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NOTICES

When U. §. Goverrment drswings, specifications, or other dsta are used for
any purpose other than a definitely related government procurement opera-
tion, the government thereby incurs no responsibility nor amy obligation
whatsoever; eand the fact thet the government may heve formulated, furnished,
or in sny way supplied the said drawings, specificstions, or other dats is
not to be regarded by implication or otherwise, as in any menner licensing
the holder or any other person or corporation, or conveying any rights or
permission to manufacture, use, or sell any patented invention that msy in
any way be related thereto.

Qualified requesters may obtain copies of this report from the Defense
Documentstion Center (DDC), Arlington Hell Station, Arlington 12, Virginia.

This report has been released to the Office of Technical Service, U. S. De-
partment of Commerce, Washington 25, D. C. for sale to the general public.
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This development contract was issued by AFSC Aeronsutical Systems Division,
Wright-Patterson Air Froce Base, Ohio, and administered by the Contract
Msnagement District, ECMR, 1411 Walnut Street, Philadelphia 2, Pennsylvenis.
Research, design and test work described in this report were accomplished by
U. 8. Gauge, A Division of AMETEK, Inc., Sellersville, Pennsylvania under

U. 8. A, F. Contract Number 5133(657)12591 and U. S. Gauge Pr°j°ct Number 515.

This project was under the direction of Mr. J. R. Whitaker, U, §. A, F.
Project Engineer.

The material contsined in this report covers the work conducted from De-
cember 13, 1963 to September 10, 1965.

Personnel contributing to this report were: J. D. Fulmer, Project Engineer;
R. D. Waite, Supervisor, Product Engineering; M. Mollick, Manager of Develop-
ment; and P. W. Herland, Director of Engineering, U. S. Gauge, A Division of
AMETEK, Inc., Sellersville, Pennsylvanias.
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ABSTRACT

The objective of the subject contract was to esteblish design criteris and
demonstrate by mesns of models the feasibility of a permsnently attached
sircraft tire inflation indicator. The pressure indicator was required to
visually display the inflation status of the tire to which it is mounted.

Phase I of the contract was directed to a literature search into the state
of the art of tire pressure measurement and to a design study and submission
of design proposals pertsining to the application of a tire pressure indi-
cator to the KC-135 aircraft wheel.

Phase II of the contract was concerned with the fabrication and testing of
two selected designs in sufficient quantity to demonstrate ability to meet
the envirommental and relisbility test conditions outlined in the contract
work statement. Upon completion of the qualificetion testing, the USAF
Project Engineer selected one of the two designs for fabricetion of the
Phase III service test models.

The Phase III work effort was directed to the fabrication of twenty-five
(25) complete Tire Inflation Indicators. Twenty (20) were for field test-
ing by the 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 permanently attached to an aircraft wheel was developed.

The envirommental and reliability testing demonstrated the ability of the
system to withstand the extreme shocks and accelerations associated with
aircraft wheels without loss in accuracy. The development contract was

also concerned with adapting the inflation measuring system to the standerd
KC-135 wheel. This required the design of a separable housing which re-
placed the valve stem of the tubeless tire and accomodated the pressure gauge.

For future applications, it is suggested the gauge housing be made integral
with the wheel rim casting rather than attached as a separate part.
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ODUCT ION

There are numerous occasions when aircraft tires fail due to improper in-
flation. Improper inflation affects the aircraft flostation during landing
vhich could cause catastrophic feilure. A need exists for a permsnently
atteached inflation indicator which will quickly and accurately register the
inflation status of the tire to which it is mounted. The present method of
checking the tire pressure using a hand held gauge is too slow for use during
walk-around inspection.

The purpose of this progrem was to develop a pressure gauge which could be
permanently mounted and be capable of withstanding the shocks snd accelera-
tions encountered during landing n:gd take off.

'I_hh development program was divided into three (3) basic phases:
I. Investigation and Preliminary Design Study
II. Development, 'reot. and Evalustion 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 presare messurment. Also, 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 them to environmental and reliability tests to determine the de-
sign best suited for the application.

The purpose of Phese III was to fabricate 25 field test models of the final
design selected from Phase II. Five of the models were for reliability
testing by U. S. Gauge and twenty were to be delivered to the USAF at
Wright-Paterson Air Force Base, Ohio for field testing. ‘
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o FPHASE I - DESIGN
A. GENERAL D ION

1. Early in the design study, peizoelectric pressure messurement
devices were ruled out becsuse such devices sre dependent upon a dynsmic
pressure to generate a signal. As it is desired to meassure static pres-
sure during periods when the sircrsft is stationsry,this type of excitstiom
is not applicable.

2. Investigstion of other elactrically excited devices wss not
conducted. Electrical power for the excitatiom of a trensducer end for
transmission of the messured signal is required. A mesns of commuteting
power to the pressure transducer or the use of a ministure battery would be
required. A pressure indicator would therefore have to consist of a sensor
(trensducer), s power source (battery) and readout device (meter or the
1like). The complexity of such a system could only result in e low level of
relisbility. In eddition, the cost of such an electrical transduction
system would be so high es to preclude its use on most aircréft. The pro-
gram wes therefore directed exclusively towards the design and development
of a mechanical system of pressure measurement.

P R R TR

3. As required by the contract,the gauge developed was designed
for use on the KC-135 wheel.

B, LTTERATURE SEARCH - A literature search on the subject Air Pressure
Measurement of Tires was conducted. Pollowing is a 1list of the literature
received and reviewed: ’

Source Document Title
DbC AD-277 392 Shock and Vibration En-
vironment. An ASTIA report
~ Bibliography.
DpIC ' AD-269 920 Theoretical Analysis of The

Response of Measuring Systems
to Impulsive Inputs.

AD-290 204 3 Vibration Dsmping Studies

AD-261 012 Investigation eand Evaluation K
of Hydraulic Pressure Snubbers i
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Source Document Title
ors 59-21211 Central Tire Pressure Control
System of the ZIL-157 Truck
ors PB 34827 Calibration of Service Tire
Gauges
ors PB 142 258 Atmospheric Contsminent, Radi-

ation, and Electricity Criteris
for Aircraft and Airborne Equip-

ment
0!8 62-24292 The Theory of Pressure Gauges
Incorporating Pistons without
Packing
Engineering Societies Tyre Pressure Control - Rolling
Library Resistance of Tires
Inventor U.S. Patent No. Title
A. E. Bronson: 1,893,222 Pressure Indicecor
J. L. Woodfill 3,117,195 Pneumatic Tire and Electric
Switch for Pressure Indicetor
W. S. Clarkson 2,190,530 Tire Gauge
B. D. Boenker 1,855,088 Air Gauge
W. J. Zipper 3,111,930 Tire Pressure Indicator
P. Rubin 2,417,449 Tire Inflation Indicator
Valve Cap
I. D. Fenwick 2,329,039 Tire Air Pressure Gauge
M. J. Poster 1,807,752 Automodbile Tire Indicator
or Gauge j
B. M. Galperin 2,770,134 Pressure Gauge
G. M. Quiat 2,689,481 Tire Pressure Indicator 1
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ntor U. S. Patent No. Title
R. L. Mercer 2,579,120 Valve Cap Gauge
R. Gstalder 2,969,086 Device for Measuring and

Balancing Air Pressure in
Wheel Tire of Automobiles

A. R. Moffett 2,661,626 Fluid Pressure Gauge
L. L. Tapp 2,948,256 ' Tire Pressure Indicator
W. Gfoll 2,903,888 Pressure Gage Attachment for

Tire Valve Stems

OTS - Office of Technical Services
DDC - Defense Documentation Center

1. In general, the literature offered little informestion 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 standard piston type tire gauges. Errors as high as
25% at the temperature extremes of -65°F and +160°F were reported. This in-
formation coupled with other factors 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 a pointer affixed to the active end

of the helix. No provisions for supporting the Bourdon to protect it from
damage due to shock, vibration, and acceleration forces was made. One of
the proposals made in Phase I utilized such a helical tube with support
provided by a central shaft inside the helix.

C. PRELIMINARY TESTING - Before committing large amounts of effort to
any one or two designs, an informal test program was conducted to determine
the most promising concepts. Various dial and marking formats were studied.
Several pressure element types were subjected to vibration, shock and acceler-
stion, (simulating or exceeding actual operating conditions), to observe
their resistance to these forces. A special acceleration machine was built
to perform some of these tests.
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1. Readability Tests - The readability of various size dials from
3/4" dismeter to 1-1/2" dismeter wes reviewed to determine the minimum dial
size which could be read from 3-6 feet within the required accuracy of 15%.
Dial and pointer mock-ups of several designs were made. Personnel not
associated with this program were requested to take resdings at varying dis-
tances and lighting conditions. It was determined from the observations
that a 1" disl dismeter could be consistently and accurately read from
3-6 feet. As one of the objectives was to keep the size and msss to e
minimum, the presentations proposed were limited to 1" and 1-1/4" dismeter.
These are shown on drawing CSK-9426-C, (Figure 8).

2. Informal Environmental Tests - Acceleration, shock, and vibration
tests were conducted on gsuges and/or assemblies employing the mechenical
pressure messuring elements being considered for use in the geuge.

(s) Specimens - The following specimens were subjected to in-
formal acceleration, vibration, and shock tests:

Specimen 1 - 0-300 psi "C" Bourdon tube pressure gauge with
geared movement (Bourdon tube size, 5/8" coiling
radius) 270 engular degrees output.

Specimen 2 - 0-100 psi spiral Bourdon tube center, mounted
center guided, 70 angular degrees output.

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

0-100 psi spiral Bourdon tuBe, center mounted
with radisl pointer eaffixed to outer coil, 70
angular degrees output.

Specimen 4

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 tube, end mounted,
unsupported. 230 angular degrees output.

Specimen 7

0-60 psi single plate diaphragm geuge with
gearless movement, 70 angular degrees output.

Photographs of the specimens are shown in Figure 1.
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(b) Acceleration Tests - Combined Acceleration Tests (radiasl plus
tangential) were conducted on specimens listed in (a). Tests were conducted
with specimens in three mutually perpendicular planes to verify resistance
to acceleration, and to determine the least vulnerable and most vulnerable
axis. These tests were performed on a machine especially built for the
purpose, (see Pigure 2). (See II D 3. (a) for description). 2500 radial
acceleration was obtained by allowing the machine to rotate at its maximum
speed (3800 rpm). Braking time from this rotation rate was maintained be-
low .125 seconds to assure tangential accelerstions in excess of 50 g.

(c) Shock Tests - Shock tests were conducted on the specimens
1isted in parsgraph (a). Shock Test equipment was not used. The units
were dropped from approximstely five feat onto a concrete floor, a pro-
cedure which produces shock forces in éxcess of several hundred g's. Each
geuge was dropped a total of three times (one time in each of three planes)
prior to scale error readings.

(d) Vibration Tests - Vibration scanning tests were conducted
on the specimens listed in paragraph (a). The tests were conducted in
accordance with the "Tentative Test Specification, TS-701". Resonant
point frequency and magnitude of oscillation at resonance were noted.
The equipment used for this test was MB Model ClOVB.

(e) Results of Informsl Environmental Tests - The results of the
preliminary tests conducted on the 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
normsl to the connection and normal to the axis of Plane 2 was considered
Plane 3.

(f) Analysis of Informal Envirornmental Tests

(1) Specimen 1 - C Bourdon tubes appear to be unsuitable for
this application. The mass of mechanism required to magnify the small out-
put travel results in high deforming forces when subject to high acceler-
etion. The hairspring necessary to maintain the pointer coupled to the
Bourdon (through the segment and link) is quite delicate and easily deformed.
Use of this type of Bourdon was therefore not considered in subsequent pro-
posals.

(2) Specimen 2 - This specimen resisted deformation due to
shock but indicated s need for additionsl structural support for the accel-
eration loads. It was felt that with some increase in the strength of the
besring support, the shifts could be eliminated. The oscillation under |
vibration was isolated to a narrow frequency band and would probably have
no adverse effect on the performance under static conditions.

Sl AKD 5 0 e
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‘ Acceleration
Radisl Plane 1| Radisl Plane 2 {ibrntm :
 imen Teng. Plane 2 | Teng. Plane 3 Shock Pl. 1 [Pl. 2 |Pl. 3
1 1% shife Hairspring & New specimen Not ted |[due to
segment tail used pointer poor 1ts other|
bent : lodged behind | tests|
zero stop pin. |
2 2.5% shife 9% shift No shifts NSRN [$25  [NSRN
. ”1
oscill-
ation
at 80
cps.

3 0.4% shift 0.3% shift 1% shife NSRN |£25 50 ps
pei  [osc.at
osc at |32 cps
32 cps |end 65
£50 ‘|lcps
psi osc
at 65 -
cps.

4 Inoperable due Not conducted Not Cond. Not [conductqd

to case & dial
distortion .
5 10% shiftc Inoperable New specimen Not donductedq
: Bourdon de- used inoper-
formed o able due to -
Bourdon t ube
-|distortion
6 Inoperable, INot conducted Not conducted Not [conductqd”
Bourdon de-
formed See
Note 1.
7 8% shift 12% shift 6% shift Hnmu NSRN [¢8 psi
i at 110
cps

NSRN - No serious resonances noted
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3) Specimen 3 - The large dismeter center support provided
support for sll coils against it by the g forces. The strength of each
coil was sufficient to support without deformetion of all the coils being
forced onto it. The large resonsnces noted under vibration indicate s need
for viscous dsmping or better balance of the pointer. The dsmping could be
introduced by the use of silicone greasse between the coils. The balance

could be achieved by the use of & center pivot sround which the pointer and
its balance would be pivoted.

