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ABSTRACT

The purpose of this study was to develop a low heat leak
cryogenic rotary coupling capable of 360° rotation. The

need for this type hardware was understood and investigated
during the design phase of the Saturn V launch facility. A
rotating joint on the propellant lines located at the swing

arm pivot point would preclude using a flex hose in a position
where torsional loads can seriously jeopardize the useful life
of the line. The torsional loads at this location are due to the
slope of the line or out-of-plane motion of the flexing member
center line. There are also excessive torsional loads at the
missile umbilical interface flex. These are caused by the
swing of the umbilical plate just after disconnect.

Several vendors submitted proposals on cryogenic rotaries

at the beginning of the Saturn V design programs, but they
were considered inadequate at the time. The main disadvan~
tage was that they were not jacketed.

Two basic concepts for jacketed single-plane-assembly
cryogenic rotaries were developed during this study. They
use the same coupling configuration developed under Task
VII of this program for the bayonet joint. Both represent a
minimum envelope compatible with existing ring-joint flanges
and heat leak values similar to existing bayonet joints.

A cross section of these joints is shown in Drawing 8-100089
and 8-100098. These units use the existing ring joint flange
as well as inner and outer pipe diameter envelope currently
used on the Launch Complex 39 propellant lines.

This program was divided into two phases. The first phase,
covering a period of six months, consisted of completing the
design tasks. After receiving approval of the Phase II
proposal and test plan, the second phase was started. This
covered a period of nine months and consisted of fabricating
and testing one (1) eight inch diameter vacuum jacketed
rotary joint. One (1) six inch diameter jacketed rotary was
also fabricated. However, due to lack of funds, this unit
was not tested.

Conclusions

The vacuum jacketed rotary joint concept developed under this
contract proved entirely practical. The design goals which
were met are as follows:

A, Maintain a low heat leak which is equal to or less
than existing cryogenic couplings.

iv



B. Maintain a minimum envelope compatible with the
new single-plane entry flanged coupling developed
under Task VII of NASA Contract Number NAS10-6098.

C. Use anti-convection barriers developed under Task
VII which make this joint compatible with both LO2
and LH, systems.

D. Maintain minimum rotational torque loads and low
gas leakage while rotating and non-rotating under
high bending moment loads.

Recommendations

The six inch Chiksan unit should be tested to verify heat leak
values, load carrying capacity, leakage and torque values
under bending moment load conditions.

The life cycle test should be completed on the 8 inch unit.

Additional heat leak tests for LH2 systems should be run in
liquid hydrogen.

A full size swing arm fitted with a rotary joint similar to

SK 4057~13, Page 22 should be tested to confirm the bending
load carrying capability which is a function of the arm pivotal-
center to rotary pivotal-center variations,

The compliant bearing should be further investigated to

determine design changes required to make it compatible
with thrust as well as radial load.

Page v/vi
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4.0

4.1

4,1,1

4,1,1,1

FINAL REPORT

PHASE I TECHNICAL REPORT

The following report presents the results of all the tasks required
to accomplish the program objectives, These objectives are
summarized as follows:

A. "Perform an on-site review to evaluate system operating
conditions including: Motion data for calculation of torsional
stresses and deflections; inspection of existing flex hose
installations for establishing rotary joint locations and types
of rotary joints."

B. ‘"Inspect missile umbilical interface and arm hinge for esta-
blishing requirements at these points: Test data and failure
conditions,"

C. "Conduct a search of existing military and commercial rotary
joints, Review recent domestic and foreign patents on cryo-
genic vacuum jacketed joints and latest liquified natural gas
cryogenic equipment for applicability to this system."

D. "Review all data and perform design evaluation including:
Evaluation of present rotary joints and torsional bellows;
evaluation of low torsional deflection and high rotary angu-
lation joints."

E. "Perform an analysis of motions and establish true induced
torsional stresses and deflections on the flex hose,
Concurrently, perform an evaluation of flange design for the
missile umbilical interface.,"

F. "Prepare a technical report of all Phase I findings,"

Hardware Evaluation

Functional Review

The week of October 7 to October 11, 1968, was spent reviewing
data and talking with personnel at Huntsville and Kennedy Space
Center. At Huntsville, Arms 4 and 7 were examined to determine
application of rotary joints on similar systems.

Motion pictures of arm testing were reviewed. These showed

areas where rotaries could have been used to lessen the torsion
loads in flex hoses at the missile umbilical.
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. 4.1.1,2

The replacement of arm hinge-point flex hose with rotary joint~
would require a linear compensation device since it would be
difficult to maintain arm hinge center to rotary center alignment.
The existing arm design would put the rotary out-of-center by
about one to one and one-half inches. The linear compensation
could be left out only if the rigid piping system attached to the
rotaries had sufficient springiness. This would limit the radial
and bending moment loads on the bearings to their rated capacity.

While investigating line installations on the LUT at Kennedy Space
Center, it was noted that, in some cases, the use of rotaries at
arm hinge-points could be seriously restrlcted due to lack of room
between swing arms.

Since there are no rotaries used on the existing system, a direct
functional analysis could not be made.

Component Operating Requirements

The design data which will be used as a guide for the development
of a rotary joint is taken from NASA Specification 75M09783,
Rev. D, and 75M06519, Rev. E., These are as follows:

Vent Lines 75M09783

This covers Arms 5 and 7.

Material: 316L Exposed

321 Internal
Temperature: Ambient +125°F

Outer Duct -250°F
Inner Duct -423°TF

Pressure: Operating 50 psig
Proof 100 psig
Burst 200 psig

Flow; 35,000 scfm on 8-inch

70,000 scfm on 12-inch
Cycling: 10,000 pressure cyc 0 to 50 at -423°F
Flex Cycling: 500 cycles

Leak: 1 x 1076 atm-cc/sec Helium at 50 psig

Page 2



Propellant Lines 75M06519 (LHz + LO2 8x10V.J.)

Torsional

Moment: 600 ft/lbs at 2.3 rpm

Pressure

Cycles: 10,000 0 to w.p. at operating temperature

Pressure: The worst case line pressure will be used to
design the rotary:
Operating 190 psi
Proof 285 psi
Burst 760 psi

Rotational

Cycles: 500 through 360°

Flow Rate: 15,000 gpm LO2 or 79,000 scfm G‘.O2

Temperature +125°F ambient to -423°F L]Y—I‘2 internal

Heat Gain: The existing flex line heat gain requirements for
the 8-inch size runs from 180 to 300 Btu/hr,
Most of this heat gain comes from the two bayonet
joints and, since a rotary consists of two joints,
the higher value will be used as a design goal
for the rotary., This will also allow shorter
conducting members to minimize the rotary envelope,

Flex Moment: The bending moment design value is taken from
the existing line specification for a 90° bend as
follows:
100 in.-lbs./degree of unpressurized flexing x 90° =
9000 in.-lbs. + 12 = 750 ft.-lbs,, use 900 ft,-lbs

Leakage: Since there are no rotaries to use as a guide for
establishing leakage rates, the following will be
used as representing a reasonable goal for this
study.

Static: Bubble tight He at -423°F and 190 psi.

Dynamic: 3 scim He at -423°F and 30 psig.

Vibration: The vibration g loads will be selected from
Procedure 11 of KSC-STD-164 and are equal to
20 g rms,
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4.1.1.3

4,1.1.4

Evaluation of Equipment

With no equipment of this type presently in use on the S-V pro-
pellant loading system, this hardware will be evaluated on the
following basis.

A. Allowable envelope where rotary joint might replace flex hose.

B. Load carrying capacity of rotary as function of blast damage,
flow, pressure, vibration, heat, and noise.

C. Type of rotary,

(1) Axial
(2) Angular
(3) Tee

These are shown in SK 4057-0.

The configuration chosen for this study is the Type A axial. This.
type is more versatile, less expensive and represents the smallest
envelope. It also allows for simpler test fixturing., SK 4057-1
represents a preliminary design concept based on a modified OPW
or Barco type rotary with vacuum jacketing.

Review of Conditions and Failures

The following conditions are listed as representing those that
could cause usage problems if not taken into consideration during
the design phase of this type hardware.

Assembly

Handling abuse

G loads — vibrational
Heat due to blast

Noise — blast

Leak allowables (gas)
Heat leak

Flow loads (fluid or gas)
Pressure loads
Misalignment loads
Lubrication

Torque

Bearing design
Contamination ‘
Seals — Static and Dynamic

SmQmmygQw >

ozghHr™
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4,1.1.5

Review of Test Data

With no post test data to work with, the preliminary reliability
goal will be based on the preliminary design shown on SK 4057-1.

The first assumption is to establish quantity of units per launch
tower., The quantities shown below per arm are not intended to
relate to the existing system, but rather to represent a theoretical
quantity for establishing a reliability number.

2 at hinge Arm 1

3 each Arm 4 LH?
2 each Arm 4 1LO2
2 Umbilical

1 Hinge

3 Total Arm 5

6 each Arm 6

2 each Arm 7

18 per launch tower

The second assumption is that three launch towers are in operation.

54 units + 20% spares = 65 total manufactured

Failure Potential

Assumed fajlure modes: these will be based on the design shown
in SK 4057-1,

Failures
A, Primary or nose seal (dynamic) failure at 1
installation.
B. Moisture contamination at ball race No. 1 and 2
No. 2, causing joint to hang up in rotation.
C. Secondary seals failure causing cryo-pumping 1
or external leakage,
D. Bellows damage at installation, 0.25
E. Contamination in cone cavity causing bearing 0.50
hang up.
F. Failure due to environmental conditions such 1
as shock, vibration, g loads, mis-alignment.
TOTAL 5.75

Page 7



Preliminary Reliability Number
65 - 5,75

--—536 - =  0.,9115
4.1.2 Product Review
4,1,2.1 State-of-the-Art Investigation

In order to determine vendors who may have developed a jacketed
rotary or have an existing rotary suitable for jacketing, the
following sources were reviewed,

A. Patent files back to 1950 indexed by Class 285-396, 285-5,
and 285-135,

B. Cryogenic Engineering News, Buyers Guide, 1968, 1969,

C. Visual Search Microfilm Files (VSMF)

D. IDEP (Interagency Data Exchange Program),

E. D.D.C. (Defense Documentation Center).

F

. Prince File (NASA).
The best source was the VSMF and, from this source, the following
vendors were contacted to determine their interest in supplying an
existing rotary modified by cryogenic jacketing.

Continental-Emsco Company, Garland, Texas

Consolidated Controls Corporation, El Segundo, California

Langley Corporation, San Diego, California

Barco, Division of Aeroquip, Barrington, Illinois
Dumont Aviation, Long Beach, California

Deublin Company, Northbrook, Illinois

O ™= M| g QW =

Chiksan Division, FMC, Brea, California

Johnson Corporation, Three Rivers, Michigan

ol

Sealol, Incorporated, Canoga Park, California

—
.

OPW, Division of Dover Corporation, Cincinnati, Ohio

n

Cryolab, Division of Statics-Dynamics, Incorporated,
Los Osos, California

From all the above vendors, only Langley, Barco and Chiksan have
worked directly in unjacketed cryogenic rotaries.
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Barco submitted an extensive proposal on their LO2 ball joint
showing leakage rates, pressure ratings, torque, etc.; however,
the unit which they recommended did not lend itself to vacuum
jacketing, and torgue values on the 10-inch unit ranged from
1400 ft-1lbs at 25 psig to 4750 ft-lbs at 100 psig. The price of
this unit was higher than the one selected for the study.

The ball bearing type rotary which Langley manufactured for the
ATLAS program appeared to be a reasonable design for jacketing.

A tour of their plant was made to determine their present capabilities.
Langley is still manufacturing the cryogenic NAFLEX seals for

North American; however, their aerospace engineering capabilities
are no longer in existence. Straza would have to supply all technical
effort required to modify their original 3-inch rotary design to a
larger size, The envelope required for their type dynamic seal was
larger than could be tolerated for the jacketed unit and the basic
single row ball bearing would have very limited moment load
capacity.

Chiksan appeared to have the best off-the-shelf design which would
lend itself to jacketing, A specification control drawing was pre-
pared and submitted for pricing. When jacketed, it will be as

shown in Drawing 8-100098. Chiksan's basic unit shown is presently
being used in liquid ethylene and LNG service in the unjacketed
condition, It should be noted that in jacketing this unit it becomes

a 6-inch line size rotary. In the interest of schedule and budget,

we did not press Chiksan into designing a larger 8-inch line size
unit,

It was at this point that we decided to develop the Straza rotary
shown in SK 4057-7, along with the Chiksan unit, This is being
done for the following reasons:

A. Design was not limited in size, Since future propellant lines
will be larger, it was felt that an 8-inch unit would be more
representative regarding leakage allowables, torque, heat
leak, etc.

