TION E)WIMANCE TEST DATA

(SPSC~~~~ 4 and 3)

TEST SPIRAL #4
POINT BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION

0 +2 +9
25 +2 +3 1 +2 +7 3

• 50 +2 +2 0 +2 +6 4
• 75 +3 +4 1 +2 +5 3

100 +4 +4 0 +4 +5 1
123 +5 +5 0 +3 +4 1
150 +3 +4 1 +2 +3 1
173 +2 +3 1 —1 0 1
200 +1 +2 1 -3 -l 2
225 +2 +2 0 -3 -2 1.
230 +1 +2 1 -4 —3 1
273 +2 +2 0 -4 -3 1
300 +2 +3 1 -5 -4 1

• 300 —— —— — —— —— —300 +5 +3 2 -l -3 2
275 +4 +4 0 -l -3 2
250 +4 +3 1 0 -2 2
223 +4 +4 0 -2 -2 - - 0
200 +4 +4 0 +1 -1 2
175 +5 +5 0 +2 +1 - 1
130 +5 +5 0 +5 +3 2
123 +6 +6 0 +7 .è3 2
100 +6 +6 0 +8 +6 2
73 +6 +5 1 +9 +7 2
30 +9 +4 0 +11 +8 .3
25 +3 +3 0 +13 +8 3
0 +4 +4 0 +17 +10 7

(
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TABLE ZO-A (

AFTER 75 CYCLES

TEST SPIRAL #4 HELICAL #5
POINT BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION

• 

•

~ 0 +3 
. 

+10
25 +1 +2 1 +1 +8 7
50 +2 +2 0 +2 +7 5
73 +3 . +4 1 +2 +7 5
100 +4 +5 1 +2 +5 3
125 +4 +5 1 +2 +4 2
150 +4 +4 0 +1. +3 2
175 +3 +4 1 0 +2 2.
200 +2 +2. 0 -3 -1 2
223 +1 +1 0 —4 -3 1
250 0 +0 0 -4 -.3 1
275 0 +0 0 -5 -4 1
300 +1 +2 1 -4 -4 0
300 —— —— — —— ——300 +4 +3 1 -2 —3 1
275 +4 +4 0 -2 -4 2
230 +4 +3 1 -1 -2 1
225 +4 +3 1 -l -2 1
200 +4 +4 0 +2 -1 3
175 +4 +4 0 +3 +1 2
150 +6 +6 0 +4 . +2 2
125 +6 +6 0 +6 +4 2
100 +7 +6 1 +9 +6 3

$ 75 +6 +5 1 +9 +7 2
30 +5 +4 1 +11 +7 4
25 +4 +3 1 +13 +9 4
0 +3 +3 0 +17 +10 7

(
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( TABLE 20-B

AFTER 125 CYCLES

TEST SPIRAL #4 HELICAL #5
ponrr BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION

O +2 +9
25 0 +2 2 +2 +7 5
50 +1 +2 1 • +3 +6 3

75 +3 +4 1 +3 +6 3
100 +3 +4 1 +3 +5 2
125 +4 +5 1 +2 +3 1
150 +3 +4 1 +1 +2 1
175 +3 +3 0 -1 +1 2
200 +2 +2 0 -2 -l 1
225 -1 - +0 1 -3 -2 1
250 0 0 . 0 -3 -2 1
275 0 +1 1 -5 -3 2
300 +2 +2 0 -5 -4 1
500 — — —— — —— ,• —— —300 +3 +3 0 -2 -.3 1
275 +4 +3 1 -2 -3 1
230 +3 +3 0 -1 -2 1
~~~25 +3 +3 0 -1 -2 1
200 +4 +4 0 +1 -2 3
175 +5 +5 0 +2 +1 1
150 +6 +6 0 +4 +3 1
123 +6 +6 0 +7 +4 3
100 +6 +5 1 +8 +6 2
75 +6 +5 1 +8 +7 1
30 +4 +4 0 +10 +7 3
25 +3 +3 0 +13 +8 5
0 +3 +2 1 +13 +10 5

C.,
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TEST SPIRAL #4 HELICAL # 5
POINT BEFORE TAP 

- 
AFTER TAP FRICTION — 

BEFORE TAP AFTER TAP FRICTION • -

0 +1 . • 
- +9

• 25 +2 +2 0 - +2 +7 5
50 +2 +3 1 +3 +6 3
75 +3 +3 0 +3 +5 2
100 +4 +5 1 +3 +4 1
125 +4 +5 1 +2 +3 1
150 +4 +4 0 +2 +3 1

— 

175 +4 +4 0 -1 +1 2
200 +3 +3 0 -l +1 2
225 +2 +2 0 -3 -2 1
250 +2 +3 1 -1 -2 1
275 +2 +2 0 -3 -2 1
300 +2 +2 0 -4 -3 1
500 —— — — — —— ——300 +4 +3 1 -1 -2 3.
275 +4 +4 0 -1 -l 0
250 +4 +4 0 +0 -2 2
225 +4 +4 0 +2 -1. 3

H 200 +4 +4 0 +3 1 2
175 +6 +5 1 +4 2 2
150 *7 +6 1 +7 -5 2
125 +6 +6 0 +5 4 1
100 +7 +6 1 +9 6 3
75 +6 +5 1 +9 7 2
50 +4 +4 0 +10 7 3
25 +4 +3 1 +13 8 5
0 +2 +2 0 +16 10 6

. 

.
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AFTER 300 CYCLES

TEST SPIRAL #4 HELICAL #5
POINT BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION

0 +1 
• 

+9
25 +1 +2 1 +3 +8 5
50 +2 +2 0 +3 +7 4
75 +2 +3 1 +3 +6 3
100 +3 +4 1 +3 +5 2
125 +4 +5 1 +3 - +6 3
150 +3 +4 1 +2 +4 2
175 +4 +4 0 +1 +2 1
200 +2 +3 1 -2 • -1 1
225 +1 +2 1 —3 -2 1
250 +1 +1 0 -3 -2 1
275 +2 +2 0 -3 -2 1
300 +2 +2 0 -3 -2 1
500 —— —— — — — —300 +4 ‘ +3 1 -1 -2 1
275 +4 +4 0 0 -1 1
250 +3 +3 0 0 -l 1
225 +4 +3 1 0 -2 2
200 +4 +4 0 +3. -3. 2
175 +6 +6 0 +3 +2 1
150 +6 +6 0 +4 +4 0
125 +7 +7 0 +6 +5 1
100 +6 +6 0 +8 +6 2
75 +5 +4 1 +9 +7 2
50 +4 +3 1 +11 +7 4
25 +3 +3 0 +13 +8 5
0 +3 +2 1 +16 +10 6

(
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TABLE 20-H (
AFTER 400 CYCLES

TEST SFR LAL #4 HELICALjL
POiNT BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TA~ - FRICTION

O +2 +8
25 +2 +2 0 +2 +7 5
50 +2 +2 0 +2 +5 3
75 +3 +3 0 +2 +4 2
100 +3 +4 1 +2 +4 2
125 +4 +4 1 +2 +3 1
150 +3 +4 0 +1 +2 1.
175 +3 +3 0 -2 0 2
200 +3 +4 1 -3 —2 1
225 +2 +2 0 -3 —2 1
250 +1 +2 1 -3 -2 1
275 +2 +2 0 -5 —4 1
300 +2 +2 0 -5 -4 1
500 — —— ——300 +5 +4 1 -2 -3 1
275 +4 +4 0 -2 -3 1
230 +4 +4 0 -1 -2 1
225 +4 +3 1 -1 -2 1
203 +5 +5 0 +1 —1. 2
175 +5 +4 1 +2 0 2
150 +6 +5 1 +4 +2 2
123 +6 +5 1 +5 +3 2
100 +6 +5 1 +7 +5 2
75 +5 +4 1 +8 +6 2
50 +4 +3 1 +8 +6 2
25 +4 +3 1 +11 +8 3
0 +3 +3 0 +16 +10 6

C
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III. PH*U III - IWJCT~~P CI SW~CE TEST )~)DELS

A. j~~~~~~AT - At the completion of the Phase II,evaluation of the
test rssults by the USA? Project Engineer resulted in the selectioa of
the spiral lourdon design shown on layout drawing cS~-9426-I, Figure 18.
At this tins, a decision was wads to use the ceramic filter type fail
safe ~•pj~a described in paragraph tI.C.4.b of this report. However,
it was also decided to provide for the incorporation of the fa il cafe
valving described in paragraph II c.4.a in the event it night be de-
sired at s~~~ ‘ater da te . This portion of the development program
was directed toward the fabrication of 25 Tire Inflat ion Indicator
Systems ; 20 to be field tested by the USA? at Wri ght-Patterson Aix
Force 3as.; and 5 to be reliability tested by the contractor . This
phase was also concerned with providing detailed drawings of the cc.-
ponenta and assemblies for competitive procur~~~nt.

3. Pth•1 DesignI Description and Discussions - The detail drawings
of components and assemblies contained in this report describe the
f inal design selected by and submitted to the USA? for field evaluation .
The component and assembly drawings include all modif ications in the
design which resulted from the Phase II model building and testing .

Phase II Accelerat ion Testing indicated the need for an Improvement
in the crystal to case seal. The lens gasket was dislodged from its
seat and thrown over the dial face. Dur ing the Phase [II model build-
ing, several methods of sealing were investigated. It was determined
that “Loctité Plastic Gasket” appl ied to the case lip prior to assembly
of the crystal and bezel would provide a waterproof seal when Imeer sed
in one foot of water . Addit ional tests ware conducted to deter mine
the pressure at which the seal would fail in the event of a Bourdon tube
leak and cas. pressure buildup . It was found that the joint could seal
pressures In excess of the fracture point of the glass (200 psi) . An
additional difficulty with the sealed case was that a small Bourdon leak
would cause a low, erroneous pressure reading since the Bourdon would
be sensing a differential pressure between the t ire and internal case
pressure . Furthermore, the fracture of the glass could be hazardous
for an operator who night be viewing the gauge at the instant of glass
failure. In order to rectify this , a sau l hole was incorporated in.
the back of the case and was then sealed with teflon tape . Tests proved
that the gauge was still waterproof when ismersed in one foot of water,
but relieved the case pressure at 10- 12 psi providing a sealed , but fail
safe case design.

C. Test Re~u1ts - Scale Error and Friction Error Tests were con-
duc ted on serial numbered unit e 1 thru 21, in accordance with para-
graphs 3.2 and 3.3 of Test Spec if ication TS-70l. The results of these
tests are shown in Tables 21 th ru 27.

(
~I
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(~~1
Scale error , friction error , and reliabili ty tests were conducted
on seria l numbered units 22 thru 26 in accordance with paragraphs
3.2 , 3.3 and 5.4 of Test Specification TS-70l . The results of
these testi are shown In Tables 28 thr u 32.

The contract requ ires a Mean Time Between Failure of 172 cycles with
a confidence factor of 0.9 (a cycle being one simulated takeoff and
landing) . Accord ing to Bazovski ’s “Reliability Theory and Practice ”
the total test tine shall be 400 cycles, or 80 cycles on each of
f ive specimens. In order to better determine the reliability of
the gauge under severe cond itions of acceleration , it was planned
to perform up to 400 cycles on each of the five gauges . As indi-
cated in Table 31, serial number 25 failed at 275 cycles . Also,
in order to balance the acceleration machine while testing serial
number 26, serial number 22 was run for an additional 400 cycles.

I ! Following is an analysis of the foregoing tests :

Total number of cycles for all units of 2,275.

Therefore, since

— Total test t ins or cycles for all equipesents
Z.3

Wher e 2.3 is obtained from based on the constant for
the Poisson/chi squared distribution assuming an exponential
(2 degre. freedom) distribution .

2275
)ffIF — 2.3 — 988 .

Therefore )frBj~ 988 cycles with a confidence factor of
0.90

(2275) (21
Assuming M~BF - 172 cycles 172 — Poissonlclti

4550
Poigson/chi — 172 — 26.4

From Poisson/cM. tables for 2 degrees of freedom

Confidence 1eve~~> .9999999 that gauge has a

— 172 cycles

C-.
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ZV. CCNCLI~ IOSS A~~ UC~ I~ VD*T~~~

~~~~Co~~~~~ia.s - The foregoing study, the preparation and
test ing of two designs and the production and test ing df 26
service test models has demonstrated the feasib ility of a per-
manently attached tire Inflation indicator. Sal ability testing
(simulated aircraft takeoff and landing) on five of the 26 field
test models has demanstrated the abil ity of the press ur e indi-
cator to withstand the severe shock and acceleration encountered
by aircraft vh.els. They further revealed that the indicators
have a n’3p of 172 cycLes with a confidence level of .9999999
during their servic, life . Or another way of stating it, La a
~~gp of 985 cycles with a confidenc e factor of .9.

During the Pb~se II work effort, two fail safe devices were de-
• vsloped to assure against tire failure should a gauge leak occur.

(For detaile d description , see pan . II 4 of this report) Tb.
USA? Proj ect Engineer selected one of these , the filter r~stnictica,
for inclusion in the Phase III Field Test $odels, He also required
the gauge housing to provide the valve type fail safe device.
Production of the 25 field test models d oastrated that a porous
restriction could be incorporated with normal production methods
with no impairment to the pressur. response of the gauge.

