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FOREWORD

This report has been prepared and published in accordance with the

requirements of NASA Contract NAS 3-3245, Task Order Number 4. The report
presents the results of the preliminary design study funded by this contract
Task Order Number 4 and Change Order Number 1.

A state of the art survey was made at the beginning of the study. Reports
of previous efforts to design and develop high temperature regulators were .
studied and, in most cases, personal contact was made with the engineers
who worked on the project. Various companies were visited for pertinent
reasons associated with pressure regulators.
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ABSTRACT _ _ } /
Four design approaches were successively pursued for the FLOX Atlas
regulator. The first two designs contained unique features which lent
themselves to a direct acting regulator. As it became increasingly
apparent that some means of amplification would be required, these
approaches were abandoned. The third approach contained more sophisté-
cated features which provided the force amplification necessary to achieve
the designed accuracy and still maintained the regulators physical size

within reasonable parameters. The fourth approach incorporated further
improvements over the third, and fulfilled the design requirements.

The most important features of the design are as follows:

1. Certain sections, éuch as the shutoff valve, were taken
from existing designs which have been fully developed.,

2. For stable operation, a device is incorporated to change
the regulation gain when inlet pressure decreases to 2000
_ psie

3. The gain change device also accomplishes a programmed
pressure change in tank pressure. .

4, No dynamic seals are used.

5. Leakage is reduced by assembling the high pressure compo-
nents from the lower pressure side,

6. All shutoff functions and desired low leakage path.
incorporate poppet-type devices,

ii
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INTRODUCTION

The preliminary design study described herein is an initial step toward
providing a qualified oxidizer tank pressure regulator compatible with
FLOX. Four different designs were considered and the approaches were
deliberately centered around the proven principles of the present Atlas
tank pressure regulators.

The selected design incorporates a controller and actuator to provide the
metering valve actuation force. Metal to metal poppets and seats, bellows,
and metal static seals are used to meet leakage requirements. The regu-
lator is designed for installation in the interstage adapter within the
Atlas/Centaur clearance envelope. No external sensing line is required

and the overboard bleed from the sensing controller is assumed to be vented
into the boil-off valve vent duct.

The design incorporates a feature to program tank pressure low during the
first 20 .seconds of flight by an inlet pressure operated controller, The
main shut-off valve poppet remains closed until inlet pressure decreases
to approximately 2000 PSIG. At higher inlet pressures, when the tank

ullage is small, a small flow passage is provided for the gas flow to the

tank.,

Lubricants and cadmium plating are not used in the design.

The following personnel were contacted during the study effort and were
particularly helpful,

R. L. Kenyon | Parker Aircraft Company | .Los Angeles, Calif.
F. Orona t Fluidgenics National City, Calif.
R. M. Hamilton Robertshaw _ Anaheim, Calif,

N. Woolgar B. H. Hadley, Inc. - ~ Pomona, Calif,

B. Hadiey« - Demcor, Inc. Claremont, Calif.

R. Smith. STL El Segundo, Calif,

G. Armstrong | Servonics | | : Costa Mesa, Calif.

iid
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DESIGN REQUIREMENTS - -

1.

3.

Flow Rate

Preasure History

The upper and lower limit curves in Figure 1 consider all the
factors affecting the LOX tank pressurization requirements of
an Atlas-Centaur vehicle. The curves are subject to changes
as noted, because of the influence of factors such as hoop
stress, axial support, bending moment, propellant pump met

: positive suction head and, vehicle bulkhead differential pressure.

The upper J1m1t pressure curve spike-down at lift-off is caused

by differential pressure transients on the tank bulkhead.
Programming LCX tank pressure during lift-off raises the diffe-
rential pressure to a more advantageous value., The design
pressure curve was arbitrarily chosen approximately mid-way
between the upper and lower limits. Figure 1 curves are subject
to change dependent on the final configuration of a FLOX-Atlas
vehicle. The AGE (ground) pressurization system could be set

. to pressurize the oxidizer ullage at any pressure between 24

PSIG and 31 PSIG. 24 PSIG was selected. This pressure setting
is subject to change dependent on the airborne regulator engine
start pressure transients.

Design Parameters
The inlet temperature to the regulator, shown in Figure 2, is a

representative profile of Atlas-Centaur data. It is, however,
somewhat conservative in that the actual temperature is S50°F

. to 100°F lower during most of the flight,

The inlet pressure curve was obtained from the supply pressure
data for missile 55D flight (Figure 12 of Ref. 2). Since the
pressure at booster engine cut-off (BECO) for this flight was
higher than the design requirement of 75 PSIG, the inlet pres-
sure curve wasg extrapolated t¢ correspond to 75 PSIG at 142

seconds of flight.

Flow rate data was obtained from missile 55D flight data (Figure
16 of Ref. 2). The rate established for missile 55D was
proportioned in accordance with the difference between the pro-

posed design pressures and those of 55D, to obtain figure 3

from points "B" to "C" and "F" to BECO. The constant flow rate
from "D" to "E" (tank pressure rising, figure 1) is. ‘accomplished
by the flow limiting feature of the regulator.
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DESIGN REQUIREMENTS (continued)

4.

S.

6.

Flow Area -

The required design flow area curve is shown in Figure 4, This
curve demonstrates the need for flow limiting capability. The
small area required at engine start is due to high helium inlet
pressure and low temperature. The large area required at BECO

is due to low helium inlet pressure and high temperature., Flow
limiting is incorporated to prevent a failure, such as a ruptured
sensing bellows when the tank ullage volume is small, from
pressurizing the tank at a rate beyond the capac1ty of protective
devices,

Reference Pressure

The oxidizer tank pressure regulator will be installed in the
interstage adapter. The fuel tank pressure regulator will remain
in the booster thrust sections This introduces a reference
pressure variable affecting the intermediate bulkhead differential
pressure. Figures 5 and 6 show the relationship of the two
reference pressures. This relaticenship causes an 1ncrcase in the
bulkhead differential pressure.

Figures 7 and 8, show that the interstage adapter pressure is
less than the free stream pressure. This difference in pressure
will cause a decreasd in the differential pressure across the
oxidizer tank skin. This condition requires further study and
nust be considered in the design of the FLOX-Atlas tank skins,

Dynamic Considerations

On previous Atlas vehicle designs, the LO_, tank pressurization
system utilized a 65 foot sensing line to"deliver ullage pres-
sure intelligence to the regulator. In the FLOX-Atlas regulator
design of this study, the regulator is located above the sxidizer
tank, instead of in the thrust section. This reduces the delivery
duct and sensing line lengths to essentially zero. The phase
shift contribution from these elements to the control loop is
thereby eliminated, representing a substantlal improvement over

previous designs.

To further improve pneumatic system stability, additional work

was performed. A mathematical model was developed and analyzed
dynamically (Ref. 5). It was determined that pneumatic system

instability coupled with the vehicle structure, can be reduced

by two dynamiec control techniques as follows:
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‘ 1. DESIGN REQUIREMENTS (continued)

6.

Dynamic Considerations (continued)

(1) Induce a low regulator gain for the first part
of flight, when the tank ullage is small, and then
increase to the higher gain requirement.

(2) Use a pneumatic lead-lag network to add dynamic
compensation and provide high steady-state accuracy
and stability to the regulator,

The first of these items has been incorporated into the
preliminary regulator design. The sequencing valve
(Figure 13) maintains the flow area relatively small until
the system can tolerate a higher gain. Then, the main flow
passages are made available for flow as required.

The second item was considered in the design, however, if

stability problems occur, additional compensation may be
required.

11
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CONCEPT EVOLUTION

1.

2..

Fixed Orifice

- A fixed orifice was considered for both brogramming pressure and

minimizing tank pressure oscillations immediately after lift-off.
Figure 9 shows that this approach is not practical. A relatively
small change in orifice area results in a large difference in
tank pressure with time. A rapid decrease in tank pressure
occurs with a .020 in? orifice and an increase at ignition occurs
with a .035 in2 orifice.  Tolerances on internal parts and all
other factors could decrease tank pressure below that required
for adequate propellant pump net positive suction head (NPSH).

Design A

Design 'A' (Figure 10), was an attempt to refine the fixed

orifice approach., The key element is a bourdon tube helically
wound around a drum., The drum is free to turn and the tube is
attached to the periphery of the drum near the end. The fixed
end of the tube is attached to the regulator body and is pres-

- surized from inlet pressure. High inlet pressure rotates the

tube and drum in the direction to unwind the tube. As inlet
pressure decreases, the tube rotates the drum toward the tubeis
unpressurized position. The metering valve shaft, attached

to the metering valve piston, moves back and forth axially
inside the drum during the metering operation. A pin through
the shaft engages a slot in the drum in such a way, that; as
the metering valve moves back and forth, the pin moves freely
in the groove. Rotation of the drum and groove rotates the
metering valve at the same time without interfering with the
reciprocating motion of the piston. The metering valve in the
high inlet pressure position, is rotated so that grooves in the
piston partially align with slots in the cylinder. When the
piston is moved back and forth, narrow slots are opened or
closed. As inlet pressure decreases, the piston rotates and
the grooves and slots become more closely aligned. The same
reciprocating motion of the piston under these conditions,
exposes more flow area and the mass flow rate can be maintained
in spite of the decrease in inlet pressure. -

¥ork on this system seemed promising; however, information
regarding torque generated by a bourdon tube system conflicted
and large inaccuracies in calculated empirical data were expected.
Also, the force required for direct acting axial motion of the
piston was later proved to be impractical, unless some means of
force amplification was provided.

12
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GD/C-BJB65-008

CONCEPT EVOLUTION (continued)

3.

Désign B

Design 'B' figure 1l is similar to design 'A' in that a small
area slot is used for gas flow under high inlet pressure
conditions and larger area slots are used for flow at lower
inlet pressure. The 'B' design, instead of rotating the piston,
uses one small slot exclusively for high pressure flow. After
inlet pressure decreases to a predetermined value, the gas is
then supplied to the large slots. The main shutoff valve is
used to supply gas only to the large flow area. A valve, by-
passing the main shut-off valve, supplies gas to the small slot
and also prevents the main poppet from opening until inlet
pressure decreases to 2000 psi. The main shut-off valve poppet
is held closed by inlet pressure flowing to the backside of the
valve. When the gas behind the poppet is vented, inlet pressure
acting on the poppet face opens the valve. A by-pass valve,
open above 2000 psi, supplies gas to the small slot and the

main shut-off valve remains closed, At 2000 psi, the by-pass
valve closes and the gas behind the main poppet is vented

thru the small slot allowing the main valve to open. '

Both designs 'A' and 'B' use a lever system to position the
metering valve. A balanced beam is designed to cancel
acceleration forces., :

It was originally assumed that acceptable ratios of force and
stroke could be obtained for the metering valve to maintain

tank pressure within specified pressure bands. However,
calculations reveal that a direct acting system is not practical.
(See analysis of a Direct Acting Regulator Sect. 111, para. 9.)
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GD/C-BJB65-008

CONCEPT EVOLUTION (continued)

Design C

Design 'C' (Figure 12), incorporates a tank pressure sensing
element which varies the pressure inside ansactuator bellows
and positions a valve in proportion to that pressure. Small
chanﬁes in sensed pressure result in large changes in the force
generated to move the valve. Tank pressure flows to the inside
of the actuator bellows thru an orifice and the sensing valve
controls the pressure within the actuator by varying the amount
of gas vented to atmosphere. The present Atlas regulator has a
shut-off valve for low lock-up leakage -and a pressure balanced
valve (metering valve) for accurate pressure control., The
decision ‘was made to use this concept for-this study because of
excellent past performance and FLOX compatibility of metal to
metal poppets and seats. ' '

The shut-off valve is held closed by a spring and inlet pressure
bleeding thru the poppet and cylinder diametrical clearance to
the back side of the poppet. When the pressure behind the poppet
is vented into the tank, the unbalanced inlet pressure force
unseats the poppet.