B. The government would not be limited to a single source procure-
ment as is the case with the patented Chiksan unit.

C. Proved an opportunity to develop the Autonetics Compliant
Bearing concept. This allows for a smaller standard bearing
envelope. The Compliant Bearing is discussed in the design
phase of this report,
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4,1.2.2

4,1.3
4,1.3.1

The seals which were investigated for use in the AMETEK/Straz~

designed rotary are as follows:

A. Bal-Seals Engineering, La Habra, California

B. Raco, Santa Monica, California

C. Skinner Seals, North Hollywood, California

D. Rubly Engineering (Delta Seal), Los Angeles, California

E. Tec Seal Corporation, Wilmington, California

F. Naflex, Langley, California

G. Omniseal-Aeroquip, Burbank, California

The one chosen for this unit is the Raco seal, This seal has the
best cross-sectional dimensions compatible with its end use,
The Bal-Seals, for instance, have too small a cross-section to
work within the tolerances of this design, The Skinner and Delta
Seals are too complicated for our envelope., The Tec Seal and
Naflex Seals appear to have too limited a deflection, The Omni-

Seal would be a close second choice, but it has a limited off-the-
shelf size selection,

Conclusions

The apparently wide selections of rotary designs provided only a
limited number to choose from for jacketing. This was due to either
disinterest on the part of some vendors, or inadequate cryogenic
design capabilities and expensive or impractical envelopes to
modify for jacketing. The best design is the Chiksan unit since it
provides the smallest envelope when coupled with the standard

ring joint flanges that are presently being used on the swing arms.

Design Phase

Design Evaluation

The final design of the two rotaries selected for analysis evolved
as a result of envelope studies similar to those shown in SK 4057-1
and -4, The bayonet portion of the rotary shown in the SK 4057-1
sketch reflects our original thinking prior to evaluating the patented
A,D, Little Cryogenic Coupling. The lengths of these units were
reduced considerably by employing the joint developed by A.D.
Little. The details of this joint with a copy of the patent are dis-
cussed in the Bayonet Report (Ref. 1),
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4% %

8" Straza Rotary Joint with

a toroidal annular seal (either
titanium or equal low thermal
conductive material),

SK 4057-7 (8 inch Rotary)
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The use of the A.D, Little design jacketing coupled with the Rz >
Dynamic seal in lieu of the larger Chiksan seal brought the decign
through the SK 4057-7 stage to the SK 4057~7a unit (8~-inch duct
size) and the SK 4058-8 unit (6-inch duct size).

One of the main reasons that the Chiksan design was chosen over
other ball-loaded type joints similar to Langley or OPW is that it
can be welded to any line or flange material, such as stainless
steel or aluminum. Their patented snap-in ball races provide this
versatility (see SK 4057-5 and SK 4057-8). The load-carrying
capacity of this design is still limited to the nominal Hertz siresses
whereas the compliant concept used on the AMETEK/Straza unit
allows for two to three times more load than that normally shown

as "rated" static loads in the standard bearing catalogs. '

SK 4057-10 and SK 4057-11 represent several methods where this
type rotary could be used in conjunction with hard lines or flex
lines. The SK 4057-10 sketch is a modification of the existing
75M07823-9 Arm 6 propellant flex line interface at the missile
umbilical. The SK 4057-~11 sketch is a modification to the
75M09667~5 Arm S5 vent line flex.

The SK 4057-12 sketch employs a slight venturi action to create a
light-weight conoseal type, fully vacuum jacketed rotary. The total
pressure drop of this basic 6-inch line size unit has a pressure drop
equivalent to a single additional 90° duct bend. This can be seen
by comparing the K values on the graphs taken from Product
Engineering.

d
2 - 5.4 _
The dl value = 4.8 193.2

This gives a "gradual changing" K factor of approximately 0.05 for

the 10° angle., The entrance K factor is 0.06 for an r/d

(0.77/4.8) = 0.16. The sum of these K factors (0.05 + 0.16 = 0,21)
is equal to 1d band radius.

The outside diameter of this type unit is 1.4 inches less than the

unit shown in SK 4057-10. This produces a 44-pound weight-saving,
not including the weight difference between the conoseal flange and
the 150-pound ring joint flange. The heat leak will be considerably
improved due to the full vacuum jacketing plus the 2.5-inch additional
length of the ring-stiffened cone,

The SK 4057~13 sketch shows a typical hinge point rotary installation.
The horizontal line must be free to move in its arm supports so that
the eccentric hinge-to-rotary centerline motion can be transferred

to the flex line at the umbilical plate,
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4.1.3.2

Seal B ——

The rotary in SK 4057-13 is provided with an additional tower
mounting flange. This flange can be added as an extension to
either the upper or lower rotary flange, or as shown on the bearing
ring. This flange is not provided on the test model used in this
study since the optimum location would be a function of the rotary
position in the actual installation.

It should be noted that the optimum mounting condition for the
rotary is with the bearing housing up. Tests on standard bayonets
(Ref. 2) have shown that if the nose seal (SK 4057-8) leaks liquid,
it can fall by gravity. into the higher temperature cavity of the
bearing, creating a high heat leak. If the nose seal is down, this
ligquid will remain at the cold end of the bayonet section of the
rotary.

Analysis

The design criteria used to develop the Chiksan and the AMETEK/
Straza jacketed rotaries is as outlined in Component Operating
Requirements section., The first part of this analysis establishes
the structural requirements for these units. The second part
covers the heat leak analysis plus the cone structural analysis.

A, Structural

Ball bearing loads are based on carrying proof pressure of
285 psi in axial thrust and 30 g radial bending moment loads.

6-inch unit thrust loads:

T QLO___OZ] VSeal A

9.5" Dia.

1

.
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Assume line proof pressure to exist at Seal A,

Proof Thrust Load = Proof Pressure p in psi x area as encompassed
by seal.

= pAs
= 285 (9.50)2

= 20,300 pounds proof thrust load or force
8-inch unit thrust load: (Seal A=11,2 in, diameter)

0.785 % (11.2)% = 98.4 sq. in.
Thrust load = 98.4 sqg, in. x 285 psi = 28,000 pounds

These pressure thrust loads provide a vibration or shock g load
capability as follows: Assume 30 g and check mass.

G loading capability is based on the assumption that the proof
force is equivalent to a mass W/g undergoing an impact or vibra-
tory shock load of 30 g.

Force P = -\gx 30 g
vk
W = 20:,3300
= 680 pounds equivalent weight
20. 3055224 = 680 lbs (6-inch); 24300 = 935 Ibs (8-inch)

A 680-pound and 935 pound unsupported mass is a reasonable con-
dition to expect in this system since the average weight of a typical
hard line in the existing system is 354 pounds.
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1,2 (6-inch unit)

2,25 (8-inch unit)

Brg Couple Load R, = -1-(1'—82-10——129-—-1-1-)-5- = 9000 lbs (6-inch unit)

_1__0_&)2_9_712}_.;& = 4800 lbs (8-inch unit)
These loads will be compared with those imposed on the unit
during vibration tests, The test fixture will subject both the
rotary and on-half of a bayonet to 30 g as shown below,
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He | L -
T
C
; E\!
_. - Bearing
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'Approximate weight at bearing C.G. = 112 (6-inch)
= 140 (8-inch)

Approximate weight at bayonet C.G. 150 (6-inch)

= 188 (8-inch)

Dimensions E and F are same E = 20.0 in,
for each unit

F = 56.0 in,
Dimension D = 1,2 (6-inch)

= 2,25 (8-inch)
For 6-inch unit assume 1/2 bayonet is supported at Bearing C.

The radial reaction loads at Bearings A and B are resolved by
summing moments about either Bearing A or B. Assuming Bearing A
is the moment center and equating the algebraic sum of forces
times the distance to Bearing A:

M, aboutA = 0

A

where R, is the radial reaction loat at Bearing B.

M, = LZRB, B

B

1.2 Rg - Weight "W @" at bearing center of gravity x moment
arm to "A" - 1/2 weight Wpg at bayonet C,G, x moment arm to
|lA u - 0

Wp
1.2Rg - 1.2W - 20 x

C.G. =0

EM, = 112 x 1.2 + 1-2-9 x 20 = 1634 in.-lbs

_ 1

20 1 20
C.G. + -Z-—WB) T:"z' (1.2 x 112 + —Z—X 150)

1800 1bs

1634

Therefore, at 30 g the radial load on Bearing B = _1_2—xg

x 30g

= 40,900 lbs
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For 8-inch Unit:

188

ZMA = 140 x 2.25 + = X 20 = 2194 in.-lbs
Bearing B Load = PATE 975 1lbs
2.25
75
At 30 g: -—é-’ x 30g = 29,200 lbs

The next step is to compare the actual loads to the bearing
capabilities:

6-inch Unit: Thrust load component 20, 300 lbs

Try 0.50 in, diameter balls on 10.00 pitch circle or 63 balls total
balls assembled through outer race hole. Try race depth

h = 0.,160d = 0,16 x 0.50 = 0.080 in,

for either inner or outer races.

Cos B 1/2
1/3 —_—
h -1 0.0045944 K K Cos B,
il Sfvers |Sin 7 + By

Reference: New Departure. Analysis of stresses and deflections
Volume One, Pages 176 through 180,

Assume Bo = 10° Cos BO = (,98481
Assume B1 = 23° Cos B1 = 0,92050
Sin B1 = 0.,39073
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- ——— CONTACT ELLIPSE

Assume Curvatures

0.57 in, outer race

]
li

r, = 0.54 in. inner race

B = 0.57 + 0.54 -1
= 0,11 Total Curvature

K = 369,000 from Chart 57, Volume II, for B = 0.11

d Cos B
1 _ 0.50 x 0.90631 _

—F = 9.0 = 0,050
o Ka = 2,20 for inner race frofn Chart 47 forfi = 54%
And

d Cos B1
T = 0.050
6.1/3 (0.98481 _ 1)1/2
.. -1 0,0045944 x 2.20 (0.369 x 107) 0.92050
0.54 vers |Sin Y

0.1501
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‘This is less than 0.160, the assumed value for h/d. .°. We will
use By = 23° for the limiting value.

2 Cos B )3/2
TL =hd KSlnB1 55-3—173; -1

= 63 (0.50)% x 369,000

0.98481 _ 1)3/2 41,900 1bs

X 0.39073(0.92050
allowable static load in thrust for 0,50 in. diameter balls (63) on
10.0 diameter pitch circle,

Since the actual load is 20, 300 pounds, this is a reasonable size
for this bearing. The actual unit as proposed by Chiksan contains
304 cres body and type 440C balls, Their unit is shown on
Specification Control Drawing 8-040352 on page 30,

8~-inch Unit:

Thrust load component
Radial load component

28,000 pounds
29, 200 pounds

The rated thrust load on the KD 120 x P Kaydon Bearing is
26,700 pounds. The low rpm at which this unit is running allows
us to use this static load rating as shown on Table I, By making
this bearing compliant as shown in SK 4058-9, we can expect a
2.5 to 3 x increase -in the radial load carrying capacity

This would give us a minimum capacity of:

Radial 10,600 x 2.5 = 26,500 pounds

Thrust 26,700 x 2,5 = 66,500 pounds

These loads are close enough to the applied loads to make this a

reasonable size bearing for the application. Data on the compliant
bearing design was taken from Ref, 4,

The radial capability of the 6-inch unit is based on the ball load
as calculated from the following equation taken from Page 79 of
Ref. 3.

_ 4,452 x 40,000 _
Vo = 53 = 2800 pounds
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TABLE I

“XP”Kaydon Reali-Slim four-point contact ball radial bearings (Continued)

(Shaded sizes are available from stock.)