B. Reconssndations - In view of the f indings as presented
is thi, report , the following is reco snded:

(1) The Test Specification TS-701 be adopted as the
test requirement for all future procurement except as follows ~

a. The scale error tolerance after enviroumsntal
and reliability testing, para graph 3.2 , be changed to *5~ for
all test points .

b. The scale error tolerance at high and low
t~~~erature, parag raph 4.3 and 4.4~ be changed to t7Z for all
test points .

(2) Eliminate the posh to test provision and use only
the porous restriction feature for fail safety.

(3) Separate the filling valve from the gauge hous ing.
The filling valve can be attached to the wheel as a separate valve
assembly, 180” from the gauge permitting it to act as a counter-

—85-
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H (
weight and elb4~~tthg the complex machining of the valve seat
in the housing (or wheel r im - see item 4). An addit ional
benefit of this arrangement would be the fact that th. filling
hose and .penstor b ‘~.nd would not obscure the gauge during
tilling.

(4) The gauge housing be made an integral part of
the aircraft wheel ell—in-.ting the need for separate mounting
and sealing means and reducing total wheel weight.

k L
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CALUUTI~~ *10 PIICTICN UI~~ AT 1CC(~ ~~ UUATWZ TEST DAT*

WI*L p’~~~~~ 1 mu 3 -

S~~7AL 10. I 
_____ 

ppI*1, ~o. 3
TEST W~~Z A~~~~ W~~E AflU 111CM A?~~~
~om~ m~ i’_.~ ’rws ur ft ~~TWI m? TAP •

0 +3 -3 +5
23 +2 +3 1 -3 .4 1 +5 +3 0
30 +3 +4 1 -6 .4 2 +4 +4 0
75 +3 +4 1 -7 —6 1 +3 +3 0

100 +3 +3 0 -3 .4 1 +1 +1 0
123 +2 +2 0 -6 -4 2 .2 -1 0
130 +1 +2 1 -7 —3 2 .3 -3 0
173 +2 +3 1 -b -7 1 -3 -3 0
200 -1 -1 0 -8 —7 1 .5 - 5 .  0
225 -2 -2 0 -7 -7 0 -5 -3 0
230 —3 —3 0 -7 —7 - -4 -4 0
275 —4 -4 0 -3 -5 0 .3 -2 1
300 -6 -5 1 -4 -4 0 0 0 0
275 -2 -3 1 -5 -s 0 -3 -3 0
250 -3 -3 0 -6 -6 0 -3 -4 1
225 -2 —3 1 . ~ -6 -6 0 -4 -4 0
200 -1 -l 0 -5 -6 1 —5 -5 0
175 +1 0 1 -5 —6 1 —3 —3 0
150 +2 +1 1 -3 -4 1 -2 -2 0
125 +2 +1 1 —3 -4 1 .1 —l 0
100 +3 +3 1 -2 -3 1 +2 +1 1
75 +2 +1 1 -3 -.4 1 +3 +3 0
50 +4 +3 1 -2 -3 1 +4 .1.4 0
25 +3 +4 1 -3 -3 0 +5 +5 0
0 +6 +5 1 -3 -3 0 +5 +3 0

H
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(

C&LIRAflCN *10 PS1CTIC~ DES AT 50GW TDPE*ATU&E TEST DATA

SDIAL IIIRDI 4 , 5  £10 6

SDIAL 10. 5 SDIAL 10. 6
TEST UPGWE ~~~~~ $~~~U. Apm UFCIE AflD
PQ~~! TAP UP ftETtOW 

- 
TAP TAP *3CT~~1 TAP TAP FP.1ICTIO~ .

O -6 0 -4
23 -3 -S 0 0 0 0 -4 -4 0
50 -6 -6 0 0 0 0 -3 -3 0
75 -3 -3 0 0 +1 1 —3 -4 1

100 -4 -3 1 -l 0 1 -3 -3 0
123 -4 -4 0 -l 0 1 -4 -3 1
130 -3 -5 0 -3 -2 1 -3 -3 0
175 -3 -3 0 -4 -3 1 -4 -4 0
200 -6 -6 0 -7 -6 1 -3 —3 0
225 .5 -s 0 -8 -7 1 -3 -5 0
230 -6 -6 0 -10 -9 1 -4 -4 0
273 -5 -s 0 -6 -6 0 -4 -4 0
300 -3 -3 0 -6 -6 0 -3 -3 0
275 -s -s 0 -5 -6 1 -3 -3 0
250 -S -6 1 -6 -8 2 -3 -4 1
225 -3 -s 0 -5 -6 1. -4 —5 1
200 -6 -6 0 0 -2 2 -4 -4 0
173 -3 —s 0 -2 —2 0 -3 -3 0
130 -4 -4 0 0 -2 2 -3 -3 0
123 —3 -4 1 -1 -2 1 -2 —2 0
100 -2 -3 1 +2 0 2 0 0 0
73 —5 -3 0 +2 +1 1 -2 -2 0 -

30 -4 -5 1 0 0 0 0 -2 2
23 -3 -s 0 0 0 0 -3 -4 1
0 -5 -6 1 0 0 0 -3 -4 1
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CALU&AT ION £10 IIICTWN DES AT SOCK 1 T ~~1 TEST DATA