(4) Specimen 4 - This specimen was permsnently damaged on the
first test due to the insufficient strength of the case material. As it was
very similsar in construction to specimen 3, it was felt no additionsl in-
formation could be obtained by its repair and continued testing.

(5) Specimen 5 - The entire mass of the tube and pointer was
cantilevered from the outer end of the tube and although 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 spiral Bourdon tubes avoided this method of
mounting.

(6) Specimen 6 - Although the informal test results were not
encouraging, it was felt that when supported by a close fitting internal
post a heélical bourdon would be capable of resisting the envirommental loads.
This view was supported by the fact that military helical element gauges are
now in use by the services. The helical element was used for several sug-
gestions in the Phase I proposal.

(7) Specimen 7 - The diasphragm gauge with gearless mechanism
performed outstandingly under vibration. The motion of the light mechanism
perts was frictionally damped by the sliding of the parts on one another.
The high resonsnt frequency of the disphragm prevented oscillation in the
test spectrum. The overhung, unbalanced mechanism was subject to deforme-
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, Addendum II) with the USAF Project Engineer,

it was appsrent that vibration and shock testing had not been included in the

design requirements. A test specificatior outlining a complete test program
including these tests was prepared and submitted to the USAF Project Engineer
for review. This specification, after epproval by the USAF, was the basis for
later qualification testing.

E. DESIGN DISCUSSION
1. Measuring Elements - From the foregoing work, the important attri-

- 10-
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butes of the gauge to be developed could now be stated. The element should
deliver sufficient angular motion to require no magnificstion. The Bourdon
tube must be supported to prevent deformation under high g loads but can be
quite light to keep these forces low. Wherever posaible, appendages (such
as the pointer) should be balanced to avoid oscillation error and possible
fatigue failure under vibration. If a system with magnification is to be
used, the parts should be balanced, light and rugged.

To keep the gauge and housirg as small as possible, but provide the neces-
sary readsbility, the gauge dial should be at least 1" in dismeter and be
graduated over approximately 230°. The gauge or the housing should in-
corporate s device to prevent catastrophic loss of air in case of a failure
of a gauge part. Several suggestions were msde in each of the following
categories. Measuring element, housing, fail safe system, dial format,
and bezel construction. Three primary elements were proposed. These.were
considered most suitable for use in the tire pressure indicator. They
were selected following study of the literature, analysis of preliminary
testing on various types of elements, and in the light of our favorable
experience with these types when used in applications with severe environ-
mental conditions prevailing.

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

(b) Helical Bourdon Tube - The same comments concerning angular
travel, rigidity, end mass apply to the helical Bourdon element. A heli-
cal Bourdon delivering 230° of travel for rated pressure with a margin
for overpressure takes the form of a long thin cylinder, which occupies
geveral times the volume of the spiral. Designs VI and VII were proposed
to illustrate some possibilities for the use of such an element (Figures
5 and 6).

(c) Disphragm Elements - Small dismeter disphragms have ex-
trexely high resonant frequencies and provide a very rigid (high energy)

<11-
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element capable of driving high magrificetion mechanisms. They are used
in high frequency response military transducers for this reason. The
saplifying mechanism must be kept extremely light, but rigid, and good
coupling must be maintained between the irdicating pointer and the dias-
phraga during vibretion. The mechsnism should also avoid the use of
such wear inducing components sz gear teeth and link bearings. A
mechanism which has proven itself very resistsnt to the vibration and
shock encountered in sircraft and fsrm tractor service is illustrated
in Design VIII, (Figure 7). Under very high accelerstion forces, the
linksge may temporarily separate from the disphragm. Another short-
coming of this gauge mechanism is the limited angle of motion obtained
from the pointer (approximately 70 - 90°).

2, Housings end Mounting - The housing designs shown on drawings
SK-9426, (Figures 3 and 4), SK-9426-A (Figures 5 and 6), and SK-9426-B
(Figure 7) are not intended for illustration of internal -schanis—.

(a) Design I (Figure 3) - This housing was designed pri-
marily for enclosing a gauge utilizing a spiral spring Bourdon tube.
It is made to mount in the same opening as for the present tubeleess
tire valve stem. The assembly i3 prevented from turning during
operation by a special keyed lock washer which indexes in a hole in the
rim and a hole in the housing.

Installation 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 mounting depends
only upon the valve hole and is independent of the wheel contour, this
arrangement would require only on2 gauge type for stocking and retro-

fitting purposes.

b) Des II (Figure 3) - This assembly was identical to
that of Design I except an additional support was provided for wheel
attachment, It provides greater resistance to deformations resulting
from tangentisl g forces. The addition of the mounting pad requires
the separation of the wheel halves for assembly purposes. The addition
cf the mounting pad, would eliminate the need for the lock wasker,
thereby eliminating the need for any wheel rim modification. Use of
this housing would be limited to Bendix wheel 154600.

(c) Design IIT (Figure 3) - The charging stem on this de-

sign extends through the center of the gauge internals and is, there-
fore, limited to particular internal design in which the pointer rotates
around the periphery of the dial.
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(1) 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 & swivel nut
which, when attached, depresses the tire valve sand creates a pneumatic
seal.

(2) The housing is mounted on two of the wheel halve
bolts supported by a pair of extended pads integral with the gauge
housing. The housing is shown nested into the corner of the wheel be-
tween the web and rim. This srrangsment minimizes the overhang, but
requires tha 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 attached to the wheel without modifi-
cation of the wheel.

(3) After the wheel i3 modified, installation is
accomplished bty removing two of the wheel halve 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 rim must 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 tke
need for reworking the wheel riws on retrofit. The 45° orientation
of the gauge takes advantage of the superior resistance of the spiral
Bourdcn to acclerations parallel tc the axis of the spiral.

(f) Design VI (Figure 5) - This design employs a helical
Bourdon tube. The tube is approximately 2" long and is silver soldered
into the internal connection. The output motion is transmitted through
a bracket which indicates the pressure on the outer periphery of a cup
shaped dial. A small clearance is maintained between the helix and the
center post. The outer end of the socket is fitted with the standard
£f1l1ing 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 (Figure 6) - This gauge utilizes a helix
approximately 2" long whose axis is parallel to the axis of rotation




i

Te onsl

M96-25-8

NYY 331L
= NDIS3C DNLANNOW § DMNSNOH

N oo e
¥ ZBINS "> CROPO

e ————————————————
GNP WA\ naveo

298V °S °A

@-31)0%2c, IAWA ¥BOVEHIS IF
AYCONNOIN OL NOUVINIIINGD F0ICH]

V-V ARA

-15-




lgusa] v VT v — e —
V- DZVoNS)| 9| wes s
] 2% | 0 unS 30 SSVILEE4S
APAISTTLNE
ANYD IBIL avSN ASY %W o..w
IVNYD BNIYeS TYVIEIH DOY 9 S s i
IE nDI1S3Q YrMinnow § Srisnor z no'a “-..ﬂllﬂ:
TuL BEEEYS llﬂ e " e wee
B el ) — ) [
F0AVE 'S ‘A . gl st

T-*325 282 IMC
3% VT vEar9an0d
“¥'s BE-.C TOs

- TIE.

. (¥9-1) OSTS = INTNA .
BavQoM L MOV BABNOD B




dI.r 29N .!

IVAVD HNNGS K1T3H WO -

IA,NOIS3A NISNOH

9 ‘%1
e
A
A X

fe

-17-




ASD-TDR-65-1 March 8, 1966

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 dial locstion, while not recessed as deeply as
in all other proposed designs, is sufficiently recessed to protect it
against runaway hezards. 1In daylight the gauge dial will be more visible
than if recessed into the wheel.

(1) By increasing the active length of the tube (to
3" or 4") a lerger reading angle is obtained without sacrificing
overpressure protection.

(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 housing lip can be placed so as to fit several air-
craft wheels now in use.

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

(1) The prime mover is a single corrugated diaphragm
plate (approximately .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 sufficient strength to maintain mechanism coupling under most con-
ditions while not contributing significantly to the friction of the
mechanism. The scale angle is limited to about 75° in order to obtain
a reasonable degree of linearity. Taking advantage of the non-linear
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
diaphragm element with a heavy plate formed to match its corrugations.

3. Dial and Readout Means, CSK-9426-C (Figure 8) - Six (6) 1"
dismeter diasl designs (#1 thru #6) were suggested. These were readable

from a distance of six (6) feet. It was suggested that color combin-
ations would be desirable to provide the best contrast for readability.
Also shown were dials #7 and #8, 1-1/8" and 1-1/4" diameters, for com-
parison of readability. These dismeters 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 1is 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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ASD-TDR-65-1 Mazrch 8 ,1966

(a) In general, it msy 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 better accuracy for close-in reading. A compromise disl which
provides good readability for close and far reading was suggested and
is shown in disl #9. The sub-minor grads (5 psi) would be printed in
a light grey so es to diseppesr from s distance, but provide the
additionsl precision for close reading.

4. Fail Safe Systems
(e) Design (s) CSK-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 inspection, it would be neces-
sery to depress the outer valve stem housing which actuates the immer
valve core, thereby opening the gauge to the tire pressure. During
this inspection check the outer valve core would retain the pressure
in the tire. The gauge would then be exhausted by depressing the pin
of the outer valve core.

(2) when the tire would require inflation, the in-
spector need only apply the standsrd filling manifold to the outer
valve stem housing with sufficient force to depress the return spring.
This will simulteneously open both velves, thereby opening the gauge
and the tire to the filling pressure.

(3) Due to the isolstion of the gauge from the tire
pressure, the need for the gauge Bourdon tube to withstand the over-
pressure encountered during landing of the aircraft is eliminated.
Furthermore, in the event of a gauge failure, the tire pressure will
not be lost.

(b) Design (b) CSK-9426-D, Sheet 2(Figure 10)

(1) This fail safe srrangement is similar to that
defined in Design (a) above, except that the tire pressure is isolaeted
from the gauge by a spring loaded valve ball., The spring force is
sufficient to support the ball check during periods of radial acceler-
ation of 3000 g's.

(2) 1In order to inflate the tire, it is necessary to de-
press the plunger in the side of the gauge whick unseats the ball
check. While holdingthe plunger in the depressed position, the gauge
will read the tire pressure. Upon relesse of the plunger the com-
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ASD-TDR-65-1 March 8

pressed air in the gauge is automatically exhsusted through a small vent
in the plunger chamber.

(c)_Design (c) CSK-9426-D, Sheet 3 (Figure 11)

(1) This design protects 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 s check valve when
flow rates exceed a predetermined level. This level of flow will be
sufficiently low to assure that the total loss of sir over any period
of flight will be insufficient to cause tire under-inflation. Under
normal conditions the spring urges the ball to maintain & vent from
the gauge. A leaking gauge can be detected by the low reading which
will be obtained. To verify whether the low reading is due to under-
inflation of the tire or to a gauge leak, the vent pin in the housing
is depressed. If the reading incresses, a gauge lesk exists.

(d) Design (d), CSK-9426-D, Sheet 4 (Figure 12)

(1) This design is similar to Design (c) except
that a check valve is not used. The cease vent is sized to assure
that should a lesk 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 indication of
tire pressure due to a build up of pressure in the gauge housing. If
there is a gauge lesk and the vent becomes plugged, the gsuge will
eventually read zero (0) although the tire inflation will remain at
safe values.

e) Des e) CSK-9426-D, Sheet 5 (F e 13A

(1) This design is similar to Design (c) above, except
the case vent valve is normally closed. This seals the gauge housing
end provides complete protection against dust and moisture. The
sealed construction does 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 self-temperature
compensating effect since the change in spring modulus of the Bourdon
tube csuses an error which is partially offset by the change in air
pressure within the sealed case.

, 1966




Q-TT¥6-USO| 9| wem

"™

&
2. WALSAS
3ADNYY 3avs WY by




. LA & 1 4

) T P —————————— —
q-22vo-RSI| 2 1y sttt
- % | ‘o uoe Je ouvIRIS :
ISND Iu. JWeN ....Ou et z1 *%1d

.P. WALSAS T S
IADNVY 34VS Wi P ey ]
Tlsa Seonmied | L - wie .

] T s neanar Le3 1) os2c.

TOAVE 'S ‘8 R i -y R g o oM

VILNS G3avd

-26~

~af




.n'._ - 112 swm
.a..a«.!v.xmmfc L

- - b
T 250D SNl AN WO3

2. W3ILSAS 2
3IDNYD 33vs V4




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

(3) If a low gauge reading exists, the cause of the
low reading may be under-inflation of the tire or a lesk in the pressure
gauge. By use of the vent valve, the actual cause can be determined if
the low pressure condition is a result of tire pressure loss, the gauge
reading will not change when the vent valve is depressed; however, if
the gauge reading increases when the valve is despressed, a leak in the
gsuge would be indicated.

5. Bezel and Pressure Index CSK-9426-E (Figure 14)

(a) Design (A) - This design utilizes a pointer painted on
the underside of the crystal. A threaded ring, when tightened, provides
locking of the crystal and sufficient force to seal the gasket. The ring
is locked in place by an overcenter lesf spring attached to the housing.
Upon tightening the ring the spring is engaged in an edge knurl on the
ring which restricts any back rotation. In order to adjust the set point-
er, the ring must be loosened by depressing the spring ratchet and ro-
tating the crystal until the pointer indicates the desired pressure on
the dial. The ring is then retightened, thereby locking the crystal.
This index pointer arrangement can be used with the 3-screw and ring
hold dovn illustrated in Design (B).

g
1
£
2
£
i
i
I
*
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2
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(b) Design (B) - This arrangement consists of a balanced

' wire pointer attached to a bushing which extends through the center of
the crystal. An o-ring seal and a spring 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
tightening by the use of lockwire. The threaded ring arrangedshown in
Design (A) is interchangeable with this index pointer design.

c) Lens

(1) Several 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 materials narrowed the choice to two materisls. These are
"Glass-Resin" manufactured by Owens-Illinois and Chemcor Glass manu-
factured by Corning Glass Company.