F‘;, . ’ - . Dimensions Radial Capacity Thrust Capacity
ii{p g,—!q l ,&3 }gzg?igl\l inInches in Pounds in Pounds Wc.;z‘ght
{ NE A Eh ok Numbegr Outside . i Pounds
x . . Bore Diameter Static 100 rpm* Static 100 rpm?®
3" width - KC40XP 4,000 4,750 2,800 750 7,000 1,850 .45
e KC42XP 4,250 5.000 2,950 780 7,400 1,950 47
Yie” balls KC45XP 4.500 5.250 3,100 800 7,800 2,000 .48
. KC47XP 4.750 5.500 3,250 830 8,200 2,050 .50
KC50XP 5.000 5.750 3,450 860 8,600 2,150 .58
KCS55%P 5.500 6.250 3,750 910 9,400 2,250 .59
KCEOXP 6.000 - 6.750 4,050 960 10,200 2,400 .63
e 375 4] KCe5XP 6.500 7.250 4,400 1,000 11,000 2,500 .68
’ _L KC70XP 7.000 7.750 4,700 1,050 11,800 2,650 .73
KC75XP 7.500 8.250 5,050 1,100 12,600 2,750 .78
LA Ay 375 KCaoXp 8.000 8.750 5,350 1,150 13,400 2,900 .84
KC90XP 9.000 9.750 6,000 1,250 15,000 3,100 .94
T KC100XP 10.000 10.750 6,650 1,300 16,600 3,300 1.06
1 KC110XP 11.000 11.750 ° 7,300 1,400 13,200 3,550 1.16
"KC120XP 12.000 12.750 7,900 1,500 19,800 3,750 1.25
KC140XP 14.000 14,750 9,200 1,650 23,000 4,150 1,52
KC160XP 16.000 16.750 10,500 1,800 26,200 4,500 1,73
KC180XP 18,000 18,750 11,700 1,950 29,400 4,900 1.94
KC200XP 20.000 20.750 13,000 2,100 32,600 5,250 - 2.16
KC250XP 25.000 25,750 16,200 2,400 40,600 6,050 2.69
KC300XP 30.000 30.75Q 19,500 2,700 48,600 6,850 3.21
’VQD ;is ‘.]l}-g;j KBAYDIDN Dllnmlm‘:ﬂgr ® Raﬂ:agfuanp;: ty Thr‘:s;gl‘;x:;: fty Weilnghi
A DL N Noaring Outside ] Pounds
3 Bore Diameter Static 100 rpm* Static 100 rpm*®
14" width KD40XP 4,000 5.000 3,800 1,100 9,600 2,800 .78
® KD42XP 4.250 5.250 3,950 1,150 9,950 2,850 .83
4" balls | KD45XP 4,500 5.500 4,250 1,200 10,600 3,000 .88
KD47XpP 4,750 5,750 4,400 1,200 11,000 3,050 .94
KD50XP 5.000 6.000 4,700 1,250 11,700 3,200 1.00
KD55XP 5.500 6.500 5,100 1,350 12,800 3,400 1.06
KDGOXP 6.000 7.000 5,550 1,400 13,800 3,550 1.16
KD65XP 6.500 7.500 5,950 1,500 14,900 3,750 1,22
KD70XP 7.000 8.000 6,400 1,550 16,000 3,950 1.31
KD75XP 7.500 8.500 6,800 1,650 17,100 4,100 1.41
KD8OXP 8.000 9.000 7,250 1,700 18,100 4,250 1.53
KDSOXP 9.000 10.000 8,100 1,850 20,300 4,600 1.72
KD100XP 10.000 11.000 8,950 1,950 22,400 4,900 1.88
KD110XP 11.000 12.000 9,800 2,100 24500 | 5,250 2.06
KD120XP 12.000 13.000 10,600 2,200 26,700 5,550 2.25
KD140XP 14.000 15.000 12,300 2,450 30,900 6,100 2.73
KD160XP 16.000 17.000 14,100 2,650 35,200 6,650 3.10
KD180XP 18.000 19.000 15,800 2,850 39,500 7,200 3.48
KD200XP 20.000 21.000 17,500 3,050 43,800 7,700 3.85
KD250XP 25.000. 26.000 21,800 3,550 54,500 8,900 4.79
KD300XP 30.000 31.000 26,000 4,000 65,100 10,000 5.73

‘Dynamilc capacities are based on 600 hours minimum life.

Page 31



100 * .o00T™] e————.250 £ ,001 —»]
.020%.0 .032R
; E—'—— oOZOR
I . O.D. RACE 13,000
.032 = 001 00
' .2235 —"i T .0255
Load Line
.020 + 001
IoDo RACE 032R +
‘l— i"?%)%l . .032R —%— _L Lso
l —
.100
T _// ) e T
oOlOR N 64
+,001 7 .032
200 +.,001
.350 Y7001 |
12.000 +:001 -
Dia, Bore e .

SK 4057-9 Compliant Kaydon Bearing

Sketch of a typical compliant
bearing, showing relieved inside
and outside diameters, to increase
ball contact areas under load.

‘ SK 4057-9
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The maximum allowable load: (Page 175, Ref, 3)

ZVm = 5631 hdz = 5631 x 63 x 0.52 = 89,000 pounds

Thread stress check in 8-inch unit:

To prevent failure of the thread at proof load, the stress will be
checked at 760 psi.

Pressure area: 0.785 x (11.25)2 = 100 sq. in,
Thrust load: F = 100 x 760 = 76,000 lbs.
Stress area: A= 12Tx 1+ 2 = 18,9 sq. in,
: _ F _ 76,000 _ .
Stress: SS = A~ 159 ° 4,000 psi

Flange bolt sizing for 8-inch unit:

The maximum load on the bearing flange bolts is at the burst
pressure of 760 psi.

Thrust load = 100 x 760 = 76,000 pounds

76,000

12 bolts 6, 500 pounds /bolt
From MIL-B-857A use 5/8-11 UNC studs which for 316 stailness
steel is good for 6,770 pounds.

In order to establish an approximate torsional load, the following
analysis is performed. The conditions are assumed to be under
normal loading during arm retract while purging through an 8-inch
unit,

Moment = 900 ft-lbs = 10,800 in.-lbs
Pressure = 30 psig
Vibration g loads small

Bearing radial load 4,800 pounds

Friction torque for radial load is

Fp = 2brgs x 0.003 x %'72- x 4,800 = 14.8 ft-lbs
‘Where: Coefficient of friction = 0.003
Ball race radius = 6.2 in,.
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Friction torque for thrust load is

F, = 0.003 x 91-3- x 100 x 30 = 4.6 ft-lbs
Seal friction:
F_ = 0.08 x ﬁl-'-é-z-x 100 x 30 = 124.0 fi-lbs

Assume 10 ft-1lb bearing preload = 10,0 ft-lbs
Total torsional load = 153,4 ft-lbs

This is within our 600 ft-1b design goal,

Heat Leak (LOZ):

The method used to maintain a low heat leak for the rotary joints
employs the design concept developed for the cone type cryogenic
coupling. This allows for direct mate-up of a typical cryogenic
coupling to a rotary.

The heat leak for the 1L.O2 system is based on using a fiberglass
layup anti-convection block similar to that developed by CTL Dixie
for Masoneilan. This material has an apparent thermal conductivity
of 0.144 Btu - in/hr - ft2 - °F, Since this material is allowed to
breathe, the block conductivity includes that of the GO2, This
material was compounded to be compatible with 1L.O2, Table II
presents the heat leak comparison for the 6-inch and 8-inch rotary
plus the design using the evacuated titanium diaphragm concept.
Since the titanium diaphragm heat leak is almost the same as for
the block, this concept is not justified, mainly due to the dissimilar
metal welding or brazing problems.,

The following sketch shows the optimum material thickness as
established for the 6-inch diameter rotary joint. The 8-inch
diameter unit will differ only in that item wall thickpess will
be increased to 0,060 inches. The stiffner ring (item ) is
welded to the I.D. of cone (2) for collapse pressure support, It
is used on both the 6-inch and 8-inch diameter rotaries.
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HEAT LEAKS CF 6" & 8" ROTARY

JOINT CONE & DIAPHRAGM CONCEPTS

TABLE II

Tabulated heat leak comparisons - optimized inner cone and outer cyl.

thickness,

Cone Concept

Total B/Hr
Find NoJD) 1@ & @ O G 1O,
Line A.D., | Centerj Inner {[Inner Outer | Quter
Little
Size Block | Cone |{Cone |Cyl, Cvyl. Cone
(2} ea .048" | ,0355",048 .060 .0355'% ,0355"
| Th Th Th. Th Th Th
6" L 159.8] 42.5 {19.0 }23.0 19.0 |18.4 (281.7
8" 196.01 53.8 }23.0 39.0 | 22.7 |20.6 |385.1
Diaphragm Concept
Total
Find No/() 2) ) @ @ Btu/Hr
Line A.D. |Center{Quter | Cuter | Diaph- LO-2
Little
Size Block {Cone {Cone | Cyl
{(2)ea 1
6" 141.6{42.5 {18.4 { 19.0 | 38.6 | 260.1

See Sketch SK4057-14 for Find Number

Identification,

Page 36 .




Analysis Symbols

D = Diameter

E = Modulus of Elasticity PS1

PTY = Allowable yield stress of material

K = Thermal Conductivity Btu 2_ it

hr - ft© - °F

L = Length

PEXT = Critical Pressure on External Surface

PINT = Critical Pressure on Internal Surface
i} Btu

aq = Heat Leak hr

Q = Total Heat Leak Eh%

ra = Quter Radius

rb = Inner Radius

t = Thickness

Ta = Temperature of Warm Side (°F)

Tb = Temperature of Cold Side (°F)

Ta - Tb = Differential Temperature of Subscript

6 - @ indicates the 6-inch diameter rotary cone
No. 2. See SK 4057-14

>
o
£
i

A, D, Little Company
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Center Cone @ Sizing for 285 psi external proof pressure

Try 21-6-9 CRES with modulus of elasticity E = 29 x 106 psi,

For 6-inch IPS Line

Pcr = 172

Tryt = 0,048
D = 7.95 in., mean diameter of cone
E = 29 x 10°

L

= 3,12 in, lt. torib

5/2
2.60 x 29 x 10° (3028
Per = - . /2 = 596 psi,OK for center cone,
3,12 _ 0.45 (0.048)
7.95 * 7.95

Ref: ASME — Pressure Vessel & Piping Design Collected Papers
1927 to 1959, Page 614

Inner Cylinder @

L = 5,30 in,
D = 7.00in,
t = 0,048
5/2
2.60 x 29 x 10° (07'%%8)
Pcr = L 172 = 408 psi OK
9,30 _ 45 (0.048)
7.00 : 7.00

Cone @Heat Leaks — Cryogen LO2 with ambient temperature
assumed to be 100°F

T (), )
q2=21th1+———L—-- XTTG—Tb

K = 7.0 Btu hr-ft-°TF for 304 CRES at mean temperature of -161°F

Ref: Cryogenic Materials Data Handbocok, Page B4V
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r = 4,35 in,

a

r, = 3.50in,
T_ = 100°F
a

T, = 297°F

1/2
2
0.048 4,35 - 3.50 4,35 + 3,50 _
2r x 7.0 x;—-TE—-[; T ] x (st )[100 - ( 297ﬂ

42,5 Btu/hr at an ambient temperature of 100°F middle cone @ = cone \6:

6~inch Rotary joint heat leak inner cones filled with A.D.L, Block.

Assume flange temperature Ta = 100°F at cone & flange junction
100°F
=77 -55 -33 -11 i 33 75 17
; l 4T
| | l i o e e ,
+ 800" e ‘ ' R i 1
=T 7 | 6 i é | N
3 P L
\.....; S R, -.+_...,_ \44 o
121 -143  -1s5  -187 -209  -231 -253 -275 - 297°F

3.5 RAD

Heat leak thru A,D,L, Block — assuming the thermal conductivity
of the material to be 0,144 Btu/ft2-hr-°F/in.

0,144
ke = 713

= Btu-ft 00 value taken from bayonet report as quoted

ftz-hr—"P by A, D, Little

A
Q kp 24T
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6-Inch Rotary joint inner cone @ 0.0355 in, and Inner cylinder O
0,048 in, Heat Leaks

Inner ‘3) Cone (0.0355 in, with internal pressure)

r = 4,30 in.
a

r, = 3.56 in,
L = 5.4

t 0.035
1/2

2
cor x 7.0 x 2:035 [1 +(4.305—43.56) ] (4.30 + 3.56)[_99 _ (+100)]

2 x 5.4

Inner QI Cylinder (5,3 in, long)

B Tx 7,0 x 0,048\ . _12 [_ L ]= Btu
q = 7.0( 12 % 12 )x T30 ¥ 99 (-297) 23.0 -

Mean Values

Radial Radial Mean Heat Leak
Section Area Length Tem?oe ;?ture A
(sq. ft.) (ft,) Q Btu/hr = kAT
WJ
1 101 .058 397 8.30
2 .099 .050 352 8.35
3 .098 .046 -308 7.88
4 .097 ,038 264 8.06
5 .096 .032 220 7.92
6 .095 .025 176 8.03
7 .097 .018 132 8.27
8 .093 .010 98 10.94
9 .092 .004 44 12.14

Heat leak through A.D.L, Block g = 79.9 %.r‘-l

Assume outer block to be approximately equal inner block heat leak
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]

6-inch Rotary joint outer cone (6) 0.060 in. & outer cylinder (5

0.0355 in,
r. = 4,30
a

rb = 3,68
L = 5,6in,

,1/2
0.0355 4,30 - 3.68 4,30 + 3,68 E. o ]
27 x 7.0 X == [1 +< TTE ) ] ( > X 5.6 ) 297 (-99)

18.4 %iru— cone heat leak, outer cone(6)

Tx 8.7 x 0,0355 1 _ Btu cylinder heat legk,
7'0( 12 )X 5.9 [—99 - (+100)] = 13.09° outer cylinder@)a

Noting that both inner and outer cones have approximately the same
heat leaks, it can be assumed that the A,D,L, Block has similar
heat leaks.