snw. *5 fl5 7. 8 ê 9

SDTAL~~8 SD~~L#9
TEST WONE ~~~~* was 111CM AFrR
~~~~ TAP TAP ISICTION TAP T~P P1~~TW1 TAP TAP ft ~~TION

0 +2 -3 0 
-

- 23 +3 +3 0 -4 -4 0 -2 0 2
‘- 30 +2 +3 1 -s -s 0 0 +1 1

73 +2 +2 0 -5 -5 0 +1 +2 1
100 +1 +2 1 -6 -5 1 +2 +2 0
123 +2 +3 1 -S -5 0 0 +1 1
130 +1 +2 1 -6 -5 1 0 +2 2
173 +1 +2 1 -6 -5 1 -2 0 2
200 -l +1 + - -6 -S 1 -3 0 3
223 -2 0 2 -5 -5 0 -5 0 5
230 0 +1 1 -5 -5 0 -l +1 2
275 +1 +2 1 -5 -5 0 0 +2 2

• 300 +3 +4 1 -6 -5 1 +2 +3 1
275 +4 +3 1 -2, -4 2 +5 +3 2
~3O +3 +2 1 -3 -4 1 +5 +2 3

•~~23 +3 +2 1 -4 -5 1 0 -3 3
200 +4 +3 1 -3 -4 1 +4 +1 3
‘173 +4 +3 1 -3 -4 1 +4 , +2 2

• 130 +6 +3 3 -3 -4 1 +4 +2 2
123 +5 +4 1 -4 -5 1 +5 +2 3
100 +6 +3 3 - 3  -4 1 +3 +2 1
73 +5 +4 1 -5 -s 0 +4 +2 2
30 +5 +4 1 -4 -5 1 +3 +1 1
23 +5 +4 1 -4 -5 1 +2 0 2

+3 +2 3 —2 -3 1 0 —l 1

(
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(
~ALU1ATZON £10 * lOTION DECS AT LOCK T~ IPUAT1IZ TEST DATA -

S ZAL_ M~~Uf 10 11 & 12

_____  ~~~IAL #10 SDIAL #11 5*1*1 #12
TEST IRPONE AITU .  151(1* APTEL 151(11 £F~~P0~~T TAP — TAP ISlOTICK TAP TAP PSICTWN TAP TAP PIlOTLON

0 0 —2 -2
23 -2 0 2 -3 -3 0 -2 -l 1
50 0 0 0 -2 -2 0 -l 0 1
75 0 0 0 -3 -3 0 -2 -l 1 -

100 +1 +1 0 -3 -3 0 -1 +1 2
125 0 0 0 -4 -3 1 -1 -1 0
150 0 +1 1 -4 -4 0 -2 -2 0
175 -2 -1 1 -7 -7 0 -4 -4 0
200 -3 -3 2 -8 -7 1 -6 -6 0
225 -6 -5 1 -8 -7 1 -6 -6 0
230 -5 -3 0 -9 -7 2 -6 -6 0
275 -5 -5 0 -8 -7 1 -5 -5 0
300 -3 -3 0 -7 -6 1 -3 -2 1
275 -2 -4 2 -5 -7 2 -4 -4 0
250 -3 -5 2 -5 -6 1 -5 -3 0
225 -2 -4 2 -5 -6 1 -5 -5 0 A ’
200 -2 -3 1 -4 -5 1 -4 -4 0
175 -3 2 -4 -6 2 -4 -4 0
130 +1 0 1 -2 -2 0 -3 -3 0
125 +3 +2 1 -1 -2 1 -l —l 0
100 +4 +2 2 +1 —l 2 0 +1 1
75 .14 +2 2 0 -l 1 0 0 0
50 +3 +1 2 0 -l 1 0 0 0
25 +2 0 2 0 -l 1 -l - 1 0
0 +2 0 2 0 -l 1 -l -1 0

-90-

ii.. -— — - .

~~

. 

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

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



ASD ID.45 1 March, 1966

( CA~~~~ATICN AIS PIlOTICI DES AT ROOK TDPDATI*E TEST DATA

~~m i~~SDs u. 14& 1$

TEST WCM A?~~~ flPCKE APTEL 111CM *15*
- 

P0~~~ TAP TAP P5~~TICI TAP T~~ PRlOTTCI TAP TAP ELlOTICI

0 0 -1 +7
H 23 +2 +2 0 0 +1 1 +4 +6 2

50 +2 +3 1 0 +1 1 +2 +4 2
73 +3 +4 1 0 +1 1 +1 +3 2

100 +3 +4 1 +1 +2 1 -l +1 2
125 +4 +3 1 +2 +2 0 -3 -1 2
150 +3 +3 0 0 +1 1 -4 -2 2
175 +1 +2 1 -2 +2 4 -7 -4 3
200 +1 +1 0 +2 +2 0 -7 -4 3
225 -2 -2 0 +2 +2 0 —6 -3 3
250 -3 -2 1 -2 -2 0 -3 -2 1
275 -3 -3 0 -2 -2 0 -2 0 2
300 -2 -2 0 -4 —3 1 —2 +1 3
275 0 —2 2 -2 — 1 1 +4 +1 3
250 0 -2 2 0 +1 1 +4 0 4

— 225 -2 -2 0 -2 +2 4 +4 -1 5
200 +2 +1 1 0 +2 2 +4 ~~~~ S 

-

175 +3 +2 1 +2 +2 0 +4 -1 5
150 +3 +3 0 +2 +1 1 +3 0 3
125 +5 +5 0 +3 +2 1 +6 +2 4
100 +6 +6 0 +3 +2 1 +6 +3 3
73 +6 +5 1 +2 +2 0 +7 +5 2
50 +4 +4 0 +2 +1 1 +9 +7 2
23 +4 +3 1 +2 +2 0 +10 +7 3
0 +2 +1 1 +1 0 . 1 +10 +8 2

- C
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A10-TS1- 63-i March, 1966

CALIBRATION AID ISICTION flICK. AT SOCK 1 aU.ATONZ TEST DATA

tELIAL !U10~~3 16. 11 & ig

_____  ~~ TAL #16 JflI*L #17 SELIAL ~1$
151CM was AnD was ~n*- POI~~ TAP TAP PRICTIOII TAP TAP PR~~TICN TAP TAP PElOTION

0 -4 +4 +2
23 -3 -2 1 +3 +3 0 0 +1 1
30 -1 0 1 +2 +3 1 +1 +2 1

•~~~~ 75 +1 +3 2 +1 +2 1 +1 +2 1
100 +3 +4 1 -1 0 1 +2 +3 1
123 +3 +4 1 -2 — 1 1 +1 +2 1
130 0 +2 2 -3 -3 0 0 0 0
173 +1 +2 1 -6 -6 0 +3 +3 0
200 —2 -l 1 —7 —7 0 -2 -2 0
225 —3 -2 1 -7 —6 1 —3 —3 0
230 -3 -2 - 1 -6 -6 0 -3 -3 0

~273 — 1 -l 0 -4 -2 2 -3 —2 1
309 0 +1 1 -4 -5 1 -2 0 2
273 0 0 0 -6 -6 0 0 -3 3
250 —2 —l 1 -6 -6 0 —2 —3 1t 223 -2 -2 0 -5 -3 0 -2 -3 1
200 —1 — 1 0 -4 -s 1 -1 —2 1
173 +3 +2 1 -6 -6 0 +2 +2 0
150 +2 +2 0 -2 -2 0 +2 +1 1
125 +4 +3 1 +1 +1 0 +4 +3 1
100 +4 +4 0 +2 +2 0 +3 +3 0
73 +3 +3 0 +4 +3 1 +4 +3 1
50 +1 0 1 +4 +4 0 +3 +3 0
25 0 -1 1 +3 +4 1 +4 +3 1
0 -2 -3 1 +4 +4 0 +3 +2 1

C
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ASD-TEt-63-l Mar ch, 1966

CALIBRATION AND PUCTIOM UE*AT ICON TWDATON Z TEST DATA

SDIAL NTh~~~~ 19 2 0 & 2 l 
-

- J.~~~~J&LtIL .1~ I&L_ta9_ . SELTAL - iii
- TEST 151CM AnD WONI A15* AnD 

-

_ _f l~~~~~~ 
TAP TAP PElOTICI TAP TAP R]CTIDN 

- 
TAP TAP PR ICTIO N -

0 0 -3 
- +4

25 -1 0 1 -3 -3 0 +3 +4 1
30 +1 +1 0 -2 -1 1 +3 +4 1
75 +2 +2 0 0 +1 1 +3 +4 1

100 +2 +2 0 +1 +2 1 +2 +3 1
125 +2 +2 0 +2 +3 1 +1 +2 1
150 0 0 0 +2 +3 1 -1 0 1
175 -2 -2 0 +2 +2 0 -6 -4 2
200 -2 -2 0 -+2 +2 0 -6 - 4 -  2
223 -2 —2 0 0 +1 1 - 6 .  -5 1
250 —3 -3 0 0 +1 1 -7 -._ -6 1
275 -3 -3 0 +2 +2 0 -6 -6 0
300 -2 —2 0 -3 0 3 -5 -4 1
273 —2’ —2 0 +4 +3 1. - -4 -5 1
250 -2 —2 0 +2 +1 1. — 5 -5 0
225 -2 -2 0 +2 +2 0 -4 -5 1
200 -2 -2 0 +3 +2 1 -2 -4 2
173 0 — 1 1 +4 +3 1 —2 - -3 1
150 0 0 0 +4 +3 1 +2 0 2
125 +3 +3 0 +4 +3 1 +4 +3 1
100 +3 +3 0 +3 +3 0 +6 +5 1
75 +3 +3 0 +3 +2 1 +6 +5 1
30 +2 +2 0 +2 0 2 +6 +5 1
25 +2 +1 1 -2 -3 1 +6 +5 1
0 +2 +1 1 -7. -2 1 +6 +5 1

(
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£SD-TEI-65-l March, 1966

TAILE 28

_ _  

(
CALIBRATION AID PR~~TION DiCE AT ROOK TEMPESATI1E

— 151CM AND *15* ACC~LDATION TEST DATA

s*zAi. l~se* ~z
511(11 ACCEL. TEST 

- FIEL ACCEL. TEST (400 cyc.1 J*PT~~ ACCEL. TEST (800 cyc,
TEST 511CM 115 * 117GM AITEL 1U~~1 APTEL
POIB’r TA? TAP *~CT1ON TA~ TAP FRICTION 31111 TAP TAP PRICT., IRIFT

C +2 +3 — +6
- 2 5  +2 +3 1 +3 +4 1 +1 +6 +7 1 +4 ,

50 +3 +3 0 +4 +4 0 +1 +6 +7 1 +4
. 7 3  +3 +3 0 +4 +4 0 +1 +7 +8 1 +5