6. Summation of Phase I Work Effort

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

-2 8-
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craft were reviewed and considered. From the preliminsery tests of
acceleration, vibration, and shock which were conducted on representas-
tive pressure elements and associsted mechanisms, some of the possible
approaches which were originally considered were rejected. These tests
also defined and clarified the problems which had to be overcome in the
later phases of the development.

(b) Three element types appesred to be sufficiently rugged
to withstspd the severe enyiromment of this requirement. These were the
helicel and spirel Bourdon tube, snd the single plate disphragm with
gesrless mechanism. Each type showed certain adventages and disadvantages
from the stendpoint of readout, mounting, and convenience of retrofit.

(c) Several feil safe systems which would assure that no
castastrophic deflation could occur were proposed. Some of these may be
considered to inconvenience the walk-around inspection; others may not
be coasidered sufficiently reliable. Most of these systems may be
applied to any of the three elements.

(d) We investigated dial visibility and readability and
made 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 housing and mounting this gauge
and various gauge closures were presented for consideration by the
Air Force.

II. PHASE II - DEVELOPMENT, TEST AND EVALUATION OF TWO GAUGE DESIGNS

A. GENERAL - Based on the results of the Phase I Design Study, the
USAF Project Engineer selected two of the Phase I design proposals for
fabrication and testing in Phase II. A common housing configuration was
selected to accommodate spiral and helical Bourdon pressure sensing ele-
ments. The 1" dismeter 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 systems 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 functional requirements.
The contract required that a sufficient quantity of each of the two
designs be fabricated and tested to assure conformence to the environ-
mental and reliability performance requirements. Mock-ups of each gsuge
were built to conduct preliminary environmentsl and reliability tests for
genersl design evalustion. The tests to which the gauges were subjected
were thought most likely to cause gasuge failure. The results of the
tests conducted sre reviewed in paragraph II.B.4 of this report.

1966
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B. DESIGN STUDY

l. Pressure Element Materials - Iconel X, Ni Span C, and
beryllium copper were considered for use in the pressure sensitive
elements (spiral and helical Bourdon tubes). Each of these materials
possess properties which would be advantageous for this spplication.

Of these three meterials, beryllium copper embodies the best combinstion
of properties required for this application, these are:

(e) Relatively low modulus to provide maximm angular
travel and readsbility.

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

(c) A relstively short heat treat cycle which can easily
be adjusted to optimize tensile strength and hardness.

(d) Commercislly wailablc' in a wide variety of diameters
and wall thicknesses st a relatively low price.

(e) Good corrosion resistance.

One disadvantage of beryllium copper is that it exhibits & 2%/100°F
thermoelastic coefficient. Tests were therefore made on five beryllium
copper spiral Bourdon tubes range 0-300 psi at room temperature, -65°F
ond +165°F (see Table 1). The maximum hot shift was +6 psi and the
meximum cold shift was -7 psi. This shift was considered to be small
enough thet it could be tolerated.

2. Spiral Bourdon Tube

(e) Previous experience on 6" long smell o.d., spiral
Bourdons had shown that 230 angulaer degrees of tip travel could be ob-
tained with a well thickness of approximately .003 inch. This is
sufficient pointer travel to eliminste the need for mechanical ampli-
ficetion.

(b) Production limitations on maintaining the wall
thickness, dismeter, and spiral shape necessitated the incorporation of
a means of adjusting the angular output of the Bourdon to the indicating
disl. Previous experience has indicated that this adjustment should be
capable of correcting for angular output variations of +15% from nominasl.
Varying the active length of the Bourdon by attaching & movable takeoff
to the outer coil provides such an adjustment.
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B, DESIGN STUDY

1. Pressure Element Materiasls - Iconel X, Ni Span C, and
beryllium copper were considered for use in the pressure sensitive
elements (spiral and helical Bourdon tubes). Each of these materials
possess properties which would be advantageous for this application.

Of these three materials, beryllium copper embodies the best combination
of properties required for this application, these are:

(a) Relatively low modulus to provide msximm 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 tensile strength and hardness.

(d) Commercially 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%/100°F
thermoelastic coefficient. Tests were therefore made on five beryllium
copper spiral Bourdon tubes range 0-300 psi at room temperature, -65°F
and +165°F (see Table 1). The maximum hot shift was +6 psi and the
meximum cold shift was -7 psi. This shift was considered to be small
enough that it could be tolerated.

2. Spiral Bourdon Tube

(a) Previous experience on 6" long small o.d., spiral
Bourdons had shown that 230 angular degrees of tip travel could be ob-
tained with a wall thickness of approximately .003 inch. This is
sufficient pointer travel to eliminate the need for mechanical ampli-
fication.

(b) Production limitations on maintaining the wall
thickness, diasmeter, and spiral shape necessitated the incorporation of
a means of adjusting the angular output of the Bourdon to the indicating
diel. Previous experience has indicated that this adjustment should be
capable of correcting for angular output variations of t15% from nominal.
Varying the active length of the Bourdon by attaching a movable takeoff
to the outer coil provides such an adjustment.
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SPIRAL BOURDON

TABLE I

March 8, 1966

TURE TEST DATA

ttat,txo,ggl

+1
+2
+2

+3

+5

Room Temperature: 75°F
Cold Test Tewmper-

ature -65°
Hot Test Temper-

PPV AS I PNORD PRI T ————

O N O
+2 |43 |0 |-3 |+ |+
+3 +2 0 -2 +4 :'_2
+3 0 0 0 +3 +3
43 5 9 [k ik ¥ ' W
+ |41 | -5 |-6 | +4 | 43
+4 | 41 | -5 | -6 | 45 +4
-32_'

ature +,]-60°_F
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TABLE 2

SPIRAL BOURDON CALIBRATION AND LINEARITY TEST DATA

Maxch 8,

1966

: ANGULAR OUTPUT (D )

PonNT (pST)| #1 | #2” T- . #6_| #7 #8
150 97 98 92 96 91 95 93 93
300 200 199 |200 199 |198 | 198 |201 198

. ANGULAR :

plrmrr FOR | 46.5 | 49.3 | 46.0 |[48.2 [45.8 | 48.0 | 46.3  46.9

50% INPUT

Emm %21 1.5 0.7 | 4.0 | 1.8 | 42| 2.0} 3.7 3.1
ST ) -

E‘-‘“ (esT)| #9 #10 #11 #12 #13 #14 #15 #16
150 96 95 98 96 91 91 9% 96
300 199 | 199 201 200 199 200 200 200

% ANGULAR

[OUTPUT POR | 48.4 | 47.7 | 48.8 | 47.9 45.8 | 45.5 | 47.1 | 48.1

50% INPUT
LINEARITY % 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 DATA WITH NON~LINEAR DIAL

INPUT — ERROR IN P8I |
| PS1 f1 2 #3 4 $5_
0 -5.5 +3.5 +3.0 -3.5 -7.5
50 2.5 -1.0 +2.0 -4.0 -4.0
100 +1.5 -1.5 0 -3.5 -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 -0.5 +1.5
300 -4.5 +1.5 | +.0 +1.0 +2.0
4
C
-34-
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(c) Assuming & Bourdon having & nominal sngulsr output of
230° £30° for a 6" long spiral, a dial graduated over 200 sngular degrees
for 300 psi input was used. The motion takeoff can then be adjusted to
remove active material from the outer coil until the 200 snguler degrees
is obtained. By thus controlling the total angular travel for full scele
pressure, scale errors of only a fraction of that permitted were achieved,
throughout the 0-300 psi range.

(d) Sixteen 0-300 psi spirel Bourdons were used to perform
linearity teats and to check the feasibility of the range adjustments.
These Bourdons produced travels in excess of 200 angular degrees 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.
Presaure tests were then ccnducted at 150 and 300 psi. (See Table 2).

(e) The linearity error varied between -0.7% and -4.5%.

" The average non-linesrity wes 2.5%. A 300 psi scale with the 150 psi

point at 47.5% of full arc wes designed for use on the sixteen Bourdons.

(f) The sixteen Bourdon assemblies were calibrated against
this disl to determine if the scale error tolerance could be met. All
specimens calibrated were judgad sufficiently accurate to allow for sub-
sequent shifts resulting from exposure to severe envirommental condi-
tions. (See Table 3 for Typical Calibrationms.)

(g8) The specification requires the gauge to withstand
an overpressure of 500 psi. Several 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 shifta. 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
600°F for three hours. Theae 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 Bourcdons exhibited no observable set.

3. Helical Bourdon Tube

(e) It was determined that with some minor changes in the
contact angle of the coiling point and the tubing, helical tubes could
be fabricated on the same equipment 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
expending effort to produce coils of opposite rotationm.

(b) A test lot of helical Bourdon tubes was coiled
as above to develop the tubing size and configuration which would
produce tip travels consistent with those defined for the spiral
Bourdon. (Reference paragraph 2 sbove.) The angular trevels and
linesrities observed on two typical assemblies are shown in Teble 4.

(c) These date indicate the helicel Bourdons exhibited
more non-linearity than the spiral Bourdoms. By using a slightly
heavier section snd more turns, helical Bourdons exhibiting linesrities
comperable to the spirals could be obtained.

4. Preliminsry Environmentsl Tests
(a) Genersl Remarks

(1) Our more extensive menufacturing experience
in the spiral Bourdon field permitted the utilization of svailable
hardwere to perform tests without actual fabrication of the final
gauge. In order to produce a mock-up of the helical design, it was
necessary to fabricate final hardwere. 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 final Phase II tests. In the event of
a failure, the unit was repaired and retested to that psrticuler
envirommental condition which caused failure.

(b) Acceleration Tests

(1) One spiral internal assembly identical to
that proposed was prepered and subjected to the acceleration test.
The unit was calibrated to produce 200 angular degrees for 300 psi
input. This necessitated the pointer to be positioned approximately
1/2 coil from the tip of the Bourdon. (See Table 5.) :

(2) The acceleration forces in the direction of
12 o'clock to 6 o'clock caused an average shift of approximately 15 pei.
It was determined that the shift in scale calibration was a result of
the center coil of the Bourdon being deformed by the pressure of the
outer coils at high scceleration.

(3) The center coil suffers a loss in physicels
due to the high tempersture (1200°F) necessery to silver solder the




ASD-TDR-~65-1

Mexch 8, 1966

m:_— OUTPUT % OF ANGULAR ~OUTPUT % OF ANGULAR
_uasss) | oo | (ecazes) oUTRUT
0 0 0 0 0

25 14 7

50 28 20

75 42 21.4 37 18.5
100 56 ; 52
125 72 68
150 88 45 84 &2
175 104 104
200 120 120

25 138 70.5 161 70.5
50 156 159

75 176 182

300 196 100 200 100

37-
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TABLE 5

ACCELERATION FOR SPIRAL BOURDON GAUGE TEST DATA

SCALE ERROR PSI

INPUT :
;l;l PRIOR TO AFTER ACCELERATION 3X FROM 3500 RPM
PSI DECELERAT ION ‘2500 ;'a RADIAL AND 75_1'! TANGENTIAL MIN,
ACC. DIRECTION
13 o'clock to 9 o'clock J12 o'clock to 6 o'clock
0 +& 0 -19
50 +6 +5 -15
100 +6 +5 -12
150 +4 +2.5 -11
200 -1 -2 -11
250 ~4 -4 -3 i
300 -6 -3 -14
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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 subjected to these deforming forces. The lower
tensile strength of the inner coil permitted the entire Bourdon to
shift and assume a new center with respect to the diasl.

(4) As the gauge must withstand 350°F, the

Bourdon must be silver soldered to the connection. With production
soldering equipment we expect the degradstion in the physicals will
be reduced, but this condition cannot be eliminated completely. A
Teflon bushing was designed to fit snugly over the socket shank with
an outside contour spiraled to mstch the inner 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 firmly supports the
inner coil and restricts any motion output from that coil, a loss in
tip travel was noted. No attempt was made to restore the output motion
to 200° for the remaining portion of these tests.

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

(c) Vibration Tests

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

cPs DISPLACEMENT
5-14 .100

14-23 1g

23-90 .036

90-500 15g

Resonsnce scanning was conducted in each of three mutually perpendicu-
ler 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-II
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TABLE 6
SP ELERATT TA AFTER MODIFICAT
INPUT PRESSURE ERROR (PST) ERROR PSI
PST BEPORE ACCELERATION AFTER ACCELERATION *
0 +3 "

50 -1 o
100 -6.5 -7
150 -14 -14
200 -17 ' -18
250 I8 -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-STD-810. Scale error tests were conducted after endurance vibration
in each of the three planes. (See Table 7).

(2) The vibration data from Table 7 indicated the pro-
posed spiral Bourdon would meet the vibraticn requirements of the speci-
fication. :

(d) Mechanical Shock Tests - The ssme spiral mock-up was
subjected 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 mutuslly perpemdicular planes. No effect on
scale calibration resulted from this test. (See Table 8)

(e) Pulse Amplitude Tests (See Table 9)

(1) At the start of this program there was no require-
ment for a Pulse Amplitude Test. In reviewing the design requirements
with the Air Force Project Engineer, it appeared necessary to qualify
the Bourdon tubes on their ability to withstand pressure impulses
(simulating the pressure pulse of a landing).