2 1 3 Yy & 5
Q = 42,5+ 2 x79.,9 + 19,0 + 23.0 + 18,4 + 19,0 = 281,7 %}-‘1
8-inch Rotary
Size center cone @ for 285 psi exterior proof pressure, Try
t = 0.048in. 21 - 6 - 9 CRES
D = 9,80 in, mean cone diameter
f
= 6,40 in, axial length
6(0.048>5/2
Pcr = 2,60 x 29 x 10 9,80 = 429 psi >285 psi proof pressure
3.2 _ 45(0.048)1/2
9.8 ‘ 9,80

Size inner cylinder
D = 9.0 in,
L = 5.10in,

t = 0.048 in.
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5/2
2.60 x 29 x 10° (2.248)

Per = 9'001/2 = 293 psi
5.1 _ g5 (0048
3.00 - 24> 19,00

Center cone ‘2) heat leak

a
I

5.35 in, major radius of cone

a
rb‘ = 4,50 in, minor radius of cone
L = 6.,4in,
s g x 7.0 x 22048 +(5.35 - 4.50)2 1/2 (5.35 + 4.50) [100 _ (=297
= 4m . 12 6.4 2 x 6.4
a Btu
A.D.L, Block heat leak, inner block (L
-77 =55 -33 -11 +11 +33 +55 +77  +100°F
. 611" —_— ’-?———- .
{ ,
' ot o
-99 !.[_—_-;:.:9"‘% 7
| U T
f-121 -143 -165 -187 -209 -231 -253 =275
|
{
4,50" RAD
. _ 0.611 21T _
Radial Area A = T2 X i = 0.02665r
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Mean Values

A.D,L, Block Heat Leak

_ Btu
qg = 98,0 r

Radial Radial Mean Heat Leak
Section Area Length Teml(ooe Fr)ature A
(sq. ft.) (ft.) Q Btu/hr = 0.0125 AT
:W,
1 .129 .068 397 9.0
2 .128 .052 352 10.4
3 .127 .044 308 10.7
4 .126 .038 264 10.5
5 .125 .032 220 10.3
6 .124 .025 176 10.5
7 123 .018 132 10.8
8 .122 .011 98 13,0
9 .121 .005 44 12.8
TOTAL 98.0

Outer Block = Inner Block Heat Leak

0.060 in, Heat Leak

R

Inner Cone (3

ra1 = 5,32 in,
rb = 4,55 in.
L = 5,50 in,

S 0.0355

_pr_ 300x5.0 _
t

42,000 psi <60, 000 psi for 21-6-9 steel

5.50

0.0355 [ (5.32 - 4.55) 2]1/2 (5.32 + 4,55
x ——— {1 +

3224 )[—99 - (+100)]

Inner Cylinder @ 5,1 in, long x 0,060 in, thick material

12

9 x 0.06 x1r)

q = 7'°( 12 x 12

51 [—99 - (-297)] = 39.0
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Q

8~inch Diameter Outer Cone @ 0.0355 in, & Outer Cylinder
0.0355 in, (5

QOuter Cone
ra = 5,37 in.
rb = 4,65 in,

L = 6,30 in.

Outer /5) Cylinder 5,70 in, length x 0.0355 in,

7.0m 12

q = m (11.0 X 0.0355) X m ["99 - (+100)] = 22'7

1/2
0.0355 5,37 - 4.65\2 5,37 + 4,65\ [ g0 _ (_
21 x 7.0 x 5 [1 +( =30 ) ] ( S €30 )[99 ( 297)]
Btu
hr

Btu

hr

6~inch Diameter Rofary Joint Titanium Diaphragm Heat Leak with LO2

= A
g =k T AT
k = 3,50 —2R=1
hr - ft* - °F
A = %012 31'22 X 2T X 2 _ 4,08 x 10~% £:2 mean area of
2 diaphragms
L = 3% = oaarte
AT = 397°F
4,08 x 1073 Btu .
g = 3.50 x 0.147 38.6 T heat leak of 2 diaphragms
Total Heat Leak
Q = g center cone + g outer cone & cylinder + g teflon foam

+ q diaphragm = 42.5 + (18.4 + 19.0) + (70.8 + 70,8)

+ 38.6 = 260,1 Bt
hr
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Total heat leak assuming A.D.L. Block on both sides have same heat
leak., This total heat leak assumes gas conduction heat leak bleck.

- (Dplazk @ ® ®

= 2398.1 + 53.8 + 23.0 + 39.0
.=355,1 B/H& Heat Leak.

®

+ 22,7 + 2..,6

TITANIUM DIAPHRAGM

ASSUME CENTER CONE@
HEAT LEAK OF THIS
DESIGN IS THE SAME

AS PREVIQUSLY CALGULATED FOR THE
6% ¢ ROTARY" JOINT.
Q="42,5 B

IR

TITANIUM DIAPHRAGM SIZING

t= Pr
Fty

F,_ = 130 KSI FOR CRUCIBLE C-130AM

ty
ALLOY, WITHAk =3.50 B -FT
HR - Ft* °F

.= 285 PSI PROOF PRESS

r= .56 IN
t=285x .56
130,000

= ,0012 In, WALL TH,
REQ'D,TOO LOW

TRY ,012 INCH TH. TITANIUM HEMISPHERE
DIAPHRAGM
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ANTI-CONVECTION BLOCK

+100°F

HEAT LEAK. e 20°
MADE SAME AS A, D, LITTLE 41° : N\ o
TYPE CONST. o = 12
7z A\ 46°
-75% ——— =
: \ -104°
-1330 ———- -
.061"f . -162°F
3.90" RAD
‘ - 2979F
CIRC UM- INCREMENTS
FERENTIAL OF RADIAL MEAN IgEAT LEAK
AREA LENGTH AT Q=k T A T
sectioN | SQ.FI. FEET TEMP °F =01z A AT
1 .038 ~,0050 22 2,00
2 .061 .0050 22 3.22
3 .073 .0050 22 3.84
4 .081 .0050 22 4,28
5 .088 .0050 22 4,65
6 .091 0050 22 4,82
7 .093 .0050 22 4,92
8 ,094 .0050 22 4,97
9 ,092 10050 22 4,86
10 .090 .0050 22 4,75
11 .089 .0050 22 4,70
12 . 087 0050 22 4.60
13 .084 0050 22 4,44
14 079 0050 22 4,18
15 .070 .0050 22 3.70
16 .057 0050 22 3,00
17 . 047 .0050 22 2.48
18 .027 10050 22 1.43
=(Q) 70.8 B/IR
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These calculations show that the heat leak for the 6-inch rotary is
within the heat leak target of 300 Btu/hr. The 8-inch unit is over.
It should be point out that during the second phase of this study,

a thermal conductivity test will be made of the foamed teflon., This
information was unavailable during the first phase. If this material
has a conductivity equal to or less than that of GO2 (0.010 Btu/hr-
ft2-° F/ft) the heat loss will be decreased to:

159.8 - 159.8 x 0,010/0.012 = 26.6 or 281.3 - 26.6 = 254,7
and
196.0 - 196.0 x 0.010/0.012 = 32.7 or 355.1 - 32.7 = 322.4

These same units, when used in liquid hydrogen, will have a heat

leak increase of 523/397 or 1,35 over the LO2 units. A 10 lb/cu ft
density polyurethane foam will be used to hold against collapse of

the foam at 300 psi. The conductivity of this material is slightly
higher than the A.D, Little block. If the block is allowed to breathe

as in the LO2 units, the block heat leak will be higher by the GO2/GH2
conductivity ratio. If a hydrogen gas seal can be developed to seal
the foam, then this heat loss can be reduced.

The above heat leaks, of course, can be reduced if it becomes more

important than envelope in the final analysis. This can be accom-
plished as follows:

L —sf Increase D,/D; ratio
r r 7 Increase L/Dyratio

In the interest of small envelope and so as not to cause frost to form
on these units, an L/D, ratio of & 0.5 was used.

Another area that must be taken into account when designing a hydro-
gen vent or propellant system is the operating and proof pressure
associated with it. The previous calculations were based on the
existing LO2 system pressure of 285 psi proof,
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If these designs were optimized to actual system requirements, the
vent line bayonets would be sized for 100 psi proof pressure, These
lower pressures will reduce the density of foam needed for anti-
convector blocks and, therefore, reduce heat leak. The cone and
cylinder thickness will be reduced proportionately.

A copy of the compliant ball bearing report (Ref. 4) was acquired
through Mr. J. F. Robinson of Autonetics, This report covers the
work done on this new design concept, During a visit with Mr,
Robinson earlier in this program, he suggested that we do not try
to build in compliance on the Chiksan type bearing assembly since
they had no experience in this area. A sketch (SK 4057-9) of the
plain Kaydon bearing was sent to Autonetics. They submitted the
SK 4057-9 drawing modified as shown. It was their suggestion to
test two standard Kaydon bearings followed by two compliant
bearings. This would establish the load increase capacity. The
bearings will be loaded until brinelling occurs.

8-inch Rotary Joint & Bayonet Weights Analysis

Weight
8-inch Rotary Joint - (1bs)
8~-inch Line Sch 10 8.10
8-inch Line Adapter Ring Bayonet Side .50
8-inch Line Adapter Seal Ring Bayonet Side 2.00
8-inch Line Adapter Seal Line Side 1,50
Inner Cylinder 0,060 in, Wall 2.56
Inner Cone 0.0355 in, Wall 2,96
Center Cone 0,048 in, Wall 2.68
Outer Cone 0,0355 in, Wall 2.02
Outer Cylinder 0.0355 in, Wall 2.55
Bearing Shaft 30.38
Bearing Housing 72.95
Bearing Spacer 2.68
Bearing (2) 4,29
Flange 63.66
Bolts (Included in Flange Holes) 77 .44
Foam Weight 1.43

TOTAL 278.00
8-inch actual weight = 240 lbs
6-inch actual weight = 177 lbs
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Weight

Bayonet (1bs)
8-inch Line 48 in. Lt Sch 10 53.60
Inner Cylinder 2,56
Inner Cone 2,96
Flange 150 Weld Neck 65.48
Vacuum Jacket 10 in, Sch 10 68.60
Foam .90

TOTAL 193.70

4,1.3.3 Reliability Program

The preliminary reliability goal has been established in Section
title "Review of Test Data, " based on the original design., In
this section, the state-of-the-art reliability and final reliability
goal is established. These last two numbers are based on the
rotary designs of SK 4057-7a and SK 4057-8,

For the state-of-the-art reliability, the assumed population of parts
is the same as used in the preliminary reliability goal prediction
(65 units),

The inherent failure modes are:

Failures

A, Seal failure (O-ring, Raco, Chiksan type)

Probability - 1
B. Contamination (Anti-convection block particles)

Probability - 2
C. Structural failure in cone area Probability - 1
D. Insulation material reaction with LO2

Probability - 0.5
E. Bowed annular seal surface causing liquid leadage

Probability - 0.5
F. Structural failure in flange area Probability - 1

TOTAL 6

o
(¢}
1
[e)}

. I-F _ 635-6 _
R = T = 0.9077
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451.3l4

Final — Reliability Goal

The assumed population is as previously calculated (65 units).

The inherent failure modes are the same as above.

Failures

A, Seal failure Probability - 1
B. Contamination Probability - 1
C. Structural failure in cone area to be eliminated

during test 0
D. Insulation material reaction with fluid must be

eliminated by design and test 0
E. Bowed annular seal surface
F. Structural failure in flange area eliminated by

design 0

TOTAL 2
_ I-F _ 65-2 _
R = T = 6% 0.9692

Quality Assurance Program

In order to ensure against inferior or out-of-tolerance parts, all
parts of both rotaries will be subjected to 100% inspection, All
detail parts will be 100% traceable since they are being released
through Straza's standard release system, A complete engineering
planning paper will be written against all detail in~house fabricated
parts to ensure for adequate tooling and inspection during the fab-
rication process., All special processes and welding will be covered
by appropriate Straza control specifications. These specifications
are called out on each detail drawing as applicable.