100 +3 +4 1 +4 +4 0 0 +7 +3 1 +4
125 +3 +4 1 +4 +5 1 +1 +6 +7 1 +3
130 +2 +2 0 +3 +3 0 +1 +5 +6 1 +4
173 0 0 0 +1 +2 1 - +2 +4 +4 0 +4
200 -2 -2 0 -1 0 1 +2 +2 +3 1 +5
225 -4 -2 2 -2 -2 0 0 0 +1 1 +3
250 -4 -4 0 -1 -1 0 +3 +1 - + 2  1 +6
273 0 0 0 +2 +2 0 +2 +1 +2 1 +2
300 +2 +2 0 +4 +4 0 +2 +5 +6 1 +4
275 +1 +1 0 +3 +3 0 +2 +5 +4 1 +3
250 -1 -1 0 +1 +1 0 +2 +2 +2 0 +3

~2l5 -2 —2 0 -1 -1. 0 +1 +3 +2 1 +4
230~ -2 -2 0 +2 +1 1 +3 +4 +3 1
175 +2 +1 1 +4 +3 1 +2 +7 +3 2 i-A.
150 +4 +3 1 +6 +5 1 +2 +7 +7 0 +4
125 +3 -+5 0 +7 +6 1 +1 +9 +8 1 +3
100 +7 +6 1 +9 +8 1 +2 +11 +9 2 +3
75 +6 +5 1 +8 +7 1 +2 +11 +9 2 +4
30 +7 +5 2 +7 +6 1 +1 +10 +9 1 +4
25 +5 +4 1 +6 +5 1 +1 +8 +8 0 +4
0 +3 +3 0 +5 +4 1 +1 +8 +7 1 +4

C
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ASD-TDR-65-1 March 8, 1966

CALIBRATION AND FRICTION ERROR AT LOCK TEMPERATURE

311011 AND AFTER ACCELWTIO*I TEST DATA

SERIAL NWIBER 23

111(11 ACCELERATION ‘1111 AFTER ACCELERATION TEST (400 CYCLES)

TEST 111011 AFTER 511011 AFTER
POINT TAP TAP FRICTION TAP TAP FRICTION SHIFT

__ —
0 +3 +6 +3

25 +3 +3 2 +6 +7 1 +2
30 +4 +5 1 +7 +8 1 +3
75 +5 +7 2 +8 +9 1 +2

100 +3 +6 1 +8 +9 1 +3
125 +5 +5 0 +6 +7 1 +2
150 +3 +3 0 +6 +7 1 + 4 .
175 +2 +2 0 +3 +4 1 +2
200 -2 -1 1 +2 +2 0 +3
225 -3 —3 0 +1 +1 0 +4
250 -6 —4 2 -2 0 2 +4
275 —7 —5 2 -2 — 1 1 +4
300 —7 -5 2 -2 —1 1 +4
275 -3 -4 1 +2 -1 3 +3 - -

230 -2 -3 1 +2 +1 1 +6
225 -2 -2 0 -2 -2 0 0
200 +2 +1 1 +3 +3 0 +2
175 +3 +3 0 +4 +4 0 +1
150 *4 +4 0 +7 +7 0 +3
125 +5 +5 0 +8 +8 0 +3
100 +8 +7 1 +11 +10 1 +3
75 +8 +7 1 +10 +9 1 +2
50 +6 +5 1 +9 +8 1 +3
25 +5 +5 0 +9 +8 1 +3
0 +4 +3 1 +9 +7 2 +4

(
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AsD-Tm-65-1 March 8, 1966

CALIBRATION AND FRICTION URGE AT ROCK TEMPUATVRE (_

111015 AND 175* ACCELERATION TEST DATA

S1RI&~~~ )~D 2 ~

111(11 ACCELERATION TEST — 

*15* ACCELERATION T1$T~ (400 c~ç~~~
- TEL 151012 AFTER BEFORE AFTER

IOINT - TAP TAP FRICTION TAP TAP FRICTION SEIPT

—96—
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Nirch 8, 1966

C*L~~~ATICK A~~ FRZCT~~~ USOR AT ICON TU~~~*TCM

111CM *im AFTER ACCILDèTIOU TEST DATA

SERIAL I~~~R 23

TEST 1~~~ 1 AC~SIfli TION TEST
POINT 

— 
WORE TAP AFTER TAP FRICTION

0 +2
25 +1 +2 1
50 .0 +1 1
73 -1 0 1

100 — 1 +1 2
125 -2 0 2
150 -2 0 2
173 -2 -2 0
200 -5 -3 2

— 225 -5 —4 1 *

230 -5 —4 1
275 —4 —4 0
300 -4 -4 0
275 -2 —3 1.
250 —3 —4 1
225 -2 —3 1
200 -2 -3 1
175 0 —1 1
150 +2 +1 1
125 +3 +2 1
100 +2 +2 0
75 +2 +2 0
30 +2 +2 0
23 +3 +3 -0
0 +2 +2 0
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ASD-T~1-65-1 March 8, 1966

PAl 4~~O! ~~~ ~R~CTIO~ ~~~~~~~~~~~~~~~~~~~~~~~~
1~~~~1 AND AFTER ACCELERATION TEST DATA

* 

~*RI~L NI~~U, 26

$17011 ACCELERATION TEST AFTER ACCELERATION T*STJ~400 CYCLES)
TEST 151011 AFTER 151015 AFTER
POINT TAP - TAP FRICTION TAP 

- 
TAP FRIC TION 50Th?

0 +4 +7 +3
23 +2 +3 1 +4 +4 0 +1
50 +2 +2 0 +3 +3 0 +1
73 +2 +3 1 +2 +3 1. 0

100 +2 +2 0 +2 +2 0 0
123 +2 +3 1 +2 +3 1 0

. 130 +1 +2 1 +1 +2 1 0
175 -1 +1 + +2 +2 0 +1
200 -1 +1 2 0 4 .  1 0

1 225 -1 +1 2 +1 +2 1 +1
250 0 +2 + +3 +3 0 +1

4 275 +2 +3 1 +3 +4 1 +1 - -

300 +3 +6 3 +4 +6 2 0
275 +6 +4 2 +5 +5 0 +1 

-
.

- 
- 250 +5 +3 2 +4 +3 1 0

225 +3 +2 1 +3 +2 1 0
200 +3 +2 1 +3 +2 1 0
175 +3 +2 1 +3 +2 1 0
150 +4 +3 1 +3 +2 1 -1
125 +4 +3 1 +3 +3 0 0
100 +3 +3 0 +3 +3 0 0
73 +5 +4 1 +4 +4 0 0
30 +3 +3 0 +4 +4 0 +1
25 +4 +4 0 +6 +5 1 +1
0 +5 +5 0 +7 +8 1 +3

- -. 
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ASD-TIR-65-1 March 8, 1966

~AnIB~~ MASS TO CCUERACT( 
- 

- 

AY 33(637)—u~s1

~~1E STATUSET

Tire Inflatio n Indicator

I. Introduction

There are mmerous occasions when tSr.. fail on ~~A1 aircraft becau se of
under inf latios. A ne.d exiats for a simple, depsadable dsvice, which will.
quickly, visually and clearly indicate the inflat ion status of an aircraft tire
without the use of th. stand ard type pressure gauge. The present tbod of
geug. checking for pressure level is too slow for use during ~..lk around
inspection.

II. Descr ipt ion of Work

The overall objective of this effort is to develop a device for wheel
attachment which will visually display the inflat ion status of a t ire when
on an aircraft.

The program shall be conducted In three basic phases and shall include , but
need not be limited to, the areas of work outline d below:

PHASE I - Design Study - The Contractor shall make a -study of piezoelectric
and various other designs for devices which will meet the following requ irements :

a. The assembly shall be of a aini~~~ size and weight, and construction
rugged enough to withstand the effects of centrifuga l force., runway bumps,
retraction and extension forces , thrown water slush, debris, and other runway
hazards. - ‘ ‘ -

b. It shall be made of material not subject to electrolytic action with
magnesium 

-

c. It shall be so constructed that it will be capable of withstanding
a temperature of 350’?, as unch as 500 psi working pressure, and the -loads
due to spin-up and rotation. - (Spin-up will occur on landing and will be
accomplished in 2 revolutions, eg o-200 mph in 2 revolution..)

d. The accuracy meat be within *5T of specified pressure over an ambient
air t~~~erature range of -65 1 to +16VP’.

e. It mest be readable at a distance of 6 feet without the use of
optical or other assist ing equipment. 