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

(3) 1In 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 amendment to the work statement was requested
to add to U. S. Gauge "Tentative Test Specification" TS-701, paragraph
5.5, "Pulse Amplitude Test". This request was granted and the procedure
specified by the USAF. The reguirement is noted in attached TS-701.
It can be seen that this requirement is considerably less severe 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 incresse impulse life.
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TABLE 7
SPIRAL BOURDON GAUGE VIBRATION TEST DATA

INPUT SCALE ERROR PSI_
PRESSURE AFTER VIBRATION* [AFTER VIBRATION* [AFTER VIBRATION*
(pST) | BEFORE VIBRATION | PLANE #1 PLANE #2 PLANE #3
0 +3 +2 i o+l
50 -1 -1 -3 -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 Readout
Plane 3 - Gauge face horizontal - 90° from normal readout.

TABLE 8

SPIRAL BOURDON GAUGE MECHANICAL SHOCK TEST DATA

SCALE ERROR (PSI)
INPUT PRESSURE BEFORE AFTER * -
PSI MECHANICAL SHOCK MECHANICAL SHOCK
0 +1 +1
50 -3 -2
100 -9 -9
150 -14 -15
200 -19 -18
250 -20 -20
300 -22 -22
*Three 15 g chocks in two directions of each of three mutuslly perpendicular
plenes.
TOR. - st il ki e witscminsin ncn
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TABLE 9

SPIRAL AND HELICAL BOURDON
PRELIMINARY PULSE AMPLITUDE TEST DATA

_UNIT # | NUMBER OF CYCLES AT FAILURE |  CAUSE OF FATLURE |
1 804 Bourdon Tube Frecture
Spirel 2 835 Bourdon Tube Fracture
Bourdon . ‘
3 1100 Bourdon Tube Fracture
4 1400 Bourdon Tube Fracture
Helical 1 8000 Test Equipment fesiled
Bourdon _to cycle full range.
| §
]
| 8
{ 4
:
I
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C. DESIGN OF DEVELOPMENTAL MODELS

1. Pressure Elements

(s) Spirel Bourdon Tube - The Phasse II prototype spiral
Bourdons were coiled from .0775 o.d. x .0032 wall BeCu tubing. These
Bourdons have approximately 6" of raw tubing formed to obtain 4-5
sctive coils. This configurstion consistently produces e minimum of

200 engular degrees for 300 psi applied pressure. After forming, the
Bourdons are heat trested st 600°F for a period of three hours to ob-

tein 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 spiral to provide
for assembly to the connectors and subsequent pressure sealing by
silver soldering. (See Figure 15)

(b) Helical Bourdon Tube - The helical Bourdom tubes
were also fabricated from .0775 o.d. x .0032 wall beryllium copper
tubing. The free length of the helix is 1-1/2" which is made up of
10 active coils formed on a coiling dismeter of approximately 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.)

2. Housing - The basic housing design which was selected by
the USAF Project Engineer is shown in Figure 6. This drawing illus-
trates general outline features only. The final configuration, size,
etc., was dependent upon further development of the gauge internals
and review of the method of mounting to the wheel rim. Reference is
made to Figure 17 of this report for the final housing definition
and outline dimension. This drawing illustrates a complete tire
inflation indicator with the helical Bourdon gauge installed. The
spiral Bourdon design is completely interchangeable except that the
gross weight retaining ring markings would be reversed. The housing
material of the Phase II prototype was aluminum, Final material
specifications will depend on the wheel rim materisl (aluminum or
magnesium).

3. Dial - At the conclusion of Phase I, the USAF Project
Engineer specified a dial to be marked with gradustions at 5 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 5 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 during walk around inspections. A green
sector from 75 to 175 psi was provided to indicate the operating mnge.
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(a) It was proposed by the USAF Project Engineer to adjust
the total range so that the operating range (green sector) would center
on 12 o'clock. A Bourdon delivering 200 angular degrees output for
250 psi applied pressure would be required to withstend 100% overpressure
(500 psi) without loss in calibration. This would result in a less re-
liasble element than the proposed 300 psi element with a 67% overpressure
requirement. We therefore provided the prototypes with disls graduated
0 to 300 psi. In the event it is desired to center the sector, this
could be graduated 0 to 250 psi only and thereby reduce the dial arc to
approximately 160 angular degrees. The Bourdon element used would be
the same as for the Phase II model.

(b) The dials for both th- spiral and helicsl Bourdon de-
signs are identical except reversed in direction.

4. Fail Safe Devices - The USAF proposed at the conclusion of
Phase I, that two Fail Safe Devices be developed. Both of these are in-
cluded in the Phase II prototypes for >valuation purposes. It was agreed
only one of these would be incorporated in the final 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. Witk
this design the filter would not be necessary. On the other hand, if
"push to read" is objectionable, then the filter would be required.
Definition of the two devices follow:

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

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

(2) 1In the event that the tire would require inflation,
the inspector need only apply the standard f£illing wmanifold to the outer
valve stem housing with sufficient force to overcome the force of the
return spring and pressure forces against the piston. This wiil simul-
taneously open both valves, thereby subjecting the gauge and the tire
chamber to the filling pressure. The device is equipped with a locking
means to avoid the necessity of manually holding the valve open during
fill. Locking is accomplished by pushing and turning the outer valve
housing.

(3) This design, due to the isolation of the stored
pressure, would eliminate the need for the gauge to withstand the over-
pressure pulse encountered during landing of the aircraft. Furthermore,
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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 1s 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 pressure should the
gauge fail., The restriction provided will limit tire deflstion to
10 p3i loss in approximately 200 minutes, and will cause the gauge to
have a response rate of 4 to 5 seconds maximum.

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

glng.

(3) Tests on various filter materials available re-
vealed that a fine grade ceramic manufactured by Corning Glass Company
having aa effective area of .00212 square inches would produce a flow
rate of .0355 SCFM of air for a differential pressure of 200 psi.

(4) The flow rate through a filter is proportional
to the supply pressure and the change in flow rate for a 10 psig pres-
sure change 1s negligible. The elapsed time for 10 psi loss was com-
puted in a stepwise manner using 10 psig decrements. (See Table 10)

(5) It was determined thet the desired flow was -
obtained with & .052 dismeter filter 1/16" thick. Since this small
size would be difficult to assemble and seal to a holder, a filter
with s dismeter of .135 was assembled and the outer face of the filter
and sround the filter to holder joint completely coated with Hysol
ERL-2795 epoxy. After the epoxy cured, the filter was spot faced to
produce the desired effective area.

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

S. 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 exsminstion were found to be insuffici-
ently free of visual distortion to be used for this application. It
was therefore decided to use a tempered glass for the gauge.

}
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ABLE 10

~w -March 8, 1966

ELAPSED TIME FOR 10 PSI PRESSURE LOSS THROUGH POROUS RESTRICTION

& 1 0 3 — 4 5 6 7

PSIC | ROTAMETER | FLOW | 1B. | INITIAL WT. OF |At OMIN.) ELAPSED TIME

‘ | mweur | READING | scem | Min | AR AT pRessume |PER 10 ST DEC. | MIN. | Ems.
200’ ' 8 .0355 | .00266 11.20 211.0 211.0 | 3.5
190 7.8 .0340 | .00255 10.65 220.0 831.0 | 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
3 150 6.7 .0260 | .00195 8.40 287.0 1454.0 | 24.2
i 140 6.3 |.0235 |.00176 7.84 313.0 1772.0 | 29.6
| 130 6.0 |.0210 |.001575 7.29 355.0 2127.0 | 35.5
j 120 5.7 | .o190 |.o01425 6.73 393.0 2520.0 | 42.9
110 5.4 |.o175 |.oo131 6.16 4217.0 2947.0 | 49.2

100 5.1 |.o160 |.00120 5.60 466.0 3413.0 | 57.0

90 4.8 |.0140 | .00105 5.04 533.0 3946.0 | 66.0

The foregoing table was computed based on the following information:

Gas constant

Ccolumn 1
Column 2
Column 3
Column &

£ ¢ 2

( Column 5

2056 = '¥_

Estimated Tire volume

Temperature of air in tire is constant .

Density of air at standard condition

Determined from formula Weight = PV

RT

Detexrmined from assigned pressure decrements.
Determined from actusl experimental tests.
Determined from associated calibration curveof rotameter.

Determined from relationship SCF Density = lbm
Hin Hin

T = 77°F = 537°R

V = 9,53 £t3

Column 6 - Determined from relationship At = AP ’.056)
k min.
Where A P = Pressure decrement

R = 53,3 £t.1b/1b°F

<075 1bm
b= Tf3

AT

i it e it il
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D. TEST U 'S FOR DEVELOPMENTAL MODELS
1. Test Specification -701

(a) Tentative Test Specification, TS-701, was proposed and
submitted to the USAPF Project Engineer. In addition to the requirements
set forth at that time, Paragraph 5.5 "Pulse Amplitude Test" was added.
(See peraegreph E of Section II of this report for detail,)

(b) All tests on Phase 1I prototypes were conducted according
to the requirements set forth in this apecification.

2. Test Program

s V——— *

a) Specimen Number Tests
1 T8-701, paragrarhs 3.1, 3.2, 3.3, 5.3,

3.2, 3.3, 5.2, 3.2, 3.3

2 and 3 T8-701, 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’ 505’ 3.2’ 303 :

4 and 5 78-701, 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
E | cycles of 5.4, 3.2, 3.3, 300 cycles of
b | 5.4, 3.2, 3.3, 400 cycles of 5.4, 3.2,

E | 3.3
(b) Specimen Number Description
: 1 Housing with Spiral Bourdon Internals
1 2 and & Spiral Bourdon Internals
3 and 5 Helical Bourdon Internals

Note on Specimen 1: - The acceleration equipment did not have sufficient
capacity to handle this relatively large mass, as it was designed for
evaluating the gauge only. The salt spray tcsts 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, USAF agreed that these
tests would be conducted at Wright Field. {
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3. Environmental and Reliability Test Equipment

Test Req., TS-701 Description of Equipment
Vibration Error, Para. 4.6 M" Model ClOVB Vibration System

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

Acceleration Test, Para.5.4 Built by USG for contract
AF33(657)12491

(a) Acceleration Machine - In order to apply the required
centrifugal acceleration of 3000 g's, and tangential acceleration of 50 g's

to the 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
machine and specimen (breking). The machine used for these tests is des-
cribed below. :

(1) The braking mechanism in the machine is made from

a standard Chevrolet clutch-fly wheel assembly. In order to reduce the
braking mass, the function of the clutch is reversed. The heavy £fly wheel
is mounted on a stationary 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 10" dismeter pulley.
The shaft is equipped 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-
lar 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 tangentisl deceleration.

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

Let Ap = tangential scceleration in ft/sec?

Ap = radial acceleration in ft/secz

(W = angular velocity in radians/sec
o~

t = time in seconds

angular acceleration in radians/sec?

=53
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i
i

Given:

Ap = (50 g's) (32.17 ft/sec?) = 1610 ft/sec?
Ag = (3000 g's)(32.17 ft/sec?) = 96,500 ft/sec
r = 0.5 ft.
To find the angular velocity necessary to obtain a radisl acceleration of

3000 g's
Al -wz T

Transposing (W -’VTE_
T
-“- pE.s00 f& x 1
sec 0.5 ft.

-‘\! 1.93 x 105 radians

sec?

\UJ = 438 radiens = 4180 rpm
f:1-13%

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

M= T

Transposing oL = AT
T

o = 1610 ft, x 1
sec 0.5 ft.

o\ = 3220 radians
w
sec

AN
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To find the braking time necessary to obtain a tangential deceleration
of 50 g's

-d
de
dt = d
dt = 438 radians P lecz
sec. 3220 radians
t = ,141 seconds to change from
3220 radians to 0 radians
aoéig_ sec?

(3) Radial acceleration was easily determined by
measurement of the rpm rate of the specimen plate using a strobe light.
Tangential acceleration was more difficult to measure. To verify whether
the machine would generate a 50 g tangential component it was equipped
with a #2213 Endevco Accelerometer. This accelerometer's parformance
was marginal at the low frequency (approximately 1 cps) signal genarated
by the tangential accelerations. This accelerometer and other low fre-
quency accelerometers commercially available all have crosstalk errors.
When a load of 3000 g's is exerted transverse to the sensitive axis of
these transducers, the error at the output is so high as to render the
readings unusable. It was decided to use the #2213 Endevco, together
with high speed motion pictures to determine whether a correlation be-
tween the valuas of acceleration obtained by both means could dbe made.
The sensitive axis of the accelerometer was oriented in the direction of
the tangential acceleration. Tha accelerometer signal was commutated and
fed into a #2614 Endevco Amplifier. The output of the smplifier was re-
corded on a Hughes Aircraft Mem=-Scope #104 thereby displaying the accel-
eration pattern. :

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

(5) Assuming the time intervals betwaen frames to
be constant, the angular displacement for each two frames is propor-
tional to the angular velocity. This velocity was plotted in Figures
20 and 21 which clearly show the constant velocity before braking and
the average deceleration as a line sloping down to the right. Average
decelerations of 79.4 and 107.2 for initial speeds of 2500 rpm and
3500 rpm were noted.
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(6) Figure 22 shows the Memo-Scope traces made
concurrent with the high speed film graphs.

(7) It can be seen from the Memo-Scope films that
the acceleration magnitudes (resding from stert of trace) are spproximately
116 g's for the 2500 rpm trace, and 113 g's for the 3500 rpm trace.

(8) The followirg values of smplitude on the Memo-
Scope traces were observed: 2.25 spaces for 2500 rpm run snd 2.75
spaces for the 3500 rpm run. The corresponding average deceleration
taken from the high speed film plots is 79.4 g's and 107 g's.

107

..rhere_fon: 79.6_35 g/space 775 =- 39 _S/BPO“

2,25

Both these values are somewhat higher than the calibrated value of 33 g's/
space for the accelerometer. Even assuming the lowest value of 33 g's/space,
the tangential deceleration is in excess of the required 50 g's when braked .
from any speed higher than 2500 rpm.