All inspection reports will be reviewed by Straza's Quality Assurance
group for proper corrective action. The Material Review Board,

which establishes the corrective action, consists of one member each
from Quality Control, Reliability and the appropriate project engineer.
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4,1.3,5

4,1.4
4,1.4.1

Conclusion

The tabulated heat leak of 282 Btu/hr for the 6-inch rotary and 355
Btu/hr for the 8-inch rotary indicate the feasibility of a low heat
leak rotary coupling. Even though the heat leak of the larger unit
is higher than the original goal of 300 Btu/hr, the design approach
shows where modifications to these basic units can lower this
heat leak, One must, however, be willing to accept the larger
envelope, in diameter or length, to accomplish this end.

The basic design lends itself to a variety of configurations,
depending on weight, heat leak, or envelope restrictions existing
in the area where the unit will be installed.

Phase II Proposal

Test Plan

One 6-inch and one 8-inch rotary will be tested in conjunction with
the bayonet joint as shown in SK 4057.

The heat leak test will be performed using the setup as shown in
SK 4057~-15, except the rotary will be mounted between the bayonet
sections within the controlled temperature box.

The tests to be run on these assemblies were chosen from and will
be run in accordance with the requirements of KSC-STD-164D,
"Environmental Test Methods for Ground Support Equipment,." It is
felt that the tests chosen represent the most severe environments
that we can subject the units to and still remain within the test
budget,

The following developmental functional tests will be performed on
units noted:

8-inch AMETEK/Straza Rotary

A, Compliant bearing capacity increase over standard bearing,
(1) Torque measurement on two standard bearings at various
pressures up to brinelling as determined by torque
measurement,

(2) Repeat (1) above on two compliant bearings.
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C.

E.

Pressure Test

(1) Operating pressure — 190 psi

(2) Proof pressure — 285 psi, hold each for five minutes
Leakage
(1) Static — Bubble tight at -320°F and 190 psi

(2) Dynamic — 3 scim helium at -320°F and 30 psi
Heat Leak

300 Btu/hr maximum tested as discussed above

Torque

Measure torque with test setup shown in SK 4057-17, record
bending load, pressure, leakage, torque (at 2.3 rpm) at 70°F
and -320°F from 0 psi to 190 psi in 10 psi increments,
Bending moment increments will be 50 ft-lbs to 900 ft-lbs
maximum,

6-inch Chiksan Rotary

Repeat "B" through "E" above,

The following functional test shall be run once before and after
environmental test on both units.

A,
B,

C.

Pressure Test

Leakage (a and b)

Torgue

With unit set up per SK 4057-17, apply 300 ft-lbs bending

moment with unit pressurized to 30 psi. Measure leakage
and torque at 2.3 rpm at -320°F using GN3.

The following environmental test will be performed on each rotary
unit in the sequence shown below:

A,

Vibration (Procedure II of KSC-STD-164D)

(1) Sinusoidal vibration to Level C (20 g's) using test setup
shown in SK 4057-16..

(2) Random vibration to Level C (0,05 G2/cps).
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4.1.4.2

B. Sand and Dust

Per KSC-STD-164D,

C. 8alt Fog
Per KSC-STD-164D.

D. Life Cycle

A minimum of 250 life cycles shall be run at a pressure of
30 +0/~5 psig and a temperature of -300 +00/~20°F using
GN2. Two hundred-fifty cycles shall be run at 0 psig and
ambient temperature. The above 500 cycles shall be run
with a fixed moment of 300 ft-lbs on the rotary. One cyle
shall consist of rotating 360° at 2.3 rpm,

E. Burst

At the completion of all evaluation and environmental testing,
the unit shall be subjected to 760 psig.

Procurement Plan

The design phase is now at a point where part procurement can
proceed in order to make Phase II test schedules,

The parts which will be procured outside are as follows:

Item Size Quantity

Chiksan style rotary & seals 8-in, (Jackets to 6 in,) 1 ea

Raco Seals Assorted 4 ea

Kaydon Bearing 12in,. 1.D, 6 ea*

Foamed Teflon anti- 6 in, 2 ea
convection blocks

Forged 316 Stainless Steel  A/R A/R

rings (for end flanges)

The above hardware will make up one complete 8-inch joint as
shown in SK 4057-7A and one complete 6-inch joint as shown in
SK 4057-8.

*Two extra bearings are required to make an accurate determination
of optimum compliance.
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4,1.4.3

Procurement Specifications

The only procurement specification required for the rotaries is the
Specification Control Drawing that establishes the envelope which
Chiksan must hold in order to complete the jacketing fabrication of
this unit at AMETEK/Straza. (Shown on Specification Control
Drawing 8-040352.)

All other parts of both rotaries are off-the-shelf standards and are
procured by vendor part number,
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PHASE II PROGRAM

Fabrication and Assembly

The second phase of this program consisted of fabricating and test-
ing one 8 inch rotary and one 6 inch rotary. The fabrication of the
8 inch unit progressed with only a few assembly problems. The
fabrication method used on the Saturn V propellent line bayonet
development worked well for the rotary. This consisted of final
machining of the metal cone nose seal gland after welding and con-
current with the machining of the ring-joint groove in the attaching
flanges.

The assembly procedure ccnsisting of inserting a locking tool through
the hole in the bearing collar and into the bearing sleeve, worked
very well, This provides a good hold for assembly of the threaded
joint which was held at the left end (Dwg. 8-100089) with an adjust-
able spanner wrench. In order to provide for the proper bearing pre-
load, a . 006 inch thick shim was placed between Item 2 and Item 3
(Dwg. 8-100089). This amount of shim was enough to remove all
axial play without overloading the bearing in thrust.

Test Philosophy

Both the 6 inch and the 8 inch rotaries were heat leak tested with
‘the CTL DIXIE insulators for LOy systems. A photograph of these
insulators is included along with an exploded view of the 8 inch
rotary. The rotary insulators were not heat leak tested for LHj
system application due to the added expense and time., It was de-
termined that sufficient data could be obtained from the Task IV
bayonet study to preclude duplication in the rotary study. The LH
insulator, which would be used in the rotary, is identical in con-
struction to the unit used in the bayonet. A photograph of that in-
sulator is included.

A bending moment and rotational torque measurement test fixture
was constructed to simulate installation loading. The design of
this fixture is shown in Dwg. 8-100096. A photograph of this
fixture with the 8 inch rotary/bayonet assembly installed, is in-
cluded in the test report. The fixture was designed for continuous
automatic rotational cycling through 360° clockwise and counter-
clockwise, A separate cylinder (Item 17 in Dwg. 8-100096) pro-
vided a fixed bending load at the end of the 4 foot long bayonet
tube. A position potentiometer provided a continuous 2.3 RPM
cycle rate readout on the Sanborn recorder. The bayonet assembly
provided the necessary jacketing and end closures for the cryogenic
portion of the rotational tests.
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int — Disassembled

inch Rotary Jo

AMETEK/Straza 8

Oblique Views from Both Ends

Exploded Photograph of 8 inch Unit
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AMETEK/Straza 8-inch Rotary Joint — Disassembled
Side View

Exploded Photograph of 8 inch Unit
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LO; Insulator Blocks
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LH2 System Anti-Convection Barrier Cone After
285 psi Proof Pressure

LH, System Anti-convection Barrier
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4.2.1

4.2, 1.1

4.2.1.2

Test Report

- Introduction

The following report presents the results of the design verification
tests performed on the rotary joint (Task IV) and includes the data
sheets of the environmental tests for the bayonet joint (Task VII)
of the Technology Advancement Study. These tests were performed
per the requirements established in the Design Verification Test
Procedure, Number 8-480086. ‘

One 8 inch rotary joint was tested. The 8 inch unit performed as
anticipated, meeting the heat leak and torque test goals established
in the early part of the program. The compliant Kaydon bearings did
not perform as predicted in their thrust load carrying ability. This
was attributed to the insufficient radially tight fit and a bearing
cross—-section approximately cne size too small.

The leakage test in the 8 inch unit indicated that the teflon primary
seal should have been Kel-T to prevent excessive scuffing. Leakage
values ran from 0 SCIM to 10 SCIM at cryogenic temperatures while
rotating.

The 6 inch Chiksan unit performed satisfactorily as far as it was
tested. Due to funding limitations this unit was subjected only to
the Receiving and Inspection Tests.

Scope

The purpose of this document is to set forth the tests and methods
of testing to verify the performance and reliability of Rotary Joints
under environmental conditions to satisfy the service requirements
at the John F. Kennedy Space Center. The test items were subjected
to the following tests in the sequence listed:

TYPE OF TEST

8 inch Unit 6 inch Unit
Bearing Evaluation Receiving Inspection
Functional

Pressure-Proof
Heat Leak
Torque

Sand and Dust
Salt Fog

Vibration
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4.2.1.3

4.2.1.4

4.2,1.5

4.2,1.5.1

The burst test was proposed in the Test Plan but it was deleted
since it would damage the units to the point of precluding any
additional testing or data confirmation which NASA might desire
after the completion of this particular program.

Item Description

The test items are two rotary joints; one fabricated completely by
AMETEK/Straza as shown in Dwg. No. 8-100089, and one supplied
by the Chiksan Division, FMC. Chiksan supplied the rotary unit
only and it was jacketed by AMETEK/Straza. This item is shown

in Dwg. 8-100098. Both units consist of a basic rolling element,

a double dynamic seal and overlapping cone jacket. The bayonet
test section of Task VII was used during this test as end closures
and torque fixtures for the rotaries during the majority of these tests.

In lieu of a pinch~oiff tube at the vacuum annulus port, a portable
vacuum pump was used to allow for inspection of this cavity during
the tests.

Applicable Documents

The following documents or the revision noted form a part of this
test requirement to the extent specified herein:

KSC-STD-164D, Environmental Test Methods for Ground Support
Equipment Installations at C@pe Kennedy.

Straza Report No. 8-480086, Design Verification Test Procedure-
Rotary Joint.

Final Technical Report for Vacuum Jacketed Umbilical Lines-
Technology Advancement Study Task VII - Bayonet Joint.

Test Performed

Receiving Inspection (6 inch unit only)

Test Requirement

This inspection was made to determine conformance with applicable
drawings and specifications to the extent possible without dis-
assembly of the test item.

Test Proced ure

The Receiving Inspection included the following:

Identification of test items by marking to establish manufacturer's
part number.
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Visual inspection to establish the "as received condition" and
verify that the items' configuration and external dimensions are
in conformance with the applicable drawings and specifications.

Test Results

The unit was identified by part number and met the dimensional
and visual requirements. Chiksan also submitted a certification
with the unit.

4,2.1.5.2 Bearing Evaluation Test (8 inch unit only)

Test Requirements

The test requirements stated that a bearing load test be performed
to determine increase in capacity of the compliant Kaydon bearing
over the standard Kaydon bearing used in the 8 inch rotary.

Test Procedure

A set of standard bearings was installed in the 8-100089 test item
which was installed in the test fixture shown in Test Report Figure 1.
The test item was pressurized with nitrogen gas over oil, using the
test setup as shown in Test Report Figure 2, while being cycled at
approximately 2.3 RPM clockwise and counterclockwise through

90° min. from a nominal position. Pressurization was in increments
of approximately 50 psi from 0 to Brinelling pressure. A separate
pressure line was connected to the vacuum jacket cavity of the
rotary to maintain equal pressure and prevent cone collapse in the
event that Brinelling pressures were higher than proof.

At each pressure increment, the torque versus angle of rotation and
Brinell point was recorded. The standard bearing was removed from
the test item and a second standard bearing installed in the failed
bearing position and the above procedure repeated.

After two standard bearings have been tested, the above test pro-
cedure was repeated using two compliant bearings.

Test Resultsg

A series of five (5) tests were run for the bearing evaluation. The
first test was carried to a pressure of 300 psi where it was stopped
due to bearing noise which was noticed when the pressure was re-
duced to zero. The unit was disassembled and contamination had
deposited on the loaded bearing race. The unit was cleaned, re-
assembled, and subjected to the second test. It was found, after
completing the torque test to 425 psi, that in order to get a good
Brinelling reading the pressure must be reduced to 30 psi or less
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between each pressure cycle. Since this was not done on
this test, the second standard bearing was installed and
Test #3 was conducted. Brinelling was observed at
approximately 250 psi.

The unit was disassembled and the bearing examined.
Brinelling was observed at the upper edge of the bearing
and Brinelling occurred at 175 psi on Test #4.

The heavy thrust load on these angular contact bearings

was spreading the races in a radial direction, allowing the
load line through the ball to go well beyond the 30° angle.
In order to reduce this tendency, shims were placed between
the I. D. race and sleeve. Test #5 was conducted but
Brinelling pressure was still at the 175 psi level.