- -

f. The design is to be such that it need not be r~~~ved when air
ii added to or removed from the tire. It may be designed as part of the
preaauring port (va lve seen) or seperat . from it. It must be easily 

(attachable to a wheel and easily replaceab le.

5. The gauges to be fabr icated In Pha ses II and III shall, be
designed to operate in a pressure range of 75 to 175 psi.

h. Tb. device shall have a iCE? of 172 cycles during it. service
life, with a confidence factor of .90 . A cycle shalt consist of one
simulated take-off and one landing. The devic, shall be subjected to : -~
three thousand (3,000) 0 normal acceleration during take -off. Duri ng
landing it shall be subjected to three thousand (3,000) C normal and
fifty (50) C tangent ial accelerat ion. -

The following for tla is used to celculste the Maau - Tine - Between -Fa ilures ~~~BV) :

— 
Tota.t teit time or cycles for .11 ui~~snt s (operating)

The factor 2.3 is obtained from 4.61 based on the constant for the Poiiaon/Chi I —

2
squared distribut ion assi~~Ing an exponential (2 degree freedo m) distr ibution .

Upon completion of Phase I and prior to start of Phase II, the Contractor
shall present the various designs to the USA! Project Engineer, who will select
the two most promising for fabr ication and t..t in Phase II.

PHASE II - Fabrication and Testing Prototypes - The Contractor shall
fabr icate and test each of the two designs selected by the USA! Proj ect Engineer
in Phase I. The number selected for test shall be sufficient to demonstrate
compliance with the detail rsquir~~~nta set forth under phase I, with the
exception of the work$ng pressure range which shall be 75 to 175 psi. Upon
completion of the teats, the teat data shall be presented to the USA? Project
Engineer who will then select the design to be develop.d in Phase III.

Portions of th. above required demonstration. may be accomplished by
installation on Air Force A ircraft at Wright-Patterson M~ Ease, however, if
the demonstration on Aircraft is not feasible , the Government will make ava il-
able Test Equipment for simulat ion of field condit ions, at Wright-Patterson
Al Base, Ohio.

PHASE III - Fabricat ion of Final Design - The Contractor shall fabr icate
and deliver to the 11511 twenty-f ive (25) of the device selected in Phase II
which ar . suitable for operational evaluat ion. He shall also prep are a set
of drawi ngs of the device which are suita ble for manufacturin g by compet itive
reprocuremest.

(
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- 
- Pius (S)units, in addition to the twenty-five (25) called for under

It .. 3 shell be fabr icated by the Contractor and t ated for reliability( to ~~~uatrate compliaiwe with the reliabili ty requ irements of Phase Th.
above.

III. *sthly Progress R ports

Nsmtbly progreas reports shall be submitted to the Procuring Activity
.utliaiag the pr.gress achieved and probl ~~ç.unter.d duri ng the reporting
period. Also included shall be a briof description of the work scheduled
for the next rep.rting period and a graph or stat~~~st portrayi ng the per-
centngs of ~~rk completed. 

-

lv.

The Contract or shall s ibiiit a final engineering report conta ining aU
technical iafs.m.tics gsimed through me~k performed under the contract.
Results if test cisslusiess, in accordance with Phase II, and drawings in — -

esc.rdsace with Phase III shell be included. ARDC )~ aial Hr 5-1 shall be
used a guide in the presentation of the format for the technical rep.rt.
A draft cepy will be submitted for apyro,al by the Procuring Contracting
Officer, alisuins thirty (30) days for such approval or disapproval. Re-
quired ch~~~es will be incorporated in the final report which shall be sub
mitted in I if teem (15) cspie., one of which shall be reproducible by the
osalid method.

: C
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ADDENBIJH II

TENTATIVE TEST SP!CXP mATION

(TS—701)
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TS-701
Sheet 1

(. TENTATIVE
TEST SPEC IFICATIOI4

U.S.A.?. T~~Z GAI~ E

1. This specification covers the test condit ions and tea ts to be performed
on the U.S.A.?. Tir e Gauge as specified in Exhibit A (Work Stats.snt)
to Cont ract A133(657)-12491, (XC-135 Main Wheel) and contract change
notificat ion No. 1 (B70 Ma in Wheel) .

2 • GENERAL R~~UUZMENTS

2.1 Definitions

2.1.1 lest Pressure Cycle -

A test pressure cycle shall consist of chang ing the pressure input to the
gauge from zero to full scale and back to zero psi pressure . Full scale
is 300 psi for X.C- 135 wheel and 600 psi for 870 wheel.

2.1.2 Operable Pressure Rang e
The operable pressure range of the gauge shall be 75 to 173 psi for the
EC-135 wheel and 350 to 525 for the 870 wheel.

2.1.3 Atmospheric Condit ions
Unless otherwise specified, all tests shall be made at an atmospheric
pressure of approximately 29.92 inches of mercury and a ta peraturs of
approximately 2 5 C  (77’?). When tests are made with a~~~spberL c
pressure or temperature substantially different from these values , proper
allowanc e shall be made for the difference from the specified condit ion
and noted on each test data sheet.

2.1.4 Tapping and Test Position
- Unless otherwise specified , the gauge shall be test ed in a normal