(9) The machine as checked out above, wa- ot capable
of rotating at 4180 rpm (3000 g's radisl acceleration at 6" r:.:.3). A
more powerful motor (1 HP, 6500 rpm) was purchased and assembl=d *- the
machine. With the new motor the machine was capable of achicving speeds
in excess of 5000 rpm (4300 g's at 6" radius).

(10) The final form of the spiral and helical

designs dictated a nmew specimen plate mounting arrangemen:.. As a result
of this requirement the moment arm was changed from 6" to 5-9/16", which
increases the rpm requirement to 4500 in order to achieve 3000 g's radial
acceleration. This change in the moment arm reduced the applied tangential
deceleration by 7%. However, a 7% reduction of even the lowest observed
value still assures that the machine will generate a tangential component
in excess of 50 g's.

B, TEST RESULTS - Tables 2 thru 32 show the results obtained of
the testing performed in accordance with Paragraph II B. All test results
are satisfactory and in accordance with T8-701 except for the following.

1. vibration Error (Units 2 and 3)

(s) Spiral Bourdon (Unit 2) - After exposure to vibration
endurance, this unit was intact but showed excessive friction as shown in
Table 22. The pointer bearing was polished and Molykote applied to the |
bushing. The gauge was then retested for vibration endurance. After
approximstely 2/3 of the second vibration endurance test had elapsed, a
fatigue bresk was noted in the Bourdon tube. The gauge was tested for
friction and was satisfactory. The conclusion was that no increase in
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friction would be cauué by the endurance vibration exposure.
(b) Helical Bourdon (Uait 3) - During exposure to vi-

bration endurance, the Bourdon fractured causing a pressure leak. The
unit also indicated excessive friction. 1In analyzing 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 msterial 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 psssed
all of the requirements. Tables 23 and 26 show the scale error end
friction after the two vibration exposures.

2. Acceleration Test(Units &4 and 5)

(e) Spiral Bourdon (Unit 4) - After exposure of 400
simulated takeoffs send 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 friction; 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 time 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 vibration), 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 shift 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 DESICNS

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 gpiral 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; however, an analysis of the components and assemblies indicated
the helical design would be tha more costly in a ratio of approximately
534.
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TABLE 11

AT R TEMPERATURE

TEST DATA (SPECTINEN 1 THRU 5)

March 8, 1966

SPIRAL #2
BEPGRE TAP AFTER TAP FRICTION

Pt et ot ot pd ©Q O 1 O 1 et Pt O | Pl et Pt et i D S 2 NN O N

3

HELICAL #3
BEFORE TAP _ AFTER TAP FRICTION

-6
-5
-4
-3
-1
-1
-1
-1

0
+2
+2
+2
+4
+4
+3
+2
+3
+1
+2
+2

0

0
-2
-2
-3

NN WK BN O MM | OO0 NNNMNNNNNMDN
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TABLE 11-A 3 &
TRST SPIRAL #1
L onst BEFORE TAP AFTER TAP _ FRICTION
0 -5
25 -4 -4 0
30 -1 -1 0
75 0 0 0
100 +1 +1 0
125 0 0 0
150 +1 +1 0
1725 -1 -1 0
200 -1 -1 ]
225 -2 -2 0
250 -2 -2 0
275 -2 -2 0
300 0 0 0
500 - - -
300 0 0 0
275 -1 -1 (]
250 -1 -1 0
225 0 0 0
200 ) 0 0
175 +1 +1 (]
150 +2 +2 0
125 +2 +2 0 {
100 +2 +2 0
75 +1 +1 0
350 -1 -1 0
25 -3 -3 0
0 -4 -4 0
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TABLE 1}-B

March 8, 1966

TEST SPIRAL #4 HELICAL #5
POINT BEFORE TAP _AFTER TAP _ FRICTION BEFORE TAP AFTER TAP FRICTION
0 0 +6
25 0 +1 1 +2 +5 3
50 +1 +1 0 +2 +5 3
75 +2 +2 0 +2 +5 3
100 +4 +4 0 +2 +4 2
125 +5 +5 0 +2 +6 2
150 +3 +3 0 +2 +3 1
175 +2 +3 1 -1 +1 2
200 +1 +2 1 -2 -1 1
225 +1 +1 0 -3 -2 1
250 0 +1 1 -4 -2 2
275 0 +1 1 -4 -3 1
300 +1 +2 1 -5 -4 1
500 - - - - - -
300 +4 +3 1 -1 -3 2
275 +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
50 +3 +3 0 +11 +7 4
25 +4 +3 1 +13 +9 4
0 +2 +1 1 +15 +9 6
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TABLE 11-C (i
E | TEST SPIRAL #2 " HELICAL #3 .
: i POINT BEFORE TAP AFTER TAP _ FRICTION BEFORE TAP _AFTER TAP FRICTION
z' ) -4 ' -3
T ’ 25 -4 -4 0 -4 -3 1
| S0 -2 -2 0 -3 -2 1
75 -2 -1 1 -3 0 3
100 -2 -1 1 -3 -3 0
125 -3 -3 0 -1 0 1
150 -4 -4 0 -2 -1 1
175 -7 -7 0 -3 -1 2
200 -10 -10 0 -3 -3 )
225 -10 -10 0 -4 ~ 2
250 -11 -10 1 -4 =2 2
275 -12 -11 1 -5 -3 2
300 -12 -11 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 g
150 -6 -6 0 +2 0 2 |
125 -4 -5 1 +3 +1 2
100 -2 -2 0 +3 +1 2
75 -2 -2 0 0 -1 i
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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IABLE 12
CALIERATION AND FRICTION ERROR AT -65°F

March 8, 1966

al

ROOM TEMPERATURE +160°F, AND ROOM TEMPERATURE
TEST DATA gggnil 2 & 3)
AT ROOM TEMPERATURE

TEST SPIRAL #2 HELICAL #3
POINT BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION
0 -4 -5
i 25 -4 -1 3 -6 s 1
50 0 e 1 -5 -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 0 0 +2 2
200 +4 +4 0 0 +1 1
225 +4 +4 (1} -1 +1 2
250 +4 +b 0 0 +2 2
275 +4 +4 0 -1 +1 2
300 +5 +5 0 0 +2 2
500 4 = p & . %
300 +6 +5 1 +3 +1 2
275 +4 +4 0 +2 +1 1
250 +4 +4 0 +4 +3 i
225 +4 +4 0 +3 +1 2
200 +4 + 0 +4 +1 3 !
175 +4 +h 0 +4 +2 2 ;
150 +5 +4 1 +5 +3 2 .
125 +5 +4 1 +h +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 -1 3 0 -2 2
0 0 -2 2 -2 -4 2

«65~




TABLE 12-A
AT +160°F

TEST SPIRAL #2_ ~ ' EELICAL #3
PoDNT BEPORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION

0 +2 -3

25 +2 +3 1 -3 -3 2
50 +3 +3 0 -3 ] 3
15 +4 +4 0 -2 +2 &
100 +5 +5 0 0 +2 .
125 +5 +5 0 +2 +4 2
150 +5 +5 0 +2 +& 2
175 +5 +5 0 +3 +% 1
200 +5 +5 0 +2 +h 2
225 +5 +5 0 +1 +3 2
250 +5 +6 1 L) +5 1
275 +6 +6 0 +64 +5 1
300 +6 +8 2 +5 +5 0
500 - - - - - -
300 +12 +10 2 +7 +7 0
275 +11 +9 2 +7 +5 2
250 +9 +8 1 +8 +6 2
225 +7 +7 (] +7 +5 2
200 +7 +7 0 +7 +5 2
175 +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

C
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( TABLE 12-B.
AT +160°F
TEST SPIRAL #2 HELICAL #3
POINT BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP_FRICTION
0 & 03
25 *2 +3 1 -5 -3 2
50 +3 +3 0 -3 0 3
75 +b +4 0 -2 *2 4
100 +5 +5 0 0 +2 2
125 +5 45 0 +2 +4 2
150 +5 +5 0 +2 +s 2
175 +5 +5 0 +3 +h 1
200 +5 +5 0 +2 + 2
225 +5 +5 0 +1 +3 2
250 +5 +6 1 +4 +5 1
275 +6 +6 0 A +5 1
300 +6 +8 2 +5 +5 0
sm - - - - - -
300 +12 +10 2 +7 +7 0
275 +11 +9 2 +7 +5 2
250 +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
125 +8 +8 0 +7 +4 3
100 +9 +9 0 +6 +4 2
75 +9 49 0 45 +3 2
50 +8 +8 0 +2 0 2
| 25 +5 45 0 0 -2 2
i 0 +5 +4 1 -2 -4 2
'* ‘
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TABLE 13
POSITION ERROR AND OVERPRESSURE TEST DATA
SPECIMEN 2 & 3
SPIRAL #2 HELICAL #3
TEST POS TTION POSTTTON
POINT |NORMAL 90°CW 180°CW_270°CW 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 PSI FOR TEN MINUTES.
TEST SPIRAL #2 HELICAL #3
POINT | BEFORE TAP _ AFTER TAP _ FRICTION BEFORE TAP __ AFTER TAP _FRICTION
0 +4 -4
25 +4 +5 1 -4 -2 2
59 +6 +6 0 -4 -2 2
75 +5 +5 0 -3 0 3
100 +7 +7 0 -2 +1 3
125 +5 +6 1 -1 +1 2
150 +7 +7 o -2 +1 3
175 +5 +5 . A 0 +1 1
200 +5 +6 1 -2 0 2
225 +4 +4 0 0 +2 2
250 +5 +5 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 +3 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 +38 +4 4
75 +9 +6 3 +6 +4 2
50 +7 +5 2 +6 +2 4
25 +5 +5 0 +4 +1 3
0 +5 +5 o o -2 2
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(
TEST SPIRAL $2 HELICAL #3
JOINT | TAP __AFTER TAP BERORE TAP _ AFTER TAP _ FRICTION
0 -2 -4
25 -2 -2 0 -7 -4 3
50 +0 0 0 -5 -4 1
75 +h +h 0 -1 0 1
100 +4 +4 0 -2 -1 1
125 +5 +5 0 +1 +2 1
150 +5 +5 0 0 -2 2
175 +b +5 1 0 +1 3
200 +3 +5 2 -2 +1 3
225 +2 +4 2 -1 +1 2
250 +3 +5 2 0 +2 2
275 +2 +5 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 E
250 +6 +5 1 +6 +4 2
225 +4 +4 0 +2 0 2
200 +5 +5 0 +6 +4 2
175 +6 +5 1 +6 +4 2
150 +5 +5 0 S +5 2
125 +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 +b 2
25 +4 +4 0 +7 +4 3
0 +4 +1 3 +6 +2 4
3
-69-
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E ( TABLE 16
T AND FRICT AFTER PULSE ITUDE TEST DATA
SPEC 2&3
TEST SPIRAL #2 HELICAL #3
* POINT BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION
0 +2 -4 :
25 +2 +2 ] -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 (1] -2 0 2
300 +4 +5 1 +2 +2 0
500 -- -- - - -- -
300 +7 +6 1 +5 +4 1
275 +6 +5 1 +4 +2 2
250 +5 +5 0 +4 +2 2
225 +4 +4 0 +2 0 2
200 +4 +4 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
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TABLE 17
CALIERATION AND FRICTTON ERROR AFTER VIBRATION ENDURANCE TEST DATA
(SPECTMEN 2 & 3)

‘Yibration Schedule
Gauge Face Vertical

Resonance 180 cps, 1l5g

Vibrated 1/2 hour at resonance, 2-1/2 hours cycling

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

Geuge Face Horizomtal - 90° from Normel Readout Position
Resonance 110 cps, 15 g
vibrated 1/2 hour at resomsmce, 2-1/2 hours cycling

ROOM SCALR ERROR & FRICTION ERROR AFTER VIBRATION

TEST
POINT

25

175

SPIRAL #2
BEFORR TAP _ AFTER TAP _ FRICTION
+2

+2 +4 2
+2 +5 3
+3 +5 2

0 +6 6

0 +6 6
-1 +5 6
+3 +4 1
+2 +4 2
-2 +3 5
-4 +3 7
-2 +3 5
-2 +5 7
+20 +7 13
+12 +6 6
+8 +5 3
+6 +4 2
+10 +5 5
+11 +5 6
+20 +7 13
+20 +6 14
+20 +6 14
+20 +6 14
+16 +6 10
+10 +5 5
+7 +3 4
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C TABLE 17-4

Vibration Schedule

Gauge Face Horizontal - Normal Readout Position
Resonance 490 cps, 1l5g
vibrated 1/2 hour at resonance, 2-1/2 hours cycling

Gauge Face Horizomtal - 90° From Normal Readout Position
i Resonance 325 cps,.15g and 490 cps, 15g
i Vibrated 1/2 hour at each resonance, 2 hours cycling

Gauge Face Vertical
Resonance 300 cps, 15g
Vibrated 1/2 hour at resonance, 2-1/2 hours cycling

ROOM SCALR ERROR & FRICTION ERROR AFTER VIBRATION

No tests conducted due to leak in Bourdom tube.
S8ee paragraph IV D for explanstion.