The shutoff valve is held closed by a spring and inlet pressure
bleeding through the diametral clearance to the backside of the
poppet. When tank pressure decreases, the metering valve opens
to increase the gas flow, The primary valve is opened as soon
as the metering valve starts to open and the gas behind the
shut-off valve is vented into the tank. The shutoff valve opens
and the metering valve moves back and forth in response to tank
pressure demands. The sequencing valve is actuated to the high
pressure position when inlet pressure is applieds In the high
pressure position, the sequencing valve energizes the bias
spring in the controller and causes the controller to regulate
tank pressure at a lower value. V\hen inlet pressure decreases
to 2000 psi, the sequencing spring forces the sequencer to move
to the low pressure position and the bias force is removed from
the controller. Without the bias force, the regulator will
regulate at a higher value,

The flow-limiting valve is designed to be a secondary tank
pressure sensing element. It senses the pressure upstream of

a restricter plate, and becomes the regulation control element
when the pressure drop across the restrictor plate becomes
abnormally high. The pressure at which the flow-limiter actuates
is predetermined and the associated high flow rate would normally
indicate a failure of some part. '
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II. CONCEPT EVOLUTION (continued)

Design D

The selected design (Figures 13 & 14) 13..an impvoved verlion
of design 'C'. The flow-limiter jig- modified from the.'C*

- design, into a double seating valve.. It acts as part of the°J‘

flow limiting system in one position and as a bleed shutoff:
valve in the other position. The latter is in operatien oaly ‘
during the standby phase of the vehicle operations. Another

‘change was in a redesign of the sequencing valve. . 'A- lelector ,
“valve and a second valve (valve *B'), bypassing the shutrot(
~valve, was added. The first bypass valve is referred to as’

. *valve %A'. The redesigned sequencing valve and valve 'B' !orl-

.a priority system, which, with the proper metering valve slot
design, incorporates one of the desirable features of design
'B'. That is, when inlét pressure is applied to the regulator,
the shut-off valve is in the closed position. The high inlet

- pressure causes the sequencing valve to move to the high inIet.
. pressure position, which generates a force on the program. spring,

resulting in the controller regulating tank pressure at a lower

prescribed value. With the sequencing valve in the high inlet

pressure position, a lowering of tank pressure opersby-pass .
valve 'B' by venting the gas behind the poppet. When by-pass

. valve 'B' opens, inlet pressure is applied to one slot. The

' actuator moves the metering valve piston back and forth opening

and closing the slot to meet tank pressure demands. ' When inlet
pressure reaches 2000 psi, the selector spring forces the
sequencing valve to the low inlet pressure position. The

primary valve then vents the rear side of both valve *X' and 'B',

The valve 'A' poppet, when open, vents the main shutoff valve
cavity and the shut-off valve opens applying inlet pressure to
all the slots. The meterxng valve then opens and closes the

i

P, =% 4
: uxger J.OLB LU luccy I'llc uelllﬂllu.
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ITI. DESIGN CALCULATIONS:

The following design calculations demonstrate that the selected
design concept is practical,

(1) Shutoff valve (Figure 15), valve 'A! (F1gure 16) and prlmary
valve. (Figure 13):

(a) Maximum diametral clearance area around the
- shutoff (S/0) valve poppet:
2 2

A= T (13500 - 1.3460 ) = | .0085 in°
1

.{(b) Area behind the S/0 valve poppet:
2 ' >
77 T1.3460 . = |1.42 in

4

(c) Area selected for the S/0 valve seat: -

P A= T (1.002 - |.785 in®
1 .

(d) Frontal area of the S/0 valve poppet expoéed to
inlet pressure:

2

A =1.420 - .783 = |.636 in

(e) sSpring force (S/0 valve closed):

F = 10#

(f) Pressure behind the S/0 valve poppet must drop to:

1.42 P + 10 = .635. (3000)

1330 PSI

P

before the .S/0 valve will open.

(g) Flow across diametral clearance of the S/0 valve:

_ 22095 (.6) .0085 (3015) .

.146 #/sec

. V460
. (See Para. III-8 for descnptxon ot th:.s equation).
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| ‘ * III. DESIGN CALCULATIONS (continued)

(1) (h) Area of valve 'A' seat required:

2

A= ,146 /460 = | .0183 in
.2095 (.6) 1355 ‘

(i) Area selected for valve 'A' seat:
, .

. A = L.ﬂ- 0345 = 00935 in2
' 4

1 (j) Pressure behind the S/0 valve will drop to:

P= .146 /460 =| 260 psI
.2095 (.6)(.0935) ‘

when valve 'A' is open.

(k) Maximum diametral clearance area around valve Ly LN

2 2
A= (3755 - 73733)) = |.00129 in
£ A

2

. (1) Area behind valve 'A': , A
—_ 2
A= T 3753 - |.100 in?]
. 4 .

(m) Frontal area of valve 'A' exposed to inlet pressure:

Axz. 109 « 40935 =z {.0155 in

(n) Spring force,valve 'A' closed:

F: 05#‘

(o) Pressure behind valve 'A! must drop to:

«109 P + .5 = ,0155 (3000)

P = 422 PSI

before valve 'A' will open,
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I11. DESIGN CALCULATIONS (continued)

| (1). (p) Flow across diametral clearance of valve 'A':
., wa ,2095 (.6) .00129 (3015) = 1.023 #/sec
V160
(q) Area of primary valve seat iequired:
A= .023 /460 = 009 in®
2095 (.6) 437
(r) Area selected for the primary valve seat: -
A = 4 (1012 < [Loos in]
4 _ P
(s) Force required to hold the primary valve closed:
A= .009 (3000) = [27#]
(t) Required 1lift of the primary valve to expose seat
area of ,009 in®:
PoPPET
(LieT) #
N i BN
,0/6 R -
.0/6
00/6- -——_[____ [
2 . . .
=.005" ] ea— SEAT

26
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‘ . III. DESIGN CALCULATIONS (continued)

(1) (t) (continued)
Flow areé is frustrum of cone

Af_;_ L (Pb+Pt)"

A = area 1n2

e
]

slant ht. - In.

P, = perimeter of base - In,
P, = perimeter of top -« In,
= 0105 + .005 + 0005 = .115"

dt = J115 - 2 é:

° ' i
| . L A
Vol

= a15-2 £ = .15-49
. 2 ’

A = T 2 (1154 115 -0 ) = 009
2 o

Ve
Solving this quadratic for /( gives )( =

(u) Selected pre load of metering valve actuator spring:

F = 10#

(v) Selected lever ratio from metering valve actuator

rod to primary valve:

L.R. = 3:1]

044"

(v) Required motion of metering valve berore primary

-valve becomes effective:

.044 x 3 = |.132"

27
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I1I. DESIGN CALCULATIONS (continued)‘

(2) Metering Valve (Figure 16)

(a) Maximum required flow area:

()

(c).

(d)
(e)

()

(g)

A

where
A =

w =
T
P =
C

v ST

«2093 CP

Flow area at BECO

Flow rate at BECO (fig. 3)

Temp. at BECO = (fig. 2)

inz

- #/sec

Inlet pressure at BECO (fig. 2) PSI

Valve coefficient (assumed to be 0.6) .

«2095 = Constant for helium for.sonic flow

A=

021 /910 = 067 in

2

Selected diameter of metering valves:

«2095 (.6) 75

dia =

1l in.

Selected stroke of metering valve:

Stroke

= | 3/4 in.

Usable stroke of metering valve (ref. III-2-w):

= 0750 - 0132 = 0618 tn-o .

Selected flow area:

A = .925 ’.nzl

Required slot size (6 slots):

« 925

= 0618 1!1. x 025 in.

6

Required flow area before programming (from fig. 4)3

A =

.04 in2
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" III. DESIGN CALCULATIONS (continued)

- (2) (h) Selected flow area before programming:

A =

[:05 in®

(1) Required slot size (one slot):

«08 =

+618 in. x 081 in,

(3) Metering valve actuator (Figure 17)

(a) Selected bellows catélog.data:

(b)

(¢)

(d)

(e)

Mfg.
0D =
ID =
Max.
Rafe
Area
Free
Max.
Max.
Wall
Bello

17 (

211

- Standard Thompson Cat. #3045 CRES
2.25 in.

1.478 in.

APressure ; 98 PSI

= 2i1 #/in. per convolution

= 2.67 in® o
length per ;onvoiution = 190 in.
travel ﬁer convolution -_;084 in.
number of convolutions = 17

thipkness = 0065 in.

ws free length:

0190) = 3.23 in.

- Bellows Rate:

= 12.4 #/in.

17
Max,

17 (.

079
1.43

stroké:

184) = | 1.43 in.|

_Part of max. stroke used:

= 5205%
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| . III. DESIGN CALCULATIONS (continued)

(3) (f) Selected max. pressure differential:

AP = 15.0 PSI

(g) Part of max. preséure used:

15 =] 15.3%
98

(h) Bellows life:

From Convair Design Manual Section V Fig. 5-5 for
conditions establlshed by (e) and (g) above,

|[Life = 200,000 cycles

(i) Selected spring preload:

F =] 10#

(j) Selected bellows preloads

F', O#

‘ : , (k) Required maximum spring and bellows load:

F = 15 (2 67) =|74o#

(1) Requlrod maximum sprlng load:

(m) Rate of spring:

R = 30.7 - 10.0 = |27.6 #/in.
75 -

(n) Combined rate:

R = 27.6 + 12.4 = |4o #/in.|

(o) Spring design data:

Load @ 60,000 PSI stress = 30.7# .
Load @ 90,000 PSI stress = 46.0#% (s0lid height)
Max, OD = 1-3/8 in. (to fit inside bellows)

. Rate = 27.6 #/in.
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II11. DESIGN CALCULATIONS (continued)
(3) (o) (continued)

Mean dia. = 1.25 in. approx.
Wire dia. = .117 in.

Active coils = 5

.Total coils = 7?7

Free length = 7 ( 17) + 46 = [2.49 1n.]

: 27.6

Working lengths::

I

Metering valve closed = 2.49 = 10 ={2.13 in.
) 27.6 '

Metering valve opgn' =z 2.49 - 30.7 =] 1.38 in.

27.6

(4) Actuator Orifice and Sensing Controller (Figure 18)

(a) Design accuracy -- |1.0 PSI max. |-

(b) Design Response rate: .

Metering valve to move from full closed to full
open in 1.0 second with a step change of 1.0 PSI.

(¢) Required gas volume to be removed 1nterna11y from

actuator bellows to move metering valve fron full
closed to full open:

(1) Bellows volume = 2.67 x 3.23 = 8.6 in°
(2) Subtraction 'volumes:
a. 1-1/8 in. dia. x 1-5/16 in. long = 1.3 in>

b. 1-3/8 in. dia. x 1-1/8 in. long = 1.7 iqa

c. 3/8 in. dia. x 7/8 in. long = .1 ins-

d. 117 in. dia. x 7 (77) 1.25 long '-:2_123
. ‘ 3
: 3.4 in
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I1I. DESIGN CALCULATIONS (continued)

(4) (¢) (3) 1Initial internal volume = 8,6 - 3.4 = 5.2 in3

(4) Stroke volume = 2,67 (.75) = 2.0 1n3 (a)
(5) Final internal volume = 3.2 1;3 (b)
(6) Initial pressure = 30.7 PSI - (a)

(7)  Final pressure = 30.7 - 15.0 = 15.7 PSI - (b)
(Ref. III - 3 - (f)
(8) Volume to be removed in one second:

‘a. 2.0 in° @ 30.7 PSI

b. 3.2 in° @ 15.0 PSI

(d) Selected actuator orifice areat

Ae T =2 |Loo174 in?
-

(e) Required flow rate to atmosphere through the sensing
section: : '

(1) Due to removal of gas from actuator bellows to
meet design response

w = PV = 144 (30.7) 2 = .000015 #/sec
& R 386 (910) 1728

v, = PV -ai 144 (15) 3.2 .c .000011 #/sgc
RT 386 (910) 1728

LA WS 2 ,000026 #/sec

(2) Due to flow entering fhrough the ‘actuator orifice:

w = ,2095 (.6)(.00174) 30.7 = .000222 #/sec
| /10
Total | = .000248 #/sec
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III. DESIGN CALCULATIONS (continued)

(4) (f) Required area ‘of . sensing valve:

2

A = .000248 /910 = |.0038 in
0.2095 (.6) 15.7

(g) Selected sensing valve configuration:

Seat dia. =
Poppet angle =

(h) Required 1ift.of sensing poppet to
.0038 in2; |

A= VALVE LiFT

L

_,‘250"_1

Flow area is frustrum of cone
A 1 ,
= 3L (Py » P;)

P = T (.250)

t .
A =1 (.3830) T[250 - 2(.3830)
2

Solving this quadratic for f gives

35

expose area of

L SIN §1.8

c
"

~ cos 67.5
«383

P,= T (.250 - 2L sin 67.5) = Yr[.250 - 2 (.383.0) .925])

.925] = .0038

/ = .013 in_o
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iil. ESIGN CALCULATIONS (coﬁtinued)

(4) (1) Selected sensingbbellowg catalog data:
,Mfgv- Standard Thompson Cat- #3036 CRES
oD = 1.563 in. |
ID = 1.0 in.