It was decided to downgrade the operating pressure for this
8 inch unit to 140 psi so that the remaining tests could be
completed without damaging the bearings.

It was concluded that to make these bearings work properly,
a press or shrink fit would be required. Since this would
make the assembly and disassembly extremely difficult the
better modification would be to go to the next size bearing.
The outer bearing housing could have been modified to do
this but there was not enough time or money in this program.
It was also concluded that since the Chiksan unit had larger
bearings, this fix would be confirmed when the 6 inch unit
was tested.

Test Data

A photograph of the test set-up. is included, along with the
test data sheets.
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AMETEK/Straza 8-inch Rotary Joint

Bearing Evaluation Fixture, 8 inch Unit
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DESIGN VERIFICATION TEST

TEST DATA SHEET

Type of Test Bearing Evaluation #1 Date of Test 11 July 1969
Part Name S.I. Rotary Joint 8" Part Number 8-100089-1
Test Procedure 8-480086 (Para 5.2) Part Serial # 1
Type of Bearing _ Std Kaydon Cycling Rate__ 2 RPM
Pressure Media G‘Nz over oil Weight 240#Wi§h Stgds
Pressure Torque Angulation | ' i
(in psig) | (in in-1b) (in degrees) ! Remarks
o i 1260 | 180 |
30 1080 - 90 !
50 1120 90 ! ;
100 . 1420 90 ! ,
150 1770 90 | |
175 2000 i 90
200 2160 - 90
225 2700 | 90
250 2970 90
275 3510 90
285 3510 § 90
300 3780 90 i
0 1128 . 90 Test stopped because of
' bearing noise at no load.
Examination disclosed metal|

particle in loaded bearing.

Test Technician /s/ 8. Moore Test Engineer /s/ R. C. Mursinna
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Type of Test Bearing Evaluation #2

DESIGN VERIFICATION TEST

TEST DATA SHEET

Date of Test 14 July 1969

Part Name S.I. Rotary Joint 8” Part Number 8-100089-1
Test Procedure_8-480086 {Para 5.2} Part Serial # 1
Type of Bearing Standard Kaydon Cycling Rate__ 2 RPM

Pressure Media__ GN3z over oil

Pressure Torque Angulation
(in psig) (in in-1b) (in degrees) Remarks
0 600 90 |
250 1620 90
275 1900 90 -
300 2150 90 |
325 2550 90 | Breakaway 2550
350 2700 90 Breakdway 2700
375 2920 [ 90
400 3300 L Breakaway 3500
425 3940 ! 90 Breakaway 4325
Rotation during load applica-
; tion does not give accurate
failure point reading. !

Test Technician/s/ S. Moore

Test Engineer /s/ R. C. Mursinna
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DESIGN VERIFICATION TEST

TEST DATA SHEET

Type of Test Bearing Evaluation #3 Date of Test 15 July 1969
Part Name S.I. Rotary Joint 8" Part Number 8-100089-1
Test Procedure__8-480086 (Para 5.2) Part Serial #_ 1

Type of Bearing Standard Kaydon Cycling Rate 2 RPM

Pressure Media__ GNg over oil

Pressure Torque Angulation

(in psig) | (in in-1b) (in degrees) Remarks
0 1740 (0 psig) | 90 ‘
50 {740 (25 psig) 90
100 770 90 | Slight Brinell Indication |
150 700 " | 90 | "
175 1700 " 90 "
200 1706 " 90 "
225 680 v | 90 1100 "# Breakaway
250 1680 " | 90
275 |6go = I 90
285 i

!
i

|

Increased press held for 30 sec, released to 25 and torqued.

Excessive clearance between Bearing bore and Housing O.D. caused
swagging in of Bearing race and Brinelling of race at lip.

Test Technician_/g/ 8. Moore Test Engineer /s/ R. C. Mursinna
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DESIGN VERIFICATION TEST

TEST DATA SHEET

Type of Test Bearing Evaluation #3 Date of Test 15 July 1969
Part Name S. I. Rotary Joint 8"« Part Number 8-100089~1
Test Procedure_8-480086 (Para 5.2) Part Serial #___ 1

Type of Bearing Standard Kaydon Cycling Rate 2 RPM

Pressure Media GN2 over oil

(im pote) ? (o el | (i dearacn) Remarks
0 I575 (0 psig) | 90 |

50 1600 (25 psig) | 90 .,

100 ‘700 " | 90 !

150 {700 " 90 ' No indication of brinell
175 {700 " 90 | "
200 700 " | 90 |
225 700 " [ 90 "
250 700 " ‘ 90 Slight indication of brinell

!
275 {700 " L 90 Brinell indicated*
{ Load applied, held for 1/2

min., released to 25 psi

| and torqued.

*Footprint approximately .040 X .020

Test Technician /S/ S° Moore Test Engineer /S/ R. C. Mursinna
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Type of Test

DESIGN VERIFICATION TEST

TEST DATA SHEET

Bearing Eval uation #5

Date of Test 19 July 1969

Part Name

S.I. Rotary Joint 8"

Part Number 8-100089-1

Test Procedure 8-480086 (Para 5.2)

Part Serial #

Type of Bearing Gompliant Kaydon

Cycling Rate 2 RPM

Pressure Media GNp over oil

1680
|

.003 SHIM Under BRG (lower)i

oo | e | booion
0 575 | 90 i
50 _f | !
100 560 (25 psi) | 90 !
150 1560 " 90 !
175 {550 " 90 | Indication of Brinell ‘,
200 i550 90 Indication of Brinell i
225 {550 I 90 | Indication of Brinell
250 1620 " |90 | Indication of Brinell !
275 |620 " I 90 | Indication of Brinell
300 " 3 90 | Indication of Brinell }

.002 SHIM Under BRG (upper)?

R

Test Technician /8/ L. Mc Knight Te
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4.2.1.5.3

Functional Test

Test Requirements

The test requirements specified that prior to environmental
testing, each test item be subjected to the following tests.

A,

Pressure - Operating

The test items shall not deform when subjected to
140 psig (8 inch unit) or 190 psig (6 inch unit).

Leakage - Dynamic/Static

The test items shall not leak GNy at 320°F in
excess of 3 SCIM at 30 psig while rotating at
2.3 RPM. While non-rotating, the items shall
be bubble tight to 140 psig at -320°F.

Torgue

The test items shall not require more than 600 fi-lbs.
rotational torque when pressurized with GN, at
-320°F and 30 psig. At the same time, the“unit shall
be subjected to a bending moment of 300 ft-lbs. and
shall be rotating at 2.3 RPM.

Test Procedure

A.

Pressure - Operating

The test items were installed in a test set-up as
shown in Figure 2 and pressurized to 140 10 psig

(8 inch unit) and 190 psig (6 inch unit) and that
pressure maintained for five (5) minutes. Test

media was gaseous nitrogen at room ambient tempera-
ture.

The test pressure, test media, and duration of the
test was recorded. Any deformation or defects as a
result of this test were recorded and photographed.

Leakage - Dynamic/Static

The test item was installed in a test set-up as shown
in Figure 3 and filled with liquid nitrogen and allowed
to stabilize, Stabilized temperature was -300%§,OF

as determined by a thermocouple. After stabilization,
the liquid flow was shut off and the vent valve (Figure
3) was adjusted and monitored to maintain 140 __-100psig
(8 inch unit) and 190 psig (6 inch unit). Pressurization
was to be obtained by using GHE over the LNy and
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maintained for five (5) minutes. The test item pres-
sure was then reduced to 30:*_'5 psig and cycled at

2.3 RPM for five (5) minutes. One cycle consisted
of rotating through 360° clockwise and counterclock-
wise from a nominal position. Leakage was measured
at the assembly tool port in the bearing housing by
the water displacement method.

C. Torque

The test item was installed in a test set-up as shown
in Figure 3 and filled with liguid nitrogen allowed to
stabilize. Stabilized temperature was -3007Q OF as
determined by a thermocouple. After stabilization,
the liquid flow was shut off and the vent valve (Figure
3) was adjusted and monitored to maintain 30"1’0 psig;
300 ft-1lbs. bending moment was applied to the rotary
joint. The test item was cycled at 2.3 RPM for five
(5) minutes. The leakage and torque was measured
and recorded. A photograph of the bending moment
versus rotational torque test set~up is included.

In order to obtain additional radial load carrying
capacity data on the compliant bearing, the bending
moment was increased to 2100 ft-1bs.

Test Results

A, Pressure — Operating

The 8 inch unit was pressurized to operating pressure
with zero leakage and no visible damage or distortion.

B. Leakage - Dynamic/Static

The 8 inch unit was pressure tested and complied with
the leakage criteria. The unit had zero leakage with
the rotary static and 1.4 SCIM leakage with the rotary
rotating at 2.3 RPM.

C. Torgue

The 8 inch unit was torque tested with an average
torque of 242 ft-lbs. over the bending moment load .
range of 0 to 2100 ft-1bs. The bending moment load
carrying capability of the 8 inch unit using compliant
bearings, should be not less than 4000 ft-1bs. The
leakage under the maximum bending load of 2100 ft~lbs.
was 5.0 SCIM, slightly over the specification goal of
3.0 SCIM.

Test Data

Data Sheets and copies of Sanborn tapes are included.
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Bending Moment/Torque Fixture Photograph

Bending Moment vs Rotational Torque Test Setup for
8-Inch Rotary/Bayonet Joint Assembly
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Type of Test

Part Name

DESIGN VERITICATION TEST

TEST DATA SHEET

Functional #1

Date of Test 12 September 1969

Rotary Joint 8"

Part Number 8-100089

Test Procedure 8-480086 (Para. 5.3) Part Serial Number --

NOTE: Enter in REMARKS column test prior to this Functional Test

A.

D.

Test Technician/s/ L. Mc Knight

Pressure

Test Pressure 140

REMARKS
"O" Leak

Test Media GN,

Duration of Test 5 Min.

Leakage - Static

Test Pressure 140 psig

O SCIM Leakage

Test Media GHe over LN2

Stabilized Temp at Point "A" on

Test Temperature -3 20°F

rotary = 42°F

Duration of Test 1 Min

Leakage - Dynamic

Test Pressure 30 psig

1, 1.4 SCIM leakage

Test Media GHe over LN2

220 psi on Cyl to rotate @ 2.3 RPM

Test Temperature =320

= 250 Ft.# Torque

Cycle Rate 2.3 RPM

Duration of Test 1 Min

Torgue

Test Pressure 30 psig 1, 3 SCIM@ 980 Ib B.M.L. and 2.3RPM
Test Media LN2 2. 1.6 SCIM@ 1400 Lb. B.M.L, &
Test Temperature -320 2.3 RPM

Bending Moment --- 3. 5SCIM @2100 Lb. B.M,L. @

Torque__ Average = 242 Ft. 2.3 RPM

Cycle Rate

TOTAL CYCLES - 50

Test Engineer /s/ R. C. Mursinna
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Date ot Test
12 September 1969

‘Functional Test #1
Paragraph D.2
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4.,2.1.5.4 Pressure - Proof

Test Requirements

The test requirements stated that the test specimens not
deform or malfunction when subjected to 285 psi proof-
pressure. .

Test Procedure

The 8 inch unit was not subjected to proof pressure until
the end of the test program so as not to Brinell the last set
of compliant bearings. Due to a lack of funding it was not
subjected to this test.

Test Results

None.
Test Data

None.

. 4,2,1.5,5 Heat Leak Tests

Test Requirements

It is required that the test specimens be subjected to a heat
leak test to determine whether or not they fall under the LO
system heat leak of 282 Btu/hr. for the 6 inch unit and 355

Btu/hr. for the 8 inch unit.

Test Procedure

The test item was installed in a test fixture as shown in
Figure 4. The test item was filled with LNy until it has
stabilized. The heat leak was determined by LN, boil-off
over a four (4) hour period. A totalizing flow meter was
used to determine the GN, loss. A thermocouple was used
to determine GN, temperature as it entered the flow meter.
Another was use?i t0 measure specimen temperature. One
(1) hour after the test item has stabilized and each hour
thereafter for the duration of the test, the GNZ loss, GNy
temperature, and specimen temperature, box temperature
barometric pressure were recorded. The gas loss was
corrected to standard pressure and temperature. Applicable
cable conversion calculations were made to determine the
heat leak in terms of Btu/hr. for LO, temperatures. The tare
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heat leak for this test was obtained during the heat leak
test of the bayonet (Task VII).

A functional test following the heat leak was not performed
since the torque test does the same thing.

The heat leak test set~-up was photographed and is included
along with the bayonet tare leak set-up.