See Figure for vibration error results after
repair and rerun vibration.
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TABLE 18 A

CALIBRATION AND FRICTION ERROR AFTER REPAIR OF VISRATION FATLURE TEST DATA
SPECIMENS 2 & 3)
TRST SPIRAL #2 BELICAL #3
POINT | BEFORE TAP _ AFTER TAP _ FRICTION | BEFORE TAP  AFTER TAP FRICTION
0 +3 -3
25 +4 +4 0 -3 -2 1
50 A +5 1 -3 -1 2
75 +4 +5 1 -2 -1 1
100 +5 +7 2 -3 -1 2
125 +4 +6 2 -2 -1 1
150 +4 45 1 -3 -1 2
175 +4 +4 0 -2 -1 1
200 +3 +4 1 -2 0 2
225 +3 +4 1 -2 +1 3
250 +3 A 1 -1 +2 3
275 +4 0 -1 +2 3
300 +4 +4 0 +2 +5 3
m - e - - L - -
300 +5 +5 0 +8 +6 2
275 +5 +5 0 +o +3 1
250 +5 +5 0 +5 +3 2 ,
225 +5 +b 1 + +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 z
' 50 +7 +6 1 +1 -1 2
25 +5 +4 1 0 -2 2
0 +4 +3 1 -1 -2 1




March 8, 1966
TABLE 19

ERROR AFTER VIBRATION ENDURANCE TEST DATA
(SPECIMENS 2 & 3)

Vibration Schedule

Gauge Face Horizontal - Normsl Readout Position
Resonance 105 cps, 15g

Vibrsted 1/2 hour at resonance, 2-1/2 hours cycling

Gauge Face Horizontal - 90° From Normal Resdout Position
Resonsuce 98 cps, 15g

Vibrated 1/2 hour at resonance, 2-1/2 hours cjeli.u
Gauge Face Vertical

Resonance

Vibrated

ROOM SCALE ERROR AND FRICTION ERROR AFTER VIBRATION

Due to leak in Bourdon tube, scale error could not be
conducted., Sufficient friction analysis wes conducted
to prove friction error within requirements.
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TABLE 19-A (
VIERATION SCHEDULE : '
Gauge Face Horizontal - Normsl Readout Position ; ’

Resonance - 380 CPS, 158
vibrated - 1/2 hour at resomance, 2-1/2 hours at cycling

Gauge Face Horizontal - 90° from Normal Readout Position
Resonance - 340 CPS, 15g
Vibrated - 1/2 hour at resonance, 2-1/2 hours cycling

Gauge Face Vertical
Resonance - 270 CPS, 15g
Vibrated - 1/2 hour at resomance, 2-1/2 hours cycling

ROOM SCALE ERROR & FRICTION ERROR AFTER VIBRATION

TEST | HELICAL # 3
POINT BEFORE TAP AFTER TAP FRICTION
0 +4
25 +2 +5 3
50 +3 +5 2
75 +3 26 3
100 +*2 +5 3
125 +3 +6 3
150 +3 45 2
175 +3 +5 2
200 +3 +4 1
225 "l +4 2
250 +4 +4 0
275 +4 +6 2
300 +6 +7 1
500 .- - -
300 +9 +8 1
275 +9 48 1
250 +8 +6 2
225 +8 +7 1
200 +8 +6 2
175 +7 +6 1
150 +8 +6 2
125 +9 +7 2
100 +9 +7 2
75 48 +6 2
S0 +7 +6 1
25 +7 +5 2
0 +7 +5 2
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TEST SPIRAL #4 S
POINT BEFORE TAP AFTER TAP FRICTION BEFORE TAP AFTER TAP FRICTION
0 +2 +9
25 +2 +3 1 +2 +7 S
50 +2 +2 0 +2 +6 [
75 +3 +4 1 +2 +5 3
100 +4 +4 0 +4 +5 1
125 +5 +5 0 +3 +4 ) §
150 +3 +4 1 +2 +3 1
175 +2 +3 1l =1 0 1
200 +1 +2 1 -3 -1 2
225 +2 42 o . -3 -2 1
250 +1 +2 1 -4 -3 1
275 +2 +2 0 -4 -3 1
300 +2 +3 1 -5 -4 1
m = - - - - - -
300 +5 +3 2 -1 -3 2
275 +4 +4 0 -1 -3 2
250 +4 +3 1 0 -2 2
225 +4 +4 0 -2 -2 0
200 +4 +4 0 +1 -1 2
175 +5 +5 0 +2 +1 1
150 +5 +5 0 +5 +3 2
125 46 +6 0 +7 +5 2
100 +6 +6 0 +8 +6 2
75 +6 +5 1 +9 +7 2
L) +9 +4 0 +11 +8 .3
25 +3 +3 0 +13 +8 5
0 +4 +4 0 +17 +10 7
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TABLE 20-A
APTER 75 CYCLES

TEST SPIRAL #4 HELICAL #5

POINT 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
75 +3 +4 1 +2 +7 5
100 +4 +5 1 42 +5 3
125 +4 +5 1 +2 +4 2
150 +4 +h 0 +1 +3 2
175 +3 +4 1 0 +2 2
200 +2 +2. 0 -3 -1 2
225 +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
500 -- - - - -- -
300 +4 +3 1 -2 -3 1
275 +4 +4 0 -2 -4 2
250 +4 +3 1 -1 -2 1
225 +4 +3 1 -1 -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

50 +5 +4 1 +11 +7 4
25 +4 +3 1 +13 +9 4

0 +3 +3 0 +17 +10 7
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El( TABLE 20-3
i AFTER 125 CYCLES
SPIRAL #4 HELICAL #5
BEFORE TAP __ AFTER TAP _FRICTION BEFORE TAP _ AFTER TAP _ FRICTION
+2 +9

0 +2 2 +2 *7 5
+1 +2 1 +3 +6 3
+3 +4 1 +3 +6 3
+3 +4 1 +3 +5 2
+4 +5 1 +2 +3 1
+3 +4 1 +1 +2 1
+3 +3 0 -1 +1 2
+2 +2 0 -2 -1 1
-1 - +0 1 -3 -2 1

0 0 0 -3 -2 1

0 +1 1 -5 -3 2
+2 +2 (4] -5 -4 1
+3 +3 0 -2 -3 1
+4 +3 1 -2 -3 1
+3 +3 0 -1 -2 1
+3 +3 0 -1 -2 1
+4 +4 0 +1 -2 3
+5 +5 0 +2 +1 1
+6 +6 0 +4 +3 1
+6 +6 0 +7 +4 3
+6 +5 1 +8 +6 2
+6 +5 1 +8 +7 1
+4 +4 0 +10 +7 3
+3 +3 0 +13 +8 5
+3 +2 1 +15 +10 3
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TABLE 20-C
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 o+ 0 -1 +1 2
200 +3 +3 0 -1 +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
soo - - - - - -
300 +4 +3 1 -1 -2 1
275 +4 +4 0 -1 -1 0
250 +4 +4 0 +0 -2 2
225 +4 +4 0 +2 -1. 3
200 +4 +4 0 +3 1 2
; 175 +6 +5 1 +4 2 2
L 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 S
0 +2 +2 0 +16 10 6
i
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4 TABLE 20-D
» AFTER 300 CYCLES

March 8, 1966

TEST SPIRAL #4
POINT | BEFORE TAP _AFTER TAP _FRICTION
o +1

25 +1 +2 1
50 +2 +2 0
75 +2 +3 1
100 +3 +4 1
125 +4 +5 1
150 +3 +4 1
175 +s + 0
200 +2 +3 1
225 +1 +2 1
250 +1 +1 0
275 +2 +2 0
| 300 +2 +2 o
500 - - -
300 +4 43 1
275 +4 +4 (]
250 +3 +3 0
225 +4 +3 1
200 +4 +4 0
175 +6 +6 0
150 +6 +6 0
125 +7 +7 0
100 +6 +6 0
75 +5 +4 1
50 +4 +3 1
25 +3 +3 0
o +3 +2 1

+3
+3
+3
+3
+3
+2
+1
-2
-3
-3
-3
-3
-1
0
0
0
+1
+3
+4
+6
+8
+9
+11
+13
+16

HELICAL #5
BEFORE TAP _ AFTER TAP FRICTION

+9
+8
+7
+6
+5
+6
+4
+2
-1
-2
-2
-2
-2
-2
-1
-1
-2
-1
+2
+4
+5
+6
+7
+7
+8
+10

CWVENNEO NN = pt it | e ot st ol ot s N W N W P W0
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TABLE 20-E
AFTER 400 CYCLES
TEST SPRIAL #5 L #5
POINT | BEFORE TAP AFTER TAP _ FRICTION | BEFORE TAP AFTER TAZ _ 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 + 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 i 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 +h +4 0 -2 -3 1
250 +4 +4 o -1 -2 1
225 +4 +3 1 -1 -2 1
209 +5 +5 0 +1 -1 2
175 +5 +4 1 +2 0 2
150 +6 +5 1 +s +2 2
125 +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 46 2
25 +4 +3 1 +11 +8 3

o +3 +3 0 +16 +10 6
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I1I. = VICE TEST MODELS

A, GENERAL - At the completion of the Phase II,evaluation of the
test results by the USAP Project Engineer resulted in the selectioa of
the spiral Bourdon design shown on layout drawing €SK-9426-1, Figure 18.
At this time, a decision was made to use the ceramic filter typs fail
safe device described in perasgraph II.C.4.b of this report. However,
it was also decided to provide for the incorporation of the fail safe
valving described in paregraph II c.4.a im the event it might be de-
sired at some later date. This portion of the development program
was directed toward the fabricatiom of 25 Tire Inflation Indicator
Systems; 20 to be field tested by the USAF at Wright-Patterson Air
Force Base; and 5 to be reliasbility tested by the comtractor. This
phase was also comcerned with providing detailed drawings of the com-
ponents and sssemblies for competitive procurement.

B. PFinal Deoig; Description and Discussions - The detail drawings
of components and assemblies contained in this report describe the
finel design selacted by and submitted to the USAF for field evaluation.

The componment and assembly drawings include all modifications in the
design which resulted from the Phase II model building and testing.

Phase II Acceleration 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. During the Phase III model build-
ing, several methods of sealing were investigated. It was determined
that "Loctité Plastic Gasket" applied to the case lip prior to assembly
of the crystal and bezel would provide a waterproof seal when immersed
in one foot of water. Additional tests were comducted to determine

the pressure at which the seal would fail in the event of a Bourdom tube
leak and case 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 Bourdom leak
would cause a low, erroneous pressure reading since the Bourdom would
be sensing a differential pressure between the tire and imternal case
_pressure. Furthermore, the fracture of the glass could be hazardous

for an operator who might be viewing the gauge at the instamt of glass
failure. Im order to rectify this, a small 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 immersed in one foot of water,
but relieved the case pressure at 10-12 psi providing a sealed, but fail
safe case design. :

C. Test Results - Scale Error and Friction Error Tests were con-
ducted on serial numbered units 1 thru 21, in accordance with para-
graphs 3.2 and 3.3 of Test Specification TS-70l1. The results of these
tests are shown in Tables 21 thru 27.

e T AT TS B g s T 2 o
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Scale error, friction error, and reliability tests were conducted
oa serisl numbered units 22 thru 26 ia eccordance with peregraphs
3.2, 3.3 and 5.4 of Test Specification TS§-701. The results of
these tests are shown im Tables 28 thru 32.

The contract requires a Mesn Time Between Failure of 172 cycles with
a confidence factor of 0.9 (a cycle being one simulated takeoff and
landing). According to Bezovski's “Reliability Theory and Practice”
the total test time shall be 400 cycles, or 80 cycles on each of
five specimens. In order to better determine the reliability of
the geuge under severe conditions of scceleration, it was planned
to perform up to 400 cycles on each of the five gauges. As indi-
cated in Table 31, serial number 2§ failed at 275 cycles. Also,

in order to balamce the acceleration machine while testing serial
number 26, serial number 22 was run for an additional 400 cycles.

Following is an analysis of th.e foregoing tests:
Total number of cycles for all units bf 2,275.

Therefore, since

MIBF = Total test time or cycles for all equipments

Where 2.3 is o_bta:l.nod from é-i-e-! based on the constant for ’

the Poisson/chi squared distribution assuming an exponential
(2 degree freedom) distribution.

2275

Therefore mb 988 cycles with a confidence factor of
0.90

2275)(2 '
Assuming MTBF - 172 cycles 172 = %I“O%cﬁi

4550
Poisson/chi = 172 = 26.4

From Poisson/chi tables for 2 degrees of freedom
Confidence leve]> «9999999 thet gauge has a
MIBF = 172 cycles
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A lusions - The foregoing study, the preparation and
testing of two designs and the production and testing of 26
service test models hes demonstrated the feasibility of a perx-
manently attached tire inflation indicator. Reliability testing
(simulated aircraft takeoff aend lamding) on five of the 26 field
test models has demenstrated the ability of the pressure indi-
cator to withstand the severe shock and acceleration encountered
by aircraft wheels. They further revealed that the indicators
have a MTBF of 172 cycles with a confidence level of .9999999
during their service life. Or another way of stating it, is a
MIBF of 985 cycles with a confidemce factor of .9.

During the Phdse II work effort, two fail safe devices were de-
veloped to sssure against tire failure should a gauge leak occur.
(Por detailed description, see para. II 4 of this report) The

USAP Project Engineer selected one of these, the filter restrictiom,
for inclusion in the Phase III Field Test Models. He also required
the gauge housing to provide the valve type fail safe device.
Production of the 25 field test models demonstrated that s porous
restriction could be incorporated with normsl production methods
with no impairment to the pressure response of the gauge.

B. Recommendations - In view of the findings as presented
in this report, the following is recommended: .

(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 envirormental
and reliability testing, paragraph 3.2, be changed to 5% for
all test points.

b. The scale error tolerance at high and low
temperature, peragraph 4.3 and 4.4, be changed to t7% for all
test points.

(2) Eliminate the push to test provision and use omly
the porous restriction feature for feil safety.

(3) Separate the filling valve from the gauge housing.

The £illing valve can be attached to the wheel as a separate valve
assembly, 180° from the gauge permitting it to act as a counter-
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weight and elimineting the complex machining of the valve seat
in the housing (or wheel rim - see item 4). Am additional
benefit of this errangement would be the fact that the filling
hose and operator’s hand would not obscure the gauge during
£illing.