Max. Pressure = 70 PSI

Rate = 275 #/in. pef convolution

Area = 1.264-IN2

Free length per convolution = .138 in.

Max. travel per convolution = .046 in.

Max. number of convolutions

16 (use 12)
Wall thickness = .0055 in.

(j) Bellows free length:

12 (,138) = 1.65 in.

(k) Bellows rate:

275 = |23.0 #/in.
12 :

(1) Selected force of pfogram spring at 30.7 PSI:

F =|1.0#

"(m) Required@@ force @ 23.2 PSI:
F=1.0 + (30.7 - 23.2) 1.264 = [ 10.5¢]

(n) Selected stroke of program spring

s = 05 1”.

(o) Rate of program spring:

10.8 - 1.0 = |19 #/1n4

«50
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._ 111, DESIGN CALCULATIONS (continued)
| (4) (p) Program spring.desigﬁ data:

Load @ 60,000 PSI stress = 10.5#
Load @ 90,000 PSI stress = 15.5# (solid height)
Rate = IOi#IIn; |
Mean dia. = 1.0 in.
Wire d.i.a.. - .076-IN.
Active cqing.,z.s |

Tbtal coils i 4.3

Free length = 4.5 (. 076) + 15.5 = |1.16 in,
19

Wbrking lcngthsz

@ 23.2 PSI; W.L. = 1.16 - 10.5 = .6l in.

® e 30;7 PSI; W.L. = .61 + .50 =|1.11 in.

(3) Required, force of sensing spring:
F a 23.2 (1.264) + 16.5 = [39.8#]

(r)‘ASensing.spring design data:
Load @ 60,000 PSI stress = 39.8#
Load @ 74,006 PSi.stress ='49.6# (solid,height)
OD = .875 max (to fit inside bellows) ‘
Meaﬁ dia. = .77 in. ﬁpprox. |
VWire dia. -'.ibs in.
Rate = 39.0#/in.
Active coils.s n

Total coils s 13

) | Free length = 13 (.108) + i? = [ 2.67 in.
) | 39 '
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III. DESIGN CALCULATIONS (continued)

(4)

(5)

(r) continued

Yorking length = 2.67 - 39.8 = |1.65 in|
o ' 39 )

(s) Total rate of sensing controller:

Sensing bellows - 23.0
. Program spring 19,0.

Sensing spring ' 39.0

81.0 #/in. |

(t) Accuracy:

Rate of sensing controller X sensing poppet stroke
for full regulator flow -

- Sensing Bellows Area

= 8l x.013 = [.83 PSI|

1.264

Note: Regulator stability and accuracy are
directly related. Some development
testing may be required to arrive at
the best compromise.

Sequencing Valve and Spring

The sequencing valve actuates because of a differential
area between the guide and seat in accordance with the
following relations: -

<

(1) 3900 A‘ = rl +'ré

(2) 2000 A = F, +F,
where
A‘ = area of guide in2
'A. = area of.seat in2
F, = .sequ'encing spring force #

]
"

q = Program spring force = 10.5#
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. © III. DESIGN CALCULATIONS (continued)

P : (5) (a) Selected guide area:

i 2

i A = T «125 = |.0123 in
€ 2

2

(b) Required seat area:

.01845 in2

- A= 3000 A
' - 2000 -

'(d +153 in.)

(c) Required force of sequencing spring:

From (1) F, = 3000 (.0123) - 10.5 = [26.4#]

(d). Required rate of sequencing spring:

2000 A = F
g 1

+F, - (R, +R,) 8

where

. . . 'R, = rate of sequencing sprihg'_#/in.

| R, = rate of program spring =.19 #/in.

S = Stroke of sequencing valve = .50 in. (Ref., III = 4 - m)
2000 (.0123) = 26.4 + 10.5 = (R, + 19) .50

R, = [5.6 #/in. |

(e) Sequencing spring design data:

26.4 #
34 # (solidheight)

Load @ 60,000 PSI stress
load @ 80,000 PSI stress
Mean dia., = 2,16 in.

~ VWire dia. = 134 in.
_ Rate = 5.6 #/in.
Active coils = 8
Total coils = 10
Free length = 10 (.134) + 34 = 7.42 in.
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I1I. DESIGN CALCULATIONS (continued)

(5) (e) continued
' Working lengths:

@ 3000 PSI inlet 7.42 - 26.4 =| 2,72 in.

5.6

@ 2000 PSI inlet 2.72 + .50 = | 3.22 1n.]

(6) Flow Limiter: (Figuré 19)

(a) Selected flow limit:

.46 #/sec (D-E.Fig 3)

(b) Selected pressure drop across restrictor plate:

ar - (@]

(c) Selected stroke of flow limiting valve:

1 /en

(d) Selected pressure range for full stroke:
15 to 50.7 PSIG
(e) Selected flow;limiting bellows catalog data:’
Mfg - Standard Thompson Catalog #3017
0D = ,710"
ID = 50"
Maximum Pressuré = 300 PSI

875 #/in per convolution

.282 inz

‘Rate

Area

Free length per convolution = .058"
Maximum travel per convolution = .011"
‘Maximum number of convolutiohs = 30

Wall thickness = .0045°
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/—@ POPPET (cRES)

(B) SHAFT  (cres)
(0) BELLOWS (cees)
(D) SPRING (1/-5F8) )

(2 FLow uymirer

Figure 19
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II1. DESIGN CALCULATIONS (continued)

(6) (r)

®

(h)

(1)

()
(k)

(1)

{m)
(n)
(o)

(p)

- 300

Bellows free length:

30 (.058) =|1.74"

Bellows rate:

875 = [29.2 #/1in]

5

Maximum stroke:

30 (.011) = [.33%]

Part of maximum stroke used:

.128 1 :

S - %]

Selected maximum pressure differentialx_

AP = _‘ 50.7 Psml

Part of maximum pressure used:

50.7 _ [17%

Bellows life:

From Convair Design Manual:
Section V Fig 5-5 for conditions established
by (i) and (k) above.

life = |in excess of 1,000,000 cycles

Selected bellows preload:

Required spring preload:

15 (.282) =

Required maximum spring & bellows load:

50.7 (.282) =

Maximum bellows load:

29,2 (.125) =
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III. DESIGN CALCULATIONS (continued)
(6) (q) Required maximum spring load:

14.3 = 3.6 = ‘10.7#l

(r) Rate of spring:

10.7 - 4.2 =

.125

(s) Spring design data:
Load @ 60,000 psi stres; = 10.%#
Load @ 90,000 psi stress = 16.0# (solid height)
Max OD = .42" (to fit inside bellows) |
Rate = 52 #7in
._Mean dia = .35# approx.
Wire dia = .054%

Active coils 5.8

Total coils

Free length = 7.5 (.054) + 16 =

52

7.5

Working lengths:

Standby pressure .72 - 4.2 = ;.64"
52
Flow limiting 64 -,12 = |.52"|

(t) Required flow area of restrictor plate:

A= w~

67 CY Joap

where:
. . 2
A = area - in

w

flow - #/sec

N
"

density - #/ft3 (at upstream condition)
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III. DESIGN CALCULATIONS (continued)

(6) (t) (continued) . 2
A P = Pressure drop - #/in

Y = = Expansion factor = .92
(o] = Orifice coefficient = .68
2

«67 = Units conversion =

- 144
Pressure ratio for determination of C: -
Ambient ﬁressure at 20 sec = 13 PSIA
Ambient pressure at 47 sec = 9 PSIAv

Average ambient pressure during pressure
recovery from 23.2 to 30.7 = 11 PSIA

P (downstream) = 30,7 + 11 =,v.67

P (upstream) 50.7 + 11

Upstream density:

?:

_P =144 (30.7 + 20 + 1)) = .0253 #, 4
RT 386 (910) £t

A= .46 « [1.54 107
(.67)(.68)(.92) /.0253(20)

‘Number of 1/4" dia holes required in restrictor plate:

1.5¢__ = [31]

M.25)2
1

(u) Required stroke for non-interference with sensing valve:

Maximum sensing Valve area = .0038 iﬁa (ref. Para, IIl,4.f)

Diameter of flow-limiting valve = .375"
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. ‘ III. -DESIGN ALCULATIONS (continued)

(6) (u) (continued) . |
: Assume (1)-F;ow is thru a cylindrical section of .375" dia.

{(2) Area will not interfere if it is double that of
.sensing valve,

YTdl = A

1= 2 (.0038) = |

YT 4375

(v) Interference zone pressure range:

(50.7 - 15) .0065 = |1.85 PSI|
- 125

{w) Maximum flow limit:

Maximum flow limit occurs at start because of lower
temperature and higher ambient pressure.

»Wl = w2 P2 T2

where subscript 1 refers to initial conditions and
subscript 2 refers to average pressure recovery

conditions., _
% = .46 15 810 = [.75 #/sec]
11 60 . .

(x) Flow limit under specification conditions:

Condition: .75 #/sec maximum @ 150°F

¥ = .75 160 = 1 .65 #/secl '
460 + 150 —
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III. DESIGN CALCULATIONS (continued)
(7) Reference Pressure Calculations:

Figure 9 of Ref, 6, dlsplays pressure coeffic1ent data as

follows:
O Cl; 8z Pﬂ -Pﬁ
q e
and
cp PB- P
B 90
whero
A CP = Heat shield diff pressure coeff (dimensionless)
CPB = Base pressure coeff {dimensionless)
PC = Atlas engine compartment pressure (PSI)
Py = Base pressure (downstream of heat sh1e1d) (PSI)
'Pose = Free stream static pressure (PSI)

Qoo = Free stream dynamic pressure (PSI)

An algebraic addition of these two coefficients y1e1ds the
engine compartment coefficient:

c q e

From Ref. 8, the interstage adaptor pressure coefficient
is obtained:

o
"

Interstage adapter compartment pressure (PSI)

(2]
n

Pressure coefficient, interstage adapter (dimensionless)

0
i}

Pressure coefficient, engine compartment (dimensionless)
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;, III. DESIGN CALCULATIONS (continued)

(7) continued '
Subtracting these two and mu1t1p1y1ng by q oo (Ref. 7) gives
the difference in reference pressures as follows:

L (CP»- CP )= PF-P“‘ -VPI-P‘”] q

c 1 Qoo q ce
or =-(PI—?C)‘

This data is displayed in Fig. 5 and 8.

Also, multiplying C, and Cp by Q. gives the value of the
c I
reference pressure with respect to the free stream static

pressure Rxa

q'.,,Cp xpc-p"

’ e

qﬁcplzi’lipu

This data is displayed in figure 7 and 8,

(8) Fixed Orifice Calculations (Fignre 9):

The flow for orifice areas of .,020 in and. .035 in~ was
alculated using the sonic flow formula for helium as followl'
w= ,2095C AP «
vT
where
A = flow area (orifice area)'ﬂn2
w = flow rate - #/sec

T = Inlet temp. of helium - °R

o
0

Inlet pressure of helium - PSIA
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III. DESIGN CALCULATIONS (continued)
(8) continued
C = flow coefficient (assumed to be 0.6)
«2095 = Constant for helium for sonic flow.

The inlet temperature (T) and pressure (P) were taken from
Figure 2.