Test Results

In order to compare the actual heat leak with the calculated
heat leak, the recorded values were correcied as follows:

For the LOZ System: [Test item ambient temperature (+ 1000F)
- Liquid oxygen temperature (—297)] T
[Average test item temperature as
measured on top and on bottom - Liquid
nitrogen temperature (—320)} X Heat leak.

Example: For 8 inch unit + bayonet

100 - (-297) 397 _

68 = (=320) X528 = 387 X 528 = 540 Btu/hrk.

The corrected heat leak of the bayonet assembly from Task VII
Test Report = 227 + 83 = 310 Btu/hr.

Total 8 inch rotary heat leak = 540 - 310 = 230 Btu/hr.
Test Data

The data sheets for the 8 inch rotary/bayonet assembly are
presented on the following pages.

Table I summarizes the corrected measured heat leak values
and compares them with the calculated data.

TEST REPORT .~ TABLE 1

Insulator Line Size Calculated g Actual

CTL Dixie 6 Inch 282 i —

CTL Dixie 8 Inch 355 | 230
|

Since the LOy heat leak values for the rotary are so close
to the LO9 heat leak for the bayonet joint, the LH, system
heat leaks can be proportioned from the bayonet joint values.
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Tare Heat Leakage Test — 8=Inéh Bayonet
Tare Heat Leak Test
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Type of Test Heat Leak (CTL Dixie Insul) Date of Test

DESIGN VERIFICATION TEST

TEST DATA SHEET

Part Name Bayonet & Rotary Joints 8"

Test Procedure 8-480086,

Para. 5.5

Part Number

17 September 1969

8-030928 / 8~100089

Part Serial Number

FLUID LNZ; HEAT OF VAPORIZATION = 85.7 Btu/#
. Barometric
Time GN
2 Loss GN2 Temp Pressure Remarks
38°F CuFt
11:00 |1.40 CuFt/Min V= 12,975 # 29.96 "QO" SCIM Seal Leak
Boil-off = .108 #/Min ' Unit Temp = 69°F
Box Avg Temp = 67,2
58°F CufFt A S
12:00 {1.3 CuFt/Min V= 13.498 29.96 Unit Temp = 68°F
Boil-off = .097 #/Min Box Avg Temp = 68.0
1:00 |1.5 CuFt/Min 60°F V= 13.550| 29.94 Top Unit Temp = 71°F
Boil-off = .11 #/Min. Box Avg Temp 71°F
1:45 Temp on Bottom of | Temp on Top of Temp on Ling
Joint 59°F Joint 80 F In sun 99°F
2:00 |1.3 CuFt/Min 61°F V= 13.557] 29.88 Bottom of Unit Temp 62°F
Boil-off = .096 #/Min Top of Unit Temp 73°F
Box Avg Temp 67°F
3:00 1.4 CuFt/Min 63°F v = 13.625 29.84 Unit Temp 76°F
Boil-off = ,103 #/Min Box Avg Temp 69°F

Average #/Min = ,.103

Total Heat Leak = .103 X 85.7 X 60 = 528 Btu/Hr.
Test Oncineer /s/ R. C. Mursinna

Test Technician
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4,2,1.5.6

Torque Test

Test Requirements

It was required to determine how the rotary joint torque is
affected by pressure, bending loads, and temperature con-
ditions. This test also establishes the radial load carrying
capability of the compliant bearings on the 8 inch unit.

Test Procedure

The test item was installed in a test set-up as shown in
Figure 3. This test was conducted in two parts: (1) at room
ambient temperature, and (2) at cryogenic temperature.

A. Part I

The test item was pressurized using the test set-up
shown in Figure 2 to 301’8 psig with gaseous nitro-
gen. The rotary joint was cycled at 2.3 RPM during
the test. The bending moment was increased in
200 ft~lb increments from 0 - 2500 ft-1bs. At each
200 ft-1b increment, the torque and leakage was
measured and recorded.

B. Part II

The test item was filled with liquid nitrogen and
allowed to stabilize. The stabilized temperature
was determined by a thermocouple. After stabili-
zation, the liquid flow was shut off. The rotary
joint was cycled at 2.3 RPM during the test. The
vent valve (Figure 3) was continuously monitored
while pressurizing the test item in 10 psi increments
from 30 to 140 £10 psig (8 inch unit), 0 to 190 £10
psig (6 inch unit). Each 10 psi increment, the torque,
and leakage were measured and recorded. At the
conclusion of the test, the test item was drained and
returned to ambient conditions.

Test Results

The 8 inch unit performed satisfactorily during the test except
that the leakage was running above the 3 SCIM allowable during
the cold test. The rotation torques were well within the 600
ft-1b. design goal. The maximum wvalue recorded was 260 ft-lbs.

The cyclic nature of the bending load and torque pressure shown
on the data sheets was caused by a crooked support shaft on
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the bayonet. The data sheet values were the maximum of
the maximum and minimum values per cycle.

The recorded moments are referenced from Bearing "A" shown
in the sketch below.

B
A/P«) &4+ .

e 2.25"
s 52.0"

The moments were calculated as follows:
Bending load at C X 52.0" = Moment (ft-1b).
The maximum radial load on the bearings are:

Bending load at C X 52 = Reaction
load at bearing B X 2.25

540 b, X 52 _
7.25 =

radial loadon B = 12,500 lb.

Since this bearing did not indicate any Brinelling, the com-
pliance was adding to its load carmrying capability. This
bearing, with the compliance working properly, should be
capable of carrying a 22,000 1lb. radial load minimum.

Taking moments about Bearing'BY the radial load on Bearing
"A" is calculated as follows:

540 X 49,75 _
2.25 =

The rotational torque varied only slightly during the LNy
pressure test with a maximum of 232 ft-lbs. at 140 psig.
The maximum leakage was 10.4 SCIM rotating and 11.7

SCIM static.

radial loadon A = 11,900 lbs

Test Data

Data sheets and a photograph of the test set-up are included,
along with portions of the Sanborn tapes.
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Type of Test

Torque

Sheet 1 of 2

DESIGN VERIFICATION TEST

TEST DATA SHEET

Date of Test

30 Scptember 1647

Part Name Rotary Joint Part Number 8-100089
‘Test Procedurs 8-480086 Para 5.6  Part Serial Number -
A. At Ambient Temperature
Test Pressure <t PSI7S Cycle Rate 2.3 RPM
Test Media Gl @ vu'r Duration of Test 1 Min (52 C-cles)
Pt # Avag P ¥
Bending Moment Torque Leakage(SCIM) Remarks
See sample of Sanborn Test
233 254 11.6 Data
467 2456 3.0
700 246 2.1
933 254 0.0
ile7 254 0.0
1400 2¢1 0.0
1633 254 0.0
1867 248 0.0
2100 258 0.0
2333 20 0.0 Urnit performed satisfactorily.
550 /
\
\600 -
V.“ 7
650
\ N
70(1/:
//‘.‘k
750 °
800
/
/ 850 . % *Bending mdment loads were lincreased based on data taken
900 ; during firs§ Functional izst.
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DESIGN-VERIFICATION..TEST -.TEST DATA SHEET

B. At Crvogenic Temperature

@)

Sheet 2 of 2

Specimen Temperature 70°F Cycle Rate_2.3 RPM
Test Media LN, Duration of Test 25 Min (37 Cycles)
Avg Ft. # ‘
Pressure(psig) Torque Leakage(SCIM) - -  Remarks
10 Minimum pressure. was 30 psi du¢
20 to high boil-off
30 195 7.2 (See Sample Sanborn Trace)
40 197 6.7 |
50 216 8.5 Unit peffbrmed satisfactorily
60 216 8.5 except for leakage
70 216 9.0 Allowable is 3 SCIM. _ Higher
80 209 9.2 leakage is attributed to Teflon
90 216 8.0 seal sluffing and getting under
100 220 9.2 seal face.
110 225 10.4
120 230 9.0
130 223 9.8
ﬁ 140 232 10.4
R\ 150 i ROTATIONAL POSITION LEAK CHECK (STATIC)
li]r \QO iy 0° 90° 180° 270°
17& 11,7 SCIM EL0,0 SCIM|. 8.5SCIM 8.5 SCIM
180 ,
,/
L. 190

Test Technician

Test Engineer

/s/ R, C. Mursinna
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4,2.1.5.7

Sand and Dust Test

Test Requirement

Reference: AMETEK/Straza Specification No. 8-480086,
Paragraph 5.8.

The sand and dust test was performed to determine the
resistance of the test item to blowing fine sand and dust
particles. This test was run only on the 8 inch unit. This
test, along with the salt fog and vibration, was conducted
at Ogden Technology Laboratories.

Test Procedure

The test specimen was placed in a test chamber as shown
in Photograph No. 5. The chamber was programmed to pro-
vide a sand and dust environment with a sand to air ratio
of 0.1 to 0.25 grams per cubic foot, with an air velocity
of 100 to 500 feet per minute. The test specimen was
exposed to this environment at a temperature of 77 +2°F
for two {2) hours, then the temperature was raised to + 160
+2°F and the specimens subjected to a further two (2) hours
under these test conditions. At the conclusion of the four
(4) hour exposure to sand and dust particles, the specimen
was returned to room ambient and a functional test was
performed.

Test Results

Visual inspection on completion of the sand and dust test

did not reveal any damage or permanent deformation. During
the performance of the functional test, no leakage was
observed with the specimen pressurized to 140 psig using
gaseous Nitrogen at ambient temperature. However, excess-
ive leakage was observed at 140 psig at a temperature of
-320°F. The functional test was rerun at 30 psig at liquid
Nitrogen temperature (-320°F). Leakage was still encountered
and the results are to be found on data sheets. The unit was
disassembled and it was found that excessive sluffing of the
seal caused the leakage. Upon further investigation it was
found that the seal gland was crushing the seal beyond the
recommended dimension. The gland was machined to allow
for proper seal loading and the unit was placed back into test.

Test Data

The test data sheets were extracted from Ogden's test report
No. B-69478 and are presented on the following page.
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OCGDEN TECHNOLOGY LABORATORIES, INC,

Date

LL2-4S5—~6F

Ccustomex AALe=r= /J)’/‘?A‘EA’-

Specimen_Xo; 42\ YOsi
4 Peid

SAND AND DUST DATA SHEET

£ tptct Part No._ —

Page Number

Job NumberZ A 2 <4

D

Serial No, —

Specification No. ;,V' <« 500 K& Para.No. .5 X
Preparation of Specimen(s) —
Protective Covering on Non-Tested Parts —

Vents, Ports, Connectors, etc. Capped: Yes /No

Remarks

_._.____/_::.....

Support Method
Orientation of Specimen(s)

Chamber Controls:

g Lo}iw_éﬁ

Vc:/ﬁ‘T?’ML :

Sand and Dust Density_({/ v 0.2 Sgrams/cubic foot

Wind Velocity /00 — X 0o feet/minute
: Relative Humidity o - 28 percent
Temperature__ H 2. 0 F#/&S5 °F
Elapsed Sand And Dust Air Relative
Time Density Velocity Temperature Humidity
(hours) {grams/cu.ft.) (ft/minute) (°F) %
-0 Q. 2 2o 2K 27
_7 . 2\ 350 77 o
2 o . A 350 177 / 3
o R 0. o> 350 '/_S'X /-5
A 0. 2 350 /60 /5
el 0. > 3.0 /687 y =
Remarks: NMOar &
Interruptions during test (Explain): Ao F
Results: Damage or Deformatign: Yes No_ o~ (Explain above)
Photograph taken: Yes No
Test Technician /?')'AI\/&;/{\/D Test Engineer/(/. /%;Plue/er

Inspector (Customer oxr USGov't) POy e .

1 .

Date Q.A, Mgr. Signature
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'DESIGN VERIFICATION TEST
TEST DATA SHEET

Type of Test__ Tunctional Date of Test 18 October 1969
Part Name Rotary Joint ' Part Number
Test Procedure 8-480086 (Para. 5.3) Part Serial Number 8"

NOTE: Enter in REMARKS column test prior to this Functional Test.

A, Pressure REMARKS
Test Pressure 140 + 10 psig Sand and Dust Test
Test Media GN2
Duration of Test 5 Min Compl WOL

B. Leakage - Static
Test Pressure 140% 10 psig

Test Media LN,

Test Temperature__~3 20°F

Duration of Test 5 Min Extreme leakage encountered, unable

10 notily oStraza rep. oiop testing
C. Leakage - Dynamic

Test Pressure

Test Media

Test Temperature

Cycle Rate

Duration of Test

D, Torque
Test Pressure

Test Media

Test Temperature

Bending Moment -

Torque

Cycle Rate

Test Technician Test Engineer /s/ Ronald G. Powell
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Type of Test

DESIGN VERIFICATION TEST

TEST DATA SHEET

Functional

Date of Test

Part Name Rotary Joint

Test Procedure 8-480086 (Para. 5.3)

30 October 1969

Part Number

Part Serial Number

NOTE: Enter in REMARKS column test prior to this Functional Test.