(4) Ths gesuge housing be made an integrsl pert of
the aircraft wheel eliminating the need for separate mounting
end sealing mesns end reducing total wheel weight,
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3 1
+2 +3 1 -5 -4 1 +5 +5 0 |
+3 +4 1 -6 =4 2 4 +4 0 ;
+3 +4 1 -7 -6 1 +3 +3 0
+3 +3 0 -5 -4 1 +1 +1 0 |
+2 +2 0 -6 -4 2 -2 -1 0
+1 +2 1 -7 -5 2 -3 -3 0 |
+2 +3 1 -8 -7 1 -3 -3 0 |
-1 -1 0 -8 =7 1 -5 -5 0
-2 -2 0 -7 -7 0 -5 -5 0
-3 -3 0 -7 -7 - -4 -4 0
-4 -4 0 -5 -5 0 -3 -2 1
-6 -5 1 -4 -4 0 0 0 0
-2 -3 1 -5 -5 0 -3 -3 0
-3 -3 0 -6 -6 0 -3 -4 1
-2 -3 ) -6 -6 (1] =4 -4 0
-1 =1 0 -5 -6 1 -5 -5 0
+1 o 1 -5 -6 1 -3 -3 o g
+2 +1 1 -3 -4 1 -2 -2 0 g
+2 +1 1 -3 =4 1 -l -1 0 | 4
+3 +3 1 -2 -3 1 +2 +1 1 1
+2 +1 1 -3 -4 1 +3 +3 ]
+4 +3 1 -2 -3 1 +4 + (1]
+5 +4 1 -3 -3 0 +5 +5 0
+6 +5 1 -3 -3 0 +5 +5 0
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, TEST |BEFORE AFTER BEFORE AFTER BEFORE AFTER
POINT | TAP TAP _FRICTION | TAP TAP __FRICTION TAP TAP FRICTION.
k 0 -6 0 -4
: 25 -5 -5 0 0 0 0 -4 -4 0
50 -6 -6 0 0 0 0 -3 -3 0
: 75 -5 -5 0 0 +1 1 -5 -4 1
100 -4 -3 1 -1 0 1 -3 -3 0
3 125 -4 -4 0 -1 0 1 -4 -3 1
150 -5 -5 0 -3 -2 1 -3 -3 0 :
175 -5 -5 0 -4 -3 1 -4 -4 0
200 _ -6 -6 0 -7 -6 1 -5 -5 0
225 -5 -5 0 -8 -7 1 -5 -5 0
25¢ -6 -6 0 -10 -8 1 -4 -4 0
275 -5 -5 0 -6 -6 0 -4 -4 0
300 -5 -5 0 -6 -6 0 -3 -3 0
275 -5 -5 0 -5 -6 1 -3 -3 0
250 -5 -6 1 -6 -8 2 -3 -4 1
225 -5 -5 0 -5 -6 1 A -5 1
200 -6 -6 0 0 -2 2 A -4 0
175 -5 -5 0 -2 -2 0 -3 -3 0
150 -4 -4 0 0 -2 2 -3 -3 0
125 -3 -4 1 -1 -2 1 -2 -2 0
100 -2 -3 1 +2 0 2 0 0 0
75 -5 -5 0 +2 +1 1 -2 -2 0
50 -4 -5 1 0 0 0 0 -2 2
25 -5 -5 0 0 0 0 -3 -4 1
0 -5 -6 1 0 0 0 -3 -4 1
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2%

TEST DATA

12

10, 11

NV

P _FRICTION

L #12

ER
BEFORE  AFTER
AP

el NOOOQOOONOOO0OO0OO0OO0OO~OOOOC

+1
-1
-2
-4
-6
-6
-6
-5
-2
-4
-5
-5
-4
-4
-3
-1
+1

-2
-1
-2
-1
-1
-2
-4
-6
-6
-6
-5
-3
-4
-5
-5
-4
-4
-3
-1

0

0

0
-1
-1

TAP _FRICTION

SERIAL #11

BEFORE AFTER
TAP

COOCOHOOmM~Nrmrd il i rd el (NO vd O v v=l =l o=t

-2
-3
-2
-3
-3
-3
-4
-7
-7
-7
-7
bt |
-6
-7
-6
-6
-3
-6
-2
-2
-1
-1
-1
-1
-1

0000

-3
-2
-3
-3
-4
-4
-7
-8
-8
-9
-8
-7
-5
-5
-5
-4
-4
-2
-1
+1

T

NOOOO~rMN~NOOONNNSNHNANNANN

o,
4
= 4 -l
B3 cocozozvnenrorosonogyygee
4 o 2] L JK
mm gSeseeynnbasaararLoL Yo
-
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mmoumnmumvmu»:mnmumnmumnmzo
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BEFORE AFTRR BEFORE AFTER |
_JIT_JR JAR __FRICTION | TAP JAR __FRICTION )| _TAP JAP JRICTION
(/] 0 -1 +7
25 +2 +2 0 0 +1 1 4 +6 2
S0 +2 +3 1 0 +1 1 +2 +4 2
75 +3 +4& 1 0 +1 1 +1 +3 2
100 +3 +& 1 +1 +2 1 -1 +1 2
125 +4& +5 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 P +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 +& +1 3
250 0 -2 2 0 +1 1 +4 0 4
- 225 -2 -2 0 -2 +2 4 +4 -1 S
200 +2 +1 1 0 +2 2 +6 ‘-t S
175 +3 +2 1 +2 +2 0 +4 - S
150 +3 +3 0 +2 .l 1 +3 0 3
125 +5 +5 0 +3 +2 1 +6 +2 4
100 +6 +6 0 +3 +2 1 +6 +3 3
75 +6 -4+5 1 +2 +2 0 +7 +5 2
50 +4 +4 0 +2 +1 1 +9 +7 2
25 +4 +3 1 +2 +2 (/] +10 +7 3
0 +2 +1 1 +1 0 1 +10 +8 2
=91~
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TABLE 28 (
CALIBRATION AND FRICTTON ERROR AT ROOM TEMPERATURE
k BEFORE AND AFTER ACCELERATION TEST DATA
SERIAL NUMBER -2
L BEFORE ACCEL. TEST AFTER ACCEL. TEST (400 CYC) AFTER ACCEL. TEST (800 CYC.] |
TEST BEFORE AFTER BEFORE AFTER BEFORE AFTER ;
Pomvr| TAP  TAP FRICRION|  TAP TAP FRICTION SHIFT| TAP _ TAP FRICT, SHTFT | |
| o +2 +3 ; +6 % !
i 25 +2 +3 1 +3 +5 1 +1 +6 +7 1 +4
. 50 +3 +3 (V] +4 +4 0 +1 +6 +7 1 A
i 75 +3 +3 0 +4 +4 0 +1 +7 +8 1 +5
- 160 +3 +4 1 +4 +4 0 0 +7 +3 1 +Le
' 125 +3 +4 1 +4 +5 1 +1 +6 +7 1 +3 3
150 +2 +2 0 +3 +3 0 +1 +5 +46 1 + |
175 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 (/] +1 1 +3
250 -4 -4 0 -1 -1 0 +3 +1 . +2 1 +6
275 0 0 0 +2 +2 0 +2 +1 +2 1 +2
390 +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
228 -2 -2 0 -1 -1 0 +1 +3 +2 1 +4% 4
220 -2 -2 0 +2 +1 1 +3 +4 +3 1 +5
175 +2 +1 1 +4 +3 1 +2 +7 +5 2 +4
150 +4 +3 1 +6 +5 1 +2 +7 + 0 +*“
125 +5 +5 0 +7 +6 1 +1 +9 +8 1 +3 |
100 +7 +6 1 +9 +8 1 +2 +11 +5 2 +3
75 +6 +5 1 +8 +7 1 +2 +11 +3 2 +4
50 +7 +5 2 +7 +6 1 +1 +10 +9 1 +4
25 +5 +4 1 +6 +5 1 +1 +8 +8 0 +%
0 +3 +3 0 +5 +4 1 +1 48 +7 1 +4
i
" i -« —
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( TABLE 29
A T TURE
k BEFORE AND AFTER ACCELERATION TEST DATA
SERJAL NUMBER 23

—BEFORE ACCELERATION TEST ~AFTER ACCELERATION TEST (400 CYCLES) |

H

TEST BEFORE  AFTER BEPCRE  AFTER

POINT TAP TAP FRICTION TAP TAP FRICTION SHIFT z
0 +3 +6 +3

25 +3 +5 2 +6 +7 1 +2 |

50 +h +5 1 +7 +8 1 +3 ;

75 +5 +7 2 +8 +9 1 +2 |

100 +5 +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 42
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
250 -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 +h +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 s
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TABLE 30
T AT

BEFORE AND APTER ACCELERATION TEST DATA

Mazrch 8, 1966

SERIAL NUMBER 24
£ BEFCRR ACCERLERATION TEST ~AFTER ACCELERATTION TEST (400 CYCLES
| | |Tms. | BEPRE  AFTER BEFORE  AFTER
;ggﬂﬁv_££, TAP __ FRICTION TAP
Bl o -2 -2
| ; 25 0 o 0 -1 0
E | 50 +1 +2 1 +1 +2
FT 75 +2 +3 1 +2 +3
+3 +3 0 +3 +3
+3 +3 0 +3 +3
+2 +3 1 +1 +2
0 o 0 -1 0
-4 -3 1 =5 -3
-5 -4 1 -5 =4
-6 -5 1 -6 -5
-6 -5 1 -7 -5
-9 -5 4 -7 -5
-3 -4 1 -3 -5
-3 -4 1 -3 -4
-3 -4 1 -4 -4
+1 -1 2 0 -2
+3 +2 1 +2 0
+4 +3 1 +s +3
+5 +4 1 +5 +o
+7 +5 2 +6 +4
+7 +5 2 +5 +4
+4 +4 0 +4 +3
+4 +3 1 +2 +1
+2 0 2 1] +1

TAP __ FRICTION  SHIFT

bt s 0t bt DD 1t 1t RO O 1 N 1 IV 1t et N ot it © O s i b

'Y
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k.
0 +2
25 +1 +2 1
50 .0 +1 1
75 -1 0 1
100 -1 +1 2
125 -2 0 2
150 -2 0 2
175 -2 -2 0
200 -5 -3 2
225 -5 -4 1
250 -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 i
100 +2 +2 o 'g
75 +2 +2 0 %
50 +2 +2 0
25 +3 +3 0 |
0 +2 +2 0
|
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[BEFORE ACCELERATION TEST | _ AFTER ACCELERATION TEST (400 CYCLES)
BEFORE AFTER BEFORE AFIER
TAP __TAP _ FRICTION TAP__TAP _ FRICTION  SHDNT
+4 +7 +3
+2 +3 1 +4% +4 o +1
+2 +2 0 +3 +3 0 +1
+2 +3 1 +2 +3 1 0
+2 +2 0 +2 +2 0 0
+2 +3 1 +2 +3 1 0
+1 +2 1 +1 +2 1 0
-1 +1 + +2 +2 0 +1
-1 +1 2 0 +1 1 0
! -1 +1 2 +1 +2 1 +1
| + +3 +3 0 +1
1 +3 +4 1 +1
3 +4 +6 2 0
2 +5 +5 0 +1
2 +4% +3 ) § 0
1 +3 +2 1 o
1 +3 +2 1 0
1 +3 +2 1 0
1 +3 +2 1 -1
1 +3 +3 0 0
0 +3 +3 0 0
1 +4 +4 0 0
0 +4 +4 0 +1
0 +6 +5 1 +1 1
0 +7 +8 1 +3




:‘ -
|
‘
3 i
3 |
_ .
] WORK STATEMENT |




March 8, 1966

EXHIBIT "A" TO CONTRACT
AF 33(657)~12491

WORK STATEMENT
Tire Inflation icator

1.  Introduction

There are numerous occesions when tires fail on USAF aircraft because of
under inflstion. A need exists for a simple, dependable device, which will
quickly, visually and clearly indicate the inflatiom status of an aircraft tire
without the use of the standerd type pressure gsuge. The present method of
gauge checking for pressure level is too slow for use during walk sround
inspection.

II. Description of Work

The overall objective of this effort is to develop a device for wheel
attachment which will visually display the inflation status of a tire 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 outlined below:

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

a. The assembly shall be of a minimm size and weight, and construction
rugged erough to withstand the effects of centrifugal forces, runway bumps,
retraction and extension forces, thrown water, slush, debris, and other runway
hazards. i 8

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°F, as much 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 0-200 mph im 2 revolutions.)

d. The accuracy must be within £5% of spoc!.ﬂ..d pressure over ‘an ambient
air temperature range of -65°F to +160°F.

e. It must be readable at a distance of 6 feet without the use of
optical or other assisting equipment.




£, The design is to be such that it need not be removed when air

is added to or removed from the tire. It may be designed as part of the
pressuring port (valve stem) or separate from it. It must be easily
attachable to a wheel and easily replaceable.

8. The gsuges to be fabricated in Phases II and III shall be
designed to operate in a pressure range of 75 to 175 psi.

h. The device shall have a MIBF of 172 cycles during its service
1ife, with a confidence factor of .90. A cycle shall consist of one
simulated take-off and one landing. The device shall be subjected to
three thousand (3,000) G normal acceleration during teke-off. During
landing it shell be subjected to three thousand (3,000) G normal and
fifty (50) G tangentisl acceleration.

The following formula is used to calculste the Mean - ‘Time - Between -
Failures (lll'l!):

MIBF = Total test time or cycles for all egt_xégnts goEratt_x_:g)

The factor 2.3 is obtained from 4.61 based on the constant for the Poisson/Chi

squared distribution assuming an exponential (2 degree freedom) distribution.

Upon completion of FPhase I and prior to start of Phase II, the Contractor
shall preseat the various designs to the USAF Project Engineer, who will select
the two most promising for fabrication and test in Phase II.