The helium flow rate to the tank from this calculation is
compared with the flow rate for missile 55D flight (Ref. 4).

The difference is used to establish tank preesure:

AP =Aw RT

where

AP = pressure difference at time t (orifice vs. missile 55D)PSI

A w

weight difference at time t (orifice vs. missile 55D)#/sec

R = gas constant for helium = 386 BTU/#/°R

-3
[}

temperature of ullage volume (from 55D data, Ref 4,
Fig. 4) = 430°R constant
V = ullage volume = 43 fts +°15 fta/sec xt

(43 ft3 = initial ullage volume)

This pressure difference is applied to missile 55D data to
obtain tank pressure history for a fixed orifice supply.
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" DESIGN CALCULATIONS (continued)

(9)

GD/C-BJB65-008

Analysis of a Direct Acting Regulator: The following analysis
was accomplished to determine the feasibility of the design
concept of designs #A and #B.

A direct acting regulator uses the output error signal toc power
the pressure control valve without amplifying the error signal.
Tank pressure works against a reference spring to open or close
the metering valve piston to provide the required flow,

Required stroke of metering valve = 3/4 in,

Required regulat1on accuracy = 1.0 psi
(Max. error 51gna1)

Available Force = allowable pressure éhange (1.0 PSI) times
the area over which it acts (A)

Spring Rate = Force = (1) (A) = 4
Stroke 3/4 3

A

Initial deflection required (for a pressure of 30 PSI)

= Force = 30A = 22.8 in
Rate 4/3 A

This is not a practical design because the initial deflection
is independent of the area. Increasing spring rate to reduce
initial deflection to a practical limit of 1 in., would require
a lever ratio of 22.5 to 1 for a 3/4 in. stroke of the metering
valve. A large bellows with an effective area for example of
112.5 in? (0.D. greater than 1 foot) would provide a marginal
operating force of

= (1) 112.5 = 5# at beginning of stroke

The above analysis demonstrates that a direct acting metering
piston type regulator is impractical.
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DESIGN RKVIEW REPORT

DESIGN REVIEW REPORT NO, 696-2-3245-101 Page 1 of & |

TITIE: FLOX Regulator " DATE OF REVIEW: 31 Auguat 65
3 RESPONSIBLE GROUP: Pneumatics | REF. DOCUMENTS/DRAWINGS |
H , B Report cn/c-mnes-oop.
' SYSTEM: PLOX Pneumatics ECP 8401

Conclusiont

With the incorporation of the Action Item and Direction identified by thias
Review, the preliminary design of the FLOX regulator satisfactorily meets
the ground rules and requirements of Sales Order (S.0.) 458-1-18 (Task
Order #4 to the -3245 Contract). The preliminary design presented is

~ documented by Convair Report Gn’c-wnes-oos of which this report is @ part,

Design Review Chairmnhg'h’"‘—*dvv\ oD ( 2.0) Date |4 g'ep‘r '(g S -

A Responsible Group . Date /3 fery, 5
" Design Review Group 4 Date /fﬁéziﬁ :/
D ot o Z. 7
NO. ACTION ITEM ACTION BY - .SCHEDULE
l Include an operational matrix to demonstrate Kob.rt/
the meparate functionings of the regulator Howard

as it fullfilled its mission of regulating 664-0
FLOX tank pressure. ‘ : .

Resolution: Inoorpontod‘in Final Report. | CLOSED
'1. Direction: The regulator concept is Approv_od-.

and the requirement for wventing will be re-
served for future resolutien. a
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DESIGN REVIEW REPORT

DESIGK REVIEW REPORT N0. 696-2-32456-101 Page . 2 of &

PURPOSE:

In compliance with the 8.0. and Division Policy, this Design Review was
held. The objective of the Review was to evalucte the technical ade- .
quacy and accuracy of the preliminary design. The further objective was
to .demonmtrata te the Customer this teshnical adeguacy as well as ' = °
Convair's compliance to the technical requirements of the contraoct.

~ PRESENTATION:

Messrs. Gray and Howard of Pneumatics Design gave the main presentation.

The presentation summarized the material found in the presentation

handout which is a significant portion of the Final Report (GD/C-BJB6S- , .~

008) (A copy of this handout is on file with the master of this Design - :

Review Report). Flip charts illustrating pressure requirements, design

parameters, and flow rate vs. time were uged. These are Figure'l, 2 & 3 .

of GD/C-BJB65-008 renpootivil*-%=f : Lo

Pour regulator concepts wers described, of which "Design D" was preferred.

Pigure 1 is the Flip Chart used to illustrate this comeepts =~ . .0~ . ‘

DISCUSSION HIGHLIGHTS:

1. Because of the requirement to avoid threaded parts, the fine adjuat-
ment and calibration of springs and bellows will be accomplished
with shims. Each of the major portions of the regulator (shut off
section, controller section, metering section) can alsc be set
separately before assembly and final setting. ‘ :

Regulators are currently réplncod as complete units and it is se
. recomnmended for this proposel. :

No particular trouble ia expected in the .djnatnent and calibration
of the unit. '

2. The controller section of the regulator vents to atmosphere. The vent
was to dump into the boil off valve (BOV) exhaust line. With the
decision to seal off this line at 1ift off with the airborne half of
the BOV umbilical disconnect (See Design Review Report 696-2-3245-98),
another bleed off concept must be arranged. The same problem is
faced by the FLOX Relief Valve (See Deaign Review Report 696-2-3245-
97) and, as with the Relief valve, the problem will be held open for
future resolution eince it does not affect the Design program for
the regulator (Direction #1). L
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DESIGN REVIEW REPORT NO. 606-2-3245-101 "Page 3 of &

DISCUSSION HIGHLIGHTS: (Continued)

3. Mr. Howard described the regulators function in two ways. First, he
desoribed the separate portions of the regulator and what they did.

He then described how the regulator functions in the performing its
" regulation task.

To enhance further understanding Convair will inolﬁdo.in the Final i
Report an operational matrix that will demonstrate the separate

functionings of the regulator as it fullfills its -iusion of regulating
FLOX tank preassure.

4, In addition to the above, Convair pointed out that the following conli-
derations havo been incorporated into the design concept.

1. The materials selected for the rezulator are conputiblo.
-with a fluid medium of liqnid oxygen and fluorine combined -
in any mixture ratie,

2. Only letullie seals, gaskets and "0" rings are employed
. for separable closures exposed to FLOX. ,

" 3. Carbon and rubbof materials are not used in the design.
4, The design minimises external and internal leakage.

5. Ease of cloaning, purging, inspection and contamination
control is a prime consideration in this deligno

6. The deuign is in conformance with the Atlan/Cent.nr system
and Atl"/b‘n‘ﬂur environmentai poOII ications \UD"! “.po“
No. 69-00202, Amendment B, dated J.nu.ry 21, 1964).

7. No ludbricants are ulol.

8. No cadmium plating is used in the design of any part of the
regulator,.

9. Regulator design is considered to be as simple as posaible,
and still perform the necesssry functions. Threaded parts
are held to a -int-n-. . ' .

2 10. Lov weight was & ¢nido line.
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PESIGN REVIE¥ REPORT NO. 866-2-3245-101 ~ Page 4 of &

DISCUSSION HIGHLIGHTS: (Continued)
1l¢ The regulator ia designed to step program the regulated
. .pressure band from one pressure level to a predetermined
higher presaure level. Remote control of this action was
oconsidered, btuti waas shelved in favor of a simpler, more -
reliable, condept. This concept utilises the repeatable
decay in inlet pressure to initiate the change in regulated

pressures
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PERFORMANCE SPECIFICATION
OXIDIZER TANK HELIUM PRESSURE REGULATOR

FOR A FLOX-ATLAS VEHICLE

PRELIMINARY DESIGN
SPECIFICATION

253 JUNE 1965
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TCP 8401 NASA/LeRC

TASK ORDER #4

A. M. COLVIN H. E. WRIGHT
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NOo. | DATE BY CHANGE PAGES
A 7/22/5| D. L. Gray| Delete TFE Spray 3

Q Add 2.1.1.8 4

e Add 2.1.2 4

am. N evise 3.1.2 5

Inbes/N Change Page Nos. 5 & on
. Bl |
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ABSTRACT

This document describes the performance specifications for a vehicle-

'~ borne FLOX-Atlas oxidizer tank pressure regulator to be located on top

of the Atlas oxidizer tank within the Atlas/Centaur clearance envelope.
The regulator shall regulate the flow of helium into an increasing tank
ullage to maintain the pressure specified in the design requirements
from initiation of vehicle-borne pneumatic control (internal pneumatics)

to booster engine cut-off (BECO). The helium supply source is jettisoned ."

at BECO.
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PERFORMANCE SPECIFICATION
OXIDIZER TANK HELIUM PRESSURE REGULATOR
; FOR A FLOX-ATLAS VEHICLE

INTRODUCTION

Scope

This document specifies the design criteria for the FLOX
oxidizer tank pressure regulator and establishes the basic
capability of the component to perform the necessary functions.
It shall serve as the internal control for design in order

to maintain compatibility with requirements of the pneumatic
system. '

Applicable Documents

In addition to the requirements stated.herein, the regulator
shall also be designed to conform to the general requirements
specified in the documents listed below:

A. Military Specifications

Mil-E-5272A Environmental Testing,

16 September 1852 .Aeronautical and Associated
Equipment

Mil-P-27401B . Propellant~Nitrogen

19 September 1962 Pressurizing

U.S. Bureau of Mines Helium Gas

Grade-A ' :

B. Publicationsa

Air Force-Navy-Aeronautical Bulletins

1434 ' Specifications and Standards,

19 August 1934 Use of
Contractqr
0-75002 Cleaning Procedures - Liquid
- : Oxygen System Components
- 0=-75019 ' Packaging of Missile System
Components :
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1.0 INTRODUCTION (continued)

1.2 B. (continued)
FLOX-00909 Coating Polytetrafluoroethylene
18 March 1965 Primer and Clear Finish
’ ‘ : Application of
7-00209B Environmental Design Conditions
1 March 1958 and Environmental Test
Procedures for WS-107A-1
" Equipments, Specification for
69-002028 Environmental Design and Test
21 January 1964 Criteria Specification for
Space Launch Vehicles
Vehicleborne and Aerospace
Ground Equipment ~
2.0 REQUIREMENTS
2.1 Design Requirements - General

2.1.1 Materials - Materials in contact with FLOX vapor or
. liquid shall be compatible with liquid or gaseous
oxygen and liquid and gaseous fluorine in any mixture

ratio.

2.1.1.1

2.1.1.2

2.,1.1.3

2.1.1.4

Metals - Only metallic bellows or diaphrams
and metallic static seals shall be specified.

Lubrication - The regulator shall be designed
to function properly without lubrication of
any parts.and/or assembly,

Screw Threads - Threaded detail parts shall
be specified only as required to substantially
simplify the design.

Decontamination Requirements - Prime conside-
ration in design shall be given to providing
for ease of cleaning, purging, inspectlon,
and contamination control.
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REQUIREMENTS (continued)

2.1.1 2.1.1.5

2.1.2

2.1.1.6

2.1.1.7

2.1.1.8

2.1.1.9

Environmental Requirements - The'design.shall
conform to environmental requirements per
GD/C Report 69-00202B, 21 January 1964.

‘Joining - The design shall provide f&f>welding

in preference to brazing, however, brazing is
not prohibited.

FLOX Entrapment - Prime consideration shall
be given to minimizing FLOX entrapment within

.the regulator, for personnel safety purposes

during disassembly, after ‘being exposed to a
fluorine -environment,

Passivation - Prime consideration shall be
given to provide for ease of passivation,

by allowing flow to all cavities which requiro
exposurc.

Limitatlons - The following materials shall
not be used in the designt .

a.' Carbon and rubber.,
b. Cadmium plating.
Ce Ti tanium .

'Electrical Requirements

2.1.2.1

2.1.2.2

2.1.2.3

2.1.2.4

2.1.2.5

Voltage - Minimum voltagé reduirement shall be
24 volts (DC).