A,

D.

Pressure
Test Pressure 140 £10 psig

REMARKS
Sand and Dust

(Rerun per Straza #1)

Test Media GNg
Duration of Test o Min

Leakage - Static

Test Pressure 82 psig

Start rotating 1 RPM
~Z 3 SCIM leakage

Test Media LNZ

Test Temperature -320 OF

Duration of Test 1 Min

Leakage - Dynamic

Test Pressure 30 psig

= 3 SCIM leakage

Test Media LN,

Test Temperature -BZOOF

Cycle Rate 2.3 RPM

Duration of Test 5 Min

Torque

Test Pressure S psig Specimen stopped rotating

Test Media Frost on exterior or rotating joint

Test Temperature

Bending Moment 300 ' 1bs
Torque '

Cycle Rate

Test Technician /S/ W. O. Lebus

Test Engineer /S/ Ronald G. Powell
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DESIGN VERIFICATION TEST

TEST DATA SHEET

Type of Test Functional

Date of Test 31 October 1969

Part Name__Rotary Joint

.Part Number

Test Procedure 8-480086 (Para. 5.3) Part Serial Number

NOTE: Enter in REMARKS column test prior to this Functiohal Test.

A.

D.

Pressure
Test Pressure

REMARKS
Sand and Dust

Test Media

{Rerun per Straza #2)

Duration of Test

Leakage - Static

Test Pressure

Test Media

Test Temperature

Duration of Test

lLeakage - Dynamic

Test Pressure 30 psig

Start Vacuum Pump Start Chilldown
Rotate specimen 1 RPM

Test Media ILN.

Test Temperature_ -320 °p

Cycle Rate 2.3 RPM

Duration of Test 5 Min

Torque
Test Pressure 30 psig

Test Media LNZ

Test Temperature -320

Bending Moment 300 Ft Lbs

Torque 230  foot pounds

Cycle Rate 2.3 RPM

Test Technician /S/ W. O Lebus

Test Engineer /S/ Ronald G. Powell
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4,2,1.5.8

Salt Fog Test

Test Requirement

Reference: AMETEK/Straza Specification No. 8-480086,
Paragraph 5.9.

This test shall be performed to determine the specimens’
resistance to a salt fog atmosphere. Only the 8 inch unit
was subjected to this test.

Test Procedure

The test specimen was installed in a salt fog chamber in a
vertical position as shown in Photograph Number 7. The
specimen was then subjected to 240 hours exposure in a
salt fog atmosphere of 5% salt and 95% water, at a tempera—~
ture of 95 fioF. On completion of the 240 hour exposure,
the specimen was allowed to dry, a visual inspection made,
and a functional test performed.

Test Results

Visual examination, post salt fog test, revealed severe
oxidation of the flange bolts. Extreme leakage was observed
during the functional test at -320°F. The extreme sluffing

of the primary Teflon seal continued to cause excessive
leakage. This, in turn caused frosting of the joint. Since

a new seal fabricated from KEL-F could not be installed in
the unit within the remaining program cost and time schedule,
the testing was continued.

Test Data

The test data sheets taken from Ogden Report No. B-69478
are presented on the following pages.
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Test Report Photograph

Test Report
Photograph No. 7
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UNH’E{) ASROTEST LABORATORIES
i

‘Date // // &, /94T  SALT SPRAY DaTi SHEET Job Numb 2 /2% 747K

STrazL Page Number __
7
.QZA/ S Part No.g——szgiz Serial No. 6 /

Customer

Specimen
Specification No. Z{-— Y0 O /ngl’ara. No. &, &
Preparation of Specimen(s) ﬂ/oﬂ/é‘

Protective Coating or Covering for Non-Tested Parts //(;,(/é'

Vents, Ports,; Connectors etc. Capped: Yes X No Remarks

‘Support Method &'/:zzﬁﬁ/v/'; o4/ .dmém/ J/ﬁﬂl/

Orientation of Speci‘:n‘;n(s) {/5r7//c,9

Solution: Salt 5 Z % HZO 76:,2 % (by weight)

pH of Solution 4.5 at_ As— °F

Specific Gravity of Solution /. /4& at S °F

Start date and timeﬁ/é)/ ‘/ 542 0?&0)’-" Nozzle Pressure o ;%éq
Chamber Temperature [ °F Water Column Temperature 4’421 °F

TEST RECORD
(Each 24 Hours)

Collected Solution (Volume)

Elapsed per 80 square centimeters of Collected Solution Chamber
Time Horizontal Surface Area pH Specific Temperature
(Hours) (milliliters per hour) Value Gravity (°F)

48 280 bb L0 A 7=

Stop date and time /‘f/ci/ /Y O30 /{/_{, Test Duration é/ﬁ hours
Interruptions (explain) /%/{/6'

Results of Test CE AT 0)</ /g/ o/ 07[/ #//ﬁ/— éﬂ/

it i ol pperart g i Dol o

Photograph taken: Yes, /,/ No P {40
Test Technician ///L@&;{gj/ﬂ Test Engineer / WQM Q iy

Inspector (Customer or USGov't)

Page 107



'DESIGN VERIFICATION TEST
TEST DATA SHEET

Type of Test __ Functional Date of Test 11 December 1969
Part Name Rotary Joint . Part Number -
Test Procedure 8-480086 (Para. 5.3) Part Serial Number 8"

NOTE: Enter in REMARKS column test prior to this Functional Test.

A, Pressure REMARKS
Test Pressure_ 140 psig After Salt Spray Test
Test Media G‘N2
Duration of Test 5 Min Compl WOL

B. Leakage - Static

Test Pressure 30 psig During chilldown w/specimen rotating
Test Media LN, and vacuum pump conn. heavy leakage.
Test Temperature -320°F LN, press 28 psig. Compl WOL.
Duration of Test® Min Notified Straza rep.
C. Leakage - Dynamic
\ Test Pressure 30 psig Extreme leakage
Test Media LN, Torque - 200 Ft #

Test Temperature -320°F
Cycle Rate 2.3 RPM

Duration of Test 5 Min Compl WOL
D, Torque
Test Pressure_30 psig Continued extreme leakage

Test Media LNZ
%)
Test Temperature_ -320°F
Bending Moment (31.8 psig) 300FtLbs

Torque 230 Foot Lbs Extreme frosting on unit
Cycle Rate 2.3 RPM ‘Compl WOLebus
Test Technician 7S/ W.O.Lebus Test Engineer /S/ Ronald G. Powell
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4,2.1.5.9

Vibration Test

Test Requirement

Reference: AMETEK/Straza Specification No. 8-480086,
Paragraph 5.7.

The purpose of this test is to demonstrate the structural
integrity of the specimen when subjected to vibration. This
integrity shall be measured by: (a) visual observation during
vibration and.(b) functional test on completion of vibration
in all three (3) axes.

The random vibration was not performed due to the short test

schedule. It was also felt that it would not add significantly
to the equipment evaluation on this type of development pro-

gram.

Test Procedure

A Ling A-249 Vibration System, with six (6) Accelerometers,
was calibration in accordance with Standard Procedures. The
specimen was installed in a test fixture which in turn was
mounted on team tables. A liquid Nitrogen supply and vent
system was connected to the specimen, and accelerometers
mounted to monitor cross talk and vibration levels. Beginning
in the lateral axis, the specimen was subjected to a sinusoidal
resonant frequency search at an acceleration level of 1 g for

a frequency range of 5 to 3000 Hz transversed logarithmically
for a period of fifteen (15) minutes per axis. All accelerometer
outputs were continuously recorded on the oscillograph. The
specimen was filled and then emptied of liquid Nitrogen prior -
to applying any vibration excitation. On completion of vibra-
tion in the lateral axis, the specimen was re-orientated in the
transverse and longitudinal axes and the foregoing procedure
repeated.

Test Results

No functional failure was visually evident during vibration in
any one of the three (3) major orthogonal axes. The maximum
transmissibilities occurred at the center of the bayonet support
tube. Values as high as 40 did not impair the operation of the
bayonet or bearing load carrying capability. Leakage continued
to be excessive.

Test Data

Data sheets and photographs 8, 9 and 10 are included on the
following pages.
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Test Report Photograph

Test Report
Photograph No. 8
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Test Report Photograph

Test Report
Photograph No, 10
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DESIGN VERIFICATION TEST

TEST DATA SHEET

Type of Test Functional

Date of Test_15 December 1969
'Part Number o

Part Name Rotary Joint

Test Procedure 8-480086 (Para. 5.3) Part Serial Number g"

NOTE: Enter in REMARKS column test prior to this Functional Test.

A.

D.

Test Technician /s/ W.O.Lebus

Pressure

Test Pressure 30 psig

REMARKS
Vibration (Resonance Freq Search)

Test Media GN,

Extreme leakage

Duration of Test 1 Min

Leakage -~ Static

Test Pressure 30 psig

Start Vacuum Pump
Start Chilldown

Test Media____ LN,

Test Temperature -320°F

Extreme leakage

Duration of Test © Min

Compl WOL

Leakage -~ Dvnamic
Test Pressure 30 psig

Test Media LN,

S
Test Temperature_~320°F

Torque 175 Ft Lbs

Cycle Rate 2.5 RPM

Extreme leakage

Duration of Test ° Min

Compl WOL

Torque
Test Pressure 30 psig

Continued extreme leakage

Test Media LN,

Test Temperature -320°F

Bending Moment(31.8 psig) 300 Ft Lbs

Torque 195 Ft #

Extreme frosting on unit

Cycle Rate 2.5 RPM

'Compl WOLebus

'Test Engineer /s/ Ronald G. Powell
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4,2.1.5.10

4.3

4,4

4,

5

Life Cycle Test

This test was not performed due to schedule and economic
impact.

DESIGN SPECIFICATION

A procurement specification for the rotary joint titled "Rotary
Joint, Cryogenic-Vacuum Jacketed Cryogenic Transfer and
Storage Systems" and assigned number 79K00113 was submitted
to NASA under Contract Number NAS 10-6098. The document
was prepared on "B" size KSC format.

CONCLUSIONS

The test data indicates the primary problem which must be
solved before the 8 inch joint design can be considered truly
operational is the external leakage. Additional testing on this
unit equipped with KEL-F seals in lieu of Teflon, should bring
the leakage down to a reasonable value. Any excessive
external gas leakage aggravates the heat leak as was proven
during the final test phase when the unit iced up. This also
increases the bearing friction which affects the rotational
torque load. \

The liquid nose seal "B" {(page 23) must be non-sluffing also.
Liquid leakage into the intra cone area which is controlled by
the four small bleed holes located behind the nose seal is
limited by percolation. If liquid leakage becomes excessive
this process cannot control the liquid flow and the heat leak
will rise sharply.

A short cryogenic leakage and torque test which was performed
on the Chiksan 6 inch rotary indicated that the KEL-F primary
dynamic seal was performing well. The average leakage thru
one rotational cycle was less than 10 SCIM. The torque
required to rotate was 240 F't. Lbs. The heat leak thru the
unit was not measured. However, during the above mentioned
test, the bottom of the rotary in the horizontal position felt
cold to the touch. This is an indication that the heat leak is
higher than specification limits and is probably a result of the
air leakage into the evacuated cone area. This leakage was
detected at the beginning of the test.

RECOMMENDATIONS

All remaining tests on both units should be completed to
confirm this design. This includes life cycle, proof and
burst pressure on the 8 inch unit and all tests discussed in
Paragraph 4.2.1.5 on the 6 inch unit.
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During the previously mentioned tests of the 6 inch unit,
GN9 was leaking into the vacuum chamber of the sealed
portion of the unit. This should be fixed prior to any
additional tests. This leak is probably caused by a weld
crack in the cone assembly. During this same test, the
three (3) .032 diameter holes drilled on the O,D, of the
nose seal to allow pressurization of the CTL Dixie anti-
convection barriers were placed incorrectly, This permitted
the hole to reseal under pressure against the aluminum
retaining ring, These holes should be placed at the outer
periphery of either face where the aluminum band and the
tapered nose ring are ineffective as a seal.

The 8 inch unit should be remachined to accept 3/4 inch
cross section compliant Kaydon bearing prior to any retest.
This larger size should handle both thrust and radial loads
as required in the original specification. The only rewark
required to use the 3/4 inch bearing is to bore out Item

on drawing 8-100089 and relocate "O" ring, Item 17) .
Item:5 would have to be shortened to accept the new bear-
ings.
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