operating position and shall be lightly tapp ed or vibrated before a
test reading is taken.

TEST METHODS

3 • DiDIVIDUAL TESTS
Each gauge shall be subjected to the following tests at room temperature.

3.1 Examination of Product
Each gauge shall be visually inspected to determ ine conformanc, with the
outline drawing with resp ect to outline and dia l configuration ,
identification and finish .

1 i I I 1 ~ 1 1 1lEV.~ WAS DATI BY APP. flY. WAS SAfl IT APP.
mo 8/16/65 I”JDF /pm I~” 
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3.2 Scale Error
The gauge shall be tested at room temperature for scale error at the (

pressures listed in Tables I and IX. The tests shall be mad. by
subjecting the gauge to the pressures specified to produc. these
read ings, first with pressures increas ing, the pressure shall be
brought up to but shall not exceed the pressure specified to give the
desired read ing; and with the pressure decreasing, the pressure shall
be brought down to but shall not fall below the pressure specif ied
to give the desired teading. The scale errors shall not exceed the
tolerances specified.

3.3 Friction
The gauge shall be tested for fr iction at each altern ate test point
shown in Tables I and II , beginning with the second test point . The
pressure shall be increased so as to brin g the pointer appro dastely
to the desired read ing, and then held constant while two readings are
taken ; the first before the gauge is tapped, the second after the gauge
i. tapped. The difference of any two such readings is the friction
error and shall not exceed a tolerance of l.57~ of full scale read ing.
This teat may be combinad with the scale error test (Paragraph 3.2)

4. SAMPL DG TESTS
One gauge shall be selected at random fro. each lot of 100 or fraction
there of on the order and shall be subjected to the following s pl&ng
tests. These tests shall be in addition to the individual tests.

6.1 Re).ction and Retest
Any gauge failing to meet the requirements of the Ind ividual Teats
shall be rejected. When a rep resentative sample fails to mast the
requirements of the sampling Tests , the lot rep resented shall b
rej ected. Gauges wh ich have been rejected ~ay be replaced or repaired
to correct the defects and resubmitted for accept ance. When this has
been done, all specified tests shall be repeated. Before resubmitting,
full details concerning the previous rejec t ion and correctiv , action
taken shall be noted and furnished to the Inspector.

4.2 Position Error
With mtdscale pressur e applied to the gauge , the gauge shall be held -

in each of several different posit ions and tapped lightly. The change
in pointer indication with a change in gauge position shall not exceed
a tolerance of ±l~ of full scale reading.

4.3 Low Temperature
The gauge shall be subjected to an amb ient temperature of -54 c, (-65~P’)
and shall have been stored at this temperature for at least 4 hours, prior
to testing. The gauge shall be tested for scale error at this temp erature
and at the test points listed in Tables I and II. The scale error s shall

F
WAS SATE ST APP. lET . WAS - DATE I IT APP .

mfl 8116/65 IM. ,v JDFIm~ 
- Is” ij~P .A~ )MP ., 

~ -,D,uj 
- ____

I
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2~~~ U.S. GAUG E TEST SPECIFICATION I 
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not exceed the tolerances specified.

4.4 High Temperature
The gauge shall be subjected to an ambient temperature of +7l’C. (+160’?)
and shall have been stored at this temperature for at least 4 hours
pr ior to testing. The gauge shall be tested for scale error at this
temperature and at t~e test points listed in Tables I and II. The
scale errors shall not exceed the tolerances specified.

4.5 Overpressure Test
The gauge shall be subjected to the pressure listed in Table III for a
period of ten (10) minutes.. Following this overpressure ~ cposure, the
gauge shall be capable of meeting the requirements of Paragraphs 3.2
and 3.3.

4.6 Vibration Error
The gauge shall be rigidly fastened to a suitable vibration jig while
pressurized to midscale and shall be subjected to the following
vibration cycling test at room temperature and pressure. The vibration
cycling shall be conducted in each of three (3) mutua lly perpend icular
planes in accor dance with MIL-STD-8l0, Method 514. The v ibration test
nomenclature shall be as follows:

Equipment class Mount ing ! . .~l4 Curve

1 A 1 D

Dur ing the foregoing cycling, all resonanc e points shall be noted.
At the completion of this test , the gauge shall be checked for scale
error and fr iction in accordance with paragraph s 3.2 and 3.3 and
shall meet the tolerances specified.

4.7 Mechanical Shock
The gauge shall be r igidly fastene d to a suitable shock fixture while
pressurized to aidacale and subjected to 3 shocks of 15 C ’s in each of
three mutually per pendicular planes (18 shocks). Each shock impulse
shallia-ve a ties durat ion of 11 ±107, milliseconds. The maximus C ’s
shall be reached in approx imately 5-1/2 ±107, milliseconds .
At the completion of this test , the gauge shall be checked for scale
error and fr iction in accordance with Paragrap hs 3.2 and 3.3 and shall
meet the tolerances specified.

5. QUALIFICATION TESTS

5.1 fish T~~perature Exposure
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5.1.1 EC-135 Ma in Wheel