Electrical Bonding - Electrical bonding shall
be provided in accordance with specification
MIL-B-5087. '

Receptacles and External Connections - Recéptacles‘

shall be in accordance with specification
MIL-C-5015, except that contacts shall be gold
plated to a minimum thickness of .0001 inches.

Dielectric Strength - Electrical components
shall be capable of withstanding 100 volts, rms,
60 cycles, between each lead and all other
leads when grounded to the case and are not
internally connected to the test lead.

Insulation Resxstance - The insulation resis-
tance shall be not less than 200 megohms when
measured between each lead and all other leads
when they are grounded to the case and are not
internally connected to the test lead.

4
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RLQUIR&M NS (contxnued)

2.1,2

2.1.2.6 Grounding - The design and construction of the
regulator shall be such tnat all external parts
shall be at ground potential.

2.1.2.7 Sealing - The electrical system shall be
isolated from the fluid medium in all respects.

PERFORMANCE REQUIREMENTS

_Working Fluid

- 3.1.1

3.1.2

Nonogeratins'- The regulator shall be designed to

~function within the requirements of this document after

being exposed to the following fluid media.

ae. .Liquid oxygen and liquia fluorine in any hixturo

. ratie. '

b. Gaseous oxygen and gaseous fluorine 1n any mixture
ratio. .

c.. Dry gaseous nitrogen-tﬁe AGE oxidizer tank pres-
surization fluid media during transportation,
standby on launcher, and countdown.

Operating - The regulator shall be designed to function
within the requirements of this document with gaseous
helium as the oxidizer tank pressurizatlon fluid media
during flight.

‘Quantities of FLOX gas which have bled through the

regulator to the inlet system, and are subsequently
forced out of the regulator when inlet preasure is

applied, shall not cause a regulator malfunction.
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PERFORMANCE REQUIREMENTS (continued)

Design Pressures

5.2.1 Inlet = The regulator shall be capable of withstanding the
!oi!owing internal inlet preossures at a temperature of +460°F.

8. Operating 3280 paig
b.: Proef 4350 paig
6. Burst 5400 paig

3.2.3 Outlet = The regulator shall be capable of withstanding the
ellowing internal outlet pressures at a temperature of 4850°F,

&, Operating 38 psig
b. Proet 83 psig
¢, Burst 70 psig

5.8.3 % = The regulator shall be capable of maintaining
e oxidiger tank ullage pressure between the upper and lower

limits specified as a funetion of tiue in Figure I, These
eurves define the exidiger tank pressure funstional require~
wents for satisfaetory launeh vehicle operation, (The fune=
tional analysis toek inte aceount intermediate bulkheadA P,
tank lead earrying eapability and engine systes NPSH,) It is
additienally required to maintain this pressure close to the
limit with as tight a tolerance as is permitted by design
practiee during the maximum dynamie pressure (60 to 80 sec.)
and paximum aeceleration (130 seeconds to BECO) regions. This
will fully utilize the lead earrying capability of the struc-
ture with a high degree of predietability. Following BECO,
there i85 suffieient FLOX beiloff to sustain tank pressure re-
quirements se that pressure regulation is not required.

5.8.4 Lg;§;=gggglx = The regulater shall be capable of maintaining
exidigzer tank ullage pressure with the inlet helium pressure

deeaying from 3000 psig at engine start to 76 psig at BECO,

5.8.4,1 %%lium Qas Témgefgture = The design temperature of
- the gaseeus helium at the regulator inlet shall be
=50°F at engine start increasing to +450°F at 30

seconds of flight and remaining at this temperature
until BECO,

ow ]

3:.3.1 Flew Ratg = The regulator shall adequately maintain ullage
pressure frem ne flow before engine start to a maximum ullage
inerease rate of 15 cubic feet per second from engine start
to BECO.

3.3.8 Flew Limgtagion = The regulator shall incorporate a separate
eontroller capable of limiting the gaseous helium flow to the

oxidizer ullage to 0.75 pounds per second maximum with the
helium inlet temperature at +150°F and the inlet pressure per
Paragraph 3.4.4,

ol

This Pﬁﬂl ¢ double !mvged
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PERFORMANCE REJUIREMENTS (continued)

3.3.3 Response ~ The regulator response rate shall be
sufficient to maintain the oxidizer tank ullage
pressure per Figure 1 during the start sequence of
the Atlas Rocketdyne engine system with an initial
tank ullage of 25 cubic feet,

3.3.4 Lock-Up Flow - The combined internal leakage and bleed
from the inlet to outlet side of the regulator shall -
not exceed 1000 SCIM of helium gas when the ullage
tank pressure is above the regulation band (lock-up).

3.3.5 Back Flow - The leakage from the outlet to the inlet
side of the regulator shall not exceed 1000 SCIM at
any outlet pressure up to proof pressure and zero
inlet pressure, :

3.3.6 Leakage

3.3.6.1 External - The external leakage shall not exceed
35,000 SCIMS with outlet pressure above 20 psig.
The external bleed shall be collected at one
part on the regulator for transfer to the
boiloff valve vent duct.

3.3.6.2 Internal -~ The internal leakage is specified
in Paragraphs 3.3.4 and 3.3.5.-

ENVIRCNMENTAL REQUIREMENTS

General

The requirements of GD/C Report 69-00202B shall apply to the
design of the regulator except as noted in Paragraphs 4.2
and 4.3. '

Storage and Transportation Lnvironments

The regulator shall be capable of safe storage and trans-
portation without impairment of capabilities from the effects
of non-operating environments specified in GD/A Report -
7-00209B, Paragraph 3.1

Vibration

The regulator shall be designed to conform to the Atlas/Centaur
adapter area (airframe mounted equipment) simultaneously '
combined sinusoidal/random vibration as shown in Figures 11,
111, and IV.
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LIMITATION

Weight and Size - The weight and size of the regulator shall
be held to a minimum consistent with good design practices.
Ten pounds maximum shall be the design weight guide line.

" Installation - The regulator shall be designed to be located

on top of the Atlas oxidizer tank within the existing Atlas/
Centaur clearance envelope.

Dynamic Stability - The dynamic characteristics of the regulator
shall be compatible with other elements in the control loop

and shall not produce an instability. The block diagram of
Figure V shows the relationship of the regulator to the other
elements of the control loop. The magnitude ratio and phase
plots of 1/A(S) defines the dynamic characteristics of the
balance of the elements in the control loop for t=0, (approxi-
mately 2)% seconds after engine start). For example, the dynamics
of a typical regulator which meets the dynamic requirement at
t=0 is plotted. The gain of this regulator crosses the system
characteristics at 2.9 rad/sec which shows a phase margin of

47 degrees. The phase cross-over of 13% rad/sec shows a gain
margin of .91 or 21 db. Both requirements of phase and gain
margin must be simultaneously satisfied. The gain level of
1/A(S) changes with flight time which adjusts the system require-
ments gain curve to t=10 and t320 sec as shown on Figure V.

The regulator dynamics shall exhibit the indicated gain and phase
margin for all flight times as shown in Figure V.

"~

o

s
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INTRODUCTION .

Scogd

This document specifies the testing required on the FLOX-Atlas
regulator to demonstrate conformance to the performance speci-

fication. (Ref. General Dynamics Convair Report No. BJB 65-008).

- TEST CONDITIONS

Atmospheric Conditions

Unless otherwise specified herein, all tests shall be performed
at an atmospheric pressure between 28 inches and 32 inches of
mercury, a temperature between +60°F and 95°F, and a relative
humidity of not more than 90%. Data from tests.performed at
other than the atmospheric conditions specified shall include
corrections for instrument compensation.

Tolerances

The maximum allowable tolerances on test conditions shall be
as follows:

a) Temperature +4°F, or 6% of temp. span whichever
is greater,

b) Barometric Pressure 4+5%

c¢) Relative Humidity +10%

d) Vibration Amplitude +10%

e) Vibration Frequency +2%

f). Acceleration ‘:10%
g) Shock |  +10%
h) Volume +3%
i) Pressﬁre ' +3%°
i) -F;ow- - x3%

. Ullage pressure measurement shall be certified to a
readout tolerance of :+0.32 psi (11% of -32 PSIG).

Measurements

All measurements shall be made with instruments whose accuracies
have been currently certified.
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Adjustments and Repairs During Tests

No adjustments, maintenance, or repairs of the test specimen
shall be allowed during the test program. Exceptions shall

be made when in the opinion of designated personnel, adjust-
ments, repairs, or maintenance are not due to faults in design,
workmanship, materials, or to the test conditions imposed.

~Temperature Stabilization

Temperature stabilization has been reached when the tempera-
ture of the largest centrally located mass of the test specimen
does not vary more than 5°F from the temperature ambient to

the equipment. ' '

CLASSIFICATION OF TESTS

Individual Acceptance Tests

Each unit shall be subjected to the Individual Acceptance Tests
in the following sequence:

a) Examination of Product

b) Proof Pressure

¢) Standby Leakage

d) Operating Leakage

e) -Altitude Flow Regulation

f) Operating Vibration - Only the axis determined to
be the most critical by the manufacturer,

g) Altitude Flow Regulation

h) Standby Leakage

i) Operating Leakage

<

Preproduction Tests

One unit will be subjected to the FLOX Compatibility tests out-
lined in Paragraph 3.2.1 and one unit will be subjected to the
Operational tests outlined in Paragraph 3.2.2, The test units
must have successfully passed the Individual Acceptance Tests
outlined in Paragraph 3.1 before being subjected to the Prepro-
duction Tests,




3.2.2

e ——————————— -

302.1

FLX Compatibility - unit Number 1

a) Examinatiom of'PfQGuct
b) Passivaéionnfi5’5"

c) Flow Czcle!'._
d) Altitude Flow Regulation

‘e) .StandglrLeakqsgr

£) Qperating Leakage

Ogeratidnal -;Unit Number 2

a) Examination of Product

b) Altitude Flow Regulation

‘c) Extreme Temperature

d) Standby Leakage

e) Operating lLeakage

f)._Qperating Vibration

g) Operating Leakage

h) Accelerat;on

i) Opérating Leakage -

j) Temperature Flow

k) Operating Leakage

1) Flow Limitation
m) Life

n) Standby Leakage

o) ngrétins Leakage

p) Burst

Page 3
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TEST PROCEDURES

Examination of Product

Examine the test unit visually and manually in order to determine
that the specimen meets the requirements of workmanship, identi-
fication markings, external dimensions, finish, cleanliness, and
proper inspection approval. This examination shall include the
following: ‘

a) ¥Yorkmanship - The specimen shall be free of tool marks
and any damage resulting from testing and handling.
The lockwiring shall be in accordance with Mil-S-33540.

b) Identification - The name plate shall be firmly affixed
to the specimen at a location where it can be read1ly
seen and shall include the following:

Name of Unit: Helium Pressure Regulator - FLOX-Atlas
Part Number: s ‘
Inlet pressure rating: 3000 psig

Contract number: ,

Manufacturer's name or trademark:

¢) Finish - The finish of the test specimen shall indicate
that it has been properly processed and handled.

d) Cleanliness - Test specimen cleanliness shall be main-
tained in accordance with the . FLOX.gclean ' requirements.
When not in test, each test specimen shall be protected
with port closures and placed in a clean polyethylene
bag to prevent contamination.

Proof Pressure

With the test specimen installed in the test setup of Figure
XV, pressurize the outlet port to 53.0 psig and then the inlet
port to 4350 psig with ambient temperature dry nitrogen gas '
and hold for one minute. No damage or deformation allowed.

CAUTION: Depressurize inlet before outlet.

Standby Leakage

a) With the test specimen installed in thebtest.setup of _
Figure I or V, cap the specimen inlet port. The specimen
leakage chamber shall be sealed for leakage determination.