PHASE II - PFabrication and Testing Prototypes - The Contractor shall
fabricate and test each of the two designs selected by the USAF Project Engineer
in Phase I. The number gelected for test shall be sufficient to demonstrate
compliance with the detsil rsquirements set forth under Phase I, with the
exception of the working pressure range which shall be 75 to 175 pai. Upon
completion of the tests, the test data shall be presented to the USAF Project
Engineer who will then select the design to be developed in Phase III.

Portions of the above required demonstrations may bs sccomplished by
installation on Air Force Aircraft at Wright-Patterson Ay Base, however, if
the demonstration on Aircraft is not feasible, the Goverrmeat will make avail-
able Test Equipment for simulation of field conditions, at Wright-Patterson
AF Bsse, Ohio.

PHASE III - Fabrication of Final Design - The Contractor shall fabricate
and deliver to the USAF twenty-five (25) of the device selected in Phase II
which are suiteble for operational evaluation. He shall also prepsre a set
of drawings of the device which are suitable for manufacturing by competitive

Teprocurement.




Five (S)units, in addition to the twenty-five (25) called for under
Item 3 shall be fabricated by the Comtractor snd tested for relisbility
to demonstrate complisnce with the relisbility requirements of Phase Ih.
above.

II. Mouthly Progress Reperts

Monthly progress reports shall be submitted to the Procuring Activity
outlining the pregress achisved and problems emceuntered during the reporting
period. Also included shall be a brief description of the work scheduled
for the next repertimg period end a graph or statemeat portraying the per-
centage of work cempleted.

IV. [Final Repert

The Contractor shall submit a final engineeriang report comtaining all
techaicel informetiom geined through work performed under the contract.
Results of test cenclusienms, in accordance with Phase II, and drawings im
eccordence with Fheee III shall be included. ARDC Manusl Nr S5-1 shall be
used as & guide in the presentation of the format for the techmical repert.
A draft copy will be submitted for approval by the Procuring Contracting
Officer, sllowiag thirty (30) deys for such approval or disapproval. Re-
quired changes will be incorporated in the finsl report which shall be sub-
mitted im fifteem (13) cepies, one of which shall be reproducible by the
osalid method.
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TENTATIVE
TEST SPECIFICATION
U.S.A.F. TIRE GAUGE
1. This specification covers the test conditions end tests to be performed
on the U.S.A.F. Tire Gauge as specified in Exhibit A (Work Statement)
to Contract AF33(657)-12491, (KC-135 Main Wheel) and contract chenge
notification No. 1 (B70 Main Wheel).
2. GENERA UIREMENTS
2.1 Definitions
2,1.1 Test Pressure Cycle
A test pressure cycle shall consist of changing the pressure input to the
gauge from zero to full scale and back to zero psi pressure. Full scale
is 300 psi for KC-135 wheel and 600 psi for B70 wheel.
2.1.2 Operable Pressure Range
The operable pressure range of the gauge shall be 75 to 175 psi for the
KC-135 wheel and 350 to 525 for the B70 wheel.
2.1.3 Atmospheric Conditions
Unless otherwise specified, all tests shall be made at en at-uphcr!.c
pressure of approximately 29.92 inches of mercury and a tempersture of
approximately 25°C (77°F). When tests are made with atmospheric
pressure or temperature substantially different from these values, proper
allowance shall be made for the difference from the specified condition
and noted on each test data sheet.
2.1.4 Tapping and Test Position
"~ Unless otherwise specified, the gauge shall be tested in a normal
operating position and shall be lightly tapped or vibrated before a
test reading is taken.
TEST METHODS
3. INDIVIDUAL TESTS
Each gauge shall be subjected to the following tests at room temperature.
3.1 Exemination of Product
Each gauge shall be visually inspected to determine conformance with the
outline drawing with respect to outline and dial configuration,
identificstion and finish.
|
J
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Sheet 2
3.2 Scale Error
The gasuge shall be tested st room temperature for scale error at the (

pressures listed in Tables I and II. The tests shall be made by
subjecting the gauge to the pressures specified to produce these
readings, first with pressures incressing, the pressure shall be
brought up to but shall not exceed the pressure specified to give the
desired reading; snd with the pressure decressing, the pressure shsll
be brought down to but shall not fall below the pressure specified
to give the desired resding. The scale errors shsll not exceed the
tolerances specified.

3.3 Friction

| The gauge shall be tested for friction at each alternste test point

: shown in Tebles I and II, beginning with the second test point. The
pressure shall be incressed so as to bring the pointer spproximately
to the desired reading, and then held constant while two readings are
taken; the first before the geuge is tapped, the second after the geuge
is tepped. The difference of any two such reedings is the friction
error and shell not exceed a tolerance of 1.5% of full scale reading.
This test may be combined with the scale error test (Paragraph 3.2)

4. SAMPLING TESTS
One gauge shell be selected st random from esch lot of 100 or fraction
thereof on the order and shall be subjected to the following sampléng
tests. These tests shall be in addition to the individuasl tests.

4.1 Rejection and Retest
Any gauge failing to meet the requirements of the Individual Tests

shall be rejected. When a representative sample fails to meet the
requirements of the Sempling Tests, the lot represented shall be
rejected. Geuges which have been rejected may be replaced or repaired
to correct the defects and resutmitted for acceptance. When this has
been done, all specified tests shall be repeated. Before resubmitting,
full details concerning the previous rejection and corrective action
taken shall be noted and furnished to the Inspector.

4.2 Position Error
With midscale pressure spplied to the gsuge, the gauge shall be held :
in each of several different positions and tapped lightly. The change ‘
in pointer indication with & change in gasuge position shall not exceed |
a tolerance of :1% of full scale reasding.

4.3 Low_Temperature
The geuge shall be subjected to an ambient temperature of -54°C, (-65°F)

and shall have been stored at this temperasture for at least & hours, prior
to testing. The gauge shall be tested for scale error at this temperature
and at the test points listed in Tables I and II. The scale errors shall
T
)
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TS-701
Sheet 3

not exceed the tolersnces specified.

rature
The geuge shall be subjected to an smbient temperature of +71°C. (+160°F)
snd shall have been stored st this temperature for at least 4 hours
prior to testing. The gauge shall be tested for scale error at this
temperature and at the test points listed in Tables I and II. The
scale errors shsll not exceed the tolerances specified.

Overpressure Test
The gauge shell be subjected to the pressure listed in Table III for e

period of ten (10) minutes. Following this overpressure exposure, the
gauge shall be capable of meeting the requirements of Paragraphs 3.2
and 3.3.

Vibration Error

The geuge shall be rigidly fastened to a suitable vibration jig while-
pressurized to midscsle 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) mutually perpendicular
planes in accordsnce with MIL-STD-810, Method 514. The vibretion test
nomenclature shall be as follows:

Equipment class Mount ing Figure 514 Curve
1 A 1 D

During the foregoing cycling, all resonance points shall be noted.
At the completion of this test, the gauge shall be checked for scale
error and friction in accordence with paraguphs 3.2 and 3.3 end
shall meet the tolerances specified.

Mechanical Shock

The gauge shall be rigidly fastened to a suitable shock fixture while
pressurized to midscele and subjected to 3 shocks of 15 G's in each of
three mutually perpendicular planes (18 shocks). Each shock impulse
shallhave a time durstion of 11 :10% milliseconds. The maximum G's
shall be reached in approximately 5-1/2 +10% milliseconds.

At the completion of this test, the gauge shall be checked for scale
error and friction in accordance with Paragraphs 3.2 and 3.3 and shall
meet the tolerances specified.

QUALIFICATION TESTS
High Temperature Exposure

r
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The geuge shall be subjected to a temperature of 177°C. (350°F.) for
: e period of 4 hours. Following this exposure, the gsuge shall be
: returned to room tempersture and shall be checked for scele error and
’ friction in eccordance with Paregraphs 3.2 and 3.3 end shall meet the
tolerance specified.

5.1.2 B70 Main Wheel
The gauge shall be subjected to temperatures as follows: uniformly

raise the temperature from 100°F to 360°F in the first hour end

hold et 360°F for the next two hours end 20 minutes. Allow to

cool to 200°F and conduct scale error tests at this temperature.

The gsuge shall meet the tolerances specified in Table II. Following
this test, the gesuge shall meet the scale error snd friction error
tolerances st room tempersture in accordemce with Paragraphs 3.2

and 3.3.

5.2 Salt Spray (KC-135 Main Wheel and B70 Main Wheel)
The gauge shall be mounted in a salt spray chember whose conditiomns
axe outlined in MIL-STD-810 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 friction tests in accordance with
Paraegraphs 3.2 and 3.3 and shall meet the tolerances specified. Salt
deposits resulting from the exposure conditions may be removed by |
rineing with tap water prior to operation. }

5.3 Sand and Dust (KC-135 Main Wheel and B70 Main Wheel) ;
The gauge shall be placed in a test chamber equal to that specified in |
MIL-C-9436 section 3.2.2. The sand and dust composition and density |
shall be as specified in MIL-STD-810. The relative humidity shall not |
exceed 30% st any time during the test. The internal temperature of :
the test chamber shall be maintained at 25°C (77°F) for a period of
not less then 2 hours with the air velocity through the test chamber
at 100-500 feet perminute. Following the 2-hour period, the temperature
shall be reised to end maeintained at 71°C (160°F) for not less than
2 hours. At the end of this exposure period, the test item shall be
removed from the chamber and cooled to room temperature. Accumulated
dust shall be removed from the gauge by brushing or wiping only. The
geuge shell be subjected to the scala error at room temperature and
friction tests in accordance with Paragraph 3.2 and 3.3 and shall meet
the tolerances specified.

5.4 Acceleration Test (KC-135 Main Wheel and B70 Main Wheel)
The gauge shall be rigidly fastened in its normal operating position
to an acceleration machine capable of producing 3000 G normal and S0 G

{
)
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tengential accelerations. The geuge shall be subjected to the
number of cycles to guasrantee & Mesn Time Between Failure (MIBF)

of 172 cycles with & confidence factor of .90. A cycle shall
consist of one simulated takeoff and one landing. The acceleration
during takeoff shall be 3000 G normsal. The acceleration during
landing shall be 3000 G normal and 50 G tengentisl.

Following this test the gauge shall be checked for scale error ..
room tempersture and friction in eccordance with Paragraphs 3.2
and 3.3 and shell meet the tolerances specified.

Acceleration Test at H rature (B70 Main Wheel énly)

The gauge shall be rigidly fastened in its normal operating position
to an acceleration machine capable of prodicing 3000 G normsl and

50 G tangentisl accelerations and stored temperatures to 360°F.

With the gauge mounted on the spin fixture, the tempersture shall be
uniformly raised from 100°F to 360°F in the first hour and held at
360°F for the next 2 hours and 20 minutes. Allowthe gsuge to cool

to 200°F and impose a pressure of 550 psi to the gauge. While
subjected to this temperature and pressure, impose a normsl
acceleration-load incressing approximetely linearily from 0 to 3000 G
over a period of 20 to 40 seconds and maintein the 3000 G load for

5 seconds minimum. After 5 seconds aspply the brake mechanism
causing the mschine to decelerste such that & 50 G minimum tangential
load is applied to the gauge.

One gauge from each lot shall be subjected to one cycle of this test.

Following this test, the gauge shall be restored at room temperasture
and shall be tested for scale error and friction in accordance with
Paragraphs 3.2 and 3.3. The gauge shall meet the tolerances specified.

Pulse Amplitude Test (RC-135 Main Wheel and B70 Main Wheel)

The gauge shall be subjected to the average operating pressure and
cycled to 10% in excess of the average operating pressure for 1000
cycles. A cycle shell 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 friction error tests at room temperature in accordance
with Paragraphs 3.2 and 3.3 and shall meet the tolerances specified.

|
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TABLE I
SCALE ERROR FOR KC-135
Scale Exror at 8cale Error Scale Error at
Test Point Room Temperature at -65° F +160° r

Psi ; & Psi % Psi %

0 15 5 21 7 21 7

25 15 5 21 7 21 7

50 15 5 21 7 21 7

15 9 3 15 5 15 5

100 9 3 15 L 15 5

125 9 3 15 5 15 5

150 9 3 15 5 15 5

175 9 3 15 5 15 S

200 15 ] 21 7 21 7

225 15 5 21 7 21 7

250 15 ] 21 T 21 7

275 15 5 21 7 21 7

300 15 5 21 7 21 7

L

au.IL WAS OATE |y [aPp]ney.| WAS | OAYE By [ape.

wi_ g8/16/65 |mw . AR .o “:;D'F LI 2'?.,',::)..',,.. ¥

TENTATIVE T8-701
A U.S. GAUGE TEST SPECIFICATION Sheet 6
e sl e e U.S.A.F. TIRE GAUGE

foacalleude duoah o e ahids




- . m
oM ”.
, T TABLE II -
ga SCALE ERROR FOR B70 5 i
Test Scale Error at Room Temp. | Scale Error at -65'F | Scale Error at +160°F | 8cale Error at +200°F - m ~
Point PSI g i PSI % PSI % PS1 % SEHED &
0 30 5 42 7 42 7 54 9 H & 2 |
, 350 18 3 30 5 30 5 42 7 r& i
375 3 4
425 5
450
475 ]
g%
500 oo
525 18 3 30 5 30 5 42 7 4 1BS 3
=1~ HEPEE
600 30 5 42 7 42 7 54 9 1)) m o
Il"‘l'l"ll"l'lﬁ[!‘"l I'.u 13 =1 n Pu
= ﬂ TSA .
= 1] 89
TABLE III - e
OVERPRESSURE TEST z
Test
Point Unit
500 KC-135 3
650 B70 Wy
Gm
e u"
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