The gauge shall be subjected to a temperature of l77’C. (350’?.) for
a period of 4 hours. Following this exposure, the gauge shall be
returned to room temperature and shall be checked for scale error and
friction in accordance with Paragraphs 3.2 and 3.3 and shall meet the
tolera nce specified.

3.1.2 ~7O Mstn Whee1
The gauge shall be subj ected to temperatures as follows: uniformly
raise the temp erature from 100’? to 360 ? in the first hour and
hold at 360 ? for the next two hours and 20 minutes. Allow to
cool to 200 F and conduct scale error tests at this temperature.
The gauge shall meet the tolerances specified in Table II. Following
this test, the gauge shall mast the scab, error and friction error
tolerances at room t perature in accordance with Paragraphs 3.2
and 3.3.

3.2 Salt Spriy (EC-l35 Math Wheel and B70 Main Wheel)
The gauge shall be mounted in a salt spray chamber whose condit ions
are outlined in MIL-STD-8l0 for a period not less than 48 hours. At
the end of the 48 hour period, the gauge shall be subjected to the
scale error at room temperature and fr iction tests in accordance with
Paragrap hs 3.2 and 3.3 and shall meet the tolerances specified. Salt
deposit. resulting from the exposure conditions may be removed by
r insing with tap water prior to operation.

5.3 Sand and Dust (XC-135 Main wheel and B70 Ma in Wheel)
Tb. gauge shall be placed in a test chamber equal to that specified in
MIL-C-9436 section 3.2.2. The sand and dust composit ion and dens ity
shall be as specified in MIL-STD-8l0. The relative h~~Ldity shall not
exceed 307, at any t ine during the test . The interna l temperature of
the test chamber - shall be maintained at 25’c (77 ?) for a period of
not less than 2 hours with the air velocity through the test chamber
at 100-500 feet peri~.nute. Following the 2-hour period, the temperature
shall be raised to and maintained at 7 1C (l60 F) for not less than
2 hours. At the end of this exposure per iod, the test item shall be
removed from the chamber and cooled to room temperature. Acc~~ulated
dust shall be removed from the gauge by brushing or wiping only. The
gauge shall be subjected to the scala error at room temperature and
friction teats in accordance with Paragraph 3.2 and 3.3 and shall meet
the tolerances specified.

5.6 Acceleration Test (EC-135 Main Wheel and B70 Ma in Wheel)
The gauge shall be rigidly fastened in its normal operating position
to an acceleration machine capable of produci ng 3000 C nermal and 50 C
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tangentia l accelerations . The gauge shall be subjected to the( number of cycles to guarantee a Mean Tins Between Failure Q~ U)
of 172 cycles with a confidence factor of .90. A cycle shall
consist of one simulated takeoff and one land ing. The acceleration
during takeoff shall be 3000 G normal. The acceleration during
landing shall be 3000 C normal and 50 C tangential.

Following this test the gauge shall be checked for scale error
room temperature and friction in accordance with Paragraphs 3.2
and 3.3 and shall nest the tolerances specified.

5.5 Acceleration Test, at High Temperature (170 Math Wheel only)
— The gangs shall be rigidly fastened in its normal operating position

to an acceleration machine capable of prod*cing 3000 C normal and
50 C tan gentia l accelerations and stored temperatures to 360’?.
With the gauge mounted on the spin fixture , the temperature shall be
uniformly raised from 100’? to 360’? in the first hour and held at
360’? for the next 2 hours and 20 minutes. Allow the gauge to cool
to 200 F and impose a pressure of 550 psi to the gauge. While
subjected to this temperature and pressure, impose a normal
acceleratio n -load increasing approximately linearily from 0 to 3000 C
over a period of 20 to 40 seconds and maintain the 3000 C load for
5 seconds minimum. After 5 seconds apply the brake mechanism
causing the machine to decelerate such that a 50 C minimum tingential
load is applied to the gauge .

On. gauge from each lot shall be subj ected to one cycle of th is test.

Following this test , the gauge shall be restored at room temper ature
and shall be tested for scale error and fric t ion in accordanc e with
Paragraphs 3.2 and 3.3. The gauge shall meet the tolerances specified.

3.6 Pulse Aaplitnde Test (EC-l 35 Ma in Wheel and 170 Ma in Wheel)
The gauge shall be subj ected to the average operating pressure and
cycled to 10% in excess of the average operating pressure for 1000
cycles. A cycle shall be defined as the time required to apply and
release one pulse of pressure.

Following this test, the gauge shall be subjected to the scale.
error and fr iction error tests at room temperature in accordance
with Paragraphs 3.2 and 3.3 end shall meet the tolerances specified.
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TABLE I
SCALE uia Pci BC-133

Scale Error at Scale Error Scale Error at
Test Point loom Temperature at -65’ r 

- 
+160’ p

Psi._ Psi Psi

0 13 3 21 7 21 7

25 15 5 21 7 21 7

30 13 3 21 7 21 7

75 9 3 1.3 5 13 5

100 9 3 13 3 13 5

125 9 3 15 3 15 5

130 9 3 15 3 15 5

175 9 3 15 5 15 5

200 13 5 21 7 21 7

225 15 5 21 7 2]. 7

250 15 3 21 7 -21 7

215 15 3 21 7 21 7

300 15 5 21 7 21 7
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