CAUTION: If Figure I system is used, start
helium purge before installing
test specimen to prevent moisture
contamination of test specimen,
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Standby Leakage (continued)

b) Pressurize the ullage tank with ambient temperature
helium gas t6 a pressure of 30.0 psig with the facility
pressurization control unit. Upon obtaining this
pressure, secure the pressurization control unit.

c) Allow the tank pressure to decay from 30.0 psig -to 2.5
+1.5 psige. ‘
-0 +1.5

d) Upon obtaining a tank pressure of 2.5 psig, increase
the tank pressure to 9 + 1 psig with the facility pres-
surization control unit. - '

e) Maintain tank pressure at 9 + 1 psig for a period of
five (5) minutes. During this period, measure specimen
external leakage by water displacement method and record
this leakage as specimen standby leakage. Standby
leakage shall not exceed 5 SCC/hour. ' ’

Operating Leakage

a) The test setup for the external leakage test is illustrated
in Figure I or V. ’

CAUTION: If Figure I system is used, start helium
purge before installing test specimen to
prevent moisture contamination of test
‘specimen,

b) Pressurize the ullage tank by means of the facility
pressurization control unit to a pressure between 33.0
and 34.0 psig with ambient temperature helium gas.

c¢) With the specimen "locked-up" between 33.0 and 34.0
psig, apply a regulated inlet pressure of 3100 + 100
psig ambient temperature helium gas to the test
specimen., Adjust and maintain tank pressure between
32.0 and 33.0 psig by means of the pressurization
control unit.

d) Allow the test specimen to operate under no flow condi-
tions for a period of two (2) minutes during which time
the external leakage shall be measured on a rotometer
and recorded, The leakage shall not exceed 35000 SCIM.

Altitude Flow Rggulation

a) The test setup for the Altitude Flow Regulatxon Test is
illustrated an Figure I.

.CAUTION: Start helium puige before installing
test specimen to prevent moisture
contamination of test specimen.
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4.6

Altitude Flow Regulation (continued)

b)

c)

d)

e)

f)

g)

h)

Instrumentation - Recorder channel identification and

scale ranges shall be as follows: (Paper speed 2.5 mm/sec).

CHANNEL NO, CHANNEL IDENTIFICATION SCALE RANGE
1 Ullage pressure to altitude 20.0 - 35.0 psig
chamber differential pressure
2 Altitude chamber pressure | 14;7.- O psig
3 : Specimen inlet pressure 0 - 3000 psig
4 Water flow - . 0 - 10,000 GPM
6 | Sﬁecimen inlet gas temp. - 100°F t9'0°F

Verify helium purge valves are open.

Fill the facility simulated 2500 FT° missile tank with water .

until an ullage -volume of 25 + 5 cubic feet is obtained.

Pressurize the tank by means of the facility pressurization
control unit to a pressure between 33.0 and 34.0 psig.,

With the specimen "locked-up" between 33.0 and 34.0 psig,
secure the pressurization control unit and apply inlet pres-
sure of 3000 psig ambient temperature helium to the test
specimen, :

Program inlet pressure per Figure VII, altitude per Figure
VIII, and water flow per Figure IX. '

The test specimen shall maintain tahk pressure per Figure VI,

CAUTION: Helium purge must be on whenever test
unit is exposed to the simulated FLOX
‘tank to prevent moisture contamination
of the test unit. '

Operating Vibration

a)

The test setup for the Operating Vibration Test is illustrated

in Figure X. The specimen outlet line shall be 4 inch 0.D.
tubing or hose. The specimen shall be mounted to the fixture
through the outlet port mounting flange.
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Operating Vibration (continued)

b)

c)
d)

e)

f)

,g)

h)

li)

3)
k)

1)

m)

n)

Instrumentation < Instrumentation on recorder channels as
required to record ullage tank pressure, test specimen
inlet pressure, and vibration input and output.

Mount the specimen in the test setup with its "X" axis
aligned along the axis of input vibration.

Pressurize the 580 cubic foot ullage tank with ambient
temperature helium gas to a pressure of 33.0 to 35.0 psig.

With the specimen locked-up between 33.0 and 34.0, apply
125 + 25 psig ambient temperature helium gas to the inlet
port “of the test specimen and secure the manual pressuri-
zation control unit.

Adjust the ullage tank-bleed valve to obtain a specimen
helium flow rate of between 0.015 to 0 025 1bs. per
second. .

¥hile maintaining the above stated conditions, commence

the slow speed vibration scanning sweep, at frequencies and
amplitudes of combined sinusoidal random vibration as shown
in Figure II and III and a sweep period .as shown in Figure
Iv. -

During this vibration sweep; the test specimen shall
maintain the tank pressure between 28.5 and 32.5 psig
after initial tank pressure decay into this band.

If at any time during the vibration sweep the test specimen
faile to function within the band specified, the frequency
of vibration at which the malfunction occurs shall be held
constant and the acceleration magnitude shall be decreased
until the malfunction is no longer evident. These vibra-
tion frequencies and acceleration magnitudes shall be
recorded on the test data summary sheet and the scanning
sweep continued in accordance with part (e).

Perform an Altitude Flow Regulétion Test.

Mount the-specimen in the test setup with its “"Y" axisg
aligned along the axis of input vibrationm.

" Repeat parts (d) thfoukh_(j).

Mount the specimen in the test setup with its "2" axis
aligned along the axis of input vibration.

‘Repeat parts (d) through (§).
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Fluorine Compatibility

a) The test setup for the compatibility tests is illustrated
in Figure XI, ) o

b) Instrumentatioﬁ - Recorder channel identification add scale

ranges for all phases of life testing shall be as follows: -
(Paper speed 0.5 mm/sec)

CHANNEL NO. CHANNEL IDENTIFICATION : SCALE RANGE
1 Ullage tank pressure ‘ 20.0 - 35.0 psig
2 Specimen inlet pressure 0 - 5000 psig

c¢) Mount the test specimen in the FLOX clean test setup, and
leak check the system while pressurized at 31 psig.

d) Passivate the system in the following manner. Open the
shutoff valve to vent the system to the burner. Open
the shutoff valves to allow gaseous fluorine to flow.
through the system. When nitrogen is purged from the
system. Close the vent valve, .

e) Increase the system pressure according to the following
schedule. :

1. 5 PSIG, Hold 20 minutes
2. 10 PSIG, Hold 20 minétel
3. 15 PSiG,.Hold 20 minutes . : . B o ) | -
4. 20 PSIG, Hold 20 minutes
5. 25 PSIG, Hoeld 20 minﬁtes
6. 31 PSIG, Hold 20 minutes

Hold pressure at 31 psig for three hours.
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f)

g)
h)

i)

i)

k)

of 0.17

_Fluorine Compatibility (continued)

Vent system to zero psig through the burner. This completes
the passivation of the system and the test specimen.

Pressurlze the ullage tank to 32 psig, using n1trogen gas.

Pressur1ze the accumulator to 3000 psig thh nitrogen gas
and close the f111 valve.

Flow gas from the accumulator through fhe regulator, through
the ullasg égnk and through the overboard vent at a flow rate

ounds per second. Maintain flow until the
inlet pressure decreases to 500 psi.

Repeat steps (h) and (i) for 100 cycles.

Thoroughly purge test specimen and system in preparat1on for
A1t1tude Flow Regulation.

Extreme Temperatu§0

The following test sequence shall be conducted in a Temperature
Test Chamber in the order specified. A thermocouple shall be
placed in good thermal contact on the largest centrally located
internal mass within the test specimen, or in any other location
necessary to check temperature stabilization.

a)

b)

c)

Place the test specimen in the Temperature Altitude Chamber
as shown in Figure I and perform an Altitude Flow Regulation
test.

CAUTION: Start helium purge before installing
test specimen to prevent moisture

contamination.of-test'specimen.

Reduce chamber temperature to minus 65°F at a rate of 0. 75

to 1.25°F per minute.

Maintain the above temperature for a period of not less than
8 hours, or until the test specimen stabilizes, whichever is

. longer.

Raise chamber temperature'to minus 30°F and maintaina this
temperature until test specimen temperature stabilizes and
perform an Altitude Flow Regulation Test.

With the test specimen non-operating increase chamber tempe-
rature at the rate of 0.75 to 1.25°F per minute to plus 160°F,
and maintain at this temperature for 4 hours or until test
specimen temperature stabilizes, whichever is longer and per-
form an Altitude Flow Regulation Test.
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Extreme Temperature (continued)

d)

e)

Return chamber temperature to plus -40°F at a rate of 0.75
to 1.25°F per minute and maintain for a period of 4 hours
or until test specimen temperature stabilizes, whichever is
greater and perform Altitude Flow Regulation Test.

Return chamber temperature to initial ambient condition and
maintain these conditions until test spec¢imen temperature
stabilizes and perform an Altitude Flow Regulatlon Test.

Operatlng Acceleration

a)

b)

c)

d)

e)

f)

g)

h)

i)

The test setup for the operéting acceleration test is
illustrated in Figure X. The test specimen shall be mounted
to a suitable fixture through the outlet port mounting flange.

Instrumentation - Recorder channel identification and scale

ranges shall be as follows: (Paper speed 1 mm/sec)

CHANNEL NO. CHANNEL IDENTIFICATION _ SCALE RANGE
1l Ullage tank pressure : 20.0 - 35.0 psig
2 Specimen acceleration 5 - 15_6'-

Mount the test specimen in the test setup with its "X" axis
outboard of the centrifuge in order to perform the "X" axis
acceleration test.

Pressurize the 25 cubic foot ullage tank with ambient tempe-
rature helium gas to a pressure between 33.0 and 34.0 psig.

With the specimen "locked-up" between 33.0 and 34.0 psig,
apply an inlet pressure of 300 to 500 psig ambient temperature
helium gas to the inlet port of the test specimen. Secure the

~manual ullage tank pressurization control unit.

Adjust the ullage tank bleed valve to obtain-a specimen helium
flow rate of 0.02 to 0.05 pounds per second.

While maintaining the above stated conditions, the centrifuge
shall be operated to obtain an acceleration of 10.0 + 1 G for
a period of thirty (30) seconds. The test specimen shall
maintain tank pressure between 28.5 and 32.5 psig after 1n1t1a1
tank pressure decay 1nto this band.

Repeat parts (c) through (g) with the specimen mounted in
order to perform acceleration in turn along the XS, Y, ¥, 2,
and Z' axes.

Perform Altitude Flow’Regulation Test.
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a)

b)
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- d)

e)

1)

g)
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‘4.10 Temperature F;ol , ‘u . . o

Thetest setup for ‘the Temperature Flow Test is illustrated
in Figure 1.

CAUTION: Start helium purge before installing test.
specimen to prevent moisture contam1natlon
of test specimen. :

Instrumentation - Channel identification and scale ranges
shall be as follows: (Paper speed 2.5 mm/sec)

L

CHANNEL NO., CHANNEL IDENTIFICATION SCALE RANGE:
1' ~ Ullage pressure 20.0 - 35.0 psig
2 Test specimen inlet pressure 0 - 5000 psig
3 -Water flow | 0 - 10,000 GPM
4 Test sbecimen inletAbressure " 0 - 500 psig
5 Specimen inlet temperature -100°F to +600°F |
6 Specimen body temperature '.—100°F to +500°F

Fill the facility simulated liquid oxygen'missile tank with
water until an ullage of 25 + 5 cubic feet is obtained.

Pressurize the tank by means of the facility pressdrization

control unit to a pressure between 33.0 and 34.0 psig with -
ambient temperature helium gas.

With the specimen "locked-up" between 33.0 and 34.0 psig,
secure the pressurization control unit and apply 3100 +
100 psig helium gas to the inlet port of the test specimen.
Pressure shall increase from zero to 3100 psig within 0.5
seconds.

At the end of this period, program inlet pressure per Figure
VII, altitude per Figure VIII and water flow per Figure IX.
The specimen inlet gas temperature shall reach =50°F during
the first five (5) seconds of program. During the second
five (5) seconds of program, the specimen inlet temperature
shall be maintained between --100°F and O°F. '

At the conclusion of this five (5) second period (program
time = 10 seconds), increase the specimen inlet gas tempe-
rature to 200°F within a ninety (90).second period,

Maintain specimen inlet gas temperature at 200°F throughout
the remainder of the program.
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.,

Temperature Flow (continued) .

i) Repeat parts (c) through (h) using 450°F 1n1et gas
temperature in steps (g) and (h).

j) Perform Altitude Flow Regulation Test.

Flow Limitation

a) The test setup for the flow limitation test ié illustrated
in Figure XII or XIII, '

1

b) Instrumentation - Channel identification and scale ranges
shall be as follows: (Paper speed 2.5 mm/sec)
t B

CHANNEL NO. CHANNEL IDENTIFICATION ; SéALE RANGE
1 Ullage pressure T i 26.0 - 35.0 psig
2 Specimen inlet pressure . .0 ; 5000 psig »
3 Nozzle inlet temperature v>.0 - 100°F
4 Nozzle inlet pressuré ’ 0 ; 50 psig

¢) Fill the facility simulated liquid oxygen missile tank with
water until an ullage of 580 cubic feet is obtalned if
Figure XII system is the test syste-.

d) Pressurize the ullage by means of the facility pressurization
control unit to a pressure between 33.0 and .34.0: ps1g with
ambient temperature helxum. :

e) With the specimen "locked-up" between 33.0 and 34.0 psig,
secure the pressurization contrecl unit and apply 3100 + 100
psig of ambient temperature helium gas to the inlet port of
the test specimen. Minimum pressure source volume shall be
twenty-five cubic feet. '

f) 1Initiate an ambient temperature helium gas flow from ‘the
ullage tank equivalent to a helium flow of 0.75 pounds per
second at 150°F. This helium flow-rate will be measured by
an ASME designed flow nozzle.

g) Two seconds after commencing this flow, 1n1t1ate flow limiting
per manufacturer's instructions.

h) Stop the flow when spgcimen inlet pressure reaches 100 psig.

Life

a) The test setup for all phases of life testing is illustrated
in Figure XIV,
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Life‘(gohtihucd)

Instrumentation = Recorder channel identification and scale-
ranges for -all phases of life testing shall be as follows:

~ (Paper speed 0.5 mm/sec)

R

CHANNEL NO. CHANNEL IDENTIFICATION SCALE RANGE

| 1 _ Ullage tank pressure » 20.0 - 35.0 psig
] .Specimen inlet pressure ‘0 - 5000 psig-

With the specimen installed in the test setup, pressurize the
28 cubic foot ullage tank to 33.0 to 34. 0 psig with ambient
temperature nitrogen gas or dry air. .

With the motor valve closed, open the shutoff valve and fill
the 5.38 ft° reservoir with nitrogen gas or dry air. When
the pressure reaches 3000 psi, close the shutoff vglve.

Secure the pressurizatiod control unit and within 0.5 sec.
apply 3100 + 100 psig gaseous nitrogen or dry air to the
specimen inlet port. Gas temperature shall be 100° + 5°F.

Open the bleed solenoid valve to obtain an equivalent helium
flow of 0,17 +8 88 pounds per second. Flow shall increase

from zero to 0.17 pounds per second (equivalent helium
flow) within 0.5 seconds. Flow shall be maintained until the
regulator shuttle valve operates at approximately 2000 psi inlet.

Five seconds after the shuttle valve operates, close the bleed
solenoid valve to stop flow,

Repeat parts (c) through (g) for a total of 200 cycles performing
an Altitude Flow Regulation Test after each fifty (50) cycles.

Burst

a)

b)

c)

d)

e)

f)

The test setué for the burst test is illustrated in Figure XVI.

Cap the inlet port and pressurize the outlet port to 70 psig
with ambient temperature dry n1trogen gas and hold for 3
minutes,

Examine the unit for distortion or damage.

Reduce the outlet pressure to 40 psig and maintain this
pressure while increasing the inlet pressure to 5400 psig
hydrostatically,

Hold thxs pressure for 3 mxnutes and examine the unit for
distortion or damage.-

Hold the outlet pressure at 40 psig and increase inlet pressure
until rupture. Record rupture pressure. -




Page 15

; N m
i1 b i
it
i AHIHLH K !
h_
T _
| HH L
i _
| : ]
T _
. |
I i
| _E »
* w

i i il A A

I I M

11N _

2 I
i |
3 A | %

| - A v

Bil| = ] 5
.rm U | A I nn il

2 | et

: :
Hpew 1B g -

s : T

% | |22,

b 1 E

i ; _ "

uv €3

I ~

= -]

Tif ) 85

Lw_ m H K

E ; LY o
it T
el .=._

e H J vl,
! ~
,m T ¥ mﬂhm..
H Iz
B :

g b ’ =

i 17 . i

Y & prd |
, ! z _ A
! N H 4 L4144 +4
1
1 ]
1
I T ,
i RARE _

_ _

I

I j

11l T

18] “ )
,. L+ 1444
. « NER ERE
! TN ]
o~
Rewn - o -
TeRRe s - v ‘0D WASED © TI4ANIN ,
4 { . . ® 'V'S'B NIBOYM SINGISIAIQ OL X $31IAD § w Y— } y
N ) €iZ9 9v DINHLINVYDOTI-INIS A ‘




Page 16

- Y N ¢ @

SN

ALT

"

D)

7

rug

/.

b
xi-

bl e ds

H1]

— NOANYY

q

0N O N o«

(s

16849 S ¢

1689 S ¥

(SdD) XONANOIYA

‘0D ¥IASSA W IILdnaN
DIWHLIHVYDOT

16849 § ¢




Page 17

xJ .
At i .
i ] | |
i HI
il R H |
i 1
1 il i
B iy
HunLH _
I |
s 1. ] i
I
M
i i
_M _xv
\
i
o i t
- ! 3 — s
5 _ g
Pz ' b=
brd _ g )
4 Wv g > 1 v_
H i i z: | it
3 4 Lt} | (IRHIN K
i » i __«: TN i
. NI e 1 i L
] - (T (e | i 3
s e il % p2 ; 4
R | e it it
i 4
I 4
: il 1
[ze! 1 1 = [l il
. i I il HR -
V. ! !
~ Y
H H 16
N1
Nor
ey
Bn
i il
ili
! ] _ i
sl _
¥ i
1 H TSI
R . "
i il i
| Hy
i)/ il
o~ "o
o~
@ o~ 0 o
Ao~ © 6 - ~ -
~o . v - RS ISR Y VPL T B
LIRS AS SN T ITT 3 BHIVAIU CL X L3140 8 2 ¥ N

€1<9 oV

DUARLIB YOOV INTS -3¢




pce_18

- REPORT.

CONVAIR ﬁ ASTRONAUTICS

YHLIWMOTS I9P W)

FATWVA
23073
£l 52 //
MNVL MS\VS\,
_.| l_ INTPA \uov\h.\xm
b 220 ol w&\n\mw_ \ “ / .
HIINOSNIYL - | N % %
JONSETNS ISR bRy S¥ TIINIOH | ] _
. MIWIDFTS L5 _I . I_ YOLY /797y
HINQ SIVYNL FTANSSIYS LI7N/ MW@ .
_ . N4
. 943/73Y
VAN LIOLNHES XOLYINOIY
_ Vara
X INNOIS IAWA 43177y

IN-LFS LSTL FOLNET T
AGONELS OV TINSFLK S
SO DLW FSr IS FLENITLIY

FORM NO. A-702-1




| e ~

] - 4-+4-4

. Ht htas ] 1 EEE T THHHHE REymasbEapsagadsnuntiyes HHIE B

:
L
1T
t
T
I
i+
IR
A
—+-
AW
1B
1.
Y
Tt
H
e
+
SR
1
%
t
e
MR
1
]
1S
T
i
st
T
¥l
—++
I
I
't
44t
it 3
o
Sl
Y I
e
T
I8
T
1
4
3
_",_
T
T
1
=
A
oo
1
H
g
1
R
T
1]
bar
T
g
1
T
-+
T
T
1
T
M
T
1y
t
T
T
I
RS
T
T+

—
3T
1T
T
1
n
T
I}
1]
1}
[}
H
+
TT
i
i
T
I
iy
¥
et
{
T
e

T . . -‘,li\‘ SENpnEsgagqss 1,.,;,,,7 ‘ yé..l.-,
I g Raaiy I g EASENRTRERSY RDauN Sk Fi
444 aRES -L1. { ] RS L3g WERSSEuE T
, pags fRdedEsauaaNNaug Epa T
I Sma T ! A R I T
Mo T I i ERpuhBa i
1T T sghsanfeniudphenl snusnApsEy PRy T uupnsunng Snas
T I 117 T T .
(T L sungnn apn Crirt Reg puaia i pEnRal
§ ] N gERRAS T TR R ] T sunpponnd 11 ri
H Sas FITE BOE . RS L IETPTEE O ANANE faanil BN T3 ]

- - y ITiATIEal donpuyfandzinihl Runsnfogsy fakalinnad Bddn FELLTI LT hennsen 8
R riet rt o plunebuk uTv EENE dnnphusugepnd ypanp R ERe T A NN
ghukdoanuk Bk e TEHITE A n 4] ] THITrRIT du ;hu_r.u AT ;‘ ﬁ W .ﬁ,'v gs : p
SN iREanpusid in rr 133 4143 A AL asal ] ITET 1 LT T BEE SERERAFNARE RAARE NN
T A e R R T T RANNSENNE A NRERYNEE e SEEnARNaNE N URRN N (1T ; O E RS TR .L.H RNy g ST ] ]
maupas Hr i SR P H e HH D FHH e e Huss
b1+ | — 1 H- b+t i o +1 -
HIH.M ERuE g nuy S Nuasd SR A |- gumis ppnn lsuipgsant innan dtads fRnangon S8 L T
B ] a2 T 1 NS gun ]
Sain 1 T : TUTEE VT Segaeanginkisfadsl

i R T T R e PR L L e
TSI AT T U CrTs - [ 1° . ] SEERQEE i

A B L L L R R il T N THE
gaeiERaE Indd Hla: ; T3 T It dEEE) BRRRISEARRRPRURRES IRRSRARREL O'0 aRAEES
R R R SadEsandnnns H THTEE 11 TR 1R |- 1
S H R M AN .uml auu- H1TH \ : T T i

N PRSnE pus IO T TT T RRSSRERE r ! i 4 -

abdabee e, | A A T oree iRl I
H 1 : 1 . HNTT 17 huy oS MEERGs eund SRARS RS 88
NSEpapEnd sann 5y r » apGwn 111 T puginl .

+
117
1
+
Ve
—
b
-t
11
+
T
1
1
H
I
T4t
Tti
—
T
i34
et
M
T
T
117
1
L

1
9

1

g

]
+

T
44
+
i

"

{1 .- - Hi- 4-44-1 3434 p B! 2441 -H 1 441 bf 1 -1 4 {- L
bq- pee -+ + S I o - 4 4 + - 4
N ] - T TR L Mt 1] ARANEE upad 41y

114 A gk s punnd e i PRbygeiundang
& P14 18t 1 -+ Enuntin b

we

-‘ T SESEERE g5 TR
T ER T 11 e SungREupbE S _x_ uﬂu AT %u T T
- ] BaEdanas T r 1 ATHE R e T Reig s GER SRS HaN
" oy g aRNE e : e HivERET B NN A
ST - HHE 55 1any Iy ANer any e RRERER F143 E t A
T » : L “ & g8 Hie afin 1 sungRunny KNGS rl REGs SwE s dRansluns
w4 -1-4-}- }

"
T
T
u
T

4114 g4

Y
1
1
]
}
:
+
+
UK 1
'S
i
N
e
S
x
=
5l
inf
1
1
1T
;
1
ol
N
¥
o
X
ll\lt‘
| A B}
NI
>
0
hY
3 N
1l
I
n
e
:
:
:
+
I
11
+
:
4
i
:
:
1
=
"
t
:

sEgRI RN T ] X AT A -] f HRaRRISRuRE IR IE2REERCEL I] RESESS Tt L]
jesdsalsd b 1 4 ] fasdindiit “k..f D ENTO R S S T HiH u* T

A T puy IO - T
] 1 gl

‘0D HISSI W TIANAN

\’.. .<5,=.:::: i.mZuz,‘n._(.z_c.x»
. . LZEL OF HONI %}, OL O X O ZeH

(RO . : . . - -




L]

Page 20

@@ ININvETY

‘0D HISSI W 13JINAN =P 4 g

P L ) - Y, Pa /!
{ . = r
M2/ Va 4
verd n\m 4 b4
£
- - ]
= -
P i
- /'7
™~
) M~ NS
I
; .
— 1
~
T
/ N N
N Pan )
.
e
FIVY. VAR e Sy
n M 7T 17 4 »
14 ﬂ
A
A
h \J
. s
,(
/) > 23 77/ A N
ViV I 144 N A
0
N,
N N N
N A
NG
\ -
N N\ \ £
AN N
N N
N\
N A
A
A) [ Y
hY
Y
L& A
I { N\
\
A H 7 \
A LA L]+ 4 - -~ \
BRAVER BraVa))aYn:
O/ U/
~ /




T

e

N mu

i

AN

A

B8 &1

T

:
raw v>

sl

5o

—

Page 21

oy
27

R ERNYS

T

12

-

¥

7

e

I

FEpNE
L

1+

14+

T

-+

i

I

T

3

LT

I

rrrt

3

o
I

JRS

1

y &=
T
1T
T
It
T

Tt

18w,
R

=

T
{
T

T

usi

13
Tt
ary;
as)

-

RS

HERW]

+

AESE

A&
LIRS &

1T

e

1T
B8 SO

L ¥

L.

3
rd
vt

S
T

1)

A4
7X

AR
¥

taee

P

-

H

IR

1‘\\

—

11

-

INE
—
13
e
T
1+

Ayl

b W

jas:

Lo-a
L 4" 4
T
.

T

R

j,
8 - Aiuntans
& 3 g
Mot

11 +

HEHET T

S

1]

Tt

L

T

ey
13T
1
T

NN

o

e
S,
"

o @i

b Wi

TN
N

e

Q!

o

e
17

‘0D HISSH W VAN IN

HONI 24 OL Ot X O}




Page 22

1.
T T 1 uuagpa
i gt HT r jats HOH AT 3
T + r s -
T 4 WALLYC HHH -
1 gaud e HH !
paEy 1 g
1 g +
iNpeggunyy RN R 3 b4 -1
HHH 7
TR ar,v.dr u G AL g we i heuges
{Eq i Sed shesacqsdqfaasarnatyt iiinEciRstine 28 Eieg! T M
T guanangs BeE r
Appeuis THIT NS 1] F 8
o as sugigsinn
. It uamn -
T ERaE R hagh punl ERRa N Rl m R AT
LR TR BTEE EEEDS
A e T 1 e - ERuuw s
o ‘lni. Ba o T Ny H
] 2 T L
BANERN 4.~ HTH+ 1A H“tII, — + AN _|
N FLL R 2 T H - A T4
HENR. - i - NS
r TN AT e SNy HHHEH
L Ll pyunefoHEanidE Sanalingnigun by Nod Rl
RyuEeE EuskEnnbd AhEalsanng s ypanunss vl s TIr
1 HH P e A T
. 44 J..r‘xv -4 {4 {1 T ‘AAer: l.rl
. ysund Eiuil fupas poa il C bR
faal IESag ISk ou RN NREEEE SRl SRRal NRas] FEnel Hddw i SERESREESARE
RaRipnand ianduRUaRS gt i b TR T BT T sal g iduy
RudAdsnnasubuslduns dhuauE ERNRRINAS panpadanchEben RRAukatanat BN s
X sad ik REFRENE NS el IERR e FEEFE L= - . RES
Bhpes HiTI3r BE aus | Eeyan
L T B T B L L T R
- N EBHNANERNENANN R SA RS D AR T
s w S T T H T ] hawsfBxnsdnuny TEHE L U T Hi 1F
EESNRRS PERARRAN BERE S dpanh SURRA iy ks SaBaV Sy up gung bid "l SR
sulnkasnl Shnuniss SE e T .mﬂwmf_ a8 . faly xm'zi T TRER
- ENAR U TEIT TR TR gu. TN
maans - E T I e L e R e ik Ruwkudiad Rauknaud o guaiy vmf N
4 | SEENN SN ARENY AR S RN V- CaH FHT-H | HEE T ’ & AN -
gtk {1t - - B RN =] 4[4 - [ ERNURERENY Cr T LN -1 AY
N e EE - -+ Lt |- RERasaENN 1 \ AN it
piknsnbisa ; s RS NEREY A - 1
RENEEES SR RSEEYEEERSENNE 8 + B 4141 -t b
T TR T
REaRebak I T Bt
[Renp YS! FRETEY E am! " I guus - !
Mg NN pyuan sus 7 ¥ sy T =TT
i ] paum FHEHH 4+ < 1 T "
e R e e s e R e e H RNees T N R ks b 32 1825:
T R T T T T T T T e e T ENNS SN SN SN NI HEN T TR
Tt .‘L\Lu,. st B Suuas unudl any e, 1r 4{ T LN TLM it W. ”.
ot b - R 4-11- -3+ J§ 0 0 i D B A 8 0 O I e -1 - RN RSN M
r -
T - TR T Ty e A L FEIN T T
[RRNBRARE IEREd ‘f«Ti CETEE T HE o rr‘i;f i W i i
e Aenay R e SRR dpanaqan suudl kas pus g uiy SupRa NNy gy 14 B ! .
A T T Tt ™ pun ! =
- ESgRENS jughy BaRup RN E) (uf B 11 i ! et
L Pt e R e o A T nLF. ot A 1TH e
T T T T HEERARSS nuy ANRE ABARY FRUN T T I
BsNBRasN 4as M W%rii ] r Hens Rabhguast AusRE ek
T RS R NERERE YuaRNpRENS (143 ef 854 '
H ERRp sy uay NEEE RERN 5
phndsins SupNEEN . Suigi buanl Aunn ‘..TUT Tt
BN REE RANBES SANREES SR ERER sEES RERNEENEDERNE H - th f- 44
..... - -+ B - ST 14 - | -
agdsas R R ] 1 H I I8 rm :
SpGApaAnng Apans Puakd bugnn Auls Akns pdunigudndinlin e
14 1+ 3 ) 14
Wi ApuRaRa R mA AEaunannk Ridg Rnsndfian o BERRRREE
- +-+1 ~r-H - FHE ™ - 21T ! -
R T R T Al i

o . ‘0D HIASEA ¥ TAAANAN —_

) \P, .c..s.:un:. @mZmz<m4<..z_o.xh \./
4 . L2€El BY HONI 74 01 01 X O} N.QY_ :




Page 23

LSPL
NOLLYYZ 17 00F
204 h\\hw _

PAGE

REPORT.

.@w

L7y M OTS

YOLO/IHLISFY
FIGHLEN GF

o/oNVTI08

K\Q LM FATIN

Pl 4

, v\l\\ ors
NV L \Q\uﬂ)b\

)

HIINOSNVYL
C DANISI¥S IOV IIN

4

- Ty -

FNWA  F40-LNHS

’)

\uw\b%w\ Sr oalnvnow
| PEWIITIS LSFL

I SNUNL JFANSSITSS LITINI m

AATVA S31732

&

20LVvIN93Y

ASTRONAUTICS

|

X I>N9

| ASTL NOUVYITIDOF 7
 INLIS LSIL NOILVYF/IA SO
. DILVW I DS

31704
440 LNHS

AT

SZ®

JAVA 43173y

HOLYINOIY
nNod

- CONVAIR

.
. A
¢, e
[, ..“( e e -
.



Page 24

o | 291 SW <TI3 ) A L1715/ Lt 4202 X007
. DAN o .
o aws.%_on | « - L3S LSTL ‘DILE W SHAOS

i # MT_ - = mw\bwu\
‘ 5424/ |

L Dtk FPTIAIT|
. DL oL

o v\wkhmb\ PrgvLsoray Yt - u\kﬁ.ﬁtm.
M...N 4 \“..“. : ' }
ML .wwmﬁh SaLvInwno
uxu\\ ,_ .
A=A LS 4
L IS oL L7 P=ZY
| VAT |
SETDA LF7LNO areNs7oss o Qw,wmwﬂ\,\w
ST LIFIN/
QWx\\M%&h.N s2L : _ NQNSQ =2 4
= | =}
, m\i
. oSO LS

D744 A+4OLNHS

SrL
/r. PAN/ION TS




25

REPORT.
PAGE

|

CONVYAIR

)

Rm

. FIZZONV MOTY

TVEY -

SIS YL
AINSSIY oS
pryesy

FATEA A OLIAE, CFANEA IF/ 2T

N

IV 07
FTI T

OILPINAIC FAINA

S EAY
: ~f
) 79K 177

L708¢

XIONTENPY L
FINCEIY S
LFINY PI22ON

m  mIPA INFA

AL1 712 ), ;Wr
gy -

IZONT SHFIL

- FYILVITIWIL
LIV 222207V

 IIURS LSTL LIWI MOTS SO

INWA HOLOH,

F2xN08

A 774
/S0008,

POWII7AS LSFL

XIONTSNIYL.

IINSSINS L7/
FOLY V(-4

oxX 32N9/o

)

HLEANIZOS

, m T 3AvA 431713y

%

A VP  SO-LSIE
amy DOLVr1nosy




26

" aEPORT_
PASE

ASTRONAUTICS

IR AASO-LNE AN SH17Y

\‘\nr.\\ ~uy

A28 LSTL L/V/] MOTY

JO- b FHFIE LIV IULTY

T £1s S5
Fo9nos
) m_m E\\,\.\G\w
S/ .
yorL 39K Lo OFS S 900,
, _ D OLYIIOFYy
ITITSNEIL
CFISSIMY 170N
‘ IEF770) 73173 7
- Z2ON . w o \h.\\v\vm%.\m\
L MO FHEY . _
1 | & \ .
) FAIWA ZOLOA
m A INFA \
ALI 712 /
 HIINTSN ML . oy .
7 mwwwwwww ,ww\w.wmhw.wwﬁwyu NIWI23dS LSTL m N S10LIWS
FI220N L3IV 31ZZ0K - . : N SOLYINOTY
| HIONASANVL
- JNNSSINS LIIN/
XYOLYINOF ,
IIX F2no/o _ FATVA 43177

CONVAIR Q

FQRM NO, A-702-1.




27

REPORTY.
PAGE

ASTRONAUTICS

|

CONVAIR

YFLINMOTS

AW QloNaTS

| p@inpoD £
IIVIL 97542 :
U IWOLIY AL
JA0L WS

MOLYL53T VL Snray

O 14 §2 ANKL 2o¥TIN

gl S

MW.DM\ WA LSOUINS

Wdx-or wsy

IATUN SOLON .~ |
SSINS LdWv/ JAWA 4V 7= .
C
NIWIBIS  [STL A
58337 1FTUNO
INIA 2IO -LPHE ZOLrINSIY

e AR - FIND) -

INIPA L3177y

o AT £ST4 FAT
JO AW IMH DS T

28 KRG, AT02.1

-
(&3



28

REPORY.
PASE

. CONVAIR ﬁ ASTRONAUTICS

TdrF Y
BAIA AP/ TFN
% .7 237100 I._ L2/
NivA 0737 _ 17407 | | .
| IS IS | I | - FANA S8y
| i o :
FIM0S X OLYINOFY _ PR ALA _
) _vﬂh —| NIN/2FIE LETL [— - : .
/002, 2 L _
FoNNL " | sopps
_
| g
- — YOLVIOFY
YIOWIHD MINTD

XX FInol+
LSFL SOOYy SO
oIS

222108
Sy
Py 000D




<9

REPORT.
PAGE

Te

NN 23/77 %

-

FANWA OF37G

20 3
o WAMT
180 G2, .

w\ﬂ. V& 2> 0 4

va\u\w L

"
_ , 2= | .. :
| , _ " \ (O/Lris OSOAL)
. , Va2l 4
“ QWWW<\W9$\ -y ) ...v\\\uhhw%\ V £k
‘ _ NIWPITSE ank_ ] “ _
AWV I
" | E <>
/ _
. _ _
|||||||||| -

IO IO KON TE

XX 32/Nn91
ASIL LS SO .
DILVWIHOS

’ _ CONVAIRQASTRONAUTICS -




GENERAL DYNAMICS
Convair Division




